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Introduction
The Trinity aquifer is an important source of groundwater 

in central Texas, including Bexar County, where population 
growth has resulted in an increased demand for water 
(Ashworth, 1983; Mace and others, 2000). Numerous springs 
issue from rock outcrops within and surrounding the Trinity 
aquifer in northern Bexar County (fig. 1). The effects of 
increased groundwater withdrawals from the Trinity aquifer on 
springflow in the area are not well documented, but because the 
total amount of water entering, leaving, and being stored in a 
groundwater system must be conserved, increased groundwater 
withdrawals will result in decreases in springflow (Alley and 
others, 1999). Documenting the location, discharge, and basic 
water-quality information of the springs in northern Bexar 
County can provide a baseline assessment for comparison 
to future conditions. Accordingly, the U.S. Geological 
Survey (USGS), in cooperation with the Trinity Glen Rose 
Groundwater Conservation District, the Edwards Aquifer 
Authority, and the San Antonio River Authority, developed a 
geodatabase populated with data associated with springs within 
and surrounding outcrops of the Trinity aquifer in northern 
Bexar County during 2010–11. A geodatabase provides a 
framework for organizing spatial and tabular data (such as 
the geographic location and water-quality characteristics, 
respectively) in a relational database environment, making it 
easier and more intuitive to evaluate changes over time.

Data for 141 springs within and surrounding the Trinity 
aquifer outcrops in northern Bexar County were compiled from 
existing reports and databases. These data were augmented 
with selected data collected onsite, including the location, 
discharge, and water-quality characteristics of selected springs, 
and were entered into the geodatabase. The Trinity aquifer 
in central Texas is commonly divided into the upper, middle, 
and lower Trinity aquifers; all of the information that was 
compiled pertaining to the aquifer is for the upper and middle 
Trinity aquifers.     

Spring Locations and Characteristics 
Spring locations and characteristics were obtained from 

published reports, USGS 1:24,000-scale topographic maps, 
and available digital databases containing information on 

springs in the study area. Data from existing USGS reports 
(Heitmuller and Reece, 2003; Heitmuller and Williams, 2006; 
Clark and others, 2009), Joint Base San Antonio Camp Bullis 
(also referred to as “Camp Bullis”), Camp Stanley Storage 
Activity, and private property owners were included, as were 
discharge and specific conductance data collected during 
field reconnaissance.

The field reconnaissance of springs in the study area was 
done between October 2010 and September 2011 to verify the 
existing location data and collect additional data (discharge 
measurements, water-quality data, and property owner and 
photographic documentation) pertaining to the springs. A 
total of 46 of the 141 springs were visited during the field 
reconnaissance. Location data were collected by using a hand-
held Global Positioning System (GPS) unit or a digital camera 
with an integrated GPS unit, both with horizontal accuracy 
of tens of feet. Eight springs that discharge near the base of 
the Edwards aquifer outcrop were identified. The gradational 
nature of the contact between the Edwards and Trinity Groups 
made the exact location of the lithologic change difficult to 
determine. Furthermore, because of the steep terrain where 
these springs were located, the contact between the Edwards 
and Trinity Groups was sometimes indistinct.

Discharge at springs with flow ranged from 0.003 to 
1.46 cubic feet per second. Most of the springs with flow were 
found in the outcrop of the upper and middle parts of the 
Trinity aquifer. Basic water-quality data were obtained from 
samples collected at selected springs. Specific conductance 
was measured in 21 springs and ranged from 167 to 1,130 
microsiemens per centimeter at 25 degrees Celsius (μS/cm at 
25°C). There were nine springs that measured between 600 
and 1,130 μS/cm at 25°C for specific conductance. Of these, 
one was tentatively identified as issuing from hydrogeologic 
subdivision VIII of the Edwards aquifer, three from the 
cavernous hydrostratigraphic unit of the upper Trinity aquifer, 
one from the Camp Bullis hydrostratigraphic unit of the upper 
Trinity aquifer, two from the fossiliferous hydrostratigraphic 
unit of the upper Trinity aquifer, and two from the middle 
Trinity aquifer (fig. 2). Of the springs with a specific 
conductance less than 600 μS/cm at 25°C, one was tentatively 
identified as issuing from hydrogeologic subdivision VIII of the 
Edwards aquifer, three from the cavernous hydrostratigraphic 



Sa
n 

A
nt

on
io

29
°4

5'

29
°4

0'

29
°3

5'

