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ABSTRACT 

We a r e  present ing  t h e  r e s u l t s  o f  33 Schlum- 
berger  r e s i s t i v i t i  soundings made i n  t h e  Jemez 
Mountains of  northwestern New Mexico, near  t h e  
v i l l a g e  of  Jemez Springs.  Using t h e s e  d a t a  we 
i d e n t i f i e d  t h r e e  a r e a s  t h a t  have p o t e n t i a l  a s  
low-temperature geothermal r e s e r v o i r s .  The a reas  
a r e  charac te r ized  by a l o c a l i z e d  zone of  very low 
r e s i s t i v i t y  ((10 nm)  , which r e p r e s e n t s  t h e  ex ten t  
of geothermal water and c o r r e l a t e s  w i t h  t h e  loca- 
t i o n  of  ho t  s p r i n g s  o r  r e c e n t  vo lcanic  rocks. 
R e s i s t i v i t i e s  i n c r e a s e  r a p i d l y  toward t h e  margins 
of t h e  anomalies, which sugges ts  e i t h e r  v a r i a b l e  
p o r o s i t i e s  o r  v a r i a b l e  temperatures  and s a l i n i t i e s  
i n  t h e  r e s e r v o i r s .  

INTRODUCTION 

The Jemez Mountains a r e  a well-known Miocene 
t o  Quaternary volcanic  c e n t e r  i n  northwestern New 
Mexico which culminated i n  formation of  t h e  Val les  
Caldera 1.1 Myr ago (Smith and Bai ley ,  1968). 
This paper d e s c r i b e s  a d e t a i l e d  d i r e c t  c u r r e n t  
r e s i s t i v i t y  s u r v e y  i n v o l v i n g  33 Schlumberger  
s o u n d i n g s  r e c o r d e d  n e a r  t h e  v i l l a g e  o f  Jemez 
Springs ( see  Figs. 1 and 2) .  The purpose of  our 
survey was t o  l o c a t e  and determine t h e  dimensions 
of near-surface geothermal a q u i f e r s  t h a t  a r e  warm 
enough f o r  small-scale  d i r e c t  use. 

The s t u d y  a r e a  , which i s  s l i g h t l y  southwest 
of t h e  Val les  Caldera ,  c o n t a i n s  a por t ion  of  t he  
topographic  rim of  t h e  c a l d e r a  and r e c e n t l y  d i s -  
sec ted  volcanic  p l a t e a u s  and mesas. The mesas a r e  
composed of  ex tens ive  volcanic  ashflow d e p o s i t s  
(Bandel ier  T u f f )  underlain by Miocene volcanics ,  
Paleozoic  sediments and Precambrian g r a n i t e .  The 
sediments outcrop i n  t h e  bottoms of  t h e  deeper 
canyons. 

The sediments a r e  l o c a l l y  d is turbed  along a 
s e r i e s  of  s u b p a r a l l e l  normal f a u l t s  w i t h  a s  much 
a s  300 m v e r t i c a l  displacement .  These f a u l t s  a r e  
p a r t  of  t h e  Jemez f a u l t  zone t h a t  ex tends  from the  
Val les  Caldera through our s t u d y  a rea .  Several  
s p l a y s  of t h e  f a u l t  zone c r o s s  t h e  Jemez River i n  
Canon de  San Diego nor th  of  Jemez Springs.  Figure 
3 shows a s impl i f ied  geologic  map of  t h e  a rea .  
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Figure 1. Sketch map o f  Val les  Caldera reg ion ,  
New Mexico showing t h e  l o c a t i o n  o f  
Jemez S p r i n g s  and Jemez f a u l t  zone 
(Goff e t  a l . ,  1981). 

