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ABSTRACT : 
In te res t  i n  a1 te rna t ive  energy has encouraged the investigation of possible 
geothermal resources i n  Trans Pecos, Texas/New Mexico i n  an area of 
extensive Cenozoic volcanism w i t h  several hot  springs. 

Geochemical analysis of groundwater samples resulted i n  the def ini t ion of 
two major areas o f  geothermal in t e re s t :  the Hueco Bolson i n  northeastern 
El Paso County, and the Presidio Bolson. Regional temperature gradient 
measure- ments a lso supported the existence of anomalies i n  these places,  
and showed another smaller anomaly i n  the Finlay Mountains, Hudspeth 
County . 
Detailed geophysical and geochemical s tudies  were conducted on these three 
t a rge t s ,  yielding the  following conclusions: 

1. The Hueco Bolson contains warm (8OOC) waters which r i s e  along f a u l t s  
t o  near the surface g i v i n g  r i s e  t o  a surface temperature anomaly. The 
water temperature i s  of insuf f ic ien t  magn 
in te res t ing .  

2. The Presidio Bolson appears t o  be underla 

tude t o  be economically 

n by warm waters which 
emanate a t  the surface as hot  springs. Local f a u l t i n g  appears t o  be 
responsible for the water movement. 
temperature resource i s  present a t  exploitable depths. 

Based on our work, no h i g h  

3.  The temperature anomaly investigated i n  the Finlay Mountains is 
localized t o  a Tert iary intrusion. 
controlled and n o t  warm enough t o  be commercially exploitable.  

The heat source is probably f a u l t  



GEOLOGIC SETTING AND REVIEW OF E X I S T I N G  DATA 

TRANS -PECOS TEXAS /NEW M E X I C O  

INTRODUCTION 

Trans-Pecos Texas/New Mexico, as de f i ned  f o r  t he  purposes o f  t h i s  

p r o j e c t ,  i s  comprised of t he  f o l l o w i n g  f i v e  westernmost coun t ies  i n  Texas 

t o  th’e west of the  Pecos R ive r :  1) E l  Paso, 2 )  Hudspeth, 3 )  Cu lber -  
son, 4 )  J e f f  Davis,  and 5 )  P r e s i d i o ,  i n c l u d i n g  a smal l  p o r t i o n  o f  Otero 
County, New Mexico. Two p r o m i s i n g  areas f o r  d i s c o v e r y  o f  geothermal 

resources were t a r g e t e d  f o r  s tudy  i n  t h i s  p r o j e c t :  1) Hueco Bolson i n  the  

v i c i n i t y  of Hueco Tanks and 2)  P r e s i d i o  Bolson (See F igu re  1). 

I n  September, 1975, a s t a t e  supported p r o j e c t  was begun a t  the  U n i v e r s i t y  

o f  Texas a t  E l  Paso t o  l o c a t e  and d e f i n e  areas o f  geothermal p o t e n t i a l  

us ing  geochemical reconnaissance methods. Water samples were c o l l e c t e d  

f rom w e l l s  and spr ings  throughout  Trans-Pecos, Texas. Hof fe r  (19791, u s i n g  
t h e  s i l i c a  geothermometer technique o f  Fourn ie r  and Rowe (1966), i d e n t i f i e d  

seven p o s s i b l e  resource  areas. Of these, t he  most p romis ing  were Hueco 

Tanks and P r e s i d i o  Bolson. 

A para1 l e 1  , f e d e r a l l y  funded geothermal assessment (Henry, 1979a) 

i n v e s t i g a t e d  the  geo log ic  s e t t i n g  and geochemist ry  o f  the  thermal waters o f  
West Texas. The P r e s i d i o  Bolson again appeared the  most f a v o r a b l e  f rom the  

s t a n d p o i n t  o f  geothermal energy, w i t h  p r e d i c t e d  subsur face temperatures as 

h i g h  as 160°C. 

considered a p r i m a r y  t a r g e t  f o r  f u r t h e r  i n v e s t i g a t i o n .  

conc l  uded t h a t  o the r  geochemical anomalies i n  t h e  r e g i o n  were p r o b a b l y  

a r t i f i c i a l l y  produced b y  r e a c t i o n  of groundwater w i t h  near -sur face  

ev apor i t i  es o r  s i  1 i c a - r i  ch vo l  can i c depos i t s  . 

I n  a d d i t i o n ,  t he  Hueco Bolson, near E l  Paso, was 

Henry (1979a) 

The present  p r o j e c t  r e s u l t e d  f rom those ment ioned above. 

was se lec ted  as the  f i r s t  s tudy  area, because of i t s  l o c a t i o n  near the  c i t y  

o f  El Paso, which prov ides  a market f o r  a proven resource  o f  e i t h e r  

The Hueco Bolson 

1 
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e l e c t r i c  grade 0150°C)  o r  low- temperature a p p l i c a t i o n s .  The P r e s i d i o  

Bolson, a l though m r e  encouraging geothermal ly  ( p r e d i c t e d  temperatures 

i n d i c a t e  the  p o s s i b l i l i t y  o f  e l e c t r i c  grade temperature o r  150°C p l u s ) ,  

was s t u d i e d  second because of i t s  l o c a t i o n  i n  an area o f  low p o p u l a t i o n  and 

v e r y  i r r e g u l a r  t e r r a i n .  

P r e l i m i n a r y  u t i l i z a t i o n  s t u d i e s  ( G i l l i l a n d  and Fenner, 1980) funded as p a r t  
of t h e  o r i g i n a l  p r o j e c t  i d e n t i f i e d  f i v e  i n d u s t r i e s  i n  t h e  E l  Paso area 

which c o u l d  b e n e f i t  f rom d i r e c t - h e a t  geothermal a p p l i c a t i o n s .  These 

i n d u s t r i e s  a re  the  f o l l o w i n g :  1) meat packing, 2 )  d a i r y ,  3 )  s o f t - d r i n k  

b o t t l i n g ,  4 )  food canning and 5 )  appare l .  The i n d u s t r y  i n t e r e s t  assumed a 
h o t  water  resource  a t  Hueco Tanks, w i t h  temperatures too  low f o r  

e l e c t r i c i t y  p r o d u c t i o n  b u t  warm enough f o r  use i n  t h e  p a r t i c u l a r  i n d u s t r i a l  

need. Because of i t s  remoteness and s p a r s i t y  of popu la t i on ,  G i l l i l a n d  and 

Fenner ( l980)  concluded t h a t  t he  P r e s i d i o  Bolson resource  would have t o  be 

of e l e c t r i c a l  p r o d u c t i o n  q u a l i t y  t o  be commerc ia l l y  e x p l o i t a b l e .  

D r .  Ch r i s topher  D. Henry and M r .  James K. Gluck completed a s t u d y  o f  t he  

geology and geochemist ry  of t he  Hueco Tanks Geothermal Area as a p o r t i o n  o f  
t h e  a c t i v i t i e s  assoc ia ted  w i t h  t h i s  p r o j e c t .  T h e i r  r e p o r t  has been bound 

s e p a r a t e l y  as a p u b l i c a t i o n  o f  the  Texas Bureau o f  Economic Geology - The 
U n i v e r s i t y  o f  Texas a t  A u s t i n  and i s  i nc luded  i n  t h i s  r e p o r t  i n  sumnary i n  
t h e  f o l l o w i n g  t e x t  and i n  t o t a l i t y  as Attachment 1. A s i m i l a r  s t u d y  b y  
Henry (1979a) i s  re fe renced  h e r e i n  and dea ls  w i t h  t h e  geo log ic  s e t t i n g  and 

geochemist ry  o f  thermal  water  and geothermal assessment o f  Trans-Pecos, 

Texas. 

Area, Texas, I n t e r p r e t e d  f rom G r a v i t y  Data", by Mraz and K e l l e r  (19801, i s  

quoted l i b e r a l l y .  

A t h i r d  p e r t i n e n t  s tudy  e n t i t l e d  " S t r u c t u r e  of t h e  P r e s i d i o  Bolson 

LOCATION OF STUDY AREAS 

The Trans-Pecos Texas/New Mexico s tudy  area i s  l o c a t e d  i n  t h e  v i c i n i t y  o f  

t h e  R io  Grande R i f t .  The R io  Grande R i f t  ex tends from c e n t r a l  Colorado t o  

southern  New Mexico. The R i f t  e x h i b i t s  bo th  topograph ic  and s t r u c t u r a l  

3 



, 

f e a t u r e s  which d i s c r i m i n a t e  i t  f rom the  Basin and Range p r o v i n c e  t o  the 

west and the  Great P l a i n s  p r o v i n c e  t o  the  east-. The R i f t  area i s  

c h a r a c t e r i z e d  by  a h ighe r  heat  f l o w  than i t s  n e i g h b o r i n g  t e c t o n i c  reg ions .  

Hot sp r ings  a long the  r i f t  zone are a man. i fes ta t ion  of t he  a r e a ' s  h i g h  

i n t r i n s i c  heat f l ow .  

The ex tens ion  o f  t h e  R i f t  t o  the  south o f  c e n t r a l  New Mexico i s  n o t  

c e r t a i n .  Hot sp r ings  a c t i v i t y  con t inues  i n t o  c e n t r a l  Mexico and i s  
concent ra ted  near t h e  R io  Grande Va l ley .  The R io  Grande makes an abrupt  

s o u t h e a s t e r l y  swing i n  f a r  West Texas. If t h e  r i v e r  i s  f o l l o w i n g  a 

" s t r u c t u r a l  t rend,"  t h i s  t r e n d  may i n d i c a t e  a more complex t e c t o n i c  regime 

than appears t o  e x i s t  a long t h e  R io  Grande R i f t  o u t s i d e  o f  Texas where the  

R i f t  f o l l o w s  e x i s t i n g  n o r t h - s o u t h  t rends .  

A l ong  h i s t o r y  o f  geolog c a l  a c t i v i t y  i s  represented  i n  the  rocks  o f  

Trans-Pecos Texas. 

Precambrian t o  Recent a1 u v i a l  sediments. Much o f  the  p resen t  landscape i s  

a t t r i b u t e d  t o  a T e r t i a r y  v o l c a n i c  episode, w i t h  accompanying Basin and 

Range f a u l t i n g .  
Henry (1979a1, Dickerson (1980) and Hoffer (1980).  A g e n e r a l i z e d  t e c t o n i c  
map o f  t he  western Trans-Pecos i s  shown i n  F ig .  2. 

Rock ages range f rom the  metamorphics o f  the  

Accounts o f  t h e  geology have been g iven b y  Baker (1934), 

Geophys ica l l y ,  r e l a t i v e l y  l i t t l e  i s  known of t he  Trans-Pecos Texas/New 

Mexico area. The R io  Grande R i f t  t o  the  n o r t h  i s  c h a r a c t e r i z e d  by  h i g h  

heat  f low and e l e c t r i c a l  c o n d u c t i v i t y ,  and g r a v i t y  and se ismic  anomalies. 

A model o f  c r u s t a l  t h i n n i n g  and i n t r u s i o n  has been used by  va r ious  w r i t e r s  

t o  e x p l a i n  these f e a t u r e s  o f  t h e  r i f t  (See Seager and Morgan, 1979). 
However, ex tend ing  t h i s  model southwards i n t o  Trans-Pecos Texas i s  

d i f f i c u l t  and n o t  w e l l  suppor ted.  

The "bas ins"  and "ranges" f o l l o w  a t y p i c a l l y  n o r t h  t o  nor thwest  t rend,  and 

t h e r e  i s  evidence o f  cont inued t e c t o n i c  a c t i v i t y ,  w i t h  recen t  movement 
a long the  T e r i t a r y  bas in  f a u l t s .  Recent u p l i f t  has been noted i n  the  D iab lo  

P l a t e a u  ( R e i l i n g e r  e t  a1 ., 1980), where i n t r a c r u s t a l  magmatic a c t i v i t y  has 
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- tieneral ized tectonics  of  western Trans-Pecos Texas. 
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been p o s t u l a t e d .  The r e g i o n a l  ex tens ion  r e q u i r e d  f o r  f a u l t i n g  and the  

presence of such an e x t e n s i v e  igneous p rov ince  have been d iscussed i n  terms 

o f  p l a t e  t e c t o n i c  models (Barker,  1979; Dickerson, 1980) i n  which the 
v o l c a n i c  rocks  were t h e  r e s u l t  o f  an u p r i s i n g  mant le  d i a p i r ,  t r i g g e r e d  by a 

subduct ing  l i t h o s p h e r i c  p l a t e  f rom the  west. 
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HUECO BOLSON - REGIONAL GEOLOGIC SETTING 

Hueco Bolson i s  an asymmetric graben bordered on t h e  west by  the  F r a n k l i n  

Mountains and on the  eas t  by  the  Hueco Mountains. The F r a n k l i n  Mountains 

a re  made up of Pre-Cambrian and Pa leozo ic  sedimentary and igneous rocks;  

the  Hueco Mountains a re  made up o f  m o s t l y  Upper Pa leozo ic  carbonate and 

c l a s t i c  sedimentary rocks  (See F igures  3 & 4) .  

The f o l l o w i n g  d i scuss ion  o f  t he  Hueco Bolson i s  from Henry and Gluck 

(1980). Hueco Bolson i s  f i l l e d  wi th  up t o  9000 ft. o f  c l a s t i c  sediments 

(es t ima ted  f rom geophysica l  da ta)  a long the  deeper, western s i d e  ad jacent  
t o  t h e  F r a n k l i n  Mountains (Ma t t i ck ,  1967). 

(1935) and M a t t i c k  (1967) p e n e t r a t e d  4900 and 4300 ft. o f  bas in  f i l l .  A 

major  normal f a u l t  w i t h  as much as 18,000 ft o f  d isp lacement  separates t h e  
F r a n k l i n  Mountains f rom Hueco Bolson. I n  c o n t r a s t ,  d isp lacement  on 

boundary f a u l t s  on the  eas te rn  s i d e  may be much less .  Woodard e t  a l .  

(1978) show a bounding f a u l t  a long t h e  eas t  s i d e  of Tu la rosa Bolson b u t  

t e r m i n a t e  i t  approx imate ly  20 km n o r t h  o f  t he  Hueco Tanks s t u d y  area. The 

E l  Paso-Van Horn sheet of t h e  Texas geo log ic  a t l a s  shows no boundary f a u l t s  

on the  eas t  s i d e  o f  Hueco Bolson, a l though seve ra l  f a u l t s  c u t  bedrock a t  

t he  edge of t he  bolson.  

graben w i t h  no f a u l t i n g  a long the  eas t  s i d e  i n  t h e  geothermal p rospec t  area 
a t  Hueco Tanks. The r e s u l t s  o f  t h i s  s t u d y  (d iscussed l a t e r )  show t h a t  

normal f a u l t s  do occur  a long t h e  eas t  s i d e  and some e x h i b i t  Quaternary  

d isp lacement .  A w e l l  approx imate ly  3 km west of t he  i r r e g u l a r  eas te rn  

boundary o f  t h e  Hueco Bolson p e n e t r a t e d  more than 700 m (2380 f t)  o f  bas in  

f i l l .  Thus, Hueco Bolson i s  a c t u a l l y  an asymmetric graben w i t h  l e s s e r  

d isp lacement  and sha l lower  bedrock on t h e  e a s t  than on t h e  west s ide .  

Two t e s t  w e l l s  r e p o r t e d  b y  K i n g  

M a t t i c k  (1967) showed Hueco Bolson as a h a l f  

F i l l  i n  Hueco Bolson i s  composed o f  d e t r i t u s  shed from t h e  ad jacent  

h igh land  areas o f  t h e  F r a n k l i n  and Hueco Mountains. 

boundar ies was depos i ted  i n  a l l u v i a l  fans,  and i s  coarse and r e l a t i v e l y  

permeable. This m a t e r i a l  grades t o  l e s s  coarse m a t e r i a l  inward toward the  

cen te r  of t he  bas in,  where f i n e r  gra ined,  low p e r m e a b i l i t y  sediments 

F i l l  near  t h e  
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i n c l u d i n g  l a c u s t r i n e  d e p o s i t s  ( C l i e t t ,  1969) a re  found. Most o f  t h e  

p resen t  sur face o f  t h e  Bo lson  i s  a d e p o s i t i o n a l  s u r f a c e  on t h e  m idd le  

Q u a t e r n a r y  Camp R i c e  Format ion, which i s  no younger than 0.5 m i l l i o n  years 

(Seager, 1980). Th is  s u r f a c e  has been d i s s e c t e d  a long t h e  R i o  Grande b y  

t r i b u t a r i e s  t o  t h e  r i v e r ;  a d i s t i n c t  e r o s i c i  escarpment separates t h e  

n e a r l y  f l a t  Camp R i c e  Sur face f rom t h e  m r e  rugged, d i s s e c t e d  area a long 

t h e  r i v e r .  

Geothermal waters appear t o  be r e s t r i c t e d  t o  t h e  e a s t  s i d e  o f  Hueco Bolson 
near t h e  Texas-New Mexico border .  I t  i s  p o s s i b l e  t h a t  t h e  waters  may r i s e  

a long i r r e g u l a r  boundary f a u l t s  the re .  



P R E S I D I O  BOLSON-REGIONAL GEOLOGIC S E T T I N G  

The f o l l o w i n g  d i s c u s s i o n  i s  adapted f rom t h e  d i s c u s s i o n  o f  t he  geology o f  

t h e  P r e s i d i o  Bolson i n  Mraz and K e l l e r  (1980).  

The P r e s i d i o  Bolson i s  l o c a t e d  i n  a graben approx ima te l y  70 km l o n g  and 20 

km wide, which begins n o r t h  o f  Candelar ia ,  Texas and extends sou th  o f  

P r e s i d i o ,  Texas ( F i g u r e  5) .  The Bolson may be a p a r t  o f  t h e  southern 

ex tens ion  o f  t he  R io  Grande R i f t  (Seager and Morgan, 1979). The P r e s i d i o  

Bolson i s  t h e  dominant Tec ton ic  f e a t u r e  o f  t h e  area, and i n  a d d i t i o n  t o  

be ing  t h e  most p r o m i s i n g  zone f o r  geothermal e x p l o r a t i o n  i n  West Texas 

(Ho f fe r ,  1978;Henry, 1979a1, t h e  Bolson may be assoc ia ted  w i t h  s i g n i f i c a n t  

m i n e r a l  d e p o s i t s  (McAnulty,  1972). The P r e s i d i o  Graben i s  bounded on t h e  

eas t  b y  t h e  S i e r r a  V i e j a ,  t h e  C h i n a t i  Mountains, and t h e  B o f e c i l l o s  

Mountains.  The Chihuahua Tec ton ic  B e l t  i n  t h e  S t a t e  of Chihuahua, Mexico, 

l i e s  t o  t h e  west o f  t he  graben. The R i o  Grande R i v e r  f l o w s  down t h e  c e n t e r  

o f  t h e  graben. 

I n  t h e  n o r t h e r n  p a r t  o f  P r e s i d i o  County, deep d r i l l i n g  has p e n e t r a t e d  

Precambrian g r a n i t e  and a r k o s i c  sandstone ( B i l  b rey,  1957). These 
Precambrian rocks ,  u n d e r l y i n g  t h e  Cambro-Ordovician B l i s s  Sandstone, a re  

c o r r e l a t e d  w i t h  Precambrian ou tc rops  i n  t h e  Van Horn area t o  the  n o r t h .  

Th is  area was p a r t  of t he  Van Horn m o b i l e  b e l t  t h a t  was i n t e n s e l y  f o l d e d ,  
metamorphosed, and i n t r u d e d  d u r i n g  l a t e  Precambrian t ime  and was t h r u s t  
eastward a g a i n s t  t h e  Texas Craton (Flawn, 1956). Subsequent erosiort  

produced a l o w - r e l i e f  s u r f a c e  g e n t l y  s l o p i n g  t o  t h e  south.  Pa leozo ic  

mar ine sediments were depos i ted  upon t h i s  s h e l f  as t h e  Sauk Sea (Sloss, 
1963) t ransg ressed  f rom t h e  south.  

The bes t  exposure of Pa leozo ic  rocks  i n  t h e  r e g i o n  i s  i n  t h e  S o l i t a r i o  

U p l i f t  where Cambrian th rough  Lower Pennsylvania u n i t s  a re  found. There, 

marine sediments reco rded  a h i s t o r y  of d e p o s i t i o n  on a s t a b l e  c o n t i n e n t a l  
s h e l f  f o r  most of Pa leozo ic  t ime. 

Pennsylvanian b lack  shales and Permian sediments of t h e  Marfa Basin a re  

exposed i n  Laramide a n t i c l i n e s  l o c a t e d  i n  t h e  C h i n a t i  Mountains and P i n t o  

I n  t h e  P r e s i d i o  area, Upper 
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Canyon area ( R i x ,  1953). I n  t h e  P r e s i d i o  area, t h e  Marfa Bas in  was forming 

p robab ly  as a r e s u l t  of l a t e  Pa leozo ic  t e c t o n i s m  assoc ia ted  w i t h  t h e  

Ouachita-Marathon orogenic  b e l t  t o  t h e  southeast .  

