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GROUND-WATER RESOURCES OF
LIMESTONE COUNTY, TEXAS

By
P. L. Rettman

ABSTRACT

Limestone County, located in east-central Texas, has small to plentiful
ground-water supplies available, depending upon the location within the county.
The Wilcox Group in the eastern part of the county has adequate supplies to
meet the expected water demands in the foreseeable future. The thicker zones
of the Wilcox Group can supply yields in excess of 500 gallons per minute.
The Midway Group can supply yields in excess of 100 gallons per minute from the
Tehuacana Member of the Kincaid Formation. This represents the largest well
yields from the Midway Group in Texas. The Midway Group elsewhere in the State
is mostly a poor water producer and is not considered an aquifer. The Taylor
Marl and Navarro Group furnish only small quantities of ground water to wells
in the western part of the county where these units crop out. The Hosston and
Travis Peak Formations are present at depths in excess of 2,000 feet. These
formations, which contain slightly saline water in the western part of the
county, could be expected to produce water with a temperature of about 150°F
that might be used for heating purposes.

About 0.9 million gallons per day of ground water was used for all purposes
in 1980. This use has declined since 1955 but is expected to increase as addi-
tional public-supply and industrial wells are being developed. The Wilcox
Group is capable of annually yielding at least 14,000 acre-feet or 11.6 million
gallons per day of water to wells on a long-term basis.

Generally, the ground water is of acceptable quality for most uses. Rela-
tively high dissolved-solids and iron concentrations are the major water-quality
problems. Water-quality problems that may be the result of man's activities
are limited to a small oilfield area near Mexia.

Lignite mining from the Wilcox Group is expected to take place in the fore-
seeable future. The collection of additional hydrologic data on the Wilcox
would be desirable before, during, and after mining.



INTRODUCTION

An investigation by the U.S. Geological Survey, in cooperation with the
Texas Department of Water Resources, was conducted during 1980-83 to determine
the occurrence, availability, dependability, quality, and quantity of the
ground-water resources of Limestone County. Special emphasis was placed upon
describing the water requirements and sources of water suitable for municipal,
industrial, and irrigation use. The results of the investigation are presented
in this report and will be useful in developing, protecting, and obtaining max-
imum benefits from the available ground-water supplies.

The scope of the investigation included determining the location and
extent of major aquifers, the chemical quality of the water in the aquifers, the
quantity of ground water being pumped for all uses, the hydraulic characteris-
tics of the principal water-bearing formations, estimates of the quantities of
ground water available for development from each of the major aquifers, and a
discussion of the significant ground-water problems in the county.

This report includes records of 326 water wells, springs, and oil tests
and chemical analysis of water from 120 wells and 10 springs. Other records
and information, including drillers' logs and electric logs, are on .ile at the
U.S. Geological Survey or Texas Department of Water Resources. Present (1981-
82) and past pumpage of ground water was inventoried. Several aquifer tests
were made to obtain information on the hydraulic characteristics of various
water-bearing formations. The geology is from the Geologic Atlas of Texas,
which was prepared by the University of Texas, Bureau of Economic Geology.
Altitude, latitude, and longitude of each well were determined from available
Geological Survey 7-1/2-minute topographic maps having a contour interval of
10 ft. Photographs used in this report were taken by the author during 1981.
The technical terms used in discussing the ground-water resources of the county
are defined in the section entitled "Definition of Terms" (supplemental informa-
tion). The stratigraphic nomenclature used in this report was determined from
several sources and may not necessarily follow usage of the Geological Survey.

Location and Extent of the Area

Limestone County is a 931-m12 area in the central part of northeast Texas
(fig. 1) between latitudes 31°13' and 31°49'N and longitudes 96°14' and 96°56'W.
Groesbeck, the county seat, is in the central part of the county, 93 mi south
of Dallas.

