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GROUND- WATER GEOLOGY OF
LI VE OAK COUNTY, TEXAS

ABSTRACT

Live Gak County is on the Gulf Coastal Plain in southern Texas. Mst of
the 1,072 square mles of the county are devoted to farmng and ranchi ng which
provi de the principal income for the 9,000 inhabitants. The production of oil
is also an inportant industry.

The principal water-bearing formations underlying the county are the Carrizo
sand, Oakville sandstone, Lagarto clay, and CGoliad sand, and range in age from
Eocene to Pliocene. The formations dip toward the coast at rates ranging from
less than 20 to about 140 feet to the mle. A map showi ng the surface geol ogy
and four geologic sections nade fromelectric logs of oil wells are included in
the report.

About 2,150 00 gallons per day of ground water was withdrawn in 1957 from
approxi mtely 1,000 wells in the county. Sone irrigation, nunicipal, and stock
supplies were obtained from surface-water sources. In Live Gak County the water-
bearing sands above a depth of 2,000 feet contain approximately 20 mllion acre-
feet of fresh and slightly saline water. Even though it may be inpractical to
recover much of the stored water, the rate of wthdrawal could be increased sev-
eral times nore than the 1957 rate wi thout appreciably depleting the water avail -
able from storage for many decades. A large but unestinated amount of fresh to
slightly saline water occurs in the Carrizo sand in the northern and northwestern
parts of the county at depths as much as 6,000 feet. Mst of the water in the
Carrizo sand in Live Gak County is nore than 4,000 feet below |and surface and
therefore is too deeply buried to be economcally developed for nost uses.

Most of the ground water in Live Cak County is substandard in quality for
municipal, industrial, and irrigational uses. However, because better water is
not available in most areas in the county, substandard water has been used suc-
cessfully by users of all three categories (Cenerally the Goliad sand contains
water of better quality than that in any formation except the Carrizo sand. In
favorable areas properly constructed wells in the Carrizo, Cakville, Lagarto,
and Coliad may yield 1,000 gallons per mnute or nore. Yields fromwells tapping
the other water-bearing formations generally are small and the water conmonly
is suitable only for stock.



GROUND- WATER GEOLOGY OF

LI VE OAK COUNTY, TEXAS

| NTRODUCTI ON

Purpose and Scope of |nvestigation

Live Gak County, lying near the boundary between the dry subhumd and semi -
arid regions of Texas (Thornthwaite, 1941), is subject to periods of noderate to
severe drought which alternate with periods of nmore or |ess adequate rainfall.
In nost areas of the county, during periods of severe drought, the only water
available is from wells.

The investigation of the geol ogy and ground-water resources of Live Qak
County by the U S, Geological Survey in cooperation with the Texas Board of
Wt er Engineers and Live Gak County was begun in the summer of 1956. The spe-
cific objectives were: (1) to study the occurrence of ground water; (2) to
determne the chemcal quality of the water contained in each aquifer; (3) to
study the geology as it pertains to the occurrence, depth, thickness, and water-
bearing properties of the geologic formations and the quality of the water in
these formations; (4) to determine the sources and areas of the recharge; and
(5) to determne the present and to estimate the potential future devel opment
of ground water.

The report is based on data for 684 wells (Table 3) and 42 drillers' |ogs
(Table 4) collected fromthe summer of 1956 through the sunmer of 1957; and on
405 chemical analyses (Table 5 made by the U S. Ceol ogical Survey.

Four geol ogi ¢ sections prepared fromelectric |logs and a geol ogi ¢ map based
on a conpilation of current studies and previously published data are included
in the report. The report also includes a map based upon the interpretation of
el ectric I ogs which shows the approximate thickness of the fresh and slightly
saline water-bearing strata. The water-yielding properties of the formations
which were determned at three different sites are shown in Table 1.

The investigation was made under the i medi ate supervision of R W Sundstrom
district engineer of the U S Geological Survey in charge of ground-water in-
vestigations in Texas, and under the admnistrative direction of S. W Lohnan,
branch area chief, and A N Sayre, forner chief of the Gound Vater Branch of
the Geological Survey.

Location and Physical Features

Live Cak County is in south-central Texas (Figure 1) on the Qilf Coastal
Pl ai n. George \West, the county seat, is 65mles northwest of Corpus Christi,
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and 83 niles south-southeast of San Antonio. The area of the county is 1,072
square mles.

Most of Live Cak County is rolling to noderately hilly, although sone areas
are nearly flat. The altitude ranges from about 460 feet in the southwestern
part of the county to about 90 feet near Lake Corpus Christi . The county is
drai ned by the Nueces Rver and its tributaries, the Frio and Atascosa Rivers,
with the exception of a small, elongated area near the Bee County line which is
drained by tributaries of the Aransas River.

The two largest towns in Live Gak County- Three Rvers and George Wst-had
estimated populations in 1957 of 2,800 and 1,800, respectively. The total popu-
lation of the county in 1950 was 9,054. Qher communities in Live Gak County
are: Cakville, Witsett, Simmons, COegg, Dinero, Karon, and M keska.

Econom ¢ Devel opnent

The econony of Live Qak County is based |argely on |ivestock, production,
dryland farmng, and a few thousand irrigated acres. The principal farmcrops
are grain sorghums, cotton, forage, and small grains. Less inportant are flax,
broom corn, corn, peanuts, truck crops, dairy products, and honey. Odinarilly
about a third of the county is cultivated. Ranching is practiced in nmost of the
remaining area. The county contains two refineries and an oil-well cementing
industry. About 15 oil fields produced 1,712,705 barrels of oil and a small a-
mount of gas in 1956.

Previous Investigations

A report by Lynch (1940) contains records of 69 wells, 61 partial and 13
conplete chemcal analyses of water sanples, and a map showing the well |ocations.
Descriptions of the geology at nunmerous locations in Live Oak and adjacent coun-
ties have been published in reports by Deussen (1924), Sellards, Adkins, and
Plunmer (1932), Bailey (1926), Anders (1957), Weeks (1945), Hlisor (1933), Sayre
1937), Lonsdale (1935), and Deussen and Dole (1916). A report by Eargle and
ni der (1957) contains a description and geol ogi c sections of the Jackson group
in the western corner of Karnes County and descriptions of the Frio clay, Cat-
ahoul a tuff, and Qakville sandstone, and the nore inportant urani umdeposits in
Karnes, Atascosa, and Live Cak Counties. The public water supplies of George
West and Three R vers were briefly described by Broadhurst, Sundstrom and
Rowl ey in 1950 (pages 7-8, 75-79).

Acknowl edgnent s

The authors wish to express their appreciation to the city officials of
Ceorge West and Three Rivers and to the farmers and ranchers of the county for
their cooperation in permtting access to their properties and supplying in-
formation about their wells. Considerable help was received also fromD. Hoye
Eargle of the U S. Geological Survey, and officials of the Stanolind, Mgnolia,
Lee, and Hunble Q| Conpanies. VeIl drillers J. E Hutchins of Three Rivers,
W D Mller of George Wst, and W E Eads and R R Lawson of Beeville con-
tributed freely of their time and records.
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Live Gak County lies in the dry subhumd region within 20 mles of the
boundary between the dry subhumd and semarid regions of Texas (Thornthwaite,
1941). The county is subject to periods of clinmatic extremes which range from
arid to wet subhumd. Figure 2 shows graphically the annual precipitation at
CGeorge \West, the station having the |ongest period of continuous record in Live
Cak County (1916-58). The average annual precipitation at George Wst is 26.90
inches. Precipitation was bel ow normal for the 7-year period 1950 through 1956,
al though drought conditions were eased locally in 1952 when Beeville in Bee Coun-
ty (Figure 3)and Witsett in Live Gak County recorded above normal rainfall

The average monthly precipitation at George Wst also is shown graphically
in Figure 2. My, June, and Septenber are the wettest nonths; January, February,
and Novenber are the driest nonths. The range in average nonthly precipitation
at CGeorge West is about 2. 65 inches between February and Septenber.

Records of tenperature and evaporation are not kept in Live Gak County.
However, records fromthe slightly more humd Beeville station, |ocated about
25 mles east-northeast of George West, are available for the period 1915-58.
The mean daily tenperature at Beeville was 52.20F. in January, 83.80F in July,
and the nmean annual tenperature for the period of record was 70.9°F. The naxi -
mum recorded tenperature was 1110F, the mnimumwas 50F. Records for the sta-
tion at Beeville show that the adjusted average annual rate of evaporation for
the period 1915-58 was 57.12 inches.

CGENERAL GEQLOGY

The geol ogic formations described in this report crop out in Live Gak County
or adjacent counties and range in age from Eocene to Recent. They are listed in
Table 1, wth their [lithologic characteristics, approximate range in thickness
and water-bearing properties. Plate 1 shows the area of outcrop of the various
formations in the county and the location of selected wells. Four geol ogic sec-
tions based on electric logs (Plates 2, 3,4, and 5 show the structural rela-
tionship and thickness, and indicate the lithol ogic character of the fornations
Al the rocks are of sedinentary origin and consist primarily of alternating beds
of sand, silt, and clay that normally strike approxi mately north-northeast, and
dip toward the coast at rates ranging fromabout 20 feet to the mle for the
younger formations to nore than 140 feet per nile for the ol der.

Many normal faults cut the rocks in Live Gak County. The faults dip steep-
l'y and the displacenents range froma few feet to several hundred feet. The
strike of nost of the faults is nearly parallel to the strike of the formations,
although a few faults have oblique strikes. Only a few of the faults are shown
on Plate 1; others were not shown either because their position was not accu-
rately known or because actual faulting could not be proven conclusively.

The depositional environment of the outcropping formations in the Qulf
Coastal Plain was at or near an oscillating shoreline. Thus terrestially de-
posited strata alternate with marine or brackish-water deposits. Downdip the
terrestial deposits grade into marine sands, silts, and clays, and where deeply
buried into only marine clays. During late Tertiary tinme the sea withdrew to-
ward the present coastline, |eaving portions of the Tertiary rocks above sea
level where they are now exposed. The upper Eocene and | owernost M ocene
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Table l.--Stratigraphic units and their water-bearing properties in Live Oak County

