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Ac I d - I  e a c h e d ’  g r a y w a c k e  h a s  b e e n  
I d e n t l f l e d  I n  15 of 19 GEO w e l l s  I n  
t h e  Nor thwes t  Geysers.  The a l t e r e d  
g r a y w a c k e  I s  c h a r a c t e r i z e d  b y  a 
b l e a c h e d  appearance and a h l g h  degree 
o f  s e c o n d a r y  d l s s o l u t l o n  p o r o s i t y /  
p e r m e a b l l l t y .  M l n e r a l s  d e p o s l t e d  I n  
vugs and v e l n s  I n c l u d e  l a r g e  (up t o  
30mm) d o u b l y  t e r m l n a t e d  q u a r t z  
c r y s t a l s ,  b l a d e d  c a l c l t e ,  pyrite, 
pseudohexagonal  p y r r h o t l t e ,  a l b l t e ,  
p o t a s s l u m  f e l d s p a r  and  k a o l l n l t e .  
A l u n l t e .  t r a c e  a m o u n t s  of I r o n  
o x l d e s ,  o p a l l n e  s l l l c a  and p o s s l b l y  
s u l f u r  a r e  a l s o  observed.  The d l s s o -  
l u t l o n  f e a t u r e s  and t h e  m o r p h o l o g l e s  
o f  t h e  rep lacemen t  m i n e r a l s  suggest  
t h a t  t h e s e  r o c k s  w e r e  s u b j e c t  t o  a 
complex h i s t o r y  of b o l l l n g  and low pH 
d l s s o l u t l o n .  The  d l S 8 O l U t l O n  
f e a t u r e s  I n c l u d e  t h e  l e a c h l n g  a n d  
r e p l a c e m e n t  of  d e t r l t a t  a l b l t e  a n d  
s e l e c t e d  m a t r l x  p h y l l o s l l l c a t e s .  The 
a c l d - l e a c h e d  z o n e s  a r e  g e n e r a l l y  
e n c o u n t e r e d  above t h e  s team-bear lng 
r e s e r v o l r  r o c k s  and may r e p r e s e n t  t h e  
s h a l l o w e s t  l e v e l s  of t h e  oeo the rma l  
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g u r e  I :  Map o f  The GdYSerS 
w ~ t h  l o c a t ~ o n  of  c r o s s  
s e c t i o n  (A-B) O f  F l g u r e  2. 

a n d  q u a r t z ;  a n d  c l e a r  

had t o  any 
n was unk 

s cm. across,  
of  e u h e d r a l  

I n g  p y r i t e  a n d  
eached  g r a y w a c k e  

d l s s o l u t l o n  t e x t u r e s .  Term I s  n o t  w i t h  d l s s o l u t l o n  c a v l t l e s .  Because  
analogous t o  a c 4 d - s u l f a t e  a l t e r a t i o n .  t h e  l o c a t  I o n  of t h e  b r  l dge  was known 
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a p p r o x l m a t e l y ,  t h e  p o s l t l o n  of t h e  
b l e a c h e d  g r a y w a c k e  I n  t h e  w e l l b o r e  
was d e t e r m l n e d  t o  b e  a t  a d e p t h  of 
a p p r o x l a a t e l y  1,260 m .  and c o r r e l a t e d  
w l t h  an i n c r e a s e  In  d r l l l l n g  p e n e t r a -  
t l o n  r a t e .  W e  h a v e  t d e n t l f l e d  
s l m l l a r l y  a l t e r e d  r o c k s  I n  o t h e r  
w e l l s  u s l n g  t h e  f o l l o w l n g  c r l t e r l a :  

- abundant OUhedral q u a r t z .  
sometlmes d o u b l y  t e r m i n a t e d  - a b l e a c h e d  appearance t o  t h e  
g r  aywac k e  - c l e a r .  e u h e d r a l  c a l c l t e  - l o s t  c l r c u l a t l o n  t o n e s  - I n c r e a s e d  d r l l l l n g  p e n e t r a t l o n  
r a t e s  - o c c u r r e n c e  near  o r  above t h e  
t o p  of t h e  steam r e s e r v o l r .  

