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EXECUTIVE SUMMARY 

 Under direction of Governor Robert Bentley and with support of the Permanent Joint 
Legislative Committee on Water Policy and Management, the Geological Survey of Alabama 
(GSA) embarked in 2013 on a statewide assessment of groundwater quantity and availability. 
Appropriated funds were used to establish a database that will be used to assist management of 
groundwater resources more effectively; create updated hydrogeologic maps; provide 
information and interpretations for locating and developing additional groundwater sources; 
continue to upgrade Alabama’s groundwater level monitoring systems to better understand 
groundwater levels and aquifer impacts in relation to climate, drought, and water use. To 
accomplish these goals several work tasks were completed: 

 acquired and populated an acceptable groundwater well information database (Risk-
Based Data Management System (RBDMS) developed by the Groundwater Protection 
Council), 

 conducted an extensive field survey of wells to measure water levels for use in producing 
up-to-date potentiometric surface maps,  

 analyzed many geophysical logs to create geologic cross sections and geologic structure 
maps to physically define the depth of geologic formation tops (aquifer tops), determine 
aquifer thickness and depth, determine the geologic composition of water-bearing strata, 
and to index wells to aquifers, and 

 created large-scale plates depicting geologic cross sections, formation structure, isopach 
maps, and potentiometric surface information, as well as numerous groundwater level 
hydrographs depicting well response to climate and pumping. 

 As of November 2017, there were near 39,533 well records entered into the RBDMS out of 
an estimated 100,000+ hardcopy records that exist in GSA archive files. Of the wells entered into 
the database, 76.0 percent (30,044) are domestic supply wells, with agricultural wells at 12.7 
percent (5,002), public water supply wells at 4.4 percent (1,759), observation wells at 3.5 percent 
(1,375), and industrial wells at 3.4 percent (1,353). Some of the well information in the database 
is of poor quality, other well records are excellent, while many well records are of fair to adequate 
quality with many lacking critical data with respect to well construction, location, or geologic 
descriptions. It is recommended that agencies who work closely with the state’s water well 
drillers find solutions to the problem of inadequately reported well information and determine 
ways to improve data quality. This is a major limiting factor in accurately assigning wells to the 
correct geologic formation, which will have significant implications for future groundwater 
management actions. Population of the RBDMS with archived and newly acquired information 
will continue as part of the GSA continuing groundwater assessment efforts. 

 Water levels were measured for 2,448 wells from 2013 through 2016 to create a database of 
current water levels that were used to construct potentiometric surface maps for 19 aquifers 
across the state. Potentiometric surface maps and potentiometric profiles offer insight into 
regional groundwater flow patterns, identification of recharge zones, impacts associated with 
pumping rates (e.g., cones of depression), and groundwater/surface water interaction processes 
(e.g., diverging flow paths caused by river or lake groundwater recharge or discharge). As more 
water level data becomes available in the future and new maps are generated, any groundwater 
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flow changes over time will become more evident, allowing more accurate identification of 
production impacts or areas of significant groundwater flow changes. 

 Extensive analysis of geophysical information and data resulted in the production of 52 
geologic cross-section maps that depict, through interpolation and extrapolation, the geometry 
and geology of the subsurface between control points (wells with known geophysical and 
geologic characteristics). The 14 geologic structure contour maps produced for this assessment 
show lines of equal elevation that generally represent the topographical top surface of a specific 
geologic formation in the subsurface. These maps allow correlation of water-bearing geologic 
strata across wide distances between outcrops and exposures of rock strata. 

 Net potential productive interval (NPPI) maps were created for 11 major water bearing 
formations in the coastal plain of Alabama depicting strata that contain high percentages of sand 
and gravel and, conversely, the lowest percentages of silt, clay, and shale. Delineation of these 
strata was accomplished by using geophysical well logs and correlating this information with 
surface geology and with the aid of geologic sample descriptions from water well drillers’ logs. 
The mapped NPPI strata are most likely to contain large volumes of water in the intergranular 
pore spaces (storage) and have the critically important property of interconnectedness 
(permeability) of the porosity to allow water to move through the strata and to wellbores 
(transmissivity). 

 Water production impacts have occurred in several areas of the state, generally in association 
with pumping for public water supplies. Water level decline and variability is related to many 
factors including seasonal recharge and dewatering of aquifers in response to precipitation and 
dry periods. Aquifers in the East Gulf Coastal Plain are the most productive in the state with water 
originating principally from thick sandstone units located in six principal aquifers (Coker, Gordo, 
Eutaw, Ripley, Clayton-Salt Mountain, and Nanafalia). Generally, water levels exhibit seasonal 
fluctuations and periods of drought and at least one period of significant decline, but the majority 
of wells do not have long periods of decline. 

 The Coker aquifer is a major source of groundwater in northwest to east-central Alabama. 
Hydrograph decline curve analysis showed varying conditions related to groundwater 
production, drought, and seasonal fluctuations impacting the Coker aquifer. One production-
related disturbance was observed in a public well in Autauga County where the groundwater 
level has declined 49 feet from the initial water level measured in 2008. 

 The Gordo aquifer is a major source of groundwater in northwest to east-central Alabama 
and is the deepest freshwater aquifer in Alabama. Two areas of minor production-related 
disturbances were observed in the Gordo aquifer. Public well P-17-3 in Hale County has declined 
over 67 ft since the initial pump test in 1998. Public well R-8-1 in Autauga County south of 
Prattville has declined 30 ft since the initial pump test in 1963. Several areas of significant 
production-related disturbances were observed in the Gordo aquifer. Public well F-1-1 in Pike 
County has declined 215 ft since the initial pump test in 1992. Public well V-6-1 in Barbour County 
has declined 158 ft since the initial pump test in 1962. Public well V-17-2 in Barbour County has 
declined 174 ft since the initial pump test in 1970. Public well V-18-2 in Barbour County has 
declined 104 ft since the initial pump test in 1975. 
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 The Eutaw aquifer is a major source of water production in Alabama. One area of production-
related disturbance to the potentiometric surface of the Eutaw aquifer was observed in public 
supply wells around Eufaula in Barbour County. These disturbances were observed in public well 
K-10-1 in Barbour County where the groundwater level has declined 227 ft from the initial water 
level taken in 1970 and in public well V-17-2 in Barbour County which has declined 174 ft since 
the initial pump test in 1970. 

 Several areas of notable production-related disturbances were observed in the Clayton 
aquifer. Public well K-5-1 in Dale County south of Ozark has declined over 113 ft since the initial 
pump test in 1962. Public well K-16-4 in Dale County south of Ozark has declined over 60 ft since 
the initial pump test in 1978. Public well P-17-2 in southeast Dale County has declined over 33 ft 
since the initial pump test in 1999. Public well P-20-2 in southeast Dale County has declined over 
124 ft since the initial pump test in 1965. Public well P-20-3 in southeast Dale County has declined 
over 53 ft since the initial pump test in 1982. Eight public wells located in and around Dothan in 
Houston County have had minor declines since the initial pump tests with well D-32-2 showing 
the most decline at 85 ft. Isolated, single well disruptions in the Clayton-Salt Mountain 
potentiometric surface occur sporadically across Dale County with drawdown ranging from 53 to 
124 feet.  

 Production impact areas and hydraulic pressure head declines in the Nanafalia aquifer are 
currently located at Dothan where long-term high production rates in multiple wells in close 
proximity created large, deep depressions in the potentiometric surface. The largest disruptions 
were observed in the Dothan area where groundwater levels declined as much as 181 in one well 
from 1956 to 2013. Large disruptions to the potentiometric surface were also observed in 
Monroe County, near the community of Beatrice, with a groundwater level decline of 156 ft from 
1961 to 2015. One well in Choctaw County, showed a groundwater level decline of 56 ft from 
1982 to 2015. Most recent water level trends in Dothan wells are more stable due to construction 
of additional wells, improved water production management, and a water rate structure that 
promotes conservation. 

 No production-related disturbances were noted in the potentiometric surface for the Lisbon-
Gosport Sand aquifer, although one well in Geneva County had an aquifer drawdown of 101 ft 
from 1979 to 2013. Declining water levels in the aquifer are minimal and isolated resulting in 
minimal change in aquifer storage. Long-term water level measurements indicate that water 
production impacts to the Crystal River aquifer are minimal. 

 Drought impacts are evident in one well (G-5-2 in Baldwin County) in the Miocene Hattiesburg 
aquifer for years 1987, 2000, and 2007, with water levels rebounding quickly during the following 
wet season, indicating adequate recharge for this aquifer in the general area of the well and quick 
response to recharge of the aquifer. A long-term hydrograph for a public supply well in the 
Pliocene Graham Ferry aquifer (well UU-0-3 located on Dauphin Island in Mobile County) 
indicates water level response to the 1980 and 1999 droughts with the water levels recovering 
immediately in the following wet season to pre-drought levels. The significantly observed lower 
values can be attributed to a combination of drought and pumpage. 

 Seasonal and drought responses of water levels were noted in the Bangor and Fort Payne-
Tuscumbia aquifers but few significant production-related impacts were found. Shallow, small 
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domestic and public wells may be impacted during extreme drought conditions but these are 
typically isolated and minimal to moderate depending on the situation, rate of usage, and 
population served. Observed water levels in many Pottsville aquifer wells have increased over 
their periods of record indicating few regional issues with declining water levels in this aquifer. 
The Piedmont aquifers are structurally and hydrologically complex with water tending to flow 
through cracks in the crystalline rock matrix. Due to the intrinsic nature of the crystalline rocks, 
groundwater level impacts are not readily identifiable, with water levels closely tied to 
precipitation. Due to lack of public supply wells constructed in the Piedmont aquifer, regional 
production-related declines were not observed. Many Piedmont wells exhibit some drought 
impacts since wells are shallow and the aquifer is unconfined and are more susceptible to surface 
conditions including land use practices, precipitation, and water withdrawal. 

 Work to populate the RBDMS database will continue by entering well information from GSA 
files, acquiring additional well information, and working with agencies and drillers to improve the 
quality of submitted well information. The real-time water level monitoring system will continue 
to be expanded in critical groundwater regions susceptible to withdrawal impacts and drought, 
and in areas where additional research is needed to refine groundwater recharge estimates. The 
periodic well monitoring program will continue to be upgraded by locating new wells to replace 
lost wells in the system and initiating two water level runs per year; one during low water level 
times in the fall and another during the high water level times in the late winter/spring. Work will 
continue to provide better estimates of groundwater recharge and estimates of groundwater 
storage for aquifers in a larger, more regional context. The proposed hydrogeologic framework 
for the Miocene strata in south Alabama will continue to be evaluated and refined for this 
significant aquifer system. The demands on groundwater resources due to municipal, industrial, 
and agricultural uses will drive additional regional and site specific hydrogeological investigations 
and assessments in those areas impacted. The GSA has initiated a statewide groundwater quality 
program to collect and evaluate water samples for a wide range of uses including technical 
resource evaluation, water supply, and potential contaminant monitoring.  
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INTRODUCTION 

 Alabamians have come to expect that water resources will be available for their use in 
sufficient quantities to support public health and safety, facilitate commerce and transportation, 
help meet energy needs, and provide recreation and wildlife habitat (Alabama Water Agencies 
Water Group, 2013). This has indeed been the case since the beginning of statehood, but 
Alabama’s water resources face an uncertain future due to several unfolding realities: 

 the legal uncertainty of shared interstate watersheds, 

 recurring drought, 

 the impacts of population, agricultural, and industrial growth on water availability and 
water quality, and 
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 the uncertainties of riparian common law in the face of increased demand placed on finite 
water resources. 

 The Alabama Water Agencies Working Group (AWAWG) was created by Governor Robert 
Bentley on April 18, 2012, and tasked with beginning a process to address these issues and, 
ultimately, to prepare a statewide water management plan suited to Alabama’s unique needs 
and desires. After much discussion and work, the AWAWG introduced a concept and plan for 
moving water policy forward in the state (AWAWG, 2013) coining the approach “The Alabama 
Water MAP Process” (fig. 1). The Alabama Water MAP (Monitoring, Assess, Plan) Process is a 
road map that will lead to a statewide water management plan and provide a working template 
for continuing and expanding Alabama’s efforts in water monitoring, assessment, and planning 
well into the future. The Alabama Water MAP Process is envisioned as an integrated water 
shareholder approach that works through distinct tracks to acquire essential technical 
information, facilitate stakeholder interactions, and provide in-depth issue analysis needed for 
preparing a statewide water plan. In particular, the technical track calls for an integrated 
assessment of surface and groundwater resources as the fundamental first step to facilitate the 
development of a statewide water management plan.  

 Two key lessons taken from the efforts of 
other states to prepare water management 
plans are the importance of basing water 
resources management on the best available 
science and data and creating an adaptive 
process that considers varying hydrologic 
conditions, water uses, public health and 
safety, economic development needs, and 
monitoring data to shape reliable and 
sustainable water resources policies and 
programs. With encouragement from water 
stakeholders and support from Governor 
Robert Bentley and the Permanent Joint 
Legislative Committee on Water Policy and 
Management the Geological Survey of Alabama 
(GSA) and the Alabama Office of Water 
Resources (OWR) undertook the task of 
conducting statewide assessments of both 
groundwater quantity (GSA) and surface water 
quantity (OWR) with goals of quantifying the 
resource and evaluating uses and impacts. This 
phase of the statewide surface and 
groundwater assessment fulfills fundamental 
data needs for water management, but the 
successful achievement of a statewide plan will 
require the continued active participation by 

 
 

Figure 1.—The Alabama water resources 
management planning and implementation process. 
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water stakeholders, agencies, the Legislature, and the Governor's Office. Further, the statewide 
water assessment must be viewed as a “living document” that is constantly revised as additional 
data are developed through ongoing work and monitoring. 

 These reports will provide an integrated, modern compilation and analysis of surface water 
and groundwater availability, and water use for the entire state based on a suite of surface water 
modeling exercises, work by partners to update current water use and water use projections, and 
efforts to update groundwater levels at thousands of wells and create a comprehensive database 
of groundwater information. Hundreds of hours have gone into the research, analyses, and 
investigations for this groundwater report, and it is our hope that the information will be used to 
refine water management processes and procedures, identify gaps in water management 
activities and knowledge, and provide a benchmark in time from which Alabama can move 
forward to better manage water resources for all in the most sustainable fashion.  

 Although these assessment efforts will be the first to substantially integrate surface and 
groundwater availability and water use within the modern era, it is certainly not the first to 
investigate water availability in the state. In his Letter of Transmittal for Geological Survey of 
Alabama Bulletin No. 7, The Water Powers of Alabama (Hall, 1903), to Governor William Jelks on 
December 1, 1902, Dr. Eugene Allen Smith, State Geologist, voiced his concept and goals for that 
report: 

 “Our Alabama Geological Survey, in cooperation with the United States 
Geological Survey, has for a number of years been engaged in a systematic 
investigation of the Water Resources of the State. In this investigation we have 
naturally been less interested in that portion of the rainfall that passes back into the 
atmosphere by evaporation, than in those portions which, temporarily at least, become 
more or less incorporated with the materials forming our land surface, and which on 
that account may be considered as forming a part of our territory. And our 
investigations of this earth water (to use a term to distinguish it from the atmospheric 
water), may appropriately be followed along two lines: It may be concerned, 1, with 
that part of water which, collecting in rivulets, creeks and rivers, flows on towards the 
sea by open channels, i.e. the “run-off”; or 2, it may take into account that part which 
soaks into the ground, and reaches the water courses or the sea only after an 
underground passage of greater or lesser duration, i.e., the ground water or the “in-
soak,” if we may be allowed the use of such a word. 

 “While the proportion of rainfall which appears in the run-off of the streams 
varies between very wide limits, depending on the geological formations, the locality, 
etc., in Alabama on an average, about fifty per cent. of the rainfall is lost by 
evaporation and the remainder forms the run-off of the streams, and, curiously 
enough, only a small percentage of this run-off is supplied by the surface water alone, 
for most of it reaches the water courses by underground seepage.” 

 So we witness from over 100 years ago that conjunctive understanding of surface water and 
groundwater was fundamentally important to understanding its availability and role in the early 
economic development of Alabama. This fact has not changed over the intervening years and is 
as fundamental to this study as it was to the original water resources studies in the state.  
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 The purpose of the groundwater assessment is to generate spatial data based on 
hydrogeologic characteristics and information from water wells that may be used for future 
groundwater source planning and development and the improvement of policies affecting the 
management, conservation, and protection of groundwater resources. Parameters for this 
purpose include well depths, depth to water, pumping rates, specific capacities, net potential 
productive intervals for selected aquifers, potentiometric surface maps based on recent data, 
geologic structure and cross section maps to better estimate depths for the drilling of water wells 
and to determine completion zones for existing wells, and developing estimates of aquifer 
recharge and storage which will be critical for future groundwater management efforts. Much of 
the existing information from drillers and the public is incomplete, many of the map products 
produced for this assessment are preliminary and to be refined with new data collection, and 
estimates of recharge and storage will need further work as datasets improve.  

 These data can be used by public water systems, citizens, industries, and agricultural interests 
as a guide in their work to establish sustainable water sources. The information presented in 
these assessments is for general location information only and should not to be used in place of 
a thorough site assessment conducted by qualified hydrogeologic personnel and(or) engineers. 
Mapped products are interpretations only of historical and recently acquired data; newly 
acquired or future data may allow a different interpretation.  

 The groundwater assessment will also be important to evaluate historic and current 
groundwater levels to determine hydraulic characteristics and to observe climatic and water 
production impacts for major aquifers in the state. This is accomplished by construction of 
potentiometric surface maps where the potentiometric water level is defined as the elevation to 
which water rises in a properly constructed well that penetrates a confined aquifer. The 
potentiometric surface is an interpreted surface representing the confined pressure (hydrostatic) 
head throughout all or part of a confined aquifer. This surface is helpful in determining directions 
of groundwater movement, hydraulic gradients, and depths from which water can be pumped at 
particular locations, and serve as a future baseline to measure future water production impacts. 
When water is removed from an aquifer by pumping or by reductions in recharge, the 
potentiometric surface will fluctuate accordingly (drawdown, production, or climatic impact). 
The difference between pre-pumping static water levels and partially recovered water levels 
affected by pumping is termed residual drawdown. Areas with closely spaced wells coupled with 
high water demand create “cones of depression” where individual well impact areas coalesce to 
form relatively large potentiometric surface impacts that may cover many square miles. It is 
important to note that as long as the potentiometric surface remains above the stratigraphic top 
of the aquifer, the aquifer media remains saturated so the declining surface only represents a 
decline in hydrostatic pressure. If the water level declines below the stratigraphic top of the 
aquifer, it can potentially cause irreversible aquifer damage. Presently, no known confined 
aquifer water levels in Alabama are in danger of declining below the stratigraphic top of any 
geologic formation. Therefore, potentiometric surfaces and residual drawdown values provide 
important information to determine the effects of water production, strategies for water source 
protection, and future water availability. 
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BACKGROUND—HISTORY OF INVESTIGATIONS 

 In 1898 the Geological Survey of Alabama (GSA) in cooperation with the U.S. Geological 
Survey (USGS) began a systematic evaluation of the states’ water resources, both surface and 
ground (Johnston, 1933). The first comprehensive report on water powers of the state was 
prepared by Mr. Benjamin Hall of the USGS in response to the states’ desire to develop its larger 
waterways for useful purposes. Work on flow measurement began systematically at this time by 
establishing streamflow gauging stations and continued until 1902 when the first report of the 
states’ water powers was printed as Geological Survey of Alabama Bulletin No. 7 (Hall, 1903). The 
work was accomplished by the Hydrographic Division of the USGS and several paid river 
observers who would visit their gage sites at the same time of day every morning and record the 
river or stream level. Hydrologists with USGS would make regular measurements of discharge 
and river levels and create a rating curve for calculating discharge from river level measurements 
at these sites. The daily water level data were then converted to daily discharge estimates and 
the flow statistics were calculated for a very limited period of record (no longer than seven years 
for some gage stations). The intent of this initial work in the state was to determine a safe basis 
for calculating low water volumes at all seasons of the year, for several consecutive years, to 
arrive at their value for water power, irrigation, municipal supply, mining, and navigation (Hall, 
1903). Most measurements were focused on gauging stations established on larger river and 
stream channels in the Mobile River basin and Tennessee River drainage.  

 Work continued measuring flows at the gauging stations in the Mobile basin and Tennessee 
drainage with new sites added to the gauging station network in the Apalachicola, 
Choctawhatchee, and Escambia River systems (Hall and Hall, 1916). Of interest is that authors 
Benjamin and Maxcy Hall completed this report within the firm of Hall Brothers, Consulting 
Hydraulic Engineers, Atlanta, Georgia. Even in those early days of water resources investigations, 
it was recognized that significant income was to be garnered from water resource evaluation. 
These two reports were the basis of harnessing and developing Alabama’s large rivers for 
hydropower and navigation interests and in the process created Alabama’s foundational network 
of stream and river gages. A few of these gage stations have been in continuous service from 
their creation to the present, measuring either discharge, water level, or both: Black Warrior 
River at Northport, AL-02465000, period of published record beginning January 1895; Alabama 
River at Selma, AL-02423000, period of published record beginning January 1900; and Cahaba 
River at Centreville, AL-02424000, period of published record beginning August 1901 (Hall, 1903; 
USGS, 2016).  

 Two reports by Alabama State Geologist Eugene Allen Smith in the early 1900s were 
published by the USGS in their Water Supply and Irrigation series and are the first regional 
investigations of groundwater in the state (Smith, 1904, 1905). The 1904 report was an appendix 
of very detailed descriptions of water well bore characteristics and water level information with 
selected quality data of some waters, while the 1905 report described the general water quality 
characteristics of wells throughout the state with special emphasis on mapping the Cretaceous 
artesian wells. Smith later completed the first comprehensive report on Alabama’s groundwater 
resources (GSA Monograph 6) shortly after publication of these two preliminary papers (Smith, 
1907). In this report he calculated coarse water budgets and recharge estimates to groundwater 
in addition to describing how water moves and is translated through the subsurface. The bulk of 
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Monograph 6 consists of detailed descriptions of water well bores, groundwater quality, and the 
hydrogeology and water quality of Alabama’s many springs and spring resorts.  

 Based on the early work of Smith (1904, 1905, 1907), it was determined that more detailed 
and comprehensive investigations of groundwater resources were needed. Johnston (1933), 
published as GSA Special Report 16, studied groundwater in the Paleozoic rocks in all or part of 
25 northern Alabama counties with field work conducted from 1928-29 and water samples 
analyzed by the USGS laboratory in Washington D.C. For this study, 190 well and spring water 
samples were analyzed for their chemical composition along with 12 water samples from mines. 
Johnston devoted many pages of the report to describing the physiography of the study area, the 
relationships between groundwater and geology, and the chemical character of natural 
groundwater in each of the 25 counties.  

 Groundwater investigations continued with publication of GSA Special Report 18 describing 
the groundwater resources of the Cretaceous area of Alabama (Carlston, 1944). Work began in 
1940 covering all or parts of 20 counties in the upper Coastal Plain of central Alabama. Records 
were collected from 795 wells and springs in the study area, and chemical analyses were 
completed for 154 groundwater samples. Much like GSA Special Report 16 by Johnston (1933), 
the Cretaceous report focused on groundwater quality, water well bore characteristics, and 
general geologic conditions in the counties. 

 Work on groundwater in all or parts of 16 southeast Alabama counties was published as GSA 
Special Report 20 (Carter and others, 1949). The research focus changed somewhat with this 
report in that surface water resource data were published jointly with groundwater data for the 
same region. The number of surface water gauging stations in southeast Alabama was expanded 
considerably with discharge and water level data reported for 46 sites and just a handful of 
stations with water quality information. Groundwater discussions continued to be focused on 
well bore characteristics and groundwater quality within each county relating both to geology. 
One of the main reasons for beginning this new series of surface water investigations was that 
the streamflow data collected by USGS consisted only of the actual stream discharge data, with 
no statistical summarization over the periods of record, and was only published in annual 
volumes. As such, users of the data were required to find and compile the information for the 
years of record they wished to examine.  

 Building on the approach outlined in GSA Special Report 20, Pierce (1955) authored the 
second study (GSA Special Report 22) in the series by reporting on the surface water resources 
of east-central Alabama, choosing to omit any discussion of groundwater and focusing on 
watershed delineations and surface water flow exclusively. Average monthly and annual 
discharge was reported for 35 gauging stations where daily average flow was determined, while 
partial records of discharge were provided for another 66 stations, and only a limited amount of 
surface water quality information was published. The area of coverage in east-central Alabama 
was watershed based encompassing all or parts of 21 counties and included the Cahaba, Coosa, 
Tallapoosa, and Alabama River systems, stopping at the mouth of the Cahaba River. By this time, 
enough data had been gathered to begin constructing regional flow relationships relating floods, 
low-flow events, and other hydrological phenomena with landscape and watershed 
characteristics, allowing prediction of flows for ungaged watersheds.  
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 Surface water discharge investigations continued with the third study in the series by 
publication of GSA Special Report 24 (Pierce, 1959) focusing on west-central Alabama. Average 
monthly and annual discharge was reported for 41 gauging stations where daily average flow was 
determined, while partial records of discharge were provided for another 23 stations. This report 
was also watershed based encompassing all or part of 12 counties and included the Black Warrior 
and Tombigbee Rivers in Alabama downstream to their junction at Demopolis. 

 The fourth study in the series (GSA Bulletin 84) highlighted surface water flows in 
southwestern Alabama (Pierce, 1966). Interestingly, by this time the series had evolved from 
publishing raw flow numbers, a duty that USGS undertook in 1961, to extensive analysis of 
hydrological data through the creation of flow duration curves, flood and low flow frequency 
relationships, and extremes of flow. It also included a significant amount of information with 
regard to water use, water quality management and regulation, and selected water quality data. 
The study area included the watersheds of the lower Tombigbee River, from its junction with the 
Black Warrior River, downstream to the Alabama River; the Alabama River from Montgomery to 
its mouth; the Mobile River; and the Perdido, Fish, and Pascagoula (Escatawpa) Rivers. The fifth, 
and final, part of the series was never completed. 

 The USGS published hardcopy raw streamflow records from 1961 to 2005 in their Surface 
Water Records of Alabama (1961-64) and Water Resources Data for Alabama (1965-2005) 
publications. All of the USGS flow and water quality information collected for Alabama, beginning 
with the early studies of Hall (1903, 1905), is now available digitally through their web site: 
http://waterdata.usgs.gov/al/nwis. The GSA published water availability maps (Special Map 
series) between 1966 and 1987 for every county of the state and continues to publish regional 
groundwater resource studies and local investigations in Alabama (table 1).  

STUDY AREA 

RIVERS AND STREAMS 

 Approximately 134,000 miles of river and stream channels are carved into the Alabama 
landscape, with about 61 percent of these miles flowing permanently throughout the year and 
39 percent flowing only intermittently during wetter times of the year (fig. 2). Alabama ranks first 
in the nation in navigable channels with 1,438 miles that include 16 lock and dam structures on 
six river systems. More than 20 hydroelectric power production facilities and 20 or more 
impoundments for public water supply on smaller streams are scattered throughout the state. 
The total surface area of lakes, ponds, and reservoirs is 563,000 acres and about 3.6 million acres 
of wetlands, from fresh to saline, are associated with Alabama waters (Mettee and others, 1996). 
Streamflow in the main channels of the Tennessee, Alabama, Coosa, Tallapoosa, Black Warrior, 
and Tombigbee Rivers is regulated by upstream reservoirs, flood-control and navigational locks 
and dams, and hydroelectric plants (Atkins and others, 2004). Descriptions of the rivers and 
streams were, in part, taken from Mettee and others (1996) and O’Neil (2013). 

 Alabama's rivers and streams are grouped into hydrologic units to satisfy any number of 
planning and research needs. The hydrologic unit code (HUC) is a hierarchical sequence of  
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Table 1.—List of selected water resources investigations for Alabama. 

Title Author(s) 
Year of 

publication Citation 

A preliminary report on a part of the 
water powers of Alabama  

Hall, B.M 1903 Alabama Geological Survey 
Bulletin 7 

Second Report on the water powers of 
Alabama 

Hall, B.M. and Hall, M.R 1916 Alabama Geological Survey 
Bulletin No. 17 

Contributions to the hydrology of 
eastern United States 

Smith, E.A. 1904 U.S. Geological Survey Water 
Supply and Irrigation Paper 102 

Underground waters of eastern United 
States 

Smith, E.A. 1905 U.S. Geological Survey Water 
Supply and Irrigation Paper 114 

The underground water resources of 
Alabama 

Smith, E.A. 1907 Alabama Geological Survey 
Monograph No. 6 

Ground water in the Paleozoic rocks of 
northern Alabama 

Johnston, W.D., Jr 1933 Alabama Geological Survey 
Special Report No. 16 

Ground-water resources of the 
Cretaceous area of Alabama 

Carlston, C.W. 1944 Alabama Geological Survey 
Special Report 18 

Water resources and hydrology of 
southeastern Alabama 

Carter, R.W., Williams, 
M.R., and LaMoreaux, P.E. 

1949 Alabama Geological Survey 
Special Report 20 

Water levels and artesian pressures in 
Alabama, 1954 

O’Rear, D.M., and Knowles, 
D.B. 

1955 Alabama Geological Survey 
Information Series 2 

Water levels and artesian pressures in 
Alabama, 1955 

O’Rear, D.M.,  1957 Alabama Geological Survey 
Information Series 5 

Ground-water levels in Alabama in 1956 O’Rear, D.M., and Knowles, 
D.B. 

1957 Alabama Geological Survey 
Information Series 11 

Hydrology and surface-water resources 
of east-central Alabama 

Pierce, L.B. 1955 
 

Alabama Geological Survey 
Special Report 22 

Surface-water resources and hydrology 
of west-central Alabama 

Pierce, L.B. 1959 Alabama Geological Survey 
Special Report 24 

Ground-water levels in Alabama in 1957 
and 1958 

O’Rear, D.M. 1960 Alabama Geological Survey 
Information Series 19 

Chemical quality of water of Alabama 
streams, 1960, a reconnaissance report 

Cherry, R.N. 1963 Alabama Geological Survey 
Information Series 27 

Surface water in southwestern Alabama Pierce, L.B. 1966 Alabama Geological Survey 
Bulletin 84 

7-day low flows and flow duration of 
Alabama streams 

Pierce, L.B. 1967 Alabama Geological Survey 
Bulletin 87 

A compilation of surface water quality 
data in Alabama 

Avrett, J.R. 1966 Alabama Geological Survey 
Circular 36 

A compilation of ground water quality 
data in Alabama 

Avrett, J.R. 1968 Alabama Geological Survey 
Circular 37 

Flow characteristics of Alabama 
streams, a basic data report 

Hains, C.F. 1968 Alabama Geological Survey 
Circular 32 

7-day low flows and flow duration of 
Alabama streams through 1973 

Hayes, E.C. 1978 Alabama Geological Survey 
Bulletin 113 

Regional flood depth-frequency 
relations for Alabama 

Hains, C.F. 1977 Alabama Geological Survey 
Circular 97 

Use of water in Alabama, 1975, with 
projections to 2020 

Mettee, M.F., Moser, P.H., 
and Dean, L. 

1978 Alabama Geological Survey 
Information Series 48 

Low-flow characteristics of Alabama 
streams 

Bingham, R.H. 1979 Alabama Geological Survey 
Bulletin 117  
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Table 1.—List of selected water resources investigations for Alabama--continued. 

Title Author(s) 
Year of 

publication Citation 

Ground-water levels in Alabama for 
observation wells measured periodically 
August 1952 through July 1977 

Davis, M.E. 1980 Alabama Geological Survey 
Circular 105 

Use of water in Alabama, 1980 Baker, R.M., Gillett, and 
Meng, P.M. 

1982 Alabama Geological Survey 
Information Series 59A 

Use of water in Alabama, 1981 Baker, R.M., and Moore, 
J.D. 

1983 Alabama Geological Survey 
Information Series 59B 

Use of water in Alabama, 1982 Baker, R.M. 1983 Alabama Geological Survey 
Information Series 59C 

Use of water in Alabama, 1985 Baker, R.M., and Mooty, 
W.S.  

1987 Alabama Geological Survey 
Information Series 59D 

Use of water in Alabama, 1990 Baker, R.M., and Mooty, 
W.S.  

1993 Alabama Geological Survey 
Information Series 59E 

Ground-water chemistry and salt-water 
encroachment, southern Baldwin 
County, Alabama 

Chandler, R.V., Moore, J.D., 
and Gillett, B. 

1985 Alabama Geological Survey 
Bulletin 126 

The Eutaw aquifer in Alabama Cook, M.R. 1993 Alabama Geological Survey 
Bulletin 156 

Groundwater levels in Alabama Various authors 1981-1993 Alabama Geological Survey 
Circulars 112 – 112M 

Surface-water report [for water years 
1981 – 1986] 

Various authors 1984-1988 Alabama Geological Survey 
Circulars 116 – 116F 

Water in Alabama [1982 – 1992] Various authors 1984-1994 Alabama Geological Survey 
Circulars 122A – 122J 

Reconnaissance of ground-water 
conditions in southeast Alabama 

Moffett, T.B., Baker, R.M., 
and Richter, K.E. 

1985 Alabama Geological Survey 
Circular 123 

Drought-related impacts on water uses 
in north Alabama 

Wentz, S.J., Baker, R.M., 
and Gillett, B. 

1986 Alabama Geological Survey 
Circulars 127A and 127B 

Springs in Alabama Chandler, R.V., and Moore, 
J.D. 

1987 Alabama Geological Survey 
Circular 134 

Alabama: Water supply and use, in 
National Water Summary 1987—
Hydrological events and water supply 
and use 

Mooty, W.S., Warman, J.C., 
and Block, D.H. 

1990 U.S. Geological Survey Water- 
Supply Paper 2350, p. 141-148 

Watercourse aquifers in Alabama Moore, J.D., and Hunter, 
J.A. 

1991 Alabama Geological Survey 
Circular 159 

Chemical characterization of water in 
the Eutaw aquifer 

Cook. M.R. 1993 Alabama Geological Survey 
Circular 175 

Low-flow and flow-duration 
characteristics of Alabama streams 

Atkins, J.B. 1994 U.S. Geological Survey Water-
Resources Investigations Report 
93-4186 

Magnitude and frequency of floods in 
Alabama 

Atkins, J.B. 1996 U.S. Geological Survey Water-
Resources Investigations Report 
95-4199 

Estimated use of water in Alabama in 
2005 

Hutson, S.S., Littlepage, 
T.M., Harper, M.J., and 
Tinney, J.O. 

2009 U.S. Geological Survey Scientific 
Investigations Report 2009-5163 

Estimated use of water in Alabama in 
2010 

Harper, M.J., and Turner, 
B.G. 

2015 Alabama Department of Economic 
and Community Affairs, Office of 
Water Resources 
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numbers that identify a hydrologic catchment, watershed, drainage, or basin. The geographic 
coverage of HUCs can range from a large HUC-2 region level (only two are found in Alabama: 03-
South Atlantic-Gulf and 06-Tennessee) to a HUC-8 subbasin level (53 are designated for Alabama) 
to the smallest unit, a HUC-12 subwatershed level (there are 1,499 HUC-12 subwatersheds, either 
all or in part, delineated for Alabama). A HUC-2 drains around 175,000 square miles (mi2) of 
landscape, a HUC-8 drains around 700 mi2 of area, while a HUC-12 drains around 40 mi2 of 
landscape. Other convenient designations for planning and research are the HUC-4 subregion, 
HUC-6 basin, and the HUC-10 watershed. For purposes of the surface water assessment, the 53 
HUC-8 watersheds were selected for modelling and reporting surface water flow characteristics 
(fig. 3, table 2).  

 
Figure 2.—River basins, drainages, and systems of Alabama. 



 

11 

 

  

 
Figure 3.—Hydrologic unit code (HUC-8) map of Alabama. 
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TENNESSEE RIVER DRAINAGE 

(HUC-0602, Middle Tennessee-Hiwassee; HUC-0603, 
Middle Tennessee-Elk) 

 The waters of the Tennessee River originate in Virginia, North Carolina, and Tennessee and 
flow southwest into north Alabama before turning northwest and leaving the state at the 
Alabama-Mississippi-Tennessee border toward its confluence with the Ohio River. The main 
channel of the Tennessee River is impounded along its entire length in Alabama, creating four 
reservoirs within state boundaries: Pickwick Lake, Wilson Lake, Wheeler Lake, and Lake 

Table 2.—Watershed HUC-8 designations and codes for Alabama. 

Apalachicola  Tombigbee 
03130002 Middle Chattahoochee-Lake Harding  03160101 Upper Tombigbee  
03130003 Middle Chattahoochee-Walter F. George   03160103 Buttahatchee  
03130004 Lower Chattahoochee  03160105 Luxapallila  
03130012 Chipola  03160106 Middle Tombigbee-Lubbub  
  03160107 Sipsey  
Coastal Florida Panhandle  03160108 Noxubee  
03140103 Yellow   03160109 Mulberry Fork  
03140104 Blackwater   03160110 Sipsey Fork  
03140106 Perdido   03160111 Locust Fork  
03140107 Perdido Bay   03160112 Upper Black Warrior  
  03160113 Lower Black Warrior 
Choctawhatchee   
03140201 Upper Choctawhatchee   Tombigbee-Mobile Bay 
03140202 Pea   03160201 Middle Tombigbee-Chickasaw  
03140203 Lower Choctawhatchee  03160202 Sucarnoochee  
  03160203 Lower Tombigbee  
Escambia   03160204 Mobile-Tensaw  
03140301 Upper Conecuh  03160205 Mobile Bay 
03140302 Patsaliga    
03140303 Sepulga   Pascagoula 
03140304 Lower Conecuh   03170002 Upper Chickasawhay  
03140305 Escambia  03170003 Lower Chickasawhay  
  03170008 Escatawpa  
Coosa   03170009 Mississippi Sound 
03150105 Upper Coosa    
03150106 Middle Coosa   Tennessee 
03150107 Lower Coosa  06020001 Middle Tennessee-Chickamauga 
  06030001 Guntersville Lake  
Tallapoosa  06030002 Wheeler Lake  
03150108 Upper Tallapoosa   06030003 Upper Elk  
03150109 Middle Tallapoosa   06030004 Lower Elk  
03150110 Lower Tallapoosa  06030005 Pickwick Lake 
  06030006 Bear Creek 
Alabama   
03150201 Upper Alabama    
03150202 Cahaba    
03150203 Middle Alabama    
03150204 Lower Alabama   

 

http://www.encyclopediaofalabama.org/article/h-2621


 

13 

Guntersville. All are operated by the Tennessee Valley Authority (TVA) and have a combined 
surface area of 195,200 acres. These lakes and projects greatly expanded the economy of the 
region in the early twentieth century and have provided flood control, electrical power 
generation, navigation, and recreational opportunities throughout the watershed. Within the 
state's boundaries, the Tennessee River drains approximately 6,800 mi2 or about 13 percent of 
Alabama's total land area. Tributaries flowing south to the Tennessee River in Alabama include 
Cypress Creek, Shoal Creek, Elk River, Limestone Creek, Flint River, and Paint Rock River; 
tributaries flowing north to the river include Bear Creek, Spring Creek, Big Nance Creek, Town 
Creek, Clear Creek, and Flint Creek. 

MOBILE BASIN 

(HUC-0315, Alabama; HUC-0316, Mobile-Tombigbee) 

 The Mobile River basin drains an area of 43,680 mi2 in Alabama, Mississippi, Tennessee, and 
Georgia. In Alabama, the Mobile River basin drains approximately 32,700 mi2, or 63 percent of 
Alabama's total land area. The western part of the basin is comprised of the upper Tombigbee 
River (3,650 mi2 in Alabama and 5,447 mi2 in Mississippi), the Black Warrior River (6,274 mi2), 
and, below the confluence of these two river systems, the lower Tombigbee River (4,044 mi2 in 
Alabama and 615 mi2 in Mississippi). More than 82,000 acres of impoundments are found in the 
western Mobile basin, with Lewis Smith Lake on the Sipsey Fork of the Black Warrior River being 
the largest at more than 21,000 acres. The series of impoundments created by completion of the 
Tennessee-Tombigbee Waterway are navigable and connect the Mobile River basin with the 
Tennessee River drainage in northeast Mississippi. The upper Tombigbee skirts the Fall Line Hills 
physiographic district, and the lower Tombigbee crosses lower Coastal Plain physiographic 
districts before reaching its confluence with the Alabama River. The upper reaches of the Black 
Warrior River system drain the Cumberland Plateau in Jefferson, Cullman, Walker, and 
Tuscaloosa Counties, and the lower reaches drain the upper Coastal Plain.  

 The eastern Mobile River basin is drained by the Alabama River (6,023 mi2 ), Cahaba River 
(1,818 mi2), Coosa River (10,161 mi2, with 5,400 mi2 in Alabama and 4,761 mi2 in Georgia), and 
Tallapoosa River (4,675 mi2, with 4,022 mi2 in Alabama and 653 mi2 in Georgia) and contains more 
than 170,000 acres of impoundments, almost double that found in the western Mobile basin. 
The largest impoundments are Lake Martin (39,000 acres) on the Tallapoosa River and Weiss Lake 
(30,000 acres) on the Coosa River. Impoundments on the Coosa and Tallapoosa Rivers were 
constructed for hydroelectric generation and flood-control purposes and neither river is 
commercially navigable throughout their length. The Alabama River is navigable upstream to 
Montgomery. 

 The Cahaba, Coosa, and Tallapoosa Rivers flow over terrain underlain by carbonaceous and 
metamorphic rocks of the Alabama Valley and Ridge and Piedmont Upland physiographic 
sections and, as such, generally have clearer waters compared with the waters flowing over more 
easily eroded shales and sandstones in the Cumberland Plateau and sands and clays in the East 
Gulf Coastal Plain. The Alabama River flows almost entirely within the East Gulf Coastal Plain 
before reaching its confluence with the Tombigbee to form the Mobile River. The expansive 
Mobile-Tensaw River Delta begins where the Mobile River splits into a braided network of several 

http://www.encyclopediaofalabama.org/article/h-2621
http://www.encyclopediaofalabama.org/article/h-2380
http://www.encyclopediaofalabama.org/article/h-1888
http://www.encyclopediaofalabama.org/article/h-2365
http://www.encyclopediaofalabama.org/article/h-2365
http://www.encyclopediaofalabama.org/article/h-1618
http://www.encyclopediaofalabama.org/article/h-1256
http://www.encyclopediaofalabama.org/article/h-1256
http://www.encyclopediaofalabama.org/article/h-1301
http://www.encyclopediaofalabama.org/article/h-1370
http://www.encyclopediaofalabama.org/article/h-1326
http://www.encyclopediaofalabama.org/article/h-1185
http://www.encyclopediaofalabama.org/article/h-1298
http://www.encyclopediaofalabama.org/article/h-1190
http://www.encyclopediaofalabama.org/article/h-2019
http://www.encyclopediaofalabama.org/article/h-1833
http://www.encyclopediaofalabama.org/article/h-1549
http://www.encyclopediaofalabama.org/article/h-1549
http://www.encyclopediaofalabama.org/article/h-1549
http://www.encyclopediaofalabama.org/article/h-1308
http://www.encyclopediaofalabama.org/article/h-1309
http://www.encyclopediaofalabama.org/article/h-1201
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distributary systems. The Mobile, Middle, Tensaw, Apalachee, and Blakeley Rivers contribute an 
average of 34 billion gallons per day of fresh water to Mobile Bay. The Alabama, Black Warrior, 
and Cahaba River watersheds are contained entirely within state boundaries.  

COASTAL RIVERS 

(HUC-0313, Apalachicola; HUC-0314, Choctawhatchee- 
Escambia; HUC-0317, Pascagoula)  

 The coastal rivers include, from west to east, the Escatawpa (767 mi2), Perdido (840 mi2), 
Conecuh (3,848 mi2), Blackwater (148 mi2), Yellow (507 mi2), Choctawhatchee (3,130 mi2), and 
Chattahoochee (2,832 mi2) river systems that drain approximately 25 percent of Alabama's land 
area. The topography of coastal drainages is typically unsuited for reservoir development and, 
consequently, only a few have been constructed in this region. Impoundments of significant size 
are Point A and Gantt Lakes (about 1,300 acres combined) on the Conecuh River near Andalusia, 
Walter F. George (45,180 acres) on the Chattahoochee River northeast of Dothan, and J.B. 
Converse Reservoir “Big Creek Lake” (3,600 acres) a public water supply in Mobile County. The 
free-flowing nature of coastal rivers and streams produces some of the most beautiful aquatic 
scenery in Alabama with many acquiring the characteristic "blackwater" look with tannic stained 
waters meandering through forested swamps.  

CLIMATE 

 Alabama's climate is humid subtropical with warm, moist Gulf air dominating the summers, 
resulting in frequent afternoon thunderstorms. Winters are typically mild with recurring cold 
fronts alternately bringing precipitation and clear days. Alabama’s mid-latitude location between 
30° and 35° is a significant factor determining climate patterns for the state resulting in four 
distinct seasons of the year (Chaney, 2013). Summers are hot and humid with high temperatures 
in the 90s (degrees Fahrenheit) and nighttime lows in the 70s. Average winter temperatures vary 
from the 30s in the north to the 40s in the south. Rainfall is generally greatest from December to 
March but summers may be quite wet, particularly in July. Precipitation generally occurs year 
round, except during drought periods, averaging 50 to 54 inches in the Tennessee Valley and 60 
to 65 inches along the coast. Late summer and fall are the driest times of the year and many 
upland streams cease to flow or go dry. In south Alabama, higher temperatures and precipitation 
patterns combine to produce a considerable difference in the length of the growing season for 
agricultural production across the state, which varies from approximately 200 days per year in 
the north to approximately 250 days per year in the south (Chaney, 2013). 

PHYSIOGRAPHY 

 Physiography relates to the structure and type of underlying geologic formations and local 
geologic and climatic forces that shape the landscape. Physiography, including the underlying 
geologic base and shallow soil types, is one of several determinants of natural flow patterns, rates 
of groundwater recharge and base flow contributions to streams, and water-quality conditions. 

 Within geologic time, mountain chains have been created by tectonic forces, uplifted, and 
eroded to plateaus, foothills, and valleys by the variable and relentless forces of wind, rain, and 
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temperature. Rivers have migrated across Alabama, intersecting and capturing other streams and 
changing direction; and coastlines ebbed and flowed many times extending as far inland as 
Tuscaloosa, Montgomery, and Phenix City as sea level fluctuated and great continental ice sheets 
advanced and retreated. These forces are still at play today and influence water resource in many 
ways.  

 Five major physiographic sections are recognized in Alabama (fig. 4): the East Gulf Coastal 
Plain, Highland Rim, Cumberland Plateau, Alabama Valley and Ridge, and Piedmont Upland. 
Further delineation of districts within sections recognizes yet other unique physical areas to 
illustrate the broad and diverse physiographic character of Alabama. The following references 
were freely used in describing Alabama's physiography: Harper (1920, 1942, 1943); Johnson 
(1930); Fenneman (1938); Pierce (1966); Sapp and Emplaincourt (1975), and Mettee and others 
(1996).  

EAST GULF COASTAL PLAIN 

 The East Gulf Coastal Plain section in Alabama is characterized by gently rolling hills, sharp 
ridges, prairies, and broad alluvial flood plains. Rocks underlying the East Gulf Coastal Plain are 
of sedimentary origin and consist of sand, gravel, porous limestone, chalk, marl, and clay. These 
strata dip to the southwest into the subsurface at approximately 35 to 40 ft/mi and strike 
generally in east-west belts turning more north-south to the northwest. Some of the strata are 
more resistant to erosion and underlie broad saw-toothed ridges known as cuestas that slope 
gently to the south with steep north-facing slopes. The East Gulf Coastal Plain comprises over 50 
percent of the land area in Alabama and occurs south and southwest of the Fall Line. Eight 
physiographic districts are delineated in the East Gulf Coastal Plain including the Fall Line Hills, 
Black Prairie, Chunnenuggee Hills, Southern Red Hills, Lime Hills, Dougherty Plain, Southern Pine 
Hills, and Coastal Lowlands. 

 The Fall Line Hills district is a wide crescent-shaped band extending from the Tennessee River 
in northwest Alabama, traversing the middle portion of the Mobile basin, and ending near the 
Chattahoochee River in east central Alabama. The Fall Line Hills form a major south to southeast 
boundary to the Highland Rim, Cumberland Plateau, Alabama Valley and Ridge, and the Piedmont 
Upland. Streams draining the Fall Line Hills are well sustained, even in the driest years, because 
of extensive sand and gravel aquifers that contribute to flow. Topography can be fairly rugged 
with steep slopes particularly near streams. In the western portion of the district, the Fall Line 
exists as an irregularly shaped transition belt about 15 miles wide where rocks of the Cumberland 
Plateau and Highland Rim are overlain by outlier outcrops of East Gulf Coastal Plain rocks. This is 
in contrast to the eastern portion of the district where the Fall Line is a sharp transition between 
coastal sediments and underlying piedmont rocks.  

 The Black Prairie district is an undulating, deeply weathered plain developed primarily on 
light-colored chalk, marl, and limestone characterized by concentrations of soft, white-gray 
limestone. This bedrock material weathers into fertile soils that bake hard in summer heat and 
become adhesive when wet making them difficult to cultivate. Because of thin soils and 
impermeable rocks, the Black Prairie (or Black Belt in other writings) represents a unique and 
clearly defined hydrologic region in the state. Many streams have eroded to chalk bedrock and 
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are noted for high rates of runoff and variability of flow during storm events. Small streams quite  
often go dry while flow in larger streams is significantly reduced. Harper (1943) noted that the 
Black Prairie is one of the driest regions in the state and that natural tree-less grasslands once 
covered up to 10 percent of the Black Prairie.  

 The Chunnenuggee Hills district consists of a series of pine-forested sand hills developed on 
hardened beds of clay, sandstone, siltstone, and chalk. The northward-facing slope in the western 
part of the district is known as the Ripley Cuesta and rises abruptly 100 to 300 ft above the Black 

 
Figure 4.—Physiography of Alabama. 
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Prairie. This district continues into the eastern part of the state and encompasses about 2,200 
mi2 in Alabama. The rocks in the district are somewhat more permeable than chalk in the Black 
Prairie but are still relatively poor aquifers. The Tombigbee and Alabama Rivers of the Mobile 
River basin traverse the Chunnenuggee Hills, and the headwaters of the Conecuh, Pea, and 
Choctawhatchee Rivers originate here. 

 The Southern Red Hills district is a belt about 20 miles wide in the west broadening to about 
30 miles wide in the east. Two subdistricts are delineated in the western portion: the Flatwoods 
and the Buhrstone Hills. The Flatwoods occur in the southern portion of Sumter County and the 
middle of Marengo County and is developed on dark clays and marls which weather to stiff, 
plastic soils. Few ponds and springs are found in the area and potable groundwater is difficult to 
find. The Southern Red Hills proper is characterized by cuesta type ridges with steep, serrate 
north slopes and gentle back slopes. The Buhrstone Hills subdistrict is located along the southern 
edge of the Southern Red Hills proper and is characterized by very rugged terrain developed on 
hardened and resistant claystone and sandstone. Some of the greatest topographic relief in the 
Coastal Plain of Alabama occurs in the Buhrstone Hills where ridges locally rise 300 to 400 ft 
above stream valleys. Streams in this area acquire upland characteristics with high gradient, hard-
rock bottoms, and swifter flows. The Tombigbee and Alabama Rivers traverse the Southern Red 
Hills in the west while a significant portion of the Conecuh, Pea, and Choctawhatchee Rivers drain 
the Southern Red Hills in the east. 

 The rugged Lime Hills occur over resistant limestones in Choctaw, Clarke, Monroe, and 
Conecuh Counties. The Hatchetigbee dome subdistrict is in the southern end of the Lime Hills 
and is a geologic structure exposing buhrstone of the Tallahatta Formation, in addition to other 
stratigraphic units. Interesting aquatic habitats develop where streams cut through alluvial 
sediments down to limestone resulting in stream beds with upland character like the Buhrstone 
Hills. Mineral springs occur in the Hatchetigbee area and some are quite briny due to the 
presence of salt domes near the surface. The southern edge of the Lime Hills where they meet 
the Southern Pine Hills is a sharp demarcation to the distribution of plants and some animals in 
the state.  

 The Dougherty Plain, or "wiregrass region" extends from the southeast corner of the state 
west to Conecuh County forming the eastern edge of the Lime Hills. It is an extension of an upland 
in Georgia composed of limestone, sand, and clay. Active solution of the underlying limestone 
produces many shallow, flat-bottomed depressions that dot the landscape. Small headwater 
streams are noticeably absent from the Dougherty Plain because active solution transfers many 
of the drainages to underground channels. The name "wiregrass" originates from the common 
occurrence of needlerush in the wet, shallow depressions.  

 The Southern Pine Hills district is located in southwestern Alabama. Topography is low-relief 
with broad, rounded ridges and V-shaped valleys with sand and clay sediments. This region is not 
subject to solution like the Dougherty Plain and the boundary between the two districts is 
sometimes a distinct escarpment. Flat uplands with shallow ponds, bogs, and marshes occur 
throughout the district and many of the valleys are saucer-like and perpetually wetted by 
seepage from nearby hills. The abundance of warm summer rains is a major factor in leaching 
fertility from the soil and favoring the growth of pines in this region. Streams are well sustained 
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by groundwater flows in summer and are commonly called "blackwater" creeks, particularly in 
reference to those streams originating in the Pine Hills proper, where the term refers to the 
natural color imparted by dissolved and suspended organic matter.  

 Major streams draining the Southern Pine Hills include the Conecuh and Perdido Rivers, the 
lower reaches of the Tombigbee and Alabama Rivers, the Mobile and Tensaw Rivers, and the 
Escatawpa River. The Mobile-Tensaw River Delta is about 40 miles long, averages from 5 to 10 
miles wide, and is developed on the alluvial sediments transported down the Tombigbee and 
Alabama Rivers. It is a large, mature, forested wetland that is tidally influenced during low river 
flows and transected by numerous small stream channels connecting the larger rivers. The 
mature swamp habitat prevalent in the upper delta transitions into an emergent grass-
dominated wetland near the head of Mobile Bay.  

 Between the Southern Pine Hills and the Gulf of Mexico lies the Coastal Lowlands, a narrow 
strip of land generally less than 5 miles wide consisting of ancient sea-level terraces, dunes, 
beaches, and barrier islands. The topography is usually flat to gently undulating and underlain by 
sand and clay deposits. This region contains extensive areas of salt and brackish marsh bordering 
inland bays and estuaries with the landward border of the district defined by the base of the 
Pamlico marine scarp. 

HIGHLAND RIM 

 The Highland Rim extends northward from Alabama into Tennessee and Kentucky. In 
Alabama the Highland Rim is located in the northwest and central north portion of the state and 
is drained exclusively by the Tennessee River. Valley floors are predominantly limestone at 
elevations around 500 ft while ridges are typically composed of sandstone and are near 850 to 
900 ft. Three districts are delineated in the Highland Rim section—the Tennessee Valley, Little 
Mountain, and Moulton Valley—with all three sloping gently to the west-southwest and 
disappearing gradually beneath coastal plain deposits. Streams in the southern portion of the 
Highland Rim usually originate in the Pottsville escarpment of the Warrior Basin, flow northward 
through Moulton Valley in narrow valleys deeply cut through sandstone beds of Little Mountain.  

 The Tennessee Valley, comprised of red-clay lands on both sides of the Tennessee River, is 
the largest district in the Highland Rim. In the level parts of the valley are numerous springs, small 
ponds, lime sinks, and caves formed by dissolution of the underlying limestone. Water discharge 
from springs often augments stream flows during times of drought, and some springs, such as 
Tuscumbia Spring, serve as drinking water supplies. Smaller headwater streams flowing north 
through the Little Mountain and Moulton Valley districts are dry channels or stagnant pools 
during late summer. Some of these streams receive nonpoint agricultural runoff and permitted 
wastewater discharges which can lead to water-quality problems during low stream flows. 
Streams draining south to the Tennessee River generally flow year round and many have 
exceptionally good water quality. The Tennessee Valley, Little Mountain, and Moulton Valley 
districts are drained by the Tennessee River and its tributaries including the Elk River, Cypress 
Creek, Shoal Creek, Limestone Creek and Bluewater Creek to the north of the river and by Town 
Creek, Spring Creek, Big Nance Creek, and Flint Creek to the south of the Tennessee River.  



 

19 

CUMBERLAND PLATEAU 

 The Cumberland Plateau is an undulating surface of sandstone and shale that is frequently 
dissected by valleys and hollows. Elevations range from around 130 ft at Tuscaloosa to near 1,800 
ft in the Jackson Mountains northeast of Huntsville and Lookout Mountain near Mentone. Eight 
districts have been described in the Cumberland Plateau: the Warrior Basin, Jackson County 
Mountains, Sand Mountain, Sequatchie Valley, Blount Mountain, Murphrees Valley, Wills Valley, 
and Lookout Mountain. The majority of the Cumberland Plateau consists of the Warrior Basin 
and Sand Mountain with the Black Warrior River and its tributaries as predominant drainage 
features. 

 The Warrior Basin is a broad, dissected plateau of sandstone and shale about 80 miles wide 
lying in Winston, Cullman, Walker, Jefferson, and Tuscaloosa Counties. Flow in larger streams is 
usually sustained during summer months but many headwater tributaries go dry because of low 
recharge from groundwater aquifers. The upper Black Warrior River and its tributaries, Locust 
Fork, Mulberry Fork, Sipsey Fork, and North River comprise the dominant drainage features in 
the district with streams occurring in steep-sided valleys, many of which are gorge-like.  

 The Jackson County Mountain district is found in the northeast corner of Alabama and is a 
plateau of high relief characterized by mesa-like mountain tops of sandstone and stream valleys 
cut into limestone. The principal drainage features are the Paint Rock River and portions of the 
Flint River, both of which flow to the Tennessee River.  

 The Sand Mountain district is a large plateau of sandstone and shale ranging in width from 8 
to 18 miles and is approximately 80 miles long gradually merging with the Warrior Basin in the 
southwest and Blount Mountain in the southeast. Major stream systems on Sand Mountain are 
Short Creek, South Sauty Creek, and Town Creek (all of which drain to the Tennessee River), and 
headwater streams of the Locust Fork (Black Warrior River system). Many streams cut deep 
gorges through, or fall precipitously over the edge of, Sand Mountain.  

 The Lookout Mountain district is a flat and narrow remnant of the Cumberland Plateau which 
extends from Chattanooga, Tennessee, to Gadsden, Alabama, for a distance of 75 miles and 
ranging in width from 3 to 7 miles. Lookout Mountain is composed of sandstones and shales and 
is very similar to Sand Mountain in topography and character. The two major drainage features 
on Lookout Mountain are Little River and Black Creek. Little River originates on Lookout Mountain 
in Georgia and flows southwest over a series of spectacular falls and through a deep gorge until 
it joins the Coosa River in Weiss reservoir.  

 The Sequatchie Valley district is a pronounced topographic feature in Tennessee with its 
southwestern extent occurring in Alabama near the community of Blount Springs. The 
northeastern part of the valley in Alabama is occupied by the Tennessee River where it first  
enters Alabama then downstream to Guntersville, whereas the southwestern third of the 
Sequatchie Valley is drained by Mulberry Fork of the Black Warrior River.  

 The Wills Valley district extends for approximately 70 miles southwest across DeKalb and 
Etowah Counties ending near Gadsden. The valley averages about 5 miles wide and is composed 
of three limestone valleys separated by sandstone ridges of low relief. The primary drainage 
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feature of Wills Valley is Big Wills Creek and its tributaries which follow the valley through its 
entire course, flowing into the Coosa River near Gadsden.  

 The Blount Mountain district is a remnant of the Cumberland Plateau underlain by 
sandstones and shales. It is about 35 miles long and 4 to 6 miles wide, saucer shaped, and drained 
by Inland and Highland Lakes, which are water-supply impoundments on Blackburn Fork, a 
tributary of the Locust Fork. Blackburn Fork traverses Murphrees Valley before entering the 
Locust Fork. 

ALABAMA VALLEY AND RIDGE 

 The Alabama Valley and Ridge consists of a series of folded and faulted parallel ridges and 
valleys that trend northeast-southwest with elevations ranging from 400 to 2,100 ft. Ridges are 
made of sandstone and chert while valleys are generally developed on limestone and shale. 
Seven districts are described in the Alabama Valley and Ridge including the Coosa Valley, Coosa 
Ridges, Weisner Ridges, Cahaba Valley, Cahaba Ridges, Birmingham-Big Canoe Valley, and 
Armuchee Ridges. Over half of the area within the Alabama Valley and Ridge is occupied by the 
Coosa Valley.  

 The Coosa Valley district extends for about 100 miles from Cherokee to Chilton County 
averaging about 20 miles wide. The Coosa Valley is a plain composed of shale and limestone with 
ridges of low relief. The primary drainage feature of the Coosa Valley is the Coosa River, which is 
impounded along most of its length in Alabama.  

 The Coosa Ridges district consists of a folded parallel ridge belt about 5 miles wide and 50 
miles long extending across St. Clair and Shelby Counties. The district is characterized by parallel, 
linear sandstone ridges separated by shale valleys. The most prominent mountain ridges are Oak, 
Double Oak, and Backbone. Streams originating in the Coosa Ridges district drain to either the 
Coosa or Cahaba Rivers and demonstrate a typical "trellised" drainage pattern where tributaries 
follow the strike of a formation as close as possible, preferentially flowing on beds of the softest 
rock, crossing the harder belts only occasionally. This pattern can be seen in streams such as 
Kelley Creek, Beaver Creek, Shoal Creek, and the upper Cahaba River.  

 The Weisner Ridges district consists of a series of dissected mountains of extreme relief rising 
above the Coosa Valley some 1,400 ft. The Weisner Ridges extend for 40 miles from the Alabama-
Georgia state line to Coldwater Mountain at Anniston. Major streams draining the Weisner 
Ridges are Choccolocco Creek, Cane Creek, Nances Creek, and Tallasseehatchee Creek.  

 The Cahaba Valley district lies between the Cahaba Ridges and Coosa Ridges districts and 
extends for approximately 75 miles across Bibb, Jefferson, Chilton, Shelby, and St. Clair Counties. 
It averages about 10 miles wide and is developed on weathered, soluble limestones and 
dolomites, erodible shales, and resistant chert beds. Streams which drain the Cahaba Valley and 
flow into the Cahaba River include the upper Little Cahaba River, Cahaba Valley Creek, Buck 
Creek, and the lower Little Cahaba River near Centreville.  

 The Cahaba Ridges district lies between the Cahaba Valley and the Birmingham-Big Canoe 
Valley and is about 65 miles long and 5 miles wide. It is characterized by several parallel 
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northeast-southwest trending ridges formed by massive sandstone and conglomerate beds. This 
area is drained by the Cahaba River, which meanders back and forth through the ridges.  

 The Birmingham-Big Canoe Valley district extends for some 90 miles from Etowah to 
Tuscaloosa County ranging from 4 to 8 miles wide. The valley is developed on soluble limestones 
and dolomites, shales, sandstones, and chert. The northeastern portion of the district is drained 
by streams flowing to Big Canoe Creek which empties into the Coosa River near Gadsden whereas 
the southwest part of the district is drained by headwaters to Turkey, Valley, Village, Five Mile, 
and Davis Creeks. Many springs originate in the Birmingham Valley which is underlain by 
carbonate rocks, primarily limestone and dolomite.  

PIEDMONT UPLAND 

 The Piedmont Upland section is the nonmountainous section of the "older Appalachians" as 
described by Fenneman (1938). This undulating plain is the result of long-term degradation of 
the surface rocks while the underlying rocks are severely deformed and angled to the surface. 
The Piedmont Upland section in Alabama is a wedge shaped feature bounded on the south by 
coastal plain sediments and to the northwest by the Alabama Valley and Ridge. Piedmont geology 
is complex, consisting of high- and low-grade metamorphic and igneous rocks including quartzite, 
phyllite, slate, schist, amphibolite, and gneiss. The Piedmont Upland section is divided into two 
districts, the Northern Piedmont Upland and the Southern Piedmont Upland. Elevations in the 
Northern Piedmont Upland generally range from 1,000 to 1,200 ft in the northeast and from 500 
to 600 ft in the southwest part. The Talladega and Rebecca Mountains form a prominent 
northeast trending ridge system in the north part of the district with Cheaha Mountain being the 
highest point in the state at 2,407 ft. 

 The Tallapoosa River is the major system draining the Northern Piedmont Upland and is 
impounded along its length for hydroelectric power generation. The lower reach of the Coosa 
River, including Mitchell and Jordan Lakes, flows through the southern end of the Piedmont and 
empties into the Alabama River just after it enters the coastal plain. Numerous small springs and 
clear upland streams occur throughout the Northern Piedmont Upland.  

 The Southern Piedmont Upland district consists of a low relief surface (390 – 900 ft) cut by 
tributaries of the Tallapoosa and Chattahoochee Rivers. Some of the more interesting 
topographic areas are located on the Fall Line where streams cut through the edge of the 
piedmont as they enter the coastal plain, resulting in a series of rapids or spectacular falls over 
the basal rocks.  

FALL LINE 

 The Fall Line divides Alabama into two distinct physical regions, the upland and lowland (fig. 
4). It is the zone of contact between the harder, geologically older rocks of the Appalachian 
Plateaus, Interior Low Plateaus, Valley and Ridge, and Piedmont physiographic provinces with 
the younger and softer unconsolidated sediments of the Coastal Plain Province. Streams above 
the Fall Line are generally swift with higher gradient reflecting the harder base rocks and higher 
elevations whereas streams below the Fall Line are generally slower, have muddy or sandy 
bottoms, and lower gradient indicative of flat topography. 
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 Along the Atlantic seaboard, the Fall Line is the transition zone between the Piedmont (part 
of the Appalachian Highlands) and the Coastal Plain where falls and extensive shoal areas occur. 
These areas were ideal for harnessing the power of water and defined the upstream limit of 
steamboat navigation prior to construction of locks and dams. Note the distribution of Fall Line 
cities along the eastern seaboard which had significant industrial development: Columbus, 
Macon, and Augusta, Georgia; Columbia, South Carolina; Raleigh, North Carolina; Richmond, 
Virginia; Washington, D.C.; Baltimore, Maryland; and Trenton, New Jersey. In the states 
bordering the Gulf of Mexico, the Fall Line generally delineates the inner boundary of the Gulf 
Coastal Plain. In Alabama note the distribution of towns and cities along the Fall Line such as 
Phoenix City, Tallassee, Wetumpka, Clanton, Centreville, and Tuscaloosa. These towns were 
some of the first important industrial centers in the state because they were located where water 
power could be harnessed and were inland ports for shipping agricultural and industrial goods.  

TOPOGRAPHY 

 Topography, or the physical relief of the earth’s surface, determines both the direction and 
speed with which water flows over the land surface, the direction of shallow groundwater 
movement, and local microclimatic differences due to changes in elevation. Examination of 
topographic relief throughout the state (fig. 5) reveals variation in physiography with wide valleys 
in the Highland Rim; flat plateaus (Sand Mountain) and rugged slopes and incised valleys (Jackson 
County Mountains) in the Cumberland Plateau; steep parallel slopes (Cahaba and Coosa Ridges) 
and wide river valleys (Coosa Valley) in the Alabama Valley and Ridge; high peaks (Talladega 
Mountains) and rolling hills in the Piedmont Upland; and gently undulating hills and broad alluvial 
river valleys in the East Gulf Coastal Plain. Streams in upland areas with higher and more variable 
elevation generally have higher gradients on the order of 5 to 40 ft/mi and generally cooler water 
temperatures whereas lowland streams flowing over relatively flat topography have gradients 
less than 5 ft/mi and generally warmer water temperatures.  

AQUIFERS 

 Groundwater is an essential resource in Alabama, especially for public water supplies, where 
about 40 percent (by volume) and about 70 percent (by geographic area) originates from 
groundwater sources. Groundwater is well suited as a potable water source for much of the state 
due to its minimal treatment requirements, relatively small development and production costs, 
and resistance to drought and surface contamination. Alabama has several major aquifers that 
receive replenishment from recharge areas that cover most of the land surface of the state. 
Recharge areas are the basis for groundwater/surface-water interaction and serve to provide 
surface-water base flow that supports stream discharge and reservoir levels, wetlands, and 
aquatic habitat throughout Alabama. Major water-bearing geologic units underlying the state 
vary in age from the Ordovician system to the alluvial and terrace deposits of the Quaternary 
system (Moore, 1998). These geologic units vary significantly in their water-bearing capacity, 
aquifer characteristics, and rates of recharge. Groundwater use and development is directly 
related to these characteristics as well as the economics of developing producing wells to exploit 
the resource. Based on the geologic map of Alabama (Osborne and others, 1989), Moore (1998) 
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recognized the significant aquifers in the state (fig. 6) from which groundwater is produced. Some  
of these aquifers supply significant amounts of groundwater for public and private uses, such as 
the Nanafalia aquifer, while others are tapped primarily for smaller domestic, agricultural, and 
public supplies (such as the Pottsville). Almost 100 percent of water used for beneficial purposes 
in the East Gulf Coastal Plain originates from groundwater. Groundwater storage in the coastal 
plain is through primary porosity of geologic formations whereas storage in bedrock aquifers 
above the Fall Line is primarily in cavities, fractures, joints, bedding planes, and shallow regolith.  

 
Figure 5.—Shaded relief map of Alabama. 
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METHODS 

FIELD TECHNIQUES 

 Various methods were used by GSA personnel in the field to measure water levels in wells 
including steel tapes, E-tapes, air line gages, well sounders, and automated equipment for the 
real-time wells. Automated equipment is installed in many wells throughout the state, with the 
data either transmitted to the GSA office on a daily basis or downloaded at a site by GSA field 
staff. Well construction is the main decisive factor in determining what field method is 
appropriate for each well, depending on the access port location, presence or absence of an air 
line gage, and whether the well is operational or not. Mention of name brands for field 
equipment does not imply an endorsement by the GSA. 

 
Figure 6.—Aquifer recharge map of Alabama. 
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 Air line gages were used to measure water levels in the majority of public supply wells, 
provided that air lines were maintained and in good working order, which was determined on 
site. If the air line was not in working order, then a steel tape was used to measure water level 
or to verify the air line measurement. 

 Domestic water wells, which typically range from 2 to 6 inches in diameter, were measured 
using steel tapes, E-tapes, or the well sounder, with the steel tape being the preferred method 
used. In wells with working pumps, steel tapes are the preferred method, due to the rigidness of 
the steel tape, which allows it to slip past wires and other obstructions, whereas E-tapes cannot 
be used due to interference by the wires. 

STEEL TAPE 

 The majority of well measurements were obtained by use of a steel tape (fig. 7) because the 
construction of most domestic wells accommodated the steel tape best, and also because the 
steel tape is considered to be the most accurate method for measuring water levels in non-
flowing wells and is accurate up to 0.01 ft (Cunningham and Schalk, 2011). Lengths of steel tapes 
used in this assessment were 100 ft, 300 ft, and 500 ft. The procedure used by GSA personnel to 
measure the depth to water below land surface (bls) is similar to standard procedures practiced 
by the USGS (Cunningham and Schalk, 2011). 

 Prior to measuring the water level in 
a well, field personnel recorded the 
latitude and longitude (taken from a 
hand-held Global Positioning System 
(GPS) unit), well diameter, and 
measuring point in the field book. Field 
gloves were worn for the duration of 
the well measurement and cleaning 
procedures. The steel tape is first 
chalked using blue carpenter’s chalk by 
pulling the steel tape over the chalk, 
ensuring that an adequate amount of 
the tape is covered with the chalk line. 
The well cap is inspected for an access 
port, and if present, the access port 
plug is removed. The steel tape is slowly 
lowered into the well, to an appropriate 
depth, typically a few feet past the 

previous water level measurement, but never lowered to the pump depth. The length of tape 
lowered into the well (held tape) is recorded in the field book. The tape is then reeled up and 
inspected for the wetted chalk mark (wetted tape), which is recorded in the field book. The water 
level is then calculated using the following equation: 

Water Level (ft bls) = held tape lowered into well (ft) - wetted tape (ft) - measuring point (ft) from surface 

 

Figure 7.—Measurement of water level in a well using a  
steel tape. (Photo by Amye S. Hinson.) 
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 If the water level measurement is in question, the process is repeated until consistent 
readings are obtained. Once measurements are complete, the access port plug is replaced.  

 After measurement, the steel tape is disinfected using the methods in the National Field 
Manual for the Collection of Water-Quality Data (Horowitz and others, 2004). The wetted steel 
tape is first dried off with a clean shop towel, then a solution of ethyl alcohol is placed on another 
clean shop towel and applied to the length of the steel tape that was submerged in the water. 
The steel tape is then rinsed with deionized water and wiped clean with another clean shop towel 
and reeled up. All shop towels are collected by field personnel and disposed of properly. 

E-TAPE 

 The electric tape (E-tape) is used similarly to the steel tape. The tape is double wired on both 
sides and is mounted on a hand-cranked powered supply reel (Cunningham and Schalk, 2011). 
Similar to the steel tape, it is most accurate for water levels less than 200 ft bls and is also accurate 
to 0.01 ft (Cunningham and Schalk, 2011). E-tapes (fig. 8) are only used by GSA personnel when 
the well has no known obstructions and there is no pump in the well to ensure that the e-tape 
does not become entangled on wires within 
the well and snap off. Field gloves are worn 
during water level measurements using the E-
tape. E-tapes are calibrated against a steel 
tape reference prior to being used in the field 
according to the specifications for the type of 
E-tape. 

 Prior to measuring the water level in a 
well, field personnel record the latitude and 
longitude (taken from a hand-held GPS unit), 
well diameter, and measuring point in the 
field book. The cap covering the well is 
removed and the E-tape is inspected to 
ensure that the circuits are closed, which is 
noted by an audible beep. 

 Once the E-tape is determined to be in 
proper working condition, it is lowered slowly 
down the well until an audible beep is heard, 
indicating that the tape has reached the 
water surface. The tape is then gently lifted 
up and down by hand to accurately determine the water level on the tape. This water level is 
recorded in the field book. The E-tape is then rewound on the reel up to just before the water on 
the E-tape is visible. The water level is then calculated using the following formula: 

Water Level (ft bls) = depth of tape to water (ft) - measuring point (ft) from surface 

 If the water level measurement is in question, the process is repeated until consistent 
readings are obtained. Once measurements are completed, the well cap is securely placed back 
on top of the well. 

 

Figure 8.—Measurement of water level using an e-tape. 
(Photo by Amye S. Hinson.) 
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 The E-tape is disinfected using the methods in the National Field Manual for the Collection of 
Water-Quality Data (Horowitz and others, 2004). The E-tape is first dried off with a clean shop 
towel, then a solution of ethyl alcohol is placed on a clean shop towel and applied to the length 
of the E-tape that was submerged in the water. The E-tape is then rinsed with deionized water 
and wiped clean with another clean shop towel. The E-tape is then reeled completely up. All shop 
towels are collected by field personnel and disposed of properly. 

WELL SOUNDER 

 The Well Sounder (WS 2010 Pro), from Eno Scientific, is a relatively quick substitute for 
obtaining water level measurements compared to using the steel tape or E-tape. The instrument 
is an easy-to-use, self-contained, portable acoustic device that is specifically designed to find the 
depth to water rapidly (Eno Scientific, 2014). The instrument (fig. 9) operates by transmitting a 
sound pulse into the well, measuring the length of time it takes for the echo to return to the unit, 
then the depth to water is calculated within the unit using the speed of the echo and the time it 

takes for the echo to travel down the well. 
Because temperature has an effect on sound 
speed, a temperature sensor is included to 
adjust for variations. The accuracy of the well 
sounder is to 0.1 ft (Eno Scientific, 2014).  

 Prior to measuring the water level in a well 
using a well sounder, field personnel record in 
the field book the latitude and longitude (taken 
from a hand-held GPS unit), well diameter, 
elevation, and measuring point. To take a 
measurement, the access port plug is removed, 
the well sounder is powered up, the depth of the 
well and diameter of the well are entered into 
the unit, then the instrument is inserted into the 
access port of the well. The depth to water is 
read directly off the unit. The depth to water is 
calculated using the following formula: 

Water Level (ft bls) = depth of water reading (ft) -measuring point (ft) from surface 

 A steel tape is used to verify the operation of the well sounder and any deviations are noted 
in the field book. The measuring port plug is then screwed on by hand and tightened with a 
wrench. 

AIR LINE 

 For municipal wells, the submerged air method is often used to determine the depth to water 
below land surface. The air line is typically installed during the well construction and can remain 
in the well for its lifetime but must be maintained for proper operation. The air line is installed to 
a depth far enough below the water level in which the air line tubing remains submerged. The 

 

Figure 9.—Measurement of water level using a  
well sounder. (Photo by Amye S. Hinson.) 
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pressure gage connected to the air line should be calibrated during typical maintenance 
operations for the well (Cunningham and others, 2011). 

 The described method refers specifically to obtaining static water levels; however, it can also 
be used for obtaining pumping levels. Field personnel carry a filled air tank in the field to measure 
wells with air lines. At the site, the measuring point of the air line is noted in the field book. The 
length of the air line is determined through either construction permits, pump installation 
records, or municipal employee knowledge, and the amount of time that pumps have been off 
line in the well is noted. Typically, 24 hours will allow adequate time for the water level to stabilize 
after pumps are turned off. Once the air line length is known the next step is to determine if the 
air line gage is set to read feet below land surface or feet of water above the pump. If the air line 
gage is calibrated to read feet below land surface, then the established measuring point is 
subtracted from the reading on the gage. However, if the gage is calibrated to read feet of water 
above the pump, the following calculation should be performed to determine the water level 
below land surface: 

Water Level (ft bls) = air line depth (ft) - gage reading (ft of water above the pump) 

 Once the measuring point and air line gage calibration are determined, the air tank is 
attached to the gage on the air line. The air tank is then turned on pressurizing the air line and 
pushing out the water until equilibrium is reached. Once the gage reaches equilibrium, the gage 
reading is recorded in the field book. At this time, the pump can be turned on.  

 The main disadvantage of using air lines to measure the water levels is that the air line may 
not be properly maintained, thus giving an inaccurate reading. Typically the air line method is 
accurate to 0.1 foot, but may only be accurate to 1 foot or more, depending on the gage range 
and accuracy (Cunningham and others, 2011). If air line measurements are in doubt, field 
personnel verify the air line reading with a steel tape, using the methods described earlier.  

REAL-TIME WATER LEVEL MEASUREMENT 

 The GSA currently operates 28 active real-time monitoring wells and 2 springs, with historical 
observations for 2 sites (fig. 10). For many years, beginning in the 1980s, water levels were 
continuously measured using Sierra Misco Systems equipment—Model 5096N data logger (fig. 
11). These monitors provided good service through the years and field personnel were required 
to visit sites regularly and calibrate the pressure transducer against a steel tape measurement 
and adjust the monitoring equipment as needed. The units were replaced initially with OTT 
Orpheus Mini pressure transducers and data loggers, along with an intelligent OTT ITC top cap 
installed in each of the active real-time wells. However, due to recent cellular signal changes, GSA 
upgraded all OTT Orpheus Mini pressure transducers and data loggers to the ecoLog 500, a 
complete system that records, stores, and transmits data to GSA daily (fig. 12). The GSA 
groundwater monitoring goal is to have wells located throughout the state in all major aquifers  
to monitor both long-term and short-term groundwater responses to climate variability and 
change, seasonal variability, observe groundwater impacts related to groundwater development, 
and long-term aquifer studies, withmonitors located in the updip recharge areas and the 
corresponding downdip limits of the aquifers to evaluate the movement of water through the 
aquifer. 
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 Water levels are measured every 2 hours and data is transmitted to the GSA office daily using 
cellular communications technology. While onsite, routine maintenance is performed on the 
wells by GSA personnel during which time water level measurements are made using the E-tape 
to verify the accuracy of the pressure transducer measurements and batteries are replaced in 
the ecoLog 500. If the real-time well has issues that cannot be resolved in the field, the equipment 
is removed from the well and returned to the manufacturer for repair. 

 

Figure 10.—Real-time monitoring well sites of GSA in Alabama. 



 

30 

MAPPING METHODS 

 Geographic information systems 
(GIS) mapping for this assessment was 
conducted using ArcMAP software. Base 
maps were produced using ArcMAP and 
included the following: waterways and 
water bodies, major roadways, counties, 
county seats, and elevation data, all of 
which were downloaded from the U.S. 
Department of Agriculture’s (USDA) 
Geospatial Data Gateway (USDA, 2003). 
A shapefile of the GSA geological map of 
Alabama, acquired from GSA Special 
Map 220A (2006), was used to delineate 
the surface outcrop belt of the geologic 
units in order to define the surface 
exposure and updip limits for each 
aquifer in the assessment.  

 After maps were generated as 
described above, well information was 
imported into Surfer 13, a contouring 
software developed by Golden 
Software. Contours were generated 
using the Kriging Method, which 
assumes that a spatial correlation exists 
between data points, calculates the 
correlation based on the spatial 

arrangement of and distance between data points, and mathematically interprets a surface 
based on the correlations. Once contours were created, a high smoothing factor was 
implemented, and a shapefile was produced using Surfer 13 and then reimported into ArcMAP. 
The maps were then modified to include appropriate symbology and labeling prior to exporting 
to Adobe Illustrator for final edits.  

