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A PRELIMINARY ASSESSMENT O F  THE 

GEOLOGIC SETTING, HYDROLOGY, AND GEOCHEMISTRY O F  THE 

HUEGO TANKS GEOTHERMAL AREA, TEXAS AND NEW MEXICO 

by Chr is topher  D. Henry and J a m e s  K. Gluck 

ABSTRACT 

The Hueco Tanks  geo the rma l  a r e a  conta ins  f i v e  known bu t  now inac t ive  hot  wells 

(50' t o  71°C). The a r e a  t rends  north-south a long t h e  east s ide  of Tularosa-Hueco 

Bolson a s t r ide  t h e  Texas-New Mexico border approximate ly  40 km nor theas t  of El 

Paso. Because of  i t s  proximity t o  El Paso,  geo the rma l  w a t e r  in  t h e  Hueco Tanks a r e a  

could be a signif icant  resource.  

Hueco Bolson is an  a s y m m e t r i c  graben. G r e a t e s t  d isp lacement  along boundary 

f au l t s  is on t h e  wes t  s ide  ad jacen t  t o  t h e  Franklin Mountains. Faul t s ,  probably wi th  

less  displacement,  also fo rm an  irregular  boundary on t h e  east side of t h e  bolson. 

Several  probable fau l t s  may  allow t h e  r i se  of t h e r m a l  w a t e r s  f r o m  depth.  

Ground water  in t h e  c e n t r a l  p a r t  of Hueco Bolson f lows southward t o  t h e  R io  

Grande.  However,  four o f  t h e  f ive  hot  wells  occur  in a ground-water  t rough along t h e  

e a s t e r n  margin of t h e  bolson. The  t rough may be  bounded by one  of t h e  postulated 

f au l t s  serving as a bar r ie r  t o  ground-water  flow. D a t a  on permeabi l i ty  of  po ten t i a l  

reservoir  rocks,  including basin f i l l  and  f r a c t u r e d  bedrock,  suggest  t h a t  t hey  may b e  

suff icient ly permeable  fo r  development o f  geo the rma l  water .  

The  concent ra t ion  of dissolved solids in t h e  geo the rma l  w a t e r s  var ies  f rom 1,100 

t o  a t  l ea s t  12,500 mg/L, but most  w a t e r s  show high concent ra t ions .  They a r e  

Na-C1-(SO ) wate r s  s imilar  in composit ion t o  nonthermal  w a t e r s  in basin fill. T h e  4 
composit ion probably resul t s  f rom c o n t a c t  wi th  evapor i t e  deposi ts  e i t h e r  in basin fill 

o r  in Pa leozoic  bedrock. Shallow reservoirs  r each  maximum t e m p e r a t u r e s  of abou t  

80' t o  1 1 0 ~ ~ .  

Available d a t a  a r e  t oo  l imited t o  eva lua t e  adequate ly  t h e  resource  potent ia l  of 

geo the rma l  wa te r  in t h e  Hueco Tanks a rea .  A comple t e  explorat ion program,  

including geological,  hydrological,  and geochemical  invest igat ion,  is recommended.  



INTRODUCTION 

Interes t  in potent ia l  geo the rma l  resources  of t h e  Hueco Tanks a r e a  has emerged  

fo r  severa l  reasons. (1) Most impor t an t ,  at l ea s t  f ive  wells,  a l l  of which have been  

des t royed or  a r e  now inac t ive ,  tapped hot wa te r  (50' t o  7 1 ' ~ )  at depths  of abou t  112 

t o  152 m (366 t o  497 ft).  (2) A r ecen t  geophysical explorat ion program (Roy and  

Taylor, 1980) found t h e r m a l  gradients  above  t h e  wa te r  t a b l e  as high as 3 0 0 ~ ~ 1 k m  near  

two  of  t h e  hot  wells. (3) The Hueco Tanks geo the rma l  a r e a  lies along t h e  edge  of t h e  

Tularosa-Hueco Bolson, a Basin and Range  o r  Rio  Grande  r i f t  graben. Both geological 

provinces a r e  favorable  for  geo the rma l  energy  development .  

This repor t  summar izes  new and exist ing d a t a  on t h e  geologic se t t ing ,  geo- 

chemis t ry ,  and hydrology of both cold and hot  ground w a t e r  in t h e  Hueco Tanks a rea .  

This informat ion  is in tended t o  provide a prel iminary assessment  of t h e  geo the rma l  

potent ia i  t h a t  will be  helpful in planning fu tu re  research  and explorat ion programs.  

REGIONAL GEOLOGIC SETTING 

The Hueco Tanks geo the rma l  prospect  a r e a  l ies  on t h e  east s ide  of t h e  Tularosa- 

Hueco Bolson in New Mexico and Texas  (fig. 1). The  Tularosa and Hueco Bolsons a r e  

p a r t  of t h e  southeas tern  Basin and Range  Province  and may also be  t h e  southern end of 

t h e  Rio Grande  r i f t .  As defined by Chapin (1971), t h e  Rio Grande  r i f t  t r ends  north- 

south  f rom Colorado in to  New Mexico, includes Tularosa Bolson, but ends at t h e  

southern border of New Mexico. Henry (1979a) and  Seager  and Morgan (19791, on  t h e  

basis of geological  and  geo the rma l  d a t a ,  suggested t h a t  t h e  Rio Grande  r i f t  may  tu rn  

t o  a southeas t  t rend  t o  follow t h e  Rio Grande  along t h e  Texas-Chihuahua border. T h e  

Wio Grande  r i f t  is s imilar ,  in most  respec ts ,  t o  t h e  southern  Basin and Range  Province  

but  is distinguished by geophysical  d a t a  t h a t  i nd ica t e  t h a t  t h e  r i f t  has deeper  basins, a 

shallower man t l e ,  and higher hea t  flow than  t h e  ad jacen t  Basin and Range  (Decker and 

Smithson, 1977). The dist inct ion be tween t h e  Basin and Range  Province and t h e  R i o  

Grande  r i f t  may be  impor tant  for  geo the rma l  explorat ion because,  al though both a r e  

favorable  a reas ,  t h e  g r e a t e r  h e a t  flow of t h e  Rio Grande  r i f t  may  indica te  t h a t  higher 

t e m p e r a t u r e s  could be  encountered  t h e r e  at shallower depths  than  in t h e  Basin and 

Range.  

Hueco Bolson is an  a symmet r i c  graben bordered on t h e  wes t  by t h e  Franklin 

Mountains and on t h e  e a s t  by t h e  Hueco Mountains. The  Franklin Mountains a r e  

composed of P recambr ian  and Paleozoic  sedimentary  and igneous rocks; t h e  Hueco 

Mountains a r e  mostly upper Pa leozoic  ca rbona te  and c l a s t i c  sedimentary  rocks. 



Figure 1. Tectonic map of Hueco Bolson near El Paso, Texas. Quaternary faul ts  from 
Seager (1980) and this  study. Outlined section is a r e a  of figures 2, 3, 4, 5, 6, and 8. 



Hueco Bolson is filled wi th  up t o  2,750 m (9,000 f t )  of c l a s t i c  sediments  

( e s t ima ted  f rom geophysical  d a t a )  along t h e  deeper ,  wes t e rn  s ide  ad jacen t  t o  t h e  

Franklin Mountains (Mat t ick ,  1967). Two test wells r epor t ed  by King (1935) and 

Mat t ick  p e n e t r a t e d  1,500 m (4,900 f t )  and  1,310 m (4,300 f t )  of basin fill. A major  

normal  f au l t  wi th  as much as 5,500 m (18,000 f t )  of d isp lacement  s e p a r a t e s  t h e  

Franklin Mountains f r o m  Hueco Bolson. In con t r a s t ,  d i sp lacement  on boundary f a u l t s  

on  t h e  e a s t e r n  side may  b e  much less. Woodward and o the r s  (1978) show a bounding 

f au l t  along t h e  east s ide  of Tularosa Bolson ending approximate ly  20 km (12 mi) no r th  

of this  s tudy a rea .  The  El Paso-Van Horn shee t  of t h e  Geologic At las  of Texas  

(Barnes, 1968) shows no boundary f au l t s  on t h e  east s ide  of Hueco Bolson, al though 

seve ra l  f a u l t s  c u t  bedrock at t h e  e d g e  of t h e  bolson. Mat t ick  showed Hueco Bolson t o  

be a half graben wi th  no f au l t s  along t h e  east s ide  in  t h e  geo the rma l  prospect  a r ea .  

T h e  resul t s  of this  s tudy show t h a t  normal  f au l t s  do  occu r  along t h e  east side, and 

some  exhibi t  Qua te rna ry  displacement.  A well  approximate ly  3 krn (2 mi) wes t  o f  t h e  

i rregular  e a s t e r n  boundary of t h e  Hueco Bolson was  found t o  pene t r a t e  more  than  

700 m (2,380 f t )  of basin fill. Thus, Hueco Bolson is ac tua l ly  a n  a s y m m e t r i c  g raben  

wi th  lesser  d isp lacement  and  shallower bedrock on t h e  east s ide  than  on t h e  west.  

Sedimentary  fill in Hueco Bolson is composed of de t r i t u s  shed f rom t h e  ad jacen t  

Franklin and  Hueco Mountains. Sediment  near  t h e  boundaries  was  deposi ted in alduvial 

f a n s  and is coa r se  and relat ively permeable.  This margina l  s ed imen t  grades  toward  t h e  

c e n t e r  of t h e  basin in to  f iner  grained,  low-permeabil i ty sediments  t h a t  include 

lacus t r ine  deposi ts  (Cl ie t t ,  1969). Most of t h e  present  su r f ace  of t h e  bolson is a 

deposi t ional  s u r f a c e  on t h e  middle Qua te rna ry  C a m p  R i c e  Format ion ,  which is a t  l ea s t  

0.5 m.y. o ld  (Seager,  1980). This su r f ace  has  been  d issec ted  along t h e  Rio Grande  by 

t r i bu ta r i e s  t o  t h e  river; a d is t inc t  erosional  e sca rpmen t  s e p a r a t e s  t h e  nearly f l a t  C a m p  

R i c e  su r f ace  f rom t h e  more  rugged, d issec ted  a r e a  along t h e  r iver .  

Geo the rma l  w a t e r s  appear  t o  be  r e s t r i c t ed  t o  t h e  east side of Hueco Bolson near  

t h e  Texas-New Mexico border ,  where  they  may  r i se  along i r regular  boundary faul t s .  

Thus, understanding t h e  geological  s e t t i n g  of t h e  a r e a ,  including loca t ions  of fau l t s ,  

depth  t o  bedrock,  hydrology, and geochemis t ry  of t h e  t h e r m a l  waters ,  is necessary  t o  

eva lua t e  t h e  potent ia l  resource.  



ORIGIN AND LOCATION O F  GEOTHERMAL WATERS 

Hot  Wells 

F ive  wells (M- 11, N-8, N-9, N- 11, and 49-08- 1 A), a l l  e i t h e r  des t royed or no  

longer in use, encountered  hot  wa te r  at depths  of 112 t o  152 m (366 t o  497 f t ) ,  A11 

avai lable informat ion  on t h e m  and o the r  wells in t h e  a r e a  is repor ted  in appendices A, 

B, and C. Three  wells in t h e  nor thern  pa r t  of  t h e  a r e a  (M-14, N-9, and N-11) occur  

near  Davis Dome in New Mexico (figs. 2 and 3). R e p o r t e d  t e m p e r a t u r e s  r ange  f rom 

50' t o  71°c  (McLean, 1970); ambiguous records  fo r  t h e  h o t t e s t  well (N-9) indica te  a 

t e m p e r a t u r e  possibly as high a s  80°C. Two wells occu r  near  (N-8) or  just south of 

(49-08-1A) t h e  Texas-New Mexico s t a t e  line. Woffer (1978) r epor t s  a t e m p e r a t u r e  of  

5 8 ' ~  for well 49-08-1A. No t e m p e r a t u r e  is ava i lab le  for  N-8; i t  is repor ted  as "hot  

and highly mineralized" by Knowles and Kennedy (1958). S t ee l  casing remains  in t h e  

ground fo r  wells N-8, N-9, and 49-08- 1 A. However,  N-9 is plugged wi th  sand,  and 

N - 8  and 49-08-1A a r e  blocked wi th  m e t a l  debris. Wells M-11 and N - l l  were  both  

des t royed shor t ly  a f t e r  drilling. 

