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ARIZONA 

Richard Hahman 

Arizona Bureau o f  Geology and Flineral Technology 

During  t h e  y e a r  1979, t h e  Bureau of Geology and  Mine ra l  
Technology, Geothermal Group conducted  r e c o n n a i s s a n c e  and de- 
t a i l ed  e x p l o r a t i o n  i n  t h e  S t a t e  of Ar izona .  T h i s  work w a s  
funded by t h e  U. S. Department  of Energy, D i v i s i o n  of Geothermal 
Energy and t h e  U. S. Department of t h e  I n t e r i o r ,  Water and 
Power Resources  S e r v i c e  ( f o r m e r l y  t h e  Bureau of Reclamat ion) .  
These programs complimented each o t h e r  and were conducted  i n  
a manner t o  a v o i d  d u p l i c a t i o n  o f  e f f o r t .  The areas of inves-  

Tonopah, B i g  Sandy (Kingman), Verde V a l l e y ,  Tucson, S p r i n g e r v i l l e ,  
Cl i f ton-Morenci ,  San F r a n c i s c o  R i v e r  and W i l l i a m s  A i r  F o r c e  

t h e  areas of i n v e s t i g a t i o n .  

Yuma: Shal low t o  deep ,  s e d i m e n t - f i l l e d  b a s i n s  c r e a t e d  
by  extreme t o p o g r a p h i c  r e l i e f  i n  n e a r l y - b u r i e d  bed rock ,  and 
a deep  s e d i m e n t - f i l l e d  s t r u c t u r a l  t rough  t h a t  is par t  of t h e  
n o r t h w e s t - t r e n d i n g  S a l t o n  Trough. The yuma area p o s s i b l y  poss- 
e s s e s  a s i g n i f i c a n t  geothermal  r e s o u r c e ,  o n  t h e  basis of elec- 
t r i c a l  s u r v e y s  and f a v o r a b l e  geologic f e a t u r e s .  

Willcox: The Willcox P l a y a  area is a deep, T e r t i a r y  
sed imen ta ry  b a s i n  formed by t h e  down-dropping of a c e n t r a l  
g raben  w i t h  subsequen t  f i l l i n g  of t h e  lower u n i t  w i t h  sedi-  
ments  from t h e  topographically h i g h e r  s u r r o u n d i n g  blocks. 
Three  anomalous areas were d e f i n e d  where t e m p e r a t u r e s  of 
1 5 0 O C  s h o u l d  be encoun te red  a t  d e p t h s  of 3km or less, 

, 

. t i g a t i o n  are Yuma, Wi l l cox ,  Saf ford-San  Simon, Hyder, Harquahala-  
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i Base. The f o l l o w i n g  are b r i e f  summary s t a t e m e n t s  c o n c e r n i n g  

Saf ford-San  Simon: Deep, s e d i m e n t - f i l l e d  Cenozoic  s t r u c -  
t u r a l  b a s i n  ( g r a b e n )  w i t h  a probable g r a n i t i c  basement .  Sedi -  
ment f i l l  is p robab ly  u n d e r l a i n  by Mid-Ter t ia ry  v o l c a n i c s  
i n t e r b e d d e d  w i t h  w e l l  i n d u r a t e d  c o n t i n e n t a l  s ed imen t s .  A 
18OoC r e s e r v o i r  may e x i s t  a t  d e p t h s  g r e a t e r  t h a n  3km. Per- 
m e a b i l i t y  of t h e  rocks is unknown. 

Hyder: The n o r t h  t o  nor thwes t  t r e n d i n g  b a s i n  ( g r a b e n )  
is f i l l e d  w i t h  a m i x t u r e  of f i n e  to  medium-grained clastics, 
sand  l e n s e s  and cong lomera te s .  E i g h t y - e i g h t  w e l l s  and 
sp r ings  are known to  have  s u r f a c e  d i s c h a r g e  t e m p e r a t u r e s  i n  
excess of 3OoC. Abnormal t e m p e r a t u r e  g r a d i e n t s  are obse rved  
and assuming c o n t i n u i n g  to  d e p t h  t e m p e r a t u r e s  i n  excess of 
15OoC c o u l d  be encoun te red  a t  depths  of less t h a n  2.5km. 

Harquahala-Tonopah: The b a s i n s  ( g r a b e n  s t r u c t u r e s )  
u n d e r l y i n g  t h e  Harquahala  P l a i n  and Tonopah Desert are deep 
and f i l l e d  w i t h  T e r t i a r y  c o n t i n e n t a l  d e p o s i t s .  One hundred 
twe lve  w e l l s  have  recorded d i s c h a r g e  t e m p e r a t u r e s  i n  excess 
of 3OoC. 
of 3km or less. 