POTENTIOMETRIC SURFACE MAPS 

 An important part of groundwater flow system assessment is the evaluation and 
reconstruction of flow directions. Potentiometric surface maps and potentiometric profiles offer 
insight into regional groundwater flow patterns, identification of recharge and discharge zones, 
impacts associated with pumping rates (e.g., cones of depression), and groundwater/surface-
water interaction processes (e.g., diverging flow paths caused by river/lake groundwater 
recharge or discharge) (Cook and others, 2011). The potentiometric water level is the elevation 
to which water rises in a properly constructed well that penetrates a confined aquifer. The 
potentiometric surface is an interpretted surface representing the confined pressure (hydrostatic 
head) throughout all or part of a confined aquifer (Driscoll, 1986) based on water level 

 

Figure 11.—Measurement of water level with a Sierra Misco 
pressure transducer. (Photo by Arthur McLin.) 

 

 
Figure 12.—Measurement of water level with a ecoLog 500. 

(Photo by Amye S. Hinson.) 
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measurements across an area. This surface is helpful in determining directions of groundwater 
movement, hydraulic gradients, and depths from which water can be pumped at particular 
locations. 

 Potentiometric surfaces in conjunction with flow line analyses are essential tools in visualizing 
directions of groundwater flow and changes in hydraulic gradients. These depictions alone do 
not reveal enough information concerning vertical gradients and flow components. However, 
induced vertical gradients caused by the influence of pumping wells and by groundwater 
discharge to or recharge from rivers and lakes affect the configuration of equipotential lines (e.g., 
cones of depression and hydraulic gradients sloping toward rivers/lakes) (Cook and others, 2011). 

 The potentiometric surface maps were prepared using current water levels from all available 
wells for each aquifer. Wells were identified from GSA well files, the Alabama Rural Water 
Association (ARWA) list of public water supply systems, and the Alabama Department of 
Environmental Management (ADEM). Current depth to groundwater measurements were made 
using steel tape, air line measurement devices, well sounding equipment, and continuous water 
level measurement equipment. Current groundwater levels for the wells measured by GSA for 
this assessment were recorded along with GPS coordinates to accurately place well locations. 
Terrain Navigator software, which utilizes USGS topographical maps, was used to confirm land 
surface elevations of wells. Water levels were adjusted to mean sea level elevation, plotted 
according to location, and contoured to create a current potentiometric surface map (Cook and 
others, 2013). Portions of the study area with high relief were contoured by hand using USGS 
topographical maps in conjunction with ArcGIS 10.4 software. Hand contouring was necessary 
where digital techniques failed to produce realistic and acceptable results depending on terrain, 
land elevations, and waterbodies. 

 Some aquifers within the study area are semi-confined or unconfined due to shallow depths 
and absence of confining layers that isolate groundwater from the water table and the land 
surface. As such, groundwater movement in these aquifers is controlled by gravity rather than 
hydrostatic pressure as in confined aquifers. In unconfined and semi-confined aquifers water 
moves from high elevation to low elevation, eventually discharging to springs or surface-water 
bodies. Groundwater levels from unconfined and semi-confined aquifers can be contoured to 
depict groundwater flow patterns and directions, identification of recharge and discharge zones, 
impacts associated with pumping rates, and groundwater/surface-water interaction processes. 
Water level maps based on unconfined or semi-confined aquifers are referred to as “water table 
maps” which show the movement of groundwater under water table conditions (unconfined). 

 All plates in this document are referred to as “Potentiometric Surfaces” as more research is 
needed to adequately classify some aquifers as either semi-confined or unconfined. Additionally, 
near the recharge areas where formations outcrop, aquifers in these areas are considered 
unconfined at the surface, whereas downdip, the aquifer would be considered confined. Water 
levels used in the preparation of these maps can be from shallow wells, streams, springs, 
sinkholes, and caves (Cook and others, 2009). The aforementioned procedures for locating and 
collecting water level data in confined systems is also utilized in the preparation of maps for 
unconfined systems. 
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GEOLOGIC CROSS SECTION AND STRUCTURE MAPS 

 Geologic cross sections were produced to show the relationships between different geologic 
formations for specific locations within the project areas, aid in determination of which aquifer a 
well is screened, and illustrate the location of screens within a specific geologic formation. These 
cross sections are also important for aquifer use planning as well as in establishing datum levels 
(in this case, formation boundaries) below which even deeper aquifers might be encountered 
(Smith, 2001).  

 Cross sections may be categorized as illustrative or predictive depending on the amount of 
data available and the process utilized to construct the cross section. Due to the lack of 
subsurface data (well borehole data and formation outcrops) and the geographical extent of this 
project, predictive cross sections were utilized. The purpose of a predictive cross section is to 
assemble scattered information and, using appropriate rules, predict the geometry and geology 
of the subsurface between control points. This process requires interpolation between data 
points and perhaps extrapolation beyond the data points. Well borehole data and outcrop 
information are used to determine the lithology, stratigraphy, and structure of the surface and 
subsurface at the control points along a predetermined cross-section route (Groshong, 2006).  

 Geologic structure contour maps (structure maps) show lines of equal elevation to represent 
the topographical surface of a specific geologic formation in the subsurface. Structure maps allow 
correlation of geologic strata across wide distances between outcrops, exposures of rock strata, 
and water or oil and gas wells with geophysical logs (control points). Structure maps can be used 
to illustrate the topographic surfaces of specific formations including the dip angle, direction of 
line of strike, contact points (formation boundaries/contacts), and marker beds.  

 Well borehole data and outcrop information are used to determine the lithology, 
stratigraphy, and structure of the surface and subsurface at the control points located within a 
designated area. The primary method for determining the lithology and stratigraphy for this 
assessment was the use of geophysical logs. The geophysical logging equipment, which is lowered 
into the bore hole after the well is drilled, records gamma radiation, spontaneous electrical 
potential, electrical resistivity, and neutron density. These signals can then be used to identify 
changes in lithology, water content, and water quality. Stratigraphic columns (formation units) 
at these specific locations or control points (well locations) can then be constructed from this 
data. When an adequate number of control points have been located within a boundary, the 
lithology (formation units) are correlated from well to well along a cross section line creating a 
geologic cross section for that portion of the project area. From these control points and cross 
sections, the elevation of the formation can be contoured by interpolation. Feet relative to mean 
sea level (ft MSL) is used as the reference datum for all structure maps produced for this project.  

 When possible, the well head locations for the groundwater wells used to prepare the 
structure maps were confirmed in the field with GPS. Terrain Navigator software, which utilizes 
USGS topographical maps, was used to confirm well head elevations for both water and oil and 
gas wells. The surfaces of the structure maps were contoured utilizing Surfer 13 software where 
possible. Portions of the study area with high relief were contoured by hand using USGS 
topographical maps in conjunction with ArcGIS 10.4 software. 
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 To better understand the geology of the East Gulf Coastal Plain area, a series of 52 geologic 
cross sections were constructed depicting the stratigraphy of the study area (plates 2-53). The 
selection of the routes of individual cross-section lines (plates 1, 1A) was determined by orienting 
lines of section in such a manner as to pass through as many large communities and towns as 
possible and for these lines to be spaced approximately equal distance one to another. Another 
consideration given to orienting the lines in general north-south and west-east directions is that 
the subsurface formations in south Alabama dip (a measure of the angle of an inclined formation 
from the horizontal) toward the south and strike (the direction of a line perpendicular to dip 
direction) in a general west-east direction.  

 The selection of wells to be included along a particular cross-section line or on a particular 
plate was based principally on their geographic location on or near the desired north-south or 
west-east line. Other important considerations in well selection were the total depths of 
individual wells, the availability of samples and associated electric logs, and the overall quality of 
individual driller’s descriptions for a well. Preference was given to wells having the greater total 
depth and penetrating into deeper formations and to wells from which geologic samples might 
be examined and described. Once selected, the locations of these wells were plotted on 7.5-
minute USGS topographic maps and the lines of section established by connecting adjacent wells 
with a line (plate 1) (Smith, 2001).  

 This report includes 24 cross sections modified from an earlier report “Implementation 
Assessment for Water Resource Availability, Protection, and Utilization for the Choctawhatchee, 
Pea, and Yellow Rivers Watersheds; Hydrogeology” (Smith, 2001), and 4 cross sections modified 
from GSA Bulletin 181, “Subsurface Geology, Hydrogeologic Evaluation, and Assessment of 
Future Aquifer Resources of Crenshaw County, Alabama” (Smith, 2010). 

 For each cross-section plate, a horizontal scale of 2 inches equals 1 mile was chosen because 
it allows for wells only 1 mile apart, or less, to be included. The surface topography and culture 
(towns, roads, streams, power lines, etc.) are indicated along the top, or horizontal, margin of 
the sheet. Mean sea level elevations constitute the vertical axis (0.75 inch equals 100 ft). This 
scale was selected to show sufficient detail of “shallow” wells yet accommodate data from the 
2,000 to 3,000 ft “deep” water wells and oil and gas test wells. 

 Plates 30 through 53 are newly created cross-section plates for this assessment and are based 
on records of GSA water wells and State Oil and Gas Board of Alabama (OGB) permitted oil or gas 
wells which will be referred to as OGB wells and more specifically identified by permit number (P 
followed by a number). The GSA has a large water resource dataset including more than 100,000+ 
water well records, and geochemical data dating to the early 1900s, and the OGB has a large 
dataset including more than 17,000 oil and gas well records. Because geophysical well logs were 
completed for only a small number of the water wells and test holes drilled in the area, data from 
oil and gas wells were used to generate the geologic structure and Net Potential Productive 
Interval (NPPI) maps. For each new cross-section plate, a horizontal scale of 1 inch equals 1 mile 
and vertical scale of 1 inch equals 200 feet was chosen (vertical exaggeration 26.4x).  

 The lithologic columns were reduced to the vertical scale of the cross section and plotted in 
their respective positions along the line of section. Formational units were then correlated from 
well to well along the line of section. The stratigraphy of the units is thus summarized and 
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depicted in cross-section form. The depths of screened intervals, or the base of casing in open-
hole completions, is also plotted adjacent to the lithologic log for each well. Thus, use of these 
cross sections allows determination of which aquifer is screened and the location of screens 
within an individual formation. These cross sections are important in establishing datum levels 
(i.e., formation boundaries) below which even deeper aquifers might be encountered. The depth, 
lithology, thickness, and degree of isolation or communication of each aquifer and its associated 
boundary confining units are evident on each plate. Also these data are critical in further use of 
an existing aquifer or future exploration for new resources as well as in aquifer contamination 
risk assessments.  

NET POTENTIAL PRODUCTIVE INTERVAL MAPS 

 Aquifers located in the East Gulf Coastal Plain are contained in layered sedimentary geologic 
formations. Those subsurface geologic strata that contain high percentages of sand and gravel 
and, conversely, the lowest percentages of silt, clay, and shale are most likely to contain large 
volumes of water in the intergranular pore spaces (storage) and have the critically important 
property of interconnectedness (permeability) of the porosity to allow water to move through 
the sediment and to wellbores (transmissivity). Locating porous and permeable sand beds within 
geologic formations and determining their thickness are important factors in predicting which 
geologic units have the greatest potential for containing and producing large quantities of 
groundwater (Cook and others, 2013). It should also be noted that the East Gulf Coastal Plain 
contains some of the most abundant fresh groundwater supplies within the state.  

 Net potential productive interval (NPPI) maps were created for this assessment to graphically 
illustrate the depositional trends and the water-bearing potential of geologic units. Delineation 
of possible water-bearing geologic formations and determination of thickness was accomplished 
by using subsurface geophysical well logs and correlating this information with surface geology, 
and with the aid of geologic sample descriptions from water well drillers’ logs (Smith, 2001). 
Because geophysical well logs were acquired for only a relatively small portion of the water wells 
and test holes drilled in the area, the analyses and NPPI interpretations presented in this report 
will also include data from oil and gas wells. The NPPI interpretations do not constitute a 
comprehensive study of all water wells in the study areas.  

 Continuous recordings of natural gamma radiation (gamma ray logs) measurements in 
subsurface sediments, coupled with resistivity and spontaneous potential (SP) logs, were the 
principal means of determining the likely presence and thicknesses of sand and limestone 
intervals in formations penetrated by boreholes. Gamma ray logs are not affected by formation 
water salinity, whereas resistivity and spontaneous potential logs are electrical measurements of 
the formation sediments and their contained water and are affected by salinity. Porosity 
measuring logging devices, typically deployed in oil and gas test wells, are rarely used in water 
well test holes due to costs and other considerations. These devices, as well as numerous other 
types of logs, have been utilized for many years in oil and gas exploration to help determine 
porous and permeable beds. This study presents results of a commonly used method whereby 
each gamma ray log is calibrated as a measure of the percent sand and(or) limestone (fig. 13). A 
summation of sand thickness, recorded as “net feet of sand/limestone” was determined for each 
well that penetrated and logged each of the major aquifers (Cook and others, 2014). Net feet of 
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sand/limestone was plotted on a map and the values contoured. Net thickness of sand/limestone 
used for this assessment is greater than 75 percent for the logged interval. Limiting the net 
thicknesses to this high percentage of “clean” (less than 25 percent clay or silt-sized materials) 
sand sediments provide indications of intervals of potential optimum aquifer quality, which are 
designated “net potential productive intervals” (NPPI) (Cook and others, 2014). 

 
Figure 13.—Example of correlation between a gamma ray log, resistivity log,  

and assignment of geologic units. 
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 It should be noted that maps depicting NPPI do not always coincide with thicknesses of the 
geologic formations. For example, it is not uncommon for a geologic formation to thicken 
southward in portions of the project area, while the NPPI thins. Depositional environments, 
sediment supply, and post-depositional geologic events determine thickness of the geologic units 
and affect other characteristics such as porosity and permeability. It should also be stressed that 
locating areas of thick NPPI increases the probability of finding usable aquifers, but does not 
guarantee that desired quantities of groundwater of desired quality can be obtained (Cook and 
others, 2014). 

 Resistivity logs generally show higher resistivity values in cleaner sand intervals where fresh 
water is present. Spontaneous potential logs can be helpful as well, especially in determining bed 
boundaries. Use of resistivity and SP logs complement NPPI determinations, and, though less 
definitive, they can be used to evaluate wells in which gamma ray logs were not acquired to give 
a general estimate of net sand thickness. Data presented on NPPI maps (plates) in this report 
suggest downdip limits of freshwater production in the aquifers are commonly a combination of 
NPPI thickness and water-quality (salinity) estimation from geophysical logs and limited water 
quality analyses (Cook and others, 2014). Net potential productive interval maps were generated 
for the following aquifers: Coker, Gordo, Eutaw, Ripley (including Cusseta Sand Member and 
Providence sand), Clayton, Salt Mountain Limestone, Nanafalia, Lisbon, Tallahatta, Catahoula, 
and Hattiesburg aquifers. 

AQUIFER AND WATER WELL CHARACTERIZATION 

 Considerable data from a variety of sources was used for aquifer and well characterizations, 
including drilling logs from water wells, stratigraphic test holes, oil and gas wells and test wells, 
cut descriptions, and information collected in the field. However, due to the variety of sources 
and variations in the quality of data collected, levels of observational and measurement detail, 
and spatial variability of data present in this study are similar to the earlier pilot assessment study 
(Cook and others, 2014).  

WELL INFORMATION 

 Well construction and corresponding records from driller’s logs regarding initial static water 
levels and pump tests are important for characterizing wells and providing critical information on 
regional and local aquifer conditions. However, data quality is variable depending on the amount 
of information reported on drilling records for well depths, pumping rates, and specific capacities. 
Information for this assessment was obtained from available drilling records, owner’s 
recollections, and GSA field data including well depths, depth to water, pumping rates, and 
specific capacities. 

WELL DEPTHS 

 Well depth is generally constrained by limiting factors such as the cost associated with drilling 
wells and the quantity and quality of water required, with well construction costs directly related 
to well depth. Therefore, if prior knowledge of well depths in areas of interest are known, drillers 
can estimate the depth to drill a well, thus reducing unnecessary construction costs (Cook and 
others, 2014). Well depths used in this assessment were taken from driller logs where available. 
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Due to inconsistencies with reporting, not all drilling logs have well depths. If wells were 
encountered in the field with unknown depths, GSA personnel obtained the well depth from the 
owner’s knowledge, which can be highly subjective, or measured using a weighted steel tape if 
possible. 

DEPTH TO WATER 

 Measurements of depth to water in a well are necessary to produce potentiometric surface 
maps. Current depth to water measurements were made using the methods described under 
Field Techniques in the Methods section of this report. Initial water level measurements were 
obtained from available drilling records. The depth to water is subtracted from the land surface 
elevation of the well to obtain the water level elevation, or hydraulic head, which can then be 
mapped (Cook and others, 2014). Depth to water measurements are valuable information for 
the construction of future wells, which is correlated to the pump size, pump depth setting, and 
energy cost to lift water to the land surface. Using this data, the economic feasibility and 
practicality of a future well can be estimated prior to drilling a well (Cook and others, 2014). 

PUMPING RATES 

 Permeability and transmissivity, along with well performance characteristics, influence the 
pumping rates of wells. Pumping rates were obtained from drillers logs if available, and as such, 
the pumping rates are subjective to the original pump test performed on the well by the driller 
after completion of the well. Pumping rates, along with specific capacity, is useful in determining 
the capability of an aquifer to produce a sustained quantity of water, while avoiding excessive 
pumping. Effects of excessive pumping include well failure, increased pumping costs, land 
subsidence, and possible loss of water in lakes and streams (Cook and others, 2014). 

SPECIFIC CAPACITY 

 Specific capacity can be calculated from pump tests with recorded drawdowns. Water level 
and pumping rate data are usually recorded as drawdown measured during a few hours of 
pumping at a specific rate or in some stepped progression of rates during a pump test. The 
specific capacity is the pump rate divided by the drawdown, and is expressed as gallons per 
minute per foot of drawdown (gpm/ft) (Cook and others, 2014). 

 Specific capacity data and estimates of total dynamic head are useful in well design, and 
pump head capacity curves can be combined with specific capacity curves to estimate well 
discharge rates (Driscoll, 1986). Even though specific capacity is related in part to well 
construction and pump test factors, it can also be considered a general indicator of aquifer 
transmissivity, with empirical mathematical relationships and statistical measures developed for 
aquifers elsewhere to assist in groundwater development and well design (Robertson, 1963; 
Theis, 1963; Walton and Neill, 1963; Bradbury and Rothschild, 1985; Driscoll, 1986; Mace, 1997; 
Cook and others, 2014). Generally, larger populations in urban areas require more water than 
rural areas, which is reflected in specific capacity data where high capacity wells are concentrated 
around population centers (Cook and others, 2014). Fewer, more widely spaced, high capacity 
wells are constructed in rural areas and are used for rural water utilities, agriculture, and industry; 
in these cases, specific capacity maps may provide inaccurate regional depictions of aquifer 
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quality and therefore should be evaluated with other aquifer data to make accurate judgments 
of aquifer producibility (Cook and others, 2014). 

HYDROGRAPHS AND AQUIFER DECLINE CURVES 

 Groundwater levels fluctuate almost continuously in response to recharge and discharge 
from aquifers by natural and artificial processes, which can include pumping from wells, natural 
groundwater discharge, recharge from changing rates of precipitation, and evapotranspiration 
(DeJarnette and others, 2002). The GSA maintains water level files for many wells and springs 
throughout Alabama, with historical data on around 200 wells. Water levels in most of these 
wells have been measured semiannually or annually for more than 15 years with many having 
water level records of more than 40 years. Groundwater levels in a select group of these wells 
were used to construct hydrographs (graphical illustrations of water level fluctuations over time). 
Wells were selected for the assessment to illustrate natural, seasonal water level variability, 
various aquifer drawdown trends, and to document temporal and spatial characteristics of 
declining groundwater levels in major pumping centers across the state. 

 Generally, all wells with significant pumping rates will exhibit water level declines due to the 
fact that water can be pumped faster than it can move through aquifer material into the well 
bore (fig. 14). Most hydrographs generally have two regression line frequency signatures. One 
signature is a long wave length related to pumping or long-term drought and the other signature 
is an overprinted short wave length related to seasonal changes in recharge (Cook and others, 
2014). 

 Groundwater levels, measured and recorded throughout the life of a well, can be displayed 
on a hydrograph to illustrate the history of groundwater level variability. Hydrographs can be 
used to expound impacts of aquifer confinement, drought, and pumping, as well as to indicate 
well efficiency. Regression lines constructed from individual water level measurements collected 
over many years describe long-term trends of groundwater fluctuation. In areas where water 
levels indicate long-term declines, regression lines are termed “decline curves.” Multiple 
hydrographs and decline curves in specific areas and aquifers can be used to evaluate 
groundwater production impacts and depressions in potentiometric surfaces, commonly known 
as “cones of depression,” to estimate changes in groundwater storage (Cook and others, 2014). 

RESULTS 

SUMMARY OF FIELD ACTIVITIES 

 The GSA is the repository for groundwater well information for the state of Alabama and, to 
date, has amassed an extensive dataset of more than an estimated 100,000+ completed water 
wells and test wells in Alabama, with new well records arriving daily. This extensive dataset 
includes an array of paper copies of drilling records, well construction data, pump test 
information, and geochemical analysis. These records have been scanned and are now available 
electronically online. Eventually, this data will be available digitally in the GSA RBDMS-ENV (Risk-
Based Data Management System–Environmental) water well database. 
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 Research for this assessment spanned from 2010 through mid-2017 and encompassed the 
entire state of Alabama. Research was initially conducted in the office to locate and evaluate data 
for wells in all 67 counties that could possibly be included in this assessment prior to site visits. 
Well records were analyzed for many parameters and included agricultural water supply wells, 
domestic water supply wells, public water supply wells, industrial water supply wells, observation 
wells, oil and gas wells, and test wells. Desired information from these records included location 
of well, cut descriptions, well construction, water level, and pump test data. 

 During the initial research phase for locating wells in each county, many wells were excluded 
from the assessment due to the lack of complete well records. Drillers are required to submit 
ADEM Form 60 to both ADEM and GSA prior to the commencement of work (ADEM Admin. Code 
R. 335-9-1-.03b(1)) and when a water well is completed (ADEM Admin. Code R. 335-9-1-.03b(2)). 
Many wells were discovered in the field that had no corresponding well record available, 
indicating that some drillers did not submit the required form, which provides vital information 
regarding groundwater characteristics in areas throughout the state. Many submitted well 
records were also found to be deficient, with many of the forms incorrectly completed and(or) 
with missing data. Items not included or incomplete were owner information, county, directions 
to well site, location coordinates for the well, cuttings descriptions, well construction, water level 
measurements, and pump test data. In order to have sufficient information pertaining to 
groundwater and wells constructed in the state, it is suggested that in the future well drillers be 
required to submit accurate, complete, and timely well records. Because well drilling licenses are 
administered by ADEM, their Administrative Code 335-9 should be revised to include provisions 
for submitting complete and accurate well completion reports, with further regulations 

 

Figure 14. Diagram depicting drawdown and potentiometric surfaces prior  
to and after pumping in a confined aquifer (modified from Fetter, 1994). 
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presented and imposed by ADEM to enforce the accurate completion and submission of well 
records. Well drillers should also be advised of ADEM Admin. Code R. 335-9-1-.03b(2), in which 
well drillers shall be required to collect samples if requested by the GSA. 

 Because of Alabama’s significant geographic diversity, a system was devised to make 
collecting water level data more manageable with counties grouped into eight areas (fig. 15). 
Field work commenced in 2013 in southeast Alabama--area 1. Upon completion of area 1, field 
work began in area 2 in 2014, followed by area 3 in 2014 and 2015, followed by areas 4 and 8 in 
early 2016, then areas 5, 7, and 6 in 2016, with field work completed in July 2016. Follow-up visits 
were required in several areas in order to obtain water level measurements from public water 
systems. The initial plan for the assessment was to complete each area, then analyze the data 
and produce a report, as done for area 1 with the Groundwater Availability in Southeast Alabama: 
Scientific Data for Water Resource Management Development, Protection, Policy, and 
Management (Cook and others, 2014). This plan would have produced a report for each area as 
shown in figure 15. However, as the project 
moved forward, more efficient logistical 
approaches were adopted allowing completion 
of one report for the entire state with 
groundwater conditions reported by 
physiographic regions as generally depicted in 
figure 16.  

 After wells were identified for the 
assessment, field visits to each site were 
conducted, starting with area 1 in southeast 
Alabama. Field work included measuring water 
levels in wells or obtaining water level data 
from public supply systems. Counties in area 1 
included Barbour, Bullock, Coffee, Dale, 
Geneva, Henry, Houston, and Pike, with water 
level data obtained for 411 wells. Smith and 
Cook (2013) previously obtained water level 
data for Bullock County in early 2013 that was 
included with the other counties in 
southeastern Alabama. Upon completion of 
field activities in southeastern Alabama, GSA 
prepared the pilot project (Cook and others, 
2014) and presented it to Governor Robert 
Bentley and the Permanent Joint Legislative 
committee on Water Policy and Management 
in 2014. 

 GSA reevaluated project deadlines and evaluated the efficiency of work completed, and 
decided to proceed with measuring water levels throughout the state, with field activities ending 
in July 2016. From 2013 through June 2016, more than 2,468 wells were either measured by GSA 
personnel or evaluated based on data gathered by ARWA. In addition, wells were discovered and 

 
Figure 15.—Regional areas for conducting groundwater 

assessment field activities. 
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measured in the field that were not used in this assessment due to well deficiencies determined 
after field work was completed, which included possible collapsed well casing, wells that were 
not constructed as outlined on well records, suspect water level measurements, and lack of well 
records to adequately determine the aquifer characteristics. 

 Due to the size and complexity of this assessment, GSA contracted with ARWA to obtain 
information from public water suppliers in late 2014 after deficits in the existing dataset for public 
supply wells were determined. The ARWA obtained the following from each public supplier to 
complete the dataset: hydrogeologic evaluations, drillers logs, lithological logs, electric logs 

 
Figure 16.—Physiography-based regions for reporting groundwater assessment results. 
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(resistivity and gamma if available), well construction diagrams (identifying total depth, casing 
diameter(s), casing depth(s), lap pipe diameter(s), lap pipe depth(s), depth and diameter of 
screen interval(s), pump test data, source water assessments (SWA), historical and current static 
water levels, historical and current pumping levels and pumping rates, water quality reports, 
geochemical analyses, Monthly Operating Reports (MORs), and Consumer Confidence Reports 
(CCR). With ARWA collecting and gathering this data, GSA personnel were able to focus 
specifically on field work. 
 Through November 2016, ARWA provided data for 457 water systems in 59 of the 67 
counties, with southeast Alabama excluded because this area was completed prior to contracting 
with ARWA. However, ARWA plans to gather data from the public water systems in southeast 
Alabama, which includes 59 water systems. While not all systems utilize groundwater, CCRs were 
provided for every system, and ARWA provided invaluable information regarding inactive 
systems and for systems that purchase water and no longer use wells. In total, there are currently 
516 active and inactive water systems (groundwater and surface water) in Alabama as of late 
2017. 

 Once the data were obtained by GSA, it was compared to the list of data needs, and if any 
data were lacking, GSA contacted the public water systems (PWS) directly to obtain the data. 
While many of the PWS keep adequate construction, chemical, and water use data for the wells, 
many do not keep current static and pumping water levels. Once the GSA determined which PWS 
did not have current static and pumping levels, every effort was taken to obtain these 
measurements, either in the field by GSA personal or by the PWS. If GSA obtained the 
measurements in the field, PWS personnel were instructed in proper ways to accurately measure 
and record water level data. It should be noted that according to ADEM Admin. Code R. 335-7-5-
.11 public water systems are required to monitor drawdown in wells and are required to report 
well drawdowns on MORs; however, some systems report and some do not, but ADEM does have 
the authority to require this reporting and should enforce existing regulations. Public water 
systems would be prudent to log drawdowns on a regular basis to adequately determine the 
status of the well(s) in order to track if water levels are declining in the long term (such as during 
a drought or due to increased demand) or if the well(s) are not recovering adequately to sustain 
the current operational conditions and demand. 

 Through field activities by GSA and ARWA, 2,468 wells were identified, measured, and used 
for this assessment (fig. 17). Table 3 lists the well types and number of wells for each well type. 
The majority of wells used for the assessment were public supply, at 1,092, and the least number  
were industrial supply, at 21. Table 4 lists the number 
of wells used in the assessment by county, with the 
most wells (159) identified in Baldwin County and the 
least number in Tallapoosa County (9). 

 As mentioned earlier, items that hindered use of 
the GSA water well dataset included incomplete well 
records, and difficulties in the field including well 
collapse, improperly measured water levels, 
improperly constructed wells, and wells not 

Table 3.—Quantity and types of water wells 
used for the groundwater assessment. 

Well type 
Number of 

wells 

Agricultural 212 

Domestic 987 

Industrial 21 

Observation 136 

Public 1,092 

Total 2,448 
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constructed as described on the well drilling forms. Therefore, even with 2,448 wells used in this 
assessment, inadequate well control was encountered while analyzing data for this report as 
noted in each affected aquifer, and these areas should require further evaluations to adequately 
characterize the affected aquifers. 

 

Figure 17.—Wells measured as part of the statewide groundwater assessment. 
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MAPPING 

 The hydrogeologic cross sections, structure tops, NPPI maps, potentiometric surface maps, 
and other hydrogeologic information provide the basic dataset for assessment of the state’s 
groundwater resources. Plates 1 through 53 depict geologic cross-section information for use in 
determining formation depth and tops. Plates 54 through 78 depict NPPI interpretations and 
geologic structure of formation tops for aquifers in the state. Plates 79 through 80 present aquifer 
recharge areas and generalized geologic stratigraphy throughout the state and physiographic 
regions and potentiometric surface maps for the East Gulf Coastal Plain physiographic section. 
Plates 96 through 99 present physiographic regions and potentiometric surface maps for the 
Highland Rim physiographic section. Plates 100 and 101 present physiographic regions and a 
potentiometric surface map for the Pottsville aquifer in the Cumberland Plateau physiographic 
section. Plate 102 presents physiographic regions in the regions after Szabo and others (1988) 
and Moore (1998). Plates 81 through 95 present Alabama Valley and Ridge physiographic section. 
Plates 103 through 105 present physiographic regions, Piedmont well yields, and a 
potentiometric surface map for the Piedmont Upland physiographic section. 

Table 4.—Number of water wells used in groundwater assessment by county. 

County 
Number of 

wells 
 

County 
Number of 

wells 
 

County 
Number of 

wells 

Autauga 73  Dallas 42  Marengo 55 

Baldwin 159  DeKalb 16  Marion 28 

Barbour 43  Elmore 62  Marshall 18 

Bibb 35  Escambia 69  Mobile 82 

Blount 21  Etowah 36  Monroe 36 

Bullock 58  Fayette 28  Montgomery 82 

Butler 39  Franklin 36  Morgan 21 

Calhoun 28  Geneva 36  Perry 24 

Chambers 17  Greene 30  Pickens 31 

Cherokee 17  Hale 56  Pike 26 

Chilton 31  Henry 40  Randolph 14 

Choctaw 22  Houston 71  Russell 24 

Clarke 50  Jackson 18  St. Clair 34 

Clay 13  Jefferson 35  Shelby 37 

Cleburne 17  Lamar 48  Sumter 14 

Coffee 50  Lauderdale 16  Talladega 49 

Colbert 24  Lawrence 25  Tallapoosa 9 

Conecuh 21  Lee 25  Tuscaloosa 37 

Coosa 17  Limestone 17  Walker 14 

Covington 44  Lowndes 24  Washington 67 

Crenshaw 55  Macon 14  Wilcox 32 

Cullman 27  Madison 36  Winston 22 

Dale 51       
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CHARACTERIZATION OF INFORMATION IN THE RBDMS DATABASE 

 The GSA has accrued an estimated 100,000+ hardcopy well records since being designated a 
repository for well data. In 2014, GSA partnered with the Ground Water Protection Council 
(GWPC) to create a database for this information. The GWPC has a long history of working closely 
with states to create databases for oil and gas wells and water wells. Most of the GWPC’s work 
in Alabama up until the statewide groundwater assessment focused on the regulatory 
compliance of the oil and gas industry to protect groundwater resources, the new water well 
database focuses on technical data related to groundwater assessment in a broad, regional 
context. The GSA worked closely with the GWPC on selecting parameters for the database. The  
completed alpha release of RBDMS-ENV in was received in February 2015. The beta version of 
RBDMS-ENV was released to GSA in August 2015, with the final version of the database released 
to GSA in December 2015. The RBDMS-ENV is currently operating on GSA internal servers and 
was utilized for this assessment. 

 The RBDMS-ENV was designed as a HTML5 web-based client using Internet Information 
Server (ISS) 7, with Microsoft Visual Studio LightSwitch operating the front end and Structured 
Query Language (SQL) database operating the backend. Data can be entered on the web-based 
portal or through an Electronic Data Deliverable (EDD) that can be uploaded to the database. This 
database includes a GIS map interface, well locations, stratigraphic data, hydrologic data, well 
construction, and geochemical sampling and analytical data. 

 The RBDMS-ENV serves the objectives of Alabama’s statewide groundwater assessment and 
provides GSA a more efficient method to catalog, access, and archive groundwater information. 
The following items were required of the database: an internal SQL server database and DMZ 
(demilitarized zone) web servers, an HTML5 web client that includes single form data entry and 
data mining user interfaces, an EDD, develop outputs from the web application to produce 
statistical analysis of geochemical data, and GIS mapping. 

 General queries are built into the Facility Filter of the database, allowing users to search for 
wells by well name, owner name, well use type, aquifer, county, township and range, and 
completion date. More specific queries can be completed by using SQL server on the backend. 
Once a well is selected, the user is able to view all location data, well construction information, 
water level data, geochemical data, and stratigraphic data. It should be noted that data is 
dependent on accuracy and completeness of well drilling records.  

 As of November 2016, 39,533 wells had been entered into the database (fig. 18). Of these 
wells, 76.0 percent (30,044) are domestic supply wells, with agricultural wells at 12.7 percent 
(5,002), public water supply wells at 4.4 percent (1,759), observation wells at 3.5 percent (1,375), 
and industrial wells at 3.4 percent (1,353) (table 5). Table 6 lists the criteria for well locations and 
quantity of wells associated with each type. Of the 39,533 wells in the database, 89.7 percent of 
the wells have estimated well locations, which is due to lack of adequate data on the existing well 
records to accurately pinpoint the well location. Further mechanisms should be explored to 
encourage drillers to provide accurate locational data for wells drilled. If wells were unable to be 
located to the exact property with the information provided, locations are estimated based on 
the township, range, and section, and quarter-quarter section (if provided). Wells located in the 
field by GSA are marked with ‘GPS’ location accuracy. If latitude and longitude are provided on 
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well records, the wells are marked as ‘Provided by Entity’. If wells have been previously located 
by the USGS the wells are noted as such. 

 Table 7 lists the imperative parameters needed for each well, other than locational 
information which is discussed in the preceding paragraph, and the number of wells missing data 
for those parameters. A large percentage of wells do not have geophysical logs (97.7 percent) or 
geochemical analysis (94.1 percent), due the fact that the database is composed of 76 percent 
domestic wells (30,044), which do not typically have, or require, geophysical logs or geochemical 
analyses. This type of information is usually only available for public supply wells for which it is 
required. Pump test data should be recorded for every well drilled to assess the well yield; 
however, 45.5 percent of wells are missing pumping times, 36.8 percent of wells are missing  

 

Figure 18.—Wells in RBDMS-ENV database through November 2016. 
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pumping water levels, and 16.4 percent of wells are missing pumping rates. Cut descriptions pro-
vide geologists with important descriptions of the subsurface; however, 29.7 percent of the wells 
do not have this data available. Only 5.5 percent of wells in the database do not have the total 
depth of wells, and this is very important in determining which aquifers should be associated 
with the wells. Only 7.7 percent of wells in the database do not have static water levels. All of 
these parameters are very important and should be adequately addressed on every submitted 
well drilling record. 

 The database also provides a repository for geochemical analysis and will perform 
statistical analyses for individual wells if the data is available. Tabular data is provided for every 
well sampled and is exportable. Theme mapping will map a set of wells and correlate them with 
concentrations of a water-quality parameter of concern. Other analyses include trend graphs, 
scatter diagrams, piper plots, box whisker plots, and stiff diagrams, provided that adequate 
data is available. Currently, only 5.9 percent of wells in the database have geochemical analysis 
available (table 7). 
 The RBDMS-ENV database has been an invaluable tool for this assessment, allowing rapid 
data access as well as categorizing all wells used in the assessment into one digital project that 
can be easily managed. The coding of this database allows for future modifications and changes 
as necessary. 

Table 5.—Number of wells by type of use in the 
RBDMS-ENV database. 

Well supply type 
Number 
of wells 

Percentage of 
total wells 

Agricultural 5,002 12.7 

Domestic 30,044 76.0 

Industrial 1,353 3.4 

Observation 1,375 3.5 

Public 1,759 4.4 
 

Table 6.—Location accuracy of wells and quantity. 
 

Locational accuracy 

Number of 
wells Percent 

Provided by Entity 1,054 2.7 

USGS 1,463 3.7 

Estimated 35,526 89.7 

Global Position 
Satellite 

1,490 3.9 

  

Table 7.—Unknown well data by number of wells and percentage of wells in database. 

Well parameter 
Number of wells 

missing data 
Percentage of total 
wells missing data 

Percentage of 
wells with data 

Geophysical logs 38,643 97.7 2.3 

Geochemical analysis 37,210 94.1 5.9 

Pumping time 17,987 45.5 54.5 

Pumping water levels 14,543 36.8 63.2 

Cut descriptions 11,736 29.7 70.3 

Total depth 2,160 5.5 94.5 

Pumping rates 6,487 16.4 83.6 

Casing construction 3,818 9.7 90.3 

Water levels 3,031 7.7 92.3 

Casing diameter 394 1.0 99.0 
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CONTINUOUS GROUNDWATER LEVEL MONITORING SYSTEM IN ALABAMA 

 The GSA operates and maintains a groundwater monitoring program that includes a real-time 
groundwater monitoring network with results available on the GSA website 
(http://www.gsa.state.al.us), a continuous groundwater monitoring network comprised of wells 
with monitors that were previously downloaded every 6 to 8 weeks, and a periodic (semi-annual) 
groundwater monitoring network of 468 wells that are visited during high and low groundwater 
levels. Some of the wells in these programs have a period of record dating back to the 1950s. The 
long-term hydrographs of many of these wells depict groundwater response to changing climate 
conditions and water use patterns in the state. With the exception of the real-time network and 
continuous monitoring wells, the semi-annual wells include wells that are in many cases still 
active and represent public, industrial, private, and agricultural supply wells that are either 
publicly or privately owned. 

REAL-TIME GROUNDWATER MONITORING NETWORK 

 The GSA currently operates and maintains a network of 28 wells and 2 springs in the real-
time groundwater monitoring network (fig. 10). In addition to these active wells and springs, GSA 
has historical data available for two inactive real-time wells. Table 8 lists these wells and springs 
and the period of record for data availability in addition to the aquifers for each well. The period 
of record for some of these wells date back to the 1930s when many of the wells were part of a 
continuous groundwater monitoring network in conjunction with the USGS (table 8). Operation 
and maintenance of this network is discussed under Field Techniques in the Methods section of 
this report. 

 The real-time wells were selected based on criteria to further GSA groundwater research. 
Research goals determined by GSA include both long-term and short-term groundwater level 
monitoring to assess groundwater response to climate variability/change, response to seasonal 
fluctuations, impact on groundwater resources from groundwater development, and aquifer 
studies to determine time of travel of impacts from outcrop areas to downdip in the aquifers. 
Criteria for selection of real-time candidate wells includes background sites, where natural 
groundwater conditions are thought to exist, areas of active groundwater use, and the well 
location relative to nearby cellular towers (required for communication back to GSA). With long-
term data, responses to droughts are discernable on hydrographs such as figure 19 that depicts 
the hydrograph for well MAR-1, located in Marion County and constructed in the Pottsville 
aquifer. The period of record dates back to 1952, and eight drought periods are evident on the 
hydrograph. 

 New wells are continually added to the real-time monitoring network, expanding coverage to 
more major aquifers across the state. Some of the wells in the real-time network also are part of 
the GSA drought monitoring network, which is also being expanded to include more shallow wells 
that respond relatively rapidly to conditions due to drought. The GSA intends to install equipment 
in the outcrop of major aquifers and the corresponding downdip limit of freshwater to evaluate 
water movement from unconfined to confined regions of major aquifers.  

 In addition to the real-time network, GSA operated many continuous groundwater level 
recording devices through the years, many of which were converted to the real-time network. 

http://www.gsa.state.al.us/
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Some of these wells had periods of records dating back over 60 years, with GRE-3 dating back to 
1952. With the long-term water level data on these wells, GSA is able to analyze changing climatic 
condition and water use patterns over extended periods of time. New wells will be added to the 
continuous network using real-time monitoring equipment no longer compatible with current 
communications technology. 

PERIODIC GROUNDWATER MONITORING NETWORK 

 Periodic monitoring of groundwater levels in wells and springs throughout the state has 
historically been conducted twice per year, during the wet season and during the dry season, to 
obtain high and low water level measurements. The GSA currently has a network of 468 in 

Table 8.—Real-time network wells and springs and periods of record. 

GSA ID County Period of record 
Real-Time 

installation Aquifer 

Real-Time Network 

BAL-2 Baldwin 1983-present 05/24/2011 Miocene Pascagoula 

BAL-3 Baldwin 1984-present 05/24/2011 Miocene Pascagoula 

BAL-5 Baldwin 1949-present 12/14/2010 Miocene Pascagoula 

Lillian MW-12 Baldwin 2012-present 06/14/2012 Alluvium 

CHI-1 Chilton 1951-present 09/02/2015 Coker 

CHO-1 Choctaw 1981-present 11/16/2010 Nanafalia 

COL-1 Colbert 1953-present 12/09/2010 Fort Payne Chert 

Tuscumbia Springs Colbert 1929-present 05/22/2013 Tuscumbia Limestone 

COV-1 Covington 2002-Present 09/06/2017 Crystal River 

DLE-2 Dale 1965-present 11/19/2013 Nanafalia 

DLE-1 Dale 1980-present 08/16/2012 Clayton 

GEN-1 Geneva 1964-present 10/30/2013 Nanafalia 

GRE-3 Greene 1952-present 05/18/2017 Eutaw 

HAL-1 Hale 1934-present 05/17/2017 Eutaw 

HOU-1 Houston 1980-present 03/17/2011 Crystal River 

JAC-2 Jackson 1967-present 02/16/2011 Fort Payne Chert 

JEF-1 Jefferson 1954-present 11/17/2010 Bangor Limestone 

JEF-2 Jefferson 1936-present 05/01/2014 Fort Payne Chert 

LAU-1 Lauderdale 1958-present 02/19/2014 Fort Payne Chert 

LIM-41 Limestone 1960-2016 01/06/2011 Fort Payne Chert 

Beaverdam Spring Limestone 2013-present 10/28/2013 Fort Payne Chert 

MAD-2 Madison 1953-present 02/16/2011 Fort Payne Chert 

MAG-11 Marengo 1953-2016 11/16/2010 Eutaw 

MAR-1 Marion 1952-present 12/02/2010 Pottsville 

MON-1 Monroe 2011-present 05/23/2011 Citronelle 

MTG-7 Montgomery 1969-present 11/19/2013 Eutaw 

MTG-6 Montgomery 1967-present 11/14/2012 Ripley 

MTG-4 Montgomery 1956-present 11/9/2017 Gordo 

PIC-5 Pickens 1964-Present 12/14/2017 Gordo 

RAN-1 Randolph 19459-present 11/17/2010 Wedowee Group 

TUS-4 Tuscaloosa 1962-present 07/03/2012 Coker 

1Well with historical data only. 
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Alabama (fig. 20). Wells monitored include agricultural, domestic, industrial, public, and 
observation. This network of wells is continuously changing as new wells are added and older 
wells are removed due to declining lifespan of the wells, with many of the wells having a long 
period of record.  

SUMMARY HYDROGEOLOGY AND WELL INFORMATION FOR MAJOR AQUIFERS 

COKER AQUIFER 

 The Coker Formation comprises the lower part of the Tuscaloosa Group. In the western 
portion, the formation is described as light-colored micaceous very fine to medium sand, 
crossbedded sand, varicolored micaceous clay, and a few thin gravel beds containing quartz and 
chert pebbles. Locally, quartz and chert gravels at the base of the formation range in size from 
very fine pebbles to large cobbles (Szabo and others, 1988). In the southeastern portion, the 
formation is described as light-gray to moderate-reddish-orange poorly sorted, clayey, gravelly 
fine to very coarse sand with interbeds of grayish-green to moderate-red sandy clay and well-
sorted medium quartz sand. Gravels consist mostly of quartz and quartzite and range in size from 
very fine pebbles to large cobbles. The Coker Formation is not mapped separately east of the 
Tallapoosa River but is included in the Tuscaloosa Group undifferentiated (Szabo and others, 
1988). A total of 206 wells either screened or partially screened in the Coker aquifer were 

 

Figure 19.—Example of hydrograph using long-term data from continuous and  
real-time water level monitoring showing drought impacts. 
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evaluated. The recharge area for the Coker aquifer extends from Lee County in east Alabama 
west to central and northwest Alabama. 

 The depth of 202 wells constructed or partially constructed in the Coker aquifer ranged from 
19.5 ft near the outcrop to 2,675 ft downdip of the formation (table 9, appendix A). Depth to 
water for 125 wells varied from flowing at land surface to 442 ft bls. Pumping rates were 
evaluated for 136 domestic, public, agricultural, and industrial wells and ranged from 4 gallons 
per minute (gpm) for many domestic wells to 1,900 gpm for some public wells. Pumping rates in 
the Coker aquifer generally increase downdip in the formation, with the lower pumping rates 

 

Figure 20.—Periodic groundwater monitoring wells in the GSA network. 
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observed near the recharge area, where many of the domestic wells are located, and the higher 
pumping rates observed downdip in areas where thicker NPPIs are encountered and many of the 
public supply wells are located. Specific capacities were calculated for 91 wells in the Coker 
aquifer and varied from <1 to 65.9 gpm/ft.  

Table 9.—Summary of well information for aquifers in Alabama. 

Geologic Formations 

Well depth 
(ft bls) 

Depth to water 
(ft bls) 

Pumping rate 
(gpm) 

Specific 
capacity 
(gpm/ft) 

min max min max min max min max 

East Gulf Coastal Plain Section                 

  Tuscaloosa Group                
   Coker Formation 19.5 2,675 0 265 4 1,900 1 65.9 
   Gordo Formation 17.2 2,750 +2.1 442 3 1,893 <1 90.1 

  Eutaw Formation 20 2,240 +3 488 5 1,500 <1 24.8 

  Selma Group                  
   Ripley Formation  18 1,045 1 390 3 1,200 <1 129 

  Midway Group                  
   Clayton Formation  60 1,510 7 393 2 1,500 <1 200 

  Wilcox Group                  
   Nanafalia Formation  21 2,070 0 386 5 1,200 1 30 
   Tuscahoma Sand Formation  60 942 +1 325 6 708 <1 12.9 
    Hatchetigbee Formation  200 916 10 194 23 757 <1 7.8 

  Claiborne Group                  
   Tallahatta Formation  80 916 0 170 3 757 <1 27.8 

    
Gosport Sand and Lisbon 
Formation  24 940 +1.3 200 5 805 <1 46.7 

  Jackson Group                  
   Moodys Branch Formation 115 -- 69.6 -- 100 -- -- -- 
   Crystal River Formation  115 600 15.6 200 10 1,000 <2 17.2 

  Vicksburg Group                 
    Oligocene undifferentiated 110 1,008 0 120 <10 750 <1 750 

  Miocene-Pliocene Series                
  Miocene undifferentiated 20 202 0 179 5 1,650 <1 114.4 
   Catahoula Formation 67 963 4 123 <10 500 <1 22.3 
   Hattiesburg Formation 55 1,010 36 221 <10 1,215 <1 50 
   Pascagoula Formation 42 855 4 288 <10 2,170 <1 180 
   Graham Ferry Formation 70 350 4 54 <150 1,200 <10 66.7 
    Citronelle Formation 100 222 36 127 20 35 -- -- 

  Quaternary Alluvium 5 240 2 54.7 10 750 <1 77.5 

Highland Rim Section                 

   Bangor Limestone 52 350 +1 30.15 1 100 <1 2.27 

    Hartselle Sandstone 32 450 5 139 1 40 -- -- 

   

Pride Mountain Formation and 
Monteagle Limestone 
undifferentiated 104 300 11.4 121.5 1 75 -- -- 

    
Tuscumbia Limestone and Fort 
Payne Chert undifferentiated 36 440 8.57 103.9 1 2,000 <0.05 173.2 
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 Current static groundwater levels were determined for 125 domestic, public, observation, 
and agricultural wells completed in the Coker aquifer and used to map the potentiometric surface 
(plate 82). Four distinct groundwater flow regions were identified for the Coker aquifer: west of 
the Black Warrior River, between the Black Warrior River and the Cahaba River, between the 

Table 9.—Summary of well information for aquifers in Alabama—continued. 

Geologic Formations 

Well depth 
(ft bls) 

Depth to water 
(ft bls) 

Pumping rate 
(gpm) 

Specific 
capacity 
(gpm/ft) 

min max min max min max min max 

Cumberland Plateau Section                 

    Conasauga Formation -- -- 2.9 -- -- -- -- -- 

  
Knox Group undifferentiated in 
part 83 385 5 37 100 403 1.9 23.3 

    Chickamauga Limestone 78.5 115 21 41 -- -- -- -- 

    
Tuscumbia Limestone and Fort 
Payne Chert undifferentiated 40 335 7.8 71.7 24 2,873 3.8 1,922 

    Monteagle Limestone 50 289 10.3 59 35 50 12.4 -- 

    Hartselle Sandstone 52 175 18 87 12 40 -- -- 

    Bangor Limestone 60 220 9.5 70 1,001 -- 16.3 -- 

    
Parkwood and Pennington 
Formations undifferentiated 10.5 300 -- -- 5 -- -- -- 

    Pottsville Formation 23 1,400 +4 282 <1 510 <1 125 

Alabama Valley and Ridge Section                 

  Chilhowee Group undifferentiated                

    
Weisner and Wilson Ridge 
Formations 80 125 6 10 20 20 -- -- 

    Shady Dolomite 45 356 25.5 106 20 400 12.5 30.4 

    Rome Formation 102 381 10 69 2 1,800 0.2 364 

    Conasauga Formation 62 409 2.4 39.8 5 1,125 0.3 365 

    Brierfield Dolomite 100 255 47.7 72 300 402 16.5 28.7 

    Ketona Dolomite 190 400 -- -- 110 404 1.8 57.7 

    Bibb Dolomite 195 -- -- -- 15 -- 83.3 -- 

    Chickamauga Limestone 78.5 249 11 70.9 50 -- -- -- 

  Knox Group 57 470 3.5 154 10 2,250 0.1 385 

    
Tuscumbia Limestone and Fort 
Payne Chert undifferentiated 109 405 2 157 167 1,500 8.1 91.4 

    
Hartselle Sandstone and Pride 
Mountain Formation undivided 158 312 27.5 137 200 2,000 8.1 146 

    Floyd Shale 70 264 16 97 6 950 1 29.2 

    
Bangor and Monteagle Limestones 
undivided in part 89 320 31.2 57.5 230 1,200 5.6 21.7 

    
Parkwood and Pennington 
Formations undifferentiated 176 400 6.1 47.7 205 -- 5.69 -- 

    Pottsville Formation 55 520 14.7 113 21 -- 1.05 -- 

Piedmont Upland Section                 

  Northern Piedmont 21.5 697 -- -- -- -- -- -- 

  Inner Piedmont 23 365 -- -- -- -- -- -- 

  Southern Piedmont 148 409 -- -- -- -- -- -- 
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Cahaba River and the Coosa and Alabama Rivers, and east of the Coosa and Alabama Rivers, with 
rivers acting as hydraulic barriers separating the groundwater flow paths. West of the Black 
Warrior River, groundwater moves in a general southerly direction toward the Black Warrior 
River and the Sipsey River. Between the Black Warrior and Cahaba Rivers, groundwater is 
effectively constrained and water moves west from higher elevations in Tuscaloosa and Hale 
Counties to the Black Warrior River and east from higher elevations in Bibb and Perry Counties 
to the Cahaba River. Between the Cahaba River and the Coosa and Alabama Rivers, groundwater 
generally moves from north to south toward the Alabama River. East of the Alabama and Coosa 
Rivers, water moves in a southernly direction; however, near the Tallapoosa and Alabama Rivers, 
groundwater flows towards the rivers. 

 The Coker aquifer is a major source of groundwater in northwest to east-central Alabama. 
Hydrograph decline curve analysis showed varying conditions related to groundwater 
production, drought, and seasonal fluctuations impacting the Coker aquifer. Generally, water 
levels exhibit seasonal fluctuations and periods of drought and at least one period of significant 
decline, but the majority of wells do not have long periods of decline. 

 Two production-related groundwater disturbances were observed on the potentiometric 
surface of the Coker aquifer in public supply well J-1-1 in Autauga County, and public supply well 
D-8-2 in Perry County. Groundwater levels declined 49 feet in well J-1-1 in Autauga County from 
the initial water level measured in 2008. Groundwater levels declined 30 feet in well D-8-2 in 
Perry County from the initial water level measured in 1998. Water levels for well E-33-1 in 
Tuscaloosa County showed seasonal fluctuations, the largest being 6.18 ft from January to 
October 1968, and since the initial water level measured in 1957, water levels have fluctuated 
seasonally, with 7 drought impacts discernable on the hydrograph. Well CHI-1 in Chilton County, 
previously used for public supply until the early 1980s, then convered to a real-time well in 2014, 
shows minimal seasonal fluctuations as well as impacts from 3 drought periods. Well R-24-1 in 
Elmore County is a domestic well with an initial water level in 1970 at 150 ft MSL and has shown 
no long-term decline with the most current water level in 2015 at 152 ft MSL. The largest seasonal 
fluctuation occurred in 1990, from April to October, when the water level declined 4.72 ft. 

 Although the Lower Cretaceous undifferentiated is currently undeveloped as a water source 
in Alabama, stratigraphic and electric log analyses indicates that it has potential as an aquifer in 
southeast Alabama. Currently, only a few wells are screened in the Coker Formation in this area, 
primarily due to the availability of adequate quantities of shallower water sources. However, the 
Lower Cretaceous undifferentiated and the overlying Coker Formation can potentially provide 
large quantities of groundwater in the southeastern part of the coastal plain. 

GORDO AQUIFER 

 The Gordo Formation comprises the upper part of the Tuscaloosa Group and is a major source 
of groundwater in northwest to east-central Alabama (Cook and others, 2014). The northwestern 
portion the formation is described as massive beds of crossbedded sand, gravelly sand, and 
lenticular beds of locally carbonaceous clay, partly mottled moderate-red and pale-red-purple; 
the lower part is predominantly a gravelly sand consisting chiefly of chert and quartz pebbles 
(Szabo and others, 1988); and the southeastern part is described as pale-yellowish-orange poorly 
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sorted, crossbedded gravelly fine to very coarse quartz sand, containing irregular beds of 
moderate-reddish-brown to pale-red-purple sandy clay. The recharge area of the Gordo aquifer 
extends from east-central Alabama in southern Lee County, west through central Alabama to 
northwest Alabama. 

 A total of 301 wells either screened or partially screened in the Gordo aquifer were evaluated 
for this assessment. Depth of 284 wells screened or partially screened in the Gordo aquifer 
ranged from 17.2 feet near the outcrop to 2,750 feet downdip of the formation (table 9, appendix 
A). Depth to water was evaluated for 176 wells and varied from 2.1 ft above land surface (artesian 
flow) to 442 ft bls. Pumping rates for 180 domestic, public, agricultural, and industrial wells 
ranged from 3 to 1,893 gpm with the larger pumping rates observed in public wells and smaller 
pumping rates in domestic wells. Pumping rates in the Gordo aquifer generally increase downdip 
in the formation, with the lower pumping rates observed near the recharge area, where many of 
the domestic wells are located, and the higher pumping rates observed downdip near areas of 
thick NPPI, where many of the public supply wells are located. Specific capacities were calculated 
for 141 wells in the Gordo aquifer and varied from <1 to 90.14 gpm/ft with lower capacities 
associated with domestic wells.  

 Current static water level elevations were determined for 176 wells constructed or partially 
constructed in the Gordo aquifer. The potentiometric surface map (plate 83) shows three distinct 
groundwater flow regions in the Gordo aquifer: west of the Black Warrior River, between the 
Black Warrior River and the Coosa and Alabama Rivers, and east of the Coosa and Alabama Rivers, 
with rivers acting as hydraulic barriers separating the groundwater flow paths. West of the Black 
Warrior River groundwater moves in a southwestern direction, while in Greene, Sumter, and 
Tuscaloosa Counties, groundwater moves in a more southerly direction toward the Black Warrior 
River. Between the Black Warrior River and the Cahaba River, groundwater moves southerly; 
however, closer to the rivers, groundwater flows towards the rivers. East of the Coosa River, 
water moves south toward the Tallapoosa River in Elmore and Macon Counties and north toward 
the Alabama River in Dallas, Lowndes, and Montgomery Counties. In Lee, Russell, and Barbour 
Counties, groundwater moves toward the Chattahoochee River. In Bullock and Pike Counties, 
groundwater moves in a general southerly direction.  

 Several areas of minor production-related disturbances were observed in the Gordo aquifer. 
Public well P-17-3 in Hale County has declined over 67 ft since the initial pump test in 1998. Public 
well R-8-1 in Autauga County south of Prattville has declined 30 ft since the initial pump test in 
1963. Several areas of significant production-related disturbances were also observed in the 
Gordo aquifer. Public well F-1-1 in Pike County has declined 215 ft since the initial pump test in 
1992. Public well V-6-1 in Barbour County has declined 158 ft since the initial pump test in 1962. 
Public well V-17-2 in Barbour County has declined 174 ft since the initial pump test in 1970. Public 
well V-18-2 in Barbour County has declined 104 ft since the initial pump test in 1975. Domestic 
well N-8-1 has a small decline of 20 ft since the intial water level in 1960. 

 Net potential productive interval mapping (plate 69) indicates that there is excellent potential 
for future development of large quantities of water from the Gordo aquifer. A fairway of thick 
potential productive sands from 150 to 200 ft extends from southern Crenshaw County eastward 
through southern Pike, northern Coffee, southern Barbour, northern Dale, and northern Henry 
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Counties. A northern extension of the fairway goes from northeastern Pike to southwestern 
Bullock Counties. 

 Proper well spacing is a critical component of future groundwater development strategies. 
Digital simulation of well capture zones was used to develop adequate spacing guidelines for 
southeast Alabama aquifers. Suggested spacing for wells constructed in the Gordo aquifer is 1.5 
mi along the strike of the hydraulic gradient direction (east-west in southeast Alabama) and 2.0 
mi up or down the hydraulic gradient direction (north-south in southeast Alabama). 

EUTAW AQUIFER 

 The western part the Eutaw Formation is described as light-greenish-gray well-sorted 
micaceous crossbedded fine to medium sand that is fossiliferous and glauconitic in part and 
contains beds of greenish-gray micaceous silty clay and medium-dark-gray carbonaceous clay. 
Light-gray glauconitic, fossiliferous sand, thin beds of sandstone, and massive accumulations of 
fossil oyster shells occur locally in the upper part of the formation in west Alabama (Tombigbee 
Sand Member) (Szabo and others, 1988). 

 In the eastern portion, the formation is described as light-greenish-gray to yellowish-gray 
crossed bedded, well-sorted, micaceous, partly fossiliferous fine to medium quartz sand 
interbedded with dark-gray carbonaceous clay, greenish-gray micaceous sandy clay, and thin 
beds of glauconitic, fossiliferous sandstone; massive accumulations of the fossil oyster 
Flemingostrea cretacea (formerly named Ostrea cretacea) occur throughout much of the 
formation in east Alabama (Szabo and others, 1988). The Eutaw Formation outcrops 
approximately 350-400 ft thick in the west and about 100-150 ft in the east (Szabo and others, 
1988). The recharge area for the Eutaw aquifer extends from east central Alabama in Russell 
County, through central Alabama to west Alabama, northwest to southern Lamar County, and 
north to western Lauderdale County. 

 A total of 287 wells either screened or partially screened in the Eutaw aquifer were evaluated 
for this assessment. Depths of 273 wells screened in the Eutaw aquifer ranged from 20 ft near 
the outcrop to 2,240 ft bls downdip (table 9, appendix A). Recent depth to water was determined 
for 145 wells screened in the Eutaw aquifer and varied from 3 ft above land surface to 488 ft bls. 
Pumping rates were evaluated for 140 domestic, public, agricultural, and industrial wells. Rates 
in the Eutaw aquifer ranged from 5 to 1,500 gpm with the larger pumping rates observed in public 
wells downdip and smaller pumping rates in domestic wells near the recharge area. Specific 
capacities were calculated for 84 wells and varied from <1 to 24.8 gpm/ft . 

 Current static groundwater levels for a total of 145 domestic, public, observation, and 
agricultural wells constructed in the Eutaw aquifer were used to construct a potentiometric 
surface map (plate 84). Four distinct groundwater flow regions were recognized for the Eutaw 
aquifer with rivers acting as hydraulic barriers separating the groundwater flow paths: west of 
the Black Warrior River, between the Black Warrior River and the Alabama River, north of the 
Alabama River, and east of the Alabama River. West of the Black Warrior River in Lamar, Pickens, 
Greene, Sumter, and Choctaw Counties, groundwater moves in a southerly direction toward the 
Black Warrior River in Greene County. One area of production-related disturbance to the 
potentiometric surface was observed in public supply well CC-20-1 in southern Greene County. 
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Between the Black Warrior River and the Alabama River, groundwater in Hale and Marengo 
Counties moves southwest toward the Black Warrior and Tombigbee Rivers while groundwater 
in Perry, Dallas, Wilcox, and Autauga Counties moves toward the Alabama River. Minor 
disruptions were observed in Marengo county. North and east of the Alabama River, 
groundwater moves towards the Alabama River, with groundwater moving south towards the 
Alabama River in Autauga County and north along the Alabama River in northern Lowndes 
County, and southwest to the Alabama River in eastern Dallas County. In Russell and Barbour 
Counties along the Chattahoochee River, groundwater moves south and southeast towards the 
Chattahoochee River, while in Macon and Bullock County groundwater moves south. One area 
of production-related disturbance to the potentiometric surface was observed in two public 
supply wells around Eufaula in Barbour County. Groundwater level declined 227 feet from the 
initial water level taken in 1970 for public well K-20-1, with the current groundwater level 
elevation below sea level. 

RIPLEY AQUIFER 

 The western portion of the Ripley Formation is described as micaceous fine to medium quartz 
sand, crossbedded in upper part, sandy calcareous clay, and thin indurated beds of fossiliferous 
sandstone; the eastern portion of the formation is described as light-gray to pale-olive massive, 
micaceous, glauconitic, fossiliferous fine sand, sandy calcareous clay, and thin indurated beds of 
fossiliferous sandstone (Szabo and others, 1988). The Ripley aquifer is a major source of 
groundwater in south central to east-central Alabama. The recharge area of the Ripley aquifer 
extends from northern Barbour County, west through central Bullock into southern Montgomery, 
Lowndes, and Dallas counties, northern Marengo County, and Sumter County. 

 Depth for 117 wells screened in the Ripley aquifer ranged from 18 ft bls near the outcrop to 
1,045 ft bls downdip of the formation (table 9, appendix A). Current depth to water was 
determined for 86 Ripley wells and varied from 1 to 390 ft bls. Pumping rates were evaluated for 
71 domestic, public, agricultural, and industrial wells screened in the Ripley aquifer and ranged 
from 3 to 1,200 gpm with the larger pumping rates observed in public wells and smaller pumping 
rates in domestic wells. Pumping rates in the Ripley aquifer generally increased along the dip of 
the formation, with the lower pumping rates observed near the recharge area, where many of 
the domestic wells are located, and the higher pumping rates observed downdip, where many of 
the public supply wells are located. Specific capacities for 58 Ripley wells varied from <1 to 129.5 
gpm/ft, with lower capacities associated with domestic wells.  

 A total of 121 wells either screened or partially screened in the Ripley aquifer were evaluated 
for this assessment. Current static groundwater levels for 86 domestic, public, observation, and 
agricultural wells were used to construct a potentiometric surface map for the Ripley aquifer 
(plate 85). Two distinct groundwater flow regions were identified for the Ripley aquifer: west of 
the Alabama River and east of the Alabama River, with the river acting as a hydraulic barrier. 
West of the Alabama River in Marengo and Wilcox Counties, groundwater moves south and east, 
towards the Alabama River. East of the Alabama River in Dallas, Wilcox, Lowndes, Butler, 
Montgomery, Crenshaw, Bullock, Pike, Barbour, Dale, and Henry Counties, groundwater moves 
in a southerly and slightly southwest direction. Few groundwater impacts have been noted in the 
Ripley aquifer, but one area of minor production-related disturbance to the potentiometric 
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surface has been observed. Public well L-20-1 in Crenshaw County has declined 64 ft since the 
initial static water level recorded  in 2008. 

 Selected public, domestic, observation, and agricultural wells were analyzed using 
hydrograph decline curve analysis and generally indicated that water levels exhibited some 
modest declines over the period of record. The largest seasonal fluctuation for well X-13-1 in 
Montgomery County was measured to be 14.54 ft from April to October 1987, with seasonal 
fluctuation evident for the period from 1982 to 1993, as expected for an unconfined well. 
Domestic well I-33-2 in Pike County had a long-term water level decline at a rate of 0.8 ft/yr since 
1978.  

 Net potential productive interval mapping for the Ripley Formation (plate 65), including the 
Cusetta Sand Member, indicates that there is potential for future development of groundwater 
from these aquifers. Thick potential productive sands from 100 to more than 175 ft extend from 
southern Crenshaw County eastward through southern Pike, northeastern Coffee, northern and 
east-central Dale, and central Henry Counties. Suggested spacing for wells constructed in the 
Ripley aquifer is 1.0 mi along strike of the hydraulic gradient direction (east-west in southeast 
Alabama) and 2.5 mi up or down the hydraulic gradient direction (north-south in southeast 
Alabama). 

CLAYTON AQUIFER 

 In eastern Alabama, the undifferentiated Clayton Formation contains sandy fossiliferous 
limestone, medium-gray silty calcareous clay, and fine sand, with gravelly, medium to coarse 
sand containing clay pebbles occurring in the lower part. The formation in many areas of east 
Alabama is weathered to residual accumulations of chert boulders, moderate-reddish-orange 
sand, clay containing masses, and thin layers of iron minerals (limonite-goethite) (Szabo and 
others, 1988). In western Alabama, the Clayton Formation is differentiated into subordinate 
members. The lower member contains medium-gray fossiliferous calcareous silt, glauconitic 
sand, thin beds of sandy limestone, and calcareous sandstone (Pine Barren Member); whereas 
the upper member of the formation (McBryde Limestone Member), is comprised of white to 
yellowish-gray argillaceous limestone. The Clayton Formation thins west of Wilcox County and, 
to the west of Thomaston in eastern Marengo County, is mapped with the Porters Creek 
Formation. The recharge area for the Clayton aquifer extends from central Barbour County, west 
through Pike, northern Crenshaw, northern Butler, northeast Wilcox, southern Dallas, and east 
central Marengo counties. 

 A total of 132 wells either screened or partially screened in the Clayton aquifer were 
evaluated for this assessment. Well depth was determined for 124 wells screened in the Clayton 
aquifer and ranged from 60 ft in Wilcox County to 1,510 ft in Dale County (appendix A). Depth to 
water was measured for 94 wells screened in the Clayton aquifer and varied from 7 to 392.6 ft 
bls. Pumping rates were evaluated for 104 wells screened in the Clayton aquifer and ranged from 
2 to 1,500 gpm, with the larger pumping rates observed in public wells and smaller pumping rates 
in domestic wells. Calculated specific capacities varied from <1 to 200 gpm/ft.  

 Static groundwater levels were determined for 94 domestic, public, observation, and 
agricultural wells constructed in the Clayton aquifer (plate 86). There is one distinct regional 
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groundwater flow path in the Clayton aquifer east of the Alabama River to the Chattahoochee 
River. In Wilcox and Monroe Counties, groundwater moves south and southwest towards the 
Alabama River. In Butler, Covington, Crenshaw, Pike, Coffee, Dale, and Houston Counties, 
groundwater also moves south and southwest. In eastern Barbour and northern Henry Counties, 
groundwater moves towards the Chattahoochee River and to the south. 

 The largest production impact areas and hydraulic pressure head declines in the Clayton 
aquifer (including the Salt Mountain aquifer, which is hydraulically connected and is mapped 
together with the Clayton aquifer on the potentiometric map) is in southeastern Dale County, 
near Ozark in Dale County, southwestern Henry County, and around Dothan in Houston County.  
In Dothan (Houston County), the impact area covers about 18 mi2 north and west from 
downtown Dothan. Isolated, single well disruptions in the Clayton-Salt Mountain potentiometric 
surface occur sporadically across the assessment area. Well DLE-1 has an almost continuous daily 
record of water levels dating back to 1980, with seasonal fluctuations evident for the period of 
record. Water levels in DLE-1 declined from 1980 to 2000 at 1.96 ft/yr, followed by more 
stabilitzed water levels, although lower than historical levels. 

 Net potential productive interval mapping for the Clayton Formation (plate 63) indicates that 
there is potential for future development of groundwater from these aquifers. Thick potential 
productive sands and limestone from about 140 to more than 250 ft extends from southern 
Crenshaw and northern Covington Counties eastward through central and southeastern Coffee, 
southern Dale, northern Geneva, and northwestern Houston Counties. Although some of this 
area is fully developed with wells, a large number of high capacity wells could be constructed in 
selected locations throughout the area, using proper well spacing and production rate guidelines. 
Thick Salt Mountain Limestone extends from northern Covington County southeastward through 
southern Coffee, north-central Geneva, and southwestern Dale Counties. Suggested spacing for 
wells constructed in the Clayton/Salt Mountain aquifer is 1.0 mi along strike of the hydraulic 
gradient direction (northwest-southeast in southeast Alabama) and 2.0 mi up or down the 
hydraulic gradient direction (northeast-southwest in southeast Alabama). 

NANAFALIA AQUIFER 

 The Nanafalia Formation extends the width of the state, is comprised of three distinct 
members in west Alabama (Copeland, 1968; Szabo and others, 1988), and is a major source of 
groundwater in south-central and southeastern Alabama (Cook and others, 2014). In western 
and west-central Alabama, these members are in stratigraphically descending order: Grampian 
Hills Member, “Ostrea thirsae beds,” (now named Flemingostrea cretacea) and Gravel Creek 
Sand Member (Copeland, 1968; Osborne and others, 1989). The Grampian Hills Member is at the 
top of the Nanafalia Formation and is composed of glauconitic, fossiliferous sandy clay; 
glauconitic sand and massive clay (Szabo and others, 1988). The Grampian Hills Member is thicker 
updip, absent locally in south-central and southwestern Alabama, and pinches out downdip 
(Copeland, 1968). The middle member of the Nanafalia is informally referred to as “Ostrea thirsae 
beds” and consists of glauconitic quartz sand and glauconitic sandy marl filled with the fossil for 
which it is referred. The lower member of the Nanafalia Formation is the Gravel Creek Sand 
Member, which consists of very light-gray to white crossbedded coarse sand containing fine 
quartz gravel and clay pebbles and thinly laminated beds of carbonaceous clay and silt (Szabo 
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and others, 1988). In eastern Alabama, the Nanafalia represents one of the most widespread and 
significant aquifers within the Cretaceous or Paleogene and Neogene (Tertiary) Systems (Smith, 
2001). The Nanafalia crops out across the East Gulf Coastal Plain and ranges in thickness from 
250 ft in south-central and southwestern Alabama to 75 ft in southeast Alabama (Raymond and 
others, 1988). The recharge area for the Nanafalia aquifer extends from the Chattahoochee River 
in southern Barbour County northwestward through southern Pike, central Crenshaw, central 
and northwestern Butler, central Wilcox, southern Marengo, northwestern Choctaw, and 
southwestern Sumter Counties (Szabo and others, 1988). 

 A total of 146 wells, either screened or partially screened, in the Nanafalia aquifer were 
evaluated for this assessment. The depths of 143 wells screened in the Nanafalia aquifer varied 
from 21 ft bls near the outcrop to 2,070 ft bls downdip in the formation (table 9, appendix A). 
Current depths to water for 98 wells ranged from 0 ft at land surface to 386 ft bls. Pumping rates 
for 102 domestic, public, agricultural, and industrial wells ranged from 5 to 1,200 gpm with the 
larger pumping rates observed in public wells and smaller pumping rates in domestic wells. 
Specific capacity was calculated for 95 Nanafalia wells and varied from <1 to 30 gpm/ft. 

 Current static groundwater levels for 96 Nanafalia wells were used to map the potentiometric 
surface (plate 87), and three distinct groundwater flow regions were identified with the major 
rivers acting as hydraulic barriers, separating the groundwater flow paths. These regions are west 
of the Tombigbee River in Choctaw and Sumter Counties, between the Alabama River and the 
Tombigbee River in Clarke and Marengo Counties, and east of the Alabama River in Monroe 
County. West of the Tombigbee River in Choctaw and Sumter Counties, water moves from the 
southwest corner of Sumter County, south and east through Choctaw County to the Tombigbee 
River. Between the Alabama River and the Tombigbee River in Clarke and Marengo Counties, the 
potentiometric surface is constrained by the Tombigbee River to the west and the Alabama River 
to the east, effectively creating a hydraulic barrier around these areas, particularly Clarke County, 
which is underlain by the Hatchetigbee Dome. Water moves from higher elevations in Clarke and 
Marengo Counties out to the rivers on both sides of the counties. East of the Alabama River in 
central and eastern Alabama, water generally moves from the recharge area in Bullock, Barbour, 
Pike, Crenshaw, Butler, and Wilcox Counties to the southwest.  

 The largest production impact areas and hydraulic pressure head declines in the Nanafalia 
aquifer are currently located at Dothan (northwestern Houston County) and Daleville 
(southwestern Dale County) where long-term high production rates in multiple wells in close 
proximity, created large, deep depressions in the potentiometric surface of the Nanafalia. Water 
levels in nine public supply wells, screened in multiple aquifers, were evaluated. However, the 
Nanafalia aquifer is the dominant water source in these wells, so they are considered here as 
Nanafalia wells. Due to confinement and resulting hydraulic pressure heads of the Nanafalia and 
Clayton aquifers at Dothan, even with long-term water level declines, the evaluated wells, on 
average, continue to have more than 270 ft of water above the tops of the screened intervals. 
Most recent water level trends in Dothan wells incidate water levels are more stable due to 
construction of additional wells, improved water production management, and a water rate 
structure that promotes conservation. 
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 Three public supply wells in Daleville (southwestern Dale County) are located in close 
proximity to one another and all have similar water level histories. Long-term water level 
measurements to 2007 indicate that average water level decline was 2.6 ft/yr. Since 2007, water 
levels in the wells have recovered at a rate of 2.5 ft/yr, due to a new high capacity well 
constructed in the Clayton aquifer east of town. 

 Net potential productive interval mapping for the Nanafalia Formation (plate 59) indicates 
that there is potential for future development of groundwater from this aquifer. Thick, 
potentially productive sands and limestone from about 75 to 125 ft in the Nanafalia aquifer 
extend from southern Coffee County eastward through southern Dale and northwestern Houston 
Counties. Although some of this area is fully developed (Dothan, Daleville, and Fort Rucker), a 
large number of high capacity wells may be constructed in selected locations throughout the 
area, using proper well spacing and production rate guidelines. Suggested spacing for wells 
constructed in the Nanafalia aquifer is 1.0 mi along strike of the hydraulic gradient direction 
(north-south in southeast Alabama) and 2.0 mi up or down the hydraulic gradient direction (east-
west in southeast Alabama). 

GOSPORT-LISBON AQUIFER 

 The Lisbon aquifer is a major public, domestic, agricultural, and industrial water source for  
for the East Gulf Coastal Plain of  Alabama. The Lisbon aquifer recharge area extends across  
Choctaw, Clarke, Monroe, Conecuh, south Butler, Covington, southeast Crenshaw, Coffee, Dale, 
and Henry Counties, with the Gosport Sand present only west of the Alabama River as part of the 
Gosport Sand and Lisbon Formation undifferentiated (Szabo and others, 1988). Due to the similar 
hydrogeology and lack of adequate confining units between the two units, both are mapped as 
one unit for the aquifer delineation and potentiometric surface map in southwestern Alabama.  

The Lisbon Formation is 75 to 165 ft thick east to west (Raymond and others, 1988). Toulmin and 
LaMoreaux (1963) reported that the outcropping Lisbon Formation in southeast Alabama 
consists primarily of sand but also contains significant amounts of limestone and sandy 
limestone. In the subsurface, the thickness of the Lisbon Formation is 60 to 80 ft in central 
Covington County and thickens southeastward to more than 350 ft in central Geneva County 
(Smith, 2001). The Gosport Sand is mapped only in west and central Alabama, between the 
Alabama River and the Alabama/Mississippi state line and is characterized as highly fossiliferous, 
glauconitic, quartz sand and lenses of greenish-gray clay (Osborne and others, 1989), with 
outcrop thickness ranging from 17 to 30 ft (Raymond and others, 1988). 

 A total of 87 wells, either screened or partially screened, in the Lisbon-Gosport Sand aquifer 
were evaluated for this assessment. Depth was evaluated for 86 wells screened in the Lisbon-
Gosport Sand aquifer and ranged from 24 to 940 ft bls downdip of the formation (table 9, 
appendix A). Current depths to water for 60 wells screened in the Lisbon-Gosport Sand aquifer 
varied from 1.3 ft above land surface for a flowing well to 200 ft bls. Pumping rates for 59 
domestic, public, and agricultural wells ranged from 5 to 805 gpm with the larger pumping rates 
observed in public wells and smaller pumping rates in domestic wells. Specific capacities for 45 
wells varied from <1 to 46.67 gpm/ft. 
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 Current static groundwater levels for 60 domestic, public, industrial, and agricultural wells in 
the Lisbon-Gosport Sand aquifer were used to map the potentiometric surface (plate 91). Three 
distinct groundwater flow regions were identified for the aquifer: west of the Tombigbee River 
in Choctaw and Washington Counties, between the Alabama River and the Tombigbee River in 
Clarke County, and east of the Alabama River, with the rivers acting as hydraulic barriers 
separating the groundwater flow paths. West of the Tombigbee River in Choctaw and 
Washington Counties, water moves east, southeasterly to the Tombigbee River. Between the 
Alabama River and the Tombigbee River in Clarke County the potentiometric surface is 
constrained by the Tombigbee River to the west and the Alabama River to the east, effectively 
creating a hydraulic barrier around these areas, particularly Clarke County. Water moves from 
higher elevations in Clarke County out to the rivers on both sides of the county. East of the 
Alabama River in central and east Alabama, water generally flows from the recharge area south 
into Florida along the rivers and their tributaries. 

 No production-related disturbances were noted in the potentiometric surface for the Lisbon-
Gosport Sand aquifer, although one well in Geneva County had an aquifer drawdown of 101.5 ft 
from 1979 to 2013. Declining water levels in the aquifer are minimal and isolated resulting in 
minimal change in aquifer storage. Mapping of water levels in wells constructed in the aquifer 
indicates only minimal drawdown of the potentiometric surface; however, many of these wells 
were affected by droughts, as shown on the hydrographs. 

CRYSTAL RIVER AQUIFER 

 The Crystal River Formation includes all calcareous deposits of late Eocene age lying 
stratigraphically above the Moodys Branch Formation and below limestone beds of Oligocene 
age (Smith, 2001). In the shallow subsurface, the Crystal River Formation is readily recognizable 
by the characteristic white to cream medium-textured coquinoid limestone that is soft and chalky 
to compact and brittle (Raymond and others, 1988). It outcrops in central Covington, southwest 
Coffee, Geneva, Houston, central Conecuh, and central Monroe Counties before pinching out just 
east of Grove Hill (Osborne and others, 1989). In central Covington County, most of southern 
Geneva County and northwestern Houston County, it consists of about 100 to 150 ft of calcareous 
sands, sandy clays, and marls with thin interbedded limestones (Smith, 2001). Crystal River 
sediments are thought to be the weathered remnants of originally deposited limestones and 
chalky limestones (Cook and others, 2014). The Crystal River is used mainly for domestic needs 
in Alabama with a few public supply wells located in Covington, Escambia, and extreme southern 
Clarke Counties. However, in Florida, this formation is part of the Floridan aquifer which is a major 
source of water for Florida. Mapping of Crystal River water levels indicates only minimal 
drawdown of the potentiometric surface (plate 92). 

