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G R O U N D - W A T E R  G E O L O G Y  O F

B A N D E R A C O U N T Y ,  T E X A S

ABSTRACT

Bandera  County, in  southwest -central  Texas , i s  under la in  by,a  basement  com-
plex  o f  Paleozoic  rocks  on which a  wedge o f  Lower  Cretaceous  sedimentary  rocks
was deposited. After  the  Cretaceous  rocks  were  deposited ,  s tructural  deformation
and eros ion  created  a  h igh  p lateau sur face  in  the  northwestern  part  o f  the  county ,
capped by  l imestones  o f  the  Freder icksburg  and Washita  groups .  Erosion  has dis -
sected  the  p lateau in  the  remainder  o f  the  county  so  that  only  the  interstream
areas  and high hi l l s  are  capped by  res istant  remnants  o f  these  l imestones . The
Glen Rose  l imestone  o f  the  Tr ini ty  group forms the  rest  o f  the  land surface  except
for  minor  a l luvia l  depos i ts  a long  stream val leys . The  other  Cretaceous  format ions ,
the  Hosston,  Sl igo , and Pearsal l .  formations , do  not  crop  out  in  the  county ,  but
occur  in  the  subsurface  over ly ing  the  truncated  sur face  o f  Paleozo ic  rocks .

The regional  d ip  o f  the  rocks  is  southward or  southeastward at  a  low angle ,
which steepens  near  the  south edge  o f  the  county  where  smal l  normal  faults  d is -
p lace  the  beds . The  general  t rend o f  the  faul t ing  is  northeastward,  paral le l
with  the  main development  o f  the  Balcones  faul t  zone .

The  l imestones  o f  the  Freder icksburg  and Washita  groups  y ie ld  smal l  to  mod-
erate  suppl ies  o f  water  o f  good chemical  qual i ty  to  wel ls  and provide  much o f  the
low f low of  the  major  streams through spr ings  issuing from the  base  o f  the  unit .

The Glen Rose  l imestone y ie lds  smal l  quant i t ies  o f  water  to  many wel ls  and
spr ings  in  the  county . Most  o f  the  water  in  the  lower  member is  o f  good chemical
qual i ty ;  however , the  water  in  the  upper  member  i s  general ly  sa l ine ,  be ing  con-
taminated by  sul fate -bear ing  water  assoc iated  with  anhydri te  beds  in  the  member .

Two members  of  the Pearsall  format ion , the .Cow  Creek limestone member and the
Hensell  shale member, are  aqui fers  in  the  county . The Cow Creek limestone  member
yie lds  smal l  to  moderate  quant i t ies  o f  water  in  most  parts  o f  the  county . The
Hensell  shale  member  y ie lds  moderate  to  large  suppl ies  o f  water  to  wel ls  in  the
northern  part  o f  the  county . The  water -bear ing  sandstone  and conglomerate  o f
the  Hensell  become shaly  and  th in  in  the  southern  part  o f  the  county . Conse-
quent ly , the  y ie lds  are  smal l  in  the  southern part ,  and the  water  becomes sal ine .

Sandstone  and conglomerate  o f  the  Hosston and Sl igo  format ions  y ie ld  smal l
to  large  quanti t ies  o f  water  to  a  few wel ls  in  the  county .

The  pr inc ipal  use  o f  ground water  in  Bandera  County  is  for  domest ic  and
stock purposes in  the  rural  areas . The  c i ty  o f  Bandera  has  the  only  munic ipa l
supply  in  the  county , and a  few wel ls  are  used for  supplementary  irr igat ion in

 _.



the stream valleys. No wells are used for industrial purposes. It is estimated
that the total use  of ground water in the county is about 8O0,OOO  gallons per day.
This probably is only a small percentage of the potential available for develop-
ment.
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G R O U N D - W A T E R  G E 0 L 0 G Y 0 F 

B A N D E R A C 0 U N T Y , T EX A S 

I NTRODUCTION 

Purpos e  and S cope of Inves t iga t ion 

The inves t iga t ion in Bandera County wa s made a s  part of a program of inve s t
iga t ions to d e termine the occ urrenc e of ground wa ter a long the south edge of the 
Edward s P la teau. The work wa s done by the U. S. Geologica l Survey in coopera t ion 
with the Texa s Wa ter Commis s ion [formerly the Texa s Board of Wa ter Engineers] and 
the c i ty of San Antonio. The purpos e of the inve s t iga t ion wa s to ob ta in data p er
ta ining to the compos i t ion ,  dep th ,  and thickne s s  of the wa ter-bearing forma t ions 
of the area , the ir capa c i t ie s  a s  aqu ifers ,  and the chem ica l quality of the ground 
wa ter. The fieldwork wa s done a t  intervals dur ing the per iod 1953-59. 

The s urfa c e  geology of Bandera County was mapped on a e r ia l photographs and 
la ter  transferred to a base  map. O utcrops of geo log ic forma t ions weTe mea s ured 
to de termine l itholog i c  chara c teri s t ic s  and th ickne s s  of ind iv idual beds for p ur
pos e s  of cort·e la t ion w i th s ub s urface  equivalent s and with geolog i c  uni t s  of s ur
round ing count ies. The s ub s urfac e  s tudy of l i thology and correla t ion of the 
forma t ions were effec ted through micros cop ic exam ina t ion of well cuttings and 
the s tudy of e le c tric and rad ioa c t ivity  logs . The fos s il ident ifica tions were 
made by the authors. 

Mea surer1ents were made of the dep th to wa t er in wells and pump ing data were 
colle c t ed where fea s ible to determ ine the hydrologi c  cha rac t er i s t ics  of the aqui
fers. A l t i t11des  of wells wer e  d e te rmined by e i ther sp irit  or barome t r ic level
ing. 

Records of 33 7 wells and springs (Table 2 )  and dr illers ' logs of 13 we lls 
(Table 3) were col lec ted d ur ing the inves tiga t ion . Wa ter  s amp·les were taken from 
85 wells and springs ( Tab le 4 )  and were analyzed in the labora tory of the Geo log 
i ca l Survey in Aus t in,  Texas.  

Pla te  1 shows the  loca t ion of wells and springs in  Bandera County for which 
records are ava i lable. For purpos e s  of numbering the wells , the county has been 
d iv ided into quadrangles , each embrac ing 10 m inutes of la titude and long i tude . 
The quadrang les  are labeled alphabe t i cally,  beginning in the northern par t  of 
the county,  and the we lls are  numbered conse c ut ively wi thin each quadrang le. 

The inves t iga t ion wa s made under the admin is tra t ive d irec t ion of A .  N. Sayre 
and P. E. LaMoreaux ,  s ucc e s s ive chiefs of the Ground Wa ter Branch of the U . S. 
Geologica l S urvey,  and under the s up ervis ion of R. W. S und s trom ,  d is tr ic t  engi
neer in char ge of ground -wa ter inve s t iga t ions in Texas. 
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Loca t ion and Area l Extent 

Bandera County is in s outhwe s t-centra l Texa s at the s outh edge of  the Edwards 
P la teau b e tween long i tudes  98°45' and 9 9°37 ' W. and la t i tudes  2 9°33' and 2 9 °54' N. 
(Figure 1) . Adjacent bound ing count ie s are Kerr on the nor th, Kenda l l  on the 
nor theas t, Bexar on the s outhea s t , Med ina and Uva lde on the s outh, and Rea l  on the 
we s t . The town of Bander a ,  the county sea t, is about 38 mi le s  nor thwe s t of San 
Anton io. The county has an area of approx ima te ly 765 s quare mi les.  

His tory and Economic Deve lopment 

Bandera County wa s crea ted by leg is la t ive a c t ion in 1856, 2 years  a f te r  the 
co loniza t ion of the f irs t s e t t lement ne ar the pr esent town of Bandera. The name 
Bandera is the Spanish  word for " f lag. " Accord ing to pop u lar be l ie f ,  in 1 75 2  a 
troop of Spanish cavalry wa s ambushed by Ap ache Ind ians in the narrows ne ar the 
headwa ter s of Band era Creek. A f ter the ba t t le ,  the v ic tor ious Span ish placed 
f lags on the s urround ing he ights  to s erve e ither a s  a warning to fu ture marauders 
or to de l inea te the b oundary be tween Spanish  and Ind ian land s .  

Deve lopment of  the a r e a  s tarted i n  1854  wi th the e s tab l ishment of  s aw and 
s h ing le m i l ls a long the wa ter cour s e s  where g iant cypr e s s  t imber f lour ished. The 
f irs t communi ty, cons is t ing of Mormon s e t t lers,  was loca ted in 1854 in an area 
now covered by the impound ed wa ter of  Med ina Lake. 

In 1856, U. S. Cavalry troops s e t  up camp on Verde Creek to protec t the area 
from recurrent Ind ian ra ids.  By 1860 f lour mi l ls,  improved s awmi l ls, and a cot ton 
g in wer e  loca ted a t  the town o f  Bandera, the commerc ial center of  wide spread ranch
ing ac t iv i t ie s. 

Af ter the t imber r e s ourc e s  we re dep le ted , mos t of  the ac t iv i t ies  were d irec ted 
to  s tockra is ing , and today Bandera County is  pr imar i ly ranch ing country. The pre 
domina te ly rough and ro l l ing land is  used for the ra is ing of l ive s tock , moha ir and 
woo l be ing the pr inc ipa l produc t s . Mos t of the farming is limi ted to the cul t i
va t ion of  feed and gra in crops on r iver terra ces.  Mos t  of the land is dry farmed. 
Supp lementary income is der ived from the leas ing of hunt ing acreages and the oper
a t ion of  dud e  ranches .  

Bandera had a p op u la t ion of 1 , 036 i n  1 960 . Other commun i t ie s  a r e  Med ina, 
popu l a t ion 4 75;  P ip e  Creek, p opula t ion 2 2 0; Bande 'ra Fa l ls ,  p opu l a t ion 30; Med ina 
Lake, popu la t ion 2 5 0; Tarp ley, pop u la t ion 40; and Vanderpoo l, popu la t ion 30. The 
tota l popu la t ion o f  the county in 1 960 was 3, 892 . 

Previous Inve s t iga t ions 

Pr ior to the pres ent s tudy the ge ology and ground wa ter of Bandera County 
had rece ived l i t t le a t tent ion. Two sma l l  occur renc e s  of  igne ous rocks were de 
s c r ibed by K irby, Daws on, and Hanna ( 192 7 ) .  Broadhur s t ,  Sund s trom, and Rowley 
( 1950 ,  p. 2 1 ) c o llec ted da ta on the wel ls  used for the pub l ic wa ter s upply of 
Bandera . The present s tudy of the. geo logy of  Bandera County was fac ili ta ted by 
s imi lar inve s t ig a t ions in ne ighb or ing coun t ie s. Inc luded in thes e  are the works 
o f  Long (195 8 )  in Rea l  County, Welder and Reeves (19 60 )  in Uva lde County, Ho l t  
( 1956) i n  Med ina C ounty, and Arnow ( 195 9 )  in Bexar  County. 
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GEOGRAPHY 

Sur face  Features  

Bandera County is a dis sec ted p or tion of the Edwards P lateau, lying along 
the P la teau's s outh edge, adjacent to the Ba lcones fau l t  zone (Figure 1). The 
extensive disse c tion of the p la teau ha s produced high hil ls of gener a l ly uniform 
a ltitud e  separa ted by va lleys incis ed into materia ls les s  resis tant than thos e 
forming the caprock . The summits consis t  o f  wea the red s urfaces  o f  limestone, 
loca l ly covered by rich b la ck or brown s oi l  s uppor ting gras s,  shin oak, and cedar . 
In p laces  the s oi l  contains numberous pebbles  and cobbles  o f  f lint. The va l ley 
wall s  and hi l lsides, in which bedrock crop s  out or is covered by de tritus, s up
por t a sparse cover of  grass, live oak, and cedar. A long s ome of  the s treams 
luxuriant growths of e lm, s yc amore, wa lnut, live oak, pecan, and cypre s s  are 
concentrated in narrow be l t s  upon the s oils o f  a l luvia l terraces and f lood p lains. 

The land s ur face  r anges in a l titude from about 1,000 fee t above sea leve l 
in the bed o f  the Medina River in the extreme s ou theas tern par t of  the county to 
about 2,300 fee t in the nor thwes tern par t. 

Drainage 

Most o f  th·� nor thern and eas tern par ts  of Bandera County are drained by the 
Medina River. rhe s ou th- centra l par t o f  the county is drained by Verde and Hondo 
Creeks and the 'Ne s te rn par t by Turkey Creek, Seco  Creek, and the Sabina l River. 
The Medina and 3abina l Rivers  and Hondo Creek are e s s entia l ly perennia l in their 
lower reaches, .� l though they may cease  f lowing a t  time s during droughts;  the res t 
o f  the streams are intermit tent. 

The upper �reaches of  the Sabina l and Medina River s  consis t  of  s ha l low draws 
on limestone outcrop s  which carry wa ter only during times of torrentia l rainfa l l .  
Here mos t o f  th·� drainage is benea th the s ur face  through p or ous or cavernous zones 
i.n the limes ton•�. Mos t of  this wa te r is later re l�ased  by gravity springs where 
the contac t  of the porous limes tones and under lying les s  permeab le bed s  has been 
exp osed by eroslon. S tream gradients  in the upper reache s  are s teep, and the 
wa tercours es are confined be tween s teep canyon wa lls.  

In the lower reaches o f  the s treams the gradients are gent ler, and the 
s treams have an interrup ted f low thr ough grave l deposit s  and over s coured bedrock. 
Locally the s treams have deve l oped broad meander p a t terns and extensive terrac e s  
a. long wide, fla·:-bo t tomed va l leys . Courses of  the streams a r e  genera lly con
cordan t with thE� regiona l dip of  the underlying r ocks, and long reac he s  have been 
deve l op ed a t  neur ly  the same gradient as the dip of  the beds. 

Some o f  thE� thin l imes tone s tra ta contain p or ous zone s which abs orb rainfall 
and transmit thE� wa ter la tera l ly a long inter faces  of  les s pervious beds, re leasing 
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i t  to wells and gravity springs downdip . However , the small recharge (ou tcrop )  
area of the:;e thin zone s makes the springs very s ensitive to rainfall fluc tua tion, 
so  tha t many of them are intermit tent . A few perennial springs is suing along 
faults cont:�ib ute minor flow to the s treams . Ra ther than s erving as sources of 
new flow, the s e  fis s ure springs generally s erve a s  conduits re turning flow tha t 
has been reeharged to the limes tone through permeable zones updip . 