Source of H e a t  and Ground-Water Flow P a t h s  

Most geo the rma l  w a t e r  in hot  springs or  hot wells is simply me teo r i c  wa te r  t h a t  

has c i rcu la ted  t o  a suf f ic ien t  depth  t o  be  hea t ed  and then  r e tu rned  t o  t h e  sur face .  The 

hot water  r ises  t o  t h e  s u r f a c e  because of t h e  hydraulic  gradients  be tween  a r e a s  of 

recharge  and discharge--a mechanism t h a t  cont ro ls  a l l  springs, whether  hot  o r  cold. 

Hydraulic  gradients  a r e  a f f e c t e d  by topography, aquifer  geomet ry  and hydraulic  

charac ter i s t ics ,  and fluid density. The  fluid densi ty is par t icu lar ly  impor t an t  for  

t he rma l  wa te r s  because hot  wa te r  is considerably less  dense than  cold wa te r  

containing an  equivalent  concent ra t ion  o f  dissolved solids. Thus t h e  d ischarge  point of 

low-density, hot wa te r  can  be  above  i t s  r echa rge  point,  where  t h e  w a t e r  is co lder  and 

more  dense. The rma l  gradients  a lone  a r e  not  impor t an t  e x c e p t  when they  a f f e c t  

density. 

Two f a c t o r s  a r e  required t o  gene ra t e  a hot  spring or  shallow hot  well: a source  

o f  hea t  and permeable  flow pa ths  t o  t r ansmi t  t h e  wa te r  t o  t h e  h e a t  and back t o  o r  

nea r  t h e  sur face .  T h e  t w o  most  common sources  of h e a t  f o r  geo the rma l  w a t e r s  a r e  

(1) a hot m a g m a  chamber  r e l a t ed  t o  very young igneous ac t iv i ty  and  (2) t h e  normal  

t h e r m a l  gradient  of t h e  Earth.  The  f i r s t  sou rce  is unlikely but  no t  impossible for  



06' 5 
o Actlve well 

0 Exlsthng wel1,cannot be sampled 

0 Exlstlng well,clogged wlth sand 

8 Destroyed well 

3 Well,status unknown 

801 Well identl f~catlon number 

Figure 2. Wells in Hueco Tanks geothermal  area.  Well s t a tus  symbols a r e  also used on 
figures 3, 4, 5 ,  6, and 8. Wells in Texas a r e  prefixed by a four-digit code t h a t  
identif ies the  quadrangle in which t h e  well occurs. This number is shown in t h e  
northwest corner of each quadrangle (for example,  49-07 a t  approximately l a t  32' N. 
and long 1 0 6 ~ 1 5 '  W.). 
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Figure 3. Measured and reported t empera tu res  ('c) of the rmal  and nonthermal wells. 



t h e r m a l  wa te r s  of t h e  Hueco Tanks area .  The re  is no known evidence  of r e c e n t  

igneous ac t iv i ty  in t h e  area .  In genera l ,  t h e  youngest  igneous rocks  in Trans-Pecos 

Texas  a r e  abou t  1 8  may. old (McDowell, 19791, al though r e c e n t  volcanism h a s  occurred  

in New Mexico. Intrusive igneous rocks exposed at Hueco Tanks S t a t e  Pa rk  and at  

seve ra l  loca t ions  nearby a r e  probably no younger t han  middle Tert iary.  These  rocks  

a r e  f a r  t oo  old t o  have re ta ined  any heat .  R e c e n t  basa l t i c  volcanism has occurred  in  

Mesilla Bolson approximate ly  80  km (50 mi)  wes t  of t h e  Hueco Tanks a r e a  (Hoffer ,  

1976). Also, se ismic  d a t a  have been  in t e rp re t ed  t o  i nd ica t e  t h e  presence  of  basa l t ic  

m a g m a  chambers  a t  a dep th  of approximate ly  5 km ( 3  mi) in t h e  Rio Grande  r i f t  near  

Socorro, New Mexico, approximate ly  200 km (120 mi) nor th  of Hueco Tanks (A. R. 

Sanford, personal communica t ion ,  1978). However,  if s imilar  magmas  exist  near  

Hueco Tanks, t h e r e  is no  known su r face  or  subsurface  evidence.  

The second source  of hea t ,  t h e  a rea ' s  normal  t h e r m a l  gradient ,  is m o r e  likely. A 

high t h e r m a l  gradient  is not  necessary because  c i rcu la t ion  o f  ground wa te r  t o  a 

su f f i c i en t  dep th  will h e a t  t h e  w a t e r  even  in a r e a s  of normal  gradients .  However,  hea t  

flow and t h e r m a l  g rad ien t s  in t h e  Basin and Range  or t h e  Rio  Grande  r i f t  a r e  typical ly 

high compared  wi th  those  in  c ra ton ic  a reas .  The rma l  g rad ien t s  in t h e  Hueco Tank a r e a  

a r e  probably a minimum of 30'C/km (Henry, 1979b; Roy and Taylor, 19801, compared  

wi th  a c ra ton ic  a v e r a g e  of less  t h a n  2o°C/km. The  higher gradient  is due  t o  a th inner  

c rus t  and t h e  presence  of hot man t l e  at shal lower depths  than  in c ra ton ic  a r e a s  (20 t o  

30  km 112 t o  18 m i ]  vs. 50 km [a0 m i ]  ); Decker  and Smithson,  1975). Decke r  and 

Smithson (1975) e s t i m a t e  f r o m  gravi ty  d a t a  t h a t  t h e  c r u s t  is approximate ly  3 1  km 

(19 mi) th ick  in t h e  Hueco Tanks area .  By this  sou rce  of hea t ,  normal  ground w a t e r  

t h a t  c i r cu la t e s  t o  a dep th  of 2 t o  3 km (1 t o  2 mi)  would be  hea t ed  f rom 60' t o  9 0 ' ~  

above  i t s  a v e r a g e  s u r f a c e  t e m p e r a t u r e  t o  t e m p e r a t u r e s  of abou t  80' t o  l l O O ~ - - o u r  

prel iminary e s t i m a t e  of t h e  maximum wa te r  t e m p e r a t u r e s  in t h e  a r e a .  Higher 

t e m p e r a t u r e s  would b e  a t t a ined  by deeper  circulat ion.  

Flow pa ths  of geo the rma l  wa te r  consist  of t h r e e  parts: downward movemen t  

(recharge) ,  l a t e r a l  movemen t  in t h e  subsurface,  and r i se  t o  t h e  su r f ace  (discharge). 

The s i t e  of discharge can  readily b e  identif ied because  i t  i s  commonly marked by ho t  

springs o r  shallow, hot wells. Many geo the rma l  w a t e r s  worldwide r i se  along f au l t s  t h a t  

provide ve r t i ca l  permeabi l i ty  in o therwise  less  permeable  rocks. For example ,  a lmos t  

a l l  ho t  springs in  t h e  Rio  Grande  a r e a  o f  Texas  and  Chihuahua occu r  on  or immedia te ly  

ad jacent  t o  normal fau l t s  r e l a t ed  t o  Basin and Range  extens ion  (Henry, 1979a). 

Geo the rma l  wa te r s  in  t h e  Hueco Tanks a r e a  probably also r i se  along normal  f a u l t s  t h a t  

f o r m  t h e  e a s t e r n  edge  of Hueco Bolson. The f ive  known hot  wells follow a roughly 



linear north-northwest t rend f rom near Hueco Tanks S t a t e  Park  to the  Davis Dome 

a r e a  in New Mexico. These waters  may be rising along a common faul t  zone, or in  

f r ac tu red  bedrock adjacent t o  the  faul t  zone t h a t  follows t h e  s a m e  trend. The the rmal  

waters do not reach t h e  surface  because t h e  water table  is generally about 120 m 
e 

(400 f t )  below the  surface.  Thus hot water  rising along fau l t  zones could reach t h e  

water table  and discharge in to  permeable basin fill or pre-fill bedrock. It is  important  

t o  know the  location of the  faul ts  t h a t  may serve  a s  conduits because the  ho t t e s t  

water and t h e  g rea tes t  quant i ty  of water  should occur in or near t h e  conduits. 

Recharge  and l a t e ra l  movement of water  in t h e  subsurface a r e  commonly much 

more  difficult t o  identify. Recharge  t o  ground water is  probably occurring over much 

of t h e  Hueco Tanks area ,  and the re  is no way t o  determine if any particular s i t e  is 

contributing t o  t h e  the rmal  waters. Recharge  for t h e  thermal  waters  could occur in 

the  adjacent highlands of t h e  Hueco Mountains, or f rom water  circulat ing in deep basin 

fill of Mueco Bolson. Implications of t h e  chemical  composition of t h e  thermal  wa te r s  

for  possible sources and flow paths a r e  discussed below. 

Faults  in  Geothermal  Area 

Because t h e  the rmal  wa"crs may be  rising along fau l t  zones, i t  is  important  t o  

know their  locations within t h e  geothermal  area. W e  have identified t h e  locations of 

several  possible faul ts  or faul t  zones (figs. 1, 4, and 5). No faul ts  could b e  positively 

identified from aer ia l  photographs or ground inspection in t h e  a rea ,  but, for  t h e  

following reasons, faul ts  probably exist: (1) Faul ts  occur in Paleozoic bedrock around 

the  geothermal a r e a  and c u t  basin fill south and west  of t h e  area.  (2 )  Several major 

linear topographic fea tu res  appear t o  be  controlled by faults. (3) Att i tudes  and 

outcrop pat terns  of Paleozoic bedrock require e i ther  faul ts  or folds. ( 4 )  Depth t o  

bedrock in basin-fill sediments near bedrock outcrops requires e i ther  faul ts  or 

extensive erosional scarps. ( 5 )  The linear distribution of known hot wells and the rmal  

anomalies suggests a faul t  trend. These f ive reasons a r e  e laborated below: 

I. Faults, probably of l a t e  Tert iary age, cu t  bedrock around t h e  Hueco Tanks 

area.  Also, abundant faul ts  c u t  basin-fill sediments west and south of the  a r e a  

(Seager, 1980; this  study). These faul ts  cu t  a middle Quaternary geomorphic surface. 

Bedrock faul ts  generally t rend north or north-northwest and show minor normal 

displacement. King and others  (1945) indicate  maximum displacements of less than 

100 m (330 It) .  
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Figure  4. Dep th  t o  bedrock,  absolu te  e leva t ion  of bedrock,  infer red  normal  f au l t s ,  a n d  
l ines  of s ec t ion  shown in f igure  3. 
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Figure  5. Genera l ized  west-east  c ross  sec t ions  in Hueco Tanks geo the rma l  a r e a  
showing normal  f au l t s  and re la t ive  thicknesses of basin fill: (a) through Davis  Dome,  
(b) along Texas-New Mexico border, and (c)  through Hueco Tanks S t a t e  Park.  Loca- 
t ions are shown in f igure  4. Cross  sec t ion  b also shows c o n t a c t  relat ionships be tween  
Hueco Limestone  and Magdalena Format ion  discussed in  t ex t .  



