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Abstract 
The Animas Val ley thermal area l i e s  on t h e  

west pediment o f  t h e  Pyramid Mountains. 
Pyramids are  composed o f  Cretaceous t o  T e r t i a r y  
i gneous rocks . 

Two h o t  we l ls  produce 101°C water a t  a depth 
o f  20 meters. The we l ls  seem t o  r e l a t e  t o  a 
n o r t h e r l y  t r e n d i n g  f a u l t  having a t  l e a s t  500 me- 
t e r s  displacement w i t h  t h e  west b lock  downthrown. 

An e l l i p t i c a l  heat f low anomaly extending 
about 3 km i n  length  occurs i n  t h i s  area. 

Thermal waters conta in  about 1200 mg/l o f  
d isso lved so l  i d s  and low concentrat ions o f  L i  , B, 
"3 and H2S. S i l i c a  concentrat ions do no t  exceed 
145 mg/l. Cations and anions occur as: 

SO4>Cl >HCO Na>Ca>K>Mg. 
Last e q u i l i b r i u m  w i t i  a vo lcanic  s u i t e  o f  m inera ls  
and carbonates i s  evidenced. Geothermometers i n -  
d i c a t e  subsurface temperatures o f  approximately 
160°C. 

Apparently the  thermal waters are escaping 
r a p i d l y  from a deep (>4 km) r e s e r v o i r  along a 
condui t  formed by f a u l t  i n t e r s e c t i o n s .  
o f  igneous heat  i s  lack ing .  

The 

Evidence 

S i x  ho t  w e l l s  i n  T25S, R19W are t h e  main i n -  
d i c a t o r s  o f  geothermal p o t e n t i a l .  
w e l l s  produce 101°C water f rom a zone of a l t e r e d  
r h y o l i t e  a t  20 meters depth. The thermal w e l l s  
are on t h e  pediment west o f  t h e  Pyramid Mountains- 
a n o r t h  t rend ing  range composed e x c l u s i v e l y  of 
Cretaceous t o  l a t e  T e r t i a r y  igneous rocks.  The 
w e l l s  were d r i l l e d  i n  the v i c i n i t y  o f  a concealed 
range f r o n t  f a u l t  w i t h  a t  l e a s t  500 meters d i s -  
placement. 
g r a v i t y  maps (F igure 2)  w i t h  sus ta in ing  evidence 
witnessed on imagery. 

Two o f  t h e  

Th is  f a u l t  i s  ev ident  on reg iona l  
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Geol oqy 

Valley, Hidalgo County, southwestern New Mexico 
(F igure 1 ) .  
and on ly  1 oca1 l y  supports i rri gated agr i  c u l t u r e .  

A geothermal anomaly occurs i n  the  Animas 

The reg ion i s  a r i d ,  sparsely s e t t l e d  

- 
3 0 3 6 9 K m  

Figure 2. Concealed v a l l e y  f a u l t s  deduced 
from the reg iona l  g r a v i t y .  

F igure 1. Locat ion o f  the  Animas geothermal 
area. 

Add i t iona l  evidence f o r  t h e  f a u l t  i s  supp l ied  by 
a 2.25 km deep o i l  t e s t  some d is tance t o  t h e  n o r t h  
(Summers, 1976). On the west s ide  o f  t h e  f a u l t  
t r a c e  500 meters of v a l l e y  f i l l  i s  encountered, 
w h i l e  on t h e  upthrown side, w e l l s  penetrate bed- 
rock a t  l e s s  than 50 meters. 

The Animas area i s  l o c a t e d  i n  a reg ion  of 
c r u s t a l  extension and t h i n n i n g  common t o  the  Basin 
and Range province, 
area cons is ts  of four main per iods o f  vo lcan ic  
a c t i v i t y  and two main periods o f  i n t r u s i v e  a c t i v -  
i t y .  A th ickness o f  about 600 meters o f  b a s a l t  
was extruded dur ing  the  lower  Cretaceous. 