Clima te 

Bandera County has a s emiarid to s ubhumid clima te . The average annual pre
cipita tion Elt the town of Tarpley in the south-central part of the county was 27. 76 
inche s during the period 1939-59. The precipita tion generally is sufficient for 
the produc t).on of feed and grain crop s  excep t during periods of drought .  The 
months of heavies t  rainfall are May,  June , S ep tember, and Oc tober (Figure 2 ) .  

The ave�rage annual tempe ra ture in Bandera County is 6 7 ° F . The summers are 
hot ,  the daily maximum tempera tures being above 90°F mos t of the time; however ,  
100°F tempel'a tures are rare . Southerly breeze s  generally caus e  a rapid drop in 
temp era ture a f ter s unse t ,  and the nigh t s  are comfor table . The winters are mild; 
nor th winds periodically drive the tempera ture below freezingJ but  the freezes do 
not las t  long . 

STRATIGRAPHY AND WATER -BEARI NG PROPERTIES OF ROCK UNITS 

The rocks exposed in Bandera County range in age from Early Cre taceous to 
Re cent . The s edimentary rocks consist of limes tone , dolomite , conglomerate , sand, 
silt , clay, a nd caliche . A few small bodies of intrus ive basalt  crop out in the 
southern par t of the county; however ,  becaus e  of their s mall extent they are not 
s hown on the geologic map (Pla te 1). 

Rock units s upplying ground wa ter (aqui fers ) in Bandera County include, from 
oldes t  to younges t: the Hos s ton, Sligo, and Pears all forma tions , the Glen Ros e 
limes tone , the Comanche Peak ,  Edwards , and George town limes tones (colle c t ively re
ferred to a s  limes tones of the Fredericksburg and Was hi ta group s ) ,  and alluvial 
deposits .  The lithologic and wa ter - s upply proper tie s of the uni ts are summarized 
in Table 1. 

The areas of ou tcrop of the geologic forma tions , exclusive of the igneous 
rocks and the alluvium, are s hown on Pla te 1. The Glen Ros e limes tone , the old
e s t exposed forma tion, crop s  out in approxima tely t hree-fif ths of the land sur
face of Bandera County . Expos ure s  of the limes tone s of the Fredericksburg and 
Washita groups are limited to the high pla teau s ur face  in the nor thwe s tern par t  
o f  the countr and t o  inters tream hills and ridge s  in the res t o f  the county. 

Pre-Cre taceous Rocks 

Rocks o:E pre-C re taceous age are not exposed in Bandera County . They form a 
basement complex probably repres enting different sys tems of  the Paleozoic era in 
dif ferent par t s  of the county. Lit tle is known concerning the litho logy of the 
pre -Cretaceous rocks in the county ; however , logs of  oil tes t s  in nearby countie s 
indica t e  tha t they consis t a t  lea s t  in par t of hard b la ck noncalcareous s hale , 
s ands tone, and lime s tone. 

No fresh wa ter ha s been repor ted in the pre -Cre taceous rocks in Bandera County. 
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FIGURE 2.- Precipitation and temperature at Tarpley, Bandera County, Texas, 1939-59 

(From records of U.S. Weathe r Bureau) 

- 8 -



Table 1.--Geologic formations in Bandera County 

Maximum 
System Series Group Stratigraphic unit observed Character of material Water-supply properties 

thickness 
( feet) 

Quaternary Recent, Alluvium 50 Clay 1 silt 1 sand, and gravel. Yields small supplies of water and Pleistocene in valleys. 
·rert ia.ry( '? ) and 

Pliocene ( '? ) 

Cll Zone C 230 Hard massive cherty limestone, 
G) 

�§ bluff forming. 

Cll Dark soft cavernous cherty and 
Washita and g] Zone B 170 dolomitic limestone, flaggy to 

+>r-i thin bedded • .  cu 
Fredericksburg ti)Cil �'tl 0 � Hard massive gray limestone con- Yields amall to moderate 

groups �� Zone A 125 taining chert nodules, bluff supplies of water. 
ril forming. 

Camanche Peak 60 Nodular, marly limestone. 
limestone 

Walnut clay 5 Marly clay and shell aggregate. Yields no water to wells in 
Bandera County. 

Cretaceous 

� � Marl and shale alternating with Yields are generally small, and 
Ccma.nche 0 0 Upper member 440 thin, resistant beds of lime- much of the water is saline. P:<+> rJl stone and dolomite. !:::: Q) 

�� 
Lower member 380 Massive limestone and marl. Yields small supplies of water. Or-t 

Conglomerate, sandstone, clay, Yields moderate to large supplies 
shale, and sandy dolomite. of water in northern part of 

Trinity !:::: Hensell shale 150 county. Yields decrease and 0 � member water becomes saline in +> 
group � southern part. 

1M Cow Creek lime- White to gray or brown sandy lime- Yields small to moderate supplies 
...-! stone member 60 stone and dolomite. of water in most parts of ...-! a3 Bandera County. Cll � 

Yields no water to wells in Q) Pine Island 70 Sandy dark blue to gray shale; A. 
shale member same dolomitic limestone. Bandera County. 

Pre- Nuevo Leon and Sligo and Hosston Limestone, dolomite, clay, sand- Yields smaJ.l to large supplies 
Cc:ma.nche Durango groups of formations 335 stone, and conglomerate. of water. 

Mexico 

Pre- 'l 'l T 'l Hard black noncalcareous shale 1 Not tapped by wells in Bandera 
Cretaceous sandstone and limestone. County. 



Cre ta ceous Sys tem 

Pre -Comanche Rocks 

The Cretaceous rocks of s outh Texas have been divided by Im lay ( 1945 , p. 1427) 
into the Coahui la s e ries in Mexico ,  Comanche s e ries , and Gulf series .  The o ld -
e s t  rocks of Cretaceous age have been c la s sified a s  the Hos s ton and S ligo for 
ma tions and corre lated with rocks of the Durango and Nuevo Leon groups of the Coa -
1-tui la s e ries in Mexico. 

Hos s ton and Sligo Forma tions 

In Bandera C ounty the Hos s ton forma tion consis t s  of c ong lomera te and sand 
s tone interbedded with red and green c lay and dolomite. The Hos s ton grades upward 
into dolomitic lime s tone and s andy d o lomite  of the S ligo forma tion. Nea r  the 
s outhern border of the county the Hos s ton consis t s  chiefly of s andy dolomite ,  
d o lomitic sandstone , and sha le. The S ligo in the s outhern part  of the county is 
predomina te ly ha rd spherulitic limes tone and dense s andy d o lomite. 

The forma tions form a wedge be tween the under lying Pa leozoic rocks and the 
overlying Pearsall forma tion, the wedge thinning genera l ly nor thwa rd from at lea s t  
335 fee t  in well N-3 t o  about 2 6 0  fee t  in we l l  D -2 (Figure 3 ) .  The ra te of thin 
ning is not uniform, however, beca us e  of a considerab le amount of re lief on the 
basement surfa ce of Pa leozoic age. 

The Hos s ton and Sligo forma tions have been pene tra ted by  only a few wa ter 
we l ls in Band era County beca us e  s ha llower a quifer s  p rovide adequa t e  wa ter s upp lies 
for mos t purpose s.  We lls H -43, H-45, and J-62,  p robab ly ob taining mos t of their 
supp ly from the Hoss ton, have repor ted yie lds in exc e s s  of 1 , 2 00 gpm (ga l lons per 
minute ) ;  however;, a l l  the s e  we lls have been a cidized to increa s e  t heir prod uc tion. 
In contrast, the yie lds of we lls H-57, H-6 1 ,  M-1 1, and N-3 range from 16 to 350 
gpm. Of the s e  only we l l  N-3, the .350-gptn we l l ,  wa s a cidized. 

In genera l, sma l l  to  large quantitie s  of wa ter can be expec ted from the Hos s
ton and Slig o  forma tions in mos t of Bandera County. The meager da ta avai lab le  
indica te t ha t  the wa ter is of  good chemica l qua lity and s uitab le  for mos t pur
poses.  One of the major fac tors t ha t  might limit the d eve l opment is the compara 
tive ly grea t dep t h  t o  the forma tions. This is especia l ly true in the s outhern 
part of the c ounty, where  it would be nec e s s ary t o  dri l l  more than 1 , 000 fee t  
in order to pene tra te  enough of the� forma tions t o  ob tain s ufficient wa ter for 
irriga tion, indus trial,  or municipa l use. 

Comanche S eries 

Trinity Group 

Pearsall Forma tion 

Im lay ( 1945 , p. 144 1 )  assigned the r ocks above the S ligo forma tion and be low 
the G len Ros e  limes tone to the Pea rs a l l  forma tion in the s ub s urface of s outh Texa s ,  
the type sec tion being a t  a we ll in Frio County. The Pearsall  forma tion inc l ud e s  
the Pine Island s hale ,  Cow Creek limes tone , and Hens ell  s ha le members,  a lithic 
s e quenc e simllar to tha t of the members  of the Tra vis Peak forma tion as des cribed 
by  Hil l  ( 190 1, p. 14 1 ) .  Imlay s ugge s ted tha t the Pea rs a l l  and Travis Peak forma
tions occupy the same stra tig raphic position, b ut tha t  the name Travis Peak be 
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restricted to the formation where it is exposed. The formation does not crop out 
in Bandera county; therefore the name Pearsa l l  is used in this report. 

Pine Island Sha le Member 

The Pine Is land sha le member , the lowest member o f  the Pearsa l l  formation , 
over lies the S ligo formation. In s outhern Bandera County the Pine Is land consists 
of  sandy fos s i liferous dark -b lue to gray sha le containing thin interbedded layers 
of d o l omitic limestone. Northwa rd the member become s increa sing ly sandy. The 
thicknes s of the Pine Is land ranges from about 70 feet in the s outhern part of  
the c ounty to  about 45 feet in the northern pa rt (Figure 3 ) .  

The Pine Is land s ha le member yie lds no water to wel ls in Bandera County. 

Cow Creek Limestone Member 

The Cow Creek limes tone member of the Pea rs a l l  formation consists chief ly  
o f  white to  gray or brown s andy fos si liferous limestone and d o lomite. The lower 
and upper bed s a re genera l ly dense and coquinoid , consisting of  poor ly  cemented , 
worn she l l  fragments. Lignite is present loca l ly. The Cow Creek limestone mem
ber maintains a fair ly uniform thicknes s of  50 to 6 0  feet throughout the county 
(Figure 3 ) .  

The Cow Creek genera l ly yie ld s sma l l  to moderate quantities of  water to we l l s 
in most parts of  Bandera County. The yield s of  practica l ly a l l  the wel ls tapping 
the Cow Creek were greater than 5 gpm, and the average yield probab ly wa s about 
15 gpm. We l l  N-4 , which probab ly obtains most of its water from the Cow Creek , 
had a reported yie ld of  723 gpm with a drawdown of  6 1  feet a fter a cidization. 

Hensel l Sha le Member  

The Hense l l  s ha le member of  the Pearsa l l  formation does not crop out in 
Bandera County. The Hens e l l  consists of  poor ly cemented cong lomerate,  sand stone , 
and ferruginous c lay in the northern part of  the county, changing to s and stone, 
s ha le, and s andy dolomite in the southern part. The wedge of c la stic materia ls  
forming the Hens e l l  in  the northern pa rt thins s outhward and p robab ly  intertongues 
with strata of the over lying G len Rose limestone. The member  thins f rom 150 feet 
in we l l  D-2 to 2 0  feet in wel l  N -4 (Figure 3 ) .  

Because o f  the fa cies change from coarse-grained materia l in the northern 
part to fine -grained materia l in the s outhern part,  the Hense l l member is an im 
portant aquifE! r  on ly in the northern pa rt o f  Bandera County. Yie lds a s  large a s  
500 gpm have been reported (we l l C-5) , and many wel ls in the northern part of 
the county a re� capab le o f  prod ucing a s  much a s  2 00 gpm, a lthough few large wel l s 
have been deve. loped because of  lack of  demand. In the s outhern part of the county, 
on ly stra y s and lenses and granu la r  dolomite of  the Hense l l  member yie ld water 
to we l ls ; consequent ly, the yield s a re sma l l. Most wel l s in this area are d ri l led 
to the under lying , more permeable limestone bed s  of the Cow Creek limestone mem 
ber. Most of  the we l ls that draw from the Hense l l  in the northern part of  the 
county yie ld water that is o f  good chemica l qua lity except that it is hard. In 
the s outhern part o f  the county the water becomes s a line, an inc rea se in the s u l
fate content being pa rtic u la r l y  noticeab le. 
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Glen Ros e  L�ne s tone 

Mos t of the land surface of Bandera County ha s been deve loped upon the alte r 
na t ing l ime stone and ma rl beds of  the G len Ros e  l imes tone. D i ffe rent ia l eros ion 
o f  the a l terna t ing hard and s o f t  bed s ha s crea ted a cha ra c ter is t ic te rra ce or 
s ta irstep topography. 

The· Glen Ros e  l ime s tone is  predominant ly ca lca reous , conta ining c la y  and sand 
as a c c e s s ory ma ter ia ls.  The ca lca reous stra ta range from th ick ree fy, ma s s ive 
beds of limestone in the lower part  of the forma t ion to thin granula r coquina , 
ca lcarenite , and s o f t  granu lar dolomite in the upper part . Throughout Bandera 
County and acros s ad j ac ent count ies , the thickne s s  and l i tho logy of  ind ividual 
beds is rema rkab ly uni form ; ma ny of the uni t s  are ident if iab le  for 60 mile s or 
more. 

In Carnal County , George ( 1952 ,  p .  17 - 1 8 )  d ivided the Glen Ros e  l imestone in
to l ower and upp er members. The top o f  a thin l imestone forming the upp ermo s t  
part  o f  a prominent fos siliferous zone ( Sa l enia texana zone) was a rb i t rar ily s e 
l ected a s  th4� boundary . The limestone , the upp ermo s t part  o f  wh ich i s  formed by 
a l ayer o f  shell s o f  the fos s il Corbu l a  texana Wh itney , is ove r l a in by porou s  
evaporite beds o f  do lomite and anhydrite o f  the upp er memb er . The l imes tone and 
the overlying evaporite beds form an important mapping datum which is  tra c ea b l e  
o n  the ou tcrop from Bandera County a t  l east to Trav is County . The evaporit e beds , 
which are  recognizab l e  in we l l  cut ting s and are  indic ated by a strong res is t iv i ty 
p eak on electric logs , a re u s e ful in subsur fac e corre l a tion . A s ec ond evaporit e 
zone o f  almost id ent ica l characteris tic s lies app rox ima t e ly in the midd l e  o f  the 
upp er memb er.. In th is  report the zones are  referred to a s  the l ower and upp er 
evapor ite beds . 

