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ABSTRACT 

Nevada . i s  t h e  l e a d i n g  p roduce r  o f  g o l d  i n  t h e  
Un i t ed  States. ' -  P r o c e s s i n g  l a r g e  volumes o f  low- 
g r a d e  ore is accompl i shed  b y .  c y a n i d e  heap- 
l e a c h i n g .  The p r o c e s s  e n t a i l s  min ing ,  c r u s h i n g ,  
g r a d i n g  and s t a c k i n g  t h e  ore which is t h e n  soaked  
w i t h  a d i l u t e  s o l u t i o n  of sodium c y a n i d e .  The 
c y a n i d e  d i s s o l v e s  b o t h  g o l d  and s i l v e r ,  which is 
e v e n t u a l l y  r e c o v e r e d  by a d d i t i o n a l  p r o c e s s i n g .  
Heap-leaching t a k e s  many months to  c o m p l e t e ,  and 
t h e  o p e r a t i o n  depends  h e a v i l y  on t h e  wea the r .  
A c t i v e  mines  t h a t  u s e  c y a n i d e  heap- leaching  e i t h e r  
s h u t  down d u r i n g  t h e  w i n t e r ,  or u s e  e x p e n s i v e  o i l  
emers ion  h e a t e r s  t o  p r e v e n t  f r e e z i n g  i n  t h e  heap  
and  p i p e l i n e s .  The ra te  a t  which c y a n i d e  c a n  
d i s s o l v e  g o l d  and s i l v e r  i n c r e a s e s ,  l i k e  most 
c h e m i c a l  r e a c t i o n s ,  w i t h  t h e  a p p l i c a t i o n  of h e a t .  
L a b o r a t o r y  e x p e r i m e n t s  i n d i c a t e  t h a t  t h e  r e c o v e r y  
of p r e c i o u s  metals was 17 t o  40 p e r c e n t  g r e a t e r  
when "geothermal" h e a t  was a p p l i e d  t o  t h e  c y a n i d e  
l e a c h i n g  p rocess .  I n c r e a s i n g  c y a n i d e  s o l u t i o n  
r e a c t i o n  rates d e c r e a s e s  t h e  time r e q u i r e d  f o r  
ba tch-heap  l e a c h i n g  and i n c r e a s e s  p r o d u c t i v i t y .  

INTRODUCTION 

Mining . is  t h e  second l a r g e s t  i n d u s t r y  i n  Nevada. 
The  S i l v e r  S t a t e  is t h e  l a r g e s t  p roduce r  of g o l d  
and  t h e  t h i r d  l a r g e s t  p roduce r  o f  s i l v e r  i n  t h e  
U n i t e d  States. The ma jo r  o p e r a t i o n s  are open p i t  
mines  t h a t  u s e  a p r o c e s s  known as heap- l each ing  t o  
e x t r a c t  g o l d  and  s i l v e r  from low-grade ore. The 
p r o c e s s  e n t a i l s  min ing ,  c r u s h i n g ,  g r a d i n g ,  and 
s t a c k i n g  t h e  o r e ,  which is then  soaked  w i t h  a 
d i l u t e  s o l u t i o n  o f  sodium cyan ide .  The  c y a n i d e  
d i s s o l v e s  b o t h  g o l d  and  s i l v e r ,  which  is 
e v e n t u a l l y  r e c o v e r e d  from s o l u t i o n  by a d d i t i o n a l  
p r o c e s s i n g .  Heap- leaching  t a k e s  many months  t o  
comple t e ,  b u t  t h e  o p e r a t i o n  depends h e a v i l y  on t h e  
wea the r .  

t h e  q u a n t i t y  o f  h e a t  a p p l i e d .  T h i s  immedia t e ly  
s u g g e s t s  - t w o .  i m p o r t a n t ,  b e n e f i t s  t o  t h e  mining  
i n d u s t r y  i n  ' g e n e r a l  and  t o  Nevada g o l d  mines  i n  
p a r t i c u l a r :  

1. I n c r e a s i n g  c y a n i d e  s o l u t i o n  r e a c t i o n  rates 
d e c r e a s e s  t h e  time r e q u i r e d  f o r  b a t c h  heap- 
l e a c h i n g  and i n c r e a s e s  p r o d u c t i v i t y .  

2. M a i n t a i n i n g  a c o n s t a n t  t empera tu re  i n  t h e  p i l e s  
by h e a t i n g  t h e  c y a n i d e  s o l u t i o n  w i l l  pe rmi t  t h e  
o p e r a t i o n  t o  c o n t i n u e  a t  a p r o f i t a b l e  l e v e l  on  
a year-round b a s i s ,  even  th rough  t h e  c o l d  
w i n t e r  months.  

I n  a d d i t i o n  t o  its go ld  and s i l v e r  r e s e r v e s ,  
Nevada h a s  a n  abundance  o f  geo the rma l  ene rgy  
r e s o u r c e s .  T r e x l e r  and  o t h e r s  (1983) i d e n t i f i e d  
more t h a n  900 h o t  s p r i n g s  and wells t h r o u g h o u t  
Nevada, more t h a n  any  o t h e r  s tate.  A p p l i c a t i o n s  
i n c l u d e  p r o d u c t i o n  of electric power, i n d u s t r i a l  
p r o c e s s  h e a t i n g ,  s p a c e  h e a t i n g ,  and  a q u a c u l t u r e .  
One a p p l i c a t i o n  t h a t  h a s  n o t  been a t t e m p t e d  is t h e  
u s e  of geo the rma l  e n e r g y  i n  t h e  mining  i n d u s t r y .  
T h i s  p r o j e c t  was des igned  t o  i n v e s t i g a t e  t h e  
f e a s i b i l i t y  of u s i n g  geothermal  h e a t  ene rgy  t o  
enhance  g o l d  and s i l v e r  heap- leaching  o p e r a t i o n s  
i n  Nevada. 