Two types  of f au l t s  occu r  in  basin fill. O n e  group, consist ing of f ive  o r  s ix  

mapped faul t s ,  exhibi ts  d isp lacement  down t o  t h e  w e s t  ( toward  t h e  basin) and a 

topographic  d isp lacement  of up t o  10 m (33 f t ) .  These  sca rps  t r end  nearly nor th  t o  

south and a r e  easi ly identif ied on ae r i a l  photographs o r  on t h e  ground by topographic  

expression, vegeta t ion  lines, and nearly l inear  t rends.  Morrison (1969) considered t h e  

su r f ace  c u t  by t h e s e  f au l t s  t o  be middle Qua te rna ry  in a g e  (0.5 m.y.). The  faul t s  a r e  

commonly  veneered  by windblown sand. Because at l ea s t  some  of t h e  sand was  

deposi ted during h is tor ic  t i m e s  and would not  re ta in  ev idence  of d isp lacement ,  t h e  

minimum a g e  of d isp lacement  canno t  b e  de termined.  

One  such f au l t  t rends  southeas t  toward  t h e  geo the rma l  a r e a  around Davis  Dome  

(fig. 1). Near Davis Dome, t h e  f au l t  t u rns  t o  a m o r e  souther ly  t r end  and may join with 

one  of s eve ra l  f au l t s  t h a t  w e  have pos tu la ted  in t h e  immedia t e  geo the rma l  a rea .  

However, t h e  southern  continuat ion of t h e  f a u l t  is buried benea th  eol ian deposi ts  south  

of Davis Dome. 

A second group of f au l t s  is infer red  f r o m  l inear  f e a t u r e s  marked by continuous 

a symmet r i c  t roughs throughout  Tularosa and Hueco Bolsons (fig. 1). The s t e e p  s ide  o f  

t h e  t roughs  f a c e s  away  f r o m  t h e  basin, suggest ing t h a t  d isp lacement  is down t o  t h e  

east. Maximum topographic  d isp lacement  is abou t  5 m (16 f t ) .  The  f au l t s  a r e  

general ly more  sinuous than,  but  paral lel  t o ,  t h e  f i r s t  set of faul ts .  These  l inear  

f e a t u r e s  may be  a n t i t h e t i c  faul ts .  Their topographic  expression suggests  a ser ies  of  

r o t a t e d  blocks wi th  d isp lacement  down t o  t h e  east, a n  in t e rp re t a t ion  also favored  by 

Seager (1980). A second explanat ion  for  t h e  t roughs is t h a t  t hey  mark  f a u l t  zones  bu t  

t h a t  t h e  appa ren t  d isp lacement  ac tua l ly  resu l t s  f r o m  solution of evapor i t e s  e i the r  in 

t h e  basin-fili sequence  or  in underlying Paleozoic  rocks. Thus t h e  t roughs may  b e  

subsidence fea tures .  The  t roughs  a r e  composed of many closed depressions. Some  a r e  

r e l a t ed  t o  eolian ac t iv i ty ,  bu t  some  a r e  c lear ly  sinkholes where  t h e  r a r e  s u r f a c e  w a t e r  

accumula tes .  This explanat ion s t i l l  requi res  t h a t  t h e  l inear  f e a t u r e s  be faults.  

However, d isp lacement  on t h e m  could b e  older  t han  middle Qua te rna ry  and  might  n o t  

b e  down t o  t h e  east. A third explanat ion for  t h e  topographic  depressions does  no t  

require a f au l t  origin and implies  t h a t  t h e  t roughs a r e  paleodrainage channels, par t ly  

f i l led by windblown sand. Present-day sand dunes  exhibi t  t r anspor t  f rom east t o  west ;  

t h e  channels  would have filled f rom t h e  east, the reby  becoming asymmetr ic .  How- 

eve r ,  this  las t  explanat ion seems  unlikely because  t h e  t roughs  general ly d o  not  

resemble channel  systems.  For example ,  t h e  t roughs do  not  dec rease  in e leva t ion  

consistent ly in o n e  direct ion,  nor d o  t h e y  b i fu rca t e  upstream. 



The absence  of s u r f a c e  f au l t  s ca rps  in t h e  geo the rma l  a r e a  may b e  explained by 

superposition of younger deposits,  e i t h e r  windblown sand or  alluvial fans. Windblown 

sand part ly buries s eve ra l  s ca rps  t o  t h e  south  and wes t  of t h e  geo the rma l  a r e a  and may  

comple te ly  bury others .  O n e  f au l t  s c a r p  t r ends  toward ,  and  d isappears  into,  an  al luvial  

f a n  just nor th  of U.S. Highway 180 and just west  of bedrock out l ie rs  (fig. 1). This f au l t  

may join wi th  t h e  f au l t  near  Davis Dome  ment ioned above. The  mapped f au l t  s ca rps  

c u t  t h e  C a m p  R i c e  Format ion ,  which is approximate ly  0.5 m.y. old; t i m e  of youngest  

movement  is unknown. Both eol ian and alluvial deposition is a c t i v e  and has  been f o r  

s o m e  t ime.  T h e  geo the rma l  a r e a  is comple te ly  covered  by eol ian ma te r i a l  or  alluvial 

f a n  sediment  t h a t  may have  buried exist ing f au l t  s ca rps  in t h e  basin. The  e f f ec t ive -  

ness of eolian deposi ts  in covering major  topographic f e a t u r e s  is i l lus t ra ted  by t h e  

burial of  a 15-m-high (50-f t )  Pa leozoic  bedrock hill l oca t ed  2 km (1.2 mi) south of Ho t  

Wells; th is  f e a t u r e  is mapped by King (1935). 

2. In t h e  s tudy a r e a  t h e  f ron t  of t h e  Hueco Mountains (excluding t h e  numerous 

bedrock outl iers)  f o r m s  a d is t inc t  topographic e sca rpmen t  a s  much as 300 m (1,000 f t )  

high t h a t  t r ends  N. 15' W. (fig. I). The  e sca rpmen t  is abou t  10 km (6 mi) long and 

remarkably  linear. No outcrops  exis t  be tween th is  e sca rpmen t  and  two  northwest-  

t rending rows of bedrock out l ie rs  approximate ly  3 t o  7 km (2 t o  4 mi) t o  t h e  west .  The  

intervening a r e a  consists  of coa lesced  alluvial f a n s  and  a northwest- trending trough,  

which includes a playa lake. The  t rough resembles  t h e  second set of f au l t  s ca rps  

recognized in basin-fill deposi ts ,  a l though on a much la rger  scale.  The e sca rpmen t  

could be t h e  eroded f a c e  of a major normal  f a u l t  t h a t  dies  o u t  t o  t h e  south. Woodward 

and o the r s  (1978) show a major  normal  f a u i t  a long t h e  east edge  of Tularosa Bolson, 

which, if continued t o  t h e  south,  would coincide exac t ly  wi th  t h e  proposed fault.  

Woodward and o the r s  t e r m i n a t e  t h e  Tularosa f a u l t  approximate ly  20 km (12 mi) t o  t h e  

nor th ,  but  t h e  proposed f au l t  may be  a continuat ion of t he i r  fau l t .  The  east f a c e  of 

t h e  Franklin Mountains, which a r e  known t o  be  f a u l t  bounded, exhibi ts  s imi lar  

topographic  expression. 

3. The presence  of f au l t s  be tween  bedrock out l ie rs  and t h e  Hueco Mountains 

e sca rpmen t  discussed above  can  be  evalua ted  by compar ing  t h e  e leva t ion  of format ion  

c o n t a c t s  in t h e  two  a r e a s  (fig. 5b). Ou tc rops  of Pa leozoic  sed imen ta ry  rocks  general ly 

dip gently t o  t h e  e a s t  in t h e  geo the rma l  a r ea .  The  e sca rpmen t  is supported by Hueco 

Limestone  overlying t h e  upper pa r t  of t h e  Magdalena Formation.  Both fo rma t ions  dip 

t o  t h e  east at about  lo0, and  t h e  c o n t a c t  be tween t h e m  is about  1,460 m (4,800 f t )  in 

e leva t ion  along t h e  e sca rpmen t  (King, 1935; Wise, 1977). Out l ie rs  surrounded by 

bolson fill  a r e  composed of t h e  upper pa r t  o f  t h e  Magdalena Format ion ,  which a lso  dips 



t o  t h e  east at abou t  10', King (1935) e s t i m a t e d  a maximum thickness for  t h e  upper 

Magdalena of approximate ly  150 m (500 f t ) .  To be  conserva t ive ,  w e  have  assumed t h a t  

t h e  out l ie rs  consist  of t h e  lowermost  pa r t  of t h e  u p p e m a g d a l e n a .  Using these  dips, 

this  thickness,  and th is  assumption,  i t  is possible t o  de t e rmine  t h e  e leva t ion  of  t h e  

Magdalena-Hueco c o n t a c t  pro jec ted  f r o m  t h e  out l ie rs  t o  t h e  escarpment .  P ro j ec t ed  

f rom t h e  nea res t  out l ie rs  approximate ly  3 km (2 mi) away,  t h e  c o n t a c t  should in t e r sec t  

t h e  e sca rpmen t  at a n  e levat ion  of abou t  1,100 m (3,600 f t ) .  Id pro jec ted  f r o m  t h e  

more  d is tan t  out l iers ,  approximate ly  7 km (4 mi) f rom t h e  e sca rpmen t ,  t h e  c o n t a c t  

should o c c u r  at abou t  a 275-m (900-ft)  elevat ion.  

The discrepancy be tween  t h e  a c t u a l  and  computed  c o n t a c t  e leva t ions  requi res  

e i t h e r  faul t ing or  changes  in dip be tween both t h e  ou"ciers and t h e  e sca rpmen t  and 

be tween s e p a r a t e  outliers.  Changes  in dip a r e  possible. Both King (1935) and Wise 

(1977) s h ~ w  gentiie folds in Pa leozoic  rocks; so f au l t s  a r e  no t  required. Nevertheless ,  

t h e  socks dip consistent ly eas tward  in th is  a r ea ;  no ourcrops  wi th  opposing or  gen t l e r  

dips a r e  exposed. One  would e x p e c t  more  evidence  of folding if i t  existed.  

4. Dep th  to ,  o r  e leva t ion  o f ,  bedrock has  been  de t e rmined  wherever  possible 

f r o m  driller 's logs or  o the r  informat ion  (fig. 4). In general ,  bedrock in the  basin 

adjacent  t o  outcrops  is more  t h a n  100 m (330 f t )  deep. The  sedimentary  fill in th is  

a r e a  is not  simply a th in  veneer  over  bedrock. The  considerable thickness of dilB. also 

supports ,  but  does not  prove, t h e  ex i s t ence  of f au l t s  ad j acen t  t o  bedrock.  

Two examples  a r e  significant: (1) Three  wells wes t  of t h e  major e sca rpmen t  

discussed in reason 2 (N-3, N-4, and 49-08-1011 encounter  bedrock at depths  s f  B%O to 

210 m (360 t o  490 i t ) .  Thus t h e  t o t a l  change  in bedrock e levat ion  across  t h e  

topographic s c a r p  is as much as 500 m (1,650 dt). (2) Only o n e  well wes t  of t h e  

wes ternmost  bedrock out l ie r  (49-07-402) r eaches  bedrock at a depth  of approximate ly  

700 m 62,380 f t )  (elevat ion of bedrock approximate ly  550 rn [ 1,800 f t  I ) ,  A11 o the r  

wells bo t tomed  in  basin fill, including seve ra l  wells  within 2 krn (1.2 mi) of ou tc rop  and 

as d e e p  as 300 m (1,000 ft).  On t h e  basis of th is  informat ion ,  major f au l t s  should exist  

along t h e  topographic e sca rpmen t  discussed above  and along a roughly north-south line 

just west  of t h e  wes ternmost  bedrock out l ie rs  (including Davis Dome) where  much of 

t h e  geo the rma l  ac t iv i ty  occurs.  This l a t t e r  f au l t  is t h e  s a m e  f au l t  indica ted  by 

Qua te rna ry  f a u l t  scarps.  