The geologic  h i s t o r y  of the  
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A g r a n o d i o r i t e  stock was in t ruded i n t o  Cretaceous 
basa l ts  dur ing  the  e a r l y  T e r t i a r y  when the min- 
e r a l  veins a t  t h e  nor thern l i m i t  o f  t h e  Pyramids 
were formed. 
meters o f  andesite f lows were erupted dur ing  
e a r l y  T e r t i a r y  times. These andesites were then 
i n t r u d e d  by a small monzonite stock. 
p e r i o d  o f  erosion, a thickness o f  700 meters o f  
r h y o l i t e  f lows, tu f fs ,  welded t u f f s  and basa l t  
were erupted dur ing the  middle o r  l a t e  T e r t i a r y .  
A second per iod  of r h y o l i t e  e rup t ion  measuring 
about 200 meters i n  thickness occurred dur ing  
middl  e-1 a t e  T e r t i a r y  a1 ong w i  t h  f o l d i n g  and 
h igh  angle b lock f a u l t i n g .  

Las t ly ,  quar ternary basa l ts  were erupted 
onto v a l l e y  f i l l  southwest o f  Cotton City. These 
obv ious ly  evidence sustained tectonism i n  the  
reg ion  b u t  do n o t  bear any v i s i b l e  r e l a t i o n s h i p  
t o  t h e  geothermal a c t i v i t y .  

A thickness of approximately 800 

Af ter  a 

Hea tf 1 ow 

holes reveal  a 3 km e l l i p t i c a l  anomaly i n  t h e  
area of t h e  h o t  we l ls .  
less  than 70 meters. 

The r e s u l t i n g  anomaly encloses values as 
h igh  as 20 HFU. The shape and s i z e  o f  t h e  anom- 
a l y  seems cons is ten t  w i t h  a p o i n t  source o f  ho t  
water l o c a l i z e d  by a f a u l t  i n t e r s e c t i o n .  
pers ion i s  compatible w i t h  the n o r t h e r l y  ground- 
water f low.  The northern-most observation holes 
e x h i b i t  very h igh  gradients  a t  shal low depths 
bu t  become isothermal a t  depth. 

Heatflow determinations from 31 observation 

Well depths averaged 

Dis-  

Seismic 

-1.0 magnitude earthquake was recorded dur ing  a 
13 day microearthquake survey. Analysis of 130 
mine b l a s t s  recorded dur ing  the survey f a i l e d  
t o  i n d i c a t e  any anomalous v e l o c i t y  s t ruc tu res .  

The area i s  se ismica l l y  i n a c t i v e .  Only one 

Chemi s t ry 

t a i n  l e s s  than 400 mg/l o f  d isso lved so l ids .  
Cations and anions occur as: 

Nonthermal waters o f  the  area genera l l y  con- 

HC03>S04>C1 Na>Ca>Mg>K. 

Cold waters conta in  an average o f  24 mg/l o f  
s i l i c a ,  1.5 mg/l o f  f l u o r i d e  and e x h i b i t  neut ra l  
PH 

Thermal waters e x h i b i t  neut ra l  t o  s l i g h t l y  
bas ic  pH. Cations and anions occur as: 

S04>C1 >HC03 Na>Ca>K>Mg. 

The low concentrat ions o f  ch lo r ide ,  boron, 
ammonia and l i t h i u m  would i n d i c a t e  l a s t  e q u i l i b -  
r ium w i t h  a c r y s t a l l i n e  rock (Table 1 ) .  The 
h i g h  f l u o r i d e  concentrat ions a l s o  p o i n t  t o  e q u i l i -  
b r a t i o n  w i t h  h i g h  f l u o r i d e  igneous rocks. Min- 
e r a l  equi 1 i b r i  urn computations (Kharaka 1973) 
i n d i c a t e  s a t u r a t i o n  w i t h  carbonates and several 
igneous m i  nera l  s (Table 2). 

PH 
c1 
F 
HCO3 

S i  02 
Na 
K 
Ca 
Mg 
L i  
B 
"3 
H2S 
TDS 

co3 
so4 

Table 1. Chemical analyses of the  thermal 
features from T25S, R19W. U n i t s  
are mg/l unless otherwise noted. 