The s epara t ion o f  the Hens e ll sha le member  o f  the Pears all forma t ion and the 
G len Ros e  limes tone in Bandera County is  made a rb itra r ily becaus e  of  the gra
da t ional na ture of  the conta c t. As ident i f ied in ele c t r ic logs and well cut t ings , 
the conta c t  is  pla c ed a t  the ba s e  of the lowe s t  well -developed l imes tone beds of  
the  Glen Rose� .  

Lower Member  

The lowe�r member of  the Glen Ros e  limes tone in Bandera County cons i s t s  o f  
ma s s ive rud is t id l ime s tone and t h in bed s o f  ma r l  conta ining Orb i tolina texans 
(Roemer) , grad ing upward into thin beds of  fragmenta l l ime s tone and mar l. 
Shallow-wa ter fea t ures s uch  a s  r ipp le ma rks , f il led bor ings , finely ground 
s hell ma ter ial ,  s olut ion channels , mud cra cks , ligni te , d inosaur tra cks , and 
c ros sbedd ing cha ra c te r ize many of  the thin beds in the upper 50 fee t of  the 
member. The upper 20 fee t  of the member , the Sa lenia texana zone , is a nod ular 
limy ma rl conta ining many fos sils of  Orb i to l ina texana (Roeme r) , Hemias ter  sp. , 
crab claws , gorocys t is sp. , Tr igonia sp. , Sa len ia texana (Credner ) , and Douvil
le icera s s p. As s ta ted above , this  l imes tone conta ining abundant foss i ls of 
Corbula texana Whitney a t  the top o f  the ma r l  ma rks the upper l imit  of the lower 
member  o f  the Glen Ros e . 

Exposur e s  of  the lower member  a re l im ited to areas a long the Med ina River 
and i t s  t r ibuta r ie s  s outhea s t  of  Med ina , a long Hond o ,  Wi lliams , Thomas ,  and 
Commis sioners Creeks near Tarp ley,  and a long the Sab ina l River and i t s  t r ibutar ies 
s outh o f  Vanderpool. The bes t expos ures form c l i f fs along the Med ina Rive r and 
Red Bluf f Cre�ek s outheast o f  Bandera . E ls ewhere the expos ure s  are poor or are 
mantled by a lluvium wh ich forms broad te rra ced f la ts a long the s treams . 
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Although ind ividual beds of  the lower member of  the Glen Ros e  mainta in un i form 
thicknes s  along s tr ike , the member a s  a whole th ickens from nor th to s outh. The 
th ickne s s  in the nor thern part  of the county is about 19 0 feet  and in the s outhern 
par t ,  about 380 feet  (F igure 3 ) . 

The lower member of  the Glen Ros e  l ime s tone generally y ield s small quant i t ies  
of  wa ter,  mos t of  which is  of fa irly good chemical qual i ty . The yield s  of mos t 
of  the wells range from 2 or 3 to  15 gpm, the yields  varying with the s i ze of the 
op ening s  pene trated ; one well (G -23 ) has b een repor ted to yield 700 gpm. 

Upper  Member 

The upper  member of the Glen Ros e  l imes tone cons i s t s  predom inantly of blue 
to yellowish -bro\m s hale , ma rl, and thin fos s ili ferous limes tone. Dolomit ic beds 
are common throughout the forma t ion, and an oys ter - and rud is t id -bear ing lime s tone 
occ ur s  about 15 0 feet  above the b a s e  of the member . 

The upper member may be  d iv id ed into the following s e quences  as  ob s erved in 
the nor thern part of the county: ( 1) lower evaporite  bed s and overlying marl, 45 

to  SO fee t thick and only spars ely fos s iliferous; (2) marl conta ining abundant 
fos s ils of Orb i tolina minuta Dougla s s  and fragmental coquina wh ich grade s upward 

into an oys ter - and rud is t id -bear ing lime s t one; t otal thickne s s  100 to  105 fee t; 
(3 ) calcareous m.::1rl 30  to  40 fee t thick; (4)  anhydr i t ic marl and dolomite (upper 
evapor ite  bed s ) , 12 to  3 0  feet thick; and ( 5 )  upper ma rl and calcarenite  grad ing 
upward into s ugary- textured a rg illa ceous dolomite , 1 60 feet thick. The overal l 
th ickne s s  of  the member range s from about 385 fee t in the nor thern part  of the 
county to about 440 feet  in the s outhern part. 

The two evaporite  beds form imp or tant marker hor i zons ident if iable in both 
the outcrop and the s ub s ur fa c e. vfuere exposed the evapor ite  beds are wea thered 
and oc c ur as brown ferrug inous dol om i t ic clay, wea ther ing having removed mos t of 
the anhydr i te. S inks , collap s e  s truc tures , s eeps and spr ings , and d is tor ted b ed
d ing are cha ra c t er i s t ic of the out c rop. In the s ub s ur fa ce where they are no t 
wea thered , the evapor ite  beds are read ily ident i f ied by the ir caving tendenc ies 
dur ing dr i lling , by the pres ence of anhydr ite  and lack of Orb itolina in well cut
t ings , and by a pronounced re s is tivi ty peak on ele c tr ic logs (Figure 3). 

The upper member of  the Glen Ros e  limes tone yields  small quant i t ies of  
wa ter to wells , much of  the  wa ter be ing s aline. The mos t  p roduc t ive beds of  the 
upper member  are  the evapor ite  beds . The anhydr ite  layers have been h ighly leached 
and wea thered,  espec ially in and near the outc rop , forming a h ighly permeable , 
cavernous , honeycombed ma s s. Unfor tuna tely the wa ter  in the s e  evapor ite beds  
charac teris t ically ha s a high s ulfa te  content which makes the wa ter unf it for  mos t 
us es.  Particular care s hould be  taken in dr illing wells into the Glen Ros e to 
make s ure tha t the evapor i te beds are c a s ed off  or cemented. 

Freder icksburg and Wa s h i ta Groups 

The Fredericksburg group in Bandera County includes the Walnut clay, the 
Comanche Peak lime s tone , and the Edwa rd s lime s tone. The K iamich i forma t ion , the 
uppermos t  formation of the Freder icks burg gr oup , wa s not recognized in the county. 
The only forma t:lon of  the Wa s h i ta group in Bandera County is the George town lime
s tone. The Freder icksb urg and Wa s h i ta group s  have been mapped as a s ingle unit 
(Pla te  1). The three lime s tone s form a s ingle hydr ologic uni t. 
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The wa lnut c lay, the o ldest formation of the Fred er icksburg group in Band era 
County, consists of  a th in bed of  mar ly c lay and sh ell aggregrate rang ing in thick 
ness from 6 inches to 5 feet. Because of its th innes s it is  not d iffer ent iated o n  
the geo log ic map (P late 1 ) .  The Wa lnut weathe rs to a steep slope or under cut be 
neath the more resistant Comanche Peak l imestone. Local ly a rounded bench is 
formed at the base of the Walnut c lay on the under lying G len Rose l imestone. Echi 
no ids (Lor io l ia sp., Ho lectypus sp. ) ,  pe lec ypod s, gastropods, Engonoceras sp., 
D ictyoconus sp. , Porocyst is gJ.obu lar is (G iebe l ) ,  and a profusion of Exogyra texana 
(Roemer)  mark the hor i z on. 

The Walnut c lay is not an aqu i fer in Bandera County. 

The Comanche Peak l imestone in Bandera County is a mar ly nodular l ime stone 
rang ing from 2 5  to 60 feet in thickness . The lower contact appears to be gra
dationa l with the Walnut c lay; the upper contact is d istinct but conformab le. 
The nodu lar appearanc e of the outcrop is be l ieved to have resu lted from extensive 
bor ing by mar ine organisms. Fossi ls found in abundance in the Comanche Peak in
c lud e Exogyra texana (Roemer) , Protocard ia sp. , Lunatia sp. , Engonoc eras sp. , and 
sma l l, high -spired gastropods. Masses of secondary ca lc ite are common. 

A pronounc ed break in vegetat ion ma rks the top of the G len Rose l imestone. 
Live - oak trees form a band at the top of the G len Rose l imestone extend ing upward 
onto the outcrop of the Comanche Peak. The over lying resistant beds of the Ed 
wa rds l imestone are genera lly c l iff -forming and support a dens e growth of cedar 
on the tops of  the c l iffs. 

The uppermost approximate ly 500 feet of  the Freder icksburg a nd Wash ita gr oups 
conta ins the Edwa rds and Georgetown l imestones; however, the two formations have 
not b een recognized as such. The se quence can be d ivided into three zones ; (A) 
A lower massive cavernous hard l imestone, l ight gray in co l or, conta ins chert 
layers and minor beds of so ft d o lomitic l imestone. The zone ranges in th ickness 
from 100 to 1 2 5  feet. ( B) The� midd le  zone consists predomina nt ly of do lomitic 
l imestone wh ich is so fter and more th inly bedded than the l imestone of the l ower 
zone. Che rt nodules, ca lc ite masses, s i l iceous geodes, and so lution caverns are 
character istic of the zone. In general, these softer beds are c ontrasting ly 
darker in co lor, are less resistant to erosion, and s upport more vegetation than 
the lower beds. The zone is about 1 70 feet th ick. (C ) The upper zone, 2 30 feet 
th ick, consists of massive hard wh ite b luff - form ing h igh ly foss i l iferous l imestone. 
Some of the beds are composed a lmost entirely of fossi ls containing abundant Ca
pr ina, Toucasia, Monop leura, !tad io l ites, Pe cten, and gastropo4s. Kingena � 
ensis (Roeme r )  is common near the top of  the zone. Chert b eds and nodu les are 
abundant in most of the zone but d isappear in the upper part where the l imestones 
become f ine grained and thin bedded. 

Wel l s  in l imestones of the Freder icksburg and Wash ita groups in Bandera 
County provide smal l to moderate supp l ies of water used only for domest ic and 
stock purpo s es . Hence, data perta in ing to the y i e l d  of the unit are  l imited to 
a few ba i l ing tests recorded by wel l dr i l l ers. The wel ls have a great d iversity 
o f  y iel d ac cord ing to the siz e and degree o f  interc onnection of  the jo ints or 
so lution channel s from wh ich the water is der ived . One we l l  may enter l arge 
water-bear ing channe l s, wh ereas a we l l  only a short d istanc e away may be prac
tical ly  dry because it penetrates on ly smal l  water-bear ing op en ings. The larg 
est y i e l d  as repo rted by the dri l l er o f  wel l  A- 6 dur ing a bai l ing test was about 
50 gpm w ith no apprec iab l e  drawdown . The water in th e unit is o f  good chemica l 
qua l ity except that it is hard . 
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Ter t iary (?) and Qua ternary Sys t ems 

P l iocene(?), P le is tocene, and Re cent Al luvia l Depos i t s  

A l luvia l  depos its  in Bandera County occur a s  sma l l  r emnants o n  h i l l tops,  a s  
terraces  and f i l l s of o ld meander channe ls of s treams, and as  f lood-p la in depos i t s  
a long pres ent s treams. The depos i t s  range in a g e  from P lioc ene(?) to Rec ent. 
Maximum thickne s s es of  the s e  s ediments are found in the ma j or s tream va lleys where 
the depo s i t s  form broad val ley flats. The alluvium ranges in thickne s s  from a 
kni f e  edge t o  about 50 fee t and cons i s t s  pr inc ipa lly of limes tone de tr itus which 
forms lent icula r  beds of  gravel, sand, s ilt, and c la y. Loca l ly the beds are red 
where iron-s ta ined ma ter ia ls  are concentra ted. 

A prominent terrace occur s  in many places  about 25 to 40 feet  above the pre 
s ent s tream channels, b ut wher e  s tream gradients are low t he terra ce  merges with 
Re cent f lood -p lain depos i t s. The mos t extens ive depos its  o f  alluv ium in Bandera 
County l ie a long the Medina River from Bandera nor thward to Medina, a long Hondo 
Creek from the ME�dina County l ine to Tarpley, and a long the Sab inal River from 
the Uva lde County l ine to Vanderpoo l. 

The a l luvial depos i t s  in Bandera County are, for the mos t par t, h ighly per 
meab le ; however, becaus e of  the ir thinne s s, small area l extent, and topographic 
pos i t ion, they are not impor tant a s  a qu i fer s. The depo s i t s  yield only small 
quant i t ie s  of  water to a few we lls a long some of the s treams.  

Igneous Rocks 

I gneous r ocks occur in a few places  in Bandera County as sma ll, isola t ed 
ma s s es. Dikes cons i s t ing largely of  basalt were des c r ibed by Daws on, Hanna, and 
Kirby (1927) a t  loca l i t i e s  wes t  and s outhwes t of Bandera. S everal other exposures 
of b a s alt ic rocks wer e  found in the county dur ing the p re s ent inves t iga t ion, in
cluding a sma l l  plug and dike about 4 miles nor thea s t  of Tarpley, and a dike on 
the Dean Ranch 3 m i le s  nor th of Tarpley. 

The igneous rocks y ie ld no wa ter t o  wells in Bandera County. Because of 
the ir sma ll a real extent and lack of hydro logic s igni f icance, they are not shown 
on the geo logi c  map (P la te 1). 

GEOLOGIC STRUCTURE 

The pr inc ipal geologic s truc t ure of Bandera County is a s outhwa rd- or s outh
ea s tward -dipping monocline cros s ed by discont inuous nor theas twa rd- trending fault s 
and folds roughly paralleling the Balc ones fault zone of the countie s to  the 
s outh. In contra s t  to the major nor theas tward - s tr iking s tr uc t ural trend, a minor 
sys t em of syncline s  and ant icline s s tr ikes generally north - s outh across  the county , 
the ir axe s gently p lung ing s outhward nearly a t  r ight angle s to the Balcone s fault 
zone. 

The reg iona l s tr uc t ure of the county is shown on F igure 4 ,  which shows the 
a l t it ude of the t op of the lower member of the Glen Ros e  lime s tone. The f igure 
shows tha t the dip in much of the c entral and we s te rn par t s  of  the county ranges 
from 10 to 20 fee t per  mile towa rd the s outheas t or s outh. In the s outhea s tern 
pa r t  of  the county the dip s teepens to  about 100 feet  per mile and is ch ie fly 
toward the s outh. 
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Mos t  of the faults in Bandera County s trike northeas tward and are no t con 
tinuous for long dis tances.  The faults roughly parallel thos e of  the Balcone s 
fault zone to the s outh. The faulting is normal and the fault planes dip s teeply 
to the s outhea s t  a t  angle s of 65° to 78°. The faults are generally downthrown to 
the s outh, the maximum displa cement on a single fault being about 100 feet. 