5. The  f ive  identif ied hot  wells and t h e  a r e a  of anomalously high t h e r m a l  

gradients  deaineated by Roy and Taylor (1980) fo rm an  approximate ly  dinear t r end  t h a t  

may coincide wi th  a f a u l t  zone. Included a r e  t h r e e  wells nea r  Davis Dome  (M-  11, N-9, 

and N-111, one a t  Hot Wells (N-81, and one  in Texas, 3 km (2 mi)  southeas t  of Hot 



Wells (49-08-]A), The  a r e a  of anomalous gradients  surrounds t h e  l a t t e r  t w o  wells. 

This "rend extends  genera l ly  north-northwest  in an  a r e a  where  we have suggested t h e  

possible ex is tence  of t w o  faul t s ,  The rma l  w a t e r  may be  rising along a f au l t  zone,  or in 

f r a c t u r e d  bedrock ad jacen t  to t h e  f a u l t  zone,  toward  t h e  wa te r  tab le ,  There  t h e  

w a t e r  may  spread  la te ra l ly  within permeable  basin-fill sediments .  The  paucity of 

wells in t h e  known geo the rma l  a r e a  does  not  allow associat ion of t he rma l  wa te r  wi th  

o t h e r  suspected  faul t s ,  However,  two  wells ad j acen t  t o  f au l t s  south  and west  of t h e  

geo the rma i  a r e a  (49-15-506 and 49-13-604) produce sl ight ly anomaious w a t e r  ( 3 8 ' ~  

and 3 3 . 5 ' ~ ~  respect ively ), considering t h e  shallow well depths.  

Implicat ions of Geophysical  D a t a  

Gravi ty  and t h e r m a l  gradient  d a t a  (Roy and Taylor, 1980, and unpublished da t a )  

a r e  s ignif icant  in t h e  in t e rp re t a t ion  of  f au l t s  and the rma l  wa te r  in t h e  a r e a ,  A 

Bouguer gravi ty  m a p  displays an  approximate  northwest- trending anomaly  through t h e  

a r e a  of hot  weiis both near  Davis  Dome  and near  t h e  Texas-New Mexico border. This  

gravi ty  anoma%y may b e  in response t o  a f au l t  approximate ly  coincident  with t h e  one  

t h a t  w e  pos tu la ted  f r o m  s u r f a c e  geology, o r  i t  may  join wi th  t h e  f a u i t  indicated by t h e  

northwest- trending Qua te rna ry  s c a r p  wes t  of Davis Dome  (fig. 1), 

Thermal  gradients ,  genera l ly  above  t h e  wa te r  tab le ,  measured  by Roy and Taylor 

range up to 3 0 0 ~ G i k m .  High gradients  (g rea t e r  than  5 o 0 ~ / k m )  occur  in a 4-km-wide 

(2.5-mi% band across  t h e  pos tu la ted  f a u l t  zones  nea r  hot  wells N-8 and  49-08-1A 

(iig. 4). These  gradients  should not  be  ex t r apo la t ed  below t h e  wa te r  tab le ,  but  t hey  

can  be used t o  identify t h e  occu r rence  o f  hot wa te r ,  The  highest gradient  of 

306'G/km was  measured  in a 05-m (130-ft)  hole ad jacen t  t o  well 49-08-IA. Two high 

gradients  (151' and 179'6/km) were  measu red  1 t o  2 km (0.6 t o  1.2 mi) south of  t h e  

a r e a ,  which suggests  t h a t  t h e r m a l  w a t e r s  occu r  aiong t h e  southern  continuat ion of t h e  

faul ts .  A t  this  t i m e ,  no gradients  have been  measured  in New Mexico, but  t h e  

presence  of t h e  t h r e e  hot  wells near  Davis Dome  sugges ts  t h a t  t he rma l  w a t e r s  may 

occur  in a continuous zone  be tween  t h e  two  a r e a s  of hot  wells. 

Gradients  drop t o  background levels  both e a s t  and wes t  of t h e  a rea .  A low 

gradient  of 56'C/krn near  t h e  eas t e rnmos t  postulated f au i t ,  a long t h e  main Hueco 

Mountains scarp ,  sraggests t h a t  t h e r m a l  w a t e r s  a r e  not  assoc ia ted  with this  faul t .  



HYDROLOGY 

D a t a  Availability 

Available well d a t a  were  inventoried for  t h a t  pa r t  of t h e  Hueco and Tularosa 

Bolsons in West Texas and New Mexico bounded by t h e  coordina tes  1 0 6 ~ 0 0 '  W. t o  

1 0 6 ~ 1 6 '  W. (essential ly U.S. Highway 54 in New Mexico) and  31'49' N. (U.S. Highway 

62-180 in Texas)  t o  32'08' N. This includes a l l  of t h e  wells in t h e  a r e a  cove red  by 

f igure  2 and some  addit ional  wells t o  t h e  wes t  of  t h a t  a r ea .  Also included a r e  t h e  

wells at Newman on t h e  Texas-New Mexico border. Approximate ly  60  w a t e r  o r  

explorat ion wells occu r  within this  s tudy area.  Most wells a r e  no longer operat ing,  

many having been  abandoned or  des t royed in t h e  1950's. Only nine wells  a r e  cur rent ly  

in opera t ion ,  and a l l  of t h e s e  produce cold water .  

Information of any kind is s c a r c e  for  mos t  wells. Wells can  be  grouped o n  t h e  

basis of t h e  avai labi l i ty of d a t a  i n to  t h r e e  ca tegor ies .  F i r s t  a r e  wells drilled before  

World War II; two-thirds of a l l  wells fa l l  within th i s  ca tegory .  In general ,  very  l i t t l e  

informat ion  is ava i lab le  on these  older  wells, and very  f e w  a r e  usable or  even  exis t  

today. The second group of wells was drilled in t h e  ea r ly  1950's as test wells  by t h e  

U,S. Geological  Survey. Considerable infor mat ion  is avai lable for  t h e s e  wells; 

however, most  w e r e  filled o r  plugged shor t ly  a f t e r  being comple t ed  and,  consequently,  

a r e  unavailable fo r  cu r ren t  test ing.  The  third group of wells was  drilled s ince  abou t  

1960 for  land development;  t hese  wells a r e  genera l ly  in use o r  at l ea s t  a r e  avai lable 

fo r  re-examination. Permeabi l i ty  and yield d a t a  a r e  ava i lab le  fo r  s o  f ew wells t h a t  

most  e s t i m a t e s  of  permeabi l i t ies  a r e  ex t r apo la t ed  f rom o the r  wells in Hueco Bolson. 

The  informat ion  on all wells i n  t h e  Hueco Tanks a r e a  c o m e s  f r o m  f i v e  pr imary  

sources: (1) Sayre and Livingston (1945), U.S. Geological Survey Water-Supply Paper  

9 19; (2) Knowles and Kennedy (1 958), U.S. Geological  Survey Water-Supply Paper  1426; 

(3) McLean (1970), U.S. Depa r tmen t  of t h e  Inter ior ,  Of f i ce  of Saline Water  Resea rch  

and Development Progress Repor t  561; (4) f i les  of t h e  Texas  D e p a r t m e n t  of Water  

Resources;  and (5) personal  communica t ions  wi th  dri l lers  and  proper ty  owners  in t h e  El 

Paso-Las C r u c e s  region. The  southeas tern  sec t ion  of Hueco Bolson, which is outside 

th is  study a rea ,  is discussed by G a t e s  and o t h e r s  (1978). All avai lable wel l  d a t a  a r e  

summar ized  in appendix A. 



Water-Table Elevat ion 

Sayre  and Livingston (1945) ex t r apo la t ed  water - tab le  e leva t ions  in to  t h e  wes t e rn  

p a r t  of t h e  s tudy a r e a  on t h e  basis o f  d a t a  f rom six wells l oca t ed  along t h e  wes t e rn  

margin of t h e  Hueco Tanks geo the rma l  a r e a  (fig. 2). Because no wells were  avai lab le  

in t h e  geo the rma l  a r e a  at t h e  t i m e ,  t h e  ex t r apo la t ed  e leva t ions  a r e  inaccura te .  

Knowles and Kennedy (1958) ex tended  and ref ined t h e  water - tab le  contours,  part icu-  

lar ly in t h e  U.S. Highway 62-180 a r e a  where  seve ra l  new wells had been  drilled. In 

general ,  t h e  wa te r  t ab l e  appea red  t o  drop by I t o  1.5 m (3 t o  5 f t )  be tween 1945 and 

1958. However,  t h e r e  were  too  f e w  d a t a  in t h e  geo the rma l  a r e a  t o  m a p  t h e  w a t e r  

table.  Nevertheless ,  both s tudies  show t h a t  ground wa te r  general ly flows f rom nor th  

t o  south in t h e  c e n t r a l  pa r t  of t h e  bolson. 

R e c e n t  d a t a  f r o m  old wells and wa te r  levels  in new wells general ly a g r e e  wi th  

t h e  1958 d a t a  fo r  t h e  c e n t r a l  pa r t  of  t h e  bolson and indica te  lowering of  t h e  w a t e r  

t ab l e  in more  populated a r e a s  by 1.5 t o  3 m (5 t o  10 f t )  s ince  1958 (fig. 6). Slight  

d i f f e rences  in water - tab le  e leva t ion  be tween  neighboring wells probably resul t  f r o m  

drawdown in heavily pumped wells. In t he  e a s t e r n  pa r t  of t h e  s tudy a r e a ,  near  t h e  

Hueco Mountains, t h e r e  a r e  s t i l l  too  f e w  wells t o  provide a rel lable view of  t h e  water -  

t a b l e  configuration. However,  a curious p a t t e r n  is shown by t h e  avai lable da ta .  Water  

levels  in five wells f r o m  near  Davis  Dome  south  t o  t h e  state border  a r e  approximate ly  

21 m (70 f t )  lower than  wells t o  t h e  wes t  in t h e  c e n t r a l  p a r t  of t h e  bolson. The  wa te r  

levels  indica te  a d is t inc t  water - tab le  t rough a long t h e  e a s t e r n  edge  of t h e  bolson, 

where  water  levels  might  be  expec ted  t o  increase  gradually toward  t h e  Hueco 

Mountains. Only one well (N-7) has a water - tab le  e leva t ion  cons is ten t  w i th  th is  view, 

and  i t  appears  t o  be perched above  t h e  hot wa te r  in an  ad jacen t  well (N-8). T h e  

water - tab le  trough canno t  be  t r aced  f a r t h e r  south because  informat ion  is unavailable 

e x c e p t  near  Hueco Tanks S t a t e  Park.  Water  levels  t h e r e  a r e  much shallower than  in 

t h e  trough a r e a  and appear  t o  follow closely t h e  s u r f a c e  topography.  

A t  this t i m e  t h e  only hypothesis we  can  o f f e r  t o  explain a water - tab le  t rough  

along t h e  bounding f au l t  is t h a t  one  of  t h e  pos tu la ted  f au l t s  in t h e  a r e a  serves  a s  a 

bar r ie r  t o  horizontal  ground-water flow. Flow on both sides of t h e  f au l t  is t o  t h e  

south,  but  at lower e leva t ions  on t h e  east s ide  o f  t h e  bolson. The  lower e leva t ions  m a y  

indica te  g rea t e r  permeabil i ty and b e t t e r  dra inage  of ground wa te r  in e i the r  coa r se  

basin fill  ad jacent  t o  t h e  mountains o r  in f r a c t u r e d  bedrock within t h e  horst  block 

roughly coincident  wi th  t h e  trough. A major  problem wi th  this  i n t e rp re t a t ion  is t h a t ,  

a l though most  hot wells occur  on t h e  t rough side of t h e  pos tu la ted  f a u l t ,  o n e  well  
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Figure  6, Dep th  t o  wa te r  tab le ,  absolu te  e leva t ion  of  wa te r  tab le ,  and wa te r - t ab l e  
e leva t ion  contours. Contours  along wes te rn  e d g e  a r e  ex t r apo la t ed  f rom da ta  outside 
map area .  



