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FOREWORD 

I n  c h i s  volume, you will meet men and women who a r e  truly A l a s k a ' s  
modern p i o n e e r s .  They a r e  p l a c e r  p r o s p e c t o r s  and miners ,  f o l l o w i n g  an 
a c c i e n t  and romant ic  quest--gold! Some r e t r a c e  t h e  f o o t s t e p s  of Alaska 's  
f i r s t  p l a c e r  miners ,  who sought  p a y d i r t  100 y r  ago ,  bu t  many a r e  b l a z i n g  new 
trails i n  virgin ground and using t o o l s  never dreamed of by t h o s e  early sour- 
doughs .  

Here,  t h e s e  modern p i o n e e r s  t e l l  t h e i r  s t o r i e s .  You w i l l  meet t h e  man 
who i n v e n t e d  and developed t h e  mighty a u t o m a t i c  hydrau l i c  m o n i t o r ,  c a p a b l e  of 
moving mountains  of  m a t e r i a l  f o r  p e n n i e s  a yard.  You w i l l  meet men who a r e  
t e s t i n g  machines and methods t o  coax t h e  l a s t  p a r t i c l e  of  f i n e  g o l d  i n t o  
their c o n c e n t r a t e s ,  w h i l e  s i m u l t a n e o u s l y  striving t o  meet t h e  w o r l d ' s  rough- 
est env i ronmenta l  s t a n d a r d s .  You w i l l  meet an Alaskan who has actually found 
t h e  go lden  f l e e c e .  But, f i rs t ,  he had t o  deal  w i t h  a f o o t - t h i c k  anaconda,  
foo t - long  s c o r p i o n s ,  r a b i d  vampire b a t s ,  and murderously  poisonous  no-see- 
urns. 

Goldl The l u r e  is s t r o n g .  T h e  rewards may be g r e a t ,  bu t  t h e  r i s k s  even 
g r e a t e r .  The work i s  hard  and c o m f o r t l e s s .  Nature  i s  n o t  an e a s y  p a r t n e r .  
Yec t h e s e  Alaskans persevere.  

W e  wish  t o  thank a l l  t h e  s p e a k e r s  who p a r t i c i p a t e d  i n  t h e  c o n f e r e n c e ,  
particularly t h o s e  who submitted manuscripts f o r  this volume. Appreciation 
is also extended t o  members of  the c o n f e r e n c e  committee. This r e p o r t  was 
made p o s s i b l e  by t h e  s u p p o r t  of t h e  D i v i s i o n  of G e o l o g i c a l  and Geophysical  
Surveys, Alaska Department of  N a t u r a l  Resources. 

P. Jeffrey Burton and Henry C .  Berg 
F a i r b a n k s ,  Alaska 

J a n u a r y ,  1988 
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A HISTORICAL, PERSPECTIVE 

BY 
E.N.  Wolff ,  P r o f e s s o r  Emer i tus  
University of  Alaska-Fairbanks  

F a i r b a n k s ,  Alaska 99775 

My t o p i c  today i s  ' A  U i s t o r i c a l  P e r s p e c t i v e . '  T h i s  i s  a  r a t h e r  b road  
mandate,  bu t  I w i l l  t r y  t o  g i v e  you my concep t  of t h e  h i s t o r y  of o u r  fndus-  
t r y .  The h i s t o r y  of Alaska from 1867 t o  1939 i s  the h i s c o r y  of  mining.  T h i s  
is n o t  t o  downplay t h e  importance  of t h e  f i s h i n g  i n d u s t r y  t o  Alaska ,  b u t ,  
truly, t h e  geograph ic  e x p l o r a t i o n  o f  Alaska and t h e  e s t a b l i s h m e n t  o f  towns,  
c i t i e s ,  and roads  have ,  in l a r g e  p a r t ,  been t h e  r e s u l t  of mining.  

The g o l d  rush s t o r i e s  a r e  s o  well known and evoke such romant ic  images 
t h a t  t h e  a v e r a g e  pe r son  t h i n k s  o f  them immediate ly .  They have t h e  added a t -  
traction of  hav ing  a n i c e ,  neat beginning--- ' the  Klondike  Stampede'--and a 
n i c e ,  n e a t  end---the F i r s t  World War. C e r t a i n l y  f o r  me, they  t e l l  t h e  t a l e  
of one of  t h e  most romant ic  e p i s o d e s  i n  o u r  h i s t o r y  and  l e a v e  t h e  o b s e r v e r  
w i t h  a s e n s e  o f  t h e  impor tance  of c h a t  e r a .  In t h e  space o f  s c a r c e l y  20 y r ,  
t h e  v a s t  e x t e n t  o f  Alaska was e x p l o r e d  and s e t t l e d ,  j u s t  by t h e  e f f o r t s  of 
go ld  s e e k e r s .  This l a s t  grear a d v e n t u r e ,  i n v o l v i n g  mass movement o f  g r e a t  
numbers, r e a l l y  opened up t h e  n o r t h e r n  p a r t  of  t h e  c o n t i n e n t .  It is  simply 
c a l l e d  ' t h e  g o l d  rush.' T hope t h f s  p e r s p e c t i v e  w i l l  g ive  you a l i t t l e  more 
i n s i g h t  i n t o  how o u r  s t a t e  came i n t o  be ing .  

1 would l i k e  t o  g i v e  you a f e w  facts and s t o r i e s  abou t  t h e  g o l d  r u s h  and 
t r a c e  t h e  p r o g r e s s  of  men and e v e n t s .  For t h o s e  who have heard  t h e  s t o r y  
b e f o r e  and who know i t  b e t t e r  than I d o ,  1 a p o l o g i z e .  

Robert  M a r s h a l l ,  i n  his book ' A r c t i c  Village,' r e p o r t e d  a s t a t e m e n t  made 
t o  him i n  1930 by a Koyukuk miner :  "And t h e n  T l o v e  t he  w i l d  mounta ins  and  
t h e  unexplored c o u n t r y  and t h e  f i g h t i n g  through h a r d s h i p s .  T h e r e ' s  no peop le  
i n  t h e  world have overcome a s  many h a r d s h i p s  a s  t h e  Alaska  p i o n e e r s .  Why, 
t h e  d a n g e r s  and d i s c o m f o r t s  which t h e s e  A r c t i c  and A n t a r c t i c  e x p l o r e r s  have 
s t o o d  is a j o k e  i n  comparison w i t h  what thousands  o f  Alaska men and women 
have gone th rough .  I f  S t e f a n s s o n  could g e t  t o  t h e  North Pole  and d i s c o v e r  
g o l d ,  t h e r e ' d  be  500 Alaska whores t h e r e  i n s i d e  t h r e e  months. T h e r e ' s  no 
h a r d s h i p  i n  t h e  world  t h a t  a r e a l  o l d  t ime  Alaskan cou ldn '  r bear, and I ' m  
g l a d  t h a t  I was one o f  them." Although t h e  speaker attributes t h e  hypo the t -  
i c a l  d i s c o v e r y  of go ld  a t  t h e  N o r t h  Po le  t o  a n  e x p l o r e r ,  i t  would most cer- 
t a i n l y  have been by a p r o s p e c t o r .  C e r t a i n l y  t b e  p r e s e n c e  of 500 Alaska 
' s p o r t i n g  women' could  o n l y  mean t h a t  t h e  miners  had e s t a b l i s h e d  a n o t h e r  o u t -  
post  o f  c i v i l i z a t i o n  and a p rosperous  o n e ,  o r  'good camp,' a t  t h a t .  For  some 
r e a s o n ,  t h i s  c r i t e r i o n  o f  p r o s p e r i t y  seems t o  have t a k e n  ho ld  among our  p r o s -  
p e c t o r s .  I remember w e l l  an  exchange between two of  them w h i l e  we were  re'- 
b u i l d i n g  a churn d r i l l  i n  t h e  Chandalar  d i s t r i c t ,  100 m i  from t h e  n e a r e s t  
town: 



Younger p r o s p e c t o r :  "There never  was a good camp t h a t  d i d n ' t  have its 
s h a r e  o f  s p o r t i n g  g i r l s . "  

. Older  p r o s p e c t o r :  "The Chandalar  never had any."  
Younger p r o s p e c t o r  : "I s a i d  'good camp. "' 
Older  p r o s p e c t o r :  "By God, t h a t ' s  r i g h t . "  

With t h a t  we had b e t t e r  move on .  

I would l i k e  t o  d i r e c t  your  a t t e n t i o n  t o  a remarkable  document. P r i o r  
t o  World War 11, t h e  Alaska School of Mines r e q u i r e d  t h a t  each s t u d e n t  w r i t e  
a s e n i o r  t h e s i s .  Some s t u d e n t s  e l e c t e d  t o  w r i t e  on h i s t o r i c a l  o r  broad indus -  
t r i a l  t o p i c s .  James C .  H i l d e b r a n d t ,  who a t t e n d e d  t h e  U n i v e r s i t y  s h o r t l y  be- 
f o r e  World War 11, wrote  ' H i s t o r y  of P l a c e r  Mining i n  A l a s k a , '  t h e n  d i s -  
appeared .  Re never  r e t u r n e d  t o  Alaska.  The l i b r a r y  record  shows t h a t  i n  t h e  
l a s t  f e w  y e a r s  52 peop le  checked o u t  h i s  t h e s i s .  Wherever you a r e ,  J i m ,  you 
shou ld  know t h a t  your  work h a s  f i n a l l y  r e c e i v e d  t h e  r e c o g n i t i o n  i t  d e s e r v e s .  

There  d o e s  not  seem t o  be any h i s t o r y  o f  n a t i v e  Alaskans  u s i n g  p l a c e r  
go ld  t o  make a r t i f a c t s ;  t h e r e f o r e ,  f o r  t h e  f i r s t  documentat ions  of mining i n  
Alaska ,  we must go t o  the Kussians .  

I am a lmos t  ashamed t o  beg in  wi th  P e t e r  Doroshin.  Poor  o l d  P e t e r  has  
had h i s  s t o r y  of fa i lure  t o l d  s o  o f t e n  t h a t  he must be t i r e d  of it. Very 
b r i e f l y  i t  i s  t h i s :  

The Russ ian American Company was i n t e r e s t e d  i n  any th ing  t h a t  would t u r n  
a d o l l a r ,  and if a n y t h i n g  happened a s  a r e s u l t  t h a t  advanced t h e  c a u s e  
of Russ ian dominion,  t h a t  was a l l  t o  t h e  good---the h igher-ups ,  5,000 m i  
away, might h e a r  of i t .  Because t h e  fur t r a d e  was p r o s p e r i n g  ( a l b e i t  
w i t h  worse e f f e c t s  on t h e  n a t i v e s  than  on t h e  f u r  s e a l s ) ,  P e t e r  Doroshin 
was s e n t  t o  see what he could  come up w i t h  i n  t h e  way of m i n e r a l s .  We 
know today t h a t  h e  was on an imposs ib le  m i s s i o n .  Re might have found a 
l i t t l e  c o a l ,  b u t  he was a f t e r  g o l d .  I n  two y e a r s  (1848 and 1 8 4 9 )  of 
d r i v i n g  his n a t i v e s ,  he found o n l y  a few ounces  of g o l d .  T h i s  was on 
t h e  Kenai P e n i n s u l a .  

Now we must jump ahead a l m o s t  r o  t h e  purchase  of Alaska from R u s s i a .  
The Russ ian American Company had a  monopoly on Alaska commerce. A f t e r  Alaska 
was t r a n s f e r r e d  t o  t h e  U.S. Government, however, some of t h e  commercial  func- 
t i o n s  of t h e  Russian American Company were t a k e n  o v e r  by t h e  Alaska Commer- 
c i a l  Company, later t o  become t h e  Northern  Commercial Company. 

In  1862, 'Buck' Choquet te  r e p o r t e d  go ld  from t h e  b a r s  of t h e  S t i k i n e  
R i v e r  i n  s o u t h e a s t  Alaska .  The Iiussians,  c o g n i z a n t  o f  o t h e r  g o l d  r u s h e s ,  
t r i e d  t o  keep i t  and o t h e r  d i s c o v e r i e s  q u i e t ,  but by 1871 t h e r e  were many 
p r o s p e c t o r s  i n  t h e  c o u n t r y .  A few hard- rock  d e p o s i t s  were found i n  s o u t h e a s t  
Alaska ,  i n c l u d i n g  Windham bay  and Sumdum Bay, b u t  p l a c e r s  were few because  
t h e  a r e a  had been g l a c i a t e d .  

I n  1879 John Muir, t h e  naturalist, went through s o u t h e a s t  Alaska by ca- 
noe.  H e  r e p o r t e d  f a v o r a b l e  geology,  and ,  i n  1880, Richard  H a r r i s  and  Joseph 
Juneau s e t  o u t  t o  e x p l o r e  t h e  a r e a .  A t  t h e  present: s i t e  o f  Juneau (Har r i s -  



b u r g  mining d i s t r i c t ) ,  t hey  Eound abundant p l a c e r  and l o d e  g o l d .  I n  s h o r t  
t ime ,  s e v e r a l  mines were i n  o p e r a t i o n ,  bo th  on t h e  mainland and on Douglas 
1s.land (Treadwel l  Mine) a c r o s s  t h e  c h a n n e l .  Meanwhile, i n  t h e  1870s ,  a t  
l e a s t  two p a r t i e s  had descended t h e  MacKenzie River  and c r o s s e d  t o  t h e  Yukon 
b a s i n .  As word of t h e s e  e x p l o r a t i o n s  s p r e a d ,  more men wanted t o  c r o s s  Chi l -  
koot T r a i l  o r  White Pass t o  s e e  f o r  themse lves ,  a n d ,  d u r i n g  t h e  1880s ,  more 
and more men d i d .  Most of them go t  t h e i r  g r u b s t a k e s  working i n  t h e  Juneau- 
Treadwel l  mines. 

Before  we l e a v e  Juneau-Treadwel l ,  we shou ld  n o t e  a v e r y  i m p o r t a n t  f a c t :  
Juneau was s t r u c k  i n  1880. T h i s  was a t i m e  of a b s o l u t e l y  no  c i v i l  l aw  i n  
Alaska ,  n o r  criminal l a w  f o r  t h a t  m a t t e r .  What had happened? The min ing  law 
of  1872 a l lowed miners  of v a r i o u s  d i s t r i c t s  t o  o r g a n i z e  and make c e r t a i n  
r u l e s  t o  govern mining.  In  t h e  absence  o f  c i v i l  l e w ,  t h e  m i n e r s  made t h e i r  
own r u l e s  and conducted t h e  broader f u n c t i o n s  of  government. In  g e n e r a l ,  
t h e y  a c q u i t t e d  themse lves  w e l l  and j u r i s d i c t i o n  was o n l y  g r a d u a l l y  t r a n s -  
f e r r e d  t o  t h e  c i v i l  a u t h o r i t i e s .  

As n o t e d ,  during t h e  1880s more and more men c r o s s e d  t o  t h e  Yukon b a s i n .  
A t  first they  worked t h e  b a r s  of t r i b u t a r i e s  o f  the Yukon River. 'Then they  
worked f a r t h e r  and f a r t h e r  a f i e l d .  A f a s c i n a t i n g  accoun t  i n  'Sourdough Sa- 
gas '  t e l l s  of t h e  men r e a c h i n g  t h e  Kuskokwim and of  working t h e  b a r s  of t h e  
Koyukuk, bo th  a long  way from t h e  upper Yukon. I n  1886,  they found c r e e k  
p l ace r s  in t h e  F o r t y m i l e ;  i n  1893, t h e y  found p l ace r s  a t  Rampart and on Birch 
Creek ( l a t e l y  d i s c o v e r e d  by o u r  new p i o n e e r s  as a wild and s c e n i c  r i v e r ) .  

The n e x t  and c r u c i a l  even t  has  been  d e s c r i b e d  by s o  many t h a t  t he re  i s  
no need f o r  me t o  do so h e r e .  I n  August o f  1896, c o a r s e  g o l d  was d i s c o v e r e d  
on a t r i b u t a r y  t o  t h e  Klondike R i v e r ,  which i s  a t r i b u t a r y  t o  t h e  Yukon. The 
news t r a v e l l e d  up and d o n  t h e  river, but  such news had been hea rd  b e f o r e .  
This one, however, proved t o  be t h e  b i g  one c h a t  everyone had been w a i t i n g  
f o r .  khen i n  t h e  f o l l o w i n g  y e a r  t h e  gold from t h e  w i n t e r ' s  mining reached 
t h e  S t a t e s ,  i t  p r e c i p i t a t e d  a world-wide gold  r u s h .  People t h a t  a r r i v e d  two 
y e a r s  a f t e r  t h e  d i s c o v e r y  had little chance t o  p r o f i t  from t h e  Klondike d i s -  
c o v e r i e s .  However, since most of t h e  s t ampeders  were Americans anyway, they 
s e t  o u t  f o r  Alaska.  F o r t u n a t e l y ,  go ld  had j u s t  been d i s c o v e r e d  a t  Nome, 
which gave them a t  least one d e s t i n a t i o n  t o  head f o r ,  but i t  wouldn't have 
m a t t e r e d  anyway. The s t ampeders  of 1898 d i d n ' t  just head f o r  t h e  Klondike 
b u r  for every  c o n c e i v a b l e  l o c a l i t y  rumor sugges ted .  (By t h e  way, t h e  Nome 
s t o r y  is  t h e  on ly  b l a c k  mark on t h e  long h i s t o r y  of Alaska min ing  and miners .  
Rex Beach and Judge Wickersham have t o l d  t h e  s t o r y  of  how a p o l i t i c a l  b o s s ,  
Alexander McKenzie, and a d i s h o n e s t  judge ,  A r t h u r  H. Noyes, c o n s p i r e d  t o  
c h e a t  hones t  claim owners ou t  of t h e i r  p r o p e r t y .  Beach c a l l e d  them 'The 
L o o t e r s  . ' )  

There  a r e  n i n e  s e p a r a t e  r ecogn ized  mining d i s t r i c t s  on t h e  Seward Penin- 
s u l a  a l o n e .  A l l  o f  them were d i scovered  by 1902. Elsewhere,  d i s t r i c t s  o f  
more o r  l e s s  s i g n i f i c a n c e  were s t r u c k  all over  Alaska, t h e  g r e a t e s t  was  t h e  
Tanana (Fairbanks) d i s t r i c t .  Through t h e  y e a r s  from 1898 more t h a n  50 mining 
d i s t r i c t s  were s t r u c k .  Some o f  t h e  b e s t  known a r e  t h e  Koyukuk, I d i t e r c d ,  
Innoko and Kant ishna d i s t r i c t s .  S u f f i c e  it to s a y  that by 1914, a l l  the  



d i s t r i c t s  had been found o r  a t  l e a s t  no ted .  The l a s t  t o  be  d i s c o v e r e d  was 
the. Tolovana o r  Livengood mining d i s t r i c t ,  s t r u c k  i n  1914. 

I have no t  s a i d  much abou t  t h e  i m p o r t a n t  l o d e  d e p o s i t s .  A s  no ted  pre- 
v i o u s l y ,  t h e  go ld  mines a t  Juneau and Treadwel l  were o f  ext reme impor tance .  
I n  1899, copper d e p o s i t s  were  found a t  K e n n i c o t t .  By 1411, a r a i l r o a d  h a d  
been b u i l t  from Cordova t o  t h e  mines ,  and Kennecot t  Copper C o r p o r a t i o n  bectime 
a household word. Tbc mines c l o s e d  i n  1938. 