The Chihuahua Trough, southwest o f  t h e  s t u d y  area, was f i l l i n g  d u r i n g  t h e  

J u r a s s i c  and Cretaceous Per iods.  J u r a s s i c  e v a p o r i t i e s  were depos i ted  i n  

t h e  Chihuahua Trough, b u t  Comanchean and G u l f  i a n  sediments a re  t h e  o n l y  

Mesozoic rocks  t h a t  have been found i n  t h e  P r e s i d i o  area. These u n i t s ,  
composed o f  f i n e - g r a i n e d  c l a s t i c s ,  l imestones,  and a basal  l imes tone  

conglomerate, i n d i c a t e  a s t a b l e  s h e l f  area l y i n g  between t h e  D i a b l o  

P l a t f o r m  and the  Chihuahua Trough ( D i e t r i c h ,  1965). Th i s  s t a b i l i t y  ended 

w i t h  Laramide t h r u s t i n g  and f o l d i n g  t h a t  formed t h e  Chihuahua T e c t o n i c  

B e l t .  T h r u s t  sheets encountered i n  w e l l s  j u s t  n o r t h  o f  t h e  P r e s i d i o  Graben 

a re  a b u r i e d  subsur face e x t e n s i o n  o f  t h e  Chihuahua T e c t o n i c  B e l t  (Kopp, 

1977).  

The T e r t i a r y  was a t ime  of Basin and Range normal f a u l t i n g  and igneous 

a c t i v i t y  i n  the  P r e s i d i o  area. T e r t i a r y  v o l c a n i c  rocks o r i g i n a t e d  f rom 

numerous e r u p t i v e  cen te rs  i n  a n o r t h w e s t - t r e n d i n g  b e l t  ex tend ing  a long t h e  

boundary r e g i o n  between t h e  D i a b l o  P l a t f o r m  and t h e  Chihuahua T e c t o n i c  B e l t  

(Barker ,  1977). Several  f ea tu res  o f  t h i s  b e l t  ( i n c l u d i n g  t h e  C h i n a t i  

Mounta ins)  have been i n t e r p r e t e d  as r e s u r g e n t  cau ld rons  (McAnulty,  1975). 

I n  t h e  P r e s i d i o  area, e r u p t i o n  began a long t h e  n o r t h e a s t e r n  edge o f  t h e  
S i e r r a  V i e j a  and C h i n a t i  Mountains 30 t o  40 m i l l i o n  years ago ('Hlilson and 

o t h e r s ,  1968) and spread southward t o  t h e  B o f e c i  110s Mountains v o l c a n i c  

c e n t e r  (McKnight, 1970).  Rad iomet r i c  d a t i n g  (Dasch e t .  a1 ., 1969) 

e s t a b l i s h e s  t h e  presence o f  a second e r u p t i v e  phase 18 t o  23 m i l l i o n  yea rs  

ago ( e a r l y  Miocene) and th rough  f i e l d  r e l a t i o n s  dates t h e  i n i t i a t i o n  o f  
normal f a u l t i n g  i n  t h e  graben area ( a l o n g  t h e  R i m  Rock F a u l t  on t h e  e a s t  

s i d e  o f  t h e  P r e s i d i o  Bolson) .  

Normal f a u l t i n g  and i n f i l l i n g  of t h e  bolson (graben)  con t inued  u n t i l  

i n t e g r a t i o n  was accomplished by t h e  R io  Grande ( S t r a i n ,  1970), which was 

c u t  app rox ima te l y  300m i n t o  lake-bed sediments (Groat,  1972). Arroyos have 
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r e v e a l s d  f a u l t s  i n  t h e  bolson g r a v e l s  t h a t  i m p l y  some l a t e  Cenozoic 

inovement a long t h e  Basin and Range t rends .  Th is  movement c o u l d  be r e l a t e d  

t o  t h e  sou the rn  ex tens ion  o f  t h e  R io  Grande R i f t  i n t o  t h e  area. However, 

t h e  ques t i on  o f  t he  n a t u r e  and l o c a t i o n  o f  any ex tens ion  of t h e  R i o  Grande 

R i f t  south o f  E l  Paso, Texas, i s  c o n t r o v e r s i a l  (Seager and Morgan, 1979). 

The e a s t e r n  boundary f a u l t  zone of t he  P r e s i d i o  Graben c o n s i s t s  o f  t h e  R i m  

Rock F a u l t ,  t h e  Cande la r ia  F a u l t ,  and t h e  C h i n a t i  F a u l t .  The R i m  Rock 
F a u l t  o f  t he  S i e r r a  V i e j a  can be t r a c e d  f rom t h e  Van Horn area southward t o  

t h e  C h i n a t i  Mountains. Th is  h igh-angle,  normal f a u l t  i s  downthrown on the  

west. South o f  Candelar ia ,  t h e  f a u l t  b i f u r c a t e s ,  d i s p l a y i n g  o n l y  90 meters 

o f  d isplacement,  a decrease f rom 900 meters observed near t h e  abandoned 

town o f  San Car los .  The Cande la r ia  F a u l t ,  a l s o  downthrown on t h e  west, 

extends f r o m  t h e  south end o f  t h e  S i e r r a  V i e j a  southward t o  P i n t o  Canyon. 
Displacement decreases southward f rom 550 t o  25 in. The C h i n a t i  F a u l t  
Zone, downthrown on t h e  west, separates t h e  C h i n a t i  Mountains f rom the  

P r e s i d i o  Bo1 son. 
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EVALUATION OF GEOTHERMAL GRADIENT MEASUREMENTS 

1"i TRANS-PECOS , TEXAS/NEN M E X I C O  

DATA COLLECTION AND ASSIMILATION 

Temperature measurements were made i n  va r ious  a v a i l a b l e  we1 1s and boreholes 
u s i n g  t h e r m i s t o r  probes a t  s e t  i n t e r v a l s  ( u s u a l l y  5 o r  10m) down t h e  ho le .  

From these measurements, a temperature-depth cu rve  was drawn, and d l e a s t -  

square l i n e  was f i t t e d  through t h e  s t r a i g h t e s t  s e c t i o n .  The s lope  o f  t h e  

l e a s t - s q u a r e  l i n e  gave t h e  geothermal g r a d i e n t .  A d d i t i o n a l  g r a d i e n t s  were 

o b t a i n e d  f rom temperature l o g s  p r o v i d e d  b y  t h e  U.S.G.S., and f rom 
success ive bot tom-hole temperatures g i ven  on geophysica l  logs r u n  i n  deep 

o i l - t e s t s .  I t  i s  recognized t h a t  t h e  accuracy o f  bot tom-hole temperature 

measurements may be ques t i onab le ,  b u t  where t h r e e  o r  more bot tom-hole 

temperatures were a v a i l a b l e  a t  i n c r e a s i n g  depths,  t h e  authors contend t h a t  

a reasonable e s t i m a t e  of t he  deep g r a d i e n t  c o u l d  be achieved. 

I n  cases where o n l y  one deep bot tom-hole temperature e x i s t e d  or a water  

we1 1 ( s h a l l o w )  bot tom-hole temperature was a v a i l a b l e  , a "pseudogradient"  

was d e r i v e d .  The "pseudogradient"  was d e f i n e d  as t h e  d i f f e r e n c e  between 

t h e  bot tom-hole temperature and t h e  mean annual s u r f a c e  temperature,  minus 

a c o r r e c t i o n  f a c t o r ,  d i v i d e d  by  t h e  depth of t h e  w e l l .  The c o r r e c t i o n  

f a c t o r  was ob ta ined  f rom a c o n s i d e r a t i o n  o f  twe lve  w e l l s  t h roughou t  t h e  

r e g i o n ,  f o r  which an accu ra te  " t r u e "  g r a d i e n t  and mean annual s u r f a c e  
temperature were known. Mean annual s u r f a c e  temperatures were t a k e n  from 

t h e  r e c o r d s  o f  t h e  neares t  r e c o r d i n g  weather s t a t i o n  o f  which t h e r e  are 

e igh teen  i n  West Texas. The weather s t a t i o n  l o c a t i o n s  and r e s p e c t i v e  

average annual temperatures a re  shown i n  F i g .  6. 
e x p l a n a t i o n  of t h e  wel l -number ing system used i n  t h i s  p o r t i o n  of t h e  s t u d y  

i s  i n c l u d e d  on t h e  F igu re .  

I n  a d d i t i o n ,  an 

A knowledge o f  t h e  thermal  c o n d u c t i v i t y  i s  needed t o  c a l c u l a t e  heat  f l o w  

s i n c e  heat  f l o w  i s  t h e  p roduc t  o f  t h e  geothermal g r a d i e n t  and c o n d u c t i v i t y .  

A d i v i d e d - b a r  apparatus was used f o r  c o n d u c t i v i t y  d e t e r m i n a t i o n s .  Both 

s o l i d - c o r e  and c u t t i n g s  c o u l d  be accommodated by t h e  t e s t  apparatus.  

Samples were taken f rom t h e  depth i n t e r v a l  over which the  g r a d i e n t  was 

c a l c u l a t e d .  
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EVALUATION OF GEOTHERMAL GRADIENTS 

The g r a d i e n t s  determined as d iscussed e a r l i e r  have been combined t o  produce 

t h e  map i n  F i g .  7. The l o c a t i o n  o f  and ac tua l  g r a d i e n t  va lues ( i n  "C/km) 

a re  shown i n  F i g s .  8, 9, 10 and 11. 
legend a p p l i e s :  

THERML ( T a y l o r ,  19811, 2 )  Open C i r c l e s - g r a d i e n t s  f rom success ive downhole 

measurements i n  o i l  w e l l s ,  3 )  S o l i d  Squares-pseudogradients f rom deep o i l  

w e l l s  u s i n g  PGRAD ( T a y l o r ,  19811, 4 )  Open Squares-pseudogradients from 
s h a l l o w  water w e l l s  u s i n g  PGRAD (Tay lo r ,  1981). Table 1 summarizes t h e  

g r a d i e n t  i n f o r m a t i o n  f o r  t h e  major bas ins o f  Trans-Pecos Texas, and 

ad jacen t  h igh lands  areas where t h e r e  were s u f f i c i e n t  data.  

i s  assigned t o  each area. D e t a i l s  o f  t he  w e l l s ,  w i t h  corresponding 

temperature-depth p l o t s ,  are g iven by'Taylor (1981).  

On t h e  g r a d i e n t  maps, t h e  f o l l o w i n g  

1) S o l i d  C i r c l e s - g r a d i e n t s  f rom temperature l o g s  u s i n g  

A mean g r a d i e n t  

Some b i a s  i s  p resen t  i n  t h e  da ta  s i n c e  most temperature measurements were 

made i n  water w e l l s ,  and a l l  t h e  sha l l ow  pseudogradients  a re  s i t u a t e d  i n  

t h e  bas ins o f  t h e  r e g i o n .  However, s i n c e  l o c a l  geothermal m a n i f e s t a t i o n s  

a re  more l i k e l y  t o  be f a u l t - c o n t r o l l e d ,  t h a t  i s ,  i n  o r  near a b a s i n a l  

s t r u c t u r e ,  t h e  admi t ted  b i a s  toward b a s i n a l  l o c a t i o n  shou ld  n o t  i m p a i r  t h e  

i n t e r p r e t a t i o n s .  

As can be seen f rom F i g .  7, and f rom t h e  mean g r a d i e n t  values i n  Table 1, a 

genera l  t r e n d  o f  h ighe r  g r a d i e n t s  occurs i n  t h e  west o f  t h e  reg ion ,  towards 
t h e  R i o  Grande, r o u g h l y  p a r a l l e l i n g  t h e  course of t h e  r i v e r .  Th i s  w e s t e r l y  

l o c a t i o n ,  p a r a l l e l i n g  t h e  R io  Grande, p r o b a b l y  has some t e c t o n i c  

s i g n i f i c a n c e .  
g r a d i e n t s  f rom deep o i l  t e s t s ,  was thought  t o  i d e n t i f y  t h e  t r a n s i t i o n  

between t h e  Great  P l a i n s  and Basin and Range p rov inces .  

A s i m i l a r  obse rva t i on  b y  Henry (1979a), based on es t ima ted  

Some impor tan t  f e a t u r e s  a re  exam 

(1) Hueco Bolson ( F i g .  7) :  

The n o r t h e r n  Hueco Bolson (in El 
Tanks e x h i b i t s  a h i g h  g r a d i e n t .  

ned i n  t h e  f o l l o w i n g  paragraphs: 

Paso County) i n  t h e  v i c i n i t y  o f  Hueco 

Two o t h e r  h i g h e r  g r a d i e n t  areas appear, 

one t o  the  southwest o f  t h e  Hueco Mountains and t h e  o t h e r  i n  t h e  F i n l a y  

Mountains a t  t h e  southeastern end o f  t he  bolson, m o s t l y  i n  E l  Paso County. 
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Figure 9 - Gradients in the southern S a l t  Basin, Michigan 
Flat  a n d  Lobo Valley, oC/Km. 
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Figure 10 - Gradients in Eagle F la t ,  Green River Valley, Red Light 
Draw and adjacent Rio Grande Valley, OC/Km.  
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Figure 1 1  - Gradients i n  Southern Presidio Bolson and adjacent 
areas ,  (nor th)  O C / h .  
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Table 1 - Summary of geothermal gradient data for West Texas 

Area N u m b e r  o f  g r a d i e n t s :  
Measured Measured P'grad. P'grad. Mean 
grad. grad. (shallow) (deep) value 
(shallow) (deep,oil) ("C/km) 

Hueco Bolson 
Diablo Plateau 
Eagle  Flat 
Red Light D r a w  
Green River Valley 
Salt Basin (North) 
Delaware Mountains 
Salt Basin (South) 
Michigan Flat 
Lobo Flat 
Ryan Flat 
Marfa Plateau 
Sierra Vieja 
Presidio Bolson 

18 
4 
4 
3 
1 
1 

1 
2 
1 

14 
1 

1 2  

6 
2 

1 2  

34 
2 
9 

1 2  
8 

1 3  
1 

28  

5 
20 

4 
1 
4 
11 

4 9  
1 9  
8 9  
4 2  
2 7  
1 9  
1 9  
22 
28 
35 
38 
2 2  
46  
6 3  

Totals: 89 2 4  152 1 6  

Note: "P' grad" = pseudogradient. 
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( 2 )  S a l t  Basin ( F i g s .  8, 9 ) :  
Desp i te  t h e  evidence f o r  r e c e n t  t e c t o n i c  movements ( R e i l i n g e r  e t  al. ,  1980) 

i n  t h e  S a l t  Basin area, t h e r e  appears t o  be no thermal m a n i f e s t a t i o n ,  w i t h  

g r a d i e n t s  be ing  "normal"  f o r  t h e  Great P l a i n s  p rov ince .  Two smal l  areas o f  
s l i g h t l y  e l e v a t e d  g r a d i e n t s  correspond t o  h e a v i l y  i r r i g a t e d  land,  where the  

s u r f a c e  temperature i s  a r t i f i c i a l l y  lowered thus p roduc ing  a h i g h e r  

g r a d i e n t .  

( 3 )  F i n l a y  Mountains ( F i g .  10): 
Measurements i n  two ho les  y i e l d e d  h i g h e r  than normal g r a d i e n t s  (80°C/km 

and 48"C/km). The h i g h e r  of these was i n  an o l d  m i n e r a l  e x p l o r a t i o n  
d r i l l - h o l e  which encountered a d i o r i t i c  i n t r u s i o n .  The cause o f  t h e  

e l e v a t e d  g r a d i e n t  i s  n o t  known, b u t  p robab ly  i n v o l v e s  a c o n v e c t i v e  system. 

( 4 )  Eagle F l a t  (F ig .10) :  

A west -nor thwest  t r e n d i n g  f a u l t - c o n t r o l l e d  convec t i ve  system appears t o  be 

r e s p o n s i b l e  f o r  t h e  e l e v a t e d  g r a d i e n t s  near Al lamoore, i n  Eagle F l a t .  The 
p a r t i c u l a r l y  h i g h  values occur i n  a much l a r g e r  l ow-g rad ien t  zone o f  t h e  
same t rend ,  r u n n i n g  f rom eas t  of Van Horn t o  t h e  F i n l a y  Mountains. A l o c a l  

w e l l  d r i l l e d  by  t h e  Southern P a c i f i c  R a i l r o a d  i n  1907 encountered h o t  water 

(maximum temperature of 40"C, accord ing t o  Henry, 1979a). The g r a d i e n t  i n  

t h i s  s t u d y  was found t o  be 115'C/Km (measured a f t e r  t h e  w e l l  pump had been 
i n o p e r a t i v e  f o r  some months). 
ho les were l o c a t e d  on e i t h e r  s i d e  of t he  " h o t  w e l l " ,  and those s t i l l  

a c c e s s i b l e  i n  1979 i n d i c a t e d  a r a p i d  decrease i n  g r a d i e n t  t o  t h e  n o r t h  and 

south.  

A s e r i e s  of commerc ia l ly  d r i l l e d  g r a d i e n t  

A r e s i s t i v i t y - s o u n d i n g  p r o f i l e  t r e n d i n g  south from Al lamoore (Gates e t  a1 ., 
1978) r e v e a l e d  a major normal f a u l t ,  w i t h  a v e r t i c a l  d isp lacement  o f  some 

1500m j u s t  t o  the  n o r t h  of t h e  "ho t  w e l l " .  Th i s  f a u l t  has been i n t e r p r e t e d  

b y  W i l e y  (1970), based on g r a v i t y  data,  as t h e  ex tens ion  o f  t h e  R i m  Rock 

F a u l t .  The f a u l t  t rends  from r o u g h l y  no r th -sou th  t o  west-northwest i n  

o r i e n t a t i o n .  

Groundwater i n  the  area i s  low i n  d i s s o l v e d  s o l i d s  w i t h  t h e  I lhot t1 w e l l  

hav ing l e s s  than 500ppm (Whi te  e t  a1 ., 1978). The r e s i s t i v i t y  d a t a  (Gates 
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e t  a l . ,  1378) g i v e  l i t t l e  i n d i c a t i o n  o f  a p o t e n t i a l  geothermal f l u i d  i n  t h e  

subsur face,  
are c o n s i d e r a b l y  lower ,  b o l s t e r i n g  t h e  a s s e r t i o n  t h a t  t h e  h i g h  g r a d i e n t  
va lues a re  caused by  t h e  u p r i s e  of waters from depth,  a long t h e  f a u l t  zone. 

Thermal g r a d i e n t s  i n  w e l l s  t o  the  southeast  o f  t h e  ' 'hot "  w e l l  

( 5 )  Mich igan F l a t  ( F i g .  9 ) :  

Wi th  one exep t ion ,  t h e  g r a d i e n t s  i n  t h e  Mich igan F l a t  area are comparable 

w i t h  those i n  t h e  ad jacen t  S a l t  Basin,  t o  the  n o r t h .  The excep t ion  i s  t h e  

o l d  " A l k a s e l t z e r "  ( o r  "Su lphu r " )  Ne11 s i t u a t e d  j u s t  t o  t h e  e a s t  o f  t h e  East 

N y l l i e  F a u l t  (Hay-Roe, 1957). The temperature g r a d i e n t  l o g  f o r  
" A l k a s e l t z e r "  y i e l d e d  90"C/Kn. 

a i r ,  b u t  i s  nonetheless anomalous. Y i t h o t i t  f u r t h e r  da ta  t o  e i t h e r  suppor t  

o r  d i s c r e d i t  t h e  measurement, t h e  h i g h  va lue d e f i e s  e x p l a n a t i o n .  From t h e  

name, " A l k a s e l t z e r N ,  i t  i s  assumed t h a t  t he  water ob ta ined  f rom t h e  w e l l  

was o r i g i n a l l y  e f f e r v e s c e n t  ( o r  su lphurous) ,  p o s s i b l y  due t o  some chemical  
r e a c t i o n  i n  t h e  u n d e r l y i n g  l imes tone  ( r e p o r t e d  a t  a depth o f  o n l y  20 f t  i n  

White e t  a1 ., 1978) 

Th is  g r a d i e n t  was determined i n  120m o f  

R e s i s t i v i t y  soundings i n  Mich igan F l a t  (Gates e t  a l . ,  1978) i n d i c a t e  

h i g h - r e s i s t i v i t y  l imes tone  and unsa tu ra ted  a l l u v i u m ,  g i v i n g  no c l u e  t o  a 

mechanism f o r  t h e  one h i g h  thermal  g r a d i e n t .  

