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United States Geological Survey
October 1959
ABSTRACT
The investigation in Bexar County was part of a comprehensive study of a
large area in south-central Texas underlain by the Edwards and associated limesto~es of Cretaceous age.
The limestones form an aquifer which supplies water
to the city of San Antonio, several military installations, many industrial
pla~ts, and many irrigated farms.
The investigation, started in 1932, is a
cooperative project of the U. S. Geological Survey, the Texas Board of Water
Engineers, and the San Antonio Water Board. The report includes a geologic map
and two cross sections of the county, a description of the geologic formations,
and a discussion of the major aquifer, the Edwards and associated limestones.
The geologic formations that yield water to wells in Bexar County are sedimentary rocks of Mesozoic and Cenozoic age. The rocks strike northeastward and
dip southeastward toward the Gulf of Mexico. In the northern part of the
county, in an erosional remnant of the Edwards Plateau, the rocks are nearly
flat and free from faulting. In the central and southern parts of the county,
however, the rocks dip gulfward at moderately steep angles and are extensively
faulted in the Balcones and Mexia fault zones. Individual faults or 6b.atter
zones were traced as far as 25 miles; the maximum displacement is at least 600
feet. In general, the formations are either monoclinal or slightly folded; in
the western part of the county the broad Culebra anticline plunges toward the
southwest.
Most of the large-capacity wells in Bexar County draw water from the
Edwards and associated limestones, but a few draw from the Glen Rose limestone,
the Austin chalk, and surficial sand and gravel. The Hosston formation, Glen
Rose limestone, Buda limestone, and Austin chalk, all of Cretaceous age, generally yield small to moderate supplies; the Wilcox group and Carrizo sand of
Tertiary age and alluvium of Pleistocene and Recent age generally yield small
supplies.
The Edwards and associated limestones are recharged primarily by groundwater underflow into Bexar County from the west, and secondarily by seepage from
streams that cross the outcrop of the aquifer in Bexar County. During the
period 1934-47 the recharge to the aquifer in Bexar County is estimated to have
averaged between 400,000 and 430,000 acre-feet per year.
Discharge from the aquifer takes place by means of wells and springs and
by underflow into Comal and Guadalupe Counties on the northeast. During the
period 1934-47 the estimated average discharge from wells and springs was about
174,000 acre-feet per year. The discharge by underflow out of the county during
the period is estimated to have averaged between ;220,000 and 260,000 acre-feet

per year.

The movem er.. t , J_~ ~w(l-:,c:r ~~Lt,O Carnal and Guada lupe Count

ies~s indica" L::(:~
by conto urs on the piezometr'~,~ C::r'~~ssure-head-indica
ting) surfa ce 0:: the Ed1oli"~'ClE
and assoc iated limes tones ::'n Bexar C.:mnty for the years
1952, 1954, aD1957. Proba bly only a sma~l amount; of water moves dawnd1934,
ip south east of SaD
Anton io. The prese nce of highl y miner alized water in
that area sugge sts tba~
~he circu lation of water is poor becau se of the
law perm eabil ity of the a~ui:er.

Durin g the perio d 1934-56 the disch arge from the Edwar
ds and assoc iated
limes tones great ly excee ded the recha rge; conse quent ly,
water level s in wells
declin ed. The decli ne was great est in the north weste
rn part of the county ,
..here -the water level s in wells dropp ed as much as 100
feet. The declin e was
progr essiv ely less towar d the east, avera ging ~O feet
along the Bexar -Coma l
Count y line. The area of the great est conce ntrati on
of disch arge, includ ing
San Anton io and exten ding to the south west and north east,
which coinc ides with
the area of maximum fault ing and maximum recor ded yield
s from wells , is not the
area of great est decli ne. The abili ty of the Edwar ds
and assoc iated limes tones
-:0 trans mit and store water in the San
Anton io area appar ently is so great that
the disch arge from wells resul ts in much small er decli
nes of water level than
do simil ar or even small er disch arges in other , less
favor able areas .
The water from the Edwar ds is almos t uni~ormly a calciu
m bicar bonat e water
of good quali ty, althou gh hard. In the south ern part
o~ the San Anton io area
the water is charg ed with hydro gen sU~ide; ~arther downd
ip it becom es high~
miner alized .
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..-INI'RODUCTION
Location and Economic Importance of the Area
Bexar County is in south-central Texas, about 125 miles northwest of the
Gulf of Mexico and the same distance northeast of the Mexican border. (See
fig. 1.) The area of the county is 1,247 square miles.
San Antonio, near the ~enter of the county, is the third largest city in
Texas. The estimated population of the metropolitan area in 1955 was 565,300.*
The city, founded in 1812, is one of the oldest in the southwestern part of the
United States. It is the financial, commercial, and cultural center of southern
Texas and is one of the most important military centers in the Nation. There
are four major military installations in or adjacent to the city and several
others within the county. In 1955 there were 518 manufacturing or processing
plants in operation in the city, the chief products being clothing, cement,
furniture, meat and other foods, and chemicals.
Large quantities of water are needed to meet the requirements of the
rapidly increasing population, the expanding industries, and irrigation. All
the water used for municipal, military, or industrial purposes is obtained from
wells or springs; San Antonio is one of the largest cities in the United States
supplied exclusively with ground water. The continuously increasing demand for
water has been met by ever-greater withdrawals of ground water.
Purpose and Scope of the Investigation
The investigation in Bexar County was part of a comprehensive study of the
geology and hydrolo~J of 13 counties underlain by the Edwards and associated
limestones--an important ground-water reservoir. The program in Bexar County
was started in 1932 as a cooperative project of the U. S. Geological Survey and
the Texas Board of Water Engineers and was enlarged in 1947 by the cooperation
of the San Antonio Water Board. Study was made of the thickness, depth, and
areal extent of all water-bearing formations and the source, availability, movement, and quality of the ground-water--with special emphasis on the Edwards and
associated limestones.
The geology of Bexar County was mapped by A. N. Sayre of the Geological
Survey in 1932 and 1933. The collection of well records, pumpage figures, and
water samples for chemical analyses, and the measurement of water-level fluctuations, were started in 1932 and maintained as a continuing program. Preliminary results of the investigation was reported by Livingston, Sayre, and White
(1936) and by Livingston (1947). Da~a for Bexar County were included in reports
by Lang (1954) and Petitt and George (1956).
This report contains the geologic map of the county prepared by Sayre in

1932-33, with slight modifications by later workers; a description of the
geologic formations; and a discussion of the ground-water reservoir in the