Four  areas may have  t e m p e r a t u r e s  of 150°C a t  d e p t h s  
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B i g  Sandy Area (Kingman): The graben s t r u c t u r e  b a s i n  
is f i l l e d  w i t h  a mixture  of conglomerate,  g r a v e l ,  s and ,  s i l t  
and c l a y .  A t  least  2000 meters of sediments  have accumulated 
i n  t h e  no r the rn  pa r t  of t h e  b a s i n .  Direct u s e  tempera tures  
are ind ica ted  by both w e l l  discharge tempera ture  measurements 
and chemical geothermometers. Higher  tempera tures  may be 
encountered i n  t h e  deeper  p o r t i o n s  of t h e  bas in  or a long  t h e  
basin-bounding f a u l t s .  

Lower Verde V a l l e y  ( P a r a d i s e  Val ley) : .  A n o r t h  t r e n d i n g  I 
j al luvium and T e r t i a r y  c o n t i n e n t a l  c las t ic  sediments ,  Direct 

1 I and chemical geothermometers. 
1 

graben c o n t a i n i n g  more than  1300 meters of semiconsol ida ted  

u s e  tempera tures  are indica ted  by both discharge tempera tures  

Tucson: The Tucson b a s i n ,  a complex graben, is f i l l e d  
w i t h  poorly c o n s o l i d a t e d  t o  w e l l  i ndura t ed  T e r t i a r y  c o n t i n e n t a l  
sed iments ,  The b a s i n  is s i t u a t e d  i n  a n  area of h i g h  r e g i o n a l  
heat f l o w ,  >2,0 HFU. Numerous sha l low w e l l s  less than  300 
meters deep encounter  water r a n g i n g  from 28OC t o  4OoC. H o t  
water, 5OoC to 100°C, is probably w i t h i n  d r i l l i n g  dep ths  of 
762 t o  1524 meters i n  areas w i t h  anomalous s u b s u r f a c e  temper- 
a t u r e  grad ien ts .  
dep ths  of 3km. 

is a broad ,  s ed imen t  f i l l e d  b a s i n  w i t h  a complexly f a u l t e d  
basement. The three d i s t i n c t  s t r u c t u r a l  t rends (NE, NNW and 
NW) i d e n t i f i e d  from a i r  photo i n t e r p r e t a t i o n ,  Landsat l ineaments ,  
and geochemical t r e n d s  are i n t e r p r e t e d  as  f a u l t  traces. The 
measured geothermal g r a d i e n t s  d e f i n e  a s i n  l e  discrete area 
of hydro log ic  discharge t h a t  is about  30km5 and can  best be 
expla ined  as being f a u l t  c o n t r o l l e d . ,  The maximum r e p o r t e d  
water tempera ture  is 53OC from a w e l l  w i t h  an  anomalous chemical 
a n a l y s i s  and a geoth r m a l  gradient of 140°C/km. 

: 
I 

I 

Temperatures o f  15OoC may be expec ted  a t  

Northern Hassayampa P l a i n :  The no r the rn  Hassayampa P l a i n  

S p r i n g e r v i l l e :  Geo log ica l ly ,  t h e  S p r i n g e r v i l l  
p r i sed  of r e l a t i v e l y  f a l t - l y i n g  sed imentary  rock 

t o  Pa leozo ic  age o v e r l y i n g  g r a n i t i c  basement rocks .  
mentary rocks a on ly  l o c a l l y  exposed, being cover  
t r u s i v e  igneous ocks  of  t h e  White Mountain v o l c a n i  
32 m.y. t o  a t  1 st 10,000 years ago. Geochemical 
l oca l ly  anomalous s i l i c a  c o n c e n t r a t i o n s  i n  t h e  grou 
are i n d i c a t i v e  of h i g h  heat f low,  s u p p o r t s  t h e  p r o b a b i l i t y  of 
a geothermal r e s o u r c e  i n  t h e  S p r i n g e r v i l l e  area. Geophysical 
ev idence ,  measured heat f low,  115 mWm-2, t h a t  is abo 
Colorado Plateau uverugc OF 49 mwm-2, us we11 u s  u z 
r e s i s t i v i t y  and anomalous g r a v i t y  and magnetic lows f u r t h e r  
suppor t  t h e  p r o b a b i l i t y  of a geothermal r e source .  The I 

I s i o n  drawn t o  date is t h a t  a geothermal r e s o u r c e  of un 
magnitude e x i s t s  i n  t h e  S p r i n g e r v i l l e  area. 