(6) Red L i g h t  Draw ( F i g .  10 ) :  
Grad ien ts  a re  f a i r l y  h i g h  i n  Red L i g h t  Draw, i n c r e a s i n g  c o n s i d e r a b l y  

towards t h e  R io  Grande V a l l e y  t o  the  south. A t h i n  s e c t i o n  o f  b a s i n - f i l l  

o v e r l i e s  v o l c a n i c  rocks  on t h e  west s i d e  o f  t h e  draw, w i t h  a t h i c k e r  

s e c t i o n ,  down-dropped by  f a u l t s ,  found t o  t h e  eas t .  R e s i s t i v i t y  d a t a  

(Gates e t  a1 ., 1978) show a marked i n c r e a s e  i n  depth o f  a l l u v i u m  t o  t h e  

south,  r e a c h i n g  1200m. 

g r a d i e n t s  has a r e s i s t i v i t y  of l e s s  than 5 ohm-m, i n d i c a t i n g  t h e  presence 
o f  s a l i n e ,  and p o s s i b l y  h o t  water .  

The m a t e r i a l  i n  t h e  area o f  h i g h e s t  thermal 

A t  I n d i a n  H o t  Spr ings r e s o r t ,  near t h e  R i o  Grande, h o t  water i ssues  from 

sha l l ow  w e l l s  dug i n  the  r i v e r  a l l u v i u m  near t h e  t r a c e  of t h e  
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nor th -no r thwes t  t r e n d i n g  Caba l l o  F a u l t  (Henry, 1973a). Reaser e t  a l . ,  

(1975) proposed an igneous body a t  depth as a p r i m a r y  heat  source, w i t h  t h e  

f a u l t  system p r o v i d i n g  c o n d u i t s  t o  the  su r face .  A s i m i l a r  mechanism c o u l d  

be a c t i v e  i n  Red L i g h t  Draw, w i t h  t h e  f a u l t ,  i n f e r r e d  f rom t h e  r e s i s t i v i t y  

soundings, b u r i e d  beneath bas in  f i l l .  

( 6 )  Nor the rn  P r e s i d i o  Bolson; S i e r r a  V i e j a  ( R i m  Rock County) ( F i g .  9): 
The g r a d i e n t  anomaly i n  the  n o r t h e r n  p a r t  o f  t h e  S i e r r a  V i e j a  i s  o f  

q u e s t i o n a b l e  a u t h e n t i c i t y ,  be ing  based on t h r e e  d a t a  p o i n t s ,  two o f  which 

a re  sha l l ow  pseudogradients .  

o t h e r s .  The 37"C/Km i s  d e r i v e d  f rom two downhole temperature measurements 

i n  an o i l  t e s t  ( G u l f ,  F i r s t  N a t i o n a l  Bank o f  F o r t  Worth, T rus tee  S t a t e  "F"  

# l ) .  The temperature a t  11,688 ft (bot tom h o l e )  was 305OF (15Z°C), t h e  

h i g h e s t  temperature found i n  t h e  r e g i o n  i n  t h e  p resen t  s tudy.  
temperature i s  t oo  low f o r  t h e  g i ven  depths t o  be o f  commercial i n t e r e s t .  

The t h i r d  p o i n t  lends some c r e d i b i l i t y  t o  t h e  

Th is  

Grad ien ts  as h i g h  as 58"C/Km have been measured i n  t h e  southern R i m  Rock 

Country.  Two o i l  t e s t s  d r i l l e d  b y  G u l f  O i l  I n c .  produce a r t e s i a n  h o t  water 

w i t h  temperatures o f  72°C ( f r o m  95811) and 69°C ( f r o m  874m), r e s p e c t i v e l y .  

( 7 )  V a l e n t i n e  V a l l e y  (Ryan F l a t )  ( F i g .  11) 
A zone o f  i n t e r m e d i a t e  geothermal g r a d i e n t s  o f  up t o  75"C/Km occurs i n  

Ryan F l a t ,  t h e  southern l i m i t  o f  t he  S a l t  Bas in d ra inage  area t o  t h e  

southwest o f  t h e  smal l  town of Va len t i ne .  Data f rom twen ty - fou r  l o c a t i o n s  

i n  t h e  v i c i n i t y  o f  Ryan F l a t  c o n s t r a i n  t h e  anomaly f a i r l y  w e l l .  

Gates e t  a1.(1978) showed t h e  V a l e n t i n e  V a l l e y ,  which i s  e x h i b i t e d  as a 

g r a v i t y  low (Cover t ,  1976; Mraz, 1977), c o n t a i n s  v a r y i n g  t h i c k n e s s  o f  

a l l u v i u m  and in te rbedded  v o l c a n i c  f lows and t u f f s .  A t  i t s  deepest p o i n t ,  

i n  a n o r t h - s o u t h  t r e n d i n g  e longa te  t rough  near Va len t i ne ,  t h e  a l l u v i u m  and 

in te rbedded  f l o w s  and t u f f s  reach over 1 km i n  th i ckness .  
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F i g .  12 i s  a two d imensional  r e p r e s e n t a t i o n  o f  t h e  th ree-d imens iona l  

temperature regime south  of Va len t i ne .  The temperature-depth l o g s  a re  
shown i n  t h e i r  r e l a t i v e  a r e a l  p o s i t i o n s .  Each l o g  i s  d r a m  w i t h  t h e  same 

temperature and depth sca les .  The i n s e t  a t  t o p  r i g h t  shows t h e  l o c a t i o n  o f  

t h e  boreho les .  A severe temperature f l u c t u a t i o n  i s  seen i n  severa l  o f  t h e  
l ogs .  The f l u c t u a t i o n  i s  i n t e r p r e t e d  as a convec t i ve  c e l l  produced by 
u p r i s e  of w a r m  water  i n  a f a u l t  zone. The top  o f  t h e  c e l l  p robab ly  occurs 

where t h e  water  f l o w s  o u t  of vo l can ics  i n t o  t h e  o v e r l y i n g  g rave l  (as 

ev idenced b y  e l e c t r i c a l  soundings 46,  49, 50, and 51 i n  F i g  3e of Gates e t  

a1 ., 1978). Th is  ou t f l ow  causes a marked drop i n  temperature over  a smal l  
v e r t i c a l  d i s t a n c e .  The f a u l t  appears t o  be normal, downdropped t o  t h e  

west, and a p p a r e n t l y  o r i e n t e d  a l i t t l e  west o f  north-. The f a u l t  m igh t  be 

an unexposed nor thward  c o n t i n u a t i o n  of t h e  f a u l t  a long t h e  Cuesta d e l  

Burro,  a few k i l o m e t e r s  t o  t h e  south.  A c t i v i t y  a long f a u l t  t rends  i n  t h i s  
area i s  known, as evidenced b y  t h e  V a l e n t i n e  earthquakes o f  1931 and 1955 
(Sanford and Toppozada, 1974; Dumas, 1983). A l o c a l l y  a c t i v e  f a u l t  system 

c o u l d  p r o v i d e  a c o n d u i t  f o r  t h e  observed h o t  water  t o  reach t h e  near  

su r f  ace. 

I t  i s  u n l i k e l y  t h a t  a geothermal resource  of any magnitude e x i s t s  i n  t h e  

immediate v i c i n i t y  o f  Ryan F l a t .  Water a t  47°C has been encountered i n  

one i r r i g a t i o n  w e l l  , b u t  a convec t i ve  system appears t o  be r e s p o n s i b l e  f o r  

t h e  occur rence o f  warm water  a t  sha l l ow  depths. The somewhat e l e v a t e d  
g r a d i e n t s  a re  p robab ly  a r e f l e c t i o n  of t h e  suspected convec t i ve  system. 

( 9 )  P r e s i d i o  Bolson (Fig.11, 13): 

A l a r g e  r e g i o n  of e l e v a t e d  g r a d i e n t s  occurs i n  western P r e s i d i o  County 

allsng t h e  R i o  Grande and ad jacent  p a r t s  o f  t h e  P r e s i d i o  Bolson. 
i s  a deep graben, some 70km n o r t h  t o  south  b y  about 20km e a s t  t o  west. 

G r a v i t y  model ing has determined t h e  maximum th i ckness  o f  f i l l  t o  be g r e a t e r  

than 1.5km (Mraz, 1977).  

The bolson 
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Figure 1 2  - Thermal gradients in the v i c in i ty  of Valentine, Texas 
(All axes have same valves as Graph 5 )  
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areas, ( sou th )  O C / K m .  
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Thermal g r a d i e n t s  a re  h i g h e s t  i n  t h e  area near Ruidosa Hot Spr ings,  

p robab ly  p a r t l y  due t o  convec t ion  a long t h e  eas te rn  boundary f a u l t s .  

l i k e l y  t h a t  a h i g h  g r a d i e n t  zone e x i s t s  across t h e  R io  Grande i n  Mexico, 

where Ojos  C a l i e n t e s  d ischarges  water a t  89°C near t h e  western boundary 

f a u l t .  
o u t  a h i g h  g r a d i e n t  zone between t h e  Ruidosa Hot Spr ings  and t h e  O j o s  

Ca l i en tes  Hot Spr ings .  

ho t  sp r ings  a l s o  i s  n o t  s u p p o r t i v e  of a gene t i c  r e l a t i o n s h i p  betwen t h e  two 

sp r ings .  

I t  i s  

The 50m g r a d i e n t  h o l e  d r i l l e d  near Ruidosa (42"C/Km) seems t o  r u l e  

The d i f f e r e n c e  i n  water  chemis t r y  between t h e  two 

I t  i s  p robab le  t h a t  a l a r g e  area o f  t he  P r e s i d i o  Bolson i s  u n d e r l a i n  by  
w a r m  b u t  n o t  ho t  waters ,  a l though i n d i c a t i o n s  are  t h a t  t h e  warmest p a r t  i s  

t h e  n o r t h e r n  s e c t i o n ,  ex tend ing  from Cande lar ia  some 35 km southwards. 

R e s i s t i v i t y  soundings (Gates e t  a l . ,  1978) have shown t h e  presence o f  an 
ex tens i ve  low r e s i s t i v i t y  ( l e s s  than 5 ohm-m) body i n  t h i s  area, 
i n t e r p r e t e d  as "a1 l uv ium"  c o n t a i n i n g  modera te ly  s a l i n e  water .  Th is  

a l l u v i u m ,  o r  "bo lson f i l l " ,  i s  in te rbedded w i t h  ca l ce rous  and s i l i c e o u s  

m a t e r i a l  i n  t h e  n o r t h e r n  bolson,  which l e d  Groat  (1972) t o  suggest t h e  

ex i s tence  o f  an o l d  l a k e  occupying t h e  bas in .  
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DISCUSS I O N  OF HEAT FLOW MEASUREMENTS 

Heat f low d a t a  i n  West Texas a re  sparse, b u t  t h e  l i m i t e d  i n f o r m a t i o n  

suppor ts  t h e  i d e a  t h a t  West Texas i s  a t r a n s i t i o n  zone between t h e  Great  

P l a i n s  and Basin and Range Prov inces .  H e r r i n  and C la rk  (1956)  determined 

heat  f lows i n  t h e  Permian Basin o i l f i e l d s  t o  be 1.1 Heat F l o w  U n i t s  , 
t y p i c a l  of t h e  Great P l a i n s .  Three values p u b l i s h e d  by Decker and Smithson 

(1975) showed an inc rease  t o  the  west, t o  a maximum o f  2.0 H.F.U. i n  

n o r t h e r n  Hudspeth County, s i g n i f y i n g  a Basin and Range heat  f l ow .  

p u b l i s h e d  measurements i n c l u d e  a 1.3 H.F.U. i n  B i g  Bend N a t i o n a l  Park 

(Swanberg and H e r r i n ,  1976),  1.5 H.F.U. near B i g  Bend and an anomalously 
low 0.6 heat  f l o w  i n  Chihuahua, about 60 Km west of t h e  border  town o f  

P r e s i d i o .  

1 

Other 

Dur ing  t h e  course o f  t h e  p resen t  s tudy,  16 new heat  f l ow  values were 

determined i n  t h e  f i v e  westernmost c o u n t i e s  o f  Texas. These new 

measurements can be c l a s s i f i e d  i n t o  two c a t e g o r i e s  as f o l l o w s :  

I - F i r s t - o r d e r  heat f l o w  measurements f o r  which co re  o r  c u t t i n g s  f rom 

known depths ( f o r  c o n d u c t i v i t y  purposes) were a v a i l a b l e  d i r e c t l y  f r o m  

t h e  p u r p o s e f u l l y  d r i l l e d  holes.  F i v e  f i r s t - o r d e r  measurements were 

made, of which t h r e e  were i n  ho les  d r i l l e d  f o r  t h i s  s tudy.  
I I -  Second-order heat f l o w  measurements. In these, either cutting samples 

f o r  c o n d u c t i v i t y  d e t e r m i n a t i o n s  were taken f rom t h e  c u t t i n g  p i l e  which 

c o l l e c t e d  near t h e  t o p  of a h o l e  d u r i n g  d r i l l i n g ,  o r  t h e  c o n d u c t i v i t y  

was es t ima ted  from sacnples c o l l e c t e d  a t  nearby ou tc rops .  

second-order measurements were made. 
Eleven 

'Heat Flow U n i t  (H.F.U.) = c a l o r i e s  cm-' sec-' 
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The heat  f l o w  r e s u l t s  a re  shown i n  Tables 2 and 3, w i t h  a sumnary o f  t he  

g e o l o g i c a l  s e t t i n g s  i n  Table 4. F i g .  14 i s  a heat  f l ow  map o f  West Texas 

which u t i l i z e s  a l l  p r e - e x i s t i n g  and new measurements. On t h e  map t h e  areas 

over 2.5 H.F.U. and those areas between 2.0 and 2.5 H.F.U. a re  shaded 

d i f f e r e n t l y  f o r  c l a r i t y .  The values i n  t h e  b r a c k e t s  a re  anomalous, and i n  

t h e  case o f  t h e  Hueco Tanks, have n o t  been used t o  d e f i n e  t h e  shaded areas. 
F i r s t -  o rde r  heat  f l o w s  are i n d i c a t e d  by  u n d e r l i n i n g .  Temperature-depth 

and g r a d i e n t - d e p t h  p l o t s  f o r  each h o l e  measured p r i o r  t o  1981 may be found 

i n  Tay lo r  (1981); d a t a  f o r  ho les  d r i l l e d  s i n c e  February 1981 a re  found i n  
Appendix I .  The e a r l i e r  measurements were d iscussed i n  m r e  d e t a i l  b y  

T a y l o r  ( 1981 ) . 

The l a r g e  area of h i g h  heat  f low ex tend ing  southeast  through E l  Paso and 

Hudspeth Count ies i s  f a i r l y  w e l l  d e f i n e d  on t h e  e a s t e r n  boundary, b u t  t h e  
western boundary and i n t e r n a l  c o n d i t i o n s  a re  n o t  w e l l  known. The 

anomalously h i g h  measurement o f  9.3 H.F.U. a t  Hueco Tanks shou ld  now be 
d i scoun ted  because o f  t h e  evidence f o r  c o n v e c t i v e  c i r c u l a t i o n  found i n  

subsequent s t u d i e s ,  (See F i g u r e  14) .  The 4.6 H.F.U. i n  t h e  F i n l a y  

Mountains i s  thought  t o  be v a l i d  and remain a l i k e l y  t a r g e t  f o r  f u r t h e r  

e x p l o r a t i o n .  The 2+ H.F.U. r e g i o n  i s  c h a r a c t e r i s t i c  of t h e  R i o  Grande 

R i f t / B a s i n  and Range as d e f i n e d  by  R e i t e r  e t  a l .  (1975) and Swanberg and 

Morgan (1978).  Lack o f  da ta  i n  t h e  i n t e r i o r  of t h e  anomaly and ad jacen t  

Mexico p rec ludes  f u r t h e r  i n t e r p r e t a t i o n .  

The second f e a t u r e  o f  importance i s  t h e  h i g h  heat  f l o w  area i n  P r e s i d i o  

County. 
c o n s i s t e n t  i n  d e f i n i n g  an anomalous zone. I t i s  p robab le  t h a t  s i m i l a r  h i g h  

heat  f l o w  va lues e x i s t  i n  n e i g h b o r i n g  Mexico, s i n c e  t h i s  n o r t h e r n  p a r t  o f  

t h e  P r e s i d i o  Bolson has a number of h o t  s p r i n g s  on bo th  s ides  o f  t h e  R io  

Grande. 

A l though based on second-order measurements, t h e  d a t a  a re  
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Table 2 - First-order heat flow measurements, western Trans-Pecos. 
Hole no. Longitude/ Elevation Depth interval Gradient Mean K Heat flow Ref, 

latitude (m) (m 1 ("C/km) (TCU) (HFU) 
uncor. cor+* 

UTEP- 1 106"30'33" 1210 80 - 115'k 32.6 5.98(a) 1.96 1.97(1) 

HT-12 106 " 06 0 5" 
31 "59 '  30" 

PSH-1 lOS"23'30" 1280 30 - 60'k 15.3 7.86(a) 1.20 --(I11 

31"46'36" (7) - +.02 - t.02 
6.89(b) 9.36 9.27 J.Navar 1264 180 - 260* 134.6 
(12) +.14 +.14 - - 

31"42'30" (11) - +.01 
r) VHC-1 104 "47 ' 30" 1206 50 - 110 17.9 10.94(a) 1.95 1.96 City 
r )  

+.04 + . 0 4  of 
31"04'20" 120 - 180 16.0 11.67(a) 1.84 1.84 Van 

+.OS +.05 Horn 

(7) - - 

(6) - - 
v- 3 104"26'32" 1382 110 - 340 25.9 4.54(a) 1.18 -- C.  KOV- 

anda 30"32'15" (12) - +.lo 

Notes:** - terrain corrected 
* - mostly above water table 

(a) - cuttings 
(b)  - core 
I - reduced heat flow, 1.82 HFU 
11 - reduced heat flow, 0.58 HFU 
(7) - number of conductivity measurements 



Table 3 - Second-order heat flow measurements, western Trans-Pecos Texas. 

Hole no. Longitude/ Elevation Depth interval Gradient K Heat flow Ref. 
latitude (m) (m) ("C/km) (TCU) (HFU) 

Limited conductivity: 
FM- 1 1 0 5  "37 '08"  1415 30 - 130* 79.5 5 . 9 8  4 .77  S. Wilkey , 

OP-4 1 0 4  " 30 ' 00" 1 3 7 2  20 - 60* 2 7 . 8  8.16 2 .27  F. Shely 

CHN-2 104"33 '45"  1 1 1 2  30 - 676' 2 8 . 2  8 .56  2 .41  C. Davis 

31 "21 ' 23" (3)  - +.07 B. French 

30 "00 ' 0 0" ( 2 )  2.02 

( 2 )  +.02 29 "53' 45" - 
w 
P 

Estimated conductivity: 
BR- 1 104"33 '45"  1270  40 - 60* 43.5 4.6 2 .0  J.White 

30 "15 ' 00" 
2 7 . 8  7 . 6  2 . 1  U.S.G.S. LG- 1 1 0 5  O 1 2  ' 01" 1 2 3 3  150  - 340 

30 O 55 ' 1 7" 
PL- 1 1 0 4  O 32 ' 0 0" 1 5 3 7  75 - 185 18.5 6 . 4  1 . 2  

31 "02 ' 45" 
vz- 2 104 '33 '45" 

30"07 '30"  Bros. 
i i a o  30 - 190" 6 0 . 8  4 .6  2 . 8  Vizcaino 

continued overleaf 



Table 3 - Second-order h e a t  flow measurements, western Trans-Pecos Texas. (Cont inued)  

Hole no. Longitude/ Elevation Depth interval Gradient K Heat flow R e f .  
latitude (m 1 (m) ("C/km) (TCU) (HFU) 

BRM- 1 105"02'00" 1056 65 - 95* 15.3 7.6 1.2 J.Bramlett 
30'43'45" 

1.1 W.Shirley, AR- 1 104 ' 04 0 0" 
30'02'30" G. Nixon 

LOV- 5 104"38' 30" 1151 15 - 46 36.2 4 . 6  1.7 B.Chambers 

1372 40  - 85 25.1 4 . 5  

w Note: * - mostly above water table. cn 
(3) - no.of conductivity measurements. 



Table 4 - Geological setting of heat flow holes, western 
Trans-Pecos. Texas.  