*

Texas Almanac, 1956.
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Petit t and Georg e (1956 ).
Edwar ds and assoc iated limes tones ada-pt ed large ly from
used by Petit t and Georg e
those
as
Well numbe rs used in this re-por t are the same
(1956 , Ill. 12).
of R. W. Sunds trom,
This re-por t was -pre-pared under the direc t su-pe rvlslo n
groun d-wat er
of
e
charg
distr ict engin eer of the U. S, Geolo gical Surve y in
n of S. W.
rvisio
su-pe
tive
inves tigati ons in Texas , and under the admi nistra
h of the
Branc
Water
d
Groun
chief of the
Lohma~, area chief , and A. N. Sayre ,
Geolo gical
S.
U.
the
of
ow
Winsl
Geolo gical Surve y. B. M. Petit t, Jr., and A. G.
rt.
re-po
this
of
n
aratio
Surve y made many sugge stions that facil itate d -pre-p
To-pogra-phy and Drain age
the geolo gic struc ture.
The to-pogra-phy of Bexar Count y is close ly relate d to
au, is se-par ated from
Plate
The r-orth ern third of the count y, -part of the Edwar ds
the Gulf Coast al Plain by the Balco nes fault zone.
side of the Balco nes
The rugge d and hilly Edwar ds Plate au on the upthro wn
The -plate au is
feet.
fault zone range s in altitu de from about 1,100 to 1,900
towar d the
tly
sligh
'rery
under lain -princ i-pally by limes tone beds which di-p
stream s, is
small
many
of
south east. The -plate au, disse cted by the headw aters
eastw ardsouth
of
aters
drain ed by Cibol o and Balco nes Creek s and by the headw
is
ation
veget
stic
cteri
flowi ng Culeb ra, Leon, and Salad o Creek s. The chara
juni-p er and small oak.
centr al :part of
The Balco nes fault zone trend s south westw ard acros s the
limes tone and
of
sed
the count y. The zone is under lain by fault block s com-po
stic veget acteri
chara
sha:e beds which dip gentl y towar d the south east. The
des of the
altitu
;
hills
tion is mesqu ite on the plain s and live oak. on the low
zone range from about 700 to 1,100 feet.
Anton io River , the
The Balco nes fault zone is drain ed, in part, by the San
city limit s of
the
n
The river heads withi
pri~c ipal stream in Bexar Count y.
river was
the
of
flow
San Anton io and flows south eastw ard. Until 1950 the
sprin gs have
the
1950
susta ined by San Pedro and San Anton io Sprin gs, but since
waste
cipal
muni
and
l
been dry and the flow has been susta ined by indu stria
the Medin a
of
s
tarie
tribu
water . Other stream s drain ing the fault zone inclu de
River and Cibol o Creek .
beds of marl, clay,
The Coast al Plain , a rollin g prair ie, is under lain by
east at a great er
south
ane. poorl y conso lidate d sand. The beds dip towar d the
fault zone. The
nes
Balco
rate than those in eithe r the Edwar ds Plate au or the
s towar d the
slo-pe
and
area rang~s in altitu ae from about 425 to about 700 feet
Cibol o Creek
and
s
River
io
south east. It i p drain ed by the Medin a and San Anton
and their tribu tarie s.
Clima te
are mild, the
Bexar Count y has a warm subhu mid Clima te. The winte rs
hot, the daily
are
rs
summe
tempe rature s gener ally being above freez ing; the
the U. S. Weath er
of
ds
recor
to
maximum usual ly being more than 90°F. Accor ding
68.8° F. The
is
io
Anton
San
Burea u, the long- term mean annua l tempe rature at
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FIGURE 1.- Map of Texas showing location of Bexar County.
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L

growi ng seaso n avera ges about 279 days. Figur e I-a shows
that the mean month ly
tempe rature range s from about 51°F in Janua ry to about 84°F
in July and Augu st.
Preci pitati on varie s from year to year. The rain falls
princ ipally in
isola ted thund ersho wers and only occas ional ly in wides pread
term mean annua l preci pitati on at San Anton io is 27.91 inchestorm s. The longs. The preci pitation} well distri buted throu ghout the year, is great est
durin g April , May,
June, and Septe mber. (See fig. I-a.)
GEOLCGY AND WATER-BEARING PROPERTIES OF THE FORMATIONS
The geolo gic forma tions that yield water to wells in Bexar
Count y are
sedim entary rocks of Creta ceous , Terti ary, and Quate rnary
age. (See table 1.)
Igneo us rocks are not known to crop out in the count y, and
repor ted in the :subs urfac e. Lonsd ale (1927 , p. 114), howevnone have been
fragm ents of serpe ntine , a metamorphosed igneo us rock, were er, repor ted that
found when wells
were drille d in the Some rset oil field . Other metam orphic
rocks that const itute
the basem ent benea th the sedim entary rocks are repor ted
to have been found in
the drilli ng of wells throu ghout the count y.
The patte rn of outcr op of the forma tions is shown on the
geolo gic map in
plate 1, and cross sectio ns of the count y are shown in plate
s
2
and 3. Much
of the descr iption of the ge~ogic forma tions that follow
s has been freel y
adapt ed from LiVin gston , Sayre , and White (1936) and Sella
rds (1919 ).
Pre-C retace ous Rocks
No rooks older than those of' Creta ceous age crop out
water has been repor ted from pre-C retace ous rocks in the in Bexar Count y.
count y.