The sedi-  

I 

I i 
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Clifton-Morenci:  Numerous h o t  s p r i n g s  d i s c h a r g i n g  sodium 
c h l o r i d e  water occur  i n  two d i f f e r e n t  geo log ic  s e t t i n g s  i n  t h e  
C l i f t o n  area. G i l l a r d  Hot Spr ings ,  w i t h  tempera ture  t o  82OC, 
occyr a long  t h e  G i l a  River  sou th  of  C l i f t o n  a t  t h e  nor thwes tern  
end of t h e  sediment f i l l e d  Duncan Bas in ,  C l i f t o n  H o t  Sp r ings ,  
w i th  tempera tures  t o  66OC, d i scha rge ,  a long  a 2 m i i e  zone, 
from numerous seeps  and sp r ings  i n  t h e  t h i n  f l u v i a l  sediment 
f i l l i n g  t h e  bottom of t h e  San F ranc i sco  River  canyon which is 
c u t  through mid-Tert iary v o l c a n i c  rocks ,  Pa leozo ic  clastic and 
ca rbona te  rocks  and Precambrian g r a n i t i c  rocks.  Geothermometer 
tempera tures  range  up t o  18OOC f o r  bo th  s i l i c a  and Na-K-Ca 
c a l c u l a t i o n  when mixing models are app l i ed .  Grav i ty  data shows 
a c losed  low anomaly i n  t h e  Duncan b a s i n .  S e v e r a l  magnetic 
lows, exc luding  t h e  ore d e p o s i t s ,  may b e  t h e  r e s u l t  of hydro- 
thermal a l t e r a t i o n  a s s o c i a t e d  wi th  a geothermal r e s e r v o i r ,  
Ava i l ab le  geo log ic ,  geochemical and geophys ica l  d a t a  p o i n t  to- 
wards a h igh  tempera ture  geothermal r e source .  

River  between C l i f t o n ,  Arizona, and P leasan ton ,  New Mexico, 
l i e s  i n  t h e  t r a n s i t i o n  zone between t h e  Colorado P l a t e a u  and 
t h e  B a s i n  and Range Province.  The r i v e r  c u t s  through a sequence 
of n e a r l y  f l a t l y i n g  T e r t i a r y  v o l c a n i c s  and does n o t  expose pre- 
T e r t i a r y  rocks  except  immediately no r th  of C l i f t o n .  The purpose 
of t h i s  s t u d y  is to  p rov ide  t i m e l y  in format ion  on t h e  geothermal 
r e s o u r c e  p a t e h t i a l  on t h i s  segment of t h e  San F ranc i sco  River 
which is a proposed Wild and Scen ic  River  and Wilderness  Area. 
The r e s u l t s  of t h i s  reconnaissance  s t u d y  and of p rev ious  s t u d i e s  
a t  C l i f t o n  Hot Spr ings ,  Arizona, and t h e  lower San F ranc i sco  
Hot Spr ings ,  New Mexico, show very  h igh  p o t e n t i a l  f o r  s i g n i f i c a n t  
geothermal energy r e sources  i n  t h i s  area. 

San F ranc i sco  River:  Phys iog raph ica l ly ,  t h e  San  F ranc i sco  

W i l l i a m  A i r  Force Base: W i l l i a m s  AFB is s i tua t ed  i n  t h e  
southwestern h a l f  o f  t h e  Higley b a s i n ,  a small northwest  t rend-  
i n g  b a s i n  approximately t h i r t y  m i l e s  l ong  and f i f t e e n  m i l e s  
wide,  The s t r a t i g r a p h i c  sequence benea th  t h e  p r e s e n t  v a l l e y  
surface is d iv ided  i n t o  two par ts :  an  upper bas in  f i l l  s e c t i o n  
and a lower pre-basin v o l c a n i c  section. Geothermal K i n e t i c s ,  
Inc .  h a s  d r i l l e d  t w o  w e l l s  j u s t  southwest  of  t h e  base, t he  
deepes t  b e i n g  3186 m. Temperature d a t a  from these w e l l s  i nd i -  
cate t empera tu res  i n  excess of  100°C below dep ths  of 2134 meters 
and tempera tures  i n  excess of  150OC below 2743 meters. The 
r e s e r v o i r  would b e  i n  t h e  vo lcan ic  rock  from f r a c t u r e  zones 
and porous p y r o c l a s t i c  zones. Whether t h e  r e s e r v o i r  w i l l  
s u s t a i n  product ion  is not known. 
t i a l  is e x c e l l e n t .  
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The geothermal energy poten- 