Hole no. Location Geological description Use of hole 

UTEP-1 

HT-12 

PSH- 1 

VHC-1 

v- 3 

m- 1 

OP-4 

CHN-2 

BR- 1 

LG-I 

PL- 1 

vz-2 

IIRM- 1 

UTEP Campus, Tertiary andesite porphyry Heat flow 
El Paso measurement 
Hueca Tanks, Bolson fill; cherty Geothermal ex- 
El Paso Co. limestone(Pennsy1vanian) pl", heat flow 
Pump Stn.Hil1, Precambrian rhyolite Heat flow 
Hudspeth Co. measurement 
Van Horn Bolson fill (Quaternary) Water supply 
Airport, well 
Culberson Co. 
Valentine, Bolson fill, Tertiary Irrigation 
Jeff Davis Co. volcanics well 
Finlay Mtns.,  Tertiary diorite porphyry Mineral ex- 
Hudspeth Co. plorat ion 
Pinto Canyon, Tertiary rhyolite breccia Mineral ex- 
Presidio Co. ploration 
Chinati Mtns., Bolson fill(Quaternary) Mineral/geo- 
Presidio Co. thermal 

exploration 
Sierra Vieja, Interbedded tuffs and Water well? 
Presidio Co. lava flows (Tertiary) 
Red Light Draw, Bolson fill(Quaternary) Water explor- 
Hudspeth Co. and Tertiary volcanics ation 
Michigan Flat, Limestone (Permian) Water well 
Culberson Co. 
Sierra Vieja/ Interbedded tuff and Water well 
Presidio Bolson, rhyolite (Tertiary) 
Presidio Co. 
Indio Mountains, Bolson fill (Quaternary) Water well 
Hudspeth Co. 

continued overleaf 

36 



Table 4 - Geo log ica l  s e t t i n g  o f  h e a t  f l o w  ho les ,  wes tern  Trans- 

Hole no. Location Geological description Use of ho le  

AR- 1 Marfa Plateau, Basalt and tuff Water well 

LOV-5 Sierra V i e j a ,  Tuff (Tertiary) Geo tne zrxi I 

Pecos, Texas. (Cont inued)  

Presidio Co. (Tertiary 1 

Presidio Co. exp l o r  a t ion 
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0 Swanberq 8 Herrin, 1976 

Decker 8 Smllhson, 1975 

A Herrin 8 Clark. 1956 * Smith 8 Jones, I978 
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Figure 4 - Heat f l o w  measurements in West Texas. 

38 

3 2 "  

3 0 "  

+ 29" 



A heat f l o w  model d e r i v e d  from a f i n i t e  d i f f e r e n c e s  computer program i s  

presented i n  F i g .  15. The model rep resen ts  the  change i n  c r u s t a l  t h i c k n e s s  

f rom Great  P l a i n s  t o  Basin and Range, c o n s i s t e n t  w i t h  t h e  p r e v i o u s  models 

o f  Warren e t  a1 . (19691, Roy e t  a1 . (1972) and Decker and Smi  thson (1975) , 
f o r  t h e  southern R io  Grande R i f t .  The c r u s t  i s  shown as an upper 

" g r a n i t i c "  l a y e r  and a lower "gabbro i c "  l a y e r ,  separated f rom t h e  upper 
man t le  b y  t h e  Moho ( " M "  i n  t h e  F i g u r e ) .  A d d i t i o n a l l y ,  a c o n s t a n t  

temperature p r i s m  ( a t  l l O O ° C )  has been i n s e r t e d  i n t o  t h e  lower c r u s t  t o  

e x p l a i n  t h e  sharp i nc rease  i n  heat  f l o w  observed. T h i s  model i s  a 
two-dimensional  model. The temperature p r i s m  can be e x p l a i n e d  i n  terms o f  

a "magma chamber" ( a l b e i t  a t  25km), however, t h e  mechanism f o r  t h e  h i g h  

heat  f l o w  may be a much sha l l ower  convec t i ve  system, i n  which groundwater,  

c i r c u l a t i n g  deep i n t o  t h e  P r e s i d i o  Bolson, becomes heated and r i s e s  t o  t h e  

su r face .  Suppor t i ng  t h e  convec t i ve  system hypo thes i s  i s  t h e  presence o f  
a r t e s i a n  h o t  w e l l s  i n  t h e  area which i n d i c a t e  s t r o n g  underground water 

f l o w .  
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Figure 15 - H e a t  flow model for 'rlest Texas ( A - A '  in Fig. 14). 
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POSSIBLE LOCATION OF GEOTHERMAL WATERS 

I N  H'JECO AND P R E S I D I O  BOLSONS 

The Hueco Tanks area l i e s  on the  eas t  s ide  of t h e  Hueco Bolson which i s  an 

asymmetric graben (See F i g u r e  16) .  Boundary f a u l t s  on t h e  west s i d e  of t he  

Hueco Bolson d i s p l a y  t h e  g r e a t e s t  d isp lacement  w h i l e  s m a l l e r ,  l e s s e r  

d i s p l a c e d  f a u l t s  fo rm an i r r e g u l a r  eas te rn  boundary. F a u l t s  on t h e  e a s t e r n  

s i d e  may a l l o w  t h e  r i s e  o f  geothermal waters from depth. 
conducted t e s t s  t o  c l a r i f y  t h e  l o c a t i o n  of these f a u l t s  and t h e  geothermal 

waters  p o t e n t i a l l y  assoc ia ted  w i t h  them. As noted e a r l i e r ,  t h e  rough 

l i n e a t i o n  o f  " h o t  w e l l s "  a long  t h e  eas te rn  marg in o f  t he  Bolson may 

d e l i n e a t e  one o f  t h e  f a u l t s ,  and, thus,  t h i s  area was s e l e c t e d  as a " t a r g e t  

area" f o r  our research.  Th is  l i n e a t i o n  coupled w i t h  t h e  f i n d i n g s  o f  Ho f fe r  
(1977) i n  h i s  geothermonstry s t u d y  f u r t h e r  d e f i n e d  t h e  area near Hueco 

Tanks i n  which va r ious  geophysica l  i n v e s t i g a t i o n s  were conducted. 

The s t u d y  team 

The o r i g i n  of h i g h  heat i n  t h e  Hueco Bolson i s  thought  t o  b e  the  a r e a ' s  

normal thermal  g r a d i e n t .  Heat f l o w  and thermal g r a d i e n t s  i n  t h e  Basin and 

Range P r o v i n c e  and t h e  R io  Grande R i f t  zone a re  t y p i c a l l y  h i g h  when 

compared t o  temperature g r a d i e n t s  i n  c r a t o n i c  areas. Thermal g r a d i e n t s  o f  

Hueco Tanks a re  p r o b a b l y  of minimum of 30°C/ki lometer (Henry, 1979a; Roy 

and T a y l o r ,  1980) compared t o  a c r a t o n i c  average of l e s s  than 

20"C/k i lometer .  Decker and Smithson (1975) contend t h a t  t h e  c r u s t  o f  t h e  
e a r t h  i s  31 K i l o m s t e r s  t h i c k  i n  t h e  Hueco Tanks area. This  t h i n n e r  c r u s t  

produces a h i g h e r  than normal thermal g r a d i e n t .  I f  groundwater c i r c u l a t e d  

t o  a depth of about 2 k i l o m e t e r s  i t  would be heated 60°C o r  more above i t s  

average s u r f a c e  temperature w i t h  a f i n a l  near sur face temperature of 
s l i g h t l y  more than 80°C. 

temperatures would be a t t a i n e d .  Geothermal waters  i n  t h e  Hueco Tanks area 
may r i s e  a long t h e  normal f a u l t s  t h a t  form t h e  e a s t e r n  edge of t h e  Hueco 

Bolson. The f i v e  known h o t  w e l l s  i n  t h e  area t r e n d  a long  a n o r t h / n o r t h w e s t  

l i n e  f rom near Hueco Tanks S t a t e  Park t o  t h e  Davis Dome area i n  New Mexico. 

The thermal waters  do n o t  n a t u r a l l y  d i scha rge  a t  t h e  sur face because t h e  

water t a b l e  i s  400 f e e t  o r  m r e  below ground l e v e l .  Because t h e  thermal  

water  i s  p r o b a b l y  r i s i n g  a long f a u l t  zones, i t  i s  i m p o r t a n t  t o  know o f  t h e  

I f  c i r c u l a t i o n  were deeper, h i g h e r  water 
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Figure 16 - Locat ion  o f  Hueco Tanks 
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l o c a t i o n s  of f a u l t s  o r  f a u l t  zones i n  t h e  s tudy  area. The f i v e  p o s i t i v e l y  

i d e n t i f i e d  h o t  w e l l s  and t h e  area of anomalously h i g h  thermal  g r a d i e n t s  

d e l i n e a t e d  b y  Roy and Tay lo r  (1980) fo rm a l i n e a r  t r e n d  t h a t  may f o l l o w  a 
f au It zone. 

The P r e s i d i o  Bolson was se lec ted  f o r  f u r t h e r  s tudy  on t h e  b a s i s  o f  i t s  h i g h  

heat  f low read ings ,  h i g h  thermal  g r a d i e n t  measurements, i n d i c a t i v e  

g r a v i m e t r i c  data,  t h e  ex i s tence  o f  "ho t "  s p r i n g s  i n c l u d i n g  O j o s  Cal i e n t e s  

(nearby  i n  Mexico)  t h e  presence of s i l i c i o u s ,  "ho t "  s p r i n g  depos i ted  

m a t e r i a l  a t  t h e  sur face ,  r e s i s t i v i t y  soundings, and numerous known f a u l t s .  
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GEOPHYSICAL S T U D I E S  I N  THE HUECO AND P R E S I D I O  BOLSONS 

MICROEARTHOUAKE MEASUREMENTS 

M ic rose ism ic  r e c o r d i n g  was conducted f o r  one month i n  t h e  S p r i n g  o f  1980 i n  

t h e  Hueco Bolson. S i x  MEQ-330 microear thquake r e c o r d e r s  were deployed over  
McGregor Range and t h e  Hot N e l l s  Ranch a t  l o c a t i o n s  where t h e  bedrock was 

near t h e  s u r f a c e .  I t  was a n t i c i p a t e d  t h a t  f r e q u e n t  a r t i l l e r y  exp los ions  

and m i s s i l e  impacts a long w i t h  t h e  movement o f  heavy, t r a c k e d  v e h i c l e s  i n  

t h e  v i c i n i t y  o f  t he  i ns t rumen ts  m igh t  d i s r u p t  t h e  microear thquake 

r e c o r d i n g s .  Th is  fear proved unfounded. The equipment operated 
s a t i s f a c t o r i l y  b u t  d i d  n o t  r e c o r d  a s i n g l e  l o c a l  microear thquake event  i n  

t h e  Hueco Bolson. 

Local  se i sm ic  events  are, however, known t o  occur f r o m  r e p o r t s  i n  t h e  
l i t e r a t u r e .  Earthquakes have been r e p o r t e d  i n  t h e  Hueco Bolson, r a n g i n g  

f rom i n s t r u m e n t a l l y  d e t e c t a b l e  t o  a 4.3 R i c h t e r  magnitude occurrence 

(Sanford and Toppozada, 1974; G.R. K e l l e r ,  personal  communication). 

U n f o r t u n a t e l y ,  t h e  exac t  l o c a t i o n s  o f  t h e  events  a re  unknown. 

Microear thquake measurements were taken f o r  a t h i r t y  day p e r i o d  i n  t h e  

P r e s i d i o  Bolson. Each of t h r e e  emplaced D i g i t a l  Event Recorders f a i l e d ,  
w h i l e  t h r e e  MEQ-800 u n i t s  deployed i n  t h e  a r r a y  performed w e l l .  No m i c r o -  

se ismic events  were reco rded  i n  t h e  i n t e r i o r  o f  t h e  a r r a y .  An event d i d  

occur  t o  t h e  west o f  t h e  a r r a y  i n  Mexico and was reco rded  on t h r e e  

i ns t rumen ts .  The exac t  l o c a t i o n  i s  u n c e r t a i n .  The event  i n  Mexico may be 

encouraging, b u t  no s u b s t a n t i v e  e v a l u a t i o n  o f  i t s  importance can be made. 

G R A V I T Y  MEASUREMENTS 

Hueco Bolson 
F i g u r e  17 i s  a Bouger g r a v i t y  map of t h e  Hueco Bolson, which i s  bounded b y  

t h e  F r a n k l i n  and Hueco Mountains. F i g u r e  17 i s  taken f rom t h e  "Complete 
Bouger G r a v i t y  Anomaly Map o f  t h e  Rio Grande R i f t "  b y  C o r d e l l  e t  a l .  
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F i g u r e  1 7  - Comple te  Bouguer  g r a v i t y  map o f  Hueco B o l s o n  
(from C o r d e l l  e t  a l . ,  1 9 7 8 ) .  
A r e a s  d e n o t e d  by ' I '  a n d  '11 '  refer  t o  the 
d e t a i l e d  g r a v i t y  survey shown i n  F i g .  18. 
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(19781, which was compi led l a r g e l y  f rom Department of Defense data,  The 

n o r t h - t r e n d i n g  p o s i t i v e  anomaly on t h e  west s i d e  of F i g u r e  17 o u t l i n e s  t h e  

F r a n k l i n  Mountains. To t h e  eas t ,  t h e  Hueco Mountains are n o t  as w e l l  
de f i ned .  The i n t e r v e n i n g  g r a v i t y  ' ' low" corresponds t o  t h e  Hueco Bolson and 

appears t o  be deepest t o  t h e  southeast .  

A d e t a i l e d  g r a v i t y  survey was conducted f o r  t h e  p resen t  p r o j e c t  i n  t h e  

presumed geothermal area, from Davis Dome (McGregor Range) i n  t h e  n o r t h ,  as 

f a r  south as Highway 180 ( s o u t h  of Hueco Tanks S t a t e  Park ) .  Zone I i n  F i g .  

17 i n d i c a t e s  t h e  area of c l o s e s t  s t a t i o n  spacing, and most accu ra te  

e l e v a t i o n  measurements; Zone I 1  i s  t h e  area of wider  spacings. Some 250 
read ings  were made i n  a l l .  The r e s u l t i n g  Bouguer anomaly map i s  shown i n  

F i g .  18; t h e  con tou r  i n t e r v a l  i s  2 mgal. C e r t a i n  broad s c a l e  f e a t u r e s  a re  

mere l y  a m p l i f i c a t i o n s  of those i n  F i g .  17: These i n c l u d e  t h e  i n  
t h e  southern and nor thernmost  p a r t s  of t h e  map, and t h e  i n c r e a s i n g  ' I low" t o  

t h e  west, where t h e  Hueco Mountain o u t l i e r s  drop away i n t o  the  bolson.  

Impor tan t  f e a t u r e s  exposed by  t h e  d e t a i l e d  coverage a re  as f o l l o w s :  

(1) A marked no r thwes t -sou theas t  t r e n d  ex tend ing  f rom about 

31°52.5'N/106000'W (sou theas t  of Hueco Tanks Park )  t o  about 

32°05'N/107010'W (west o f  Davis Dome) which appears t o  mark t h e  t r a c e  o f  

a f a u l t  o r  f a u l t - z o n e .  I n  t h e  v i c i n i t y  of Hot d e l l  (32°00 ' /106007' ) ,  an 

ad jacen t  h i g h  and low (hachured) p robab ly  r e p r e s e n t  r e s p e c t i v e l y  t h e  up- 

and down- thrown b l o c k s  of t h i s  f a u l t .  The f a u l t s  i n t e r p r e t e d  b y  t h e  
s e l f - p o t e n t i a l  method are found i n  t h i s  l o c a t i o n ;  ( 2 )  A l e s s  w e l l  d e f i n e d  

n o r t h - s o u t h  l i n e a t i o n  ex tend ing  south f rom about 32°07.5'N/106005'W 

p a r a l l e l s  t h e  t r e n d  o f  t h e  Hueco Mountains, f a d i n g  o u t  near t h e  southern 

g r a v i t y  "h igh" .  S ince t h e  g r a v i t y  t r e n d  f o l l o w s  t h e  eas te rn  edge o f  t h e  

l i n e  o f  o u t l y i n g  h i l l s ,  i t  p r o b a b l y  i n d i c a t e s  another f a u l t .  
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Figure 18 - Bouguer g r a v i t y  map of Hueco Tanks Area. Profile 
lines marked A - A '  and  B - B ' .  Numbered circles  are 
gradient holes; IN' numbers refer t o  Table I 1  ( i ) .  
Circles are thermal gradient measurements, while 
squares are bottom-hole temperatures. 
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The l i n e s  A- A '  and B- B '  on F i g  18 l o c a t e  t h e  two-dimensional  g r a v i t y  

models i n  F i g s .  19 and 20. The models a re  crude g e o l o g i c a l  s e c t i o n s  

b e l i e v e d  t o  be f e a s i b l e  i n  t h e  area based upon t h e  g r a v i t a t i o n a l  a t t r a c t i o n  
o f  d i f f e r e n t  d e n s i t y  rocks .  Bolson fill i s  rep resen ted  by  a d e n s i t y  o f  

2.2g/cm which i s  an average va lue f o r  these t ype  unconso l i da ted  

sediments.  The Hueco Bolson i s  seen deepening r a p i d l y  westwards on b o t h  

s e c t i o n s ,  p r o b a b l y  d i s p l a c e d  by  a f a u l t .  A smal l  b a s i n  i s  proposed t o  t h e  

e a s t  o f  t h e  l imes tone  o u t l i e r s  ( taken  as 2.65 g/cm and i s  a p p a r e n t l y  a 

graben s t r u c t u r e  downdropped between t h e  Hueco Mountains and t h e  out1 i e r s .  
Yet another smal l  graben i s  model led i n  s e c t i o n  B-B ' ,  j u s t  t o  t h e  e a s t  o f  

Hot d e l l .  I t s  bounding f a u l t s  are c o i n c i d e n t  w i t h  those proposed f rom t h e  

s e l f - p o t e n t i a l  survey.  

3 

3 

3 The model ing of igneous m a t e r i a l  (2.67g/cm ) so c l o s e  t o  the  s u r f a c e  i s  
suppor ted by  t h e  presence of T e r t i a r y  i n t r u s i v e s  i n  t h e  Hueco Mountains and 

t h e  occurrence o f  " g r a n i t e "  i n  l o g s  f rom nearby w e l l s .  

P r e s i d i o  Bolson 

The p r o j e c t  team i s  conduc t ing  a g r a v i t y  s t u d y  of t he  P r e s i d i o  Bolson w i t h  

much t i g h t e r  spac ing than t h e  e x i s t i n g  s tudy,  b u t  r e s u l t s  a re  n o t  

a n t i c i p a t e d  u n t i l  l a t e  1983. The g r a v i t y  a n a l y s i s  i s  be ing  funded b y  l o c a l  

e l e c t r i c i t y  producers i n  Trans-Pecos, Texas. The ensuing d i s c u s s i o n  o f  

g r a v i t y  d a t a  i s  taken p r i m a r i l y  from a Texas Bureau of Economic Geology 

p u b l i c a t i o n  e n t i t l e d  " S t r u c t u r e  of t h e  P r e s i d i o  Bolson Area, Texas, 

I n t e r p r e t e d  f rom G r a v i t y  Data" b y  Mraz and Kel  1 e r  (1980). 

F i g u r e  21 i s  t h e  "Bouger G r a v i t y  Anomaly Map  o f  t h e  P r e s i d i o  Bolson Study 

Area, P r e s i d i o  County, Texas" as developed by  Mraz and K e l l e r  (1980). The 

Chihuahua Tec ton ic  B e l t  t o  the  west of t h e  P r e s i d i o  Graben i s  seen as a 

no r thwes t  t r e n d i n g ,  l i n e a r ,  g r a v i t y  maximum. The P r e s i d i o  Graben, i s  seen 

as a g r a v i t y  low p a r a l l e l i n g  t h e  Rio Grande. The V a l e n t i n e  Basin 
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F igu re  21 - Regional Bouger anomalies of t h e  
P r e s i d i o  County area. 
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(Cover t ,  1976) i s  represented  by  a g r a v i t y  low centered  on t h e  

P r e s i d i o / J e f f  Davis county  l i n e .  The Redford Bolson i s  shown t o  the  south  

o f  P r e s i d i o .  An ex tens i ve  g r a v i t y  h i g h  i s  seen t o  the  eas t  and n o r t h  o f  
P r e s i d i o .  N o r t h  o f  t h i s  h i g h  i s  an east -west  t r e n d i n g  low which Mraz and 

K e l l e r  (1980) i n t e r p r e t  as t h e  Mar fa  Basin. The P r e s i d i o  Graben (Bo lson)  

i s  about 70 km l o n g  and 15 t o  20 km wide a t  i t s  deepest (about  1.5 km) i n  

t h e  Ruidosa area. Based on t h e  g r a v i t y  i n t e r p r e t a t i o n ,  t h e  west s i d e  i s  

more s t e e p l y  f a u l t e d  than t h e  e a s t  s ide .  A t  i t s  southernmost e x t e n t ,  t h e  

graben merges w i t h  t h e  Redford Bolson about 15 km t o  the  south  o f  P r e s i d i o .  