System Series Group Stratigraphic Approxiate Character of rocks Water-bearing properties
unit thickness
(feet)
Recent Alluvium 0 - 170 Terrace deposits composed of clay, Not an important aquifer in Live Qak
Quaternary and : silt, sand, and gravel. County.
Pleistocene
Unconformity
Quaternary(?) Pleistocene(? Rocks of Goliad 0 ~500 Sand and sandstone interbedded with | Yields from very small to large quantities
and and and younger age silt, clay and gravel. Contains of fresh to moderately saline water.
Tertiary Pliocene large quantities of caliche on the
outcrop.
Unconformity
Tertiary(?) Pliocene(?) Interstream sand ? Predominantly sand and gravel Not an aquifer in Live Cak County.
and gravel deposits
Unconformity
Miocene(?) Lagarto clay 0-1,000 Clay, sandy and silty clay; and Yields from very small to large quantities
calcaseous clay interbedded of fresh to slightly saline water.
with sand.
Miocene Qakville 0 =400+ Medium to fine-grained sand and Yields range from very small to large
sandstone sandstomg, clay, bentonitic clay, quantities of fresh to slightly saline
and small amounts of ash. water.
Unconformity
Miocene(?) Catahoula 0 -700? Predominantly tuffaceous clay and Yields very small to small quantities of
. tuff tuff; locally sandy clay, bent- slightly to very saline water.
onitic clay, and thin beds of
sand and conglomerate.
Unconformity
N Oligocene(?) ‘Frio clay 0 -200+ Clay, silty clay, and sand. Not an aquifer in Live Oak County.
Unconformity
@ Jackson Undifferentiated 650t-l,300+ Clay, sand, silt, bentonitic clay, |Yields very small to small quantities of
- volcanic ash, and tuff and bed- slightly to moderately saline water.
ded deposits contalning mixtures
- of these materials. Some beds
are fossiliferous.
e Yegua formation 1,050 - 7 Sand and clay containing some Will yield small to moderate amounts of
o selenite and thin beds of lig- moderately saline water.
nite, limestone and bentonite.
= Unconformity
] Cook Mountain 650 -1,000+ Fossiliferous clay and shale con- Not an aquifer in Live Oak County.
formation taining lenses of sandstone and
[} limestone, glauconite and small
[} amounts of selenite.
Unconformity
& Sparta sand 50 - 150 Fine-grained sand, silt, and clay. do.
193
Claiborne|, Weches greensand 130 - 2 Fossiliferous shale, sand and do.
g o member glauconite.
o S—Unconformity(?)
& 5| Queen City 1,050 - 7 Medium to find-grained sand inter- do.
2 @  sand member bedded with clay and silt.
[} 3 O
§ “l  Reklaw member 350 - 2 Primarily marine clay ard shale and do.
one rather thin sand bed.
Carrizo sand 950-1,200 Medium to fine-grained sand, silt, Will yleld large quantities of slightly

and clay.

saline water where encountered sbove a

depth of 6,00C feet.




formations contain large volumes of volcanic ash, apparently explosively ejected
from volcanoes whose location has not been determined. In late Pliocene or early
Pleistocene time, gravel, sand, and silt were spread over much of the existing
Coastal Plain south and east of the Balcones fault zone (Figure l). Erosion has
lowered most of the land surface leaving a few hills capped with ancient stream
gravels. The lower and broader terraces are underlain by gravel, sand, silt, and
clay of Quaternary age.

GEOLOGIC FORMATIONS AND THE OCCURRENCE OF GROUND WATER

The rocks that crop out in Live Oak County were deposited in fresh water,
with the exception of part of the Jackson group and possibly all or part of the
Frio clay. However, a short distance downdip several of the formations grade
into material that was deposited in brackish or salt water. Most of the sand
beds in Live Oak County contain fresh or slightly saline water downdip from the
outcrop, indicating that some flushing of brackish or salt water has taken place.
Farther downdip the water becomes progressively more mineralized until the beds
contain connate water—that is, water of approximately the composition of that
in which the sediments were originally deposited (Winslow and others, 1957, page
387). The water-bearing formations in Live Oak County are continually recharged
by the infiltration of a small part of the precipitation, which falls on the
more permeable strata. However, most of the precipitation that falls in the
county runs off in streams, evaporates, or is transpired by plants. The remain-
ing water, probably less than five percent, may reach the zone of saturation
where it moves slowly toward an area of discharge such as a well, natural outlet,
or, under artesian pressure, it may seep or percolate slowly upward into over-
lying beds.

In this report water is classified according to its dissolved-solids con-
tent, as follows (Winslow and Kister, 1956, page 5):

Dissolved-solids content
Description (parts per million)
Fresh Less than 1,000
Slightly saline 1,000 to 3,000
Moderately saline 3,000 to 10,000
Very saline 10,000 to 35,000
Brine More than 35,000

Water for public supply, irrigation, stock, and domestic supplies in Live
Oak County is generally either in the fresh or slightly saline range. Slightly
saline water, although undesirable, generally may be used for drinking with no
apparent ill effects. Water containing in excess of 3,000 ppm (parts per mil-
lion) dissolved solids has been used for supplemental irrigation. Experiments
have indicated that 10,000 ppm is the upper limit of salinity that can be tol-
erated by livestock (Smith and others, 1942, page 15).

- 10 -



The following ratings apply for general discussions of the yield of wells
in Live Ogk County:

Yield
Description (gallons per minute)
Very small Less than 10
Small 10 to 50
Moderate 50 to 500
Large More than 500

The rocks of Tertiary and Quaternary age (Table l), which underlie Live Osk
County, are composed mainly of sand and silt interbedded with clay and silty or
sandy clay. The position of water table ranges from, at, or near the surface in
the valleys of the Atascosa, Frio, and Nueces Rivers to more than 100 feet along
the divides. Although all the deposits below the water table are saturated, only
the sandy beds yield water freely to wells.

In areas where the sands crop out, water generally is unconfined-—that is,
the surface of the ground-water body (water table) occurs in permeable materials
and is subject only to atmospheric pressure. Downdip from the outcrop ground
water in sandy formations is confined by relatively impermeable overlying clays
and is under artesian pressure or pressure head, and the water is called artesian
water. Confined water is under sufficient pressure to rise in a tightly cased
well above the level at which it is encountered. If the pressure head is large
enough to cause the water in a well to rise to an altitude greater than that of
the land surface, the well will flow.

Although the confining clay beds are usually regarded as impermeable, they
actually have very low permeability; and as they underlie an extensive ares,
large quantities of water may move upward very slowly through them (Winslow and
others, 1957, page 387). The very slow upward movement of ground water through
the confining clay beds which underlie Live Osk County and its replacement with
water from the outcrop area probably accounts for most of the aguifer flushing
that has taken place.

Tertiary System

Eocene Series

Claiborne Group

The Claiborne group, which does not crop out in Live Oak County, comprises
the Carrizo sand, Mount Selman formation, Sparta sand, Cook Mountain formation,
and Yegua formation. The rocks of the Claiborne group consist of an alter-
nating series of continental and marine strata. The sands generally represent
intervals of terrestial deposition; the fossiliferous strata indicate marine
deposition; and the lignite strata indicate palustrine deposition (Sellards and
others, 1932, page 610).
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Carrizo Sand

The Carrizo sand unconfornably overlies the WIlcox group in the north and
northwestern parts of Live Qak County, where the Carrizo is about 1,100 feet
thick and buried at a depth of about 3,950 feet. The fornation dips toward the
southeast at a rate of about 140 feet to the mle. FEectric logs and core tests
indicate that where the top of the Carrizo is less than about 6,500 feet deep,
it consists predoninately of nedium and fine-grained sand interbedded with rel-
atively small amounts of silt and clay. Downdip the clays becone progressively
thicker, the sands becone finer, and the formation contains nore carbonaceous
material .

The Carrizo sand contains the deepest fresh to slightly saline water known
in Texas. Al of the water in the formation in Live Qak County is under artesian
pressure, the pressure being sufficient to cause wells in many low areas to flow
Electric logs and chemical analyses of water fromCarrizo wells in Karnes (Anders,
in press), Bee, and Live Oak Counties indicate that the greatest depth of fresh
to slightly saline water in the Carrizo sand is nore than 6,000 feet bel ow the
land surface in sone areas. The heavy dotted line in Figure 4 shows the approx-
imate contact between slightly saline and noderately saline water in the Carrizo
sand.

Mount Sel man Formati on

The Mount Sel man fornation, which does not crop out in Live Gak County, has
been subdivided in central and northeastern Texas into three nenbers, the Reklaw,
Queen Gty sand, and the \Weches greensand all of which can be recognized in the
subsurface of Live QGak County.

Rekl aw Menber

The Rekl aw nember, which conformably overlies the Carrizo sand, underlies
the northwestern corner of the county at a depth of about 3,600 feet where it
is 350 feet thick. The menber consists mainly of a somewhat fossiliferous and
glauconitic mrine clay or shale. A thin-bedded glauconitic sand and shal e
zone about 50 to 75 feet thick occurs at or near the base. Were it occurs at
relatively shallow depths, the Reklaw is distinguishable on electric logs as a
predonminantly clay stratum between two prom nent sand zones. Downdip toward
the southeast where the formation thickens, the sand zones above and bel ow t he
Rekl aw menber nerge into clays and the true thicknesss cannot be determ ned.
Electric logs indicate that the Reklaw will not yield potable water to wells in
Live Cak County.

Queen Gty Sand Menber

The Queen Gty sand nmenber of the Munt Sel man fornmation confornmably over-
lies the Reklaw nenber. In the northwestern corner of Live Cak County, where
the Queen Gty is found at depths of about 2,550 feet, it consists prinarily of
relatively thin nmedium and fine-grained sands interbedded with silts and clays.
The Queen Gty sand nenber is about 1,050 feet thick in this area. Several
mles downdip fromthe northwest corner of Live Gak County, where the top of
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FIGURE 4 .- Approximate thickness of sand containing fresh to slightly saline ground water,
exclusive of the Carrizo sand, Live Oak County
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the Queen Gty is about 3,000 feet deep, nmarine fossils are found in at |east
one zone in the nenber. Downdip where the top of the Queen Gty is bel ow 6, 500
feet, electric logs indicate that it is more than 90 percent fine sand, silt,
and clay. The Queen City seens to thicken somewhat downdip but the thickness
cannot be determined accurately because the increased clay content inpairs the
definition of the contact between the Queen Gty and the adjacent clays. El ec-
tric logs indicate that the Queen Gty sand nenber does not contain fresh or
slightly saline water in Live Gak County,

Weches G eensand Menber

The Weches greensand menber is the uppernost nenber of the Munt Sel man
formation. The Weches, which conformably overlies the Queen Cty sand nenber,
does not crop out in Live Cak County, but is present in the subsurface at a depth
of about 2,400 feet in the northwestern corner of the county. At the outcrop in
W1 son and Atascosa Counties the unweat hered Weches is a fossiliferous, glau-
conitic sand and shale or clay. In Live Cak County electric logs indicate that
the nenber is conposed of clay and is about 130 feet thick in the northwestern
corner of the county. The Weches probably thickens somewhat downdip but the
large quantities of clay contained in the adjacent strata inpair the definition
of the contact on electric logs. Electric [ogs indicate that the Weches green-
sand menber of the Mount Selman formation consists chiefly of clay and, there-
fore, will not yield water to wells in Live Gak County,

Sparta Sand

The Sparta sand, which conformably overlies the Weches greensand menber of
the Munt Selnman formation, does not crop out in Live Cak County. However, the
Sparta is encountered in the subsurface in the northwestern corner of the county
at a depth of about 2,250 feet. FElectric logs indicate that the Sparta consists
of fine-grained sand, silt, and clay, and ranges in thickness from 50 to 150
feet, Downdip the formation grades into silt and clay and the Sparta cannot be
separated fromthe adjoining clay strata. The Sparta sand contains no fresh or
slightly saline water in Live Gak County.

Cook Mbuntain Formation

The Cook Mountain formation is primarily a fossiliferous clay or shale
containing very thin sandstone and |imestone | enses, substantial anounts of
glauconite, and some selinite. The formation unconformably overlies the Sparta
sand. The Cook Mountain does not crop out in Live Cak County but is found at
dept hs of about 1,600 feet in the northwest corner of the county, where it is
about 650 feet thick. Downdip, the formation exceeds 1,000 feet in thickness,
Electric logs indicate that the Cook Muwuntain formation is not an aquifer in
Live QGak County.