ORGANIZATION 

The program was d i v i d e d  i n t o  two phases .  
A c t i v i t i e s  i n  t h e  f i r s t  phase i n c l u d e d  a r ev iew o f  
e x i s t i n g  l i t e r a t u r e ,  a su rvey  of  a c t i v e  mines  and  
n e a r b y  geo the rma l  r e s o u r c e s  t h a t  c o u l d  be  u t i l i z e d  
i n  a heap- l each ing  o p e r a t i o n ,  and a n  a p p r a i s a l  of 
t h e  . e f f e c t s  of i o n  i n t e r f e r e n c e  a s s o c i a t e d  w i t h  
i n c o m p a t i b i l i t y  i n  t h e  s i l v e r  and  g o l d  ore, 
g e o t h e r m a l - f l u i d s  and  cyan ide - so lu t ion .  The second - 

Like  most chemical reactions, the reaction' rate is p h a s e  c o n s i s t e d  of c o l l e c t i n g  r e p r e s e n t a t i v e  o r e s  
increased by the addition of heat. Since the and  g e o t h e r m a l  f l u i d s ,  f a b r i c a t i n g  t h e  test 

fac i l i t i es ,  pe r fo rming  t h e  l a b o r a t o r y  tes ts ,  
o b t a i n i n g  t h e  a n a l y t i c a l  r e s u l t s ,  and  a s s e s s i n g  i n v e n t i o n  o f  t h e  commerc ia l  p r o c e s s  i n  1887, 

many a u t h o r s  have  demons t r a t ed  t h a t  t h e  j u d i c i o u s  the potential for large-scale application. 
a p p l i c a t i o n  of h e a t  t o  c y a n i d e  s o l u t i o n s  w i l l  
accelerate t h e  r e a c t i o n  k i n e t i c s  i n  p r o p o r t i o n  t o  
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CO-LOCATION OF ACTIVE PRECIOUS METAL MINES AND 
GEOTHERMAL RESOURCES 

There  are 3 2  p roduc ing  g o l d ,  s i l v e r  o r  
g o l d / s i l v e r  mines  i n  o p e r a t i o n  i n  Nevada t o d a y .  
Of  t h e  32 o p e r a t i n g  mines ,  10 have g e o t h e r m a l  
r e s o u r c e s  on t h e  mine p r o p e r t y  o r  i n  c l o s e  
p rox imi ty  t o  t h e  l e a c h i n g  o p e r a t i o n .  A b r i e f  
d e s c r i p t i o n  of t h e  g e o t h e r m a l  r e s o u r c e s  a n d  
l o c a t i o n s  f o r  t h e  10 mines i s  p r e s e n t e d  below: 

1. 

2. 

3. 

4.  

5.  

6. 

7. 

8. 

9. 

Pegasus  Gold C o r p o r a t i o n  d r i l l e d  a 500 foot 
w e l l  f o r  mine c o n s t r u c t i o n  and p r o c e s s  water 
a t  t h e i r  new mine i n  P e r s h i n g  County,  35 
miles n o r t h  of Lovelock.  The w e l l  h a s  a 
maximum t e m p e r a t u r e  of 114°C (238'F) and  c a n  
p roduce  200 gpm a t  a t e m p e r a t u r e  of l0O'C 
(212°F).  The chemica l  c o m p o s i t i o n  is  
r e p o r t e d  as  sod ium-ch lo r ide  t y p e  f l u i d ,  
t y p i c a l  f o r  t h a t  area, w i t h  a t o t a l  d i s s o l v e d  
s o l i d  (TDS) of 4,500 ppm. 

Smoky V a l l e y  Mining Company, l o c a t e d  i n  t h e  
B ig  Smoky V a l l e y  i n  Nye County,  d r i l l e d  a 
geo the rma l  w e l l  t h a t  p roduces  600 gpm of 86OC 
(186' F)  water. The f l u i d s  have a t o t a l  
d i s s o l v e d  s o l i d s  (TIIS) c o n t e n t  of 340 ppm. 

West Northumberland Mine is  l o c a t e d  n e a r  t h e  
crest of t h e  Toquima Range on t h e  east s i d e  
of t h e  B i g  Smoky V a l l e y  i n  Nye County.  Ore 
is h a u l e d  d a i l y  t o  l e a c h  pads  l o c a t e d  i n  t h e  
B ig  Smoky V a l l e y ,  e i g h t  miles from t h e  mine. 
Geothermal  f l u i d s  were e n c o u n t e r e d  i n  a 
r e c e n t l y  comple t ed  w e l l  n e a r  t h e  l e a c h  pad.  
The e s t i m a t e d  f l u i d  t e m p e r a t u r e  i s  68' C 
(180' F) (S teven  K l e e b e r g e r ,  p e r s o n a l  
communicat ion,  1987).  

Jerritt Canyon Mine, l o c a t e d  on t h e  east s i d e  
of Independence  V a l l e y  i n  n o r t h e r n  E l k 0  
County,  is less t h a n  f o u r  miles from a w a r m  
s p r i n g .  

Boot S t r a p  Mine, l o c a t e d  i n  t h e  n o r t h e r n  p a r t  
of t h e  C a r l i n  Gold Company mining area, h a s  
water w i t h  t e m p e r a t u r e s  i n  e x c e s s  o f  50°C 
(122'F) i n  water s u p p l y  wells. 