The subsur face  i s  undoubtedly  complex s ince  t e r t i a r y  i n t r u s i o n s  and o t h e r  

v o l c a n i c  f e a t u r e s  are  expected i n  t h e  r e g i o n  and may account f o r  some o f  

t h e  smal l  g r a v i t y  anomalies d i scove red  by  Mraz and K e l l e r  (1980). Three 

prominant  l o c a l  anomalies l o c a t e d  between Capote Peak and Cande la r ia  and 

t r e n d i n g  n o r t h e a s t  may r e f l e c t  Pa leozo ic  s t r u c t u r e s  r e l a t e d  t o  those i n  t h e  
Marathon r e g i o n  t o  t h e  eas t .  F i g .  22 i s  a computer-generated " G r a v i t y -  

S t r u c t u r a l  Cross Sec t ion  a t  A-A'  as seen on F ig .  21, w h i l e  F i g .  23 i s  a 

computer generated "Grav i  t y - S t r u c t u r a l  Cross Sec t ion  a t  B-B'  'I as shown on 

F i g .  21. On t h e  A-A '  p r o f i l e  (F ig .23)  t h e  Chihuahua Tec ton ic  b e l t  i s  a 

g r a v i t y  h igh ,  whereas t h e  P r e s i d i o  Bolson i s  a g r a v i t y  low. 

f a u l t  forms t h e  eas te rn  boundary of t he  graben. The g r a v i t y  h i g h  i n  t h e  

v i c i n i t y  of t h e  S i e r r a  V i e j a  rep resen ts  a s h a l l o w i n g  o f  t he  Precambrian 

basement and/or an i n t r u s i o n .  L i n e a r  g r a v i t y  t r e n d s  eas t  o f  t h i s  h i g h  

i n d i c a t e  an eas te rn  boundary f a u l t  f o r  t h e  S i e r r a  V ie ja .  The g r a v i t y  low 

eas t  o f  t h e  S i e r r a  V i e j a ,  i s  a p p a r e n t l y  assoc ia ted  w i t h  t h e  Mar fa  Basin.  

Nor theas t  of t h e  Mar fa  Basin, t h e  Va len t i ne  Basin (Cover t ,  1976) i s  

rep resen ted  b y  another  g r a v i t y  low. The i n t e r v e n i n g  g r a v i t y  h i g h  

The Candelar a 

rep resen ts  a r i d g e  i n  t h e  basement t h a t  t rends  nor thwest -southeas t .  

Marfa area, va r ious  w e l l s  i n d i c a t e  the  T e r t i a r y  v o l c a n i c s  t o  be a t  l e a s t  

500 m t h i c k .  The Davis Mountains, which are  t h e  probab le  sources f o r  these 

vo l can ics ,  a re  rep resen ted  b y  a s l i g h t  g r a v i t y  low. 

I n  t h e  

On t h e  S h a f t e r  Highway, p r o f i l e  B-B' ,  t h e  Pa leozo ic  Mar fa Bas in  i s  
rep resen ted  b y  a g r a v i t y  low south  of Marfa, Texas. 

southward toward t h e  C h i n a t i  Mounta in  g r a v i t y  h i g h  near S h a f t e r ,  Texas. 

Th is  bas in  t h i n s  
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Based on w e l l  data,  t h e r e  i s  a t  l e a s t  1 km of bo lson f i l l  over  l imestone i n  

t h i s  area. The bolson i s  deepest (1.2 km) on t h i s  p r o f i l e  i n  the  immediate 

v i c i n i t y  of P r e s i d i o .  

B e l t  i s  encountered t o  the  south  i n  Mexico. 

A g r a v i t y  h i g h  r e p r e s e n t i n g  the  Chihuahua Tec ton ic  

ELECTRICAL METHODS 
R e s i s t i v i t y  Measurements 

Four v e r t i c a l  e l e c t r i c  soundings were made over  the  supposed geothermal 

area i n  t h e  v i c i n i t y  o f  Hueco Tanks (See F i g u r e  24).  
are  g iven i n  Appendix I along w i t h  t h e  sounding curves. I n  t h r e e  o f  t he  

f o u r  soundings, a l o w - r e s i s t i v i t y  l a y e r  was found. Th is  l a y e r  may 

r e p r e s e n t  a ho t ,  p r o b a b l y  s a l i n e  water  zone. 

complex, however, another a t tempt  was made t o  map the  presumed ' h o t  zone' 

u s i n g  the  r e s i s t i v i t y  method. 

D e t a i l s  o f  the method 

The sounding curves were 

No r e s i s t i v i t y  measurements were made i n  t h e  P r e s i d i o  Bolson. 

S e l f - p o t e n t i a l  Measurements 

The s e l f  p o t e n t i a l  (spontaneous p o t e n t i a l ,  o r  SP)  method has been used f o r  

many years f o r  m ine ra l  p rospec t ing ,  b u t  o n l y  i n  ve ry  recen t  years  has an 

a p p l i c a t i o n  been developed i n  geothermal work. Corwin and Hoover (1979) 
have cons idered geothermal a p p l i c a t i o n s  i n  d e t a i l .  They p o i n t  o u t  t h a t  the  
mechanism o f  genera t i on  o f  SP anomalies i s  n o t  w e l l  understood, and the  

i n t e r p r e t a t i o n  of t h e  r e s u l t s  must be thought  o u t  c a r e f u l l y .  They no te  

t h a t  among o t h e r  causes, e l e v a t e d  temperatures ( t h e  t h e r m o e l e c t r i c  e f f e c t )  

and s t reaming p o t e n t i a l s  (such as may be caused by  c i r c u l a t i n g  f l u i d s  i .e .  

t he  e l e c t r o k i n e t i c  e f f e c t )  can bo th  g i v e  r i s e  t o  SP anomalies. 
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Dur ing  t h e  course o f  t h i s  s tudy,  two SP t r a v e r s e s  were made a t  t he  

l o c a t i o n s  shown on F i g .  24. A 100 m d i p o l e  arrangement o p e r a t i n g  i n  a 

" l e a p f r o g "  f a s h i o n  w i t h  t h e  p o t e n t i a l s  be ing  added s u c c e s s i v e l y  t o  o b t a i n  

t h e  SP va lue  a t  t he  new s t a t i o n  r e l a t i v e  t o  a "zero"  base was used. 

T e l l u r i c  c u r r e n t s  proved t o  be a major source o f  no ise,  and were ' a l l o w e d  

f o r '  by  n o t i n g  t h e  v a r i a t i o n  i n  v o l t a g e  f o r  each r e a d i n g  and t a k i n g  t h e  

average va lue.  Other commonly encountered sources o f  n o i s e  such as 

c u l t u r a l  a c t i v i t y ,  uneven s o i l  m o i s t u r e  and spu r ious  p o t e n t i a l s  due t o  

chemical  con tamina t ion  o f  t h e  s o i l  , were considered un impor tan t  i n  t h e  

p r e s e n t  survey.  

The two SP t r a v e r s e s  are shown i n  F i g s .  25 & 26. Both l i n e s  d i s p l a y  a 

c o r r e l a t i o n  w i t h  e l e v a t i o n ,  which i s  f i l t e r e d  o u t  e f f e c t i v e l y  b y  t a k i n g  t h e  

SP g r a d i e n t  ( i n  mV/100m). T h i s  g r a d i e n t  a l s o  r e s o l v e s  suspected f a u l t s  

more c l e a r l y .  Symmetrical f l a n k i n g  anomalies, i n t e r p r e t e d  as f a u l t s ,  a re  

seen a t  two p o s i t i o n s  i n  t h e  g r a v i t y  survey. 

No SP measurements were made i n  t h e  P r e s i d i o  Bolson. 
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DISCUSSION OF GEOCHEMISTRY/GEOTHERMOMETRY ANALYSES 

A complete d i s u s s i o n  o f  geochemistry/geothermometry i n c l u d i n g  a1 1 

geochemical d a t a  c o l l e c t e d  d u r i n g  t h i s  p r o j e c t  i s  con ta ined  i n  " A  

P r e l i m i n a r y  Assessment of the  Geologic  S e t t i n g ,  Hydro logy,  and Geochemistry 

of t he  Hueco Tanks Geothermal Area, Texas and New Mexico" b y  Henry and 
Gluck (19811, which i s  i nc luded  as Attachment I o f  t h i s  document. A 

s i m i l a r  s t u d y  e n t i t l e d  "Geologic  S e t t i n g  and Geochemistry o f  Thermal Water 

and Geothermal Assessment, Trans-Pecos Texas w i t h  Tec ton ic  Map of t h e  R io  

Grande Area, Trans-Pecos Texas and Adjacent  Mexico" b y  Henry (1979a) i s  

ve ry  p e r t i n e n t  and shou ld  be rev iewed by  t h e  reader .  

d i s c u s s i o n  i s  a c o m p i l a t i o n  and s u m a t i o n  of t h e  f i n d i n g s  o f  b o t h  s t u d i e s .  

Some s u p p o r t i n g  da ta  a re  found i n  Attachment I .  

The f o l l o w i n g  

HUECO BOLSON 
The m a j o r i t y  o f  waters t e s t e d  i n  t h e  Hueco Bolson a re  Na-C1-(CaS04) - t y p e  

waters ,  w i t h  t h e  h o t t e r  waters  be ing  r i c h e s t  i n  sodium and c h l o r i d e .  T o t a l  

d i s s o l v e d  s o l i d s  were i n  the  1,000 mg/L t o  12,500 mg/L range f o r  thermal  

waters  w h i l e  o n l y  two non-thermal waters  con ta ined  s o l i d s  g r e a t e r  than 2600 

mg/?. The thermal  and non-waters i n  t h e  area have s i m i l a r  i o n i c  

p r o p o r t i o n s .  Water temperature and t o t a l  d i s s o l v e d  s o l  i d s  c o r r e l a t e  

d i r e c t l y .  Based on the  obse rva t i ons ,  no s i n g l e  hypothes is  can account f o r  
t h e  range i n  abso lu te  va lues.  Probably ,  one o r  more o f  t he  f o l l o w i n g  i s  

t a k i n g  p l a c e  w i t h i n  the  groundwater i n  t h e  Hueco Bolson: 1) c o n t a c t  w i t h  

e v a p o r i t e  o r  s a l i n e - r i c h  sha les  of Pa leozo ic  Age, 2 )  c o n t a c t  w i t h  
e v a p o r i t e s  con ta ined  i n  the  more r e c e n t  bo lson f i l l ,  and/or 3 )  e x p u l s i o n  

o f  s a l i n e  waters  f rom deep bas in  depos i t s .  No one of these e x p l a n a t i o n s  i s  
e n t i r e l y  s a t i s f a c t o r y  (See Henry and Gluck, 1981). 

Geothermometry s t u d i e s  of t he  waters  were conducted w i t h  t h e  two most 

impor tan t  assumptions be ing  t h a t  t he  waters  were i n  e q u i l i b r i u m  w i t h  

m i n e r a l s  t h a t  c o n t r o l  d i s s o l v e d  s o l i d s  c o n c e n t r a t i o n s  and t h a t  m i x i n g  w i t h  

nonthermal water  has n o t  occurred.  Undoubtedly, n e i t h e r  o f  these 
assumptions i s  met f u l l y  b y  the  ground waters  o f  t he  Hueco Bolson. 
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C a l c u l a t i o n  of S i 0 2  temperatures were made assuming e q u i l i b r i u m  w i t h  

f o u r  d i f f e r e n t  s i l i c a  phases as f o l l o w s :  1) q u a r t z ,  2 )  chalecedony, 

3 )  c r i s t o b a l i t e ,  and 4 )  anorphous s i l i c a .  Study r e s u l t s  i n d i c a t e d  t h a t  

chalecedony temperatures were the  b e s t  i n d i c a t o r s  o f  t h e  p robab le  maximum 

temperature of about 8 O O C .  

s h a l l o w  r e s e r v o i r  temperature as h i g h  as 110°C. I n d i c a t i o n s  a re  t h a t  

m i x i n g  of thermal  and nonthermal waters has occurred.  (See Henry and 

Gluck, 1981, p.29). 

f e d  b y  a p a r e n t  thermal water t h a t  i s  c o n s i d e r a b l y  h o t t e r  than any o f  t h e  

observed waters.  I f  t h i s  i s  t r u e ,  t h e  observed s i l i c a  c o n c e n t r a t i o n s  may 

r e f l e c t  o n l y  those c o n d i t i o n s  i n  t h e  sha l l ow  r e s e r v o i r  and n o t  be 

i n d i c a t i v e  o f  much warmer water a t  g r e a t e r  depths.  

temperature o f  t h e  p o s s i b l e  ' p a r e n t '  thermal  water i s  n o t  de te rm inab le  due 

t o  a l a c k  o f  d a t a  f rom deep w e l l s .  

Assuming e q u i l i b r i u m  w i t h  q u a r t z  g i v e s  a 

I t  i s  p o s s i b l e  t h a t  t h e  sha l l ow  r e s e r v o i r  system i s  

The p robab le  

P R E S I D I O  BOLSON 
The h o t t e s t  n a t u r a l l y  o c c u r r i n g  s p r i n g s  observed d u r i n g  t h i s  s t u d y  a re  t h e  

Ojos  C a l i e n t e s  l o c a t e d  on t h e  Mexican s i d e  of t h e  P r e s i d i o  Bolson about 

7 km southwest o f  Candelaria,Texas. Measured water temperatures range f rom 

about 60°C (140°F) t o  90°C (194°F). Ex tens i ve  t r a v e r t i n e  d e p o s i t s  have 

been b u i l t - u p  by  t h e  s p r i n g s .  The Pa lo  Pegado F a u l t  i s  thought  t o  be 

assoc ia ted  w i t h  t h e  s p r i n g s  and d isp lacement  of t he  f a u l t  i n  t h e  v i c i n i t y  

o f  Ojos C a l i e n t e s  i s  es t ima t2d  a t  a minimum of 90 rn (2953 f t )  (Henry, 
1979 1. 

Another h o t  s p r i n g  l o c a t e d  i n  t h e  P r e s i d i o  Bolson i n  Mexico i s  found a t  

Rancho C ip res .  Temperatures i n  a sma l l  p o o l  a re  i n  t h e  3 5 O C  (95°F) 

range.  

I n  Texas, two a r t e s i a n  w e l l s  (known as G u l f  W e l l s )  about 4 km a p a r t  and 

l o c a t e d  about 30 km n o r t h  of t h e  P r e s i d i o  Bolson ( i n  t h e  same s t r u c t u r a l l y  

downdropped b l o c k  of t h e  west S i e r r a  V i e j a )  have thermal  g r a d i e n t s  i n  t h e  
35°C - 40°C per  K i l o m e t e r  range (Henry 1979a, p. 14). The water  

d i scha rged  b y  t h e  w e l l s  has t o t a l  d i s s o l v e d  con ten ts  o f  1,200 and 1,700 
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mg/L, r e s p e c t i v e l y .  These w e l l s  produce from Cretaceous l imes tone  b u t  

t h e i r  water c h e m i s t r y  i n d i c a t e s  t h a t  t he  f l u i d s  are i n  c o n t a c t  ( e i t h e r  

p h y s i c a l l y  o r  h y d r a u l i c a l l y )  w i t h  e v a p o r i t e s  f r o m  which a l a r g e  p a r t  o f  t he  

d i s s o l v e d  s o l i d s  c o n t e n t  are d e r i v e d .  

The geothermometry o f  t he  two Gu l f  Wel ls ( G u l f - P r e s i d i o  and G u l f  Swafford) 

and Ojos  C a l i e n t e s  g i v e  q u a r t z  temperatures o f  112"C, 159°C. and 134°C 
f o r  G u l f  - P r e s i d i o ,  G u l f  Swaf ford and Ojos  Cal i e n t e s  , r e s p e c t i v e l y .  A l l  

t h r e e  waters d e p o s i t  t r a v e r t i n e ,  b u t  none o f  t h e  t h r e e  appears t o  d e p o s i t  

s i l i c i o u s  s i n t e r .  

S u p r i s i n g l y ,  Gu l f -Swa f fo rd  water c o n t a i n s  t w i c e  as much s i l i c a  as 

G u l f - P r e s i d i o  water.  No c l e a r  conc lus ions  on t h e  s i g n i f i c a n c e  o f  t h e  h i g h  

s i l i c a  c o n c e n t r a t i o n  can be made. Temperature l o g s  f o r  t h e  Gu l f -Swa f fo rd  
show a temperature i n v e r s i o n  below t h e  hot -water-producing ho r i zon .  Below 

t h a t  l e v e l  t h e  temperature drops and reaches 80°C again o n l y  a t  a depth o f  

about 2,500m (8,200 f t ) .  Thus, t h e  h i g h  temperature water o f  t h e  p roduc ing  

h o r i z o n  must be c a r r i e d  f rom g r e a t e r  depths by  thermal convec t i on  (Henry, 

1979).  The geothermometry o f  t h e  two G u l f  Wel ls  and O j o s  C a l i e n t e s  

i n d i c a t e s  t h a t  t h e  thermal system i n  which they  l i e  may have p o t e n t i a l  f o r  

power genera t i on  (See Henry (1979a) f o r  more i n f o r m a t i o n ) .  

0 
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SHALLOW DRILLING PROGRAY AT HUECO TANKS, 

P R E S I D I O  BOLSON AND FINLAY MOUNTAINS 

As i n d i c a t e d  i n  t h e  i n t r o d u c t i o n  t o  t h i s  r e p o r t ,  two p r o m i s i n g  areas 

were t a r g e t e d  f o r  more e x t e n s i v e  s tudy,  namely t h e  Hueco Tanks a r e a  and the  

n o r t h e r n  P r e s i d i o  Bolson. A d d i t i o n a l l y ,  due t o  t h e  a c q u i s i t i o n  o f  

p r o m i s i n g  data,  t h e  h i g h  heat  f l o w  a t  t h e  F i n l a y  Mountains w a s  cons idered 

t o  w a r r a n t  f u r t h e r  i n v e s t i g a t i o n s .  The r e s u l t s  of geophysica l  surveys have 
been desc r ibed  i n  a p r e v i o u s  chapter ;  t h i s  s e c t i o n  w i l l  s p e c i f i c a l l y  

address t h e  thermal  regimes as i n t e r p r e t e d  f r o m  sha l l ow  d r i l l i n g  done f o r  
t h i s  p r o j e c t .  

HUECO TANKS 

Temperature measurements made i n  e x i s t i n g  w e l l s  a t  t h e  e a s t e r n  edge o f  t he  

Hueco Bolson, near Hueco Tanks S t a t e  Park, i n d i c a t e d  t h e  presence o f  a 

thermal  anomaly. Thermal g r a d i e n t s  o f  179" and 271"C/km here c o n t r a s t  

w i t h  t h e  background va lue  of 30-4!l0C/km i n  t h e  Bolson. F i g u r e  27 i s  a 

c o m p i l a t i o n  of g r a d i e n t  and pseudogradient  d a t a  f o r  E l  Paso County gathered 
d u r i n g  t h i s  s tudy.  

F i r s t  Stage D r i l l i n g  

Twen ty - f i ve  ho les  were d r i l l e d  t o  50 m depth i n  bo lson fill i n  t h e  Hueco 

Tanks area, encompassing an area 20 km b y  15 km, f o r  t h e  purpose o f  
measur ing temperature g r a d i e n t s  i n  the supposed geothermal area. The f i r s t  

eas t  across t h e  geochemical anomaly i d e n t i f i e d  and mapped by H o f f e r  (1979) .  

Subsequent ho les  were d r i l l e d  i n  p o s i t i o n s  l o c a t e d  t o  i n v e s t i g a t e  the  a r e a l  

e x t e n t  of e l e v a t e d  g r a d i e n t s  b o t h  i n  New Mexico and Texas. A l l  ho les  were 
d r i l l e d  t o  4.5 i n  (11.4 cm) d iameter  and had 1.25 i n  (3.2 cm) d iameter  PVC 

p i p i n g  i n s e r t e d  i n t o  them. 

Th is  p i p e  was then f i l l e d  w i t h  water  t o  f a c i l i t a t e  t h e  use o f  t h e  

t h e r m i s t o r  probe i n  temperature l o g g i n g .  

a re  r e p o r t e d  b y  T a y l o r  (1981) and Rahman (1983) as temperature-depth and 

g r a d i e n t - d e p t h  p l o t s ,  and a re  s u m a r i z e d  here i n  Table 5 .  

\ f i v e  ho les  were l o c a t e d  a long  t h e  Texas/New Mexico s t a t e  l i n e  f rom west t o  

The thermal da ta  f o r  these ho les  
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Figure 27 - Geothermal gradients in El Paso County, Texas. 
Solid c i r c l e s  - measured gradients.  
Open c i r c l e s  - gradients derived from deep o i l  t e s t s .  
Crosses - pseudogradients. 
Values in *C/km. 
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Table 5 - Hueco Tanks qeothermal g rad ien ts .  

Locat ions  of boreholes are shown i n  F igs.  2.6, 2.15 and 2.18. 