 A total of 22 wells, either screened or partially screened, in the Crystal River aquifer were 
evaluated for this assessment. Depths of wells ranged from 115 to 600 ft bls (table 9, appendix 
A). Current depth to water for 22 wells varied from 15.6 to 200 ft bls. Pumping rates for eight 
domestic, public, and agricultural wells ranged from 10 to 1,000 gpm, with the larger pumping 
rates observed in agricultural and public wells, and smaller pumping rates in domestic wells. 
Specific capacity was calculated for six wells and varied from <2 to 17.24 gpm/ft.  
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 The Crystal River Formation is a minor aquifer but is important as the primary source of 
groundwater for agriculture and public water supplies in the southern part of Alabama along the 
Florida state line. It is also important as the source of base flow for streams in the southern part 
of the state as well as northwest Florida. The Crystal River also serves as a recharge zone for the 
Floridan aquifer, which is the major water source for the Florida panhandle. Two domestic wells, 
one in Covington County and one in Geneva County, show almost continuous water level declines 
of 8.42 ft and 4.94 ft, respectively, from 1980 to 2013. Both wells had minimal water level 
fluctuations due to seasonal precipitation variability and drought conditions, indicating the 
Crystal River is likely confined in this area. An agricultural center pivot irrigation well in Houston 
County had pumping impacts during the growing season, yet recovered during the wetter winter 
season. An observation well in Houston County is in close proximity to large capacity irrigation 
wells and had seasonal water level fluctuations of more than 10 ft related to growing season 
groundwater production and winter season recovery. 

 Long-term water level measurements indicate that water production impacts to the Crystal 
River aquifer are minimal, with average water level declines of about 0.2 ft/yr. Current static 
groundwater levels for 22 domestic, public, industrial, and agricultural wells were used to map 
the potentiometric surface of the Crystal River aquifer (plate 92). Suggested spacing for wells 
constructed in the Crystal River aquifer is 1.0 mi along strike of the hydraulic gradient direction 
(north-south in southeast Alabama) and 1.0 mi up or down the hydraulic gradient direction (east-
west in southeast Alabama). 

PLIOCENE-MIOCENE AQUIFER 

 Miocene sediments in Alabama are primarily clay, silt, sand, and gravel, with subordinate 
limestone and lignite beds. Whereas a complete Miocene section occurs in southern Mobile and 
Baldwin Counties, the stratigraphic interval is progressively truncated northward due to removal 
by erosion. Where present, the full Miocene section is about 2,500 feet thick. Geologic units of 
the stratigraphic sequence display general northward thinning. Miocene geologic units occurring 
in Alabama are, in ascending order, the Catahoula Formation, Hattiesburg Formation, and 
Pascagoula Formation. The Catahoula Formation, named for outcrops in Catahoula Parish, 
Louisiana, and correlated across Mississippi overlies the Oligocene Paynes Hammock Formation, 
or locally, where the thin Paynes Hammock is not present, the underlying Chickasawhay 
Formation. Whereas some workers in Mississippi indicate that the lowermost downdip portion 
of the Catahoula may contain beds of Oligocene age, in this report the base of the Catahoula is 
considered the Oligocene-Miocene boundary, pending further investigation. The Pliocene 
Graham Ferry Formation overlies the Pascagoula Formation in southern Mobile County and 
possibly in southern Baldwin County. The Pliocene-Pleistocene Citronelle Formation occurs at 
higher elevations in Mobile and Baldwin Counties, everywhere unconformably overlying older 
Miocene or Pliocene formations. 

 A total of 317 wells were evaluated for the Pliocene-Miocene aquifer for this assessment. 
Well depths varied from 20 to 802 ft bls in the Miocene undifferentiated, 67 to 963 ft bls in the 
Catahoula, 55 to 1,010 ft bls in the Hattiesburg, 42 to 855 ft bls in the Pascagoula, and 70 to 350 
ft bls in the Graham Ferry, while depth to water varied from 0 to 179 ft bls, 4 to 123 ft bls, 36 to 
221 ft bls, 4 to 288 ft bls, and 4 to 54 ft bls for the same formations, respectively. Pumping rates 
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varied from 5 to 1,650 gpm in the Miocene undifferentied, <10 to 500 gpm in the Catahoula, <10 
to 1,215 gpm in the Hattiesburg, <10 to 2,170 in the Pascagoula, and <150 to 1,200 in the Graham 
Ferry with calculated specific capacity ranging from <1 to 114.4 gpm/ft, <1 to 22.3 gpm/ft, <1 to 
109.1 gpm/ft, <1 to 180 gpm/ft, and <10 to 66.7 gpm/ft for the same formations, respectively.  

 Current static groundwater levels were determined for 37 domestic, public, observation, and 
agricultural wells constructed in the Miocene Catahoula aquifer (plate 93). Three distinct 
groundwater flow regions in the Miocene Catahoula aquifer were identified: west of the 
Tombigbee River in Washington County, between the Tombigbee River and the Alabama River in 
Clarke County, and east of the Alabama River in Baldwin and Monroe Counties, with rivers acting 
as hydraulic barriers separating the groundwater flow paths. West of the Tombigbee River in 
Washington County, groundwater moves in a southeastern direction toward the Tombigbee 
River, east of the Tombigbee River in Clarke County groundwater moves in a southerly direction 
to the Tombigbee River, while in Monroe and Baldwin Counties, groundwater moves in a 
southwesterly direction. Groundwater flow is generally southwest to the Alabama River in 
Monroe and northeast Escambia Counties; however, more specific groundwater flow analysis is 
not feasible due to the small size of the current dataset. 

 Current static groundwater levels were determined for 18 domestic, public, observation, and 
agricultural wells constructed in the Hattiesburg aquifer (plate 94). There are two distinct 
groundwater flow regions in the Hattiesburg aquifer, west of the Tombigbee and Mobile Rivers 
and Mobile Bay, and east of the Tensaw River and Mobile Bay, with rivers acting as hydraulic 
barriers separating the groundwater flow paths. West of the Tombigbee and Mobile Rivers, 
groundwater moves in an eastern direction toward the rivers in southern Washington County 
and northern Mobile County. East of the Tensaw River and Mobile Bay in Baldwin County, 
groundwater moves in a southwesterly direction toward the Tensaw River and Mobile Bay. 

 Current static groundwater levels were determined for 100 domestic, public, observation, 
and agricultural wells constructed in the Miocene Pascagoula aquifer (plate 95). Two distinct 
groundwater flow regions were identified in the Miocene Pascagoula aquifer: west of the 
Tombigbee and Mobile Rivers and Mobile Bay, and east of the Tensaw River and Mobile Bay, with 
rivers acting as hydraulic barriers separating the groundwater flow paths. West of the Tombigbee 
and Mobile Rivers, groundwater moves in an easterly direction toward the rivers in southern 
Washington County and northern Mobile County. Groundwater moves in a more southerly 
direction in south Mobile County. East of the Tensaw River and Mobile Bay in Baldwin County, 
groundwater moves in a southwesterly direction toward Mobile Bay. 

 Drought impacts are evident in one well in the Hattiesburg aquifer for years 1987, 2000, and 
2007 in well BAL-2. Water levels rebounded quickly during the following wet season, indicating 
adequate recharge for this aquifer in the general area of the well and that the well responds 
rather quickly to recharge of the aquifer.  

BANGOR AQUIFER 

 The Bangor Limestone consists primarily of medium to light gray, bioclastic, and oolitic 
limestone that includes micrite, clay shale, and dolostone, all of which are calcareous. In the 
upper part of the unit, there is an occurrence of interbedded reddish and olive colored mudstone 
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(Raymond, 1988); however, the lower part of the Bangor Limestone, which is primarily the more 
shaly sections located in Colbert and Franklin Counties, is very fossiliferous (Adams and others, 
1926). The thickness of the Bangor Limestone in the Highland Rim and Cumberland Plateau varies 
from 0 to 500 ft and from 0 to 700 ft in the Alabama Valley and Ridge (Raymond and others, 
1988). In the Valley and Ridge, recharge to the aquifer primarily occurs along narrow bands of 
exposure spanning from northern Cherokee County southwest to central Jefferson County. The 
Bangor aquifer is unconfined throughout the entire Highland Rim area and water production 
from the unit is generally from secondary porosity sources such as joints and fractures. The 
Bangor Limestone aquifer is unconfined due to shallow water depths and the absence of 
confining units that isolate groundwater from the water table and the land surface. Karst is 
connected to surface water bodies so that water is readily exchanged between surface and 
subsurface. The Bangor Limestone serves as a significant water source within the state and is 
used predominantly for public supply, although several domestic and agricultural wells also 
withdraw water from the Bangor aquifer. Declining water levels in the aquifer are minimal and 
isolated, resulting in negligible cones of depression and minimal change in aquifer storage. 

 Depth of Highland Rim wells constructed in the Bangor aquifer varied from 52 ft in Franklin 
County to 350 feet in Lawrence County (table 9, appendix A). Depth of Cumberland Plateau wells 
constructed in the Bangor varied from 60 ft in Blount County to 220 ft also in Blount County. 
Depth of Alabama Valley and Ridge Bangor wells varied from 89 to 320 ft.  

 Depths to water in Highland Rim Bangor wells varied from 1 ft above land surface to 30.15 ft 
bls with the shallowest water levels observed in the northern updip limit of the aquifer, while the 
deepest water levels were observed in south-central Lawrence County. Depths to water in 
Cumberland Plateau Bangor wells ranged from 9.5 ft bls in Blount County to 70 ft bls in east 
Morgan County. Depth to water in Alabama Valley and Ridge Bangor Limestone wells ranged 
from 31.2 ft bls in northeast Jefferson County to 57.5 ft bls also in northeast Jefferson County. 

 Pumping rates for public supply, private supply, and irrigation wells constructed in the 
Highland Rim Bangor aquifer varied from 1 to 100 gpm, with most wells producing <50 gpm. Only 
one pumping rate was found in the Cumberland Plateau Bangor aquifer for a public supply well 
located in northeast Etowah County, reported at 1,001 gpm. Pumping rates for Alabama Valley 
and Ridge Bangor aquifer wells ranged from 230 to 1,200 gpm for two wells located in Jefferson 
County. Specific capacity of wells in the Highland Rim varied from 0.01 to 2.27 gpm/ft. One 
Cumberland Plateau public supply well in northeast Etowah County had a reported specific 
capacity of 16.3 gpm/ft. Specific capacity for two Alabama Valley and Ridge wells in northeast 
Jefferson County was 5.6 gpm/ft for a domestic well and 21.7 gpm/ft for a public supply well. 
Current static groundwater levels for 25 domestic, public, industrial, and agricultural wells were 
used to map the potentiometric surface of the Bangor aquifer in the Highland Rim (plate 97). 

HARTSELLE AQUIFER 

 The Hartselle Sandstone consists of light-colored, fine-grained, well-sorted sandstone, 
interbedded with clay and shale (Raymond, 1988). The unit is predominantly thick bedded to 
massive and contains crossbedding in some localities. Ward and Osborne (2004) describe the 
Hartselle Sandstone as light- to medium-gray, very fine- to fine-grained, thin- to medium-bedded, 



 

66 

well-cemented quartzose sandstone with dark-gray shale interbeds near the top of the unit. In 
outcrop, Irvin and others (2006) describe the unit as white to pinkish-tan, fine- to coarse-grained, 
thin- to thick-bedded, porous, and friable quartzose sandstone with ripple marks and 
crossbedding common. The thickness of the Hartselle Sandstone varies from 0 to 150 feet across 
the state. It is a major aquifer with recharge occurring along bands of exposure with water 
production originating in secondary porosity sources such as joints and fractures. The Highland 
Rim Hartselle Sandstone aquifer, while not containing a high percentage of karst material, is 
unconfined due to shallow depths and lack of confining units that isolate groundwater from the 
water table. The Hartselle Sandstone serves as a major public supply source locally within the 
Alabama Valley and Ridge. 

 Depths of Highland Rim Hartselle wells varied from 32 ft in Franklin County to 450 ft in 
southwest Colbert County (table 9, appendix A). Depth of Cumberland Plateau Hartselle 
Sandstone wells varied from 52 ft bls in southeast Franklin County to 175 ft bls also in southeast 
Franklin County. Depth of Alabama Valley and Ridge Hartselle Sandstone wells varied from 158 
ft in northeast Jefferson County to 312 ft in St. Clair and Jefferson Counties. Depth to water in 
the Highland Rim Hartselle Sandstone wells ranged from 5 ft to 139 ft bls. Depths to water in 
Cumberland Plateau Hartselle wells ranged from 18 ft bls in northwest Marshall County to 87 ft 
bls in southeast Franklin County. Depths to water in Alabama Valley and Ridge Hartselle wells 
varied from 27.5 ft bls in northeast Jefferson County to 137 ft bls in St. Clair County. 

 Pumping rates of wells constructed in the Highland Rim Hartselle varied from 1 to 40 gpm, 
with only five of the wells studied in this region producing greater than 10 gpm. Pumping rates 
in the Cumberland Plateau ranged from 12 gpm in a domestic well in northwest Marshall County 
to 40 gpm from a public supply well in southeastern Franklin County. Pumping rates for Alabama 
Valley and Ridge Hartselle wells varied from 200 gpm to 2,000 gpm in Jefferson County. No wells 
were identified with specific capacity reported in the Hartselle aquifer for Highland Rim and 
Cumberland Plateau wells. Specific capacity of wells in the Valley and Ridge ranged from 8.1 to 
35 gpm/ft for two wells in Jefferson County. Declining water levels in this aquifer are moderate 
as observed in well W-24-1, a public supply well near Irondale, Jefferson County. The initial static 
elevation was 704 ft MSL in September 1954 and 650 ft MSL in June 2015. Seasonal variations of 
approximately 10 ft indicate the aquifer is unconfined in the area, though no drought years are 
discernable in the hydrograph. Current static groundwater levels for 23 domestic, public, 
industrial, and agricultural wells were used to map the potentiometric surface of the Hartselle 
Sandstone aquifer in the Highland Rim (plate 98). 

MONTEAGLE AQUIFER 

 The Bangor and Monteagle Limestones serve as a major water source within the Alabama 
Valley and Ridge. Declining water levels in these aquifers are minimal and isolated resulting in 
negligible cones of depression and minimal change in aquifer storage. Raymond and others 
(1988) describe the Bangor and Monteagle Limestone undifferentiated as light-gray crossbedded 
oolitic limestone, with massive beds more than 10 ft thick that are interbedded with beds of 
micrite, bioclastic limestone, dolostone, and dolomitic limestone; argillaceous limestone; and 
greenish-gray and medium-gray clay shale. In outcrop, the Monteagle Limestone is very similar 
to the Bangor Limestone. Thickness of the Monteagle Limestone varies from 200 to 300 ft.  
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 Depths of Monteagle Limestone wells in the Cumberland Plateau varied from 50 ft in Marshall 
County to 289 ft in Jackson County, and depths of wells in the Highland Rim varied from 104 to 
300 ft in Morgan County (table 9, appendix A). Depths to water in the Cumberland Plateau 
Monteagle aquifer ranged from 10.3 to 59 ft bls and in the Highland Rim Monteagle aquifer 
ranged from 11.4 to 121.5 ft bls. Pumping rates were located for only four wells in the Monteagle 
Limestone and ranged from 35 gpm for a domestic well in DeKalb County to 50 gpm for a 
domestic well in Marshall County in the Cumberland Plateau Monteagle aquifer, while pump 
rates varied from 1 gpm to 75 gpm in Morgan County in the Highland Rim Monteagle aquifer. A 
specific capacity of 12.5 gpm/ft was only found for one public supply well in Marshall County in 
the Cumberland Plateau Monteagle aquifer. A specific capacitiy for a domestic supply well in the 
Highland Rim Monteagle aquifer was 0.56 gpm/ft. 

TUSCUMBIA-FORT PAYNE AQUIFER 

 The Tuscumbia Limestone and Fort Payne Chert overlies the Chattanooga Shale and serves as 
a major aquifer in the Alabama Valley and Ridge and a minor aquifer in the Cumberland Plateau. 
Wells constructed in the aquifer are primarily public supply wells, though domestic, observation, 
and industrial wells were also located. Recharge to the units is primarily along narrow bands of 
exposure and water production from the unit is generally from secondary porosity sources such 
as joints and fractures.  

 The Tuscumbia Limestone is composed of light-gray bioclastic or micritic, partly oolitic 
limestone in beds that generally are more than 1 ft thick and massive crossbedded very coarse 
bioclastic, crinoidal limestone beds which are locally as much as 10 ft thick. Light-gray and white 
chert nodules and concentrically banded "concretionary" chert are also abundant locally 
(Raymond and others, 1988; Szabo and others, 1988; Osborne and others, 1989). The apparent 
thickness of the formation in the Highland Rim varies due to differential dissolution of carbonate 
in the unit (Szabo and others, 1988). However, the formation thickness is approximately 200 ft 
with regolith accounting for as much as 100 ft of the formation in some areas. The Tuscumbia is 
typically too thin to be mapped separately from the Ft. Payne Chert within the Cumberland 
Plateau and the Alabama Valley and Ridge.  

 The Fort Payne Chert is located stratigraphically just below the Tuscumbia Limestone and 
above the Chattanooga Shale. It is composed of dark-gray to light-gray finely crystalline to 
microcrystalline siliceous limestone and smoky chert in irregular beds and nodules. Locally it 
includes dark shale or light-gray coarse bioclastic limestone in lenses (Raymond and others, 
1988). Bedded chert is common throughout the unit but is more concentrated near the base. The 
Fort Payne Chert has an average thickness of about 160 ft (Cook and others, 2009) varying up to 
207 ft.  

 Depths of wells constructed in the Tuscumbia-Ft. Payne aquifer varied from 36 ft to 440 ft 
across the Highland Rim (table 9, appendix A). Cumberland Plateau wells varied from 40 to 335 
ft deep, while wells in the Alabama Valley and Ridge varied from 109 to 405 ft deep. Depths to 
water in the Tuscumbia-Ft. Payne aquifer in the Highland Rim varied from 8.57 to 103.9 ft bls, in 
the Cumberland Plateau from 7.8 to 71.7 ft bls, and in the Alabama Valley and Ridge from 2 to 
157 ft bls. Pumping rates observed for Highland Rim wells ranged from 1 to 2,000 gpm, from 24 
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to 2,873 gpm for Cumberland Plateau wells, and from 167 to 1,500 gpm for Alabama Valley and 
Ridge wells. Specific capacities of wells in the Highland Rim varied from 0.06 to 173.20 gpm/ft. 
Specific capacity of Cumberland Plateau and Alabama Valley and Ridge wells varied from 3.8 to 
1,922 gpm/ft.  

 Declining water levels in the aquifer are minimal to moderate and isolated resulting in 
minimal change in aquifer storage. Current static groundwater levels for 62 domestic, public, 
industrial, and agricultural wells were used to map the potentiometric surface of the Ft. Payne-
Tuscumbia aquifer in the Highland Rim (plate 99). Due to lack of well coverage, the 
potentiometric surface for the Fort Payne-Tuscumbia aquifer is not mapped in the Cumberland 
Plateau or the Alabama Valley and Ridge. 

POTTSVILLE AQUIFER 

 The Pottsville Formation is a large aquifer occurring in both the Cumberland Plateau and 
Alabama Valley and Ridge. Thickness ranges up to 20 ft in western regions and over 9,000 ft in 
eastern reaches (Osborne and others, 1989). The Pottsville Formation is economically significant 
due to the numerous coal beds found throughout the formation. The many faults and folds make 
it a hydrogeologically complex aquifer, and groundwater movement is generally limited to 
fracture zones, joints, and bedding planes (Hunter and Moser, 1990) and the aquifer is commonly 
confined due to sharp permeability contrasts within the aquifer (Stricklin, 1989). Recharge to the 
Pottsville occurs primarily from seasonal rainfall along exposures spanning from southern DeKalb 
and northern Cherokee Counties, southwest to central Shelby and northern Bibb Counties and 
west to Tuscaloosa, Fayette, and Marion Counties. In the northeast, groundwater recharges from 
areas of high hydraulic head (Sand Mountain, Lookout Mountain, Blount Mountain, and the 
Jackson County Mountains), to small rivers and streams in the valleys with low hydraulic head 
(Sequatchie Valley, Wills Valley, and Murphrees Valley) southwest in the Warrior Basin. In the 
northern sections of the Warrior Basin (Franklin, Marion, Winston, and Fayette Counties), 
groundwater moves southeast toward the Black Warrior River. In the central sections of the 
Warrior Basin (Cullman, Walker, and northern Jefferson Counties), groundwater moves toward 
small rivers and streams and the Black Warrior River.  

 Depth of Pottsville wells ranged from 23 ft to 1,400 ft in the Cumberland Plateau (table 9, 
appendix A) and from 55 ft to 520 ft in the Alabama Valley and Ridge. Depth to water in the 
Pottsville aquifer varied from land surface to 282 ft bls in the Cumberland Plateau and from 14.7 
ft to 113 ft bls in the Alabama Valley and Ridge.  

 Pumping rates for public supply, private supply, and irrigation wells varied from <1 gpm in 
Tuscaloosa County to 510 gpm in Blount County in the Cumberland Plateau. Wells in Tuscaloosa 
and Franklin Counties had the lowest pumping rates, generally less than 10 gpm, and the higher 
rates were in DeKalb and Blount Counties. Specific capacity varied from less than 1 gpm  to 125 
gpm/ft. Only one pumping rate was found for a well in the Alabama Valley and Ridge Pottsville. 
It was for a domestic well in Bibb County, which had a pumping rate of 21 gpm and a specific 
capacity of 1.05 gpm/ft. 

 Current static groundwater levels were determined for 160 private, state-owned, and public 
water supply wells constructed in the Pottsville aquifer and were used to map the potentiometric 
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surface in the Cumberland Plateau (plate 101). Static water level elevations in the Pottsville 
aquifer varied from near land surface to 282 ft bls. In general, water levels in the observed 
Pottsville wells have increased over their period of record indicating few issues with declining 
water levels. Static groundwater levels were determined for seven domestic wells constructed in 
the Alabama Valley and Ridge Pottsville and, as such, there is inadequate well control to 
determine the potentiometric surface for this region.   

VALLEY AND RIDGE AQUIFER SYSTEM 

 The Valley and Ridge aquifer system as depicted in plate 73 consists of several Paleozoic strata 
of Cambrian to Devonian age including the Weisner and Wilson Ridge Formations (quartzite and 
arkosic sandstone), Shady Dolomite (limestone, dolomite, chert, and silty clay), Rome Formation 
(mudstone, shale, siltstone, and sandstone), Conasauga Formation (limestone, dolomite, and 
shale of varying proportions), Brierfield Dolomite (dolomite with locally abundant chert), Ketona 
Dolomite (mostly chert free, remarkably pure dolomite), Bibb Dolomite (siliceous dolomite 
characterized by locally abundant chert), Knox Group (dolomite, siliceous dolomite, dolomitic 
limestone, cherty limestone, and chert-free, relatively pure micritic limestone), Little Oak 
Limestone-Lenoir Limestone (limestone, chert, bentonite), Athens Shale, Sequatchie Formation 
(siltstone, sandstone, and shale), Colvin Mountain Sandstone (sandstone), Greensport Formation 
undifferentiated (siltstone, micritic limestone, and shale), Red Mountain Formation (sandstone, 
siltstone, and shale), and Frog Mountain Formation (sandstone with shale interbeds, limestone, 
and chert).  

 Well depths ranged from 45 ft in the Shady Dolomite to 470 ft in the Knox Group and depth 
to water varied from 2 ft bls in the Tuscumbia Limestone and Fort Payne Chert undifferentiated 
to 157 ft bls in the  Tuscumbia Limestone and Fort Payne Chert undifferentiated (table 9, 
appendix A). Pumping rates varied from 2 gpm for a domestic well in the Rome Formation to 
2,250 gpm for a public well in the Knox Group. Specific capacity ranged from 0.1 gpm/ft for the 
Knox Group to 385 gpm/ft also in the Knox Group.  

 Important geologic formations in the Valley and Ridge aquifer are the Shady Dolomite (public 
supply mainly), Rome Formation (public supply mainly, some domestic), Conasauga Formation 
(public supply, domestic, and agricultural), Brierfield Dolomite (public supply, domestic), and the 
Knox Group (public supply, agricultural, and domestic). Declining water levels are minimal to 
moderate in the Shady Dolomite, moderate in the Rome Formation, and isolated to minimal in 
the Conasauga Formation. 

METASEDIMENTARY AND METAVOLCANIC AQUIFER 

 The regolith-fractured crystalline rock aquifer system in the Piedmont differs significantly 
from the other physiographic sections in the state. The uppermost layer of this system, the 
regolith, is composed of saprolite (the clay-rich, residual material derived from in-place 
weathering of bedrock), alluvium, and soil (Daniel and Sharpless, 1983). Because of its high 
porosity, the regolith provides most of the water storage in the crystalline rock system (Heath, 
1980). The regolith houses water in pore space between rock particles while the bedrock does 
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not have any significant porosity, instead, it contains the water in sheet-like openings that form 
along fractures (Daniel and Harned, 1997).  

 This hydrologically complex region contains three main aquifers defined on the basis of rock 
type and texture: (1) felsic metaigneous rocks, (2) metasedimentary and bimodal metaigneous 
rocks, and (3) mafic metaigneous rocks (Moore, 1992; Guthrie and DeJarnette, 1994; Guthrie and 
others, 1994). These three aquifer types comprise 16 hydrogeologic units characterized by 
unconfined heterogeneous two-component systems consisting of fractured crystalline bedrock 
and overlying regolith (Guthrie and others, 1994). The metasedimentary and metavolcanic 
aquifer is comprised of several metamorphic geologic units including the Talladega block, Coosa 
block, and Tallapoosa block in the Northern Piedmont, the Dadeville Complex in the Inner 
Piedmont, and the Opelika Complex, Uchee block, and Pine Mountain block in the Southern 
Piedmont.  

 Information about construction and pumping rates for wells in the Piedmont Upland 
physiographic section region is very poor. Well depth varied from 21.5 ft to 697 ft for a few wells 
in the Northern Piedmont, from 23 ft to 365 ft in the Inner Piedmont, and from 148 ft to 397 ft 
in the Southern Piedmont (table 9, appendix A). Current static groundwater levels for 114 
domestic, public, industrial, and agricultural wells were used to map the potentiometric surface 
of the metasedimentary and metavolcanic aquifer in the Piedmont Upland (plate 105). 

WATERCOURSE AQUIFER  

 The Quaternary Alluvium consists of varicolored fine to coarse quartz sand containing clay 
lenses and gravel in places (Osborne and others, 1989). Coastal deposits include fine to medium 
quartz sand with shell fragments and accessory heavy minerals along Gulf beaches and fine to 
medium quartz sand, silt, clay, peat, mud, and ooze in Mississippi Sound, Little Lagoon, bays, 
lakes, streams, and estuaries (Osborne and others, 1989). Thickness ranges from 0 to 150 ft west 
to east (Raymond and others, 1988). 

 Depth for 59 wells ranged from 4.2 to 240 ft bls while depth to water for 49 wells was 
recorded at 0 to 54.7 ft bls. Pumping rates for 42 wells varied from <10 to 750 gpm while specific 
capacity for 22 wells ranged from <1 to 77.5 gpm/ft. The GSA does not monitor any wells 
completed in the Watercourse aquifer and construction of a potentiometric surface map is not 
practical due to the association of alluvial deposits with major rivers.  

GROUNDWATER RECHARGE 

 Groundwater availability may be generally defined as the total amount of groundwater of 
adequate quality stored in the subsurface. However, groundwater availability is more complex 
than this simple definition. Unlike oil and gas, which is trapped in isolated subsurface 
accumulations with no generation of additional resource, water moves relatively freely, 
sometimes for great distances, and in most cases is constantly replenished from the land surface. 
In order to adequately determine availability, processes involved in recharge, storage, and 
production of groundwater must be understood.  

 Groundwater recharge involves infiltration of precipitation into the subsurface and down 
gradient flow under water table conditions through the unconfined recharge area. Some of this 
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water continues down gradient eventually as confined flow where it exists under artesian 
conditions. Water in the unconfined aquifer zone is situated in the pore spaces of granular 
formations and in open fractures of less permeable rocks (pore water).  

 Estimates of recharge can be useful in determining available groundwater, impacts of 
disturbances in recharge areas, and water budgets for water-resource development and 
protection. Numerous methods have been developed for estimating recharge, including 
development of water budgets, measurement of seasonal changes in groundwater levels, and 
flow velocities. However, equating average annual base flow of streams to groundwater recharge 
is the most widely accepted method (Risser and others, 2005) for estimating groundwater flow 
in and near aquifer recharge areas. Although it is desirable to assess recharge in watersheds with 
unregulated streams that are not subject to surface-water withdrawals, or discharges from 
wastewater treatment plants or industries, it is unrealistic to expect that no human impacts occur 
in any watershed.  

 Average precipitation in southeast Alabama is 55 inches per year (in/yr) (Southeast Regional 
Climate Center, 2016). Precipitation is distributed as runoff, evapotranspiration, and 
groundwater recharge. Sellinger (1996) described the various pathways of precipitation 
movement that compose stream discharge and determine the shape of a stream hydrograph (fig. 
21). However, for the purposes of this report, the pathways of precipitation movement shown in 
figure 21 are combined into two primary components: runoff and base flow. Runoff is defined as 
the part of total stream discharge that enters the stream from the land surface. Base flow is the 
part of stream flow supplied by groundwater, an essential component that sustains stream 
discharge during periods of drought and is equated to groundwater recharge. 

 Separating runoff and base flow from total stream discharge can be accomplished by several 
methods. For this assessment, baseflow separation methodologies were taken from two sources. 
The first set of tools is the “U.S. Geological Survey Groundwater Toolbox, A Graphical and 
Mapping Interface for Analysis of Hydrologic Data (Version 1.0)” (GW Toolbox) (Barlow and 
others, 2015). The GW Toolbox includes six hydrograph separation methods to calculate base 
flow: the Base-Flow Index (BFI-Standard and Modified), HYSEP (Fixed Interval, Sliding Interval, 
and Local Minimum), PART method, and the RECESS/RORA method. 

 The HYSEP program of Sloto and Crouse (1996) uses three methods originally developed by 
Pettyjohn and Henning (1979) to separate base flow and runoff components of a streamflow 
hydrograph: the fixed interval, sliding interval, and local minimum methods. The three methods 
are considered filtering separation methods and use different algorithms to draw connecting 
lines (the base flow hydrograph) between low points of the streamflow hydrograph (Barlow and 
others, 2015) 

 The BFI program (standard and modified) of Wahl and Wahl (1995) uses a procedure 
proposed in 1980 by the Institute of Hydrology in the United Kingdom. The BFI program divides 
the water year into N-day periods and the minimum flow during each N-day period is identified 
then compared to adjacent minima to determine turning points on the base flow hydrograph. 
Connecting the turning points completes the base flow hydrograph after which a base flow index, 
the ratio  between base flow and the total streamflow, can be calculated and used to estimate 
aquifer recharge (Wahl and Wahl, 1995). The PART program uses streamflow partitioning to 
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estimate a daily record of base flow under the streamflow record on days that are unaffected by 
surface runoff and uses these days to determine base flow for the total streamflow hydrograph 
(Rutledge, 1998). 

 The RORA program uses the recession-curve displacement method developed by Rorabaugh 
(1964) to estimate groundwater recharge for each peak in a streamflow record and is based on 
the measurement of the change in the total potential groundwater discharge as estimated at a 
critical time after the peak by extrapolation from the pre-peak and post-peak recession periods 
(Rutledge and Daniel, 1994; Rutledge, 1998). RORA requires the specification of a recession 

 
 

Figure 21.—Diagram and stormflow hydrograph illustrating pathways of  
movement of rainfall into stream (modified from Sellinger, 1996). 
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index, K, for the basin which can be determined as the time required for groundwater discharge 
to decline through one log cycle on a semi logarithmic plot of the logarithm of streamflow as a 
function of time (Rorabaugh, 1964). The RECESS program (Rutledge, 1998) is used to estimate K 
from a streamflow hydrograph during periods of negligible recharge and the estimate of K is 
automatically loaded into the RORA program (Barlow and others, 2015). 

 The second set of tools used for separating base flow from total streamflow is the Web-based 
Hydrograph Analysis Tool (WHAT) of Lim and others (2005) operated by the engineering 
department of Purdue University (https://engineering.purdue.edu/mapserve/WHAT). The 
WHAT program uses three different methods to calculate base flow: the local minimum method 
similar to Sloto and Crouse (1996), and two recursive digital filtering methods; a one parameter 
method of Lyne and Hollick (1979), Nathan and McMahon (1990); and a two parameter method 
of Eckhardt (2005). The Eckhardt (2005) two-parameter method uses a value termed BFImax, 

which is the maximum value of long term ratio of base flow to total streamflow (Lim and others, 
2005). Through studies on watersheds in Pennsylvania, Maryland, Illinois, and Germany, Eckhardt 
(2005) determined BFImax values of 0.80 for perennial streams with porous aquifers, 0.50 for 
ephemeral streams with porous aquifers, and 0.25 for perennial streams with hard rock aquifers. 
In order to better reflect the hydrologic conditions of a given watershed, Lim and others (2010) 
developed an automated module in the WHAT system called the BFImax GA-Analyzer to determine 
optimum BFImax  values to be used in the Eckhardt digital filtering method.  

 All of the methods discussed above automatically retrieve and use hydrologic time-series 
streamflow data from the USGS National Information Water System to separate base flow from 
total streamflow. The streamflow data is collected by the USGS from discharge gauging stations 
on streams located throughout the state of Alabama. Many of these stations have been 
discontinued or have gaps in the data which make assessing the data in a particular region 
difficult. Ideally, these base flow separation methods require several years of gapless streamflow 
data over similar timespans in order to determine total base flow for a given aquifer. Additionally, 
the drainage area from which the discharge station is collecting data may contain recharge areas 
for several different aquifers, making it difficult to assign a base flow component to an individual 
aquifer. This is particularly the case for the East Gulf Coastal Plain aquifers.  

 Four of the base flow separation methods described above were selected to analyze 
streamflow data and estimate recharge: the Part method (Rutledge, 1998), the HySEP-local 
minimum method (Sloto and Crouse, 1996), the BFI-modified method (Wahl and Wahl, 1995), 
and the two-parameter WHAT method (Eckhardt, 2005). The RORA/RECESS (Rutledge, 1998) was 
not selected because it is a time consuming multi-step process. Rutledge (1998) demonstrated 
that the PART method generally produced similar results to the RORA/RECESS method and was 
much easier to use. These methods were used to estimate recharge in the East Gulf Coastal Plain, 
Highland Rim, and Cumberland Plateau areas of Alabama. The complex geology of the Valley and 
Ridge and Piedmont sections of Alabama make regional estimates of recharge difficult to 
calculate and were not attempted for this assessment. 

https://engineering.purdue.edu/mapserve/WHAT
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EAST GULF COASTAL PLAIN 

 Volumes of groundwater recharge and distances of groundwater movement in Alabama 
coastal plain aquifers are highly variable and are influenced by a number of factors including 
precipitation, permeability of recharge areas, hydraulic connection and exchange of groundwater 
between aquifers, and aquifer confinement and hydraulic gradient. Permeability of Alabama 
coastal plain aquifer recharge areas is highly variable. However, on average, most aquifers 
receive adequate recharge to maintain long-term sustainability. Although few studies have been 
performed to determine the hydraulic interconnection of coastal plain aquifers in Alabama, 
knowledge of the stratigraphy of aquifers leads to the assumption that most aquifers that are in 
close vertical proximity have some degree of hydraulic connection. In southeast Alabama, pump 
tests and potentiometric surface mapping have shown that the Salt Mountain aquifer is 
hydraulically connected to the overlying Nanafalia and underlying Clayton aquifers (Cook and 
others, 2007). It is also known that the Eutaw aquifer is hydraulically connected to the underlying 
Gordo aquifer in Bullock, Barbour and Pike Counties in southeast Alabama (Cook and others, 
2013). The down gradient parts of most coastal plain aquifers in Alabama are highly confined 
although exchange of water between adjoining aquifers is likely. The direction of groundwater 
flow and the hydraulic gradient of aquifers in the coastal plain are controlled by the position of a 
particular locale relative to the Gulf of Mexico basin. Groundwater in the East Gulf Coastal Plain 
of Alabama generally flows towards the major rivers and hydraulic gradients vary from 20 to 50 
ft/mi. 

 Subsurface water movement occurs in two primary environments. The first environment is in 
and near the recharge area, where aquifers are unconfined or partially confined and groundwater 
movement is under water-table conditions with common groundwater/surface-water 
interaction. In this environment, precipitation infiltrates into the subsurface and moves down 
gradient and laterally into areas of low topography where the water discharges into streams or 
as seeps and springs. Groundwater/surface-water interaction is driven by hydraulic head (head) 
and serves to sustain streams during periods of drought when runoff is absent (groundwater 
head is higher than surface-water head) and contributes to aquifer recharge when stream levels 
are high (surface-water head is higher than groundwater head). Groundwater discharge to 
streams forms the base flow component of stream discharge, forms the sustainable flow of 
contact springs and wetlands, and supports habitat and biota. Subsurface water movement in 
this environment is generally less than 15 miles and occurs from the updip limit of an aquifer 
down gradient to the point where the aquifer is sufficiently covered by relatively impermeable 
sediments and becomes confined in the subsurface. 

 The second environment is characterized by subsurface water that underflows streams and 
areas of low topography down gradient to deeper parts of the aquifer. Groundwater in this 
environment is separated from the land surface by relatively impermeable sediments that form 
confining layers. Groundwater in the coastal plain can move relatively long distances from 
recharge areas in aquifers that contain fresh water at depths that exceed 2,500 ft (Cook, 2002). 
With increasing depth, groundwater becomes highly pressurized and moves slowly down 
gradient or vertically and laterally along preferential paths of highest permeability. As it moves, 
minerals are dissolved from the surrounding sediments and accumulate to transform fresh water 
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to saline water. This deep, highly mineralized groundwater eventually discharges into the deep 
oceans. 

 Table 10 lists estimates of recharge for major aquifers in the East Gulf Coastal Plain for the 
different base flow separation methods in gallons per day per square mile and in inches per year. 
These estimates are based on streamflow data from selected gauging stations whose drainage 
areas are mostly contained within the aquifers listed. In order to better define these numbers, 
streamflow modeling techniques will be needed that determine flow along geologic formation 
contacts in both gauged and ungauged streams flowing through aquifer recharge areas. 

CONFINED AQUIFER RECHARGE 

Aquifers in the East Gulf Coastal Plain of southeastern Alabama generally dip to the south-
southwest into the subsurface at rates of 20 to 40 ft/mi. As the distance from the recharge area 
(outcrop) increases, aquifers are overlain by an increasing thickness of sediments, some of which 
are relatively impermeable. At some point, down gradient aquifers become fully confined and 
have no hydraulic connection with the land surface.  

Groundwater flow (Q) can be estimated using Darcy’s law, which states that discharge is 
related to the nature of a porous medium (hydraulic conductivity—K), multiplied by the cross-
sectional area (A) of the medium, multiplied by the hydraulic gradient (dh/dl—head loss over the 
length of interest) (Fetter, 1994), 

Table 10.—Estimated unconfined or partially confined recharge for major aquifers in Alabama. 

Aquifer 

Recharge 
area 
(mi2) 

Modeled estimates of recharge 

Part 
HySEP-Local 

Minimum BFI-Modified 

WHAT 
(2 parameter 

method) 

gal/d/mi2 in/yr gal/d/mi2 in/yr gal/d/mi2 in/yr gal/d/mi2 in/yr 

Miocene 
undifferentiated 2,970 740,000 15.6 671,000 14.1 588,000 12.3 752,000 15.8 

Crystal River 
Formation 1,896 656,000 14.0 571,000 12.0 519,000 11.0 493,000 10.0 

Lisbon Formation and 
Gosport Sand 463 429,000 9.0 395,000 8.3 302,000 6.3 473,000 9.9 

Lisbon Formation 806 634,000 13.3 607,000 12.7 525,000 11.1 640,000 13.4 

Clayton/Nanafalia 
Formations 1,640 543,000 11.0 511,000 11.0 410,000 9.0 566,000 12.0 

Ripley Formation and 
Cusseta Member 1,057 246,000 4.2 224,000 3.8 164,000 2.8 404,000 8.5 

Tuscaloosa Group 4,050 543,000 11.4 498,000 10.5 429,000 9.0 571,000 12.0 

Pottsville Formation 
(Cumberland Plateau) 5,933 570,000 12.0 496,000 10.4 372,000 7.8 387,000 5.4 

Bangor Limestone 
(Highland Rim) 607 582,000 12.2 489,000 10.3 361,000 7.6 252,000 5.3 

Tuscumbia/Ft. Payne 
(Highland Rim) 2,179 583,000 12.2 521,000 11.0 415,000 8.7 250,000 5.2 
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Q = -KA (dh/dl)  

 Darcy’s law can be modified to estimate the total volume of flow in a confined aquifer by 
adding terms to account for aquifer thickness and aquifer area (Fetter, 1994). Darcy’s law then 
becomes 

Q = -Kb (dh/dl) · width 

where b is aquifer thickness and width is the lateral length of the aquifer. Aquifer thickness was 
taken from average net potential productive interval aquifer maps.  

 Geologic and hydrologic characteristics of aquifers in the East Gulf Coastal Plain can vary 
greatly across the width of the aquifer in Alabama, making statewide calculations of confined 
recharge difficult. These characteristics include the thickness, hydraulic gradient, and 
transmissivity of the aquifer. Most of the data available is from the eastern part of the East Gulf 
Coastal Plain where there is a greater concentration of wells; however, good transmissivity data 
is sparse and more effort will be needed to obtain these values across the state to better estimate 
confined recharge. Volumes of groundwater flow were determined for confined areas of major 
aquifers in the eastern part of the East Gulf Coastal Plain area using recently measured water 
levels, aquifer thicknesses, hydraulic gradients, and published estimates of transmissivity (Baker 
and Smith, 1997, Cook and others, 1997; Smith and others, 1996a, b, c; Kuniansky and Bellino, 
2012) from wells in the coastal plain (table 11).  

 Confined aquifer recharge for the Eutaw, Cusseta Member, Providence, and Lisbon and 
Tallahatta aquifers was not determined due to a lack of adequate transmissivity data. Also, the 
Crystal River aquifer is not included due to the fact that this aquifer is unconfined or partially 
confined throughout the project area.  

HIGHLAND RIM 

 Unlike the Coastal Plain where groundwater can move long distances from recharge areas in 
aquifers that exceed depths of 2,500 feet (Cook, 2004), groundwater recharge in much of the 
Highland Rim section is local. Recharge rates are controlled by a number of factors including 
porosity and permeability, which in Paleozoic aquifers, are mainly secondary and are 
characterized by leached fossils, fractures, and solution development. Most carbonate rocks in 
the Highland Rim are indurated and thoroughly cemented, resulting in limited intergranular 
porosity. Therefore, fractures provide much of the porosity and permeability for groundwater 
movement and storage. Fractures are characterized as stress-relief (vertical) and bedding-plane 
(horizontal) and are typically non-uniform and can vary significantly over short distances 
(Bossong and Harris, 1987). The principal constituent of these rocks is calcium carbonate (CaCO3), 

Table 11.—Estimated confined recharge for selected aquifers in the East Gulf Coastal Plain. 

Aquifer 
Transmissivity 

(ft2/d) 
Thickness  

(ft) 
Hydraulic 

gradient (ft/mi) 
Recharge 

(mgd) 

Gordo Formation 3,000 175 3.3 6.5 

Ripley Formation 7,500 100 11.4 37.8 

Clayton Formation 10,000 150 7.5 48.1 

Nanafalia Formation 4,470 50 8.3 24.6 
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a compound which is readily soluble by several dilute acids that are normally present in 
precipitation and runoff. However, the most significant process affecting solution development 
in these carbonate rocks is the production of carbonic acid by percolating groundwater. As water 
moves downward through the regolith, it encounters carbon dioxide (CO2), which is produced by 
decay of organic matter (Freeze and Cherry, 1979). Water and CO2 combine to form carbonic 
acid, H2CO3, which dissolves carbonate materials and aids in development of solution-enlarged 
fractures and cavities (Mann and others, 1996).  

 Recharge, originating from precipitation, may also be influenced by drought, seasonal 
precipitation, land surface slope, surface drainage, and the character of surface material. If the 
topography is relatively flat and surface materials are permeable, more surface water will 
infiltrate into local aquifers. Recharge may also be greater where faults and fractures are 
common, subjected to solution enhancement, and extend to the surface where they connect 
surface water and aquifers (Bossong, 1988; Baker and others, 2005). Table 10 lists estimates of 
recharge for the Tuscumbia-Ft. Payne and Bangor aquifers in the Highland Rim for the different 
base flow separation methods in gallons per day per square mile and in inches per year. These 
estimates are based on streamflow data from selected gauging stations whose drainage areas 
are mostly contained within those aquifers. 

CUMBERLAND PLATEAU 

 Similar to the Highland Rim, groundwater recharge in much of the Cumberland Plateau 
section is local. Recharge rates are controlled mainly by fractures characterized as stress-relief 
(vertical) and bedding-plane (horizontal) and are typically non-uniform and can vary 
significantly over short distances (Bossong and Harris, 1987). The predominant aquifer in the 
Cumberland Plateau is the Pottsville Formation, consisting of sandstone with interbedded 
shales and siltstones. These are rock types in which solution enhancement of fractures occurs 
very slowly so the porosity and permeability of the aquifer is more limited than in a carbonate 
aquifer. 

 Table 10 lists estimates of recharge for the Pottsville aquifer in the Cumberland Plateau for 
the different base flow separation methods in gallons per day per square mile and in inches per 
year. These estimates are based on streamflow data from selected gauging stations whose 
drainage areas are in the Pottsville Formation. There is some water production from the Bangor 
Limestone and Hartselle Sandstone in the extreme northern and northeastern part of the 
Cumberland Plateau, but due to the limited areal extent, discharge data was not available. 

GROUNDWATER STORAGE 

 As previously defined, available groundwater is the total amount of groundwater of adequate 
quality stored in the subsurface. However, this simple definition is not adequate to describe the 
complexities of groundwater occurrence and use, particularly in Alabama where complex 
geologic/hydrologic relationships are common. Alley and others (1999) defined groundwater 
sustainability as the development and use of groundwater in a manner that can be maintained 
for an indefinite time without causing unacceptable environmental, economic, or social 
consequences. The definition of "unacceptable" is largely subjective, depending on the individual 
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situation. The term safe yield should be used with respect to specific effects of pumping, such as 
water level declines or reduced stream flow. Thus, safe yield is the maximum pumpage for which 
the consequences are considered acceptable (Ponce, 2007). 

 Groundwater sustainability is based on the rate of water removal, volume of water available 
(water in storage and rate of replenishment), and the ability of an aquifer to yield water (effective 
porosity). The hydraulic impact of water production is observed in declining hydraulic head and 
aquifer water levels. In confined aquifers with acceptable rates of groundwater production, 
water is removed and head declines, yet aquifers remain fully saturated and potentiometric 
surfaces remain above the stratigraphic tops of geologic units. Therefore, useable aquifer storage 
is the volume of water that can be removed while maintaining head above the stratigraphic top 
of the aquifer. 

EAST GULF COASTAL PLAIN 

 Specific storage (Ss) is the amount of water per unit volume of a saturated formation 
that is expelled from storage due to compressibility of the mineral skeleton and the pore water 
per unit change in head (Fetter, 1994). Accurate determination of specific storage requires a 
number of terms including density of water (ρ), gravitational acceleration (g), compressibility of 
the aquifer skeleton (sand in this case) (α), compressibility of water (β), and average effective 
porosity (η). All terms are generally known except effective porosity. 

Ss = ρg(α + ηβ), where 

 ρ = 1,000 kg/m3  or  1.94 slugs/ft3 

g = 9.81 m/sec2  or  32.15 ft/sec2 

α  = 1 x 10-8 m·sec2/kg or 1/Pa-1  or m2/N 

η =  effective porosity of aquifer 

β = 4.4 x 10-10  m·sec2/kg or 1/Pa-1  or m2/N 

 Effective porosity is that portion of the total void space of a porous material that is capable 
of transmitting water (Barcelona and others, 1984). One of the most accurate determinations of 
porosity is obtained from neutron/density geophysical logs. Neutron/density logs were available 
from oil and gas test wells in the East Gulf Coastal Plain, however, only a few logged through the 
fresh water zones of the aquifers. Values were recorded for coarse-grained units with effective 
porosities identified by Net Potential Productive Interval mapping. 

 The storage coefficient, or storativity (S), is the volume of water that a permeable unit will 
absorb or expel from storage per unit surface area per unit change in head. Therefore, storativity 
of a confined aquifer is the product of the specific storage and the average saturated aquifer 
thickness (b) (Fetter, 1994): 

S = Ssb 

 Storativity is a dimensionless number generally varying between 0.00005 to 0.005 in confined 
aquifers (Freeze and Cherry, 1979). When storativity is multiplied by the surface area overlying 
an aquifer (A) and the average hydraulic head above the stratigraphic top of a confined aquifer 
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(h), the product is the volume of available groundwater in storage in a confined aquifer (Vw) 
(Fetter, 1994): 

Vw = SAh 

 Table 12 shows measured and estimated effective porosity, aquifer thickness, storativity, and 
the volume of available groundwater in storage for major confined aquifers in the East Gulf 
Coastal Plain. Aquifer characteristics, such as thickness and porosity, can vary across the width of 
the aquifer so some of the aquifers were divided into an east and west zone for storage 
calculations. Groundwater in storage for the Lower Cretaceous undifferentiated is included in 
table 12. Currently, Lower Cretaceous sediments are not developed as water sources in Alabama. 
However, evaluations of electric and geophysical logs and drill cutting descriptions in oil and gas 
test wells in the eastern part of the East Gulf Coastal Plain indicate that Lower Cretaceous 
sediments may have future potential as sources of fresh water.  

HIGHLAND RIM AND CUMBERLAND PLATEAU 

 Due to the inability to accurately predict the amount of water in subsurface storage and the 
unconfined nature of the aquifers, volumes of groundwater recharge estimated for the Highland 
Rim and Cumberland Plateau water were assumed to be the amount of available groundwater. 
Since aquifer recharge is a dynamic process, available groundwater is expressed in volume per 
unit time. While large volumes of water, particularly in the Highland Rim limestone aquifers can 
be produced, the non-uniform distribution of fractures and, in the case of limestone aquifers, 
solution channels and cavities, makes the prediction of groundwater movement and occurrence 

Table 12.—Estimated storage for major aquifers in the East Gulf Coastal Plain. 

Aquifer 
Aquifer 

Zone 

Average 
effective 
porosity 
(percent) 

Confined 
aquifer area 
(freshwater) 

(mi2) 

Aquifer 
potential 

productive 
interval 

thickness (ft) 

Storativity 

Available groundwater 
in storage 

ft3 x 109 gal x 109 

Lower 
Cretaceous 

East 28 2,400 350 0.01058 708.1 5,296 

Coker Formation East 32 4,500 210 0.00636 718.2 5,372 

Eutaw and 
Gordo 
Formations 

East 35 4,000 225 0.00682 684.9 5,123 

Ripley 
Formation 

East 30* 4,600 100 0.00303 135.8 1,016 

West 26 860 100 0.00302 39.9 298.3 

Clayton 
Formation and 
Salt Mountain 
Limestone 

East 40* 1,980 325 0.00988 300 2,243 

Salt Mountain 
Limestone 

West 38* 3300 75 0.00228 115.4 863.1 

Nanafalia 
Formation 

East 30* 1,320 75 0.00227 37.6 281.2 

West 30* 2,100 50 0.00151 62.4 466.7 

 *Estimated average effective porosity 
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extremely difficult. Table 13 lists the estimated volumes of available groundwater for the major 
aquifers in the Highland Rim and Cumberland Plateau for the different methodologies used to 
calculate estimates of recharge. 

SUSTAINABLE GROUNDWATER DEVELOPMENT 

 Sustainability of groundwater resources can be somewhat difficult to define in a precise way 
that is universally acceptable. Alley and others (1999) have defined groundwater sustainability 
as the development and use of groundwater in a manner that can be maintained for an indefinite 
period of time without causing unacceptable environmental, economic, or social consequences 
with the caveat that the term “unacceptable consequences” is largely subjective with many 
criteria that may be needed for definition. 

 Downing (1998) listed goals for sustainable groundwater development that leads to a long-
term approach and vision as a way to assure future availability: sustainable long-term yields from 
aquifers, effective use of the large volume of water stored in aquifers, preservation of 
groundwater quality, preservation of the aquatic environment by prudent removal of 
groundwater, and integration of groundwater and surface water into a comprehensive water and 
environmental management system. A long-term approach to groundwater management is 
required because of several reasons (Alley and others, 1999). First, groundwater is a slowly 
renewable resource, replenished by precipitation, many times slower than the rate of 
withdrawal. Secondly, groundwater development occurs over long periods of time and the 
effects of current and future development must be considered. And third, impacts and effects of 
pumping tend to manifest themselves slowly over time.  

 Developing groundwater budgets can be a practical method for understanding groundwater 
availability in areas prior to pumping (predevelopment water budget) and after groundwater 
resources have been developed. Groundwater budgets are all unique in that the amount of water 
flowing through a system is dependent on external factors such as the rate of precipitation, the 
location of streams, rivers, and lakes, and the rate of evapotranspiration—factors that are all 
quite variable across the landscape. The accounting of all inflows, outflows, and changes in 

Table 13.—Estimated storage for major aquifers in the Highland Rim and Cumberland Plateau. 

Aquifer 
Area 
(mi2) 

Estimate of Storage 

Part 
HySEP-Local 

Minimum 
BFI-Modified 

WHAT 
(2 parameter 

method) 

Billion 
g/yr 

Million 
g/d 

Billion 
g/yr 

Million  
g/d 

Billion 
g/yr 

Million  
g/d 

Billion 
g/yr 

Million 
g/d 

Tuscumbia/Ft. Payne 
(Highland Rim) 

2,179 464 1,270 414 1,140 330 904 199 545 

Bangor Limestone 
(Highland Rim) 

607 128 353 108 297 80.0 219 55.8 153 

Pottsville Formation 
(Cumberland Plateau) 

5,933 1,230 3,380 1,074 2,940 806 2,207 838 2,296 
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storage is termed a groundwater budget and it is assumed that a predevelopment groundwater 
budget has been in equilibrium for very long periods of time. In predevelopment systems, 
recharge to the system essentially equals discharge from the system and the discharge to streams 
is commonly termed baseflow. 

 Natural groundwater systems are impacted by pumping, changing recharge patterns altered 
by irrigation and urban development, changing vegetation type, and other related activities. 
Water that leaves a system through pumping must originate somewhere in the system either 
from more water entering the system (increases in recharge), less water leaving the system 
(decreases in discharge), removal of water stored in the system, or some combination of all three. 
The relative changes of these three system components (recharge, discharge, storage) evolve 
with time and the hydrological stresses inflicted on the system (Alley and others, 1999). 
Additionally, drought and climate changes are significant factors to consider in creating 
groundwater budgets as well.  

 Pumping withdrawals can change the predevelopment water budget, sometimes 
significantly, and natural groundwater flow patterns by affecting the amount and rate of water 
movement in the system, entering the system, and leaving the system. Using a predevelopment 
groundwater budget to predict or calculate “safe yields,” meaning the rate of groundwater 
withdrawal does not exceed the rate of natural recharge, may lead to an oversimplification of 
the processes that needs to be evaluated and monitored in a groundwater system to adequately 
determine sustainable development. This notion of “safe” yield based on predevelopment 
concepts has been referred to as the “water-budget myth” (Bredehoeft and others, 1982) and 
this myth should be avoided when considering and using budgets to understand groundwater 
availability. As the system is changed through human activities, all of the water budget 
components change as well, and calculation of a general predevelopment water budget by itself 
is of very limited value in determining the amount of groundwater that can be withdrawn on a 
sustainable basis. 

 The Alabama statewide groundwater assessment has provided estimated values for three 
(recharge, storage, and discharge) of the four system components needed to create groundwater 
budgets. The OWR captures groundwater use estimates through its Alabama Water Use 
Reporting System for withdrawals in excess of 100,000 gal/d. Water use by public water supply 
systems that use groundwater are captured by the water use reporting system, but many other 
groundwater uses, particularly agricultural irrigation, are not captured, and this is a significant 
gap in our ability to create meaningful groundwater budgets.  

FUTURE GROUNDWATER ASSESSMENT PLANS 

 During the course of conducting this assessment many knowledge gaps and needs were 
identified in the state’s groundwater monitoring system, the quality of water well information, 
the availability of synoptic groundwater quality information, and the direction of groundwater 
investigations in the immediate future. These needs are outlined below and will constitute the 
core program of the Groundwater Assessment Program at GSA in the immediate time frame and 
in the foreseeable future.  
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RBDMS DATABASE 

 Continue entering well information from GSA files. Approximately 28 percent of the files 
have been captured digitally. Future plans are to have parts of the database open to the 
public. 

 Acquire additional well information from agencies, drillers, and others involved in water 
well exploration, drilling, development, and production. 

 Encourage better enforcement of existing reporting requirements for well drilling by 
requiring the accurate completion and submission of well records. Work with state 
agencies, associations, and drillers to improve the quality and completeness of water well 
information submitted for all regulatory drilling approval purposes. 

 Follow RBDMS development in needed firmware/software updates and essential needs 
to minimize third party error and compatibility as operative systems evolve.  

REAL-TIME AND PERIODIC WELL MONITORING SYSTEM 

 Continue to upgrade the real-time monitoring system by finding new well locations to 
satisfy assessment needs. 

 For real-time monitoring wells or areas that cannot be converted to real-time due to 
inadequate funds or equipment needs, the installation of continuous well monitoring 
hardware and required maintenance is recommended. These sites must be visited by staff 
to download data and provide periodic maintenance of the equipment. 

 Add real-time monitoring wells that reflect both confined and unconfined aquifers in 
strategic locations throughout the state to assist in improving recharge estimates and 
provide water level coverage in high priority areas. 

 Periodic wells are those intended to be measured semi-annually (high and low water 
levels) to maintain a performance database and continue to develop long-term water 
level trends for different regions and geologic strata in the state. Currently there are 
around 468 wells measured annually for water level, typically in the dry fall period. 
Through the years, around 200 wells have been lost for monitoring purposes by either 
being destroyed, closed, or the casing compromised. Locating replacement wells to fill 
these geospatial and aquifer monitoring gaps is a priority. The 2,448 wells measured for 
this statewide groundwater assessment provide a high resolution of groundwater well 
locations and will be the basis of finding additional wells to complement the annual 
periodic well monitoring program. 

STATEWIDE GROUNDWATER INVESTIGATIONS 

 It is recommended that recharge areas, recharge rates, and aquifer storage estimates 
continue to be evaluated and updated.  

 Mapped products including cross-section diagrams, potentiometric surface maps, 
formation tops, and NPPI maps will continue to be updated as needed and posted to the 
GSA groundwater assessment web site.  
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 The demands on groundwater resources due to municipal, industrial, and agricultural 
uses should drive additional regional and site specific hydrogeological investigations and 
assessments in those areas impacted. 

 Groundwater impacts due to stress from adjoining state use or interbasin water transfers 
should be closely monitored. 

 A detailed in-house interactive GIS database should be developed to facilitate further 
research in the areas of drought monitoring, data gap analysis, and address future 
groundwater assessment needs. 

 Continue research into defining geologic and hydrogeologic characteristics of the 
Miocene strata in southwest Alabama. 

STATEWIDE GROUNDWATER QUALITY INVESTIGATIONS 

 Alabama does not have a comprehensive, statewide assessment of groundwater quality. 
The goal of this program will be to collect groundwater samples throughout the state and 
begin to build a statewide database of groundwater quality conditions. In addition to 
groundwater wells, this sampling effort will include selected springs, streams, and 
possibly caves. It is recommended that groundwater quality be assessed on a regular basis 
where wells and springs are revisited in 5- to 10-year increments. This effort will be 
coordinated with other state agencies to accommodate any groundwater data needs they 
may have. 

 Water quality parameters are to include physical and aggregate properties, inorganic 
nonmetallic constituents, inorganic metallic constituents, and selected organic 
constituents. 

 The statewide water quality investigation will be publicly accessible through the GSA 
website and updated frequently as data are acquired. Development of metadata 
documentation for water quality samples will accompany the data.  
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APPENDIX A 
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APPENDIX C 

DETAILED DESCRIPTIONS OF AQUIFER HYDROGEOLOGY, WELL HYDROGRAPHS, AND WELL 
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EAST GULF COASTAL PLAIN SECTION 

By Ralph Norman IV, Amye S. Hinson, Stephen P. Jennings,  
Gheorghe M. Ponta, and David K. Tidwell 

 The East Gulf Coastal Plain Section of the Coastal Plain Physiographic Province covers 
approximately 37,413 mi2 of Alabama, encompassing numerous counties within the state from 
southeastern Alabama to southwestern Alabama and north to northwest Alabama. The Coastal 
Plain Province exhibits significant relief in places, unlike the relatively flat topography 
characterizing coastal areas in neighboring states, which can be ascribed to a combination of 
erosional processes, variety of rock types, and associated structural members (Copeland, 1968). 
The Coastal Plain is divided into four systems in descending order: Cretaceous, Paleogene, 
Neogene, and Quaternary (Osborne and others, 1989) (fig. C-1), with a nearly complete sequence 
of Upper Cretaceous, Paleogene, and Neogene sediments exposed (Copeland, 1968). 

 The East Gulf Coastal Plain (plate 81) is characterized by gently rolling hills and can be 
subdivided into the Fall Line Hills, Black Prairie, Chunnenuggee Hills, Southern Red Hills, Lime 
Hills, and Southern Pine Hills (Copeland, 1968). The Fall Line Hills have a maximum width in 
western Alabama of roughly 50 miles and extends from western Tennessee, northeastern 
Mississippi,central Alabama, and across Georgia are denoted as a dissected upland with limited 
broad, flat ridges, which are themselves separated by valleys that range from 100 to 200 ft deep 
(Copeland, 1968). The Fall Line Hills are located in a zone where streams descend from Piedmont 
crystalline rocks and Paleozoic sedimentary rocks to sand and clay of pre-Selma age in the Coastal 
Plain (Copeland, 1968). South of the Fall Line Hills lies the Black Prairie which occupies a narrow 
area covering approximately 8,000 mi2 and extends from northeastern Mississippi into central 
Alabama, but is not present in easternmost  Alabama due to facies changes (Copeland, 1968). 
The Black Prairie is characterized by an undulating deeply weathered plain of low relief, 
developed mainly on the chalk and marl of the Selma Group (Copeland, 1968). 

 The Chunnenuggee Hills lie south of the Black Prairie and consist of a pine forested series of 
sand hills and cuestas developed on the Ripley Formation and Prairie Bluff Chalk in western 
Alabama and widens in eastern Alabama where they are developed on the Blufftown Formation, 
Ripley Formation, and Providence Sand (Copeland, 1968). 

 The Southern Red Hills have a comparatively high degree of relief with large areas of “red 
levels” consisting of undissected uplands near the outer edge of the belt. The district is more 
than 10 miles wide and extends from the Pearl River in Mississippi across Alabama in the lower, 
middle part of the state and is developed on the siliceous claystone and sandstone of the 
Tallahatta Formation (Copeland, 1968). The Flatwoods Subdistrict (plate 81), a lowland roughly 5 
to 8 miles wide that extends from Sumter County to just east of the Alabama River along the 
northern edge of the area (Copeland, 1968).The Buhrstone Hills district is found along the 
southern edge of the Southern Red Hills, forming cuestas rising 300 to 400 ft above nearby 
streams, and is considered the most rugged topographic region in the Alabama Coastal Plain 
(Copeland, 1968). 

 The Lime Hills district is an area of rugged topography extending eastward from the Alabama-
Mississippi state line in a belt 5 to 8 miles wide across southwestern Choctaw County (Copeland, 
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1968). The southern flank of the Hatchetigbee anticline lies in the Lime Hills and affects an area 
roughly 50 miles long and 20 miles wide, with stratigraphic displacement at the land surface 

 
Figure C-1.—East Gulf Coastal Plain stratigraphic column (modified from Raymond and others (1988) and 

Moore (1998). Map is color coded to match Aquifer Recharge Areas map (Moore, 1998).   
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roughly 600 to 700 ft (Copeland, 1968). The Southern Pine Hills form a cuesta-like dissected plain 
that slopes southward and is developed on Miocene estuarine deposits to the north and on sand 
and gravel of the Pliocene Citronelle Formation to the south (Copeland, 1968). 

 The East Gulf Coastal Plain in Alabama includes all or parts of 45 counties from northwestern 
Alabama south to the Gulf of Mexico and southeastward to the Alabama-Georgia state line (plate 
81), and for this investigation includes geologic formations of Cretaceous, Paleogene, Neogene, 
and Quaternary age. In ascending order the upper Coastal Plain includes the following: Upper 
Cretaceous, Paleocene, Eocene, Oligocene, Miocene, Pliocene, Pleistocene, and Holocene series 
(Osborne and others, 1989).  

 The Upper Cretaceous Series include the Tuscaloosa Group, the Eutaw Formation, and the 
Selma Group (Osborne and others, 1989). The Tuscaloosa Group is comprised of the Tuscaloosa 
Group undifferentiated at the outcrop in southeast Alabama and underlain by the Coker 
Formation, and in west Alabama by the Gordo and Coker Formations (Osborne and others, 1989). 
The Eutaw Formation is included in the Upper Cretaceous Series, but is not included in any 
groups, and falls between the older Tuscaloosa Group and the younger Selma Group (Osborne 
and others, 1989). The Selma Group is comprised of the Mooreville Chalk, Arcola Limestone 
Member, Demopolis Chalk, Ripley Formation, Bluffport Marl Member, and the Prairie Bluff Chalk 
in western Alabama, and the Blufftown Formation, Cusseta Sand Member of the Ripley 
Formation, Ripley Formation, and Providence Sand in eastern Alabama (Raymond and others, 
1988). 

 The Paleocene Series includes the Midway Group and most of the Wilcox Group. The Midway 
Group is comprised of the Clayton, Porters Creek, and Naheola Formations (Osborne and others, 
1989). The Wilcox Group is comprised of the Nanafalia Formation, Salt Mountain Limestone, 
Tuscahoma Sand, and the Hatchetigbee Formation with the Hatchetigbee Formation included in 
the Eocene Series (Osborne and others, 1989). 

 The Eocene Series is comprised of the Hatchetigbee Formation of the Wilcox Group, the 
Claiborne Group, and the Jackson Group (Osborne and others, 1989). The Claiborne Group 
includes the Tallahatta Formation, Lisbon Formation, and Gosport Sand in western Alabama 
(Osborne and others, 1989). The Jackson Group includes the Moodys Branch Formation and 
Yazoo Clay in west Alabama and the Moodys Branch and Crystal River Formations in eastern 
Alabama (Raymond and others, 1988). In regions where the formations are indistinguishable, the 
units are mapped together as the “Jackson Group undifferentiated” (Osborne and others, 1989) 

 The Oligocene Series is composed of the Bumpnose Limestone, Red Bluff Clay, Forest Hill 
Sand, Marianna Limestone, Glendon Limestone and Bucatunna Clay Members of the Byram 
Formation, Chickasawhay Limestone, and Paynes Hammock Sand (Osborne and others, 1989). In 
some regions it is difficult to discern the individual formations and so in those areas the 
formations are mapped together as the “Oligocene undifferentiated.”  

 The Neogene system includes the Miocene Series and Pliocene Series. The Quaternary system  
includes the Pleistocene Series and Holocene Series (Szabo and others, 1988). The Miocene Series 
includes the Catahoula Sandstone, the Hattiesburg Formation, and the Pascagoula Formation. 
The Pliocene Series and Pleistocene Series contains the Graham Ferry Formation and the 
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Citronelle Formation, high terrace deposits, and alluvial, coastal, and low terrace deposits (Szabo 
and others, 1988). Terrace, alluvial, and coastal deposits can also be Holocene. 

 Three major fault zones are located within the coastal plain study area: the Mobile graben, 
the Gilbertown-West Bend-Coffeeville fault zone, and the Livingstone fault zone. The Mobile 
graben is a complex, north-south oriented fault system that extends from west-central Clarke 
County southward to east-central Mobile County. Near the surface, the Mobile graben varies 
from approximately 2 to 10 miles in width. However, at great depths it narrows considerably as 
the major faults of the graben system converge. These are “normal” or “gravity” faults that 
increase in displacement with depth. In terms of fault displacement, the Mobile graben is the 
largest fault system in south Alabama. Forming the eastern side of this graben is the Jackson fault, 
which has a displacement of 1,400 ft on the surface and a displacement exceeding 4,000 ft at a 
depth of about 3,000 ft. The fault that forms the western side of the graben is not exposed at the 
surface, but data from available oil and gas well records indicate the fault has a maximum 
displacement of a few hundred feet near the surface and more than 3,000 ft at depths greater 
than 16,000 ft (Hinkle, 1984).  

 Subsidence and fault displacements within the Mobile graben system possibly began as early 
as Late Jurassic time and are closely related to the flowage of the deeply buried Louann Salt of 
Jurassic age. Abnormally thick sediments within the graben complex, however, indicate that the 
fault movements were greatest during Late Cretaceous, Paleogene, and Neogene (Hinkle, 1984). 

 The Gilbertown-West Bend-Coffeeville fault zone extends from Mississippi eastward through 
southern Choctaw County and into northwestern Clarke County, then south and southeastward 
through central and southern Clarke County. This fault system consists of a series of echelon 
grabens and normal faults, and has a width of about 3 to 4 miles on the surface. This fault zone 
is similar to the Mobile graben in that the faults are “growth” structures related to the flowage 
of deeply buried salt. Abnormally thick sediments also occur within the grabens. Displacements 
on the major faults of this zone may vary from about 50 to 1,500 ft on the surface to as much as 
3,500 ft or more at depth below 10,000 ft (Hinkle, 1984).  

The Livingston fault zone extends from northwestern Sumter County southeastward into 
north-central Marengo County. Unlike the Mobile graben and the Gilbertown-West Bend - 
Coffeeville fault zone, the Livingston zone lies outside the salt basin and does not display growth 
characteristics.  Instead, the Livingston zone is composed of a series of horsts and grabens that 
are bounded by high-angle reverse faults, a type very uncommon in south Alabama and the origin 
of which is not well understood. Fault displacements may exceed 90 feet, but probably average 
about 40 feet. Many of the shallow aquifers in the vicinity of the Livingston fault zone contain 
waters with high chloride concentrations, because the saline waters from deeper formations 
travel upward along the faults and mix with the fresher waters of those aquifers (Hinkle, 1984) 

 Information from 1,729 water wells in the East Gulf Coastal Plain (fig. C-2) were used to 
evaluate the region’s hydrogeology. Some wells are screened in multiple aquifers; therefore, the 
data from these wells was used for multiple aquifers. Public supply wells were most common 
with 840 (48.6 percent of wells in the East Gulf Coastal Plain) followed by 599 domestic wells 
(34.6 percent), 191 agricultural wells (11.0 percent), 79 observation wells (4.6 percent), and 20 
industrial supply wells (1.2 percent).  
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 The majority of the wells constructed in the Coastal Plain are used as public water supply 
sources and located near major cities (fig. C-2). Domestic wells tend to be constructed beyond 
city limits in many counties, and many domestic wells are constructed along the upper boundary 
of the East Gulf Coastal Plain, near the outcrop of the uppermost formations. 

TUSCALOOSA GROUP 

 The Tuscaloosa Group is part of the Upper Cretaceous Series and comprised of the Coker 
Formation, middle marine shale, Gordo Formation, and the Tuscaloosa Group undifferentiated 
in east Alabama. The western portion of the Coker Formation outcrop is approximately 500 ft 

 
Figure C-2.—East Gulf Coastal Plain well distribution and type. 
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thick with the Eoline Member outcropping in the lower part of the section. The eastern portion 
of the Coker Formation outcrop region is approximately 250 to 500 ft thick. The middle marine 
shale is often not recognized at the surface yet it is a thin, widespread unit that occurs throughout 
the subsurface of Alabama (Smith, 2010). The majority of the middle marine shale is located in 
east-central and southeastern Alabama and ranges in thickness from 95 ft to 125 ft and used to 
differentiate the Coker and Gordo Formations (Smith, 2010). The Gordo Formation outcrop is 
approximately 300 ft thick in the western portion and approximately 100 ft thick in the eastern 
portion of the state. The Tuscaloosa Group undifferentiated outcrops are approximately 300 ft 
thick (Szabo and others, 1988). As of the date of this report, only one well in GSA’s dataset, G-21-
1 in Lee County, is constructed in the outcrop of the Tuscaloosa Group undifferentiated to a depth 
of 30 ft bls. 

COKER FORMATION 

 The Coker Formation constitutes the lower part of the Tuscaloosa Group. However, 
Tuscaloosa strata exposed in Macon, Lee, and Russell Counties are indistinguishable and are 
mapped as Tuscaloosa Group undifferentiated (Cook and others 2014). In western Alabama the 
formation is described as light-colored micaceous very fine to medium sand, crossbedded sand, 
varicolored micaceous clay, and with a few thin gravel beds containing quartz and chert pebbles. 
Beds of thinly laminated finely glauconitic very fine to fine sand, silt and dark-gray carbonaceous 
clay (Eoline Member) occur in the lower part of the unit in western Alabama. Locally, quartz and 
chert gravels at the base of the formation range in size from very fine pebbles to large cobbles 
(Szabo and others, 1988). 

 In the southeastern portion of the state, the formation is described as light-gray to moderate-
reddish-orange poorly sorted, clayey, gravelly fine to very coarse sand with interbeds of grayish-
green to moderate-red sandy clay and well-sorted medium quartz sand. Gravels consist mostly 
of quartz and quartzite and range in size from very fine pebbles to large cobbles. In southeastern 
Elmore County the formation includes marine sediments consisting of glauconitic, fossiliferous, 
quartzose fine to medium sand and medium-gray carbonaceous silty clay. The Coker Formation 
is not mapped east of the Tallapoosa River (Szabo and others, 1988); however, this formation can 
be distinguished from the Gordo Formation in east and southeast Alabama based on e-logs; 
therefore, the Coker Formation is mapped on the structural maps and cross-sections presented 
in this report 

 As used herein, and as generally applied to the three-fold subdivision of the Tuscaloosa Group 
throughout Alabama, the top of the Coker Formation is marked by its contact with the overlying 
“middle marine shale.” Eargle (1955) noted that the Coker Formation in Bullock County rests on 
much older “Precambrian to Triassic” igneous and metamorphic rocks. These rocks are dense and 
relatively impermeable and are not a viable source of water in Bullock County (Scott, 1962). 
Toward the south, in both Pike and Barbour Counties, the Coker Formation may rest on sands 
and gravels of pre-Coker early Cretaceous age (Applin and Applin, 1947). The age determination, 
identification, and mapping of these pre-Coker sedimentary rocks, if present, will require more 
detailed investigation and are beyond the scope of this study. The limited available data suggest 
that the top of the Coker Formation ranges in depth from about -600 ft MSL in the northern part 



 

233 

of Bullock County, to perhaps -2,200 to -2,300 ft MSL in southern Pike and Barbour Counties 
(Smith, 2001). 

FORMATION TOPS 

 The structure contour map (plate 70) indicates that the top of the Coker Formation dips 
toward the south, or south-southwest, within the western part of the mapped area, at about 46 
ft/mi. Geologic cross sections (SS-SS′, plate 46; TT-TT′, plate 47; VV-VV′, plate 49; WW-WW′, plate 
50; and YY-YY′, plate 52) depict the subsurface geologic structure of the Coker Formation. In the 
fault zones, based on the density of the contour lines, a significant amount of movement is 
recorded (plate 70). The cross sections in the study area are not deep enough to show the 
displacement as a result of these fault systems. Well data suggest that the minimum subsurface 
thickness of the Coker Formation in the fault zone is about 400 to 450 ft and may very well exceed 
this thickness by a considerable amount (Smith, 2001).  

 The Coker Formation east of the Tallapoosa River is mapped as Tuscaloosa group 
undifferentiated at the land surface. Based on the geophysical logs in two wells located east of 
the Tallapoosa River, the Tuscaloosa Group was separated into the Coker and Gordo Formations 
as shown in two cross sections oriented E-W (plates 47, 49). On cross section VV-VV′ (plate 49), 
the Coker Formation is intercepted in well 113-V-6-1 (southeastern corner of Russell County, on 
the Alabama/Georgia state line) at 1,044 ft bls (-793 ft MSL) with a thickness of 500 ft. In the 
central-eastern part of Russell County in well 113-K-10-7 (plate 47), the Coker Formation was 
intercepted at about 455 ft bls (-221 ft MSL), with a thickness of 140 ft. Thickness of the Coker at 
this well site is controlled by an uplift of the basement rocks. 

 West of the Tallapoosa River on cross section SS-SS′ (plate 46), with a general N-S orientation, 
the Coker Formation dips to the south with a thickness ranging between 100 and 200 ft. The 
Coker Formation was intercepted on two cross sections with a general N-S orientation: YY-YY′ 
(plate 52) with an average thickness of 440 ft and cross section WW-WW′ (plate 50) with a 
thickness ranging from 260 ft to 500 ft. 

NET POTENTIAL PRODUCTIVE INTERVALS  

 Net potential productive interval (NPPI) mapping for the Coker aquifer in Alabama is based 
on 49 wells, of which 2 were OGB wells with only induction/electric logs (resistivity and 
spontaneous potential). All logs were reduced to a scale of 2 in/100 ft, for easier comparison and 
interpretation. 

 Based on NPPI mapping for the Coker aquifer (plate 71) in Alabama, the thickest NPPIs occur 
in well 13-J-21-1 in Butler County at about 308 ft net sand thickness, 225 ft net sand thickness in 
well 119-E-32-1 in Sumter County, and in the southeastern corner of Russell County at 162 ft net 
sand thickness in well 113-V-6-1. A secondary thick NPPI trend extends from northwestern 
Montgomery County, through Selma in Dallas County to Eutaw in central Greene County, and 
ranges between 50 and 100 ft (plate 71). 

 The downdip limit of water production in the Coker aquifer is presently unknown. Well 113-
V-6-1 located in southeastern Russell County is the most southerly freshwater production from 
the Coker aquifer established to date, at a screened depth of 1,492 ft (-1,241 ft MSL). Additional 
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drilling and testing is needed to verify preliminary indications from geophysical well logs taken 
from oil and gas test holes that fresh water may exist in the Coker Formation farther to the south. 

HYDROGEOLOGY 

WELL INFORMATION 

 A total of 206 wells constructed or partially constructed in the Coker aquifer were evaluated 
for hydrogeologic parameters. Well depths were available for 202 wells screened in the Coker 
aquifer and ranged from 19.5 ft bls near the outcrop to 2,675 ft bls downdip of the formation 
(appendix A). Well FF-6-1 in Tuscaloosa County, west of Tuscaloosa, is the shallowest well 
identified in this assessment completed in the outcrop of the Coker aquifer at a depth of 19.5 ft. 
Well Z-34-3 in Barbour County, southeast of Louisville, is the deepest well at a depth of 2,675 ft 
bls; however, this well is also screened in the Gordo aquifer. Depth to water was evaluated for 
145 wells screened in the Coker aquifer (appendix A). Well PP-33-1, in south Tuscaloosa County 
has the shallowest depth to water which occurs at land surface. Well Z-34-3, in Barbour County, 
has the greatest depth to water at 442 ft; however, as previously noted, this well is also screened 
in the Gordo aquifer. 

 Pumping rates were evaluated for 136 wells screened in the Coker aquifer and included 
domestic, public, agricultural, and industrial wells. Pumping rates in the Coker aquifer ranged 
from 4 gpm to 1,900 gpm based on available data (appendix A), with the higher pumping rates 
observed in public wells and lower pumping rates in domestic wells. Pumping rates in the Coker 
aquifer generally increase along the dip of the formation, with the lower pumping rates observed 
near the recharge area, where many of the domestic wells are located, and the higher pumping 
rates observed downdip, where many of the public supply wells are located. The highest pumping 
rate recorded was in well N-26-1 in Sumter County, north of Livingston, at a rate of 1,900 gpm. 
Specific capacities were calculated for 91 wells in the Coker aquifer and tended to vary from less 
than 1 gpm/ft to more than 65.9 gpm/ft (appendix A), with lower specific capacities associated 
with domestic wells. Well F-24-4 in Chilton County, northwest of Clanton, had the highest 
calculated specific capacity at 65.9 gpm/ft as recorded from initial pump tests. 

GROUNDWATER LEVELS AND IMPACTS 

 Potentiometric surface maps created from initial water levels are not reliable data points for 
constructing an original potentiometric surface map due to the wide time frame (decades) when 
water wells were drilled and initial water levels measured. Therefore, water levels measured 
from 2012 to 2016 (appendix A) were used to map the current potentiometric surface for the 
Coker aquifer. Groundwater level impacts were evaluated on a case by case basis for public 
supply wells because any water level impacts are more prevalent in those wells. 