Climate

Limestone County has a subhumid climate with precipitation less than
potential evapotranspiration. The average-annual precipitation at Mexia is
37.6 in. The precipitation is fairly evenly distributed throughout the year
with the months of April and May having slightly higher precipitation averages
(U.S. Department of Commerce, 1980). Mexia has an average-annual temperature
of 65.8°F with a growing season of about 260 days per year. The average monthly
temperature extremes range from 37°F during January to 96°F during July. The
average-annual gross lake-surface evaporation from Lake Mexia during 1963-70
was 51.2 in. (Dougherty, 1975).



100°

' —r_ e
ruu- —FE‘._T!‘%O&&L
’m*ng_ *p'm J."ﬁ’s'&'_pmvgﬁm_
rmﬁ#-f»%w .

lg&:v_ym r_-s _Tr_mvo ng_;;_{;,m _\_g_I;guo ,_mAT'mJA.I !

"mmm J-wflmj mﬁmm Jﬁ@fm*"‘mﬁf‘ﬂr’k%
[ —P"“F““’“‘”'"’”““ o B el o
[ — J'm""'lm""‘“f‘“m"r""w M‘_\/
fare. !w-«“‘fi'f:?m'w' |

\gratn <
\comancHE
|Brown }L ‘%Au.vo- p2
Lv Luis \ z

N,

32°

usmiuuﬂ' Y

N
J
N, LA BT, o s S lum/'\nm: /
96- P S AN \/
| It hewoa i e
| [ ey / )&“&h Sarerte
! <

1
fromesosava gean_ ,T <caomur? -
i i | )_._(_W'XM"}(LMA };"; on /‘
) N .

0] 50 100 150 200 MILES
L I 1 1 J
O I — —
0] 100 200 KILOMETERS

Figure 1.--Location of Limestone County.

-3~



Topography and Drainage

The topography is characterized by rolling hills and shallow valleys.
The altitudes range from about 325 ft above sea level in the Navasota River
bottom (now covered by Lake Limestone at the southeast border of the county)
to a maximum of about 690 ft in the northwest part of the county. Most of the
county is drained by the Navasota River and other tributaries of the Brazos
River. The northeastern tip of the county is drained by creeks that flow into
the Trinity River. The most prominent physiographic feature--a high hill--is
related to the Mexia-Talco fault zone that extends in a northeast trend through
the area. The fault zone forms this high hill with an altitude of 660 ft in
the city of Tehuacana, and locally it is known as the highest point between
Dallas and Houston. Historic springs flow from the northeast slope of this
high hill. The northwest part of the county has soils of the Black Prairie
Group, while the southeast part of the county has loose, sandy soil. The East
Texas Timber Belt, consisting mostly of oak and cedar trees, extends into the
southeast part of the county.

Population and Economy

The 1980 population of Limestone County was 18,200, with Mexia, Groesbeck,
Thornton, and Kosse being the major population centers. The economy is based
upon production of minerals and agriculture. Major minerals are gas and oil.
Gas and oil production began in an oilfield near Mexia during 1912, making it
one of the oldest oilfields in Texas. Other minerals produced are sand, lime-
stone, and clay. The manufacture of bricks and ceramics have ceased in recent
years, but the raw materials are still available. Undeveloped lignite deposits
in the south part of the county are expected to be mined in the near future for
use in electric power generation.

When European traders entered the area in the late 18th century, the
American Indian inhabitants were using springflow as & water source. Perma-
nent Indian dwellings were in use along the Navasota River and at the springs
near the present city of Tehuacana (Williams, 1969; Lorrain, 1963).

Springflow along the Navasota River near the present State Highway 14
encouraged early settlers to locate the town of Springfield there. Springfield
began to decline when the railroad bypassed the town during the late 19th cen-
tury (Walter, 1959) and remains as a small rural community. The water resources
of the Springfield area were used by the city of Mexia from about 1900 to 1925
and are still used by the city of Groesbeck. During 1925, the city of Mexia
drilled water wells in the Iley well field, 3.0 mi west of the city. The well
field was used until 1962 when the city began using Lake Mexia on the Navasota
River as its water supply.

The city of Tehuacana used springflow from Tehuacana Springs until about
1940 when a water-supply well was drilled near the springs. The city of Thorn-
ton has used ground water from a well field 4.0 mi west of the city since
about 1940. The city of Kosse used ground water from a site 2.5 mi east of
that city from 1939 until 1978. At present (1983) Kosse is being supplied
ground water from outside of Limestone County.