Yegua Formation

The Yegua formation, often referred to as the "Cockfield" (Sellards and
others, 1932, page 666) is the youngest formation in the Caiborne group. The
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Yegua unconformably overlies the Cook Muntain formation and is reached in wells
at a depth of about 550 feet in the northwestern corner of Live Cak County where
it is approxinately 1,050 feet thick. Where exposed, the Yegua is conposed pri-
marily of nonmarine sand and clay but contains mnor anounts of selenite, and
beds of lignite and |inestone (Lonsdale, 1935 page 41). Thin beds of bentonite
and sonme volcanic ash have also been reported from the Yegua (Sellards and others,
1932, pages 669 and 673, and Renick, 1936, page 13). The vol canic material prob-
ably represents material from the opening phase of a period of volcanism which
may have been followed |ater by enormous quantities of volcanic ash and ot her
debris ejected froma vol cano or vol canoes whose |ocation is unknown. Downdip
from the outcrop the Yegua formation becomes progressively finer-grained and con-
tains a nuch greater percentage of marine deposits. Its contacts, especially
with the Cook Muntain, are not readily distinguishable on electric logs. The
logs also show that throughout the part of Live CGak County in which the upper and
| ower contacts can be determned, the thickness of the Yegua formation is rela-
tively constant.

Interpretation of electric logs and one water sanple (well D 17) indicate
that the Yegua formation contains noderately saline water in the northern and
northwestern parts of the county where the formation is relatively close to the
surface. Downdip, where the formation is deeply buried, the water is highly
mneral i zed.

Jackson Goup, Undifferentiated

The rocks of the Jackson group, the uppernost Eocene rocks in Texas, have
not been subdivided into formational units in this report. The Jackson conform
ably overlies the Yegua formation (Sellards and others, 1932, page 682) and crops
out along the Live Cak-MMillen county line north of the Frio Rver; it also
crops out along the entire Live Qak-Atascosa county line except in the extrene
northern corner where it is overlapped by the Catahoula tuff (Plate 1). In Live
Gak County the thickness of the Jackson group at its contact with the Frio clay
ranges from about 1,000 feet in the northeastern part of the county near the
Atascosa county line, to nore than 1,200 feet where the contact crosses the Live
Cak-McMul ' en county line. In the northeastern part of the county where part of
the formation is mssing the thickness is about 650feet. The Jackson dips gulf-
ward at a rate of about 120 feet to the mle and thickens to nore than 1,300 feet
downdi p.

Oning to simlar depositional environments, the sedinents of the Yegua for-
mation and the Jackson group in Live Cak County area are simlar in many ways.
Wiere they crop out in Live Cak and Atascosa Counties, both rock units record
one or nore advances and retreats of the sea, and both consist prinarily of
sand, silt, and clay that were deposited in shallow marine, bay, littoral, and
continental environments. Lignite is also relatively common in both rock units.
The Jackson group, however, contains thicker and nore fossiliferous marine beds
and | arger amounts of vol cani ¢ ash.

The lower part of the Jackson group is conmposed of clay, bentonitic clay,
sandy or silty clay, silt, thin sand beds, and a small amount of lignite. Elec-
tric logs indicate that at depths of |less than 1,000 feet in the northwestern
part of the county, the |ower part of the Jackson group is conposed prinarily
of fine-grained material interstratified with several thin sand beds and con-
taining one bed of sand 30 to 50 feet thick near the base. The base of the
Jackson group in Live Oak County is a persistent clay that ranges in thickness
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from about 30 feet near the outcrop to nmore than 200 feet at depths greater than
4,000 feet. The sand beds in the lower part of the Jackson becone thicker and
nmore numerous toward the northeast corner of the county. The sand content of the
| ower part of the Jackson increases fromthe point where the Jackson group is be-
| ow a depth of about 1,000 feet below |and surface, to the area where it is about
3,000 to 3,500 feet below land surface. Downdip fromthis area the sands are
thinner and at great depths they are absent. The lower part of the Jackson group
probably does not yield fresh or slightly saline water to wells in the northwest-
ern part of the county; however, interpretation of electric logs from the north-
eastern part of Live Gak County indicates that several sands in the |ower part of
the Jackson probably contain slightly saline water (Figure 4).

The upper part of the Jackson group is conposed chiefly of tuffaceous sands
interbedded with bentonitic clays and a small amount of lignite. Locally sone of
the sand and clay beds are fossiliferous. Volcanic ash is an inportant ingre-
dient in the upper part of the Jackson group. Some of the ash consists of nedium
grained glass shards which are large enough to be seen with the naked eye. In a
few places the interstices between the sand and silt grains and the clay particles
are partially filled by uranium vanadium nolybdenum and other mnerals (Eargle
and Snider, 1957, pages 17-26).

In sone places on the outcrop the contact between the Jackson group and the
Frio clay is defined at the top of a bed of sand 10 to 15 feet thick (Eargle and
Sni der, 1957, page 10, and Sellards and others, 1932, page 6841 In well sections
the contact between the Jackson and Frio is drawn at the top of a persistent sand
that overlies the Textul aria hockl eyensis Cushman and Applin zone (Sellards and
others, 1932, page 684).

Wl ls in the upper part of the Jackson group in Live Cak County yield very
small to small anounts of slightly to noderately saline water, although some
thin strata that contain highly saline water are present. |In general, the Jack-
son group is a poor aquifer in Live Cak County.

Qigocene(?)  Series

Frio day

In Live Cak County the Frio clay unconfornably overlies the Jackson group
and is unconformably overlain by the Catahoula tuff (Elisor, 1933, page 1332).
The Catahoul a al nost conpl etely overlaps the Frio in the northeastern corner of
the county. Were exposed in Live Gak County the Frio clay occupies a zone
bet ween the Jackson group and the Catahoula tuff, which ranges in width fromO0
in the northeastern part of the county to slightly less than 4 mles where the
Frio and Atascosa Rvers cross the outcrop

Where It outcrops the Frio is conposed of clay and silty clay, small a-
mounts of sand, and selenite. The clay is bentonitic and slightly calcareous,
resenbling sone of the clays in the upper part of the Jackson and | ower part of
the Catahoula. This resenblance has caused considerable confusion in the lit-
erature concerning the thickness, conposition, and fossil content of the Frio
clay, and has, at |least locally, made surface and subsurface mapping difficult
and subject to error. As used in this report the Frio clay is essentially the
same as Bailey's restricted Frio formation (Bailey, 1926, pages 44-52 and
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Sellards and others, 1932, page 703), although at |east locally, Dailey included
simlar clays on the upper part of the Jackson.

At the outcrop and for several mles downdip, the sand contained in the Frio
occurs nore or less evenly distributed in sone of the clay beds or as thin |enses
generally less than a few feet thick. The sand lenses are nostly disconnected,
hence there is little opportunity for percolating nmeteoric water to flush out the
salty connate water which they contain.

The Frio clay ranges in thickness fromO to nore than 200 feet near the out-
crop in western Live Gak County. It thickens greatly downdip where the sand beds
t hi cken and becone nore numerous until they constitute a substantial part of the
formation. Large quantities of oil and gas are produced from these deeper sands.

The Frio is not known to yield water to wells in Live Oak County.

M ocene(?) Series

Catahoula Tuff

In Live Cak County the Catahoula tuff overlaps the Frio clay and part of the
upper part of the Jackson group, where it has not been renoved by erosion. The
formation crops out in a broad, irregular belt which ranges in wdth from about
5 to 11 mles. It is conposed predom nantly of tuffaceous clay and tuff. Locally
the formation contains sandy clay, ashy sand and clay, bentonitic clay, and thin
sand and conglomerate beds. The tuff is interbedded with bentonitic clay, clay,
and irregularly distributed lenticular sand and conglonerate. The congl onerate
consi sts of chunks of scoriaceous |ava and pumice, pebbles of other types of
igneous material, opalized wood, irregular masses of chalcedony, quartz, and
chert. Drillers’ logs and electric logs indicate that sand and gravel beds are
present many miesdowndip. Coarse-grained sand usually acconpanies the gravel.
Mst of the gravel deposits contain also large quantities of tuff and, locally,
clay which fills all or most of the interstices. The tuff restricts the nove-
ment of water through many of the gravel and sand zones so that downdip, they
either do not yield water or yield only small quantities of highly mneralized
water to wells. The exact thickness of the Catahoula tuff could not be deter-
mned, however cal culations using the width of the Catahoula outcrop and the
dips of the base of the Qakville sandstone, which unifornmiy overlies the Cata-
houl a, indicate the thickness of the Catahoula tuff at its surface contact with
the Qakville sandstone is between 500 and 700 feet.

In Live Cak County the Catahoula tuff is a poor aquifer. It generally
yields very snmall to small amounts of water that range in quality fromslightly
to very saline. Mst of the water punped from the Catahoula is used for stock;
al though locally, where the water is of relatively good quality, it is used for
domestic purposes

M ocene Series

Oakville  Sandstone

In Live Cak County the oakville sandstone and Lagarto clay can be sepa-
rated fromeach other only with considerable difficulty and the expenditure
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of an undue amount of tine, as good exposures are rare, and because the contact
in the west-central part of the county is covered by outliers of the CGoliad sand,
and the soils and topography of the two formations are simlar. An attenpt was
made to separate the Cakville sandstone and Lagarto clay in the subsurface and
the approxi mate contact between them is shown in Plates 2, 3,4, and 5. The

wi dth of the Qakville and Lagarto outcrop ranges from about one-half mle where
the formations are covered by outliers of the Goliad sand to nore than 16 mles
al ong the Nueces River. The Cakville dips gulfward at an average rate of 80 feet
to the mle.

The type locality of the Cakville sand is at the town of Qakville where the
formation consists of mediumto slightly coarse-grained, crossbedded sand which
is interbedded with bluish clay. In other areas the Cakville is a crossbedded,
medium to fine-grained sand or sandstone interbedded with sandy clay some of
which is silty and bentonitic. Electric logs indicate that the formation, where
it underlies the Lagarto clay in Live Oak County, ranges in thickness from |ess
than 200 to nore than 400 feet. This variation in thickness is in part caused
by lithol ogic variations near the upper or |ower contact where, if the Qakville
contains large amounts of clay, it cannot be distinguished on electric [ogs from
the underlying clayey Catahoula or the overlying clayey Lagarto. Conversely, if
sands are present near the contact with the Lagarto clay or Catahoula tuff, they
erroneously mght be included in the Cakville sandstone. The variations in the
t hi ckness of the QCakville also may have been caused by faulting or other struc-
tural deformation which apparently occurred locally follow ng the deposition of
nmost or all of the Qakville sandstone. Structural deformation or faulting is
illustrated by the reversal of dip of the CGakville sandstone between wells K-50
and K-69 in cross section B-B (Plate 3). The Qakville appears to be sonewhat
thinner in the southwestern part of the county where it probably was eroded prior
to the deposition of the Lagarto.

The quality of water in the Qakville sandstone in Karnes County ranges from
fresh to slightly saline although the water generally is slightly saline. Fresh
water fromwells on or near the outcrop is not uncomon; however, water fromthe
Oakville generally is hard or very hard. Locally the water is soft or only nod-
erately hard. In places the water has a rather high chloride content, which
ranges from52to over 1,500 ppm (parts per mllion), but is usually between 150
and 500 ppm Relatively few sanples were anal yzed for boron and sodi um content,
however the anal yses suggest that these constituents have a rather wi de range in
concentration and should be considered when water fromthe Cakville is to be used
for irrigation. Locally, water fromthe Cakville may contain excessive anmounts
of Fluoride.