1 would l i k e  t o  b r i n g  home t o  you t h e  f l a v o r  of  t h i s  e r a  by d e s c r i b i n g  
some of my c o n t a c t s  w i t h  peop le  from t h o s e  times. 

Two thousand men i n  t h e  s p r i n g  of 1898 took  s h i p  t o  Roczebue Sound. 1 
was t o l d  t h a t  when one schooner  dropped a n c h o r ,  s e v e r a l  men jumped i n t o  row 
b o a t s  and began heading f o r  t h e  Kobuk R i v e r  mouth. By w i n t e r ,  s e v e r a l  hun- 
d red  were spread a l o n g  t h e  Kobuk f o r  more than  100 m i .  These men found noth-  
ing .  I n  t h e  s p r i n g  of 1899, they  e i t h e r  took  s h i p  o u t s i d e  o r  d r i f t e d  down t o  
biome or  o t h e r  mining d i s t r i c t s  on the Seward Pen insu la .  Six of them formed 
t o g e t h e r  and went up t h e  Kobuk. The n e x t  w i n t e r  (1899-1900), t h e  six were 
camped a t  Reed River  Hot S p r i n g s  between t h e  Kobuk and Noatak R i v e r s .  I l a t -  
e r  came t o  know one of t h e s e  men and g o t  t h e i r  s t o r y .  

They p i t c h e d  a t e n t  r i g h t  o v e r  a h o t  s p r i n g  and had hot b a t h s  all win- 
t e r .  A young n a t i v e  boy came t h e i r  way a l m o s t  s t a r v i n g .  They fed  him a l l  
w i n t e r  and w i t h  t h e  s p r i n g  t o l d  him " g e t  o u t  and r u s t l e . "  Tha t  summer t h e y  
reached the Noatak and walked t o  n e a r  t h e  head.  They r a i s e d  p r o s p e c t s  on a 
creek t h e y  named 'Lucky S i x , '  a f t e r  t h e  six-man group t h a t  made up t h e  p a r t y :  
A.W.  Amero, Tom P i e r s o n ,  Lou i s  Lloyd,  Manuel Mel lo ,  and  Jimmy Ackema (I 
d i d n ' t  learn t h e  name of t h e  s i x t h ) .  They h iked  back t o  t i m b e r l i n e ,  t h e n  
whipsawed lumber and b u i l t  s l u i c e  boxes ,  which t h e y  c a r r i e d  back 30 m i .  

O f  c o u r s e ,  Lucky Six Creek was a  ' g l o r i o u s  f a i l u r e '  a s  t h e  p r o s p e c t o r s  
s a y .  Tha t  s p r i n g  they c r o s s e d  t h e  d i v i d e  t o  t h e  head of  t h e  A l a t n a ,  t h e n  
r a f t e d  down t o  t h e  Koyukuk. By s p r i n g  they  were i n  t h e  Koyukuk d i s t r i c t ,  
mining and p r o s p e c t i n g .  By 1906 a t  l e a s t  t h r e e  of them were i n  t h e  Chandalar  
district, 600 m i  from whete t h e y  s t a r t e d .  L o u i s  Lloyd d i s c o v e r e d  t h e  Kobuk 
copper  n e a r  Shungnak. Manuel Wello r a i s e d  a f a m i l y  i n  t h e  Chandalar  d i s -  
t r i c t .  Jimmy Ackema drowned i n  n l a k e  between t h e  Middle and Eas t  Forks  of  
t h e  Chandalar  River i n  1 9 1 2 .  The Board of Geographic Names c a l l s  t h e  l a k e  he 
drowned i n  'Ackerman Lake, ' b u t  i t  was named f o r  Jimmy. Tom P i e r s o n  stayed 
f o r  a w h i l e  i n  t h e  Chandalar  d i s t r i c t ,  t h e n  r a n  a saw shop i n  Fa i rbanks .  
A.W. Amero s t a y e d  i n  t h e  Chanda la r .  I n  his 90s he made s e v e r a l  t r i p s  on 
f o o t ,  pack ing  dogs ,  t o  t h e  E a s t  Fork of t h e  Chandalar  90 m i  away. Be d i e d  i n  
h i s  90s  a t  t h e  S i t k a  P i o n e e r s  Home. 

In  1891, a  Japanese  immigrant named Frank  Yosuda l e f t  t h e  Revenue Ser-  
v i c e  s h i p  ' B e a r '  i n  Barrow. There  he  mar r i ed  a c h i e f ' s  d a u g h t e r .  He a l s o  
m e t  Thomas G. C a r t e r  and formed a p a r t n e r s h i p .  C a r t e r  was t o  p r o s p e c t  both  
s i d e s  o f  t h e  Arcc ic  Mountains,  now c a l l e d  t h e  Brooks Range. Yosuda f u r n i s h e d  
the g r u b s t a k e  and w i t h  h i s  Eskimo f o l l o w e r s  brought  t h e  g rub  and s u p p l i e s  t o  
C a r t e r ,  a s  he  s a i d ,  " r i g h t  t o  h i s  d o o r . "  I n  1905, they  found c o a r s e  go ld  on 
L i t t l e  Squaw Creek i n  t h e  Chandalar  d i s t r i c t  ( a l s o  a n  i n t e r e s t i n g  s t o r y ) .  



They went t o  t h e  Yukon and e s t a b l i s h e d  t h e  town o f  Beaver,  which became t h e  
o n l y  Eskimo community on t h e  Yukon. They e s t a b l i s h e d  a t r a d i n g  p o s t  t h e r e  
and were i n s t r u m e n t a l  i n  e s t a b l i s h i n g  a  t r a i l  t o  t h e  Chanda la r .  I met Frank 
i n  t h e  Chandalar  d i s t r i c t  when h e  was 80. He had r e t u r n e d  ro  check o u t  a 
p r o s p e c t  t h a t  h i s  p a r t n e r  had t o l d  him a b o u t .  

S h o r t l y  sfter t h e  d i s c o v e r y  of c h e  Chanda la r ,  Samuel Marsh c r o s s e d  t h e  
A r c t i c  Mountains a l o n e ,  i n  w i n t e r ,  from t h e  A r c t i c  Coast  v i a  t h e  E a s t  Fork o f  
t h e  Chandalar  t o  t h e  Yukon. He was a mining e n g i n e e r  and i n  Ft. Yukon met 
A l f r e d  H. Brooks. Yasuda s a i d  Marsh looked l i k e  a  w i l d  man, f o r  he was 
d r e s s e d  i n  s k i n s  and f i l t h y .  Brooks took him t o  Washington, where he  f u r -  
n i s h e d  t h e  f i r s t  g eo log i c  i n f o r m a t i o n  on t h e  area ( p u b l i s h e d  i n  a U.S. Geo- 
l o g i c a l  Survey P r o f e s s i o n a l  P a p e r ) .  Marsh e s t a b l i s h e d  a commiss ioner ' s  o f -  
f i c e  i n  t h e  Chanda la r .  Wherever he  went he e s t a b l i s h e d  law and o r d e r  f o r  t h e  
p r o t e c t i o n  of t h e  p u b l i c .  1 wish t h a t  1 had t ime t o  r e a d  you a c o r o n e r ' s  
i n q u e s t  r e p o r t  composed i n  t h e  w i l d e r n e s s  a t  50 below, 115 m i  from t h e  com- 
m i s s i o n e r ' s  o f f i c e  and 75 m i  from t h e  n e a r e s t  town. 

Most o f  you h e r e  know what has  happened s i n c e  t h o s e  e a r l y  days .  The 
Hammond Company a t  Nome and t h e  U. S.  S .  R. and M .  Company i n  F a i r b a n k s  saved 
che day a f t e r  t h e  r i c h  d e p o s i t s  t h a t  cou ld  be  worked by hand were exhaus ted .  
From 1924 t o  1939, t h e  Fa i rbanks  d r e d g e s  s u p p o r t e d  a thousand peop le  i n  
F a i r b a n k s .  You a l s o  know t h a t  g o l d  m i n i n g  d i e d  d u r i n g  t h e  1960s because  of 
t h e  f i x e d  p r i c e  of g o l d .  Most of all, you know t h a t  s i n c e  about  1974,  t h e  
i n c r e a s e d  p r i c e  of g o l d  h a s  b rough t  work t o  the  working peop le  and b u s i n e s s e s  
o f  Alaska. During t h e  1970s, many mining and e x p l o r a t i o n  companies e s t a b -  
l i s h e d  o f f i c e s  and found b i l l i o n s  of d o l l a r s  worth  of m i n e r a l s  t o  be d e v e l -  
oped i n  t h e  f u t u r e .  Today more t h a n  80 of t'hese companies have l e f t  u s .  
What's go ing  on? 

1 t h i n k  you w i l l  a g r e e  t h a t  I have been t a l k i n g  about  h e r o i c  deeds  and 
p e o p l e .  They e s t a b l i s h e d  towns and r o a d s ,  f e d  rhe  p o p u l a t i o n ,  and  b rough t  
l a w  and o r d e r  t o  t h e  w i l d e r n e s s .  Let  me r e l a t e  one more s t o r y  t o  you. 

Sammy P i n g e l o ,  a n  Eskimo born i n  t h e  A r c t i c  m o u n ~ o i n s ,  was used t o  t h e  
rough good humor of t h e  w h i t e  miner a s  w e l l  a s  t o  t h e  ways o f  h i s  own p e o p l e .  
I n  the 1920s,  Sammy was d r i v i n g  a dog team up L i t t l e  Squaw Creek and came t o  
the  Mello c a b i n  (by t h i s  t ime a log  bunkhouse).  Be s t o p p e d ,  then  d e c i d e d  t o  
try t o  r each  Big Creek t h a t  n i g h t  and p r e s s e d  on .  When Manuel hea rd  of t h i s ,  
he l e c t u r e d  Sammy s e v e r e l y :  "Don ' t  you e v e r  pass my house  a g a i n  w i t h o u t  
s t o p p i n g  t o  e a t  and r e s t . "  The code of t h e  c o u n t r y  had been a f f r o n t e d .  

Now I would l i k e  t o  read an i t e m  from the  F a i r b a n k s  D a i l y  News-Miner o f  
Tuesday,  A p r i l  1 ,  1966 l :  

BLM Moves To Oust S q u a t t e r  

The Bureau of Land Management has c i t ed  a man f o r  l i v i n g  i n  a  mining- 
c l a i m  c a b i n  on Nome Creek w i t h o u t  s u b m i t t i n g  a p lan  f o r  mining. 

' ~ a m e s  i n  q u o t a t i o n  marks were changed by t h e  a u t h o r .  



BLM employees found Jim Tungate l i v i n g  i n  t h e  c a b i n  last summer. I n  
, response  t o  q u e s t i o n s ,  Tungate  s a i d  he  had no i n t e n t i o n  of mining, sub- 

m i t r i n g  a  p l a n  of  o p e r a t i o n  o r  moving, according t o  Sharon Wilson,  t h e  
BLM's p u b l i c  affairs r e p r e s e n t a t l v e .  T u n g a t e ' s  c a b i n  is  w i t h i n  t h e  
White Mountains R e c r e a t i o ~  a r e a .  

' J e s s e  James,' t h e  BLM's outdoor  r e c r e a t i o n  p l a n n e r ,  t o l d  Tungate t h a t  
he would p robab ly  be  e v i c t e d .  By law peop le  canno t  Live on mining 
c la fms  u n l e s s  they  complete a  c e r t a i n  amount o f  mining work a n n u a l l y .  

About a month a g o ,  t h e  BLM's s p e c i a l  enforcement  agen t ,  ' A 1  Capone, '  and 
' James '  t r a v e l l e d  o u t  t o  T u n g a t e ' s  c a b i n  t o  issue a c i t a t i o n .  Tungate 

was n o t  a t  home bu t  'James' and 'Capone' met him as h e  was returning by 
dog team on U.S. Creek Road, Wilson s a i d .  They i s s u e d  t h e  c i t a t i o n .  
Tungate r e p o r t e d l y  h a s  no t  moved o u t  y e t .  

I n  t h e  last 15 y r ,  the Congress ,  driven by peop le  w i t h  God-knows-what 
mot ives  o r  God-knows-with-whose money, has passed  t h r e e  laws handing over 
72 p e r c e n t  of Alaska t o  s p e c i a l - v e s c e d  i n t e r e s t s .  Twenty-seven percent h a s  
been given t o  a s t a t e  c o n t r o l l e d  by t h e  same and o t h e r  s p e c i a l  i n t e r e s t s .  
We, t h e  p e o p l e ,  have 0.3 p e r c e n t  of o u r  l a n d .  

Never i n  t h e i r  w i l d e s t  and fondest dreams d i d  t h e  l o o t e r s  of  Nome visu- 
a l i z e  t h e f t  on t h i s  scale. God h e l p  us a l l .  
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BY 
B i l l  C a r l o ,  Alaska P l a c e r  Niner 

2113 Sou thern  Avenue 
F a i r b a n k s ,  Alaska 99701 

I was born i n  Ramparc on t h e  Yukon River  i n  1918. A t  t h a t  t h e ,  t h e  
mining i n d u s t r y  i n  Alaska was booming. Every creek  c h a t  showed any  c o l o r  a t  
a l l  was be ing  worked. A l o t  of t h e  peop le  who t r i e d  t o  make t h e i r  f o r t u n e  on 
t h e  c r e e k s  e v e n t u a l l y  went b roke  from mining poor  t o  marginal ground,  b u t  a  
l o c  of miners  made good. Some o f  t h e  f a m i l i e s  t h a t  s t a r t e d  back t h e n  i n  t h e  
p l a c e r  mining business a r e  s t i l l  mining today .  I t ' s  a f a m i l y  t r a d i t i o n  f o r  
a s  much as t h r e e  g e n e r a t i o n s .  

I s t a r t e d  o u t  i n  t h e  mining business i n  t h e  f a l l  of  1934, when X was 
16 y r  o l d .  Mining  was one of  the few ways f o r  u s  v i l l a g e  peop le  t o  r e a l l y  
make some money. I went t o  work f o r  a f e l l o w  by t h e  name of Baldo Forno who 
had a b i g  p l a c e r  o p e r a t i o n  down a t  Poorman. 

The town o f  Poorman was booming i n  t h o s e  days. There  were  t h r e e  b i g  
mining o p e r a t i o n s  t h e r e  a t  the t i m e .  There  was Baldo F o r n o ' s  o p e r a t i o n ,  Den- 
ny C o i l ' s ,  and a n o t h e r  one owned by a man named J e n s e n .  There  were a l s o  
o p e r a t i o n s  on F l a t  Creek,  Spruce Creek,  and a t  Placerville. Poorman was t h e  
c e n t e r  for s u p p l i e s .  There  must have been 200 peop le  o r  more l i v i n g  i n  Poor- 
man t h e n .  There was a  Moose H a l l  f o r  s o c i a l  e v e n t s ,  a  s t o r e ,  a dog b a r n  f o r  
dog teams, a  h o r s e  b a r n ,  warehouses ,  and bar racks  f o r  t h e  mine workers .  

Ny f i r s t  job  a t  Forno's mine was working underground i n  t h e  d r i f t .  We 
d i d n ' t  s t r i p  t h e  ground down t o  pay d i r t .  What we d i d  was t u n n e l  i n t o  t h e  
pay s t r e a k .  We worked t h i s  ground o n l y  i n  t h e  w i n t e r ,  when i t  was f r o z e n  
solid. Since f t  was frozen, we had t o  steam-thaw a s  we went by d r i v i n g  i n  
steam p o i n t s .  There  were twelve  of u s  ' i n  t h e  h o l e , '  a s  we c a l l e d  i t ,  w i t h  
s i x  wheelbarrows,  two men t o  each .  The o r e  bucket  came by once e v e r y  6 min 
and held t h r e e  wheelbarrow l o a d s ,  s o  two six-man teams a l t e r n a t e d  f i l l i n g  t h e  
bucket  e v e r y  6 min. 1 made s i x  bucks a day a t  $0.75/ h r .  That  was p r e t t y  
good money t h e n .  

A s  I s a i d ,  we had t o  thaw t h e  ground w i t h  s t eam p o i n t s  a s  we  worked t h e  
d r i f t .  The steam was g e n e r a t e d  by a b i g  b o i l e r .  In  t h e  w i n t e r  of  1936, we 
bauled i n  1,100 cords  o f  wood t o  f e e d  t h a t  b a i l e r .  

A t  Poorman, we worked a l l  w i n t e r  and s t o c k p i l e d  t h e  d i r t  i n  a dump. The 
p i l e  would have grown to a r e g u l a r  mountain by s p r i n g .  S i n c e  we had t o  
steam-thaw, t h e  d i r t  was wet when it hit t h e  b u c k e t .  When i t  was dumped, i t  
would f r eeze  s o l i d .  The p i l e  would b u i l d  up t o  a  s h a r p  peak,  and every s o  
o f t e n  we'd have t o  steam-thaw t h e  p o i n t  s o  t h a t  t h e  bucke t  cou ld  p a s s .  

We had t o  start working up t h a t  p i l e  of d i r t  as  soon as  s p r i n g  thaw 
s t a r t e d .  There  were five s l u i c e  boxes under  t h e  p i l e  down i n  the ground.  
The w a t e r  t h a t  w e  used was most ly  r u n o f f  from t h e  m e l t i n g  snow. Ke had t o  



have t h e  whole dump s l u i c e d  by June 1 ,  because  t h e  c r e e k  would d r y  up by 
the-n. Because t h e r e  was s o  l i t t l e  w a t e r  t o  work w i t h ,  w e  had some bad t r o u -  
ble between t h e  d i f f e r e n t  o p e r a t i o n s  over  w a t e r  r i g h t s .  

I worked f o r  Baldo Forno f o r  t h r e e  w i n t e r s .  Then, i n  t h e  s p r i n g  of 
1938, I went t o  work f o r  B i l l y  Vick a t  F l a t  Creek,  8 m i  ou t  of Poorman. 
B i l l y  d i d  h i s  mining by s t r i p p i n g  t h e  overburden down t o  pay and s l u i c i n g  a l l  
summer. He had b u i l t  a v e r y  fancy t r e s t l e w o r k  flume t o  b r i n g  wa te r  from a 
d i t c h  1,000 f r  away. John Miscov i t ch  bought B i l l y  Vick o u t  i n  1940. Hagland 
i s  mining t h a t  ground now. 

I n  1939, I went t o  work f o r  t h r e e  p a r t n e r s  by t h e  names o f  E r i c  Hart, 
Gus U t i l l a ,  and a  guy by t h e  name of Bansen, 1 t h i n k .  They had a n  o p e r a t i o n  
a t  Bear Creek,  i n  t h e  C r i p p l e  Mountains,  abou t  halfway between Ruby and 
McGrath. We used h y d r a u l i c  giants t o  s t r i p  overburden .  I pushed d i r t  w i t h  a 
D-6 c a t  f o r  p a r t  of t h a t  summer (fig. 1 ) .  Then I went t o  work f o r  a n  o l d  
f e l l o w  and his t h r e e  s o n s  a s  a  c a t - s k i n n e r  and o i l e r  f o r  t h e  o l d  d r a g l i n e  
o p e r a t i o n  on C r i p p l e  Creek i n  t h e  C r i p p l e  Mountains.  Then, a f t e r  6 y r  of 
working i n  ocher  p e o p l e ' s  mines ,  I dec ided  t o  t r y  my own v e n t u r e .  