98
°2

4'
98

°3
2'

98
°4

0'

98
°4

8' BEXAR COUNTY
MEDINA COUNTY

COM
AL C

OUNTY

BA
ND

ER
A 

CO
UN

TY

K
EN

DA
LL

 
CO

UN
TY

Ch
im

en
ea

 C
ree

k

Elm Cree k

West  Elm  C
reekEast  

Elm Creek

Ci
bolo C

re
ek

C
ib

ol
o  

Cr

eek

Ba
lco

ne
s  

Cr
ee

k

Ru
nd

al
e C

ree
k

M
eu

se
ba

ch
 C

ree
k

El
m W

aterhole Cree
k

W
es

t F
or

k 
C

ib
ol

o 
C

re
ek

Mud   Cree
k

Helotes Creek

Fr
en

ch C
ree

k

Pa

nther Springs Creek

Olm
os

 C
ree

k

Los Reyes Creek

Leon
 C

re
ek

Pe
ca

n 
Cr

ee
k

He

lotes Creek

Ci
bo

lo
  C

re
ek

Cr
ee

k

Cr
ee

k

Mud

Mus
tan

g
Creek

Cree
k

Cree
k

Lewis 

Fo
rk

Huest
a 

Le
e C

ree
k

Cl
ea

r 

Cree
k

Culebra 

Leon

Leon
Salado 

Sa
la

do
 

Cree
k

Creek

Creek

59

66

6

69
68

70
71

73

7

78 77 79 80

82
85 83

84

8

86

88
87

9089

92

93
94

9

96 95

98

99

10
0 97

10
191

10
2

10
3

10
5

10
4

10
6 10

7

10
9

11
0

11
1

11
2

11
3

11
4

11

11
5

11
6

11
8

11
9

12
0

12
1

12

12
5

12
6

12
7

12
8

12
9

13
0

13
2

13

13
3

13
4

13
5

14
13

9
13

8

14
1

16
17

15
13

7
18

2

20
19

75
74

76

21
22

67
,2

3
24

2647

27

28

3

2912
2

30

31

33 32

35
34

36

37

4

4038
39 41 42

45

49
48

50

51
14

0
52

54

53
25

43 44

5

11
7 13

6

1

10
8

12
312

4
81

¬ «160
4

¬ «160
4

§̈ ¦10

§̈ ¦10

£ ¤28
1

£ ¤28
1

EX
PL

A
N

AT
IO

N

Ed
w

ar
ds

 a
qu

ife
r o

ut
cr

op
U

pp
er

 T
ri

ni
ty

 a
qu

ife
r o

ut
cr

op
M

id
dl

e 
Tr

in
ity

 a
qu

ife
r o

ut
cr

op
Ep

he
m

er
al

 s
tr

ea
m

Pe
re

nn
ia

l s
tr

ea
m

St
ud

y 
bo

un
da

ry
Sp

ri
ng

 w
ith

 m
ap

   
  i

de
nt

ifi
er

—
Ta

il 
   

  p
oi

nt
s 

in
 d

ire
ct

io
n

   
  o

f f
lo

w
; C

la
rk

 a
nd

 o
th

er
s,

   
  2

01
3,

 a
pp

en
di

x 
1,

 p
. 1

3–
20

10
5

B
E

X
A

R
 C

O
U

N
T

Y
St

ud
y 

ar
ea

BA
LC

ON
ES

 F
AU

LT
 Z

ON
E

CO
AS

TA
L

PL
AI

N

GULF O
F 

MEXIC
O

ED
W

AR
DS

 
PL

AT
EA

U

GR
EA

T
PL

AI
N

S

BA
LC

ON
ES

 F
AU

LT
ZO

N
E

T
E

X
A

S

Ph
ys

io
gr

ap
hi

c 
pr

ov
in

ce
s 

fro
m

Fe
nn

em
an

 a
nd

 J
oh

ns
on

, 1
94

6B
E

X
A

R
C

O
U

N
T

Y

St
ud

y 
ar

ea

Lewis Creek

58
5556

, 5
7

6564
46

60

61
62

63

Ba
se

 m
od

ifi
ed

 fr
om

 U
.S

. G
eo

lo
gi

ca
l S

ur
ve

y 
1:

10
0,

00
0-

sc
al

e 
di

gi
ta

l d
at

a 
Un

iv
er

sa
l T

ra
ns

ve
rs

e 
M

er
ca

to
r P

ro
je

ct
io

n,
 zo

ne
 1

4
N

or
th

 A
m

er
ic

an
 D

at
um

 o
f 1

98
3

Aq
ui

fe
r d

iv
is

io
ns

 m
od

ifi
ed

 fr
om

 C
la

rk
 a

nd
 o

th
er

s,
 2

00
9,

an
d 

St
ei

n 
an

d 
Oz

un
a,

 1
99

5

0
5 

M
IL

ES
2.