I t  was d e t e r m l n e d  t h a t  15 of GEO's 19 
w e l l s  e n c o u n t e r e d  a c i d - l e a c h e d  I 

graywacke. L a b o r a t o r y  s t u d i e s  were 
S u b s e q u e n t l y  made t o  d e t e r m l n e  t h e  
c h a r a c t e r l s t l c s  o f  t h l t  r o c k .  T h l s  
paper  r e p o r t s  t h e  p r e l l m l n a r y  r e s u l t s  
of t h a t  work. 
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A s  F l g u r e  2 shows. t h e  ac ld - l eached  
graywacke 1s d l s c o n t l n u o u s l y  encoun- 
t e r e d  above  s t e a m - b e a r l n g  r o c k s  I n  
g e o t h e r m a l  wells I n  t h e  N o r t h w e s t  
G e y s e r s .  A l t h o u g h  t h e  g e o t h e r m a l  
s y s t e m  v e n t s  a t  t h e  s u r f a c e  I n  t h e  
c e n t r a l  and s o u t h e a s t  p o r t l o n s  of The 
G e y s e r s  s t e a m  f l e l d ,  t h e r e  a r e  f e w  
s u r f l c l a l  h y d r o t h e r m a l  m a n l f e s t a t l o n s  
In t h e  Nor thwes t  Geysers (Walter. e t  
a l .  1988). I t  I s  w o r t h w h l l e  t o  n o t e  
t h a t  t h e  s h a l l o w e s t  o c c u r r e n c e s  of 
a c l d - l e a c h e d  g r a y w a c k e  s h o w n  ~n 
F l g u r e  2 a l s o  a r e  I n  c l o s e  p r o x l l p l t y  
t o  t h e  few weak s u r f l c l a l  a a n l f e s t -  
a t l o n s  In  t h e  Nor thwes t  Geysers. 

Ulnaraloav 

The a c l d - l e a c h e d  g r a y w a c k e  e l e c t e d  
f r o m  t h e  w e l l  h a s  a l l g h t  g r a y  t o  
b l e a c h e d  w h l t e  a p p s a r a n c e  w l t h  a 
h l g h l y  p o r o u s  s p o n g e - I l k s  t e x t u r e .  
R e l l c t  r e d l m e n t a r y  t e x t u r e s  a n d  
s t r u c t u r e s  a r e  po0r I . y  p r e s e r v e d  o r  
a b s e n t .  V e l n l e t s  and  v e i n s  u p  t o  4 
mm. a c r o s s  and I r r e g u l a r  c a v l t l e s  u0  

8 o! b 

F l g u r e  2:  Cross s e c t l o n  t h r o u g h  
t h e  Nor thwes t  Geysers a rea  of 
F l g u r e .  1 showlng o c c u r r e n c e  
of ac Id- I eached r o c k s  r e  I a- 
t l v e  t o  t h e  steam r e s e r v o l r .  
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t o  mm. a r e  common. The c a v l t l e s  m l x e d  m o n t m o r l l l o n l t e  l a y e r s )  and 
and open f r a c t u r e s  a r e  U b i Q u i t O U S ~ Y  t r a c e s  O f  m o n t m o r l l l o n l t e .  I n  t h l n  
I l n e d  w i t h  v e r y  f l n e  t o  m l l l l m e t e r -  s e c t l o n ,  framework g r a l n s  of q u a r t z .  
s i z e d  q u a r t z  c r y s t a l s  a n d  O f t e n  t w l n n e d  a l b i t e  and l l t h l c  f ragments 
i n f i l l e d  w l t h  o t h e r  m l n e r a l s  ( a r g l l l l t e ,  c h e r t .  g reens tone)  W l t h  
I n c l u d i n g  c a l c l t e ,  pyrite and PYrrho- t r a c e  amoun ts  o f  d e t r i t a l  e p l d o t e .  
t i t e .  T h e r e  I s  a l s o  e V l d e n C 0  f o r  mUSCOVlte, b l o t l t e  and  sphene  a r e  
b r e c c ~ a t ~ o n  a n d  c e m e n t a t l o n  o f  observed  I n  a heterogeneous m a t r l x  of 
r o t a t e d  graywacke f ragments.  p h y l l o s l l l c a t e  c e m e n t s ,  c h l o r l t e .  