 Current static groundwater levels were determined for 145 domestic, public, observation, 
and agricultural wells constructed in the Coker aquifer (plate 82). There are four distinct 
groundwater flow regions in the Coker aquifer: west of the Black Warrior River, between the 
Black Warrior River and the Cahaba River, between the Cahaba River and the Coosa and Alabama 
Rivers, and east of the Coosa and Alabama Rivers, with rivers acting as hydraulic barriers 
separating the groundwater flow paths. 
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 West of the Black Warrior River in Marion, Lamar, Fayette, Pickens, Tuscaloosa, Sumter, and 
Greene Counties, groundwater generally moves in a southerly direction toward the Black Warrior 
and the Sipsey Rivers. Current groundwater levels in this hydraulic area vary from 537 ft MSL in 
well T-24-2 in Marion County to 34 ft MSL in E-32-1 in Sumter County. The hydraulic gradient for 
this area is 0.0011 (5.92 ft/mi). 

 In Tuscaloosa, Hale, and parts of Bibb and Perry Counties, groundwater is effectively 
constrained by the Black Warrior River to the west and Cahaba River to the east. Groundwater 
moves west from higher elevations in Tuscaloosa and Hale Counties to the Black Warrior River 
and moves east from higher elevations in Bibb and Perry Counties to the Cahaba River. Current 
groundwater levels in this hydraulic area vary from 327 ft MSL in well W-11-1 in Bibb County to 
140 ft MSL in U-13-1 in Perry County. The hydraulic gradient for this area is 0.0013 (6.93 ft/mi). 

 In Chilton, Dallas, Autauga, Elmore, and parts of Bibb and Perry Counties, groundwater is 
effectively constrained by the Cahaba River to the west and the Coosa and Alabama Rivers to the 
east. Groundwater generally moves from north to south-southwest toward the Alabama River. 
Current groundwater levels in this hydraulic area vary from 620 ft MSL in well F-24-4 in Chilton 
County to 26 ft MSL in well R-25-1 in Autauga County. The hydraulic gradient in this area is 0.0027 
(14.49 ft/mi). One production-related disturbance was observed in public well J-1-1 in Autauga 
County where the groundwater level has declined 49 ft since the initial water level measured in 
2008. 

 East of the Alabama and Coosa Rivers groundwater moves south toward the Tallapoosa River 
in Elmore County and the Alabama River in Montgomery County. Current groundwater levels in 
this hydraulic area vary from 523 ft MSL in well K-35-1 in Elmore County to 97 ft MSL in well D-
14-1 in Montgomery County. The hydraulic gradient in this area is 0.0040 (21.3 ft/mi).  

HYDROGRAPHS AND AQUIFER DECLINE CURVES 

 The Coker Formation is a major source of groundwater in northwest to east-central Alabama. 
Public, domestic, observation, and agricultural wells were analyzed using hydrograph decline 
curve analysis to demonstrate varying conditions related to groundwater production, drought, 
and seasonal fluctuations impacting the Coker aquifer, provided there were sufficient data 
available to generate long-term hydrographs. Generally, water levels in all selected wells exhibit 
at least one period of decline. The majority of the wells do not show long periods of decline but 
do display seasonal fluctuations and periods of drought. Drawdown was observed in well J-1-1 in 
Autauga County but not shown on a hydrograph due to the lack of long-term water-level data for 
this well. Well E-33-1 is an observation well in Tuscaloosa County and part of the GSA periodic 
monitoring program. Water levels are available from 1957 to 2016 for well E-33-1, with semi-
annual water levels recorded during the wet and dry seasons from 1968 to 1970 and 1975 to 
1993. Water levels fluctuations were recorded during the semi-annual water levels and 
fluctuated as much as 6 ft from the wet to dry seasons (fig. C-3). Since 1994, only low water level 
measurements have been recorded; therefore, seasonal fluctuations are not as apparent on the 
hydrograph. Drought impacts on water levels in well E-33-1 are noted on figure C-3 for known 
drought years; however, the seven drought impacts are not as severe as observed in other wells, 
most likely due on the confined nature of the well and the surrounding land use practices. Well 
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E-33-1 is 195 ft deep and screened from 175 ft to 195 ft. As of the last measurement in February 
2016, there was 144.84 ft of water above the screen interval. 

 Well TUS-4, a GSA real-time observation well, has a period of record dating back to 1962, with 
daily water level measurements recorded since 1962. Water levels from 1962 to 1976 are lower 
than observation from 1978 to present, which could be attributed to the construction of Lake 
Tuscaloosa and the reliance of public water sources on this lake rather than groundwater 
resources (fig. C-4). In 2012, the water level monitoring equipment was converted to the real-
time system. Seasonal fluctuations of 2 ft are evident on the hydrograph during the wet and dry 
seasons beginning in 2012 (fig. C-5). No significant drought impacts on water levels in well TUS-4 
were noted on the hydrograph; however, closer examination of more recent water levels indicate 
seasonal fluctuations, typically seen in unconfined wells, such as TUS-4. Well TUS-4 is 71 ft deep 
and screened from 65 to 71 ft. As of the measurement taken on June 27, 2016, there was 56.94 
ft of water above the screen interval. 

 Well CHI-1 in Chilton county is an unused public supply well that was originally measured as 
part of GSA’s periodic monitoring program, and then converted into a real-time well in 2015. 
Water levels were recorded semi-annually from 1984 to 1992, and then annually from 1992 until 
conversion of the well to a real-time monitoring well in 2015. Seasonal fluctuations were evident 
during the semi-annual water levels measurements from 1984 to 1992, with fluctuations as much 
as 6 ft (fig. C-6). However, even with seasonal fluctuations and annual measurements only from 
1992 to 2015, water levels have declined slightly from 1968 to 2015 by 0.2 ft/year since the initial 
water level measurement recorded in 1968. Three drought impacts are noted on the hydrograph, 

 

Figure C-3.—Hydrograph of Tuscaloosa County, Alabama, well E-33-1,  
an observation well constructed in the Coker aquifer, 1957-2016. 
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1987, 2000, and 2008. Impacts from the 2008 drought were the most severe with the lowest 
recorded water level elevation at 318.67 ft MSL over the period of record. This lowest recorded 
level was not detected until 2008 due to the slow movement of water in a confined situation. 
Well Chi-1 was converted to a real-time well in 2015 and even though the daily water level record 
only covers a short time frame (2015-16), the wet and dry seasons are clearly discernable in the 
daily hydrograph record (fig. C-7). Well Chi-1 is 253 ft deep and screened from 211 to 253 ft. As 
of the measurement taken on June 26, 2016 there was 157.08 ft of water above the top of the 
screens.  

 W ell R-24-1 in Elmore County is a domestic well that is a part of the GSA periodic monitoring 
program. Water levels were measured semi-annually from 1982 to 1993, with seasonal 
fluctuations of as much as 5 ft recorded during that time period. Since 1994, water levels have 
been measured annually during the low water levels periods of the fall. No significant drought 
impacts are noted on the hydrograph. The water level elevations during 1997-98 are abnormal 
and not typically seen in this well but no known land use impacts or unusual pumping rates were 
noted during these times (fig. C-8). Well R-24-1 is 137 ft deep and screened from 117 to 137 ft. 
As of the most recent measurement taken in december 2015, there was 84 ft of water above the 
screen interval. 

 

  

 

Figure C-4.—Hydrograph of Tuscaloosa County, Alabama, well TUS-4, a GSA real-time monitoring well 
constructed in the Coker aquifer, 2012-2016. 
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Figure C-5.—Hydrograph of Tuscaloosa County, Alabama, well TUS-4, a GSA real-time monitoring well  

constructed in the Coker aquifer, 2012-2016. 

 
Figure C-6.—Hydrograph of Chilton County, Alabama, well CHI-1, a GSA real-time monitoring well  

constructed in the Coker aquifer, 1968-2015. 
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Figure C-7.—Hydrograph of Chilton County, Alabama, well CHI-1, a GSA real-time monitoring well  

constructed in the Coker aquifer, 2015-2016. 

 
Figure C-8.—Hydrograph of Elmore County, Alabama, well R-24-1, a domestic supply well  

constructed in the Coker aquifer, 1970-2015. 
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GORDO FORMATION 

 The Gordo Formation is the formally designated upper stratigraphic unit within the 
Tuscaloosa Group. The type locality of the Gordo Formation is along the south-facing slope of 
Little Bear Valley, about 2 miles southwest of Gordo in east-central Pickens County. As with the 
underlying Coker Formation, the Gordo Formation is mapped as a distinct unit from 
northwestern Alabama eastward through Elmore County to the Tallapoosa River. The 
outcropping Gordo Formation, through Macon County and extending eastward to the 
Chattahoochee River, is not differentiated from the underlying Coker Formation and both units 
are mapped as the Tuscaloosa Group undifferentiated. In the subsurface southward of its outcrop 
in southern Lee and northern Macon and Russell Counties, the informal “middle marine shale” is 
recognized, allowing for the differentiation of the lower Coker and upper Gordo, which can be 
mapped as distinct formations (Smith, 2001).  

 Although it is undifferentiated in outcrop in east Alabama, the Gordo Formation is well 
defined from drill cuttings and geophysical log character in the subsurface. The base of the unit 
is defined as the contact with the “middle marine shale.” The upper contact with the overlying 
Eutaw Formation is mainly defined by sediment color and relatively massive clay layers in the 
Gordo related to the different environments of deposition of the two units. The Eutaw Formation 
was primarily deposited in marginal marine environments whereas the Gordo formation 
originated from fluvial deposition (Cook, 1993). However, identification of the contact between 
the Eutaw and underlying Gordo is more problematic in east Alabama than it is farther to the 
west.  

 In northwestern Alabama, the formation is described as massive beds of crossbedded sand, 
gravelly sand, and partly mottled moderate-red and pale red-purple lenticular beds of locally 
carbonaceous clay, with the lower part predominantly a gravelly sand consisting chiefly of chert 
and quartz pebbles (Szabo and others, 1988). In the southeastern portion of the state, the 
formation is described as pale-yellowish-orange poorly sorted, crossbedded gravelly fine to very 
coarse quartz sand, containing irregular beds of moderate-reddish-brown to pale-red-purple 
sandy clay.  

FORMATION TOPS 

 In the subsurface, the Gordo Formation dips uniformly toward the south-southwest at about 
44 ft/mi (plate 68). Geologic cross sections (plates 46, 47, 49, 50, and 52) depict the geologic 
structure. In northeastern Bullock County, the top of the Gordo Formation is encountered at 
depths of -150 to -200 ft MSL or, due to significant variation and surface elevation in the area, at 
about 500 to over 700 ft drill depths. Toward the south and southwest, drill depths to the top of 
the Gordo increase to over 2,300 ft where the top of the Gordo Formation lies at 1,900 ft MSL.  

 In the fault zones, based on the density of the contour lines, significant movement is recorded 
(plate 68). On the JJ-JJ′ cross section (plate 37), which traverses E-W in Washington County, a 
displacement of 1,910 ft is shown (based on top of Tuscahoma Sand), as an uplift of the 
formations between the faults. On the LL-LL′ cross section (plate 39), which traverses N-S in 
Clarke and Baldwin Counties, a throw (displacement) of 1,440 ft is depicted (based on top of Salt 
Mountain Limestone), as an uplift of the formations along the Jackson fault. These two cross 
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sections bend at OGB well P108, with the Gordo Formation intercepted at 2,560 ft bls (-2,449 ft 
MSL) with a thickness of 475 ft.  

 Thickness of the Gordo Formation ranges from about 200 ft to about 680 ft across Alabama. 
The unit remains between 550 and 600 ft in subsurface thickness southward into north-central 
Pike and southern Barbour Counties, where the unit then thins southward to about 450 ft in the 
southernmost part of the mapped area. Although the Gordo Formation (and underlying “middle 
marine shale” and Coker Formation) extends southward throughout the entire area of the 
investigation, its variation in depth and thickness south of the mapped area are beyond the scope 
of this assessment. 

 The Gordo Formation east of Tallapoosa River is mapped as Tuscaloosa group 
undifferentiated at the land surface. However, in two wells located east of Tallapoosa River 
separation of the Tuscaloosa Group into the Coker and Gordo formations is shown in two cross 
sections oriented E-W. On the cross section VV-VV′ (plate 49), the Gordo Formation was 
intercepted in well 113-V-6-1 (southeastern corner of Russell County, on the Georgia state line), 
at 770 ft bls (-519 MSL), with a thickness of 230 ft. In the central-eastern part of Russell County 
in well 113-K-10-7 (plate 47), the Gordo Formation was intercepted at about 195 ft bls, with a 
thickness of 240 ft. West of the Tallapoosa River on cross section SS-SS′ (plate 46) with a general 
orientation N-S, the Gordo Formation dips south with thickness ranging between 200 and 490 ft. 
Also, the Gordo Formation was intercepted on two other cross sections with general orientation 
N-S: cross section YY-YY′ with thickness ranging between 260 to 680 ft and cross section WW-
WW′ (plate 50) with thickness ranging between 240 to 680 ft. The Gordo Formation appears to 
thicken moving south. 

NET POTENTIAL PRODUCTIVE INTERVALS  

 NPPI mapping for the Gordo aquifer in Alabama is based on 212 wells, of which 109 are OGB 
wells. Thickness of the Gordo NPPI ranges between 6 and 391 ft. The thickest NPPI areas occur 
in Monroe County in well P668 at about 391 ft net sand thickness, Wilcox County well P745 at 
382 ft net sand thickness, Butler County well 13-J-21-1 at 322 ft net sand thickness, and Dallas 
County well 47-I-35-1 at 360 ft net sand thickness. A secondary thick NPPI trend extends from 
northwestern Bullock County through Lowndes and Dallas Counties to Greene County, ranging 
between 100 and 200 ft (plate 69). 

 The deep subsurface Gordo Formation is potentially productive of large quantities of high 
quality water throughout south-central Pike and southern Barbour Counties. Regional geology in 
the study area suggests that the Gordo Formation may also be a viable groundwater resource in 
eastern Crenshaw, northern Coffee and Dale Counties, northern and central Henry County, and 
perhaps south of this area.  

 The downdip (southerly) limit of water production in the Gordo aquifer is primarily due to 
higher salinity of the formation waters rather than a lack of permeable sand and gravel to the 
south. However, the limit is currently poorly defined, with well F-8-2 located approximately 4 
miles north of downtown Ozark in Dale County, the most southerly freshwater production from 
the aquifer established to date, at a screened depth of 2,734 ft. The elevation of the bottom of 
the screen is -2,210 ft MSL. Additional drilling and testing is needed to verify preliminary 
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indications from geophysical well logs taken from oil and gas test holes that fresh water may exist 
in the Gordo Formation farther to the south. 

HYDROGEOLOGY 

WELL INFORMATION 

 Well depths were evaluated for 284 wells screened or partially screened in the Gordo aquifer 
and ranged from 17.2 ft bls near the outcrop to 2,750 ft bls downdip of the formation (appendix 
A). Well O-35-1 in Franklin County, southwest of Phil Campbell, is the shallowest well constructed 
in the outcrop of the Gordo aquifer at a depth of 17.2 ft bls. Well F-8-2 in Dale County, is the 
deepest well at a depth of 2,750 ft bls. Current depth to water was evaluated for 202 wells 
screened in the Gordo aquifer (appendix A). Well BB-2-1, a free flowing well in southeastern 
Sumter County along the county line, had the shallowest depth to water at 2.1 ft above land 
surface. Well Z-34-3 in Barbour County, east of Clio, had the greatest depth to water at 442 ft bls. 

 Pumping rates for 180 domestic, public, agricultural, and industrial wells screened in the 
Gordo aquifer were evaluated, provided the pump test data was available on the drilling records. 
Pumping rates in the Gordo aquifer ranged from 3 gpm to 1,893 gpm (appendix A), with the 
higher pumping rates observed in public wells and lower pumping rates in domestic wells. 
Pumping rates in the Gordo aquifer generally increase along the dip of the formation, with the 
lower pumping rates observed near the recharge area, where many of the domestic wells are 
located, and the higher pumping rates observed downdip, where many of the public supply wells 
are located. The highest pumping rate recorded was in well K-20-1 in Lamar County, south of 
Vernon, at 1,893 gpm. 

 Specific capacities were calculated for 141 wells in the Gordo aquifer, provided that sufficient 
pump test data were available. Specific capacities tended to vary from less than 0.1 gpm/ft to 
more than 90 gpm/ft (appendix A), with lower capacities associated with domestic wells. Well K-
20-1 in Lamar County, south of Vernon, had the highest calculated specific capacity of 90.14 
gpm/ft as recorded from initial pump tests. 

GROUNDWATER LEVELS AND IMPACTS 

 A snapshot of water levels from 2012 through 2016 was used to construct a current 
potentiometric surface for the Gordo aquifer (plate 83). However, groundwater level impacts 
were evaluated on a case by case basis for public supply wells because the groundwater level 
impacts are more prevalent in those wells. Current static groundwater levels were determined 
for 202 domestic, public, observation, and agricultural wells constructed or partially constructed 
in the Gordo aquifer (plate 83). Three distinct groundwater flow regions were recognized for the 
Gordo aquifer: west of the Black Warrior River, between the Black Warrior River and the Coosa 
and Alabama Rivers, and east of the Coosa and Alabama Rivers, with rivers acting as hydraulic 
barriers separating the groundwater flow paths. 

 West of the Black Warrior River in Franklin, Marion, Lamar, Fayette, and Pickens Counties, 
groundwater moves in a southwestern direction. In Tuscaloosa, Greene, and Sumter Counties, 
groundwater moves in a more southerly direction toward the Black Warrior River. Current 
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groundwater levels in this hydraulic area vary from 936 ft MSL in well J-33-1 in Franklin County, 
to 82 ft MSL in BB-2-1 in Sumter County. The hydraulic gradient for this area is 0.0016 (8.50 ft/mi). 

 In Autauga, Chilton, Dallas, Elmore, Hale, and Perry Counties, groundwater is effectively 
constrained by the Black Warrior River to the west and the Coosa and Alabama Rivers to the east. 
Groundwater generally moves from north to south toward the Alabama River and southwest to 
the Black Warrior and Cahaba Rivers. Current groundwater levels in this hydraulic area vary from 
421 ft MSL in well I-16-5 in Autauga County to 38 ft MSL in S-30-1 in Elmore County. The hydraulic 
gradient in this area is 0.0041 (21.37 ft/mi). One area of production-related disturbance to the 
potentiometric surface was observed in public supply wells south of Prattville, Autauga County. 

 East of the Alabama and Coosa Rivers, water moves south toward the Tallapoosa River in 
Elmore and Macon Counties, and toward the Alabama River in Dallas, Lowndes, and Montgomery 
Counties. In Lee, Russell, and Barbour Counties groundwater moves toward the Chattahoochee 
River. In Bullock and Pike Counties, groundwater moves in a general southerly direction. Current 
groundwater levels in this hydraulic area vary from 580 ft MSL in well W-4-6 in Lee County to -18 
ft MSL in well F-1-1 in Pike County. The hydraulic gradient in this area is 0.0015 (7.69 ft/mi). Two 
areas of production-related disturbance to the potentiometric surface was observed in public 
supply wells around Eufaula in Barbour County, and a domestic supply well in Bullock County. 

 Two areas of minor production-related disturbances were observed in the Gordo aquifer. 
Public well P-17-3 in Hale County has declined over 67 ft since the initial pump test in 1998. Public 
well R-8-1 in Autauga County south of Prattville has declined 30 ft since the initial pump test in 
1963. Several areas of significant production-related disturbances were observed in the Gordo 
aquifer. Public well F-1-1 in Pike County has declined 215 ft since the initial pump test in 1992. 
Public well V-6-1 in Barbour County has declined 158 ft since the initial pump test in 1962. Public 
well V-17-2 in Barbour County has declined 174 ft since the initial pump test in 1970. Public well 
V-18-2 in Barbour County has declined 104 ft since the initial pump test in 1975. 

HYDROGRAPHS AND AQUIFER DECLINE CURVES 

 The Gordo Formation is a major source of groundwater in northwest to east-central Alabama 
and is the deepest aquifer in Alabama (Cook and others, 2014). Public, domestic, observation, 
and agricultural wells were analyzed using hydrograph decline curve analysis to demonstrate 
varying conditions related to groundwater production, drought, and seasonal fluctuations 
impacting the Gordo aquifer. Generally, water levels in selected wells exhibit at least one period 
of decline. The largest drawdowns (more than 150 ft) in the Gordo aquifer occur in the city of 
Eufaula in Barbour County. Hydrographs were not made for wells around the city of Eufaula due 
to a lack of recent water level data. This is an area where more research and data are needed to 
monitor the water level situation and model the impacts of withdrawls on the groundwater 
resource. 

 Well H-6-1 in Marion County is a domestic supply well that is part of the GSA periodic well 
monitoring program. The initial water level was measured in 1964 at 455.68 ft MSL, and from 
1968 through 1993 water levels were measured semi-annual, then annually from 1994 to 2016. 
Seasonal fluctuations are not readily apparent on the hydrograph, even though the location and 
construction of this well is in the unconfined portion of the Gordo aquifer. Significant drought 
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impacts are also not readily apparent on the hydrograph, with only two known drought years 
(1987 and 1988) showing lower water levels in this well as a response to the droughts. Since the 
initial measurement, water levels have tended to remain stable, with observed fluctuations likely 
due to variability in precipitation (fig. C-9). Well H-6-1 is 98 ft deep with an unknown screen 
interval. As of the last measurement in May 2016 there was 25.25 ft of water in the well. 

 Well K-9-1 in Pickens County is an observation well that is a part of the GSA periodic 
monitoring program. The well was constructed in 1924; however, the earliest water level 
measured was 225 ft MSL in 1945. From 1984 to 1993 water levels were measured semi-annually 
then annually from 1994 to 2016 (fig. C-10). The water level recorded in 1945 is significantly 
higher than what has been observed since. Because this value was not measured by GSA, the 
validity of this initial measurement is uncertain and should not be used as a reference. Data gaps 
are prevalent in the record from 2004 to 2005, 2011, and 2013 to 2015. During the semi-annual 
water level measurement period from 1984 to 1993, including the drought of 1988, levels tended 
to fluctuate seasonally by as much as 6 feet. Since 1994, water levels have appeared to decline; 
however, this can be attributed to only measuring levels from 1994 to 2016 during the fall, low 
level period. Well K-9-1 is 460 ft deep and screened from 400 to 460 ft. As of the last 
measurement in February 2016, there was 304.7 ft of water above the screen interval. 

 Well N-19-1 in Elmore County is a domestic well that is a part of the GSA periodic monitoring 
program. The initial water level was recorded at 429.8 ft MSL in 1969. From 1982 to 1993 water 
levels were measured semi-annually and from 1994 to 2015 were measured annually. Drought 
impacts were minimal in this well and not readily distinguishable from seasonal fluctuations, 

 
Figure C-9.—Hydrograph of Marion County, Alabama, well H-6-1, a domestic supply well 

 constructed in the Gordo aquifer, 1964-2016. 
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indicative of the unconfined nature of this well (fig. C-11). Since 1994, only low water level 
measurements were recorded, thus seasonal fluctuations are not evident from 1994 to 2015. 
Water levels within this well have remained somewhat stable, notwithstanding the seasonal 
fluctuations. As of the last measurement in December 2015, there was 61.5 ft of water in the 
well. 

 Well N-10-1 in Bullock County is a domestic supply well that has been part of the GSA periodic 
monitoring program since 1967. From 1968 to 1993 water levels were measured semi-annually, 
since 1994 water levels have been measured annually. The lack of seasonal fluctuations in this 
well are indicative of confined conditions, with no discernable drought impacts evident on the 
hydrograph (fig. C-12). Even with only low water levels recorded since 1994, the water levels in 
the Gordo aquifer in the vicinity of this well are declining at a rate of 1.63 ft/yr since 1984. Similar 
declines have also been observed in other wells in the Gordo aquifer in Bullock County and as 
such future research should focus on the Gordo aquifer in Bullock County to determine the 
impacts of the water level declines and perhaps identify the root cause of the slowly declining 
water levels. Well N-10-1 is 925 ft deep and open-ended. As of the last measurement in 
December 2012, there was 700 ft of water above bottom of the casing. 

TUSCALOOSA GROUP UNDIFFERENTIATED 

 In areas where the subordinate formations are indistinguishable, the Tuscaloosa Group is 
described as light-gray to moderate-reddish-orange clayey, gravelly fine to very coarse sand; 
massive mottled sandy clay containing wood and leaf beds locally, and thin beds of indurated 

 
Figure C-10.—Hydrograph of Pickens County, Alabama, well K-9-1, an observation well  

constructed in the Gordo aquifer, 1945-2016.  



 

246 

sandstone. The gravels present in the unit consist mainly of quartz and quartzite and range in size 
from very fine pebbles to large cobbles. This informal stratigraphic unit is primarily mapped east 
of the Tallapoosa River (Szabo and others, 1988). 

EUTAW FORMATION 

 The name “Eutaw” was first proposed by Hilgard (1860) for sands and clays that crop out in 
the vicinity of Eutaw in east-central Greene County, Alabama. Although Hilgard included all of 
the beds between the Paleozoic basement and what is now recognize as the Selma Group, Smith 
and Johnson (1887) separated the Eutaw sands and clays from the sands, gravels, and clays of 
the Tuscaloosa Group. As used today, the Eutaw Formation overlies the Gordo Formation of the 
Tuscaloosa Group and is overlain by the Mooreville Chalk in west Alabama and the Blufftown 
Formation of the Selma Group in east Alabama.  

 The Eutaw Formation in west and central Alabama can be divided into three distinctive 
lithologic layers: the lower unnamed basal sand unit, the middle unnamed Eutaw unit, and the 
upper Tombigbee Sand Member (Cook, 1993a). In east Alabama the contact of the Eutaw with 
the overlying Blufftown Formation is not well defined and forms a gradational transition from 
carbonate to clastic sediment deposition. The basal sand unit of the Eutaw Formation is 
persistent and is recognized in geophysical log character across the state. Geophysical log 
character and net sand mapping suggests that the basal sand unit was deposited as a barrier 
island complex that extended from northeast Mississippi across much of Alabama (Cook, 1993a). 
Potentiometric surface mapping indicates that the Eutaw Formation is hydraulically connected 
to the Gordo Formation. The basal sand unit of the Eutaw Formation supplies water for public 

 
Figure C-11.—Hydrograph of Elmore County, Alabama, well N-19-1, a domestic supply well  

constructed in the Gordo aquifer, 1969-2015. 
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water sources throughout west and central Alabama; however, the basal sand unit is typically 
only used in conjuction with screens in the Gordo Formation in southeast Alabama. 

 The Eutaw Formation is part of the Upper Cretaceous Series of strata in Alabama. The western 
portion of the Eutaw Formation in the outcrop region is approximately 350 to 400 ft thick and 
approximately 100 to 150 ft thick in the eastern portion (Szabo and others, 1988). In the western 
portion the formation is described as light-greenish-gray well sorted micaceous crossbedded fine 
to medium sand that is fossiliferous and glauconitic in part and contains beds of greenish-gray 
micaceous silty clay and medium-dark-gray carbonaceous clay. Light-gray glauconitic, 
fossiliferous sand, thin beds of sandstone, and massive accumulations of fossil oyster shells occur 
locally in the upper Tombigbee Sand Member in west Alabama (Szabo and others, 1988). The 
eastern portion the formation is described as light-greenish-gray to yellowish-gray crossbedded, 
well sorted, micaceous, partly fossiliferous fine to medium quartz sand interbedded with dark-
gray carbonaceous clay, greenish-gray micaceous sandy clay, and thin beds of glauconitic, 
fossiliferous sandstone; massive accumulations of the fossil oyster Flemingostrea cretacea 
(formerly named Ostrea cretacea) occur throughout much of the formation in eastern Alabama 
(Szabo and others, 1988). 

FORMATION TOPS 

 Southward from the outcrop region, the Eutaw Formation is recognized throughout the 
subsurface of Alabama to the Florida state line. In east Alabama, the Eutaw Formation strikes 
from west to east and dips southward, whereas in west Alabama the formation strikes from 
northwest to southeast and dips to south-southwest at 35 to 52 ft/mi in both areas (Cook 1993a) 

 
Figure C-12.—Hydrograph of Bullock County, Alabama, well N-10-1, a domestic supply well  

constructed in the Gordo aquifer, 1967-2012. 
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(plate 66). Geologic cross sections (SS-SS′, plate 46; TT-TT′, plate 47; VV-VV′, plate 49; WW-WW′, 
plate 50; and YY-YY′, plate 52) depict the subsurface geologic structure. In the fault zones, based 
on the density of the contour lines, abnormally thick sediments are present within the Mobile 
graben complex (plate 66). Thickness of the Eutaw Formation ranges from about 150 to 590 ft 
across Alabama, with an average of approximately 400 ft (Cook, 1993a). 

 On cross section JJ-JJ′ (plate 37) which traverses E-W through Washington County, a 
displacement of 1,910 ft is shown (Tuscahoma Sand) as an uplift of the formations between the 
faults. On cross section LL-LL′ (plate 39), which traverses N-S through Clarke and Baldwin 
Counties, a throw (displacement) of 1,440 ft, based on the top of the Salt Mountain Limestone, 
along the Jackson fault. These two cross sections bend at OGB well P108, with the Eutaw 
Formation intercepted at 2,390 ft bls (-2,279 ft MSL) with a thickness of 170 ft.  

 In the central-eastern part of Russell County in wells 113-K-10-7, 113-H-32-1, 113-O-34-6, 87-
U-23-1 (plate 47) located east of Tallapoosa River, the subsurface strata of the Eutaw Formation 
were clearly discernable from the underlying Tuscaloosa Group. West of the Tallapoosa River on 
cross section SS-SS′ (plate 46) with a general orientation N-S, the Eutaw Formation dips south 
with a thickness ranging between 490 and 590 ft. The Eutaw Formation was also intercepted on 
two other cross sections with general orientation N-S: cross section YY-YY′ (plate 52) with a 
thickness ranging between 365 and 455 ft and cross section WW-WW′ (plate 50) with a thickness 
ranging between 335 to 480 ft. On all cross sections, the Eutaw Formation thickens toward the 
south end of the cross sections. 

NET POTENTIAL PRODUCTIVE INTERVALS  

 Net potential productive interval mapping for the Eutaw aquifer in Alabama is based on 177 
wells, of which 92 are OGB wells. Thick intervals of laterally discontinuous sand in the Eutaw 
Formation have been identified in 12 areas. During the late Cretaceous, sand-dominated 
deposition occurred along the strike of the formation as barrier island sequences and 
perpendicular to the strike of the formation in tidal channels and tidal deltas of a wave-
dominated tidal inlet environment (Frazier and Taylor, 1980). The thickness of NPPI of the Eutaw 
ranges between 8 and 328 ft. Net potential productive interval mapping for the Eutaw aquifer in 
Alabama indicates the thickest NPPIs occur in Lowndes County about 328 and 325 ft net sand 
thickness in wells 85-D-32-3 and 85-K-15-4, respectively, and in Dallas County at 320 ft and 322 
ft net sand thickness in wells 47-U-2-1 and 47-K-31-2, respectively. 

 The main NPPI thickness trend extends from central Montgomery County through Autauga, 
Lowndes, and Dallas Counties to Greene County, ranging between 100 and 250 ft (plate 67). A 
secondary thick NPPI trend extends N-S from Dallas County through Wilcox and Monroe Counties 
to Escambia County, ranging between 100 and 225 ft (plate 67). The downdip limit of water 
production in the Eutaw aquifer is due primarily to higher salinity of the formation waters rather 
than a lack of permeable sand and gravel to the south.  
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HYDROGEOLOGY 

WELL INFORMATION 

 Depth was determined for 273 wells screened or partially screened in the Eutaw aquifer 
(appendix A). Well R-36-1 in Perry County is the shallowest well identified at a depth of 20 ft bls 
in the outcrop of the Eutaw aquifer. Well R-1-1 in Pike County is the deepest well at a depth of 
2,240 ft bls. Current depth to water was determined for 163 wells screened in the Eutaw aquifer 
(appendix A). Artesian well BB-19-1, in southeastern Greene County along the county line, has 
the shallowest depth to water at 3 ft above land surface while well F-31-1, in Bullock County, has 
the greatest depth to water at 488 ft bls. 

 Pumping rates were evaluated for 140 wells screened in the Eutaw aquifer and included 
domestic, public, agricultural, and industrial wells. Pumping rates in the Eutaw aquifer ranged 
from 5 gpm to 1,500 gpm (appendix A) with the higher pumping rates observed in public wells 
and lower pumping rates in domestic wells. Pumping rates in the Eutaw aquifer generally 
increased downdip in the formation, with the lower pumping rates observed near the recharge 
area, where many of the domestic wells are located, and the higher pumping rates observed 
downdip, where many of the public supply wells are located. The highest pumping rate recorded 
was in well J-36-1 in Dallas County at a rate of 1,500 gpm. 

 Specific capacities were calculated for 84 wells in the Eutaw aquifer, provided that sufficient 
pump test data were available. Specific capacities for wells constructed in the Eutaw aquifer 
varied from less than 1 gpm/ft to 24.8 gpm/ft for well N-1-1 in Montgomery County, south of 
Montgomery (appendix A). 

GROUNDWATER LEVELS AND IMPACTS 

 A synoptic set of water level measurements from 2012 through 2016 was used to map the 
current potentiometric surface of the Eutaw aquifer (plate 84). However, groundwater level 
impacts were evaluated on a case by case basis for public supply wells. Current static 
groundwater levels were determined for a total of 164 domestic, public, observation, and 
agricultural wells constructed in the Eutaw aquifer (plate 84). Three distinct groundwater flow 
regions were recognized in the Eutaw aquifer with rivers acting as hydraulic barriers separating 
the groundwater flow paths: west of the Black Warrior River, between the Black Warrior River 
and the Alabama River, and east of the Alabama River. 

 West of the Black Warrior River in Lamar, Pickens, Greene, Sumter, and Choctaw Counties, 
groundwater moves in a southerly direction toward the Black Warrior River. Current 
groundwater levels in this hydraulic area vary from 330 ft MSL in well Q-18-1 in southwestern 
Lamar County to 40 ft MSL in CC-20-1 in Greene County. The hydraulic gradient for this area is 
0.0009 (4.83 ft/mi). One area of production-related disturbance to the potentiometric surface 
was observed in public supply well CC-20-1 in southern Greene County. 

 In Hale, Marengo, Perry, Dallas, and Autauga Counties, groundwater is effectively constrained 
by the Black Warrior River to the west and Alabama River to the east. Groundwater in Hale and 
Marengo Counties moves southwest toward the Black Warrior and Tombigbee Rivers while 
groundwater in Perry, Dallas, Wilcox, and Autauga Counties moves south toward the Alabama 
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River. Current groundwater levels in this hydraulic area vary from 336 ft MSL in well F-36-2 in 
Autauga County to 52 ft MSL in M-3-2 in Wilcox County. The hydraulic gradient for this area is 
0.0012 (6.56 ft/mi). 

 East of the Alabama River in Dallas, Wilcox, Montgomery, Crenshaw, Macon, Bullock, Russell, 
and Barbour Counties, groundwater moves in a southwest direction. In Russell and Barbour 
Counties along the Chattahoochee River, groundwater moves toward the river. Current 
groundwater levels in this hydraulic area vary from 430 ft MSL in well G-33-2 in Russell County to 
69 ft MSL in K-20-1 in Barbour County. The hydraulic gradient for this area is 0.0025 (12.99 ft/mi). 
One area of production-related disturbance to the potentiometric surface was observed in a 
public supply well in Eufaula, Barbour County. This disturbance was observed in public well K-10-
1 in Barbour County where the groundwater level has declined 227 ft from the initial water level 
taken in 1970. 

HYDROGRAPHS AND AQUIFER DECLINE CURVES 

 The Eutaw Formation is a minor source of groundwater in northwest to east-central Alabama. 
Public, domestic, observation, and agricultural wells were analyzed using hydrograph decline 
curve analysis to show varying conditions related to groundwater production, drought, and 
seasonal fluctuations impacting the Eutaw aquifer, provided there was sufficient data available 
to generate long-term hydrographs. Generally, water level records of all selected wells exhibit at 
least one period of decline.  

 Well D-24-1 in Pickens County is an observation well that is a part of the GSA periodic 
monitoring program. The initial water level was measured in 1963 at 308.39 ft MSL. The GSA 
measured water levels semi-annually from 1967 to 1993 and annually from 1994 to 2016. 
Seasonal fluctuations are evident on the hydrograph of as much as 20.19 during the drought of 
1980 (fig. C-13). Of the known drought years in Alabama, seven are identified on the hydrograph 
to show the impacts of the drought on the water levels in this wells: 1968, 1980-81, 1986, 1988, 
2000, and 2007; however, the drought impacts are negligible when compared to the seasonal 
fluctuations observed in this well, which is indicative of true unconfined nature of this well. With 
seasonal fluctuations accounted for and the lack of seasonality observations during more recent 
measurements, the water levels have remained relatively stable through the period of record for 
this well. Well D-24-1 is 65 ft deep with unknown screen intervals. As of the last measurement in 
February 2016, there was 55.3 ft of water in the well. 

 Well GG-9-1 in Dallas County is an unused domestic well that is a part of the GSA periodic 
monitoring program. Water levels were initially measured in 1966-67, semi-annually through 
1993, and annually from 1994 to 2015. This well is constructed in a confined area of the Eutaw 
aquifer; therefore, no seasonal fluctuations are evident on the hydrograph (fig. C-14). Generally, 
the water levels in this well are declining at a rate of 0.6 ft/yr with not real discernable drought 
impacts during known drought years, and the trend for this decline appears to be long-term. 
Future research should focus on the confined portions of this aquifer to determine the cause of 
the long-term decline in water levels. Well GG-9-1 is 1,200 ft deep with a screen interval from 
1,000 to 1,200 ft bls. As of the last measurement in February 2016, there was 858.5 ft of water 
above the screened interval in the well. 
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 Well J-28-1 in Lowndes County is an agricultural well that is a part of the GSA periodic 
monitoring program. Water levels were initially measured annually starting in 1967 until 1976, 
semi-annually from 1977 to 1993, and annually from 1994 to 2015. Seasonal fluctuations are not 
evident on the long-term hydrograph due to the confined character of this well; however, three 
drought impacts are highlighted during known drought years in Alabama: 1968, 2000, and 2007 
(fig. C-15). The lowest water level was recorded at 114.42 ft MSL on January 13, 2015. Continuous 
use of this well, and nearby wells constructed similarly, for agricultural irrigation makes 
conclusions regarding water level declines difficult to distinguish. Well J-28-1 is 440 ft deep with 
unknown screen intervals. As of the most recent measurement in 2015, there was 358.42 ft of 
water in the well. 

 Well P-29-1 in Montgomery County is an agricultural supply well that is a part of the GSA 
periodic monitoring program. Water levels were initially measured in 1975, annually from 1984 
to 1986, semi-annually from 1987 to 1992, annually from 1993 to 2015, with gaps from 1995-96, 
2007, and 2011-14. Moderate seasonal fluctuations were observed indicating this well is partially 
confined; however, the well never obtained adequate recharge during the wet seasons to offset 
the dropping water levels experienced during the dry seasons (fig. C-16). With inadequate 
recharge, water levels have declined at 0.9 ft/yr over the period of record; however, this could 
also be attributed to the continuous use of the well for irrigation. Because of the long-term 
decline observed in this well, drought impacts are not readily discernable on the hydrograph for 
known drought years in Alabama. Well P-29-1 is 458 ft deep and screened from 335 to 375 ft, 
403 to 413 ft, 432 to 442 ft, and 447 to 457 ft. As of the most recent water measurement on 
December 2015, there was 200.6 ft of water above the screened intervals. 

 
Figure C-13.—Hydrograph of Pickens County, Alabama, well D-24-1, an observation well  

constructed in the Eutaw aquifer, 1963-2016. 
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Figure C-14.—Hydrograph of Dallas County, Alabama, well GG-9-1, an unused domestic supply well  

constructed in the Eutaw aquifer, 1966-2015. 

 
Figure C-15.—Hydrograph of Lowndes County, Alabama, well J-28-1, an agricultural supply well  

constructed in the Eutaw aquifer, 1967-2015. 
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 Well MTG-7 is a GSA real-time observation well that was previously part of the periodic 
monitoring program. Water levels were recorded beginning in 1982, measured semi-annually 
from 1984 to 1992, annually from 1993 to 2006. Real-time monitoring equipment was installed 
in 2013, with a significant data gap from 2007 to 2012. Moderate seasonal fluctuations are 
evident during the semi-annual water level monitoring period for this well, with annual 
fluctuations as much as 20 ft. No nearby wells are known to impact this well so the moderate 
water level declines are presently not known, but occur at a rate of 1.19 ft/yr (fig C-17). Well 
MTG-7 is 1,350 ft deep and screened from 1,216 to 1,226 ft, 1,240 to 1,260 ft, 1,272 ft to 1,282 
ft, 1,285 to 1,300 ft, 1,320 to 1,335 ft, and 1,340 to 1,350 ft. As of the water level measurement 
in June 2016, there was 1,097.64 ft of water above the screen intervals. 

 Well M-19-8 in Russell County is a domestic supply well that is a part of the GSA periodic well 
monitoring program. Water levels were measured semi-annually from 1982 to 1993 then 
annually from 1995 to 2016 with data gaps in 2001, 2004-05, 2007, and 2011-15. Few seasonal 
fluctuations are evident on the hydrograph, leading to the conclusion that this well is either 
confined or partially confined (fig. C-18). Water levels do appear to be declining in this well; 
however, the decline may only reflect the low water levels because semi-annual water level 
measurements were discontinued in 1993. Well M-19-8 is 465 ft deep with unknown screen 
intervals. As of the most recent measurement in January 2016, there was 353.5 ft of water in the 
well. 

 Well HAL-1 is a GSA real-time monitoring well with a period of record dating to 1941. Intial 
water levels were much lower and are suspect as they were not measured by GSA. Continuous 

 
Figure C-16.—Hydrograph of Montgomery County, Alabama, well P-29-1, an agricultural supply well 

constructed in the Eutaw aquifer, 1975-2015. 
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water level monitoring equipment was installed in 1961, with daily water levels available for 
much of the period of record. Seasonal fluctuations are evident on the hydrograph, indicative of 
this well being partially unconfined and confined (fig. C-19). From 1961 to 2000, water levels 
declined at 0.90 ft/yr; however, since 2000 water levels have fluctuated but the decline appears 
to be significantly less, appearing to have stabilized. Well HAL-1 is 280 ft deep with a screened 
interval from 256 to 280 ft bls. As of the water level measurement in June 2016, there was 179.73 
ft of water above the screened interval in the well. 

SELMA GROUP 

 The Selma Group is part of the Upper Cretaceous Series in Alabama and is composed of the 
Mooreville Chalk (including the Arcola Limestone Member), Demopolis Chalk (including the 
Bluffport Marl Member), Ripley Formation, and Prairie Bluff Chalk in west Alabama. In east 
Alabama it is composed of the Blufftown Formation, Ripley Formation (including the Cusseta 
Sand Member), and Providence Sand. The majority of the Selma Group consists of thick, 
carbonate-rich strata that were deposited on the bed of a shallow sea that covered most of south 
Alabama during the late Cretaceous. Intervening sand and clay units were deposited near river 
deltas and during periods of lower sea levels. The chalk and limestone units of the Selma Group 
are largely impermeable and therefore are not considered a potential source of groundwater. 
These impermeable units are briefly described here only in the interest of completeness. 
  

 

Figure C-17.—Hydrograph of Montgomery County, Alabama, well MTG-7, a GSA real-time monitoring well  
constructed in the Eutaw aquifer, 1982-2016. 
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Figure C-18.—Hydrograph of Russell County, Alabama, well M-19-8, a domestic supply well  

constructed in the Eutaw aquifer, 1982-2016. 

 
Figure C-19.—Hydrograph of Hale County, Alabama, well HAL-1, a GSA real-time monitoring well  

constructed in the Eutaw aquifer, 1961-2016. 
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MOOREVILLE CHALK 

 The Mooreville Chalk spans from southern Pickens County to Russell County where it fully 
merges with the Blufftown Formation. In the outcrop region, the lower unnamed member of the 
Mooreville Chalk is approximately 270 ft thick in western Alabama and approximately 600 ft in 
the east central part of the state (Szabo and others, 1988). The upper Arcola Limestone Member 
of the Mooreville Chalk overlies the lower unnamed member, and outcrops in thin beds 
approximately 10 ft thick. The Blufftown Formation spans from southern Macon County and 
northern Bullock County into Russell County to the Chattahoochee River. The thickness of the 
Blufftown Formation in the outcrop region ranges from 0 to approximately 600 ft (Szabo and 
others, 1988). 

DEMOPOLIS CHALK 

 The Demopolis Chalk spans from southwestern Pickens County and Sumter County in west 
Alabama to western Bullock County in east Alabama. The Demopolis Chalk merges with the Ripley 
Formation in southeastern Montgomery County, and merges with the Cusseta Sand Member of 
the Ripley Formation in central Bullock County. The total thickness of the Demopolis Chalk ranges 
from 420 to 495 ft, whereas the upper Bluffport Marl Member of the Demopolis Chalk is 
approximately 50 to 60 ft thick in the outcrop region (Szabo and others, 1988). The Cusseta Sand 
Member of the Ripley Formation merges with the Demopolis Chalk in Montgomery County and 
extends into Georgia. The Cusseta Sand is approximately 200 ft thick in the outcrop region (Szabo 
and others, 1988).  

RIPLEY FORMATION 

 The Ripley Formation spans from Sumter County to Barbour County, with outcrop thickness 
ranging from approximately 35 ft in the western portion to 250 ft in the eastern portion (Szabo 
and others, 1988). The western portion of the Ripley Formation is described as micaceous, fine 
to medium quartz sand with cross-bedding in the upper part, sandy calcareous clay, and thin 
indurated beds of fossiliferous sandstone (Szabo and others, 1988). The eastern portion of the 
formation is described as light-gray to pale-olive, massive, micaceous, glauconitic, fossiliferous 
fine sand, sandy calcareous clay, and thin indurated beds of fossiliferous sandstone (Szabo and 
others, 1988). The Ripley Formation and the laterally equivalent portions of the Providence Sand 
are known to contain quantities of potentially useable groundwater.  

PRAIRIE BLUFF CHALK 

 The Prairie Bluff Chalk spans from Sumter County into southeastern Lowndes and northern 
Pike counties, where it merges with the Providence Sand. The Prairie Bluff Chalk is composed of 
bluish-gray, sandy, fossiliferous chalk, and in its outcrop region ranges from 0 to approximately 
110 ft in thickness (Raymond and others, 1988). The Prairie Bluff Chalk is absent locally in parts 
of Marengo, Dallas, and Wilcox counties where it is either overlapped by the Clayton Formation 
or eroded (Szabo and others, 1988).  
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PROVIDENCE SAND 

 The Providence Sand extends from southeastern Lowndes County to Georgia and attains a 
thickness of 150 to 300 ft in the outcrop region (Szabo and others, 1988).The upper part of the 
Providence Sand consists of cross-bedded fine to coarse sand and white, dark-gray and pale-red-
purple mottled clay containing lignite, sand, and kaolin. The lower part consists of dark-gray 
laminated to thin-bedded silty clay and abundantly micaceous, carbonaceous, fossiliferous very 
fine to fine sand. Due to a lack of adequate well data to characterize the Providence Sand, no 
other analyses could be made for this this aquifer. However, further research efforts should be 
undertaken to evaluate the hydrogeology of this unit. 

FORMATION TOPS 

 The only geologic units within the Selma Group with any usable well log data are the Ripley 
Formation and the Providence Sand. However, due to insufficient well log information, the 
Cusseta Sand Member of the Ripley Formation, Ripley Formation, and Providence Sand data are 
combined and presented as the Ripley structural map and Ripley NPPI map. The top of the Ripley 
Formation dips to the south-southwest at 25 ft/mi close to the upper limit of the Ripley aquifer, 
and 54 ft/mi farther south (plate 64). Many of the geologic cross sections (plates 8, 23, 29, and 
26) depict the geologic structure. In the central and western parts of the state, the subsurface 
thickness of the Ripley Formation ranges between 340 and 670 ft, with an average of 500 ft. 

NET POTENTIAL PRODUCTIVE INTERVALS 

 Sand beds of the Cretaceous Ripley Formation are a significant aquifer across a portion of the 
study area. Thick intervals of laterally discontinuous sand in the Ripley Formation have been 
identified in eight areas (plate 65). Sand dominated deposition during the Late Cretaceous 
occurred along the strike of the formation as barrier islands or as inner shelf depositional 
environments. The thickness of the Ripley NPPI ranges 0 up to 215 ft. Net potential productive 
intervals mapping for the Ripley aquifer in Alabama indicates that the thickest NPPIs (about 200 
ft) occur in Butler County (P308, 13-L-19-1), Monroe County (P549), and Clarke County (P1410).  

 In the southeastern part of the state, the thickest (100 to 200 ft) NPPI area of the Ripley 
aquifer (plate 65) extends from southeastern Crenshaw County across southern Pike County and 
connects to a thick area (175 ft) in south-central Henry County. Another thick NPPI area occurs 
in southern Dale County; however, based on geophysical logs, the sands there likely contain 
brackish water. The downdip limit of freshwater occurrence extends from southernmost 
Marengo County, through Conecuh, Covington, and Crenshaw Counties, southeastward through 
Coffee County, and then in an easterly direction across southern Dale and Henry Counties. 

HYDROGEOLOGY 

WELL INFORMATION 

 Well depth was determined for 117 wells screened or partially screened in the Ripley aquifer 
(appendix A). Well X-13-1 in Montgomery County is the shallowest well completed in the Ripley 
aquifer at a depth of 18 ft. Well Q-27-2 in Butler County is the deepest well at a depth of 1,045 
ft. Current depth to water was evaluated for 88 wells screened in the Ripley aquifer (appendix 
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A). Well H-5-1, in Wilcox County, has the shallowest depth to water at 1 ft bls. Well B-19-1 in 
Butler County has the greatest depth to water at 390 ft. 

 Pumping rates were evaluated for 71 wells screened in the Ripley aquifer and included 
domestic, public, agricultural, and industrial wells. The pumping rates in the Ripley aquifer, based 
on data available, ranged from 3 gpm to 1,200 gpm (appendix A), with the larger pumping rates 
observed in public wells and smaller pumping rates in domestic wells. Pumping rates in the Ripley 
aquifer generally increased downdip in the formation, with the lower pumping rates observed 
near the recharge area, where many of the domestic wells are located, and the higher pumping 
rates observed downdip, where many of the public supply wells are located. The highest pumping 
rate recorded was in well O-19-3 in Crenshaw County at a rate of 1,200 gpm. Specific capacities 
were calculated for 58 wells in the Ripley aquifer and varied from less than 1 gpm/ft to more than 
129 gpm/ft (appendix A), with lower capacities associated with domestic wells. Well O-10-2 in 
Henry County had the highest calculated specific capacity of 129.5 gpm/ft as recorded from initial 
pump tests. 

GROUNDWATER LEVELS AND IMPACTS 

 Due to variability in the time frame of initial water level measurements, a snapshot of water 
levels from 2012 through 2016 was used to map the current potentiometric surface for the Ripley 
aquifer (appendix A). Groundwater level impacts are geneally more prevalent in the public wells 
and were evaluated on a case by case basis.  

 Current static groundwater levels were determined for 88 domestic, public, observation, and 
agricultural wells constructed in the Ripley aquifer (plate 85). There are two distinct groundwater 
flow regions identified in the Ripley aquifer, west of the Alabama River and east of the Alabama 
River with the river acting as a hydraulic barrier. West of the Alabama River in Marengo and 
Wilcox Counties, groundwater moves south and also towards the Alabama River. Current 
groundwater levels in this hydraulic area varied from 250 ft MSL in well W-21-1 in Marengo 
County to 52 ft MSL in I-13-1 in Wilcox County. The hydraulic gradient for this area is 0.0024 (12.4 
ft/mi).  

 East of the Alabama River in Dallas, Wilcox, Lowndes, Butler, Montgomery, Crenshaw, 
Bullock, Pike, Barbour, Dale, and Henry Counties groundwater moves in a southerly direction. 
Current groundwater levels in this hydraulic area varied from 524 ft MSL in well J-4-3 in Bullock 
County to 28 ft MSL in L-20-1 in Crenshaw County. The hydraulic gradient for this area is 0.0018 
(9.24 ft/mi). One area of minor production-related disturbance to the potentiometric surface was 
observed in public supply wells north of Luverne in Crenshaw County. Few groundwater impacts 
have been noted in the Ripley aquifer; however, one public well in Crenshaw County (L-20-1) has 
declined 64 ft since the initial pump test in 2008. 

HYDROGRAPHS AND AQUIFER DECLINE CURVES 

 The Ripley Formation is an important source of groundwater in northwest to east-central 
Alabama. Public, domestic, observation, and agricultural wells were analyzed using hydrograph 
decline curve analysis to show varying conditions related to groundwater production, drought, 
and seasonal fluctuations impacting the Ripley aquifer, provided there was sufficient data 
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available to generate long-term hydrographs. Generally, recorded water levels in all selected 
wells exhibit at least one period of decline on their hydrograph. 

 Well X-13-1 in Montgomery County is an unused agricultural water-table well that is a part of 
the GSA periodic monitoring program. Water level was initially measured in 1953 at 351.7 ft MSL. 
Semi-annual measurements were made from 1982 through 1993 and annual measurements 
from 1994 to 2015. A significant data gap occurred from 2011 to 2014. Seasonal fluctuations are 
evident in this unconfined water-table well and fluctuate as much as 14 ft. In addition, impacts 
for two drought years were also noted on the hydrograph in 1987 and 2000, with the 1987 
drought impact the worst. The lowest recorded water level in the period of record was 337.81 ft 
MSL (fig. C-20). Accounting for the seasonal fluctuations and drought years, water levels have 
remained relative stable for this shallow unconfined well. Well X-13-1 is a dug well 18.8 ft deep. 
As of the last measurement in December 2015, there was 14.7 ft of water in the well. 

 Well I-33-2 in Pike County is a domestic supply well that is a part of the GSA periodic 
monitoring program. Water levels were initially recorded in the 1960s with semi-annual 
measurements from 1968 until 1993, then annual measurements from 1994 to 2013 with a small 
data gap from 2011 to 2012. Since 1978, water levels have steadily declined at a rate of 0.8 ft/yr, 
possibly due to lack of adequate recharge during the wet season, as was observed in earlier 
measurements (fig. C-21). Due to the steady declining water levels, drought impacts are not 
readily discernable on the hydrograph. Well I-33-2 is 240 ft deep with no other construction data 
known. As of the last water level measurement in 2013, there was 63.6 ft of water in the well. 

  

 
Figure C-20.—Hydrograph of Montgomery County, Alabama, well X-13-1, an unused  

agricultural water-table well constructed in the Ripley aquifer, 1953-2015. 
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Figure C-21.—Hydrograph of Pike County, Alabama, well I-33-2, a domestic supply well  

constructed in the Ripley aquifer, 1965-2013. 

 
Figure C-22.—Hydrograph of Wilcox County, Alabama, well H-15-2, an unused institutional  

public supply well constructed in the Ripley aquifer, 1967-2013. 
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 Well H-15-2 in Wilcox County is a former institutional public supply well that is a part of the 
GSA periodic monitoring program. The initial water level was recorded in 1967 at 111 ft MSL. 
Since 1983 water levels were measured semi-annually through 1993, then annually from 1994 to 
2013 with a data gap from 2004 to 2005. The hydrograph shows seasonal fluctuations typically 
seen in unconfined wells constructed near outcrops, with fluctuations occurring as much as 10 
ft. From 1983 through 1993, water levels varied less with respect to the seasonal fluctuations. 
However, since 1994, water level measurements were only made in the fall dry period, thus true 
seasonal fluctuations are not apparent and water level stability is uncertain (fig. C-22). Drought 
impacts are highlighted on the hydrograph for four known drought years in Alabama: 1986, 1988, 
2000, and 2007, with the lowest water level recorded during the 1986 drought at 108.8 ft MSL. 
Well H-19-2 is 30 ft deep and open ended. As of the last measurement in 2013, there was 8.63 ft 
of water above the bottom of the casing interval. 

 Well P-29-1 in Barbour County is a domestic supply well that is a part of the GSA periodic 
monitoring program. Water levels were initially recorded in 1967 at 401.71 ft MSL with semi-
annual measurements through 1993 and annual measurements from 1994 through 2012. Mild 
seasonal fluctuations are evident during water levels recorded semi-annually, with annual 
fluctuations up to 4 ft recorded, indicative of this well being partially confined (fig. C-23). Two 
drought impacts are readily apparent on the hydrograph for 2000 and 2007; however, the lowest 
water level recorded was in 1967 at 401.1 ft MSL. Well P-29-1 is 181 ft deep with unknown screen 
intervals. As of the last measurement in November 2012, there was 111.01 ft of water in the well. 

 Well MTG-6 in Montgomery County is a GSA real-time well with a period of record dating to 
1982. From 1982 to 1993 water levels were measured semi-annually, from 1994 to 2010 levels 
were measured annually. In November 2012, real-time water level monitoring equipment was 

 

Figure C-23.—Hydrograph of Barbour County, Alabama, well P-29-1, a domestic supply well  
constructed in the Ripley aquifer, 1967-2012. 
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installed in this well. Seasonal fluctuations up to 3 ft have been recorded in this well and are 
typical for wells completed in unconfined recharge areas (fig. C-24). No discernable drought 
impacts are readily apparent on the hydrograph due to the seasonal fluctuations. Well MTG-6 is 
80 ft deep and screened from 65 to 80 ft. As of the last measurement in June 2016, there was 
30.09 ft of water above the screened interval. 

MIDWAY GROUP 

 The Midway Group was named for rock exposures at Midway Landing along the western side 
of the Alabama River about 5 miles south of the community of Prairie Bluff in west-central Wilcox 
County (Smith, 2001).The Midway Group is part of the Paleocene Series of Paleogene age and is 
comprised of the Clayton Formation, Porters Creek Formation, and Naheola Formation. The 
Clayton Formation is mapped with the Porters Creek Formation in Marengo and Wilcox Counties. 
The thickness of the Clayton Formation in the outcrop region is approximately 10-20 ft in the 
western portion of the state and 40-180 ft in the eastern portion (Szabo and others, 1988). The 
Porters Creek Formation spans from Sumter County to eastern Crenshaw County where it is 
mapped with the Clayton Formation to the Georgia state line. The Mathews Landing Marl 
Member is the upper unit of the Porters Creek Formation. The thickness of the Porters Creek 
Formation in the outcrop region ranges from approximately 450 ft in west Alabama to 
approximately 150 ft in the east (Szabo and others, 1988). The Naheola Formation spans from 
Sumter County in west Alabama to Butler County in south-central Alabama, where the formation 
pinches out. The Naheola Formation is divided into two subordinate members: the lower Oak Hill 
Member, which attains a thickness of 80 to 150 ft in the outcrop region, and the upper Coal Bluff 

 
Figure C-24.—Hydrograph of Montgomery County, Alabama, well MTG-6, a GSA real-time monitoring well  

constructed in the Ripley aquifer, 1982-2016. 
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Marl Member which is approximately 15 to 60 ft thick in the outcrop region (Szabo and others, 
1988). 

CLAYTON FORMATION 

 The oldest Cenozoic sediments in eastern Alabama rest unconformably upon sediments 
assignable to the Upper Cretaceous Providence Sand. In Alabama, these beds are assigned to the 
Clayton Formation which is named for typical exposures located near the town of Clayton in west-
central Barbour County (Langdon, 1891). In eastern Alabama, the undifferentiated Clayton 
Formation contains sandy fossiliferous limestone, medium-gray silty calcareous clay, and fine 
sand, with gravelly, medium to coarse sand containing clay pebbles occurring in the lower part. 
The formation in many areas of east Alabama is weathered to residual accumulations of chert 
boulders, moderate-reddish-orange sand, clay containing masses, and thin layers of iron minerals 
(limonite-goethite) (Szabo and others, 1988). Farther to the west, the Clayton Formation is 
differentiated into subordinate members. The lower member contains medium-gray fossiliferous 
calcareous silt, glauconitic sand, thin beds of sandy limestone, and calcareous sandstone (Pine 
Barren Member); whereas the upper member of the formation (McBryde Limestone Member) is 
comprised of white to yellowish-gray argillaceous limestone. The Clayton Formation thins west 
of Wilcox County and, to the west of Thomaston in eastern Marengo County, is mapped with the 
Porters Creek Formation. Rarely observed fresh exposures of the Clayton Formation in Marengo 
and Sumter Counties consist mainly of white to yellowish-gray argillaceous, fossiliferous sandy 
limestone; whereas ferruginous sand and fossiliferous sandstone are found in weathered 
exposures (Szabo and others, 1988). 

 Although the Clayton Formation represents one of the most important and geographically 
widespread deep aquifer systems within the study area, the Clayton has also proven to be one 
of the most lithologically variable units evaluated during this investigation. An examination of 
wells that penetrate the Clayton Formation, or inspection of the regional cross-sections through 
the area, clearly shows the high variability and dramatic lithological changes in Clayton sediments 
from well to well (Smith, 2001). In the subsurface, the Clayton Formation extends from central 
Barbour, Pike, Crenshaw, Butler, and Wilcox Counties southward to the Florida state line, thus 
underlying most of south Alabama. Drillers’ logs for the several hundred wells that encounter the 
Clayton note that the unit predominantly consists of “rock” or “lime rock” interbedded with 
“sand,” “shale,” “clay,” or “marl.” In general, these “lithologic descriptions” seem appropriate 
and consistent when compared with the lithologies of the Clayton in outcrop exposures (Smith, 
2001). 

FORMATION TOPS 

 The structure contour map drawn on the top of the Clayton is shown in plate 62. Based on 
the structure maps generated from geophysical log interpretation, the Clayton Formation 
generally strikes in a west-east direction in the central and eastern parts of the study area. 
Toward the west, in southeastern Crenshaw and through Covington, Butler, and Wilcox Counties, 
strike is generally oriented northwest to southeast, coincident with the regional pattern of both 
underlying and overlying beds. Regional dip of the upper Clayton surface is toward the south or 
south-southwest (plate 62) at relatively gentle and uniform rates of about 22 ft/mi. The only 
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notable exception to this general trend is found to the west, where the Clayton Formation dips 
toward the southwest at about 61 ft/mi (plate 62). Geologic cross sections (plates 3 , 17, 28, and 
36) depict the geologic structure.  

 As seen in the fault zones on plate 62, based on the density of the contour lines, a significant 
amount of displacement is recorded. The thickness of the Clayton Formation averages about 200 
to 300 ft in the subsurface, being thinner along the upper limit of the Clayton aquifer and, based 
on the OGB well logs, thicker at depth in the southern part of the state. On cross section HH-HH′ 
(plate 35), westward from the Wilcox/Monroe County line, the Clayton is mapped with the 
Porters Creek Formation. 

NET POTENTIAL PRODUCTIVE INTERVAL 

 The Paleogene Clayton Formation is composed of limestone and sand beds that comprise one 
of the most important aquifers in southeastern Alabama. Net potential productive intervals 
mapping for the Clayton aquifer in Alabama (plate 63) is based on 38 wells, of which 13 are OGB 
wells. Thick intervals of laterally discontinuous sand/limestone in the Clayton Formation have 
been identified in five areas where sand/limestone dominated deposition occurred along the 
strike of the formation during the Paleocene. 

 A thick area of NPPI extends from the Dothan area in northwest Houston County, where the 
NPPI is more than 250 ft thick, across southern Dale County and south-central Coffee County, 
where the NPPI varies from 125 to 175 ft thick, to northern Covington County where the Clayton 
NPPI is 180 ft thick in well 39-H-1-1 (plate 63). Increased thickness was logged for two wells in 
Butler County, at 134 ft in well 13-Q-27-3 and 128 ft in well 13-I-20-1, and for well P350 in 
Conecuh County at 126 ft thickness. The probable downdip limit of water production in the 
Clayton aquifer extends across Wilcox, Monroe, Conecuh, and central Covington Counties to 
Geneva County and continues eastward across the southern part of the study area. This limit is 
due to both thinning of the NPPI and to an increase in salinity of the groundwater. 

HYDROGEOLOGY 

WELL INFORMATION 

 Well depth was determined for 124 wells screened or partially screened in the Clayton aquifer 
(appendix A). Well O-6-1 in Wilcox County is the shallowest well identified that is constructed to 
a depth of 60 ft. Well P-17-2 in Dale County is the deepest well at 1,510 ft. Current depth to water 
was measured for 89 wells screened in the Clayton aquifer and varied from 7 ft bls to 392.6 ft bls 
(appendix A). Well O-6-1 in Wilcox County had the shallowest depth to water at 7 ft, and well I-
16-1 in Houston County had the greatest depth to water at 392.6 ft. 

 Pumping rates were evaluated for 101 wells screened in the Clayton aquifer and included 
domestic, public, agricultural, and industrial wells, provided the pump test data were available 
on the drilling records. Pumping rates in the Clayton aquifer ranged from 2 gpm to 1,500 gpm 
(appendix A), with the larger pumping rates observed in public wells and smaller pumping rates 
in domestic wells. Pumping rates in the Clayton aquifer generally increase along the dip of the 
formation, with the lower pumping rates observed near the recharge area, where many of the 
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domestic wells are located, and the higher pumping rates observed downdip, where many of the 
public supply wells are located. The highest pumping rates recorded were in wells C-30-1, D-25-
4, and G-10-9 in Houston County all at a rate of 1,500 gpm. Specific capacities varied from less 
than 1 gpm/ft to more than 200 gpm/ft (appendix A), with lower capacities associated with 
domestic wells. Well D-32-2 in Houston County had the highest calculated specific capacity of 
200 gpm/ft as recorded from initial pump tests. 

GROUNDWATER LEVELS AND IMPACTS 

 Due to the variability in the time frame of the water level measurements for initial water 
levels, a snapshot of water levels from 2012 through 2016 was used to map the current 
potentiometric surface for the Clayton aquifer (plate 86). However, groundwater level impacts 
were evaluated on a case by case basis for public supply wells as impacts are generally more 
prevalent in the public wells. 

 Current static groundwater levels were determined for 89 domestic, public, observation, and 
agricultural wells constructed in the Clayton aquifer (plate 86). There is one distinct groundwater 
flow region in the Clayton aquifer east of the Alabama River to the Chattahoochee River; 
however, west of the Alabama River was not analyzed for groundwater flow due to the lack of 
sufficient well coverage to make a determination. In Wilcox and Monroe Counties groundwater 
moves south and southwest toward the Alabama River. In Butler, Covington, Crenshaw, Pike, 
Coffee, Dale, and Houston Counties, groundwater moves south. In Barbour and Henry Counties, 
groundwater moves towards the Chattahoochee River and to the south. Current groundwater 
levels in this hydraulic area vary from 459 ft MSL in well C-24-1 in Butler County to -71 ft MSL in 
I-16-1 in Houston County. The hydraulic gradient for this area is 0.0017 (9.2 ft/mi).  

 Several areas of notable production-related disturbances were observed in the Clayton 
aquifer. Public well K-5-1 in Dale County south of Ozark has declined over 113 ft since the initial 
pump test in 1962. Public well K-16-4 in Dale County south of Ozark has declined over 60 ft since 
the initial pump test in 1978. Public well P-17-2 in southeast Dale County has declined over 33 ft 
since the initial pump test in 1999. Public well P-20-2 in southeast Dale County has declined over 
124 ft since the initial pump test in 1965. Public well P-20-3 in southeast Dale County has declined 
over 53 ft since the initial pump test in 1982. Multiple public wells in Dothan (Houston County) 
have declines from initial pump tests, as represented on the potentiometric surface map of the 
Clayton aquifer (plate 86). The most significant distruption to the potentiometric surface 
occurred in well D-32-2 near Dothan in Houston County, with a decline of 85 ft. 

HYDROGRAPHS AND AQUIFER DECLINE CURVES 

 The Clayton Formation is a major source of groundwater in northwest to east-central 
Alabama. Public, domestic, observation, and agricultural wells were analyzed using hydrograph 
decline curve analysis to demonstrate varying conditions related to groundwater production, 
drought, and seasonal fluctuations impacting the Clayton aquifer, provided there were sufficient 
data available to generate long-term hydrographs. Generally, recorded water levels in all selected 
wells exhibit at least one period of decline. 
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 Well C-24-1 in Butler County is a domestic supply well and part of the GSA periodic monitoring 
program. The initial water level was recorded in 1964 at 458.4 ft MSL. Water levels were 
measured semi-annually beginning in 1967 through 1993 then annually from 1994 to 2013. 
Seasonal fluctuations are evident on the hydrograph with fluctuations up to 7 ft, indicating that 
this well is unconfined (fig. C-25). Seven drought impacts are highlighted on the hydrograph for 
known drought years: 1968, 1980-81, 1986, 1988, 2000, and 2007, with the lowest water level 
recorded during the 1968 drought at 451.75 ft MSL. Well C-24-1 is 106 ft deep with an unknown 
screen interval. As of the last water measurement in 2013, there was 92.5 ft of water above the 
bottom of the casing in the well. 

 Well I-12-1 in Crenshaw County is a domestic supply well that is a part of the GSA periodic 
monitoring program. The initial water level was recorded in 1948 at 410 ft MSL. Water levels 
were measured semi-annually from 1982 to 1993 then annually from 1994 to 2013. Seasonal 
fluctuations of 8.85 ft or less were recorded during the semi-annual water level measurements, 
with three drought impacts; 1986, 2000, and 2007 (fig. C-26). Water levels were relatively stable 
with the seasonal fluctuations from 1982 through the 2000 drought; however, following the 2000 
drought, water levels during the dry seasons have been lower than previously observed, with the 
lowest water level recorded in 2012 at 400.87 ft MSL. Well I-12-1 is 170 ft deep with an unknown 
screen interval. As of the last measurement in 2013 there was 105.2 ft of water in the well. 

 Well T-8-1 in Wilcox County is a domestic supply well that is part of the GSA periodic 
monitoring program. Water levels were recorded semi-annually from 1983 to 1993, then 
annually from 1994 to 2013. Significant seasonal fluctuations are observed in this well (10 ft or 
less), indicative of the aquifer in this location being unconfined (fig. C-27). Water levels for this 

 
Figure C-25.—Hydrograph of Butler County, Alabama, well C-24-1, a domestic supply well  

constructed in the Clayton aquifer, 1964-2013. 
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well are stabilized, taking into account the seasonal fluctuations, with no drought impacts readily 
discernable from the seasonal fluctuations. Well T-8-1 is 61 ft deep and open-ended. As of the 
last measurement in 2013, there was 39.26 ft of water above the bottom of the casing interval. 

 Well DLE-1 in Dale County is a GSA real-time well with a near continuous period of record 
dating to 1980. Seasonal fluctuations are evident for the period of record, with declining water 
levels at a rate of 1.96 ft/yr from 1980 to 2000, followed by more stable water levels from 2000 
to 2016 (fig. C-28). Since September 2012, DLE-1 has been equipped with real-time water level 
monitoring equipment. Although this well is confined, the water levels are affected by periods of 
drought, as occurred in 2000, 2007, and 2012, which could indicate that the aquifer in this area 
is only partially confined, since seasonal fluctuations are also observed. Well DLE-1 is 453 ft deep 
and screened from 433 to 453 ft. As of the June 2016 measurement, there was 310.37 ft of water 
above the screen intervals. 

PORTERS CREEK FORMATION 

 In west Alabama this geologic unit is dusky-brown to black massive plastic clay having a bed 
of glauconitic shelly marl and sand at the top (Mathews Landing Marl Member). In Sumter County 
the unnamed member at the base of the Porters Creek as mapped includes the Clayton 
Formation, which is generally less than 20 ft thick (see the Clayton Formation section above for 
a description of that unit). To the east, the Porters Creek Formation becomes calcareous, and 
grades into calcareous silt, fine sand, and sandstone (Szabo and others, 1988). In some areas, 
portions of this formation consist of light-greenish-gray, calcareous, micaceous, clayey, fine to 
medium sand, medium-gray sandy, calcareous clay, and white to light-gray thin-bedded, partly 
clayey, fossiliferous limestone. East of Crenshaw County, owing to lithologic similarity, beds 
correlative with the Porters Creek are included in the Clayton Formation (Szabo and others, 
1988). The lithological characteristics of the Porters Creek Formation make it largely unsuitable 
as a potential source of groundwater. 

NAHEOLA FORMATION 

 The Naheola Formation is restricted to western Alabama and pinches out in western Butler 
County. In west Alabama, this formation is divided into two subordinate members: the lower Oak 
Hill Member, and the upper Coal Bluff Marl Member. In the outcrop belt of west Alabama, the 
Oak Hill Member consists of 80 to 150 ft of laminated silt, clay, and fine sand, and contains a 
prominent bed of lignite near the top of the unit. In the same area, the Coal Bluff Marl Member 
consists of glauconitic sand, thin-bedded silty clay, and sandy fossiliferous marl, ranging between 
15 and 60 ft of thickness in the outcrop region (Raymond and others, 1988). In Sumter County 
and parts of Marengo County, the Coal Bluff Marl Member is mostly crossbedded fine to coarse 
sand that is indistinguishable from the overlying lower beds of the Nanafalia Formation. In these 
areas, the contact between the Naheola and Nanafalia Formations is mapped at the top of the 
Oak Hill Member of the Naheola (Szabo and others, 1988).  
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Figure C-26.—Hydrograph of Crenshaw County, Alabama, well I-12-1, a domestic supply well  

constructed in the Clayton aquifer, 1948-2013. 

 

Figure C-27.—Hydrograph of Wilcox County, Alabama, well T-8-1, a domestic supply well 
constructed in the Clayton aquifer, 1983-2013.  
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 Three domestic wells were evaluated that are screened in the Naheola aquifer: Z-14-1 and Z-
34-1 in Marengo County, and L-5-1 in Wilcox County. Because this formation is restricted to west 
Alabama, the Naheola aquifer can be considered a minor aquifer due, in part, to its restricted 
location and that only domestic wells are currently screened in this aquifer. No further 
discussions for this aquifer are presented herein; however, further research should be conducted 
to assess the potential aquifer production rates. 

WILCOX GROUP 

 The Wilcox Group is named for the extensive exposures that occur throughout Wilcox County 
in west-central Alabama. In Alabama, the Wilcox Group is part of the upper Paleocene to lower 
Eocene Series of Paleogene age and is composed of the Salt Mountain Limestone, Nanafalia 
Formation, Tuscahoma Sand, and the Hatchetigbee Formation (Osborne and others, 1989). The 
Nanafalia Formation extends from southern Sumter County to Georgia and is approximately 250 
ft thick in the outcrop region of west Alabama, and approximately 75 ft thick in east Alabama 
(Szabo and others, 1988). The Tuscahoma Sand spans from northern Choctaw County to Georgia 
and in the outcrop region is approximately 350 ft thick in west Alabama and approximately 90 ft 
thick in east Alabama (Szabo and others, 1988). The Hatchetigbee Formation spans from Choctaw 
County to southern Crenshaw and northern Covington Counties and outcrops approximately 250 
ft thick in west Alabama and up to 35 ft thick in southeast Alabama (Szabo and others, 1988). In 
parts of southeast Alabama the upper beds of the Hatchetigbee were eroded or not deposited 

 
Figure C-28.—Hydrograph of Dale County, Alabama, well DLE-1, a GSA real-time monitoring well  

constructed in the Clayton aquifer, 1980-2016. 
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and the overlying Tallahatta Formation directly contacts the lower Bashi Marl Member of the 
Hatchetigbee Formation (Szabo and others, 1988). 

SALT MOUNTAIN LIMESTONE 

 Smith and Johnson (1887) were the first to describe the Paleoene Salt Mountain Limestone 
as consisting of white, massive, indurated, highly fossiliferous limestone containing reef-building 
corals, abundant echinoderms and echinoderm fragments, gastropods and bivalves, and larger 
foraminifera, which they referred to as “coral limestone.” Langdon (1891) was the first to use the 
term “Salt Mountain Limestone,” stating that its lithological character indicated it was an “atoll 
buildup in Tertiary [now Paleogene] seas.” Although other workers have studied it lithologically, 
stratigraphically, and structurally, much of what we know about the Salt Mountain Limestone 
comes from the work of Toulmin (1940).  

 The only known outcrop of the Salt Mountain Limestone occurs at the type locality and in the 
vicinity of Salt Mountain located about 6 miles south of Jackson in southwestern Clarke County, 
Alabama. Exposures of the formation at Salt Mountain are about 90 ft thick and extend north-
south for a distance of only about 3 miles with a maximum width of 0.5 mile or less. These 
exposures occur along the eastern, or upthrown, side of the Jackson fault, a major and significant 
structural feature in southwest Alabama that has raised the normally deeply buried Salt 
Mountain Limestone upward in excess of 1,500 ft to its present outcrop setting (Toulmin, 1940). 
In southwest Alabama, the Salt Mountain Limestone is believed to be the downdip and more 
open marine equivalent of the “Ostrea thirsae beds,” (now named Flemingostrea cretacea) the 
middle member of the Nanafalia Formation, which is widely exposed in outcrops 45 to 50 miles 
north of Salt Mountain (Smith, 2001).  

 Until recently, the areal extent of the Salt Mountain Limestone was believed to be restricted 
to the surface exposures and subsurface areas in and around Salt Mountain. Preliminary and 
unpublished subsurface mapping of the East Gulf Coastal Plain area conducted by Charles C. 
Smith of the GSA in 1993 and early 1994 documented a far more regional extent than previously 
anticipated. The Salt Mountain Limestone of southwestern Clarke County has been correlated 
and mapped with a widespread series of subsurface limestones and sands that extend from 
Clarke County over 170 miles eastward to the Chattahoochee River. Although these limestones 
and sands were previously included in the underlying Clayton Formation, they are now thought 
to represent a distinctive and separate lithological unit which can be mapped throughout the 
subsurface of the Alabama coastal plain.  

 The importance of correctly identifying and differentiating this unit can be no better 
illustrated than through the citing of a previous wellhead protection study conducted by the 
Geological Survey of Alabama for the community of Enterprise in southeastern Coffee County 
(Smith and others, 1996). Prior to this study, all drillers’ records, records of oil and gas test wells, 
as well as previously published subsurface studies, identified the interbedded limestone and sand 
section, as well as the producing aquifer for the city of Enterprise, as being assigned to the 
Clayton Formation. It is well known that Cretaceous units beneath the Clayton in this area have 
no potential as a source of potable water. Thus, the only option for Enterprise would have been 
to expand laterally and continue future production from the “Clayton.” The geological study in 
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the Enterprise area documented that the deep aquifer is not the Clayton Formation but is 
assignable to the overlying Salt Mountain Limestone, thus establishing the underlying 200 ft of 
Clayton sediments as a viable objective for an active exploration program.  

 The Salt Mountain Limestone is the only stratigraphic unit underlying the entire south-central 
and southeastern portions of Alabama that does not have an equivalent updip, or northward, 
outcrop exposure. The Salt Mountain Limestone is lithologically distinctive throughout southern 
Alabama where it overlies the Porters Creek Formation, or where the Porters Creek is absent, 
overlies the Clayton Formation, and, in turn, is overlain by the Nanafalia Formation. Although 
drillers’ records in the Enterprise area, and elsewhere, as well as most previously published 
subsurface studies identified these limestones and interbedded sands as part of the Clayton 
Formation, they in fact are assignable to the overlying Salt Mountain Limestone. Far from being 
an academic exercise, the correct classification and correlation of subsurface lithologies and the 
contained fluids is essential for their exploration, exploitation, and protection. 

 The Salt Mountain Limestone consists of white massive indurated fossiliferous limestone, 
with sand at the base, with thickness ranging from 90 ft in outcrops in Clarke County to 36 ft in 
the subsurface of Mobile County (Raymond and others, 1988). Southward, this thickness 
increased uniformly to a maximum reported thickness of greater than 275 ft observed in well W-
17-1 at Dozier in far south-central Crenshaw County (Smith, 2010). Previous and current 
potentiometric surface mapping indicates a likely hydraulic connection of the Salt Mountain 
Limestone and Clayton aquifers over most of southeastern Alabama (Cook and others, 2014), and 
as such the Salt Mountain Limestone and Clayton potentiometric surfaces are mapped as one. 
However, the Salt Mountain Limestone NPPI and structural tops are mapped separately due 
primarily to its distinctive lithologic character of fossiliferous limestone with quartz sand 
interbeds (Smith, 2001). 

FORMATION TOPS 

 The top of the Salt Mountain Limestone formation dips southward in eastern Alabama at 26 
ft/mi and southwestward in the western part of the state at 45 ft/mi (plate 60). Geologic cross 
sections (F-F′, plate 7; J-J′, plate 11; DD-DD′, plate 31) depict the geologic structure. Subsurface 
thickness ranges between 100 and 250 ft, occasionally at depth reaching 380 ft (cross section 
MM-MM′; plate 40). Significant movement is recorded in the fault zones, based on the density 
of the contour lines. On cross section LL-LL′ (plate 39), which traverses N-S Clarke and Baldwin 
Counties, a throw (displacement) of 1,440 ft is shown (Salt Mountain Limestone) along the 
Jackson fault. 