The water in the Qakville in Live Qak County generally is nore mneralized
and somewhat harder toward the southwest. The quality also differs frombed to
bed within the formation and with depth of burial. El ectric logs indicate that
water in the Qakville is progressively nore mneralized with depth.  However,
water in the Qakville appears to be only slightly saline at a depth of 1,900
feet near the community of Lagarto in the southeastern part of the county
(Figure 4).

Properly constructed wells will yield nmoderate to | arge amounts of fresh
to slightly saline water where 100 feet or nore of the Cakville sands are sat-
urated. The city of George West, a refinery, a fewirrigation wells, and nany
stock and donestic wells obtain all or part of their water from this formation.
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M ocene(?) Series

Lagarto d ay

The Lagarto clay unconfornably overlies the Cakville sandstone and in turn
is overlain unconformably by rocks of Coliad and younger age which conpletely
overlap it in some parts of the county. The Lagarto clay is poorly exposed in
Live Oak County. The soils resenble those of the Gakville sand al though in sone
areas they are slightly darker, have nmore of a brownish tint, and appear to con-
tain nmore clay. GCenerally the soils derived fromthe Lagarto are sandier in
Live Cak County than they are to the northeast in Karnes County. The sand beds
in the Lagarto are finer-grained and nmore thinly bedded than are the sands in
either the Oakville or Coliad. Locally thick sand zones, which nmay conprise nore
than 50 percent of the Lagarto clay, nmake it difficult to distinguish it on elec-
tric logs fromthe Qakville sandstone and the CGoliad sand. Odinarily, however,
the Lagarto consists primarily of clay, sandy and silty clay, and cal careous clay
interbedded with somewhat thinner zones of thin-bedded sand. In general the clay
zones in the Lagarto are thicker and nore persistent than the clay zones in the
CGakville or Coliad.

The Lagarto ranges in thickness fromO to possibly nore than 1,000 feet. In
the areas where the Goliad sand is thin or is present as outliers, electric |og
correlation of individual sand and clay beds shows that the decrease in thickness
of the updip Lagarto may be the result of both pre-CGoliad erosion and of thinning
of individual sand and clay beds within the fornation.

The quality of water in the Lagarto at relatively shallow depths in Live Qak
County is nmore variable than in either the Qakville or Goliad. The sand beds in
the updip Lagarto, however, will nornally yield water that is only slightly nore
mneral i zed than that produced fromthe Cakville sandstone. Commnly the water
fromthe Lagarto has a somewhat higher chloride content and is harder than the
water obtained from the CQakville or Goliad. A though water in the Lagarto nor-
mal |y contains nore mneral matter than water in the QGakville, the average boron
and fluoride concentrations and sodium hazards are probably |ess

The sands in the Lagarto contain noderately to slightly saline water at
shal | oner depths than does the Qakville sandstone; the sands in the Lagarto have
not been flushed as far downdip. However, the Lagarto yields very small amounts
of water to many donestic and stock wells in Live Cak County. The fornation
yiel ds noderate to |arge amounts of water to a fewirrigation wells. In nost
areas of the county where the Lagarto is present and contains fresh or slightly
saline water, noderate to |arge anounts may be obtained from saturated sands of
the Lagarto if they have an aggregate thickness of 100 feet or nore.

Tertiary(?) System

Pliocene(?)  Series

Interstream Sand and Gavel Deposits

Sone of the higher interstreamdivides in parts of the Qulf Coastal Plain
are capped by remants of ancient stream deposits. The name Walde gravel has
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been applied to these deposits of coarse sand and gravel. The deposits lie un-
conformably on beds ranging in age fromLate Cretaceous through M ocene and pos-
sibly Pliocene. In WIson, Karnes, Gonzales, and Dewitt Counties the interstream
sand and gravel deposits have a coastward linearity and lack continuity along the
strike of the older fornmations.

The interstreamsand and gravel deposits dip gently gul fward, occurring at
progressively lower altitudes toward the coast. Field observations suggest that
the high-level sand and gravel deposits are updip equivalents of the Goliad sand.
Proof of Wal de and Goliad contenporaniety, however, is difficult to obtain in
the four-county area nentioned partly because of inadequate topographic maps and
partly because of uncertainty regarding the relationship between the CGoliad sand
and the WIlis sand, which crops out northeast of the Colorado River and overlaps
the Coliad. The occurrence of the WIlis sand has not been proved in central and
south Texas because it resenbles the Goliad so strongly that the two formations
cannot be separated. The UWval de gravel in Live Cak County, was not differentiated
fromthe underlying deposits on Pllate 1; but where present, it probably is too
thin to yield water to wells or is above the water table.

Tertiary and Quaternary Systens

Pl i ocene and Pl ei st ocene(?) Series

Rocks of Coliad and Younger Age, Undifferentiated

The Lagarto clay is overlain by the Coliad sand in southern Live Cak County.
The Goliad sand is not differentiated fromyounger rocks which nmay overlie it in
the southeastern part of the county. The geologic map of Texas (Darton and others,
1937) shows the Pleistocene Lissie formation and Beaunont clay cropping out in
southeastern Live Qak County, east of State H ghway 9 and south of U S H ghway
59. More recent studies (Weks, 19453, page 1695, and Doering, 1956, page 1845)
show rocks ol der than the Lissie Eormation cropping out in the area although the
witers believe the rocks to be younger than the Goliad sand. The term "rocks
of CGoliad and younger age" refers to Goliad sand in the area west of State H gh-
way 9 and north of U S Hghway 59 and to both the CGoliad sand and the over-
l'ying younger rocks in the renainder of the area.

The contact between the Goliad and the underlying Lagarto clay is uncon-
formable. The Goliad is conposed of fine- to coarse-grained sand and sandstone,
whi ch in many areas contain gravel interbedded with silty and sandy clay and
clay. Were exposed the sand and gravel, and locally the clay, generally are
cenented with caliche. Sone sand and clay beds contain only a small anount of
cal careous material; but other beds, especially near the surface where consid-
erabl e solution and redeposition of the cal cium carbonate has taken place, may
contain from 70 to 90 percent caliche by volune. The CGoliad sand is distin-
gui shed fromthe Lagarto clay on the surface by the brilliant white of the
caliche, the coarse sand and gravel, and the prom nent scarp which separates
the formation fromthe nore easily eroded Lagarto.

The rocks younger(?) than Goliad age consist of beds of sand, silt, and

clay which generally are inpregnated with caliche. The sand beds are sonewhat
finer-grained and | ess well sorted than those in the Goliad. The |and surface
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formed by the younger rocksis a flat, featureless plain underlain by a dark-
gray to black, carbonaceous, slightly silty and sandy, clay soil.

The rocks of Goliad and younger age crop out in a very irregular belt which
in Live Cak County ranges in width from about 10 to 20 mles, excluding outliers.
In general the rocks dip toward the coast at a rate that ranges from20 to 45
feet per nmle. The sonewhat variable rate of dip may be attributed to faulting
between the wells used in the dip calculations and other local structural changes,
the unconformty between the Coliad sand and Lagarto clay, and differences in the
original dip. Al though adequate topographic control is lacking, a few altitudes
obtained fromoil tests and bench marks indicate that the Goliad has a gentler
dip where it is thin or exists as outliers than further downdip where it thickens
to about 500 feet.

Cenerally the Goliad sand contains the best quality water of any formation
in Live Oak County except the Carrizo sand. Water fromthe Goliad is fresh to
noderately saline, is commonly rather hard, contains appreciable quantities of
sodium and has a relatively high concentration of chloride. The concentration
of dissolved mnerals in water produced from the rocks of Coliad and younger age
differs considerably from place to place.

The rocks of Goliad and younger age yield very small anmounts of water to a
large nunber of domestic and stock wells. The formation also yields |arge vol -
unes of water to a few irrigation wells. In general the CGoliad is capable of
yielding 500 to nore than 1,000 gpm (gal lons per mnute) to properly constructed
wells where 100 feet or nore of the formation is saturated.

Quat ernary System

Pleistocene and Recent Series, Undifferentiated

Al | uvi um

Deposits of alluvium consisting of clay, silt, sand, and gravel are found
in some stream valleys, principally those of the ngjor rivers. These deposits
are heterogeneous in conposition and their thickness ranges fromO0 to perhaps
more than 70 feet locally. Several analyses of water fromtwo municipal supply
wel | s at Three Rivers which are now abandoned and from one presently-used wel |
about one-half nmlenorth of Three Rvers and information supplied by |ocal
residents indicate that the yields and quality of water from wells in the al-
luvial deposits are extrenely variable. Aso, the quality of water from wells
that are close to streans varies depending upon rainfall and stage of the
stream but wusually the changes in the ground water lag behind those of the
stream The alluvium even where it contains considerable saturated sand or

gravel, generally vyields only very small or small amounts of slightly to nod-
erately saline water to wells.
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GROUND WATER

Aquifer Tests

Five aquifer tests were nade in Live Qak County (Figure 3)to estimate the
ability of some of the fresh and slightly saline water-bearing sand zones to
transnit and store water. The data fromthe tests were anal yzed by the Theis
nonequi l'i brium method as nodified by Cooper and Jackob (1946, pages 526-534) and
the Theis recovery nethod (Wenzel, 1942, pages 94-97). The results of the tests
are shown in Table 2 (page 24).

The ability of an aquifer to transmt water is expressed as its coefficient
of transmissibility. The coefficient of transmissibility is defined as the a-
mount of water in gallons per day that will pass through a vertical strip of ag-
uifer having a width of 1 foot and a height equal to the saturated thickness of
the aquifer under a hydraulic gradient of 1 foot per foot at the prevailing ag-
uifer tenperature. The coefficient of storage of an aquifer is defined as the
volume of water it releases or takes into storage per unit surface area of the
aquifer per unit change in the conponent of head normal to that surface. The
coefficients fromthe tests represent only the sand zones that were tested in
the immediate area of the well. They should not be used to predict yield or
drawdown in other areas, although the order of nagnitude of the coefficients are
about what may be normal |y expected in a particular formation, assum ng approxi -
mately equal screened thicknesses.

The aquifer tests (Table 2) were only a few hours in duration and all were
in confined aquifers. The coefficients of storage determned in wells J-13 and
K-105 were .0012 and .00057, respectively. Coefficients of storage in uncon-
fined aquifers are generally 100 or nore tines as |large; however, nost of the
nmoderate- to large-capacity wells in Live Gak County tap confined aquifers.

No tests were nade of wells tapping the Carrizo sand in Live CGak County, but
a test near Canpbellton in southern Atascosa County indicated a coefficient of
transmssibility of 40,000 gallons per day per foot for the Carrizo and a coef-
ficient of storage of about .CO0L.

Present  Devel opnent

Wt hdrawal s

About 2,150 000 gpd (gallons per day) were withdrawn in 1957 fromthe ap-
proximately 1,000 water wells in Live Cak County. Most of the wells derive
their water from the Qakville sandstone, Lagarto clay, or the Goliad sand.
Gound water was the only source of municipal and donestic supply for about
6, 000 persons and was the source for nmost of the irrigation and stock supply.
The anount of ground water used for municipal, domestic, irrigation, indus-
trial, and stock supply is shown in the followng table:
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Average daily use of water from wells in
Live Oak County, Texas, 1957, in gallons per day

Use Withdrawals
Municipal 100, 000
Domestic 100,000
Irrigation 1,500,000
Industrial 200,000
Stock 150,000

At least 100,000 gpd of ground water, most of which was moderately saline,
was wasted from uncontrolled flowing wells.