The only  major hot  s p r i n g s  i n  our s tudy a r e a  
a r e  Soda Dam and Jemez Springs which occur where 
t h e s e  f a u l t s  c r o s s  Canon d e  San Diego. Geothermal 
waters  d i scharg ing  from t h e s e  s p r i n g s  a r e  der iva-  
t i v e s  of  deep geothermal f l u i d s  wi th in  t h e  Val les  
Caldera t h a t  flow t o  t h e  s p r i n g s  through f a u l t s  
and f r a c t u r e s  o f  t h e  Jemez f a u l t  zone (Goff e t  
a l . ,  1981). A 250-m deep geothermal t e s t  h o l e ,  
d r i l l e d  r e c e n t l y  near t h e  town o f  Jemez Springs,  
i n t e r s e c t e d  two l o w - t e m p e r a t u r e  g e o t h e r m a l  
a q u i f e r s ,  one a t  a depth of  24 m and t h e  o t h e r  a t  
a depth of  168 m .  S u r p r i s i n g l y  t h e  upper a q u i f e r  
c o n t a i n s  water a t  L68OC, 8 O C  h o t t e r  than the  lower 
a q u i f e r  and t h e  chemistry of  t h e  upper aqui fe r  is  
i d e n t i c a l  t o  t h e  c h e m i s t r y  o f  o v e r l y i n g  h o t  
s p r i n g s  (Goff e t  a l . ,  1981). The upper 24 m 
a q u i f e r  is p a r t i c u l a r l y  i n t e r e s t i n g  because its 
shal low depth and r e l a t i v e l y  high temperatures  may 
make it an economically a t t r a c t i v e  source f o r  
d i r e c t  use a p p l i c a t i o n s .  However, t h e  ex ten t  of 
t h i s  geothermal resource is not  known. 

I n  a d d i t i o n ,  t h e r e  a r e  two hot'springs on t h e  
west s i d e  o f  t h e  Canon de San Diego t h a t  issue 
from t h e  base of  r e c e n t  ((0.4 Myr) r h y o l i t e  f lows 
i n  t h e  south moat of  Val les  Caldera. While t h e s e  
rocks  do not  extend e a s t  o f  t h e  Jemez River, I t  
sugges ts  t h a t  another  shallow geothermal a q u i f e r  
exists i n  t h e  moat zone of  t h e  c a l d e r a .  Geother- 
mal waters  d f  t h e  moat zone a r e  extremely d i l u t e  
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Figure 2. Location map o f  our  Schlumberger sound- 
ings .  

compared t o  other thermal/mineral  waters  of t h e  
Jemez Mountains. 

DATA AQUISITION AND INTERPRETATION 

A Schlumberger  a r r a y  c o n s i s t s  of f o u r  
c o - l i n i e r  e l e c t r o d e s ,  i n  which two c l o s e l y  spaced 
p o t e n t i a l  e l e c t r o d e s  a r e  centered  between two cur -  
r e n t  e l e c t r o d e s .  A Schlumberger survey is  con- 
ducted by i n c r e a s i n g  t h e  c u r r e n t  electrode separa-  
t i o n  between readings  while  leav ing  t h e  p o t e n t i a l  
e l e c t r o d e s  f ixed .  During each reading we record 
t h e  c u r r e n t  between the  o u t e r  e l e c t r o d e s  and the  
p o t e n t i a l  drop between t h e  i n n e r  e l e c t r o d e s .  We 
t h e n  c a l c u l a t e  a p p a r e n t  r e s i s t i v i t i e s ,  w h i c h  
p h y s i c a l l y  a r e  a normalized measure of t h e  e a r t h ' s  
r e s i s t i v i t y  a f t e r  t h e  effects o f  changing elec- 
t r o d e  s p a c i n g s  h a v e  been  removed (Kel ler  and  
Fr i schhnec t ,  1966). If the  e a r t h  i s  h o r i z o n t a l l y  
layered  , v a r i a t i o n s  i n  e f f e c t i v e  r e s i s t i v i t y  a s  a 
func t ion  o f  c u r r e n t  e l e c t r o d e  separa t ion  can be 
used t o  i n f e r  r e s i s t i v i t i e s  a s  a func t ion  of depth  
below t h e  a r r a y .  We i n t e r p r e t e d  t h e  d a t a  us ing  a 
well-known computer program developed by Zohdy 
(1974). Figure 4 shows two sample Schlumberger 
sounding curves.  