No

The rocks of' pre-C retace ous age are vario usly descr ibed
as slate , black limes tone, and schis t. They have been consi in drill ers' logs
dered to be of'
Paleo zoic age (Sella rds and other s, 1932, p. 130). Barne
s
(1948
, p. 9-12)
sugge sted that simil ar rocks to the north and north east
of Bexar Count y are
metam orphic equiv alent s of the rocks of Penns ylvan ian age
which crop out in the
Llano uplif t, the metamorphism incre asing away from the
uplif t. The surfa ce of'
the rocks of pre-C retace ous age in Bexar Count y dips south
eastw ard towar d the
Gulf of' Mexic o; the avera ge chang e in altitu de acros s the
chang e due to fault ing, is about 130 feet per mile. (See count y, inclu ding the
pIs. 3 and 4.)
Creta ceous System
Pre-Comanche Rocks
Imlay (1945 , p. 1427) class ified the oldes t rocks of
Bexar Count y as the Hosst on and Sligo forma tions and correCreta ceous age in
of the Duran go and Nuevo Leon group s of the Coahu ila serie lated them with rocks
and Stric klin (1956 , p. 74) sugge sted that the Hosst on and s of Mexic o. Lozo
of Camanche agej howev er, Forgo tson (1957 , p. 2335) , like Sligo forma tions are
Imlay , place s the
Hosst on and Sligo in the Coahu ila serie s.
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The Hosston and Sligo formations do not crop out in Bexar County. They
are underlain by rocks of pre-Cretaceous age and are overlain by rocks of
Coma~che age.
They form a wedge which thins to the north. Plates 2 and 3 show
a ra~ge in thickness from about 300 feet at the U. S. Government water well at
Leon Springs (B-23) to 1,100 feet in the Bur-Kan Petroleum Co. Lee Hubbard No. 1
well in the southwestern part. of the county. The thickness of the formations
appe~rs to be almost the same along the strike.
The Hosston formation consists of limestone, shale, and sandstone. According to Lang (1953, p. 3), "The sands where penetrated in most wells contain
considerable shale and are largely medium- to fine-grained and are very hard
and tightly cemented. In the northern part of the county, on the Leon Springs
military reservation and in the Helotes area, the sands are especially t~in and
shaly. Through the central part of the county within the belt of faulting the
sand section is considerably thicker and not so shaly."
Some of the sandstones in the Hosston formation are water bearing. Locally
they are known as "Travis Peak," "basal sands," or "Trinity sands." In most
places elsewhere in Texas, these names are used to refer to water-bearing
strata in the lower part of the Trinity group. The confusion in names probably
results from the fact that the Hosston appears to be the only formation underlying the Glen Rose limestone that yields significant quantities of fresh water
to wells in Bexar CountYJ whereas in some other areas the Pearsall formation
(subsurface equivalent of the Travis Peak formation) is productive. Records
of three wells (A-ll, A-17, and N-112) were reported by Petitt and George (1956,
v. 2, pt. lJ p. 146 J 211) to tap the "Travis Peak." All three actually tap the
Hosston. Six wells (B-3, B-23J E-1 J E-10 J E-25 J and 1-39) drilled presumably
inte the Hosston were abandoned or plugged back J owing to disappointing yields
or roor quality of water. Another well (B-24) that taps the Hosston yields
37 g]m (gallons per minute)J but the casing record shows that it may draw water
alse from the Glen Rose. Lang (1953 J p. 1-3) indicated that the water-bearing
beds in the Hosston have a low permeability, and that wells in them probably
have a specific capacity of about 3 to 4 gpm per foot of drawdown. It would be
expected, therefore, that large withdrawals from the Hosston formation would
cause declines in artesian head throughout a wide area, resulting in high
pumping lifts where wells once flowed. In 1956 only three wells in Bexar County
were reported to draw water from the Hosston formation. The largest yields
reported are 275 gpm from well A-ll in the northwest corner of the county and
230 gpm from well N-112 near the U. S. Highway 81 crossing of the Medina River.
On the basis of information from nine water and oil wells in Bexar and
adjacent counties, Lang (1953J p. 3) concludes that the quality of the water in
the Rosston formation ranges from moderately good to poor and that on the whole
the water is inferior in quality to the water obtained from the Edwards and
associated limestones for the San Antonio municipal supply.
The Sligo formation consists primarily of limestone, dolomite, and interbedded shale. No wells in Bexar County are known to obtain water from it.
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Comanche Serie s
Trini ty group
Pears all forma tion.- -The Pears all forma tion overl ies
the Sligo forma tion
in Bexar Count y. Imlay (1945 ) p. 1441) sugge sted that
the Pears all and Travi s
Peak forma tions occup y the same strati graph ic positi on}
Pears all being the
subsu rface name and Travi s Peak the outcr op name. Becau
se the forma tion does
not crop out in Bexar County} the name Pears all is used
in this repor t.
The Pears all forma tion is of fairly unifo rm thick ness
throug hout Bexar
Count y. (See pIs. 3 and 4.) The maximum repor ted thick
ness is 257 feet in the
U. S. Gover nment water well (B-23 ) at Leon Sprin gs; the
minimum} as interp reted
from elect ric logs} is 135 feet at the Union Produ cing
Co. L. S. McKean No. 1
"Nell.
The Pears all forma tion consi sts princ ipally of shale
and limes tone. Georg e
(1952 ) p. 15-17 ) and F. C. Lee (writ ten comm unicat ion)
1954) } however} repor ted
that the Pears all (Trav is Peak) yield s water to wells
in Bande ra and Comal
Coun ties. No wells are known to obtai n water from the
Pears all in Bexar County}
but it is likel y that small quan tities of water could
be devel oped in the north ern part of the count y.
Glen Rose limes tone.- -The Glen Rose limes tone} the oldes
t forma tion expos ed
in Bexar County} confo rmabl y overl ies the Pears all forma
tion and crops out in
the north ern part of the count y in a belt havin g a maxim
um width of almos t 11
miles . Downdip from the U. S. Gover nment water well
(E-25
) at Camp Bulli s the
Glen Rose incre ases in thick ness from 660 feet to a record
ed maximum of about
1}200 feet in the Bur-K an Petro leum Co. Lee Hubba rd No.
1 well in the southw est
corne r of the count y and in the Geo. Parke r and C. L.
McCune Tom Goad No.1
well in the south -cent ral part. (See pIs. 3 and 4.)
Accor ding to Livin gston } Sayre } and White (1936 ) p. 68-69
)} the Glen Rose
"cons ists of beds of mode rately resis tant} massi ve chalk
y limes tone altern ating
with beds of less resis tant marly limes tone. The differ
ence in the resist ance
of the vario us beds to erosi on has resul ted in the develo
pment of a strik ing
terrac ed topog raphy ." The Glen Rose is fossi lifero us}
conta ining many echin oids
and mollu sks and a large varie ty of Foram inifer a} the
genus Orbit olina being
espec ially abund ant. The well-k nown Salen ia texan a zone
near the middl e of the
limes tone has been arbit rarily used to divid e the Glen
Rose into a lower and an
upper member. The conta ct betwe en the lower and upper
members} as shown on plate
I} marks the locat ion of the outcr op of the Salen ia texan
a zone.
Livin gston } Sayre } and White (1936 ) p. 68-69 ) state d:
"In gener al the
limes tone is only mode rately perme able and conta ins water
only in small joints
anj fissu res. In place s on the outcro p} howev er} it
conta ins solut ion chann els
that range from minut e openi ngs to large caver ns} some
of which take in large
quan tities of surfa ce water . If these openi ngs were
widel y interc onnec ted the
water level in wells in the forma tion would be conco rdant;
that they are not
widel y interc onnec ted is indic ated by the fact that the
altitu des of the water
level s diffe r great ly} even in wells close toget her."
Throu ghout most of its area of outcr op the Glen Rose
yield s water suffi cient only for stock and dome stic use} but in place s
it yield s mode rately large
suppl ies. Three wells (E-l) E-2} and E-3) at Camp Bulli
s were pumped at 380}
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Texas Board of Water Engineers in cooperation with
Hie U.S. Geological Survey and the City of Son Antonio.
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Table 1. - Geologi" fun"...t

System

Series

Group

Stratigraphic
unit

Approximate
maximum
thickness
(feet)

Iem ..

of

BeXI\..

Counl.,y, Tax.

Water-supply properties

Character of material

Quaternary

Recent and

Alluvium

45

Silt, sand, and gravel.

In places yields water for stock and domestic

Tertiary(? )

Pliocene(?)

Uvalde gravel

30

Coarse flinty gravel in matrix

wells.
Not known to yield water to wells in Bexar

Mount Selman

200

of clav or silt.
Sand and clay with iron concre-

formation
Carrizo sand

!:l00

tions.
Coarse to medium-grained sand

Yields moderate supplies of potable water.

and sandstone' some clav •
Thin-bedded sand and sandstone

Yield moderate supplies of water of good to

Claiborne
Tertiary

County.
Do.

Eocene
Undifferentia-

1,070

Wilcox
and some clay, lignite, and

ted deposits
Wills Point
Paleocene

calcareous concretions.
Arenaceous clay containing

490

poor quality.
Not known to yield water to wells in Bexar

Midway
numerous arenaceous and

formation
Navarro

Kemp clay,

County.

calcarenus concretions.
Clay and marl.

Do.

540

Marl and calcareous clay.

Do.

355

Marly chalk.

Do.

210

Limestone and argillaceous

Yields small to large supplies

535

Escondido
formation,. and

Gulf

I

Cretaceous
Corsicana marl
Taylor marl
Anacacho
limestone
Austin chalk

Washita

~f

water of

Eagle Ford shale

40

chalkv limestone.
Calcareous and sandy shale and

p;ood to poor quality.
Not known to yield water to wells in Bexar

fuda limestone

80

some araillaceous limestone.
Dense, hard limestone.

Countv.
Yields sufficient water near the outcrop for

Grayson shale

60

Blue clay, weathering greenish

stock and domestic use.
Does not yield water to wells in Bexar

and yellowish brown.

County.

Tabl~

System

Series

Group

Washita
(continued)

1.- Geologic formations of Eexer County--Continued

Stratigraphic
unit
Georgetown

Approximate
maximum
thickness
(feet)

Charecter of material

65

Hard massive limestone and

limestone
Edwards lime-

600+

stone
Cretaceoua
(continued)

Comanche

Water-supply properties

Yield large supplies of water for municipal,

argillaceous limestone.

industrial, and irrigation supplies.