Changes in Water Levels

The water levels in wells in Live Oak County respond mainly to changes in
withdrawal rates and changes in ground-water storage. However, a change in the
physical condition of a well such as damage to the casing, deepening, or partial
plugging also may cause a change in the water level in the well. These changes
in water level occur because the well bore has gained or lost hydraulic connection
with one or more sand zones. containing water under different artesian pressure
head. A change in chemical quality may occur in such wells because the quality
of water is frequently somewhat different in each sand bed or sand zone.

Relatively rapid changes in water levels which occur in a few hours or
several days are commonly due to local changes in the withdrawal rates of near-
by wells and generally affect a rather small area. OSubstantial long-term changes
in water levels which occur over a period of weeks, months, or years may be caused
by changes in the withdrawal rates of wells or by changes in ground-water re-
charge. Long-term changes in water levels generally affect a large area.

Although few large wells in Live Oak or adjacent counties produce large
long-term changes in water levels, moderate changes that are assumed to be more
or less local were observed in two areas. A water-level decline of about 8 feet
occurred between 1945 and 1957 in well J-14, one of the George West municipal
wells. The decline probably can be attributed to drought conditions and in-
creased withdrawals from the city's two wells, although withdrawals from nearby
irrigation wells also may have contributed to the decline.

A relatively sharp rise in water levels was observed in some of the wells
near Lake Corpus Christi following its enlargement and elevation of stage in
1958 (Plate l). The altitude of the spillway of the dam forming the larger
Lake Corpus Christi is about 13.5 feet higher than the spillway of the old dam
which is submerged by the present lake. The rise in the water levels in the
wells near the lake is attributed to an increase in ground-water recharge caused
by the higher stage of Lake Corpus Christi and to recharge by the drought-
breaking rains which started in 1957. However, water levels in some wells near
the smaller lake were approximately the same altitude as the lake and the alti-
tude of water levels in wells a short distance from the lake were somewhat lower.
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Table 2.--Results of aquifer tests in Live Oak County

Well Owner Depth of Length of well Formation Coefficient of | Coefficient
numbers pumped screen or slotted opposite transmissibility | of storage
well casing in pumped screen (gpa/ft)
(feet) well (feet)
J-13 and City of George 537 153 Qakville 55,000 1.2 X 1073
J-1k4 West sandstone
J-14 do 500 - do 28,000 --
K-90 Holman k25 225 Rocks of 32,500 -
Cartwright Goliad and
younger age
K-105 and | L. T. Porter, 460 160 do 2l ,000 5.7 X 107k
K-107 Jr. & H. F.
Meyers
K-107 H. F Meyers 460 160 do 10,000 --




The sl ope of the water table away fromthe | ake indicated recharge fromthe | ake
to the surrounding rocks. The altitude of water levels in wells farther fromthe
| ake was higher than the lake, indicating that ground-water flow prior to the con-
struction of the first |ake was toward the valley of the Nueces River. In 1958
the situation was sinmlar; that is, the regional slope of the water table was
toward the Nueces River valley and Lake Corpus Christi, but the slope of the
water table within a mle or two of the | ake was away fromthe | ake, resulting

in a trough in the water table on both sides of the lake. Sufficient data are
not available to determne if the trough is an area of discharge by evapotrans-
piration, by underflow around the damcreating the |ake, or is evidence that the
water table was not yet adjusted to the rise in stage of the river due to the

bui | di ng of the dans.

Potenti al Devel opnent

The potential supply of fresh and slightly saline ground water in Live Qak
County is large compared to the devel opnent in 1957. However, in sonme parts of
the county such as the northern part where the Catahoula tuff and ol der fornma-
tions crop out, the potential supply is very small fromall formations except
the Carrizo sand. This is illustrated in Figure 4 which shows only two areas
that have nore than 50 feet of aggregate thickness of fresh or slightly saline
water-bearing sand. Qher simlar small areas may be present, but data were not
sufficient to map them  Stock supplies generally can be obtained in northern
Live Cak County, but the water in several places is too saline for domestic use.
In the southern and southeastern parts of the county, where the Qakville sand-
stone and younger formations crop out, the potential for devel opment is nuch
larger. Locally wells less than 600 feet deep will yield as much as 1,000 gpm
Still larger yields could be obtained in some areas by tapping deeper sands,
but the conmposite water would probably be more mneralized. The quality of
water differs from place to place, but may be estimated for many places by re-
ferring to Tables 3 and 5.

The part of the Carrizo sand that contains slightly saline water has a
much greater potential than all other formations in northern and northwestern
Live Cak County. Unfortunately in this area the Carrizo is deeply buried, the
concentrations of mninerals in the water is too large for many purposes, and its
t enperature exceeds 140°F.

The potential for devel opnent of ground water in a given area is l[imted
by the relationship between the cost and value of the water. [f the unit cost
exceeds the unit value, it is not economcally feasible to develop the water
supply.  Two of the nost inportant factors which effect the unit cost of water
are the initial cost of the well and the cost of punping. The cost of the well
is related to its depth, dianeter, and the type of material in which the well
is drilled and conpleted. The cost of punping depends upon the punping lift
and the cost of power. Al though wells tapping the Carrizo sand are capabl e of
yielding large quantities of water in Live Cak County, the cost of constructing
wells 4,000 to 6,000 feet deep is too great for nost uses. Mderate to large
supplies of water are available in other areas in the county, but local punp-
ing lifts my be too great for nost uses under present economc conditions.

Punping lifts are related to the hydraulic properties of an aquifer, the
nunber and spacing of wells, and the rates of wthdrawal. Figure 5 shows that
for a given punping rate the drawdown of water levels is greater for snaller
val ues of transmssibility and the drawdown decreases as the distance fromthe
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point of wthdrawal increases. The drawdown for a particular well is approxi-
mately proportional to the punping rate. Punping fromadditional wells in-
creases the punping lift of each nearby well.

The decline of water levels in artesian wells in Live Gak County caused by
punping will be less than indicated on Figure 5 when the effects of punping reach
the outcrop of the aquifer. There water is intercepted that otherw se would be
di scharged by evapotranspiration, principally where the formations crop out in
streamval | eys (Quyton, 1942, page 47, and Theis, 1941, pages 734-737). Sone
water also will be drained fromthe interbedded clays throughout the aquifer
wherever the artesian pressure is |owered (Wnslow and Doyel, 1954, page 421)
causing conpaction of the clay beds. [If wthdrawals exceed the anount of water
intercepted in the outcrop areas and drained from the clay beds, water |levels
will decline in the artesian wells at the sane slowrate as they do in the out-
crop. Figure 6 shows, for exanple, that at 1,000 feet froma well punping 1 ngd
(mllion gallons per day) in a formation which has a transmssibility of 50,000
gal | ons per day per foot and a storage coefficient of 5.0 X 10-4, the drawdown
woul d be about 17.0 feet when equilibriumwas established if the well were 20
nmles from the outcrop. The drawdown in an infinite aquifer having the same
characteristics would be 18.2 feet after 10 years of punping and 20.9 feet after
50 years of punping. Vells nearer to the outcrop would have |ess drawdown, oth-
er things being equal, than wells farther fromthe outcrop. Figure 6 assunes
that no water of conpaction will be obtained fromthe clay beds; this will tend
to make the actual drawdowns snaller than those shown.

The amount of water that can be produced by wells in different areas is
mainly a function of transmssibility which, in turn, is a function of the thick-
ness and perneability of the aquifer. Punping tests and geol ogic data in Karnes
and Live QOak Counties suggest that materials in the Carrizo, QCakville, Lagarto,
and CGoliad formations are nore perneabl e than those in the Yegua, Jackson, or
Cat ahoul a. Thus, the geologic map (Plate 1) and the map show ng the aggregate
t hi ckness of sands containing freshand slightly saline water (Figure 4) are
useful in determning the relative productivity of different areas in Live Qak
County. The interpretation of chemcal quality of water fromelectric |ogs
gives only an approximation of the degree of salinity of the water and tells
little about the kind of chem cal conponents which the water contains. The in-
terpretations are based on changes in both the resistivity and self-potential
curves and, where possible, by conparison of the anal yses of water froma sand
or sand zone with an electric log of the well from which the sanple was taken,
or withthe electric log of a nearby well. In general, the interpretations are
largely a matter of judgment and experience (Jones and Buford, 1951, pages 115-
139). The sand-thickness map shoul d be used with caution as it is based |argely
on the interpretation of widely scattered electric logs of oil wells and drill-
ers' logs of water wells. However, Figure 4, which excludes the Carrizo sand,
shows that the nost promsing area for ground-water development is the south-
eastern third of the county.

The devel opnent of ground water in the county on a long-termbasis is
dependent upon the quantity of fresh to slightly saline water in storage and
the potential rate of replenishnent. The fresh and slightly saline water-
bearing sands in Live Cak County above a depth of 2,000 feet contain approx-
imately 20 mllion acre-feet of water, assuming a sand porosity of 30 percent.
However, the effective porosity is only about 10 to 15 percent and a large per-
centage of the water is so deeply buried that its recovery is inpractical be-
cause punping lifts would be uneconom cal.
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Streanflow records on the Nueces River and its tributaries (Texas Board of
Water Engineers, 1958, pages 393-410) indicate that no rejected recharge enters
the river while flowing across the outcrops of the Jackson group, the Frio cIay,
or the Catahoula tuff above the gaging station near Three Rvers. However,
seepage run made by the U S. Geological Survey in January 1951 (Holland, 195n
indicated a gain of about 2 cubic feet per second between the gaging station
near Three Rivers and a point near M keska while flow ng across the outcrop of
the Qakville sandstone and the Lagarto clay. No data are available on gains or
losses to the river between Mkeska and the Nueces County line where the river is
flowng nostly on the outcrop of rocks of Coliad and younger age although, as has
been noted, the gradient of the water table near Lake Corpus Christi indicated
ground-wat er novenent fromthe |[ake in 1958.

Under equilibrium conditions, the amount of recharge to the aquifers was
equal to the amount of discharge from the aquifers. Natural discharge fromLive
Gk County was by seepage into streams, evaporation, transpiration by plants
where the water table was near the surface, and by underflow into adjacent coun-
ties. At the present time, a relatively small amount of water is discharge by
well's in Live Cak County or to the Nueces River as rejected recharge, evapo-
transpiration and underflow to adjacent counties probably discharges severa
times as nuch. Al though data are not available to evaluate the amount, it is
believed that total discharge is in the order of a few tens of thousands of
acre-feet each year.

The geol ogy and hydrol ogy of the fresh and slightly saline water-bearing
formations in Live Cak County arefairly conplex, at least locally, and a de-
tailed investigation should precede any large-scale development of ground water
The study shoul d include the collection and anal ysis of data | eading to nore
accurate quantitative evaluations and the solution of quality-of-water problens
to supplement this report. In lieu of a detailed investigation, it may be con-
cluded at this time that the rate of wthdrawal from wdely spaced wells could
be increased several tines the 1957 rate (about 2,400 acre-feet a year) w thout
seriously lowering water levels for many decades.,

QUALITY OF WATER

Analyses of 405 sanples of water from 354 wells in Live OGak County were
made in the Geol ogical Survey |aboratory and are included in Table 5  The dis-
solved solids contents of the sanples ranged from about 330 to 12,000 ppm (parts
per nllion).