I n  t h e  w i n t e r  o f  1939-40, my nephew, Greg P a r k e r ,  and I worked o u r  own 
p r o s p e c t  o u t  on G r a n i t e  Creek,  abou t  150 m i  s o u t h  of t h e  Yukon R i v e r ,  toward 
Lake Minchumina, a t  t h e  head of t h e  Novy R i v e r .  W e  d rove  a d r i f t  t u n n e l  
30 f t  i n t o  t h e  s i d e  of a h i l l .  The pay s t r e a k  s loped  u p h i l l  from t h e  c r e e k  
bottom and was 4 f t  thick. Greg r a n  t h e  b o i l e r  and I worked ' i n  t h e  h o l e '  
a l l  t h a t  w i n t e r .  U n f o r t u n a t e l y ,  i t  w a s n ' t  ve ry  good ground,  s o  we j u s t  about  
broke even.  I t  was what we used t o  c a l l  'fifty-cent g r o u n d . '  We recovered  
$0.50 worth  of g o l d  f o r  e v e r y  f o o t  o f  d i r t  a t  t h e  o l d  p r i c e  o f  g o l d .  

I n  t h e  summer o f  1940, I worked a s  a  c a t - s k i n n e r  a t  Greens tone ,  40 m i  
o u t  of Ruby. I r a n  a n  o l d  Alice-Charmers HD-10 f o r  two p e r t n e r s  named I v e r  
Johnson and Ash Richardson.  I worked a t  v a r i o u s  mines and p r o s p e c t s  up u n t i l  
World War II s t a r t e d  up.  Then I pu t  my heavy equipment e x p e r i e n c e  t o  good 
u s e  f o r  t h e  U.S. Government. I worked th rough  t h e  war y e a r s  on t h e  c o n s t r u c -  
t i o n  o f  the d e f e n s e  i n s t a l l a t i o n  a t  Galena.  

A f t e r  t h e  war,  i n  1948,  I s t a r t e d  my f i r s t  r e a l ,  s u c c e s s f u l  mining ven- 
t u r e .  T h i s  was a t  Ophir  Creek,  j u s t  o u t  of Ruby. I mined t h e r e  u n t i l  1955 
and made good u n t i l  t h e  l a s t  two y e a r s .  Nineteen f i f t y - f o u r  and 1955 were 
v e r y  d r y  years. There j u s t  w a s n ' t  enough w a t e r  t o  s l u i c e ,  and I went b roke .  
I gave up on mining and worked c o n s t r u c t i o n  u n t i l  1958. During that t i m e ,  I 
saved up enough t o  g e t  s t a r t e d  back i n t o  mining a g a i n .  

I n  1958, I g o t  ho ld  of my mining c l a i m s  on Hunter Creek,  j u s t  o u t  of 
Rampart, where I was born 50 y r  b e f o r e  ( f i g .  2 ) .  That  was 38 y r  a g o .  The 
whole C a r l o  f a m i l y  h a s  been invo lved  i n  p l a c e r  mining a l l  t h e s e  y e a r s .  A1. l  
e i g h t  k i d s  have grown up i n  t h e  b u s i n e s s ,  and my w i f e ,  P o l d i n e ,  h a s  been 
r i g h t  i n  t h e r e  w i t h  me a l l  t h e  way. There  a r e  t h r e e  g e n e r a t i o n s  of che  C a r l o  
family  working o u t  t h e r e .  My 14-yr-old g randson ,  Andrew, runs t h e  l o a d e r .  

1 have a  v e r y  modern o p e r a t i o n  now on Hunter Creek. I t ' s  a f a r  c r y  from 
t h e  c o n d i t i o n s  back  i n  t h e  30s. I des igned  my s l u i c e  box myse l f ,  and Hector  



Figure 1 .  Bill Carlo mining at Bear Creek, Cripple Mountains, 
southwestern Alaska. 

Figure 2 .  Bill Carlo's placer-mining operation, Hunter Creek, 
eastern interior Alaska .  



of Hector's Welding built it for me. It works so well that Hector now builds 
them for sale to miners. It is now called 'Hector's Box.' 

In contrast t o  all of my modern equipment out there, the cabin that we 
still use as the cookhouse is very old. It has t o  be at least 75 yr old or 
more. Our cookhouse is the cabin that was used in the movie, 'Spirit of the 
Wind,' about George Artla's life and career as a champion dog musher. 

Mining has been good to the Carlos ( f i g .  3 ) .  My wife 'and I have trav- 
eled a.11 over the world. I've put four of my kids through college and now 
have a nephew with a degree i n  petroleum geology and a grandson who is a stu- 
dent at the University of Alaska, Fairbanks. We are as Alaskan as you can 
get, since our people have lived on this land for at least 10,000 yr---maybe 
longer---and we're proud of that and of our tradition of mining in this coun- 
try. Fifty-two years in mining is a long time, but I'll probably keep on 
mining until the end of my days. Since mining is part of our life---in our 
blood, you could say---I expect there will be Carlos mining long after I'm 
gone. 

Figure 3 .  Mining has been good to the Carlo family. 
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INTRODUCTION 

Nineteen e igh ty - four  saw t h e  3 0 t h  a n n i v e r s a r y  o f  a momentous e v e n t  i n  
S o v i e t  geology - t h e  d i s c o v e r y  o f  k lmber l i t e  i n  S i b e r i a .  About 100 kimber- 
l i t e  p i p e s  were found,  a l t h o u g h  l e s s  t h a n  10 are  cons ide red  mineab le .  Today 
t h e  Union of S o v i e t  S o c i a l i s t  Repub l ics  ( U . S . S . R . )  is t h e  second l a r g e s t  pro- 
ducer  of  diamonds - both  gems and i n d u s t r i a l  diamonds - i n  t h e  wor ld .  Three 
diamond mines have been opened ac Mirn iy ,  Aikha l ,  and Ldachnaya i n  t b e  h a r s h  
environment  of  t h e  S i b e r i a n  P l a t f o r m  ( f i g .  1). Another mining corcmunity was 
b u i l t  a t  Amakinsky, near  a large diamond-placer d e p o s i t  l o c a t e d  150 km from 
t h e  A r c t i c  Ocean. 

There  a r e  many legends a s s o c i a t e d  w i t h  t h i s  s t o r y :  l e g e n d s  about  chose  
who p r e d i c t e d  t h e  d i s c o v e r y  end t h o s e  who ach ieved  i t  i n  t h e  f i e l d .  The s t o -  
r y  t o l d  h e r e  unfolded d u r i n g  the f i e l d  campaigns of t h e  1940s th rough  t h e  
1960s a s  witnessed by t h e  auchors and t h e i r  companions of  an  e a r l i e r  gene ta -  
t i o n .  T h i s  s t o r y  i l l u s t r a t e s  science, chance,  and human emot ions  a t  work, 
which r e s u l t e d  i n  a b lend  of c o n v i c t i o n ,  c o u r a g e ,  b u r e a u c r a t i c  s n i p i n g ,  and a 
c o m p e t i t i o n  f o r  g l o r y .  A t  t h e  same t i m e ,  i t  is  a n  i l l u s t r a t i o n  of t h e  work- 
i n g  o f  the S o v i e t  e x p l o r a t i o n  sys tem.  I n  a b roader  sense ,  i t  is t h e  r e a l i z a -  
t i o n  o f  t h e  Russ ian  image o f  bound less  n a t u r a l  w e a l t h ,  i n d o m i t a b l e  i n g e n u i t y ,  
and che r i g i d  p o l i t i c a l - e c o n o m i c  sys tem t h a t  permeates  t h e  Russ ian l andscape  
as  w e l l  as the peop le .  

Most a c c o u n t s  o f  t h e  S i b e r i a n  diamond saga b e g i n  w i t h  s t a t e m e n t s  s u c h  a s  
' T h i s  d i s c o v e r y  confirmed t h e  p r e d i c t i o n s  o f . .  . ' o r  ' I t  was the r e s u l t  of  
p r e d i c t i o n s  of one of t h e  g r e a t e s t  S o v i e t  g e o l o g i s t s ,  academician V.S. Sobo- 
l e v . . . '  These a r e  o n l y  p a r t  of t h e  t r u t h .  It had become a p p a r e n t ,  even i n  
t h e  1930s,  t h a t  t h e  S i b e r i a n  P l a t f o r m  c o n t a i n e d  one o f  the eartb's g r e a t e s t  
b a s a l t i c  p r o v i n c e s ,  d e s c r i b e d  i n  a monograph-by Sobolev (1937).  And a t  t h e  
end of  t h e  1930s,  G.G. Moor of t h e  I n s t i t u t e  of A r c t i c  Geology found 
a l n o i t e s ,  w h i c h  a r e  s i m i l a r  i n  many ways t o  k i m b e r l i t e s .  A t  t h e  same time, 
t h e  famous p o l a r  g e o l o g i s t ,  N . N .  Urvan t sev ,  found other k l r n b e t l i t e - l i k e  r o c k s  
i n  t h e  s o u t h e r n  Taymir P e n i n s u l a ,  a d j a c e n c  t o  t h e  S i b e r i a n  Platform. Works 
o f  Moor were  c o n s u l t e d  by Sobolev,  and he examined specimens co1.lected by 
Moor and Urvan t sev .  Sobolev (1937) b r i e f l y  described t h e s e  a l k a l i n e - e f f u s i v e  
r o c k s  and concluded t h a t  they  were n o t  r e l a t e d  t o  the d a l e r i t i c  b a s a l t s .  

I n  1938, on A . P .  Burov 's  i n i t i a t i v e ,  t h e  N a t i o n a l  G e o l o g i c a l  I n s t i t u t e  
i n  Leningrad (VSEGEI) sponsored  a  compara t ive  s t u d y  of  t h e  g e o l o g i c a l  Eea- 



.F igure  I .  S i b e r i a n  P l a t f o r m  and main k i m b e r l i t e  fields. Modif ied  a f t e r  
Erlich (1985). 

tures of f o r e i g n  diamond f i e l d s  w i t h  selected r e g i o n s  of  t h e  U.S.S.R. 
V.S. Sobolev p a r t i c i p a t e d  i n  t h e  s t u d y  and ,  i n  1941. p r e s e n t e d  a s p e c i a l  
r e p o r t  on t h e  subject  t o  t h e  S t a t e ' s  PLanning Committee. 

B u t  i t  was Moor who used ' k i m b e r l i t e '  t o  describe r o c k s  from s o u t h e r n  
Taymir and n o r t h e r n  Siberia (Moor, 1940 and 1 9 4 1 ) ,  and he  was t h e  first t o  
suggest t h e  p o s s i b i l i t y  of diamond occurrences i n  t h o s e  r e g i o n s .  But Moor 
was c o n s i d e r e d  by his s u p e r i o r s  t o  be no more t h a n  a good d e s c r i p t i v e  pe t ro-  
g r a p h e r ,  and Urvantsev s p e n t  l i r t l e  t ime i n  t h e  f i e l d  between terms i n  con- 
c e n t r a t i o n  camps. 

Another e a r l y  paper  s h o u l d  also be mentioned: an unpubl i shed  paper  found 
by M.I. Rabkln i n  t h e  g e o l o g i c a l  a r c h i v e s  of  t h e  Mor i l sk  M e t a l l u r g i c a l  Plant. 
I t  was written by Yu M. Scheinmann when he worked i n  the concentration camp 



a t  t h e  p l a n t  i n  t h e  l a t e  1940s. T h i s  r e p o r t  p l a c e d  t h e  p r o b a b l e  l o c a t i o n  of  
che yet - to-be-discovered k i r n b e r l i t e s  w i t h i n  less than  100 km of t h e i r  c o r r e c t  
l o c a  t l o n .  

THE SEED TAKES ROOT 

The real  e f f o r t s  t o  f i n d  diamonds began s h o r t l y  a f t e r  World War 11, when 
t h e  M i n i s t r y  of Geology o r g a n i z e d  a s p e c i a l  b ranch  o f  e x p l o r a t i o n  f o r  o p t i c a l  
m a t e r i a l s  and diamonds. This s p e c i a l  b ranch ,  l i k e  o t h e r s  c r e a t e d  from t ime 
to t ime d u r i n g  S t a l i n ' s  e r a ,  r e c e i v e d  the highest p r i o r i t y  f o r  f u n d s ,  equip-  
ment,  and p e r s o n n e l  ( i n c l u d i n g  s u b s t a n t i a l  p e r s o n n e l  from fo rced  l a b o r  
camps). S o v i e t  p r a c t i c e  has  been t o  o r g a n i z e  s p e c i a l l y  named e x p e d i t i o n s ,  o r  
working groups ,  t o  c a r r y  o u t  s p e c i f i c  g e o l o g i c a l  m i s s i o n s  over  p e r i o d s  of 
s e v e r a l  y e a r s .  Each e x p e d i t i o n  has a r e l a t i v e l y  narrow g o a l  and f i x e d  t ime  
frame and u s u a l l y  o p e r a t e s  o v e r  s e v e r a l  summer f i e l d  s e a s o n s  and w i n t e r  of-  
f i c e  campaigns. S e v e r a l  hundred p e o p l e  work f o r  each e x p e d i t i o n  d u r i n g  t h e  
f i e l d  s e a s o n s  b u t  o n l y  100 t o  200 p e o p l e  work i n  the w i n t e r s .  The s p e c i a l  
diamond b ranch  e s t a b l i s h e d  a summer base  camp a t  Nyurba on t h e  V i l i u y  River 
i n  c e n t r a l  S i b e r i a  and o p e r a t e d  a s  t h e  Amakinskaya Exped i t ion .  I t  c o n t r a c t e d  
s p e c i f i c  f i e l d  work from t h e  Research I n s t i t u t e  o f  A r c t i c  Geology and t h e  
N a t i o n a l  G e o l o g i c a l  I n s t i t u t e  t o  a g e n c i e s  o f  t h e  M i n i s t r y  of  Geology. 

The I n s t i t u t e  of  A r c t i c  Geology a t  c h i s  time was u n d e r t a k i n g  g e o l o g i c  
mapping a t  1:1,000,000 s c a l e  e a s t  of  the Anabar S h i e l d  i n  a Cambrian 
l i m e s t o n e  t e r r a n e .  One o f  t h e  f i e l d  p a r t i e s  was l e d  by K.S.  Zaburdin ,  a  
g e o l o g i s t  of l o w  academic s t a t u r e ,  bu t  great f i e l d  e x p e r i e n c e .  Tn 1951, 
Zaburdin  found a n  o u t c r o p  of d a r k  g r e e n  t u f f ,  t o t a l l y  unexpected i n  t h i s  
t e r r a n e .  A t  t h e  end of t h e  f i e l d  s e a s o n ,  he submi t t ed  samples f o r  
t h i n - s e c t i o n  d e s c r i p t i o n  t o  t h e  A r c t i c  Geology I n s t i t u t e  a t  Lenlngrad.  The 
r o u t i n e  t h i n - s e c t i o n  work was ca r r i ed  o u t  by ba rd -dr ink ing ,  bu t  t a l e n t e d  
p e t r o g r a p h e r ,  Vladmir Cherepanov. He was t h e  first t o  a p p l y  t h e  nsme 
' k i m b e r l i t e '  co a s p e c i f i c  rock d e s c r i p t i o n  from the U.S.S.R. The term 
piqued Z a b u r d i n ' s  i n t e r e s t ,  and he reviewed t h e  rocks  w i t h  t h e  head o f  t h e  
l a b o r a t o r y ,  P r o f e s s o r  M.G. Ravich,  who immediate ly  r e a l i z e d  no t  o n l y  t h e  i m -  
p l i c a t i o n s  of f i n d i n g  k i m b e r l i t e ,  b u t  a l s o  thc r e s p o n s i b i l i t y  of t h o s e  who 
r e p o r t e d  i t .  H e  excla imed,  "Do you know what t h e  term k i m b e r l i t e  means? I t  
means diamonds! I t h i n k  w e  shou ld  be v e r y  c a r e f u l .  C a l l  t h e s e  r o c k s  
e r u p t i v e  tuffs r e l a t e d  t o  b a s i c  volcanism.  1 think Cherepanov was a l l  wet 
when he wrote  h i s  d e s c r i p t i o n . "  Consequent ly ,  s h e e t s  N-56 and N-57 o f  t h e  
N a t i o n a l  Geo log ic  Map, p u b l i s h e d  i n  1954 a t  1:1,000,000 s c a l e ,  show t o  t h e  
e a s t  of t h e  Anabar S h i e l d  a s p o t  of  d a r k  g r e e n  i n  a s e a  of Cambrian sedimen- 
t a ry  u n i t s  shown i n  pink. This  s p o t ,  n e c e s s a r i l y  exaggerated on che map, 
d e p i c t s  t h e  now famous 'Len ingrad '  k i m b e r l i t e  p i p e ,  one of two m a j o r l y  
exposed p i p e s  ia t h e  S i b e r i a n  P la t fo rm.  

TRACKING DOWN A CLUE 

The n e x t  a c t  of the drama took  place i n  1952,  when t h e  B i r e c t i n s k a y a  
E x p e d i t i o n ,  a t  t h a t  t ime c a l l e d  Aganyl iyskaya,  s t a r t e d  a n  e x p l o r a t i o n  program 
f o r  k i m b e r l i t e s  i n  t h e  Olenek-Viliuy d r a i n a g e  w i t h  g e o l o g i c  mapping a t  
1:200,000 s c a l e .  The Olenek-Vil iuy d r a i n a g e ,  a t  t h a t  t ime a n o t h e r  nonde- 
s c r i p t  t r a c t  i n  c e n t r a l  S i b e r i a ,  i s  now known t o  c o n t a i n  numerous kimber- 



l i t e s .  One q u e s t i o n  t o  be  i n v e s t i g a t e d  was t h e  s o u r c e  of heavy-mineral  s a n d s  
i n - r i v e r s  t h a t  d r a i n  a mainly  l i m e s t o n e  t e r r a n e .  The problem was a t t a c k e d  by 
m i n e r a l o g i s t s  a t t a c h e d  t o  t h e  B i r e c t i n s k a y a  E x p e d i t i o n ,  a s  w e l l  as  some from 
t h e  All-Union G e o l o g i c a l  Ins t i  t u t e  i n  Len ingrad .  One of t h e  e x p e d i t i o n  
m i n e r a l o g i s t s  was Yagna S takbev ich ,  a b r i g h t  and e n t h u s i a s t i c  woman from whom 
i d e a s  poured i n  p r o f u s i o n  f o r  a l l  who would l i s t e n .  While most of h e r  
f l a s h e s  of i n s p i r a t i o n  d i d  no t  light f i r e s ,  one of h e r  more p e r c e p t i v e  i d e a s  
was t h e  u s e  of pyrope a s  a  t r a c e r  f o r  k i m b e r l i t e s .  