Borehole no. Grad ien t  (OC/km) Depth i n t e r v a l  ( m )  
HT-1 
HT-2 
HT-3 
HT -4 
HT-5 
HT -6 
HT-7 
HT-8 
HT -9 
HT - 10 
HT-11 
HT-12 
HT - 13 
HT-14 
HT -15 
HT - 15 
HT-17 
HT -18 
HT - 19 
HT-20 
HT - 21 
HT - 22 
HT-23 
HT - 24 
HT-25 
HT - 26 
HT - 27 
HT - 28 

HT - 29 
HT - 30 

122.9 
107.4 
171 .O 
158.9 
177.3 
110.4 
289.4 
279.7 
313.6 
153.9 
171.9 
134.6 
33.1 
57.3 
40 .O 
84.0 
65.7 

362.5 
126 .O 
113.7 
71.6 
85.7 

105.6 
109.7 
130.3 
164.7 
309 .o 
180 .O 
368.0 
340.0(isothermal below 

160 m . )  
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33 - 46 
15 - 45 
15 - 45 
27 - 49 
15 - 45 
15 - 45 
20 - 45 
25 - 50 
15 - 50 
25 - 50 
60 - 120 

180 - 270 
25 - 50 
30 - 50 
25 - 45 
10 - 45 
10 - 45 
10 - 45 
20 - 50 
25 - 45 
10 - 45 
10 - 45 
20 - 50 
10 - 45 
10 - 45 
20 - 50 
90 - 160 
40 - 235 
10 - 50 
20 - 160 



F i g u r e  28 i s  a temperature contour  map f o r  a depth o f  50 m, based on t h e  

measured temperatures i n  the  25 d r i l l e d  holes,  p l u s  s i x  measureinents i n  

e x i s t i n g  w e l l s  t o  t h e  sou th  ( T a y l o r ,  1961; App.0). Since g r a d i e n t s  d i f f e r  

w i t h  l i t h o l o g y  as w e l l  as temperature,  t h e  a c t u a l  temperatures a t  a 

c o n s t a n t  depth were chosen t o  demonstrate t h e  thermal anomaly i n s t e a d  of 

g r a d i e n t s .  A n o r t h w e s t e r l y - t r e n d i n g  f a u l t ,  d iscussed p r e v i o u s l y  i n  

connec t ion  w”th t h e  g r a v i t y  work, i s  c l e a r l y  i n d i c a t e d  w i t h  temperatures 

r e t u r n i n g  t o  normal (about  22’C) w i t h i n  about 6 km t o  e i t h e r  s i d e  o f  t h e  

c e n t e r ,  and somewhat f u r t h e r  t o  the  n o r t h  and south.  

temperatures c o i n c i d e  w i t h  t h e  p o s i t i o n s  o f  t h e  l imes tone  o u t l i e r s ,  where 

t h e  f a u l t  comes neares t  t o  t h e  sur face.  

The h i g h e s t  

Two deeper ho les  were d r i l l e d  on t h e  Texas s i d e  o f  t h e  anomaly. 

HT-11, was p l a c e d  a t  a p o i n t  where thermal g r a d i e n t s  appeared t o  be 
h i g h e s t .  
was taken. The second, HT-12, was s i t u a t e d  0.5 km t o  t h e  southwest o f  

HT-11, c l o s e r  t o  t h e  t r a c e  of a suspected f a u l t .  Bedrock was reached a t  

about 134 m, 14 m ;ewer than t h e  p r e v i o u s  h o l e  ( a p p a r e n t l y  on t h e  

downthrown s i d e  o f  t h e  f a u l t ) ,  and d r i l l i n g  was cont inued t o  300 m in o r d e r  

t o  determine t h e  n a t u r e  o f  t h e  bedrock g r a d i e n t .  

The f i r s t ,  

Limestone bedrock was encountered a t  about 120 rn, and a 3 rn core 

Grad ien ts  a re  h i g h  in b o t h  ho les  ( F i g .  29 and 30), a l though  t h e y  decrease 

w i t h  depth.  HT-12, be ing  t h e  deeper o f  t h e  two, i s  of most i n t e r e s t .  The 

annual wave i s  dominant t o  about 40 m (deeper than usual ,  due t o  t h e  

conduc t i ve  e f f e c t  o f  t h e  i r o n - p i p e  used i n  t h i s  ho le ) ,  whence t h e  h i g h  

g r a d i e n t  o f  t h e  bo lson  f i l l  con t inues  t o  130 m .  
g r a d i e n t  takes over ,  dec reas ing  t o  170 m, t h e  p o i n t  a t  which t h e  h o t  water 

t a b l e  i s  presumably encountered. 

Thermal Model 
Measurements o f  thermal c o n d u c t i v i t y  on rock co re  taken f rom HT-12 have, 

when combined w i t h  t h e  g r a d i e n t ,  y i e l d e d  an ex t reme ly  h i g h  heat  f l o w  (9.3 
H.F.U.). T h i s  number would appear t o  be t h e  r e s u l t  of thermal  convec t i on  
i n  t h e  f a u l t  system, w i t h  o n l y  a smal l  conduc t i ve  component. Igneous rocks  

i n  the  area are t o o  o l d  t o  c o n t a i n  r e s i d u a l  heat,  and t h e i r  r a d i o a c t i v e  

heat  genera t i on  i s  t o o  low t o  account f o r  t h e  h i g h  heat f low.  

Below t h i s ,  t h e  bedrock 
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5 km 

2 4 mi 

0 ?\ i -  0 - 
Temperature contour map for a depth of 53m, Hueco Tanks  existing area, 
based on aeasurenents nade in dr i l led  gradient holes a n d  ; . e l l s .  
tours marked i n  OC; Gradient holes in black dots; o l d  wells logr;f_‘d 
a present study - squares (See Fi; 5 ) .  
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F i g  29 - HT - 11 (grad .  60 - 120m) 
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A f i n i t e  d i f f e r e n c e  heat f l o w  model was c o n s t r u c t e d  f o r  t h e  Hueco Tanks 

area ( F i g .  31). 
c a p a b i l i t i e s  o f  t he  computer program. 

based l a r g e l y  on the  r e s u l t s  o f  t he  g r a v i t y  survey, and rep resen ts  a smal l  

graben whose boundary f a u l t s  c a r r y  h o t  water f rom depth.  The top o f  t h e  

f a u l t s  a re  thus e f f e c t i v e l y  p o i n t  heat sources. 

I t  i s  ve ry  s i m p l i f i e d ,  owing t o  the  r e s t r i c t e d  geometr ica l  
The s t r u c t u r a l  c o n f i g u r a t i o n  i s  

The model would thus p r e d i c t  h i g h  sur face g r a d i e n t s  over and i n  t h e  
v i c i n i t y  o f  t he  f a u l t s .  

about 80°C a t  t h e  200-300 m l e v e l ,  a f t e r  which no s u b s t a n t i a l  i nc rease  

would be observed u n t i l  t h e  r e g i o n a l  g r a d i e n t  took over again a t  g r e a t l r  

depth ( a p p r o x i m a t e l y  2 km). 

D r i l l i n g  i n t o  t h e  f a u l t s  would encounter water a t  

Second-Staqe D r i l l i n g  

F i g u r e  28 shows t h e  e longa te  cen te r  of t h e  thermal anomaly t o  be n o r t h  of 
t h e  s t a t e  l i n e ,  on McGregor Range, New Mexico. To t e s t  t h e  thermal model 

d iscussed above, and t o  determine the  n a t u r e  of t h e  thermal regime here,  

two 300 m d r i l l  t e s t s  were undertaken on McGregor Range. The temperature 

l o g s  o f  HT-27 and 28 a re  shown i n  F igu res  32 and 33. 
e f f e c t i v e l y  i so the rma l  a t  250 rn e x h i b i t i n g  a g r a d i e n t  o f  180"C/km above 

250m; t h e  maximum temperature a t t a i n e d  was about 72°C. HT-27 encountered 

d r i l l i n g  problems a t  180 rn and was r e d r i l l e d  c l o s e  by  as HT-30 ( F i g .  3 4 ) .  

The h i g h  g r a d i e n t  reco rded  i n  t h e  f i r s t - s t a g e  h o l e  HT-18 was con f i rmed  

(34O0C/km),  b u t  t h i s  tu rned  over  a t  160 m ( a  l i t t l e  below 80°C) and t h e  

h o l e  was i so the rma l  t o  i t s  t o t a l  depth of 460 m. 

HT-28 went 

Based on t h e  geophys ica l ,  geothermal, and o t h e r  i n f o r m a t i o n  i t  i s  concluded 

a t  t h i s  s tage t h a t  t he  Hueco Tanks area i s  a convec t i on  c o n t r o l l e d  system 

w i t h  moderate ly  warm water (80°C) o c c u r r i n g  a t  a sha l l ow  l e v e l  

(150-200 m). 
which heated water r i s e s  a long f a u l t s  t o  t h e  near su r face  i n  t h e  v i c i n i t y  

o f  Hueco Tanks. 

The source of t he  water i s  t he  ad jacen t  Hueco Bolson, f rom 
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Figure 31 - Heat Flow model for  Hueco Tanks geothermal a rea ,  west t o  
e a s t  along the iexas/New Mexico s t a t e  l i n e .  
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PRESIDIO BOLSON 

Temperatures measured i n  abandoned wsl Is and o t h e r  d r i l l  - ho les  i n  t t le 

e a r l y  stages o f  t h e  p r o j e c t  i n d i c a t e d  a zone o f  h i 3 h  g r a d i e n t s  i n  t h e  

n o r t h e r n  p a r t  o f  t he  P r e s i d i o  Bolson near Ruidosa Hot Spr ings (F ig .35 ) .  I t  

was apparent t h a t  t h e  e a s t e r n  boundary f a u l t s  o f  t he  Bolson, n o t a b l y  t h e  

Cande la r ia  f a u l t ,  were r e s p o n s i b l e  f o r  t h e  r i s e  o f  warm waters,  a l t hough  

t h e  source ( though t  t o  be deep i n  the  Bolson)  was unknown. 

F i v e  ho les  were d r i l l e d  f o r  t h e  p resen t  p r o j e c t  t o  i n v e s t i g a t e  t h e  thermal 

anomaly a t  i iuidosa; t h e y  are r e p o r t e d  by  LaFren ie re  (1983) ,  and are 

desc r ibed  below: 

V izca ino  #1 ( F i g .  36 and 37) -- Located near t h e  Cande la r ia  f a u l t  
about 8 km n o r t h  of Ruidosa Hot Spr ings.  Th is  h o l e  was d r i l l e d  t o  
250 m i n  t u f f  and r h y o l i t e  and, d e s p i t e  same l o s t  c i r c u l a t i o n ,  
y i e l d e d  a good g r a d i e n t  o f  74.l0C/km i n  t h e  bot tom 100 m, a p p a r e n t l y  
una f fec ted  by  water c i r c u l a t i o n .  P r e l i m i n a r y  measurements gave a 
thermal c o n d u c t i v i t y  o f  about 4.5 mcal/cm°C, and t h i s  produces a 
heat  f l o w  of over 3 H.F.U. Th is  i s  a l i t t l e  h igh,  and suggests t h a t  
thermal water may have been p resen t  deeper, e l e v a t i n g  t h e  near suface 
g r a d i e n t  . 

S a n g u i j u e l a  Spr ings $1 ( F i g .  38 and 39) -- Located about 2 km. n o r t h  
o f  Ruidosa Hot Spr ings,  t h i s  h o l e  had a h i g h  b u t  i r r e g u l a r  g r a d i e n t ,  
p a r t i c u l a r l y  i n  the  lower  50 m. The i r r e g u l a r  g r a d i e n t  r e f l e c t e d  a 
l o s t  c i r c u l a t i o n  zone from 100 t o  120 m. Th is  suggests water 
movement i n  o r  near a f a u l t ,  s i n c e  the  bot tom h o l e  temperature i s  
approaching t h a t  o f  t h e  nearby h o t  s p r i n g s  ( a l t h o u g h  i t  occurs 150 m 
lower i n  e l e v a t i o n  than t h e  h o t  s p r i n g s ) .  

Benevides #1 ( F i g .  40 and 41) -- Th is  was d r i l l e d  a t  t he  s i t e  of a 
p r e v i o u s  50 m g r a d i e n t  measurement (261°C/km). The h i g h  gt-ad'ent i s  
s t i l l  apparent,  b u t  temperatures a re  h i g h l y  d i s t u r b e d  by  a l o s t  
c i r c u l a t i o n  zone f rom 65 t o  90 m. Below t h i s ,  a much lower  g r a d i e n t  
i s  observed (31.7"C/km). I t  i s  specu la ted  t h a t  t h i s  more n e a r l y  
rep resen ts  t h e  l o c a l  background thermal g r a d i e n t  , below t h e  zone 
d i s t u r b e d  b y  warm water  emanating f rom t h e  f a u l t .  
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F igu re  35 - L o c a t i o n  o f  F i v e  Holes i n  P r e s i d i o  E o l s o n  

RYAN 
FLAT 

BIA - BENEVIDES NO. I8 IA  
E2 - BENEVIDES NO. 2 
BR - ERISCOE 
P - PELTON 
V - VISCAYNO 
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Figure 36 - Temperature - Vizcaino -il 
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F i q u r e  37 - Grad ien t  - V i z c a i n o  f l  
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Figure 38 - Temperature - Sanguijela Springs $1 
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F i g u r e  39 - G r a d i e n t  - S a n g u i j u e l a  S p r i n g s  # l  
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Figure 40 - Temperature - Benevides k l  
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Fiqure 41 - Gradient - Benevides #1 
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Benevides # 2  ( F i g .  42 and 43) -- Located about 2 km eas t  o f  Benevides 
#1, i n  t h e  h i l l s  a t  t he  edge o f  t he  P r e s i d i o  Bolson, eas t  o f  t he  
Cande la r ia  f a u l t .  The g r a d i e n t  i s  d i s t u r b e d  throughout ,  r e f l e c t i n g  
the  d i f f i c u l t y  i n  d r i l l i n g  due t o  f r a c t u r e d  i n t e r v a l s  i n  t h e  
sha ly - l imes tone  rocks.  The average g r a d i e n t  o f  6O0C/km i s  h i g h e r  
than would n o r m a l l y  be expected, and c o u l d  i n d i c a t e  t h a t  warm water 
i s  moving eastwards, as w e l l  as westwards, f r o m  t h e  p roduc ing  f a u l t .  

P e l t o n  #1 ( F i x .  44 and 45) -- A 50 rn g r a d i e n t  h o l e  d r i l l e d  some 8 km 
t o  t h e  west of Ruidosa Hot Spr ings t o  t e s t  t h e  geothermal g r a d i e n t  
i n  t h e  c e n t r a l  p a r t  o f  t h e  bolson. The r e s u l t i n g  42.1°C/km i s  
p robab ly  r e p r e s e n t a t i v e  o f  t h e  background g r a d i e n t ,  and i n d i c a t e s  
t h a t  t h e  thermal anomaly i s  r e s t r i c t e d  t o  the  area of t h e  Cande la r ia  
F a u l t .  

I t  i s  apparent f rom these r e s u l t s  t h a t  t h e  thermal anomaly i n  the  area of 

Ruidosa Hot Spr ings i s  l o c a l i z e d  t o  the  Candelar ia  F a u l t ,  and caused by t h e  

presence o f  warm water i n  t h e  near subsurface. This  l o c a l i z a t i o n  

r e s u l t s  i n  e l e v a t e d  thermal g r a d i e n t s  which do n o t  p e r s i s t  p a s t  (be low) t h e  

l e v e l  o f  warm water emanating f rom the  f a u l t .  
does n o t ,  t h e r e f o r e ,  e x i s t  i n  t h i s  immediate area a t  e x p l o i t a b l e  depths.  

A h i g h  temperature resource  

FINLAY MOUNTAINS 

A h i g h  thermal g r a d i e n t  (8O0C/km) i n  an abandoned m ine ra l  e x p l o r a t i o n  

h o l e  i n  t h e  F i n l a y  Mountains, Hudspeth County ( F i g .  46) i n i t i a t e d  i n t e r e s t  

i n  a d r i l l i n g  t e s t  i n  t h e  area. Since t h e  o r i g i n a l  d r i l l  h o l e  was cased t o  

about 152 m (500 f t ) ,  i t  was decided t o  deepen t h e  e x i s t i n g  h o l e  and 
o b t a i n  a heat f l o w  measurement t he re in .  

The F i n l a y  Mountains fo rm a s t r u c t w a l  dome, caused by  t h e  i n t r u s i o n  of a 
M i d - T e r t i a r y  d i o r i t e  l a c c o l i t h  i n t o  the  Permian l imestones.  The d r i l l  h o l e  

was l o c a t e d  near t h e  apparent cen te r  o f  t h e  i n t r u s i o n .  I t  was cored t o  
405 rn, y i e l d i n g  a l l  igneous m a t e r i a l ,  p a r t i a l l y  m i n e r a l i z e d  and c o n t a i n i n g  

fragments o f  c o u n t r y  rock .  



Figure 42 - Temperature-Benevides li2 
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F i g u r e  43 - Grad ien t  - Benevides ~2 
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Figure 44 - Temperature-Pelton #1 

TEMP.,deg.C 

n 

E 
Y 

L 
a 
Q) 

t 

n 

5 

10 

15 

2 0  

2 5  

3 8  

35 

40 

45 

53 

24.5 25 0 25.5 26.Q 
--r---l---I----~ 

X 

X 

A,, 

\ 

K 
\ 

x 

770): 2 3 . 7  de9.C 
- G R A I I I E N T :  4 2 . 1  d e g . C / k m  

86 



8 

€ 

n 

r 
t- 
CL 
W 
c2 

Fiqure  45 - Gradient-Pelton #1 
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The temperature l o g  i s  shown i n  F i g .  47. 

p e r s i s t s  t o  300 m; a bot tom h o l e  temperature o f  56°C was recorded. The 

300 m l e v e l  appears t o  mark a warm water zone, w i t h  a lower g r a d i e n t  below, 

w i t h  temperature increases again near t h e  bot tom of t h e  h o l e .  However, 

c i r c u l a t i o n  problems d u r i n g  d r i l l i n g  make the  r e l i a b i l i t y  o f  measurements 

i n  t h e  lower  100 m quest ionable;  an e q u i l i b r a t e d  l o g  c o u l d  n o t  be made 

p r i o r  t o  t h e  p r i n t i n g  of t h i s  r e p o r t .  Based on c u r r e n t  knowledge, t h e  
mechanism i n  o p e r a t i o n  i n  t h e  F i n l a y  Mountains i s  p robab ly  s i m i l a r  t o  

o t h e r s  i n  West Texas, i . e .  warm water emanating f r o m  a f a u l t  caus ing a 

l o c a l  thermal  anomaly a t  t he  su r face .  Thermal r e f r a c t i o n  connected w i t h  

t h e  l o c a l  i n t r u s  ve body here may be an a l t e r n a t i v e  o r  a d d i t i o n a l  
i n t e r p r e t a t i o n .  Grad ien ts  i n  water w e l l s  c i r c u m s c r i b i n g  t h e  dom? a re  

r e l a t i v e l y  norma f o r  t he  area, thus c e n t e r i n g  t h e  anomaly upon t h e  F i n l a y  

Dome i t s e l f .  

A h i g h  g r a d i e n t  ( l lO°C/km) 
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CONC L US I ON 

The o r i g i n a l  i n t e n t  o f  t h i s  s t u d y  was t o  i n v e s t i g a t e  the  t w o  areas i n  

Trans-Pecos Texas/New Mexico known as t h e  Hueco Bolson and the  P r e s i d i g  

Bo1 son. P r i  o r  geophys i c a l  and geoc hemi c a l  i n v e s t  i gat  i ons gave i n d  i c a t  i ons 

t h a t  these two areas m igh t  be u n d e r l a i n  b y  geothermal anom3lies which c o u l d  

suppor t  commercial e x p l o i t a t i o n .  T h i s  s t u d y  was designed ti:, i n v e s t i g a t e  

b o t h  these areas (and any o t h e r s  i n  west Texas) of i n t e r e s t ,  p r i m a r i l y  
t h rough  geophysica l  techniques w i t h  tempera tu re -g rad ien t  measurements i n  

sha l l ow  ho les  used as guides f o r  deeper e x p l o r a t i o n .  

The geophysica l lgeochemical  s t u d i e s  conducted as p a r t  o f  t he  

a c t i v i t i e s  of t h i s  i n v e s t i g a t i v e  p r o j e c t  y i e l d e d  t h e  f o l l o w i n g  c o n c l u s i o n s :  

1) The Hueco Bolson appears t o  be t h e  s i t e  of geothermal waters  w i t h  

a temperature no more than 83°C o c c u r i n g  a t  r e l a t i v e l y  s h a l l o w  

(c .  600 f t )  depth.  The source of t h e  water appears t o  be t h e  

Hueco Bolson w i t h  upward m i g r a t i o n  r o u t e s  a long f a u l t s .  