(M-dl)  occurs on the  opposite side. If a faul t  were serving as a ground-water barrier, 

hot water would be expected t o  be res t r ic ted t o  one side. The dower water-table 

elevations a re  not simply a result of drawdown because these wells were never 

significantly pumped. In contras t ,  one wela in t h e  southern part  of t h e  study a r e a  

(49-15-301) has been pumped heavily. Its low water table  probably does result from 

heavy pumping. Nor a r e  t h e  low water-table elevations simply t h e  result of 

measurement errors. The wells were drilled and water-table elevations measured by 

di f ferent  people a t  different t imes  (appendix A). Until more accura te  and detailed 

information is available, no conclusions can be reached about t h e  origin of t h e  water-  

table  trough. 

Substrate Permeabjilit y 

Although hot water is known t o  occur in t h e  Hueco Tanks a rea ,  Little is known 

about how much water could be produced and from what kind of rock. No permeability 

or production values Rave been reported for any of t h e  hot wells, The only quali tat ive 

information available is for well N-dl,  where a " m a l l  supply of water" '(NlcEean, 6970) 

was produced from fractures  in  felsi te bedrock. Two other  hot wells (N-9 and 

49-08- la)  appear t o  produce from Paleozoic bedrock. No subst ra te  information i s  

available for wells M-11 and N-8, but they may produce from either bedrock or boIson 

fill. Permeability values and yields a r e  also unavailable for most of the  cold wells in 

t h e  area,  although McLean (1970) es t imates  t h a t  yields of moderately saline water  

f rom basin-dill aquifers should be less than 300 gaJ/min. Most studies of ground-water 

availability were in more populated a reas  of t h e  bolson. For these  reasons, we have 

used data  from other areas  t o  evaluate qualitatively t h e  possible productivity of 

geothermal wells in the  Mueco Tanks area.  Potential  geothermal reservoirs include 

sands and gravels in basin fill and bedrock below t h e  Sill, especially along faul t  

zones where fracturing may have increased the  permeability. 

Knowles and Kennedy (1958) and Gates  and others  (1978) list transmissivity 
2 values in basin fill ranging from 3,000 t o  33,000 f t  /d (38,000 t o  258,000 gal/d/ft).  The 

wide range in values ref lects  considerable variation i n  composition and thickness of 

fill. The highest values a r e  for coarse, thick fluvial deposits immediately adjacent t o  

t h e  Franklin Mountains, In contrast ,  lacustrine deposits in t h e  centra l  part  of t h e  
2 basin have very low transmissivities, probably less than 5,000 f t  /d. Productivity of 

wells in t h e  geothermal a rea  should depend on t h e  type of basin-fill deposits and on t h e  

abundance of coarse c las t ic  sediment in them,  



We used driller 's logs t o  de t e rmine  t h e  t y p e s  of deposi ts  and t h e  pe rcen tages  of 

sand,  gravel ,  and c lay  (and depth  t o  bedrock) in basin-fill sediments .  There  a r e  

comple t e  driller 's logs for  only 12  wells,  and t h e  wells a r e  i rregularly distr ibuted in t h e  

area .  Incomple te  logs exis t  for  s eve ra l  of t h e  wells; some  of t hese  logs could be used 

t o  de t e rmine  t h e  depth  t o  bedrock. 

Two me thods  were  used t o  de t e rmine  pe rcen tages  of d i f f e ren t  l i th ic  cons t i tuents  

in e a c h  well. The f i r s t  method required designating a n  in terva l  in a log on t h e  basis of 

t h e  major  rock t y p e  in t h a t  interval .  Thus, descript ions such as sand and clay; 

sandlclay;  and sand,  c lay ,  and g rave l  were  a l l  designated '"and." This method resul ted  

i n  four major categories:  (1) gravel ,  including conglomera te ,  (2) sand, (3) clay, 

including shale,  and (4) bedrock,  including l imes tone  and igneous rock. Cal iche ,  

norfl-!ali).- a minor sur f ic ia l  component ,  was  ignored. 

The  second method weighted rock types  in e a c h  interval .  Thus, a 3 0 - i t  in te rva l  

of sandy c lay  and ca l iche  arb i t ra r i ly  became  21 f t  c lay,  3 f t  sand,  and 6 f t  cal iche.  In 

genera l ,  t h e  two  me thods  ag reed  closely. E lec t r i c  logs were  avai lable for  s ix wells. A 

comparison of e l e c t r i c  logs wi th  driller 's logs showed t h e  driller 's logs t o  be  reasonably 

accura te .  

Analysis of t h e  driller 's logs shows no def in i te  l a t e r a l  l i thologic t r ends  (fig. 7). 

The only obvious conclusion is t h a t  bedrock occurs  at t h e  shal lowest  depths  in wells 

immedia te ly  ad jacen t  t o  outcrops. Only one  well within Hueco Bolson encountered  

bedrock. All o the r  wells, even  those  wells within a f e w  ki lometers  of outcrop ,  

bo t tomed  in basin fill. The  g r e a t  thickness of f i l l  f u r t h e r  subs t an t i a t e s  t h e  presence  of 

f au l t s  in t h e  a rea .  The  proport ions of d i f f e ren t  l i th ic  cons t i t uen t s  within t h e  bolson 

deposi ts  vary  considerably,  even  within a sma l l  a r ea .  Fo r  example ,  six wells in t h e  

southern pa r t  of t h e  Nation's East  Well Quadrangle  (49-07) and t h e  nor thern  p a r t  of 

t h e  Nation's South Well Quadrangle  (49-15) show ranges  in sand con ten t  f r o m  28 t o  69  

pe rcen t  and in c lay  con ten t  f r o m  23 t o  68  percent .  Two wells approximately 1 km 

(0.6 mi) a p a r t  conta in  28 and 68 pe rcen t  sand,  and 69 and 23  pe rcen t  clay,  respect ive-  

ly. All s ix of t hese  wells a r e  within approximate ly  3 km (2 mi) of a l a rge  bedrock 

out l ie r  (approximately 8 km [ 5  m i ]  in d iameter ) .  

No discernible marker  beds or  co r re l a t ive  sequences  were  noted  in t h e  logs of 

t h e  wells. The  lack  of co r re l a t ive  marker  beds  is probably a funct ion  of t h e  s ty l e  of 

deposition within t h e  basin. The bolson fill  was  probably deposi ted by coalescing 

alluvial f ans  wi th  sediments  shed f rom t h e  Hueco Mountains and various bedrock 

outliers.  Corre la t ion  of beds even  within individual f a n s  would be  diff icul t ;  cor re la t ion  

be tween  f ans  would b e  nearly impossible. 
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Figure 7. Percentages of gravel, sand, clay, and bedrock from driller's logs. 



One genera l  sedimentary  p a t t e r n  t h a t  might  b e  expec ted  is a transi t ion f rom 

higher proport ions of sand and gravel  near  t h e  e d g e  of t h e  bolson t o  a higher 

proport ion of c lay  f a r t h e r  within t h e  basin, In f a c t ,  no such pa t t e rn  exists ,  Some of 

t h e  highest clay pe rcen tages  occur  near  outcrops,  whereas  some  of t h e  highest sand 

pe rcen tages  occu r  near  t h e  cen te r  of t h e  basin. Also, i t  was  impossible t o  recognize  a 

l a t e ra l  t ransi t ion f rom alluvial f an  t o  iacus t r ine  deposits.  Most of t h e  a r e a  probably 

conta ins  f luvial  deposi ts  because  of i t s  proximity t o  outcrops.  

Inability t o  c o r r e l a t e  beds be tween wells  in t h e  basin is not  due t o  inaccuracy  of 

logs because  a good corre la t ion  exis t s  be tween  driller" and e l e c t r i c  logs for  e a c h  well, 

Also, driller 's Jogs described by t h e  s a m e  dri l ler  in d i f f e ren t  but  ad j acen t  wells,  which 

should be  most  cons is ten t ,  showed considerable d i f f e rences  in pe rcen tages  of sand and 

clay. The lack of cor re la t ion  is due  t o  t h e  he terogenei ty  of f ac i e s  and not  t o  "she  

qual ify of well-log descriptions. 

Very l i t t l e  hydrologic informat ion  is avai lable for  bedrock s t r a t a  benea th  the  

bolson-fill deposits.  If bedrock is extensively f r a c t u r e d  ad jacen t  t o  t h e  f au l t  zones,  i t  

could be  highly permeable ,  making i t  a more  favorable  reservoir  t han  a r e  basin-fill 

sediments ,  McLean (1970) e s t i m a t e s  t h a t  maximum yields f rom mos t  PaPeoaoic rocks  

a r e  less  t han  100 gal/min,  No informat ion  is ava i lab le  for  rocks  such as t h e  Hueco 

Limestone  and t h e  Ter t ia ry  rocks, but t hese  rocks  might  also be relat ively permeable  

where  f r ac tu red  along f au l t  zones,  However,  dis tr ibut ion of Paleozoic o r  igneous 

rocks in t h e  subsurface  is very poorly known, The  Magdalena Format ion  is exposed in 

most  outcrops  near  hot weils,  bu t  no hydrologic informat ion  is avai lable Ior  t he  

l imestone.  

Adequate  hydrologic informa"ion is unavailable t o  eva lua t e  potent ia l  yields of 

geo the rma l  wells in t h e  area .  Basin-fill s ed imen t s  appear  t o  conta in  suf f ic ien t  coa r se  

f luvial  deposi ts  t o  provide reasonable permeabil i ty;  however,  t ransmissivi t ies  equal  t o  

those  in coarser  deposi ts  ad j acen t  t o  t h e  Franklin Mountains a r e  unlikely, F rac tu red  

bedrock may  also be  suf f ic ien t ly  permeable ,  but  even  less hydrologic informat ion  is 

avai lable on potent ia l  bedrock aquifers ,  

GEOCHEMISTRY 

Comple t e  or  pa r t i a l  geochemical  ana lyses  a r e  ava i lab le  for  many wells in t h e  

a rea ,  including four hot wells. Sources of informat ion  include published anaiyses in t h e  

various hydrologic r epor t s  on t h e  a rea ,  ana lyses  on f i l e  at t h e  Texas  D e p a r m e n t  of 

Water  Resources  and t h e  U.S, Geological Survey, and  new analyses made  during this  

study. Many of t h e  old ana lyses  a r e  incomple te  in t h a t  t hey  do  not  provide values for  



at  leas t  pH, C a ,  Mg, Na, C1, SO4, and HGO7. Many old analyses  also do not  provide 

t empera tu re .  Only t h r e e  of t h e  hot-water  ana lyses  include a l l  t h e  major  cons t i tuents ,  

Also, many of t h e  older  ana lyses  a r e  dri l l -s tem tests f o r  which some  contaminat ion  is 

probable. Some older  analyses also Bisted NO PO4, SiO , Fe ,  F ,  8, or Mn. Samples 3' 2 
co l lec ted  during this  s tudy were  analyzed  for  t e m p e r a t u r e ,  pH, and H C 0 3  in t h e  f ield,  

and f o r  Ca ,  Mg, Na, K, Sr, GI, SO4, NO3, P, 9, F, and S i02  in the laboratory.  Aii 

ava i lab le  ana lyses  a r e  l is ted in appendix B. 