The a s s o c i a t i o n  of pyrope w i t h  diamonds had been known f o r  a long  t ime.  
Pyrope was already used by g e o l o g i s t s  i n  Sou th  A f r i c a  as  a  m i n e r a l  i n d i c a t o r  
f o r  k i m b e r l i t e s .  The v a l u e  o f  S r a k h e v i c h ' s  c o n t r i b u t i o n  was t o  b o l d l y  recom- 
mend t h e  use of t h i s  a s s o c i a t i o n  f o r  e x p l o r a t i o n  purposes  i n  a  r e g i o n  where 
i t  had n e v e r  been a p p l i e d .  This i d e a  was t a k e n  up by N a t a l i a  Sa r shadsk ikh ,  a 
m i n e r a l o g i s t  w i t h  the  All-Union G e o l o g i c a l  I n s t i t u t e .  Her husband,  P r o f e s s o r  
Alexander  Kukharenko, from Len ingrad  U n i v e r s i t y ,  emphasized t o  che g e o l o g i c a l  
s t a f f  t h e  importance  o f  this subf e c t  . Consequen t ly ,  t h e  e x p e d i t i o n  l e a d e r s  
g r u d g i n g l y  began r o  pay a t t e n t i o n  t o  Yagna S t a k h e v i c h ' s  work. She found 
abundant g r a i n s  of pyrope i n  r i v e r  s a n d s  and c o n s t a n t l y  i n s i s t e d  t h a t  t h e s e  
were d e r i v e d  from k i m b e r l i t e s .  The chief o f  the r e s e a r c h  p a r t y  a t t a c h e d  t o  
t h e  e x p e d i t i o n ,  P r o f e s s o r  Rabkin, took h e r  a s i d e  and counse led  her t o  use  
c a u t i o n :  "Describe t h e s e  g r a i n s  as  m i n e r a l s  o f  t h e  almandine-pyrope s e r i e s ,  
which could  be  from t h e  c r y s t a l l i n e  Anabar S h i e l d . "  This c l e v e r  s u g g e s t i o n  
pu t  t h e  p a r t y  c h i e f s  a t  ease.  

I n  t h e  autumn o f  1953, a b o a t  with two women m i n e r a l o g i s t s  from the 
All-Union G e o l o g i c a l  I n s t i t u t e  v i s i t e d  t h e  e x p e d i t i o n  camp on t h e  Olenek Riv- 
e r .  S t a k h e v i c b  enthusiastically r e l a t e d  t h e  abundance of  pyrope l a  t h e  
heavy-mineral  s u i t e  and p rov ided  a map of  t h e  d i s t r i b u t i o n  of  pyrope.  Over 
t h e  w i n t e r ,  t h e  pyrope n a t u r e  o f  t h e  g r a i n s  was conf i rmed i n  t h e  l a b o r a t o r y .  

Dur ing t h e  1954 f i e l d  s e a s o n ,  N a t a l i a  Sa r shadsk ikh  remained i n  Leningrad 
on m a t e r n i t y  l e a v e .  A g r a d u a t e - s t u d e n t  m i n e r a l o g i s t ,  L a r i s a  Popugayeva, came 
t o  t h e  Olenek a r e a ,  armed w i t h  S t a k h e v i c h ' s  map. From t h e n  o n ,  t h e  d i s c o v e r y  
o f  k i m b e r l i t e  was j u s t  a t e c h n i c a l  problem. Occur rences  of pyrope i n  
heavy-mineral  samples were found i n  t h e  c r e e k  bed and t r a c e d  up t o  a  p o i n t  
where t h e  m i n e r a l  was no l o n g e r  p r e s e n t  In b l a c k  s a n d s .  There ,  b l a c k  s a n d s  
from s o i l s  on the banks o f  t h e  c r e e k  were  sampled.  

Rumors abou t  t h e  p o s s i b l e  f i n d i n g  of  k i m b e r l i t e  t r a v e l e d  ahead of 
Popugayeva's team. Even t h e  c h i e f s  of t h e  Amakinskaya E x p e d i t i o n  he lped  h e r  
t o  o b t a i n  food and t r a n s p o r t e d  i t  t o  h e r  work a r e a .  They reminded h e r  of 
t h i s  when t h e  t ime  came t o  d i v i d e  t h e  g l o r y  o f  t h e  d i s c o v e r y .  

The sampl ing work c o n t i n u e d  under  the u s u a l  S i b e r i a n  d i f f i c u l t i e s :  long 
and a g o n i z i n g  e x p e d i t i o n s  i n  t e m p e r a t u r e  up t o  35'C w i t h  c l o u d s  of mosqui tos .  
A t  t h e  end of the 1954 f i e l d  s e a s o n ,  t h e  moment a r r i v e d  f o r  which hundreds  of  
g e o l o g i s t s  had worked f o r  more than a decade.  In a p r o s p e c t  p i t ,  a c  a d e p t h  
of a b o u t  2 m ,  t h e  f i r s t  p i e c e s  of k i m b e r l i t e  were found under  a l l u v i u m  i n -  
t r u d e d  by p e r m a f r o s t  i c e .  



PETTY POLITICS CONE TO THE FOREFRONT 

The d i s c o v e r y  of  k i m b e r l i t e  t o  this p o i n t  was t h e  r e s u l t  of  s t r a i g h t -  
forward s c i e n t i f i c  t echno logy .  Immediate ly ,  however, the d a r k e r  s i d e  o f  hu- 
man nature  s u r f a c e d  i n  t h e  form of  p e t t y  j e a l o u s y  and r i v a l r y  between o rga-  
n i z a t i o n s .  

A t  t he  end of t h e  1954 f i e l d  s e a s o n ,  Popugayeva wrote  up her  r e p o r t  on 
t h e  s e a s o n ' s  work. Upon rev iewing  t h e  r e p o r t ,  t h e  c h i e f s  of t h e  Amakinskaya 
Expedition c a l l e d  i n  Popugnyeva and gave h e r  a  c h o i c e :  e i t h e r  s i g n  an a p p l i -  
cation t o  j o i n  t h e  E x p e d i t i o n ,  which had been p r e d a t e d  t o  the beginning o f  
t h e  1954 f i e l d  s e a s o n ,  o r  never  work i n  t h e  Olenek a r e a  a g a i n .  The s t u d e n t  
accep ted  t h e  f i r s t  c h o i c e ,  as  s h e  hoped t o  u s e  t h e  k i m b e r l i t e  o c c u r r e n c e  i n  a  
t h e s i s  p r o j e c t .  This woman, who had survived t h e  rigors of f i e l d  a r t i l l e r y  
s e r v i c e  d u r i n g  World War T I  and had exper ienced  s e v e r a l  h a r s h  f i e l d  s e a s o n s  
i n  S i b e r i a ,  was no t  a b l e  t o  overcome t h e  w i l e s  of desk-bound empire  b u i l d e r s ,  
who now had ga rnered  for t h e i r  o r g a n i z a t i o n  t h e  c r e d i t  f o r  d i s c o v e r y .  

To t h e  v i c t o r  go t h e  s p o i l s .  I n  t h i s  c a s e ,  t h e  v i c t o r i o u s  s t a f f  of 
b u r e a u c r a t s  o f  t h e  Amakinskaya E x p e d i t i o n  r e c e i v e d  t h e  bonuses  and t h e  fame 
f o r  f i n d i n g  the U.S.S.R.'s f i r s t  k i m b e r l i t e .  Popugayeva was relegated i n t o  
t h e  background and ignored  by t h e  Exped i t ion .  Fur thermore ,  s h e  was f i r e d  
from t h e  All-Union G e o l o g i c a l  I n s t i t u t e ,  whose d i r e c t o r s  were robbed a t  t h e  
l a s t  minuce of  t h e  d i s c o v e r y  c r e d i t .  Her o n l y  p u b l i c a t i o n  abou t  the discov-  
e r y  was a b r i e f  paper  a u t h o r e d  w i t h  S a r s h a d s k i k h  (1955). The names of  o c h e r s  
i n v o l v e d  i n  t h e  c h a i n  of e v e n t s ,  i n c l u d i n g  S takhev ich  and Kukharenko, were 
n e v e r  mentioned.  

There  is  a b e l a t e d  happy ending t o  the  s t o r y .  A r e p o r t e r  heard a b o u t  
Popugayeva's  r o l e  i n  t h e  d i s c o v e r y ,  and s h e  was awarded t h e  Order of Lenin 
f o r  h e r  accomplishment.  

THE RUSH BEGINS 

Once the f i r s t  k i m b e r l i t e  p i p e ,  Z a r n i s t s a  (Summer L i g h t n i n g ) ,  was d i s -  
covered ,  diamond e x p l o r a t i o n  began i n  e a r n e s t ,  guided by a c l e a r  i d e a  ebou t  
t h e  s o u r c e  o f  diamonds i n  t h e  r e g i o n  and  by a simple method of e x p l o r a -  
t ion-- - the  t r a c i n g  of pyropes  i n  b l a c k  s a n d s .  C h i e f s  of t h e  Amakinskaya Ex- 
p e d i t i o n  p r e v i o u s l y  had exhor ted  g e o l o g i s t s  (on  t h e  fo r thcoming  a n n i v e r s a r y  
of the  Revo lu t ion)  t o  r edoub le  t h e i r  e f f o r t s  t o  d i s c o v e r  and sample d i f f e r -  
e n t i a t e d  d o l e r i t e  i n t r u s i o n s ,  which were c o n s i d e r e d  as  t h e  p o t e n t i a l  s o u r c e  
o f  diamonds. Now t h e y  d i r e c t e d  t h e i r  teams t o  s e e k  o n l y  new k i m b e r l i t e  d i s -  
c o v e r i e s .  

Members o f  t h e  B i r e c t i n s k a y a  Expedition remembered t h e  u l t r a m a f i c  
b r e c c i a  found by Zaburdin  i n  1951 and reana lyzed  heavy-mineral  samples  p r e -  
v i o u s l y  c o l l e c t e d  i n  t h e  r e g i o n .  I n  1955, t h e  famous ' t u f f s 1  were  d e s c r i b e d  
i n  g r e a t  d e t a i l  a s  t h e  'Len ingrad '  k i m b e r l i t e  p i p e .  I n  subsequen t  y e a r s ,  t h e  
B i r e c t i n s k a y a  Exped i t ion  found s e v e r a l  s c o r e s  of k i m b e r l i t e s .  

The k i i n i s t r y  of  Geology dec ided  t o  map t h e  e n t i r e  a r ea  e a s t  o f  t h e  
Anabar S h i e l d  a t  1:200,000 s c a l e .  T h i s  work was u n d e r t a k e n  by two o rgan iza -  



t i o n s ,  t h e  Research I n s t i t u t e  of  A r c t i c  Geology and t h e  All-Union T r u s t  of 
A e r i a l  Geology, bo th  based i n  Moscow. The 119 th  East Merid ian  would s e p a r a t e  
t h i i r  r e s p e c t i v e  a r e a s .  T h i s  boundary,  however, b i s e c t e d  some s h e e t s  of  t h e  
N a t i o n a l  Geologic  Map. Consequent ly ,  g e o l o g i s t s  a s s i g n e d  t o  compile t h e  map- 
p i n g  f o r  t h e s e  s h e e t s  had t o  commute f r e q u e n t l y  between Leningrad and Koscow 
t o  l i a i s e  w i t h  f i e l d  p e r s o n n e l .  The d i v i d i n g  l i n e  was named t h e  ' m e r i d i a n  of 
Lobanov' a f t e r  t h e  o f f i c i a l  r e s p o n s i b l e  f o r  choos ing  it. 

F i e l d  work was c a r r i e d  o u t  i n  two s t a g e s .  The f i r s t  was n reconna i s -  
s a n c e  e f f o r t .  Follow-up w a s  c a r r i e d  o u t  by mapping a t  1:200,000 s c a l e .  Any 
k i m b e r l i t e s  found were a s s i g n e d  t o  t h e  Amakinskaya E x p e d i t i o n  f o r  a s sessment  
of t h e i r  diamond p o t e n t i a l .  Each mapping p a r t y  i n c l u d e d  a team o f  geophysi -  
c i s t s  t o  conduct  magnet ic  s u r v e y s  o f  each  k i m b e r l i t e  and a  mining team t o  
c a r r y  o u t  t r e n c h i n g  and sampling.  I n  t h i s  manner, e x p l o r a ~ i o n  s y s t e m a t i c a l l y  
proceeded nor thward.  

During t h e  p e r i o d  from 1957 t o  1961,  a  v e r i t a b l e  f l o o d  o f  d a t a  was gen- 
e r a t e d  abou t  t h e  p e c r a l o g y  and diamond c o n t e n t  of  S i b e r i a n  k i m b e r l i t e s .  
E v e n t u a l l y  i t  was p o s s i b l e  t o  analyze t h e  s p a t i a l  and cemporal d i s t r i b u t i o n  
of k i m b e r l i t e s  i n  an a t t e m p t  t c  p r e d i c t  t h e  l o c a t i o n  of  new diamond-bearing 
p i p e s .  

DPIORALIZATZON SETS IN 

The r e l u c t a n c e  of  t h e  B i r e c t i n s k a y a  Exped i t ion  c h i e f s  t o  a c c e p t  t he  new 
f i n d i n g s  l e d  t o  a  d e t e r i o r a t i o n  o f  mora le  and i n i t i a t i v e  among the e x p e d i t i o n  
g e o l o g i s t s .  New o b s e r v a t i o n s  were f o r c e d  i n t o  p r e e x i s t i n g  p igeonho les  f o r  
f e a r  o f  u p s e t t i n g  t h e  b u r e a u c r a c y ,  i n s t e a d  o f  b e i n g  used a s  b u i l d i n g  b l o c k s  
f o r  new models. E f f i c i e n c y  was an e a r l y  vict im of such r e p r e s s i o n .  A team 
l e d  by Vishnevsky found i t  v e r y  d i f f i c u l t  t o  t a k e  stream-sediment samples 
d u r i n g  t h e  h i g h  spring r u n o f f .  Ra the r  than  surmount such difficulties, the 
team members dec ided  t o  cake a f i s h i n g  t r i p  t o  a nearby major r i v e r  w h i l e  
w a i t i n g  o u t  t h e  high-water p e r i o d .  By d o i n g  s o ,  they  missed t h e  l a r g e s t  dFa- 
rnond-placer d e p o s i t  i n  t h e  n o r t h e a s t e r n  S i b e r i a n  P l a t f o r m  - t h e  Ebel iokh de- 
p o s i t .  

When a f t e r  s e v e r a l  y e a r s  o f  e x p l o r a t i o n ,  g e o l o g i s t s  o f  t h e  Amakinskaya 
E x p e d i t i o n  d i s c o v e r e d  t h e  diamond-rich Aikhal k i m b e r l i t e ,  t h e  f i r s t  t h i n g  
they  found a t  t he  d i s c o v e r y  s i t e  was a  s e t  o f  p l a y i n g  c a r d s  l e f t  by workers  
of t h e  B i r e c t i n s k a y a  Exped i t ion .  S i m l l a r  e v e n t s  a f f e c t e d  s c i e n t i f i c  t h e o r y .  
Vladimir  Mi lasev  was t h e  a u t h o r  of a s e r i e s  of i n t e r e s t i n g  p a p e r s  and books 
about  t h e  p e t r o l o g y  and geo logy  of k i m b e r l i t e s .  Using t h e  d a t a  a v a i l a b l e  a t  
t h e  rime he  c o n s t r u c t e d  a g e n e r a l  model, which p o i n t e d  t o  a d e c r e a s e  i n  d i a -  
mond p o t e n t i a l  nor thward.  When diamond-rich kimberlites were found i n  t h e  
nor thernmost  r e g i o n ,  h e  was t h e  f i r s t  t o  i n s i s t  t h a t  e x p l o r a t i o n  be s topped  
because  t h e  d i s c o v e r y  c o n r r a d i c t e d  h i s  t h e o r y .  

I t  seems, t h e n ,  t h a t  t h e  d i s c o v e r y  of t h e s e  r i c h ,  new d e p o s i t s  u l t i m a t e -  
l y  depended upon t h e  a p p l i c a t i o n  of s c i e n t i f i c  methods, r a t h e r  than  t h e  sub- 
j e c t i v e  i n t e r p r e t a t i o n s  of men. E a s t  of t h e  Anabar S h i e l d ,  a s e r i e s  of  
m a s s i f s  composed of  a l k a l i n e  r o c k s  were  found.  P r e v i o u s l y ,  massifs of t h i s  
type had o n l y  been found i n  a r e a s  west o f  t h e  s h i e l d .  Rad iomet r i c  d a t e s  of 



t h e  p r e v i o u s l y  known m a s s i f s  ave raged  abou t  250 m . y .  The age  o f  the new 
m a s s i f s  was a  surprise w i t h  d a t e s  a b o u t  4 2 0  m.y. Reacr ion  from t h e  l e a d i n g  
s p e c i a l i s t  i n  a l k a l i n e  r o c k s  f o r  t h e  I n s t i t u t e ,  D r .  L .  Yegorov, was t y p i c a l :  
" I t  i s  imposs ib le !  I t  i s  a mis take!"  But i n e v i t a b l y ,  t h e  a p p l i c a t i o n  of 
pure  s c i e n c e  was c o n v e r t e d  t o  p r a c t i c e ,  and i t  h a s  been proved t h a t  massifs 
l o c a t e d  t o  the  e a s t  of  t h e  s h i e l d  a r e  n o t  t h e  same as  t h o s e  p r e v i o u s l y  known 
on i t s  west  s i d e .  With t h e s e  new m a s s i f s  a r e  a s s o c i a t e d  s e v e r a l  g r e a t  eco- 
nomic m i n e r a l  d e p o s i t s  t h a t  a re  a b s o l u t e l y  unusua l  f o r  t h i s  r e g i o n .  The 
study of t h e s e  m a s s i f s  has been a s s i g n e d  t o  t h e  same Yegerov - a  good de- 
s c r i p t o r - g e o l o g i s t  b u t  a n  a b s o l u t e l y  wretched s c i e n t i s t ,  whose s c i e n t i f i c  
recommendations have been t h e  same f o r  decades :  "We have t o  d r i l l  more and  
deeper  l " 

OLD PEOPLE IN THE NEW TIMES 

Yagna Stakhev ich  was f i r e d  from t h e  I n s t i t u t e  of A r c t i c  Geology. She  
grew o l d  and d i e d  f o r g o t t e n  by everybody. Up t o  t h e  l a s t  d a y s  of  h e r  l i f e ,  
s h e  con t inued  t o  fuss over  a  new g e o l o g i c a l  i d e a :  how t o  a s s e s s  t h e  new 
go ld -bear ing  r e g i o n  of t h e  Tayrnir P e n i n s u l a  u s i n g  t h e  q u a n t i t y  o f  go ld  g r a i n s  
i n  heavy m i n e r a l s  sampled from t h e  s t r e a m s .  

Vladimir  Cherepanov was f i r e d  from the  I n s t i t u t e  of A r c t i c  Geology and 
s u b s e q u e n t l y  died from a  h e a r t  a t t a c k .  A f t e r  b e i n g  d i s m i s s e d  from t h e  I n s t i -  
t u t e ,  h e  was among t h o s e  who c r e a t e d  one  o f  t h e  b e s t  a n a l y t i c a l  complexes i n  
the  U.S.S.R. f o r  t h e  analysis of  rocks  and m i n e r a l s  a t  t h e  N a t i o n a l  Geolog- 
i c a l  I n s t i t u t e  i n  Len ingrad .  He proposed a new method of e v a l u a t i n g  t h e  
d e p t h  of f o r m a t i o n  of magmatic r o c k s  u s i n g  boron i s o t o p e s .  The i d e n t i f i c a -  
t i o n  o f  a  new boron-bear ing p r o v i n c e  i n  t h e  nor thwes t  Siberian P l a t f o r m  is  
a l s o  among h i s  c o n t r i b u t i o n s .  