INTERPRETATION 

We found s e v e r a l  e l e c t r i c a l l y  c o n d u c t i v e  
zones i n  t h e  Cafioh d e  San Diego t h a t  may i n d i c a t e  
low temperature  geothermal a q u i f e r s  a t  moderate 
depth.  Near t h e  c e n t e r  of Jemez Springs we d i s -  
covered a very low r e s i s t i v i t y  l a y e r  a t  a depth  o f  
24 m t h a t  we i d e n t i f i e d  a s  a shallow geothermal 
a q u i f e r  us ing  d a t a  from t h e  nearby geothermal t e s t  
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Figure 3. S impl i f ied  geologic  map of t h e  r e g i o n  
near  Jemez Springs (Goff e t  a l . ,  1981). 

ho le  a s  c o n t r u l .  F igure  5 shows our  i n t e r p r e t a -  
t i o n  o f  t h e  r e s i s t i v i t y  d a t a .  We were a b l e  t o  
t r a c e  t h e  a q u i f e r  s e v e r a l  km n o r t h  and s o u t h  o f  
Jemez Spr ings :  however, a q u i f e r  r e s i s t i v i t i e s  a r e  
lowest  near  Jemez Spr ings  and i n c r e a s e  wi th  d i s -  
t ance  b o t h  t o  t h e  n o r t h  and south.  This may i n d i -  
c a t e  t h a t  t h e  sha l low geothermal a q u i f e r  i s  fed by 
geothermal water  from a s p l a y  o f  t h e  Jemez f a u l t  
zone, which i s  a l s o  r e s p o n s i b l e  for  t h e  nearby hot 
s p r i n g s .  

We found a second h ighly  conduct ive l a y e r  
s l i g h t l y  t o  t h e  n o r t h  of t h e  Soda Dam Hot Spr ings ,  
2 km n o r t h  of Jemez Springs.  Once again t h e  for- 
mation r e s i s t i v i t i e s  increased  n o r t h  of  t h e  dam. 
S u r p r i s i n g l y ,  JS5, which was 150 m c l o s e r  t o  t h e  
h o t  s p r i n g s  than  JS6, a l s o  d e t e c t e d  h igher  forma- 
t i o n  r e s i s t i v i t i e s .  This may be caused by sheared 
( l o w  p e r m e a b i l i t y )  s a n d s t o n e s  f a u l t e d  a g a i n s t  
g r a n i t e  (F ig .  3 )  o r  by p r e c i p i t a t i o n  o f  CaCO from 
geothermal f l u i d s  , which reduce p o r o s i t y  a n a  t h u s  
t h e  formation r e s i s t i v i t y .  North of our  JS7 
sounding, t h e  geothermal a q u i f e r  seems t o  d i s -  
a p p e a r  c o m p l e t l y ,  a l t h o u g h  o u r  n o r t h e r n m o s t  
s t a t i o n  JS10 d i d  d e t e c t  a h i g h l y  conduct ive zone 
t h a t  may r e p r e s e n t  y e t  another  l o c a l i z e d  a r e a  
s a t u r a t e d  with h o t  water .  The Soda Dam r e s e r v o i r  
has  l i m i t e d  l a t e r a l  e x t e n t  and may r e p r e s e n t  a 
p o o l  of g e o t h e r m a l  w a t e r  dammed by u p f a u l t e d  
g r a n i t e  s l i g h t l y  t o  t h e  south (F ig .  3).  

120 



rearson et a i .  

I I I 
I W  

lo  LOG IABIZI in rn 
10 +--- 

Figure 4. Two sample  Schlumberger  sound ing  
c u r v e s .  JS6 was conduc ted  o v e r  a 
h i g h l y  c o n d u c t i n g  z o n e ,  which i s  a 
p o t e n t i a l  geothermal a q u i f e r :  JS9 was 
not .  