Most of t h e  waters ,  including both the rma l  and  nonthermal ,  a r e  Na-Cl-(SO ,)- 
4 

t ype  wa te r s  (figs, 8 and 9). Hot  wa te r s  a r e  commonly t h e  r iches t  in sodium and 

chloride,  but  the i r  composit ions over lap  with those  of cold ground waters ,  To ta l  

dissolved solids range f r o m  450 t o  abou t  9,0@0 mg/L f o r  nonthermal  wa te r s  and f r o m  

1,140 mg/L (M-11) t o  be tween 8,000 and 9,000 mg/L (49-08-1A and N-11) t o  an  

e s t i m a t e d  12,500 mg/L (N-9) for  t h e  four t he rma l  w a t e r s  t h a t  were  analyzed.  Only 

t w o  nonthermal  w a t e r s  (49- 16- 101 and N-6) contain dissolved solids g r e a t e r  t han  

2,600 mg/L. Weii 49-16-101 is a deep  weli containing warm w a t e r  ( ? J ~ ~ G ) .  Well N-6 i s  

2 km (1,2 mi) west  of t he rma l  weld N-8. Pdo t e m p e r a t u r e  is avai lable,  al though 

presumably i"cs cold,  To ta l  disso%ved solids in t w o  drill-stem t e s t s  f rom d i f f e ren t  

depths  a r e  2,670 and 9,130 mg/L. Thus, t h e  the rma l  and  nonthermal  w a t e r s  in t h e  a r e a  

have similar ionic proportions, However,  mos t  t h e r m a l  w a t e r s  have  high dissolved 

solids, whereas  most  nearby nonthermal  wa te r s  have  lower dissolved solids, 

Comple t e  analyses a r e  avai lable for  t w o  ' thermal wells f rom t h e  Davis D o m e  

a r e a  (M- l l ,  N- 11) and one  f rom Texas  (49-08-1A), Another  t h e r m a l  we21 frorn nea r  

Davis Dome  (N-9) has a par t ia l  analysis.  No analysis of any  kind is avai lable for  t h e  

the rma l  well near  t h e  Texas-New Mexico border (N-8). Thermal  w a t e r s  show a l a rge  

range in dissolved solids, which may  par t ly  r e f l e c t  mixing with cold ground wa te r  o r  

t h e  presence  of m e r e  than  one  pa ren t  t he rma l  wa te r ,  Water  having the  highest 

t e m p e r a t u r e  (N-9; 7 1 ' ~ )  also has t h e  highest  concent ra t ion  of dissoJved solids 

(12,500 mg/L e s t i m a t e d  f rom analysis); wa te r  having t h e  l o w s t  t e m p e r a t u r e  (M-11, 

5 0 ' ~ )  also has t h e  lowest  concent ra t ion  of dissolved solids (1,140 rng/L). Water  f r o m  

we11 N- 1 l is i n t e rmed ia t e  in both t e m p e r a t u r e  and dissolved solids (6i°C,  8,380 mg/L). 

Repor t ed  t e m p e r a t u r e  ( 5 8 " ~ )  and dissolved solids (7,850 mg/L) of  wa te r  frorn weia 

49-08- lA a r e  also in t e rmed ia t e  (Hoffer ,  1978). The  parent  t h e r m a l  w a t e r  for  a l l  t h e s e  

wells may be chemical ly s imilar  t o  and most  like t h a t  in well N-9. However,  t h e  low 

dissolved solids concent ra t ion  in well M- l l  wa te r  could not  simply resul t  f rom mixing 

of  a sal ine pa ren t  wa te r  with cold, d i lu te  ground wa te r .  To lower t h e  dissolved solids 

concent ra t ion  f rom e i ther  8,000 or  12,000 mg/% t o  approximate ly  1,100 mg/L woiild 

requi re  such a la rge  proport ion of even  d i lu te  cold w a t e r  t h a t  a high t e m p e r a t u r e  could 

not  be  maintained.  Mixing of a di lute hot wa te r  wi th  a very sal ine cold wa te r  a l so  
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Figure  8. Tri l inear  d iagram of t h e r m a l  and nonthermal  waters .  

cannot  produce t h e  observed composit ions and t empera tu re s .  Thus t h e  range  in  

concent ra t ions  of dissolved solids canno t  r e f l e c t  mixing a lone  and remains  unex- 

plained. 

The  high dissolved solids concent ra t ions  typica l  of t h e  t h e r m a l  w a t e r s  probably 

resul t  f r o m  one or  more  of t h e  following events:  (1) c o n t a c t  of t h e  w a t e r s  wi th  

evapor i t e  deposi ts  or sha l e  in Pa leozoic  rocks,  ( 2 )  c o n t a c t  wi th  evapor i t e s  in basin fill  

of Hueco Bolson, and ( 3 )  expulsion of sal ine w a t e r s  f rom deep  basin deposits.  The  

l a t t e r  two  explanat ions may b e  r e l a t ed  in t h a t  d e e p  basin w a t e r s  (which may have up 

t o  50,000 mg/L t o t a l  dissolved solids; C l i e t t ,  1969) may  be  sal ine because  t h e y  a r e  in 

c o n t a c t  wi th  evapor i t e s  in t h e  basin. Al terna t ive ly ,  deep  basin w a t e r s  may b e  residual 

brines f o r m e d  during closed-basin deposi t ion in Hueco Bolson. 
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Figure 9. Tota l  dissolved solids and chloride concentrations. 



Uncer ta in t ies  a r e  involved in al l  t h r e e  sources  of  high dissolved solids. Because 

t h e  the rma l  wa te r s  occur  along t h e  east side of Hueco Bolson where  sedimentary  f i l l  is 

general ly thin, t h e  contr ibution of e i the r  evapor i t e s  or  sal ine wa te r s  in t h e  filI should 

be minor, However,  sal ine wa te r  may  r ise f rom deeper  p a r t s  of t h e  basin t o  t h e  west .  

The  distribu"ion of evapori te-bearing Paleozoic  rocks  in t h e  Hueco Mountains, a 

probable recharge  a rea ,  is unclear  because  t h e  Geologic Map of New Mexico (Dane and  

Bachman,  19653 and t h e  El Paso-Van H ~ r n  shee t  of t h e  Geologic At l a s  of Texas  

(Barnes, 1968) do not agree .  The  New Mexico m a p  shows t h e  gypsum and hal i te-  

bearing Yeso Format ion  cropping o u t  approximate ly  25 krn (15 mi) east s f  t h e  

geo the rma l  a r ea ,  whereas  t h e  "Teas m a p  shows Hueco Limestone ,  which conta ins  no  

evapor i tes ,  in t h e  s a m e  a rea ,  The  Texas  m a p  does  show undi f ferent ia ted  Leonardian 

(Permian)  rocks, which may conta in  evapor i tes ,  approximate ly  35  km (2% mi> east of 

t h e  geo the rma l  a r ea .  Because both groups of rocks a r e  younger t han  t h e  Hueco 

Limestone,  which makes  up mos t  of t h e  ou tc rop  in t h e  Hueco Mountains immedia te ly  

ad jacen t  t o  t h e  geo the rma l  a r ea ,  t hey  should not  occu r  in  t h e  subsurface  excep t  

possibly in downfaulted blocks wes t  of t h e  a rea ,  Either  expjanat ion requires t h a t  

r echa rge  wa te r s  moving through evapor i te  deposi ts  t r a v e i  long d is tances  (g rea t e r  tha.n 

25 km [ I 5  m i ] )  through t h e  subsurface  before  reaching  t h e  geo the rma l  a rea .  If 

c irculat ion is m o r e  l imited,  t h e  the rma l  w a t e r s  should c o n t a c t  only nonevapori te  

Pa leozoic  ca rbona te  rocks, Water  f r o m  wells 49-15-6A and 49- 15-6AD, which has  a 

Ca-HGO composit ion,  may be more  r ep resen ta t ive  of wa te r s  t h a t  a r e  in c o n t a c t  
3 

exclusively wi th  such rocks, The origin of t h e  Ca-HCO composit ion could be  
3 

determined wi th  b e t t e r  chemica l  and  isotopic d a t a  and  b e t t e r  knowledge of t h e  

geologic and hydrologic s e t t i ngo  Whatever  t h e  source  of t h e  high dissolved solids, t hey  

p lace  seve re  res t r ic t ions  on t h e  use of the t h e r m a l  waters .  

Most shallow cold wa te r s  in t h e  a r e a  have  Na-Cd-(SO ) compositions, general ly 4 
similar t o  t h e r m a l  wa te r  composit ions in ion proportions, but  considerably lower in  

individual concentra"rons. These  wa te r s  probably acqui re  the i r  dissolved solids during 

relat ively shallow c i rcula t ion  in basin fill, 

Th ree  wa te r s  (49-15-506, 49-15-604, N-3) have  much lower 61 and SO 4 
concent ra t ions  and t h e  lowest  t o t a l  dissolved solids of any  wa te r s  observed. The  

cornpissitions must  r e f l ec t  e i t he r  very  shallow circulat ion or  lack  of c o n t a c t  wi th  

evapori te-bearing basin fiil, Water  in well N-3 i s  perched above  t h e  the rma l  w a t e r  

encountered  In well N-8; t h e  composit ion of wa te r  in well N-7  probably resul t s  f rom 

shallow circulat ion,  Waters  f r o m  wells 49- 6 5-506 and 49- 15-604 a r e  s l ight ly warm 
0 (38' and 33-5 6 ,  respect ively)  and  must  c i r cu la t e  somewha t  deeper  t o  r each  t h e s e  



t empera tu re s .  Both t h e s e  wells a r e  In t h e  southwestern  pa r t  of t h e  a r e a  invest igated,  

Basin fill in this  a r e a  might  never have conta ined  evapor i tes ,  or  t h e  evapor i t e s  might  

have  been flushed by older  g r ~ u n d  wa te r ,  

Waters  f rom wells 49- 15-6A and 49- 15-6AD have  Ca-  HGB composit ions 3 
dist inct ly d i f f e ren t  f rom those  of a i l  t h e  o the r  waters ,  The driller 's log shows t h a t  t h e  

wells produce f rom Paleozoic  limestoone benea th  basin fill and adjacent  t o  igneous rock 

in Hueco Tanks S t a t e  Park ,  Recha rge  t o  t h e  wells may  be through highly fra.ctured 

igneous rock and into t h e  l imestone,  The  d is t inc t ive  wa te r  composit ion probably 

r e f l e c t s  c o n t a c t  wi th  t h e s e  rocks and not  wi th  basin fiil, 

Sa tura t ion  indices for  a var ie ty  of minera ls  were  ca lcula ted  by t h e  computer  

program SOLMNEQ. Table 1 l is ts  s a tu ra t ion  indices for  e ight  common minerals ,  

including fou r  s i l ica minera ls  impor t an t  in geo the rmomet ry ,  Silica sa tura t ion  is 

discussed in t h e  sec t ion  on Geo the rmomet ry ,  Sa tura t ion  indices f o r  ca l c i t e  a r e  

s c a t t e r e d  around zero ,  t h e r e  being about  an  equal  number of ove r sa tu ra t ed  and 

undersa tura ted  waters ,  Most ground wa te r s  a r e  In equidibrium with ca l c i t e ,  T h e  

s c a t t e r  in s a tu ra t ion  indices for  t hese  waxers rn&y indica te  e i t h e r  poor anaiysis or loss 

of GO between sample  col lect ion and analysis.  All waaers, including t h e  t h e r m a l  2 
wate r s  containing a high concenrra t ion  of dissolved solids, a r e  undersat t i rated wi th  

respec t  t o  e i the r  ha l i te  or gypsum, Hal i te  s a tu ra t ion  is unusual even  in t h e  m o s t  

concen t r a t ed  brines; so i t s  lack of s a tu ra t ion  is no; surprlsliag. Lindersaturation wi th  

respec t  "c gypsum probably indica tes  t h a t  (1) t h e  source  rocks for  t h e  t h e r m a l  w a t e r  

conta ined  l i t t l e  gypsum, (2) t n e  the rma l  wa te r s  have  mixed wi th  cold v ~ a t e r s ,  o r  

( 3 )  ca lc i t e  has  prec ip i ta ted  s ince  t h e  w a t e r s  c o n t a c t e d  gypsum, 

GEOTHERMBMETRY 

Therma l  wa te r s  a lmost  invariably lose s o m e  h e a h h e n  they  r ise t o  or  near  xhe 

su r f ace ,  Thus t h e  measured  t e m p e r a t u r e  f o r  t h e  w a t e r s  is a minimum t e m p e r a t u r e ,  

The  maximum t e m p e r a t u r e  may  be  slightly or  significan"sly higher than  t h e  measured  

values. The maximum t e m p e r a t u r e  can  be e s t i m a t e d  f rom t h e  chemica l  composit ion if 

s eve ra l  assumptions a r e  m e t  (Henry, 1979a; Fournier  and o thers ,  19741, In th is  s tudy 

t h e  mos t  impor t an t  assumptions a r e  t h a t  t h e  wa te r s  a r e  in equilibrium with minera ls  

t h a t c o n t r o l  dissolved concenerat ions and t h a t  mixing with nonthermal  wa te r  has no t  

occurred .  Probably ne i ther  of t hese  condit ions is to ta l ly  m e t  by the rma l  w a t e r s  in t h e  

Hueco Tanks a rea ,  



Table  1. Sa tura t ion  indices. 