O assification by the concentration of dissolved constituents as shown on
page 10 is only one of several criteria for judging the suitability of water
for various uses. The follow ng discussion of other criteria pertains to the
nost common uses of water in Live Gak County

The quality tol erance of water for drinking varies with individuals al-
t hough few people in Texas are known to continually use water containing nore
than 3,000 ppm dissolved solids. Sone types of |ivestock, however, have been
known to survive on water containing as much as 10,000 ppm although water of
consi derably better quality is necessary for maxi mumgrowh and reproduction
(Smith and others, 1942, page 15). The standards for constituents considered
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nmost inportant by the U S. Public Health Service (1946, pages 12-13) for drink-
ing water used by common carriers are as follows:

Magnesi um (My) shoul d not exceed 125 ppm
Chloride (d) should not exceed 250 ppm
Sul fate (SO4) shoul d not exceed 250 ppm
Fl uoride (F) nust not exceed |.5 ppm

Dissolved solids should not exceed 500 ppm
However, if such water is not available,
a dissolved solids content of 1,000 ppm
my be permtted.

These tol erances were set prinmarily to protect travelers fromdigestive
di st urbances. However, nost peopl e can become accustoned to water containing
considerably higher mneral concentrations; although sone new users may suffer
ill effects fromthe water until their digestive systems beconme accustoned to
the change.

Wat er having a chloride content exceeding 300 ppm may have a salty taste;
wat er having a magnesium and sulfate content exceeding the standards may have a
| axative effect; and water having a fluoride content exceeding 1.5 ppm may cause
the teeth of children to becone nottled (Dean and others, 1935, pages k-24-442).
However, fluoride concentrations of about 1.0 ppm appear to reduce the incidence
of tooth decay. Water which contains nore than 44 ppmnitrate has been rel ated
to the incidence of infant cyanosis (methenogl obinema or "blue baby" di sease)
by Maxcy (1950, page 271) and may be dangerous for infant feeding. A high ni-
trate content of water also may be an indication of pollution from organic mat-
ter. If the water is to be used for donestic purposes, a well yielding water
containing nore nitrate than other nearby wells should be tested for bacterial
content. Oganic matter fromprivies and barnyards is frequently the source of
pol lution and will cause an increased nitrate content in water which is in con-
tact with or passes through such wastes. O the 49 sanples of water from Live
Oak County that were analyzed for nitrate, 12 sanples had no neasurable nitrate,
33 sanples had 0.1 to 10 ppm 3 sanmples had 11 to 30 ppm and 1 sample (D-27)
had 129 ppm

The chloride content of water of the municipal supply at George Vst
slightly exceeds the Public Health Service standards, each well having a
chl oride concentration of 285 ppmon July 19, 195. The standards for sul-
fate are exceeded by about 100 ppm but the magnesium content falls within
the recomrended limts. The fluoride content of both wells was within the
recommended maxi mumof 15 ppm

O the 28 sanmples that were tested for fluoride in Live Cak County the
amounts ranged from .| to 2.5 ppmand only 3 exceeded the reconmended nmaxi mum
of 1.5 ppm

Cal ci um and magnesi um are the principal constituents in water that give
it the property called hardness. Hard water increases soap consunption by
causing a wasteful precipitate to formbefore a |ather can be obtained. The
greater the hardness the nore rapidly incrustations (boiler scale) wll accu-
nilate in boilers, pipes, and hot water heaters. The hardness which is equiv-
alent to the carbonate and bicarbonate content is called carbonate hardness;
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the remaining hardness is called noncarbonate hardness. The hardness of water
samples from wells in Live Oak County ranges from 8 ppm in a sample from the
Carrizo sand to 4,080 ppm in a sample from the Largarto clay. The hardness of
water samples from 354 of the wells in the county is given in Table 5 and may
be compared with the commonly accepted standard of hardness for public and in-
dustrial supplies given in the following table:

Hardness range Classification
(ppm)

60 or less Soft

61 - 120 Moderately hard

121 - 200 Hard

More than 200 Very hard

Water from many wells in Live Oak County contains appreciable quantities of
silica. Although the presence of moderate amounts of silica in water is not harm-
ful for many purposes, its presence in boiler feed water is deleterious because
it forms a hard scale; the scale-forming process increases with the pressure in
the boiler. The following table shows the maximum allowsble concentrations of
silica for water used in boilers:

Concentration Boiler pressure
(ppm) (pounds per square inch)
40 Less than 150
20 150 - 250
5 251 - 40O
1 More than 400

The silica concentration in the ground water in Live Osk County that was tested
ranged between 7 and 96 ppm.

Iron and manganese form reddish or dark gray precipitates which stain clothes
and plumbing fixtures. The staining properties of water containing these elements
are especially objectionable in some manufacturing processes. Water containing
more than 0.3 ppm of iron and manganese combined will probably cause noticeable
staining. Ten of 19 determinations of ground-water ssmples showed an iron con-
tent in excess of 0.3 ppm. Manganese was not an important constituent in the
small number of samples analyzed for this element, having a concentration of 0.01
ppm or less.

Water becomes less suitable for irrigation as the salinity, sodium, bicar-
bonate ion, and boron hazards increase. The salinity normally is measured by
the specific conductance of the water which is an index of the dissolved solids
content. The specific conductance in micromhos per centimeter at 25°C. is about
l% times the dissolved solids content in parts per million although the
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relationship is somewhat variable. Percent sodium is used to express sodium haz-
ard. The adverse effect of sodium on soil is more dependent upon the ratio of
sodium in irrigation water to the total cations than to the absolute concentra-
tion of sodium. The ratio is expressed as a percent and the higher the percent
sodium the greater the sodium hazard, although the hazard is somewhat less at

low dissolved solids content. Percent sodium is determined by the following
equation:

Na X 100
Na + Ca + Mg + K

Percent sodium =

In this equation the concentrations are expressed in epm (equivalents;per million).
Parts per million values may be converted to equivalents per million by multiply-
ing ppm by the reciprocals of combining weights of the appropriate ions. The so-
dium adsorption ration (SAR) is also an index of sodium hazard and expresses the
relative proportions of sodium to calcium and magnesium according to the equation:

Nat

SAR =

Catt + Mg+t
2

In this equation the concentrations are also expressed in epm. The diagram for
the classification of irrigation waters based on the specific conductance and
the sodium-adsorption ratio is shown in Figure 7h(page 34).

The excess of the carbonate and bicarbonate concentration over the concen-
tration of calcium and magnesium is called the residual sodium carbonate (RSC)
which is a measure of the bicarbonate ion hazard. The U. S. Salinity Laboratory
Staff (1954, page 81) concluded that waters containing more than 2.5 epm resi-
dual sodium carbonate are not suitable for irrigation purposes. Waters contain-
ing 1.25 to 2.5 epm are marginal, and those containing less than 1.25 epm are
probably safe. These conclusions are based on limited data and are therefore
tentative. RSC is determined as follows:

RSC = (CO3™~ + HCO3') - (Cat* + Mg*tt)

in which the concentrations are expressed in epm.

A high boron concentration may maeke water unsuitable for irrigating some
crops. The boron hazard is measured by the concentration of boron in the water.
The limiting value for boron for arid and semiarid climates for sensitive, semi-
tolerant, and tolerant crops is shown in the following table (Scofield, 1936):

Permissible limits of boron for several classes of
irrigation waters.

Sensitive Semitolerant Tolerant
Boron Crops crops crops
class (ppm) (ppm) (ppm)
1 0.33 0.67 1.00
2 0.33 to .67 0.67 to 1.33 1.00 to 2.00

(Continued on next page)
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Permissible limits of boron for several classes of
irrigation waters--Continued

Sensitive Semitolerant Tolerant
Boron Crops crops crops
class (ppm) (ppm) (ppm)
3 .67 to 1.00 1.33 to 2.00 2.00 to 3.00
4 1.00 to 1.25 2.00 to 2.50 3.00 to 3.75
5 1.25 2.50 3.T5

Of the 28 samples analyzed for boron in Live Oak County, none contained less
than 0.33 ppm, 17 contained 0.33 to 1.00 ppm, and 7 contained 1.00 to 2.00 ppm.
Samples from wells L-10, B-8, H-5, and D-17 contained 2.2, 3.3, 4.3, and 5.8 ppm
of boron, respectively.

The effects which the quality of irrigation water has on crops and soils in
arid and semiarid climates are discussed in detail by the Staff of the U. S. Sa-
linity Laboratory (1954). In a later report, a member of the Staff (Wilcox, 1955,
page 16) states that with respect to salinity and sodium hazards water may be
safely used for supplemental irrigation if its conductivity is less than 2,250
micromhos per centimeter at 25°C. and its SAR is less than 14k. The maximum safe
values for percent sodium, SAR, RSC, and boron have not been determined for humid
or subhumid climates, but the limiting values for arid climates represent safe
values for the normally subhumid climate of Live Osk County.

Other factors are also important in determining whether water is suitable
to irrigate a specific piece of land. Among the more important of these factors
are the permeability of the soil and subsoil, the slope of the land, the quantity
of water used, the type of crop, and the amount and frequency of rainfall,

The quality of ground water in Live Osk County may differ greatly between
formations and from area to area in a single aquifer. Within a single formation
the quality in one strata may be considerably different from the quality in an-
other strata; accordingly, deepening or partially plugging a well may appreci-
ably alter the quality of water which it produces. The chemical characteris-
tics of the ground water are not discussed by areas, formations, or depths ex-
cept in very general terms in previous sections of this report because the var-
lations are too common, too irregular, and the data far too scanty. The best
prediction of the quality of water that may be obtained at a specific location
can be obtalned by examining data from the nearby wells.

SUMMARY OF CONCLUSIONS

A large proportion of the ground water used in 1950 in Live Oak County was
of marginal or substandard quality, although large quantities of falr to excel-
lent quality water are avallable locally. Most of the public, domestic, irri-
gation, industrial, and stock supplies are obtained from ground water. However,
the municipal supply for the town of Three Rivers and some irrigation and stock
supplies are obtained from surface sources. Ground-water withdrawals during
1957 from the 1,000 wells in Live Oak County averaged about 2,150,000 gpd. About
75 percent of this water was withdrawn from approximately 23 municipal and
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irrigation wells. Several mllion acre-feet of fresh and slightly saline water
is available from wells less than 2,000 feet deep. The rate of withdrawal of
ground water could be increased several times the 1957 rate w thout causing
serious lowering of water levels because of the conparatively large amount of
storage and because the potential rate of recharge to the principal water-bear-
ing formations exceeds the rate of withdrawals.