p h e n g l t e  a n d  I n c o m p e t e n t  d e f o r m e d  
The c h a r a c t e r l s t l c  f r a c t u r e - f l l l  g r a l n s  o f  c l a y s t o n e .  G r a i n  
m l n e r a l  assemblages c o n s l s t  o f  c o l o r -  b o u n d a r l e s  I n  t h e  graywacke a r e  sha rp  
l e s s  e u h e d r a l  a n d  t r a c e s  of d o u b l y  a n d  w e l l  d e f l n e d .  The F r a n c l s c a n  
t e r m l n a t e d  q u a r t z  c r y s t a l s  r a n g i n g  I n  metamorphlc  m l n e r a l s  C o n s l s t  o f  mlnor  
s l z e  f r o m  e . 1  m m .  t o  2 5  m m .  I n  p u m p e l l y t t e  a f t e r  p l a g i o c l a s e  and  
l e n g t h ;  s u b o r d l n a n t  a m o u n t s  o f  l n c l p l e n t  l a w s o n l t e  In  t h e  m a t r l x .  
m a s s l v e  w h l t e  Q u a r t z ;  b l a d e d  t o  
r h o m b o h e d r a l  w h l t e  t o  c o l o r l e s s  P e t r o g r a p h l c  o b s e r v a t l o n s  of t h e  
c a l c l t e  c r y s t a l s  (up  t o  1 . 5  m m . )  and a l t e r e d  graywacke r e v e a l  a p e r v a s l v e  
c r y s t a l  a g g r e g a t e s ;  d l s s e m l n a t e d  s l t l c l c  r e p l a c e m e n t  and  r e c r y s t a l -  
p y r l t e  c u b e s  ( e . 0 5  m m . )  and  p y r l t e  l l z a t l o n  of t h e  o r l g l n a l  graywacke. 
agg rega tes  up t o  3 mm. In  l e n g t h ;  and The a l t e r e d  m a t e r i a l  IS composed of 
pSeUdOheXi3gOnal  c r y s t a l s  of m l c r o c r y s t a l  I I n e  t o  s u b h e d r a l  
p y r r h o t l t e  u p  t o  1 . 0  m m .  ~n s i z e .  p r l s m a t l c  q u a r t z  g r a l n s  su r rounded  by 
There a r e  a l s o  m lno r  amounts of s o f t ,  a relatively homogeneous f i n e - g r a l n e d  
powdery, w h l t e  t o  b l u i s h  w h i t e ,  v e r y  m a t r l x  o f  s e r l c l t e  and c h l o r l t e .  w l t h  
f l n e l y  g r a n u l a r  m l n e r a l ( s ) .  T ~ I S  s p o r a d l c  d l s s e m l n a t e d  c u b l c  p y r l t e .  
m a t e r l a l  l a c k s  c r y s t a l l l n e  g e o m e t r l e s  R e l f c t  q u a r t z  g r a l n s ,  when p r e s e n t .  
under  t h e  b l n o c u l a r  s t e r e o s c o p e  and d l s p l a y  embayed o r  Corroded. p i t t e d  
l o c a l l y  forms b o t r y o l d a l  masses. - X R D  b o u n d a r l e s  and  l l t h l c  g r a l n s  a r e  
ana I y s e s  o f  t h e  powder  t y p l c a l l y  r o u n d e d  a n d  p a r t l a l l y  
l n d l c a t e  t h e  p r e s e n c e  r e p l a c e d .  ~ l a g l o c l a s e  g r a l n s  a r e  
p o t a s s l u m  f e l d s p a r  a n d  t o t a l l y  absen t .  
T race  amounts of t e d d l s h  brown I r o n  
o x l d e 8  a n d  a y e l l o w l s h  g r a n u l a r  The b u l k  of t h e  a l t e r e d  graywacke has 
m a t e r l a l .  p o s s l b l y  s u l f u r  o r  a web t e x t u r e  o f  s m a l l  (eO.1 mm. t o  
J a r o s l t e ,  a r e  a l s o  Observed. 0 . 6  m m . )  I r r e g u l a r  q u a r t z  b l a b s  In a 