Hard semicrystalline massive

the principal aqUifer in the county.

Form

limestone and dolomite and

Water is highly mineralized downdip in

some thin-bedded limestone

the southern part of the county.

Fredericksburg
Comanche Peak

40

and marly limestone.
Light-gray massive limestone and

limestone
Walnut clay

20

marl.
Sandy clay or marl.

Not known to yield water to wells in Bexar

Messive chalky limestone

County,
Generally yields sufficient water in the

Glen Rose

1,200

limestone
Trinity
Pearsall
J're-Comanche
(Coahuila

(Nuevo Leon

formation
Sligo formation

nf' Mevico)
(Nuevo Leon

Hosston forma-

190

alternating with beds of

outcrop for stock and domestic use.

less resistant marly

from deeper welle generally is more highly

Water

limestone.
Shale and limestone.

mim,ralized than is water from shallow wells.
Not known to yield water to wells in Bexar

Limestone, dolomite, and shale.

County.
Net known to yield water to wells in

Limestone, shale, and sandstone.

Bexar Countv,
Yields small to moderate supplies of water

1,100

of Mexico)
and Durango

tion

which becomes more highly mineralized

of Mexico)

downdip toward the southern part of
Sedimentary

Pre-Cretaceous

and metamoruhic rocks

Slate, black limestone, and
schist.

the COUl"",
Not known to yield water to wells in
Bexar County,

370, and 350 gpm with specific capacities of 4.6, 5.3, and 3·8 gpm per foot of
drawdown, respectively. Southeast of its outcrop, where the Glen Rose dips
ber-eath the surface) it yields very little water to wells.
Water from the Glen Rose limestone is very hard and in some places has an
undesirable concentration of sulfate. However, it is commonly used for domestic
and livestock supplies. Water from the deeper wells generally is more highly
mineralized than the water from shallow wells. The greater content of dissolved
solids is primarily due to an increase in calcium or magnesium sulfate.
Fredericksburg group
Walnut clay.--The Walnut clay, the basal member of the Fredericksburg
group, conformably overlies the Glen Rose limestone in Bexar County. It crops
out in scattered small areas in the northern part of the county (pl. 2) and is
present in the subsurface except where it and the underlying Glen Rose crop out.
Jones (1926, p. 770) reported the Walnut to be as much as 20 feet thick in the
southwestern part of the county, but in the area of outcrop the formation
generally is thinner.
The Walnut is a sandy clay or marl which is best identified by the presence
of small nodules of limestone and specimens of the fossil oyster Exogyra texana
Roemer. Because the presence of the same fossil species in the marly beds of
the overlying Comanche Peak limestone makes it difficult to separate the two
formations, they are shown as a unit on the geologic map (pl. 2). No wells in
Bexar County are known to obtain water from the Walnut clay.
Comanche Peak limeatQne.--The Comanche Peak limestone conformably overlies
the Walnut clay and, like the Walnut, crops out in scattered small areas in the
northern part of Bexar County. (See pl. 2j According to Livingston, Sayre, and
White (1936, p. 67), the Comanche Peak is about 40 feet thick in Bexar County.
The lower part of the Comanche Peak is marl and the upper part is a lightgray massive limestone. The marl and the underlying Walnut clay contain Exogyra
texana Roemer. The two formations are not differentiated on the geologic map.
The nodular appearance of the limestone is its most distinguishing characteristic. However, well drillers do not distinguish the Comanche Peak limestone
from the overlying Edwards limestone. It is possible, therefore, that some of
the water that drillers report to be in the lower part of the Edwards actually
is in the Comanche Peak. The Comanche Peak and the overlying Edwards and
Georgetown limestones are incladed in the aquifer comprising the Edwards and
associated limestones.
Edwards limestone.--The Edwards limestone lies conformably on the Comanche
Peak limestonej the beds in the lower part of the Edwards are very similar to
those in the upper part of the Comanche Peak. However, the formations are distinguished by their fauna and by their mode of weathering. North of the main
faul~ zone the Edwards caps the hills and uplands.
Within the fault zone the
Edwa~ds crops out in a west-southwestward-trending belt which is about 7 miles
wide in the eastern part of the county, only 1.5 miles wide at its narrowest
point about midway across the county, and a little less than 4 miles wide at the
Bexar-Medina County line. (See pl. 2.) The thickness of the Edwards is fairly
uniform along the strike but becomes greater downdip. It is about 485 feet at
the U. S. Government water well (E-25) at Camp Bull::_s, just south of the area of
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out~rop}

and a little more than 600 fee0 in several wells in the southern part
of t:::'e county.

~~e EQwards consists largely of gray to white hard, dense semicrystalline
limestone and dolomite. Generally it is coarsely crystalline, but in places it
is 0: fine, almost lithographi~, texture. Most of the limestone is massive,
but some is thin bedded. A few layers of limestone are marly and drillers log
them as shale. The dolomitic beds have a sugary texture and when crushed in
drilling yield sand-size particles. The "sandstone" and "sandy limestones"
reported in the Edwards by many drillers probably are dolomitic bedso

Well-preserved microfossils are rarely found in the Edwards limestone, but
Deds composed largely of detrital fragments of organic origin 8re common. The
fossils most readily recognized are mollusks of the genera Monopleura, Requienia,
and Tou-casia.
Chert (flint) is an identifying feature of the Edwards, because it is not
found in other Cretaceous formations in Bexar County. It occurs as oval or
flattened nodules having distinct boundaries within the limestone as lenticular
masses which grade into the limestone and as thin beds parallel to the bedding
planes. The chert is not uniformly distributed throughout the Edwards but is
confined to distinct horizons; it is not present in the basal or top beds of the
formation. In many placzs the chert has weathered out of the limestone and
fragments are scattered over the surface of the land in great quantity
According to Sellards (1919., p. 25), "The soils derived from the flinty phase of the
Edwa=ds formation are prevailingly red, and the belt of country occupied is
refe=red to locally as the 'red lands'."
0

In many places, both in the outcrop and in the subsurface, the Edwards is
extensively honeycombed and cavernous. Drillers frequently report soft or
"honeycomb" limestone which is believed to be a reck having a spongelike appearance resulting from the partial solution of the limestone. According to Petitt
and George (1956, p. 16), "Irregularly distributed caverns are found in the
outcrop and are indicated downdip in drillers' logs by such notes as 'cavity,
2 feet.' Interconnected solutional cavities of all shapes and sizes form more
or less linear channels, which generally follow fractures that are associated
with and parallel to faults. Beds containing large numbers of fossils appear
to be more porous or more susceptible to solution than others."
The Edwards generally yields water freely to wells, but a well that by
chance misses the cracks and solution channels may yield little or no water.
It has become standard practice to treat all municipal wells with acid in order
to :"ncrease their yield by enlarging the cracks and solution channels tapped by
the wells.
The largest yield in the county was a natura: flow of 16,600 gpm, measured
in 1942, from the San Antonio Public Service Co. well 4 (well 164 in Livingston,
1942, po3). This is the largest natural yield from a flowing well known to the
Geolog~cal Survey.
In contrast, a well of similar depth just 40 feet away never
has yielded much water.
The Edwards limestone supplies most of the wells in San Antonio and the
southern two-thirds of the county. 7he hydrology of the Edwards and associated
limestones is discussed in detail later in this report. (See p. 2L)
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Washita group
Georgetown limestone.--The Georgetown limestone lies disconformably on the
Edwards limestone, but the disconformity is barely evident because the lithology
of the two formations is so similar. The Kiamichi formation, a shaly limestone
which separates the Edwards and Georgetown in other areas (Sellards and others,
1932, p. 270, 348-359), is not present in Bexar County. The Edwards and Georgetown are best distinguished by faunal differences.
The Georgetown crops out in 6cattered small areas in a belt extending
across the north-central part of the county. (See pl. 2.) According to Imlay
(1945, p. 1425) the Georgetown thickens downdip from a minimum of 27 feet in
the outcrop to a maximum of 65 feet in the subsurface.
The Georgetown consists of hard II18saive limestone that contains beds of
buff to brownish-buff fossiliferous, argillaceous limestone in the upper part