Folding in Bandera County occurs in two trends which with as s ocia ted faulting 
have influenced the d evelopment of  the drainage s ys tem of the county. The major 
trend is charact erized by gentle flexure s which are roughly parallel with and are 
probably a s s ocia ted with the Balc ones fault zone. The s trike s are northeas tward, 
crea ting beltlike fla t tening and s teepening of the beds acros s the s outhward dip 
ping regional s truc ture. This fla t t ening and s te epening ha s created temporary 
bas e levels to s tream erosion, re s ulting in development of broad valleys having 
extensive meander pa t terns along the s tream cours e s. Rejuvena tion ha s caus ed in 
cis ement into the old valley floors, which remain as  broad terraces  adjacent to 
the pre s en t  s tre am channels. The minor trend of folding is chara c terized by broad, 
low northward - to northwes tward - s triking fold s which plunge sligh tly toward the 
s outh where they are trunca t ed by faults of  the Balcones zone. 

GROUND WATER 

Occurrenc e and Movement 

Ground wa ter in Bandera County oc curs in two types of aquifers: (1)  coars e 
t o  fine -grained d e trital rocks, consis ting chie fly o f  sand s tone, in which the 
wa t er oc curs in the spaces  b e tween the sand grains, and (2 ) lime s tone and dolomite, 
in which the wa ter oc curs in joints,  other fra c ture openings, and s olution channels. 
I n  either type of aquif er, the wa ter may oc cur und er wa ter- table or arte sian con
ditions. Under wa ter- table conditions the wa t er is unconfined and doe s  no t ris e 
in wells above the level a t  which it is encountered in the forma tion. Under ar 
te sian conditions the wa ter is confined under pre s s ure be tween rela tively imperme
able layers, and the wa ter will ris e  above the level a t  which it is encountered. 

With the exception of the alluvial d eposits along the s treams which are thin 
and rela tively unimportant, the d e trital aquifers are found in the Ho s s ton and 
Sligo forma tions and the Hens ell s hale member of  the Pears all forma tion and are 
arte s ian. The aquifers are charged from precipita tion and s treamflow on the out 
crops in areas  to the north of  Bandera County. Mos t  o f  the precipita tion on the 
outcrop area s is los t to  flood runof f. A part is cons umed by evap ora tion and 
transpira tion by plant s ;  a small part perc ola tes  downward t o  the wa t er table, then 
move s down the hydra ulic gradient of  the a quifers toward areas of dis charge . Da ta 
are no t available to map accura tely the dire c tion of ground -wa ter movement in 
the a quif ers in Bandera County ;  however, the general direc tion of movement in the 
sand s tone a quifers is probably dm,vn the dip of the forma tions toward the s outh or 
s outhea s t. Na tural dis charge from the sand s tone aquifers occurs chie fly by slow 
upward movement into the overlying le s s  perme able forma tions. 

The lime s tone and d olomite aquifers in B andera County consis t of the Cow Creek 
lime s t one member of the Pears all forma tion, the Glen Ros e  lime s t one , and the lime
s t one s of the Fredericksburg and Washita groups . As s ta ted ab ove, the ground water 
in the s e  aquifers occurs in joints, other frac ture openings, and s olu tion channels . 
Piper ( 1 932, p .  7 1) s ta t e s  tha t s olu tion openings in lime s t one and d olomite are 
developed under c onditions where na tural waters may perc ola te c onsiderable dis tance s  
b e f ore they reach chemical equilibrium with the surrounding rock ; and that openings 
along bedding plane s, primary p ore s paces, and frac tures are converted by the s e  
perc ola ting wa ters from small openings t o  larger crevice s  and caverns . The ra te 
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of  this convers i on is dependent upon factors of composition, texture , and prima ry 
permeabi lity of the rocks, rate of circulation and tempera ture and pre ssure of the 
wa ter , amount and s e a s ona l dis tribu tion of rainfal l ,  and nature of the s oi l  and 
vegeta l c over. Thus , raimvater containing carb on dioxide dis s olved from the air 
and the s oi l ,  which increas e s  the s olvent power of the water toward lime s tone , 
pe rcolates  through lime s tone beds deve l oping small channe ls which are control led 
by pre - exis ting joint pa t terns or bedding p lane s .  As s o lution continues , larger 
condui ts may deve lop which may e rase  a l l  ve s tige s of this primary control , and 
the resu l tan t channe ls may transect ear lier pat terns . 

Re charge to the Cow Creek limes tone member of the Pear sa l l  forma t ion probab ly 
oc curs chie f ly from ra infa l l  and s t reamf low on the out crop areas to the nor th of  
Bandera County. A sma l ler amount of recharge to the Cow Creek l ime s tone member 
probab ly oc cur s  by s e epa ge from over lying or unde r lying aqui fers.  Na tura l dis 
cha rge from the Cow Creek oc curs chie f ly by upward s eepage into over lying for 
ma t ions . 

The G le n  Ros e  l ime s tone is recharged by dire c t  inf i l trat ion of prec ipitat ion 
a nd s treamf low upon expos ed sur faces  through fis s ures , or through an ove r lying 
mant le of a l luvium. The s treams may serve a s  both recharge and dis cha rge fac i l i 
t ie s  for the G len Rose.  Wa ter may e nter porous or frac tured zone s ups tream and 
d is cha rge from them downstream whe re the s tream int er s e c t s  the wa ter tab le. A 
smal l amount of re cha rge ma y oc cur by ve rt ica l upwa rd s eepa ge from under ly ing beds 
where wa ter in them is conf ine!d under h ighe r artes ian pr e s s ure.  

Mos t of  the ground water in the G len Rose l imes tone occur s  under artes ian 
pre s s ure because of  the pres ence of sha le b eds which act a s  conf ining layers  for 
the beds of l imes tone . In the! thin -bedded l ime s t one the s o lut ion channe ls are 
t ubu lar and we l l  deve loped pa ra l le l  with the bedding plane s.  I n  the thick -bedded 
l ime s tone the ver t ica l cont inuity of the s o lut ion channe ls is grea ter. The 
channe ls are be s t  deve loped in the mos t  compe tent beds or in the do lomit ic l ime 
s tone a nd anhydr ite beds of  the evap orite zone s . 

The C omanche Peak, Edwards , and Ge or getown lime s t one s are recharged by pre
cipita tion on the ou tcrops , which are extensive ly eroded and genera lly h oneyc ombed 
or por ous . The thick beds of lime s t one contain frac ture sys tems ,  wh i ch h ave been 
enlarged by s o lu tion,  forming conduits  that  pe rmit re l atively free downward and 
la tera l movement of  ground water . In addition to the s e  large ly ver tical c onduits , 
s he e t  s o lu tion channe ls  h ave been deve l oped para l le l  t o  the b edding pla nes . Be
cause o f  the resul tant h i gh perme ability of the l ime s t one, water enter ing the 
unit move s rapidly downward to the lower par t ,  and thence lat erally t oward di s 
charge areas a long the s tream va l leys . The water  dis charges through s eeps and 
s pr ings a t  the exposed c ontac t be tween the lime s t one s of the F rede r i cksburg and 
Washita groups and the under lying Glen Ros e lime s t one . The s pr ings provide mos t 
of the perennia l f low of  the major s t reams in B andera C oun ty and a par t  of the 
r e ch arge to the G len Ros e. 

Deve lopment 

The total use of ground wa ter in Bandera County as of 1 958 is  e s t ima ted to 
be  about 800 , 000 gpd ( ga llons per day) , or about 900 acre-fe e t  per year. The mos t 
widespread use of  wa t er is  for dome s t ic and s tock purpose s in the rural area s .  
There i s  n o  recorded us e of  wel ls for indus t r ia l purposes  i n  the c ounty, and the 
only mun ic ipa l us e is  tha t a t  Bandera. A small quant i ty o f  wa t er is us ed for 
s upp lementary ir r iga t ion, pr imarily o f  pa s ture a nd sma l l  plots  of  feed crops , 
mos tly a long the r iver va l leys. 
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The domes t ic and s t ock we l ls genera l ly yie ld only a few ga l lons per minute 
and are pumped by windmi l l s or sma l l  powe r pump s e quipped with e le c tr i c  or ga s o l ine 
mo tor s . The we l l s are des igned to prod uce on ly suf f i c ient wa ter for dome s t i c  or 
s tock use , and larger y ie lds could be ob ta ined in many p laces  i f  necessary .  

Large -capa c ity munic ipa l we l ls a t  Bandera and irr iga t ion we l l s have yie ld s 
a s  great  as  about 1 , 300 gpm . The s e  we l ls are equipped with turb ine pumps , s ome 
of them powered by e le c t r i c  mo tor s  and s ome by ga s o l ine or d ie s e l eng ines . 

A l though d a ta are not ava i lab le for quantitat ive eva lua t ion of  the ground 
wa ter res,ources  of  the county, the pre s ent deve lopment is undoub ted ly on ly a 
sma l l  percentage o f  the potentia l .  Lar ge quant i t ie s  of  wa ter awa i t  deve lopment 
in the Hos s ton and S l igo forma t ions and in the nor thern part  of the county in 
the Hense l l  s ha le  member of the Pears a l l  forma t ion . The G len Ros e  l imes tone wi l l  
yie ld a t  lea s t  sma l l  quant i t ies  o f  wa ter pra c t ica l ly anywhere i n  the county,  but 
the qua l i ty of  much of the wa ter i s  poor . The l ime s tone s of the Freder icksburg 
and Wa shita grcups  wi l l  yie ld sma l l  to modera te quant i t ie s  of wa ter in the nor th 
wes tern part of  the county . 

Qua l i ty of  Wa ter 

Wa ter samp les from 8 1  we l ls and 4 spr ings in Band era County were c o l lec ted 
dur ing the inve s t iga t ion ; mos t of  the samp les  were ana lyzed in the labora tory of 
the U . S .  Geo log ica l Survey at  Aus t in,  Texas . The we l ls and spr ings samp led are 
ind ica ted on P l a te 1 by a bar above the loca t ion number s .  The results  o f  the 
ana lys es  are g jven in Tab l e  4 .  

S tandards s e t  by the U . S .  Pub l ic  Hea lth Service ( 1946 , p .  3 7 1 -384)  for dr ink 
ing wa ter us ed o n  inters tate  ca rriers  are of ten us ed i n  eva lua t ing wa ter for d o 
mes t ic and pub l ic s upp l ies . In n1os t  ins tanc e s  a grea ter concentra t ion of minera l 
cons t i tuents can be tolera ted , and the use of  wa ter tha t d oe s  not mee t  the s ug 
ges ted s ta ndard s i s  common i n  Bandera County . The s ugges ted l imits  for s ome of 
the important d is s o lved minera ls  are g iven b e low :  

Iron (Fe ) and mangane s E� (Mn) toge ther should no t exceed 
0 . 3 ppm (par ts per mi l l ion) . 

Magne s ium (Mg ) s hould not exceed 12 5 ppm .  

Ch lor ide (C l )  should no t exceed 2 5 0  ppm . 

Sulfate  (S04 ) shou ld not exc eed 2 5 0  ppm .  

F luoride (F ) mus t not exc eed 1 . 5  ppm . 

Dis s o lved s o l id s  shou ld no t exceed 5 00 ppm 
for a wa ter  of  good chemica l qua l ity .  However , i f  
s uch water i s  not ava i lab le , a d is s o lved -s o l id s  
content of  1 , 000 ppm may be perm i t ted . 

The ni tra te content of wa ter in l ime s tone common ly va r ie s  cons id erab ly be 
caus e s urface wa t e r ,  wh ich may have a h igh organic cont ent , has ready a c c e s s  to 
the aquifers through s o lut ion channe ls and fractures . Lohr and Love ( 1952 , p .  10)  
s ta te tha t ' 'more than s eve ra l parts per  mi l l ion of  ni tra te ma y ind ica te prev ious 
contamina t ion by  s ewage or o ther organic ma t ter . "  Howeve r ,  a high n itra te content 
i s  not ,  o f  i ts e l f ,  an ind ica t ion of po l lut ion . Wa ter hav ing a h igh nitrate 
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content shou :Ld be tes ted for ba c te r ia l contamina t ion . Mos t  of the s amp les c o l lected 
in Band e ra County ha d low concentra t ions o f  ni tra te ; however ,  wa ter from we l ls A -5 ,  
G -34 ,  H-63 , and J -30  had concentra t ions o f  2 8 ,  16 , 2 5 ,  and 5 4  ppm, respect ive ly, 
ind ica t ing pos s ib le contamina t ion . 

Hardne s s  o f  wa ter i s  caused pr inc ipa l ly by d i s s o lved ca lc it.nn and ma gne s ium .  
Ha rdne s s  e quiva l ent to t h e  carbona te and b icarbona te  is  ca l led carbona te ha rdnes s ;  
the rema ind e r  o f  the ha rdne s s  i s  ca l led noncarbona t e  ha rdne s s . The s e le c t ion o f  
proper me thod s  for s o f tening i s  ba s ed large ly o n  the type and degree of  hardne s s . 
Wa ter  having a ha rdne s s  o f  1 2 0  to 2 00 ppm is  c la s s i f ied a s  ha rd ; wa ter having a 
ha rdne s s  o f  more than 2 00 ppm i s  c la s s i f ied as  very ha rd . The ana lys es  show tha t 
a l l s amp les , excep t thos e  from we l ls H-5 5 , H- 73 ,  and M- 1 1 ,  wh ich prod uc e from the 
Hos s ton and S l igo forma t ions , ma y be c la s s i f ied as  very ha rd . 

F luor id e  in many of  the wa ter samp le s  ana lyzed for tha t cons t i tuent wa s in 
exc e s s  of the conc entra t ion pe rmis s ib le for dr inking wa ter  a ccord ing to the U . S .  
Pub l i c  Hea lth  S e rvice dr inking -wa ter s tandards . F luor id e in exc e s s  o f  1 . 5 ppm 
ma y caus e  the mo t t l ing o f  the too th ename l of  ch i ldren, the degree or s eve r i ty 
o f  mot t l ing va rying d irec t ly with the increa s e  in c oncentra t ion and inges t ion o f  
f luor ide (Dea n,  D ixon, and Cohen, 1 935 , p .  424 -442 ) .  

The amount and type of  d is s o lved m inera ls  in ground wa ters depend on the s o lu
b i l i ty and type  o f  rock through wh ich the wa ter  moves and on the leng th of  t ime 
the wa ter is in conta c t  with the rock , a s  we l l  a s  on the tempera ture and pre s s ure . 
As a gene ra l rule , the d is s o lved - s o l id s  c ontent o f  the wa ter in Bandera County i n 
c rea s e s  down the d ip o f  the forma tions . 