m a t r l x  o f  f l b r o u s  t o  s c a l y ,  f l n e -  
I n  o r d e r  t o  s t u d y  t h e  a l t e r a t i o n  g r a l n e d  s e r l c l t e  and c h l o r l t e .  Near 
c h a r a c t e r i s t l c r  of a c l d - l e a c h e d  r g e  m l n e r a l l z e d  v e l n s .  o p e n  
graywacke, s e v e r a l  p l e c e s  o f  t h e  we11 a c t u r e s  and c a v i t i e s ,  t h e  m a t e r l a l  
eJeCta.  as w e l l  as  graywacke c u t t l n g s  v e t o p s  a c o a r s e r  (0.1 t o  1 .0  mm.) 
( "GW"  of T a b l e  I 1  o r l g l n a t l n g  approx-  Cussate ' t e x t u r e  o f  s u b l d l o b l a s t l c  
l m a t e l y  7 5  in. above  t h e  e s t l m a t e d  
d e p t h  O f  t h e  e l e c t e d  m a t e r t a l ,  were 
S t u d l e d  USlng whole r o c k  geochemlcal  

h i e  a n a l y s i s .  
l n t e r g r o w n  w l t h ,  o r  r s p l a c l n g ,  t h e  

c l t l c  m a t r l x .  

7 

" 

b r o a d  100% p e a k  l n d l c a t l v e  o f  some 
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TABLE I 

XRD MINERALOGY 

S e m l - q u a n t l t a t l v e  Ana lyses  In  Welght P e r c e n t  

I ’  

, .  

A L A - 1  d=2 
Q u a r t z  5 5 . 0  7 7 . 0  85 .9  
P 1 ag loc  I ase’ 29 .0  
c h l o r i t e  6 . 2  7.1 4.0 
Illite 4 . 3  
s e r  I c l  to2 12.8 7 . 5  
C a l c l t e  4.3 
Pyr I t e  1.3 1 .? 
A l k a l l  F e l d s p a r  1 . 9  
Kao l  In1 t e  1 .o  
A l u n l t e  ( 7 )  T r .  
P y r r h o t l t e  

’ A l b l t e  
2 MICaceoUS I I I I t e  

GW T y p l c a l  Graywacke 
A-1 A l t e r e d  Graywacke 
A-2 A l t e r e d  Graywacke W 
A-3 A l t e r e d  Graywacke w 
A-4 A l t e r e d  Graywacke W 

A l b l t e .  a l k a l l - f e l d s p a r  and k a o l l n l t e  
c o u l d  n o t  b e  p e t r o g r a p h l c a l l y  
I d e n t i f l e d .  T h e r e  w e r e  l o c a l i z e d  
c o n c e n t r a t l o n s  of a f i n e - g r a l n e d .  
m o s a l c  s l l l c a t e  m l n e r a l  bu t  I t  was 
n o t  p o s s l b l e  t o  l d e n t l f y  I t  a s  
f e l d s p a r  o r  q u a r t z .  T race  amounts of 
a c o l o r l e s s  t o  p a l e  green,  f l b r o u s  t o  
s c a l y .  v e r y  f l n e - g r a l n e d  p h y l l o s l -  
I l c a t e  m l n e r a l  were obse rved  c o a t l n g  
some q u a r t z  c r y s t a l s  a n d  I n f l l l l n g  
t h e  l n t e r s t l t l a l  s p a c e s  b e t w e e n  
q u a r t z  and c a l c l t e  C r y s t a l s .  bu t  I t  
was n o t  p o s s l b l e  t o  o p t l c a l  I Y  
I d e n t i f y  t h l s  m a t e r l a l  as k a o l l n l t e .  
s e r l c l t e  or Chlorite. 

Gsachemirtrv 
C o m p a r l s o n s  b e t w e e n  t h e  w h o l e  r o c k  
geochemlcal  v a l u e s  f o r  u n a l t e r e d  and 
a l t e r e d  graywackes a r e  p r e s e n t e d  In  
F l g u r e  3. The p l o t s  c l e a r l y  111us- 
t r a t e  t h e  s e l e c t l v e  l e a c h i n g  o f  
p l a g l o c l a s e .  s m e c t l t e  c l a y s  a n d  
c l o r l t e .  a n d  t h e  I n t r o d u c t i o n  of 
s l l l c a  and s u l f u r .  Sodlum (Na) found  
p r l m a r l l y  I n  p l a g i o c l a s e  I s  v l r t u a l l y  
a b s e n t  I n  t h e  a l t e r e d  m a t e r l a l .  
Ca lc ium (Ca) and s t r o n t l u m  ( S r )  a r e  
a l s o  s e v e r e l y  d e p l e t e d .  p r o b a b l y  as a 
r e s u ~  t of t h e  d l s s o l u t  I o n  of p r e -  