NET POTENTIAL PRODUCTIVE INTERVAL 

 Smith (2001) noted the presence of visible porosity in well cuttings of some wells that 
penetrated the Salt Mountain Limestone, the presence in some wells of sand interbeds, and the 
general absence of clay. The thickest portion of the net “clean” portion of the limestone and sand 
extends from northern Covington County southeastward across southwestern Coffee County into 
north-central Geneva County, where the NPPI is more than 250 ft thick. The Salt Mountain NPPI 
thins north and south away from this thick “fairway,” and to the east into Houston County. The 
Salt Mountain is not present (or not distinguishable from the Clayton on well logs) north of a line 
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across northern Coffee and Dale Counties. The downdip limit of fresh water probably extends 
across south-central Covington and southwestern Geneva Counties (plate 61) (Cook and others, 
2014). 

 Net potential productive interval mapping for the Salt Mountain Limestone aquifer in 
Alabama is based on 127 wells, of which 65 are OGB wells. A thick interval of laterally 
discontinuous limestone and sand in the Salt Mountain Limestone Formation has been identified 
in five areas where limestone and sand-dominated deposition occurred along the strike of the 
formation during the Paleocene.  

 The thickness of NPPI Salt Mountain Limestone ranges between 75 and 380 ft. Net potential 
productive interval mapping for the Salt Mountain Limestone aquifer in Alabama indicates the 
thickest NPPIs occur in Coffee County (well S-02) at about 250 ft and Covington County (well 
P492) at about 265 ft. The downdip limit of fresh water probably extends across southern Clarke 
and Conecuh, south-central Covington, and southwestern Geneva Counties (plate 61). 

NANAFALIA FORMATION 

 Smith (1886) named the Nanafalia Formation for exposures at Nanafalia Landing along the 
eastern side of the Tombigbee River about 3 miles northwest of the community of Nanafalia, 
southeastern Marengo County, Alabama. In western and west-central Alabama, the Nanafalia 
Formation is about 200 to 250 ft thick in the outcrop region and is subdivided into a lower 
crossbedded coarse sand named the Gravel Creek Sand Member, a middle highly fossiliferous 
sandy marl informally called the “Ostrea thirsae beds,” (now Flemingostrea cretacea), and an 
upper massive clean clay or sandy clay named the Grampian Hills Member. From southern 
Sumter County eastward into central Crenshaw County, the Nanafalia Formation is exposed in an 
outcrop belt varying from 3 or 4 miles in width up to 10 miles in width in eastern Butler and 
western Crenshaw Counties. From about central Crenshaw County eastward, the outcrop belt of 
the Nanafalia Formation increases to as much as 20 miles in width as a direct result of deep 
dissection and resulting high topographic relief in southeastern Alabama. In southern Barbour 
and northern Henry Counties, the threefold subdivision of the Nanafalia Formation is generally 
not recognized. In this area, the Nanafalia is highly variable lithologically but generally consists of 
massive crossbedded sands, glauconitic and fossiliferous fine sands, and unfossiliferous clays 
totaling about 125 ft in thickness (Smith, 2001).  

 Updip deposits in northern Henry County and southern Barbour County include beds of 
alternating medium-gray and white clay, carbonaceous clay, white and grayish-yellow fine to 
coarse sand and lenses of bauxite and bauxitic clay and sand beds that are commonly 
crossbedded, gravelly, and contain numerous clay pebbles (Szabo and others, 1988). The 
sequence of beds is often obscured by weathering and the collapse of beds into sinkholes in the 
underlying Clayton Formation (Szabo and others, 1988). The recharge area extends from the 
Chattahoochee River in southern Barbour County northwestward through southern Pike, central 
Crenshaw, central and northwestern Butler, central Wilcox, southern Marengo, northwestern 
Choctaw, and southwestern Sumter Counties (Szabo and others, 1988). In eastern Alabama, the 
Nanafalia represents one of the most widespread and significant aquifers within the Cretaceous, 
Paleogene, or Neogene Systems (Copeland, 2001). 
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FORMATION TOPS 

 As shown in plate 58, in eastern Alabama, the top of the Nanafalia Formation dips toward the 
south and southwest at relatively gentle rates of about 21 ft/mi and southwestward in the 
western part of the state at 37 ft/mi. Cross sections (plate 7, plate 11, plate 31) depict the 
stratigraphic relationships and geologic structure. Subsurface thickness ranges between 100 and 
250 ft, occasionally at depths reaching 380 ft (plate 40). As noted from the structure contour map 
drawn on the top of the Nanafalia Formation (plate 58), the unit generally strikes west-east 
through south Alabama eastward and, like underlying and overlying beds, assumes a more 
northwest to southeast strike through western Alabama. This change to a more northwesterly 
direction of strike is consistent with all Upper Cretaceous, Paleogene, and Neogene Tertiary units 
from Crenshaw and Covington Counties westward through Alabama and Mississippi and is a 
result of these beds representing the northerly curving coastline of the eastern margin of the 
ancient Mississippi Embayment. 

NET POTENTIAL PRODUCTIVE INTERVAL 

 Net potential productive intervals mapping for the Nanafalia aquifer in Alabama is based on 
159 wells, of which 78 are OGB wells. Thick intervals of laterally discontinuous sand in the 
Nanafalia Formation have been identified in seven areas where sand-dominated deposition 
occurred along the strike of the formation during the Paleocene. The thickness of the NPPI in the 
Nanafalia ranges between 25 and 125 ft.  

 The thickest portion of the net “clean” portion of the sand extends from southwestern 
Marengo County through northeastern Clarke County, Monroe, and Conecuh Counties, and 
northern Covington County southeastward across southern Coffee County into Dale County, 
where the NPPI is 100 ft thick. Like other coastal plain aquifers, thinning of the formation and its 
NPPI is evident in the updip direction (plate 59). The interpreted downdip limit of Nanafalia 
aquifer water production extends in a generally northwest to southeast line across Washington 
County, southern Clarke and Monroe Counties, Escambia and Covington Counties, and 
southwestern Geneva County. This limit is the result of a general decrease in the net 
sand/limestone content and greater salinity to the southwest (plate 59). 

HYDROGEOLOGY 

WELL INFORMATION 

 Well depth was evaluated for 143 wells screened in the Nanafalia aquifer (appendix A). Well 
T-16-2 in central Barbour County, southeast of Clayton, is the shallowest well constructed in the 
Nanafalia aquifer identified in this assessment at a depth of 21 ft whereas the deepest identified 
well (CC-18-1) is in southern Choctaw County at a depth of 1,455 ft, near the suggested downdip 
limit of adequate water quality. Current depth to water was evaluated for 98 wells screened in 
the Nanafalia aquifer (appendix A). Well CC-18-1 in southern Choctaw County has a depth to 
water at the land surface. The deepest water levels (more than 300 ft) occur in Houston, Choctaw, 
Conecuh, and Monroe Counties, with the greatest depth to water occurring in well J-31-1 in the 
city of Dothan in Houston County at 386.5 ft bls. 
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 Pumping rates for 102 wells were evaluated in the Nanafalia aquifer, which included 
domestic, public, agricultural, and industrial wells, provided that pump test data were available 
on the drilling records. Pumping rates ranged from 5 gpm to 1,200 gpm (appendix A), with the 
larger pumping rates observed in public wells and smaller pumping rates in domestic wells. 
Pumping rates in the Nanafalia aquifer generally increase along downdip in the formation, with 
lower pumping rates observed near the recharge area where many of the domestic wells are 
located, and with the higher pumping rates observed downdip where many of the public supply 
wells are located. The highest pumping rate recorded, 1,200 gpm, was in well M-7-1 in Covington 
County near the city of Andalusia. 

 Specific capacities were calculated for 95 wells screened in the Nanafalia aquifer, provided 
that sufficient pump test data were available. Specific capacities varied from less than 1 gpm/ft 
to 30 gpm/ft (appendix A), with the lower specific capacities associated with domestic wells. Well 
A-31-1 in Clarke County has the highest calculated specific capacity of 30 gpm/ft as recorded from 
initial pump tests. 

GROUNDWATER LEVELS AND IMPACTS 

 Due to the variability in the time frame of the water level measurements for initial water 
levels (when the well was constructed), water levels measured from 2012 through 2016 were 
used to map the current potentiometric surface for the Nanafalia aquifer. However, groundwater 
level impacts were evaluated on a case by case basis for public supply wells as the groundwater 
level impacts are more prevalent in those wells due to the high pumpage rates. 

 Current static groundwater levels were determined for 96 domestic, public, observation, and 
agricultural wells constructed in the Nanafalia aquifer (plate 87). Three distinct groundwater flow 
regions were identified in the Nanafalia aquifer with the major rivers acting as hydraulic barriers, 
separating the groundwater flow paths. These regions are west of the Tombigbee River in 
Choctaw and Sumter Counties, between the Alabama River and the Tombigbee River in Clarke 
and Marengo Counties, and east of the Alabama River. 

 West of the Tombigbee River in Choctaw and Sumter Counties, water moves from the 
southwest corner of Sumter County, south and east through Choctaw County to the Tombigbee 
River. Current groundwater levels in this hydraulic area vary from 308 ft MSL in well GG-28-1 in 
southwest Sumter County to 93 ft MSL in well I-1-2 just west of the community of Robjohn in 
Choctaw County. The hydraulic gradient for this area is 0.0023 (11.94 ft/mi). One production-
related disturbance to the potentiometric surface was observed in public supply well M-18-5 in 
the city of Butler in Choctaw County. 

 In Clarke and southern Marengo Counties, the potentiometric surface is constrained by the 
Tombigbee River to the west and the Alabama River to the east, effectively creating a hydraulic 
barrier around these areas, particularly Clarke County. Water moves from higher elevations in 
Clarke and Marengo Counties out to the rivers on both sides of the counties. Current 
groundwater levels in this hydraulic area vary from 248 ft MSL in well A-28-1 in northeastern 
Clarke County, to 71 ft MSL in well E-36-1 in western Clarke County near the Tombigbee River. 
The hydraulic gradient for this area is 0.0017 (8.86 ft/mi). One production-related disturbance to 
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the potentiometric surface was observed in public supply well CC-9-2 south of the community of 
Nanafalia in Marengo County. 

 East of the Alabama River in central and eastern Alabama, water generally flows from the 
recharge area in Bullock, Barbour, Pike, Crenshaw, Butler, and Wilcox Counties to the south. 
Current groundwater levels in this hydraulic area vary from 482 ft MSL in well T-16-2 southwest 
of Clayton in Barbour County, to 75 ft MSL in well M-7-1 in Andalusia in Covington County. The 
hydraulic gradient for this area is 0.0010 (5.34 ft/mi).  

 Production-related groundwater level impacts affecting the potentiometric surface were 
observed in 17 public supply wells in the Nanafalia aquifer in Choctaw, Clarke, Marengo, Monroe, 
and Houston Counties. The largest disruptions were observed in the Dothan area in Houston 
County (fig. C-29), where groundwater levels declined as much as 181 ft in well J-31-1 from the 
initial static water level taken in 1956, to the most recent water level recorded in 2013. Large 
disruptions to the potentiometric surface were also observed in Monroe County, near the 
community of Beatrice, with a groundwater level decline of 156 ft in well J-19-1 from the initial 
water level recorded in 1961, to the most recent water level taken in 2015 (fig. C-30). Well M-18-
5 in Butler in Choctaw County showed a groundwater level decline of 56 ft from the initial water 
level recorded in 1982, to the most recent water level taken in 2015 (fig. C-30). A minor disruption 
was observed in well CC-9-2 in Marengo County with a groundwater level decline of 19 ft from 
the initial water level recorded in 2000, to the most recent water level recorded in 2015 (fig. C-
30). With evidence of production-related disturbances around the communities of Dothan, 
Beatrice, and Butler, in addition to Marengo County, further research is necessary to adequately 
assess the extent of production-related groundwater impacts within the capture zones of wells 
screened in the Nanafalia aquifer. 

HYDROGRAPHS AND AQUIFER DECLINE CURVES 

 The Nanafalia Formation is a major source of groundwater in south-central and southeastern 
Alabama (Cook and others, 2014). Public, domestic, observation, and agricultural wells were 
analyzed to show varying conditions related to groundwater production, drought, and seasonal 
fluctuations impacting the Nanafalia aquifer, provided there were sufficient data available to 
generate long-term hydrographs. Generally, hydrographs of water levels in all selected wells 
exhibit at least one period of decline. The largest drawdowns were observed in Dothan in 
Houston County, near Beatrice in Monroe County, and near Butler in Choctaw County. 
Drawdowns were observed in wells CC-9-2 in southwestern Marengo County and J-19-1 and I-
36-4 near Beatrice in Clarke County; however, hydrographs are not feasible due to the lack of 
long-term water level records. 

 Well HH-15-1 is an agricultural supply well and part of the GSA periodic monitoring program, 
located northwest of Butler in Choctaw County. The initial water level was measured in 1965 at 
213.2 ft MSL. From 1968 to 1993, water levels were measured semi-annually, then annually from 
1994 to 2016. Slight seasonal fluctuations up to three feet are evident on the hydrograph, with 
the largest fluctuation of over 14 ft occurring during the 1980-81 drought (fig. C-31). This well is 
likely partially confined due to the modest seasonal fluctuations. As noted previously, one impact 
is readily discernable on the hydrograph, during the 1980-81 drought when the lowest water 
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level was recorded at 187.4 ft MSL. However, the water level did recover during the following 
wet season. Notwithstanding the seasonal fluctuations and drought impact, water levels are 
stable for this well. Well HH-15-1 is constructed to a depth of 180 ft bls with no screen intervals. 
In March 2016, there was 18.4 ft of water above the bottom of the casing interval. 

  

 

Figure C-29.—Groundwater Impacts in the Nanafalia Aquifer near Dothan in Houston County, Alabama. 
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Figure C-30.—Groundwater Impacts in the Nanafalia aquifer in southwest Alabama. 

 

Figure C-31.—Hydrograph of Sumter County, Alabama, well HH-15-1, an agricultural supply well 
constructed in the Nanafalia aquifer, 1965-2016. 
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 Well CC-9-1 is a GSA periodic observation well located in southwestern Marengo County. The 
initial water level was recorded at 113 ft MSL in 1949, followed by two measurements of 103.47 
and 101.8 ft MSL in 1955 and 1966 respectively. From 1968 to 1993, water levels were measured 
semi-annually, then annually from 1994 to 2016 with a few data gaps. The long-term hydrograph 
shows periods of pumpage impacts, water level recovery, and seasonal fluctuations. From 1968 
to 1977, the well was actively used, as noted by the lower water levels on the hydrograph (fig. C-
32). In November 1977, the well was no longer active and a significant recovery of water levels 
occurred, increasing 41 ft from 1975 to November 1977. Minimal seasonal fluctuations of less 
than 5 ft were observed from 1984 to 1993. Due to the confined nature of this aquifer, no drought 
impacts are evident on the hydrograph. Well CC-9-1 is constructed to a depth of 247 ft bls and 
screened from 234 to 247 ft bls. In February 2016, there was 144 ft of water above the screen 
interval.  

 Well M-32-1 is a public supply well and part of the GSA periodic monitoring program and 
located northwest of Evergreen in Conecuh County. The initial water level was recorded in 1973 
at 196 ft MSL. From 1984 to 2007, water levels were measured annually, with a gap from 2008 
to 2011, then water levels were measured by the water system from 2012 forward. From 1984 
to 2007, only low water level measurements were recoded during the fall; therefore, seasonal 
fluctuations are not evident, and the water level decline depicted on the hydrograph is skewed 
(fig. C-33). Due to the lack of high and low water level measurements over time, in addition to 
the confined nature of this well, no drought impacts are evident on the well. Since 2012, based 
on the data provided by the water system, the water levels appear to be stable with little monthly 
variability. The GSA did not measure water levels during this period and the water system 

 

Figure C-32.—Hydrograph of Marengo County, Alabama, well CC-9-1, an observation well  
constructed in the Nanafalia aquifer, 1949-2016. 
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measurement methodology is likely different than the GSA approach. Well M-32-1 is constructed 
to a depth of 1,095 ft bls and screened from 970 to 1,000 and 1,035 to 1,085 ft bls, with the depth 
of the well and overlying clay layers suggesting that this well is screened in a confined aquifer. In 
January 2015, there was 803 ft of water above the screened intervals. 

 Well P-3-3 is a domestic supply well located near Georgiana in Butler County and part of the 
GSA periodic monitoring program. The initial water level was recorded at 269.5 ft MSL in 1964. 
From 1967 to 1993, water levels were measured semi-annually, then annually from 1994 to 2013, 
with a few data gaps. Seasonal fluctuations were generally less than 5 ft with no significant 
drought impacts evident (fig. C-34). Minimal seasonal fluctuations and no drought impacts lead 
to the conclusion that the aquifer in the vicinity of this well is most likely confined. Well P-3-3 is 
not screened; however, the bottom of the well is 320 ft bls and there was 227 ft of water in the 
well as of the last water level measurement in November of 2013. 

 Well S-31-1 is a domestic supply well located near Greenville in Butler County and is part of 
the GSA periodic monitoring program. The initial water level of 263.27 ft MSL was recorded in 
1968; however, this water level is much higher than measurements made by GSA and should 
therefore not be used for water level trend calculations for this well. Water level measurements 
were made annually in 1982-83, semi-annually from 1984 to 1993, and annually from 1994 to 
2013. From 1982 to 1993, during the semi-annual measurements, the water levels appeared 
stable with slight seasonal variation of less than 3 ft. However, once annual-only measurements 
began in 1994, the water levels appear to have declined. Because no high water levels were 
recorded during this time frame, the true extent of the water level changes in this well are not 
known (fig. C-35). Well S-31-1 is not screened; however, the bottom of the well is 400 ft bls and, 
as of the last water level measurement in November of 2013, there was 347.1 ft of water in the 
well. 

 
Figure C-33.—Hydrograph of Conecuh County, Alabama, well M-32-1, a public supply well  

constructed in the Nanafalia aquifer, 1973-2015. 
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Figure C-34.—Hydrograph of Butler County, Alabama, well P-3-3, a domestic supply well  
constructed in the Nanafalia aquifer, 1968-2013. 

 

Figure C-35.—Hydrograph of Butler County, Alabama, well S-31-1, a domestic supply well  
constructed in the Nanafalia aquifer, 1968-2013. 
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 Well C-22-1 is an agricultural well and part of the GSA periodic monitoring program, and is 
located in northeast Covington County. The initial water level was recorded at 193.6 ft MSL since 
1966, and from 1967 to 1993, water levels were measured semi-annually, then annually from 
1994 to 2013, with minimal data gaps. Moderate seasonal fluctuations of 5 ft or less were 
recorded during the semi-annual water level measurements when water levels appeared to be 
stabilized with respect to the seasonal fluctuations (fig. C-36). Two drought impacts are noted on 
the hydrograph for known drought years in Alabama: 2000 and 2007; however, since only annual 
water levels have been recorded recently, the true recovery from the droughts is not known. The 
well is 672 ft bls and open ended with casing set to a depth of 25 ft. As of the November 2013 
measurement, there was 481 ft of water in the well. The Nanafalia is believed to be confined in 
the area; however, the hydrograph does suggest that the overlying  Paleocene aquifer is affecting 
water levels as evidenced by the drought impacts and wet season spikes. 

 Well U-14-1, a public supply well and part of the GSA periodic monitoring program, is located 
in Monroeville, Monroe County. The initial water level was measured in 1974 at 78 ft MSL, 
measurements since 1991 have fluctuated up to 30 ft. Water levels have been measured either 
annually or semi-annually since 1984, with minimal data gaps; however, even though the pump 
for well U-14-1 has been shut off at a minimum of 24 hours before the water level was measured, 
there are five nearby wells screened in the same aquifer that are in operation, thus the water 
levels represented on the hydrograph are most likely impacted by pumpage (fig. C-37). The 
aquifer where this well is constructed is considered confined so seasonal fluctuations are not 
expected on the hydrograph. Well U-14-1 is 1,275 ft deep and is screened from 1,140 to 1,180, 

 

Figure C-36.—Hydrograph of Covington County, Alabama, well C-22-1, an agricultural supply well  
constructed in the Nanafalia aquifer, 1966-2013. 
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1,190 to 1,225, and 1,240 to 1,275 ft bls. As of the last water level measurement in November of 
2013 (21 ft MSL), there was 781 ft of water above the screened intervals. 

 Well A-29-2, a public supply well and part of the GSA periodic monitoring program, is located 
in northeast Coffee County. The initial water level was recorded in 1974 at 257 ft MSL. From 1984 
to 1993, water levels were recorded semi-annually, then annually from 1994 to 2013, with a 
significant data gap from 2005 to 2012. Seasonal fluctuations of less than 10 ft are evident on the 
hydrograph, with no clear discernable drought impacts; however, due to lack of seasonal data 
since 1994, the trend of the water levels cannot be determined from the data available (fig. C-
38). The well is 242 ft deep (the screen depths are unknown) and as of the May 2013 
measurement, there was 142 ft of water in the well. 

 Well GEN-1, a GSA real-time well located southwest of Chancellor in Geneva County, was 
measured semi-annually as part of GSA’s periodic monitoring program from 1967 to 1993, then 
annually from 1997 to 2013, followed by daily measurements as part of the real-time monitoring 
program beginning in 2013. Impacts of the 1973 and 1980 droughts and normal seasonal 
variability less than 5 ft are evident on the long-term hydrograph (fig. C-39). Figure C-40 depicts 
normal seasonal variability for well GEN-1. The well is 790 ft deep (the screen intervals are 
unknown) and as of the August 2016 measurement, there was 721 ft of water in the well. The 
Nanafalia is believed to be confined in the area; however, the water levels in this well are 
impacted by the recharge of the aquifer as discussed previously. This well is downdip of the 
Nanafalia outcrop region and well DLE-2. 

 

 
Figure C-37.—Hydrograph of Monroe County, Alabama, well U-14-1, a public supply well  

constructed in the Nanafalia aquifer, 1974-2013. 
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Figure C-38.—Hydrograph of Coffee County, Alabama, well A-29-2, a public supply well  
constructed in the Nanafalia aquifer, 1974-2013. 

 

Figure C-39.—Hydrograph of Geneva County, Alabama, well GEN-1, a GSA real-time monitoring well  
constructed in the Nanafalia aquifer, 1967-2016. 
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Figure C-40.—Hydrograph of Geneva County, Alabama, well GEN-1, a GSA real-time monitoring well  
constructed in the Nanafalia aquifer, 2013-2016. 

 
Figure C-41.—Hydrograph of Dale County, Alabama, well DLE-2, a GSA real-time monitoring well  

constructed in the Nanafalia aquifer, 1965-2016. 
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 Well DLE-2, a GSA real-time well, is located northwest of the community of Skipperville in 
Dale County. The initial water level was recorded in 1965 at 301.4 ft MSL with semi-annual 
measurements from 1967 to 1992, followed by annual measurements from 1993 to 2013. Real-
time monitoring equipment was installed in 2013. The hydrograph since 1965 shows varying 
water levels with significant drought impact recorded in 1989 (fig. C-41). Well DLE-2 is located 
near the outcrop region of the Nanafalia Formation and is a good indicator of recharge to the 
aquifer. The real-time daily hydrograph from November 2013 through June 2016 captured a 
seasonal water level fluctuation up to 3.5 ft in this well (fig. C-42). The well is 240 ft deep and 
cased on 178, with an open hold from 178 to 240 ft bls. As of the June 2016 measurement, there 
was 62 ft of water above the bottom of the well. 

 Three public supply wells (M-23-1, M-23-2, and M-23-6) are located in Daleville in 
southwestern Dale County positioned in close proximity to each other. All three wells have similar 
water level histories and are screened in the Nanafalia and Tuscahoma aquifers, with the 
Nanafalia aquifer as the dominant water source. It is important to note that the current use of 
these public supply wells has declined due to the construction an additional high capacity well in 
the underlying Clayton aquifer about 4 miles east of these wells (Cook and others, 2014). 
Additionally, similar water level trends in these three well indicates that these wells are 
influenced by one another.  

 Public supply well M-23-1 in Daleville, Dale County, is screened in the Tuscahoma and 
Nanafalia aquifers. The initial water level was recorded in 1961 at 156.3 ft MSL. However, this 
water level was recorded on the well record and is higher than water levels for the period of 
record; therefore, this water level should not be used for any trend calculations for this well. 

 
Figure C-42.—Hydrograph of Dale County, Alabama, well DLE-2, a GSA real-time monitoring well  

constructed in the Nanafalia aquifer, 2013-2016. 
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Water levels were provided by the public water system for 2003 through 2016 and indicate a 
relatively stable water level, (fig. C-43). Unknown information includes the method of water level 
measurement, shut-down time for pump, and if any nearby wells were in operation at the time 
water levels were measured. The well is 778 ft deep and screened from 355 to 375, 464 to 474, 
and 580 to 590 ft bls. As of the last measurement in March 2016, there was 122 ft of water above 
the screened intervals. 

 Public supply well M-23-2 in Daleville, Dale County, is screened in the Tuscahoma and 
Nanafalia aquifers. The initial water level was recorded in 1966 at 151 ft MSL. However, this water 
level was recorded on the well record and is higher than water levels measured during the entire 
period of record; therefore, this water level should not be used for any trend calculations for this 
well. Water levels were provided by the public water system for 2003 through 2016 and indicate 
a relatively stable water level; however, unknown information (similar to well M-23-1) precludes 
the use of this water level data (fig. C-44). Unknown factors include the method of water level 
measurement, shut-down time for pump, and if any nearby wells were in operation at the time 
these water levels were measured. The well is 711 ft deep and screened from 355 to 395, 470 to 
480, and 550 to 590 ft bls. As of the last measurement in March 2016, there was 121 ft of water 
above the screened intervals. 

 Public supply well M-23-6 in Daleville, Dale County, is screened in the Tuscahoma and 
Nanafalia aquifers. The initial water level was recorded in 1986 at 112 ft MSL; however, this water 
level was recorded on the well record and is higher than water levels for the period of record; 

 
Figure C-43.—Hydrograph of Dale County, Alabama, well M-23-1, a public supply well  

constructed in the Nanafalia and Tuscahoma aquifers, 1961-2016. 
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therefore, this water level should not be used for any trend calculations for this well. Water levels 
were provided by the public water system 2003 through 2016 and indicate a relatively stable 
water level; however, unknown information precludes the use of this water level data (fig. C-45). 
Unknown information includes the method of water level measurement, shut-down time for 
pump, and if any nearby wells were in operation at the time these water levels were measured. 
The well is 773 ft deep and screened from 620 to 631, 656 to 697, and 722 to 773 ft bls. As of the 
last measurement in March 2016, there was 406 ft of water above the screened intervals. 

 Well J-2-1 is a domestic supply well in Henry County. The initial water level was recorded in 
1965 at 289.75 ft MSL, from 1967 to 1993 water levels were recorded semi-annually, then 
annually from 1994 to 2012. Moderate seasonal fluctuations were observed at less than 10 ft, 
with no real discernable drought impacts (fig. C-46). Accounting for lack of seasonality 
measurement since 1994, the water levels have tended to decline gently at a rate of 0.3 ft/yr 
since 1965. Well J-2-1 is not screened; however, the bottom of the well is 302 ft bls and, as of the 
last measurement in November 2012, there was 159.86 ft of water in the well. 

 Well I-13-2 is a public supply well located near Dothan in Houston County and is screened in 
the Salt Mountain Limestone and Nanafalia aquifers. The initial water level was measured in 1966 
at 104 ft MSL, which is significantly higher than water levels measured since 1982 and therefore 
should not be used for trend analysis of the water levels since this measurement cannot be 
verified. Water levels were measured semi-annually from 1982 to 1993, then annually from 1994 
to 2016, with a few data gaps. Water fluctuations are evident on the hydrograph, but due to the 
location of this well in relation to nearby similarly constructed water wells, the fluctuations could 
be seasonal or due to interference from additional pumping near the well (fig. C-47). The well is 

 
Figure C-44.—Hydrograph of Dale County, Alabama, well M-23-2, a public supply well  

constructed in the Nanafalia and Tuscahoma aquifers, 1961-2016. 
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725 ft deep and screened from 560 to 620 and 725 to 765 ft bls. As of the last measurement in 
March 2016, there was 255.1 ft of water above the screened intervals. 

 Well I-25-1 is a public supply well located near Dothan in Houston County that is screened in 
the Salt Mountain Limestone and Nanafalia aquifers. The initial water level was recorded at 130 
ft MSL in 1954, but is significantly higher than water levels for the entire period of record and 
thus should not be used for trend analysis of water levels in this well. Water levels were measured 
semi-annually from 1982 to 1993, then annually from 1994 to 2016, with a few data gaps. Water 
fluctuations are evident on the hydrograph, but due to the location of this well in relation to 
nearby similarly constructed water wells, the fluctuations could be seasonal or from nearby 
pumpage (fig. C-48). The well is 850 ft deep and screened from 635 to 725 and 805 to 835 ft bls. 
As of the last measurement in January 2013, there was 299.8 ft of water above the screened 
intervals. 

 Well J-20-1 is screened in the Salt Mountain Limestone and Nanafalia aquifers near Dothan 
in Houston County. The initial water level was recorded at 168 ft MSL in 1956, but is significantly 
higher than water levels for the entire period of record and thus should not be used for trend 
analysis of water levels in this well. Water levels were measured semi-annually from 1982 to 
1993, then annually from 1994 to 2013, with a few data gaps. Water fluctuations are evident on 
the hydrograph, but due to the location of this well in relation to nearby similarly constructed 
water wells, the fluctuations could be seasonal or from nearby pumpage (fig. C-49). The well is 
730 ft deep and screened from 580 to 720 ft bls. As of the last water level measurement in 
January 2013, there was 255.1 ft of water above the screened intervals. 

  

 
Figure C-45.—Hydrograph of Dale County, Alabama, well M-23-6, a public supply well  

constructed in the Nanafalia and Tuscahoma aquifers, 1986-2016. 
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Figure C-46.—Hydrograph of Henry County, Alabama, well J-2-1, a domestic supply well  

constructed in the Nanafalia aquifer, 1965-2012. 

 

Figure C-47.—Hydrograph of Houston County, Alabama, well I-13-2, a public supply well  
constructed in the Salt Mountain Limestone and Nanafalia aquifers, 1966-2016. 
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Figure C-48.—Hydrograph of Houston County, Alabama, well I-25-1, a public supply well  
constructed in the Salt Mountain Limestone and Nanafalia aquifers, 1954-2013. 

 

Figure C-49.—Hydrograph of Houston County, Alabama, well J-20-1, a public supply well  
constructed in the Salt Mountain Limestone and Nanafalia aquifers, 1956-2013. 
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TUSCAHOMA SAND FORMATION 

 The Tuscahoma Sand Formation spans the width of the state in south Alabama (Adams and 
others, 1926). The Tuscahoma Sand Formation is composed of light-gray to light-olive-gray 
laminated and thin-bedded carbonaceous silt and clay interbedded with fine sand, with thin 
lignite beds locally, and with the lower part of the formation including beds of fossiliferous, 
glauconitic fine quartz sand containing spheroidal sandstone concretions (Szabo and others, 
1988). In west Alabama, the Tuscahoma Sand Formation includes two rich fossiliferous units, the 
lower Greggs Landing Marl Member and the upper Bells Landing Marl Member (Raymond and 
others, 1988). In the outcrop region the Greggs Landing Marl Member is a 6-ft thick calcareous, 
glauconitic, silty sand or clayey silt containing lignite, abundant fossils, and small spheroidal 
concretions (Raymond and others, 1988). The upper Bells Landing Marl Member is 9 ft thick and 
is very fine grained glauconitic, fossiliferous sand, containing large pillow-shaped concretions 
(Raymond and others, 1988). 

 Thickness of the Tuscahoma Sand Formation in the outcrop region ranges from 350 ft in west 
Alabama to 90 ft in southeastern Alabama (Osborne and others, 1989). Smith (2001) described 
drill cuttings from wells in southeast Alabama confirming that the subsurface Tuscahoma Sand 
Formation consists primarily of dark-gray to olive-black or black, massive and structureless to 
somewhat fissile, quartzose silty, noncalcareous, carbonaceous clay and shale containing 
carbonized woody fragments with rare pyrite and/or marcasite. Therefore, in southeast Alabama, 
due to the predominantly fine-grained clay/shale lithologies, the Tuscahoma Sand Formation 
generally serves as an effective aquiclude between the overlying Tallahatta Formation and the 
underlying Nanafalia Formation (Cook and others, 2014). 

HYDROGEOLOGY 

WELL INFORMATION 

 A total of 60 wells identified as screened or partially screened in the Tuscahoma Sand aquifer 
were used for this assessment; however, not all wells are used for the parameters discussed 
below due to the lack of available data for some of these wells. Well depths were evaluated for 
54 wells screened in the Tuscahoma Sand aquifer (appendix A). Well Z-13-1 located south of 
Chance in Clarke County near the Clarke County and Monroe County line, is the shallowest well 
identified in this assessment and was constructed in the Tuscahoma Sand aquifer at a depth of 
60 ft. The deepest well identified is well Q-8-2 in Houston County, just southwest of Dothan, at a 
depth of 942 ft. Current depth to water for 45 wells screened in the Tuscahoma Sand aquifer 
varied from greater than 1 ft above land surface to more than 325 ft bls (appendix A). Flowing 
well H-17-2, in northwestern Clarke County near the community of Campbell and near the 
outcrop region of the Tuscahoma Sand aquifer, has a water level above land surface at 1.15 ft. 
Well I-13-1 in Houston County has the greatest depth to water in the Tuscahoma Sand aquifer at 
325 ft bls; however, this well is also screened in the Nanafalia aquifer; therefore, some 
hydrostatic pressure from the Nanafalia aquifer is contributing to the water depth. 

 Pumping rates were determined for 43 wells screened in the Tuscahoma Sand aquifer, which 
included domestic, public, and agricultural wells, provided that pump test data were available on 
the drilling records. The pumping rates in the Tuscahoma aquifer ranged from 6 gpm to708 gpm 
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(appendix A), with the larger pumping rates observed in public wells and the smaller pumping 
rates in domestic wells. Pumping rates in the Tuscahoma Sand aquifer generally increase along 
the dip of the formation, with the lower pumping rates observed near the recharge area in 
domestic wells, and the higher pumping rates observed in public supply wells downdip, 
particularly in Geneva and Houston Counties. The highest recorded pumping rate of 708 gpm was 
observed in well I-12-1 in Houston County; however, this well is also constructed in the Nanafalia 
aquifer. Specific capacities were calculated for 41 wells screened in the Tuscahoma Sand aquifer, 
provided that sufficient pump test data were available. Specific capacities varied from less than 
1 gpm/ft to more than 10 gpm/ft (appendix A), with the lower specific capacities associated with 
domestic wells. Well I-13-1 in Houston County has the highest calculated specific capacity 
recorded from initial pumps tests at 12.90 gpm/ft; however, as mentioned previously, this well 
is also constructed in the Nanafalia aquifer. 

GROUNDWATER LEVELS AND IMPACTS 

 Due to the variability in the time frame of the initial water level measurements, water levels 
from 2012 through 2016 were used to map the current potentiometric surface for the Tuscahoma 
Sand aquifer. Current static groundwater levels were determined for 45 domestic, public, 
industrial, and agricultural wells constructed in the Tuscahoma Sand aquifer (plate 88). The 
potentiometric surface of the Tuscahoma Sand aquifer is highly bisected by rivers and their 
corresponding tributaries, with five distinct groundwater flow regions recognized in the aquifer 
from the data avaliable: west of the Tombigbee River in Choctaw and Washington Counties, 
between the Alabama River and the Tombigbee River in Clarke County, east of the Alabama River 
in Monroe County, towards the Sepulga River and Conecuh River in Conecuh, Covington, and 
Coffee Counties, and towards the upper Choctawhatchee River and its tributaries in Houston, 
Dale, and Henry Counties.  

 West of the Tombigbee River in Choctaw and Washington Counties, water moves slightly 
southeast from near the recharge area in Choctaw County towards the Tombigbee River. Current 
groundwater levels in this hydraulic area vary from 182 ft MSL in well N-6-6 northwest of Butler 
in Choctaw County to 106 ft MSL in well L-30-1 just west of the Tombigbee River in Choctaw 
County. The hydraulic gradient for this area is 0.0012 (6.23 ft/mi).  

 In Clarke County the potentiometric surface is constrained by the Tombigbee River to the 
west and the Alabama River to the east, effectively creating a hydraulic barrier around this area. 
Water moves from higher elevations in Clarke County out to the rivers on both sides. Current 
groundwater levels in this hydraulic area vary from 372 ft MSL in well N-11-1 in northeastern 
Clarke County to 59 ft MSL in well S-24-1 in western Clarke County near the Tombigbee River. 
The hydraulic gradient for this area is 0.0020 (10.82 ft/mi). 

 East of the Alabama River in Monroe County, the water generally flows west, southwest to 
the Alabama River and its tributaries. The calculation of a hydraulic gradient is not feasible due 
to the lack of well control in this area. Further research needs to be conducted in Monroe County 
to adequately determine the hydraulic gradient of the Tuscahoma Sand aquifer. In Conecuh, 
Covington, and Coffee Counties, water moves southward to the Sepulga and Conecuh Rivers and 
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their tributaries. The calculation of a hydraulic gradient for this area is also not feasible due to 
the lack of adequate well control. 

 In southeast Alabama in Dale, Henry, and Houston Counties, water moves slightly 
southwestward to the Choctawhatchee River and its tributaries. Current groundwater levels in 
this hydraulic area vary from 347 ft MSL in well U-27-3 in Henry County to 126.05 ft MSL in well 
N-28-1 in Dale County along the banks of the Choctawhatchee River. The hydraulic gradient for 
this area is 0.0021 (11.02 ft/mi). 

 One production-related disturbances was noted in the potentiometric surface for the 
Tuscahoma Sand aquifer, well I-13-1 in Houston County. Because the Tuscahoma Sand aquifer is 
considered a minor aquifer, with lower production yields than other major aquifers in this region, 
relatively few public supply wells (6 wells total) are exclusively screened in the Tuscahoma Sand 
aquifer.  

HYDROGRAPHS AND AQUIFER DECLINE CURVES 

 The Tuscahoma Sand is a minor aquifer extending from Choctaw County in southwest 
Alabama to Houston County in southeast Alabama (Osborne and others, 1989). It is primarily 
used for domestic water supplies; however, some public supply wells near Dothan in Houston 
County are screened in the Tuscahoma Sand aquifer. Declining water levels in the aquifer are 
minimal and isolated, resulting in a minor change in aquifer storage. Mapping of water levels in 
wells screened in the Tuscahoma Sand aquifer indicates only minimal drawdown of the 
potentiometric surface. Two unused wells in Clarke County and one agricultural well in Dale 
County were selected, based on the quantity and quality of information available, to generate 
long-term hydrographs that show the varying conditions in the aquifer. 

 Well H-16-1, an unused domestic supply well, and part of the GSA periodic monitoring 
program, is located near Campbell in Clarke County. The first water level was measured in 1983 
at 82.38 ft MSL, with semi-annual water levels recorded from 1984 to 1993, followed by annual 
water level measurements from 1994 to 2013, with small data gaps. Water levels have remained 
relatively stable since the first measurement in 1983 as no decline is noted; however, more 
modest seasonal fluctuations of less than 5 ft were observed during the 1980s, when the well 
was still in use (fig. C-50). No notable droughts and only modest seasonal variations in water 
levels indicate the aquifer is partially to fully confined in the area. Well H-16-1 is 250 ft deep and 
open ended. As of the last water level measured in October of 2013, there was 227 ft of water in 
the well. 

 Well H-17-2, an unused flowing well and part of the GSA periodic monitoring program, is 
located west of Campbell in Clarke County. The water level elevation as first recorded in 1982 
was 82 ft MSL, and since 1982, the well has flowed above land surface. Seasonal fluctuations 
measured during the semi-annual measurements from 1985 to 1993 indicate a stable water level; 
however, since 1994, water levels have been measured annually and the true nature of the water 
level trend is unknown (fig. C-51). One drought impact was noticeable on the hydrograph, when 
the lowest water level elevation was recorded in October 2000 at 80.84 ft MSL during the 2000 
drought. Well H-17-2 is 250 ft deep and open ended and as of the last water level measured in 
December 2013 there was 251.15 ft of water in the well. 
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Figure C-50.—Hydrograph of Clarke County, Alabama, well H-16-1, a domestic supply well  

constructed in the Tuscahoma Sand aquifer, 1983-2013. 

 

Figure C-51.—Hydrograph of Clarke County, Alabama, well H-17-2, an unused well  
constructed in the Tuscahoma Sand aquifer, 1982-2013. 



 

295 

 Well N-28-1, an agricultural well and part of the GSA periodic monitoring program, is located 
southeast of Daleville in Dale County. The initial water level was measured at 156 ft MSL in 1963; 
however, this water level is significantly higher than any other for the period of record and should 
not be used for trend analysis. From 1982 to 1993, water levels were measured semi-annually, 
then annually from 1994 to 2012, with small data gaps. Water levels appear to be stabilized with 
minimal seasonal fluctuations and no significant drought impacts, as typically observed in 
confined wells (fig. C-52). The well is 355 ft deep and not screened. As of the last water level 
measurement in November 2012, there was 172.05 ft of water in well N-28-1. 

HATCHETIGBEE FORMATION 

 The Hatchetigbee Formation consists of a thin lower Bashi Marl Member and a thick unnamed 
upper member (Smith, 2001). The Bashi Marl Member is about 10 to 30 ft thick in the outcrop 
region (Smith, 2001) and consists of very glauconitic calcareous sand containing abundant fossils 
and spheroidal to pillow-shaped sandstone concretions (Szabo and others, 1988). The unnamed 
upper member in south-central and western Alabama is 200 to 225 ft thick and consists of 
laminated carbonaceous silty clay, silt and very fine to fine sand, and crossbedded glauconitic 
sand, with one or more thin beds of fossiliferous, marly, glauconitic sand and sandstone (Osborne 
and others, 1989). Outcrop thickness ranges from 250 ft in the East Gulf Coastal Plain in west 
Alabama to 35 ft in southeast Alabama (Raymond and others, 1988). In parts of southeast 
Alabama, the upper beds of the Hatchetigbee were eroded or not deposited, and the Tallahatta 
Formation directly overlies the Bashi Marl Member (Szabo and others, 1988). Because the two 
units are relatively thin in this area, and in many instances cannot be readily distinguished based 

 

Figure C-52.—Hydrograph of Dale County, Alabama, well N-28-1, an agricultural supply well  
constructed in the Tuscahoma Sand aquifer, 1963-2012. 
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on driller’s log descriptions, and this formation serves as a confining unit, the entire Hatchetigbee 
Formation is mapped as a single unit (Smith, 2001). 

HYDROGEOLOGY 

WELL INFORMATION 

 Well depth was determined for 13 wells screened in the Hatchetigbee aquifer. Depths of 
these wells ranged from 200 ft bls near the outcrop region to 916 ft bls downdip in the formation 
(appendix A). Well X-20-1, located west of Toxey in Choctaw County just south of the recharge 
area, is the shallowest well constructed in the Hatchetigbee aquifer at a depth of 200 ft. The 
deepest well identified is well N-11-2 in Covington County, between River Falls and Andalusia, at 
a depth of 916 ft; however, it should be noted that this well is also screened in the Tallahatta 
Formation. Current depth to water was evaluated for 10 wells screened in the Hatchetigbee 
aquifer (appendix A). Well CC-14-4, southeast of the city of Gilbertown in Choctaw County has a 
water level of 13.78 ft bls. Well P-7-1 in Monroe County, has the greatest depth to water in the 
Hatchetigbee aquifer at a depth of 193.5 ft bls; however, this well is also screened in the 
Tuscahoma Sand aquifer. 

 Pumping rates were determined for eight wells screened in the Hatchetigbee aquifer, which 
included domestic and public wells, provided the pump test data were available on the drilling 
records. Pumping rates in the Hatchetigbee aquifer ranged from 23 gpm to 757 gpm (appendix 
A), with the larger pumping rates observed in public wells, and smaller pumping rates in domestic 
wells. Pumping rates in the Hatchetigbee aquifer generally increase downdip in the formation, 
with the lower pumping rates observed near the recharge area in mainly domestic wells, and the 
higher pumping rates observed downdip, particularly in Covington and Houston Counties, where 
public supply wells are screened in the Hatchetigbee aquifer. The highest recorded pumping rate 
of 757 gpm was observed in well N-11-2 in Covington County northwest of the city of Andalusia, 
which is also screened in the Tallahatta aquifer. Specific capacities were calculated for eight wells 
screened in the Hatchetigbee aquifer and varied from less than 1 gpm/ft to more than 7 gpm/ft 
(appendix A), with the lower specific capacities associated with domestic wells. Well N-11-2 in 
Covington County northwest of the city of Andalusia had the highest calculated specific capacity 
recorded from initial pumps tests of 7.80 gpm/ft. 

 Due to the variability in the time frame of initial water level measurements, a snapshot of 
water levels from 2013 through 2016 was used to partially map the current potentiometric 
surface for the Hatchetigbee aquifer. However, due to lack of well control, most of the 
potentiometric surface of the Hatchetigbee aquifer remains unmapped. 

GROUNDWATER LEVELS AND IMPACTS 

 Current static groundwater levels were determined for a total of 9 domestic, public, and 
observation wells constructed in the Hatchetigbee aquifer (plate 89). The potentiometric surface 
of the Hatchetigbee aquifer is highly bisected by rivers and their corresponding tributaries; 
however, due to the lack of adequate well control, the central and eastern parts of the 
Hatchetigbee aquifer in Alabama cannot be mapped. 
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 West of the Tombigbee River in Choctaw County, water moves from near the recharge area 
of the Hatchetigbee aquifer slightly southeast toward the Tombigbee River. Current groundwater 
levels in this hydraulic area vary from 145 ft MSL in well X-20-1-in west-central Choctaw County, 
to 53 ft MSL in well CC-14-4 just west of the Tombigbee River in Choctaw County. The hydraulic 
gradient for this area is 0.0030 (15.75 ft/mi). 

 No production-related disturbances were noted in the potentiometric surface for the 
Hatchetigbee aquifer, although a few wells had some aquifer drawdown (appendix A). This can 
be attributed to the fact that the relatively few public supply wells constructed in the 
Hatchetigbee aquifer are also screened in other aquifers. 

HYDROGRAPHS AND AQUIFER DECLINE CURVES 

 The Hatchetigbee Formation is a minor source of groundwater in southwest and southeast 
Alabama. An observation well was analyzed using hydrograph decline curve analysis to show 
varying conditions related to seasonal fluctuations impacting the Hatchetigbee aquifer. 

 Well CC-14-4, a GSA periodic domestic well southeast of Gilbertown in Choctaw County, has 
a long-term hydrograph dating to 1982 (fig. C-53). From 1982 through 1993 the well was 
measured in the spring and fall producing obvious wet and dry season fluctuations of nearly 2 ft 
on the hydrograph. Since 1994, the well was only measured in the fall, resulting in the hydrograph 
no longer displaying seasonal fluctuation but rather only annual dry season changes in water 

 

Figure C-53.—Hydrograph of Choctaw County, Alabama, well CC-4-3, an observation well  
constructed in the Hatchetigbee aquifer, 1967-2016. 
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level. One drought impact is apparent on the hydrograph in 1986, when the water level elevation 
was the lowest recorded at 51.59 ft MSL. Well CC-14-4 is constructed to a depth of 370 ft bls and 
is open-ended. As of the most recent measurement in In February 2016, there was 356 ft in the 
well. 

CLAIBORNE GROUP 

 The Claiborne Group was named for the extensive vertical and horizontal exposures at 
Claiborne Bluff and Claiborne Landing along the southeastern bank of the Alabama River near 
the community of Claiborne in west-central Monroe County, Alabama. In southwestern Alabama, 
the Claiborne Group consists of the Tallahatta Formation, Lisbon Formation, and Gosport Sand, 
in ascending order (Raymond and others, 1988). These three divisions are considered as forming 
a conformable series of marine deposits, with the Tallahatta separated from the Wilcox Group 
by an unconformity, and with the Gosport Sand appearing to merge conformably into the Jackson 
Formation, which overlies the Claiborne Group (Adams and others, 1926). Of these three units, 
only the Tallahatta and Lisbon Formations extend into east Alabama. The Gosport Sand, a 
relatively thin unit in southwestern Alabama, is only 17 ft thick at Claiborne Bluff and cannot be 
mapped into Monroe County much farther eastward than the Alabama River (Smith, 2001). The 
Claiborne Group forms a belt across the entire width of the state, and comes to the surface in 
the Hatchetigbee anticline and along the Jackson fault. 

TALLAHATTA FORMATION 

 The name “Tallahatta” was first used in a report by Dall (1898) as a replacement name for 
“buhrstone,” a lithological term applied to this unit by earlier workers. The Tallahatta Formation 
takes its name from the Tallahatta Hills which extend in a northwest-southeast band through 
central Choctaw County. In west-central Alabama, the Tallahatta Formation is about 125 ft thick 
and consists predominantly of light-greenish-gray, massive- to thin-bedded, indurated siliceous 
claystone made up almost entirely of the remains of siliceous diatoms and radiolaria microfossils, 
with subordinate thin layers of clay, sandy clay, sand, and sandstone. Where weathered, the 
claystone becomes even more indurated and brittle and breaks into sharply angular blocks with 
pronounced conchoidal fractures. The light-weight claystones resist erosion and form prominent 
northwestward- or northward-facing escarpments, or cuestas, dissected into a range of rugged 
hills. These cuestas, which extend from near Meridian in eastern Mississippi into south-central 
Alabama, form the steepest and most rugged topography within Alabama’s coastal plain. For 
example, as of the early 1950s, the only two railroad tunnels on the coastal plain were cut 
through the Tallahatta escarpment. In east Alabama, the Tallahatta Formation in outcrop thins 
only slightly to perhaps 75 to 100 ft. Although Tallahatta sediments in eastern Alabama are not 
as thick or perhaps as indurated as those farther westward, they still form the most rugged 
topography in southeastern Alabama with a deeply dissected outcrop pattern varying from 20 to 
30 miles in width.  

 In the outcrop region through northern Covington County, central and southern Coffee and 
Dale Counties, and extending eastward through the central portions of Henry County, the 
Tallahatta generally consists of clayey sand, sandy clay, and thin beds of limestone. Most 
published reports dealing with the surface geology of the area do not separate the Tallahatta 
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from the underlying Hatchetigbee Formation undoubtedly due to their lithologic similarity, 
indistinct contact, uniformly thin nature, and weathered profiles. Throughout the study area, 
both units are invariably deeply weathered and oxidized and consist almost entirely of reddish-
orange to reddish-brown, ferruginous-stained, fine to coarse quartzose sand. Beds of typical 
siliceous claystone are only rarely present in surface outcrops, and then only near the top and 
base of the Tallahatta.  

 In northern Covington, central and southern Coffee, and Dale Counties, the Tallahatta 
Formation outcrops generally consists of clayey sand, sandy clay, and thin beds of limestone 
(Smith, 2001). In the subsurface, sands within the Tallahatta are usually glauconitic, poorly 
sorted, and fine to coarse with many grains possessing a distinctive pale-green glauconitic stain 
and interbedded clays are invariably noncalcareous, typically of pale-green to moderate-green 
color, and somewhat “oily” or “waxy” in appearance (Smith, 2001). The Tallahatta thins to the 
east where the siliceous claystone becomes less prominent and clayey sand, sandy clay, and 
limestone become more prominent (Raymond and others, 1988). In southwest Alabama, the 
Meridian Sand Member, a white to light-greenish-gray, fine to coarse sand and fine gravel occurs 
at the base of the formation in the lower 8 to 10 ft (Raymond and others, 1988). The thickness of 
the unit in the outcrop region ranges from 125 ft in southwest Alabama to 57 ft in southeast 
Alabama (Raymond and others, 1988). 

FORMATION TOPS 

 The structure contour map drawn for the top of the Tallahatta Formation (plate 56) indicates 
that the formation strikes in an arcuate-shaped pattern generally oriented in a west-east 
direction. Within the central and eastern parts of the study area, the formation dips toward the 
south or south-southeast at 39 ft/mi. In west Alabama, the Tallahatta Formation dips toward the 
south-southwest at 51 ft/mi. Geologic cross sections (plate 15, plate 19, plate 32, plate 34, and 
plate 45) depict the geologic structure. Subsurface thickness ranges between 100 and 200 ft, 
occasionally at depth reaching 340 ft (cross section CC-CC′, plate 30). 

NET POTENTIAL PRODUCTIVE INTERVAL 

 Net potential productive intervals mapping for the Tallahatta aquifer in Alabama is based on 
113 wells, of which 45 are OGB wells. Thick intervals of laterally discontinuous sand in the 
Tallahatta Formation have been identified in six areas with the thickness of the NPPIs ranging 
between 5 and 185 ft and occurring in a linear trend across Alabama. From west to east, the 
thickest net “clean” sand occurs in Washington County (well P3397), southern Clarke County 
(wells P622 and P717), across southern Monroe (wells P539, P377), and Conecuh/Escambia 
Counties (well P525), central Covington and Geneva Counties ( well J-4) and into western Houston 
County where the thickest NPPIs vary from 79 to 122 ft (plate 57).  

 Elsewhere, NPPI thickness varies from 20 to 70 ft, with thinning in the updip (northerly) 
direction. Sands in the Tallahatta aquifer contain fresh water, except in the southwestern part of 
the project area where the water is increasingly saline (plate 57). Across much of the area, 
Tallahatta sands appear to be overlain directly by sands of the Lisbon aquifer, suggesting likely 
hydraulic interconnection of the two aquifers. 
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HYDROGEOLOGY 

WELL INFORMATION 

 Well depth was determined for 54 wells screened in the Tallahatta aquifer. Depths of wells 
ranged from less than 100 ft near the outcrop region to over 900 ft bls downdip of the formation 
(appendix A). Well O-29-2 located northeast of Goodman in Coffee County, just south of the 
recharge area, is the shallowest well with a depth of 80 ft. The deepest well identified is well N-
11-2 in Covington County between River Falls and Andalusia at a depth of 916 ft; however, it 
should be noted that this well is also screened in the Hatchetigbee Formation. Current depth to 
water was determined for 41 wells screened in the Tallahatta aquifer (appendix A). Well BB-23-
1, in Conecuh County near the city of Castleberry, had a water level at the land surface. Well N-
11-1 in Covington County, between the cities of River Falls and Andalusia, had the greatest depth 
to water in the Tallahatta aquifer at a depth of 170 ft bls. 

 Pumping rates for 49 wells screened in the Tallahatta aquifer were evaluated and included 
domestic, public, observation, and agricultural wells, provided that pump test data were available 
on the drilling records. The pumping rates in the Tallahatta aquifer ranged from 3 gpm to 757 
gpm (appendix A), with the larger pumping rates observed in public wells and smaller pumping 
rates in domestic wells. Pumping rates in the Tallahatta aquifer generally increase downdip in the 
formation, with the lower pumping rates observed near the recharge area in mainly domestic 
wells, and the higher pumping rates observed downdip, particularly in southeast Alabama, where 
the net sands are thicker. The highest recorded pumping rate of 757 gpm was observed in well 
N-11-2 in Covington County northwest of the city of Andalusia, which is also screened in the 
Hatchetigbee aquifer. Specific capacities were calculated for 41 wells screened in the Tallahatta 
aquifer, provided that sufficient pump test data were available. Specific capacities varied from 
less than 1 gpm/ft to more than 20 gpm/ft (appendix A), with the lower specific capacities 
associated with domestic wells. Well K-12-1 in Conecuh County, southwest of the Burnt Corn 
community in Conecuh Co. at Hwy. 15, had the highest calculated specific capacity recorded from 
initial pump tests of 27.78 gpm/ft. 

GROUNDWATER LEVELS AND IMPACTS 

 Current static groundwater levels were determined for 41 domestic, public, observation, and 
agricultural wells constructed in the Tallahatta aquifer (plate 90). The Tallahatta aquifer has three 
distinct hydrological flow regions with rivers acting as hydraulic barriers separating the 
groundwater flow paths: west of the Tombigbee River, between the Tombigbee River and 
Alabama River in Clarke County, and east of the Alabama River. 

 West of the Tombigbee River in Choctaw and Washington Counties, water moves south-
southeast to the Tombigbee River; however, due to inadequate well control in this hydraulic 
region, the potentiometric surface cannot be determined with reasonable certainty; therefore, 
no hydraulic gradients were calculated. Further research is needed to better determine the 
potentiometric surface in this area. 

 In Clarke County, the potentiometric surface is constrained by the Tombigbee River to the 
west and the Alabama River to the east, effectively creating a hydraulic barrier around this area. 
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However, there is inadequate well control in this hydraulic region to determine the 
potentiometric surface with reasonable certainty, therefore, no hydraulic gradients were 
calculated. Further research is needed to better determine the potentiometric surface in this 
area. 

 East of the Alabama River in central and eastern Alabama, water generally moves from the 
recharge areas to the south and southwest. The potentiometric surface of the Tallahatta aquifer 
generally follows the topography of the streams. Current groundwater levels in this hydraulic 
area vary from 265.5 ft MSL in well X-3-3 in south Henry County, to 31 ft MSL in well R-31-4 in 
southern Geneva County. The hydraulic gradient for this area is 0.0011 (5.76 ft/mi). One 
production-related disturbance occurred near Andalusia in Covington County in well N-11-1.  

 The most significant aquifer drawdown was observed in well N-11-1 near Andalusia in 
Covington County. The aquifer drawdown was 200 ft from the initial static water level elevation 
of 207 ft MSL in 1948 to 7 ft MSL in December 2014. 

HYDROGRAPHS AND AQUIFER DECLINE CURVES 

 The Tallahatta aquifer is a minor aquifer that is used mainly for domestic supply wells. 
However, some public supply wells are constructed in the Tallahatta in central Covington and 
southern Conecuh Counties. Some of these wells are screened in both the Tallahatta Formation 
and the underlying Hatchetigbee Formation. The two aquifers are hydraulically connected with 
the Hatchetigbee having little, if any, effect on water levels. Public supply wells constructed in 
the Tallahatta and Hatchetigbee Formations in Covington and Conecuh Counties were selected 
to illustrate varying conditions in the aquifer throughout the project area. Declining water levels 
in the aquifer are minimal and isolated resulting in little change in aquifer storage. Mapping of 
water levels in wells constructed in the aquifer indicates only minimal drawdown of the 
potentiometric surface, with some exceptions in Andalusia in Covington County. 

 Well S-3-3, a public supply well and part of the GSA periodic monitoring program, is located 
near Evergreen in Conecuh County. The initial water level recorded in 1967 was 186.85 ft MSL, 
which is lower than the majority of the water levels observed. In 1968 and from 1977 to 1993, 
water levels were recorded in the spring and fall, producing moderate wet and dry seasonal 
fluctuations of as much as 14 ft (fig. C-54). Mild drought impacts are noted on the hydrograph for 
the 1968, 1980-81, 2000, and 2007 droughts, but water levels rebounded during the following 
wet periods for each of the drought years. Well S-3-3 is 198 ft deep and open ended. As of the 
last water level measured in January 2015, there was 114 ft of water in the well. This well is in 
close proximity to well S-3-2, which is similarly constructed to well S-3-3, and could possibly be 
affected by the pumping of well S-3-2. 

 Three wells in Andalusia in Covington County are in close proximity to one another (less than 
0.35-mile radius); however, long-term data exists for only one of the wells (N-11-1). Due to the 
close spatial relationship and their similar construction, the capture zones of these wells likely 
overlap, resulting in production-related impacts in the wells. Further research would be 
necessary to adequately assess the impacts of production on the wells. The initial water level was 
recorded in 1948 at 207 ft MSL; however, this measurement is higher than any other 
measurements for this well and unverified and should be excluded from any calculations for this 
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well. From 1983 to 1993, water level were measured twice a year, then annually from 1994 to 
2007, with a gap from 2008 to 2013. (fig. C-55) Water levels from 2013 to 2014 are significantly 
lower than other recorded measurements and were provided by the public utility. Well N-11-1 is 
519 ft deep with the screen intervals set at 364 to 409 and 449 to 519 ft bls, and is constructed 
in both the Tallahatta and Hatchetigbee aquifers. As of the last measurement in 2014, there was 
194 ft of water above the top of the screens. 

 Well I-28-3, a public supply well and part of the GSA periodic monitoring program, is located 
near the community of Samson in Geneva County. Water levels were recorded semi-annually 
from 1982 to 1993, producing moderate seasonal fluctuation on the hydrograph up to 9 ft. The 
2007 drought is the only evident drought on the hydrograph, with the lowest water level 
recorded at 105.42 ft MSL on October 17, 2007. Accounting for seasonal fluctuations, water levels 
appear stabilitized with groundwater use and withdrawals (fig. C-56). The most recent water level 
of 131 ft MSL on March 2016 is substantially higher than other water levels recorded, and should 
not be use for any statistical purposes as the water level was provided by the public water 
supplier. Well I-28-3 is 544 ft deep and screened from 215 to 255, 340 to 360, 410 to 420, 476 to 
486, 500 to 510, and 534 to 544 ft bls in both the Tallahatta and Lisbon aquifers. As of the last 
water level measured in March 2016, there was 148 ft of water above the screens. 

 

 

 
Figure C-54.—Hydrograph of Conecuh County, Alabama, well S-3-3, a public supply well  

constructed in the Tallahatta aquifer, 1983-2015 
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Figure C-55.—Hydrograph of Covington County, Alabama, well N-11-1, a public supply well  
constructed in the Tallahatta and Hatchetigbee aquifers, 1948-2014. 

 
Figure C-56.—Hydrograph of Geneva County, Alabama, well I-28-3, a public supply well  

constructed in the Tallahatta and Lisbon aquifers, 1982-2016. 
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GOSPORT SAND AND LISBON FORMATION 

 In east Alabama, the Lisbon Formation overlies the Tallahatta Formation and is overlain by 
the Moodys Branch Formation, the lowermost unit assigned to the upper Eocene Jackson Group. 
The Lisbon Formation was named for exposures at Lisbon Bluff and nearby Lisbon Landing along 
the east bank of the Alabama River in northwestern Monroe County, Alabama (Smith and others, 
1894). The Lisbon Formation outcrops in Choctaw, Clarke, Monroe, Conecuh, southern Butler, 
Covington, southeastern Crenshaw, Coffee, Dale, and Henry Counties, with the Gosport Sand 
present only west of the Alabama River as part of the Gosport Sand and Lisbon Formation 
undifferentiated (Szabo and others, 1988). Due to the similar hydrogeology and lack of adequate 
confining strata between the two formations, both are mapped as one unit for the 
potentiometric surfaces in southwestern Alabama. 

 The Gosport Sand is mapped in west and central Alabama, between the Alabama River and 
the Mississippi state line, and is characterized as highly fossiliferous, glauconitic, quartz sand and 
lenses of greenish-gray clay (Osborne and others, 1989), with outcrop thicknesses ranging from 
17 to 30 ft (Raymond and others, 1988). The Lisbon Formation outcrop and recharge area extends 
across southern Henry, Dale, Coffee, northern Covington, northern Conecuh, Monroe, northern 
Clarke, and central Choctaw Counties and pinches out in northern Washington and southern 
Choctaw Counties (Osborne and others, 1989). The thickness of the Lisbon Formation in the 
outcrop region is 75 ft to 165 ft east to west (Raymond and others, 1988). Toulmin and 
LaMoreaux (1963) reported that the Lisbon Formation outcrop in southeast Alabama consists 
primarily of sand but also contains significant amounts of limestone and sandy limestone. Smith 
(2001) described subsurface Lisbon sands as greenish-gray to yellowish-gray, sparingly 
glauconitic, quartzose silty, varying from poorly sorted to well sorted, fine to medium grained. 
Lisbon limestones are light-gray, indurated, quartzose sandy, and highly fossiliferous, frequently 
vugular, highly porous and permeable from leaching and solution of fossils and fossil fragments 
(Smith, 2001). In the subsurface, the thickness of the Lisbon Formation is 60 to 80 ft in central 
Covington County and thickens southeastward to more than 350 ft in central Geneva County 
(Smith, 2001). The depth of the Lisbon Formation varies from 200 ft MSL in central Houston, 
southern Dale and Coffee Counties, and northern Covington County to sea level in southern 
Houston and Geneva Counties and central Covington County (Smith, 2001).  

FORMATION TOPS 

 In the shallow subsurface southward from its outcrop, the Lisbon Formation beneath central 
and eastern Geneva County and western Houston County strikes in a general west-east direction 
and dips gently toward the south at about 27 ft/mi (plate 54). In western Geneva County and 
extending through central and southern Covington County, the top of the Lisbon Formation 
assumes a more northwest-southeast strike and dips toward the southwest at the relatively 
uniform and gentle rate of about 37 ft/mi. The change in orientation of regional strike from a 
west-east orientation in the eastern part of the study area to a more northwest-southeast 
direction toward the west is consistent with the general outcrop pattern of Cretaceous, 
Paleogene, and Neogene units in southeast Alabama, as well as the orientation of many mapped 
units in the subsurface. This change in orientation is predominantly due to the shorelines 
extending northwestward and northward around the eastern margin of the ancient Mississippi 
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Embayment. Geologic cross sections (plate 15, plate 19, plate 23, plate 37, plate 39, and plate 
40) depict the subsurface geologic structure. Subsurface thickness ranges between 100 and 300 
ft, occasionally at depth reaching 350 ft (plate 37). 

NET POTENTIAL PRODUCTIVE INTERVAL 

 Net potential productive interval mapping for the Lisbon and Gosport Sand aquifer in 
Alabama is based on 19 wells, of which one is an OGB well. Thick intervals of laterally 
discontinuous sand in the Lisbon Formation have been identified in three areas. The Lisbon 
Formation contains sand intervals, with the thickness of NPPIs ranging between 8 and 210 ft and 
occurring in a linear trend across Monroe and Clarke Counties. Due to insufficient geophysical 
well log information, an NPPI map for the Lisbon Formation could not be constructed east of 
Conecuh and Escambia Counties. 

 From west to east, the thickest net “clean” sand occurs in Monroe County (well Z-19-2) and 
in central Conecuh County (wells K-12-1 and M-27-1). In Escambia and Washington Counties, the 
NPPI thickness varies from 8 to 28 ft (plate 55). Sands in the Lisbon aquifer contain fresh water, 
except in the southwestern part of the project area where the water is increasingly saline. Across 
much of the area, Lisbon sands appear to be underlain directly by sands of the Tallahatta aquifer, 
indicating likely hydraulic interconnection of the two aquifers. 

HYDROGEOLOGY 

WELL INFORMATION 

 Well depth was determined for 86 wells screened in the Lisbon and Gosport Sand aquifer. 
Well depth ranged from 24 ft bls near the outcrop region to 940 ft bls downdip of the formation 
(appendix A). Well N-34-1 northeast of Newville in Henry County and constructed in the outcrop 
region, is the shallowest well identified that is constructed in the Lisbon aquifer at a depth of 24 
ft. The deepest well identified is well O-29-1 at a depth of 940 ft, located just west of Brewton in 
Escambia County. Current depth to water was evaluated for 64 wells screened in the Gosport 
Sand and Lisbon aquifer. Current depth to water varied from above land surface to 200 ft bls 
(appendix A). Flowing well HH-30-1 located in southwestern Choctaw County, northwest of 
Aquilla, had a depth to water at 1.3 ft above land surface. The deepest water level of 200 ft bls 
was measured in well CC-5-1 in Clarke County, just south of Grove Hill. 

 Pumping rates were determined for 59 wells screened in the Gosport Sand and Lisbon 
aquifer, including domestic, public, and agricultural wells, provided that pump test data were 
available on the drilling records. The pumping rates in the Lisbon aquifer ranged from 5 gpm to 
over 800 gpm (appendix A) with the larger pumping rates observed in public wells and smaller 
pumping rates in domestic wells. The highest pumping rate recorded was in well O-9-1 in 
Escambia County, near the city of Brewton, at a rate of 805 gpm. Specific capacities were 
calculated for 45 wells screened in the Gosport Sand and Lisbon aquifer. Specific capacities for 
wells constructed in the Lisbon aquifer tended to vary from less than 1 gpm/ft to more than 46.67 
gpm/ft (appendix A), with specific capacities of less than 1 gpm/ft associated with domestic wells. 
Well T-29-2 in Conecuh County, had the highest calculated specific capacity of 46.67 gpm/ft as 
recorded from initial pump tests. 
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GROUNDWATER LEVELS AND IMPACTS 

 Water levels from 2012 through 2016 were used to map the current potentiometric surface 
for the Gosport Sand and Lisbon aquifer. However, groundwater level impacts were evaluated 
on a case by case basis for public supply wells as the groundwater level impacts are more 
prevalent in those wells due to the high pumpage rates.  

 Current static groundwater levels were determined for 64 domestic, public, industrial, and 
agricultural wells constructed in the Lisbon and Gosport Sand aquifer (plate 91). Three distinct 
groundwater flow regions in the Gosport Sand and Lisbon aquifer were identified: west of the 
Tombigbee River in Choctaw and Washington Counties, between the Alabama River and the 
Tombigbee River in Clarke County, and east of the Alabama River, with the rivers acting as 
hydraulic barriers, separating the groundwater flow paths. The potentiometric surface of the 
Gosport Sand and Lisbon aquifer is highly bisected by rivers and their corresponding tributaries, 
with groundwater flowing toward the major rivers. 

 West of the Tombigbee River in Choctaw and Washington Counties, groundwater moves 
southeast to the Tombigbee River. Current groundwater levels in this hydraulic area vary from 
400 ft MSL in well HH-30-1 in southwest Choctaw County to 51 ft MSL in well K-42-2 along the 
Tombigbee River in Washington County. The hydraulic gradient for this area is 0.0023 (12.24 
ft/mi). No production-related disturbances were observed in the potentiometric surface in this 
hydraulic region. 

 In Clarke County, the potentiometric surface is constrained by the Tombigbee River to the 
west and the Alabama River to the east, effectively creating a hydraulic barrier around this area. 
Groundwater moves from higher elevations in Clarke County out to the rivers located on both 
sides of the county. Current groundwater levels in this hydraulic area vary from 247 ft MSL in well 
CC-5-1 in Grove Hill, Clarke County, to 54 ft MSL in well PP-4-1 near the Tombigbee River. The 
hydraulic gradient for this area is 0.0013 (6.63 ft/mi). No production-related disturbances were 
observed in the potentiometric surface in this hydraulic region. 

 East of the Alabama River in central and eastern Alabama, groundwater generally moves from 
the recharge area south into Florida along the rivers and their tributaries. Current groundwater 
levels in this hydraulic area vary from 257 ft MSL in well Y-1-1 in Monroe County, to 95 ft MSL in 
well O-33-1 in Brewton in Escambia County. The hydraulic gradient for this area is 0.0010 (5.35 
ft/mi). No production-related disturbances were observed in the potentiometric surface in this 
hydraulic region. 

 Few production-related disturbances were noted in the potentiometric surface for the 
Gosport Sand and Lisbon aquifer based on this well data set, although well S-24-1 in Geneva 
county showed an aquifer drawdown of 101.5 ft, from 91.5 ft MSL in 1979 to -10 ft MSL in 2013 
(appendix A). 

HYDROGRAPHS AND AQUIFER DECLINE CURVES 

 The Lisbon/Gosport Sand aquifer is a major water source for central and southeastern 
Alabama. It is used for public, domestic, agricultural, and industrial water supply. Hydrograph 
analyses were completed for wells that showed production-related impacts, seasonal 
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fluctuations, and drought impacts. Declining water levels in the aquifer are minimal and isolated 
resulting in minimal change in aquifer storage. Mapping of water levels in wells constructed in 
the aquifer indicates only minimal drawdown of the potentiometric surface; however, many of 
these wells were affected by droughts, as recorded on the hydrographs.  

 Well EE-11-1, a domestic supply well and part of the GSA periodic monitoring program, is 
located in western Clarke County. From 1983 to 1993 water levels were measured semi-annually, 
then from 1994 to 2014 annually, with small data gaps. Beginning in 1991, the well was no longer 
in use, which can possibly account for the water level increase of 15 ft from the initial water level 
elevation of 122.55 ft MSL in 1983 to 137.67 ft MSL in 1993 at a rate of 1.5 ft/yr (fig. C-57). Since 
1990, water level has fluctuated; however, true seasonal impacts were not observed since semi-
annually measurements were discontinued in 1993. Well EE-11-1 is 200 ft deep and open ended. 
As of the last water level measurement in August 2014, there was 125 ft of water in the well. 

 Well PP-4-1, a domestic supply well and part of the GSA periodic monitoring program, is 
located in southwestern Clarke County. Water levels have essentially remained consistent, with 
seasonal fluctuations of 5 ft or less (fig. C-58). From 1983 to 1993, water levels were measured 
semi-annually, then from 1994 to 2014 annually, with small data gaps. Two notable drought 
impacts are evident on the hydrograph in 1986 and 2000, with the lowest water level recorded 
in 1986 at 53.31 ft MSL. Well PP-4-1 is 350 ft deep and open ended, and as of the last water level 
measurement in August 2014, there was 339 ft of water in the well. 

  

 
Figure C-57.—Hydrograph of Clarke County, Alabama, well EE-11-1, a domestic supply well  

constructed in the Lisbon aquifer, 1983-2014. 
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 Well U-4-1 is a public supply well north of Coffeeville in Clarke County. The initial water level 
was recorded at 69 ft MSL in 1963, which is consistent with historical observations. From 1983 to 
1993, water levels were recorded semi-annually, and from 1994 to 2007 levels were recorded 
annually. A gap in measurements occurred from 2008 to 2011, with measurements from 2012 to 
2014 provided by the utility. Due to the close proximity of this well to U-4-2, another public supply 
well, effects from pumpage are apparent on the hydrograph, with the static level for U-4-1 not 
truly considered static (fig. C-59). Historical observations (1963-2007) are higher than more 
recent measurements provided by the utility; therefore, these measurements need to be verified 
prior to use in statistical calculations. 

 Public supply well O-20-1 is a GSA periodic monitoring well located near Brewton in Escambia 
County. The water level was initially recorded in 1947 at 155 ft MSL and 132 ft MSL in 1957, 
followed by semi-annual measurements from 1983 to 1993, annual measurements from 1994 to 
2007, a data gap from 2008 to 2013, and last measured in 2014. Historical water levels taken in 
1947 and 1957 are significantly higher than more recent measurements and should be not used 
for statistical calculations as these measurements cannot be verified. Very minimial seasonal 
fluctuations of less than 5 ft were observed when the well was measured semi-annually (fig. C-
60), which is consistent with this well being considered confined. After 1993, only low water 
levels were recorded; therefore, no seasonal fluctuations are evident on the hydrograph. With 
only the low measurements recorded, the hydrograph appears to show a declining water level; 
however, this may not be the case. An important note about this well is that it initially flowed 

 

Figure C-58.—Hydrograph of Clarke County, Alabama, well PP-4-1, a domestic supply well  
constructed in the Lisbon aquifer, 1982-2014.  
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above the land surface when constructed in 1947, but now no longer flows freely. The well is 665 
ft deep and screened from 517 to 537, 560 to 590, and 641 to 661 ft bls. As of the last 
measurement in December 2014, there was 478 ft of water above the top of the screens. 

 Well Q-22-1, a domestic supply well and part of the GSA periodic monitoring program, is 
located southwest of Carolina in Covington County. From 1983 to 1993, water levels were 
measured semi-annually, then annually from 1994 to 2013, with a gap from 2008 to 2013. From 
1983 to 1993, water levels declined slightly at a rate of 0.28 ft/yr. Water levels appear to have 
declined at a more significant rate from 1994 to 2013; however, this is due to only low water 
level measurements (fig. C-61). Two drought years are evident on the hydrograph in 2000 and 
2007, with the lowest water level recorded in 2007 at 169.42 ft MSL. Following each of the 
drought years, water levels did recover somewhat to pre-drought levels during the wet season. 
Well Q-22-1 is 275 ft deep and screened from 218 to 275 ft bls. As of the last water level measured 
in November 2013, there was 93 ft of water above the top of the screens. 

 Well S-23-1, a domestic supply well and part of the GSA periodic monitoring program, is 
located near Blue Springs in Covington County. The initial water level was recorded in 1965 at 
221.8 ft MSL, with subsequent semi-annual measurements from 1967 through 1993, followed by 
annual measurements from 1994 to 2013, with minimal data gaps. Notwithstanding the droughts 
of 1981 and 2000, seasonal fluctuations are less than 5 ft (fig. C-62). In fact, including seasonal 
fluctuations, water levels appear stable through 1993; however, since 1994, when water levels 
were only recorded during the dry season, water levels appear to be declining, which may or may 
not be the case. The well is 272 ft deep, open-ended, and as of the last measurement in 
November 2013, there was 204 ft of water in the well. 

 

Figure C-59.—Hydrograph of Clarke County, Alabama, well U-4-1, a public supply well  
constructed in the Lisbon aquifer, 1963-2014. 
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Figure C-60.—Hydrograph of Escambia County, Alabama, well O-20-1, a public supply well  
constructed in the Lisbon aquifer, 1947-2014. 

 

Figure C-61.—Hydrograph of Covington County, Alabama, well Q-22-1, a domestic well  
constructed in the Lisbon aquifer, 1983-2013. 
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Figure C-62.—Hydrograph of Covington County, Alabama, well S-23-1, a domestic supply well  
constructed in the Lisbon aquifer, 1965-2013. 

 

Figure C-63.—Hydrograph of Houston County, Alabama, well AA-14-1, a domestic supply well  
constructed in the Lisbon aquifer, 1967-2012.  
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 Well AA-14-1 is a domestic supply well located in southwestern Houston County. The initial 
water level was recorded at 147 ft MSL in 1967, from 1983 to 1993 water levels were recorded 
semi-annually, and from 1994 to 2012 water levels were recorded annually. From 1983 to 1993 
water levels appear stable with respect to seasonal fluctuations of less than 6 ft (fig. C-63). 
Beginning in 1994, only dry season water level measurements were recorded, with no 
corresponding high water level measurements taken. Three drought impacts are evident on the 
hydrograph in 1986, 2000, and 2007. Following each drought year, water levels rebounded to 
pre-drought water levels. The well is 250 ft deep and screened from 230 to 250 ft bls. As of the 
last measurement in November 7, 2012, there was 183.07 ft of water above the top of the screen. 

JACKSON GROUP 

 The Jackson Group is from the Eocene series of Paleogene system and includes the Moodys 
Branch Formation, Yazoo Clay, and Crystal River Formations (Raymond and others, 1988). The 
Jackson Group outcrops across south Alabama in Houston, Geneva, southwest Coffee, Covington, 
Conecuh, Monroe, and Clarke Counties. The group is predominantly clastic in the west and 
carbonate in the east, and at the surface ranges in thickness from 170 ft in west Alabama, to 120 
ft in central Alabama, and to 150 ft in southeastern Alabama, with a downdip thickness of 150 to 
250 ft (Raymond and others, 1988). Deposits of Jackson age are exposed along all primary 
streams from the Mississippi state line at Choctaw County to the Chattahoochee River in Houston 
County, but are overlapped by younger formations in the majority of the intervening territory 
(Adams and others, 1926). In southwest Alabama, the Jackson Group is composed of the Moodys 
Branch Formation and the Yazoo Clay, and in southeast Alabama, the Moodys Branch Formation 
and Crystal River Formation (Raymond and others, 1988). The Crystal River Formation pinches 
out west of Grove Hill in Clarke County (Szabo and others, 1988). 

MOODYS BRANCH FORMATION 

 Although the Moodys Branch Formation extends from Georgia to Texas in the subsurface, 
Alabama outcrops of the unit appear in south central portions of the state and continue west in 
an almost continuous narrow band into Mississippi (Smith, 2001). The Moodys Branch Formation 
in Alabama is a greenish gray to pale-yellow-orange glauconitic, calcareous, fossiliferous sand 
and sandy limestone (Osborne and others, 1989), with thickness in the outcrop region ranging 
from 10 to 48 ft from west to east (Raymond and others, 1988). 

 One well screened in the Moodys Branch Formation was evaluated for the statewide 
assessment. Well K-33-1 located in Houston County in the town of Ashford, southeast of Dothan, 
is a relatively shallow public supply well, constructed at a depth of 115 ft and screened from 95 
to 115 ft bls (appendix A). Smith (2001) stated that potential water production rates sufficient 
for industrial or municipal uses are not believed to be solely from the Moodys Branch Formation; 
however, this formation should be capable of supplying water for almost any domestic needs 
(around 10 gpm). Therefore, the Moodys Branch Formation is not discussed further as a potential 
major aquifer; however, additional research should be conducted to verify the potential 
production rates of this aquifer. 
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YAZOO CLAY 

 The Yazoo Clay is composed of the following members in ascending order: North Twistwood 
Creek Clay Member, Cocoa Sand Member, Pachuta Marl Member, and Shubuta Member 
(Osborne and others, 1989). The thickness of the formation in the outcrop region ranges from 
150 ft in Choctaw County to 70 ft in south-central Alabama (Raymond and others, 1988). Smith 
(2001) stated that the Yazoo Clay should be regarded as a thin aquiclude, which would preclude 
migration and mixing of water from the overlying Crystal River Formation and lower Vicksburg 
Group aquifers and the underlying Moodys Branch and Lisbon Formation waters. Therefore, no 
groundwater assessments were conducted on this formation due to its classification as an 
aquiclude. 