Vell yields range froma few gallons per mnute in areas where the deposits
have | ow perneabilities or the saturated water-bearing sand is thin to 1,000 gpm
or more in areas having appreciable thicknesses of highly perneable sands. The
principal water-bearing formations in the county are, in order of their inportance,
the Goliad sand, the Qakville sand, the Lagarto clay, and the Carrizo sand, In
areas where fresh or slightly saline water is not available, wells yielding nod-
erately saline water of satisfactory quality for [livestock can probably be devel-
oped. However, very little information is available for these areas on the chem
ical quality of water from sands which occur at depths that exceed 500 feet. Mich
of the water, even in the nost promsing areas, contains sufficient concentrations
of certain chemcal conponents, especially calcium sodium boron, and silica, to
limt its use for sone industrial applications and to suggest that it be used with
caution for long-term irrigation projects.
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Table 4.--Drillers' logs of wells in Live Oak County

Thickness|Depth Thickness| Depth
(feet) |(feet) (feet) |(feet)
Well D-6
Owner: Walter E. Woelful. Driller: J. E. Hutchins.
Surface soil--====-emw-- 3 3 Sand, hard---~----~-~----- 33 328
Caliche-memmmecmconean oo 23 26 Shale and hard streaks-- 395 723
Shale---=cacmmmcmmamann- 269 295 Send (water)-=------e--- 35 758
Well D-31
Owner: J. Gerald Schulz. Driller: W. E. Eads.
No record------=-------- 258 258 Shale, gray, hard------- 1k 315
Shale and gravel-------- 20 278 Shale, blue------------- 22 337
Shale, blue-===m===a-=-- 16 29k Sand, shale streaks----- 32 369
Sand----------cemmmmecnn T 301 Shale, blue, hard------- 6 375
Well D-35
Owner: A. J. Liska. Driller: J. E. Hutchins.
Surface s0il------------ 10 10 Sand (water)---e-------- 53 125
Caliche and shale------- 62 72
Well E-23
Owner: W. A. Smith. Driller: R. R. Lawson.
Topsoil--=mmmmmmmmeaoan 6 6 Sand------=cmmmcmm e 21 86
Sand-----------c-mmauo- 9 15 Rock--wmmmmm e e - 11 97
Sand, hard------------- 12 27 Shale and rock---------- 18 115
Sand-----=m=c=-memmmeem- 11 38 Shale, sandy------------ 28 143
Sand, hard------------- 27 65 RoCK==~===mmmmm e 27 170

(Continued on next page)
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Table 4.--Drillers' logs of wells in Live Oak County--Continued

Thickness|Depth Thickness|{Depth
(feet) |[(feet) (feet) |(feet)
Well E-23--Continued
Rock and send, hard----- 10 180 Shale, sandy------------ 5 290
Shale, sandy---=-======- 10 190 Rock-==-memmcmcmm e 3 293
Sand (water)----cee-aea- 3 193 Sand (water)------------ 5 298
Shale, sandy------------ 10 203 Sand, hard--=---===----- T 305
Shale, sticky----------- 82 285 Sand (water)----=-----=- 12 317
Well E-26
Owner: C. 8. & W. H. Herring. Driller: J. E. Hutchins.
Surface soil-=-==-=ee-ee- 5 5 Shale, sandy-=----=----- 57 265
Caliche-=mmmwc—cmmmeene 30 35 Shale, sticky----------- 280 545
Sand and clay-----==-=-=- 60 95 Shale, hard-=---=-=-==u- 147 692
Shale-=m-wmm=meemomcaaun 113 208 Sand (water)---~-=e—een- 30 722
Well E-27
Owner: Harold D. House. Driller: J. E. Hutchins.
Surface soil-===m=-=me-- 5 5 Shale, red-----====-==--- 186 226
Clagy---=m-mmmmmmm——— e 10 15 Shale, hard streaks----- 103 329
Gravel----==--c-mm-mmean 8 23 Sand (water)-----=---==-- 57 386
Caliche--ememmmcmecceeeem 17 Lo
Well E-30
Owner: C. S. & 0. L. Herring. Driller: J. E. Hutchins.
Surface soil---=-=--c-m- 3 3 Caliche--=cc-cemcencaa—-- 35 70
Clay, red---=---=---e--- 32 35 Sand (water)----=-=-==m- 61 131
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Table 4.--Drillers' logs of wells in Live Osk County--Continued

(Continued on next page)
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Thickness|Depth Thickness|Depth
(feet) |(feet) (feet) |(feet)
Well E-38
Owner: C. S. & W. H. Herring. Driller: J. E. Hutchins.
Surface soil--w==c-c-a=-- 5 5 Shale-=---ccemccmccccaaa 32 155
Shale---==-cmccmmmcmuna- 113 118 Sand----~-c-ecccccamcana- 15 170
Sand-----------mceuou-- 5 123
Well F-5
Owner: Stanolind 0il and Gas Co. Driller: W. E Eads.
Surface soil--=--===n--- L L Sand--=----m=eccmmm—meo- 30 168
Sand and caliche----=--- 68 T2 Shale, blue-===-=ce=c-u- 27 195
Shale, blue--~-===-=o=uz 66 138 Sand, shale streaks----- 135 330
Well F-19
Owner: Flournoy Reagan. Driller: W. E. Eads.
Surface soil-------=---- 2 2 Clay, white, sandy------ 27 92
Clay, sandy------=====--- 1L 16 Shale, blue, sandy------ 22 114
Sand and sandrock------- L9 65 Sand, blue-==--==ccmmeo- 15 129
Well F-69
Owner: Lela E. Wilson. Driller: G. R. Miller.
Topsoile--m-memcmcmmm e m e 6 6 Shale, blue-==-==mec=ecax 21k 264
Sand--------e--meeemaeo- 14 20 Sand (water)---=--c-aa-- 20 284
Shale, gray------==------ 30 50
Well F-76
Owner: Goliad Corp. Driller: Patterson Well Service.
[Sand and clay-----===m=- 19 | 19 Clay-=---=ccmmmmmme e 2 l 21 |



Table 4.--Drillers' logs of wells in Live Oak

County--Continued

Thickness| Depth Thickness |Depth
(feet) |(feet) (feet) [(feet)
Well F-76--Continued

RoCKk-=mmemmm e 3 2L Sand---==-mmmemm— e 25 185
Sand------m=mcmmcmcem—ae 62 86 RoCk-==mmmmmmmm e 1 186
ROCK==mmmmmmmmmmm e mm 2 88 Sand-=mm=-mmmmmm——————— 37 223
Sand and clay--=----=====-- 49 137 Shale--~=-=c-cmemcemcmenae 7 230
) T 1 138 Shale and sand-=--==-==--=--- 32 262
Shale~--==memmmmcm e 22 160

Well F-T77
Owner: Goliad Corp. Driller: Patterson Well Service.
Surface scil--==-mceeeea L L RocKk-==--mcmmc e e 1 8L
Sand and clay----=-===--- Ll L8 Sand and clay-----======-= 101 185
Clay-----==-===-—--=---= 3 51 Sand-=-msmm—mm—— e 45 230
Clay, saniy---=---=-==-=- 32 83 Sand and shale---=-===ee-- 32 262

Well F-78
Owner: Goliad Corp. Driller: Patterson Well Service.
Surface soil--=--=oe=a-- i I Skale, sand streaks------- 70 198
Clay, sand streaks------ 60 64 Sand-m--mmmmmm e 58 256
Shale, sandy, hard Shale--=ceeemc e e e L 260

streaks-----m=—mmmmuo- 64 128

Well G-1%
Owner: R. E Sallee. Driller: W. E. Eads.
Surface soil-=-====----- 2 2 Sand-----==--mmmmmem e 1k L6
Sand------ccccmmmmme——e 1é 1L Clay, white-=-memmecommana 38 8L
Clay, red-=--=m-=-c----= 18 32 Sand----====-mcemm e 22 106

(Continued on next page)
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Table L4.--Drillers' logs of wells in Live Oak County--Continued
Thickness| Depth Thickness|Depth
(feet) | (feet) (feet) |(feet)
Well G-1lh--Continued
Clay, white---==-ac----- L9 155 Shale, blue--------------- 2 210
Sand--=---mmmcmme——————— 7 162 Sand, blue--=-cecmecmoano- 22 232
Clay, white-----===a-u-- 46 208 Shale=--==m-mmcccmm e ee e 3 235
Well G-15
Owner: R. E. Sallee. Driller: W. E. Eads.
Surface soil---====-=-=-- 2 2 Clay, white~-=--cececeecnaa- 15 112
Sand------memmemem—————— 5k 56 Sand---=-==cmmmmme e o 34 146
Clay, white, and sand Clay, white~----cececaaaa- 32 178
streaksg-=-=m==mmme---- 32 88
Sand--=-e=ecmreee e 22 200
Sand, brown---------==-- 9 97
Well H-18
Owner: Gus Houdmann. Driller: Charlie Miller.
Surface soil--===m====n- b L Sand-----=mm-memme e e 20 170
Clay-====m=mmmmmmmm oo 16 20 Clay----=—====m—ccmmmmemem 130 300
Sand-------cc-cmmmmnn——— 30 50 Sand------~c-cccmmmcmennoo 85 385
Clay----=-----mcmmmemm 100 150
Well H-22
Owner: Humble Oil & Refining Co. Driller: Carl Vickers.
Soil--mmemmm e e 5 5 Sand-------cccccccmmcno- 17 111
Clay--mmmcmmmmmmmmmmm e 16 21 Shale----=====mcoeommmmom- i23 234
Sand--============mm--oo 52 73 Sand---====-=--c-cmmeeemoo 4o ey
Shale-==-cmememacmemem e 21 ok
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Table 4.--Drillers' logs of wells in Live Oak County--Continued

Thickness| Depth Thickness |Depth
(feet) | (feet) (feet) |(feet)
Well J-13

Owner: City of George West, well 4. Driller: R. W. Hudson.

Surface soil------=------ 6 6 Clay, sandy-----==-===-=-- 55 253

Sand and caliche--=-=---- 3k 4o Clay, sticky---=-m=-e=cmu- 23 276

Sand, broken, and caliche 45 85 Sand-=-=-=mmmmmemm e 59 335

Clay, sandy-----======== 56 141 'Gravel, hard, and sand---- 13 348

Sand--==-cmcemcmmm e ol 165 Sand--e=-m-mmmme e 153 501

Sand and gravel--------- 33 198 Gravel, hard, and sand---- 36 537
Well J-21

Owner: William Gregorcyk. Driller: W. D. Walton.

Topsoil, sandy--=---=-==--- 12 12 Sand (water)---=-e-ce-e--o 36 56
Clay and caliche-------- 8 20
Well J-35
Owner: FPerkins & West. Driller: W. E. Eads.
Surface soil-~==--=--uu-- 3 3 Shale, red------==-cce-e-x L5 123
Clay, sandy-------==---- 5 8 Sand--=-=m-mmmm e 19 4o
Sand--=--=smmmmmm—— e 1k 22 Shale, hard, sandy-------- 23 165
Shale, gray------------- 33 55 Shale, red-----w--e-meeeu- 29 194
Sand---====m~m-c=mm—mme - 23 78 Sand---=--mmmmm e 78 272
Well J-36

Owner: Perkins & West. Driller: R. R. Lawson.