2 )  The P r e s i d i o  Bolson, i n  t h e  v i c i n i t y  of Ruidosa Hot Spr ings,  

a long t h e  Ca lendar ia  F a u l t ,  has modera te l y  warm geothermal w a t e r  

which e v i d e n t l y  r i s e s  along, and i s  c o n f i n e d  t o  the Cande la r ia  

F a u l t .  I t  i s  thought  t h a t  t h e  l o c a l l y  e l e v a t e d  thermal g r a d i e n t s  
r a n g i n g  f rom 71" t o 9  26l0C/Km , compared w i t h  a background 
va lue  o f  40"-45"C/Km, do n o t  p e r s i s t  below t h e  l e v e l  of warm 

water emanating f rom t h e  f a u l t .  F i n d i n g s  i n d i c a t e  t h a t  a h i g h  

temperature resource  a t  economica l l y  e x p l o i t a b l e  depths does n o t  

e x i s t  i n  t h e  Ruidosa Hot Spr ings area. 

3 )  A t e s t  h o l e  i n  t h e  F i n l a y  Mountains e x h i b i t e d  a thermal  g r a d i e n t  

o f  l l O ° C / K m  t o  300m (984 f t )  b u t  decreased markedly  t h e r e a f t e r .  

I t  i s  p robab le  t h a t  an economica l l y  e x p l o i t a b l e  geothermal 

resource  does n o t  e x i s t  here, b u t  t h e  p robab le  cause of t he  

e l e v a t e d  g r a d i e n t  i n  t h e  F i n l a y  Mountains i s  s t i l l  a s u b j e c t  f o r  

debate and con t inued  s c i e n t i f i c  i n v e s t i g a t i o n .  
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APPENDIX I - FIELD MEASUREMENT OF VARIOUS PARAMETERS 

ELECTRICAL METHODS 

S e l f  P o t e n t i a l  Measurements 

The s e l f  p o t e n t i a l  (spontaneous p o t e n t i a l ,  o r  SP) method i s  one o f  t h e  

o l d e s t  geophysica l  t o o l s ,  d a t i n g  back t o  1830. 
used e x t e n s i v e l y  i n  e x p l o r a t i o n  f o r  m e t a l l i c  m i n e r a l s ,  and i n  v e r y  r e c e n t  

t ime  has been suggested as one means o f  geothermal p rospec t i ng .  Corwin and 

Hoover (1979) have cons ide red  t h i s  l a t e r  use i n  d e t a i l ,  a l t hough  t h e y  p o i n t  

o u t  t h a t  t h e  mechanism of genera t i on  o f  SP anomalies i s  n o t  w e l l  

understood, and i n t e r p r e t a t i o n  o f  r e s u l t s  must be considered c a r e f u l l y .  

S ince t h a t  t ime  i t  has been 

Among o t h e r  causes, e l e v a t e d  temperatures ( t h e  t h e r m o e l e c t r i c  e f f e c t )  and 

s t reaming p o t e n t i a l s ,  such as may be caused by  c i r c u l a t i n g  f l u i d s  ( t h e  
e l e c t r o k i n e t i c  e f f e c t )  can b o t h  g i v e  r i s e  t o  SP anomalies. 

The SP t r a v e r s e s  made i n  t h e  p resen t  s t u d y  (See F i g .  25, e a r l i e r )  used a 

100 m d i p o l e  arrangement o p e r a t i n g  i n  a " l e a p f r o g "  fash ion ,  t h e  p o t e n t i a l s  

b e i n g  added s u c c e s s i v e l y  t o  o b t a i n  t h e  SP va lue  a t  t h e  new s t a t i o n  r e l a t i v e  

t o  a " ze ro "  base. 
e l e c t r o d e s  connected t o  one another  through a h i g h  impedance v o l t m e t e r  ( t h e  

h i g h  impedance reduces t h e  r i s k  o f  i n d u c i n g  p o t e n t i  a1 s a t  t h e  e l e c t r o d e s  

f rom the  meter) .  The IIpots' '  were f i rm ly  p l a n t e d  i n  smal l  p i t s  dug i n  t h e  
ground a t  each s t a t i o n .  

The d i p o l e  c o n s i s t e d  of two Cu-CuS04 n o n - p o l a r i z i n g  

T e l l u r i c  c u r r e n t s  (due t o  v a r i a t i o n s  i n  t h e  e a r t h ' s  magnet ic f i e l d )  proved 

t o  be a major source o f  no ise.  
i n  v o l t a g e  f o r  each r e a d i n g  were noted and t h e  average va lue used. I t  was 
sometimes necessary t o  w a i t  f o r  t h r e e  o r  f o u r  minutes t o  r e g i s t e r  t h e  
maximum and minimum t e l l  u r i c  vo l tages .  Other commonly encountered sources 

o f  n o i s e  such as c u l t u r a l  a c t i v i t y ,  uneven s o i l  m o i s t u r e  c o n t e n t  and 

spu r ious  p o t e n t i a l s  due t o  chemical  Contaminat ion of t h e  e l e c t r o d e s  ( f r o m  
t h e  s o i l ) ,  were n o t  cons idered o f  importance i n  t h e  p resen t  survey. 

To a m e l i o r a t e  t h e i r  e f f e c t  t h e  v a r i a t i o n s  

There 
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was no evidence of conduc t i ve  m i n e r a l i z a t i o n  i n  t h e  l o c a l i t y  which c o u l d  

g i v e  r i s e  t o  anomalous read ings .  

cumu la t i ve  e r r o r s  over l o n g  t r a v e r s e s ,  b u t  a l oop  survey r u n  p r e v i o u s l y  

(5.5 km i n  l e n g t h )  c losed  t o  w i t h i n  0.lmV. 

were t i e d  t o  t h i s  loop, hence t o  a zero r e f e r e n c e  and, f i n a l l y ,  t o  one 
another .  

The " l e a p f r o g "  sumnation method can cause 

The desc r ibed  t r a v e r s e s  thus 

The r e s u l t s  o f  t he  two t r a v e r s e s  are shown i n  F igu res  A I - 1  and A I - 2  . Both 
l i n e s  d i s p l a y  a c o r r e l a t i o n  w i t h  e l e v a t i o n ,  b u t  t h e  e l e v a t i o n  change i s  

i t s e l f  due t o  a g e o l o g i c  change f r o m  bolson f i l l  t o  o u t c r o p p i n g  l imes tone  
( t h i s  change corresponds t o  a r i s e  i n  geothermal g r a d i e n t ) .  

response over  t h e  bolson f i l l  i s  d i s t i n c t l y  smoother than over t h e  

l imes tone ,  sugges t ing  f r a c t u r e s  i n  t h e  l a t t e r  g i v i n g  r i s e  t o  s m l l  

s t reaming  p o t e n t i a l s .  
d i s t i n g u i s h a b l e ,  p a r t i c u l a r y  on t h e  n o r t h e r n  s e c t i o n ,  w h i l e  t o  t h e  south 

(T rave rse  11) t h e  suspected f a u l t  t r a c e s  are obscured b y  no ise .  

The SP 

One, and p o s s i b l y  two, f a u l t s  appear t o  be 

By t a k i n g  a d e r i v a t i v e ,  t h e  SP g r a d i e n t  i s  ob ta ined  ( i n  mV/100m). Th is  

d e r i v a t i o n  has t h e  e f f e c t  of removing e l e v a t i o n  e r r o r  and enhancing t h e  

suspected f a u l t  t r a c e s  which a re  d i s t i n g u i s h a b l e  on bo th  l i n e s  as 

symmetr ica l  f l a n k i n g  anomalies about 800 m apar t  (See F igu res  A I - 1  , and 

A I - 2 ) .  

E l e c t r i c a l  R e s i s t i v i t y  Soundings 

R e s i s t i v i t y  measurements have been made q u i t e  e x t e n s i v e l y  i n  t h e  E l  Paso 
area i n  t h e  search f o r  p o t a b l e  water  (Sayre and Stephenson, 1537; Sayre and 

L i v i n g s t o n ,  1945; Knowles and Kennedy, 1959; Zohdy, 1969; Zohdy e t  a l .  

1976; Gates e t  a l ,  1978). 

can be u s e f u l l y  c o r r e l a t e d  w i t h  t h e  p r e s e n t  s t u d y  area. 

Of these, however, o n l y  those of Zohdy (1969) 

Four v e r t i c a l  e l e c t r i c  soundings were made over  t h e  geothermal area, i n  an 

at tempt  t o  d i s t i n g u i s h  a thermal  zone u s i n g  t h e  r e s i s t i v i t y  method. 

equipment used was b u i l t ,  desc r ibed  and k i n d l y  loaned b y  Young (1979), and 
The 
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i s  i l l u s t r a t e d  d i a g r a m m a t i c a l l y  i n  F i g u r e  AI-3. The Schlumberger 

e l e c t r o d e s  c o n f i g u r a t i o n  was employed, i n  which t h e  o u t s i d e  ( c u r r e n t )  

e l e c t r o d e s  a re  moved a p a r t  w h i l e  keeping t h e  i n n e r  ( p o t e n t i a l )  e l e c t r o d e s  

a t  a r e l a t i v e l y  c l o s e  spacing. A " p i c t u r e "  o f  t he  r e s i s t i v i t y - d e p t h  

r e l a t i o n s h i p ,  e f f e c t i v e l y  below t h e  c e n t e r  o f  t h e  spread, i s  produced. The 

l i n e  o f  survey was i n  each case s e t  o u t  p e r p e n d i c u l a r  t o  the  s t r i k e  o f  t h e  

supposed g e o l o g i c  s t r u c t u r e .  
t h e  cen te r ,  a1 though t e l l  u r i c  c u r r e n t s  made read ings  d i f f i c u l t  a t  d i s t a n c e .  

As w i t h  t h e  SP readings,  t h e  range o f  t e l l u r i c  v a r i a t i o n  was noted and an 

aver age Val ue recorded.  

The maximum spacing a t t a i n e d  was 1 km f rom 

Apparent r e s i s t i v i t y  ( i n  ohm-m) f o r  each e l e c t r o d e  p o s i t i o n  was c a l c u l a t e d  

u s i n g  t h e  formula:  
2 2  pa(ohm-m)= TI (a- - r-) X - V 

2 r  I 
where a = l e n g t h  AB/w (m) 

r = l e n g t h  NM/2 (m)  

V = p o t e n t i a l  betwen M and N, measured w i t h  v o l t  

meter ( m V )  

I = c u r r e n t  i n t o  ground a t  A and 6, generated by 

d.c. t r a n s m i t t e r  (mA) 

F i e l d  da ta  were p l o t t e d  as a versus AB/2 on l o g - l o g  graph paper.  A 

computer program " R E S I S T "  ( a f t e r  Ghosh, 1971 and Sternberg,  1977) was then 

used t o  model a s i m i l a r  graph u s i n g  i n p u t  r e s i s t i v i t y  and t h i c k n e s s  

parameters.  A h o r i z o n a l l y  l aye red ,  l a t e r a l l y  homogeneous e a r t h  i s  assumed. 

The m o d e l l i n g  techn ique  produced seve ra l  match ing a l t e r n a t i v e s  t o  t h e  f i e l d  

data,  however, o n l y  one p o s s i b i l i t y  which i s  a l i k e l y  analog i s  
i l l u s t r a t e d ,  f o r  each. 

due t o  non-homogeneity of beds. 

The 500 ohm-m va lue  used f o r  bedrock i s  a r b i t r a r y ,  and was chosen t o  
r e p r e s e n t  an " i n f i n i t e "  bo t tom- laye r  r e s i s t i v i t y .  

Depth es t ima tes  u s i n g  t h i s  method can be i n c o r r e c t  

The r e s u l t i n g  curves are d iscussed below. 
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Figure  A I -  3 -Arrangement of  apparatus f o r  Schlumberger e l e c t r i c a l  soundings, showing the  form of c u r r e n t  
f low i n  a s e m i - i n f i n i t e  e a r t h .  



(i) V E S - 1  ( F i g u r e  AI-4) 
Th is  sounding was l o c a t e d  near t h e  s i t e  o f  t h e  former "Hot We l l "  and i s  

model led as a 6 - l a y e r  case. The i r r e g u l a r i t y  o f  t h e  f i e l d  p o i n t s  
( e s p e c i a l l y  a t  AB/2 = 55 m)  suggests t h a t  t h e  assumption o f  h o r i z o n t a l  

s t r a t a  may n o t  be s t r i c t l y  v a l i d  ( a  h o r i z o n t a l l y  s t r a t i f i e d  medium would 

g i v e  r i s e  t o  a smooth curve,  such as t h a t  produced by  t h e  model 1. Indeed, 

a cusp l i k e  t h a t  a t  AB/2 - 55 m may i n d i c a t e  a near v e r t i c a l  r e s i s t i v i t y  

c o n t r a s t ,  such as a f a u l t  (Kunetz, 1966, p.74). The low r e s i s t i v i t y  f i f t h  

l a y e r  almost c e r t a i n l y  r e p r e s e n t s  t h e  " h o t  m i n e r a l i z e d  water"  encountered 

b y  t h e  o l d  h o t  we1 1. 
Zohdy's (1969) Sounding-2, made 35 km t o  t h e  south,  b u t  s t i l l  a t  t h e  

e a s t e r n  edge o f  t h e  Hueco Bolson. 

The model f o r  V E S - 1  can be compared i n  fo rm w i t h  

(ii) VES-2 ( F i g u r e  A I - 5 )  
A 4 - l a y e r  model f o r  t h i s  sounding again shows a low r e s i s t i v i t y  l a y e r  above 

t h e  "bedrock",  a l t hough  w i t h  a h i g h e r  va lue than t h a t  i n  VES-1. The depth 

e s t i m a t e  suggests t h a t  t h i s  i s  n o t  t h e  water t a b l e .  The f i e l d  cu rve  

d i s p l a y s  a remarkable resemblance t o  Zohdy's Sounding-9, which i s  shown i n  

F i g u r e  AI-6 f o r  comparison. The d i s c o n t i n u i t y  a t  AB/2 = 300m i s  e x p l a i n e d  

b y  Zohdy i n  terms o f  a t h i n  l i m e s t o n e  r i d g e .  

i n t o  a smal l  b u r i e d  h o r s t  i n  t h e  p r e s e n t  example, a l t hough  w i t h o u t  f u r t h e r  

soundings t o  the  eas t ,  t h i s  cannot be s u b s t a n t i a t e d .  

T h i s  c o u l d  be t r a n s l a t a b l e  

(iii) VES-3 ( F i g u r e  AI-7) 
The somewhat i r r e g u l a r  f i e l d  cu rve  of VES-3 i s  n o t  r e a d i l y  i n t e r p r e t a b l e  

w i t h  t h e  p r e s e n t  technique.  A 6 - l a y e r  model i s  presented which exc ludes 

t h e  two sharp r e s i s t i v i t y  minima a t  AB/2 = 4 and 180m. 

v e r y  low r e s i s t i v i t y  l a y e r  above "bedrock",  and t h i s  p r o b a b l y  corresponds 
t o  t h e  h o t  water encountered b y  w e l l  14. 

due t o  the  a p p a r e n t l y  unhomogeneous n a t u r e  of t h e  ground i n  t h i s  area. 

Th is  model shows a 

Depth es t ima tes  a re  u n r e l i a b l e  
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Not 
U O I  

HTERPWTED MODEL 

Cuwei of VFS 3 and 9 showing discontinuitb at AF/Z*lR00 h due to thc n d n g  of a current e lec trdr  
over thin vertical dikrlikc SI~YCIUIC d high rrsirtivit): The muimum on VES 3 hu r sharp cuwature due to the 
limited lateral extent of the third l a p i  (>lOa, ohm-m hycr bencrth VES 3 in inkqwclcd model). Horizontal 
distance, on interpreted model, between VES 3 and 9 b approximately SWOft 

F i g u r e  A I - 6  - F i g .  5 f r o m  Zohdy (1969), showing h i s  "VES-9" and " V E S - 3 " .  
Compare t h e  forni  o f  t h e  curves, and t h e  d i s c o n t i n u i t y ,  w i t h  
VES-2 from t h i s  s tudy .  
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( i v )  VES-4 ( F i g u r e  A I -8 )  

Equipment m a l f u n c t i o n  l i m i t e d  sounding r a d i u s  t o  l O O m  a t  t h i s  l o c a t i o n ,  

however, t h e  e x i s t i n g  p a r t  o f  the curve i s  s i m i l a r  t o  the  same p a r t s  o f  

VES-1  and 2. 
presence of t h e  h o t  water l a y e r  again, a t  about loom, c o n s i s t e n t  w i t h  t h e  
o t h e r  soundings and t h e  known depth o f  t h e  water t a b l e .  

An e x t r a p o l a t e d  6 - l a y e r  model ( i f  v a l i d )  suggests t h e  

No a t tempt  has been made here t o  d e f i n e  t h e  a r e a l  e x t e n t  o f  t h e  h o t  wa ta -  

u s i n g  r e s i s t i v i t y  soundings o r  p r o f i l e s .  An i n t e n s i v e  r e s i s t i v i t y  survey 

i n  t h e  area, i n v o l v i n g  s e v e r a l  dozen soundings, m igh t  p rove  u s e f u l  i n  t h i s  

ma t te r ,  though t h e  q u a n t i t a t i v e  a m b i g u i t i e s  apparent f rom t h e  above 

examples c o u l d  l i m i t  t h e  e f f e c t i v e n e s s  of such work. 

THERMAL GRADIENT MEASUREMENTS 

The b a s i c  d a t a  sources behind the  i n t e r p r e t a t i o n s  made i n  t h i s  s t u d y  a re  a 

s e r i e s  o f  subsur face temperature measurements. Approx imate ly  40% o f  these 
y i e l d e d  thermal  g r a d i e n t s ,  w h i l e  t h e  remainder c o n s i s t e d  of o n l y  one 

temperature which was used t o  produce a pseudo-gradient .  The v a r i o u s  

procedures which were employed t o  produce pseudogradients  were t h e  

f o l l o w i n g :  

I n f o r m a t i o n  on r e g i o n a l  sur face temperatures and a d i a b a t i c  l apse  r a t e s  f o r  
use i n  heat  f l o w  t e r r a i n  c o r r e c t i o n s  was ob ta ined  f rom c l i m a t o l o g i c a l  da ta  
p u b l i s h e d  b y  t h e  Environmental  Data and I n f o r m a t i o n  S e r v i c e  o f  t h e  N a t i o n a l  
Oceanic and Atmospheric A d m i n i s t r a t i o n .  Mean annual temperatures f o r  
1941-1970 (one l i s t ) ,  and 1972-1978 ( i n d i v i d u a l  annual sumnaries, e x c l u d i n g  
1975, which was n o t  a v a i l a b l e )  were analyzed, f o r  t h e  e igh teen  r e c o r d i n g  
s t a t i o n s  i n  t h e  s t u d y  area. Table A I - 1  sumnarizes l o c a t i o n  i n f o r m a t i o n  f o r  
t hese  s t a t i o n s ,  and Table A I -2  l i s t s  mean annual s u r f a c e  temperatures f o r  
t h e  aforementioned pe r iods ;  p o s i t i o n s  of t h e  s t a t i o n s  a re  shown i n  F i g u r e  
6, e a r l i e r .  
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Figure AI -  8 -Resis t ivi ty  sounding curve f o r  VES-4. 
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Table A I - 1  - Index o f  weather s t a t i o n s ,  West Texas. 

S t a t i o n  name Code L a t i  tude Long i tude 

A lp ine ,  B A 30'21 I 103'49' 
Candelar ia ,  P CA 30 "09 104 '41 ' 
Chisos Basin,  B CH 29'16' 103'18' 
Cornudas, H co 31 '47 ' 105'28' 
El Paso, E EP 31 '48 ' 196 ' 24 I 

F o r t  Hancock, H FH 31'15' 105 '48 I 

La Tuna, E LT 31'58' 106'36' 
L a j i t a s ,  B L 29"15' 103'47 ' 
Marathon, B MT 30"13' 103 ' 14 I 

Marfa, P MF 30'18' 194 '01 I 

M t .  Locke, J ML 30"40 I 104 'ad I 

Panther Jc t . ,  B PJ 29'19 ' 103'13' 
P r e s i d i o ,  P P 29'33' 104 ' 21 I 
S a l t  F l a t  2, C SF 31 '47 I 104Y4 I 

S i e r r a  Blanca, H SB 31 '11 I 105'21 I 

Van Horn, C VH 31 '03 I 104 ' 50 I 
Ysle ta ,  E Y 31 '42 I 106 ' 19 ' 
Fabens, E F 31 '30 I 106 '09 I 

* I n  f e e t  above sea l e v e l .  

Notes:  County abb rev ia t i ons : -  
B - Brewster  
P - P r e s i d i o  
H - Hudspeth 
E - E l  Paso 
J - J e f f  Davis  
C - Culberson 

E l e v a t i o n *  

44 31) 
2875 
5300 
44 30 
3913 
3940 

2440 
40 30 
4710 
6790 
3740 
25 70 
3890 
45 90 
4050 
3670 
3610 

3839 



Table AI -2 - Mean annual temperatures, West Texas weather 
S t a t i o n s .  