- k 3 -  

87.4 73.7 
3.4 

1 .I 4.0 

2 . 3  6 .S 
5.3 1 . 3  
2 .7 3 .7 

2 . 0  
o .a 

T r .  

t h  d r u s y  q u a r t z  
t h  d r u s y  c a l c l t e  
t h  w h l t e  m a t e r l a l  

e x l s t l n g  c a l c l t e  v e l n s  and  secon-  
d a r l l y  due t o  t h e  d e s t r u c t l o n  of pre -  
e x l s t l n g  s m e c t l t e  c l a y s .  A d d l t l o n a l  
e v l d e n c e  f o r  t h e  d lSSOlu t lOn  of t h e  
m a t r l x  c h l o r l t e s  a n d  c l a y s  I S  
e x h i b i t e d  b y  t h e  d e p l e t l o n  Of I r o n  
(Fa ) ,  magneslum (Mg).  manganese (Mn) 
and t l t a n l u m  ( T I ) .  

The d l f f e r e n c e s  I n  t h e  d e g r e e  o f  
a l t e r a t l o n  a n d  r e c r y s t a l l l z a t l o n  
b e t w e e n  s a m p l e s  A - I  a n d  A-2 a r e  
r e f l e c t e d  In  t h e l r  chemica l  charac-  
t e r i s t i c s .  sample A-1, wh lch  I s  o n l y  
m o d e r a t e l y  a l t e r e d  and c o n t a l n 8  leS8 
secondary q u a r t z  and more secondary 
s e r l c l t e  t h a n  A-2. e x h l b l t r  I nc reased  
v a l u e s  of p o t a s 8 l u m  ( K ) ,  a l u m l n u m  
( A I )  a n d  t l t a n l u m  ( T I ) ,  and  s m a l t  
dec reases  I n  Fa. Mg and Mn. S l l l c a  
( S t )  rema lns  unchanged. Sample A-2, 
wh lch  I t  p redomlna ted  b y  d r u s y  q u a r t z  
a n d  c o n t a  I n s  $ m a l  l e r  v o l u m e s  of 
8 e r l c l t e  a n d  c h l o r i t e  t h a n  A - 1 .  
e x h l b l t s  a s t r o n g  I n c r e a s e  I n  S I .  
unchanged K, and s t r o n g  d e p l e t l o n t  of 
A I .  Fe. Mg, M n  and T I .  

U u l d  Inclusions -0thetnomstrv 

Q u a r t z  and c a l c l t e  c r y s t a l s  f rom t h e  
a l t e r e d  e J e c t a  graywacke as well as 
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A Altered Graywacke 
with drusy quartz (A -2 )  

rrespond to 
2.7 to 0 . 4  
The s e c o n d  w e r e  deposited a s  a r e s u l t  0 

bo1 I lng. g r o u p .  c o m p o s e d  o f  s e c o n d a r y  
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l n c l u s l o n s  f rom q u a r t z ,  a r e  t l g h t l y  
c l u s t e r e d  w l t h  h o m o g e n l t a t l o n  
tempera tu res  of 230 t o  24OoC and I c e  
m e l t l n g  t e m p e r a t u r e s  of -0.1 t o  - 
0.4OC. 

The f l u l d  l n c l u s l o n s  may r e p r e s e n t  
d l f f e r e n t  g e n e r a t l o n s  o f - f l u l d s  I n  
t h e  r e s e r v o l r .  Another  p o s s l b l l l t y  
I s  t h a t  t hese  I n c l u s l o n s  a r e  r e l a t e d  

t e m p e r a t u r e s  a p p r o a c h  t h e  b o l l l n g  
p o l n t  c u r v e  f o r  low s a l l n e  w a t e r s  a t  