Well 
Amorphous 

Q u a r t z  Chalcedony a-Cr is tobal i te  s i l ica F luor i te  C a l c i t e  Gypsum Ha l i t e  



The t w o  most  common geo the rmomete r s  a r e  t h e  Na/K or  Na/K/Ca and t h e  s i l ica 

geothermometers .  The Na!K/Ca geo the rmomete r  requires equilibrium wi th  feldspars ,  

a reasonable assumption for  most  rocks. However,  many of t h e  w a t e r s  of this  s tudy 

have been  .in c o n t a c t  wi th  evapor i tes ,  and t h e  Na/K/Ca geo the rmomete r  canno t  b e  

applied t o  them.  Although t e m p e r a t u r e s  have  been  ca l cu la t ed  for  t h e  usable w a t e r  

analyses t h a t  de t e rmine  a l l  t h r e e  ions, t h e  ca lcula ted  t e m p e r a t u r e s  a r e  not  meaning- 

f ul. 

The si l ica geo the rmomete r  requi res  t h a t  t h e  wa te r  b e  in equilibrium wi th  s o m e  

silica mineral ,  commonly qua r t z ,  but equilibrium wi th  m o r e  soluble silica minera ls  

such  as chalcedony or amorphous si l ica has  been  found in some  w a t e r s  (Arnorson, 

1975). Many the rma l  wa te r s  in Trans-Pecos Texas and  Chihuahua appear  t o  be in 

equilibrium with chalcedony (Henry, 1979a). The  S i 0 2  concent ra t ion  of t h e  w a t e r  is a 

function of t e m p e r a t u r e  and t h e  s i l ica minera l  wi th  which t h e  wa te r  is in equilibrium. 

Many workers  a s sume  equilibrium wi th  qua r t z ,  but  equilibrium wi th  q u a r t z  occurs  only 

in very high t e m p e r a t u r e  w a t e r s  (g rea t e r  t h a n  180°C; Arnorson, 1975). Volcanic rocks  

and basin fill  commonly conta in  some  of t h e  more  soluble s i l ica minerals ,  making 

equilibrium wi th  q u a r t z  uncommon. Also, equilibrium at low t e m p e r a t u r e s  is much  

less likely than  at high t empera tu re s .  Waters  t h a t  were  never hot  a r e  unlikely t o  b e  in 

equilibrium; thus,  no geo the rmomete r  would work. No geo the rmomete r  should be  

applied uncriticallly t o  nonthermal  ground water .  

We have ca lcula ted  S i 0 2  t e m p e r a t u r e s  assuming equilibrium wi th  four d i f f e ren t  

s i l ica phases: qua r t z ,  chalcedony,  c r i s tobal i te ,  and amorphous si l ica ( t ab l e  2). We 

bel ieve t h a t  equilibrium wi th  chalcedony is most  likely fo r  t h e  t h r e e  the rma l  w a t e r s  in 

t h e  shallow reservoirs;  t h e  chalcedony t e m p e r a t u r e s  a r e  probably t h e  bes t  e s t i m a t e s  of  

t h e  maximum t e m p e r a t u r e s  of t h e s e  waters .  Thus, t h e  maximum t e m p e r a t u r e  may be  

around 8 0 ' ~ .  If equilibrium is wi th  qua r t z ,  shallow reservoir  t e m p e r a t u r e s  may  be  as 

high as 1 1 0 ° ~ .  

The  l a rge  range  in dissolved solids sugges ts  t h a t  mixing of t he rma l  and  

nonthermal  w a t e r s  has occurred.  The shallow reservoir  sys t em may  be  f e d  by a pa ren t  

t he rma l  wa te r  t h a t  is considerably ho t t e r  t han  any  of t h e  observed waters .  Evidence 

of this  ho t t e r  wa te r  would have been  des t royed during mixing and by loca l  pre-  

c ip i ta t ion ,  especial ly of s i l ica minerals ,  in t h e  shallow reservoir .  Thus t h e  observed 

silica concent ra t ions  may r e f l ec t  only condit ions in t h e  shallow reservoir .  D a t a  t o  

eva lua t e  this  hypothesis or t o  identify a h igh- tempera ture  parent  wa te r  a r e  no t  

available. 

Sepa ra t e  K concent ra t ions  a r e  not avai lable for  any  of t h e  old ana lyses  of hot  

waters ,  and none of t h e s e  wa te r s  can  now b e  sampled.  Therefore ,  i t  was impossible t o  



Tabde 2, Measured and calcubated wa te r  t empera tu re s .  

T e m p e r a t u r e s  B'C) 

Amorphous 
Chalcedony a-Cr is tobal i te  s i l ica Q u a r t z  



ca lcu la t e  any  Na/K or Na/K/Ca t empera tu re s .  The  t e m p e r a t u r e s  probably would not  

have been meaningful  anyway because  t h e  w a t e r s  probably c o n t a c t e d  evapor i tes ,  

Water  f rom a shallow well ad j acen t  t o  hot well N-8 (N-7) has  a relat ively high 

SiQ2 concent ra t ion  and high ca l cu la t ed  t e m p e r a t u r e  e v e n  though i t  is a cold well. The  

high silica concent ra t ion  may  resul t  f rom mixing wi th  hot wa te r  in well N-8. 

However,  well N-7 appea r s  t o  produce f rom a perched w a t e r  t a b l e  above  t h e  t h e r m a l  

wa te r  reached by weld N-8. 

Ca lcu la t ed  t e m p e r a t u r e s  for  a l l  o the r  cold w a t e r s  a r e  uncertain.  Some of t h e s e  

w a t e r s  may be in equiiibrium wi th  one  of t h e  m o r e  soluble silica phases; however, i t  is 

n o t  possible t o  t e l l  f r o m  t h e  avai lable da ta .  Ca lcu la t ed  sa tu ra t ion  indices indica te  

t h a t  most  of t h e  cold w a t e r s  a r e  approximate ly  in equilibrium wi th  chalcedony o r  

alpha-cris tobal i te .  More impor tant ly ,  t h e r e  is ne i ther  geologic nor geochemical  

ev idence  t h a t  any of t h e  cold w a t e r s  were  e v e r  hot. The bes t  e s t i m a t e s  of t he i r  

t e m p e r a t u r e s  a r e  e i the r  measured  t e m p e r a t u r e s  (where  avai lable)  or  a v e r a g e  annual  
0 su r f ace  t e m p e r a t u r e ,  approximate ly  20 C. However,  because  t h e  sa tu ra t ion  indices do  

not  indica te  consistent  equilibrium wi th  e i the r  mineral ,  t h e  w a t e r s  may simply not be 

in equilibrium wi th  any si l ica phase. 

Subsurface t e m p e r a t u r e s  c a n  also be  eva lua t ed  qual i ta t ive ly  by ex-trapolat ing t h e  

t h e r m a l  gradients  de termined by Roy and Taylor (1980). The  highest gradient  t h e y  

observed,  3 0 0 ~ C / k m ,  was  in a 45-m-deep (150-ft)  hole near  well 49-08-1A. Extrapo- 

la t ing  t h a t  gradient  t o  t h e  wa te r  t ab l e  at abou t  152 m (500 f t )  and  assuming a s u r f a c e  

t e m p e r a t u r e  of abou t  2 0 ' ~  give a t e m p e r a t u r e  at t h e  wa te r  t a b l e  of about  6 6 ' ~ .  

This ag rees  fair ly well wi th  t h e  value of 5 8 ' ~  repor ted  by Hoffer  (1978). 

A 380-m (1,000-i t)  hole approximate ly  1 km (0.6 mi)  wes t  of well 49-08-1A had a 

gradient  of 142'C/km, and more  impor tant ly ,  showed t w o  inflect ions in t h e  gradient .  

The  f i r s t ,  at a depth  of abou t  150 m (500 f t )  and a t e m p e r a t u r e  of 50°C, may  mark  t h e  

wa te r  table.  The  second was at t h e  bot tom o f  t h e  hole at a t e m p e r a t u r e  of 65'6. T h e  

lower t e m p e r a t u r e  at t h e  wa te r  t a b l e  (compared  with t h a t  of well 49-08-1A) may b e  

due  t o  mixing of t h e  t h e r m a l  wa te r  wi th  cool  shallow ground wa te r  or t o  conduct ive  

cooling. This would imply t h a t  well 49-08-1A is nea re r  t h e  a c t u a l  source  of hot  water .  

The  second inf lec t ion  m a y  indica te  a change  t o  i so thermal  condit ions below 300 m 

(1,000 f t ) ,  an  impor tant  considerat ion for  de termining  maximum available t empera -  

f ures. 

Two shallow holes, 45 and 50 m (150 and 165 f t )  deep,  near  hc t  well N-8 gave  

gradients  of 175' and  1 5 7 ° ~ / k m ,  respect ively.  Extrapolat ion of  t hese  gradients  t o  t h e  

wa te r  t ab l e  (138 n? 1450 f t ]  in well N-8) gives t e m p e r a t u r e s  of 44' and 42'6. Because 

t h e r e  i s  no recorded t e m p e r a t u r e  f o r  well N-8 ,  no comparison c a n  be  made.  



SUMMARY 

The Hueco Tanks geo the rma l  a r e a  l ies  on t h e  east side of Hueco Bolson, an 

a s y m m e t r i c  graben.  G r e a t e s t  d isp lacement  along boundary faul t s  is on t h e  west  s ide 

ad jacen t  t o  t h e  Franklin Mountains. Faul t s ,  probably wi th  lesser  displacement,  also 

form an i r regular  boundary on t h e  east side of t h e  bolson. We have identif ied severa l  

probable f au l t s  t h a t  may allow t h e  r i se  of t h e r m a l  w a t e r s  f rom depth. The exis tence  

and locat ion of t h e s e  faul t s  need t o  be conf i rmed by geophysical invest igat ions and  by 

drilling. 

Ground wa te r  in t h e  cen t r a l  pa r t  of Hueco Bolson f lows toward  t h e  south  t o  t he  

Rio Grande.  However, four of t h e  f ive  hot wells occur  in a ground-water  t rough a long 

t h e  e a s t e r n  margin of t h e  bolson. The  t rough may  be  bounded by one  of t h e  postulated 

faul t s  serving as a bar r ie r  t o  ground-water flow. Water- table elevat ions,  d i rec t ion  of 

flow, and origin of t h e  t rough also need  t o  b e  evalua ted .  