We i d e n t i f i e d  a t h i r d  a r e a  12 km nor th  near  
t h e  v i l l a g e  o f  La Queva t h a t  may have some l i m i t e d  
geothermal p o t e n t i a l .  The easternmost  s t a t i o n  LC4 
i s  u n d e r l a i n  by c o m p a r a t i v e l y  r e c e n t  r h y o l i t e  
flows and t h e  4 am l a y e r  beneath t h i s  s t a t i o n  
probably r e p r e s e n t s  a geothermal a q u i f e r .  While 
s t a t i o n s  LC1-LC3 a r e  s i t u a t e d  on unconsol idated 
al luvium, moderately low r e s i s t i v i t y  (12-18 9 m )  
l a y e r s  h e r e  may be caused by var ious  geothermal 
waters  i n  l o c a l i z e d  a q u i f e r s .  In  f a c t ,  water 
wells i n  La Queva have s t r u c k  warm, r e l a t i v e l y  

d i l u t e  w a t e r  (Sharon Crane, La Queva Lumber Co., 
p e r s o n a l  commun., 1981) .  None o f  o u r  o t h e r  
s t a t i o n s  provided any evidence for  near-surface 
geothermal r e s e r v o i r s  underlying t h e  mesas and 
canyons west o f  t h e  Jemez River v a l l e y .  

AQUIFER PROPERTIES 

The format ion  r e s i s t i v i t y  PF of a geothermal 
a q u i f e r  is r e l a t e d  t o  t h e  water r e s i s t i v i t y  Pw and 
t h e  p o r o s i t y  4 by Archie ' s  (1942) equat ion  

pF = 0.62 4-2a15 PW. ( 1 )  

If we have samples o f  t h e  pore water  from t h e  
a q u i f e r  and can measure , we can use  Eq. 1 t o  
es t imate  t h e  p o r o s i t y .  k c a l c u l a t e d  4 i n  t h i s  
manner for  t h e  h i g h l y  conductive zones underneath 
JS3, JS6, and LC4 by using water  r e s i s t i v i t i e s  
from nearby h o t  s p r i n g s  f o r  Pw (see Table 1 ) .  

P o t e n t i a l  geothermal a q u i f e r s  i d e n t i f i e d  i n  
Canon d e  San Diego show i n c r e a s i n g  f o r m a t i o n  
r e s i s t i v i t i e s  with d i s t a n c e  from t h e  source  of t h e  
geothermal water .  One poss ib le  explana t ion  i s  
t h a t  CaCO d e p o s i t e d  i n  sed imen t  p o r e  s p a c e s  
decreases  %he permeabi l i ty  during C02 discharge  
from f l u i d .  Assuming t h a t  does n o t  change, we 
can  c a l c u l a t e  porosit ies 'from t h e  f o r m a t i o n  
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Figure 5. I n t e r p r e t a t i o n  of  Schlumberger sound- 
i n g s  conducted near  (a)  Jemez Spr ings ,  
( b )  Soda Dam, and ( c )  La Queva, New 
Mexico. 
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Table 1. P o r o s i t i e s  es t i inated froin the  formation 
r e s i s t i v i t y  using Archie 's  Equation. 

Format ion Water 
R e s i s t i v i t y  R e s i s t i v i t y  Poros i ty  

S td t lon  SZ in 51 in 5 

JS 3 5.6 1 .1  35 
JS 6 7.2 0.9 30 

LC 4 4.0 0.9 40  

r e s i s t i v i t i e s  using Eq. 1 ( s ee  Table 2 ) .  These 
c a l c u l a t i o n s  show t h a t  t h e  r e s e r v o i r  has  q u i t e  
v a r i a b l e  p o r o s i t y  which i s  usua l ly  h ighes t  near  
t he  c e n t e r  and comparatively low near t h e  margins. 