Topsoil and clay-------- 6 6 Sand and sandrock--------- 20 96
Sand and sandrock------- 16 22 Clay and shale--==-=--o-on 24 120
Shale, sandy----=--==---- 5L 76 Sand and sandrock--------- 20 1ho
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Table 4.--Drillers' logs of wells in Live Oak County--Continued

Thickness| Depth Thickness|Depth
(feet) |(feet) (feet) |(feet)

Well J-k1
Owner: Buck West. Driller: C. 0. E. Drilling Co.
Surface soil------------ 5 5 Sand and gravel---=--=-—-=- 8 140
Sand---=-mmmme e e 15 20 Shale~-=ermemmmcmcc e 20 160
Clay~m=-m=mc=mmme——— - 90 110 Sand (water)------eceaao-- 28 188
Shale----veecmmemnccana- 22 132

Well J-73
Owner: W. M. Crocker. Driller: B. T. Sikes.
Topsoil-mmmmmmmmmmmee e 3 3 Clay-=-=-=mmmmmemmm e oo 54 17h
Clay-=-=-ommmmmmc e e 87 90 Sand------cecemccce e 15 189
Sand----emmeem e 30 120

Well K-23
Owner: Merle West. Driller: W. E. Eads.
Sand and caliche-------- 15 15 Clay, sandy---==========-= 36 122
Sand---=-==memmmmme e 7 22 Shale, red----===ceceeeu-- 14 136
Sand and caliche-------- 22 L Sand-=-e-cememcoe e 5 141
Sand and gravel--------- Lo 86

Well K-30
Owner: Walter H. Range. Driller: R. R. Lawson.
Clay--==-=-===-=-==-=uun 15 15 Sand---=-==ce-mcemmmeoo-- 5 85
Clay and gravel--------- 20 35 Shale and rock--=--==-eeeo- 75 160
Shale, sandy, and Sand---=--cccmcmmmmc e 10 170

sandrock--=~=m-=mmmmno L5 80

(Continued on next page)
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Table L4.--Drillers' logs of wells in Live Oak County--Continued

Thickness| Depth Thickness|Depth
(feet) | (feet) (feet) |(feet)
Well K-30--Continued
Sand, hard-------me-e--- L5 215 Shale, sandy, and
sandrock--------ccceeeu- 20 350
Sand--=-c-smmccmmn e n—en 20 235
Sand (good)-=====ceccmaua- 20 370
Shale----=m-cccccmcca- 10 245
Rock and shale----c-ce--a- 15 385
Sand----c=--cccemnmaecann 10 255
Sandrock-=e~=eeccccnccanan-" 10 395
Shale--==--c-cccccoeoa-- 60 315
Shale-=--wmmrmeccc e e 5 Loo
Sand (good)-====eemaeaa- 15 330 -
Well K-33
Owner: Walter H. Range. Driller: R. R, Lawson.
Topsoil and clay-------- 4 L Sand and sandrock--------- 15 96
Caliche and gravel------ 26 30 (017 ST —— 37 133
Sand, hard -----ceeeae-- 32 62 Sand and sandrock-~------- 17 150
Shale, sandy------===--- 19 81
Well K-4O
Owner: C. N. Freeman. Driller: Patterson Bros.
Sand and caliche-------- 17 17 Shale--------cccmccccceee 19 201
Caliche-==cccemmmmceeean 34 51 Sand, hard streaks-------- 1k 215
Sand, caliche streaks--- 20 T Shale-=---mmrmecmcemc e 32 247
Caliche-~--==-c-ccmeccm- 6 77 Sand------c-ecemccc oo 15 262
Sand, caliche streaks--- 86 163 Shale--=ememme e e e L 266
Shale and caliche------- 19 182
Well K-85
Owner: Houston Pipeline Co. Driller: Henry Cleveland.
Surface soil------------ L i Caliche and shale streaks 111 115
(Continued on next page)
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Table 4.--Drillers' logs of wells in Live Oak County--Continued

Thickness| Depth Thickness |Depth
(feet) |(feet) (feet) |(feet)
Well K-85--Continued
Sand, soft-------------- 5 120 Sand----=--c-ecmcmc e 18 376
Caliche-m===mmmmccccanao 30 150 Shale and lime----===-c--- 24 Loo
Shale--===mm-mmeomcm—eee 10 160 Sand-----====cmcmcmeemmeo 5 Lo5
LY. F 15 [175  ||Lime---mmmmmcmmmmmaaee 7 L12
Shale, sticky----------- 20 195 Shale---mmmmmmme——mmmmee 13 425
Sand-----mm=mmmmm—————— 100|205 Sand-----==mm-=cmmmmmmmn 10 435
Sand and rock---=-=====- 21 226 Sand and rock---=--=-c-=-- 25 L60
Shale--=m=mememmmmcm—eee 14 240 Sand, hard, and shale----- 38 498
Sand-=-=-e=mmmmemm—————ae 14 254 Shale-=-m=-memcmcceeee e L6 54k
Shale, sand streaks----- 56 310 Sand-==mmmememm————————— 10 55
Shale---==--cmmeccmena—- 20 330 Shale-==r-ccmmmcmcennceeee 36 590
Lime, sandy streaks----- 28 358 Sand--====mmmmmmmem— e 10 600
Well L-2

Owner: J. R. Dougherty Estate. Driller: W. E. Bads.

Sand----=--mmemmmm—— e 32 32 Rock, hard---------c-ec-e--- L 204
Clay, sandy, rock streaks T1 103 Shale, brown, sandy------- 27 231
Sand--=---emememcmm e 16 119 Rock, hard, sand streaks-- 6 237
Shale, brown, hard------ 81 200

Well L-26

Owner: J. R. Dougherty Estate. Driller: W. E. Eads.

Sand---==-=mmm—mmmemoeoo 6 6 Shale, brown, sandy------- 57 128
Shale, brown, sandy----- 60 66 Shale, brown, sticky------ 27 155
Sand-----=-cccemmmm————- 5 71 Sand, shale streaks------- 18 173
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Table 4.--Drillers' logs of wells in Live Oak County--Continued

Thickness! Depth Thickness|Depth
(feet) | (feet) (feet) [(feet)

Well M-9
Owner: Louis Rouch. Driller: Benny Welty.
TopsSOil-smeecmmcmmmmaeas 3 3 Sand (good)=====-mceeeauas 5 326
Sand and clay--=---~====- 14 17 Shale--=m--memmmmem e ee 3 329
Caliche--=--eemecmcccene 26 43 Sand and shale, broken---- 5 334
Sand----ee-ccmmmcmc—a——— 7 50 Shale-==rm=mcmmce e e 2 336
Shale~=-=mmecmcmcmcea——- 4 5k Sand, hard----e--e-eeceea-o In 340
Sand-----==-=c-cmenacnao 1 68 Shale, hard-----ec-eeeecaa- 1 341
Shale, hard, and caliche 72 Lo Sand----=--==—=m=cceooo-- 9 350
Sand, very fine--------- 6 146 Shale-m-cmmemmcm e 9 359
Shale, hard------====c=n bk 290 Sand--=--=mcmm—ccmcmmcmeeo 1 360
Sand and shale---=------ 3 293 Shale===-esmmmcomme e 2 362
Sand and little shale--- 5 298 Sand--e-==mcemmmm e em—e e 3 365
Sand-----=----=---eemuu 21 319 Shale--=cccmmoemmccm e 4o 405
Shale=--=--==-==nm==m-un 2 321

Well M-12
Owner: W. D. Stevens. Driller: dJ. E. Hutchins.
Surface sand-----=====-- 3 3 Shale-=---mmmmemcmc e 86 171
Caliche---==-cccmmmmouno 82 85 Sand (water)----=-------oo 61 232

Well M-17
Owner: Henry Reeves. Driller: W. L. Callaway.
Surface soil-----==--=-- 10 10 Sang---=--smmm—— e e e 12 152
Caliche, hard----------- 50 60 Shale, sticky---=--==-=---- 93 oL5
Shale---cmmmmmmccmmmeean 80 140 Sand--=mmmmmmm——————————— 28 273
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Table 4.--Drillers' logs of wells in Live Oak County--Continued

Thickness| Depth Thickness|Depth
(feet) |(feet) (feet) |[(feet)
Well M-22

Owner: Humble 0il & Refining Co. Driller: Carl Vickers.

3 B T L 4 Shale-==cmmeecmmomeeeeee 158 196
Clay-=-===-ememmm e 14 18 Sand-----cmcccmmcacmae oo 12 208
Caliche=-=m=cecmmamaeaa- 1 32 Shale-m=m=m=mmccccmmeeeee 8L 292
Sand-=-=-mcmmmmmmm— e 6 38 Sand--=-=m-mm-mm e Ls 337
Well M-23
Owner: Humble 0il & Refining Co. Driller: Carl Vickers.
Surface s0il-~===-e-e-m- L L Sand-=-=-=cmcmmem e 1L 204
Caliche--=---mocmmmcoaa- 61 65 Shgle-~==mm-mmecmmce e cceee L6 250
Shale-===m=mmmmmmccaeeom 71 136 Sand----==--==-mccmacaaaaoo 22 272
Sand-------mmcmm e 21 157 Shale-==-c-cocommmce e 23 295
Shale-==mm--cmmmmeememm 33 190 Sand--=-=-===c=cccmmoomao- 22 317
Well M-26

Owner: Humble 0il & Refining Co. Driller: Carl Vickers.

S0il-mmmmmmm e eem 2 2 Shale-==mcmmemm e 16 257
Clay-==m===mmmcmmm——m oo 12 1k Sand--==-==m-mmm e 15 272
Caliche, brown, and clay 22 36 Shale----==-=c-cmmomcmnanno L 276
) 125 |161 Sand-n=mmmmmmmm e m———m e 6 282
Sand, firm-------------- 26 187 Shale--=-=-=omocmcmmmenoo 86 368
T Yo . 15 |202 oYY P 37 405
Shale--=--m===m=-cmcmouo 8 210 Shale--=-==-mmommmmemamme 1 406
Sand and shale streaks-- 31 241
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Table L4.--Drillers' logs of wells in Live Oak County--Continued

Thickness |Depth Thickness|Depth
(feet) [(feet) (feet) |(feet)
Well M-28
Owner: Humble 0il & Refining Co. Driller: Carl Vickers.
Sand-----c-mmcmmmmceeaao 2 2 Shale and sand--------=--- L6 290
Shale--==mmmmemc e e e 2 L Shale, hard-----=-=-c----- 10 300
Caliche--==mm=cccmcaeao 18 22 Shale, sandy-----===c==n-- 36 336
Caliche and sand---==---- 61 83 Shale, hard------e-ceecean- 52 388
Shale-==cmemecmmcmmc e 102 185 Sand----m-cecmmemc e —————— 37 425
Sand----=---==cmocmoooo- 59 2L
Well M-30
Owner: William Hinnant. Driller: B. F. Sikes
Surface soil-==-==-c=e-- 3 3 Clagy-=mmmmmemmmmmc e e e - 35 T4
Cley---—=-———mm—mmemeee- 27 30 Sand (water)-----=--ee-oo- 10 8L
Sand-----=-m-c-cececaom- 9 39 Clay----=====mmmmmmm e 1 85
Well M-4O
Owner: William Hinnant. Driller: Doss Well Service.
Surface sand-----=--===- 10 10 Shale, gray------=--=-=---- 30 125
Sand, gray and yellow--- 20 30 Sand, gray, and sandrock-- 17 142
Sand, pink, and caliche- 35 65 Sand, gray (water)-------- 20 162
Shale, gray, sandy------ 30 95 Sand, gray and white------ 11 173
Well N-1
Owner: H R. Smith Co. Driller: W E. Eads
Surface soil------------ 2 2 Sand-----=-==--—=moemem oo 17 142
Sand and caliche-------- 61 63 Shale~-=--=-=-=-cmcmoooomoo 28 170
Clay, sandy-------=------ 62 125 Sand---=--==-cm--mmmcm . 21 191
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Table 4 -~Drillers' logs of wells in Live Osak County--Continued

Thickness| Depth Thickness |Depth
(feet) | (feet) (feet) |[(feet)
Well N-20
Owner: Holman Cartwright. Driller: R. R. Lawson.
Topsoil and clay-------- 15 15 Shale, sandy------=-===--- 3 109
Caliche, soft, and clay- 63 78 Sand (water)------—---=--- 3 112
Send, dry, and shale---- 26 104 Shale, sandy-----=--====== 18 130
Sand (water)-----=-==--- 2 106 Sand and rock, (water)---- 22 152
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