of the section. One of the most abundant fossils in the upper part of the
section is the brachiopod Kingena wacoensis (Roemer).
Well drillers do not distinguish between the Georgetown limestone and
Edwards limestone. The Georgetown is part of the aquifer that comprises the
Edwards and associated limestones; theref'ore, the water-bearing properties of
the Georgetown as a part of the aquifer will be discussed later in this report.
Grayson shale.--The Grayson shale, formerly known as the Del Rio clay, conformably overlies the Georgetown limestone. The two formations, however, can be
distinguished readily because they differ in lithology, fossil content, and
electrical properties. The outcrops of' the Grayson are associated with those
of the Georgetown and Buds. limestones in a belt extending across the northcentr80l part of' the county. (See pl. 2.) The Grayson thickens slightly toward
the west and downdip from a recorded thickness of 39 feet in the U. S. Government water well (E-25) at CamJ:l Bullis in the outcroJ:l area to a maximum recorded
thickness of' about 60 feet in several wells in the southern part of the county.
(See pls. 3 and 4.) Halt (1956, p. 28) reJ:lorted a maximum thickness of 95 feet
for the Grayson in Medina County.
The Grayson is predominantly blue elay which weathers greenish-yellow
brown. Pyrite and gypsum are scattered throughout the formation, but the most
distinguishing characteristic is the presence of' large numbers of' Exogyra
arietina (Roemer), a small oyster shaped like a ram t s horn. In the outcrop the
Grayson generally forms a slope below the more resistant Buds. limestone and
SUPJ:lorts a timber growth that is largely meSquite (ProBoilis jul1f'lora).
The Grayson shale yields no water to wells in Bexar County. Instead, it
serves as an upper confining bed to the Edwards and aasociated limestones.