Kons tanr in  Zaburdin  i s  a l s o  dead.  In his l a s t  y e a r s ,  he became an 
a d m i n i s t r a t i v e  worker.  For him, whose l i f e  as  a g e o l o g i s t  was based on his 
i n t i m a t e  knowledge of t h e  g e o l o g i c a l  f a c t s  of a s i n g l e  r e g i o n ,  modern geology 
became too  compl ica ted .  But up t o  h i s  last d a y s ,  he s p e n t  most of  h i s  t ime 
i n  t h e  p o l a r  r e g i o n s ,  o r g a n i z i n g  new e x p e d i t i o n s .  

L a r i s a  Popugayeva a l s o  d i e d .  A f t e r  h e r  s t a r r y  hour ,  s h e  was plunged 
i n t o  o b s c u r i t y  t o  become one among thousands  of  g e o l o g i s t s  who gave a l l  of 
themselves  t o  t h e i r  beloved work. 

There ts no more Ravich,  Godfa the r  of t h e  d i s c o v e r y  of Zaburd in ,  i n  the 
A r c t i c  Geology I n s t i t u t e .  His d e a t h  was mourned by s t u d e n t s  and d e t r a c t o r s  
a l i k e .  The Execu t ive  Committee of  t h e  Krasnoyarsk  r e g i o n  immorta l ized h i s  
memory by g i v i n g  h i s  name t o  a s m a l l  unnamed bay,  unknown t o  everybody, i n  
t h e  Yen i sey ' s  p o l a r  r e g i o n .  I n  h i s  p l a c e  carce a young f o l i o w e r  named 
Vladimir  Ivanov.  A s  a s c i e n t i s t ,  he i s  known a s  t h e  a u t h o r  of two books: a 
popu la r  s c i e n t i f i c  b r o c h u r e ,  'The K y s t e r y  of Two Oceans , '  and 'Going Along 
L e n i n ' s  Places i n  L e n i n g r a d . '  

I n  1983, Ivanov,  f o l l o w i n g  t h e  t r a d i t i o n ,  p a r t i c i p a t e d  i n  an  e x p e d i t i o n  
t o  A n t a r c t i c a  (Ravich,  his mentor ,  had been c h i e f  of t h e  g e o l o g i c a l  p a r t  of 
t h e  S o v i e t  A n t a r c t i c  Program).  Venomous tongues  were quo ted  a s  s a y i n g ,  "Now 



w e  have t o  expect  t h e  appearance  o f  I v a n o v ' s  new book under  t h e  t i t l e ,  'Going 
Alang Lenin ' 8  P l a c e s  i n  t h e  A n t a r c t i c .  ' ' I  The b e s t  recommendation f o r  Ivanov,  
a s ' a  s c i e n t i s t ,  was g i v e n  by t h e  man who took  h i m  upward. To t h e  D i r e c t o r  o f  
t h e  A r c t i c  Geology I n s t i t u t e ,  Ravich recommended Ivanov f o r  membership i n  t h e  
Communist P a r t y ,  "You know, t h e r e  a re  a l o t  of narrow s p e c i a l i s t s ,  b u t  Vladi-  
m i r  Ivanov i s  a s p e c i a l i s t  i n  all a r e a s ,  something which i s  much needed by 
our  I n s t i t u t e .  Yesterday we needed a  s p e c i a l i s t  i n  r a d i o a c t i v e  raw mate- 
r i a l s ,  and he became a geochemis t  i n  s o l i d  r o c k s .  Now o u r  main g o a l  is o i l ,  
and he has become a n  o i l  g e o l o g i s t .  He i s  t h e  'what w i l l  you be p leased  
w i t h  ' t y p e  of s p e c i a l i s t . "  

And i n  t h e  uppermost e c h e l o n s  of power, t h e r e  a l s o  appeared  a new s t y l e ,  
w i t h  a new D i r e c t o r  - I g o r  Gramberg. A b r i l l i a n t  b u r e a u c r a t  i n  geology,  he  
l e d  t h e  A r c t i c  Geology I n s t i t u t e  t o  new h e i g h t s .  Under h i s  l e a d e r s h i p ,  t h e  
I n s t i t u t e  changed i t s  name and s p e c i a l i z a t i o n  t w i c e  i n  a decade and became a 
f i r s t - c a t e g o r y  ( n a t i o n a l )  i n s t i t u t e .  For a decade t h e  I n s t i t u t e  worked on 
o i l  on t h e  c o n t i n e n t a l  s h e l v e s ,  b u t  now (p robab ly  because  a l l  problems of 
o i l - b e a r i n g  a r c t i c  s h e l v e s  were s o l v e d  by t h e  I n s t i t u t e )  i t  h a s  become t h e  
K a t i o n a l  I n s r i t u c e  of Oceanic Geology w i t h  a consequent  i n c r e a s e  i n  salary 
For t h e  a d m i n i s t r a t i o n .  P r a c t i c a l l y  e v e r y  y e a r ,  t o  t h e  g r e a t  p r o f i t  of t h e  
I n s t i t u t e ' s  c h i e f s ,  i t  i s  a winner  o f  t h e  S o c i a l i s t i c  Compet i t ion among t h e  
o r g a n i z a t i o n s  w i t h i n  t h e  F i n i s t r y  o f  Geology. Regional  d e s c r i p t o r - g e o l o g i s t  
Gramberg, a s  a n  a d m i n i s t r a t o r ,  was a p p o i n t e d  t o  t h e  l i s t  o f  d i s t i n g u i s h e d  o i l  
g e o l o g i s t s ,  being f i r s t  among t h o s e  who have n e v e r  i n  t h i s  l i f e t i m e  s e e n  
c rude  o i l .  He is ,  t h e r e f o r e ,  p r i v i l e g e d  t o  c a l c u l a t e  b i l l i o n s  of t o n s  of 
hydrocarbon r e s e r v e s  f o r  t he  S o v i e t s ,  based upon p o t e n t i a l  hydrocarbons  
though t  t o  be  d i s p e r s e d  i n  ha rd  r o c k s .  A g r e a t  master o f  p o l i t i c a l  combina- 
t i o n s ,  n o t  i n  v a i n  b a s  he  o b t a i n e d  a p o s i t i o n  as  a Correspondent  Member of 
t h e  U.S.S.R.  Academy o f  S c i e n c e  - t h e  r a r e s t  o f  cases f o r  a  g e o l o g i s t  who is 
w i t h  t h e  M i n i s t r y  of Geology ( n o t  a n  academic-type o r g a n i z a t i o n )  and who 
i i v e s  i n  Leningrad,  no t  i n  Poscow. 

But whatever  t h e  Institute's s p e c i a l i z a t i o n  a t  any  p o i n t  i n  t i m e ,  i t  
t r a d i t i o n a l l y  p r e s e r v e s  a s e c t i o n  devored t o  g e o l o g i c  s t u d y  i n  t h e  a r e a  be- 
tween t h e  Lena and Yenisey R i v e r s ,  because  "The I n s t i t u t e  i s  d e d i c a t e d  t o  
p r e s e r v i n g  a s c h o o l  o f  g r e a t  s p e c i a l i s t s  i n  t h e  geology of t h i s  p a r t i c u l a r  
r e g i o n . "  These a r e  t h e  same p e o p l e ,  o f  c o u r s e ,  who missed diamonds,  and due 
t o  whose a c t i v i t y ,  a l l  g e o l o g i c a l  e x p l o r a t i o n  i n  t h e  t e r r i t o r y  h a s  been 
postponed f o r  decades .  

And t o  t h e  power i n  h i g h  p l a c e s ,  r h e r e  has come a new g e n e r a t i o n  -- one 
of a  k ind peop le  -- s t u d e n t s ,  and t h e  b e s t  p o l a r  g e o l o g i s t s ,  such a s  Milas-  
hev,  Vishnevsky,  Yegorov, and o t h e r s  of rhe same breed .  They a r e  of ve ry  
d i f f e r e n t  s t y l e s ,  t h e s e  p e o p l e .  Some of them s t a y  i n  p o s i t i o n s  o f  pure  
t h e o r e t i c a l  workers ;  o t h e r s ,  i n  c o n t r a s t ,  s t a t e  t h a t  they a r e  i n t e r e s t e d  ex- 
c l u s i v e l y  i n  p ragmat ic  p r a c t i c e ,  "We a r e  n o t  t h e o r e t i c i a n s .  We a r e  l o o k i n g  
f o r  o r e  and o i l  on ly . "  

EXPLORATIOK CONTINUES 

But s o  r i c h  i s  t h i s  c o u n t r y ,  s o  g r e a t  t h e  c r e a t i v e  d r i v e  zmong t h e  ex- 
p l o r e r s ,  t h a t  a c o n t i n u o u s  s t r i n g  of advances  i n  e x p l o r a t i o n  t e c h n i q u e s  was 



f o l l o w e d  by an a r r a y  of  m i n e r a l  d i s c o v e r i e s .  Several s e a s o n s  a f t e r  t h e  
pyrope- t rac ing  t e c h n i q u e  was adop ted ,  G a l i n a  Anastasenko proposed a new indi- 
c a t o r  m i n e r a l ,  chrome-dlopside,  which can  s u r v i v e  t r a n s p o r t  o n l y  over  s h o r t  
d i s t a n c e s .  A t  t h e  same t ime  g e o p h y s i c i s t  Vadin L i c i n s k y  worked o u t  never  and 
more d i r e c t  methods of  e x p l o r a t i o n :  geochemical  sampl ing  and magnet ic  suscep-  
t i b i l f t y  i n  s o i l s .  

I n  succession, g e o l o g i s t s  E o r i s  Lopat i n ,  Sergey Tabunov, and Andrey 
Ukhanov d e s c r i b e d  new s u i t e s  of k i m b e r l i t e s  a l o n g  t h e  eastern s l o p e  of t h e  
Anabar S h i e l d .  Other  teams i n v e s t i g a t e d  t h e  n o r t h e r n  margin of che s t a b l e  
c r a t o n ,  and i n s t e a d  of k i m b e r l i t e s ,  they  found a new prov ince  of u l t r a m a f i c -  
a l k a l i n e  r o c k s  w i t h  r i c h  r a r e - e a r t h  d e p o s i t s  i n  t h e  Tomtor m a s s i f ,  v e r y  
s i m i l a r  t o  d e p o s i t s  o f  Mountain P a s s ,  C a l i f o r n i a .  S e v e r a l  y e a r s  l a t e r  a 
prominent p e t r o l o g i s t  V i c t o r  Masay t i s  p r e d i c t e d ,  and a f t e r w a r d  found,  i n  t h e  
n o r t h e r n  apex o f  t h e  Anabar S h i e l d ,  a  l a r g e  d e p o s i t  of l o n s d a l e l t e ,  a hexa- 
g o n a l  m o d i f i c a t i o n  o f  diamond, i n  the Popygay v o l c a n o - t e c t o n i c  d e p r e s s i o n .  

A l l  work i n  t h e  Anabar r e g i o n  is  l o g i s t i c a l l y  d i f f i c u l t ,  e s p e c i a l l y  
d r i l l i n g .  But w i t h i n  20 y r  a f t e r  t h e  e p o c h a l  diamond d t s c o v e r y ,  new t y p e s  of  
e x p l o r a t i o n  had been developed and were  i n  u s e .  And w i t h i n  4 y r  a f t e r  t h e  
diamond d i s c o v e r y ,  t h e  w o r l d ' s  l a r g e s t  c a r b o n a t i t e  complex, and a d d i t i o n a l  
diamond-rich k i m b e r l i t e  p i p e s ,  were  found. 

What c a n  be  s a i d  i n  c o n c l u s i o n ?  It i s  obvious  t h a t  geology today is n o t  
a t r u e  s c i e n c e  but a k i n  t o  b o t h  s c i e n c e  and a r t .  G e o l o g i c a l  success depends 
on knowledge of e m p i r i c a l  f a c t s  and a p p l i c a t i o n  o f  a v a r i e t y  o f  i d e a s  b e a r i n g  
on t h e  s u b j e c t  under c o n s i d e r a t i o n .  T h e r e f o r e ,  today  i t  i s  i m p o s s i b l e  t o  
s u c c e s s f u l l y  e x p l o r e  f o r  diamonds anywhere i n  t h e  world w i t h o u t  c o n s i d e r i n g  
f a c t s  and i d e a s  developed by Russ ian  g e o l o g i s t s ,  especially those developed 
d u r i n g  the g r e a t  S i b e r i a n  d i ~ m o n d  s a g a .  

T h i s  s t o r y ,  i n  t h e  a u t h o r s '  o p i n i o n ,  embodies t h e  U.S.S.R.'s image -- 
i t s  i n e x h a u s t i b l e  r e s o u r c e  w e a l t h ,  t h e  b o l d n e s s  of i t s  e x p l o r a t i o n i s t s ,  the 
i n e r a d i c a b l e  c r e a t i v i t y  o f  i t s  p e o p l e ,  and t h e  courage  of  o r d i n a r y  Russ ian 
g e o l o g i s t s .  
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TO DISCOVER A PROSPECT 

I n  October  1973,  I q u i t  t h e  Merchant Marine i n  s o u t h e a s t  Alaska t o  v i s i t  
South  America f o r  t h e  f i r s t  t h e .  I a r r i v e d  un fami l i a r  with t h e  S p a n i s h  l a n -  
guage o r  l o c a l  custom. I t r a v e l e d  over land  s o u t h  a l o n g  the  P a c i f i c  Coast  
th rough  Colombia, Ecuador,  Pe ru ,  and C h i l e  and t h e n  by s h i p  down t h e  stormy 
C h i l e a n  a r c h i p e l a g o  t o  T i e r r a  d e l  Fuego. I came n o r t h  from t h e  S t r a i t s  o f  
Magellan a c r o s s  Argen t ina  t o  Uruguay, B r a z i l ,  Paraguay,  and B o l i v i a  t o  de- 
scend,  by dugout and b a r g e ,  t h e  r i v e r s  Purus  and Amazon t o  t h e  city of  
Manaus. Ten months l a t e r  and 50 lb l i g h t e r ,  I r e t u r n e d  t o  ' l o s  Es rados  
Unidos '  ( ' t h e  Lower 4 8 ' )  v i a  C e n t r a l  America. 

In 1978, I r e t u r n e d  t o  t h e  s o u t h e r n  hemisphere f o r  5 mo w i t h  a n o t i o n  t o  
r e s e a r c h  and e x p l o r e .  I n  many d u s t y  a r c h i v e s  of t h e  Repub l ic  of  Pe ru ,  I en- 
c o u n t e r e d  t h e  o f t  r e p e a t e d  l e g e n d  of a  remote p o r t i o n  o f  t h e  Upper Amazon o n  
t h e  f r o n t i e r  of Peru  and B o l i v i a  known a s  t h e  Carabaya ( o r  s i n c e  1875, a s  t h e  
two p r o v i n c e s  of Carabaya and Sandia) . For a c o u p l e  of months,  i n  Lima, 
Cusco, and La Paz, I g leaned  what I cou ld  of any p e r t i n e n t  h i s t o r y  of t h e  
Carabaya.  Af te rward ,  I made ar rangements  t o  accompany government go ld  b u y e r s  
f o r  a p e r s o n a l  r e c o n n a i s s a n c e  of t h e  a r e a .  

When I r e t u r n e d  home t o  Alaska from my second odyssey,  I wro te  t o  e v e r y  
major  L a t i n  American l i b r a r y  i n  t h e  S t a t e s  and, once  I had a n o t h e r  g r u b s r a k e ,  
v i s i t e d  a e v e r a l  of t h e  b e s t  of  them. Most no ted  were t h e  Benson L a t i n  Amerl- 
can  C o l l e c t i o n  i n  A u s t i n ,  Texas (where I s p e n t  10-hr days ,  6 dayslwk f o r  
1% m o ) ,  t h e  L i b r a r y  of  Congress,  i n c l u d i n g  t h e  N a t i o n a l  Arch ives ,  and t h e  
U.S. G e o l o g i c a l  Survey n a t i o n a l  h e a d q u a r t e r s  i n  Washington,  D.C. ( i n  a l l ,  1 
have made t h r e e  s e p a r a t e  t r i p s  t o  Washington f o r  r e s e a r c h ) .  

In 1981, I returned a t h i r d  time t o  Peru and devo ted  several months more 
t o  i n t e n s e  s t u d y  a t  any a c c e s s i b l e  s o u r c e  i n  t h e  Repub l ic .  This t i m e ,  when 1 
q u i r  t h e  'archives' ( a r c h i v e s ) ,  I bought a  coup le  of hundred pounds of pro- 
v i s i o n s  a t  t h e  n a t i v e  marke t ,  t r u c k e d  the l o t  through t h e  p a s s e s  of t h e  Con- 
t i n e n t a l  Div ide ,  and packed my s u p p l i e s  by mule down t o  t h e  Inambar i  R i v e r .  
I came o u t ,  a f t e r  34 mo, on an o l d  I n c a  t r a i l ,  50 lb t h i n n e r  a s  u s u a l .  My 
t h i r d  a d v e n t u r e  t o  South America l a s t e d  324 d a y s .  

I r e t u r n e d  co Peru once more f o r  a f o u r t h  r e s e a r c h  and  p r o s p e c t i n g  t r i p  
from A p r i l  1984 u n t i l  J a n u a r y  1985. 

EL PERU AND THE FROKTERA 

Peru  is  l o c a t e d  on the P a c i f i c  c o a s t  of  South America. The Repub l ic  is  
8 4  p e r c e n t  t h e  s i z e  of  Alaska.  It i s  bordered  on t h e  n o r t h  by Ecuador; on 



t h e  n o r t h e a s t  by Colombia; on rhe  e a s t  by B r a z i l ;  on t h e  s o u t h e a s t  by 
B o l i v i a ;  and on t h e  s o u t h  by C h i l e .  

The p o p u l a t i o n  i s  20 m i l l i o n ,  mos t ly  n a t i v e  campesinos and  m e s t i z o s ,  
r u l e d  h i s t o r i c a l l y  by an o l i g a r c h y  of Span i sh  c a u c a s i o n s .  The coun t ry  is ,  
nomina l ly ,  99-percent Roman C a t h o l i c .  The language on t h e  d e s e r t  c o a s t  i s  
C a s t e l l a n o  (Spanish)  and i n  t h e  mounta ins  mainly Quechua ( I n c a ) .  L ike  Alaska 
and much of t h e  Third World, t h e  economy i s  based on e x p o r t a t i o n  of n a t u r a l  
r e s o u r c e s .  

There  are  24 ' depar tmentos '  ( s t a t e s )  i n  the Republ ic .  Ln t h e  s o u t h e a s t ,  
on t h e  B o l i v i a n  f r o n t i e r ,  i s  t h e  depar tment  of Puno. Here l i e s  the 3 ,000  m 
' a l t i p l a n o , '  p o s s i b l y  t h e  most e x t e n s i v e  high p l a i n s  i n  t h e  wor ld .  To t h e  
n o r t h e a s t  of Puno, beyond the  a l t i p l a n o  and t h e  Andes Mountain Range, i s  t h e  
Amazon Bas in .  