n a t e d  (Haas. 1971) and f h e  230-240°C 
c o r r e s p o n d  t o  t h e  p r e d l c t e d  tempera- 
t u r e s  a t  d e p t h  I n  a 2-phase v a p o r -  
d o m l n a t e d  r e s e r v o l r  ( W h l t e  e t  a l . .  
1971). The v a r l a t l o n  I n  t h e  apparen t  
s a l l n l t l e s  of t h e  h l g h  t e m p e r a t u r e  
g r o u p  c o u l d  b e  a f u n c t l o n  of 
fluctuating co2 l e v e l s  I n  a b o l l l n g  
env l ronmen t  (Moore. J.. v e r b a l  commu- 
n l c a t l o n ) .  - 

t o  s u b s u r f a c e  bo1 I Ing.  The 280-320°C 

t h e  dep ths  t h a t  t h e s e  C r y s t a l s  O r l g l -  

The a c l d - l e a c h e d  g r a y w a c k e  encoun-  
t e r e d  I n  t h e  G E O  N o r t h w e s t  G e y s e r s  
s t e a m f l e l d  I s  a p r o d u c t  of comp lex  
a l t e r a t l o n  p rocesses .  The graywacke 
d l s p l a y s  a u n l q u e  b l e a c h e d  a p p e a r -  
a n c e .  a n d  a c e l l u l a r  t e x t u r e  w l t h  
abundant d l s s o l u t l o n  f e a t u r e s .  I t  I s  
Composed of a u n l q u e  s l l l c a + s e r l c l t e -  
+ c h i o r l t e  m a t r l x  wh lch  has r e p l a c e d  
p r e - e x l s t l n g  p l a g i o c l a s e  g r a l n s  and 
m a t r l x  1 1 1 1 t e s  a n d  c h l o r l t e s .  
l n f l l l l n g  t h e  o p e n  s p a c e s  I n  t h e  
b leached  graywacke I s  an assemblage 
of q u a r t t + s e r l c l t e + c a l c l t e + p y r l t e +  
p y r r h o t l t e  w l t h  t r a c e  amoun ts  of 
a u t h l g e n l c  a l b l t e .  a l k a l l  f e l d s p a r .  
k a o l l n l t e  and a l u n i t e .  

The a s s e m b l a g e  of p o r e - f i l l i n g  
m l n e r a l s  I s  s l m l l a r  t o  t h e  a d u l a r l a -  
s e r i c i t e - t y p e  of e p l t h e r m a l  o r e  
d e p o s l t s  w h l c h  a r e  f o r m e d  b y  t h e  
l n t e r a c t l o n  of h o t  n e u t r a l  pH 
c h l o r l d e  w a t e r s  w l t h  m e t e o r i c  w a t e r s  
(Hea ld  e t  a l . .  1987).  However. t h e  
o b s e r v e d  b l e a c h e d  a p p e a r a n c e .  t h e  
d I S S 0 1 U t l O n  t e x t u r e s .  t h e  l e a c h l n g  of 
P I a g  l o c  I a s e  a n d  t h e  p r e s e n c e  of 
a l u n i t e  and k a o l l n l t e  must have been 
c a u s e d  b y  a c l d l c  c o n d l t l o n s .  The 
open c a v i t i e s  and p o r e  spaces e X l S t e d  
b e f o r e  t h e  p r e c l p l  t a t  I o n  of t h e  
s e r l c l t e - a n d u l a r l a - t y p e  m l n e r a l s  
w h l c h  a r e  l n d l c a t l v e  of n e u t r a l  pH 
w a t e r s .  The I o g l c a l  s o u r c e  of t h e  
a c l d l c  f l u l d s  I s  t h e  c o n d e n s a t i o n  of 
v o l a t l l e s .  p r l m a r l l y  H2S and  C O z .  
r e l e a s e d  t h r o u g h  b o i l i n g  a t  d e p t h .  
Ev ldence f o r  s u b s u r f a c e  b o l l l n g  can 
be found In  t h e  f l u l d  I n c l u s i o n  homo- 
g e n l z a t l o n  t e m p e r a t u r e s  and  t h e l r  
v a r l a b l e  I c e  m e l t l n g  tempera tu res .  