Maggie C r e e k  Mine is l o c a t e d  i n  t h e  c e n t r a l  
p a r t  of t h e  C a r l i n  Mining District and  h a s  
w a r m  water i n  a n  i n d u s t r i a l  p r o c e s s  s u p p l y  
well. 

Gold Quar ry  Mine is  l o c a t e d  i n  t h e  s o u t h e r n  
p a r t  of t h e  C a r l i n  Mining District and a l s o  
h a s  warm water s u p p l y  wells. 

Tonopah D i v i d e  Mine, l o c a t e d  between Tonopah 
and G o l d f i e l d  i n  Esmeralda County,  h a s  
r e p o r t e d  h o t  water i n  underground work ings  a t  
a d e p t h  of 1,000 f e e t .  

Rawhide Mine l o c a t e d  west of Gabbs i n  M i n e r a l  
County,  is l o c a t e d  w i t h i n  s i x  miles o f  a warm 
s p r i n g .  

10. 16 t o  1 Mine l o c a t e d  west of S i l v e r p e a k ,  i n  
Esmeralda County,  is n e a r  h o t  wells t o  t h e  
n o r t h  and  a warm s p r i n g  a t  S i l v e r p e a k  w i t h  a 
t e m p e r a t u r e  of 48°C (118'F). 

COLLECTION OF GEOTHERMAL FLUIDS AND ORE SAMPLES 
FOR LABORATORY TESTS 

GEOTHERMAL FLUIDS 

Based on d e t a i l e d  i n v e s t i g a t i o n s  o f  g e o t h e r m a l  
r e s o u r c e s  and  a c t i v e  mines ,  o r  mines  unde r  
c o n s t r u c t i o n ,  two areas were s e l e c t e d  f o r  s t u d y  of 
r e a c t i o n  c h e m i s t r y  i n  r e l a t i o n  t o .  . m i n e r a l  
enhancement.  The g e o t h e r m a l  sites s e l e c t e d  are 
Dar rough ' s  Hot S p r i n g s  i n  B i g  Smoky V a l l e y  and t h e  
geo the rma l  water wells i n  t h e  C i t y  of Gabbs.  

Sample C o l l e c t i o n  P r o c e d u r e  

Approximately 2 8  l i ters  of g e o t h e r m a l  f l u i d  were 
c o l l e c t e d  a t  e a c h  s i te .  A 9-liter s a m p l e  was 

. a c i d i f i e d  w i t h  1.5 l i t e r s  of c o n c e n t r a t e d  HNO . 
The r e m a i n i n g  19 l i ters were c o l l e c t e d  u n t r e a d d .  
Tempera tu re  was measured a t  t h e  time of c o l l e c t i o n  
w i t h  a D i g i t e c  Model d i g i t a l  thermometer .  

Dar rough ' s  Hot S p r i n g s  

Dar rough ' s  Hot S p r i n g s  is l o c a t e d  i n  n o r t h e r n  Nye 
County,  a p p r o x i m a t e l y  9 miles west of t h e  Smoky 
V a l l e y  Mine a t  Round Moun ta in ,  Nevada. The 
s p r i n g s  d i s c h a r g e  200 gpm of 96OC (205'F) water 
i n t o  a c o n c r e t e - l i n e d  p o o l  t h r o u g h  a f o u r - i n c h  
d i a m e t e r  p i p e .  I n  1962, Magma Power Company 
d r i l l e d  830 
feet  w i t h  a r e p o r t e d  t e m p e r a t u r e  of 114'C (238'F) 
a t  750,  feet .  

a well o n  t h e  p r o p e r t y  t o  a d e p t h  of 

The c h e m i c a l  compos i t ion  of t h e  water from t h e s e  
s p r i n g s  i s  t y p i c a l  of t h e  sod ium-b ica rbona te  t y p e  
t h a t  is found t h r o u g h o u t  c e n t r a l  and  e a s t e r n  
Nevada. 

Gabbs Geo the rma l  Wells 

The C i t y  of Gabbs is l o c a t e d  i n  n o r t h w e s t e r n  Nye 
County. S i x  geo the rma l  wells s u p p l y  water t o  t h e  
c i t y .  The water is pumped t o  c o o l i n g  towers p r i o r  

* t o  use .  F l u i d s  from t h i s  s i t e  r e p r e s e n t  t h e  
s o d i u m - s u l f a t e  v a r i e t y ,  which is t h e  dominan t  t y p e  
o f  g e o t h e r m a l  water i n  t h e  w e s t - c e n t r a l  a n d  
ex t r eme  s o u t h e r n  p o r t i o n  o f  Nevada. T e m p e r a t u r e s  
i n  t h e  Gabbs wells r a n g e  from 21' t o  68'C (70" t o  
154°F);  d e p t h s  r a n g e  from 169, t o  575 feet. 
Geothermal  f l u i d s  were c o l l e c t e d  from w e l l  no.  10, 
which is  comple t ed  t o  a d e p t h  of 198 feet. The 
water t e m p e r a t u r e  a t  t h e  time of c o l l e c t i o n  was 
6OoC (140OF). The sample had a TDS of 849 ppm. 