5

0
5 

KI
LO

M
ET

ER
S

2.
5

Fi
gu

re
 1

.  
 S

pr
in

gs
, s

tre
am

s,
 a

nd
 o

ut
cr

op
s 

of
 th

e 
Ed

w
ar

ds
 a

nd
 T

rin
ity

 a
qu

ife
rs

 in
 th

e 
st

ud
y 

ar
ea

 in
 n

or
th

er
n 

Be
xa

r C
ou

nt
y,

 T
ex

as
.

Fi
gu

re
 1

. 
Sp

rin
gs

, s
tre

am
s,

 a
nd

 o
ut

cr
op

s 
of

 th
e 

Ed
w

ar
ds

 a
nd

 T
rin

ity
 a

qu
ife

rs
 in

 th
e 

st
ud

y 
ar

ea
 in

 n
or

th
er

n 
Be

xa
r C

ou
nt

y,
 T

ex
as

.



He

lotes Creek

59

66

6

69
68

70
71

73

7

78 77 79 80

82
85 83

84

8

86

88
87

9089

92

93
94

9

96 95

98

99

10
0 97

10
191

10
2

10
3

10
5

10
4

10
6 10

7

10
9

11
0

11
1

11
2

11
3

11
4

11

11
5

11
6

11
8

11
9

12
0

12
1

12

12
5

12
6

12
7

12
8

12
9

13
0

13
2

13

13
3

13
4

13
5

14
13

9
13

8

14
1

16
17

15
13

7
18

2

20
19

75
74

76

21
22

67
,2

3
24

2647

27

28

3

2912
2

30

31

33 32

35
34

36

37

4

4038
39 41 42

45

49
48

50

51
14

0
52

54

53
25

43 44

5

11
7 13

6

1

10
8

12
312

4
81

Ch
im

en
ea

 C
ree

k

BEXAR COUNTY
MEDINA COUNTY

COM
AL C

OUNTY

BA
ND

ER
A 

CO
UN

TY

K
EN

DA
LL

 
CO

UN
TY

Cr
ee

k

Cr
ee

k

Mud

Mus
tan

g

Creek

Cree
k

Ci
bo

lo
  C

re
ek

Cree
k

Lewis 

Fo
rk

Huest
a 

Le
e C

ree
k

Cl
ea

r 

 

Cree
k

Culebra 

Leon

Leon

Salado 

Sa
la

do
 

Cree
k

Creek

Creek

Kg
rc

b

Kg
rc

b

Kg
ru

e

Kg
rf

Kg
rf

Kg
rf

Kg
ru

e

Kg
rc

b

Kg
rc

b

Kg
rl

Kg
rl

Kg
rl

Kg
rc

Kg
rc

Kg
rc

Kk
bn

Kk
bn

Elm Cree k

West  Elm  C
reekEast  

Elm Creek

Ci
bolo C

re
ek

C
ib

ol
o  

Cr

eek

Ba
lco

ne
s  

Cr
ee

k

Ru
nd

al
e C

ree
k

M
eu

se
ba

ch
 C

ree
k

El
m W

aterhole Cree
k

W
es

t F
or

k 
C

ib
ol

o 
C

re
ek

Mud   Cree
k

Helotes Creek

Fr
en

ch C
ree

k

Pa

nther Springs Creek

Olm
os

 C
ree

k

Los Reyes Creek

Leon
 C

re
ek

Pe
ca

n 
Cr

ee
k

29
°4

5'

29
°4

0'

29
°3

5'

98
°2

4'
98

°3
2'

98
°4

0'

98
°4

8'

Fi
gu

re
 2

.  
 H

yd
ro

ge
ol

og
y 

an
d 

fa
ul

tin
g 

of
 th

e 
st

ud
y 

ar
ea

, n
or

th
er

n 
Be

xa
r C

ou
nt

y,
 T

ex
as

.