CRYSTAL RIVER FORMATION 

 The Crystal River Formation includes all calcareous deposits of late Eocene age lying 
stratigraphically above the Moodys Branch Formation and below limestone beds of Oligocene 
age (Smith, 2001). The Crystal River Formation is characteristic of white to cream medium-
textured to coquinoid limestone that is soft and chalky to compact and brittle (Raymond and 
others, 1988). Residuum from Crystal River and other Eocene, Oligocene, and Miocene units in 
central Covington, southwest Coffee, Geneva, Houston, central Conecuh and central Monroe 
Counties before pinching out just east of Grove Hill. In the shallow subsurface, the Crystal River 
Formation is readily recognizable, and in central Covington County, most of southern Geneva 
County, and in northwestern Houston County, consists of about 100 to 150 ft of calcareous sands, 
sandy clays, and marls with thin interbedded limestones (Smith, 2001). Residuum from the 
Crystal River are thought to be the weathered remnants of originally deposited limestones and 
chalky limestones (Cook and others, 2014). 

 Downdip, in Covington County, the Crystal River sediments are at greater depth, less 
intensely weathered, and consist predominantly of somewhat oxidized, pinkish-gray to very pale-
orange, very highly yet finely fossiliferous, recrystallized and sucrosic, somewhat dolomitized and 
vugular, highly porous and permeable limestone (Smith, 2001). Toward the east, in southeastern 
Geneva and southwestern Houston Counties, the Crystal River Formation, although weathered, 
consists predominantly of chalky sands, chalks, and limestones similar to those in southern 
Covington County (Smith, 2001). Smith (2001) stated that generally in the southern portions of 
Covington, Geneva, and Houston Counties, the Crystal River Formation is capable of yielding 
small quantities (20 to 100 gpm) of water to private wells at very shallow depths; however, due 
to its occurrence at shallow depths and general lack of an overlying impervious clay/shale 
confining unit, this aquifer is more susceptible to invasion from surface or near-surface 
contamination. In Alabama, the Crystal River is a minor aquifer used mainly for domestic needs, 
with a few public supply wells located in Covington, Escambia, and extreme southern Clarke 
Counties. However, in Florida this formation is analogous to the Floridan Aquifer which is a major 
source of water for Florida.  



 

314 

HYDROGEOLOGY 

WELL INFORMATION 

 Depth was determined for 22 wells screened in the Crystal River aquifer (appendix A). Well 
O-3-1 southeast of Ashford in Houston County, is the shallowest well identified in this assessment 
that is constructed in the Crystal River aquifer at a depth of 115 ft. The deepest well identified is 
well F-18-3 in Escambia County at 600 ft. Current depth to water was evaluated for 22 wells and 
varied from 15 ft bls to 200 ft bls (appendix A). Well S-27-1, southwest of Cottonwood in Houston 
County, had a depth to water of 15.59 ft bls. The deepest water level of 200 ft bls was measured 
in well Q-31-2, southwest of Geneva in Geneva County. 

 Pumping rates were evaluated for eight wells screened in the Crystal River aquifer and 
included domestic, public, and agricultural wells. Pumping rates in the Crystal River aquifer, 
based on the available data, ranged from 10 gpm to 1,000 gpm (appendix A), with the larger 
pumping rates observed in agricultural and public wells and smaller pumping rates in domestic 
wells. The highest pumping rate recorded was in well U-14-1, a center pivot agricultural well in 
southeastern Houston County, at a rate of 1,000 gpm. Specific capacity was calculated for six 
wells screened in the Crystal River aquifer and varied from less than 2 gpm/ft to more than 17 
gpm/ft (appendix A). Well U-14-1 in southeastern Houston County had the highest calculated 
specific capacity of 17.24 gpm/ft as recorded from initial pump tests. 

GROUNDWATER LEVELS AND IMPACTS 

 Current static groundwater levels were determined for 22 domestic, public, observation, 
industrial, and agricultural wells constructed in the Crystal River aquifer (plate 92). Due to the 
lack of well control in the western portion of this aquifer, potentiometric surface mapping is not 
available, specifically for Clarke and Escambia Counties. Groundwater movement is generally to 
the south towards Florida in south-central and southeastern Alabama as groundwater tends to 
move along and towards rivers and their tributaries. Current groundwater level elevations in the 
Crystal River aquifer varied from 230 ft MSL in well O-3-1 near the recharge area in east-central 
Houston County to 102 ft MSL in well X-14-1 in southeastern Houston County. The hydraulic 
gradient is 0.0018 (9.38 ft/mi). No production-related disturbances were noted in the 
potentiometric surface for the Crystal River aquifer, although a few wells exhibit some minor 
aquifer drawdown (plate 92). 

HYDROGRAPHS AND AQUIFER DECLINE CURVES 

 The Crystal River Formation is a minor aquifer but is a primary groundwater source in extreme 
southeastern and south-central Alabama along the Florida state line. It is predominantly used for 
domestic water supplies, although several public supply wells in Escambia County are 
constructed in the Crystal River aquifer. Mapping of water levels in wells constructed in the 
aquifer indicates only minimal drawdown of the potentiometric surface. 

 Well AA-26-2, a domestic supply well and part of the GSA periodic monitoring program, is 
located southeast of the community of Wing in Covington County. From 1980 through 1993 
water levels were measured semi-annually then annually from 1994 to 2013 with minimal data 
gaps. Fluctuations of less than 6 ft were observed with no drought impacts evident, suggesting 
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that the Crystal River aquifer is confined in this area. A decline of 0.65 ft/yr was observed from 
1980 to 1993, during the period when semi-annual water levels measurements were made (fig. 
C-64). Since 1994 only dry season measurements were made; therefore, the current nature of 
the aquifer in this well is unknown. Well AA-26-2 is 380 ft deep and open-ended. As of the last 
measurement in November of 2013, there was 297 ft of water in the well. 

 Well X-23-1 is a domestic supply well located southwest of Geneva in Geneva County and part 
of the GSA periodic monitoring program. Water levels were recorded semi-annually from 1980 
to 1994, then annually from 1994 to 2012. From 1980 to 1998, seasonal water levels appeared 
stable (fig. C-65) with moderate drought impacts recorded in 2000 and 2007, which suggests that 
the Crystal River aquifer is confined in this area. Well X-23-1 is 260 ft deep and open-ended. As 
of the last measurement in November of 2012, there was 163 ft of water in the well. 

 Well AA-19-2 is a domestic supply well located in southeastern Geneva County and part of 
the GSA periodic monitoring program. Water levels were recorded semi-annually from 1980 to 
1993, then annually from 1994 to 2012, with minimal data gaps. From 1980 to 1993, water levels 
appear stable with seasonal fluctuations of less than 5 ft, not including the drought years, which 
indicates that the Crystal River is confined in the area (fig. C-66). Since 1994, only low water level 
measurements were recorded, resulting in a hydrograph depicting declining water levels, which 
may or may not be accurate. Two drought impacts are observed on the hydrograph in 1986 and 
2000, with the lowest water level recorded during the 2000 drought at 171.8 ft MSL. Following 
both drought impacts, water levels did recover to pre-drought levels. Well AA-19-2 is 150 ft deep 
and open-ended. As of the last measurement in November of 2013, there was 85.72 ft of water 
in the well. 

 
Figure C-64.—Hydrograph of Covington County, Alabama, well AA-26-2, a domestic supply well  

constructed in the Crystal River aquifer, 1980-2013. 
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Figure C-65.—Hydrograph of Geneva County, Alabama, well X-23-1, a domestic supply well  

constructed in the Crystal River aquifer, 1980-2012. 

 
Figure C-66.—Hydrograph of Geneva County, Alabama, well AA-19-2, a domestic supply well  

constructed in the Crystal River aquifer, 1980-2013. 
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Figure C-67.—Hydrograph of Houston County, Alabama, well O-3-1, an agricultural supply well  

constructed in the Crystal River aquifer, 1980-2012. 

 
Figure C-68.—Hydrograph of Houston County, Alabama, well HOU-1, a GSA real-time monitoring well  

constructed in the Crystal River aquifer, 1980-2016. 
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 Well O-3-1 is a GSA periodic observation well and agricultural well supplying a center pivot 
irrigation system in east-central Houston County. From 1980 to 1993 water levels were recorded 
semi-annually, then annually from 1994 to 2012. Significant seasonal fluctuation of less than 10 
ft were recorded, indicative of the Crystal River aquifer being unconfined in this area (fig. C-67). 
The hydrograph shows pumping impacts during the growing season and recovery during the 
wetter winter season. The top of the screen is 100 ft bls and, as of the last water level 
measurement on November 7, 2012 (20.88 ft bls), there was 79.12 ft of water above the screens. 

 Well HOU-1, a GSA real-time observation well, is located in southeast Houston County in close 
proximity to large capacity irrigation wells. Seasonal water level fluctuations of more than 10 ft 
are related to growing season groundwater irrigation and winter season recovery, indicative of 
the Crystal River aquifer in this area being unconfined (fig. C-68). The real-time daily hydrograph 
from March 2011 through June 2016 illustrates in detail seasonal water level fluctuations (fig. C-
69). Well HOU-1 is not screened; however, the bottom of the well is 118 ft bls and as of the last 
water level measurement in June 2016 there was 99.85 ft of water in the well. 

OLIGOCENE SERIES 

 The units of the Oligocene Series in Alabama follow in ascending order: Red Bluff Clay and 
Bumpnose Limestone, Forest Hill Sand, Marianna Limestone, Byram Formation, Chickasawhay 
Limestone, and Paynes Hammock Sand (Osborne and others, 1989). Together the Red Bluff Clay, 
Bumpnose Limestone, Forest Hill Sand, Marianna Limestone, and Byram Formation make up the 
Vicksburg Group, which outcrops across southern Alabama (Raymond and others, 1988). The 
Oligocene formations and several of their members are readily recognized in southwest Alabama, 
but in other portions of Alabama the outcrop belt of the entire Vicksburg Group is deeply 

 
Figure C-69.—Hydrograph of Houston County, Alabama, well HOU-1, a GSA real-time monitoring well  

constructed in the Crystal River aquifer, 2011-2016. 
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weathered and mapped as an unrecognizable part of the thick deposits of surface and near-
surface residuum (Smith, 2001). Therefore, the Oligocene Series is considered as one unit for this 
statewide assessment. Further research efforts should be undertaken to adequately quantify the 
units within this series to determine their water-bearing capacities. 

FOREST HILL SAND 

 The Forest Hill Sand is present is southwest Alabama and consists of dark-greenish-gray 
carbonaceous, pyritic, calcareous, sparingly glauconitic and fossiliferous clay with lenses of 
glauconitic, fossiliferous sand (Raymond and others, 1988). Outcrop thickness ranges from 7 to 
26 ft (Raymond and others, 1988). 

RED BLUFF CLAY 

 The Red Bluff Clay consists of greenish-gray glauconitic, calcareous clay locally containing 
selenite crystals, yellowish-gray glauconitic, fossiliferous limestone, and light-gray silty clay with 
interbeds of sand, and grades eastward into the Bumpnose Limestone (Osborne and others, 
1989). Outcrop thickness ranges from 10 to 60 ft where present (Raymond and others, 1988). 

BUMPNOSE LIMESTONE 

 The Bumpnose Limestone grades westward into the Red Bluff Clay, and is noted as a white to 
grayish-orange chalky, soft to brittle, subcoquinoid, glauconitic, argillaceous, very fossiliferous 
limestone (Raymond and others, 1988). The Bumpnose Limestone is present in southeast 
Alabama east of the Sepulga River. Outcrop thickness ranges from 13 to 17 ft (Raymond and 
others, 1988). 

MARIANNA LIMESTONE 

 The Marianna Limestone is noted for white to cream-colored soft, porous, chalky limestone, 
with an outcrop thickness ranging from 40 to 75 ft in west Alabama (Raymond and others, 1988). 
The Mariana Limestone extends eastward from Mississippi into Choctaw, Clarke, and Washington 
Counties (Osborne and others, 1989). 

BYRAM FORMATION 

 The Bryam Formation is the youngest stratigraphic unit within the Vicksburg Group (Smith, 
2001), and includes three members in ascending order, the Bucatunna Clay Member, unnamed 
marl member, and the Glendon Limestone Member (Osborne and others, 1989). The outcrop 
thickness for the Bryam Formation ranges from 39 to 89 ft (Raymond and others, 1988). The 
Bucatunna Clay Member consist of yellow sand and dark bentonitic, carbonaceous clay (Raymond 
and others, 1988). The unnamed marl member consist of gray to grayish-orange, sandy, 
glauconitic, fossiliferous marl (Raymond and others, 1988). The Glendon Limestone Member 
consist of yellow to white irregularly indurated, coquinoid and crystalline limestone (Raymond 
and others, 1988). 
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CHICKASAWHAY LIMESTONE 

 The Chickasawhay Limestone consists of white to yellowish-gray fossiliferous, glauconitic 
limestone and soft marl (Osborne and others, 1989). Outcrop thickness ranges from 10 to 26 ft 
(Raymond and others, 1988). 

PAYNES HAMMOCK SAND 

 The Paynes Hammock Sand consists of locally fossiliferous, calcareous, argillaceous medium 
to coarse sand, interspersed with beds of pale-blue-green clay, and thin-bedded sandy limestone 
(Osborne and others, 1989). Outcrop thickness ranges from 10 to 15 ft (Raymond and others, 
1988). 

HYDROGEOLOGY 

WELL INFORMATION 

 Depth was evaluated for 20 wells screened in the Oligocene aquifer (appendix A). Well AA-2-
1 northwest of Atmore in Escambia County is the shallowest well identified in this assessment of 
the Oligocene aquifer at a depth of 110 ft. Well V-23-1 southeast of Riverview in Escambia County 
is the deepest at 1,008 ft. Eleven wells screened in the Oligocene aquifer were evaluated for 
current depth to water. Current depth to water varied from at land surface to more than 100 ft 
bls (appendix A). Well JJ-28-1, located south of Walker Springs in Clarke County near the outcrop, 
has a depth to water at the land surface. The greatest depth to water was measured in well Z-12-
1 northeast of Atmore in Escambia County at 120 ft bls. 

 Pumping rates were evaluated for 16 public, agricultural, and domestic wells screened in the 
Oligocene aquifer. Pumping rates ranged from less than 10 gpm to 750 gpm (appendix A). The 
highest pumping rate recorded was in well CC-23-1 in southeastern Covington County, just north 
of the Alabama and Florida state line. Specific capacities were calculated for 15 wells screened in 
the Oligocene aquifer, provided that sufficient pump test data were available. Specific capacities 
varied from less than 1 gpm/ft to more than 750 gpm/ft (appendix A). Well CC-23-1, in 
southeastern Covington County just north of the Alabama and Florida state line, had the highest 
calculated specific capacity at 750 gpm/ft as recorded from initial pumps tests. 

 Due to the lack of available well data in the Oligocene aquifer, potentiometric surface 
mapping is not currently feasible. Future research efforts should be undertaken to map the 
potentiometric surface of the Oligocene aquifer once the stratigraphy for the Paleogene, 
Neogene, and Quaternary systems are determined more accurately. 

MIOCENE-PLIOCENE SERIES 

 Miocene sediments in Alabama are primarily clay, silt, sand, and gravel with subordinate 
limestone and lignite beds. Whereas a complete Miocene section occurs in southern Mobile and 
Baldwin Counties, the stratigraphic interval is progressively truncated northward due to removal 
by erosion. Where present, the full Miocene section is about 2,500 feet thick. Geologic units of 
the stratigraphic sequence display general northward thinning. 
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 As shown by structure contours of the top of the Oligocene Glendon Limestone, a persistent 
and useful regional marker horizon, the Oligocene and Miocene strata generally strike northwest-
southeast and dip to the southwest at rates of about 30 to 50 ft/mi (plate 73). Major structural 
discontinuities and features are faults of the Mobile graben system, Pickens-Gilbertown-Pollard 
fault system, and several antiform features resulting from deep salt-growth features (Alverson, 
1970; Moore, 1971) including a salt dome in the vicinity of McIntosh in eastern Washington 
County. Throw on some of the major faults is on the order of a thousand feet. Fault growth 
affecting Miocene sediments is largely post-depositional, but some thickening on downthrown 
fault blocks is apparent, especially within the area of the Mobile graben system, indicating 
syndepositional movement. 

 Delineating Miocene stratigraphy in Alabama presents a significant problem insofar as the 
section is not well exposed and generally unfossiliferous, inhibiting correlation with known 
Miocene sections elsewhere. Structural discontinuities such as the Mobile graben system and the 
general scarcity of well data in Mobile Bay and in the Mobile-Tensaw Rivers area also hinder 
correlation efforts. Hence, the state geologic map (Szabo and others, 1988) shows the section as 
“Miocene undifferentiated.” Moreover, widely varying interpretations of the thickness and other 
characteristics of the overlying Pliocene Citronelle Formation have contributed to the 
uncertainty. The interpretation of Miocene and Pliocene stratigraphy presented herein is based 
largely on subsurface correlations supplemented with outcrop descriptions and generally follows 
the stratigraphic correlations adopted by the Mississippi Office of Geology. Indeed, numerous 
geophysical logs from Mississippi as well as published and unpublished surface and subsurface 
maps and cross sections in that state were utilized in this study to correlate across the state line. 
Also consistent with correlation with the Mississippi stratigraphic section is the tentative 
recognition of the Pliocene Graham Ferry Formation in southwestern Alabama. While the 
interpretations presented here have not been formally adopted by GSA, it is believed that the 
results of this work offers a reasonable stratigraphic framework that is applicable across 
southwestern Alabama and useful in hydrogeological applications.  

 Previous stratigraphic interpretations were largely based on the work by Marsh (1966) for 
western Florida and a portion of Baldwin County, Alabama; the terms “Pensacola Clay” and 
“Miocene Coarse Clastics” were applied to Miocene sediments in southern Baldwin County. This 
stratigraphic terminology was subsequently used in southern Baldwin County by Raymond 
(1985). Other work regarding Miocene stratigraphy has been based on hydrostratigraphy of the 
coastal portions of the study area (Chandler and others, 1985) but extension of that stratigraphic 
terminology farther inland is problematic. Micropaleontology provided the basis for correlation 
of biostratigraphic zones in petroleum wells in marine areas of Alabama (Smith, 1991) but could 
not be extended onshore to a large extent. Moreover, in some wells biostratigraphic zones do 
not correlate well with lithostratigraphic units. It should also be noted that the Miocene and 
Pliocene stratigraphic terminology from Mississippi predates that of Marsh (1966) and thus, 
while not insuring infallibility or completeness, provides that preference should be given to that 
terminology if deemed applicable to Alabama. 

 Miocene geologic units occurring in Alabama are, in ascending order, the Catahoula 
Formation, Hattiesburg Formation, and Pascagoula Formation (fig. C-1). The Catahoula 
Formation, named for outcrops in Catahoula Parish, Louisiana, and correlated across Mississippi 
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(Dockery and Thompson, 2016), overlies the Oligocene Paynes Hammock Formation, or locally, 
where the thin Paynes Hammock is not present, the underlying Chickasawhay Formation. 
Whereas some workers in Mississippi indicate that the lowermost downdip portion of the 
Catahoula may contain beds of Oligocene age, in this report the base of the Catahoula is 
considered the Oligocene-Miocene boundary, pending further investigation. 

 The Pliocene Graham Ferry Formation overlies the Pascagoula Formation in southern Mobile 
County and possibly in southern Baldwin County. The Pliocene Citronelle Formation occurs at 
higher elevations in Mobile and Baldwin Counties, everywhere unconformably overlying older 
Miocene or Pliocene formations. 

CATAHOULA FORMATION 

 The Catahoula Formation is primarily composed of a regressive sequence of sands and clays 
with some limestone beds in the lower part of the formation. The formation dips to the 
southwest at rates of about 30 to 40 ft/mi; however, steeper dip rates occur in the Mobile graben 
system area (plate 74). Regional dip also steepens to about 50 ft/mi near the coast.  

 The Catahoula Formation is approximately 500 ft thick downdip in southwestern Mobile 
County but progressively thins northeastward to less than 300 ft in northern Baldwin County 
(plate 75). Thickening in the downthrown blocks of the Mobile graben system is evident. The area 
of outcrop and/or subcrop of Catahoula beneath Pliocene or Quaternary sediments likely extends 
across the northern part of the area: northern Baldwin County, much of Escambia and 
Washington Counties, and southern portions of Monroe and Clarke Counties.  

 The upper 50 to 100 ft of the Catahoula section in southern Mobile and Baldwin Counties is 
an interval of clay that is distinctive on geophysical well logs and is correlative across the area. 
This clay interval thins northward but remains useful in correlation. Sand in the Catahoula 
Formation is fine- to medium-grained for the most part; gravelly sand beds are generally thin. 
Sand intervals provide suitable aquifers in the updip fresh water areas. As exhibited in outcrops, 
Catahoula sands are commonly very light gray to white and are predominantly fine grained. In 
Washington County, outcrops of uppermost Catahoula silty to sandy clays commonly contain 
fossil wood fragments. Catahoula sand intervals are important aquifers at Citronelle in northern 
Mobile County; at Chatom and the Red Creek area of Washington County; and in the Tensaw area 
of northern Baldwin County. 

HYDROGEOLOGY 

WELL INFORMATION 

 Depth was determined for 42 wells screened in the Catahoula aquifer. Well CC-19-1 
southwest of Grove Hill in Clarke County is the shallowest well identified, having a depth of 67 ft 
bls. The deepest well (G-18-1) in northern Baldwin County, just south of Tensaw on Highway 59, 
was 963 ft bls. Current depth to water was evaluated for 37 wells screened in the Miocene 
Catahoula aquifer. Well G-18-1 in northern Baldwin County, just south of Tensaw on Highway 59, 
had a depth to water of 4 ft bls. Well GG-36-1, located between Megargel and Goodway in 
Monroe County, had a depth to water of 123.5 ft bls (appendix A). 
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 Pumping rates were evaluated for 25 wells screened in the Catahoula aquifer, which included 
domestic, public, and agricultural wells, provided that pump test data were available on the 
drilling records. Pumping rates varied from less than 10 gpm to 500 gpm (appendix A), with the 
larger pumping rates observed in public wells and smaller pumping rates in domestic wells. The 
highest pumping rate recorded was in well D-35-1 in Mobile County, near Citronelle, at a rate of 
500 gpm. Specific capacities were calculated for 12 wells screened in the Catahoula aquifer and 
varied from less than 1 gpm/ft to more than 20 gpm/ft (appendix A). Well G-1-1 in Mobile County, 
south of Citronelle, had the highest calculated specific capacity of 22.33 gpm/ft as recorded from 
initial pumps tests. 

GROUNDWATER LEVELS AND IMPACTS 

 Due to the variability in the time frame of the measurements for initial water levels (when 
the well was constructed), initial potentiometric surface maps are not very reliable indicators of 
the initial potentiometric surface. Therefore, a snapshot of water levels from 2012 through 2016 
was used to create a current potentiometric surface for the Catahoula Formation aquifer. 
However, groundwater level impacts were evaluated on a case by case basis for public supply 
wells because the groundwater level impacts are more prevalent in public wells. 

 Current static groundwater levels were determined for 37 domestic, public, observation, and 
agricultural wells constructed in the Catahoula aquifer (plate 93). Three distinct groundwater 
flow regions in the Catahoula aquifer were identified based on current data avaliable: west of the 
Tombigbee River, between the Tombigbee River and the Alabama River, and east of the Alabama 
River, with rivers acting as hydraulic barriers separating the groundwater flow paths.  

 West of the Tombigbee River in Washington County groundwater moves in a southeastern 
direction toward the Tombigbee River. Current groundwater levels in this hydraulic area varied 
from 263 ft MSL in well D-9-2 in northwestern Washington County to 52 ft MSL in well P-26-1 in 
Washington County in Chatom. The hydraulic gradient for this area was calculated as 0.0024 
(12.41 ft/mi). In Clarke County, east of the Tombigbee River, groundwater moves in a southerly 
direction to the Tombigbee River from the formation outcrop. Current groundwater levels in this 
hydraulic area varied from 401 ft MSL in well X-33-4 in Clarke County in Grove Hill to 144 ft MSL 
in well PP-5-4 in Jackson, southern Clarke County. The hydraulic gradient for this area is 0.0033 
(17.24 ft/mi). East of the Alabama River in Monroe and Baldwin Counties groundwater moves in 
a southwesterly direction. Current groundwater levels in this hydraulic area varied from 366 ft 
MSL in well HH-2-4 in Monroe County to 51 ft MSL in well D-14-1 in northern Baldwin County. 
The hydraulic gradient for this area is 0.0022 (11.45 ft/mi). There were no production-related 
disturbances to the potentiometric surface observed in this aquifer. 

HYDROGRAPHS AND AQUIFER DECLINE CURVES 

 Well P-26-1, a public supply well in Chatom in Washington County, is the only well identified 
in the Catahoula aquifer with adequate long-term water level data to generate a hydrograph. The 
initial water level was recorded at 122 ft MSL in 1950, followed by semi-annually measurements 
from 1967 to 1993 and annual measurements from 1994 to 2015, with a significant data gap from 
2008 to 2014. A declining trend is observed on the hydrograph, with no significant seasonal 
fluctuations or droughts, most likely due to the confined nature of the aquifer in the vicinity of 
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this well, and it being a public supply well, which may account for lack of adequate recharge 
during the wet season (fig. C-70). Well P-26-1 is 329 ft deep, and as of the last measurement in 
January 2015, there was 279 ft of water above the well screens. 

HATTIESBURG FORMATION 

 Lying above the Catahoula Formation is the Hattiesburg Formation, a generally fining-upward 
sequence of sand, gravel, and clay. The formation dips to the southwest at rates similar to the 
Catahoula Formation (30-40 ft/mi) with steeper dips present along the coast (plate 76). Much 
steeper dip is present in portions of the Mobile graben area. The Hattiesburg ranges in thickness 
from about 1,000 ft in southern Mobile County to less than 500 ft in the northern part of the 
county (plate 77). Like the Catahoula Formation, some thickening can be seen in the downthrown 
fault blocks within the Mobile graben system.  

 The basal part of the Hattiesburg Formation is commonly a sand and gravel interval that lies 
immediately above the generally clay-rich upper Catahoula. This lower Hattiesburg sand and 
gravel interval is likely correlative with the “Amos Sand” interval as used in the petroleum 
industry in southern Baldwin and Mobile Counties, and it forms a significant aquifer where it 
contains fresh water in updip areas. Other overlying sand intervals within the formation, 
however, also locally comprise significant aquifers. The upper part of the Hattiesburg is 
commonly more clay-rich than the lower portion of the unit, and sand intervals commonly display 
only fair to poor correlation from well to well, indicating probable lack of hydraulic 
interconnection in most areas. Hattiesburg sand intervals comprise significant aquifers in the 
Turnerville, Chunchula, and Georgetown areas of north-central Mobile County; in the Deer Park 

 
Figure C-70.—Hydrograph of Washington County, Alabama, well P-26-1, a public supply well  

constructed in the Miocene Catahoula aquifer, 1950-2015. 
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and Vinegar Bend areas of southern Washington County; and in the Rabun and Stockton areas of 
northern Baldwin County. 

HYDROGEOLOGY 

WELL INFORMATION 

 Depth was determined for 22 wells screened in the Hattiesburg aquifer. Well depth ranged 
from 55 ft bls near the outcrop to 1,010 ft bls downdip in the formation (appendix C). MM-36-1 
is the shallowest well identified at a depth of 55 ft bls. The deepest well is II-25-1 in southern 
Mobile County, just north of Grand Bay, at a depth of 1,010 ft bls. Depth to water for 18 wells 
varied from 36 ft bls to 221 ft bls. Well K-9-1 north of Stockton on the Tensaw River in Baldwin 
County had a depth to water of 36 ft bls. Well M-30-4 located northwest of Chunchula in Mobile 
County had a depth to water of 221 ft bls. Because this is a public supply well, this depth to water 
may not be a true indication of the static water levels in this area. 

 Pumping rates for 20 wells screened in the Hattiesburg aquifer, which included domestic, 
public, agricultural, and industrial wells, ranged from less than 10 gpm to over 1,000 gpm 
(appendix C) with the higher pumping rates observed in industrial, agricultural, and public supply 
wells and lower pumping rates in domestic wells. The highest pumping rate recorded was for well 
LL-29-5 in Washington County, southeast of McIntosh, at a rate of 1,215 gpm. Specific capacity 
for 14 wells screened in the Miocene Hattiesburg aquifer varied from less than 1 gpm/ft to 109.1 
gpm/ft (appendix C). Well M-30-4 located northwest of Chunchula in Mobile County had the 
highest calculated specific capacity of 109.1 gpm/ft as recorded from pump tests. 

GROUNDWATER LEVELS AND IMPACTS 

 Current static groundwater levels were determined for 18 domestic, public, observation, and 
agricultural wells constructed in the Hattiesburg aquifer (plate 94). There are two distinct 
groundwater flow regions in the Hattiesburg aquifer, west of the Tombigbee and Mobile Rivers 
and Mobile Bay, and east of the Tensaw River and Mobile Bay, with rivers acting as hydraulic 
barriers separating the groundwater flow paths. West of the Tombigbee and Mobile Rivers, 
groundwater moves in an eastern direction toward the rivers in southern Washington County 
and northern Mobile County. Current groundwater levels in this hydraulic area vary from 272 ft 
MSL in well QQ-18-3 in southern Washington County to -26 ft MSL in well LL-29-5 in Washington 
County. The hydraulic gradient for this area is 0.0022 (11.46 ft/mi). There are no production-
related disturbances to the potentiometric surface observed in this aquifer. 

 East of the Tensaw River and Mobile Bay in Baldwin County, groundwater moves in an 
easterly direction to the Tensaw River and southwesterly direction toward the Mobile Bay. 
Current groundwater levels in this hydraulic area vary from 235 ft MSL in well F-23-1 in northern 
Baldwin County to 43 ft MSL in well Q-42-3 northwest of Bay Minette. The hydraulic gradient for 
this area is 0.0022 (11.64 ft/mi). There are no production-related disturbances to the 
potentiometric surface observed in this aquifer based on the available data. 
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HYDROGRAPHS AND AQUIFER DECLINE CURVES 

 Well G-5-2, an observation well north of Tensaw in Baldwin County, is the only well with 
adequate long-term water level data to generate a hydrograph. The initial water level was 
recorded at 104.4 ft MSL in 1985, followed by semi-annual measurements until 1993, then annual 
measurements from 1994 to 2015. Drought impacts are evident for years 1987, 2000, and 2007, 
with water levels rebounding quickly during the following wet season, indicating adequate 
recharge for this aquifer in this general area (fig. C-71). Well G-5-2 is 250 ft deep with unknown 
screen intervals. As of February 2015, there was 132 ft of water in the well. 

PASCAGOULA FORMATION 

 Overlying the Hattiesburg Formation is the Pascagoula Formation, a thick interval of sand, 
gravel, silt, and clay. Like the Hattiesburg, the Pascagoula displays overall fining upward 
characteristics. As observed in the structure map of the top of the Pascagoula (plate 78), the 
formation dips relatively gently to the southwest at about 30 to 40 ft/mi. Thickness of the 
Pascagoula is about 1,100 ft; the full section, however, is only preserved across southern Mobile 
County and possibly in southernmost Baldwin County. Large portions of Mobile and Baldwin 
Counties are in the Pascagoula Formation outcrop area. Gravelly sand intervals with some beds 
of fine-grained sediments of the Pascagoula are conspicuously present in sand pits and outcrops 
in Mobile and Baldwin Counties.  

 
Figure C-71.—Hydrograph of Baldwin County, Alabama, well G-5-2, an observation well  

constructed in the Miocene Hattiesburg aquifer, 1985-2015. 
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 Like the Hattiesburg Formation, the basal part of the Pascagoula commonly contains coarser 
grained materials (sand and gravel), but the unit is not as consistent across the area as the lower 
Hattiesburg sand and gravel interval. The middle to upper part of the Pascagoula contains some 
locally significant sand and gravel intervals that serve as important aquifers. Most of these sands, 
however, are distinct sand intervals that do not appear extensive and probably not hydraulically 
interconnected for the most part. In west-central Baldwin County the Pascagoula contains thick 
intervals of sand and gravel. These intervals are likely correlative with the “Miocene coarse 
clastics” of some previous workers. The likelihood of extensive aquifers appears greater in this 
area. Along the eastern shore of Mobile Bay near Daphne, the coarse-grained sediments are 
exposed in bluffs. Isphording (1977) termed this interval of Miocene sediments the “Ecor Rouge 
Sand” based primarily on the bluff outcrops.  

 Due in large part to the location of many cities and communities where the Pascagoula 
Formation commonly contains relatively thick, freshwater-bearing sand and gravel intervals 
occurring at fairly shallow depths, Pascagoula aquifers arguably comprise the most important 
groundwater sources in Mobile and Baldwin Counties for public supply, agricultural and industrial 
uses. In Baldwin County, Pascagoula aquifers are screened in wells in communities of Orange 
Beach, Gulf Shores, and Perdido Bay areas in the south; Daphne, Fairhope, Spanish Fort, Elberta, 
Foley, Robertsdale, Loxley, and Belforest farther north; and in the Bay Minette area in the 
northern part of the county. In Mobile County, Pascagoula sand intervals comprise aquifers used 
at Bayou La Batre, Grand Bay, and Bellingrath in the south; Irvington, Theodore, Semmes farther 
north; and Millertown, Turnerville, and Movico in the north and northeastern part of the county. 

HYDROGEOLOGY 

WELL INFORMATION 

 Well depth for 197 wells screened in the Pascagoula aquifer ranged from 42 ft bls to 855 ft 
bls. Well LL-6-5 west of Malbis near D’Olive Bay in Baldwin County, was the shallowest well 
identified in this assessment that is constructed in the Miocene Pascagoula aquifer at a depth of 
42 ft. The deepest well identified is KK-28-1 northeast of Calvert in Washington County at a depth 
of 855 ft bls (appendix A). Depth to water for 165 wells varied from 4 ft bls to 288 ft bls. Well ZZ-
13-11 south of Elberta in Baldwin County, had a depth to water of 4 ft bls. Well GG-24-6 located 
west of Tillmans Corner in Mobile County had a depth to water of 288 ft bls; however, this is a 
public supply well and by comparing the current depth to water to the initial static depth to 
water, it was determined that this water level is not a true static water level. 

 Pumping rates for 180 wells screened in the Pascagoula aquifer, which included domestic, 
public, agricultural, observation, and industrial wells, provided that pump test data were 
available on the drilling records, ranged from less than 10 gpm to over 2,000 gpm (appendix A), 
with the higher pumping rates observed in agricultural and public supply wells and lower 
pumping rates in domestic wells. The highest pumping rate recorded was in well ZZ-37-37 in 
Baldwin County, off Highway 59 between Foley and Gulf Shores, at a rate of 2,170 gpm. Specific 
capacities were calculated for 119 wells screened in the Miocene Pascagoula aquifer and varied 
from less than 1 gpm/ft to over 100 gpm/ft (appendix A). Well LL-4-10 located west of Malbis in 
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Baldwin County has the highest calculated specific capacity of 180 gpm/ft as recorded from initial 
pump tests. 

GROUNDWATER LEVELS AND IMPACTS 

 Due to variability in the time frame of the water level measurements for initial water levels 
(when the well was constructed), a snapshot of water levels from 2012 through 2016 was used 
to complete the current potentiometric surface for the Pascagoula aquifer (appendix A). 
Groundwater level impacts were evaluated on a case by case basis for public supply wells because 
the groundwater level impacts are more prevalent in the public wells. 

 Current static groundwater levels were determined for 165 domestic, public, observation, 
and agricultural wells constructed in the Pascagoula aquifer (plate 95). Two distinct groundwater 
flow regions were identified in the Pascagoula aquifer: west of the Tombigbee and Mobile Rivers 
and Mobile Bay, and east of the Tensaw River and Mobile Bay, with rivers acting as hydraulic 
barriers separating the groundwater flow paths. West of the Tombigbee and Mobile Rivers, 
groundwater moves in an easterly direction toward the rivers in southern Washington County 
and northern Mobile County. Groundwater moves in a more southerly direction in southern 
Mobile County. Current groundwater levels in this hydraulic area varied from 244 ft MSL in well 
G-3-1 in northern Mobile County to -45 ft MSL in well I-12-2 in Mobile County near Mt. Vernon. 
The hydraulic gradient for this area is 0.0036 (19.27 ft/mi). Three production-related 
disturbances to the potentiometric surface were observed in this aquifer. Wells I-12-2 and R-33-
1 both have potential drawdown issues, but lack of historical data limits evaluation of the extent 
of the drawdown. Public well GG-24-6 in southern Mobile County has declined 121 ft since the 
initial water level was taken in 1990. 

 East of the Tensaw River and Mobile Bay in Baldwin County groundwater moves in a 
southwesterly direction toward Mobile Bay. Current groundwater levels in this hydraulic area 
varied from 213 ft MSL in well U-14-2 east of Bay Minette to -18 ft MSL in well ZZ-5-8 in southern 
Baldwin County. The hydraulic gradient for this area is 0.0019 (9.81 ft/mi). 

HYDROGRAPHS AND AQUIFER DECLINE CURVES 

 Well BAL-2, a GSA real-time observation well located off Canal Drive in Orange Beach, Baldwin 
County has a daily period of record dating to 1983. Factoring in moderate seasonal fluctuations, 
water levels have remained relatively stable for the period of record (fig. C-72). Two drought 
years are evident on the hydrograph: 1986 and 2000, with the lowest water level recorded in 
2000 at -1.17 ft below MSL. In 2011, BAL-2 was converted to a real-time well, with the hydrograph 
showing seasonal fluctuations of less than 3 ft (fig. C-73). Well BAL-2 is 130 ft deep and screened 
from 100 to 130 ft. As of August 2016, there was 93.05 ft of water above the screens. 

 Well BAL-3, a GSA real-time observation well, is located off Canal Drive in Orange Beach in 
Baldwin County and has a period of record dating to 1984. Factoring in moderate seasonal 
fluctuations, water levels have remained relatively stable for the period of record, with no 
drought impacts evident (fig. C-74). In 2011, BAL-3 was converted to a real-time well, with the 
hydrograph showing seasonal fluctuations of less than 12 ft (fig. C-75). Well BAL-3 is 315 ft deep 
and screened from 280 to 315 ft bls. As of August 2016, there was 299.79 ft of water in the well. 
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Figure C-72.—Hydrograph of Baldwin County, Alabama, well BAL-2, a GSA real-time monitoring well  
constructed in the Miocene Pascagoula aquifer, 1983-2016. 

 

Figure C-73.—Hydrograph of Baldwin County, Alabama, well BAL-2, a GSA real-time monitoring well  
constructed in the Miocene Pascagoula aquifer, 2011-2016. 
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Figure C-74.—Hydrograph of Baldwin County, Alabama, well BAL-3, a GSA real-time monitoring well  
constructed in the Miocene Pascagoula aquifer, 1984-2016. 

 

Figure C-75.—Hydrograph of Baldwin County, Alabama, well BAL-3, a GSA real-time monitoring well  
constructed in the Miocene Pascagoula aquifer, 2011-2016. 
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 Well BAL-5, a GSA real-time observation well, located in Foley in Baldwin County, has a period 
of record dating to 1949, with daily data available from 1986 to present. Well BAL-5 is located 
within less than 1 mile of seven nearby public supply wells, suggesting that this well is possibly 
affected by well capture zones of the nearby wells. The close proximity of this well to active public 
supply wells makes interpretation of natural hydrograph patterns difficult because low water 
levels may likely correspond to pumping levels of nearby wells (fig. C-76). In 2010, BAL-5 was 
converted to a real-time well (fig. C-77). Well BAL-5 is 137 ft deep and screened from 93 to 133 
ft. As of July 2016, there was 69.26 ft of water above the screens. 

GRAHAM FERRY FORMATION 

 Overlying the Pascagoula Formation is the Miocene Graham Ferry Formation, named for 
outcrops in Jackson County, Mississippi, and described in numerous hydrogeological and 
stratigraphic investigations in Mississippi. Extension of the unit into Alabama is based on 
subsurface correlations from southeastern Mississippi. For this assessment it is considered 
present in southern Mobile County and tentatively correlated across Mobile Bay into 
southernmost Baldwin County. Possibly correlative with the Graham Ferry is an interval of silt 
and sand encountered at depths of 120 to 150 ft in a test hole in southwestern Escambia County, 
Florida, which was identified as Pliocene by Otvos (1988) and termed the “Perdido Key 
Formation.” Composed of sand, gravel, silt, and clay, the Graham Ferry Formation is considered 
truncated everywhere in its area of occurrence. Distinguishing the Miocene Graham Ferry from 
overlying Pliocene Citronelle Formation sediments and/or Quaternary sediments is difficult. The 
Graham Ferry Formation provides locally significant aquifer intervals in its area of occurrence, 
but it is likely in hydraulic connection with overlying younger sediments. The generally sandy beds 
of the lower Graham Ferry overlie clay beds of the upper Pascagoula Formation. Wells in the 
Grand Bay, St. Elmo, and Irvington areas are screened in Graham Ferry sand intervals.  

HYDROGEOLOGY 

WELL INFORMATION 

 Well depth was determined for 10 wells screened in the Graham Ferry aquifer. Depth ranged 
from 70 ft bls to 350 ft bls. Well DDD-17-2 just north of Ala. Hwy. 59 on Gulf Shores Parkway in 
Baldwin County, was the shallowest well identified in this assessment at a depth of 70 ft bls. The 
deepest well identified was well JJ-15-1 northwest of Irvington in Mobile County at a depth of 
350 ft bls (appendix A). Current depth to water for 9 wells varied from 4 ft bls to 54 ft bls. Well 
DDD-17-2 had a depth to water of 4 ft bls. Well II-36-2 located near Grand Bay in Mobile County 
had a depth to water of 54 ft bls. 

 Pumping rates for 8 public supply wells screened in the Graham Ferry aquifer ranged from 
less than 150 gpm to over 1,200 gpm. The highest pumping rate recorded was in well II-36-3 in 
Grand Bay in Mobile County, at a rate of 1,200 gpm. Specific capacity for 8 wells screened in the 
Graham Ferry aquifer varied from less than 10 gpm/ft to over 50 gpm/ft. Well II-36-3 in Grand 
Bay in Mobile County had the highest calculated specific capacity of 66.67 gpm/ft as recorded 
from initial pump tests (appendix A). 
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Figure C-76.—Hydrograph of Baldwin County, Alabama, well BAL-5, a GSA real-time monitoring well  

constructed in the Miocene Pascagoula aquifer, 1949-2016. 

 
Figure C-77.—Hydrograph of Baldwin County, Alabama, well BAL-5, a GSA real-time monitoring well  

constructed in the Miocene Pascagoula aquifer, 2010-2016. 
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HYDROGRAPHS AND AQUIFER DECLINE CURVES 

 Well UU-0-3 is a public supply well on Dauphin Island in Mobile County. The initial water level 
was measured at 1 foot below MSL in 1962, with water levels measured semi-annually from 1991 
to 1993, then annually from 1994 to 2015, with small data gaps of a few years. Due to the 
confined nature of the Miocene Graham Ferry in this area, no seasonal fluctuations or drought 
impacts are evident on the hydrograph (fig. C-78). Due to the close proximity (less than 1 mile) 
from other deep water supply wells on Dauphin Island, some of the recorded lows may be due 
to pumping effects of nearby wells. Well UU-0-3 is 305 ft deep and screened from 235 to 250 ft 
and 285 to 395 ft. As of August 2015, there was 230.2 ft of water above the screens. 

CITRONELLE FORMATION 

 The Pliocene-Pleistocene Citronelle Formation caps many of the hills in Mobile and Baldwin 
Counties and forms terrace-like areas in Escambia County and elsewhere in southwestern 
Alabama. The Citronelle, named by Matson (1916) for exposures near the town of Citronelle in 
Mobile County, has been extensively studied, but remains a source of considerable controversy 
among workers due in large part to highly variable thicknesses, widely varying elevations ascribed 
to its base, general paucity of fossils, and difficulty distinguishing the formation from underlying 
Miocene or Pliocene sediments in many locations. It is everywhere considered to unconformably 
overlie Miocene or older Pliocene sediments. Lack of accurate and precise elevation control of 
the base of the formation inhibits accurate structural mapping.  

 Thickness of the formation previously interpreted ranges from a few hundred feet to a few 
tens of feet. It is herein considered to be relatively thin (generally 5-40 ft) and is restricted to 

 
Figure C-78.—Hydrograph of Mobile County, Alabama, well UU-0-3, a public supply well  

constructed in the Pliocene Graham Ferry aquifer, 1962-2015. 
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higher elevations in the area. Primary lithologies of the Citronelle are gravelly sand, generally 
poorly sorted, and red, silty, sandy clay. At a prominent bluff near Daphne, previously discussed 
and described by (Isphording, 1977), the Citronelle is only about 10 ft thick. Gravelly sands 
underlying the Citronelle at that locality are included in the Miocene section by Isphording, an 
interpretation that is followed in this report. Regardless of the thickness ascribed to the 
formation, it is likely in hydraulic connection with underlying Miocene or Pliocene sediments at 
all locations. It is a locally important aquifer for small capacity wells. 

HYDROGEOLOGY 

WELL INFORMATION 

 Depth of 9 wells screened in the Citronelle aquifer ranged from 100 ft bls to 222 ft bls 
(appendix A). Well M-21-1 north of Flomaton in Escambia County is the shallowest well identified 
in this assessment at a depth of 100 ft bls. The deepest well identified is well HH-32-2 east of 
Megargel and Goodway in Monroe County at a depth of 222 ft bls. Current depth to water of 
wells was evaluated for 9 wells screened in the Citronelle aquifer. Well KK-1-1, located east of 
Uriah in Monroe County, had a depth to water of 5 ft bls and the greatest depth to water was 
measured in well HH-32-2 east of Megargel and Goodway in Monroe County at 127 ft bls. 

 Pumping rates were evaluated for four wells screened in the Citronelle aquifer and included 
agricultural and domestic wells. They varied from less than 20 gpm to 35 gpm (appendix A). The 
highest pumping rate recorded was in well F-18-1 east of Huxford in Escambia County, at a rate 
of 35 gpm. Sufficient pump test data were not available to calculate the specific capacity for wells 
in the Citronelle aquifer.  

 Due to the lack of available well data in the Citronelle aquifer, potentiometric surface 
mapping is not feasible. Future research efforts should be undertaken to map the potentiometric 
surface of the Citronelle aquifer once the stratigraphy for the Paleogene, Neogene, and 
Quaternary systems are better determined. 

HYDROGRAPHS AND AQUIFER DECLINE CURVES 

 Nine wells were identified as constructed in the Citronelle aquifer; however, long-term water 
level data were only available for real-time monitoring well MON-1 located north of Frisco City 
in Monroe County. Construction data other than well depth is unknown presently, and water 
levels have been measured continuously since 2011. Seasonal fluctuations are evident during the 
wet and dry season, with fluctuations of 3 ft or less (fig. C-79). This well is located near extensive 
agricultural land and seasonal water level fluctuations can be attributed to irrigation practices 
during the growing season. In May 2016, there was 74.43 ft of water in the well. 
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QUATERNARY ALLUVIUM 

 The Quaternary Alluvium consists of varicolored fine to coarse quartz sand containing clay 
lenses and gravel in places (Osborne and others, 1989). Coastal deposits include fine to medium 
quartz sand with shell fragments and accessory heavy minerals along Gulf beaches and fine to 
medium quartz sand, silt, clay, peat, mud, and ooze in Mississippi Sound, Little Lagoon, bays, 
lakes, streams, and estuaries (Osborne and others, 1989). Thickness ranges from 0 to 150 ft west 
to east (Raymond and others, 1988). 

HYDROGEOLOGY 

WELL INFORMATION 

 Depth was evaluated for 64 wells screened in the Quaternary alluvium (Watercourse) aquifer. 
Depths of wells constructed ranged from less than 5 ft bls to 240 ft bls (appendix A). Well FFF-25-
2, east of Little Lagoon in Gulf Shores, Baldwin County, is the shallowest well identified in this 
assessment that is constructed in the Watercourse aquifer at a depth of 4.2 ft bls while the 
deepest well, L-33-1 in Hale County, was 240 ft bls. Depth to water for 54 wells varied from less 
than 5 ft bls to more than 50 ft bls (appendix A). Well WW-26-10, west of Weeks Bay in Baldwin 
County had a depth to water of 2.02 ft bls. The deepest water level was observed in well AA-4-1 
south of Eutaw in Greene County with a depth to water of 54.7 ft bls. 

 Pumping rates for 42 domestic and public supply wells screened in the Watercourse aquifer 
were evaluated and ranged from less than 10 gpm to 750 gpm in well S-34-1, north of Saraland 
in Mobile County (appendix A). Specific capacities were calculated for 33 wells constructed in the 

 
Figure C-79.—Hydrograph of Monroe County, Alabama, well MON-1, a GSA real-time monitoring  well  

constructed in the Citronelle aquifer, 2011-2016. 
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Quaternary alluvium aquifer, provided that sufficient pump test data were available. Specific 
capacities varied from less than 1 gpm/ft to more than 77.5 gpm/ft in well J-7-3 in Montgomery, 
Montgomery County (appendix A) with the lower specific capacities associated with domestic 
wells.  

GROUNDWATER LEVELS AND IMPACTS 

 Because the Watercourse aquifer is only associated with the major rivers in Alabama and the 
land interface with the Gulf and Mobile Bay, potentiometric surface maps are not practical. 
Historically, alluvial wells have not been monitored to any significant degree in the Watercoursre 
aquifer and as such, hydrographs of water level change could not be constructed. 
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HIGHLAND RIM SECTION 

By K. Michael Smith and Jamekia A. Dawson 

 The Highland Rim physiographic section encompasses a broad swath of north-central and 
northwest Alabama, which includes western Madison, Limestone, northern Morgan and 
Lawrence Counties in north-central Alabama, and northeastern Franklin, eastern Colbert, and 
Lauderdale Counties in northwest Alabama (plate 96). Three physiographic districts are 
recognized in the Highland Rim: the Tennessee Valley, Little Mountain, and Moulton Valley (Sapp 
and Emplaincourt, 1975). The Tennessee Valley is a plateau of moderate relief, having elevations 
varying between 600 and 800 ft, and includes a chert belt north of the Tennessee River and a 
limestone plateau along the Tennessee River (Sapp and Emplaincourt, 1975), of which, the 
carbonate units of the limestone plateau are Mississippian in age. The Little Mountain district 
was described as a submaturely dissected homoclinal sandstone ridge of moderate relief, and 
the Moulton Valley district as a homoclinal limestone valley of low relief (Sapp and Emplaincourt, 
1975). Major aquifers in the Highland Rim section are limited to the Tuscumbia Limestone and 
the Fort Payne Chert. However, there are several minor aquifers including the Parkwood 
Formation, Bangor Limestone, Hartselle Sandstone, Pride Mountain Formation, Monteagle 
Limestone, and the Nashville and Stones River Groups (fig. C-80, plate 53).  

 Information from 129 water wells in the Highland Rim (fig. C-81) were used to evaluate the 
region’s hydrogeology. Domestic supply wells were most common with 76 wells (58.9 percent of 
wells in the Highland Rim), followed by 33 public supply wells (25.6 percent), 17 observation wells 
(13.2 percent), and 3 agricultural wells (2.3 percent).  

PARKWOOD FORMATION 

 The Parkwood Formation of Chesterian-Morrowan age is predominately medium-dark gray 
shale and mudstone, interbedded with fine grained, micaceous sandstone of similar color 
(Raymond and others, 1988). The sandstone in some sections contains ripple marks and 
crossbedding and often varies in thickness from 10 to 50 ft. However, there are some sections of 
the unit that contain gray, cherty limestone interbedded with reddish to green-gray mudstones 
and clayey coal, with the coal layers no more than several inches thick. The thickness of the unit 
varies from 0 to more than 2,500 ft in the lower sections of the formation. The unit is thinner in 
the Highland Rim compared to Parkwood units farther south in the Alabama Valley and Ridge. 
Currently, there is insufficient groundwater information to hydrogeologically characterize the 
Parkwood Formation. 

BANGOR LIMESTONE 

 The Bangor Limestone, Chesterian in age, is named for an outcrop locality in Bangor, Blount 
County, Alabama (Adams and others, 1926). The Bangor Limestone consists primarily of medium 
to light gray, bioclastic, and oolitic limestone that includes micrite, clay shale, and dolostone, all 
of which are calcareous. In the upper part of the unit, there is an occurrence of interbedded 
reddish and olive colored mudstone (Raymond and others, 1988). The lower part of the Bangor 
Limestone, primarily the more shaly sections located in Colbert and Franklin 
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Figure C-80.—Highland Rim generalized stratigraphic column (modified from Raymond and others, 1988). 
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Counties, is very fossiliferous (Adams and others, 1926). While the thick-bedded, oolitic layers 
are common throughout the Bangor Limestone, this feature is more prevalent in outcrops near 
Russellville in Franklin County. The thickness of this unit varies from 0 to 500 ft.  

 The Bangor Limestone aquifer in the Highland Rim is unconfined due to shallow water depths 
and absence of confining units that isolate groundwater from the water table and the land 
surface. Groundwater movement is characterized by karst development, conduits and solution 
enhanced fractures, and controlled by gravity as water travels from areas of high hydraulic head 
to low hydraulic head, where it then discharges to springs, surface water bodies, and ultimately 
the Tennessee River. The preferential pathway and velocity of groundwater movement is related 
to the geometry and connectivity of the fracture systems. 

 
 

Figure C-81.—Highland Rim well distribution and type. 
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HYDROGEOLOGY 

WELL INFORMATION 

 Well depth was determined for 19 wells screened in the Bangor aquifer and varied from 52 
ft bls (well B-10-1 in northern Franklin County) gradually increasing eastward to a maximum 
depth of 350 ft bls (well Q-21-2 in southeastern Lawrence County). Current depth to water for 22 
wells in the Bangor Limestone in the Highland Rim physiographic section varied from near land 
surface in domestic well O-31-1, located in Lauderdale County, to 30.15 ft bls in well R-35-1, a 
domestic well in southeast Limestone County. The shallowest water levels in the Bangor 
Limestone aquifer are along the northern updip limit of the aquifer while the deepest water levels 
occur in south-central Lawrence County. 

 Pumping rates were evaluated for five wells screened in the Bangor aquifer. They varied from 
1 gpm for domestic well Q-24-1 in central Morgan County, to 50 gpm in domestic well O-34-1 in 
southeast Morgan County. Specific capacity was calculated for four wells screened in the Bangor 
Limestone aquifer and varied from 0.01 gpm/ft in well Q-24-1 in west-central Morgan County to 
2.27 gpm/ft in domestic well O-34-1 in southwest Morgan County. 

GROUNDWATER LEVELS AND IMPACTS 

 Current static groundwater levels were determined for 22 domestic and observation wells 
constructed in the Bangor Limestone aquifer. Groundwater movement is generally north to the 
Tennessee River, discharging along the flow paths to springs, wetlands, and other surface water 
bodies. Current groundwater level elevations in the Bangor Limestone aquifer varied from 753 ft 
MSL in east Franklin County near the northern edge of the Cumberland Plateau in well L-6-1 to 
563 ft MSL in southwestern Morgan County in well N-25-1 near the updip limit of the Bangor 
Limestone (plate 97). The hydraulic gradient is highly variable due to the topography and the 
karst nature of unconfined aquifer systems. No production-related disturbances were noted in 
the potentiometric surface for the Bangor aquifer. 

HYDROGRAPHS AND AQUIFER DECLINE CURVES 

 The Bangor Limestone is a minor aquifer in specific localities in the south-central area of the 
Highland Rim physiogrphic section. Wells constructed in the Bangor Limestone aquifer were 
selected from Lawrence County based on the quality and quantity of information available to 
generate long-term hydrographs that demonstrate varying water levels related to groundwater 
production, drought, and seasonal fluctuations.  

 Well R-35-1 is a domestic supply well in southeast Lawrence County screened in the Bangor 
aquifer. Water levels were measured annually from 1999 to 2003, with a gap from 2004 to 2015, 
then measured again in 2016 (fig. C-82). Due to the lack of sufficient water level measurements, 
detailed analysis of the water level trend on the hydrograph precludes this report. One drought 
impact is noted on the hydrograph during 2000, when the water level was recorded at 681.85 ft 
MSL. No water level measurements were made during the 2007 drought. Well R-35-1 is 120 ft 
deep and open-ended. As of the last measurement in 2016, there was 89.85 ft of water in the 
well. 
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Figure C-82.—Hydrograph of Lawrence County, Alabama, well R-35-1, a domestic supply well  
constructed in the Bangor aquifer, 1999-2016.  

 

 

Figure C-83.—Hydrograph of Lawrence County, Alabama, well T-9-1, a domestic supply well  
constructed in the Bangor aquifer aquifer, 1984-2016.  
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 Well T-9-1 is an observation well in southwest Lawrence County constructed in the Bangor 
aquifer. Water levels were measured semi-annually from 1984 to 1993, then annually from 1994 
to 2016, with a gap in the measurements from 2010-2015. Water levels appear stable with 
respect to seasonal fluctuations of less than 10 ft, lack of high water level measurements during 
the 1990s and 2000s, and drought impacts, indicative of the unconfined nature of the Bangor 
aquifer in this well (fig. C-83). One drought impact is evident on the hydrograph in 2000; however, 
water levels rebounded to pre-drought levels during the following year. Well T-9-1 is 54 ft deep 
and as of the last measurement in 2016, there was 41.27 ft of water in the well.  

HARTSELLE SANDSTONE 

 The Hartselle Sandstone, Chesterian in age, is named for outcrop exposures north of 
Hartselle, Morgan County, Alabama. The unit consists of light-colored, fine-grained, well-sorted 
sandstone interbedded with clay shale (Raymond and others, 1988), and is predominantly thick-
bedded to massive and contains crossbedding in some localities. The Hartselle Sandstone 
outcrops into several discontinuous ridges on the eastern and western sides of the Sequatchie 
Valley, north of Guntersville, Alabama (Adams and others, 1926). The unit extends as a plateau 
from the western portions of Colbert County to the Marshall-Morgan County line, just south of 
the Tennessee River, where the unit pinches out (Adams and others, 1926). The thickness of the 
Hartselle Sandstone varies from 0 to 150 ft.  

   

 The Hartselle aquifer in the Highland Rim, while not containing a high percentage of karst 
material, is also unconfined due to shallow water depths and absence of confining units that 
isolate groundwater from the water table and the land surface. Groundwater movement is 
characterized by karst development, conduits and solution enhanced fractures, and controlled 
by gravity as water travels from areas of high hydraulic head to low hydraulic head, where it then 
discharges to springs, surface water bodies, and ultimately the Tennessee River. The preferential 
pathway and velocity of groundwater movement is related to the geometry and connectivity of 
the fracture systems. 

HYDROGEOLOGY 

WELL INFORMATION 

 Well depth was determined for 18 wells screened in the Hartselle aquifer. Depth varied from 
a maximum of 450 ft bls (well S-36-1 in southwestern Colbert County) to a minimum of 32 ft bls 
(well B-1-1 in northern Franklin County). Current depth to water was evaluated for 22 wells and 
varied from 5 ft bls in well P-14-2, a domestic well in western Lawrence County to 139 ft bls in 
well S-36-1. The shallowest water levels were observed along an area from extreme southeastern 
Colbert County southeastward to eastern Lawrence County with the deepest water levels along 
an area from northeast Franklin County and southeast Colbert County to east-central Lawrence 
County. 

 Pumping rates were evaluated for 10 domestic and observation wells constructed in the 
Hartselle Sandstone. These rates varied from 1 gpm in well T-16-1, a domestic supply well in 
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Colbert County, to 40 gpm in well L-30-1, a domestic supply well in northeast Franklin County. 
Specific capacities were not calculated for the Hartselle aquifer due to lack of adequate well data. 

GROUNDWATER LEVELS AND IMPACTS 

 Current static groundwater levels were determined for 22 domestic and observation wells 
constructed in the Hartselle aquifer (plate 98). They varied from 814 ft MSL in northeast Lawrence 
County near the northern edge of the Cumberland Plateau in well I-28-2 to 611 ft MSL in 
southeastern Colbert County in well X-30-1 near the updip limit of the Hartselle aquifer. The 
hydraulic gradient is highly variable due to the topography and the nature of unconfined aquifer 
systems and precludes the scope of this publication. No production-related disturbances were 
noted in the potentiometric surface for the Hartselle aquifer. 

PRIDE MOUNTAIN FORMATION AND 
MONTEAGLE LIMESTONE 

  The Pride Mountain and Monteagle Limestone units are mapped differently across the state-
scale geologic map. In the western Highland Rim, the Pride Mountain is mapped as a separate 
unit; in the eastern side of the Highland Rim and Alabama Valley and Ridge, the Monteagle 
Limestone is mapped as a separate unit; and in the southeastern Highland Rim, the Pride 
Mountain and Monteagle Limestone are mapped together as an undifferentiated unit. The Pride 
Mountain Formation and Monteagle Limestone undifferentiated, both Meramecian-Chesterian 
in age, are composed of oolitic limestone, light gray in color, interbedded with medium to dark 
gray shale (Szabo and others, 1988). The Pride Mountain Formation ranges from 0 to 480 ft in 
thickness, and contains dark gray fissile shale interbedded with reddish and green mudstone and 
fossiliferous limestone. Thickness of the Monteagle Limestone varies between 200 to 300 ft and 
has massive limestone beds exceeding 10 ft in thickness that are interbedded with dolomite and 
clay shale.  

HYDROGEOLOGY 

WELL INFORMATION 

 Well depth was determined for 6 wells screened in the Pride Mountain and Monteagle 
aquifer in the Highland Rim physiographic section. Well I-3-1 in western Morgan County is the 
shallowest well identified at 104 ft bls and the deepest well identified is L-33-1 in central Morgan 
County at a depth of 300 ft bls. Current depth to water was evaluated for 7 wells screened in the 
Pride Mountain and Monteagle aquifer and varied from 11.4 ft bls in well I-3-1, a domestic well 
in western Morgan County, to 121.5 ft bls in well L-33-1, in Morgan County. Pumping rates were 
evaluated for 4 domestic supply wells and varied from 1 gpm in well I-7-1, a domestic well in 
western Morgan County, to 75 gpm in well L-33-1. Due to lack of adequate well control for this 
aquifer, potentiometric surface mapping was not feasible, and there is no long-term data 
avalaible to construct hydrographs or aquifer decline curves. 
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TUSCUMBIA LIMESTONE AND FORT PAYNE CHERT UNDIFFERENTIATED 

 The Tuscumbia Limestone formed during the Mississippian subperiod when this area was 
covered by a shallow sea. It is located stratigraphically below the Monteagle Limestone and Pride 
Mountain Formation and above the Fort Payne Chert. The Tuscumbia Limestone is composed of 
light-gray bioclastic or micritic, partly oolitic limestone in beds that generally are more than 1 ft 
thick and massive crossbedded very coarse bioclastic, crinoidal limestone beds which are locally 
as much as 10 ft thick. Light-gray and white chert nodules and concentrically banded 
"concretionary" chert are also abundant locally (Osborne and others, 1989; Szabo and others, 
1988). The apparent thickness of the formation in the Highland Rim varies due to differential 
dissolution of carbonate in the unit (Szabo and others, 1988). However, the formation thickness 
is approximately 200 ft with regolith accounting for as much as 100 ft of the formation in some 
areas (Cook and others, 2009). Many solution features are present, and weathered exposures 
commonly show signs of vertically controlled solution (Bossong and Harris, 1987; Cook and 
others, 2009). The type location of the Tuscumbia Limestone is in Tuscumbia, Colbert County, 
Alabama (Smith, 1894).  

 The Fort Payne Chert also formed during the Mississippian subperiod when this area was 
covered by a shallow sea. It is located stratigraphically just below the Tuscumbia Limestone and 
above the Chattanooga Shale. The Fort Payne Chert is composed of dark-gray to light-gray finely 
crystalline to microcrystalline siliceous limestone and smoky chert in irregular beds and nodules. 
Locally it includes dark shale or light-gray coarse bioclastic limestone in lenses (Raymond and 
others, 1988). Bedded chert is common throughout the unit but is more concentrated near the 
base. The percentage of chert in the formation is variable from 20 to 80 percent (Holler, 1975). 
The upper part of the Fort Payne Chert locally consists of light-bluish-gray laminated siltstone 
containing vugs lined or filled with quartz, and scattered throughout the formation are interbeds 
of medium- to greenish- gray shale, shaly limestone and siltstone. Commonly present below the 
Fort Payne is a light olive-gray claystone or shale (Maury Formation) that is mapped with the Fort 
Payne Chert. In this region, the unit weathers to a grayish-orange to light-gray bedded 
fossiliferous chert. The apparent thickness of the Fort Payne Chert varies due to differential 
dissolution of carbonate in the formation (Szabo and others, 1988; Raymond and others, 1988). 
The Fort Payne Chert is exposed in the northern half of the Highland Rim and has an average 
thickness of about 160 ft (Cook and others, 2009).  

 The Tuscumbia/Fort Payne aquifer is unconfined due to shallow water depths and the 
absence of confining units that isolate groundwater from the water table and the land surface. 
Karst units are connected to surface water bodies so that water is readily exchanged between 
surface and subsurface. Well drilling, particularly in Madison County, shows the local occurrence 
of fractures, on multiple levels, that store and transmit large amounts of water. Drilling also 
shows that in many areas fractures do not occur or are so small that they are not detected during 
drilling. Therefore, transmission of large volumes of groundwater over long distances is not 
common. Groundwater movement is characterized by karst development, conduits and solution 
enhanced fractures, and controlled by gravity as water travels from areas of high hydraulic head 
to low hydraulic head, where it then discharges to springs, surface water bodies, and ultimately 
the Tennessee River. The preferential pathway and velocity of groundwater movement is related 
to the geometry and connectivity of the fracture systems. 
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HYDROGEOLOGY 

WELL INFORMATION 

 Well depth was determined for 78 wells screened in the Tuscumbia Limestone and Fort Payne 
Chert undifferentiated in the Highland Rim physiographic section and varied from 36 ft bls for 
domestic well D-23-2 located in northern Limestone County to 440 ft bls for well B-20-1 located 
in Morgan County. Current depth to water was evaluated for 59 wells and varied from 8.57 ft bls 
for domestic well D-23-2 in eastern Limestone County to 103.9 ft bls for domestic well D-31-1 in 
north-central Lauderdale County (plate 99). The shallowest water levels in the Tuscumbia 
Limestone and Fort Payne Chert aquifer occur in an area near the northern updip limit of the 
aquifer from west to east across the region, and deeper water levels are encountered near the 
Tennessee River from west to east across the region. 

 Pumping rates for agricultural, domestic, and public supply wells constructed in the 
Tuscumbia/Fort Payne aquifer varied from 1 gpm for domestic well K-4-1 in east-central 
Limestone County, to 2,000 gpm for public supply well X-7-1 in eastern Madison County. Specific 
capacities for wells in this aquifer varied from less than 1 gpm/ft in domestic wells to over 150 
gpm/ft in public supply wells. The lowest calculated specific capacity was 0.06 gpm/ft in domestic 
well Q-25-1 in Lauderdale County and the highest calculated specific capacity was 173.2 gpm/ft 
in public supply well F-2-10 in northeast Madison County.  

GROUNDWATER LEVELS AND IMPACTS 

 Current static groundwater levels were determined for 59 agricultural, domestic, and public 
supply wells constructed in the Tuscumbia/Fort Payne aquifer (plate 99). Due to the topography 
of the Highland Rim, groundwater movement north of the Tennessee River is generally south 
towards the river while groundwater movement south of the Tennessee River is generally north 
to the river. Current groundwater level elevations measured north of the Tennessee River varied 
from 897 ft MSL in northeast Limestone County near the updip limit of the Tuscumbia/Fort Payne 
aquifer in well A-19-1, to 509 ft MSL near Florence, Lauderdale County, Alabama, in well LAU-1 
near the Tennessee River. Current groundwater level elevations measured south of the 
Tennessee River varied from 630 ft MSL in northeast Morgan County near the northern edge of 
the Cumberland Plateau in well B-20-1 to 440 ft MSL in southeast Colbert County in well M-15-1 
near the Tennessee River. The hydraulic gradient is highly variable due to the topography, karst, 
and the nature of unconfined aquifer systems and is beyond the scope of this publication. No 
production-related disturbances were noted in the potentiometric surface for the 
Tuscumbia/Fort Payne aquifer. 
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HYDROGRAPHS AND AQUIFER DECLINE CURVES 

 Well C-30-1 is an unused domestic supply well in north-central Lauderdale County and 
constructed in the Tuscumbia/Fort Payne aquifer. The initial water level was recorded at 699.11 
ft MSL in 1968, with semi-annual measurements from 1968 to 1993, followed by annual 
measurements from 1994 to 2016, with small data gaps. Water levels declined from the initial 
measurement in 1968 through the drought of 1986, then stabilized from 1986 through 1993, 
followed by an apparent decline from 1993 to 2016; however, since only low water levels were 
recorded during this time period, this decline may not accurately reflect the stability or decline 
of the water levels. Significant seasonal fluctuation of around 20 ft are depicted on the 
hydrograph, indicative of an unconfined aquifer. Four drought impacts are highlighted on the 
hydrograph for years 1981, 1986, 2000, and 2007, with the lowest water level recorded at 682.75 
during the 1986 drought. Water levels rebounded following the drought years to pre-drought 
levels or higher; however, the drought years are only slightly lower than seasonal low levels 
observed in this well. (fig. C-84). Well C-30-1 is 178 ft deep and open hole. As of the last 
measurement in 2016, there was 100.34 ft of water in the well. 

 Well F-26-1 is a domestic supply well in northwest Lawrence County and constructed in the 
Tuscumbia/Fort Payne aquifer. The initial water level was measured at 533.35 ft MSL in 1960, 
followed by scattered measurements through the 1960s and 1970s, then measured semi-
annually from 1985 to 1993 and annually from 1994 to 2016, with minor data gaps. Seasonal 
fluctuations of water level up to 30 ft are indicative that the aquifer is unconfined in this area (fig. 
C-85). Due to the highly variable seasonal fluctuations, no drought impacts are readily apparent 

 

Figure C-84.—Hydrograph of Lauderdale County, Alabama, well C-30-1, a domestic supply well  
constructed in the Tuscumbia/Fort Payne aquifer, 1968-2016.  
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on the hydrograph. High water levels typically seen in historical measurements have not been 
observed since the 1990s due to the fact that only low water level measurements were recorded 
since 1994. Well F-26-1 is 200 ft deep and open-ended. As of the last measurement in 2016, there 
was 154.5 ft of water in the well. 

 Well B-20-1 is a domestic supply well in northwest Morgan County and constructed in the 
Tuscumbia/Fort Payne aquifer. Water levels were measured semi-annually from 1984 to 1993 
and annually from 1994 to 2016 with small data gaps. Water levels are fairly stable in this well 
with respect to seasonal fluctuations and drought impacts (fig. C-86). Seasonal fluctuations up to 
45 ft were observed historical in this well, in addition to three drought impacts for years 1988, 
2000, and 2007, which demonstrates the unconfined nature of this aquifer in the vicinity of this 
well. Following each drought period, water levels did rise to pre-drought levels. Well B-20-1 is 
440 ft deep and open-ended. As of the last measurement in 2016, there was 406.11 ft of water 
in the well. 

 Well COL-1 was originally constructed as an observation well in the Tuscumbia/Fort Payne 
aquifer. Water levels have been monitored daily since 1953, first as part of GSA’s Continuous 
Monitoring Program, then converted to a real-time observation well in December 2010. Water 
levels appear stable for the period of record; however, seasonal fluctuations have varied greatly. 
During the 1950s and 1960s seasonal fluctuations were as much as 30 ft; however, since the 
1970s seasonal variations have generally been 15 ft or less (fig. C-87). Seven major drought year 
impacts are highlighted on the hydrograph for drought years 1954, 1968, 1980, 1986, 1988, 2000, 
and 2007. However not all drought impacts were of the same severity, with the worst drought 
impact occurring in 1954, which is also when seasonal fluctuation magnitudes were greater. 

 

Figure C-85.—Hydrograph of Lawrence County, Alabama, well F-26-1, a domestic supply well  
constructed in the Tuscumbia/Fort Payne aquifer, 1960-2016.  
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Analysis of the real-time daily hydrograph from December 2010 through June 2016 illustrates in 
detail seasonal water level fluctuations and demonstrates the unconfined nature of the aquifer 
in this area (fig. C-88). COL-1 is 265 ft deep and open-ended. As of the September 2016 
measurement, there as 243.78 ft of water in the well. 

 Well LAU-1 was originally constructed as a domestic supply well in southern Lauderdale 
County in the Tuscumbia/Fort Payne aquifer. From 1984 to 1993 water levels were measured 
semi-annually, annually from 1994 to 2014, then daily from 2014 to present as part of GSA’s real-
time groundwater monitoring network. Seasonal fluctuations of less than 3 ft were observed 
during the semi-annual measurements from 1984 to 1993 (fig. C-89). Three drought impacts are 
noted on the hydrograph for drought years 1988, 2000, and 2007, with the lowest water level 
observed during the 2007 drought at 504.32 ft MSL. Accounting for typical seasonal fluctuations 
and drought years, water levels in this well are considered stable. Since 2014, water levels have 
been recorded daily as part of GSA’s real-time groundwater monitoring program (fig. C-90). 
Seasonal fluctuations are still observed, as well as peaks from rainfall events, indicative of this 
aquifer being unconfined in this area. Well LAU-1 is 227 ft and open-ended. As of the October 
2016 measurement, there was 211.9 ft of water in the well. 

  

 

Figure C-86.—Hydrograph of Morgan County, Alabama, well B-20-1, a domestic supply well  
constructed in the Tuscumbia/Fort Payne aquifer, 1984-2016.  
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Figure C-87.—Hydrograph of Colbert County, Alabama, well COL-1, a GSA real-time monitoring well 
constructed in the Tuscumbia/Fort Payne aquifer, 1953-2016.  

 

Figure C-88.—Hydrograph of Colbert County, Alabama, well COL-1, a GSA real-time monitoring well 
constructed in the Tuscumbia/Fort Payne aquifer, 2010-2016.  
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Figure C-89.—Hydrograph of Lauderdale County, Alabama, well LAU-1, a GSA real-time monitoring well 
constructed in the Tuscumbia/Fort Payne aquifer, 1984-2016.  

 

Figure C-90.—Hydrograph of Lauderdale County, Alabama, well LAU-1, a GSA real-time monitoring well 
constructed in the Tuscumbia/Fort Payne aquifer, 2014-2016.  
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 Well MAD-2 is an observation well in south-central Madison County constructed in the 
Tuscumbia/Fort Payne aquifer. Water levels were initially measured weekly from 1953 to 1954, 
then monthly until 1959 when daily measurements began, and then converted to a real-time well 
in February 2011. Normal seasonal fluctuations of 20 ft or less are typically observed in this well 
(fig. C-91), which indicates that the aquifer is unconfined in the vicinity of this well. Mild drought 
impacts occurred during 1968, 1980-81, 1986, 1988, 2000, and 2007, while more substantial 
impacts were observed during the drought of 1954. Average water level increased slightly from 
1953 to 1988, then has remained relatively consistent with respect to seasonal fluctuations since 
the late 1980s. Seasonal fluctuations can be observed in greater detail on the hydrograph for the 
real-time groundwater monitoring levels, with similar seasonal extremes observed from 2011 to 
2016 (fig. C-92). MAD-2 is 168 ft deep and open-ended. As of the measurement on September 
30, 2016, there was 131.11 ft of water in the well. 

CHATTANOOGA SHALE 

 The Chattanooga Shale was formed during the Devonian Period when this area was covered 
by a relatively deep sea. It is located stratigraphically just below the Fort Payne Chert and above 
the rocks of the Silurian system. The Chattanooga Shale is composed of brownish-black to black, 
silty, organic shale and lesser amounts of light- to dark-gray sandstone that may contain pyrite 
and phosphatic inclusions. Rare limestone interbeds can occur near the base. The Chattanooga 
Shale can reach a thickness of up to 82 ft. Outcrops occur in the northern and eastern parts of 
the Appalachian Plateau (Szabo and others, 1988; Raymond and others, 1988). The type location 
is a hillside exposure at the north end of Cameron Hill, Chattanooga, Tennessee. 

 

Figure C-91.—Hydrograph of Madison County, Alabama, well MAD-2, a GSA real-time monitoring well 
constructed in the Tuscumbia/Fort Payne aquifer, 1953-2016.  
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 Aquifers in the Highland Rim area are composed of karst material and unconfined due to 
absence of confining layers that isolate groundwater from the water table and land surface. 
However, due to the inherent laminate nature of shale and the fine grain size of the Chattanooga 
Shale material, vertical transmissivity of groundwater is greatly reduced in the formation, making 
the Chattanooga Shale the only aquiclude in the region. The Chattanooga Shale is also considered 
the base of the groundwater-bearing stratigraphic units in the Highland Rim, and any 
groundwater within the formation will typically be nonpotable due to the chemical composition 
of the shale, since the formation contains iron sulfide, phosphate, and abundant organic matter 
(Conant and Swanson, 1961), which significantly affects the groundwater quality. The 
Chattanooga Shale commonly emits a distinctive sulfurous and petroliferous odor, rendering 
groundwater unfit for consumption (Cook and others, 2011). 

 In addition to these impacts on water quality, another concern is uranium and other nuclides 
in the groundwater of the Chattanooga Shale as well as nearby stratigraphic units. Uranium, 
radon, and other radionuclides in groundwater are correlated with high organic material in the 
Chattanooga Shale as well as in phosphatic nodules and other shales in the lower Chattanooga, 
Maury, and older units of the Highland Rim and Alabama Valley and Ridge (Altschuler and others, 
1958; Tennessee Department of Environment and Conservation Division of Water Supply, 2010). 

 The recorded formation elevation data points indicate the strike of the formation across the 
area of investigation is west-northwest to east-southeast with a relatively uniform south-
southwest dip of about 31 feet per mile. The total elevation difference is about 1,947 feet over a 
distance of approximately 63 miles. The highest elevation recorded for the top of the shale is 823 
feet above MSL (well (P-885) in northeastern Limestone County. The lowest elevation recorded 

 

 

Figure C-92.—Hydrograph of Madison County, Alabama, well MAD-2, a GSA real-time monitoring well 
constructed in the Tuscumbia/Fort Payne aquifer, 2011-2016.  
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for the top of the shale is 1,124 feet below MSL in Oil and Gas well (P 15481) in south-central 
Cullman County. The only notable exception to this general structural trend is observed in 
northeastern Limestone County and northwestern Madison County (Plate 72). The northern edge 
of the Highland Rim depicted in plate 72 lies on the southern flank of the Nashville dome, a major 
anti-form that is part of the generally north-south oriented Cincinnati arch (Cook and others, 
2015). Whereas the overall dip of the formation across the study area is relatively consistent, 
localized areas of comparatively high rates of dip are indicative of uplift resulting from the 
development of the Nashville dome. An elevation difference of 159 feet over a distance of less 
than 3 miles was observed along the southeastern edge of the Nashville dome. It should be noted 
that uplift and folding of this degree will likely result in faulting along the edge or within the area 
experiencing deformation. 

SILURIAN SYSTEM UNDIFERENTIATED 

 The Silurian System includes the Little Wayne Group and the Brassfield Limestone, which 
were formed during the Silurian Period when this area was covered by a shallow sea. It is located 
stratigraphically just below the Chattanooga Shale and above the Sequatchie Formation 
associated with the Ordovician System. The Little Wayne Group is composed of medium-gray, 
greenish-gray, and moderate red argillaceous limestone; moderate-red and greenish-gray shale; 
and greenish-gray fossiliferous limestone with scattered pink calcite crystals. The Brassfield 
Limestone is composed of greenish-gray to light-brownish-gray argillaceous, dolomitic, cherty, 
sandy, and glauconitic limestone. A thin, very fine grained greenish-gray argillaceous sandstone 
occurs locally in the interior Low Plateaus. The Silurian Group can be up to 36 ft thick in some 
areas (Raymond and others, 1988; Szabo and others, 1988; Raymond and others, 1988). The type 
location is at an exposure along the Louisville and Atlantic Railroad between Brassfield and 
Panola, Madison County, Kentucky (Raymond and others, 1988). 

ORDOVICIAN SYSTEM UNDIFERENTIATED 

 The Ordovician System includes the Sequatchie Formation, Elkmont Formation, Leipers 
Limestone, Inman Formation, Nashville Group, and Stones River Group, which were formed 
during the Silurian Period when this area was covered by a shallow sea with a dynamic shoreline, 
as indicated by the cyclic nature of the stratigraphy. This system is located stratigraphically just 
below the Brassfield Limestone associated with the Silurian System and above the Cambrian 
System. In the Highland Rim, the Ordovician formations are mapped undifferentiated on the 
state-scale geologic map.  