A drought in the mid-1920's was reported by the local residents. Stock
ponds and creeks went dry, and shallow pits were dug in the creek bottoms to
the water table to obtain ground water for domestic and stock use.

Previous Investigations

Prior to this investigation, little detailed study had been made of the
ground-water resources of Limestone County. Deussen (1914) reported on six
wells and four springs in the county. In their inventory of public-water sup-
plies of eastern Texas, Sundstrom and others (1948) included considerable infor-
mation on the water sources for the municipalities in Limestone County. Bryan
(1951) and Rose (1952) had separate unpublished evaluations of the ground-water
resources near Mexia. Winslow and Kister (1956) mentioned the saline water
supplies of this area in their Statewide report. Burnitt and others (1962)
made a study of saltwater contamination of surface and ground water near an
area of oilfield operations, which began during 1912. Ground-water reconnais-
sance studies by river basin were conducted throughout Texas beginning in
1959, Cronin and others (1963) and Peckham and others (1963) reported on the
Brazos and Trinity River basins, respectively. There are data from part of
Limestone County in each of these reports.

The regional geology is described in detail by Sellards and others (1932).
More recently, Bammel (1979) reported on the deposition of the Simsboro Forma-
tion. The University of Texas, Bureau of Economic Geology (1970) published
geologic maps of the area.

Well-Numbering System

The well-numbering system used in this report is based on the divisions of
latitude and Tongitude and is the one adopted by the Texas Department of Water
Resources for use throughout the State. Under this system, each l-degree quad-
rangle in the State is given a number consisting of two digits, from 01 to 89.
These are the first two digits of the well number. Each l-degree quadrangle
is divided into 7-1/2-minute quadrangles, which are given two-digit numbers
from 01 to 64. These are the third and fourth digits of the well number.
Each 7-1/2-minute quadrangle is subdivided into 2-1/2-minute quadrangles and
given a single-digit number from 1 to 9. This is the fifth digit of the well
number. Finally, each well within a 2-1/2-minute quadrangle is given a two-
digit number in the order in which it was inventoried, starting with O0l. These
are the last two digits of the well number. In addition to the seven-digit
well number, a two-letter prefix is used to identify the county. The prefix
for Limestone County is SD. Thus, well SD-39-20-302 (which supplies water for
the city of Tehuacana; see fig. 5) is in Limestone County (SD), in l-degree
quadrangle 39, in 7-1/2-minute quadrangle 20, in the 2-1/2-minute quadrangle
3, and the second well (02) inventoried in that 2-1/2-minute quadrangle (fig.
5). The Geological Survey's national site identification system uses the
Tatitude-longitude coordinate system. Well SD-39-20-302 is located at latitude
31°44'53" and longitude 96°32'10" and with a 2-digit sequence number forms the
15-digit sequence number of 314453096321002.
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GEOLOGY AS RELATED TO THE OCCURRENCE OF GROUND WATER

General Description and Structure

The principal geologic formations that contain fresh to slightly saline
water (see Definition of Terms in supplemental information) in Limestone County
are, from oldest to youngest: The Hosston Formation, Travis Peak (Pearsall)
Formation, and Taylor Marl and Navarro Group of Cretaceous age; the Midway and
Wilcox Groups of Tertiary age; and the alluvial deposits of Quaternary age.
The Quaternary deposits are not extensive and are not known to be tapped by
wells. Only the Taylor Marl and Navarro Group, undifferentiated, and younger
formations are exposed in Limestone County (fig. 2). The Hosston and Travis
Peak are not tapped by water wells within the county, although they contain
slightly saline water, which has been mapped on the basis of projections from
adjacent counties.

The areas where fresh and slightly saline water generally is available to
wells are shown by geologic formation in figure 3. Exceptions can be expected
to occur in local areas, especially in the Midway Group. Areas within the
Taylor Marl and Navarro Group are not designated because of the meager quanti-
ties of ground water in these units.