ORE SAMPLES 

Ores r e p r e s e n t i n g  some of t h e  m i n e r a l o g i e s  of 
Nevada 's  p r e c i o u s  metal mines  were s e l e c t e d  t o  
d e t e r m i n e  t h e  f e a s i b i l i t y  of u s i n g  g e o t h e r m a l  h e a t  
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t o  enhance  t h e  h y d r o m e t a l l u r g i c a l  p r a c t i c e s  
a s s o c i a t e d  w i t h  t h e  mining  o p e r a t i o n s .  Gold ore 
from t h e  F r e e p o r t  Jerritt Canyon Mine i n  n o r t h e r n  
Elk0  County and  s i l v e r  ore fr0.m t h e  Gooseber ry  
Mine i n  Lyon County were used  i n  t h e  the rma l ly -  
enhanced c y a n i d e  heap- leaching  o p e r a t i o n .  The 
go ld  ore r e p r e s e n t s  t h e  C a r l i n - t y p e  d i s semina ted  
go ld  d e p o s i t  t h a t  is found i n  ca rbonaceous  r o c k s  
i n  t h e  n o r t h e a s t e r n  p a r t  o f  t h e  state. The s i l v e r  
o r e  is a ve in - type  d e p o s i t  which i s  common 
th roughou t  t h e  e n t i r e  s ta te  and  is l a r g e l y  
r e s p o n s i b l e  f o r  t h e  nickname " S i l v e r  S ta t e . ' '  

CYANIDE HEAP-LEACHING LABORATORY TESTS 

S e v e r a l  f a c t o r s  affect t h e  p r o c e s s  of c y a n i d a t i o n  
of p r e c i o u s  metal ores. S i g n i f i c a n t  e f f e c t s  are 
caused  by t e m p e r a t u r e ,  d i s s o l v e d  oxygen, pH, and 
t h e  p r e s e n c e  of  " fo re ign"  i o n s .  Each o f  t h e s e  
p a r a m e t e r s  i s  d i s c u s s e d  below. 

E f f e c t  o f  Tempera tu re  

J u l i a n  and  Smar t  (1921) were t h e  f irst  t o  
demons t r a t e  t h e  r e l a t i o n s h i p  between t e m p e r a t u r e  
and rate of  d i s s o l u t i o n  of g o l d  by' c y a n i d e  
s o l u t i o n s  ( f i g .  1) and  e s t a b l i s h e d  a t empera tu re  
o f  85°C (185°F) as  t h e  maximum f o r  c y a n i d e  
d i s s o l u t i o n  of g o l d .  S e v e r a l  y e a r s  l a te r  Meyer 
(1931) de te rmined  a maximum t e m p e r a t u r e  of 80°C 
(176'F). 
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F i g u r e  1. E f f e c t  of t e m p e r a t u r e  on  rate of 
d i s s o l u t i o n  of g o l d  i n  0.25 p e r c e n t  KCN (after 
J u l i a n  a n d  Smar t ,  1921) .  

One of t h e  most cri t ical  a s p e c t s  of commercial-  
scale c y a n i d e  heap- leaching  is t h e  t empera tu re  of 
t h e  l e a c h i n g  s o l u t i o n s .  It is c r i t i ca l  n o t  o n l y  
because  it is d i f f i c u l t  t o  c o n t r o l ,  b u t  a n y  
e x t e r n a l  a d j u s t m e n t s  c a n  immedia t e ly  r e s u l t  i n  
d r a s t i c  c h a n g e s  i n  t h e  c h e m i s t r y  o f  t h e  c y a n i d e  
s o l u t i o n s .  Tempera tu re  is d i f f i c u l t  t o  c o n t r o l  
because  i n  Nevada, f o r  example ,  heap- leaching  
o p e r a t i o n s  are per formed o u t d o o r s  where d i u r n a l  
t e m p e r a t u r e  v a r i a t i o n s  o f  10°C t o  21°C (50°F t o  
70°F) are n o t  uncommon. Win te r  t e m p e r a t u r e s  may 
f a l l  well below f r e e z i n g  f o r  weeks. T h i s  w i l l  n o t  
o n l y  slow or s t o p  t h e  r e a c t i o n  k i n e t i c s  of 
d i s s o l u t i o n ,  b u t  w i l l  l i k e l y  f r e e z e  t h e  p i p e s ,  
pumps, and  s p r i n k l e r - h e a d s .  

One way t o  d e a l  w i t h  t h i s  problem i s  t o  abandon 
heap- l each ing  i n  l a te  f a l l  and  s t a r t - u p  o p e r a t i o n s  
i n  e a r l y  s p r i n g .  T h i s  s o l u t i o n  h a s  t h e  a d v a n t a g e  
o f  m a i n t a i n i n g  t h e  equipment ,  b u t  poses  t h e  
problem of s e a s o n a l  unemployment i n  r u r a l  Nevada. 
Another s o l u t i o n  is t o  u s e  o i l  emers ion  h e a t e r s  t o  
mai,nEain t h e  t e m p e r a t u r e . i n  t h e .  c y a n i d e  s o l u t i o n .  
Al though t h i s ' . s y s t e m  h a s  been used  i n  some mines ,  
i t  is a n  e x p e n s i v e  i n v e s t m e n t .  H i s t o r i c a l l y  i n  
Nevada, most mines  close down d u r i n g  t h e  w i n t e r .  