Thus;we have t h e  s l t u a t l o n  where low 
pH f l u l d s ,  g e n e r a t e d  f r o m  b o l l l n q  
f l u l d s  a t  d e p t h .  a l t e r e d  t h o  
g r a y w a c k e .  S u b s e q u e n t l y ,  t h e  p o r e  
spaces were filled by b o l l l n g  n e u t r a l  
pH f l u l d s .  F l n a l l y ,  t h e  t r a c e s  o f  
k a o l l n l t e  and a l u n i t e  I n d l c a t e  t h a t  
l o w  pH e o n d l t l o n s  r e t u r n e d  t o  t h e  
f r a c t u r e  n e t w o r k  a f t e r  t h e  n e u t r a l  
w a t e r s  had b o l l e d  away. 
The a l t e r e d  g r a y w a c k e s  w i t h  dlsso- 
l u t l o n  f e a t u r e s  and  e v l d e n c e  f o r  
b o l l l n g  r e p r e s e n t  t h e  h l g h e s t  e leva -  
t l o n s  reached  b y  geothermal  f lu lds .  
The f l u l d s  SUbseqUbnt ly began t o  b o l l  
down t o w a r d  p r e s e n t  day  r e s e r v o l r  
l e v e l s .  The d l s t r l b u t l o n  of a l t e r e d  
graywacke I l e s  above. o r  w l t h l n  t h e  
upper  l e v e l s  of t h e  t y p l c a l  Geysers 
steam r e s e r v o l r  (see F l g U t e  2) .  To  
d a t e .  n o  o c c u r r e n c e s  of b l e a c h e d  
graywacke have been I d e n t l f l e d  w i t h i n  
t h e  l o w e r  p o r t l o n s  of t h e  typical 
steam r e s e r v o i r  n o r  w l t h l n  t h e  h l g h  
t e m p e r a t u r e .  ~ 6 5 0 ~ ~ )  r e s e r v o i r  
( W a l t e r s  e t  a l . ,  1 9 8 8 ) .  However.  
t r a c e  a m o u n t s  of c a l c l t e  w l t h  
p y r r h o t ~ t e  ~ n c ~ u s t o n s  h a v e  b e e n  
o b s e r v e d  I n  t h e  t y p l c a l  r e s e r v o l r  
e s p e c i a l  l y  where c l u s t e r s  of a n t r i e s  
a r e  s e p a r a t e d  b y  b a r r e n  I n t e r v a l s  
hundreds of f e e t  t h l c k .  

T h e r e  I S  evidence I n  t h e  public 
d o m a l n  t h a t  I n d l t a t e s  t o  us t h a t  
r o c k s  a f f e c t e d  b y  d t s s o l u t  Ion and/or 
b o l l l n g  may o c c u r  t h r o u g h o u t  The 
Geysers s t e a m f l e l d .  A l t h o u g h  we have 
n o t  I n s p e c t e d  t h e  r o c k s ,  some o r  a l l  
of o u r  c r l t e r l a  f o r  a c l d - l e a c h e d  
r o c k s  a p p e a r  t o  b e  m e t  I n  t h e  
f o l l o w i n g  G e y s e r s  w e l l s  o u t s l d e  of 
GEO O p e r a t o r  leases:  

1. The d r i l l l n g  of t h e  O t t o b o n l  
S t a t e  2, 6 .  and 13 w e l l s  In  t h e  
N o r t h w e s t  G e y s e r s  p r o d u c e d  
n o t a b l e  o c c u r r e n c e s  of euhedra l  
q u a r t z  c r y s t a l s  a c c o r d l n g  t o  
m u d l o g s  o n  f l l e  W l t h  t h e  
C a l l f o r n l a  D i v i s i o n  o f  011 and 
Gas ( D . O . G . ) .  T h e  q u a r t z  
c r y s t a l s  for  O t t o b o n l  S t a t e  13 
were d e s c r l b e d  as b e l n g  d o u b l y  
t e r m l n a t e d .  