The ' R i v e r s  Amazon' i s  a moving s e a .  I n  f l o o d ,  i t  c o n t a i n s  one-quar te r  
of e l l  t h e  r i v e r  w a t e r  i n  t h e  world .  Where i t s  d r a i n a g e  touches  t l le  n o r t h e r n  
s e c t i o n  of Puno, more than  300 i n .  o f  a n n u a l  r a i n  slam i n t o  t h e  e a s t e r n  s l o p e  
of t h e  d i v i d e .  There ,  t h e  bedrock I s  s o f t  s l a t e .  In  this l a n d ,  w h e r e  mon- 
soons  b e a t  f o r  eons on t h e  t e n d e r  r o c k ,  a p r e c i p i t o u s  topography o f  s t e e p ,  
narrow canyons a r e  c r e a t e d ,  b l a n k e t e d  w i t h  a seemingly  i m p e n e t r a b l e  f o r e s t .  
I t  i s  no t  l i k e  the  ' t r i p l e  canopy'  of j u n g l e ,  f a r  down r i v e r ,  t h a t  one may 
walk benea th .  Th i s  i s  'Ceja  de l a  S e l v a '  (Eyebrow of the  J u n g l e ) ,  w h e r e  ev- 
e r y  s t e p  forward i s  c u t  o u t  of dense  v e g e t a t i o n  t h a t  seems t o  c l o s e  i n  be- 
h ind .  I t  is a dark f o r e s t  o f  s h a r p  v i n e s ,  l i g h t n i n g - q u i c k  v i p e r s ,  l e g i o n s  of 
b i t i n g  i n s e c t s ,  r a b i d  vampires  . . .  and g o l d .  These a r e  t h e  p r o v i n c e s  of Cara- 
baya and  Sand ia .  

HIS TO R I A  

Conquis tadores  

When P i z a r r o  p lundered  t h e  I n c a ,  t h e  c o n q u i s t a d o r  i n t r o d u c e d  t o  Europe 
the  greatest accumula t ion  of gold  e v e r  encoun te red  by w e s t e r n  c i v i l i z a t i o n ,  
enough t o  pu t  Europe on t h e  g o l d  s t a n d a r d .  'Atahualpa  ' s  Ransom' was won from 
many r e g i o n s  abou t  t h e  Na t ive  Empire bu t  none s o  r i c h  i n  p r e c i o u s  ' o r o '  
( g o l d )  a s  n o r t h  of  Lake T i t i c a c a ,  a c r o s s  t h e  h i g h  a l t i p l a n o  and Andean p a s s -  
e s ,  down i n  t h e  f a b l e d  Carabaya.  

I n  t h e  early y e a r s  of the conques t ,  Span i sh  f u g i t i v e s  from w a r s  of 
Pizarro and Amalgro f l e d  from t h e  c o n f l i c t  t o  t h e  r i c h  Carabaya j u n g l e s .  The 
p l a c e r s  had o n l y  r e c e n t l y  been vaca ted  by t h e  I n c a ' s  own m i n e r s .  In 1556, i n  
a ' r e s q u i c i o '  (bedrock c r e v i c e )  , n e a r  a p l a c e  c a l l e d  Cal lahuaya , a  ' p e p i t a  ' 
( n u g g e t ) ,  t h e  shape  of a  h o r s e ' s  head,  was found---a p e p i t a  t h a t  weighed 
' 4  a r r o b a s '  o r  '100 l b . '  The nugget was s e n t  t o  Spain  f o r  C h a r l e s  V by t h e  
Viceroy Antonio  de Mendoza, and t h e  mining v l l l a g e  of San Juan de Oro was 
founded above t h e  d i s c o v e r y  s i t e  (I have s e e n  t h e  ruins). 

By 1605, s l a v e s ,  who had escaped from ' g o l d e n '  San J u a n ,  d i s c o v e r e d  an- 
o t h e r  d e p o s i t  t o  t h e  wes t  of t h e  v i l l a g e  a t  7 ,500 f t above s e a  l e v e l .  The 
s i t e  came t o  be  h o w n  as  Aporoma. Only 15 y r  l a t e r ,  i n  1620, Quinones  



Fr i sancho  worked t h e  mountain-top p l a c e r  w i t h  6 ,000 a d d i t i o n a l  s l a v e s ,  b u i l d -  
ing grea t  aqueduc t s  t o  wash down t h e  e a r t h .  

Beyond Aporoma, on t h e  w e s t e r n  edge of t h e  Carabaya,  f l o u r i s h e d  y e t  an- 
o t h e r  wealthy Span i sh  s e t t l e m e n t ,  San Gavan, on a r i v e r  o f  t h e  same name. 
There were o t h e r s ,  i n  a d e s p e r a t e  f r o n t i e r ,  i n h a b i t e d  by Old and N e w  World 
greed and t h e  s u b j u g a t e d  s u r v i v o r s  o f  a wasted empire.  

I n  t h e  e a r l y  17003, San J u a n  de  Oro crumbled under c i v i l  wars  between 
r o v i n g  bands o f  miners ,  who had become w a r r i o r s  vy ing  f o r  t e r r i t o r y .  By 
1767, t h e  J e s u i t s  were e v i c t e d  from t h e  Western Hemisphere and with them 
t h e i r  benign i n f l u e n c e  on a n  u n s t a b l e  c o n t i n e n t .  Before l o n g ,  t h e  o v e r s e e r s  
o f  San Gavan a n d  Aporoma, like San Juan de  Oro b e f o r e  them, were  s n i p i n g  
'mol ten  bedrock i n  h e l l . '  

I n  1808, t h e  'Cac iques '  ( r e l i g i o u s  leaders) from B o l i v i a  invaded t h e  
r e g i o n  and found L i t t l e  r e s i s t a n c e .  Soon a f t e r  began t h e  long  war f o r  ' i n d e -  
pendence'  t h a t  l i b e r a t e d  South  America from Spain. 

E l  Sab io  

I n  1850, a 24 yr o l d  I t a l i a n ,  Antonio  Raimondi, a r r i v e d  i n  Peru .  A y e a r  
l a t e r ,  he began his ' v i a j e s '  ( t r a v e l s ) ,  which  l a s t e d  u n c i l  1869. For nearly 
two d e c a d e s ,  he  surveyed t b e  Republ ic  on f o o t ,  s t u d y i n g ,  among o t h e r  t h i n g s ,  
t h e  b o t a n y ,  zoology,  geology and geography of t h e  a r e a .  From 1874 t o  1880, 
this rus t ic  r e n a i s s a n c e  man and g r e a t  o b s e r v e r ,  known even today as  ' E l  
Sab io '  ( t h e  Wise One),  p u b l i s h e d ,  i n  t h r e e  volumes,  h i s  l i f e ' s  work, ' E l  
Peru. ' 

From 1880 t o  1902. 37  p l a t e s  o f  Raimondi 's  maps of P e r u ,  drawn from his 
cop ious  n o t e s ,  w e r e  publ i shed  i n  Paris a t  a s c a l e  of L:500,000. One o f  his 
maps, p u b l i s h e d  a t  a s c a l e  of  1:200,000, covered an  a r e a  ' o f  a l l  t h e  a u r i f e r -  
ous r e g i o n s  of Pe ru ,  t h e  most c e l e b r a t e d ,  w i t h o u t  d o u b t ,  . . . known a s  t h e  
p r o v i n c e s  Sand ia  and Carabaya. '  Y e t ,  by t h e  t ime E l  S a b i o  had a r r i v e d  i n  t h e  
e a r l y  1860s t o  e x p l o r e  t h e  A l t o  Inarnbari ,  the once g r e a t  m i n i n g  communities 
of t h e  Carabaya were merely  l o s t  l egends  i n  t h e  Ce ja  de l a  S e l v a .  

Post  Massacre 

In 1890, a Quechua I n d i a n ,  Mariano Quispe ,  s e a r c h i n g  f o r  ' c a e c a r i l l a '  o r  
' c i n c h o n a '  ( q u i n i n e )  b a r k  and go ld  i n  t h e  d r a i n a g e  of t h e  A l t o  Inambari, d i s -  
covered a l a r g e  nugget  weighing 43 t r o y  oz  on a t r i b u t a r y  c a l l e d  t h e  
Huaynatacuma. It came t o  be known a s  t h e  ' e s p e j o  de  o r o '  (golden m i r r o r ) .  
The p l a c e  where i t  was found,  a 7-ft-wide gorge ,  was named E l  Suche f o r  t h e  
abundant f r a g r a n t  ye l low f l o w e r s  t h a t  grew t h e r e .  Quispe r e t u r n e d  t o  h i s  
v i l l a g e ,  Macusani,  and showed t h e  p e p i t a  t o  a  Local  merchant, F r a n c i s c o  
Ve lasco ,  who s e n t  f o r  a wea l thy  a c q u a i n t a n c e ,  Manuel E s t r a d a .  Velasco and 
E s t r a d a  o f f e r e d  t h e  n a t i v e  f o u r  head o f  c a t t l e  t o  show t h e m  t h e  d i s c o v e r y  
s i t e .  The r e t u r n  t o  E l  Suche took 10 d a y s .  Quispe was never s e e n  a l i v e  
again nor  d i d  h i s  f a m i l y  r e c e i v e  t h e  l i v e s t o c k .  



During t h e  f o l l o w i n g  d r y  s e a s o n ,  Velasco and E s t r a d a  c o n s t r u c t e d  a s m a l l  
stamp m i l l  on a n  a r t i f i c i a l  f l a t  a t  E l  Suche.  The m i l l  had f o u r  450-lb 
stamps t h a t  dropped 16 t i m e s  a minute  and was powered by a n  o v e r s h o t  w a t e r  
wheel .  At f i r s t ,  t hey  recovered  abou t  14 oz of go ld  d a i l y .  E v e n t u a l l y ,  t h e y  
c rushed  2 m 3  of s e l e c t  o r e  a day ,  s l u i c i n g  t h e  f i n e s  w i t h o u t  mercury ( l o s i n g  
pe rhaps  40 t o  60 p e r c e n t  o f  t h e  g o l d ) ,  and panning t h e  c o n c e n t r a t e s  i n  wooden 
' b a t e a s '  (go ldpans ) .  I n  1896,  d u r i n g  one 3-mo p e r i o d ,  Velasco and E s t r a d a  
took from two o f  t l i e i r  f o u r  t u n n e l s  more t h a n  12,000 oz of g o l d .  They named 
t h e i r  mine t h e  S a n t o  Domingo a f t e r  Sunday, t h e  day Quispe had f i r s t  seen his 
r e f l e c t i o n  i n  a ' go lden  m i r r o r . '  

I n  1896, Wal lace  L. Hardison of Union Oil and h i s  nephew, C h e s t e r  b. 
Brown, came t o  Peru t o  s c o u t  o u t  a pe t ro leum reserve.  A w e l l  was d r i l l e d  and 
i t  was de te rmined  t h a t  t h e  o i l  sand ex tended  under t h e  s e a ,  o u t  of g r a s p .  
Afterward,  t h e  o i l  men met a  member of P r e s i d e n t  C a s t r o ' s  c a b i n e t ,  a  Senor  
Pando, who t o l d  a t a l e  o f  his f a b u l o u s  g o l d  p r o s p e c t  i n  t h e  North o f  t h e  Puno 
depar tment .  

To examine t h e  claim, Hardison and Brown under took t h e  j o u r n e y  by 
s t eamer  t o  t h e  p o r t  of Mollendo and by t r a i n  t o  Arequipa ,  J u l i a c a ,  and 
Pucara .  They c o n t i n u e d  on horseback  a c r o s s  t h e  a l t i p l a a o  a n d ,  by f o o t ,  down 
i n t o  t h e  Amazon d r a i n a g e ,  beyond t h e  headwaters  of t h e  Inambari River. 
Pando ' s  p r o s p e c t ,  on a  t r i b u t a r y  c a l l e d  t h e  Machotacuma, t u r n e d  o u t  t o  be 
underdeveloped w i t h  l i t t l e  e v i d e n t  v a l u e .  However, e n  r o u t e ,  t h e  men bad 
passed  a small working g o l d  mine c a l l e d  t h e  S a n t o  Domingo. 

They r e t r a c e d  t h e i r  s t e p s  and soon convinced themselves  of t h e  r i c h n e s s  
of t h e  San to  Domingo v e i n .  The owners were o f f e r e d  $360,000 f o r  t h e  mine 
($10,000 down, t h e  remainder  w i t h i n  90 d a y s ) ,  which was a c c e p t e d .  Hardison 
and Brown then  h a s t i l y  r e t u r n e d  t o  t h e  S t a t e s  t o  s e c u r e  t h e  n e c e s s a r y  money. 

The o i l  men a r r i v e d  back a t  t h e  S a n t o  Domingo on t h e  8 7 t h  day of t h e  
90-day o p t i o n .  The d e a l  was s t r u c k ,  and t h e  new v e n t u r e  was c a l l e d  t h e  Inca  
Mining Company. ( I n c i d e n t a l l y ,  t h e  main s h a r e h o l d e r  o f  t h e  Inca  was t h e  
p r e s i d e n t  of Union O i l  Company, C.P. C o l l i n s ,  from Bradford ,  Pennsy lvan ia .  
C o l l i n s '  grandson,  Dick C o l l i n s ,  l i v e s  w i t h  h i s  w i f e ,  F l o r e n c e ,  a t  Lake 
Minchumina, Alaska.  Dick and F l o r e n c e ' s  d a u g h t e r s ,  Miki and J u l i e ,  f r e q u e n t -  
l y  c o n t r i b u t e  t a l e s  of t h e i r  own a d v e n t u r e s  i n  t h e  bush t o  t h e  F a i r b a n k s  Dai- 
1 y News-Miner . ) 

The owners of t h e  Inca  s p e n t  a f o r t u n e  a c c e s s i n g  and d e v e l o p i n g  t h e  
hard-rock p r o s p e c t  ( f i g .  1) and i t s  s i s t e r  e n t e r p r i s e ,  t h e  Inca Rubber Com- 
pany. A r a i l r o a d  s t a t i o n ,  T i r a p a t a ,  was b u i l t  a t  12 ,780  ft above sea l e v e l  
on t h e  Cusco-Puno l i n e .  A 100-mi h a r d - s u r f a c e  wagon road was c o n s t r u c t e d  
from t h e  depot  t o  Huancarani ,  n e a r  t h e  v i l l a g e  of Phara  and t h e  s m a l l e r  com- 
munity of Limbani on t h e  e a s t e r n  s l o p e  of t h e  d i v i d e .  From Huancarani ,  a n  
i n c r e d i b l e  46-mile mule t r a i l ,  o f t e n  a  h a l f  t u n n e l ,  was b l a s t e d  o u t  o f  t h e  
rock  p r e c i p i c e  t o  t h e  mine (keep t o  t h e  i n s i d e  o f  t h e  t r a i l  when p a s s i n g  
'mulas ' [mules ]  ---they might bump you o v e r  t h e  edge,  i n t e n t  i o n a l l y ) .  The 
path  c o n t i n u e d  beyond t h e  San to  Domingo t o  A s t i l l e r o  on t h e  Upper Tambopata 
River  i n  t h e  h e a r t  of t h e  rubber  c o u n t r y .  A t  one t i m e ,  500 mules were used 
t o  h a u l  o u t  t h e  bund les  o f  ' gome ' ( e l a s t i c  sap) from the  Tambopaca erea .  The 



F i g u r e  1. Hariging b r i d g e  probably  first c o n s t r u c t e d  
l a t e  last c e n t u r y  by the  I n c a  Mining Company t o  
a c c e s s  che S a n t o  Domingo g o l d  mir~e. 

t r a i l  from Huancarani  t o  t h e  S a n t o  Domingo a l o n e  was s a i d  t o  have c o s t  more 
than  a m i l l i o n  d o l l a r s .  

I n  July o f  1898, t h e  old Velasco-Est roda stamp m i l l  was modif ied  t o  a 
10-stamp battery w i t h  a chlorination p l a n t ,  25-mesh screen, canvas apron, and 
hydraulic c l a s s i f i e r .  A 17.5-A, 6,600-V AC g e n e r a t o r ,  f ed  by a  double-pel ton 
w h e e l ,  was i n s t a l l e d  n e a r b y  a t  Tunquipata  on a n o t h e r  t r i b u t a r y  o f  t h e  Huayna- 
tacuma. By 1901, a t e l ephone  l i n e  was i n s t a l l e d  t h a t  r eached  T i r a p a t o .  
ik%cn I was down on my l a s t  t r i p ,  a ' coaseno '  [ a  farmer-miner from t h e  v i l -  
l a g e  of Coasa] ,  panning near  Tunquipata on a c r e e k  t h a t  has never  known 
hard-rock development,  found a 750-gm [24-oz] nugget  t h a t  c o n t a i n e d  10-per-  
c e n t  q u a r t z . )  

I n  1912,  the  p r i c e  of  rubber  f e l l  t o  l e s s  t h a n  t h e  c o s t  of t r a n s p o r t a -  
t i o n .  By 1914, C.P. C o l l i n s  s o l d  the major p o r t i o n  of s h a r e s  f o r  t h e  Inca  
Mining Company t o  a n o t h e r  p a r t n e r  from Bradford ,  S e n a t o r  Lewis Emery. 

When Emery took over  t h e  I n c a ,  he was 75 y r  o l d .  He l i v e d  and worked a t  
t h e  San to  Domingo, o f t e n  a t t e n d i n g  t o  t h e  d u t i e s  o f  a  common miner o r  push ing  
t h e  l a d e n  ore  cars. The n a t i v e  workers  c a l l e d  him ' T a t a '  ( F a t h e r ) .  

Emery had i n s t a l l e d ,  f o r  $200,000 i n  a man-made cavern  a t  ' b e l l a  Pampa' 
( b e a u t i f u l  f i e l d ) ,  a 540 hp h y d r o e l e c t r i c  t u r b i n e  t o  r e p l a c e  t h e  o l d  Tunqui- 
p a t a  generator. For another $200,000,  he added an ' a l l - s l h e '  c y a n i d e  p l a n t  
t h a t  e x t r a c t e d  o n l y  10 p e r c e n t  of  t h e  go ld  (the S e n a t o r  was a n  'empire  b u i l d -  
e r '  n o t  a mining e n g i n e e r ) .  Tn 1924, b e f o r e  t h e  t u r b i n e  was finished o r  t h e  
cyanide problems r e s o l v e d ,  T a t a  d i e d .  



I n  1927, C la rence  Woods, a  U.S.  mining e n g i n e e r  and manager of t h e  Choj- 
n a c o t a  t i n  mine a t  15,623 f t  i n  B o l i v i a ,  was r e t u r n i n g  by t r a i n  w i t h  h i s  w i f e  
frdm a  v a c a t i o n  i n  Cusco, P e r u .  En r o u t e ,  Woods conversed  w i t h  a  Pe ruv ian  
m i l i t a r y  o f f i c e r  who was f a m i l i a r  w i t h  the Sanro Domingo. (The g o l d  mine was 
w e l l  known, even i n  B o l i v i a ,  f o r  i t s  r i c h n e s s  and h i g h  g r a d e  o r e . )  A s  t h e  
t r a i n  approached T i r a p a t a  S r a t i o n ,  t h e  s o l d i e r  s u g g e s t e d  t h a t  t h e y  s t e p  o u t  
t o  s e e  if anyone from t h e  mine was a b o u t .  By chance ,  t h e  men encoun te red  a n  
exshf.fr b o s s  from t h e  S a n t o  Domingo. The o l d  employee s a i d  t h a t  t h e  mine 
i t s e l f  was r i g h t  'and good, b u t  t h e  management was c r a z y .  The comment im- 
p r e s s e d  Woods. Once back a t  Cho jnaco ta ,  he w r o t e  t o  Emery's h e i r s  and re- 
c e i v e d  p e r m i s s i o n  t o  i n s p e c t  t h e  mine, which he was a b l e  t o  do six mo l a t e r .  