L i t t l e  detai led informat ion  ex i s t s  on t h e  permeabi l i ty  of possible geo the rma l  

reservoir  rocks, including basin fill  and bedrock benea th  basin fill. By ext rapola t ing  

da t a  f rom outside t h e  a rea ,  i t  c a n  be infer red  t h a t  t h e  permeabil i ty of basin f i l l  and 

f r ac tu red  bedrock may  b e  suf f ic ien t  for  development  of geo the rma l  water .  

The concent ra t ion  of dissolved solids in t h e  geo the rma l  w a t e r s  var ies  f rom 1,100 

t o  at leas t  12,500 mg/L,  but  most  wa te r s  a r e  probably in t h e  higher pa r t  of t h e  range. 

They a r e  Na-CI-(SO ) wate r s  and a r e  s imilar  in composit ion t o  nonthermal  w a t e r s  in 4 
basin fill. The  composit ion probably resul ts  f rom c o n t a c t  of t h e  w a t e r s  with evapor i te  

deposi ts  e i t h e r  in basin fill o r  in Pa leozoic  bedrock. Calcula t ions  using t h e  s i l ica 

geo the rmomete r  suggest  t h a t  shallow reservoirs  r each  maximum t e m p e r a t u r e s  of 

about  80' t o  1 1 0 ' ~ ~  but not much higher. The pa ren t  t h e r m a l  wa te r  may be ho t t e r  

before  mixing with nonthermal  waters ,  but  a lmos t  no d a t a  a r e  avai lable t o  eva lua t e  

th is  hypothesis. 

Geo the rma l  wa te r  in t h e  Hueco Tanks a r e a  could be  a signif icant  resource  

because  of i t s  proximity t o  El Paso. However,  at th is  t i m e ,  d a t a  a r e  too  l imi ted  t o  

eva lua t e  t h e  resource;  even  t h e  most  basic and essent ia l  informat ion  such as the  

maximum t e m p e r a t u r e  and t h e  avai lable quant i ty  of wa te r  is deficient .  To eva lua t e  

t h e  resource  adequate ly ,  a comple t e  explorat ion program, including geological,  hydro- 

logical,  and geochemical  invest igat ion,  will be necessary.  
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Appendix A: Well d a t a  (all e leva t ions  in f ee t ) .  

New Mexico 

Well No. M - 1  M-4  M-5  M-6 M-7 M- 10 M-11 M-12 M-N W 

D a t e  drilled 1956 

1956 

4,109 

502 

None 

None 

D a t e  abandoned 

Eleva t ion  

D e p t h  

Cas ing  ( inches)  

Sc reen  

D e p t h  t o  
w a t e r  level  

Abso lu t e  
w e l eva t ion  
\n of well 

Absolu te  
e l eva t ion  
of s c r e e n  

Absolu te  
w a t e r  level  

Product ion  
(ga l lmin)  

D a t e  of 
informat ion  

Status*" 

*ND= N o  d a t a  

**B = Blocked 0 = Opera t ing  
C = Capped  S = Sanded 

D = Des t royed  U = Unknown 



Appendix A (continued) 

New Mexico 

Well No. N-3 N-4 N-5 N-6 N-7 N-8 N-9 N-10 N-11 

D a t e  drilled 

D a t e  abandoned 

Elevat ion  

D e p t h  

Cas ing  (inches) 

Sc reen  

D e p t h  t o  
w a t e r  leve l  

Absolute 
e leva t ion  
of well 

Absolu te  
e leva t ion  
of s c r e e n  

Absolu te  
w a t e r  leve l  

Product ion  
(ga l lmin)  

D a t e  of 
informat ion  

Status** 

ND No  w a t e r  

1953 

1954? 

4 ,095  

824 

None 

None 

447 

3 , 2 7  1 

3 , 6 4 8  

ND 

1954 

U 

Old 

1 95 0's 

4 ,095  

35 O? 

ND 

ND 

162 

3 , 7 4 5  

ND 

3 , 9 3 3  

18 

1954 

B 

Old 
1900? 

1 95 0's 

4 , 0 9 7  

1 , OOO? 

ND 

ND 

411 (1935) 
453 (1954) 

3 , 0 9 7  

ND 

3 , 6 8 6  
3 , 6 4 4  

ND 

195 4 

B 

1956 

1957 

4 , 1 2 1  

745 

None 

None 

450 

3 , 3 7 6  

3 ,671  

ND 

1958 

D 



Appendix A (continued) 

Texas 

Well No. 49-06-201 49-06-301 49-06-3A 49-06-601 49-06-602 49-07-201 49-07-202 49-07-401 49-07-402 

D a t e  drilled 

D a t e  abandoned 

Elevat ion  

Dep th  

Cas ing  ( inches)  

Sc reen  

D e p t h  t o  
w a t e r  leve l  

Absolu te  
e leva t ion  
of well 

Absolute 
e leva t ion  
of s c r e e n  

Absolu te  
w a t e r  level  

Product ion  
(gal /min) 

D a t e  of 
informat ion  

Status*" 

Old 

1954 

4 , 0 7 3  

400? 

5 

ND 

366 

3 , 6 7 3  

ND 

3 , 7 0 7  

ND 

1958 

D 

Old 

1954 

4 ,074  

400 

5 

ND 

363 

3 ,674 

ND 

3 , 7 1 1  

ND 

1935 

u 

1965 1965 

1965 1965 

4 , 0 6 7  4 ,067  

400? 2 , 4 6 0  

None ND 

None None 

361 No wa te r  



Appendix A (continued) 

Texas  -- 

Well No. 49-07-5A 49-07-801 49-07-802 49-07-803 49-07-804 49-07-901 49-08- 101 49-08- 1A 49-08-4A 

ND Being 
dri l led 

D a t e  drilled 1977 

195 4 ND 1954 

4 ,053  4 ,058  4,300? 4 ,180? 

1 ,000  7 10 1 ,597  ND 

None 12 ND 8 

None 428-688 ND ND 

D a t e  abandoned 1977 

Eleva t ion  4 , 0 7 5  

D e p t h  550 

Cas ing  ( inches)  None 

Sc reen  None  

D e p t h  t o  
w a t e r  leve l  No w a t e r  

W 
00 Absolu te  

e leva t ion  
of well 3 , 5 2 5  

Absolu te  
e l eva t ion  
of s c r e e n  

Absolu te  
w a t e r  level  

Product ion  
(ga l /min)  

D a t e  
of informat ion  1977 

Status*" U 



Appendix A (continued) 

Texas 

Well No. 49-08-501 49-08-601 49-08-603 49-08-6A 49-08-6AD 49-08-703 

D a t e  drilled 1960 ND 1979 

ND 

4 , 3 9 7  4 , 0 5 5  

9150 493 

None 6 

None 400-490 

>450 >364 

D a t e  abandoned 

Elevat ion  4 , 4 6 5  

D e p t h  515 

Cas ing  (inches) 5 

Screen  465-505 

D e p t h  t o  336 
w a t e r  leve l  

Absolu te  
w e levat ion  
Q of well 3 , 9 5 0  

Absolu te  
e leva t ion  
of s c r e e n  3 , 9 6 0  

Absolu te  
w a t e r  leve l  4 , 1 2 9  

Product ion  
(ga l lmin)  50 

D a t e  
of informat ion  1960 

Status*" 0 



Appendix A (continued) 

Texas 

Well No. 49-15-2AD 49-15-301 49-15-302 49-15-5 49-15-506 49-15-601 49-15-6 49-15-6A 49-15-603 

D a t e  drilled 1979 

D a t a  abandoned 

Elevat ion  4 , 0 5 5  

Dep th  500 

Cas ing  (inches) 8 

Sc reen  406-496 

D e p t h  t o  
w a t e r  leve l  370 

Absolute 
e leva t ion  
of well 3 , 5 5 5  

Absolute 
e leva t ion  
of s c r e e n  3 , 5 5 9  

Absolute 
w a t e r  leve l  3 ,690  

Product ion  
(gal/min) ND 

D a t e  
of informat ion  1980 

S t a t  us** C 

Old 

4 , 0 7 5  

500 

12 

ND 

385 

3 , 5 7 5  

ND 

3 ,690  

2 2? 

1980 

C 

Old  

1 95 0's 

4 , 0 1 2  

ND 

8 

ND 

ND 

ND 

ND 

ND 

15 

D 

1953 

1954 

4 , 0 7 3  

1 , 0 1 3  

None 

None 

394 

3 , 0 6 0  

3 ,679  

ND 

1954 

D 

Old 

1976? 

4 , 0 8 3  

1 , 1 0 0  

8 

ND 

600 

2 , 9 8 3  

ND 

3 , 4 8 3  

ND 

1980 

D 

1979 

1979 

4 ,085  

450 

ND 

N D  

None 

3 , 6 3 5  

ND 

1980 

D 



Appendix A (continued) 

Texas 

Well No. 49-15-604 49-16-101 49-16-201 49-16-2 

D a t e  drilled 1979 

D a t a  abandoned 

Elevat ion  4 , 0 7 5  

Dep th  500 

Cas ing  ( inches)  6 

Sc reen  385-395 
480-490 

D e p t h  t o  
w a t e r  leve l  380 

-F 
+ Absolu te  

e leva t ion  
of well 3 , 5 7 5  

Absolu te  
e leva t ion  
of s c r e e n  3 , 5 8 5  

Absolu te  
w a t e r  leve l  3 , 6 9 5  

Product ion  
(gai lmin) 2 5 

D a t e  
of informat ion  1980 

Old 

ND 

4 , 4 4 0  

1 , 3 0 0  

ND 

ND 



Well No. M- 1 

D a t e  --- 

Depth  sampled  
( f t )  44 1 

~ a + - '  27 .0  

N a' 

K +  390 

M ~ + +  2 .4  

Conduct iv i ty  2 , 3 5 0  

T e m p e r a t u r e  (OC) --- 

Tota l  dissolved 
solids 1 , 1 6 0  

Appendix 8. Chemica l  analyses (all  concent ra t ions  in milligrams per  l i ter) .  

New Mexico 

* Dril l -s tem t e s t  



Appendix B (continued) 

N e w  Mexico 

Well No. M-11 

D a t e  

Depth  sampled 
( f t )  

S i 0 2  18.0 

F e  --- 

F 3 . 6  

B --- 

pH 8 . 0  

Conductivity 2 ,050  

Tempera tu re  (o C )  50 

Tota l  dissolved 
solids 1,120 



Appendix B (continued) 

Well No. 49-06-201 

D a t e  3-53" 3-53" 

Dep th  sampled  
( f t )  506-525 707-732 

Conduct iv i ty  2 ,180 5 , 1 6 0  

T e m p e r a t u r e  (o C )  --- --- 

Tota l  dissolved 
solids 1 , 1 6 0  2 , 8 2 0  

Texas 

49-06-601 



Appendix B (continued) 

Texas 

Well No. 49-07-802 

D a t e  

D e p t h  sampled  
( f t )  

Conduct iv i ty  

T e m p e r a t u r e  (0 C )  

To ta l  dissolved 
solids 



Appendix B (continued) 

Texas 

Well No. 49-08-6AD 

D a t e  11-74 

Dep th  sampled  
( f t )  340? 

pH 7 . 4  

Conduct iv i ty  585 

T e m p e r a t u r e  (OC) --- 

Tota l  dissolved 

solids 319 





Appendix C.  (continued) 

S t a t e  well- Knowles and Sayre  and 
numbering Kennedy Livingston Local  

s y s t e m  (1958)  (1 945) n a m e  

--- 
S a n t a  C r u z  Well 

--- 
Old Ponder Well 
Nation's South  Well 

--- 
D e e p  Well 

--- 
--- 

--- 
Mike's Tank  Well 