E f f e c t  o f  Oxygen 

Al though t e m p e r a t u r e  i s  a n  i m p o r t a n t  e lement  i n  
t h e  c h e m i c a l  r e a c t i o n ,  i t  is n o t  t h e  on ly  f a c t o r  
t h a t  c o n t r o l s  t h e  rate o f  d i s s o l u t i o n  of  go ld  i n  
c y a n i d e  s o l u t i o n s .  E l s n e r  (1846) i s  c r e d i t e d  a s  
t h e  f irst  t o  r e c o g n i z e  t h e  e s s e n t i a l  need f o r  
a t m o s p h e r i c  oxygen i n  t h e  d i s s o l u t i o n  o f  go ld  i n  
c y a n i d e  s o l u t i o n s .  Lund (1951)  p o i n t e d  o u t  t h a t  
i n  c y a n i d e  d i s s o l u t i o n  e x p e r i m e n t s  w i t h  s i l v e r ,  
oxygen is c o n t i n u o u s l y  consumed d u r i n g  t h e  
r e a c t i o n .  Habash i  (1967) n o t e s  t h a t  a tmosphe r i c  
oxygen (20% of a volume of  a i r )  is t h e  o x i d i z i n g  
a g e n t  u n i v e r s a l l y  used  i n  c y a n i d e  go ld  m i l l s  and  
t h a t  t h e  maximum d i s s o l u t i o n  rate o c c u r s  when t h e  
molar ra t io  

[CN-]/[02 ] = 6. 

C o n c e n t r a t i o n s  r e s u l t i n g  from e q u i l i b r i u m  wi th  t h e  
a tmosphe re  a l o n e  a c c o u n t  f o r  approx ima te ly  8 . 2  
m g / l i t e r  oxygen i n  d i l u t e  c y a n i d e  s o l u t i o n s .  T h i s  
v a l u e  is a p p l i c a b l e  o n l y  f o r  i d e a l  c o n d i t i o n s  of 
a e r a t i o n  and  a g i t a t i o n ,  assuming none of t h e  
gangue m i n e r a l s  consume oxygen. 

The s o l u b i l i t y  of oxygen, l i k e  most g a s e s ,  is  a l s o  
a f u n c t i o n  . o f  t e m p e r a t u r e .  U n l i k e  s o l i d s ,  
however,  t h e  s o l u b i l i t y  o f  oxygen i n  aqueous  
s o l u t i o n s  is  i n v e r s e l y  p r o p o r t i o n a l  t o  
t e m p e r a t u r e .  F i g u r e  2 i l l u s t r a t e s  t h i s  
r e l a t i o n s h i p .  It is  e s s e n t i a l  t h a t  d i s s o l v e d  
oxygen l e v e l s  n o t  d e c l i n e  as  a r e s u l t  o f  a d d i n g  
h e a t  t o '  t h e  aqueous  s o l u t i o n .  Habashi  (1967) 
a r g u e s  t h a t  t h e  i m p o r t a n t  c o n s i d e r a t i o n  is n o t  t h e  
a b s o l u t e  amount of c y a n i d e  i o n  and  oxygen, b u t  t h e  
r a t i o  of t h e  molar c o n c e n t r a t i o n s .  

E f f e c t  of pH 

Another c r i t i ca l  f a c t o r  is t h e  pH of t h e  aqueous  
s o l u t i o n .  Most o p e r a t i o n s  m a i n t a i n  pH between 10 
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was added t o  t h e  f l a s k .  The f l a s k  was the11 
a t t a c h e d  t o  a . shaker  arm and immersed i n  a 
t h e r m o s t a t i c a l l y  c o n t r o l l e d  t e m p e r a t u r e  ba th .  The  
f l a s k  was o s c i l l a t e d  i n  t h e  b a t h  f o r  a p r e s c r i b e d  
p e r i o d  o f  time a t  a c o n s t a n t  t e m p e r a t u r e .  The  
i n d e p e n d e n t  v a r i a b l e  i n  t h e s e  e x p e r i m e n t s  was 
t e m p e r a t u r e .  

The  g o l d  ore was o b t a i n e d  from t h e  F r e e p o r t  
Jerritt Canyon Mine, i n  E lk0  County ,  Nevada, and  
c o n t a i n e d  0.25 oz/T go ld .  The s i l v e r  ore was 
o b t a i n e d  from t h e  Gooseber ry  Mine i n  Lyon County ,  
Nevada; i t  c o n t a i n e d  6.30 oz/T. These  d a t a ,  
r e p o r t e d  as Troy  ounces ,  were o b t a i n e d  by . f i r e  
a s s a y  t echn ique .  

RESULTS 

321 I I I I , J Gold Ore 

0 12 16 20  . 24 The r e s u l t s  of t h e  expe r imen t  on  t h e  e x t r a c t i o n  o f  
. . g o l d  from t h e  F r e e p o r t  ore are shown i n  T a b l e  2 

a n d  F i g u r e  3. 

0 4 

Temperature O C  

F i g u r e  2. S o l u b i l i t y  of oxygen i n  p u r e  water i n  
e q u i l i b r i u m  w i t h  oxygen on ly .  

and  13. The c y a n i d e  i o n  [CN-] acts i n  c o n c e r t  
w i t h  oxygen t o  d i s s o l v e  go ld .  I n  n e a r - n e u t r a l  pH 
or a c i d i c  s o l u t i o n s ,  t h e  [CN-] i o n  is s u b j e c t  t o  
h y d r o l y s i s  by water o r  decompos i t ion  by 
a tmosphe r i c  CO,. I n  c y a n i d e  p r a c t i c e ,  t h e  pH of 
m i l l  s o l u t i o n s  u s u a l l y  r a n g e s  from 11 t o  12. 

E f f e c t  of F o r e i g n  I o n s  

Habashi  (1967) summarized t h e  impac t  o f  f o r e i g n  
i o n s  on  t h e  c y a n i d e  d i s s o l u t i o n  o f  go ld  and  
s i l v e r .  He found t h a t  i o n s  c a n  accelerate,, 
r e t a r d ,  o r  have  no  e f f e c t  on  t h e  d i s s o l u t i o n  rate. 
T a b l e  1 lists t h e  i o n s  most l i k e l y  t o  be  
encoun te red  i n  g o l d  ores and  t h e i r  a s s o c i a t e d  
e f f e c t s  . 