 The Sequatchie Formation is composed of gray to grayish-green calcareous siltstone, 
dolomite and grayish-red, greenish-brown, and light-yellowish-gray thinly bedded calcareous 
shale (equivalent to the Mannie Shale of Tennessee). The top of the unit is interbedded with thin 
layers of argillaceous limestone. A 1- to 4-ft-thick bed of dark-brown fine-grained sandstone 
occurs above the shale. The thickness of the Sequatchie Formation can be up to 200 ft in this 
area. The type location is named for exposures in Sequatchie Valley, Tennessee (Szabo and 
others, 1988; Raymond and others, 1988; Cook and others, 2009). 
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 The Elkmont Formation is composed of medium- to dark-gray phosphatic limestone with 
interbeds of light- to medium-gray and black shale. The thickness averages between 200 and 300 
ft. The type location is named for exposures in Elkmont Quarry, Limestone County, Alabama 
(Neathery and Drahovzal, 1985; Raymond and others, 1988). 

 The Leipers Limestone is composed of medium- to dark-gray finely crystalline thin- to 
medium-bedded fossiliferous limestone containing interbeds of argillaceous limestones that 
form partings between the thicker, less argillaceous, beds. It is present in the northeastern part 
of the Appalachian Plateaus and is generally referred to as the Maysville Group in the subsurface. 
The thickness of the Leipers Limestone can reach up to 60 ft in this area. The type location is 
named for exposures along Leipers Creek two miles north of Water Valley, Maury County, 
Tennessee (Neathery and Drahovzal, 1985; Raymond and others, 1988).  

 The Inman Formation is composed of greenish-gray to green calcareous laminated shale and 
argillaceous limestone interbedded with red or dusky-red shale and thin-bedded light-gray 
peloidal fine-grained limestone. Small amounts of grayish-green dolomite are also present. The 
thickness of the Inman Formation can reach up to 50 ft in this area. The type location is named 
for exposures at Inman, Marion County, Tennessee (Wilson, 1949; Neathery and Drahovzal, 
1985). 

 The Nashville Group is composed of medium- to dark-gray argillaceous and fossiliferous 
limestone overlain by yellowish-gray laminated silty limestone. In the subsurface of north 
Alabama, the Nashville Group is a gray phosphatic limestone that is argillaceous and silty in its 
lower part and contains minor amounts of gray shale. Locally, it consists of gray to greenish-gray 
limestone, brown dolomitic limestone, green dolomite, gray silty and shaly limestone, gray 
bentonitic shale, and brown chert. It is present in the subsurface of the Appalachian Plateaus and 
in outcrop in the northern and northeastern parts of the Plateaus. The thickness of the Nashville 
Group can range from 50 ft near Gadsden, Etowah County, to 250 ft in Jackson County. The type 
location is named for exposures in the Central Basin of Tennessee (Wilson, 1949; Raymond and 
others, 1988).  

 The Stones River Group is composed predominantly of medium- to dark-gray thick- to thin-
bedded partly argillaceous and silty fine-grained limestone with locally abundant fossil horizons. 
Near the top is a zone of bentonite and bentonitic shales. The upper part consists of brownish-
gray to medium-gray occasionally fossiliferous and argillaceous, sometimes oolitic limestone with 
minor chert and ostracods (Raymond and others, 1988). The lower part is a dolomitic, sucrosic, 
and light-gray to greenish-gray limestone containing lesser amounts of brownish-gray limestone. 
Minor amounts of sucrosic dolomite, cryptocrystalline chert, and sublithographic to crystalline 
and less commonly oolitic limestone also occur. Locally, sandy zones occur near the base and 
middle of the Stones River Group. The Stones River Group crops out in the northern and 
northeastern parts of the Appalachian Plateaus. Thickness ranges from 500 ft in Lamar County to 
1,150 ft in Jackson County. The type location is named for exposures on Stones River near 
Nashville, Tennessee (Drahovzal and Neathery, 1971; Raymond and others, 1988). 
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CUMBERLAND PLATEAU SECTION 

By Jamekia A. Dawson, Sophia M. Rutledge, and David K. Tidwell 

 The Cumberland Plateau occupies a broad area in central and northern Alabama and includes 
all or parts of Franklin, Lawrence, Morgan, Winston, Cullman, Walker, Blount, Jefferson, Marshall, 
Jackson, DeKalb, Cherokee, Etowah, St. Clair, Marion, Fayette, and Tuscaloosa Counties (plate 
100). The province consists of eight districts: Warrior Basin, Jackson County Mountains, Sand 
Mountain, Sequatchie Valley, Blount Mountain, Murphrees Valley, Wills Valley, and Lookout 
Mountain. Descriptions of physiographic districts was taken from Sapp and Emplaincourt, 1975) 
The Warrior Basin is a synclinal, submaturely to maturely dissected sandstone and shale plateau 
of moderate relief. The Jackson County Mountains are a submaturely dissected plateau of high 
relief characterized by mesa-like sandstone remnants above limestone lowlands. Sand Mountain 
is a submaturely dissected sandstone and shale synclinal plateau of moderate relief. The 
Sequatchie Valley is an anticlinal tripartite valley of moderate relief that is elongate in shape with 
an approximate width of 5 miles. Blount Mountain is a submaturely dissected synclinal sandstone 
and shale plateau of moderate relief. Murphrees Valley is described as a faulted anticlinal 
tripartite valley of moderate relief that is approximately 2 to 3 miles wide. Wills Valley is an 
anticlinal tripartite valley consisting of three limestone valleys separated by resistant sandstone 
ridges, and Lookout Mountain is described as a narrow, synclinal, submaturely dissected, flat-
topped remnant of the Cumberland Plateau.  

 Raymond and others (1988) generally describe the eastern section of the Cumberland Plateau 
as northeast-southwest trending anticlines (Sequatchie Valley, Murphrees Valley, and Wills 
Valley) that expose older rocks in narrow linear outcrops. The Sequatchie and Wills Valley 
anticlines are asymmetric to the northwest and include southeast dipping thrust faults along 
parts of the northwest limbs while the Murphrees Valley anticline is asymmetric to the southeast 
and is bounded on the southeast side by the Straight Mountain fault, which dips to the northwest. 
All of the anticlines are separated by Sand, Lookout, and Blount Mountains. In the southern 
section of the Cumberland Plateau, Paleozoic rocks dip to the southwest into the Black Warrior 
basin beneath the Coastal Plain overlap.  

 The following geologic formations are included in the Cumberland Plateau section (fig. C-93): 
Pottsville Formation, Parkwood and Pennington undifferentiated, Bangor Limestone, Hartselle 
Sandstone, Monteagle Limestone, Pride Mountain Formation, Tuscumbia Limestone and Fort 
Payne Chert undifferentiated, Chattanooga Shale, Red Mountain Formation, Sequatchie 
Formation, Leipers Limestone, Inman Formation, Chickamauga Limestone, Nashville and Stones 
River Group undifferentiated, Knox Group undifferentiated, Chepultepec and Copper Ridge 
Dolomites undifferentiated, Ketona Dolomite, and the Conasauga Formation. The Pottsville 
Formation is considered to be a major aquifer in the Cumberland Plateau.  

 Information from 202 water wells in the Cumberland Plateau (fig. C-94) were used to evaluate 
the region’s hydrogeology. Domestic supply wells were most common with 134 (66.3 percent of 
wells measured in the Cumberland Plateau) followed by 39 public supply wells (19.3 percent), 19 
observation wells (9.4 percent), and 10 agricultural wells (4.9 percent).  
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Figure C-93.—Cumberland Plateau generalized stratigraphic column (modified from Raymond and others, 1988). 
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POTTSVILLE FORMATION 

 The Pottsville Formation is early Pennsylvanian in age and outcrops across Alabama in 
Jackson, DeKalb, Etowah, Marshall, Blount, Cullman, Morgan, Lawrence, Winston, Franklin, 
Marion, Walker, Fayette, Jefferson, and Tuscaloosa Counties, with smaller outcrops located in 
Madison, St. Clair, Shelby, and Bibb Counties (Adams and others, 1926). Thicknesses range from 
20 ft in the northwest to 1,600 ft in the northeast, and from 0 ft in the southwest to over 9,000 
ft in the southeast (Osborne and others, 1989). The Pottsville Formation is economically 
significant due to the numerous coal beds found throughout the formation (Adams and others, 
1926). The Pottsville’s many faults and folds make it a hydrogeologically complex aquifer, and 
the groundwater flow is generally limited to fracture zones, joints, and bedding planes (Hunter 
and Moser, 1990). 

 The oldest member within the Pottsville Formation is the Shades Sandstone member, which 
is located within the Coosa synclinorium, a narrow trough that trends northeast to southwest 
across DeKalb, Etowah, St. Clair, Shelby, and Bibb Counties (Adams and others, 1926). The Shades 
Sandstone is characterized by thickly bedded, coarse-grained quartzose sandstone with a slightly 
conglomeratic base (Raymond and others, 1988), and ranges in thickness from 190 to 500 ft in 
the Coosa synclinorium but is also present at the base of the Cahaba synclinorium, a second 

 
Figure C-94.—Cumberland Plateau well distribution and type. 
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trough directly north of the Coosa, separated from the Coosa by a fault. Within the Cahaba 
Synclinorium, the Shades Sandstone has an average thickness of 200 ft (Culbertson, 1964). The 
Pine Sandstone member is upsection of the Shades Sandstone member and consists of thickly 
bedded, fine- to coarse-grained quartzose sandstone that is usually conglomeratic. It is present 
in both the Coosa synclinoria and the Cahaba synclinoria, ranging in thickness from 200 to 500 ft 
in the Coosa and increasing in thickness in the Cahaba from 250 ft in the north to 400 ft in the 
south (Raymond and others, 1988). The Wolf Ridge Sandstone member of the Pottsville 
Formation is above the Pine Sandstone in the Coosa synclinorium and consists of light colored, 
well-cemented, quartzose that ranges in thickness from 50 to 100 ft (Culbertson, 1964). It is 
overlain by the Straight Ridge Sandstone, a resistant, ridge-forming sandstone which ranges in 
thickness from 50 to 100 ft (Raymond and others, 1988). 

 In the Cahaba synclinorium, the Pine Sandstone member is overlain by the Chestnut 
Sandstone member, which is a quartzose, ridge-forming sandstone ranging in thickness from 100 
to 200 ft. The Chestnut Sandstone Member underlies the Rocky Ridge Sandstone member, a 
thick-bedded conglomeritic quartzose sandstone varying in thickness from 50 to 100 ft 
(Culbertson, 1964). The Straven Conglomerate member overlies the Rocky Ridge Sandstone 
member and ranges from 5 to 75 ft thick. The Straven is a conglomerate containing subrounded 
to well-rounded pebbles up to 6 inches in diameter (Adams and others, 1926). The pebbles 
consist of quartzite; red, gray, black, green, and brown chert; metamorphic rocks; and other 
conglomerate rocks contained in a matrix of well-cemented, fine to coarse quartz and chert 
grains (Raymond and others, 1988).  

 West of the two synclinoria is the Warrior Basin, the most productive coal region in the 
Pottsville. Here the lowest conglomerate quartzose sandstone is referred to as the Boyles 
Sandstone member and consists of resistant orthoquartzite sandstone interbedded with gray 
shale, thinly bedded micaceous sandstone, and locally thin coal beds. The lower part is 
conglomeritic and is separated from the upper part by a thin, shaly unit. The upper part of the 
Boyles contains only a few lenses of conglomerate. The Boyles ranges in thickness from 200 ft 
along the southeast margin of the Black Warrior basin to 700 ft westward and southwestward 
(Raymond and others, 1988). The Bremen Sandstone member is upsection from the Boyles 
Sandstone, has an average thickness of 80 ft, and is coarse-grained and thickly bedded. It is 
overlain by the Lick Creek Sandstone, which is a fine- to coarse-grained sandstone conglomerate 
containing round pebbles of quartz; quartzite; black, green, gray, brown, and red chert; and 
metamorphic rock fragments. The pebbles average about 1 inch in diameter (Raymond and 
others, 1988). The Lick Creek Sandstone underlies the Camp Branch Sandstone, a persistent, 
medium-grained, thick-bedded sandstone about 40 ft in thickness (Culbertson, 1964). The 
youngest of the Pottsville sandstone members is the Razburg Sandstone, which is a 20 ft thick 
fine- to coarse-grained sandstone (Raymond and others, 1988). Outcrops of the Pottsville 
Formation also appear along the tops of Blount Mountain, Sand, and Lookout Mountains, and on 
isolated mountains in Madison, Jackson, and Marshall Counties (Osborne and others, 1989).  
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HYDROGEOLOGY 

WELL INFORMATION 

 The shallowest identified well in the Pottsville aquifer (E-21-1) is in northwestern Etowah 
County, with a depth of 23 ft, and the deepest well (F-18-1) is in northwestern Walker County, at 
a depth of 1,400 ft (appendix A). Depth to water in the Pottsville aquifer varied from 4 ft above 
land surface at well F-3-1 in Walker County to 282 ft bls at well U-5-2 in Cullman County. 

 Pumping rates were examined for public supply wells as well as private supply and irrigation 
wells. Pumping rates varied from less than 1 gpm in Tuscaloosa County to 500 gpm in well N-27-
1 in Blount County (appendix A). Wells in Tuscaloosa and Franklin Counties have the lowest 
pumping rates, generally less than 10 gpm, and the higher rates are in DeKalb and Blount 
Counties. Sixteen wells located in Blount, DeKalb, Fayette, Jackson, Marion, Walker, and Winston 
Counties have pumping rates of 150 gpm or greater. Calculated specific capacities varied from 
less than 1 gpm/ft to 125 gpm/ft in Blount County.  

 Recharge to the Pottsville aquifer occurs primarily from seasonal rainfall. Groundwater in the 
Pottsville aquifer is found primarily in fractures and weathered zones (Stricklin, 1989). In the 
northeastern section of the Cumberland Plateau, the groundwater recharges from areas of high 
hydraulic head (Sand, Lookout, Blount Mountains, and the Jackson County Mountains) moving to 
small rivers and streams in the valleys in areas of low hydraulic head (Sequatchie, Wills, and 
Murphrees valleys) southwest into the Warrior Basin. In the valleys, the Pottsville is found in 
narrow bands of exposure. In the northern sections of the Warrior Basin (Franklin, Marion, 
Winston, and Fayette Counties), groundwater moves east to southeast across the Warrior Basin 
towards small rivers and streams that flow to the Black Warrior River. In the central sections of 
the Warrior Basin (Cullman, Walker, northern Jefferson, and Blount Counties) where elevations 
are higher, groundwater recharges in small valleys and moves southwest to rivers and streams. 

GROUNDWATER LEVELS AND IMPACTS 

 Current static groundwater levels were determined for 177 private, state owned, and public 
water supply wells constructed in the Pottsville aquifer (plate 101). Groundwater is highly 
restricted and confined between valleys (topography-based, not hydrostatic pressure) due to 
complex faults. Generally groundwater flows down and out from topographic highs to the 
topographic lows, before ultimately discharging to nearby waterbodies. Groundwater movement 
is very complex in the Pottsville aquifer and further studies are needed to adequately 
characterize groundwater movement. 

HYDROGRAPHS AND AQUIFER DECLINE CURVES 

 The Pottsville Formation is a major aquifer in many localities in the Cumberland Plateau. 
Hydrographs constructed for wells in the Pottsville aquifer were selected based on the quality 
and quantity of information available to generate long-term hydrographs that depict varying 
conditions related to groundwater production, drought, and seasonal fluctuations that impact 
the Pottsville aquifer. The wells selected include domestic supply wells intended for private usage 
and GSA real-time observation wells.  
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 Blount County well E-15-1 is an observation well with an initial static water level of 829.1 ft 
MSL in 1966. No observations were made from 1967 to 1987. Beginning in 1988, semi-annual 
measurements were recorded through 1993, then annual measurements from 1994 to 2016, 
with gaps from 2004 to 2006 and 2011 to 2015. Mild seasonal fluctuations of less than 6 ft were 
observed during the period of record, with no discernable drought impacts on the hydrograph 
(fig. C-95). Based on the period of record, water levels tend to be increasing in this well; however, 
due to lack of seasonality measurements since 1994, this statement cannot conclusively be 
proven given the available data. Well E-15-1 is 38 ft deep and open-ended. As of the last 
measurement in 2016 there was 23.6 ft of water in the well. 

 Cullman County well I-31-1 is an observation well, with an unknown initial static water level 
at the time of construction. Water levels were measured annually from 1985 to 1988, semi-
annually from 1989 to 1992, then annually from 1993 to 2016, with gaps from 2004 to 2006 and 
2011 to 2015. Moderate seasonal fluctuations of 12 ft or less were observed along with two 
drought impacts, indicative of the Pottsville aquifer being unconfined in this area (fig. C-96). The 
two recent droughts of 2000 and 2007 are clearly discernable on the hydrograph, with the lowest 
water level recorded at 953.35 ft MSL in 2007; however, lack of wet season measurements 
precludes an assessment of the complete water level rebound from the drought impacts. 
Accounting for droughts, seasonal fluctuations, and lack of sufficient seasonal measurements, 
water levels have remained relatively stable for the period of record. Well I-31-1 is 111 ft deep 
and open-ended. As of the last measurement in 2016, there was 87.6 ft of water in the well. 

 

 

Figure C-95.—Hydrograph of Blount County, Alabama, well E-15-1, a domestic supply well  
constructed in the Pottsville aquifer, 1968-2016.  
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Figure C-96.—Hydrograph of Cullman County, Alabama, well I-31-1, a domestic supply well  
constructed in the Pottsville aquifer, 1985-2016.  

 

Figure C-97.—Hydrograph of Etowah County, Alabama, well B-12-1, a domestic supply well  
constructed in the Pottsville aquifer, 1988-2016.  
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 Etowah County well B-12-1 is an observation well constructed in 1959 with an initial static 
water level of 886.91 ft MSL. Water levels were measured semi-annually from 1988 to 1993 and 
annually from 1994 to 2016 with gaps from 2004 to 2004, 2007, and 2011 to 2015. Moderate 
seasonal fluctations of 10 ft were observed, along with one drought impact in 2000, indicative of 
the Pottsville aquifer being unconfined in this area (fig. C-97). Well B-12-1 is 42 ft deep and open-
ended. As of the last measurement in 2016, there was 27.8 ft of water in the well. 

 Jefferson County well B-15-1 is an observation well that had an initial static water elevation 
of 480.65 ft MSL in July 1968. Water levels were measured semi-annually from 1968 to 1993 and 
annually from 1994 to 2016 with a few gaps. Seasonal fluctuations average around 10 ft over a 
period of 48 years, with drought impacts evident for four drought years (fig. C-98). Well B-15-1 is 
300 ft deep and open-ended, and water level observations indicates that the Pottsville aquifer is 
unconfined in this area. Accounting for seasonal fluctuations and lack of seasonal observations 
in more recent measurements, water levels appear to be stable. As of May 2016, there was 292.6 
ft of water in the well. 
 Walker County well D-21-1 is a former public well that is no longer in service. The well was 
initially drilled to 300 ft and then deepened to 1,051 ft in 1979. The initial static water level was 
557 ft MSL in 1967. Significant seasonal fluctuations of 15 ft were observed for the period during 
the semi-annual water level measurements, with no drought impacts discernable on the 
hydrograph (fig. C-99). Lack of seasonal measurements post 1994 preclude conclusions regarding 
current aquifer status. 

 

Figure C-98.—Hydrograph of Jefferson County, Alabama, well B-15-1, a domestic supply well  
constructed in the Pottsville aquifer, 1968-2016.  
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Figure C-99.—Hydrograph of Walker County, Alabama, well D-21-1, an inactive public supply well  
constructed in the Pottsville aquifer, 1987-2016.  

 

Figure C-100.—Hydrograph of Winston County, Alabama, well J-28-1, a domestic supply well  
constructed in the Pottsville aquifer, 1987-2016.  
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 Winston County well J-28-1 is a domestic supply well with the initial static water level 
unknown. Water levels were measured semi-annually from 1987 to 1993, thence annually to the 
present with a few data gaps. Water levels have remained relatively stable, notwithstanding the 
2010 measurement, which was significantly higher than other measurements. No drought 
impacts are apparent on the hydrograph (fig. C-100). Well J-28-1 is 115 ft deep and open-ended. 
As of the last measurement in 2016, there was 64 ft of water in the well. 

 Well MAR-1, a GSA real-time observation well, is located in southern Marion County and has 
a period of record dating back to 1952. Daily observations for MAR-1 have been made since 1952. 
Seasonal fluctuations and drought impacts are readily apparent for the period of record, 
indicative that the Pottsville is unconfined in this area. A total of seven drought impacts are noted 
for years 1954, 1968, 1980-81, 1986-88, 2000, 2007, and 2016 (fig. C-101). Since December 2010, 
real-time monitoring equipment has been installed in the well illustrating consistent seasonal 
water level variability since 2010 (fig. C-102). 

 

 
 
  

 
Figure C-101.—Hydrograph of Marion County, Alabama, well MAR-1, a GSA real-time monitoring well 

constructed in the Pottsville aquifer, 1962-2016.  
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PARKWOOD AND PENNINGTON FORMATIONS UNDIFFERENTIATED 

 The Parkwood and Pennington Formations undifferentiated overlie the Bangor Limestone in 
the Cumberland Plateau. Generally, the Parkwood Formation consists of shale, sandstone, 
mudstone, and coal. Raymond and others (1988) describe the Parkwood as medium- to dark-gray 
silty clay shale and mudstone, interbedded with light- to medium-gray very fine to fine-grained 
argillaceous, micaceous, and locally crossbedded and ripple-marked sandstone, with nodules and 
thin nodular beds of siderite common, especially in the lower part of the formation. Sandstone 
units generally range from 10 to 50 ft in thickness, but are up to 150 ft thick. Locally, beds of 
medium- to dark-gray argillaceous, bioclastic, and cherty limestone; blocky dusky-red and 
grayish-green mudstone; and clayey coal are present. Outcrops of the Parkwood are dominantly 
medium- to dark-gray silty clay, shale, and mudstone (Thomas, 1972). Thickness of the Parkwood 
Formation ranges from 0 to 2,500 ft (Thomas, 1972).  

 The Pennington Formation generally contains shale, limestone, dolomite, sandstone, 
mudstone and coal. Raymond and others (1988) describe the Pennington as gray clay shale 
containing interbeds of dusky-red and olive-gray mudstones; bioclastic, oolitic, and micritic 
limestone; microcrystalline dolomite; argillaceous sandstone; and carbonaceous claystone and 
shaly coal. In outcrop, the Pennington varies due to complex composition, but is generally similar 
to the Parkwood. Thickness of the Pennington Formation varies from 150 to 550 ft (Raymond and 
others, 1988). This unit is generally confined to northeastern Alabama as a part of the Sequatchie 
anticline. In this area, less than 100 ft of the Pennington is present.  

 
Figure C-102.—Hydrograph of Marion County, Alabama, well MAR-1, a GSA real-time monitoring well 

constructed in the Pottsville aquifer, 2010-2016.  
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 There were only two wells identified in the Parkwood and Pennington Formation. Well C-19-
1 is located in north-central Etowah County and had a shallow depth to water of 10.5 ft. Well J-
19-1 is located in north-central Marshall County and had a greater depth to water of 300 ft. There 
was only one pumping rate found in the Parkwood and Pennington Formations. It is a domestic 
supply well located in north-central Marshall County with a reported pumping rate of 5 gpm. 
There were no wells identified with specific capacity reported in the Parkwood and Pennington 
Formations. The Parkwood and Pennington appears to be a minor aquifer and more research is 
needed to determine its usefulness. 

BANGOR LIMESTONE 

 The Bangor Limestone overlies the Hartselle Sandstone in the Cumberland Plateau. It consists 
of limestone with interbedded mudstone in the upper part. Raymond and others (1988) describe 
the Bangor as medium- to medium-light-gray, medium-bedded, primarily bioclastic and oolitic 
limestone; locally including micrite, shaly argillaceous limestone, calcareous clay shale, and 
earthy dolostone. Mudstone interbeds are described as dusky-red to olive-green and blocky 
(Raymond and others, 1988). Typical outcrops are described as light- to locally dark-gray, 
crossbedded, bioclastic and oolitic limestone and very similar to the Monteagle Limestone 
(Osborne, 2007). In the northeastern part of the state the Bangor Limestone is undifferentiated 
with the Pennington Formation and its thickness is less than 100 ft. The Bangor Limestone varies 
in thickness from 0 to 500 ft (Raymond and others, 1988). Due to limited data, more study is 
needed to determine the usefulness of this unit as an aquifer in the Cumberland Plateau. 

HYDROGEOLOGY 

WELL INFORMATION 

 The shallowest identified well constructed in the Bangor Limestone (V-22-1) was in southwest 
Blount County at a depth of 60 ft. The deepest identified well (M-13-1) was also in southwest 
Blount County at a depth of 220 ft (appendix A). The Bangor well with shallowest depth to water 
(M-13-1) was in southwest Blount County at a depth of 9.5 ft. The well with greatest depth to 
water (R-11-1) was in east Morgan County at a depth of 70.1 ft. Depth to water correlations with 
topography or well depth could not be determined in this aquifer. Only one pumping rate was 
found in the Bangor Limestone for a public supply well (J-4-1) located in northeast Etowah County 
which had a pumping rate of 1,001 gpm. This same well also had a specific capacity of 16.3 
gpm/ft. 

HARTSELLE SANDSTONE 

 The Hartselle Sandstone overlies the Pride Mountain and Monteagle Limestone in the 
Cumberland Plateau. Regionally, the Hartselle Sandstone gradually pinches out along an irregular 
south-southeast trending line that extends from western Jackson County through eastern 
Marshall County into the western part of Etowah County (Thomas, 1972; Thomas and Mack, 
1982). Generally, the unit consists of alternating layers of sandstone and shale. Ward and 
Osborne (2004) describe the Hartselle Sandstone as light- to medium-gray, very fine to fine-
grained, thin- to medium-bedded, well-cemented quartzose sandstone with dark-gray shale 
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interbeds near the top of the unit. In outcrop, Irvin and others (2006) describe the unit as white 
to pinkish-tan, fine- to coarse-grained, thin- to thick-bedded, porous, and friable quartzose 
sandstone with ripple marks and crossbedding common. Thickness of the Hartselle Sandstone 
varies from 0 to 150 ft (Thomas, 1972). Due to limited data, more study is needed to determine 
the usefulness of this unit as an aquifer. 

HYDROGEOLOGY 

WELL INFORMATION 

 The shallowest identified well constructed in the Hartselle Sandstone was in southeast 
Franklin County at a depth of 52 ft (well M-3-1). The deepest identified well is also in southeast 
Franklin County at a depth of 175 ft (well L-30-1)(appendix A). The shallowest depth to water well 
(C-21-1) was in northwest Marshall County at 18 ft bls. The greatest depth to water well (L-30-1) 
was in southeast Franklin County at 87 ft bls. Depth to water correlation with topography or well 
depth could not be determined in this aquifer.  

 The lowest pumping rate was reported for two domestic wells in northwest Marshall County 
and southeast Franklin County at 12 gpm (M-3-1 and C-21-1, respectively). The highest pumping 
rate was 40 gpm from a public supply well (L-30-1) in southeast Franklin County. No wells were 
identified in the Hartselle Sandstone with specific capacity reported. 

MONTEAGLE LIMESTONE 

 The Monteagle Limestone overlies the Pride Mountain Formation in the southern and 
northeastern sections of the Cumberland Plateau. Generally, the unit consists of limestone, 
dolomite, and shale. Raymond and others (1988) describe the unit as light-gray, crossbedded 
oolitic limestone, with massive beds that are more than 10 ft thick with interbedded bioclastic 
limestone, micritic limestone dolomite, and dolomitic limestone; argillaceous limestone; and 
greenish-gray and medium-gray clay shale. In outcrop the Monteagle is very similar to the Bangor 
Limestone. Thickness of the Monteagle Limestone varies from 200 to 300 ft (Raymond and 
others, 1988).  

HYDROGEOLOGY 

WELL INFORMATION 

 The shallowest identified well in the Monteagle Limestone (X-33-1) was in central Marshall 
County at a depth of 50 ft. The deepest identified well (M-13-1) was in northeast Jackson County 
at a depth of 289 ft (appendix A). The shallowest depth to water in the Monteagle Limestone was 
10.3 ft bls in well (S-8-1) located in north-central Jackson County. The greatest depth to water 
well (A-20-1) was in north Marshall County at 59 ft bls.  

 Pumping rates were located for only two wells in the Monteagle Limestone. The lowest 
pumping rate was for a domestic well in southeast DeKalb County (AA-9-1) at 35 gpm. The highest 
pumping rate was for a domestic well in central Marshall County (O-29-1) at 50 gpm. Specific 
capacity was found for one well in the Monteagle Limestone, a public supply well (O-29-1), 
located in central Marshall County, which had a specific capacity of 12.5 gpm/ft. 
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PRIDE MOUNTAIN FORMATION 

 The Pride Mountain Formation overlies the Tuscumbia Limestone in the southern and 
northeastern sections of the Cumberland Plateau. Recharge to this aquifer occurs in narrow 
bands of exposure from southern Marshall County to southwestern Blount County. The Pride 
Mountain Formation consists of shale and a variable combination of sandstone and limestone in 
the lower part. Raymond and others (1988) describe the Pride Mountain as medium- to dark-
gray fissile clay shale containing abundant siderite nodules and occasional pyrite, interbedded 
locally with blocky dusky-red and green mudstone, calcareous clay shale and shaly argillaceous 
limestone, with one to three units of a variable combination of sandstone and limestone. The 
description of the unit in outcrop is variable depending on the section present. Thickness of the 
Pride Mountain Formation is up to 480 ft. Due to limited data, more study is required to 
determine the usefulness of the unit as an aquifer. 

TUSCUMBIA LIMESTONE AND FORT PAYNE CHERT UNDIFFERENTIATED 

 The Tuscumbia Limestone and Fort Payne Chert undifferentiated overlies the Chattanooga 
Shale in the southern and northeastern sections of the Cumberland Plateau. The unit serves as a 
minor aquifer in the area, and wells are primarily public and domestic supply wells, though 
observation, agricultural, and industrial wells were also located.  

 The Fort Payne Chert consists of limestone with abundant irregular chert nodules and beds. 
Commonly present below the Fort Payne Chert is a minor shale unit (Maury Formation) which is 
usually mapped together with the Tuscumbia Limestone and Fort Payne Chert as the Tuscumbia 
Limestone, Fort Payne Chert, and Maury Formation undifferentiated. Raymond and others (1988) 
describe the Fort Payne as light to dark gray, finely crystalline to microcrystalline siliceous 
limestone and smoky chert in irregular beds and nodules; and light-gray, coarse bioclastic 
limestone in lenses. Exposures of the unit consist of thin- to locally medium-bedded, medium- to 
dark-gray limestone and dark-bluish-gray chert that commonly weathers grayish orange to dark 
yellowish orange (Osborne, 2004). Bedding surfaces are commonly undulatory, giving the chert 
a nodular appearance (Osborne, 2004). Thickness of the Fort Payne Chert varies up to 207 ft 
(Raymond and others, 1988). 

 The Tuscumbia Limestone consists of limestone and chert and is typically too thin to be 
mapped as a separate unit in the Cumberland Plateau. Raymond and others (1988) describe the 
Tuscumbia as light-gray bioclastic or micritic, partly oolitic limestone in beds that generally are 
more than 1 ft thick; massive crossbedded very coarse bioclastic, crinoidal limestone beds as 
much as 10 ft thick locally; and abundant light-gray and white chert nodules and concentrically 
banded "concretionary" chert locally. In outcrop, the unit is described as medium-gray, bioclastic 
(crinoidal) limestone containing irregular dark-gray chert nodules and stringers (Osborne, 2006). 
Thickness of the Tuscumbia Limestone varies up to 250 ft (Raymond and others, 1988). 
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HYDROGEOLOGY 

WELL INFORMATION 

 The shallowest identified well constructed in the Tuscumbia Limestone, Fort Payne Chert, and 
Maury Formation undifferentiated (JAC-2) is in south-central Jackson County at a depth of 40 ft. 
The deepest identified wells are in northwest and west-central Blount County and in south 
Etowah County at a depth of 335 ft (wells D-32-1, P-17-2, and Q-15-1, respectively)(appendix A). 
Depth to water ranged from 7.8 ft bls at well J-9-1 in northwest Jackson County to 71.7 ft bls at 
well M-28-1 in southeast Madison County. Depth to water correlation with topography or well 
depth could not be determined in this aquifer. 

 Pumping rates were examined for public supply wells in the Tuscumbia Limestone, Fort Payne 
Chert, and Maury Formation undifferentiated and ranged from 24 gpm for a public supply well 
in southeast Madison County (U-19-1) to 2,873 gpm for a public supply well in northeast Morgan 
County (B-27-12) (appendix A). Specific capacity of the Tuscumbia Limestone, Fort Payne Chert, 
and Maury Formation undifferentiated wells ranged from be 3.8 gpm/ft for a public supply well 
(D-32-1) to 1,922 gpm/ft for a public supply well (B-27-12) located in northeast Madison County  

HYDROGRAPHS AND AQUIFER DECLINE CURVES 

 JAC-2, a GSA real-time observation well, is located in south-central Jackson County. The initial 
water level was recorded at 650.91 ft MSL in 1967, semi-annual measurements were measured 
from 1985 through 1993, annual measurements from 1994 to 2010, and the well was then 
equipped with real-time equipment in 2011 taking daily measurements. Significant seasonal 
fluctuations were recorded during the semi-annual water level measurements, as well as drought 
impacts, indicative that the Tuscumbia Limestone/Fort Payne aquifer is unconfined in this area. 
Seasonal fluctuations varied as much as 10 ft, with drought impacts apparent in 1986, 2000, and 
2007 (fig. C-103). Since February 2011, real-time equipment has been installed in this well, 
providing daily water level measurements. True seasonal fluctuations have been observed since 
the equipment was installed (fig. C-104). 

CHATTANOOGA SHALE 

 The Chattanooga Shale overlies the Red Mountain Formation in a thin bed in the Cumberland 
Plateau. The Chattanooga Shale is composed of brownish-black to black, silty, organic, shale and 
lesser amounts of light- to dark-gray sandstone that may contain pyrite and phosphatic 
inclusions. Rare limestone interbeds can occur near the base. The Chattanooga Shale can reach 
a thickness of up to 82 ft (Raymond and others, 1988). Outcrops occur in the northern and 
eastern parts of the Plateaus (Szabo and others, 1988; Raymond and others, 1988). The 
Chattanooga Shale is considered an aquiclude and not a useable aquifer for groundwater 
production.  
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Figure C-103.—Hydrograph of Jackson County, Alabama, well JAC-2, a GSA real-time monitoring well 
constructed in the Tuscumbia/Fort Payne aquifer, 1967-2011.  

 

Figure C-104.—Hydrograph of Jackson County, Alabama, well JAC-2, a GSA real-time monitoring well 
constructed in the Tuscumbia/Fort Payne aquifer, 2011-2016.  



 

371 

RED MOUNTAIN FORMATION 

 The Red Mountain Formation overlies the Sequatchie Formation in the northeastern section 
of the Cumberland Plateau. No wells were identified as being constructed in the Red Mountain 
Formation. Recharge to the aquifer occurs along narrow bands from northeastern Jackson 
County to northwestern Blount County and also from southern Marshall County to northeastern 
Tuscaloosa County. Water production from the unit is generally from secondary porosity sources 
such as joints and fractures.  

 The Red Mountain Formation consists of sandstone, siltstone, and shale with some sandy 
limestone also present. Raymond and others (1988) describe the Red Mountain as dark-reddish-
brown to olive-gray siltstone, sandstone and shale, containing hematite beds 5 to 30 ft thick with 
thin beds of limestone present locally. In outcrop, sandstone and siltstone are variably colored 
and include numerous shades of grayish-red, grayish-orange, and greenish-gray; the sandstone 
is very fine- to fine-grained, partly fossiliferous and ferruginous, and variably bedded, although 
thin- to medium-bedding is most common (Ward and Osborne, 2006). Red Mountain shale is also 
variably colored, but is commonly gray where unweathered (Raymond and others, 1988). 
Thickness of the Red Mountain Formation varies from 95 to 590 ft. Due to the lack of data, further 
evaluations are needed to determine the hydrologic characteristics of this formation as an 
aquifer. 

SEQUATCHIE FORMATION 

 The Sequatchie Formation overlies the Leipers Limestone in the northeastern section of the 
Cumberland Plateau. Recharge to this aquifer occurs from northeastern Jackson County to 
northeastern Blount County. No wells were identified as being constructed in the Sequatchie 
Formation. Szabo and Copeland (1988) describe the Sequatchie Formation as grayish-red, 
grayish-green, and yellowish-gray, thin-bedded, calcareous shale and mudstone containing 
interbedded fossiliferous limestone, and medium-gray to moderate-red partly sandy and 
glauconitic, medium to coarse-grained bioclastic limestone with a thin fine-grained ferruginous 
locally fossiliferous sandstone occurring at the top of the formation in Jackson County. Thickness 
varies from 0 to 200 ft (Raymond and others, 1988). Due to limited data, further evaluations are 
needed to determine the hydrologic characteristics of this formation as an aquifer. 

LEIPERS LIMESTONE 

 The Leipers Limestone overlies the Inman Formation in the northeastern section of the 
Cumberland Plateau. Recharge to the aquifer occurs in narrow bands of exposure from 
northeastern Jackson County to northeastern Blount County. No wells were identified as being 
constructed in the Leipers Limestone. Raymond and others (1988) describe the Leipers Limestone 
as medium-dark gray, finely crystalline, thin- to medium-bedded, fossiliferous limestone 
interbedded with thin, argillaceous limestones that form partings between the thicker, less 
argillaceous beds. Thickness of the Leipers Limestone varies from 0 to 60 ft. Due to limited data, 
further evaluations are needed to determine the hydrologic characteristics of this formation as 
an aquifer. 
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INMAN FORMATION 

 The Inman Formation overlies the Nashville Group in the northeastern section of the 
Cumberland Plateau. Recharge of the unit occurs as a narrow band of exposure from 
southwestern Jackson County to northeastern Blount County, along the Sequatchie Valley. No 
wells were identified as being constructed in the Inman Formation. Raymond and others (1988) 
describe the unit as greenish-gray to green, calcareous, laminated shale and argillaceous 
limestone interbedded with red or dusky-red shale and thin-bedded, light-gray, peloidal, fine-
grained limestone with small amounts of grayish-green dolomite present. Thickness of the Inman 
Formation ranges up to 50 ft (Raymond and others, 1988). Due to limited data, further 
evaluations are needed to determine the hydrologic characteristics of this formation as an 
aquifer. 

CHICKAMAUGA LIMESTONE 

 In the eastern section of the Cumberland Plateau, the Chickamauga Limestone overlies the 
Knox Group in Wills Valley and overlies the Chepultepec and Copper Ridge Dolomites 
undifferentiated in Murphrees Valley. This unit also unconformably overlies the Nashville and 
Stones River Groups undifferentiated in thin bands in the Sequatchie Valley anticline in the 
northeastern section of the Cumberland Plateau. A total of five wells were identified as being 
constructed in the Chickamauga Limestone: two domestic supply wells in Cherokee County and 
three domestic supply wells in Etowah County. Recharge to the aquifer occurs in narrow bands 
of exposure from southeastern Marshall County to western Jefferson County in Murphrees 
Valley, in narrow bands of exposure from northeastern DeKalb County to northeastern Blount 
County in Wills Valley, and in unconformities in the Sequatchie Valley from northeastern Jackson 
County to northeastern Blount County. Water production from the unit is generally from 
secondary porosity sources such as joints and fractures. 

 The Chickamauga Limestone consists of predominantly limestone and locally, a thin interval 
of conglomerate at the base. Raymond and others (1988) describe the limestone as medium to 
dark gray, thick to thin bedded, partly argillaceous and silty, micritic to medium grained. Locally 
abundant fossil horizons and thin dolomite beds are present in the upper and lower parts. Several 
prominent bentonite beds occur locally in the upper part of the unit (Osborne and Brewer, 2006). 
The conglomerate interval consists of subrounded to angular chert in a clayey matrix at the base 
of the Chickamauga (Drahovzal and Neathery, 1971). In outcrop, Osborne and Brewer (2006) 
describe the unit as light-gray, stylolitic to stylonodular limestone; dark-gray micritic limestone 
containing disseminated fossil fragments: light-gray, medium- to coarse-grained, crossbedded 
limestone; and light-greenish-gray, thin- to thick-bedded, fenestral mudstone. Thickness of the 
Chickamauga Limestone varies from 260 to 1,100 ft (Raymond and others, 1988). 

HYDROGEOLOGY 

WELL INFORMATION 

 The shallowest identified well (C-27-1) in the Chickamauga Limestone was in Cherokee 
County at a depth of 78.5 ft. The deepest well (K-9-1) is in Etowah County at a depth of 115 ft 
(appendix A). The shallowest depth to water was in Cherokee County (well C-27-1) at 21 ft. The 
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greatest depth to water was in Etowah County (well K-9-1) at 41 ft. There were no wells with 
recorded pumping rates reported in the Chickamauga Limestone; therefore, no specific 
capacities could be calculated.  

NASHVILLE AND STONES RIVER GROUPS UNDIFFERENTIATED 

 The Nashville and Stones River Groups undifferentiated overlies the Knox Group in the 
northeastern part of the Cumberland Plateau. Recharge to the aquifer occurs along narrow bands 
of exposure from northeastern Jackson County to northeastern Blount County. There are no wells 
recorded as being constructed in the Nashville and Stones River Groups undifferentiated. 

 The Nashville Group is composed of medium- to dark-gray, argillaceous and fossiliferous 
limestone overlain by yellowish-gray, laminated, silty limestone. In the subsurface of north 
Alabama, the Nashville Group is a gray phosphatic limestone that is argillaceous and silty in its 
lower part and contains minor amounts of gray shale (Raymond and others, 1988). Locally, it 
consists of gray to greenish-gray limestone, brown dolomitic limestone, green dolomite, gray silty 
and shaly limestone, gray bentonitic shale, and brown chert. It is present in the subsurface of the 
Cumberland Plateau and in outcrop in the northern and northeastern parts of the plateau. The 
thickness of the Nashville Group ranges from 50 ft near Gadsden, Etowah County up to 250 ft in 
Jackson County (Raymond and others, 1988).  

 The Stones River Group, in the subsurface of the plateau, is composed predominantly of 
medium- to dark-gray, thick- to thin-bedded, partly argillaceous and silty fine-grained limestone 
with locally abundant fossil horizons. Near the top is a zone of bentonite beds and bentonitic 
shales. The upper part consists of brownish-gray to medium-gray occasionally fossiliferous and 
argillaceous, sometimes oolitic limestone with minor chert and ostracods (Raymond and others, 
1988). The lower part is a dolomitic, sucrosic, and light-gray to greenish-gray limestone 
containing lesser amounts of brownish-gray limestone. Minor amounts of sucrosic dolomite, 
cryptocrystalline chert, and sublithographic to crystalline and less commonly oolitic limestone 
also occur. Locally, sandy zones occur near the base and middle of the Stones River Group. The 
Stones River Group crops out in the northern and northeastern parts of the Cumberland Plateau. 
Thickness ranges from 500 ft in Lamar County to 1,150 ft in Jackson County (Raymond and others, 
1988). Due to limited data, further evaluations are needed to determine the hydrologic 
characteristics of this formation as an aquifer. 

KNOX GROUP UNDIFFERENTIATED 

 The Knox Group is the oldest unit exposed in Wills Valley in the eastern section and in the 
Sequatchie Valley in the northeastern section of the Cumberland Plateau. The Knox group 
consists of the Chepultepec and Copper Ridge Dolomites in this province and these units are not 
hydraulically connected. Wells identified in the unit are public supply wells. Recharge to this 
aquifer occurs in a band of exposure from southeastern Jackson County to eastern Blount County. 
Raymond and others (1988) describe the Knox Group as light-gray to light-brownish-gray 
limestone, dolomitic limestone and dolomite containing fine to medium, rounded, frosted quartz 
sand grains and white to light-gray to brownish-gray chert with minor amounts of gray and green 
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shale and thin sandstone zones. Thickness of the Knox Group varies from 1,476 to 4,225 ft 
(Raymond and others, 1988).  

 The shallowest well identified in the Knox Group (N-15-1) was in northeast Jackson County at 
a depth of 83 ft. The deepest identified well (P-31-1) was in east-central Blount County at a depth 
of 385 ft (appendix A). The shallowest depth to water was in well (P-4-1) in southeast Etowah 
County at 5 ft bls. The greatest depth to water well (J-5-1) was in north-central Etowah County 
at 37 ft bls.  

 The lowest pumping rate was for a public well in east Blount County (P-21-1) at 100 gpm. The 
highest pumping rate identified also came from well P-21-1 in east Blount County during the 1991 
pump test at 403 gpm (appendix A). The lowest calculated specific capacity well in this aquifer is 
located in east Etowah County (P-4-1), a pubic supply well, at 1.9 gpm/ft. The highest specific 
capacity well in the database (23.3 gpm/ft) was also for a public supply well located in east 
Etowah County (P-4-2).  

CHEPULTEPEC AND COPPER RIDGE DOLOMITES UNDIFFERENTIATED 

 The Chepultepec and Copper Ridge Dolomites undifferentiated overlie the Ketona Dolomite 
in Murphrees Valley in the southern section of the Cumberland Plateau. Recharge to the aquifer 
occurs in a banded exposure from northwestern Etowah County to southeastern Blount County. 
There were no wells recorded as being constructed in the Chepultepec and Copper Ridge 
Dolomites undifferentiated. 

 The Chepultepec Dolomite consists of dolomite and dolomitic limestone. Osborne and others 
(1998) describe the unit as light- to dark-gray, thick- to massive-bedded, finely crystalline 
dolomite and dolomitic limestone with thin, irregular interbeds, stingers, and nodules of dense 
and cavernous chert common. Although the cavernous chert is also present in the Copper Ridge, 
Butts (1926) suggested that the dense, tough variety of chert is so much more abundant in the 
Copper Ridge that the two units could be distinguished on that basis. However, rounded nodular 
chert and bedded massive chert are also common in the Chepultepec, and at some localities 
distinguishing the two formations on the basis of chert characteristics is very difficult, if not 
impossible (Osborne and others, 1998). In this manner, the two formations are often mapped 
together as undifferentiated. In exposure, the Chepultepec appears much the same as the 
Copper Ridge; however, the Chepultepec is noted to have fairly abundant distinctive fossils, 
mainly gastropods (Osborne and others, 1998). Thickness of the Chepultepec varies from 1,375 
to 1,500 ft (Raymond and others, 1988).  

 The Copper Ridge Dolomite consists of siliceous dolomite. Osborne and others (1998) 
describe the Copper Ridge Dolomite as light-gray, fine- to coarse-crystalline, thick-bedded, 
siliceous dolomite, characterized by abundant stromatolitic chert. In exposure, the unit is known 
primarily from the very abundant chert residuum produced by the weathering of the dolomitic 
sequence (Osborne and others, 1998). The chert is typically light colored in part, dense and tough, 
and is generally present as abundant large blocks with algal-laminated chert being very common 
(Osborne and others, 1998). Thickness of the Copper Ridge varies from 970 ft to 1,800 ft in some 
areas (Raymond and others, 1988). Due to limited data, further evaluations are needed to 
determine the hydrologic characteristics of this formation as an aquifer. 
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KETONA DOLOMITE 

 The Cambrian age Ketona Dolomite overlies the Conasauga Formation in Murphrees Valley 
in the southeastern section of the Cumberland Plateau. No wells were reported as being 
constructed in the Ketona Dolomite. Recharge to the aquifer occurs in very narrow bands of 
exposure from northwestern Etowah County to western Jefferson County. Water production 
from the unit is generally from secondary porosity sources such as joints and fractures. Generally, 
the Ketona consists of mostly chert free, remarkably pure dolomite. Osborne (1996) describes 
the unit as very light gray to medium-dark-gray, fine- to coarse-crystalline dolomite. Bed 
thickness ranges from medium- to massive-bedded, but thick-bedded dolomite is dominant 
(Osborne, 1996). Ward and Osborne (2004) reported three ft of medium-bedded dark-yellowish-
orange mudstone at the base of the Ketona. Osborne (1996) also noted beds of mottled, light-
medium-gray and dark-gray dolomite in the lower part of the Ketona. Thickness of the Ketona 
Dolomite varies from 250 to 750 ft (Raymond and others, 1988). Due to limited data, further 
evaluations are needed to determine the hydrologic characteristics of this formation as an 
aquifer. 

CONASAUGA FORMATION 

 The Conasauga Formation is the oldest unit in the Cumberland Plateau. The Conasauga is 
present in narrow bands of exposure in Murphrees Valley in the southeastern section of the 
province. Recharge to the aquifer occurs in narrow exposures from southeastern Blount County 
to eastern Tuscaloosa County. Water production from the unit occurs generally from secondary 
porosity sources such as joints and fractures. The Conasauga consists of limestone, dolomite, and 
shale of varying proportions. Typical exposures consist of very light-gray to dark-gray, thin- to 
medium-bedded and locally thick-bedded, finely laminated, locally intraclastic and bioturbated 
dolomite containing interbedded olive-gray to purplish-pink, locally phyllitic shale (Irvin and 
Bearce, 2005). Medium-bluish-gray, mealy, cavernous chert is also found in outcrop (Irvin and 
Bearce, 2005). In the subsurface, limestone in western belts is medium-bluish-gray, fine grained, 
mostly thin bedded, and highly argillaceous in part (Raymond and others, 1988). Shales and 
mudstones in the lower part of the formation to the east are dark-greenish-gray, dusky-yellow, 
and pale-olive, and locally contain interbeds of limestone (sometimes cherty) and rare siltstone 
(Raymond and others, 1988). Limestone interbeds are medium to dark-gray, thin to medium 
bedded, micritic, argillaceous, and locally oolitic or oncolytic (Raymond and others, 1988). 
Thickness of the Conasauga varies from 500 to approximately 2,600 ft in some areas (Raymond 
and others, 1988). Due to limited data, more study is needed to determine the usefulness of this 
unit as an aquifer. Depth to water has only been reported for one well (CC-3-1) at 2.9 ft. Pumping 
rates are unknown for this well, and therefore specific capacity could not be calculated. 
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ALABAMA VALLEY AND RIDGE SECTION 

By Mac McKinney, David K. Tidwell, and Stephen C. Jones  

 The Valley and Ridge physiographic province in central and northeastern Alabama consists of 
a series of subparallel ridges and valleys that generally trend northeast-southwest (Fenneman, 
1938; Sapp and Emplaincourt, 1975). Its distinctive topography is formed through folded and 
thrust-faulted sedimentary rocks (plate 102). Erosion resistant ridges are formed mostly by 
sandstone, and chert beds and valleys are usually underlain by less resilient shale and carbonate 
rocks. The northwestern half of the province contains characteristic Valley and Ridge topography; 
however, the southeastern part of the province is characterized by a wide, varied relief plain 
containing irregularly spaced parallel ridges and valleys (Raymond and others, 1988). The 
extreme northeastern part of the province contains steep relief terrain developed on faulted and 
folded sandstone. 

 The Alabama Valley and Ridge province contains 25 geologic units spanning in age from 
Cambrian to Pennsylvanian (fig. C-105). Of these units, 20 have been identified as water bearing 
units with 13 as major aquifers including the Shady Dolomite, Rome Formation, Conasauga 
Formation, Brierfield Dolomite, Copper Ridge and Chepultepec Dolomites undifferentiated, 
Newala Limestone, Chickamauga Limestone, Tuscumbia Limestone and Fort Payne Chert 
undifferentiated, Floyd Shale, Bangor and Monteagle Limestones undivided in part, Parkwood 
Formation and Floyd Shale undifferentiated, and the upper and lower parts of the Pottsville 
Formation. These aquifers are known to be capable of producing adequate quantities of water 
for sustainable public, industrial, and irrigation supply. Aquifers needing more study in the 
Alabama Valley and Ridge to determine degree of groundwater usefulness include the Chilhowee 
Group, Bibb Dolomite, Ketona Dolomite, Longview Limestone, Little Oak Limestone, Lenoir 
Limestone, Sequatchie Formation/Colvin Mountain Sandstone/Greensport Formation 
undifferentiated, Red Mountain Formation, Frog Mountain Sandstone, and the Pennington 
Formation. The Athens Shale and Chattanooga Shale are considered aquicludes in the Alabama 
Valley and Ridge.  

 Information from 223 water wells in the Alabama Valley and Ridge (fig. C-106) were used to 
evaluate the region’s hydrogeology. Public supply wells were most common with 134 (60.13 
percent of wells in the Alabama Valley and Ridge) followed by 72 domestic supply wells (32.3 
percent), 12 observation wells (5.4 percent), four agricultural wells (1.8 percent), and one 
industrial well (0.4 percent).  

CHILHOWEE GROUP UNDIFFERENTIATED 

 The Chilhowee Group is the oldest stratigraphic unit exposed in the eastern part of the 
Alabama Valley and Ridge Section. Individual Formations of the Chilhowee Group from oldest to 
youngest include the Cochran Formation, Nichols Formation, Wilson Ridge Formation, and the 
Weisner Formation (Mack, 1980). The Wilson Ridge and Weisner Formations appear to be 
hydraulically connected and therefore are treated as a single aquifer in this study. Wells identified 
in the Chilhowee include only a small selection of domestic wells. Due to the lack of data, more 
study is needed to determine the usefulness of the unit as an aquifer. Thickness of the unit within 
the Valley and Ridge is reportedly as much as 1,575 ft (Osborne and Szabo, 1984). Recharge to  
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Figure C-105.—Alabama Valley and Ridge generalized stratigraphic column (modified from 

Raymond and others, 1988). 
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the Chilhowee Group occurs in southern Cherokee County, northern Cleburne County, and the 
eastern portion of Calhoun County. Water production from the unit, as with all Valley and Ridge 
aquifers, is primarily from secondary porosity sources such as joints and fractures. 

WEISNER AND WILSON RIDGE FORMATIONS 

 The Weisner Formation consists primarily of quartzite and arkosic sandstone, conglomerate, 
and minor mudstone. In outcrop, sandstones are pinkish-gray, weathering grayish-orange-pink, 
fine- to coarse-grained, locally conglomeratic, thin- or flaggy- to massive-bedded and commonly 
contain tabular and trough crossbeds (Mack, 1980). The conglomerate beds typically contain 
well-rounded quartz pebbles up to 1.5 inches in diameter (Irvin and Bearce, 2005). The blocky 
mudstones have intercalated silty beds and are greenish-gray, thinly laminated, and ripple cross-
laminated in part (Irvin and Bearce, 2005).  

 The Wilson Ridge Formation consists of interbedded quartzose to feldspathic sandstone and 
silty mudstone. The sandstone is medium gray weathered to medium orange pink, fine to locally 
coarse grained, thin to medium bedded, with tangential crossbeds common (Irvin and Bearce, 

 
Figure C-106.—Alabama Valley and Ridge well distribution and type. 
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2005). The siltstone is micaceous in part with thin laminae and locally contains rare disseminated 
sand grains (Irvin and Bearce, 2005). Where exposed, sandstone is pale-pink weathering grayish-
orange, medium- to coarse-grained, and locally poorly sorted, with bedding generally thin and 
locally pinching out along strike; mudstone and shale are purple to gray with mineral-filled 
fractures throughout (Irvin and Bearce, 2005). The contact with the overlying Weisner Formation 
is conformable and is usually mapped based on the first appearance of quartz pebble 
conglomerates (Mack, 1980).  

HYDROGEOLOGY 

WELL INFORMATION 

 Only two wells identified in the Weisner and Wilson Ridge Formations undifferentiated had 
well depth reported. Well C-35-1 in northern Cleburne County is the shallowest at a depth of 80 
ft. Well D-8-1, also in northern Cleburne County, is the deepest at a depth of 125 ft. The 
shallowest depth to water well is in northern Cleburne County at 6 ft bls (well D-8-1). The greatest 
depth to water well is also in northern Cleburne County at 10 ft bls (well C-35-1)(appendix A). No 
correlation between depth to water, well depth, and topography could be determined in this 
aquifer. 

 Only two wells identified in the Weisner and Wilson Ridge Formations located in Cleburne 
County had pumping rate information. The lowest pumping rate was for well C-35-1, a domestic 
well in northern Cleburne County, at 20 gpm. The highest pumping rate was for well D-8-1, a 
domestic well in northern Cleburne County, at 30 gpm. No wells were identified with specific 
capacity reported in the Weisner and Wilson Ridge Formations undifferentiated. A 
potentiometric surface map could not be produced due to inadequate well control. Sufficient 
historical data were also not available to produce hydrographs for the Chilhowee aquifer.  

SHADY DOLOMITE 

 The Shady Dolomite is found in the eastern part of the Alabama Valley and Ridge section and 
stratigraphically represents the base of a regionally broad carbonate bank facies (Rodgers, 1968). 
The Shady Dolomite serves as a major aquifer locally within the Valley and Ridge. Wells 
constructed in the aquifer are primarily public supply with fewer domestic, agricultural, and 
observation wells. Reported thickness ranges from 370 to 1,000 ft (Raymond and others, 1988). 
Recharge to the aquifer occurs at narrow bands of surface exposure from Borden Springs 
southwest to Childersburg. Water production from the unit is primarily from secondary porosity 
sources such as joints and fractures. 

 Generally, the Shady Dolomite consists of limestone, dolomite, chert, and silty clay. The 
prevalent and distinguishing rock type of the unit is ochre chert (Irvin and Bearce, 2005). Outcrop 
exposure is uncommon; however, where exposed the unit consists of moderate-reddish-brown 
sandy clay containing limonite granules and pebbles, semi-porcelaneous chert that weathers to 
a spongy texture, dark-gray vitreous chert, and residual veins of finely crystalline quartz exhibited 
in a lacy "boxwork" texture (Raymond and others, 1988). In subsurface, the unit is described as 
bluish-gray or pale-yellowish-gray limestone, thick bedded, and in part medium crystalline; 
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additionally, dolomite is light- to dark-gray, finely to coarsely crystalline, argillaceous to sandy, 
siliceous and massive to laminated (Raymond and others, 1988).  

HYDROGEOLOGY 

WELL INFORMATION 

 The shallowest well was in northern Cleburne County at a depth of 45 ft (well B-36-1). The 
deepest well was in southeastern Calhoun County at a depth of 356 ft (W-35-1) (appendix A). The 
shallowest depth to water was in southern Calhoun County at 25.5 ft bls (well W-34-2). The 
greatest depth to water was in east-central Calhoun County at 106 ft bls (well S-23-1). No 
correlation between depth to water, well depth, and topography could be determined in this 
aquifer. 

 Pumping rates were examined for public supply, domestic, observation and agricultural wells 
in the Shady Dolomite and ranged from 20 to 400 gpm (appendix A). The lowest pumping rate 
was for a domestic well in southeast Calhoun County at 20 gpm (well U-3-1). The highest pumping 
rate was for a public supply well in southeast Etowah County at 400 gpm (well N-32-3). Specific 
capacity was reported for only two wells in the Shady Dolomite. The lowest specific capacity was 
for well N-32-3 at 12.5 gpm/ft. The highest specific capacity was for an observation well located 
in southern Calhoun County at 30.4 gpm/ft (well W-34-2). 

 A potentiometric surface map could not be produced due to poor well control. Further 
research is needed to determine the potentiometric surface of the Shady Dolomite in the 
Alabama Valley and Ridge Section. 

HYDROGRAPHS AND AQUIFER DECLINE CURVES 

 The Shady Dolomite is a major source of groundwater locally within the Alabama Valley and 
Ridge. It is used primarily for public supply purposes; however, agricultural and domestic wells 
are also noted. Declining water levels in the aquifer are minimal to moderate and isolated, 
resulting in negligible cones of depression and minimal change in aquifer storage. A public supply 
well in Calhoun County and a domestic supply well in Cleburne County were selected for long-
term hydrograph analysis to show varying conditions related to groundwater production, 
drought, and seasonal fluctuations impacting the aquifer.  

 Well U-4-1 is a public supply well near Oxford in southern Calhoun County. The initial water 
level was recorded at 635 ft MSL in 1986, recent monthly measurements were provided by the 
public water supplier. Water levels for recent and historical measurements need to be verified 
prior to performing any hydrograph analysis on this well since the historical and current 
measurements vary greatly (fig. C-107). 

 Well B-36-1 is a domestic supply well located near Borden Springs in northern Cleburne 
County. Water levels were measured semi-annually from 1985 to 1993, then annually from 1994 
to 2016. Moderate seasonal fluctuations were observed during the semi-annual water levels 
recorded, with one drought impact in 1988 (fig. C-108). Accounting for the seasonal fluctuations 
and drought impacts, the water levels have remained relatively stable for the period of record. 
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The well is 46 ft deep with no further construction data known. At last measure in November 
2010, the well contained 11 ft of water. 

ROME FORMATION 

 The Rome Formation conformably overlies the Shady Dolomite and serves as a major aquifer 
locally within the Valley and Ridge. The Rome Formation is found in the eastern section of the 
province at the surface. Wells constructed in the aquifer are primarily public supply wells, though 
several domestic wells have also been identified. Thickness ranges from 290 to as much as 4,000 
ft, although the latter estimate may be excessive (Raymond and others, 1988). Recharge to the 
Rome Formation is much the same as the Shady Dolomite, though the narrow surface exposures 
are somewhat larger and span from southern Cherokee County to central Talladega County. 
Water production from the unit is generally from secondary porosity sources such as joints and 
fractures.  

 The Rome Formation consists of mudstone, shale, siltstone, and sandstone (Raymond and 
others, 1988). Limestone and dolomite occur locally, and quartzose sandstone is commonly 
present near the top of the formation (Raymond and others, 1988). Typical exposures of the 
Rome consist of interbedded grayish-red-purple and grayish-olive mudstone, shale, and siltstone 
containing laminae to thin interbeds of medium-greenish-gray and grayish-orange, very fine 
grained sandstone (Ward and Osborne, 2004). In the subsurface, Raymond and others (1988) 
describe the unit as moderate-red to grayish-green varicolored shale, and moderate-red and 
yellow to moderate brown siltstone and sandstone; and light-gray calcareous sandstone with 
local beds of fairly pure limestone and dolomite with anhydrite and dolomite both present in the 

 

Figure C-107.—Hydrograph of Calhoun County, Alabama, well U-4-1, a public supply well  
constructed in the Shady aquifer, 1986-2015. 
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lower part of the formation. Bedding is typically thin and regular, ranging from laminae to beds 
a few inches thick (Raymond and others, 1988). 

HYDROGEOLOGY 

WELL INFORMATION 

 The  shallowest identified well was in northeast Calhoun County at a depth of 102 ft (well H-
36-1). The deepest identified well was in north-central Talladega County at a depth of 381 ft (well 
M-23-1)(appendix A). Depth to water in the Rome Formation ranged from less than 20 ft to over 
60 ft bls. The shallowest depth to water was 10 ft bls in well H-36-1 located in northeastern 
Calhoun County. The greatest depth to water was 69 ft bls in well M-28-1 located in north-central 
Talladega County. Depth to water correlation with topography or well depth could not be 
determined in this aquifer. 

 Pumping rates were examined for agricultural, domestic, observation, and public supply wells 
in the Rome Formation (appendix A). The lowest pumping rate was for a domestic well in 
northeastern Calhoun County at 2 gpm (well H-36-1). The highest pumping rate was for a public 
supply well in southern Calhoun County at 1,800 gpm (well W-34-1). Specific capacity of the Rome 
Formation in the Alabama Valley and Ridge Section ranged from 0.2 to 363.6 gpm/ft. The lowest 
specific capacity was reported for a domestic well in northeastern Calhoun County at 0.2 gpm/ft 
(well H-36-1). The highest specific capacity was reported for a public supply well in northeastern 
Talladega County at 363.6 gpm/ft (well F-3-1). 

 

Figure C-108.—Hydrograph of Cleburne County, Alabama, well B-36-1, a domestic supply well  
constructed in the Shady aquifer, 1985-2010. 
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 Current static groundwater levels were determined for 10 public and domestic wells 
constructed in the Rome Formation, which is too few to provide well control for mapping the 
Rome Formation potentiometric surface. Further research is needed to define the potentiometric 
surface of the Rome Formation in the Alabama Valley and Ridge Section. 

HYDROGRAPHS AND AQUIFER DECLINE CURVES 

 The Rome Formation serves as a major water source within the Alabama Valley and Ridge. 
The aquifer is used primarily for public supply in Shelby, Calhoun, and Talladega Counties though 
several domestic wells are also in the database. Declining water levels in the aquifer were 
moderate in the only well with sufficient data available to produce a hydrograph. The cone of 
depression for the well was moderate; however, minimal change in aquifer storage is likely. 

 Well W-34-1 is a public supply well near Oxford in southern Calhoun County. Water levels for 
2012 to present were provided by the public water supplier (fig. C-109). The well is 370 ft deep 
with no further construction data known. As of the last measurement in July 2015, there was 321 
ft of water. 

CONASAUGA FORMATION 

 The Conasauga Formation conformably overlies the Rome Formation and serves as a major 
aquifer within the Alabama Valley and Ridge Section. The Conasauga Formation is found in both 
the eastern and western sections of the Alabama Valley and Ridge. Public supply, domestic, 
observation, and agricultural wells are constructed in the aquifer. Thickness of the Conasauga 

 
Figure C-109.—Hydrograph of Calhoun County, Alabama, well W-34-1, a public supply well  

constructed in the Rome aquifer, 2005-2015. 
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Formation ranges from 500 ft up to 2,600 ft (Raymond and others, 1988). Recharge to the 
Conasauga occurs primarily across Cherokee, central Etowah, and north-central St. Clair Counties 
with minor contributions in Calhoun and Talladega Counties. Water production in the unit is 
generally from secondary porosity sources such as joints and fractures.  

 The Conasauga Formation consists of limestone, dolomite, and shale of varying proportions. 
Typical exposures consist of very light-gray to dark-gray, thin- to medium-bedded and locally 
thick-bedded, finely laminated, locally intraclastic and bioturbated dolomite containing 
interbedded olive-gray to purplish-pink, locally phyllitic shale (Irvin and Bearce, 2005). Medium-
bluish-gray, mealy, cavernous chert is also found in outcrop (Irvin and Bearce, 2005). In the 
subsurface, limestone is medium-bluish-gray, fine grained, mostly thin bedded, and highly 
argillaceous in part (Raymond and others, 1988). Shales and mudstones in the lower part of the 
formation are dark-greenish-gray, dusky-yellow, and pale-olive, and locally contain interbeds of 
limestone (sometimes cherty) and rare siltstone (Raymond and others, 1988). Limestone 
interbeds are medium- to dark-gray, thin to medium bedded, micritic, argillaceous, and locally 
oolitic or oncolytic (Raymond and others, 1988). 

HYDROGEOLOGY 

WELL INFORMATION 

 The shallowest identified well is in eastern Etowah County at a depth of 62 ft (well M-25-1). 
The deepest well is in central Calhoun County at a depth of 409 ft (well S-6-1)(appendix A). The 
shallowest depth to water was 2.4 ft bls in well O-26-1 in southwest Cherokee County and the 
greatest depth to water was 39.8 ft bls in well I-25-1 in central Cherokee County. No correlation 
between depth to water, well depth, and topography could be determined in this aquifer. 

 Pumping rates are available for public, domestic, observation and irrigation wells in the 
Conasauga Formation (appendix A). The lowest pumping rate was for an observation well in 
north-central Calhoun County at 5 gpm (well L-11-1). The highest pumping rate was for a public 
supply well in northern Bibb County at 1,125 gpm (well C-11-2). The lowest specific capacity in 
this aquifer is for a domestic well located in southeastern Cherokee County at 0.3 gpm/ft (well V-
4-1). The highest specific capacity was for a public supply well in northern Bibb County at 365.3 
gpm/ft (well C-11-2).  

 Current static groundwater levels are known for 19 domestic, public, and observation wells 
constructed in the Conasauga Formation and were considered to be too few to provide adequate 
well control in the Conasauga Formation to map the potentiometric surface. 

HYDROGRAPHS AND AQUIFER DECLINE CURVES 

 The Conasauga Formation is used for public supply, agricultural, and domestic purposes. 
Declining water levels in the aquifer are minimal and isolated resulting in negligible cones of 
depression and minimal change in aquifer storage. Inactive wells in Calhoun, Cherokee, and St. 
Clair Counties were selected to generate long-term hydrographs to show the varying conditions 
related to groundwater production, drought, and seasonal fluctuations within the aquifer.  
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 Well I-4-1 is an unused well located near Piedmont in northern Calhoun County. Water levels 
were initially recorded in 1957, then semi-annually from 1968 to 1993, thence annually. 
Moderate seasonal fluctuations of 6 to 8 ft are apparent, as well as drought impacts, which 
indicates that the aquifer is not confined in this area (fig. C-110). Accounting for seasonal 
fluctuations and droughts, water levels have remained relatively stable during the period of 
record. The well is 121 ft deep and open ended. As of the last measurement in March 2016 there 
was 114 ft of water in the well. 

 Well J-29-1 is an unused well located near Cedar Bluff in central Cherokee County. Water 
levels have been measured semi-annually since 1968 through 1993, thence annually, with the 
last measurement recorded in 2010. Seasonal variations of 6 to 10 ft are apparent, as well as 
drought impacts, indicative that the aquifer is unconfined in this area (fig. C-111). Accounting for 
seasonal fluctuations and drought impacts, water levels have remained relatively stable during 
the period of record. 

BRIERFIELD DOLOMITE 

 The Brierfield Dolomite overlies the Conasauga Formation in the eastern section of the 
Alabama Valley and Ridge and serves locally as a major aquifer. Wells constructed in the Brierfield 
Dolomite include two public supply wells and two domestic wells. Thickness of the unit is up to 
1,250 ft (Raymond and Copeland, 1987). Recharge to the Brierfield Dolomite occurs in 
southwestern Shelby and northeastern Bibb Counties. Water production from the unit is 
generally from secondary porosity sources such as joints and fractures.  

 
Figure C-110.—Hydrograph of Calhoun County, Alabama, well I-4-1, an unused well  

constructed in the Conasauga aquifer, 1957-2016. 
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 The Brierfield Formation consists of dolomite with locally abundant chert. Osborne (1996) 
describes the unit as a thin sequence of medium-gray to medium-dark-gray, fine- to medium-
crystalline dolomite, thin to medium bedded, and commonly containing abundant horizontal to 
wavy laminations. The sequence is characterized by the presence of dark-colored chert that 
occurs as small irregular nodules, stringers, and cavernous chert (Osborne, 1996). 

HYDROGEOLOGY 

WELL INFORMATION 

 The shallowest identified well was in south-central Shelby County at a depth of 100 ft (well 
AA-35-1). The deepest identified well was in southern Shelby County at a depth of 255 ft (well JJ-
17-1)(appendix A). The shallowest depth to water was for well AA-35-1 at 47.7 ft bls. The greatest 
depth to water was 72 ft bls in well Q-6-1 in Bibb County. No correlation between depth to water, 
well depth, and topography could be determined in this aquifer. 

 There were only two pumping rates identified for wells in the Brierfield Dolomite (appendix 
A). The lowest pumping rate was for a public supply well in southern Shelby County at 300 gpm 
(well JJ-17-1). The highest pumping rate was for a public supply well also in southern Shelby 
County at 402 gpm (well BB-6-1). The only specific capacity measurements reported were for 
these same two wells in the Brierfield Dolomite and ranged from 16.5 gpm/ft (well JJ-17-1) to 
28.7 gpm/ft (well BB-6-1). 

 

Figure C-111.—Hydrograph of Cherokee County, Alabama, well J-29-1, an unused well  
constructed in the Conasauga aquifer, 1968-2010. 
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 Current static groundwater levels were determined for only two public wells constructed in 
the Brierfield Dolomite. As such, there is inadequate well control in the Brierfield Dolomite to 
determine the potentiometric surface and further research is needed.  

KETONA DOLOMITE 

 The Ketona Dolomite overlies the Brierfield Dolomite in the eastern section of the Alabama 
Valley and Ridge and the Conasauga Formation in the western section. Identified wells completed 
in the Ketona Dolomite include three public supply wells and more study is required to determine 
the usefulness of the unit as an aquifer. Thickness of the Ketona ranges from 250 to 
approximately 750 ft (Raymond and others, 1988). Recharge to the aquifer occurs along narrow 
bands of exposure from central Shelby County southwest to central Bibb County and from central 
Blount County southwest to southern Jefferson County. Water production from the unit is 
generally from secondary porosity sources such as joints and fractures.  

 The Ketona Dolomite consists of mostly chert free, pure dolomite. Osborne (1996) describes 
the unit as very light gray to medium-dark-gray, fine- to coarse-crystalline dolomite. Bed 
thickness ranges from medium- to massive-bedded, but thick-bedded dolomite is dominant 
(Osborne, 1996). Ward and Osborne (2004) reported 3 ft of medium-bedded dark-yellowish-
orange mudstone at the base of the Ketona Dolomite. Osborne (1996) also noted beds of 
mottled, light-medium-gray and dark-gray dolomite in the lower part of the Ketona Dolomite. 
The Ketona weathers to reddish-brown soils with no chert (Osborne, 1996). 

HYDROGEOLOGY 

WELL INFORMATION 

 The shallowest identified well is in southern Shelby County at a depth of 190 ft (well AA-21-
1). The deepest identified well is in western Shelby County at a depth of 400 ft (well M-15-1) 
(appendix A). The lowest pumping rate identified came from a public supply well in southern 
Shelby County at 110 gpm (well BB-6-2). The highest pumping rate identified also came from a 
public supply well in southern Shelby County at 404 gpm (well AA-21-1). The lowest specific 
capacity was for well BB-6-2 at 1.8 gpm/ft (well BB-6-2). The highest specific capacity was for well 
AA-21-1 at 57.7 gpm/ft. Current static groundwater levels were determined for three public wells 
constructed in the Ketona Dolomite. As such, there is inadequate well control in the Ketona 
Dolomite to determine the potentiometric surface and further research is needed.  

BIBB DOLOMITE 

 The Bibb Dolomite overlies the Ketona Dolomite in the eastern section of the Alabama Valley 
and Ridge section. Thickness of the Bibb within the Valley and Ridge is reportedly as much as 800 
ft (Osborne, 1998). Recharge to the aquifer primarily occurs along narrow bands from central 
Shelby County southwest to central Bibb County. Water production from the unit is generally 
from secondary porosity sources such as joints and fractures.  

 The Bibb Dolomite consists of siliceous dolomite characterized by locally abundant chert. 
Osborne and others (1998) describe the unit as dark-gray, thick-bedded siliceous dolomite 
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characterized by locally abundant chert with irregular cavities. The Bibb Dolomite is very similar 
to the Brierfield Dolomite, and if not for the presence of the Ketona Dolomite, the two units could 
not be differentiated (Butts, 1926). In outcrop, the Bibb Dolomite is identified by its characteristic 
cavernous chert residuum, which contains small, doubly terminated quartz crystals within vugs 
(Butts, 1926). 

 Only one well was identified in the Bibb Dolomite at a depth of 195 ft located in southern 
Shelby County (well W-2-4). This well had a pumping rate of 15 gpm and a specific capacity of 
83.3 gpm/ft. This aquifer appears to be a minor aquifer and more research is needed to 
determine its usefulness. 

KNOX GROUP 

 The Knox Group overlies the Bibb Dolomite in the eastern section of the Valley and Ridge and 
the Ketona Dolomite in the western section. The Knox Group consists of the Chepultepec and 
Copper Ridge Dolomites in the western section of the Valley and Ridge, and the Copper Ridge 
and Chepultepec Dolomites, Longview Limestone, and Newala Limestone in the eastern section 
(Raymond and others, 1988). Where indistinguishable, units are mapped as undifferentiated. The 
units of the group appear to be hydraulically connected and serve as a major aquifer in the Valley 
and Ridge. Wells identified in the unit include public supply, domestic, agricultural, industrial, and 
observation wells. Thickness of the group ranges from 1,476 to 4,225 ft (Raymond and others, 
1988). Recharge to the aquifer primarily occurs in southern Cherokee and Etowah Counties, as 
well as Calhoun and Talladega Counties. Water production from the unit is generally from 
secondary porosity sources such as joints and fractures.  

HYDROGEOLOGY 

WELL INFORMATION 

 The shallowest identified well was in central Talladega County at a depth of 57 ft (well R-18-
1) and the deepest was identified in eastern Shelby County at a depth of 470 ft (well S-6-21) 
(appendix A). Depth to water in the Knox Group ranged from less than 10 ft to over 100 ft bls. 
The shallowest depth to water well was in southern Cherokee County at 3.5 ft bls (well P-28-1). 
The greatest depth to water well was in northwestern Chilton County at 154.2 ft bls (well D-26-
16). Depth to water correlation with topography or well depth could not be determined for this 
aquifer. 

 Pumping rates in the Knox Group were examined for public, domestic, observation and 
irrigation wells (appendix A). The lowest pumping rate of 10 gpm was reported for several 
domestic wells in Talladega County (wells F-16-1, L-18-1, L-26-1, R-18-1, T-7-1). The highest 
pumping rate identified came from public supply well in northwestern Shelby County at 2,250 
gpm (well M-1-1). The lowest specific capacity was for a public supply well located in west-central 
St. Clair County at 0.1 gpm/ft (well V-27-1). The highest specific capacity was for a public supply 
well in western Tuscaloosa County at 384.6 gpm/ft (well Z-5-1). 
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 Current static groundwater levels were determined for 86 wells constructed in the Knox 
Group. The complex geology and the large geographical area of the Knox, however, yields 
inadequate well control to determine the potentiometric surface, and further research is needed.  

HYDROGRAPHS AND AQUIFER DECLINE CURVES 

 The Knox Group is a major source of groundwater in the Alabama Valley and Ridge section. 
The aquifer is used for a mix of public supply, agricultural, and domestic purposes. Declining 
water levels in the aquifer are minimal and isolated, resulting in negligible cones of depression 
and minimal change in aquifer storage. Public supply and unused wells in Talladega, Etowah, 
Shelby, and Bibb Counties were selected, based on the quantity and quality of information 
available, for construction of long-term hydrographs to show varying conditions related to 
groundwater production, drought, and seasonal fluctuations impacting the aquifer.  

 Well T-22-1 is a public supply well near Southside in southern Etowah County. The initial 
water level was recorded in 1973 at 532 ft MSL. Little annual variability has been observed in the 
short period of record for this well. Current water levels, beginning in 2012 to the present, were 
provided by the public water supplier (fig. C-112). The well is 150 ft deep with no further 
construction data known. As of the last measurement, the well contained 137 ft of water. 

 Well C-34-2 is an unused well located near Woodstock in northern Bibb County. The 
hydrograph for well C-34-2 shows an initial static water level of 429.8 ft MSL in April 1985 
followed by drought in the years 1986, 1988, and 2007 (fig. C-113). Water levels recovered from 

 

Figure C-112.—Hydrograph of Etowah County, Alabama, well T-22-1, a public supply well  
constructed in the Knox aquifer, 1973-2015. 
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both drought events. Due to lack of seasonal measurements since 1994, the current trend of the 
water levels is uncertain. As of the last measurement, the well contained 121 ft of water. 

COPPER RIDGE DOLOMITE 

 The Copper Ridge Dolomite conformably overlies the Bibb and Ketona Dolomites and serves 
as a major aquifer within the Alabama Valley and Ridge Section. Wells constructed in the Copper 
Ridge Dolomite include primarily public supply wells, though several domestic wells have also 
been identified. Thickness ranges from 970 ft up to 1,800 ft (Osborne and others, 1998). Recharge 
to the aquifer occurs along surface exposures in Jefferson, Tuscaloosa, Shelby, and Bibb Counties. 
Water production from the unit is generally from secondary porosity sources such as joints and 
fractures.  

 The Copper Ridge Dolomite consists primarily of siliceous dolomite. Osborne and others 
(1998) describe the Copper Ridge as light-gray, fine- to coarse-crystalline, thick-bedded, siliceous 
dolomite, characterized by abundant stromatolitic chert. The unit is mapped separately only in 
the Birmingham anticlinorium where overlying units in the Knox Group are absent beneath the 
post-Knox unconformity (Osborne and others, 1998). The unit is characterized in outcrop 
primarily from the very abundant chert residuum produced by the weathering of the dolomitic 
sequence (Osborne and others, 1998). The chert is typically light-colored in part, dense and 
tough, and is generally present as abundant large blocks with algal-laminated chert (Osborne and 
others, 1998).  

 
Figure C-113.—Hydrograph of Bibb County well C-34-2, an unused well  

constructed in the Knox aquifer, 1985-2016. 
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CHEPULTEPEC DOLOMITE 

 The Chepultepec Dolomite overlies the Copper Ridge Dolomite and serves as a major aquifer 
within the Alabama Valley and Ridge Section. Wells constructed in the Chepultepec Dolomite 
include primarily public supply wells, although domestic, observation, and agricultural wells are 
also identified. Raymond and others (1988) report 1,375 to 1,500 ft of Chepultepec Dolomite on 
the Helena thrust sheet. The Chepultepec is absent on most of the Birmingham anticline, where 
Middle Ordovician rocks rest directly on the Copper Ridge (Raymond, 1993). Recharge to the 
aquifer occurs primarily along narrow bands of surface exposure spanning Jefferson, St. Clair, and 
Shelby Counties. Water production from the unit generally is from secondary porosity sources 
such as joints and fractures.  