Mos t of the we l l s in B andera C ounty y ie ld mixed waters  from s eve ra l  f orma 
t i ons ; the re fore , i t  i s  d i f f i cu l t  t o  draw re l iab le conc lus i ons regard ing the 
chara c t e r  of  the wat e r  supp l i ed by d i f fe rent a qu i fers  for the c ounty a s  a who l e . 

The ana lys e s  from 4 we l l s tha t d raw from the Hos s ton and S l igo forma t ions 
(H-45 , H-5 5 , H - 73 ,  and M- 1 1 ) in the s outhea s te rn pa r t  of the county showed a range 
in d is s o lved s o l ids  from 464 to 56 1 ppm and a range in hardne s s  from 166 to  2 6 1 
ppm . Ava i lab le da ta a re too meage r to  permit  a genera l s ta tement r egard ing the 
qua l i ty of the wa ter in the Hos s ton and S l igo throughout the c ounty ; however ,  the 
few s amp les  t a::<.en ind ica te  tha t the wa te r ,  though ha rd , is s ui tab le for mos t pur 
pos e s . 

Mos t  we l ls tha t d raw from the Pears a l l  forma t ion in Bandera County are c a s ed 
only t o  the top of  the ma s s ive l ime s tone beds of  the lowe r membe r  o f  the G len 
Ros e l ime s tone i cons e quent ly,  mos t of  the we l l s p roduce a mixt·ure of  wa ters  from 
b o th forma t ions . Ana lys e s  o f  samp le s from 4 we l ls (E - 18 ,  H -3 9 ,  K -3 , and N -4 ) , 
wh ich prod uce from the Pearsa l l  forma t ion on ly, s how d is s o lved -s o l id s  contents 
rang ing from 5L� 9  to 1 , 400 ppm . Su lfate  appears  to  b e  the mos t ob j e c t ionab le 
c ons t i tuent , rang ing from 146 to  8 10 ppm in the 4 s amp les . 

Wa t e r  s amp les  were c o l l e c t ed from 6 we l ls tha t d raw from on ly the lower mem 
ber of  the G len  Ros e  l ime s tone . The d is s o lved - s o l id s  content of  the 6 s amp le s  
ranged f rom 3 10 to  6 0 1  ppm and the s u l fa t e  c ontent ranged f rom 1 6  t o  1 9 8  ppm . 
The mos t ob j e c t ionab le charac teris t ic o f  the wa ter  is i t s  ha rdne s s ; a l l  the 
s amp les wou ld be c la s s ed as  very ha rd . 

The wa ter from the upper membe r  of  the G len Ros e  l ime s t one va r ie s  wid e ly in 
qua l i t y .  Many o f  the we l l s yie ld sa l ine wa ter wh ich i s  par t ic u la r ly h igh i n  s u l 
f a t e  content . The obs erved range of  d is s o lved -s o l ids  content in 14 s amp les  wa s 
from 2 83 to  4 , 140 ppm ,  and the s u l f a t e  c ontent ranged from 10  to  2 , 9 10 ppm . A l l  
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the wa ter  \va s  very ha rd . Th e wa ter o f  poor qua l ity s eems to b e  a s s oc ia t ed w i th 
th e evapo r i t e beds . The anhydr it e d is s o lves fa irly read i ly in th e p erco l a t ing 
ground wa t e r, thus contr ibu t ing l a rge amount s  of su l fa t e  to th e wa ter . Where th e 
evapor i te  beds l ie a t  sha l l ow depth, part icu larly in the v ic in i ty of  s t reams , th ey 
may b e  h igh ly l e ached and the con t a ined wa ter may b e  o f  re l a t ively good qua l i ty . 

Th e wa t er from the l imes tones of  the Freder icksburg and Wa sh ita group s in 
Bandera County i s  ha rd bu t o therw i s e  o f  exc e l l ent qua l i ty .  The d i s so lved - s o l ids 
cont en t of  samp l es f rom 5 we l l s  and 1 spr ing ranged from 2 24 to 322 ppm, and the 
s u l f a t e  content wa s low .  

SUMMARY 

Aqu ifers  in Bandera C ounty inc lude the Hos s ton and S l igo fo rma t ions , the Cow 
Creek l imes t one and Hens e l l  sha l e  members o f  the Pearsa l l  forma t ion , the G l en Ros e  
l imes tone , and l imes tones o f  th e Freder icks burg and Wa sh i ta group s . The Hos s ton 
and S l igo forma t ions make up the o l dest  and,  cons equen t ly ,  the deep e s t  a qu i fer in 
th e county . Th e un it  cons is t s  of l ime s tone , dolom i t e , sha l e , sands tone , and con
g l omera t e , the wa ter  occurr ing ch i e f ly in · the s ands tone and cong lomera t e .  The 
Hos s ton a nd S l igo un i t  y ie l ds  sma l l  to large quan t i t ies  of  wa ter to a f ew wel l s  
in the county , and i t  i s  be l i eved tha t s im i lar  y ie l d s  cou l d  b e  obta ined in mo s t  
p l a c e s . Th e un i t  occurs a t  rel a t ively grea t dep th ; however, the wa t er i s  under 
a r tes ian p res sure and w i l l  r i s e  nearly  to the surface  in wel l s . 

Two members of  th e Pears a l l  forma t ion - - th e  Cow Creek l imes tone member and 
th e Hens e l l  sha l E� member - - form a qu ifers  in the county . The old er of the two , the 
Cow Creek, cons i s t s  of  l imes t one  and do l om i t e  wh i ch y ie ld sma l l  to modera t e  quan
t i t ies  o f  wa t er in mo s t  pa r t s  o f  the county . The overly ing Hens e l l  member cons i s t s  
of  congl omera t e , sand s t one , sha l e ,  and sandy do lomit e . The Hens e l l  y ie l d s  modera te  
to l a rge  supp l ie s  o f  wa ter,  ch ie f ly in  the  no rthern part  of the  coun ty . In th e 
southern pa r t  the Hens e l l becomes inc reas ingly sha ly and do lom it ic ; the y ie l d s  of  
wel l s  decrea s e  and  the  wa t er becomes s a l ine . 

The G l en Ros e  l imes tone cons i s t s  o f  a l ower memb er compo s ed o f  ma s s ive l ime 
s tone a nd int erbedded thin layers of  mar l ,  and a n  upp er member cons i s t ing o f  a l 
t erna t ing th in b ed s  o f  l ime s tone a nd mar l . The l ower memb er ra ther cons is t ent ly  
y i e l ds sma l l  s upp l ie s  o f  wa t er in mo s t  parts  of  the  county . The upp er memb er 
y ie l ds on ly sma l l  quant i t ies  of wa t er ,  and much of the wa t er is s a l ine . The h igh 
sa l ini ty o f  the wa t er from the upp er memb er is caus ed by the p r e s enc e o f  anhyd r i t e  
beds a t  two l evel s i n  the member . Th e anhydr it e  i s  ra ther ea s i ly d i s s o lved by 
th e perc o l a t ing ground wa t ers  and contr ibutes  a h igh su l fa t e  cont ent to th e wa ter . 

The Fredericks bu rg a nd Wa sh i ta group s in Band era County cons i s t  o f  four geo 
l og ic forma t ions ·· - th e  Wa l nu t  c l ay ,  the Comanche Peak l imes tone , the Edwards l ime 
s tone , and th e Georgetown l imes tone , the three  l imes t ones forming a s ingl e  hydro 
l og ic un it . The C omanche Peak l imes tone can b e  d i s t ingu i sh ed bo th on the sur fa c e  
a nd in l o g s  o f  WE! l l s ; how ever , t h e  Georgetown and Edward s have no t been d i ffer 
ent ia t ed in the county . The Comanch e Peak cons i s t s of  nodu l a r  mar ly l imes tone , 
wherea s the upper two un i t s  cons i s t  predom inant ly  o f  th ick, mas s ive beds o f  hard 
l imes tone and s orrte do l om i t e . The l imes tones o f  the Freder icksburg and Wash i ta 
group s crop ou t E!Xt ens iv e ly a t  the surfa c e  in the wes t ern and northwes t ern part s 
o f  the county . E l s ewhere th e l ime s tone uni t  forms a cap on h igh h i l l s  and int e r 
s t ream areas . The un i t  y i e l d s  sma l l  to modera t e  s upp l ies  o f  wa ter  in much o f  the 
wes t ern part  o f  Bandera County . The wa t er i s  o f  exc e l l ent qua l i ty exc ep t tha t it  
i s  hard . 
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The tota l use of ground wa ter in Bandera County is about 800 , 000 ga l lons per 
day,  the principa l use being for domestic and stock purposes in the rura l areas. 
The on ly municipa l use is a t  the city of Band e ra , and there is no industria l use 
in the county .  A sma l l  quantity of wa ter is used for supp lementary irriga tion, 
prima ri ly for pasture and sma l l  p lo ts of feed c rops a long the river va l leys. A l
though data  are no t avai lab le for a quantita tive eva lua tion of the potentia l of 
undeve loped ground -wa ter resources of Bandera County ,  it is be lieved tha t the 
present use is only a sma l l  percentage of the tota l potentia l .  
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Table 3 . - -Drillers ' logs of wells in Bandera County 

(Format ion and fos s il names added by authors ) 
Thicknes s  Depth Thicknes s  ( feet ) ( feet ) 

Well B-1 

Owner : J .  F .  C amp .  Driller : King Stoke s . 

Topsoil- - - - - - - - - - - - - - - 2 2 Lime (Edwards ) - - - - - - -

Lime , hard , and flint - 3 3  3 5 Lime , blue - - - - - - - - - - -

Lime - - - - - - - - - - - - - - - - - - 7 42 Shale and limestone (Glen Rose ) - - - - - - - -
Lime crevice ( lost 

water ) - - - - - - - - - - - - -- 13 55 Lime , blue - - - - - - - - - - -

Lime (Edwards ) ; struck Shale , green, and 
water at 115 to 120 lime - - - - - - - - - - - - - - -
and at 140 feet - - - - - 85 140 

Well B-3 

Owner : J. F .  Camp .  Driller : A. Smith . 

Lime st one , white ,  hard 

Clay and limestone - - - -

Limestone and clay, 
blue - - - - - - - - -· - - - - - - -

Clay and lime stone , 
shelly- - - - - - -· - - - - - - -

Gypsum- - - - - - - - -· - - - - - - -

Limestone and elay ,  
blue - - - - - - - - ·· - - - - - - -

Limestone and shells , 
white - - - - - - - - - - - - - - -

Clay ,  blue , and l ime 
stone ; c ontains 
Orbitolina texana (Roemer ) - - - - - - - - - - - -

107 

100 

60 

30 

4 5 

10 

110 

107 Gypsum- - - - - - - - - - -- - - -

14 5 Clay, blue , shelly - - -

Limestone , white - - - - -

Shale , blue - - -- - - - - - -

305 Limestone , white and 
blue - - - - -- - - - - - - - - -

33 5 
Shale , red , and s and-

380 Sand, yellow- - - - - - - - -

390 

500 

Shale and red s and - - -

Sand and gravel- - - - - -

limestone , yellow ,  
and sand - - - - - - - - - - -

- 5 8  -

(feet ) 

80 

103 

42 

68 

23 

20 

3 5  

20 

10 

115 

40 

20 

30 

25 

10 

Depth 
( feet ) 

220 

323 

36 5 

433 

4 56 

520 

5 5 5  

575 

58 5  

700 

740 

760 

790 

815 

82 5 



Table 3 . - -Drillers ' logs of wells in Bandera County- -Cont inued 

Thicknes s  Depth Thicknes s  
( feet ) (feet ) ( f'eet ) 

Well B-9 

Owner : C .  H .  Heimsath . Driller : King Stokes o 

Clay and limestone - - - - - 70 

Dolomite ,  gray, hard , 
and gypsmn- - - - - - - - - - - 10 

Shale , gray_, dolomitic , 
fos s iliferous - - - - - - - - 50 

Limestone , white ,  dolo
mit ic , and s ome sand ;  
abundant E;hells - - - - - - 5 

Shale , gray, limy; 
Orbitolina. texana (Roemer) abundant - - -- 110 

Gypsum and brown, s andy 
dolomite ;  contains 
Corbula texana Whitney 
in lower part - - - - - - -- 20 

Shale , gray, s andy; 
contains Orbitolina 
texana (Roemer) - - - - - - 2 5  

70 Limestone , gray, shaly 90 

Limestone , white ,  
80 shaly, sugary tex

ture ; abundant 
Orbitolina texana 

130 (Roemer ) - - - - - - -- - - - - 4 5  

Dolomite , brown ;  
abundant lignite 

13 5 and sand - - - - - - - - - - - - 1 5  

Shale , sandy, lignit ic 10 

245 Sandstone , shaly, 
glauconitic , and 
dolomite - - - - - - - - - - - - 3 0  

Sand , medium t o  coarse ; 
26 5 s ome glauconite and 

s andy dolomite - - - - - - 78 

290 

Well D-7 

Owner : F .  M .  Montague . Driller : A .  Smith. 

Shale , yellOYi'- - - - - - - - - - 4 5  45 Shale , blue - - - - - - - - - - - 3 5  

Lime , blue - - - - - - - - - - - - - 6 5  110 Shale , gray- - - - - - - - - - - 50 

Shale , gray- - - - - - - - - - - - 110 220 Lime , blue and gray-- - - 70 

Gypsum- - - - - - - - - - - - - - - - - 20 240 Lime , brown- - - - - - - - - - - 40 

Lime , blue - - - - - - - - - - - - - 5 24 5 

Well E -1 

Owner : J .  F .  Camp .  Driller : King Stoke s . 

I Topsoil- - - - - -- - - - - - - - - - 4 4 !! Flint boulders - - - - - - -- 4 

( Cont inued on next page ) 
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Depth 
( feet ) 

380 

42 5 

440 

4 50 

480 

5 58 

280 

330 

400 

440 

8 



Table 3 . - -Drillers ' logs of wells in Bandera County- -Cont inued 

Lime and flint - - ·· - - - -

Lime - - - - - - - - - - - - -· - - - -

Lime and flint crev
ices ; water at 170 
to 17 5 feet - - - - - - - -

Lime and flint - - - - - - -

Thicknes s  Depth 
( feet ) ( feet ) 

Well E -1- -Cont inued 

25 

137 

40 

30 

33 Lime , soft - - - - - - - - - -

170 Lime - - - - - - - - - - - - - - - -

Lime and soft lime - -

210 Lime , honeycombed- - -

240 Lime - - - - - - - - - - - - - - - -

Well F -18 , part ial log 

Owner :  R .  D .  Garrison . Driller : Plateau Oil Co . 