The subsurface position and depths of the geologic formations along a line
across Limestone County are shown in figure 4. This section also illustrates
the vertical displacement of the formations as a result of faulting.

The thickness, lithologic characteristics, age, and water-bearing proper-
ties of the geologic units are summarized in table 1. Maximum thicknesses of
the geologic units given in this table were determined from interpretations of
electrical and drillers' 1logs. Lithology as described by drillers on well
logs is listed in table 8 (supplemental information).

The major structural feature in the county is the Mexia-Talco fault sys-
tem. The rock strata associated with the Mexia-Talco fault system are intri-
cately faulted and locally folded into a deep, structural trough that trends
northeastward through the central part of Limestone County (fig. 2). Graben
and horst features are present and have considerable effect on the hydraulic
characteristics of the ground-water flow system.
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Physical Description and Water-Bearing Properties
of the Geologic Units

Pre-Cretaceous Rocks

The Pre-Cretaceous sedimentary rocks in the Limestone County area (table
1) are nearly impermeable shales, quartzites, and limestones. 0il test wells
have penetrated the formation, but no water is produced from it within the
gougty. Any water contained in the formation probably would be highly mineral-
ized.

Cretaceous System

Hosston Formation

Although there are no known producing wells in the Hosston Formation, it
is the deepest formation in Limestone County that contains slightly saline
water. The Hosston Formation is about 2,750 feet (850 m) below land surface
in the western corner of the county and dips to the southeast at about 100
ft/mi (Klemt and others, 1975). The eastern limits of the slightly saline
water boundary are shown in figure 3.

Trinity Group

The Hosston Formation is overlain by the Trinity Group with only the Travis
Peak Formation and Glen Rose Limestone present. The Travis Peak and the Glen
Rose have a combined thickness of about 1,650 ft. The Travis Peak, which under-
lies the Glen Rose Limestone, was tested using well SD-39-18-802 (fig. 5). The
well was produced through screened intervals near the base of the formation as
well as from the Glen Rose; the quality of the produced water was not suitable
for public supply (table 10, supplemental information).

The Travis Peak Formation is composed of sandstone, shale, and limestone
that are capable of yielding small amounts of slightly saline water to wells in
the far western part of the county. The eastern limits of the slightly saline
water are shown in figure 3 and were obtained by usihg information from we1ls
outside Limestone County (Cronin and others, 1963).

The upper member of this group is the Glen Rose Limestone. This formation
is composed of limestone with considerable clay and marl and some sandstone.
It is capable of yielding only small amounts of highly mineralized water. The
Glen Rose Limestone has no producing water wells in Limestone County.

Fredericksburg and Washita Groups, Woodbine Formation, Eagle Ford Shale, and
Austin Chalk, undifferentiated

The Fredericksburg and Washita Groups, Woodbine Formation, Eagle Ford
Shale, and Austin Chalk crop out in the areas west of Limestone County. Within-
the county, they have a combined thickness of 1,500 ft or greater and dip to
the southeast (see fig. 4). These formations, which are composed of chalk,
shale, gypsum, sandstone, and limestone, are not sources of fresh to slightly
saline water in Limestone County.
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Taylor Marl and Navarro Group, undifferentiated

The Taylor Marl and Navarro Group are the oldest formations that crop out
within Limestone County. Although these rock units may be divisible into sev-
eral members, they are mostly non water-bearing. Small quantities of water,
however, could be produced in some places from these formations, but the chemi-
cal quality would be poor for domestic and livestock use. Several unused,
shallow-dug water wells tap the Taylor Marl and Navarro Group on their outcrop
in Limestone County. Many other wells in this formation have been filled and
destroyed due to small yields and poor quality. At present, most of the resi-
dents that live on these outcrops get water by pipeline from rural water-supply
systems.

Tertiary System

Midway Group

The Midway Group crops out in a north-northeastward trend across central
Limestone County and has a maximum thickness of about 1,000 ft. In ascending
order, the formations that compose the Midway Group are the Littig Glauconitic
Member, Pisgah Member, and Tehuacana Member of the Kincaid Formation; and the
Wills Point Formation. In this area of Texas, the Midway Group yields large
quantities of water to wells because of the l1imestone layer where permeability
has been enhanced by the faults and fractures associated with the Mexia-Talco
fault system.