Edwards

Edwards 
aquifer

Trinity

Lo
w

er
 

B
as

al
 

no
du

la
r

U
pp

er
 

M
em

be
r

Fo
rm

at
io

n
G

ro
up

A
qu

ife
r

Upper Trinity aquifer
Middle 
Trinity
aquifer

Glen Rose LimestoneKainer

EX
PL

A
N

AT
IO

N

Fa
ul

t c
er

ta
in

—
Da

sh
ed

 
   

  w
he

re
 in

fe
rr

ed
Ep

he
m

er
al

 s
tr

ea
m

Pe
re

nn
ia

l s
tr

ea
m

St
ud

y 
bo

un
da

ry
Sp

ri
ng

 w
ith

 m
ap

   
  i

de
nt

ifi
er

—
Ta

il 
   

  p
oi

nt
s 

in
 d

ire
ct

io
n

   
  o

f f
lo

w
; C

la
rk

 a
nd

 o
th

er
s,

   
  2

01
3,

 a
pp

en
di

x 
1,

 p
. 1

3–
20

10
5

Kk
bn

Kg
rc

Kg
rc

b

Kg
ru

e

Kg
rf

Kg
rle

Kg
rl

H
yd

ro
ge

ol
og

ic
 s

ub
di

vi
si

on
   

M
em

be
r y

ou
ng

er
 th

an
 h

yd
ro

ge
ol

og
ic

 
   

   
  s

ub
di

vi
si

on
 V

III
   

VI
II

In
fo

rm
al

 h
yd

ro
st

ra
tig

ra
ph

ic
 u

ni
t

   
Ca

ve
rn

ou
s

   
Ca

m
p 

Bu
lli

s

   
Up

pe
r e

va
po

rit
e

   
Fo

ss
ili

fe
ro

us

   
Lo

w
er

 e
va

po
rit

e

   
N

ot
 s

ub
di

vi
de

d
Lewis Creek

60

61 62

63

64
65

45

46 5556
, 5

7
58Kg

rc
b

Kg
ru

e

Kg
rf

Ba
se

 m
od

ifi
ed

 fr
om

 U
.S

. G
eo

lo
gi

ca
l S

ur
ve

y 
1:

10
0,

00
0-

sc
al

e 
di

gi
ta

l d
at

a 
Un

iv
er

sa
l T

ra
ns

ve
rs

e 
M

er
ca

to
r P

ro
je

ct
io

n,
 zo

ne
 1

4
N

or
th

 A
m

er
ic

an
 D

at
um

 o
f 1

98
3

Hy
dr

og
eo

lo
gy

 m
od

ifi
ed

 fr
om

 C
la

rk
 a

nd
 o

th
er

s,
 2

00
9,

an
d 

St
ei

n 
an

d 
Oz

un
a,

 1
99

5

0
5 

M
IL

ES
2.

5

0
5 

KI
LO

M
ET

ER
S

2.
5

Fi
gu

re
 2

. 
Hy

dr
og

eo
lo

gy
 a

nd
 fa

ul
tin

g 
of

 th
e 

st
ud

y 
ar

ea
, n

or
th

er
n 

Be
xa

r C
ou

nt
y,

 T
ex

as
.



This fact sheet is based on the following USGS report:

Clark, A.K., Pedraza, D.E., Morris, R.R., and Garcia, T.J., 
2013, Geodatabase and characteristics of springs within and 
surrounding the Trinity aquifer outcrops in northern Bexar 
County, Texas, 2010–11: U.S. Geological Survey Data Series 
750, 20 p.
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unit of the upper Trinity aquifer, two from the Camp Bullis 
hydrostratigraphic unit of the upper Trinity aquifer, one from the 
fossiliferous hydrostratigraphic unit of the upper Trinity aquifer, 
and four from the middle Trinity aquifer (fig. 2). Geochemical 
investigations including detailed water-quality analyses would help 
to confirm the aquifer or combination of aquifers that supply flow 
to each spring.

Increasing water demands are likely to continue to affect 
springflows throughout Texas. By completing reconnaissance-
level field investigations and compiling existing data, similar 
geodatabases could be developed for other aquifer systems 
in Texas. 

Spring near the headwaters of Leon Creek in the Trinity aquifer outcrop, 
northern Bexar County, Texas (photograph taken October 5, 2010).

U.S. Geological Survey employee preparing to measure springflow 
discharging from a spring in northern Bexar County, Texas (photograph 
taken December 8, 2010).

Spring near Leon Creek in the Trinity aquifer outcrop, northern Bexar 
County, Texas (photograph taken October 5, 2010).
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