Re found t h a t  t h e  mine was indeed  ' r i g h t  and good'  b u t  though t  the oper -  
a t i o n  i n e f f i c i e n t .  He p repared  a r e p o r t  f o r  his B o l i v i a n  employers  and ten-  
de red  a n  o f f e r  t o  Emery's f ami ly .  The company for which he  worked was n o t  
i n t e r e s t e d ,  buc Emery's f a m i l y  a c c e p t e d  h i s  t e rms ,  s o  Woods took  t h e  o p t i o n  
h i m s e l f .  

I n  J u l y ,  1928, C la rence  Woods a r r i v e d  a t  t h e  S a n t o  Domingo wich s e v e r a l  
' g r i n g o s '  ( s l a n g  f o r  f o r e i g n e r )  who had  j o i n e d  him from B o l i v i a .  The 'op- 
t i o n i s t a s '  ( o p p o r t u n i s t s )  found 13  workers  a l r e a d y  a t  t h e  s i t e  r e p a i r i n g  t h e  
t i m b e r s  and keep ing  t h e  mine f r e e  of w a t e r .  On August 1, 1928, 10 days l a t -  
e r ,  t hey  began t o  g r i n d  o r e .  T h e i r  f i r s t  c l e a n u p ,  on August 31, 1928,  was 
1 3 2 . 7  t r o y  o z ,  wor th  $ 2 , 6 4 1 . 4 0 .  On September 30, 1928 ,  t h e  second c l e a n u p  
n e t t e d  256.08 t r o y  o z ;  t h e  t h i r d ,  607 t r o y  o z .  A f t e r  2 2  mo,  t h e  mine was 
pa id  for, and Woods had $60,000 i n  t h e  bank. 

Woods added' a MacDougal-type r o a s t i n g  f u r n a c e  t o  c o r r e c t  f o r  l o s s e s  i n  
Emery's c y a n i d e  p r o c e s s .  When h e  a t t e m p t e d  t o  b r i n g  t h e  new t u r b i n e  on l i n e ,  
he was rewarded w i t h  o n l y  smoke and f lame ( t h e  cockroaches  had e a t e n  t h e  i n -  
s u l a t i o n ) .  I t  c o s t  $10,000 t o  g e t  t h e  f a c i l i t y  go ing  and i t  worked f i n e  af-  
ter t h a t .  

GEOLOGY OF THE SANTO DOMING0 TERRAIN 

Depending on your  a l t i m e t e r ,  t h e  San to  Domingo is between 6,000 and 
7,000 f t  above sea l e v e l  and a mite shy  o f  1,000 m i  s o u t h  of t h e  e q u a t o r .  I n  
i t s  day,  the  mine was t h e  l e a d i n g  g o l d  p roducer  of Peru .  The Inca Mining 
Company, which developed the p r o s p e c t  i n  t h e  l a t e  1890s, opened t h e  r o a d s  
t h a t  even today a c c e s s  t h e  Upper Inambar i .  

The c o u n t r y  rock  c o n t a i n s  go ld -quar tz  v e i n s ,  s t i b n i t e ,  s u l f i d e s ,  and 
t e l l u r i d e s .  Ore from t h e  veins was o f t e n  f r e e  m i l l i n g  and many bonanza 
s h o o t s  a saayed  up t o  500 o z / t o n  g o l d .  S t r a t a  a r e  h i g h l y  f o l d e d ,  b l a c k  c a r -  
bonaceous s l a t e  w i t h  a g r e a t  q u a n t i t y  o f  f o s s i l s  t h a t  d a t e  f tom t h e  Silurian 
p e r i o d .  

The r o c k  d r i l l e d  and broke e a s i l y ,  but t h e  mine made much w a t e r .  The 
wood (camphor, laurel, mahogany, and  rosewood) for t h e  t i m b e r s  l a s t e d  o n l y  
2 t o  3 m o  i n  t h e  C e j a  humid i ty .  Dur ing Woods' e ra ,  150 of  the 350 t o  400 em- 
p l o y e e s  d i d  nothing bur  f e t c h  lumber from t h e  j u n g l e  s l o p e s .  Woods even 
brought  i n  a t r u c k  ( i n  p ieces ,  on t h e  backs of mules and men) t o  h a u l  the  



l o g s ,  b u t  he cou ld  n o t  keep a t r a i l  open f o r  i t  t o  f o l l o w  (how much wood 
would a Woods' t r u c k  t r u c k  i f . .  . i f  i t  were i n  t h e  Ceja  de  l a  S e l v a ? ) .  

SOURDOUGII CHUNOS 

Will iam C h a r l e s  F r e d r i c h  J u l i u s  Anlauf Cares was born i n  Redwing, Minne- 
s o t a ,  July 1, 1869, and was murdered February  21, 1957, by Eduardo Conzalez 
i n  a hu t  on t h e  Tunquimayo T r i b u t a r y  of  che N u s i n i s c a t o  River  i n  t h e  Quisp i -  
c a n c h i  d i s t r i c t  of s o u t h e a s t e r n  Peru. 

When Gates  was 13 y r  of a g e ,  he moved w i t h  his f a m i l y  t o  rhe  Washington 
T e r r i t o r y .  A t  2 1 ,  h e  was p r o s p e c t i n g  i n  Idaho.  L a t e r ,  while working f o r  
a n o t h e r  g r u b s t a k e  a t  a copper  mine i n  Michigan,  he heard  of  a s m a l l  gold  
strike i n  t h e  For tymi le  d i s t r i c t  o f  Alaska and bought passage  f o r  Juneau.  

To r e a c h  t h e  I n t e r i o r ,  Ga tes  t r a v e l e d  w i t h  t h r e e  companions over  t h e  
then  v i r t u a l l y  unknown Chi lkoo t  Pass ( t h i s  was s e v e r a l  y e a r s  b e f o r e  the r u s h  
of  1898). While r a f t i n g  down M i l e s  Canyon, h e  l o s t  courage a t  t h e  sound  of 
t h e  Whitehorse Rapids and d e s e r t e d  his f e l l o w  a r g o n a u t s .  Ga tes  shou lde red  
his pack  and began t o  p o r t a g e .  By t h e  t ime h i s  friends h a d  passed t h e  
t o r r e n t ,  he was w a i t i n g  below, a s h o r e ,  p u f f i n g  on o c i g a r .  He reboarded and 
was known f o r  t h e  r e s t  of  h i s  l i f e  a s  'Swift Water Bill.' 

A f t e r  h i s  g r u b s t a k e  r a n  o u t ,  S w i f t  Water worked as  a  b u l l  cook i n  the  
roadhouses  n e a r  C i r c l e .  When word o f  t h e  Klondike reached h im,  h e  was n e a r  
enough t o  g e t  a l e a s e  w i t h  s i x  o t h e r  men on unlucky number 13, Eldorodo 
Creek.  By t h e  s i x t h  shaft and no g o l d ,  Gaces was down t o  one p a r t n e r .  Tbe 
s e v e n t h  a t t e m p t  s t r u c k  p a y d i r t .  They k e p t  q u i e t ,  p layed the d i s c o v e r y  down, 
bought t h e  c l n l m ,  ... and took out a f o r t u n e .  I n  November of 1896, S w i f t  Water 
s o l d  o u t .  

It was never  S w i f t  Water's n a t u r e  t o  i n v e s t  w i s e l y .  A f e l l o w  named Jack 
Smith brought  h i s  v a u d e v i l l e  group from For tymi le  and s e t  up a c e n t  s a l o o n  
n e a r  Dawson. S m i t h  wanted t o  b u i l d  a  new dance h a l l  and c a s i n o  i n  town. 
Ga tes  p u t  up t h e  money. It was c a l l e d  t h e  Monte Car10 ( t h a t  i s ,  'Monte C a r l o  
Night ' ) . 

While i t  l a s t e d ,  B i l l  Ga tes  d i d  n o t  a c c e p t  his newfound a f f l u e n c e  w e l l .  
I n s t e a d ,  he l u s t e d  f o r  n o t o r i e t y .  What he d i d  n o t  gamble away i n  t h e  l ime- 
l i g h t ,  he good-naturedly  squandered ' s t a n d i n g  t h e  camp f o r  d r i n k s . '  

Soon, S w i f t  Water l e f t  t h e  Klondike  and fo l lowed the r u s h  t o  Nome. 
T h e r e ,  i n  c h a r a c t e r ,  he won (and lost) a n o t h e r  bonanza b e f o r e  q u i t t i n g  t h e  
Seward Peninsula f o r  t h e  newer 'Tanana'  diggings of t h e  I n t e r i o r .  Somehow, 
Ga tes  g o t  a line on what became t h e  most p r o d u c t i v e  c r e e k  i n  t h e  d i s t r i c t .  
C l e a r y ,  t h e  camp t h a t  grew around h i s  claims, was t h e  second most populous  i n  
t h e  area a f t e r  Fa i rbanks .  Originally, i t  was known a s  Ga tes  C i t y .  

C lea ry  Town burned down i n  1907 ,  b u t  S w i f t  Water had a l r e a d y  gone s o u t h  
a coup le  of  y e a r s  b e f o r e .  He became invo lved  i n  s e v e r a l  p romot iona l  schemes 
i n  C a l i f o r n i a  b u t  n o t  f o r  l o n g .  By 1910, Gates was i n  Peru. Oddly, i t  was 



t h e r e  t h a t  he  found h i s  n i c h e .  Between 1916 and his d e a t h ,  2 1  y r  l a t e r ,  he  
never  l e f t  the Republ ic .  

When Cla rence  Loods came i n t o  t h e  Carabaya c o u n t r y  i n  1928, Swift Water 
had a l r e a d y  been p r o s p e c t i n g  and mining i n  t h e  region f o r  18 y r  (Woods, t o o ,  
had worked i n  Alaska) .  They became friends and were invo lved  In s e v e r a l  en- 
t e r p r i s e s  t o g e t h e r .  For t h r e e  months i n  1931, t h e  two men descended t h e  
Inambar i  from Oroya down i n t o  t h e  Quispicanchi-Marcapata  d i s t r i c t .  They 
t r i e d  t h e  g r a v e l s  as  they  went and encoun te red  many workable  p r o s p e c t s .  
Woods, however, a l r e a d y  had a mine and r e t u r n e d  t o  t h e  San to  Dominga. S w i f t  
Water stayed below t o  e x p l o r e  t h e  unknown s t r e a m s .  He i s  b u r i e d  t h e r e  now. 

I f i r s t  saw a l a t e  1920s photo  of t h o s e  men ( f i g .  2 )  i n  t h e  L i b r a r y  o f  
Congress on poor copy  m i c r o f i l m  of  a 1935 e d i t i o n  of t h e  newspaper 'New West 
Coast  Leader ,  ' now c a l l e d  t h e  ' L i m a  Times. ' The e d i t o r ' s  f a t h e r  had mel ted  
down t h e  o l d ,  l e a d  p i c t u r e  p l a t e s  y e a r s  ago. I e v e n t u a l l y  g o t  a p r i n t  from 
t h e  o r i g i n a l ,  which belonged t o  Cla rence  Woods, grandson of Swift W a t e r ' s  
f r i e n d .  

F i g u r e  2 .  The man 
on t h e  l e f t  is 
Clarence  Woods, 
owner of t h e  
S a n t o  Domingo 
go ld  mine. The 
o t h e r ,  w i t h  t h e  
pan, is Swift 
Water B i l l  Ga tes  

FOLKS - KNOW THE PEOPLE AND YOU'LL KNOW THE MINES 

Lucho K i s e r  

I a m  t o l d  Lucho K i s e r  was r e l i e v e d  by Uncle Sam of his p o s i t i o n  i n  L u f t -  
waf fe  and giv:en f r e e  room and board s t a t e s i d e  f o r  t h e  d u r a t i o n .  I n  1 9 4 6 ,  he  
appeared as a merchant on t h e  A l t o  Inambar i  R i v e r  in the  Peruv ian  Amazon. 
H i s  customers  a t  t h e  remote g o l d  p l a c e r  were hardy b u t  simple miners from t h e  
v i l l a g e  of Coasa f a r  up t h e  e a s c e r n  s l o p e .  Each 'mtnero '  (miner)  had a 
c la im,  one meter  wide,  on t h e  river bank. They c l e a n e d  up s e v e r a l  ounces  
a p i e c e  with wooden b a t e a s  b e f o r e  l e a v i n g  f o r  t h e i r  v i l l a g e ' s  f e s t i v a l  dciy 
n e a r  t h e  end of t h e  d r y  season. Lucho s t a y e d  on a bit and panned a n o t h e r  
1% k i l o s .  



The next  season  he was back,  t h i s  t ime armed w i t h  a t i r e  pump and a  s e t  
of goggles  that  h e  had picked u p  i n  Costa Rica. He t i e d  h imself  t o  some 
b o u l d e r s  i n  t h e  r i v e r ,  s o  t h a t  he cou ld  reach s i x  meters f a r t h e r  o u t  and two 
m e t e r s  deeper  than t h e  Coasenos c o u l d .  Lucho s e a r c h e d  t h e  murky w a t e r s ,  
whi le  an A r g e n t i n e  companion manned t h e  pumps (Lucho t o l d  t h e  s t o r y  w e l l ,  
throwing h imse l f  on t h e  t h i c k  rug of h i s  c o m f o r t a b l e  home and t o s s i n g  each 
t ime he spoke of t h e  current). He k e p t  o n l y  t h o s e  nuggets t h a t  he cou ld  p i c k  
up w i t h  h i s  f i n g e r s .  Even s o ,  t h a t  p a r t i c u l a r  d r y  season  he found 11% k i l o s  
of g o l d .  

The Padron of Qui ton Qui ton 

S e v e r a l  decades  ago,  b e f o r e  t h e  ' a r b i t r a r i l y B  f i x e d  p r i c e  of t h e  p re -  
c i o u s  m e t a l  l e g i s l a t e d  most g o l d  mines o u t  of e x i s t e n c e ,  Qui ton  Quiton was 
s t i l l  a s m a l l  community b e s i d e  t h e  San to  Domingo t r a i l .  The pueb lo  was 
founded on a ' c a f e t a l '  (cof Fee p l a n t a t i o n )  of abou t  150 a c r e s ,  v e r y  narrow 
and strung o u t  a k i l o m e t e r  o r  s o  a l o n g  t h e  v a l l e y .  &ow, t h e  farm i s  d e r e l i c t  
and v i r t u a l l y  abandoned. 

Maybe i t  was a combinat ion of f a t i g u e ,  t h e  p a r t i c u l a r  Qui ton  w a t e r ,  and 
t h e  b e s t  c o f f e e  beans  e v e r  grown, b u t  I never d i d  t a s t e  a b e t t e r  d r i n k .  With 
a  ho t  c u p f u l  b e f o r e  my l i p s ,  I would h a r d l y  n o t i c e  t h e  ' m u r c i e l a g o s '  ( b a t s )  
a t t a c k i n g  t h e  s m a l l  c a n d l e  f lame on the t a b l e ,  which burned and  s p u t t e r e d  
b r i g h t l y ,  l i k e  a jewel  in t h e  j u n g l e ' s  t h r o b b i n g  d a r k n e s s .  

On my l a s t  t r i p  th rough ,  t h e  Senora  s e r v e d  'Suave '  (powdered c o f f e e ) .  
Her language is Quechua and my poor  Span i sh  could  noc ask  why. The n e x t  
morning, head ing  down t h e  t r a i l ,  1 passed a r e c e n t  g r a v e  a t  t h e  edge of the 
compound, h e r  husband . . . snake b i t e .  I remember him calking of a  new 
hard-rock go ld  p r o s p e c t  he  had  d i s c o v e r e d .  Perhaps  he was a good man. I 
don' t :  know. 

I will miss t h e  c o f f e e  of Qui ton Qui ton.  

Don Lucho and t h e  Ghost 

Lee Woods, son  of C l a r e n c e ,  was not  s o  t r u s t i n g  a s  S w i f t  Water.  When 
o u t  of camp, he  u s u a l l y  c a r r i e d  a sawed-off Winches te r .  The r i f l e  had a g o l d  
nugget f o r  a s i g h t .  The ye l low m e t a l  d i d  not  r u s t  and showed up w e l l  i n  the 
gloom of t h e  f o r e s t .  

Raul V i l l - l l o c h  m e t  Woods f o r  t h e  f i r s t  t ime coming t h e  o t h e r  way on t h e  
Oroya b r i d g e  n e a r  Pacu. They a lmos t  punched i t  o u t  bu t  i n s t e a d  became 
ftiends. Years l a t e r ,  V i l l - l l o c h  oversaw t h e  crew that kepc t h e  water o u t  of 
t h e  mine u n t i l  s h o r t l y  b e f o r e  Woods decided t o  g i v e  the S a n t o  Doming~  back t o  
t h e  jungle. Before t h a t ,  V i l l - l l o c h  took o u t  200 k i l o s  of g o l d ,  which h e  
l a t e r  i n v e s t e d  w i s e l y  i n  Lima, down on t h e  c o a s t .  Today, he  owns most of t h e  
p l a c e r  c l a i m s  on t h i s  s t r e t c h  of t h e  Inambari. 

Lucho Barreda i s  V i l l - l l o c h ' s  man on t h e  s p o t ,  k e e p i n g  t r a c k  of his 
f r i e n d  's mining i n t e r e s t s  ( a l t h o u g h  nobody i s  mining much these days )  . 



On my l a s t  t r i p ,  I met Lucho, who a r r i v e d  down t h e  t r a i l  from Limbani t o  
Pacu, l imping  p r e t t y  ha rd .  I t  seems t h a t  he  l e f t  Q u i t o n  Qui ton in good s p i r -  
its (wi th  s e v e r a l  s p i n n a k e r s  t a t  i n  t h e  wind,  a c t u a l l y )  and encoun te red ,  
wa lk ing  on t h e  w a t e r s  below Monkey Bridge,  t h e  ' g h o s t  of  a  g r i n g a  . ' ( A t  
l e a s t  I hope i t  was a g h o s t . )  In  t h e  e n s u i n g  shoo t -ou t ,  Don Lucho somehow 
f e l l  o v e r  a c l i f f  bu t  managed t o  escape  w i t h  o n l y  a few mean b r u i s e s  (and a 
n a s t y  hangover ) .  

R a u l ' s  Cholo 

During and a f t e r  World War TI, t b e  S a n t o  Domingo enjoyed a b r i e f  r e s u r -  
gence ,  f o r  t u n g s t e n .  The o p e r a t o r  was Dasso,  an in-law of  Lee Woods. When 
t h e  new, tough man a r r i v e d  from Lima t o  t a k e  o v e r  t h e  Woods r e s i d e n c e  n e a r  
t h e  mine,  he  found a n a t i v e ,  Raul V i l l - l l o c h ' s  watchman, g u a r d i n g  t h e  proper-  
ty. 