TABLE 1 

I o n s  T h a t  A f f e c t  C y a n i d a t i o n  

A c c e l e r a t i n g  N e u t r a l  Re t a r d i n g  

TABLE 2 

Gold E x t r a c t i o n  From F r e e p o r t  Ore 
When Leached a t  Var ious  Tempera tu res  

P e r c e n t  Gold E x t r a c t e d  a t  
S p e c i f i c  Times 

Temp. HOURS 
"C 1 2 4 8 12 24 

20' 64.05 71.09 68.51 64.37 69.48 66.77 

15 69.31 64.19 65.63 64.82 55.26 56.85 

5 56.98 59.52 62.28 59.62 57.58 57.16 

From t h e s e  d a t a ,  it is obv ious  t h a t  t h e  e x t r a c t i o n  
of g o l d  from t h e  F r e e p o r t  o r e  is s i g n i f i c a n t l y  
i n c r e a s e d  a t  h i g h e r  t empera tu res .  T a b l e  3 shows 
t h e  p e r c e n t a g e  i n c r e a s e  o f  go ld  r e c o v e r e d  a t  20°C 
(68°F) as  compared t o  5°C (41°F). 

TABLE 3 

P e r c e n t  I n c r e a s e  i n  Gold Recovery a t  20°C VS. 5°C 

Pb, Hg, B i ,  T1  Na, K ,  C1, Fe, Cu, Zn, N i  
N03, SO4 Mn, Ca ,  Bay C 

(Pb) ,  S2- 

EXPERIMENTAL 
HOURS 

1 2 4 8 12 24 

A l l  tests r e p o r t e d  were conducted  u s i n g  a f l a s k  P e r c e n t  
and  s h a k e r  b a t h  a p p a r a t u s .  One hundred  grams of  
ore were p laced  i n  t h e  500 m l  Er lenmeyer  f l a s k  and 
200 m l  o f  0 . 5 ~ / 1  NaCN s o l u t i o n  w i t h  a pH of 10,s 

I n c r e a s e  12.41 19.44 10.00 7.97 20.67 16.81 
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F i g u r e  3. Gold e x t r a c t i o n  from F r e e p o r t  o r e  a t  . v a r i o u s  t e m p e r a t u r e s .  ---- 10 Q c 
I-- 5 0 c  

I n  a d d i t i o n  t o  d e m o n s t r a t i n g  t h e  enhanced 
e x t r a c t i o n  rates a t  h i g h e r  t e m p e r a t u r e s ,  t h e s e  
d a t a  show t h e  i n f l u e n c e  of c a r b o n a c e o u s  material 
i n  t h e  o r e  on t h e  p r e g n a n t  c y a n i d e  f l u i d s .  I n  a l l  
t h r e e  cases, b u t  especially a t  10°C (SOOF), t h e  

TABLE 4 

S i l v e r  E x t r a c t i o n  from Gooseber ry  Ore 
Leached a t  Var ious  Tempera tu res  

d a t a  s u g g e s t  t h a t  g o l d  r e c o v e r y  a c t u a l l y  d e c r e a s e s  

after two hour s .  T h i s  phenomena is  c a u s e  by ' a t  S p e c i f i c  Times ' p regnan t  s o l u t i o n s  i n  d i r e c t  c o n t a c t  w i t h  t h e  o r e ,  
which c o n t a i n s  ca rbonaceous  material. I n  a c t u a l  
c y a n i d e  p r a c t i c e ,  t h e  p r e g n a n t  s o l u t i o n s  are p iped  
f rom t h e  o r e  body t o  a series of columns t h a t  Temp* 
c o n t a i n  ca rbon .  The g o l d  is s t r i p p e d  from 
s o l u t i o n  by t h e  ca rbon  and  r e t u r n s  t o  t h e  heaDs 

' 

P r e c e n t  S i l v e r  E x t r a c t e d  

HOURS 
1 2 4 8 12 24 O C  

35 53.78 62.23 70.64 nd 75.99 90.51 d e p l e t e d  of g o l d .  The g o l d  is removed from t h e  
c a r b o n  columns i n  a n o t h e r  p r o c e s s i n g  s t e p .  

25 44.63 55.15 62.66 72.89 nd nd 

S i l v e r  Ore 15 45.93 51.09 56.24 66.34 68.05 82.13 

5 38-66 45.10 50.98 60.23 64.72 71.18 
The s i l v e r  ore e x p e r i m e n t s  were e s s e n t i a l l y  
i d e n t i c a l  t o  t h e  g o l d  ore tests. The  r e s u l t s  of 
t h e  s i l v e r  e x t r a c t i o n  from t h e  Goosebe r ry  ore for 
f o u r  d i f f e r e n t  t e m p e r a t u r e s  are shown i n  Tab le  4 
and F i g u r e  4. 
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F i g u r e  4. S i l v e r  e x t r a c t i o n  from Goosebe r ry  ore a t  v a r i o u s  t e m p e r a t u r e s .  

The e f f e c t  of i n c r e a s i n g  t e m p e r a t u r e  on t h e  
e x t r a c t i o n  rate f o r  s i l v e r  is also e v i d e n t .  I n  24 
h o u r s ,  a t  35°C (95"F),  more t h a n  90% of t h e  
a v a i l a b l e  s i l v e r  was e x t r a c t e d .  A t  5°C (41°F) ,  
o n l y  72% h a s  been e x t r a c t e d .  The  p e r c e n t a g e  
i n c r e a s e  i n  s i l v e r  r e c o v e r y  a t  35°C (95OF) 
compared w i t h  5°C (41OF) is shown i n  Tab le  5. 