Stat i o n  A n n u a l  t e m p e r a t u r e s ,  " F  
code 1 9 4 1 - 7 0  1 9 7 2  1 9 7 3  1 9 7 4  1 9 7 6  1 9 7 7  1 9 7 8  Mean 

OF " C  

L 
>:y 

I.! F 
9iL 

PJ 
P 

S F 
SB 
VH 

Y 
F 

63.0 ' :  6 1 . 6  64 .5 ' :  5 9 . 9  6 3 . 7  6 2 . 3  6 2 . 6  1 7 . 0  
6 7 . 7  63.6;k  6 7 . 7  6 4 . 9  66.79;  6 7 . 3  6 6 . 3  1 9 . 1  

6 3 . 0  6 1 . 0  6 2 . 3  5 9 . 4  6 3 . 1  6 1 . 7  6 1 . 8  1 6 . 6  
6 1 . 2  5 9 . 2  6 0 . 5  5 9 . 0  6 2 . 0  6 0 . 2  6 0 . 4  1 5 . 8  
6 3 . 8  6 1 . 9  6 2 . 7  6 1 . 4  6 3 . 8  6 4 . 7  6 3 . 6  1 7 . 4  
6 4 . 2 "  58.29:  6 2 . 9  6 0 . 7  6 3 . 7  6 3 . 4  6 2 . 2  1 6 . 8  
6 5 . 5  61 .9 "  6 3 . 7  6 2 . 5  6 4 . 8  6 4 . 8  6 3 . 9  1 7 . 7  
- -  - -  - -  - -  - -  7 7 . 2  7 1 . 4  2 1 . 9  
60.1'' 6 0 . 4 "  64 .5 " '  5 8 . 2 *  - -  6 1 . 2  6 0 . 9  1 6 . 1  
6 1 . 1  5 8 . 5 *  6 0 . 8  5 8 . 2  6 1 . 4  6 0 . 6  6 0 . 1  1 5 . 6  
5 7 . 9  5 6 . 9  5 7 . 6  5 4 . 9  5 8 . 9  5 7 . 7  5 7 . 3  14 .1  

6 5 . 9  6 4 . 4  6 5 . 6  6 3 . 2  6 7 . 0  6 5 . 4  6 5 . 3  1 8 . 5  
6 9 . 8  69 .3*  7 0 . 0  6 8 . 3  7 0 . 0  69 .6 ; ' ;  6 9 . 8  2 1 . 0  
62.1 6 0 . 4  6 1 . 8  60 .0 ' "  6 2 . 6  - -  6 1 . 4  1 6 . 3  

6 1 . 7  6 0 . 1  6 1 . 0  5 9 . 7  6 4 . 7  6 4 . 9 *  6 2 . 0  1 6 . 7  
6 4 . 0  59.5; ' :  64.59: 64 .6 "  63 .6$ :  64 .7 ' :  6 3 . 3  1 7 . 4  

6 3 . 2  6 1 . 8  6 3 . 3  63.5;' '  6 4 . 2  6 3 . 7  6 2 . 7  1 7 . 1  
6 2 . 5  6 0 . 6  6 1 . 4  6 3 . 8 "  - -  - -  6 2 . 1  1 6 . 7  

-'- A -  data missing 
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The elevation and mean a n n u a l  temperature for each o f  the eighteen 
locations are plotted i n  Figure AI-9. A least-squares l ine  t h r o u g h  t h e  
points gives a slope of -0.002867 O F / f t ,  w h i c h  converts t o  -5.224"C/km; 
this  represents the normal a d i a b a t i c  lapse r a t e  for the region a n d  was used 
t o  ca lcu la te  'pseudogradients I .  

Temperature Logging 
Equipment 

Downhole temperatures were measured with thermi s t o r  probes connectsd t o  
res is tance bridges. Two such arrangements were used i n  the f i e l d ,  and are 
described i n  Taylor (1981). 

Procedure 
Ac tua l  downhole temperature measurements were made i n  some 100 wells and 

boreholes i n  El Paso, Hudspeth, Jeff  Davis ,  Culberson and Presidio 
Counties. In addition, a number of gradients were obtained from 
temperature logs made available by the U. S. Geological Survey. The 
geothermal gradients obtained are discussed e a r l i e r .  

S i t e s  ranged from geothermal gradient holes f i l l e d  w i t h  water t o  f a c i l i t a t e  
temperature logging t o  abandoned wells (usually dry) .  Presently or 
r x e n t l y  operating water wells were avoided because of the temperature 
disturbance and the risk of lodging the temperature probe between purn2jack 
and casing. 

t e s t  d a  
ex t r apo 

where t 

Because o f  the semi-arid nature of  the Trans-Pecos area,  the watsr table  
generally l i e s  f a i r l y  deep, between abou t  30m and  l O O m  (Davis and Gordon, 
19701, w i t h  local variations greater t h a n  200m. For th i s  reason, many 
temperature l o g s  were taken e i ther  completely or p a r t i a l l y  i n  a i r .  I n  such 
cases ,  r ince the thermistor probes used take some time t o  reg is te r  the  
correct  temperature when i n  a i r  (as  compared w i t h  very rapid equi l ibrat ion 
i n  water) ,  a s e r i e s  of readings were taken a t  each depth logged (namely, a t  
0 ,  2 ,  3,  5 minutes). Several functions were empirically f i t t e d  t o  a s e t  of 

a ,  i n  an attempt t o  determine the t rue f o r m a t i o n  temperatures ( a t  
t was f o u n d  u s i n g  the function, ated i n f i n i t e  time). The best f 

K =  t 
( t  - 1)  

= time ( i n  minutes) 
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Figure AI-9 
Texas weather: stations, f o r  adiabatic lapse rate derivation. 
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The temperatars  a t  2, 3, and 5 minutes were f i t t e d  b y  l eas t - squares  t o  the  

l o g a r i t h m i c  equa t ion :  

such as t-, T+A, t h e  i n t e r c e p t  on t h e  temperature a x i s ,  thus e f f e c t i v e l y  

g i v i n g  t h e  temperature o f  e q u i l i b r i u m  a t  t h a t  depth. 

T = A + BlnK ( I .  2)  

Temperature measurements were g e n e r a l l y  made a t  e i t h e r  5 o r  10m i n t e r v a l s ,  

depending on t h e  d e t a i l  r e q u i r e d  f o r  t h e  ensuing geothermal g r a d i e n t .  

Where a knowledge of t h e  shape of t h e  annual wave was needed, 2m read ings  

were taken down t o  10m, t o  c l o s e l y  o b t a i n  t h e  form of t h e  curve, and normal 

i n t e r v a l  l o g g i n g  was commenced t h e r e a f t e r .  Depths were o b t a i n e d  f r o m  a 
counter  wheel, c a l i b r a t e d  i n  meters (and r e a d i n g  t o  O. lm) ,  over  which t h e  
l o g g i n g  cab le  r a n  i n t o  t h e  hole;  t h i s  served n o t  o n l y  f o r  depth f i n d i n g ,  

b u t  a l s o  t o  f a c i l i t a t e  movement of t h e  probe and c a b l e  i n t o  and o u t  o f  t h e  
hole.  The cab le  was marked w i t h  tape a t  10m i n t e r v a l s ,  and depths were 

l o c a t e d  w i t h  these markings i n  i ns tances  where t h e  counter  wheel c o u l d  n o t  

be used. 

Computer Program THERMAL 

The program "THERMAL" was designed t o  t a k e  a s e t  o f  temperature - depth 

data,  compute a l eas t - squares  g r a d i e n t  over  a s e c t i o n  of t h e  curve, 

s p e c i f i e d  by the  opera to r ,  and d i s p l a y  t h e  r e s u l t  g r a p h i c a l l y .  Where 
des i red ,  a p l o t  of g r a d i e n t  versus depth c o u l d  be produced. The program 

was w r i t t e n  i n  Basic Language, f o r  use on t h e  Hewlet t -Packard 9845 m i n i -  

computer. A l l  t empera tu re /g rad ien t  p l o t s  used i n  t h i s  s t u d y  were generated 

b y  THERMAL. A l i s t i n g  of t h e  program appears i n  T a y l o r  (1981).  

Thermal Grad ien t  E s t i m a t i o n :  Pseudogradients 

A s i z e a b l e  number o f  chemical  analyses of water samples i n  t h e  

Trans-Pecos r e g i o n  were found t o  be a v a i l a b l e  i n  v a r i o u s  forms (Whi te  e t  

a l . ,  1978; Gates and White, 1976; f i l e s  of U. S. Geo log ica l  Survey Water 

Resources D i v i s i o n  and Texas d a t e r  Development Board, E l  Paso); many o f  
these i n c l u d e d  i n f o r m a t i o n  on water temperatures and depths o f  w e l l s .  A l s o  

a v a i l a b l e  were bottom h o l e  temperatures from c e r t a i n  o i l  t e s t s .  A 
methodology was dev ised t 3  make use of t h e  bot tom-hole temperatures i n  
e s t i m a t i n g  geotherinal g r a d i e n t s .  
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I n  the  case o f  some of the more r e c e n t  o i l  t e s t s ,  bot tom h o l e  temperatures 

had been taken a t  p r o g r e s s i v e  breaks i n  d r i l l i n g ,  thus g i v i n g  a s e r i e s  of 

temperature-depth p o i n t s  f rom which a g r a d i e n t  c o u l d  be deduced. The use 

of bot tom h o l e  temperatures i s  prone t o  many sources o f  e r r o r ;  

temperatures recorded a re  a c t u a l  l y  maxima, and may n o t  n e c e s s a r i l y  

r e p r e s e n t  the c o n d i t i o n s  a t  t h e  base o f  the borehole.  

c i r c u l a t i n g  d r i l l i n g - m u d  can lower t h e  e f f e c t i v e  temperature,  and, un less 

s u f f i c i e n t  t ime has e lapsed between c e s s a t i o n  of d r i  11 i n g  and logg ing ,  

thermal e q u i l i b r i u m  may n o t  have been e s t a b l i s h e d .  Bear ing  these f a c t o r s  

i n  mind, t h e  use of these d a t a  can p r o v i d e  f a i r l y  r e l i a b l e  r e g i o n a l  

I n  a d d i t i o n ,  

g r a d i e n t s ,  p a r t  

demon s t r a t ed by  
Schoeppel and G 

c u l a r l y  when analyzed i n  l a r g e  q u a n t i t i e s ,  as has  been 

v a r i o u s  authors ( G r i s a f i  e t  a l . ,  1973; Summers, 1972; 
l a r r a n z ,  1966). 

The use o f  temperature da ta  f rom water samples i n  t h e  e s t i m a t i o n  o f  

geothermal g r a d i e n t s  ( "pseudograd ien ts " )  i s  s u b j e c t  t o  seve ra l  e r r o r s  and 

assumptions, as f o l l o w s :  

1. Accuracy o f  t h e  measurement; a l i q u i d - i n - g l a s s  thermometer, b e i n g  

t h e  usual  t o o l ,  may be accurate t o  between 0.5 and 1.0"C; 
2. The sample t e s t e d  i s  assumed n o t  t o  have been s t a n d i n g  i n  a tank 

o r  p i p i n g  where i t s  temperature could have been a r t i f i c i a l l y  
r a i s e d  or lowered; and 

temperature a t  t h e  bot tom o f  t he  w e l l  o r  a t  t h e  depth i n  ques t i on .  

Th is  i s  p r o b a b l y  t h e  l e a s t  w e l l  s u b s t a n t i a t e d  assumption, s i n c e  

i t  cannot a l l o w  f o r  m i x i n g  o f  water a t  h i g h e r  l e v e l s  w i t h i n  t h e  

w e l l .  

3. The temperature o f  t he  recovered water r e p r e s e n t s  t h e  t r u e  

I t  i s  a commonly observed f a c t  t h a t  t h e  i n t e r c e p t  on t h e  temperature a x i s  

o f  a s t r a i g h t  l i n e  drawn through a s e r i e s  of temperature-depth p o i n t s  i n  a 
geothermal g r a d i e n t  de te rm ina t ion ,  and o f t e n  des ignated as "toll o r  "mean 

s u r f a c e  temperature," does n o t  e x a c t l y  c o i n c i d e  w i t h  t h e  measured mean 

annual s u r f a c e  h i g h e r  than t h e  recorded MAST. 
accounted f o r  i f  any g r a d i e n t  e s t i m a t i o n  i s  t o  be a t  a l l  mean ing fu l .  

Th i s  d i sc repancy  must be 
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A s e r i e s  o f  t h i r t e e n  geothermal g r a d i e n t  measuremerits ( d e r i v e d  from ac tua l  

temperature l o g s )  i n  West Texas were chosen f g r  i n v e s t i g a t i o n ,  on t h e  bas i s  

o f  the good q u a l i t y  o f  t h e i r  d a t a  and t n e i r  r e l a t i v e  p r o x i m i t y  t o  a 

r e c o r d i n g  weather s t a t i o n .  A q u a n t i t y  To was c a l c u l a t a d  f o r  each, t h i s  

be ing  t h e  d i f f e r e n c e  between ''TOii ( d e r i v e d  f rom a l e a s t  squares f i t  t o  

the  temperature-depth d a t a )  and t h e  MAST o f  t he  neares t  weather s t a t i o n .  

To v a r i e d  between 2.0 an3 5.6"C, t h e  mean be ing  3.7"C. 
"pseudogradient"  was then c a l c u l a t e d  as f o l l o w s :  

A 

(Bot tom h o l e  temp.) - (MAST)  - 3.7 = Pssud3gradient (1 .3)  

Depth 
A comparison o f  g r a d i e n t s  es t ima ted  b y  the above rnethod and the l e a s t  

squares g r a d i e n t s  t o  the r e a l  d a t a  a re  p r e s e n h d  i n  Table AI-3,  a long  w i t h  

o t h e r  r e l e v a n t  i n f o r m a t i o n .  The s i m i l a r i t y  between t h e  seventh and n i n t h  

columns i n d i c a t e  t h a t  t h i s  nethod i s  a f e a s i b l e  way o f  e s t i m a t i n g  

geothermal g r a d i e n t s ,  g i ven  bot tom h o l e  temperatures and depths,  and an 

i dea  of t h e  MAST. 

t h e  removal of t h e  cons tan t  3.7"C; these es t ima t2s  are n o t i c e a b l y  i n  

e r r o r .  

The e i g h t h  column l i s t s  t h e  es t ima tes  ob ta ined  w i t h o u t  

A computer program, "PGRAD", was w r i t t e n  t o  c a l c u l a t e  pseudogradients  i n  

t h e  above manner, f o r  some 160 bot tom h o l e  temperatures.  These were used 

i n  t h e  c o m p i l a t i o n  o f  t h e  geothermal g r a d i e n t  map o f  West Texas ( F i g u r e  7, 
e a r l i e r ) ,  as a second o r d e r  d a t a  se t .  A l i s t i n g  o f  the "PGRAD" program 
( w r i t t e n  i n  Hewlet t -Packard compa t ib le  B a s i c )  appears i n  T a y l o r  (1981).  

I t  i s  thought  t h a t  t h e  ' t cons tan t "  a l l u d e d  t o  i s  c h a r a c t e r i s t i c  of t h e  

c l i m a t e  o f  a g i ven  area, hence w i l l  v a r y  f rom one c l i m a t i c  r e g i o n  t o  

another .  A l l  t h e  weather s t a t i o n s  i n  West Texas were considered toge the r ,  

as be ing  f rom a s i m i l a r  p r o v i n c e .  

one cons tan t  f o r  t h e  p r e s e n t  s tudy.  

Thus, i t  was necessary t o  d e f i n e  o n l y  
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- Table AI-3 - Geothermal gradient and pseudogradient comparisons - for 13 stations. - 

Borehole Nearest Derived AT," Bottom-hole Depth Neasured P'grad* P'grad** 
location MAST("C) To("C) temp. ("C) (m) grad .  ("C/km) ("C/km) ("C/km) 

Valentine 16.5 19.9 3.4 24.1 100.0 41.7 
UTEP Campus 17.4 21.8 4.4 24.7 100.0 28.5 
Hueco Tanks 17.4 19.4 2.0 27.4 45.0 172.0 
Ruidosa 19.1 22.6 3.5 26.3 38.0 97.4 
Chinati Mtns. 21.0 23.9 2.9 25.1 45.7 26.6 
A 1  lamoor e 17.4 20.0 2.6 23.1 27.4 114.8 

c1 Capote Creek 19.1 23.3 4.2 25.4 30.5 71.7 

El Paso Airport 17.4 20.5 3.1 29.2 280.0 44.8 
Red Light Draw 17.1 22.7 5.6 34.2 350.5 27.8 
Van Horn 17.4 20.8 3.4 26.6 310.0 16.6 
Pump Stn. Hill 15.8 19.3 3.5 20.2 60.0 15.3 
Candelaria 19.1 23.5 4.4 25.2 27.4 60.0 

M e a n n  

c1 

Tu Finlay Mtns. 16.8 21.3 4.5 31.7 130.0 79.7 

Notes: " - To-MAST 
* - uncorrected pseudogradient, i.e. ( B . H . T . )  - (MAST) 

Depth 
** - corrected pseudogradient, i . e .  (B.H.T.) - (MAST) - 3.7 

Depth 

76.0 
73.0 
222.0 
189.0 
89.7 
208.0 
206.6 
114.6 
42.1 
48.8 
29.7 
73.2 
222.6 

39.0 
36.0 
140.0 
92.1 
8.8 
73.0 
85.2 
86.2 
28.9 
38.2 
17.7 
11.5 
87.6 



Thermal C o n d u c t i v i t y  Measurement 

Equipment 

A l l  thermal  c o n d u c t i v i t y  measurements were made on t h e  d i v i d e d - b a r  

apparatus a t  t he  U n i v e r s i t y  o f  Texas a t  E l  Paso; t he  equipment was designed 
by R. F. Roy, and was s i m i l a r  t o  t h a t  descr ibed by  Roy e t  a l .  (1968a).  For 
a d i s c u s s i o n  of o p e r a t i n g  procedures,  c a l i b r a t i o n  technique and u t i l i z a t i o n  

of techn ique on cores or  c u t t i n g s ,  see Tay lo r  (1981, ppg. 35 t o  63 ) .  

Computer Proqram CONDUC 

c o n d u c t i v i t i e s  by  u t i l i z i n g  " c h i p - c e l l " ,  p o l y s t y r e n e  r e s i n ,  and s o l i d  rock  

core  methods. The program, i n  Basic  ( f o r  use on the  Hewlet t -Packard 9845 
computer), i s  l i s t e d  i n  Appendix A o f  Tay lo r  (1981).  

A computer program, "CONDUC", was w r i t t e n  t o  c a l c u l a t e  thermal  

Heat Flow C a l c u l a t i o n  

The s tandard  one-dimensional  s t e a d y - s t a t e  s o l u t i o n  o f  the  heat  

conduct ion  equat ion  can be w r i t t e n  as f o l l o w s :  

q = K d T  - 
dz 

2 2 where q = heat  f l u x  (ca l /cm d o r  W/m ) 

C o r  W/m.K) K = thermal  c o n d u c t i v i t y  (cal /cm.s" 

- dT = (geo)  thermal  g r a d i e n t  ( OC/km) 

d2 

Unless o t h e r w i s e  s ta ted ,  these q u a n t i t i e s  a re  quoted i n  t h e  f o l l o w i n g  
u n i t s :  

2 q - cal /cm . s  ( = heat  f l o w  u n i t s ,  H.F.U.) 

K - mcal/cm.s."C ( = thermal  c o n d u c t i v i t y  u n i t s ,  T.C.U) 
- dT - "C/km 

I n  the  p r e s e n t  work, heat  f low i s  c a l c u l a t e d  s i m p l y  as the  p roduc t  o f  

c o n d u c t i v i t y  and g r a d i e n t ,  over  a l i n e a r  p o r t i o n  of t h e  temperature-depth 

curve. In deeper boreholes,  where more than one l i t h o l o g i c  u n i t  i s  

penet ra ted ,  a s e r i e s  of s t r a i g h t  l i n e  sec t i ons  may be seen, and i n  a l l  

cases the  cor respond ing  c o n d u c t i v i t y - g r a d i e n t  p roduc t  should be the  same. 

dz 
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I n  o rder  t o  mak? a geothermal g r a d i e n t ,  and hence heat  f l ow ,  measurements 

mean ing fd l ,  i t  i s  necessary t o  c o r r e c t  subsur face temperatures f o r  t h e  

e f f e c t  of s u r f i c i a l  topograph ic  i r r e g u l a r i t i e s ,  s ince  such f e a t u r e s  can 

cause r e f r a c t i o n  of heat .  I n  t h e  p resen t  s tudy,  t h i s  has o n l y  been done i n  

areas of severe l o c a l  t e r r a i n ;  t h e  c o r r e c t i o n  f o r  a boreho le  i n  a f l a t  

p l a i n ,  w i t h  l i t t l e  o r  no immediate r e l i e f ,  i s  n e g l i g i b l e .  The method o f  

t e r r a i n  c o r r e c t i o n  i s  desc r ibed  i n  Tay lo r  (1981). 
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