The Littig Glauconitic Member and Pisgah Member consist of clay and highly
glauconitic sand. These two members, which are undifferentiated in this report,
are about 300 ft thick in some places. The members are important water pro-
ducers in the outcrop areas, where they furnish water to domestic wells and a
few springs. The Littig Glauconitic and Pisgah Members form the recharge area
for Springfield East and West Springs on the Navasota River, the largest yield-
ing springs within the county.

The Tehuacana Member is composed mostly of hard, indurated, glauconitic
limestone and some marl. The name of Limestone County was derived from the
presence of this limestone, which crops out in the form of a high hill in the
city of Tehuacana. This formation has an estimated maximum thickness of about
130 ft downdip (fig. 4). Large-yield water wells are located near Mexia, and
several crushed limestone pits are currently in operation on the outcrop. A
few of the springs along the Navasota River occur at the lower end of local,
fractured, karst development in the Tehuacana limestone. This Tehuacana Member
becomes less distinct and less identifiable in well logs south of Groesbeck
or may be completely absent in many places.

The Wills Point Formation consists of silty, sandy clay with some limestone
and yields only small quantities of ground water. A few wells and test holes,
in which the water has been tested or is in limited use, are listed in table 9
(supplemental information).
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Wilcox Group

The Wilcox Group, which crops out in the southeast part of the county
(fig. 2), has a maximum thickness of about 1,175 ft in the eastern corner of
the county. The base of the Wilcox Group dips to the east-southeast at about
80 ft/mi (fig. 4). It is the major aquifer in the county. The Wilcox in Lime-
stone County is divided into three members. In ascending order, they are the
Hooper, Simsboro, and Calvert Bluff Formations. These names are used by the
University of Texas, Bureau of Economic Geology (1970) and will be used in
this report. Other writers have used slightly different nomenclature.

The structural contours on the base of the Wilcox Group and the dip to the
southeast are shown in figure 6. This map was made from contact points of the
Hooper Formation with the underlying Midway Group found on drillers' and elec-
tric logs and from the altitudes of the Hooper contact with the Midway Group
where it occurs at the land surface.

Bammel (1979) describes the Simsboro and reports that the Hooper-Simsboro
contact is unconformable while the Simsboro-Calvert Bluff contact generally is
conformable. Inspection of drillers' and geophysical logs indicates that the
contacts between these members are difficult to distinguish in wells. One
electric log of a well in Freestone County, 2 mi north of the eastern corner
of Limestone County, indicates that the Wilcox Group at that site has a total
thickness of about 1,200 ft, with about 400 ft for each unit. However, the
individual thicknesses of these units vary from place to place, and in Limestone
County, the Simsboro is considerably thinner than the Hooper and Calvert Bluff
along the line of section in figure 4. Cursory analysis of well logs indicates
that the Wilcox Group consists of about 40 percent sand and 60 percent sediment
of lTow permeability, mostly clay.

The Simsboro is the principal water-producing unit of the three Wilcox
formations. However, for the purpose of this report, the Wilcox is considered
a hydraulic unit. There are no apparent regional barriers to water moving from
one unit to another. The Simsboro has been tested with a well yield in excess
of 500 gal/min. This well, SD-39-39-406, is an example of the water-producing
ability of the Simsboro. Its composition is mostly sand, some mudstone, clay,
and a small amount of gravel, and it crops out in a band several miles wide
across the southeastern part of the county (fig. 2). A road cut on State High-
way 39, 4 mi northwest of Personville, shown in figure 7, is the same road cut
shown by Bammell (1979) as locality 13. The Simsboro in this road cut contains
massive lenticular sand bodies with redeposited clay ledges as thick as 1.0 ft.
The sand grains have mostly rounded edges, and the face of the road cut is light
buff colored.