T a b l e  5 

P e r c e n t  i n c r e a s e d  r e c o v e r y  o f  s i l v e r  
a t  35OC vs .  5°C 

HOURS 

1 2 4 8  12  24 

P e r c e n t  
I n c r e a s e  -39.11 37.98 38.56 nd 17.41 20.25 

I n c r e a s e s  i n  r ecove ry  o f  s i l v e r  w i t h  c y a n i d e  
s o l u t i o n s  a t  35°C (95°F) r a n g e  from 17 t o  39 
p e r c e n t  f o r  t h e s e  s h o r t  d u r a t i o n  l a b o r a t o r y  tests. , 

These  e x p e r i m e n t s  d e m o n s t r a t e  t h a t  h i g h e r  
t e m p e r a t u r e s  c a n  e f f e c t i v e l y  i n c r e a s e  t h e  r a t e  o f  
go ld  and s i l v e r  o r e  e x t r a c t i o n  from t y p i c a l  Nevada 
o r e s .  S i g n i f i c a n t  p e r c e n t a g e  i n c r e a s e s  are s e e n  
a t  3 5 O C  (95'F), which is well w i t h i n  t h e  r ange  o f  
most o f  t h e  geo the rma l  r e s o u r c e s  i n  Nevada. 

SUMMARY AND CONCLUSIONS 

M i n i n g ,  is  t h e  second l a r g e s t  i n d u s t r y  i n  Nevada. 
Gold min ing ,  i n .  p a r t i c u l a r ,  h a s  i n c r e a s e d  
s u b s t a n t i a l l y  i n  t h e  las t  f i v e  y e a r s  making Nevada 
t h e  l e a d i n g  p roduce r  o f  go ld  i n  t h e  Un i t ed  S t a t e s .  
Most o f  t h i s  i n c r e a s e  i n  go ld  p r o d u c t i o n  c a n  b e  . 
a t t r i b u t e d  t o  t h e  widespread  u s e  o f  t h e  cyan ide -  
h e a p  l e a c h i n g  p r o c e s s .  T h i s  h a s  been shown t o  b e  
a c o s t - e f f e c t i v e  way t o  p r o c e s s  many low-grade 
ores t h r o u g h o u t  Nevada. 

Because  t h i s  is a h y d r o m e t a l l u r g i c a l  t e c h n i q u e  
t h a t  is p r a c t i c e d  o u t d o o r s  on a l a r g e  scale, t h e  
p r o c e s s  is s u b j e c t  t o  "mod i f i ca t ion"  by t h e  
wea the r .  S p e c i f i c a l l y ,  when w i n t e r  t e m p e r a t u r e s  
p roduce  f r e e z i n g  c o n d i t i o n s ,  many of t h e  mines  
s h u t  down u n t i l  e a r l y  s p r i n g ,  Some mines  employ 
o i l - f i r e d  water h e a t e r s  t o  m a i n t a i n  working  
t e m p e r a t u r e s  i n  t h e  l e a c h - s o l u t i o n s  and  allow 
p r o d u c t i o n  t o  c o n t i n u e  t h r o u g h o u t . t h e  w i n t e r .  

These  min ing  o p e r a t i o n s  are widespread  i n  Nevada. 
More widesp read  are t h e  900 h o t  s p r i n g s  and  wells 
t h a t  c o n s t i t u t e  Nevada's g r e a t e s t  n a t u r a l  e n e r g y  
r e s o u r c e  - g e o t h e r m a l  energy .  It seems l o g i c a l  
t h a t  t h e  combina t ion  o f  a r e a d i l y  a v a i l a b l e ,  low- 
c o s t  s o u r c e  of r enewab le  ene rgy  and c y a n i d e  heap- 
l e a c h i n g  would produce  a m u l t i t u d e  of b e n e f i t s :  i t  
would i n c r e a s e  g o l d  p roduc t ion :  i t  would m a i n t a i n  
a year-round l a b o r  f o r c e  and  s t a b i l i z e  r u r a l  
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working c o n d i t i o n s :  it would c o n s e r v e  f u e l  o i l ;  
and ,  p r o p e r l y  moni tored ,  i t  would p r o v i d e  l o n g  
term d a t a  on  t h e  geo the rma l  r e s e r v o i r  and  on  t h e  
e n g i n e e r i n g  f e a s i b i l i t y  of a n o t h e r  d i r e c t  h e a t  
a p p l i c a t i o n .  

T h i s  r e p o r t  was p repa red  t o  r e v i e w  m i n e r a l  
r e c o v e r y  t e c h n i q u e s .  p r a c t i c e d  a t  a c t i v e  mines  
th roughou t  Nevada and  t o  d e t e r m i n e  t h o s e  t h a t  may 
be  enhanced by t h e  a p p l i c a t i o n  of geo the rma l  h e a t  
ene rgy  from a nea rby  r e s o u r c e .  O f  t h e  t h i r t y - t w o  
a c t i v e  p r e c i o u s  metal mines  i d e n t i f i e d ,  t e n  h a v e  
h o t  water on  o r  n e a r  t h e  p r o p e r t y  and  c o u l d  
p o t e n t i a l l y  b e n e f i t .  