 The Chepultepec Dolomite consists of dolomite and dolomitic limestone. Osborne and others 
(1998) describe the unit as light- to dark-gray, thick- to massive-bedded, finely crystalline 
dolomite and dolomitic limestone with thin, irregular interbeds, stingers, and nodules of dense 
and cavernous chert common. Although the cavernous chert is also present in the Copper Ridge 
Dolomite, Butts (1926) suggested that the dense, tough variety of chert is more abundant in the 
Copper Ridge Dolomite and that the two units could be distinguished on that basis. Rounded 
nodular chert and bedded massive chert, however, are also common in the Chepultepec 
Dolomite, and at some localities, distinguishing the two formations on the basis of chert 
characteristics is very difficult if not impossible (Osborne and others, 1998). In this manner, the 
two formations are often mapped together as undifferentiated. The Chepultepec Dolomite 
appears in outcrop much the same as the Copper Ridge Dolomite; however, the Chepultepec 
Dolomite is noted to have fairly abundant distinctive fossils, mainly gastropods (Osborne and 
others, 1998). 

LONGVIEW LIMESTONE 

 The Longview Limestone overlies the Chepultepec Dolomite in the eastern section of the 
Valley and Ridge. Currently, no wells have been identified as completed in the Longview, and 
further study is required to determine the usefulness of the unit as an aquifer. Butts (1926) 
reported a thickness of 500 ft for the Longview Limestone within the Alabama Valley and Ridge. 
Recharge to the aquifer occurs primarily along narrow bands of surface exposure spanning 
southern Etowah County southwest into eastern Bibb County.  

 The Longview Limestone consists of cherty limestone and dolomite. Osborne and others 
(1998) describe the Longview Limestone as interbedded light- to dark-gray micritic limestone; 
light-gray dolomite; and chert nodules, stringers, and beds. Burrow-mottled dolomitic limestone 
is also typical (Raymond, 1993). Like the underlying Chepultepec and Copper Ridge Dolomites, 
the Longview Limestone is known primarily from its chert residuum (Osborne and others, 1998). 
Chert in the Longview Limestone is described as commonly dense and present as residual thin 
beds with undulatory upper surfaces or as irregular nodules (Osborne and others, 1998). The 
most characteristic feature of the Longview Limestone is the occurrence of quartz sand in much 
higher percentage than other Knox Group units (Osborne and others, 1998). The sand occurs as 
disseminated grains, thin laminae, and locally thin beds (Raymond, 1993). Identification of the 
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Longview Limestone in outcrop is confirmed by the presence of the gastropod Lecanospira (Butts, 
1926).  

NEWALA LIMESTONE 

 The Newala Limestone overlies the Longview Limestone and serves as a major aquifer in the 
eastern section of the Valley and Ridge province. Wells constructed in the Newala Limestone 
include public supply, domestic, observation, and an industrial well in Shelby County. Butts (1926) 
reports the thickness of the Newala Limestone as 100 to 800 ft in central Alabama; Osborne 
(1992) reports thickness from 500 to 1,000 ft in the Cahaba Valley. Recharge to the aquifer occurs 
along narrow bands of exposure from southern Etowah County southwest into central Bibb 
County. Water production from the unit generally is from secondary porosity sources such as 
joints and fractures.  

 The Newala Limestone is dominated by chert-free, relatively pure micritic limestone with 
minor dolomite. The limestone is typically light to medium bluish gray and medium to massive 
bedded (Osborne and others, 1998). Thin intervals of dolomite occur throughout the Newala 
Limestone, but are more common in the lower part of the formation. Dolomite is described as 
typically very light to light bluish gray, fine to coarse crystalline, and medium to thick bedded 
(Osborne and others, 1998). In the lower part of the Newala Limestone, just above the Longview 
Limestone, fine- to medium-grained, well-rounded quartz sand is commonly present as 
disseminated grains and in laminae (Osborne, 1992). In exposure, the unit is described as light-
gray to very light-gray, yellowish-gray-weathering, medium-bedded high-calcium limestone 
containing thin interbeds of coarsely crystalline light-gray dolomite that weathers to a light-
brownish-gray (Raymond, 1993). 

CHICKAMAUGA LIMESTONE 

 The Chickamauga Limestone unconformably overlies the Knox Group in the western section 
of the Alabama Valley and Ridge. A public supply well in Jefferson County and several domestic 
wells have been identified as completed in the aquifer within the Alabama Valley and Ridge 
province. Additional public supply wells constructed in the unit have been identified in adjoining 
physiographic provinces indicating the Chickamauga Limestone is a major aquifer. Thickness 
ranges from 260 to 1,100 ft (Raymond and others, 1988). Recharge to the aquifer primarily occurs 
along narrow bands of exposure spanning from northern Cherokee County southwest into 
eastern Tuscaloosa County. Water production from the unit generally is from secondary porosity 
sources such as joints and fractures.  

 The Chickamauga Limestone consists of limestone and a thin interval of local conglomerate. 
Raymond and others (1988) describe the limestone as medium to dark gray, thin to thick bedded, 
partly argillaceous and silty, and micritic to medium grained with locally abundant fossil horizons 
and thin dolomite beds in the upper and lower parts. Additionally, several prominent bentonite 
beds are present locally in the upper part of the unit (Osborne and Brewer, 2006). The 
conglomerate interval is characterized by subrounded to angular chert clasts in a clayey matrix 
at the base of the Chickamauga Limestone (Osborne and Brewer, 2006). Osborne and Brewer 
(2006) describe the unit in outcrop as light-gray, stylolitic to stylonodular limestone; dark-gray 
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micritic limestone containing disseminated fossil fragments: light-gray, medium- to coarse-
grained, cross-bedded limestone; and light-greenish-gray, thin- to thick-bedded, fenestral 
mudstone. 

HYDROGEOLOGY 

WELL INFORMATION 

 The shallowest identified well was in northern Cherokee County at a depth of 78.5 ft (well C-
27-1). The deepest identified well was in western Etowah County at a depth of 249 ft (well M-28-
1)(appendix A). The shallowest depth to water well is in western Etowah County at 11 ft bls (well 
M-28-1). The greatest depth to water well is in northern Cherokee County at 70.9 ft bls (well F-
22-1). Depth to water correlation with topography or well depth could not be determined in this 
aquifer. One well was identified in the Chickamauga Limestone in central Cherokee County (well 
F-22-1) with a pumping rate of 50 gpm. Current static groundwater levels were determined from 
a total of five domestic wells constructed in the Chickamauga Limestone, and there was 
inadequate well control in the Chickamauga Limestone to determine the potentiometric surface. 

LITTLE OAK LIMESTONE, LENOIR LIMESTONE, AND ATHENS SHALE 

 The Little Oak Limestone overlies the Newala Limestone in the eastern section of the Alabama 
Valley and Ridge. Only one well, an observation well in Calhoun County, has been identified as 
completed in the Little Oak Limestone. Osborne (1996) reported the thickness of Little Oak 
Limestone up to 1,050 ft. Recharge to the aquifer occurs along narrow bands of exposure from 
southern Etowah County southwest into central Bibb County. Water production from the unit is 
generally from secondary porosity sources such as joints and fractures.  

 The Little Oak Limestone consists of limestone containing chert nodules and local, thin 
bentonite layers in the upper part. Ward and Osborne (2004) describe the Little Oak Limestone 
as dark-gray, thin- to massive-bedded, argillaceous, micritic limestone. The unit is characterized 
by anastomosing stylonodular laminae (Ward and Osborne, 2004). In many exposures, the Little 
Oak Limestone contains small, irregular dark-gray chert nodules and stringers (Osborne, 1996). 

 The Lenoir Limestone is a minor aquifer in the eastern Alabama Valley and Ridge that is 
mapped along with the Little Oak Limestone as undivided. For the purposes of this report, the 
Lenoir Limestone is considered to be part of the Little Oak Limestone aquifer. Additionally, the 
Athens Shale in the eastern Valley and Ridge is mapped along with the Lenoir as undivided but is 
locally mapped as a separate unit. For the purposes of this report, the Athens Shale is not 
considered a viable aquifer. 

 No wells were identified with pumping rates or specific capacity measured and a 
potentiometric surface map could not be constructed because of a lack of well information. More 
research is needed to determine the usefulness of the unit as an aquifer.  
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SEQUATCHIE FORMATION, COLVIN MOUNTAIN SANDSTONE, 
AND GREENSPORT FORMATION UNDIFFERENTIATED 

 The Sequatchie Formation, Colvin Mountain Sandstone, and Greensport Formation 
undifferentiated overlies the Chickamauga Limestone in the western section of the Alabama 
Valley and Ridge and the Athens Shale in the eastern section. No wells have been identified as 
constructed in these units or in the separated Sequatchie Formation, and more study is required 
to determine the usefulness of these formations as aquifers.  

 Raymond and others (1988) describe the Greensport Formation as variegated, dusky-red and 
yellowish-brown siltstone, micritic limestone, and shale containing irregular lenses of fine-
grained sandstone. Bedding is even and regular, ranging from 6 inches to 2 ft (Raymond and 
others, 1988). Thickness of the Greensport is 200 to 250 ft (Raymond and others, 1988). Recharge 
to the unit occurs along thin, isolated bands of exposure in eastern Cherokee, southern Etowah, 
and northern St. Clair counties. 

 The Colvin Mountain Sandstone is described as light to very light orthoquartzitic, slightly iron-
stained, thick- and thin- bedded, often massive, medium- to coarse-grained, well-sorted 
sandstone containing local concentrations of small pebbles (Raymond and others, 1988). Two 
layers of light-gray to greenish-gray, very sandy bentonite are near the top of the formation 
(Raymond and others, 1988). Thickness ranges from 15 to 75 ft and averages 70 ft (Raymond and 
others, 1988).  

 In the eastern section of the Valley and Ridge, the Sequatchie Formation is described as 
siltstone, sandstone, and shale; dusky-red and olive-gray in the lower part, and gray to grayish-
green calcareous siltstone and dolomite in the upper part (Raymond and others, 1988). In the 
western section, the Sequatchie Formation is described as calcareous laminated mudstone, 
mottled reddish-gray to green and yellow and containing interbeds of medium to coarsely 
crystalline locally fossiliferous limestone; and bedding is 1 inch to 2 ft thick (Raymond and others, 
1988). Thickness is up to 200 ft in the Alabama Valley and Ridge (Raymond and others, 1988). 

RED MOUNTAIN FORMATION 

 The Red Mountain Formation overlies the Sequatchie Formation in the Alabama Valley and 
Ridge section. Only one well, a domestic well in Cherokee County, has been identified as 
completed in the Red Mountain Formation. More study is required to determine the usefulness 
of the unit as an aquifer because of the lack of data. Thickness of the unit ranges from 95 to 590 
ft (Raymond and others, 1988). Recharge to the aquifer occurs along narrow bands of exposure 
spanning from eastern Cherokee County southwest into eastern Tuscaloosa County. Water 
production from the unit is generally from secondary porosity sources such as joints and 
fractures.  

 The Red Mountain Formation consists of sandstone, siltstone, and shale with some sandy 
limestone also present. Raymond and others (1988) describe the Red Mountain as dark-reddish-
brown to olive-gray siltstone, sandstone and shale, also containing hematite beds 5 to 30 ft thick 
with thin beds of limestone present locally. In outcrop, the sandstone and siltstone are variably 
colored and include numerous shades of grayish-red, grayish-orange, and greenish-gray. The 
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sandstone is very fine- to fine-grained, partly fossiliferous and ferruginous, and variably bedded, 
although thin- to medium-bedding is most common, with ripples, horizontal laminae, and low-
angle crossbeds noted (Ward and Osborne, 2006). The Red Mountain Formation is also variably 
colored, but is commonly gray where unweathered (Raymond and others, 1988).  

FROG MOUNTAIN FORMATION AND CHATTANOOGA SHALE 

 The Frog Mountain Formation overlies the Red Mountain Formation in the eastern section of 
the Alabama Valley and Ridge section. No wells have been identified as completed in this unit 
and more study is required to determine the usefulness of the unit as an aquifer. Thickness ranges 
from 0 to 213 ft within the Alabama Valley and Ridge (Raymond and others, 1988). Recharge to 
the aquifer primarily occurs at isolated exposures in northern Cherokee County and western 
Calhoun County. Water production from the unit generally is from secondary porosity sources 
such as joints and fractures. 

 The Frog Mountain Formation consists of sandstone with shale interbeds, limestone, and 
local chert in the lower part. Osborne and Brewer (2006) describe the Frog Mountain as poorly 
sorted quartzose sandstone and interbedded clay and argillaceous fossiliferous limestone with 
some interbedded chert and clay. The sandstone overlies a bed of gray chert that is less than 1 ft 
thick and represents the base of the formation (Ward and Osborne, 2006). In outcrop, the unit is 
described as gray to brown clay and light-greenish-gray claystone that contains interbedded light-
grayish-brown sandstone (Osborne and others, 1998). The Chattanooga Shale in the Alabama 
Valley and Ridge is mapped along with the Frog Mountain Formation as undifferentiated but as 
a separate unit in places. For the purposes of this report, the Chattanooga Shale is not considered 
a viable aquifer. 

TUSCUMBIA LIMESTONE AND FORT PAYNE CHERT UNDIFFERENTIATED 

 The Tuscumbia Limestone and Fort Payne Chert undifferentiated overlies the Chattanooga 
Shale in the Alabama Valley and Ridge section and serves as a major aquifer in the area. Wells 
constructed in the aquifer are primarily public supply wells, though domestic, observation, and 
industrial wells are also noted. The Fort Payne Chert is up to 207 ft thick and the Tuscumbia 
Limestone is described as up to 250 ft thick (Raymond and others, 1988). Recharge to the units 
within the Valley and Ridge is primarily along narrow bands of exposure spanning southern 
Cherokee County southwest to central Shelby County. Water production from the unit is 
generally from secondary porosity sources such as joints and fractures.  

 The Fort Payne Chert consists of limestone with abundant irregular chert nodules and beds. 
Commonly present below the Fort Payne Chert is a minor shale unit (Maury Formation) which is 
mapped with the Tuscumbia Limestone and Fort Payne Chert undifferentiated. Raymond and 
others (1988) describe the Fort Payne Chert as dark-gray to light-gray finely crystalline to 
microcrystalline siliceous limestone and smoky chert in irregular beds and nodules and locally 
includes dark shale or light-gray coarse bioclastic limestone in lenses. Exposures of the unit 
consist of thin- to locally medium-bedded, medium- to dark-gray limestone and dark-bluish-gray 
chert that commonly weathers grayish orange to dark yellowish orange (Osborne, 2004). Bedding 
surfaces are commonly undulatory, giving the chert a nodular appearance (Osborne, 2004). 
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 Raymond and others (1988) describe the Tuscumbia Limestone as light-gray bioclastic or 
micritic, partly oolitic limestone in beds that generally are more than 1 ft thick; massive 
crossbedded very coarse bioclastic crinoidal limestone beds as much as 10 ft thick locally; and 
abundant light-gray and white chert nodules and concentrically banded "concretionary" chert 
locally. In outcrop, the unit is described as medium-gray, bioclastic (crinoidal) limestone 
containing irregular dark-gray chert nodules and stringers (Osborne, 2006). 

HYDROGEOLOGY 

WELL INFORMATION 

 The shallowest identified well was in west-central Cherokee County at a depth of 109 ft (well 
I-29-1). The deepest identified well was in northern Bibb County at a depth of 405 ft (well C-24-
1)(appendix A). The shallowest depth to water was 2 ft bls for well LL-34-1 in southeastern 
Jefferson County. The greatest depth to water was for well W-23-1 in northeastern Jefferson 
County at 157 ft bls. Depth to water correlation with topography or well depth could not be 
determined in this aquifer. 

 The lowest pumping rate was for a public supply well in northwestern Calhoun County at 167 
gpm (well G-18-1). The highest pumping rates rate was also for a public supply well in Jefferson 
County at 1,500 gpm (well W-23-1). The lowest specific capacity well in this aquifer is located in 
northeastern Jefferson County and was determined for a public supply well at 8.1 gpm/ft (well 
JEF-2). The highest specific capacity in this aquifer was for a public supply well (well R-20-2) 
located in northeastern St. Clair County at 91.4 gpm/ft. 

 Current static groundwater levels were determined from 22 domestic, industrial, public, and 
observation wells constructed in the Tuscumbia Limestone and Fort Payne Chert 
undifferentiated. A potentiometric surface map of the Tuscumbia Limestone and Fort Payne 
Chert could not be determined because of inadequate well control.  

HYDROGRAPHS AND AQUIFER DECLINE CURVES 

 The Tuscumbia/Fort Payne aquifer is a major source of groundwater locally within the 
Alabama Valley and Ridge. The aquifer is used primarily for public supply purposes; however, 
industrial and domestic wells are also noted. Declining water levels in the aquifer are minimal to 
moderate and isolated, resulting in negligible cones of depression and minimal change in aquifer 
storage. An industrial supply well in Jefferson County and a public supply well in Cherokee County 
were selected for construction of long-term hydrographs to show varying conditions related to 
groundwater production, drought, and seasonal fluctuations impacting the aquifer.  

 Well F-5-1 is an industrial supply well located near Little River in northern Cherokee County. 
The hydrograph for well F-5-1 shows no significant decline or gain from the initial static water 
level of 705.3 ft MSL in May 1968 through the most recent measurement of 703.9 ft in April 2016 
(fig. C-114). The hydrograph shows seasonal variations of 16 to 31 ft, which along with the 
droughts, indicates the aquifer is not confined in the area. The well is 318 ft deep with no further 
construction data known. As of the last measurement in April 2016, the well contained 304 ft of 
water. 
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HARTSELLE SANDSTONE AND PRIDE MOUNTAIN FORMATIONS 

 The Hartselle Sandstone and Pride Mountain Formations overlie the Tuscumbia Limestone 
and Fort Payne Chert undifferentiated in the Alabama Valley and Ridge Section and serves as a 
major aquifer in the area. Currently, only public supply wells have been identified as completed 
in the aquifer within the Alabama Valley and Ridge. The Hartselle Sandstone ranges in thickness 
up to 150 ft and the Pride Mountain Formation ranges up to 480 ft (Raymond and others, 1988). 
Recharge to the aquifer occurs along narrow bands of exposure spanning from central Etowah 
County southwest to southern Jefferson County. Water production from the unit is generally 
from secondary porosity sources such as joints and fractures.  

 The Hartselle Sandstone consists of sandstone with interbedded shale. Ward and Osborne 
(2004) describe the Hartselle Sandstone as light- to medium-gray, very fine to fine-grained, thin- 
to medium-bedded, well-cemented quartzose sandstone with dark-gray shale interbeds near the 
top of the unit. In outcrop, Irvin and others (2006) describe the unit as white to pinkish-tan, fine- 
to coarse-grained, thin- to thick-bedded, porous, and friable quartzose sandstone with ripple 
marks and crossbedding.  

 The Pride Mountain Formation consists of shale and a variable combination of sandstone and 
limestone in the lower part. Raymond and others (1988) describe the Pride Mountain Formation 
as medium- to dark-gray fissile clay shale containing abundant siderite nodules and rare pyrite, 
interbedded locally with blocky, dusky-red and green mudstone, calcareous clay shale and shaly 
argillaceous limestone, with one to three units of a variable combination of sandstone and 
limestone. The description of the unit in outcrop is variable depending on the section present.  

 
Figure C-114.—Hydrograph of Cherokee County, Alabama, well F-5-1, a domestic supply well  

constructed in the Tuscumbia/Ft. Payne aquifer, 1968-2016. 
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HYDROGEOLOGY 

WELL INFORMATION 

 The shallowest identified well was in northeastern Jefferson County (well L-24-2) at a depth 
of 158 ft. The deepest identified wells were in southern St. Clair County and eastern Jefferson 
County, respectively, both at a depth of 312 ft (wells Q-20-1 and W-24-1)(appendix A). The 
shallowest depth to water was 27.5 ft bls in well L-13-4 in northeastern Jefferson County. The 
greatest depth to water well was 137 ft bls in well X-12-1 in southern St. Clair County. Correlation 
of depth to water with topography or well depth could not be determined in this aquifer.  

 The lowest pumping rate was for a domestic well in east-central Jefferson County at 174 gpm 
(well L-24-3). The highest pumping rate was for a public supply well in northeastern Jefferson 
County at 2,000 gpm (well L-13-3)(appendix A). The lowest specific capacity calculated for this 
aquifer, 8.1 gpm/ft, was for well L-24-3. The highest specific capacity well in this aquifer is a public 
supply well (well W-24-1) located in east-central Jefferson County with a value of 35 gpm/ft. The 
lowest specific capacity measurement in the Pride Mountain Formation, 12.9 gpm/ft, was taken 
in a public supply well in east-central Jefferson County (well L-13-1). The highest specific capacity 
measurement in the Pride Mountain aquifer, 146.2 gpm/ft, was made in a public supply well 
located in east-central Jefferson County (well L-12-1).  

 Current static groundwater levels were identified for 7 public and domestic wells constructed 
in the Hartselle Sandstone and 4 public wells constructed in the Pride Mountain Formation. There 
is inadequate well control in each formation to produce a potentiometric surface map. Further 
research is required to determine an accurate potentiometric surface for the unit.  

FLOYD SHALE 

 The Floyd Shale overlies the Hartselle Sandstone and Pride Mountain Formation 
undifferentiated in the Alabama Valley and Ridge Section and serves as a major aquifer in the 
area. Wells identified as constructed in the aquifer include both public supply and domestic wells. 
The Floyd Shale ranges in thickness up to 2,000 ft (Raymond and others, (1988). Recharge to the 
aquifer occurs at isolated exposures in eastern Cherokee County as well as along narrow bands 
of exposure spanning from northern Calhoun County southwest to central Bibb County. Water 
production from the unit is generally from secondary porosity sources such as joints and 
fractures.  

 The Floyd Shale consists of shale with thin beds of sandstone, limestone, and chert locally. 
Thomas (1972) described the Floyd as predominately dark-gray clay shale containing intervals of 
brittle, black clay shale, with siderite nodules common in the dark-gray shale and sideritic 
claystone nodules abundant in the black shale intervals. The unit is poorly exposed in outcrop 
due to poor resistance to weathering.  
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HYDROGEOLOGY 

WELL INFORMATION 

 Depths of identified wells constructed in the Floyd Shale varied from less than 100 ft to over 
200 ft (appendix A). The shallowest identified well is in southwestern Calhoun County at a depth 
of 70 ft (well P-22-1). The deepest identified well is in northeastern St. Clair County at a depth of 
264 ft (well J-20-1). The shallowest depth to water was 16 ft bls in well P-22-1 in southwestern 
Calhoun County. The greatest depth to water was 97 ft bls in well X-14-1 in south-central St. Clair 
County. Correlation of depth to water with topography or well depth could not be determined in 
this aquifer.  

 Pumping rates were examined for public, domestic, observation, and irrigation wells in the 
Floyd Shale (appendix A). The lowest pumping rate was for a domestic well in southwestern 
Talladega County at 6 gpm (well N-9-1). The highest pumping rate identified was found in a public 
supply well in northeastern St. Clair County at 950 gpm (well J-20-1). There were only two specific 
capacity values identified for wells in the Floyd Shale. The lowest specific capacity well (N-9-1) 
was located in west-central Calhoun County and had a value of 1 gpm/ft. The highest specific 
capacity well (J-20-1), a public supply well, was located in northeastern St. Clair County and had 
a value of 29.2 gpm/ft. 

BANGOR AND MONTEAGLE LIMESTONES 

 The Bangor and Monteagle Limestones overlie the Floyd Shale in the western section of the 
Alabama Valley and Ridge section and serves as a major aquifer in the area. Wells identified in 
the aquifer include public supply, agricultural, and domestic wells. The Bangor Limestone ranges 
in thickness from 0 to 700 ft in the Alabama Valley and Ridge while the Monteagle ranges from 
200 to 300 ft (Raymond and others, 1988). Recharge to the aquifer primarily occurs along narrow 
bands of exposure spanning from northern Cherokee County southwest to central Jefferson 
County where the Bangor Limestone is mapped individually. Water production from the unit is 
generally from secondary porosity sources such as joints and fractures. 

 The Bangor Limestone consists of limestone with interbedded mudstone in the upper part. 
Raymond and others (1988) describe the Bangor Limestone as medium- to medium-light-gray, 
medium-bedded, primarily bioclastic and oolitic limestone; locally including micrite, shaly 
argillaceous limestone, calcareous clay shale, and earthy dolostone. Mudstone interbeds are 
described as dusky-red to olive-green and blocky (Raymond and others, 1988). Typical outcrops 
are described as light- to locally dark-gray, crossbedded, bioclastic and oolitic limestone and very 
similar to the Monteagle Limestone (Osborne, 2007).  

 The Monteagle Limestone consists of limestone, dolomite, and shale. Raymond and others 
(1988) describe the unit as light-gray crossbedded oolitic limestone, with massive beds more than 
10 ft thick that are interbedded with beds of micrite, bioclastic limestone, dolostone, and 
dolomitic limestone; argillaceous limestone; and greenish-gray and medium-gray clay shale.  



 

401 

HYDROGEOLOGY 

WELL INFORMATION 

 The shallowest identified well was in northeastern Etowah County at a depth of 89 ft (well B-
25-1). The deepest identified well is in northeastern Jefferson County at a depth of 320 ft (well L-
33-1)(appendix A). The shallowest depth to water well is in northeastern Jefferson County at 31.2 
ft bls (well L-24-6). The greatest depth to water well is also in northeastern Jefferson County at 
57.5 ft bls (well L-13-2).  

 Pumping rates were examined for public wells in the Bangor Limestone (appendix A). The 
lowest pumping rate identified was for well L-33-1 at 230 gpm while the highest pumping rate 
identified was also found in a public supply well in northeastern Jefferson County at 1,200 gpm 
(well L-24-1). The only two specific capacities in the database are for these same two wells, 5.6 
gpm/ft and 21.7 gpm/ft, respectively.  

HYDROGRAPHS AND AQUIFER DECLINE CURVES 

 The Bangor and Monteagle Limestones serve as a major water source within the Alabama 
Valley and Ridge. The aquifer is predominantly used for public supply, although several domestic 
and agricultural wells are also noted. Declining water levels in the aquifer are minimal and 
isolated, resulting in negligible cones of depression and minimal change in aquifer storage. The 
GSA real-time well Jeff-1 was selected, based on the quantity and quality of information available, 
to generate a long-term hydrograph to illustrate the varying conditions related to groundwater 
production, drought, and seasonal fluctuations within the aquifer. 

 Well Jeff-1 is a GSA real-time monitoring well located near Bessemer in southern Jefferson 
County. The hydrograph for well Jeff-1 shows an increasing water level trend from the initial 
static water elevation of 583 ft MSL in June 1954 to 620 ft MSL in May 1981 (fig. C-115). Water 
level increased steadily at the rate of 1.4 ft/yr with a total increase of 27 ft. The water level has 
remained relatively static, with the exception of seasonal variation, through the most recent 
measurement in October 2016. The hydrograph shows seasonal variations of 12 to 20 ft 
indicating that the aquifer is not confined in the area. The well is 140 ft deep and further 
construction information is not known. As of the last measurement in October 2016, the well 
contained 111 ft of water. 

PARKWOOD FORMATION AND FLOYD SHALE UNDIFFERENTIATED 

 The Parkwood Formation and Floyd Shale undifferentiated overlies the Bangor Limestone in 
the western section of the Alabama Valley and Ridge. The Floyd Shale is described previously in 
the report. The Parkwood Formation is a major aquifer in the Alabama Valley and Ridge with 
public supply, domestic, and agricultural wells completed in the unit. Thickness is up to 2,500 ft 
(Raymond and others, 1988). Recharge to the aquifer occurs along a band of exposure spanning 
from northern Calhoun County southwest to eastern Bibb County. Water production from the 
unit is generally from secondary porosity sources such as joints and fractures. 

 The Parkwood Formation undifferentiated consists of shale, sandstone, local mudstone and 
limestone, and minor coal. Raymond and others (1988) describe the Parkwood Formation 
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undifferentiated as medium- to dark-gray silty clay shale and mudstone, interbedded with light- 
to medium-gray very fine- to fine-grained argillaceous, micaceous, and locally crossbedded and 
ripple-marked sandstone, with common nodules and thin nodular beds of siderite, especially in 
the lower part of the formation. Sandstone units generally range from 10 to 50 ft in thickness, 
but locally are as much as 150 ft thick. Beds of medium- to dark-gray argillaceous, bioclastic, and 
cherty limestone; interbeds of blocky dusky-red and grayish-green mudstone; and beds of clayey 
coal a few inches thick are also present. In exposure, the dominant lithology of the Parkwood 
Formation undifferentiated is medium- to dark-gray silty clay shale and mudstone (Thomas, 
1972). Bedding ranges from fissile to apparently massive, and parts of the section exhibit a 
splintery weathering (Thomas, 1972).  

PARKWOOD AND PENNINGTON FORMATIONS UNDIFFERENTIATED 

 The Parkwood and Pennington Formations undifferentiated overlie the Parkwood Formation 
and Floyd Shale undifferentiated in the western section of the Alabama Valley and Ridge. The 
Parkwood Formation is described in the previous section of the report. Currently, no wells have 
been identified as completed in the Pennington Formation. Further study is required to 
determine the usefulness of the unit as an aquifer because of the lack of data. Thickness of the 
Pennington ranges from 150 to 550 ft (Raymond and others, 1988). Recharge to the aquifer 
within the Valley and Ridge occurs along thin bands of exposure spanning from northern 
Cherokee County southwest to southern Etowah County. Water production from the unit is 
generally from secondary porosity sources such as joints and fractures. 

 
Figure C-115.—Hydrograph of Jefferson County, Alabama, well JEF-1, a GSA real-time monitoring well  

constructed in the Bangor aquifer, 1954-2016. 
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 The Pennington Formation consists of shale, limestone, dolomite, sandstone, mudstone, and 
minor coal. Raymond and others (1988) describe the unit as gray clay shale, containing interbeds 
of dusky-red and olive-gray mudstones; bioclastic, oolitic, and micritic limestones; 
microcrystalline dolostone; argillaceous sandstone; and carbonaceous claystone and shaly coal. 
In outcrop, the Pennington Formation is varied because of complex composition, but is generally 
similar to the Parkwood (Raymond and others, 1988).  

 Only two wells were located that were completed in the Parkwood and Pennington 
Formations undifferentiated of the Alabama Valley and Ridge (appendix A). The shallowest well 
is in central St. Clair County at a depth of 176 ft (well W-24-1). The deepest well is also in central 
St. Clair County at a depth of 400 ft (well W-36-1). The shallowest depth to water was 6.1 ft for 
well W-36-1, the greatest depth to water was 47.7 ft bls for well W-24-1. Depth to water 
correlation with topography or well depth could not be determined in this aquifer. There was 
only one well (W-24-1) that had information for a pumping rate (205 gpm) and specific capacity 
(5.69 gpm/ft).  

 Current static groundwater levels were located for five public, domestic, and agricultural 
wells constructed in the Parkwood and Pennington Formations undifferentiated. There is 
inadequate well control in the Parkwood and Pennington Formations undifferentiated to 
determine the potentiometric surface and further research is needed.  

POTTSVILLE FORMATION 

 The Pottsville Formation overlies the Parkwood Formation in the Alabama Valley and Ridge 
and serves as a major aquifer in the area. Only domestic (low yield) wells have been identified as 
completed in the Pottsville within the Alabama Valley and Ridge, yet numerous public supply 
wells have been identified in other physiographic provinces indicating major aquifer potential. 
The thickness of the Pottsville within the Alabama Valley and Ridge ranges up to 9,000 ft 
(Raymond and others, 1988). Recharge to the aquifer occurs along exposures spanning from 
southern DeKalb and northern Cherokee Counties southwest to central Shelby and northern Bibb 
Counties. Water production from the unit is generally from secondary porosity sources such as 
joints and fractures. 

 The Pottsville is a hydrogeologically complex formation. It is divided into upper and lower 
lithologies and into individual members within these lithologies. The lower Pottsville members 
include the Shades Sandstone and the Pine Sandstone in both the Cahaba and Coosa synclinoria. 
These units consist of light-gray, thick-bedded to massive, pebbly quartzose sandstone containing 
varying amounts of interbedded dark-gray shale, siltstone, and thin discontinuous coal (Osborne, 
1996). The upper Pottsville members include the Chestnut Sandstone, Rocky Ridge Sandstone, 
and the Straven Conglomerate in the Cahaba synclinorium, as well as the Wolf Ridge Sandstone 
and the Straight Ridge Sandstone in the Coosa synclinorium. These units consist of interbedded 
dark-gray shale, siltstone, medium-gray sandstone, and coal.  

SHADES SANDSTONE MEMBER 

 The Shades Sandstone Member overlies the Parkwood Formation in both the Cahaba and 
Coosa synclinoria. The Shades Sandstone member consists predominately of very light-gray, very 
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fine- to coarse-grained quartzose sandstone that is dominantly medium or coarse grained and 
weathers yellowish-gray (Osborne, 1996). The sandstone is characterized by large-scale 
crossbedding and local channel-fill with horizontally laminated or rippled sandstone present 
locally (Osborne, 1996). The Shades Sandstone member is between 100 and 400 ft thick within 
the Alabama Valley and Ridge (Osborne, 1996). 

PINE SANDSTONE MEMBER 

 The Pine Sandstone Member overlies the Shades Sandstone Member in both the Cahaba and 
Coosa synclinoria. The Pine Sandstone Member consists predominately of very light-gray 
quartzose sandstone that weathers to yellowish-gray (Osborne, 1996). The sandstone is very fine 
to coarse grained, but mostly medium to coarse grained (Osborne, 1996). Crossbedding is 
dominant but horizontally laminated and ripple laminated sandstone is locally present (Osborne, 
1996). The unit is between 250 and 600 ft thick within the Valley and Ridge (Osborne, 1996). The 
top of the Pine Sandstone Member is mapped as the top of the lower Pottsville Formation. 

CHESTNUT SANDSTONE MEMBER 

 The Chestnut Sandstone Member is the basal member of the upper Pottsville Formation 
within the Cahaba synclinorium. The Chestnut Sandstone member consists predominately of 
light-gray quartzose to slightly lithic, fine- to medium-grained sandstone (Osborne, 1996). The 
unit is characterized by thin to medium planar bedding dominated by horizontal laminae, with 
ripple laminations locally present and crossbedding rare (Osborne, 1996). The Chestnut 
Sandstone Member is up to 125 ft thick in the Alabama Valley and Ridge Section (Osborne, 1996). 

ROCKY RIDGE SANDSTONE MEMBER 

 The Rocky Ridge Sandstone Member overlies the Chestnut Sandstone Member in the Cahaba 
synclinorium. The Rocky Ridge Sandstone Member is very lithic and commonly weathers light-
brown to greenish-gray (Ward and Osborne, 2004). Crossbedding is common and the sandstone 
is fine to coarse grained and locally conglomeratic in the lower part (Ward and Osborne, 2004). 
The Rocky Ridge Sandstone Member is 50 to 100 ft thick within the Alabama Valley and Ridge 
Section (Ward and Osborne, 2004). 

STRAVEN CONGLOMERATE MEMBER 

 The Straven Conglomerate Member is the uppermost member of the Pottsville Formation 
within the Cahaba synclinorium. The Straven Conglomerate Member is described as reddish-
brown to medium-gray, medium- to thick-bedded, medium- to coarse-grained, pebbly, lithic 
sandstone and polymictic conglomerate (Ward and Osborne, 2004). The conglomerates contain 
1- to 8-inch clasts of varicolored chert, sandstone, schist, quartzite, volcanic rocks, granitic rocks, 
and quartz (Osborne, 1996). The Straven Conglomerate Member is 40 to 100 ft thick in the 
Alabama Valley and Ridge Section (Osborne, 1996). 

STRAIGHT RIDGE SANDSTONE MEMBER 

 The Straight Ridge Sandstone Member is the basal member of the upper Pottsville Formation 
within the Coosa synclinorium. The Straight Ridge Sandstone Member consists of fine- to 
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medium-grained lithic sandstone weathered grayish-red and grayish-orange-brown (Osborne, 
1996). The sandstone is dominantly crossbedded with mudstone chips locally present on foresets 
(Osborne, 1996). The Straight Ridge Sandstone Member is 50 to 100 ft thick in the Alabama Valley 
and Ridge Section (Osborne, 1996).  

WOLF RIDGE SANDSTONE MEMBER 

 The Wolf Ridge Sandstone Member is the uppermost member of the Pottsville Formation 
within the Coosa synclinorium. The Wolf Ridge Sandstone Member consists of very light-gray, 
fine- to medium-grained quartzose sandstone (Osborne, 1996). Crossbeds are the dominant 
sedimentary structure and the unit is 50 to 100 ft thick in the Alabama Valley and Ridge Section 
(Osborne, 1996).  

HYDROGEOLOGY 

WELL INFORMATION 

 The shallowest identified well in the Valley and Ridge Pottsville Formation was in northern 
Bibb County at a depth of 55 ft (well B-16-1).The deepest identified well was in western Shelby 
County at a depth of 520 ft (well B-26-1) (appendix A). The shallowest depth to water was 14.7 ft 
bls for well B-16-1 and the greatest depth to water was 113.2 ft bls for well H-35-1 in northeastern 
Jefferson County. There was only one pumping rate found in the Pottsville Formation. This was 
for a domestic well (B-16-1) located in northern Bibb County with a pumping rate of 21 gpm. The 
specific capacity of this same well was 1.05 gpm/ft. 

 Current static groundwater levels were determined for seven domestic wells constructed in 
the Pottsville Formation and as such there is inadequate well control in the Pottsville Formation 
to determine the potentiometric surface. Further research is needed to determine the 
potentiometric surface of the Pottsville Formation in the Alabama Valley and Ridge Section. 
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PIEDMONT UPLAND SECTION 

by Amye S. Hinson and Sophia M. Rutledge  
with Geology by Dane S. VanDervoort  

 The Piedmont Upland physiographic section consists of a series of northeast-southwest 
trending ridges and low-rolling hills occupying the crystalline core of the southernmost 
Appalachian Mountains in east-central Alabama (fig. C-116; plate 103) (Fenneman, 1938; Sapp 
and Emplaincourt, 1975). This hydrologically complex region contains three main aquifers 
defined on the basis of rock type and texture: (1) felsic metaigneous rocks, (2) metasedimentary 
and bimodal metaigneous rocks, and (3) mafic metaigneous rocks (Moore, 1992; Guthrie and 
DeJarnette, 1994; Guthrie and others, 1994). These three aquifer types comprise 16 
hydrogeologic units characterized by unconfined heterogeneous two-component systems 
consisting of fractured crystalline bedrock and overlying regolith (Guthrie and others, 1994). The 
complex variety and distribution of these hydrogeologic units results in heterogeneous aquifer 
systems and anisotropic groundwater flow paths (Baker, 1957; Guthrie and others, 1994). 

 In the Piedmont Upland, the water table generally occurs in the regolith of topographic lows 
and in the bedrock of topographic highs (Guthrie and others, 1994). Groundwater movement is 
controlled by several factors, including the amount and distribution of recharge; topography; 
rock type; and, number, size, and pattern of bedrock fractures (Baker, 1957). Bedrock fractures, 
which grow as a result of weathering and solution, are the main channels for groundwater flow 
and greatly influence its movement and occurrence (Guthrie and others, 1994). Due to the 
bedrock’s lack of permeability and primary porosity, groundwater must first travel through the 
overlying regolith until it reaches a fracture; however, once the groundwater reaches the bedrock 
surface, it travels primarily along parallel fracture systems. Groundwater flow still occurs in 
nonparallel fracture systems, but to a lesser degree (Guthrie and others, 1994). Because it is 
difficult for groundwater to penetrate the bedrock surface, higher-yield wells generally occur in 
the regolith of topographic lows (Baker, 1957; Guthrie and others, 1994).  

 Information from 127 wells was evaluated in this hydrogeologic assessment of the Piedmont 
Upland (fig. C-117). The majority of these wells are used as domestic water supply sources due 
to the relatively low yields encountered in the Piedmont Upland. There has been historical use 
of public supply wells in the Piedmont Upland and currently only two are active. In this 
assessment the wells are mapped as one unit (metasedimentary and metavolcanic aquifer). 
However, further research, including the collection of water samples from wells in known 
aquifers in the region and the measurement of water levels to search for similarities and 
disparities, should be conducted in order to verify the validity of this assumption. 

 The Piedmont Upland province comprises an area of greater than 5,000 square miles in east-
central Alabama (plate 103). Included in this province are all or parts of Calhoun, Chambers, 
Chilton, Clay, Cleburne, Coosa, Elmore, Lee, Macon, Russell, Shelby, Talladega, and Tallapoosa 
Counties.  
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Figure C-116.—Piedmont Upland stratigraphic column (modified from Raymond and others, 1988). 



 

409 

 The Northern Piedmont Upland is noted to be a wide uplifted peneplain characterized by a 
dissected surface containing mature main streams and many late-youth tributary systems (Baker, 
1957). The land surface ranges from about 1,100 ft MSL in northern Cleburne County to about 
500 ft MSL in the south, near Mitchell Lake. Near its contact with the Alabama Valley and Ridge 
section, the northern part of the Piedmont comprises a strongly dissected northeasterly trending 
monoclonal ridge (Baker, 1957). The Talladega Mountains form a prominent northeastward-
trending ridge that includes Cheaha Mountain (2,407 ft MSL), the highest point in Alabama. Near 
Ashland in Clay County, the northern part of the Piedmont Upland is more typical of a plateau 
topography, with streams generally incised 100 to 300 ft below the plateau level (Baker, 1957). 
Surface drainage in the Northern Piedmont Upland is to the south towards the Tallapoosa River, 
to the southwest towards the Coosa River, and to the east towards the Chattahoochee River 
(Kopaska-Merkel and others, 2000). 

 
Figure C-117.—Piedmont Upland well distribution and type. 
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 The physiography changes gradually in a transition zone between the Northern and Southern 
Piedmont Upland. The Southern Piedmont Upland has the rolling topography characteristic of a 
dissected peneplain in a stage of advanced erosional maturity (Chandler and Lines, 1974). The 
land surface ranges in elevation from greater than 900 ft MSL in the north to less than 500 ft MSL 
in the south and averages about 800 ft MSL. Surface drainage in the southern part of the 
Piedmont Upland is generally to the southwest towards the Tallapoosa River and to the southeast 
towards the Chattahoochee River (Kopaska-Merkel and others, 2000). 

 The rocks of the Piedmont Upland are stratigraphically and structurally complicated, and their 
age, derivation, and structural evolution remains poorly understood (see Higgins and others, 
1988). Adams (1926) was the first to define the stratigraphy of the Piedmont Upland by grouping 
the rocks into informal metamorphic belts and formal units (Kopaska-Merkel and others, 2000). 
Subsequent workers (i.e., Osborne and others, 1988; Steltenpohl and others, 1990b) regrouped 
and renamed many of the rocks using their structural, mineralogical, and textural variations 
(Kopaska-Merkel and others, 2000). The Precambrian-Paleozoic stratigraphy of the Piedmont 
Upland in the study area is subdivided into three lithotectonic subprovinces: the Northern 
Piedmont, the Inner Piedmont, and the Southern Piedmont. Each of these subprovinces is bound 
by a major regional fault and each contains distinct lithostratigraphic and/or lithodemic units 
(Raymond and others, 1988). The metamorphic grade of the Piedmont Upland increases from 
low-grade greenschist-facies in the northwest to high-grade granulite-facies in the southeast 
(Adams, 1926).  

 Several major faults and lines of metamorphic discontinuity cut the metamorphic units 
originally described by Adams (see Bentley and Neathery, 1970; Neathery and Tull, 1975). The 
Talladega-Cartersville fault system separates the Piedmont Upland province from the Valley and 
Ridge province to the northwest. The Hollins Line, Goodwater-Enitachopco, and Alexander City-
Omaha are other major fault systems or metamorphic discontinuities in the Northern Piedmont. 
These structures are interpreted as major structural discontinuities resulting from the movement 
of metamorphic rock of one grade over that of another grade (Tull, 1978; Steltenpohl and Moore, 
1988; Steltenpohl and others, 2013). 

 The Brevard fault zone, Towaliga fault zone, and Bartletts Ferry-Goat Rock fault zone are 
major structural features in the southern half of the Piedmont. The Brevard and Bartletts Ferry-
Goat Rock faults dip southeast (Bentley and Neathery, 1970). The Towaliga fault zone dips 
northwest (Steltenpohl, 1988).  

 Bedrock is exposed at the surface in some areas, but most of the study area is covered by 
regolith (Kopaska-Merkel and others, 2000). Regolith, also known as saprolite, is decomposed 
untransported weathered bedrock that retains some characteristics of the original material. In 
much of the Piedmont Upland, the regolith extends to depths of 50 to 100 ft (Kopaska-Merkel 
and others, 2000). 
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NORTHERN PIEDMONT 

 The Northern Piedmont is composed of parautochthonous Precambrian- to Early Paleozoic-
aged metasedimentary and metaplutonic rocks structurally bound between the Talladega-
Cartersville fault system in the northwest and the Brevard fault zone in the southeast (fig. C-118) 
(Thomas and Neathery, 1980). Internally, the Northern Piedmont includes the three regional 
structural blocks: the northern Talladega block, the central Coosa block, and the southern 
Tallapoosa block; and one major regional fault zone: the Brevard fault zone, which juxtaposes 
the Tallapoosa block with the Inner Piedmont (Bentley and Neathery, 1970; Thomas and 
Neathery, 1980). 

TALLADEGA BLOCK 

 The Talladega block comprises a parautochthonous sequence of low-grade greenschist-facies 
metamorphosed rocks structurally bound between the Talladega-Cartersville fault system in the 
northwest and the Hollins Line fault in the southeast (Warren, 1969; Tull, 1982; Guthrie, 1985; 
Tull and others, 1988). The northwestern limit of the Talladega block is the Talladega-Cartersville 
fault system, which separates low-grade greenschist-facies rocks of the Kahatchee Mountain 
Group, Sylacauga Marble Group, Heflin Phyllite, Talladega Group, and Hillabee Greenstone from 
incipiently metamorphosed and unmetamorphosed sedimentary rocks of the Valley and Ridge 
province (Raymond and others, 1988). Foliations in these rocks generally dip to the southeast at 
angles of 30 to 60 degrees and the average thickness of regolith ranges from about 20 ft on 
hilltops and hillsides to about 35 ft in valleys (Tull, 1978; Kopaska-Merkel and others, 2000). 

KAHATCHEE MOUNTAIN GROUP 

 The stratigraphically lowest unit of the Talladega block is the autochthonous Kahatchee 
Mountain Group (Tull, 1982; Guthrie, 1985). The Kahatchee Mountain Group, which is correlative 
to the Chilhowee Group in the Valley and Ridge province, includes, in ascending order, the 
Waxahatchee Slate, Brewer Phyllite, Stumps Creek Formation, and Wash Creek Slate (Tull, 1982; 
Guthrie, 1985). The Waxahatchee Slate is a dark-gray to grayish-green, thin-bedded, micaceous 
metasiltstone, slate, and fine-grained quartzite (Carrington, 1964; Tull, 1982; Guthrie, 1985). The 
Brewer Phyllite consists of an interbedded sequence of dusty-red micaceous slate and phyllite, 
arkosic quartzite, metasiltstone, and light- to medium-gray argillaceous, silty to siliceous calcite 
and dolomite marble, phyllite, and quartzite (Carrington, 1964; Tull, 1982; Guthrie, 1985). The 
Stumps Creek Formation consists of an interbedded sequence of green to grayish-green cross-
laminated micaceous, feldspathic, and arenaceous metasiltstone, sandstone, and phyllite 
(Warren, 1969; Carrington, 1973; Tull, 1982; Guthrie, 1985). The Wash Creek Slate consists of 
grayish-green to black partly graphitic slate and metasiltstone interbedded with light-gray to 
light-brown locally conglomeratic arkosic metasandstone and quartzite (Carrington, 1964; Tull, 
1982; Guthrie, 1985).  
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Figure C-118.—Generalized geology of the Piedmont Upland. 
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SYLACAUGA MARBLE GROUP 

 Conformably overlying the Kahatchee Mountain Group is the autochthonous Sylacauga 
Marble Group (Tull, 1985). The Sylacauga Marble Group consists of a sequence of white to 
medium-gray, locally cherty marble, interbedded with minor quartzite, metagraywacke, and 
phyllite (Power, 1964; Cook, 1982; Pendexter, 1982; Tull, 1982, 1985). The Sylacauga Marble 
Group, which is correlative to the Cambrian-Ordovician Shady Dolomite through Knox Group in 
the Valley and Ridge province, includes, in ascending order, the Jumbo Dolomite, Fayetteville 
Phyllite, Shelvin Rock Church Formation, Gooch Branch Chert, and Gantts Quarry Formation (Tull 
and others, 1988). The Jumbo Dolomite is a light- to medium-gray thin- to thick-bedded and 
locally silty dolomitic marble (Pendexter, 1982; Tull, 1982, 1985). The Fayetteville Phyllite is a 
dusky-red to medium-gray phyllite and slate interbedded with light-brown to light-gray 
feldspathic metasiltstone, fine-grained metasandstone, and dolomitic marble (Tull, 1985). The 
Shelvin Rock Church Formation is a moderate-pink to light-gray calcitic and locally dolomitic 
marble (Tull, 1985). The Gooch Branch Chert is a light-gray to white massive to moderately 
foliated metachert containing interbeds of light-gray to light-brown dolomitic marble (Tull, 1985). 
The Gantts Quarry Formation is a white and pale-blue to light-gray calcitic marble locally 
interbedded with dolomitic marble and thin phyllite layers (Tull, 1985). 

HEFLIN PHYLLITE 

 Uncomfortably overlying the Sylacauga Marble Group are the superposed allochthonous 
metaclastic rocks of the Heflin Phyllite (Cook, 1982; Tull, 1978). The Heflin Phyllite is a grayish-
green to medium-bluish-gray thinly laminated calcareous phyllite interbedded with minor 
greenish-gray poorly sorted fine- to coarse-grained quartzite and locally dolomitic marble 
(Bearce, 1973, 1985; Neathery, 1973; Cook, 1982; Tull, 1982).  

TALLADEGA GROUP 

 Uncomfortably overlying the Kahatchee Mountain Group, Sylacauga Marble Group, and 
Heflin Phyllite are the allochthonous rocks of the Talladega Group (Shaw, 1970; Tull, 1982). The 
Talladega Group includes in ascending order the Lay Dam Formation, Butting Ram 
Sandstone/Cheaha Quartzite, and undifferentiated units of the Jemison Chert and Chulafinnee 
Schist (Carrington, 1964; Bearce, 1973; Neathery, 1973, Tull, 1982; Cook, 1982). The lowermost 
unit of the Talladega Group is the Lay Dam Formation (Bearce, 1973; Carrington, 1973; Tull, 
1982). The Lay Dam Formation is a thick, irregularly bedded sequence of metamorphosed arkosic 
and calcareous litharenites and sublitharenites, carbonaceous pelites, and thin carbonate; near 
its base, however, the Lay Dam Formation is a diamictite that rests unconformably atop the 
Jumbo Dolomite (Bearce, 1973; Carrington, 1973; Tull, 1982). The Lay Dam Formation includes 
the Cheaha Quartzite Member and Miller Mill Quartzite Member (Bearce, 1973; Cook, 1982; Tull, 
1982). The Cheaha Quartzite Member is a white to light-gray coarse-grained, conglomeratic, 
thick-bedded quartzite (Carrington, 1964; Bearce, 1973; Cook, 1982; Tull, 1982). The Miller Mill 
Quartzite Member of Lay Dam Formation is a white to medium-gray medium- to coarse-grained, 
locally conglomeratic, quartzose to feldspathic quartzite (Carrington, 1973).  

 Conformably overlying the Lay Dam Formation is the Butting Ram Sandstone/Cheaha 
Quartzite; the Butting Ram Sandstone/Cheaha Quartzite, together with the underlying Lay Dam 
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Formation, is most likely equivalent (same age/lithology, but different metamorphic facies) to 
the Devonian Frog Mountain Formation of the Valley and Ridge (Tull, 2002). The Butting Ram 
Sandstone/Cheaha Quartzite is a white to light-bluish-gray medium- to coarse-grained, locally 
conglomeratic thick-bedded quartzose sandstone (Carrington, 1964; Tull, 1982). In the southwest 
part of the Talladega block, the Butting Ram Sandstone/Cheaha Quartzite grades into the 
overlying Jemison Chert, whereas its equivalent, the Cheaha Quartzite, grades into the overlying 
Erin Slate in the northeast (Tull, 2002). The Jemison Chert/Erin Slate consist of an interbedded 
sequence of fine- to medium-grained, light- to dark-greenish-gray to yellowish-orange 
argillaceous metachert and highly graphitic phyllite and slate that are likely equivalent to the 
Chattanooga Shale of the Valley and Ridge (Neathery, 1975; Tull, 1982, 2002).  

HILLABEE GREENSTONE 

 The Talladega Group is structurally overlain by the allochthonous bimodal metavolcanic rocks 
of the Hillabee Greenstone (Neathery and others, 1975; Tull and others, 1978, Tull and Stow, 
1979, 1982; Stow, 1982; Tull, 1982). The Hillabee Greenstone comprises a suite of interlayered 
massive fine-grained pale-green to light-olive-brown greenstone, mafic phyllite, chlorite schist, 
and felsic metavolcanic rocks (quartz dacites) (Neathery and others, 1975; Tull and others, 1978; 
Tull and Stow, 1979, 1982; Stow, 1982; Tull, 1982; Stow and Tull, 1982).  

COOSA BLOCK 

 The Coosa block consists of an allochthonous sequence of lower to middle greenschist-facies 
metasedimentary and metaplutonic rocks structurally bound between the Hollins Line fault in 
the northwest and the Goodwater-Enitachopco fault in the southeast (Tull, 1978; Thomas and 
Neathery, 1980; Raymond and others, 1988). The Goodwater-Enitachopco fault is a major zone 
of structural discontinuity that divides the Coosa block into two subregional salients, with each 
containing similar lithologies and comparable structural and metamorphic styles (Tull, 1978; 
Thomas and Neathery, 1980). The northeastern salient is divided into the Poe Bridge Mountain 
Group, Ketchepedrakee Amphibolite, and Mad Indian Group, and the southwest salient is divided 
into the Higgins Ferry Group, Mitchell Amphibolite, and the Hatchett Creek Group (Neathery, 
1975; Tull, 1978; Thomas and Neathery, 1980). Foliation planes in these rocks generally dip to 
the southeast at angles between 30 to 60 degrees (Neathery and Reynolds, 1975). 

POE BRIDGE MOUNTAIN GROUP 

 The Poe Bridge Mountain Group consists of an interlayered sequence of coarse- to fine-
grained feldspathic and graphitic schist and gneiss that contains local graphitic and/or 
garnetiferous quartzite, pegmatite, and small isolated bodies of pyroxenite, metanorite, 
metagabbro, and hornblendite (Neathery, 1975; Cook and others, 1982).  

KETCHEPEDRAKEE AMPHIBOLITE 

 The Ketchepedrakee Amphibolite is a dark-green to black fine- to coarse-grained, thin-
layered to massive amphibolite mixed with a zone of chlorite actinolite schist (Neathery, 1975).  
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MAD INDIAN GROUP 

 The Mad Indian Group consists an interlayered sequence of fine-grained feldspathic biotite 
gneiss and medium- to coarse-grained muscovite-biotite-garnet schist that is locally retrograded 
to chlorite-garnet-quartz-sericite schist (Neathery, 1975; Neathery and Reynolds, 1975). 

HIGGINS FERRY GROUP 

 The Higgins Ferry Group consists of an interbedded sequence of thinly layered, coarse- to 
fine-grained feldspathic and/or garnetiferous and graphitic gneiss, schist, quartzite, and thin 
amphibolite and pyroxenite bodies (Neathery, 1975; Tull 1978).  

MITCHELL DAM AMPHIBOLITE 

 The Mitchell Dam Amphibolite is a dark-green to black fine- to coarse-grained, thin-layered 
to massive hornblende-actinolite amphibolite (Neathery, 1975; Rheams and others, 1986).  

HATCHET CREEK GROUP 

 The Hatchet Creek Group consists of an interbedded sequence of coarse- to fine-grained ± 
staurolite-albite-biotite-sericite-quartz-muscovite schist and gneiss (Hanover Schist) and fine- to 
medium-grained feldspathic and locally garnetiferous gneiss (Pinchoulee Gneiss) (Neathery, 
1975). 

TALLAPOOSA BLOCK 

 The Tallapoosa block consists of an allochthonous sequence of middle to upper amphibolite-
facies metasedimentary and metaplutonic rocks bound between the Goodwater-Enitachopco 
fault in the northwest and the Katy Creek fault of the Brevard fault zone in the southeast (Bentley 
and Neathery, 1970; Neathery and Reynolds, 1975). The Tallapoosa block contains two distinctly 
different metasedimentary sequences, the Wedowee Group and the Emuckfaw Group, 
separated along the Devonian-aged dextral strike-slip Alexander City fault (Bentley and Neathery, 
1970; Neathery and Reynolds, 1973, 1975; Neathery, 1975; Steltenpohl and others, 2013). 
Foliation planes in these rocks generally dip to the southeast at angles of 30 to 90 degrees and 
regolith thickness of 50 ft or more is common in upland draws and concave slopes adjacent to 
streams (Kopaska-Merkel and others, 2000). 

WEDOWEE GROUP 

 The Wedowee Group is the most areally extensive unit in the Tallapoosa block (Neathery and 
Reynolds, 1973, 1975). The Wedowee Group consist of a largely undifferentiated sequence of 
interbedded graphitic and sericitic phyllite, mylonitic schist, sheared amphibolite (Beaverdam 
Amphibolite), and Devonian- to Carboniferous-aged granitic intrusives (the Hissop Granite, Bluff 
Springs Granite, Elkahatchee Quartz Diorite Gneiss, Rockford Granite, and Almond Trondhjemite) 
(Bentley and Neathery, 1970; Neathery and Reynolds, 1973, 1975; Russell, 1978). The 
Hackneyville Schist member of the Wedowee Group is an interbedded sequence of medium- to 
coarse-grained feldspathic and/or graphitic schist and quartzite (Bentley and Neathery, 1970; 
Neathery, 1975; Neathery and Reynolds, 1973, 1975). The Cornhouse Schist member of the 
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Wedowee Group is a multiply foliated medium- to coarse-grained garnetiferous schist locally 
interbedded with feldspathic quartzite (Neathery, 1975; Neathery and Reynolds, 1973, 1975).  

 Interlayered within the Wedowee Group are a series of elongate masses of sheared and 
retrograded amphibolite named the Beaverdam Amphibolite (Bentley and Neathery, 1970; 
Neathery, 1975; Neathery and Reynolds, 1973, 1975). The Beaverdam Amphibolite is a thin-
layered to massive fine- to coarse-grained hornblende amphibolite that has been extensively 
sheared and folded and is locally retrograded to feldspathic actinolite-tremolite-chlorite schist 
(Bentley and Neathery, 1970; Neathery, 1975; Neathery and Reynolds, 1973, 1975).  

 The Hissop Granite is a strongly lineated mesocratic to leucocratic granite to granodiorite 
(Deininger, 1975; Green and Cook, 1987). The Bluff Springs Granite is a locally foliated medium-
grained leucocratic quartz diorite to quartz monzonite (Neathery and Reynolds, 1975; Deininger, 
1975; Size and Dean, 1987). The Elkahatchee Quartz Diorite Gneiss is a fine- to coarse-grained, 
massive to strongly foliated and locally sheared, mesocratic to melanocratic granodiorite 
(Wampler and others, 1970; Deininger, 1975; Moore and others, 1987). The Rockford Granite is 
a fine- to medium-grained strongly peraluminous and locally pegmatitic granite, trondhjemite, 
and granodiorite (Wampler and others, 1970; Deininger, 1975; Drummond 1987a, 1987b; 
Drummond and Allison, 1987). The Almond Trondhjemite is a fine- to medium-grained, light-gray 
to locally white leucocratic trondhjemite that locally contains abundant muscovite, biotite, and 
epidote (Bentley and Neathery, 1970; Neathery and Reynolds, 1975; Tull, 1987; Size and Dean, 
1987; Defant and others, 1987). 

EMUCKFAW GROUP 

 The Emuckfaw Group in the southern part of the Tallapoosa block consists of a largely 
undifferentiated sequence of metagraywacke, graphitic and aluminous schist, quartzite, 
amphibolite, and Ordovician- to Silurian-aged Zana Granite and Kowaliga Gneiss intrusives 
(Neathery, 1975; Neathery and Reynolds, 1975; Steltenpohl and others, 2005; Hawkins and 
others, 2013. The Glenloch Schist member of the Emuckfaw Group consists of an interbedded 
sequence of medium-grained muscovite-biotite-feldspar schist, fine-grained muscovite-biotite-
quartz-feldspar gneiss, graphite-garnet-muscovite schist, quartzite, and occasional thin 
amphibolite and rare ultramafic pods (Neathery, 1975; Neathery and Reynolds, 1975). The Zana 
Granite is a strongly gneissic and elongate quartz monzonite to granite intrusive body cut by small 
pegmatites and aplite dikes (Bentley and Neathery, 1970; Deininger, 1975; Bieler and Deininger, 
1987; Russell and others, 1987). The Kowaliga Gneiss is a coarse-grained granodiorite to quartz 
monzonite containing large potassic-feldspar augen (Bentley and Neathery, 1970; Deininger, 
1975; Russel, 1975; Bieler and Deininger, 1987; Russell and others, 1987).  

BREVARD FAULT ZONE 

 The Brevard fault zone is a greater than two-mile wide zone of strongly to weakly deformed 
metasiliciclastic and metapelitic rocks (Jacksons Gap Group) juxtaposing the metasedimentary 
and metaplutonic rocks of the Northern Piedmont Tallapoosa block with the metavolcanic, 
metaplutonic, and minor metasedimentary rocks of the Inner Piedmont (Bentley and Neathery, 
1970). Foliation planes in the Brevard fault zone generally dip southeast at angles between 30 
and 60 degrees (Bentley and Neathery, 1970). 
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JACKSONS GAP GROUP 

 The Jacksons Gap Group consists of an allochthonous sequence of upper greenschist to lower 
amphibolite-facies graphitic button-schist, phyllonite, blastomylonite, and mylonitic quartzite 
structurally bounded between the Abanda fault in the northwest and Katy Creek fault in the 
southeast (Bentley and Neathery, 1970; Steltenpohl and others, 1990b). About halfway across 
the Piedmont, the rocks of the Brevard fault zone abruptly trend southward and the 
metasedimentary nature of the Jacksons Gap Group becomes recognizable (Bentley and 
Neathery, 1970). 

INNER PIEDMONT 

 The Inner Piedmont subprovince, structurally above the Brevard shear zone, comprises a 
suspect terrane of late Cambrian-Middle Ordovician-aged metavolcanic, metaplutonic, and 
metasedimentary rocks that extends throughout much of the southernmost Appalachians 
(Bentley and Neathery, 1970; Hatcher, 1987; Horton and others, 1989; Hatcher and others, 2007; 
Steltenpohl and others, 1990b; VanDervoort and others, 2015). In Alabama, rocks that lie 
between the Brevard and Towaliga fault zones have traditionally been assigned to the Inner 
Piedmont (see Bentley and Neathery, 1970). More recent work by Steltenpohl (2005), however, 
documents that some units previously correlated to the Inner Piedmont (i.e., the Opelika 
Complex) are, in fact, a continuation of the Northern Piedmont lithologies around the hinge of 
the shallowly northeast-plunging Tallassee synform, thus only the Dadeville Complex is 
considered to have a true Inner Piedmont affinity (fig. C-118) (Bentley and Neathery, 1970). 
Foliation planes in these rocks generally dip to the southeast at angles between 30 to 90 degrees 
on the northern side of the Tallassee Synform and generally dip to the northwest at angles 
between 30 to 60 degrees on the southern side of the Tallassee Synform (Bentley and Neathery, 
1970; Steltenpohl and others, 1990b). 

DADEVILLE COMPLEX 

 The Dadeville Complex consists of a thick (>3.7 mi) klippe of middle to upper amphibolite-
facies, metavolcanic, metaplutonic, and minor metasedimentary rocks structurally bound 
between the Katy Creek fault of the Brevard zone in the northwest and the Stonewall Line fault 
in the southeast (Bentley and Neathery, 1970; Steltenpohl and others, 1990). Individual units of 
the Dadeville Complex include the Rock Mills Granite Gneiss, Camp Hill Gneiss, Waverly Gneiss, 
Waresville Formation, Ropes Creek Amphibolite, Agricola Schist, and various unnamed ultramafic 
and mafic rocks (Bentley and Neathery, 1970; Bentley and others, 1971; Brown and Cook, 1981). 
The Rock Mills Granite Gneiss is a coarse- to medium-grained, locally epidote-rich, biotite granite 
gneiss that contains thin, small amphibolite bodies (Bentley and Neathery, 1970; Neilson, 1987). 
The Camp Hill Gneiss is a coarse- to medium-grained, locally biotite-rich, foliated granite to 
tonalitic gneiss that contains thin amphibolite pods and lenses (Bentley and Neathery, 1970; 
Neilson, 1987). The Waverly Gneiss is a feldspathic biotite-hornblende gneiss containing thin 
interlayered amphibolite, calc-silicate rock, garnet quartzite, and muscovite schist (Bentley and 
Neathery, 1970; Bentley and others, 1971). The Waresville Formation consists of an interlayered 
suite of banded amphibolite, chlorite schist, chlorite amphibolite, chlorite-actinolite schist, 
chlorite quartzite and actinolite quartzite (Bentley and Neathery, 1970). The Ropes Creek 
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Amphibolite is a layered and massive amphibolite, containing locally hornblende migmatite and 
ultramafic pods (Bentley and Neathery, 1970; Brown and Cook, 1981). The Agricola Schist is a 
locally migmatitic biotite ± garnet ± sillimanite-feldspar-quartz schist, interlayered with thin-
bedded dark-brown hornblende amphibolite and pegmatitic (Bentley and Neathery, 1970).  

SOUTHERN PIEDMONT 

 Southeast of the Dadeville Complex, structurally below the Stonewall Line fault, are the 
allochthonous rocks of the Southern Piedmont Opelika Complex, Pine Mountain block, and 
Uchee block (fig. C-123) (Bentley and Neathery, 1970; Bentley and others, 1971; Steltenpohl and 
others, 1990a, Steltenpohl, 2005). Internally, the Southern Piedmont includes two major regional 
fault zones: the Towaliga fault zone, which separates the Opelika Complex from the Pine 
Mountain block, and the Bartletts Ferry-Goat Rock fault zone, which separates the Pine Mountain 
block from the Uchee block (Bentley and Neathery, 1970). Foliation planes in rocks north of the 
Towaliga fault zone generally dip to the northwest at angles between 30 to 90 degrees (Bentley 
and Neathery, 1970; Steltenpohl, 1988; Steltenpohl and others, 1990a). Foliation planes in rocks 
south of the Towaliga fault zone generally dip to the southeast at angles between 30 to 90 
degrees (Bentley and Neathery, 1970; Steltenpohl, 1988; Steltenpohl and others, 1990a, 2010) 

OPELIKA COMPLEX 

 The Opelika Complex consists of an interlayered sequence of middle to upper amphibolite-
facies metasedimentary sequence structurally bound between the Stonewall Line fault in the 
northwest and the Towaliga fault zone in the southeast (Bentley and Neathery, 1970; Bentley 
and others, 1971; Steltenpohl and others, 1990a). Individual units of the Opelika Complex include 
the Loachapoka Schist, Auburn Gneiss, and Bottle Granite (Bentley and Neathery, 1970; 
Steltenpohl and others, 1990a). The Loachapoka Schist is muscovite-quartz schist that locally 
contains biotite-garnet-muscovite schist and minor quartzite (Bentley and Neathery, 1970; 
Bentley and others, 1971; Sears and others, 1981; Steltenpohl and others, 1990a). The Auburn 
Gneiss is a fine-grained, locally pegmatitic, biotite-oligoclase gneiss intermixed with coarse- to 
very-coarse grained muscovite-biotite schist (Bentley and Neathery, 1970; Bentley and others, 
1971; Sears and others, 1981; Steltenpohl and others, 1990a). The Bottle Granite consists of a 
series of fine- to medium-grained well-foliated quartz monzonite to granite plutons in the Opelika 
Complex (Bentley and Neathery, 1970; Bentley and others, 1971; Sears and others, 1981; 
Steltenpohl and others, 1990a).  

TOWALIGA FAULT ZONE 

 The Towaliga fault zone is a 4.5- to 6.0-mile-wide zone of brittlely and plastically deformed 
rocks juxtaposing the Opelika Complex in the northwest with the Pine Mountain block in the 
southeast (Bentley and Neathery, 1970; Bentley and others, 1971; Sears and others, 1981). Rocks 
within this fault zone include mylonite, blastomylonite, mylonite gneiss, mylonite schist, mylonite 
quartzite, microbreccia, and scattered tectonic slices of the quartzite-marble-schist sequence of 
the Pine Mountain Group (Bentley and Neathery, 1970; Bentley and others, 1971; Sears and 
others, 1981). 
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PINE MOUNTAIN BLOCK 

 The Pine Mountain block consist of an older granulite-facies Grenville basement complex 
(Wacoochee Complex) and a younger middle to upper amphibolite-facies attached 
metasedimentary cover sequence (Pine Mountain Group) structurally bound between the 
Towaliga fault zone in the northwest and the Bartletts Ferry-Goat Rock fault zone in the southeast 
(Bentley and Neathery, 1970; Bentley and others, 1971; Steltenpohl and Moore, 1988; 
Steltenpohl and others, 2010). Regolith thickness ranges from 10 to 200 ft and averages about 
50 ft in the Pine Mountain block (Kopaska-Merkel and others, 2000). 

WACOOCHEE COMPLEX 

 Individual units of the Wacoochee Complex include the Phelps Creek Gneiss and Whatley Mill 
Gneiss, (Bentley and Neathery, 1970; Schamel and others, 1980; McDaniel, 1981; Steltenpohl and 
others, 2010). The Phelps Creek Gneiss is a strongly foliated, and in part cataclastic, light- to 
medium-gray granite and quartz monzonite gneiss (Bentley and others, 1971). The Whatley Mill 
Gneiss is a variably mylonitized medium- to coarse-grained biotite-muscovite gneiss containing 
very coarse-grained potassic-feldspar augen (Bentley and Neathery, 1971; Schamel and others, 
1980; Sears and Cook, 1984; Steltenpohl and Moore, 1988).  

PINE MOUNTAIN GROUP 

 The overlying younger metasedimentary rocks of the Pine Mountain Group consists of, from 
stratigraphic bottom to top, the Halawaka Schist, Hollis Quartzite, Chewacla Marble, and 
Manchester Schist (Bentley and Neathery, 1970; Sears and others, 1981; Steltenpohl, 1988; 
Steltenpohl and others, 2010). The Halawaka Schist consists of an interlayered sequence of 
feldspathic muscovite-biotite schist and quartz-diorite gneiss that contains local lenses of 
muscovite-graphite schist and thin irregular amphibolite (Bentley and others, 1971). The Hollis 
Quartzite is a well-sorted, aluminous metasandstone that contains minor amounts of muscovite, 
microcline and sulfide minerals (Bentley and Neathery, 1970; McDaniel, 1981; Steltenpohl and 
Moore, 1988). The Chewacla Marble is a light-gray to yellowish-gray fine- to coarse-grained and 
locally dolomitic marble (Bentley and Neathery, 1970; Bentley and others, 1971). The 
Manchester Schist consists of an interlayered sequence of locally garnetiferous, graphitic and/or 
feldspathic muscovite-quartz schist and quartzite (Bentley and Neathery, 1970; Sears and others, 
1981; Steltenpohl and Moore, 1988; Steltenpohl and others, 2010).  

BARTLETTS FERRY-GOAT ROCK FAULT ZONE 

 The Bartletts Ferry-Goat Rock fault zone is an up to 8 km (~5 mi) wide zone of brittlely and 
plastically deformed rocks juxtaposing the Pine Mountain block in the northwest with the Uchee 
block in the southeast (Bentley and Neathery, 1970; Bentley and others, 1971). The zone includes 
blastomylonite, porphyroclastic-blastomylonite, mylonite, ultramylonite, mylonite gneiss, and 
minor units of mylonitic amphibolite (Bentley and Neathery, 1970; Bentley and others, 1971).  

UCHEE BLOCK 

 The Uchee block is the southernmost structural block of the Alabama Piedmont (Bentley and 
Neathery, 1970; Bentley and others, 1971; Raymond and others, 1988). It is bound in the north 
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by the Bartletts Ferry-Goat Rock fault zone and in the south is covered by Upper Cretaceous 
sediments of the East Gulf Coastal Plain (Bentley and Neathery, 1970; Bentley and others, 1971).  

UCHEE COMPLEX 

 The Uchee Complex is composed of the Motts Gneiss, the Moffits Mill Schist, the Phenix City 
Gneiss, and the Hospilika Granite (Bentley and Neathery, 1970; Bentley and others, 1971). The 
Motts Gneiss is a leucocratic quartz-rich diorite pencil gneiss (Bentley and Neathery, 1970; 
Bentley and others, 1971). The Moffits Mill Schist consists of an interlayered sequence of biotite-
epidote-muscovite-quartz schist and fine- to medium-grained metagraywacke and quartzite 
(Bentley and Neathery, 1970; Bentley and others, 1971). The Phenix City Gneiss is a highly 
contorted coarse-grained sequence of biotite-epidote quartz diorite gneiss and biotite-
hornblende gneiss and locally migmatitic epidote-biotite amphibolite (Bentley and Neathery, 
1970; Bentley and others, 1971). The Hospilika Granite is a massive epidote-muscovite quartz 
diorite to granodiorite intrusive body within in the Motts Gneiss and Phenix City Gneiss (Bentley 
and Neathery, 1970; Bentley and others, 1971). 

HYDROGEOLOGY 

WELL INFORMATION 

 A total of 127 wells completed in the Piedmont Upland were used for the assessment (fig. C-
117). Not all parameters were available for all wells due to a lack of well records. Because of the 
complexity of the formations and terminology associated with formations in the Piedmont, wells 
and well information is described in general terms. Further research would be needed to 
adequately associate wells with geologic formations beyond what is described. Well depths vary 
in the Piedmont based on the occurrence of fractures and the thickness of the overburden. 
Because of the complexity of formations in the Piedmont, many of the aquifers are not 
adequately represented by wells. There were 88 wells analyzed in the Northern Piedmont 
lithotectonic subprovince, 25 wells in the Inner Piedmont lithotectonic subprovince, and 8 wells 
in the Southern Piedmont lithotectonic subprovince. 

 The shallowest well in the Northern Piedmont lithotectonic subprovince, O-22-1 located in 
Randolph County northwest of Roanoke, was constructed in Glenloch Schist to a depth of 21.5 
ft. The deepest well was well GG-1-1 in Talladega County southeast of Sylacauga at a depth of 
697 ft and is constructed in the Gantts Quarry Formation (appendix A).  

 The shallowest well in the Inner Piedmont lithotectonic subprovince, Q-16-1 located in 
Chambers County southwest of Huguley, was constructed in the Waverly Gneiss. The deepest 
well identified, V-7-1 in Tallapoosa County, was north of East Tallassee at a depth of 365 ft and 
was constructed in the Camp Hill Granite Gneiss (appendix A).  

 The Southern Piedmont lithotectonic subprovince had the fewest number of wells evaluated 
in the Piedmont region, and further research is needed to present more accurate descriptions of 
well depths. Well R-14-2 located northwest of Beauregard was constructed to depth of 148 ft in 
the Whatley Mill Gneiss. Well X-5-1 southwest of Smith’s Station in Lee County was constructed 
to a depth of 405 ft in the Phenix City Gneiss (appendix A).  
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 Current depth to water in the Piedmont province varied from 0 ft at land surface to more 
than 150 ft bls (appendix A), with depth to water varying based on the fracture zones of each 
individual well. Well G-17-1, southeast of Woodland in Randolph County had a depth to water at 
the land surface. The deepest measured water level of 156 ft bls was measured in well GG-1-1 
near Gantts Quarry in Talladega County. 

 Production yields were previously evaluated by Guthrie and others (1994). Pump test data 
for wells measured during this assessment were not provided on drilling reports, therefore, the 
wells from Guthrie and others (1994) were used (appendix B). Pumping rates of 1,012 wells were 
used from the previous investigation and mapped, classifying well yields into three categories; 
less than 10 gpm, 10 to 100 gpm, and more than 100 gpm (plate 104). Of the 1,012 wells analyzed, 
56 percent of the wells had yields less than 10 gpm, 43 percent of the wells had yields from 10 to 
100 gpm, and 1 percent of wells had yields greater than 100 gpm. Well yields were highest in 
valleys and lowest on hilltops (Guthrie and others, 1994). The vast majority of wells in the 
Piedmont are domestic, small yield wells and currently only 12 public supply wells are active in 
the Piedmont (Chilton, Lee, Randolph, and Talladega Counties).  

 Adequate well control is not available to give a comprehensive description of the specific 
capacities of wells constructed in the Piedmont province. Of the wells evaluated, only 18 had 
sufficient pump data to calculate specific capacities. Well A-28-1, a public supply well located 
southwest of Delta in Clay County and completed in the Mad Indian Group, had a specific capacity 
of 0.14 gpm/ft. Well S-27-4, a public supply well located southwest of Auburn near the Lee and 
Macon County line in Lee County and constructed in the Hollis Quartzite, had a specific capacity 
of 96 gpm/ft (appendix A). 

GROUNDWATER LEVEL AND IMPACTS 

 Due to the variability in the time frame of the water level measurements for initial water 
levels (when the well was constructed), a snapshot of water levels from 2010 through 2016 were 
used to map the current potentiometric surface for the Piedmont. Current static groundwater 
levels were determined for 114 domestic, public, observation, industrial, and agricultural wells 
constructed in the Piedmont (plate 105). The Piedmont aquifers are structurally and 
hydrologically complex (Kopaska-Merkel and others, 2000) with water tending to flow through 
cracks in the crystalline rocks following the path of least resistance. Groundwater flows down 
from the ridges into the valleys and out to the nearest waterbodies, closely following the 
topography. Due to the intrinsic nature of the crystalline rocks, groundwater level impacts are 
not readily identifiable, with water levels closely tied to precipitation. 

HYDROGRAPHS AND AQUIFER DECLINE CURVES 

 The Piedmont is the only aquifer source in east-central Alabama, but due to the nature of the 
geology of the Piedmont, water is only available through fractures, which in some instances, do 
not produce adequate water supply needs for uses other than domestic supplies. Wells were 
analyzed using hydrograph decline curve analysis to show varying conditions related to drought 
and seasonal fluctuations impacting the Piedmont aquifer, provided there was sufficient data 
available to generate long-term hydrographs. Production-related water level declines were not 
observed because of so few public supply wells in the Piedmont. Many of the wells exhibit some 
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drought impacts because they were constructed to less than 50 ft bls. Also, due to their shallow 
depth, these wells are more susceptible to surface conditions and activities including land use 
practices, precipitation, and water withdrawal. 

 Well S-17-1, a domestic supply well and part of the GSA periodic monitoring program, is 
located northeast of Hollis Crossroads in Cleburne County in the Ketchepedrakee Amphibolite of 
the Piedmont. Water levels were recorded semi-annually from 1985 to 1993, thence annually. 
Initially, the well was measured in the spring and fall producing good wet and dry season 
fluctuations of nearly 15 ft on the hydrograph, indicative that the Piedmont is unconfined in this 
area. Following 1994, the well was only measured in the fall (fig. C-119). Water levels appear 
stable with respect to seasonal fluctuations. Well S-17-1 is 46.5 ft deep and open ended. As of 
the last water level measured in May 2016 there was 25.5 ft of water in the well. 

 Well RAN-1, an unconfined GSA real-time well near Wedowee in Randolph County in the 
Wedowee Group undifferentiated of the Piedmont, has a long-term hydrograph dating back to 
November 1968 (fig. C-120). This well has been measured continuously since 1968, producing a 
hydrograph that shows good wet and dry season variability. Analysis of the real-time daily 
hydrograph from November 2010 through August 2016 demonstrates seasonal variability in this 
well (fig. C-121) with low water levels observed during the fall and high water levels observed 
during late winter and spring. Well RAN-1 is constructed to a depth of 300 ft bls and open-ended. 
In June 2016, there was 272.31 ft of water in the well. 

 
 
  

 
Figure C-119.—Hydrograph of Cleburne County, Alabama, well S-17-1, a domestic supply well  

constructed in the Piedmont aquifer (Ketchepedrakee Amphibolite), 1985-2016. 
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Figure C-120.—Hydrograph of Randolph County, Alabama, well RAN-1, a GSA real-time monitoring well  

constructed in the Piedmont aquifer (Wedowee Group undifferentiated), 1968-2016. 

 
Figure C-121.—Hydrograph of Randolph County, Alabama, well RAN-1, a GSA real-time monitoring well 

constructed in the Piedmont aquifer (Wedowee Group undifferentiated), 2010-2016. 
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