Buda limestone. --The Buda limestone lies conformably on the Grayson shale J
but the contact is marked by an abrupt lithologic change both in the outcroll
and in the subsurface. (See pIs. 3 and 4.) The Buda crops out in scattered
small patches which are associated with those of the underlying formations of
the Washita group in a belt extending across the north-central part of the
county. (See pl. 2.) The Buda thickens slightly to the west. It thickens
downdip 8olso, from about 50 feet near the area of outcrop to a maximum recorded
thickness of 80 f'eet in the H. and J. Drilling Co. Annie Chapaty No. 1 well in
the extreme southern part of the county. (See pl. 3.)
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As described by Sellards (1919, p. 31L the Buda limestone "is quite
uniformly a close-grained, a dense, hard limestone. On surface exposures this
rock is usually light-colored, or tinged with gray, yellow, or blue. As seen
in well cuttings, the limestone is usually of light color, although a part of
the formation frequently shows as a blue rock. Black specks in the limestone
is a characteristic frequently referred to by drillers in describing the cuttings from wells."
The Buda limestone is relatively impermeable, yielding only enough water
for jomestic use and for livestock near the area of outcrop. Large yields have
been reported for a few wells tapping the Buda; however, it is believed that
these wells have encountered fractures along which the water rises from the
underlying Edwards and associated limestones.
Gulf Series
Eagle Ford shale.--The Eagle Ford shale, the lowermost formation of the
Gulf series, lies unconformably on the Buda limestone, the uppermost formation
of the Comanche series. The contact is marked by an abrupt lithologic break.
The sequence of the Buda limestone, Eagle Ford shale, and Grayson shale constitutes an excellent marker in the subsurface. (See pis. 3 and 4.)
The Eagle Ford shale crops out in a few scattered small areas in the northcentral part of the county. (See pl. 2.) The Eagle Ford thickens downdip but
thir:.s toward the northeast. The maximum recorded thickness in Bexar County is
40 feet in the H. and J. Drilling Co. Annie Chapaty No. 1 well in the extreme
soutnern part of the county. (See pl. 3.)
In Bexar County the Eagle Ford shale consists chiefly of flaggy calcareous
and sandy shales which are light colored in the outcrop. Interbedded with ~he
shale are layers of hard argillaceous limestone. The Eagle Ford is dark colored
in the subsurface, and dtillers commonly refer to it as " lignite. " According to
Sellards (1919, p. 34), however, the Eagle Ford does not contain true lignite.
It does contain fish scales and teeth which may help to identify it.
The Eagle Ford shale is not known to yield water to wells in Bexar County.
Austin chalk.--The Austin chalk lies unconformably Qn the Eagle Ford shale
in Bexar County. The Austin crops out in a discontinuous belt extending northeastward across the central part of the county. West of San Antonio the belt
has a maximum width of about 6 miles. (See pl. 2.) Much of the outcrop
boundary consists of fault lines.
The thickness of the Austin is nearly uniform down~i~ (pl. 3), but the
forrration thins considerably toward the northeast. The maximum recorded thickness in Bexar County is 210 feet at the Bur-Kan Petroleum Co. Lee Hubbard No. 1
well. (See pl. 4.)
The Austin chalk may be divided lithologically into three parts. The
lowermost beds consist of hard thin-bedded limestone; the middle part contains
soft massive chalky limestone; and the uppermost beds consist of chalky limesto~e, some of which is argillaceous.
On the surface the rocks are predominant. ly ,~reamy yellow, whereas in the SUbsurface they are either blue , white, or
yellow~
Fossils are particularly abundant in certain beds in the Austin. Among
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the most common are the oysters Gry;~aea aucella Roemer, Exogyra laeviuscu:a
Roemer, and Exogyra ponderosa Roemer.
Records are available for more than 40 wells in Bexar County that obta~~
water from the Austi~ chalk. Most of the wells supply only enough water for
domestic or stock use, but yields of 500 gpm or more were reported from severa:
wells. Such yields may result when wells have been drilled into subsurface
caverns, such as Robber Baron's Cave and other caverns in the outcrop of the
Austin near Brackenridge Park in the northern part of San Antonio. In many
places the water contains considerable hydrogen sulfide, which is believed to
result from the oxidation of pyrite scattered throughout the formation. At
least some of the large yields from the Austin are believed to be obtained where
it is in hydraulic connection with the Edwards and associated limestones. Livingston, Sayre, and White (1936, p. 70) stated, "In some places in the vicinity of
faults or fault zones the altitude of the water sur~ace in wells drawing from the
Austin chalk is about the same as that of the water surface in wells drawing
from the Edwards, and the water levels rise and fall together. This is good
evidence that in such localities water moves freely between the two formations."
Anacacho limestone.--The Anacacho limestone lines unconformably on the
Austin chalk; it crops out in a belt extending northeastward across the central
part of Bexar County. (See pl. 2.) The belt is about 5 miles wide except where
it is split at the Culebra anticline in the western part of the county and by
faulting in the central part. The Anacacho thickens downdip and also to the
east. The thickness ranges from 0 to a reported 355 feet in the Wellington Oil
Co. John Schultz No.1 well. (See pl. 4.) In Bexar County most of the Anacacho
is brittle white marly chalk. Much of it consists of shell fragments, and it
also contains many whole shells.
The Anacacho limestone is not known to yield water to wells in Bexar
County.
Taylor marl.--The Taylor marl crops out south of the outcrop of the Anacacho
limestone in a broken belt extending across the central part of Bexar County.
(See ?l. 2.) Much of the contact of the marl with the Anacacho limestone is
along a fault plane; most of the contact of the marl with the overlying rocks of
the Navarro group is depositional. The thickness of the Taylor marl changes
slightly along the strike. (See pl. 4.) The thickness increases appreciably
downdip ranging from about 230 feet near the center of the county to a maximum
of 54D feet in the H. and J. Drilling Co. Annie Chapaty No. 1 well. (See pl. 3.)
The Taylor marl, mostly marl and calcareous clay, is blue in the subsurface
but weathers greenish-yellow. Fossils are fairly common, the most notable being
the large oyster Exogyra ponderosa Roemer.
The Taylor marl is not known to yield water to wells in Bexar County.
Navarro group
The Navarro group in Bexar County consists of the Corsicana marl, the
Escondido formation, and the Kemp clay. They are mapped together on plate 2
and discussed as a unit below.
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The Navarro group crops out in a continuous belt ex~e~dir.g east-northeastross the central part of the cour:t~r (pI. 2). T'ile width of the belt
Tiard sac from less than half a mile to more than 5 miles. The group is exposed
range on the north flank of the Culebra anticline in the western part of the
SO
al ty
The Navarro thickens downdip and toward the west) the maximum recorded
cho~nkn~ss in the county being 535 feet in tee Bur-Kan Petroleum Co. Lee Hubbard
t ~c
No.1
well. ( See pl. 4 . )
In Bexar County the Navarro group consists chiefly of clay and marl. Wellindurated layers of limestone are present in parts of the group) particularly
near the top. According to Sellards (1919) p. 49), the Navarro contains "considerable glauconite which is frequently in such abundance as to give a greenish
tiLge to the clays and shales of the formation. Within the formation, probably
in its upper part, is a greenish glauconitic sandstone, often met with in drilling and usually recorded in the well logs as 'green marl'." The fossils in the
Navarro have been described in a comprehensive treatise by Stephenson (1941).
Among the most characteristic fossils in the Navarro in Bexar County are the
oyster Exogyra costata Say and species of the ammonite genus Sphenodiscus Meek.
The Navarro group is not known to yield water to wells in Bexar County:
Tertiary System
Paleocene Series
Midway group) Wills Point formation
In the outcrop the Wills Point formation constitutes so r.early the entire
Midway group in Bexar County that it is the only formation of that group shown
on the geologic map. (See pl. 2.) Only small outcrops of greensand have been
referred questionably to the Kincaid formation (Gardner, 1933, p. 74). However,
the Kincaid probably is more extensive in the subsurface. The rocks of the
Midway group unconformably overlie the rocks of the Navarro group.
The Wills Point formation crops out primarily in two parallel belts extending northeastward across the southern part of the county. In the southern belt
the Wills Point is at the surface along the south side of a fault about 23 miles
lor-g. In the southwest corner of the county aLd i07estward, the Wills Point is
overlapped by the Wilcox group.
According to the section shown in plate 4, the Midway is thickest in the
central part of Bexar County, thinning gradually to~.a.rd the east and rapidly
toward the west. According to Gardner (1933, p. 75), the Midway group seems to
be cut out entirely in the eastern part of Medina Co~nty. In the area of outcrop the maximum recorded thicYJless of the Midw'ay is about 460 feet; at the
southern tip of the county, the maximum is 490 feet. (See pl. 3.)
In Bexar County the Wills Point formation consists mainly of sandy clay
containing many sandy or limy concretions; which range in weight from a few
POunds to several tons. The clays for the most part are greenish gray but
weather yellow brown.
The Midway group is not kr.own to yield water to wells in Bexar County.
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Eccerle Series
Wi-cox group
In southwestern Texas the Wilcox group has long been considered "'00 co::sis:'
of only one formaticn--the Indio (Trowbridge, 1923, p. 90). In this inYes~~ga
tion the stratigraphic details of the Wilcox have not 'been studied; the group
wi~l be discussed as an undifferentiated unit.
The Wilcox group crops out in a broad, continuous belt that extends across
the southern part of Bexar County. The maximum width of the outcrop is about
11 miles, but in the central part of the county the outcrop is broken by a
fault along which the Wills Point formation is at the surface. (See pl. 2.)
The Wilcox group has a maximum thickness of about 1,000 feet where it crops out
in Bexar County, and the maximum recorded thickness in the county is 1,070 feet
at the H. and J. Drilling Co. Annie Chapaty No.1 well. (See pl. 3.)
The Wilcox group in Bexar County, composed mostly of thin-bedded sand,
sandstone, and clay, also contains thin beds of lignite and concretions of sand
and limestone. The rocks are ferruginous, and the sandy soil that develops on
them generally is red.
Wells tapping sands of the Wilcox group yield sufficient water for domestic
and livestock use; the rate of discharge generally is less than 20 gpm. A few
wells supply water for irrigation. Wells N-38 and 0-81 discharge 300 and 400
gp:rn, respectively. The water in the Wilcox generally is very hard; in other
respects its ccemical quality ranges from good to poor. The poor-quality water
bas a high sulfate content, derived probably from oxidation of sulfur compounds
in the lignite beds.
Claiborne group
Carrizo sand.--~he Carrizo sand, the older of two formations that constitute the Claiborne group in Bexar County, unconformably overlies the Wilcox
group. The Carrizo crops out in a belt that crosses the southern part of the
county. The maximum width of the outcrop is almost 6 miles. (See pl. 2.) The
Carrizo, as much as 800 feet thick in Bexar County (pl. 3), consists of massive
beds of medium to coarse sand aad a few layers of clay, clayey sand, and ferruginous sandstone. It is light gray, weathering tan, pink, red, or brownish red.
The Carrizo sand in Bexar County yields moderate supplies of water of good
chemical quality for irrigation, domestic, and livestock use. It underlies
on~y a small area in the county; consequently, it has been tapped by few wells.
To the south in Wilson and Atascosa Counties the Carrizo is an important aquifer
capable of yielding large quantities of water for irrigation (Anders, 1957,
p. 13-14; Sundstrom and Follett, 1950, p. 109-110).
Mount Selman formation.--The Mount Selman formation conformably overlies
the Carrizo sand in Bexar County and crops out in a very small area in the
extreme southern part. (See pl. 2.) Its maximum thickness in the county is
about 200 feet. The Mount Selman, largely fine sand, silty clay, and clay,
contains many ferruginous concretions.
No wells are known to obtain water from the Mount Selman in Bexar County.
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Tertia~f(?)