A . s econd  purpose  was t o  collect o r e  samples  a n d  
geo the rma l  f l u i d s ,  e s t a b l i s h  t h e i r  c o m p a t i b i l i t y  
i n  t h e  h y d r o m e t a l l u r g i c a l  p r o c e s s ,  and  c a r r y  o u t  
l a b o r a t o r y  tests t o  d e t e r m i n e  t h e  e f f e c t s  of 
h e a t i n g  on r e c o v e r y  rates. I n  a d d i t i o n ,  
i n t e r f e r i n g  o r  c o u n t e r p r o d u c t i v e  factors were also 

. t o  be  i d e n t i f i e d .  The l a b o r a t o r y  work c o n s i s t e d  
o f  measur ing  t h e  e f f e c t s  o f  t h e r m a l l y  enhanc ing  
c y a n i d e  heap- l each ing  on  g o l d  and  s i l v e r  ores. 

Thermal ly  enhanced cyan ide  heap- leaching  o f  g o l d  
and  s i l v e r  ores produced i n c r e a s e s  i n  e x t r a c t i o n  
r a n g i n g  f o r  
s i l v e r .  The t e m p e r a t u r e  r e q u i r e d  fo r  t h e s e  
' i n c r e a s e s  i s  35OC t o  40°C (95OF t o  104OF), w e l l  
w i t h i n  t h e  r a n g e  of  a v a i l a b l e  geo the rma l  
r e s o u r c e s .  The f l u i d  c h e m i s t r y  of t h e  geo the rma l  
waters w i l l  n o t  i n t e r f e r e  w i t h  t h e  r e a c t i o n s ,  b u t  
t h e  aqueous  s o l u t i o n s  w i l l  have  t o  be  s l i g h t l y  
modi f ied  t o  match t h e  h i g h  pH r e q u i r e d  f o r  c y a n i d e  
heap- leaching .  Geothermal f l u i d s  t y p i c a l l y  
c o n t a i n  l i t t l e  d i s s o l v e d  oxygen and  some a e r a t i o n  
would b e  r e q u i r e d .  

from 8 t o  20% f o r  g o l d  and  17 t o  40% 

u. 
0 

80 

70  

60 

50 

40 

1 
0 
0 

L 
E 
c 

P 

l- 
E 

30 v 
11111111111) 
J F M A M J J A S O N D  

Month 

F i g u r e  5. S o i l  t e m p e r a t u r e  a t  a d e p t h  of 10 cm 
(4 i n c h e s )  a t  C e n t r a l  Nevada F i e l d  L a b o r a t o r y  n e a r  
Aus t in ,  NV ( e l e v a t i o n  5,950 f t .  (mod i f i ed  a f te r  
Houghton e t  a l . ,  1975)  

ACKNOWLEDGEMENTS 

We would l i k e  t o  t h a n k  Mr. B.R. Bar redo  o f  B a s i c  
Refractories i n  Gabbs,  Nevada, f o r  p r o v i d i n g  
access t o  and  i n f o r m a t i o n  a b o u t  t h e  geo the rma l  

p e r m i t t i n g  u s  t o  sample  t h e  geo the rma l  f l u i d s  a t  

a d d i t i o n ,  w e  would l i k e  t o  thank  F r e e p o r t  Gold 
Corp. and  Asamera, I n c .  f o r  t e c h n i c a l  a s s i s t a n c e  
w i t h  t h i s  work. 
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o p e r a t i o n s  c a n  p r o v i d e  year-round ' p r o d u c t i o n ,  
i ndependen t  o f  t h e  . p r e v a i l i n g  wea the r  c o n d i t i o n s .  

"p roduc t ion  window'' t h a t  may be  expec ted  i n  
c e n t r a l  Nevada. T h i s  c u r v e  is prov ided  f o r  
i l l u s t r a t i o n  pu rposes  o n l y  and  h a s  n o t  been  

is fact that geothermally enhanced heap-leaching wells in Gabbs. A l s o ,  Mrs. L i l l i a n  Darrough for 

F i g u r e  5 i l l u s t r a t e s  a c y a n i d e  heap- leach  Darrough's Hot Spring, Big Smoky In 

s u b s t a n t i a t e d  b; a c t u a l  p r o d b c t i o n  d a t a .  I f  t h e  
p r o d u c t i o n  window opens  a t  a minimum t e m p e r a t u r e  
o f  4OC (40°F),  t h e n  l e a c h i n g  o p e r a t i o n s  may b e  
expec ted  t o  b e g i n  i n  mid-March and  c o n t i n u e  
th rough  l a te  October .  T h i s  h a s  been t h e  
h i s t o r i c a l  p r a c t i c e  a t  Nevada mines.  S i n c e  
enhanced r e c o v e r y  of gold  f rom h e a t e d  c y a n i d e  
s o l u t i o n s  h a s  a l r e a d y  been e s t a b l i s h e d ,  maximum 
p r o d u c t i o n  would be  r e s t r i c t e d  t o  J u n e ,  J u l y ,  and  
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August. Us ing  geo the rma l  f l u i d s  - would 
s u b s t a n t i a l l y  i n c r e a s e  t h e  s ize  of t h e  p r o d u c t i o n  
window (shaded  area, f i g .  5) and  would a l low 
super-maximum e x t r a c t i o n  rates on  a year-round 
b a s i s .  The b e n e f i t s  i n c l u d e  i n c r e a s e d  r evenue  t o  
t h e  mine o p e r a t o r ,  year-round employment f o r  t h e  
l a b o r  force, i n c r e a s e d  r o y a l t y  payments f o r  
m i n e r a l  leases t o  bo th  t h e  f e d e r a l  and s ta te  
governments ,  and  i n c r e a s e d  i n f o r m a t i o n  on  t h e  
geo the rma l  r e s o u r c e s  and  t h e i r  a p p l i c a t i o n s .  
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