Lime , broken- - - - - ·- - - -

Shale , gray- - - - - - ·- - - -

Lime - - - - - - - - - - - - - - - - -

Shale , blue - - - - - - - - - -

Lime - - - - - - - - - - - - - - - - -

Shale - - - - - - - - - - - - - - - -

Shale , blue - - - - - - - - - -

Lime - - - - - - - - - - - - - - - - -

Shale , light - - - - - - - - 

Sand ( little water ) - -

Lime , broken- - - - - - - - -

Shale ,  gray- - - - - - - - - -

Lime , broken- - - - - - ·- - -

Shale , st icky- - - - - ·· - -

Lime , hard - - - - - - - - ·· - -

Lime ,  broken- - - - - - -· - -

Lime - - - - - - - - - - - - - - - - -

20 

30 

10 

5 5  

5 

5 

5 

25 

27 

3 

80 

15 

20 

50 

10 

10 

10 

20 Shale - - - - - - - - - - - - - - -

50 Lime - - - - - - - - - - - - - - - -

60 Shale , gray- - - - - - - - -

115 Lime - - - - - - - - - - - - - - - -

120 Shale , white ,  soft - -

12 5  Lime , broken- - - - - - - -

130 Lime - - - - - - - - - - - - - - - -

155 Lime , hard in spot s -

182 Lime - - - - - - - - - - - - - - - -

18 5  Shale - - - - - - - - - - - - - - -

26 5 Sand ( hole full of 
water ) - - - - - - - - - - - -

280 
Lime - - - - - - - - - - - - - - - -

300 
Sand ( hole full of 

3 50 water ) - - - - - - - - - - - -

360 Lime - - - - - - - - - - - - - - - -

370 Shale , blue - - - - - - - - -

380 Shale - - - -- - - - - - - - - - -

( Cont inued on next page ) 
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Thicknes s  
( feet } 

13 

13 

59 

2 5  

3 0  

20 

50 

5 

15 

5 

21 

157 

57 

40 

5 

10 

10 

5 

15 

5 

40 

Depth 
( feet ) 

253 

266 

325 

3 50 

380 

400 

450 

455 

470 

475 

496 

6 53 

710 

750 

7 5 5  

76 5 

775 

780 

795 

800 

840 
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Table 3 . - -Drillers ' logs of wells in Bandera County- -Continued 

Lime - - - - - - - -- - - - - - - - - -

Mud , blue , sticky- - - -

Shale , blue - - - - - - - - - -

Lime , sandy- -- - - - - - - -

Shale , blue - - - - - - - - - -

Shale - - - - - - - - - - - - - - - -

Lime - - -- - - - - - - - - - - - - -

Shale - - - - - - - - - - - - - - - -

Lime , sandy- ·-- - - - - - - -

Shale, blue - ·- - - - - - - - -

Lime - - - - - - - - -· - - - - - - - -

Rock, red - - - - - - - - - - - -

Lime - - - - - - - - - - - - - - - - -

Rock, red - - - - - - - - - - - -

Lime , s andy- - - - - - - - - -

Sand - - - - - - - - - - - - - - - - -

Thickness Depth Thicknes s  
( feet ) ( feet ) ( feet ) 

Well F -18 , partial log- -Cont inued 

10 

10 

20 

5 

5 

5 

5 

14 

6 

5 

20 

5 

4 

6 

10 

5 

850 Rock , red- - -- - - - - - - - -

860 Rock, red , and lime 
(hole full of wat er )  

880 

885 

890 

895 

900 

914 

920 

Sand , soft - - - - - - - - - - -

Lime , sandy- - - - - - - - - -

Lime and shale - - - - - - -

Lime , broken- - - - - - - - -

Lime, hard - - - - - - - - - - -

Lime and red rock- - - -

Sand , red ; hard 
92 5 streaks - - - - - - - - - - - -

945 Shale , red, sandy- - - -

950 Rock- - - - - - - - - - - - - - - - -

954 Slate and black shale 

960 Shale and lime 
streaks - - - - - - - - - - - -

970 

975 
Total depth- - - - - - - - - -

Well G-1 

60 

23 

7 

30 

3 5  

5 

5 

2 5  

30 

1 5  

3 

8 

6 

Owner : H .  H .  Null . Driller : A .  Smith . 

Clay ,  yellow - ·- - - - - - - -

Lime , blue - - - -- - - - - -- -

Lime and shale , blue -

Lime , white - - - - - - - - - -

Shale , gray- - -· - - - - - - -

3 5  

5 

40 

70 

30 

3 5  Lime , blue - - - - - - - - - - -

4 0  Shale , gray- - - - - - - - - -

80 Gypsum- - - - - - - - - - - - - - -

1 50 Lime ,  gr�y-- - - - - - - - - -

180 Shale , blue - - - - - - - - - -

( C ont inued on next page ) 
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15 

5 

2 5  

5 5  

10 

Depth 
( feet ) 

1 , 03 5  

1, 058 

1 , 06 5  

1, 095 

1 , 130 

1 , 13 5  

1 , 140 

1 , 16 5  

1, 195 

1 , 210 

1 , 213 

1 , 221 

1 , 227 

5 , 36 5  

195 

200 

225 

280 

290 
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Table 3 . - -Drillers ' logs of wells in Bandera County- -Continued 

Thicknes 8  Depth Thicknes s  
( feet ) ( feet ) ( feet ) 

Well G-1- -Cont inued 

Lime , gray- - - - - - - - - - - - -

Lime , blue - - - - - - - - - - - - -

Shale , red - - - - - - - - - - - - -

Lime and shale , gray- - -

50 

25  

10 

6 5  

340 

36 5 

375 

440 

Sand and lime - - - - - - - -

Sand - - - - - - - - - - - -- - - - -

Lime , gray- - - - - -- - - - -

Well G-12 

20 

15  

25  

Owner : Pauline Crawford . Driller : King Stokes . 

No record- - - - - - - - - - - - - -

Shale , light -gray;  con
tains dark-gray pel
let s and foss ils ; 
Orbitolina texana 
(Roemer ) - - -::�- - - -

Limestone , light -gray, 
shaly, soft , contains 
dark foss ils and pel-
lets - - - - - - - - - - - - - - - - -

Limestone , whit e ,  sugary, 
fos s iliferous , abun
dant foraminifera at 
t op ;  gastropods ,  os 
tracods . Orbit olina 
texana ( Roemer)  and 
calcite veins in lower 
part - - - - - - - - - - - - - - - - -

Limestone , light -gray, 
shaly; contains small 
dark fos s ils J over 
lies  light -gray, 
sugary dolomi te - - - - - -

Shale , gray and brown, 
calcareous , indurated , 
blocky- - - - - - - - - - - - - - -

70 

10 

60 

20 

30 

15  

70 

so 

140 

160 

190 

205 

Limestone , white , hard , 
dense j abundant cal
c ite crystals ; fos � 
s ils and dolomite in 
lower part - - - - - - - - - 40 

Dolomite ,  gray to 
brown, finely crys 
talline ; contains 
sparkling dolomit ic  
crystals ; grades in
to dolomit ic lime 
stone in lower part ; 
fine sand increases 
toward base - - -- - - - -

Limestone , white , 
sugary; abundant 

·dark sand grains - - -

Sand , fine t o  me�ium, 
in places  cemented 
by sugary limestone 
and dolomite ; scat 
tered gray, sandy 
shale - - - - - - - - - - - - - -

20 

20 

63 

- 62  -

Depth 
( feet ) 

460 

475 

500 

24 5 

285 

348 



Table 3 . - -Drillers ' logs of wells in Bandera County- -Continued 

Thickne s s  Depth 'rbiGkness 
( feet ) ( feet ) ( feet ) 

Well H-42 

Owner : Bandera County Water Control and Improvement Dist . No . 1 .  
Driller : J .  R .  Johnson . 

No record - - - - - - - - - - - - - 50 

Limestone , light - to 
med ium-gray, finely 
crystalline ; in 
places speckled with 
dark fos s il f illings ; 
in place s shell frag-
ment s abundant - - - - - - - 115 

Lime stone , cream to 
gray, ooli tic , sugary ; 
abundant dolomit ic 
crystals ; fos s ilif 
erous - - - - - - - - - - - - - - - - 110 

No record - - - - - - - - - - - - - - 15 

Dolomite ,  green to gray, 
sugary, ind.urated - - - - 20 

Limestone , gray, dolo 
mit i c , speckled with 
dark foss ils ; dolo
mit ic crystals abun-
dant - - - - - - ·· - - - - - - - - - - 2 5  

Limestone , medium-gray, 
dens e ;  contains well
sorted quart z grains ; 
lowermost occurrence 
of abundant Orbito
lina t exana (Roemer ) 
at 345 feet - - - - - - - - - - 40 

Dolomite ,  green to gray, 
finely crystalline ; 
very s andy in lower 
part - - - - - - - - - - - - - - - - - 30 

50 Lime stone , cream t o  
gray, dense ,  very 
porous ; grades into 
crystalline drusy 
dolomite and dolo
mit ic limestone in 
lower part - - - - - - - - - 45 

16 5 Limestone , greenis h
white to cre am, 
dense to finely 
crystalline - - - - - - - - 10 

Shale , green to gray, 
275 c alcareous , soft ; 

red to gray crys -
290 t alline dolomite 

in lower part - - - - - - 7 5  

310 Lime stone , cream t o  
gray, dens e ,  fine t o  
medium quart z crys -
t als abundant - - - - - - 10 

Dolomite ,  dense ; c on-
33 5 t ains some green 

s lightly indurated 

375 

shale - - - - - - - - - - - - - - 5 5  

Sandstone , cream t o  
white , dolomit ic , 
and some soft pink 
shale at top - - - - - - - - 50 

Shale , c alcareous , 
soft , variegated ; 
s c attered cream, 
dens e ,  sandy dolo -

405 mite - - - - - - - - - - - - - - - - 90 

( Cont inued on next page ) 

- 6 3  -

Depth 
( feet ) 

450 

460 

53 5 

600 

6 50 

740 



Table 3 . - -Drillers ' logs of wells in Bandera C ounty- -C ontinued 

I Thicknes s  Depth Thicknes s 
( feet ) ( feet ) ( feet ) 

Well H- 42- -Continued 

Dolomite, hard, crys
talline and sandy; 
dens e in places- - - - - - 30 

Dolomite, white , sugary, 
soft, and s ome gray 
and maroon s o ft shale 10 

Dolomite,  cream to buff, 
vari es from soft to 
hard, grades into 
crystalline dolomite 
in lower part ; abun
dant chert fragments 
and rounded quartz 

770 

780 

Shale, buff� non
calcareous , moder
ately indurated- - - -

Shale, gray to white, 
hard, noncalcareous 2 5  

grains at base- - - - - - - 50 830 

Well J - 62 

Owner : w. W. Walton . Driller : - -Ros sman. 

Limestone, broken, and 
brown shale- - - - - - - - - -

Limestone, tan to 
white, hard, and 
earthy dolomite 

C lay, yellow, and 
coquinal limestone- - -

Limestone, chalky, and 
tan clay- - - - - - - - - - - - -

Dolomite and gypsum, 
gray, and blue c lay- -

C lay and shell, blue ; 
c ontains Orbitolina 
texana 'Roemer )- - - - - -

Limestone, c oquinal, 
and earthy dolomite- -

35 

80 

60 

20 

17 

18 

3 5 

11 5 

17 5 

195 

212 

2 30 

275 

Limestone, gray, hard, 
foss iliferous, and 
some porous , white, 
c rystalline dolomite 8 5 

C lay, blue ; c ontains 
Orbitolina texana 
(Roemer)- - - - - - - - - - - - - 1 5  

Limestone, white and 
light-blue, coquinal 8 5 

Limestone, white to 
pink, coquinal, 
sandy, hard streaks 
contain crystalline 
dolomite- - - - - - - - - - - - - 115 

(C ontinued on next page ) 

- 64 -

Depth 
( feet ) 

875 

900 

360 

37 5  

460 

575 



Table 3 . - -Drillers ' logs of wells in Bandera C ounty- -C ontinued 

Thickness  I Depth I ( feet ) ( feet ) 

Dolomite, gray, crys
talline, po rous, 
and glauconitic 
shale- - - - - - - - - - - - - -

Limestone, sandy, hard ; 
some dolomite at 
bas e- - - - - - - - - - - - - - -

Limestone and dolo
mite, white ; dolo
mite increas es to
ward bas e- - ·- - - - - - - -

Shale, gray, sticky ;  
dark nodules ;  some 
white limestone and 
dolomi te ; shell 
fragments- - ·- - - - - - - -

Limestone, li ght- gray, 
nodular, po�ous - - - -

2 5 

2 5  

7 5  

60 

4o 

Well J- 62- -C ontinued 

600 

62 5 

700 

760 

8oo 

Dolomite, light- gray, 
earthy- - - - - - - - - - - - -

Dolomite, sandy, 
white and some pink, 
sandstone, and 
green shale- - - - - - - -

Sandstone and shale, 
pink and white, 
some dolomitic 
limestone, and 
green shale- - - - - - - -

Limestone, tan, and 
green and red shale ; 
chert and limestone 
fragments-- - - - - - - - -

N o  record- - - - - - - - - - - -

Well K- 3 

Owner :  T .  J .  Haby . Driller : c .  Walker .  

Gr�vel,  silty- - - - - - - -

Shale and limestone, 
blue-- - - - - - - - - - - - - -

Limestone, blue------

Shale, blue- - - - - - - - - -

Limestone, br·�wn- - - - -

Limestone, gray and 
blue- - - - ---- - - - - -�-

Shale, gray- - -- - - - - - -

Limestone, gray, soft 

Shale and limestone, 
brown- - - - - - ·- - - - - - - -

35 

40 

35 

1 5 

30 

7 5 

50 

30 

2 5  

35 

7 5  

110 

125 

1 5 5  

230 

280 

310 

33 5  

Limestone, white, 
sandy----- ---------

Limestone, black-----

Limestone, brown, 
gritty- - - - - - - - - - - - �  

Sand and shale, 
brown- - - - - - ---- ----

Shell and sand, 
black- - - - - - - - - - -- - -

Shale, gray and 
black, sticky- - - - - -

Shale and brown 
sand- - - - - - - - - -- - ---

( C ontinued on next page ) 
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Thicknes s  I Depth 
( feet ) ( feet ) 

60 

70 

110 

71 

9 

4o 

5 

35 

25 

10 

10 

10 

860 

930 

1, 040 

1, 111 

1, 120 

37 5  

380 

415 

440 

460 



I 

Table 3 . - �Drillers ' logs of wells in Bandera County-�Continued 

Thicknes s  Depth Thickness 
( feet ) ( feet ) ( feet ) 

Well K- 3- -Continued 

and coal- - ·- ---- 480 I I Sa
��m:��o�:=��- -----

10 
10 

Well M- 11 

Owner : J .  F. Merrick . Driller :  J. R .  Johnson . 