2. Moore  (1980)  d e s c r l b e s  a c o r e  
f r o m  Thermal 10 In  The Geysers 
R e s o r t  a r e a  wh lch  c l o s e l y  f i t s  
t h e  m l n e r a l o g l c a l  and chemlca l  
c r l t e r l a  f o r  a c l d - l e a c h e d  r o c k s  
WI have b t u d l e d  In  t h e  Nor thwes t  
G e y s e r s .  M o o r e  a t t r i b u t e s  
*Bo I I I ng and subsequent loss of 
C O Z  ... I n  t h e  d e p O S l t l O n  O f  
c a l c l t e ,  q u a r t z  and adularla..: 



3. A c o r e  r e p o r t  o n  open 1110 w l t h  
t h e  O.O.G. for t h e  Lakoma Fame - 
6 w e l l  I n  t h e  C e n t r a l  G e y s e r s  
d e s c r l b e s  a v e r y  permeable and 
v u g u l a r  g r e e n s t o n e  w i t h  c a l c l t e  
v e l n s  and q u a r t z  c r y s t a l s  up t o  
25 mm. I n  l e n g t h .  

4. W.T. Box ( V e r b a l  Communlcat lon) 
r e p o r t s  t h a t  VelnS In  graywacke 
w i t h  d l s s o l u t l o n  f e a t u r e 8  a r e  
a l s o  p r e s e n t  I n  w e l l s  I n  t h e  
Sou theas t  GeySerS. - 

We thank  Geothermal Resources I n t e r -  
national. I n c .  for f l n a n c l a l  s u p p o r t  
o f  t h l s  w o r k  a n d  p e r m l s s l o n  t o  
p u b l l s h .  We a l s o  t h a n k  O r .  J i m  
combs, D r .  Chand le r  Swanberg and two 
anonymous r e v i e w e r s  for t h e l r  r e v i e w  
of t h l s  paper  and S teve  Mason, L l n d a  
J o h n s o n  a n d  M l C h e l  l e  M l c h a e l l s  for 
m a n u s c r l p t  p r e p a r a t l o n .  

X R D  p a t t e r n s  w e r e  made b y  U t a h  
R e s e a r c h  I n s t i t u t e  ( U U R I ) .  F l u l d  
l n c l u s l o n  m l c r o t h e r m o m e t r y  was 
c o n d u c t e d  b y  Or. J o e  Moore a n d  
M l c h e l e  Lemleux of U U R I .  

H a a s .  J . L . ,  1 9 7 1 ,  T h e  E f f e c t  of 
S a l l n i t y  o n  Max lmum ’ T h e r m a l  
G r a d l e n t  of a Hydro the rma l  System 
a t  H y d r o s t a t l c  P r e s s u r e . .  Econ. 
Geol . .  V.66, pp.940-946. 

H e a l d ,  P . .  F o l e y ,  N . K . .  and  Hayba, 
0.0.. 1887, Comparat ive Anatomy 
of V o l c a n i c - H o s t e d  E p l t h e r o a l ’  
D e p o s  I t s :  A c l d - S u l f a t e  a n d  
A d u l a r i a - S e f l C l t e  TYPOS. Econ. 

Moore, D . .  1 9 8 0 ,  H y d r o t h e r m a l  
h t l n a r a l s  I n  The G e y s e r s  s team 
F l e l d .  C a l l f o r n l a  a n d  t h e l r  
P o t e n t l a l  Use I n  E x p l o r a t l o n .  
P roceed lngs  Of t h e  S l x t h  Workshop 
on G e o t h e r m a l  R e s e r v o l r  
E n g l n e e r l n g .  S t a n f o r d  U n l v e r s l t y ,  
S t a n f o r d .  CA.  pp.361-366. 

W a l t e r s ,  M . A . .  S t e r n f e l d .  J.N., 
H a l t l l p .  J.R., D r e n l c k ,  A.F.. 
Combs,  J . ,  1 9 8 8 ,  A V a p o r -  
D o m l n a t e d  R e s e r v o i r  E x c e e d l n g  
60OoF. a t  The G e y s e r s .  sonoma 
County,  CA. P roceed lngs  of t h e  
T h l r t e e n t h  Workshop o n  Geothermal 
R e s e r v o i r  E n g i n e e r i n g ,  S t a n f o r d  
U n l v e r s l t y .  S t a n f o r d ,  CA. .  I n  
p r e s s .  

GeOl., V.82, pp. 1-26. 

W h l t e .  D . E . ,  M u f f l e r ,  L . J .P . .  
T r u 6 s d e 1 1 .  A.H. .  1971. Vapor -  
D o m l n a t e d  H y d r o t h e r m a l  Systems 
Compared t o  Ho t -Wate r  Systems.  
Econ. Geol.. v.66, lap. 75-97. 

- 187 - 