The Hooper and Calvert Bluff form the Tower and upper members of the Wil-
cox Group and are primarily mudstone, sand, and sandstone, with various quanti-
ties of lignite and some ironstone concretions. The Hooper yields small to
large amounts of water to wells on its outcrop. The Calvert Bluff yields small
amounts to wells and moderate amounts may be possible. Most wells drilled on
the Calvert Bluff outcrop are drilled deep enough to tap the Simsboro below.

There are two areas of Wilcox outcrop that are not connected to the main
body of the Wilcox (fig. 2) as a result of faulting and erosion. One is north
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The Wilcox Group (fig. 13) gives expression of recharge under higher
ground altitudes, such as east of Thornton. Large areas of ground-water dis-
charge are expressed by the contours along the Navasota River, Steele Creek,
and lesser drainage systems. An area 4.0 mi west of Thornton and one Just
south of Tehuacana are part of the Wilcox Group but are not connected to the
main body of the Wilcox Group in the southeast part of the county. These
areas have some wells with water levels, and the 500-ft contour goes through
these areas.

A continous water-level recorder at well SD-39-37-601 records the water-
level fluctuations in the Wilcox Group. The water-level record reflects pre-
cipitation and therefore recharge as shown in figure 10. As a result of
infiltration of precipitation and a hydraulic gradient that slopes toward the
streams, the water level in the well maintains an altitude higher than the
water level of nearby Lake Limestone. These higher ground-water levels around
Lake Limestone exist in the shallow parts of the Wilcox Group and cause ground
water to move to the lake. However, the water level in the lake is higher
than the potentiometric surfaces in the deeper members of the Wilcox Group.
The Tower hydraulic pressures in the deeper parts of the Wilcox result in a
component of ground water that is vertically downward. This, in turn, could
cause some water from the lake to move vertically downward and recharge these
members. This is illustrated by the lake shown in figure 8. The quantity of
recharge by Lake Limestone was not measured, but the recharge to the Wilcox
Group probably is slightly greater than the discharge from the Wilcox Group to
the lake. Recharge also is indicated by the rise in water levels of as much
as 40 ft in wells around Lake Limestone after the lake was filled. The water
levels prior to the filling of the lake were reported by well drillers at the
time of well construction.

Discharge from aquifers in Limestone County is mostly through springflow,
wells, or movement downdip, although evaporation and transpiration by trees and
plants whose roots reach the water table also constitute discharge. Signifi-
cant volumes of discharge occur along the Navasota River where it crosses the
Midway and Wilcox Groups. The impoundments on the Navasota River, such as Lake
Mexia and Fort Parker Lake undoubtedly conceal some of this discharge. A con-
siderable part of the spring discharge from the Midway Group can still be seen
and measured. Water production by springs from the Midway Group is shown in
figure 11. Spring SD-39-28-205 issues at the lower end of a fracture system
from a small cave created in the Tehuacana Member. Spring SD-39-28-301, the
largest identifiable spring in the county, issues several feet above the river
level, and its water flows directly down the bank into the river.

Estimates of the volume of spring discharge were made from a surface-water
gaging station on the Navasota River (U.S. Geological Survey, 1979). The sta-
tion, Navasota River near Easterly, is located about 20 river mi downstream
from the Limestone-Robertson County line. The river at this point drains 968
miZ. The period of record for this station began during 1924 and continues to
the present. However, only the records during 1924 to 1978 were used because
Lake Limestone began impounding water after the 1978 water year. At this sta-
tion, 36 years of unregu]ated flow averaged 406 ft3/s, and 18 years of regulated
f]ow averaged 480 ft3/s. The calendar year 1977 had an average flow of 439
ft3/s and was chosen as a representative year to estimate springflow.
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Streamflow in the Navasota River at the upper edge of the Wilcox Group
near Groesbeck is predominantly overland flow with the ground-water component
being relatively small. A streamflow hydrograph for the Navasota River near
Easterly (fig. 14) for May through August 1977 has winter-type flow merging
into summer-type flow, as an example of floodflow-springflow separation.
Methods similar to those described by Busby and Armentrout (1965) were used in
this separation. The method consists of using a streamflow depletion curve
from the gaging station to separate ground water from surface-water<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>