A second explanat ion i s  t h a t  t h e  water  
r e s i s t i v i t y  a t  t h e  margins of t h e  geothermal aqui-  
f e r  i n c r e a s e s  due t o  d i l u t i o n  w i t h  meteoric water .  
We est imated t h e  change i n  Pws needed t o  cause t h e  
changes i n  t he  formation r e s i s t i v i t y  by assuming 
t h a t  t h e  formation f a c t o r  i n  Eq. 1 was cons tan t  
throughout each of  t he  t h r e e  geothermal a q u i f e r s .  
We then  est imated t h e  amount of  mixing with pure 
10°C water necessary t o  produce these  changes i n  
pW us ing  nomographs r e l a t i n g  Pw temperature and 
s a l i n i t y  (Schlumberger l o g  i n t e r p r e t a t i o n  c h a r t s ,  
1979). Resul t s  of t h e s e  c a l c u l a t i o n s  a r e  sum- 
marized i n  Table 2 repor ted  a s  percent  geothermal 
water i n  a q u i f e r .  Clear ly  e i t h e r  a decrease i n  
p o r o s i t y  o r  a decrease  i n  water temperature due t o  
mixing may cause the  i n c r e a s i n g  a q u i f e r  r e s i s -  
t i v i t i e s  t h a t  we observed dur ing  t h i s  survey and 
both mechanisms a r e  probably important. However, 
these  s t u d i e s  emphasize t h e  importance of  c a r e f u l  
i n v e s t i g a t i o n s  before  d r i l l i n g  because reg ions  
conta in ing  high temperatures  and high permeabili- 
t i e s  a r e  probably q u i t e  l o c a l i z e d .  

CONCLUSION 

We i d e n t i f i e d  t h r e e  low- tempera ture  geo- 
thermal r e s e r v o i r s  t h a t  have p o t e n t i a l  f o r  d i r e c t  
use a p p l i c a t i o n s .  Two of t h e s e  r e s e r v o i r s  a r e  
near t h e  town of  Jemez Springs and both a r e  
p r o b a b l y  f e d  by g e o t h e r m a l  w a t e r s  d i s c h a r g i n g  
along s t r a n d s  of  t h e  Jemez f a u l t  zone. The 
southern a q u i f e r  i n  Jemez Springs has a l a r g e  
l a t e r a l  e x t e n t  and we were a b l e  t o  t r a c e  it n e a r l y  
4 km south of  Jemez Springs.  The second r e s e r -  
vo i r ,  near  Soda Dam, i s  much more confined and may 
r e p r e s e n t  a small  pool of  geothermal water dammed 
by an upfaul ted g r a n i t i c  block l y i n g  s l i g h t l y  
downstream. The t h i r d  r e s e r v o i r ,  12 km north near  
La Queva, is  probably composed of heated meteoric  
water c i r c u l a t i n g  i n  l o c a l  a q u i f e r s  of  t he  c a l d e r a  
moat. A l l  t h r e e  a q u i f e r s  have h ighly  v a r i a b l e  
r e s i s t i v i t i e s  suggest ing t h a t  t he  temperatures ,  
s a l i n i t i e s ,  and/or t h e  formation p o r o s i t i e s  a r e  
a l so  v a r i a b l e .  
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Table 2. Porosit ies and reservoir temperatures 
estimated from formation r e s i s t i v i t i e s .  

Percent geothermal 
water i n  the aquifer;  

Porosity S ,  assuming no porosity 
changes Station assming no mixing 

Calculated 
temperature 

O C  

- 

JS 1 

2 

3 
4 

5 
6 

7 

LC 1 

2 

3 
4 

19 

22 

35 

18 

19 

40 

21 

24 

20 

19 

40 

44 

54 

100 

42 

51 

1 oa 
61 

48 

36 

35 
100 

37 

43 

72a 

36 

29 

48' 

33 

33 

27 

27 

58 

aTemperatures given are known temperatures of hot springs fed by 

underlying aquifers.  
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