No  rec ord----------- 130 

Limestone, creamy 
white and light
gray, sugary, fos s il
iferous ;  s ome soft, 
gray shale ; shell 
fragments ;  Orbitolina 
texana ( Roemer )- ---- 50 

Shale, gray and light
gray, calcareous, in
durated ; foss :llif
erous,  shaly sugary 
limestone- - - - ·- -- - - - - 40 

No rec ord- - - - - - ------- 80 

Limestone and dolo
mite, li ght- gYay 
to brown, crystal
line, sugary, 
fos s ili ferous _; 
abundant small 
fos s ils- ------------ 50 

Limestone, white, 
sugary 1 fos s ilif
erous ; dolomite 
in middle- - - -------- 60 

Limestone, creruny gray 
and brown, foss ilif
erous ; dolomite in 
middle and at base ;  
s ome lignite, gypsum, 
and fine c rystals in 
sugary matrix·· - - - --- 90 

1 30 

180 

220 

300 

3 50 

410 

500 

Dolomite,  light- gray, 
shaly1 lignitic, 
and brown and grayish
white, sandy limestone ; 
dark pellets and small 
shells- - - --------- 35  

Limestone, cream to 
brown, fos s iliferous, 
shaly, sandy; dolo
mite in middle ; 
ostracods and milia-
lids abundant- ---- 30 

Limestone, cream to gray, 
shaly in upper part, 
sandy, dolomitic,  and 
slightly glauconitic 
in lower part ; fos s il-
iferous- - - ---- - - - - 30 

Dolomite, light- gray, 
crystalline, sandy, 
glauconitic ; fos sil
iferous limestone in 
middle ; small fos s �ls 
in upper part-- - - - 25  

Limestone, light- gray to 
brown; speckled with 
dark and cream- colored 
foss ils ;  shaly in 
lower part ; large shell 
fragments abundant in 
places- - - - - - ------ 35  

(Continued on next page ) 

- 66  -

Depth 
( feet ) 

535  

595 

620 

65 5  



Table 3 . -�Drillers ' logs of wells in Bandera County--Cdntinued 

[ Thickness  Depth 

Dolomite, light-brown, 
shaly; abundant 
quartz sand; s ome 
lignite; calcareous , 
gray shale in lower 
part- - -------------

Limestone, light-brown, 
fos s iliferous , sandy, 
glauc onitic ;  sandy 
dolomite in middle 
part ; large shell 
fragments in lower 
part- - -- -----------

Dolomite,  white to  
light- gray and brown; 
glauconitic and sandy 
in upper part; shaly 
in lower part; abun
dant oyster shells--

Shale, gray; limy in 
upper part ; s oft in 
lower part ; abundant 
oyster shells- ------

Limestone, sugary to 
dense, foss iliferous ; 
interbedded shale and 
sandy dolomite in 
lower part- ----- ----

( feet ) 

20 

4o 

50 

5 5  

( feet ) 
Well M- 11- -Continued 

Dolomite, light-brown 
and white, foss ilif
erous ; sandy in 
upper part ; shaly 
glauc onitic,  and 

67 5 lignitic in middle;  
poorly sorted sand 
in lower part; large 
shells at base-----

Shale, gray and 
brown, calcareous; 
indurated; and 

715 sandy, glauconitic 
limestone- ------- --

Dolomite, pink and 
white, soft, sugary, 
sandy, glauconitic ; 
and grayish- green 

760 shale--------------

No rec ord---- --------

810 

865 

Well P0 25 

Owner : R.  Morgan. Driller : G.  Heinen 

Limestone, light- gray, 
shelly, hard- - - - - - - - -

Limestone, hard, and 
blue shale- - - - - - - - -- -

Limestone, light- gray, 
earthy- ------ ·- - - - - - - -

4o 

60 

90 

4o 

100 

190 

Shale and limestone, 
light- gray- - - ------

Dolomite and gypsum, 
tan, sugary; s ome 
gray shale---------

Shale, blue- --- - - - - - -

(Continued on next page ) 
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Thickness 
( feet ) 

70 

50 

35  

2 5  

Depth ( feet ) 

935 

1, 050 

1, 137 

27 5 

310 

335  



Table 3 . - - Dri llere ' loge of wells in Bande ra C ounty- -Continued 

Thi cknes s  Depth Thickne s s  Depth ( feet ) ( feet ) ( feet ) ( feet ) 

- 6 8  -



I' able :... . - -A.aa.l,yses Qf ..,.ater f::;.m wellii acd spri�s iLL Ba.nde::-a County 
by ; r .  S . .}eolcgical. 3u....�ey , At..l..3t. io., Texas . Checlc� canst.itueo.ts in parts per m.1.llion) 

ilR.ter-bear� UD.i.t: A, alluvium; E ,  l.i!:lestones of ":.b.e: Fredericksburg a:l.d 'tlashita groups; Gu, Glen Rose �atone, '-..:.pper �; Gl, UJ..£'!1 ?.n� l..im.catO'"'....e , 
lover :rember ;  G, Glen Rose l.i.:nestone , undifferentiated; Ph, Pearsall. f'orma.tion, ffensell shale member ; Pc, Pearsall formation, Cov 
Creek l..Lrestone mem.ber ; P, Pearsa..ll f"OI'"'2ticn., u.c.differeo.t iated; 51 Sligo formation; H, Hosston. formation.. 

l •·eu l Olro.er 

I I r- ll ; A-2 I A. S .  Kellay 

I l I A-5 I J. Short 

I S-5 I J. F .  Camp 
I I � B-10 i C. R. !!el.m.sath. 

I , 
[ B-ll ! J. N. �or 
I I i i 
i B-17 ) Mrs .  E .  B. ' I SteplleM 
l � i :: ll � :-� 

C-8 E.  !lund 
I 
I 

C-9 E. w .. Br-u..ru., 
Jr. 

C -10 do 

D-6 Albee stcxrma 

E-5 Pa� Harbin 

E-8 !1. L. Caffee 

E-ll G. \1, Keari 

& -12 do 

I ! I I I 
Depth . Date at I \ls.ter- � SUica I Iron. I Cal

of , collec- l beeu-:!..cg ( SJ.�) (Fe) cium 
vell i tion I unit 

I 
, ( Ca) 

( ft. ) ' I 

301 Feb. 12,1  E! 13 i - 72 
1957 

200 do 

250 Feb. 10, 
1957 

41.5 Ma:r 6 '  
1954 

1>50 Aug. 6 ,  

46 5  

1955 I do I 
Feb • ......,, !1 

19)2 

520 

150 

S-pring 

680 

380 

Feb. --,1 
1952 I 

Aug. 24-,j 
19ss 1 

Feb. 13, 1 
1957 ,1 

do 

Aug. 20, 
1.953 

20 Feb. 12, 
1957 

Spr1IIg Aug. U, 
1947 

60 JUlle 1, 
1.952 

22 Aug. 1.0, 
1947 

E 

Gu 

Gl. & 
Ph. 

Gl. & 
Ph 
G 

Gl ?&. 
P:: 
G 

E 

Gl. & 
Ph 
G 

eu a.  
A. 

Ou &  
A. 
Ou 

Ou 

13 

9.6 

I 9.2 1 -

12 

12 

i 13 

) . 4  

12 

8.4 

[ao.oo 
I .01. 

i 
l -I 

I .oo 
I 

lb .Ol. 

I -

I -
.oo 

I -

87 

516 

101 

86 

46 

See roatnotes at ead at table . 

Magne _ II Sodi= and I Bl. car-slum potassil.llll bonate 
(Mg) (Na .- K) 1 ( !!C� )  

l6 

13 

70 

64 

20 

I I 
10 I 326 

6 . 6 l.3 

I I 
1 34-
1 

12 

57 

27 

9-2 

5 .0 .6 

49 

49 

1.3 

! 30.. 

325 

340 

351 

351. 

267 

296 

336 

358 

5ll 

260 

s�- ]::uo- 1 FI.uo- �� Ni- �� Boron II Dis-

fate lride I ride trate ( B) I solved 
( S04 ) (Cl )  (F )  (N03) salida 

i j 
3 .4 1 12 I _ 

I . 
i.; , 6 ! l6 
2 .6 i lO 

2, 910 25 

327 40 

37 

21>2 34. 

190 

4 . 2  12 

129 1 22 
31. 

1.9 

1.0 1.4. 

1.6 

lO 12 

2.8 

2.8 

5.6 

2.8 I 
2.0 

.o 

1.5 

.5 

.5 

1.0 

. 5  

3 .0 

.o 

. 2  

.o 

0 . 53 

-59 

322 

30S 

' 4,11.0 � 
I I 

61.6 

735 

635 

3, 250 

270 

Ea:dness as CaC% 
Ca.lcl.Ulll., '  Non-
magne- carbo:c.-
siUCl. ate 

270 

0 

0 

3 ,020 

536 

478 i 1.90 

2,460 2,240 

1.4 

336 59 

1,1.70 a-s i 
197 l.2 

c: 264. 

0 

c: 2l6 3 

Per
cent 
so
diUlll. 

8 

5 

8 

8 

1.7 

17 

10 

13 

;. 

B 

12 

Sodil.llll-· 1 5pecit'ic !I 
'l:. .;;o.:.: - conduct-
:. :.a:: 1 axe ! pB. 
rs.t io 1 (O!.icramllos I (SAR) t "" 25"C )  

. 
513 

. 2  

-3 529 

I ' - 3 1 
i 7·3 

! 7 .1> 

! 
1.0 4,220 i 7 -7 
1..0 1.,1.70 

1.0 1,oBa 

-5  1,050 

.4. 3 , +30 

.1. 

1..2 

.6 1.,960 

.4 

! ] . 4.  l 
I : ' ' 

: 7 . 4. \ 
I I ' i 7 -3 ! 

I . 
i T- B  1 

i ! 
I j T -2 

I 
l 'T - 3  

I 1 r.s 
7.8 

7 - 5  



Well Owner Depth Date of Water-
of collec- bearing 

well tion unit 
( ft . )  ' 

�-- -

E-13 G. w. Henri Spring Aug. 10, Gu 
194-7 

E-18 w, F. Stel.zer 872 Feb. 121 Pc 
1957 

E-21 R .  G. Tba!!pson 84 do Gu 
F-3 A. C .  Allsup 232 Feb. 8 ,  E 

1957 

F-5 B. H. 160 Feb . 7. E 
I LeStourgeon 1957 

F-ll A. A. Keese 69 Feb . --, Gu 
1957 

F-15 P .  L. Garrison 487 Aug. 25, G1 & 
I 1955 Ph 

F-21 ! L. R. Dukes 73 Feb. 12, Gu 
1957 

F-22 I. K. Reavis 190 do G 

G-5 G. D. Sears 317 Aug . 6 ,  Gl & 
1955 Ph 

I I I 
G-7 1 L. Q .  I 340 Aug. 29, '  Gl & 

Reatherford 1955 Ph 

G-1.8 S • W • Stevens 61 May 1.8, Gu 
1954 

G-20 T-4 Ranch Spring May 15, Gu 
1954 

G-25 Tex Anderson 455 May 16, G & P  

G-27 C. R .  520 

1954 I Aug .  29, G & P  
Frederick 1955 

G-29 B. L. Light 580 Aug. 6, G & P  
1955 

G-33 Gilbert Wendt 330 June 17, Gl & 
1954 p 

G-34 R .  M. Kendrick 100 Feb. 7, Gu 
1957 

See footnotes at end of table . 

Table 4 . --Analyses of water from wells and springs in Bandera County--continued 

Silica 
(Si02) 

-

ll 

15 

12 

8 .2 

8.4 

13 

13 

ll 

12 

12 

15 

12 

ll 

12 

12 

12 

12 

Iron 
(Fe) 

-

-

-

-

-

-

dO.Ol 

-

I -

I .01 

le .02 

If 

-

-

. -

.oo 

. 01 

-

-

Cal.-
CiUII1 
(Ca) 

I 

-

l2l 

124 

71 

58 

70 

83 

546 

1.63 

88 

97 

628 

607 

476 

sao 

396 

71 

I 142 1 
I 

Magne- SodiU111 and 
S iUII1 potaasillll1 
(Mg) (Na + K) 

' 
- -

83 91 

33 20 

21 6 . 0  -

16 3 -8 -

19 10 

55 57 

216 37 

87 27 

62 46 

52 43 

64 15 

71 12 

209 28 

76 31 

163 70 

50 54 

31 7-0 2 - 3  

Bicar- Sul- Chlo- Flue- Ni- Boron 
bonate fate ride ride trate (B) 
(HCO) ) (S04) (Cl) (F) (NO)) 

l ' ' 

256 10 1.6 - - -

331 482 41 3 .6 0 . 2  -

349 1.60 24 .2 1.4 -

3ll 4 .0 12 - 5 - 5  -

246 3 - 4  9 - 5  - 4 .6 -

288 15 13 - 5 - 3  -

337 215 39 - l.O -

266 2,000 15 3 -6 .2 -

303 525 17 1.8 .o -

351 221 40 - - 5  -

354 196 38 - .o -

293 1, 540 14 - . 0  -

291 1, 510 1.6 - .o -

�92 1;770 l8 - .0 -

220 1,560 16 - - 5  -

324 1,44o 31 - 4 . 0  -

363 147 35 - l.O -

348 175 15 .6 16 -

Hardness as caeo... 
Dis- Cal.ciUII11 I Non-

solved magne- carbon-
solids , sium I ate ' 

- C 246 36 

996 644 372 

561 445 159 

284 - 264 8 

224 210 9 

283 252 I 16 

I 
651 433 157 

2,960 2,250 2,030 

981 764 51.6 
i 

678 474 1.87 

)I I I 
643 455 1.65 

! 
2,420 1,830 1,590 

1
2,370 1,810 1, 570 

2,660 1""1 f"\t:r. , c-. .... 
"" J ""' /..., I J..,��v I 

2,380 1, 760 1, 580 

2,280 1,660 1,390 

550 382 85 

572 482 197 

Per-
cent 
so-
dium 

-

23 

9 

5 

4 

8 

22 

3 

7 

17 
I I 

17 

2 

1 

3 

4 

8 

24 

3 

adsorp- co.o!duct-
Sod.1UII1- � Specific 

tion ance pH 
ratio l (m.icrombDB 
{GAR) ' ,.L 25"C) ' 