System

Pliocene(?) Series
Uvalde gravel.--The Uvalde gravel is the oldest and highest terrace deposit
in Bexar County. Although originally it may have (;overed extensive areas in and
south of the Balcones fault zone, it now only caps some of the hills. The deposits generally are less than 30 feet thick; they were not mapped during this
investigation.
The Uvalde gravel consists of limestone and flint boulders embedded in a
matrix of clay or silt, the whole in many places being cemented with calic~e.
The proportion of flint to limestone boulders increases toward the so~th away
from the Edwards Plateau, which undoubtedly was the sour~e of the g~avel.
Because of its topographic position on hilltops, the Uvalde gravel probably
contains little or no water.
Quaternary System
Pleistocene and Recent Series
Alluvium.--A series of terraces, topographically lower than that formed by
the Uvalde gravel, is underlain by alluvium of Pleistocene and Recent age. The
Recent deposits form the flood plains of the present streams; the Leona formation of Pleistocene age is intermediate in both age and position between the
Recent flood-plain deposits and the hillcaps formed by the Uvalde gravel. The
Leona formation was named by Hill and Vaughan (1898, p. 254) for a specific
set of terrace deposits of Pleistocene age in Uvalde County; the name since has
been extended to apply to all the terrace deposits lying between the Recent
flood-plain deposits and the Uvalde gravel along all the streams of the area
(Sayre, 1936, p. 67).
The thickest and most extensive deposits of alluvium are in the valleys
of Salado and Leon Creeks and the San Antonio and Medina Rivers, in the plain
east of Salado Creek, and between the Culebra Road and Mitchell Lake on the
plain between Leon Creek and the San Antonio River. The alluvium ~anges in
thickness from 0 to about 45 feet. This investigation did not include mapping
or the alluvium.
The alluvium consists largely of gravel, sand, and silt. Gravel deposits
along the south side of the Medina River from the Medina County line to Macdona
and along Cibolo Creek yield water of good quality to wells for domestic and
livestock use.
GEOLOOIC STRUCTURE
The sedimentary rocks in Bexar County strike east-northeastward and dip
SQuth-southeastward toward the Gulf of Mexico. In the northern part of the
county, north of Helotes and Camp Bullis, the average dip of the rocks is between
10 and 15 feet per mile (George, 1952, p. 33), conforming very closely to the
average slope of the land surface. Thus, one formation originally constituted
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GROUND WATER IN THE EDWARDS AND ASSOCIATED LIMESTONES
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seepa ge from stream s in an area
2). Petit t and Georg e (1956,
from Cibol o Creek forms the
of the recha rge occur s in Comal
the recha rge enter s the aquif er

Table 2.- Estimated recharge to the ground-water reservoir from
Cibolo Creek, in thousands of acre-feet.
(Adapted from Petitt and George, 1956, p. 36)
Year
1934
1935
1936
1937
1938
1939
1940
1941
1942
1943

Estimated
recharge

Year
1944
1945
1946
1947
1948
1949
1950
1951
1952
1953

15·9
133
121
48.7
45.8
7·5
24.4
134
61.3
33·9

Estimated
recharge
103
93·2
107
67·2
14.0
37·2
18.2
9·5
62.0
22.1

Estimated recharge for entire period-------------------l,160
Estimated recharge per year---------------------------58
Estimated recharge per year in Bexar County-----------29
In their estimates, Petitt and George (1956, p. 39-40) included the recharge
from SaladO and Leon Creeks in the area between the Cibolo Creek and Medina
River drainage basins. (See table 3.) The figures in the table, however, also
include recharge to the aquifer in Medina County from the area drained by San
Ge~onimo Creek.
Because about 15 percent of the total area between the Cibolo
Creek and Medina River drainage basins is drained by San Geronimo Creek, 85
percent of the estimated recharge shown in the table is assumed to represent
recharge to the aquifer in Bexar County from the area drained by Salado and
Leon Creeks.
Table 3. - Estimated recharge to the ground-water reservoir in
the area between the Cibolo Creek and Medina River
basins, in thousands of acre-feet.
(Adapted from Petitt and George, 1956, p. 40)
Year
1934
1935
1936
1937
1938
1939
1940
1941
1942
194 3

Estimated
recharge

Year
1944
1945
1946
1947
1948
1949
1950
1951
1952
1953

15·3
101
79·5
34.9
33·7
6.8
21.4
84.9
48.8
21.5

Estimated recharGe for entire period------------------------79 4
Estimated recharge per year--------------------------------- 40
Estimated recharge per year in Bexar County----------------- 34
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Estimated
recharge
52·9
58.1
76.7
40.5
12.8
30·5
12.6
11.3
36.6
14.7

Thus, during the period 1934-53, the estimated recharge to the Edwards and
associated limestones in Bexar County by seepage from streams averaged about
63,OOJ acre-feet per year.
Although the recharge to the aquifer in Bexar County by underflow cannot
be computed directly, it can be estimated by calculating the recharge and the
discharge to the surface west of the Bexar-Medina County line and by assuming
that the excess of recharge over discharge is accounted for by underflow into
Bexar County and by changes in storage. Recharge ty underflow can be estimated
also by determining the excess of discharge over recharge east of the BexarMedina County line. Computations should be made for periods during which ch~~ges
in storage in the reservoir were negligible. The period 1934-47 was used in
estimating underflow into Bexar County because water levels in the reservoir
during that period declined only slightly. (See fig. 2.)
The difference between recharge from and discharge to the land surface
west of the Bexar-Medina County line averaged about 320,000 acre-feet per year
for the period 1934-47, according to data compiled by Petitt and George (1956,
p. 41, 43). The difference between recharge from and discharge to the land
surface east of the Bexar-Medina County line for the same period averaged about
350,000 acre-feet per year. Therefore, the average recharge by underflow to
Bexar County from Medina County is between these two figures. If the change in
storage during the period had been less, the two figures would be more nearly
equal.
It is estimated that during the period 1934-47 the average annual recharge
to the Edwards and associated limestones in Bexar County was 77,000 acre-feet
from infiltration of streamflow (tables 2 and 3) and 320,000 to 350,000 acrefeet by underflow, or a total of about 400,000 to 430,000 acre-feet. The recharge in a particular year may differ considerabl~y from the average. The large
annual variation in recharge by seepage from streams causes part of the difference. Water-level fluctuations in observation wells suggest that recharge by
underflow from the west also may differ considerably from year to year.
Discharge
Water in the Edwards and associated limestones is discharged to the land
surface in Bexar County principally through springs and wells; it is discharged
underground to Comal and northern Guadalupe Counties by northeastward and eastward underflow. The discharge by underflow to the south is negligible by
comparison. Figure 3 shows the discharge from springs and wells for the period
1934-56 (extension of record by Petitt and George, 1956), the discharge from
wells being broken down according to use. The average discharge from wells and
springs during the 23-year period was 162 mgd (million gallons per day), or
182,000 acre-feet per year.
Although the combined discharge from springs and wells fluctuated from
year to year from a low of 98 mgd in 1934 to a high of 209 mgd in 1956, no significant overall trend is apparent. Figure 3 show s, however, that the ratio of
discharge from springs to discharge from wells has changed considerably. The
discharge from springs in Bexar County takes place almost completely through
San Antonio and San Pedro Springs, which feed the San Antonio River. The discharge from wells has exceeded the discharge from springs in every year since
records were first collected. During the period 1938-48, the discharge from
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the springs was about 25 percent of the total discharge from springs and wells.
During the period 1949-56, however, the springs had little or no flow, and
nearly all the discharge was from wells.
The discharge from wells tapping the Edwards and associated limestones in
Bexar ':ounty has increased almost steadily since 1934. The increase for municipal ani military supply and irrigation accounted for 90 percent of the total
increase between 1934 and 1956. In 1956 San Antonio was the largest city in
the United States whose water supply came entirely from the ground. The discharge from the flowing wells along Salado Creek has not varied as greatly as
the flow from springs, but in general the discharge from the flowing wells
increased and decreased with increases and decreases in the flow from springs.
The we:ls continued to flow, though at a decreasing rate, through 1955, which
was 7 years after the springs ceased flowing. The distribution of discharge
from wells producing 10,000 gpd or more in 1954 is shown in figure 4. The
discharge is most concentrated in a belt extending northeastward through San
Antonio.
The discharge from Bexar County to Comal and northern Guadalupe Counties
by underflow may be estimated by the same method used on page 23 to estimate the
recharge from underflow. During the period 1934-47 the annual difference
between surface recharge and surface discharge southwest of the northeast
boundary of Bexar County averaged about 220,000 acre-feet per year, and northeast of Bexar County it averaged about 260,000 acre-feet. The average discharge
by underflow out of Bexar County is between these two figures.
Movement of Water
The water in the Edwards and associated limestones, as in all aquifers,
moves in the direction of the hydraulic gradient, but the direction of movement
cannot be determined exactly, especially in the fault zone, because the configuration of the water surface cannot be determined accurately. The aquifer
contains openings ranging in size from minute cracks, in which the movement of
water is accompanied by a large loss of head, to caverns through which the water
moves freely. In addition, the individual faults that cross the area may act
either as conduits of free flow or as barriers to flow. Therefore, many closely
spaced observation points would be necessary in order to map the piezometric
surface in sufficient detail to show all the changes in direction of movement.
Also, even an accurate map would not indicate movement in terms of relative
quantities because the hydraulic properties of the aquifer differ greatly from
place to place and with direction. Therefore, only the regional direction of
movement can be shown.
Figures 5, 6, 7, and 8 show generalized contours on the piezometric surface
in the Edwards and associated limestones in Bexar County in 193 4 , 1952, 1954,
and 1957. Although water levels declined markedly in some areas, the overall
pattern of the contours remained essentially unchanged between 1934 and 1957.
In and just south of the outcrop of the aquifers the contours in general run
east-northeastward across the county, roughly paralleling the strike of the
outcrop. South of the outcrop, near the western bOtlndary of the county, the
contours bend toward the south, indicating a hydraulic gradient from Medina
County toward Bexar County. South of the outcrop, near the eastern boundary of
the county, the contours bend toward the north, indicating a hydraulic gradient
from Eexar County toward Comal and Guadalupe Counties. The altitude of the water
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FIGURE 2.- Hydrographs of representatIve wells In the Edwards
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1955