Superheated 
Hot Me11 

7.8 
112 

15 
90 
0 

400 
145 
340 
20 
20 
0.3 
0.5 
0.4 
0.12 

<0.2 
1143 

McCants 
Hot We1 1 

8.1 
84 
12 
80 

0 
460 
130 
330 

19 
21 
0.1 
0.5 
0.3 
0.12 

c0.2 
1137 

Folks 
Hot We1 1 

7 .O 
130 

7.8 
93 
0 

700 
99 

420 
26 
70 
5.0 
0.8 
0.2 
0.20 
c0.2 

1152 

T"C 101 85 65 
Flow (gpm) --- 50 35 

TSiO "C 159 152 137 
TNa 1 io C 129 133 134 
TNa -K-Ca°C 165 165 160 

c1 /so 
CI /HC& 
C l  /F 

0.8 0.5 0.5 
2.1 1.8 2.4 
4.0 3.7 8.8 

Table 2. Gibbs Free Energies i n  kcal/mole 
f o r  McCants Hot Well 

Carbonates C a l c i t e  0.4 
Aragonite 0.3 

S i  1 i ca tes  Fayal i t e  3.3 
Kenyai t e  3.2 
Magadite ' 3.2 
Quar tz  0.9 
Chalcedony 0.5 
C r i s t o b a l i t e  0.2 

The h o t  we l ls  are enriched i n  s i l i c a  and 
c h l o r i d e  and depleted i n  b icarbonate r e l a t i v e  t o  
o ther  thermal and nonthermal waters o f  the Animas 
area (F igure  3). The h o t  we l ls  are, however, 
genera l l y  s i m i l a r  t o  t h e  reg ional  waters regard ing 
o ther  major elements. The s i l i c a  and a l k a l i  geo- 
thermometers c o r r e l a t e  w e l l  (Table 1 ) i n d i c a t i n g  
subsurface temperatures o f  approximately 160°C. 
(Fourn ier  and Trusdel l  , 1973; Fourn ier  and Rowe, 
1966). 
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Figure 3. Si02 i n  mg/l versus the  C1/HCO3 
r a t i o  f o r  the  waters o f  the  
Animas area. 
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Discussion 

Pelonci 1 1 o Mountains has n o t  reveal ed any P1 e i  s to -  
cene s i l i c e o u s  rocks. The p r o b a b i l i t y  o f  a recent  
i n t r u s i v e  event i s  thereby diminished. The area 's  
ase ismic i ty  f u r t h e r  demonstrates t h e  lack  o f  an 
a c t i v e  i n t r u s i v e .  The l a c k  o f  se ismic i ty  may 
a l s o  be symptomatic of a l a c k  o f  extensive f r a c -  
t u r e  permeab i l i t y .  The heat f low observations 
suggest a focused p o i n t  of h o t  water leakage, 
l i k e l y  a f a u l t  i n t e r s e c t i o n ,  which i s  being d i s -  
persed by a n o r t h e r l y  underflow. 

Geochemistry ind ica tes  t h a t  waters are 
heated i n  igneous and carbonate rocks. That i s  
i n f e r r e d  by the  low concentrat ion o f  ch lor ide,  
boron, l i t h i u m  and ammonia and the very h igh 
concentrat ions o f  f l u o r i d e .  Mineral e q u i l i b r i a  
s tud ies a l s o  i n d i c a t e  t h a t  t h e  waters are s l i g h t l y  
saturated w i t h  carbonates. 

Geothermometers show l a s t  e q u i l i b r a t i o n  a t  
about 160°C. Waters would have t o  c i r c u l a t e  t o  
a depth of more than 4.0 k i lometers i n  order t o  
reach 160°C, assuming a reg ional  gradient  o f  
35°C per  k i lometer  constant w i t h  depth. 

F igure 4, a s t r a t i g r a p h i c  sec t ion  compiled 
from Gi l lerman (1958) and the extens ive work o f  
the l a t e  R. A. Fe l le r ,  i s  b isected by a h igh 
angle f a u l t .  The depth t o  which water may need 
t o  c i r c u l a t e  i n  order t o  e q u i l i b r a t e  w i t h  the 
lower Paleozoic and Precambriam rocks i s  approxi- 
mately 4.0 ki lometers. 
are poss ib le ,  the conclusions t o  be drawn from 
e x i s t i n g  geology, geophysics , and geochemistry 
imp l ies  t h a t  deep c i r c u l a t i o n  o f  c o l d  ground- 
water i s  t h e  source of t h e  thermal waters i n  t h e  
Animas area. 

Deta i led  mapping of the  Pyramid and Central 

Although many explanations 

F igure 4. S t ra t ig raph ic  sec t ion  look ing  
nor th  i n  t h e  v i c i n i t y  o f  T25S, 
R19W. 
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