- 543 -

1.6 1,400 7 .6 

.4 84o 7-4 

-2 497 7 - 3  

. 1  397 1 7 - 5  

- 3  493 7-2 

1.2 1, 010 7-4 

-3 3,050 7 - 3  

. 4  1,310 17 - 5  

- 9  1,030 
i 
1
7 -4 

-9 988 17 -4 

2,600 I . 2  1 7.2 I 
I 

.1  2 , 570 1 7 - 5  

' � ' -3  2,850 I { •'+-I 
-3 2, 560 1 7 - 3  

I 
I 

- 7  2,610 7 - 1  

1 . 2  920 7-7 

. 1  866 7-2 

' 



Table 4 . --Analyses o� water from vella and springs ih Bandera County--continued 

\/ell Owner Depth Date � \later- Silica Iron Cal- Magne- Sodium and Bicar- Sul- Cb.l.o- Fluo- Ni- Baran 
of collec- bearing ( SiD2) {Fe) CiUII1 SiUII1 potassiUII1 bonate �ate ride ride trate (B) 

veil tioo unit (Ca.) (Mg) (Na + K) (HC03 ) (504) (Cl) (F) (N�) 
(ft . )  

G-35 R .  M .  Kendrick 143 Feb. 7, Gl 12 - 98 38 25 363 131 l3 - 2 . 5 -
1957 

G-38 J. \1. Halley 570 Jan. 17, G & P  ll - 522 330 61 346 2,360 27 5 .2 .8 -
1957 

G-42 G. A. Cooper 650 Feb. 12, Gl & ll - 54 42 8.2 - 285 67 12 - .2 -

I 1957 p 

H-9 J. Garrett 309 May 13 , 1 Gl & 14 - 105 37 15 368 87 28 - 18 -

1954 Ph 
' 

H-ll J. A. Bartlett 400 June 14, Gl & 12 - 122 92 38 351 410 36 - 1 . 5  -
1954 Ph 

H-12 L. R. Vaughn I 403 Aug . 9, P & G  12 0 . 01 lo6 83 39 361 333 33 - 1.0 -
1955 I Jan. 1..6 ' I 363 4.4 H-13 J. D. Fly I 390 p & G I 12 I - 133 1 110 I 44 500 35 . 5  -I 

I 195·r I I 
H-17 11 .  C .  Ramsey I 135 do Gu I ll - 149 121 46 375 577 36 4 .4 .o -

H-23 Hugo Bausch 425 May 30, Gl & 17 - 104 n 51 428 187 82 - 1.0 -
1954 p I 

I H-28 !Iollard G. � I 400 Jan. 17, Gl 12 I - 74 55 51 372 156 33 2.6 .2 -

1957 

H-30 F .  M. Montague 425 May 16, Ph ,  Pc ll - 8o 53 41 390 142 28 - .o -

1954 & Gl 

H-35 B. Tllgh!nan 520 Jan. 16 ,  Ph, Pc 12 - 84 66 63 367 248 36 J .4 .2 -

1957 & Gl 

H-37 Mrs . L. Rs!Dey 130 do Gl 13 - 82 15 ll 283 36 l3 .4- .8 -

R-39 Raymand. uw 460 Aug. 16, p 13 .oo 72 52 46 362 146 32 - 1.0 -

1955 

H-44 Bandera County 435 llov. 2, Gl lo  14- g .20 73 51 38 2l 362 139 37 2.6 0 -

llater CCDtrol 1�5 p 
& Imp...,...,_.,t 
District lo. 1 

*R-45 4o 896 Mar. 22, s • a  ll 1.6 50 33 - 312 68 57 2.2 .4 -

1950 
1-46 4o 467 llcw . 2, Gl &  13 .o6 86 62 39 20 358 220 36 2.4 0 -

1�5 p 

Hardness as CaCO, Per-
Dis- Ce.lciUII1, Nan- cent 

salved magne- carbon- sa-
solids sium ate dium 

504 4ol 104 12 

3 , 490 2,66o 2,38o 5 
334 307 74 6 
500 414- 112 7 

957 683 396 ll 

853 6o6 310 12 

I 784 487 �,020 ll 

11,130 870 562 10 757 552 201 17 

569 410 106 2l 

558 418 96 18 

701 482 181 22 

310 265 33 8 
549 3� 'TT 20 

560 392 85 l6 

492 261 0 . 

682 4611. 176 15 

Sodium-
e.dsorp-
tio!l 
ratio -
(SAR) 

0 - 5  

-5  

.2 

.J .6 
·1 

I ·1 I 

-7 

.9 I 1.1 

-9 

1.3 

·3 

1.0 

.8 

-

.8 

Specil1c 
conduct-

ailCe 
(micromhos 

at 25 'C ) 749 
3,570 

596 

809 

1,320 

1,190 

1,410 

1, 520 

1,200 

898 

915 

1,o6o 

516 

899 

933 

. 

1,070 

pi! 

8 . 0  

7 .3 

7-2 

7-9 

7 .8 1 17.� I 
I I 1 7  .. 4 

7 . 4 

: . 3 I 17-5 
7.6 

(6 

7.4 

7.6 

7 .2 

-

6.9 



Table 4 .  --Analyses of water from. wells and sprin<z;s ih Bandera County--Continued 

Hardness as caeo3 Per- Sodium Specific 
\I ell 0\roer Depth Date of \later- Silica Iron Cal- Msgne- Sodium and Bicar- Sul- Chlo- Fluo- 1'1'1 - Boron Dis- Calcium., Non- cent adsorp- conduct-

of collec - bearin<z; (SiO:e) (Fe) cium sium potassiUIIl bonate fate ride ride trate (B) solved magne- carbon- so- tion ance pH well tion unit (ca) (Mg) (Na + K) ( HC03 ) ( so4 ) (Cl) (F ) (N�) solids slum ate dium rat io ( m.icramhos ( ft . )  
I I (SAR) I 

at ?5"r. ) 

1 
I 

20, 1 8 . 8  I - -_-ll-)11 Purple Sage 400 Me..y Gl & - '{b 07 47 377 279 35 - o . o - 751 547 238 1.6 0 .9 1, 130 7- 7  Ranch 1954 p 

H-55 do 780 do S & H 13 - 38 25 106 378 46 50 - .o - 464 198 0 54 3 - 3  824 17 - 7  
H-60 J. P .  Heinen 463 July 2 ,  Gl & 14 - 76 45 30 378 89 27 - .0 - 476 374 265 15 ·1 wr 7 -8 

1954 p 

125 
I 

H-63 B. Parker 454 Aug. 18, Gl & 18 o .oc 8o 28 24 377 14 16 - - 390 314 6 14 .6 670 18 .0 
1955 p 

H-65 L. D. Fisher 420 June 14, Gl & 13 - 73 55 49 355 167 35 - 1 . 5  - 573 408 ll7 21 1.1 954 
,
8 . 0  

1954 p 

H-68 W. M. Ratcliffe 165 Aug. 24, Gl 15 .01 97 69 l2 397 198 - 14 - 1.0 - 601 526 200 5 . 2  947 17 ·4 
1955 I I 

528 Aug. 16, 14 336 I 1,630 1,360 
I H-70 M. L. Stoner G & P .01 332 195 30 1,330 24 - 2.0 - 2,090 4 · 3 2,420 17-3 

1955 I 
H-73 D. H. Crowell 1,085 Jan. -- , S & H  13 - 32 21 134 360 51 73 2 .8 .o - 504 166 0 64 4 . 5 858 

17 .6 
1957 I '  I I ! 

J-3 Emory Brmm 413 Jan. 10,
1 

G & P  l2 - 132 147 47 381 628 40 , 5 .6 .8 - 1,200 934 622 10 ·1 1,630 17 . 4  
1957 I 

I 
17 . 5  J-9 Mrs . P .  G. 740 Jan. 5 , , G & p 10 - I 242 166 79 320 1,080 43 4 . o  .o I - 1,780 1,290 1, 020 l2 1.0 2 , l8o  

Northrup 1957 I ! I 
I I I 

I 17-7 J-15 A. Kronkosky 651 do Gl & l2 - 86 60 29 301 234- 18 2 .6 .4- I - 605 461 214. l2 .6 883 
p 

I J-21 II. F. fush 60 Jan. -- , G 13 - 137 101 21 296 507 20 1.6 .o - 947 758 515 6 - 3  1,290 17 -4-1957 

I I 
I J-22 E. H. Frerich 475 Jan. 5, Gl & 12 - 65 62 22 336 140 24 3 -6 . 2  - 499 417 142 10 · 5  8o7 17- 5  

1957 p L I I J-30 Jim. Edwards 120 Jan. 9, Gl 20 - i 111 10 13 38o 16 21 .4 
,_,.. 

- I 454 J74- 62 7 .} 728 :7 . 4  
1957 I I I 

J-33 J. 11. & Milton 480 Jan. 14, Gl & 13 - 1)8 ll7 59 361 621 36 3 .4 1 . 5  - 1,190 875 579 13 .9 1, 590 7 - 3 
Levis 1957 p I 

J-41 E .  D. Dn Frechoru 387 do Gl &  16 - 104 32 29 398 79 24 1.4- 9 -7 - 491 391 65 14 . 6  816 r-
2 

p 

J-50 C. D. Lovelace 420 Aug. 19, Gl & 20 .01 92 17 22 339 15 37 - 1.0 - 393 300 22 14 .6 662 
1955 p ,: :: i J-55 A. R. Heisler 420 July 2, Gl & 13 - 64 57 66 356 189 35 - .0 - 611 394- 102 27 L l.  

I 9TT 
1954 p i 

See footnotes at end of table . 



I .. 
u Owner Depth 

of 
well 
(ft . )  

J-6:2 \1. II .  \/alton 1,120 

J-63 do 500 

K-3 T .  J. liaby 490 

M-5 R. R .  Pue 405 

M-9 A. II. Nichols 14 

M-ll John F .  Merrick 1,137 

N-1 Roland Britsch 

N-4 J. S. Morris I 

11-9 Gene Dunl.ep 

P-5 Rudolph Schott 

P-13 R . D. Fsurie 
' 

P-1.6 A. K. Smith 

P-21 -.. R .  Walla 

P-22 J. E. McDonald 

P-23 lluc.k Marse 

P-24 George Ruede 

a Total iron (Fe ) ,  l. 5 ppm. 
b Total iron (Fe ) ,  2. 5 ppm. 
c Hardness by soep mt:tbod. 
1 Total iron (Fe) ,  1.2 ppm. 
e Total 1.ron (Fe ) ,  3· 5 pJ;III. 
f Total iron (Fe ) , 4.8 ppm. 
g Total t.ron (Fe ) ,  1.1 ppm. 
h Total iron (Fe ) , 2 .4 ppm. 

30 

820 

84 

400 

300 

48o 

356 

525 

320 

275 

Date of Water-
collec- bearing 

t ion unit 

Dec. 21, Gl, P, 
1956 a, & R 
do G & Ph 

Feb. 12 ,  p 
1957 

Aug. 1, Gl & 
1953 p 

Jan. 17, Gl 
1957 

do H 

I 
do I Gu 

I Mar . 27 'I Pc 
' 1952 
Jan. 1.6, Gu 
1957 

Jan. 7, G 

F::�7 --,1 G 
1957 I Feb. 13,

1 
G 

1957 

June 1.6, Gu 
1954 

June 20, G 
1954 

June 17, G 
1953 

Feb. 7, Gu 
1957 

* Analysis by Texas State Department o! ffealth 

I 

I 

Table 4 . --Analyses of vater from vella and springs in Bandera County--Continued 

Silica Iron Cal.- Magne- 1 Sodium and Bicar- Sul- Chlo- Fluo- Ni- Boron Dis-
(SiOz) (Fe ) cium sium I potassium bonate fate ride ride trate (B) solved 

( Ca) (Mg) I (Na + K) ( HC03 ) (S04) (Cl) (F) (N03) solids 

13 - 3o4 1.8o 46 31.6 1,260 20 - 1.4 - 1,980 

12 - 302 194 T7 356 1, 340 2..l - 2.0 - 2,120 

12 - 194 142 45 336 810 26 3 -6 1 .3 - 1, 400 

15 - 166 145 21 355 692 23 2 .6 4.7 - 1,240 
' 

24 356 16 .6 3 .8 I 13 - 130 13 12[ -
I 512 

13 - 39 20 137 15 364 [0 85 3-0 .0 o .8 I 561 1 1,000 14 264 33 ll 330 500 14 .6  6 . 1 - -

1.6 0 . 9 - - 13 143 622 65 - 24 - I -
I ' I I I 

14 - 550 142 27 288 1,68o lil 1.8 .0 - i 2, 570 
13 - 62 32 20 299 56 15 - 6 .7 - I 352 

I 
15 - 138 54 15 367 251 16 1.0 15 - I 685 

I 
I 

63 486 519 4.8 !1 , 520 12 - 205 157 22 
i 

- 7 -

1 3,260 I 15 - 352 305 207 312 2,210 1.6 - 3 - 5  -

15 - 538 125 54 256 1,590 TI - .o - 2, 520 

7-2 h .oo 472 255 10 12 283 1.,930 20 2.6 · 5 .38 1 2,850 

I 
13 - 492 92 20 243 1, 370 15 1.8 .1 -

1
2 ,120 

Hardness as C:o.CQ3 Per- Sodium- J Specific I 1 
Calcium, Non- cent adsorp- I conduct- � 
magne- carbon,.. so- tion I ance 

l
pH 

sium ate dium ratio l (micromhos : (SAR) I at 25•c) , i 
1, 500 1,240 6 . 5 2,270 1 7 . 4  I 

I ! 1, 550 I 1,260 10 .8 2,430 1 7 .1 
I 

1,070 I 792 8 .6  1, ;Bo ' : - 3  
I 
i ' 

1,010 n9 � • 3 1 ,660 ! 7  .6 
: 
I I �22 130 6 , I 757 i ' ·* ! ._, 

I 

180 i l 0 60 4 .4 '!49 I � ., 
I , . 

794 524 
' 

3 . 2  l , jJO 1 7 . 2 
! 040 723 3 - l .  7"10 7 - 9  

i I ' I 
1,960 1,720 3 . 1 I 1 ., ' � •• r _iU i l • ..... 

i i 1 286 �1 13 - 5  I 585 \ 7 - 3  I 
I 

' I 
566 266 6 - '  1,010 )7 ·3  I 

I 
I 

1,1.60 758 ll .8 1,580 i 7 .4 
I 

i i 
2 , 130 1,88o l7 1.9 3 , 380 ! 7 . 0  j 

i : 
I \ 

1,860 1,650 6 . 5  2, 570 1 7 .6 
I 
I 

2,230 1,990 l . l  3 ,070 \7 .3  
I 

1,610 1,410 3 .2 2, 330 17 .2 l 