associated

surface at one point on the Bexar-Comal County line declined from about 660 feet
above mean sea level inJ934 to about 625 feet in ::"957· The aUitude at eDInal
SpriJgs in 1957 was about 620 feet, thus indicating a hydraulic gradient from
the Bexar-Comal County line toward Comal Springs.
The hydraulic gradient toward Comal and Guadalupe Counties is reversed at
times when the piezometric surface near Selma is mounded as a result of locally
greater recharge. The mound is represented in figure 8 by the 625-foot contour
near Selma. For about 3 miles near Selma the channel of Cibolo Creek crosses
an inlier of the Austin chalk (pl. 2). Possibly a hydraulic connection between
the Austin chalk and the Edwards and associated limestones permits seepage from
Cibolo Creek to reach the principal aquifer.
Although the generalized contours on the piezometric surface in the central part of Bexar County show that at·least some of the water in the Edwards
and associated limestones is moving downdip toward the southeast, most of the
water moves northeastward into Comal and Guadalupe Counties. Water entering
the cavernous and honeycombed rock in the area of outcrop undoubtedly moves
downdip through interconnected solutional cavities. However, in the severely
faulted zone south of the outcrop, some of the faults have been enlarged by
solution, forming an extensive series of openings. If, as seems likely, the
northeastward-trending channels are larger than those trending in the direction
of dip, a given flow of water would require less gradient for northeastward
than for downdip movement. Therefore, although the contours suggest movement
toward the southeast, a greater volume of water moves northeastward nearly
parallel to the trend of the contours. (See fig. 9.) If a sufficient number
of observation points were available for construction of an extremely detailed
map, the contours would cross the large northeastward-trending solution channels
at right angles to the direction of flow.

A comparison of the estimated recharge from the surface with the estimated
discharge for the period 1934-47 for Bexar, Comal, and Hays Counties (p. 2] is
further evidence that most of the water in the aquifer moves toward the northeast.
Probably only a small part of the water moves downdip southeast from San
Antonio. South of a line trending northeast through the southern part of the
city the water in the Edwards and associated limestones contains hydrogen sulfide, and farther downdip the water is highly mineralized. (See fig. 10.) The
presence of the highly mineralized water indicates that the circulation of the
water is poor, owing to the low permeability of the aquifer or a poor escape
route. If a large amount of water were moving downdip, the highly mineralized
water would have been flushed from the aquifer. The small amount of water that
does move southeastward ultimately is discharged by slow upward percolation
into younger formations, some of which are nearly impervious.
Fluctuations of Water Levels
The fluctuations of water levels in wells penetrating the Edwards and
associated limestones in Bexar County (Petitt and George, 1956, v. 2, pt. 3,
p. 47-88) represent the net effect of additions of water to and subtractions
of water from the reservoir. The amount of water in storage is increased by
infiltrating precipitation and streamflow in the outcrop area of the aquifer and
by underflow of water into Bexar County from Medina Cou:q.;ty. The amount of water
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11).
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.
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than no. 26 with recor ds of preci pitati on in the area
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the
all
y
throu ghout the count y durin g the perio d 1933- 53, nearl
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decli
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west
north
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ne
decli
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Count y line the decli ne
l
-Coma
less towar d the east; at one point on the Bexar
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water level s are not
As has been state d, the areas of great est decli ne of
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the areas of the grea.t est disch arge of water
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decli
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limes tones is
iated
assoc
and
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show:1. in figure 4, the disch arge from the Edwar
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to
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gree:t est withi n San Anton io and in an area exten
much of
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feet
60
than
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east, where the great est measu red decli ne was
large
and
ne
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This
the area gener ally was less than 50 feet.
ded
recor
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maxim
and
ing
fault
disch arge coinc ides with the area of great est
that San Anton io lies in
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a large numbe r of fault s
of
nce
prese
a north eastw ard-tr endin g belt in which the
large solut ion cavit ies.
of
system
has permi tted the develo pment of an exten sive
store water in this
and
mit
Conse quent ly, the abili ty of the aquif er to trans
much small er decli nes
in
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area is so great that the disch arge from wells
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Higher transminibility

FIGURE 9 - Hypothetical diagram showing how water in the cavernous Edwards and associated limestones
may flow approximately parallel to the trend of the regional contours on the piezometric surface.
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Most of the pumping from the aquifer in Bexar County takes place within a
wide belt trending northeastward through San Antonio. However, the decline of
water levels during the period 1933-56 was greatest in the northwestern part of
the county. This fact suggests that the capacity of the aquifer to transmit and
store ....ater in the vicinity of San Antonio is so great that discharge from wells
in that vicinity results in much smaller declines of water levels than do similar
or even smaller discharges in other localities.
Northwest of a line through the southeastern part of San Antonio, the water
from the Edwards and associated limestones, although hard, is otherwise of good
chemical quality. Southeast of the line the water contains hydrogen sulfide or
is highly mineralized, or both, and is chemically unsuitable for most uses.
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1933 10 January 1954
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