A t  first, Dasso could  n o t  e v i c t  t h i s  man who defended Woods' home s o  
f i e r c e l y .  One n i g h t ,  caugh t  becween d u t y  t o  h i s  Padron and t h e  t e r r i b l e  au- 
t h o r i t y  of t h e  new b o s s ,  t h e  ' c h o l o '  (watchman) d r a n k  h imse l f  i n t o  a r a g e .  
He t o r c h e d  t h e  s t r u c t u r e  t o  a s h e s  and drowned himself i n  t h e  Inambar i .  

F r a n c i s c o  P o r t u g a l  

F r a n c i s c o  P o r t u g a l  lives w i t h  h i s  w i f e  and two s o n s  on a Farm n e a r  Pacu 
on t h e  A l t o  Inambari. F r a n c i s c o  is  7 4  y r  o l d  and a nob le  f e l l o w .  He works 
i n d u s t r i o u s l y  and p a t i e n t l y  a t  h i s  go ld  ' c h a c r a '  (farm) as  w e l l  a s  a t  his 
normal farm (I saw o n l y  one o t h e r  s e r i o u s  a t t e m p t  a t  a g r i c u l t u r e  w i t h i n  a  
long d a y ' s  walk i n  e i t h e r  d i r e c t i o n  a l o n g  t h e  r i v e r ) .  He grows mandarin o r -  
a n g e s ,  p i n e a p p l e ,  bananas ,  ' ch ima '  f r u i t  ( t h e  w h i t e ,  swee t  p u l p  o f  a  t r e e  
whose trun.k looks  l i k e  a p o r c u p i n e ) ,  sugar c a n e ,  tomatoes ,  beans ,  avocado,  
yucca ,  'ma t i co '  and ' a cb ihua-ch ihua '  ( t h e  l e a v e s  make a t e a  t o  c u r e  c o l d s ) ,  
' o c o n a , '  ' i c h a t e , '  ' a c h o t e , '  ( l o c a l  h e r b s  and v e g e t a b l e s )  and more. 

Tambo La Mina ( p o p u l a t i o n  40 t o  50) i s  t h e  l a r g e s t  v i l l a g e  i n  t h e  a r e a  
( t h e r e  a r e  on ly  t h r e e ) .  It i s  n i n e  h o u r s  by f o o t  up t h e  Inambari. Don 
Francisco a r r i v e d  i n  the r e g i o n  i n  1935. H e  has n e v e r  been t o  La Mina. 

Don C a r l o s  

O r i g i n a l l y ,  Char ley  ( 'Don C a r l o s  ' )  Pa t r a  came from Wisconsin ,  but he 
worked w i t h  C l a r e n c e  Woods i n  t h e  mines o f  Idaho  around 1920. P a r r a  preceded 
h-oods by s e v e r a l  y e a r s  t o  B o l i v i a ,  where he was employed a s  a mechanic.  Lat -  
e r ,  i n  J u l y  o f  1928, when Woods q u i t  as manager of t h e  B o l i v i a n  Chojnacota  
mine t o  o p t  f o r  the Santo Domingo a c r o s s  t h e  f r o n t i e r  i n  Peru ,  Patra, who had 
been runn ing  t h e  e l e c t r i c  p l a n t  a t  Cho jnaco ta ,  was one of t h e  few t o  go w i t h  
him. 

When t h e  s m a l l  p a r t y  o f  o p c i o n i s t a s  a r r i v e d  a t  t h e  San to  Domingo t h e r e  
were l e s s  than  20 hands ,  t o t a l ,  t o  run t h e  mine. Everyone d i d  whatever  
needed to be  done a t  t h e  t ime.  Don C a r l o s  ran  t h e  o l d  doub le -pe l ton  power 



plant at Tunquipa ta ,  nea rby .  In t h e  e a r l y  19409, Clarence  Woods t u r n e d  o v e r  
the. San to  Domingo t o  Lee (Woods) and r e t u r n e d  t o  t h e  S t a t e s .  Don C a r l o s  
s t z y e d .  

I n  September,  1984 ,  F e l i p e  Yapa of Calapampa V i l l a g e  told m e  t h a t  h e  had 
worked w i t h  Don C a r l o s  a t  t h e  Montebel lo  p r o s p e c t  of t h e  Inca  Mining Company 
i n  t h e  1940s.  By t h a t  time, P a t r a  spoke on ly  broken English, f a v o r i n g  
Quechua ( t h e  language of h i s  fe l low workers)  ove r  Spanish. Return ing  t o  
Montebel lo ,  late one even ing ,  a f t e r  a b i t  o f  drunken camarader ie ,  he  missed 
h i s  s t e p  a k i l o m e t e r  below t h e  mine nod f e l l  t o  h i s  d e a t h .  

Lee Woods sent o v e r  a n  American f l a g  from the  Santo Domingo t o  d r a p e  t h e  
body. Don C a r l o s  was b u r i e d  i n  t h e  j u n g l e  above t h e  mill s i t e .  

TOOLS ANTI METHODS 

Quimbala tes  o f  Rinconada Pueblo  

I n  t h e  n a t i v e  hard-rock mines ,  the ' b a r r e t e r o s '  (underground miner)  g u t  
the  v e i n .  The ' q u e p i r e s '  (Quechua f o r  ' a n t ' )  o r  ' p o r t e r s '  h a u l  t11e o r e  t o  
t h e  s u r f a c e .  The rock  i s  rough s o r t e d  by t h e  women i n  an a r e a  c a l l e d  the 
' c a n c h a '  and crushed by hand t o  pebb le  s i z e  i n s i d e  a t h i c k  crown o f  rags .  

The ' q u i m b a l a t e '  (a f r o n t i e r  o r  poor man's ' a r r a s t r e ' )  is a r e c t a n g u l a r -  
l y  shaped b o u l d e r  with a  rounded bottom. It is  s e t  s n u g l y  i n  a  w a t e r  t rough  
ca rved  i n  bedrock  and rocked by an i n d i v i d u a l  s t a n d i n g  a t o p .  If a l a rger  
b o u l d e r  is used ,  two o r  four men l e a n ,  t e e t e r - t o t t e r ,  a g a i n s t  a t i m b e r  t h a t  
is  pinned a c r o s s .  Every few moments, p i e c e s  of  o r e  a r e  cossed i n t o  the t i g h t  
gap beneath the c r u s h i n g  s t o n e .  When t h e  s m a l l e r  r o c k s  a r e  p u l v e r i z e d ,  t h e  
l o w - s p e c i f i c - g r a v i t y  w a s t e  washes away. L a t e r ,  t h e  water is  d i v e r t e d  and t h e  
go lden  r e s i d u e  sc raped  u p .  O c c a s i o n a l l y ,  women w i l l  pan downstream from t h e  
o p e r a t i o n s  t o  c a t c h  t h e  f i n e s  t h a t  g e t  away. 

The stone hu t s  o f  Rinconada (the remote  mining v i l l a g e  i s  a t  17,200 ft 
above sea l e v e l ) ,  l i k e  the ' c e m e t e r i o '  (cemetery)  nearby,  a r e  a lmos t  in- 
d i s t i n g u i s h a b l e  from t h e  mountain.  Most of t h e  d w e l l i n g s  have t e l e v i s i o n  
a n t e n n a s ,  purchased w i t h  go ld  e x t r a c t e d  w i t h  t h e  q u i m b a l a t e ,  t h a t  crop from 
the t h a t c h  r o o f s .  

Batea 

The 'batea' (goldpan)  is made of  wood. I have n e v e r  s e e n  one a v a i l a b l e  
anywhere excep t  near t h e  mines ,  and u s u a l l y  t h e r e  a r e  few t o  spare. The 
b a t e a  l a c k s  the pie-pan bottom o f  a sourdough ' s  p a n ,  r e sembl ing  i n s t e a d  a 
wooden bowl i n  t he  shape  of  a f l a t t e n e d  Chinaman's h a t .  Lt i s  f a b r i c a t e d  
from t h e  m a t e r i a l s  a t  hand, although certain Crees produce a b e t t e r  q u e l i t y  
f o r  wear and i n s e c t  r e s i s t a n c e .  I d e a l l y ,  a s e c t i o n  i s  c u t  from t h e  t a l l ,  
c u r t a i n - l i k e  r o o r  of a p a r t i c u l a r  jungle  cedar  and cured f o r  a  y e a r .  A 
block, 12- t o  30- in .  dlam, i s  roughed o u t  by machete and s e t  t o  w i t h  a s m a l l  
a d z e .  I t  t a k e s  abou t  a d a y  t o  chop o u t  a ' p a n '  t o  3 /4- in .  t h i c k n e s s .  



The mineros  c l a i m  n o t h i n g  b e t t e r  e x i s t s  f o r  washing t h e  muck. I suppose  
any  t y p e  of pan is adequa te  i n  t h e  hands  o f  someone w i t h  e x p e r i e n c e  and the 
a t t i t u d e  t o  work a t  i t .  Perhaps ,  though, p r a c t i c e  makes more p e r f e c t ,  espe- 
c i a l l y  i f  a c r u d e  s l u i c e  box is c o n s i d e r e d  a  new-fangled c o n t r a p t i o n  and pay 
g r a v e l  is h a b i t u a l l y  ' r u n  through t h e  p a n . '  

There  a r e  a d v a n t a g e s ,  of c o u r s e ,  of c e r t a i n  b a t e a s  over  a n o t h e r .  Larger  
p a n s  of  any  kind work more d i r t .  Wood f l o a t s  and does  n o t  r u s t ,  a s  m e t a l  
would i n  t h e  j u n g l e  ( s t i l l ,  improper care ,  such a s  wetting and d r y i n g ,  w i l l  
c r a c k  it b a d l y ,  even i f  exposure  t o  t h e  sun seems u n l i k e l y  i n  t h e  Ceja)  . 
Too, baceas  are  no t  s o  f r a g i l e  a s  even t h e  b e t t e r  p l a s t i c  pans a t t a c h e d  t o  
t h e  back of  a  can tankerous  mule. More p e r t i n e n t ,  I t h i n k ,  i s  t h a t  wooden 
pans  a r e  f a m i l i a r  t o  ind igenous  f o l k s  and one could  r i g  up a  l a t h e  t o  t u r n  
them o u t  i n  q u a n t i t y .  

I n g e n i o  

O r i g i n a l l y ,  t h e  ' i n g e n i o '  ( s l u i c e  box) was o n l y  t h e  p e l t  of a sheep ,  a 
' go lden  f l e e c e , '  l i n i n g  a d i t c h .  Now, of  c o u r s e ,  i t  i s  more s o p h i s t i c a t e d .  

The Rio Inambar i  i n g e n i o  of today is  u s u a l l y  two s t o u t  l i m b s ,  c r o s s e d  by 
spaced bamboo s t r i p s .  T h e  frame i s  covered w i t h  p l a s t i c  and moss ( b e f o r e  
p l a s t i c  was a v a i l a b l e  f o l k s  would u s e  l a r g e ,  d u r a b l e  l e a v e s ) .  A t r a n s v e r s e  
s t r i p  of s t i c k s ,  c u t  wide as  t h e  s l u i c e  and t i e d  t i g h t l y  t o g e t h e r ,  is p laced  
l eng thwise  o v e r  t h e  v e g e t a t i o n  ( f o r  fine g o l d ,  t h e  moss and ' r i f f l e s '  a re  
o f t e n  o m i t t e d  i n  f a v o r  of s i m p l e ,  c o a r s e  b u r l a p ) .  Pay g r a v e l  i s  c a r r i e d  t o  
t h e  i n g e n i o  i n  b a t e a s  and  washed, a h a n d f u l  a t  a time. 

The minero  a l s o  c a r r i e s  i n  h i s  o u t f i t  a ' r a s c a d o r '  ( i r o n  hook) t o  crev -  
i c e  bedrock.  If he i s  p rosperous  and i n d u s t r i o u s  enough, he may pack  a long  
b a r  t o  l e v e r  t h e  b o u l d e r s  a s i d e .  Add a b a t e a ,  a machete,  a ' p l a s t i c o '  ( t o  
keep t h e  i n e v i t a b l e  r a i n  o f f  h i s  s h o u l d e r s ) ,  a c h a r r e d  aluminum p o t ,  a cup,  
some 'chunos ' (a  p r i m i t i v e  s o r t  o f  food i n v o l v i n g  potatoes) , ' c h a l l o n a  ' 
( d r i e d  m u t t o n ) ,  t o a s t e d  c o r n ,  a few coca l e a v e s  ( t o  h e l p  d u l l  t h e  t a s t e  buds 
f o r  e a t i n g  chunos)  and h e  i s  ready  t o  wade up t h e  r i v e r  toward h i s  bonanza.  

Chacras  

The I n c a s  won t h e i r  g o l d  mos t ly  th rough  ha rd  work, p a t i e n c e  and ' c h a c r a s  
de  o r o '  (farms of g o l d ) .  Once, money d i d  'grow on t r e e s .  ' 

The r i v e r s ' w e r e  p r o s p e c t e d  at: low w a t e r  by panning t h e  beaches  w i t h  
b a t e a s  u n t i l  a r i c h  i n s i d e  bend,  a s  n e a r  t he  w a t e r  a s  p o s s i b l e ,  was dis- 
covered .  The pay was d e f i n e d  and a c h a c r a  c r e a t e d ,  t e a r  shaped ,  conforming 
t o  t h e  w h h  of  topography,  by firmly s e t t i n g  l a r g e  c o b b l e s  i n  rough ly  two 
rnerer s q u a r e s .  The s p a c e s  between were  'empedrado'  (paved) w i t h  f l a t  p i e c e s  
of s l a t e  t h a t  were upended,  l a i d  p e r p e n d i c u l a r  t o  t h e  wa te r  c o u r s e ,  and t i l t -  
ed downstream (fig. 3 ) .  A f t e r  t h e  c h a c r a  was ' sown, '  t h e  n a c i v e s  would q u i t  
t h e  s i t e  u n t i l  a n o t h e r  d r y  s e a s o n .  

I n  t h e  C e j a ,  t h e  ' R i v e r s  Amazon' plunge  from t h e  skies on s o f t  e a s t e r n  
s l o p e s ,  c r e a t i n g  incomparable  t o r r e n t s  of  g r e a t  volume and i r r e s i s t i b l e  



F i g u r e  3. Modern go ld  fa rm,  Peru. 

f o r c e .  Unusual amounts of muck and g o l d  are c a r r i e d  o v e r  the  n a t u r a l  and 
man-made ' r i f f l e s , '  a l l o w i n g  them t o  become e n r i c h e d  (an  exper ienced  miner 
will b u i l d  h i s  'pavement' o u t s i d e  the avenue of p r i n c i p a l  v i o l e n c e ,  lest na- 
t u r e  r e a r  o u t  his h a r d  l a b o r  o r  b u r y  i t  under f i v e  m e t e r s  o f  f r e s h  a l l u v i u m ) .  

The s l a t e  does  not s imply  a b r a d e  t o  sand. The s o f t  r o c k  u p r o o t s  a l o n g  
c l e a v a g e s  and is eroded i n t o  i r r e g u l a r  b o u l d e r s  and c o b b l e s .  The s h a r p  e d g e s  
' l o c k  i n , '  forming a m a t r i x  o f  i n t e g r a t e d  overburden ,  r e l a t i v e l y  imperv ious  
t o  d i s p l a c e m e n t ,  u n t i l  t h e  p a r t i c u l a r  s to rm h i t s  t ha t  b u r s t s  t h e  r i v e r  bottom 
asunder  and s c o u r s  t h e  bedrock.  

Today, t h e  c h a c r a s  de  o r o  a r e  s t i l l  f a m e d ,  i n h e r i t e d  o v e r  t h e  genera -  
t i o n s  by i n d i g e n o u s  f o l k  who come down from t h e  a l t i p l a n o  when t h e  r a i n s  
briefly s u b s i d e .  The miners h a r v e s t  o n l y  a s  many s q u a r e s  as can  be worked i n  
a day (the r i v e r  cou ld  f l o o d  a t  any moment d u r i n g  t h e  y e a r ,  w i t h o u t  warning, 
and t h e  empty c e l l s  a r e  a weak l i n k  where t h e  enraged  waters may g a i n  pur-  
chase  on a  go ld  farm and d i s p o s e  of i t  down t he  Amazon). A d i v e r s i o n  d i t c h  
i s  d u g  a s  n e a r  t h e  workings  a s  p o s s i b l e  and l i n e d  w i t h  fleece o r  i n g e n i o s .  
The pay i s  c a r r i e d  from t h e  'empedrados '  (sluice) and washed. The b e t t e r  
chacras produce 0.3 gm (about  1/5 dwt) o f  gold/m2. 

I n c i d e n t a l l y ,  t h i s  method w i l l  n o t  work so  w e l l  up ' G r i z z l y  Bar C r i k '  
o f f  the Tanana-Yukon R i v e r s ,  e v e n  i f  the Alaska s t r e a m  is v e r y  r i c h  (Swift 
Water B i l l  o r  some o c h e r  sourdough p robab ly  s c r a p e d  bedrock t h e r e a b o u r s  in 
1905, anyway). I t  takes not  on ly  the unusua l  go ld  c o n t e n t  of t h e  Carabaya t o  
make a ' f a r m '  s o  r i c h ,  bu t  t h e  s p e c i f i c  i n t e r a c t i o n  among s o f t ,  i r r e g u l a r  
bedrock,  mighty rains, a n d  s t e e p ,  narrow canyons.  



LOGISTICS 

Viveres 

I have heard t h a t  g a r l i c  keeps t h e  vampires away ( f i g .  4 ) .  Once, I took 
5 k of t h i s  t a s t y  remedy down t o  the  Inambari bu t  much of i t  went sour  i n  the  
humidity of t h e  r a i n  f o r e s t .  The next  t r i p  I brought p len ty  of powdered 
' a j o '  ( g a r l i c )  from the S t a t e s .  The r e s t  of my p rov i s ions  I buy a t  the  
Campesino m a r k e t - i n  J u l i a c a  near  Lake Titicaca. Dried goods a re  e a s i l y  
a v a i l a b l e  s i n c e  r e f r i g e r a t i o n  is  not .  

My t y p i c a l  f a r e  inc ludes  a v a r i e t y  of beans, r i c e ,  mushrooms, peas ,  
'chunos' (dr ied  pota toes ;  t h a t  is,  a small  v a r i e t y  of t ube r s ,  grown high i n  
the  Andes, t h a t  a r e  s c a t t e r e d  on a d i r t y  t a r p  and trampled underfoot  t o  l e t  
any moisture escape, which leaves a we igh t l e s s  r e l i c  of a vege tab le  w i t h  a l l  
the f l a v o r  and t e x t u r e  of  moldy co rk ) ,  seaweed (beaucoup), o l i v e s ,  garbanzos, 
r o l l e d  o a t s ,  r o l l e d  wheat,  soy and corn f l o u r ,  'chaquepa' (coarse-ground bar-  
l ey )  ground 'canihuaca '  and 'quinua '  (good-tast ing g r a i n s  with much p r o t e i n ,  
not a v a i l a b l e  homeside), raisins, prunes, f i g s ,  almonds, b r a z i l  nuts, pea- 
n u t s ,  d r ied  c h e r r i e s  a n d  coconut,  j e l l i e s ,  powdered milk, cocoa, co f f ee ,  
' a p i  ' (a Bolivian d r ink  made of m a i z e ) ,  powdered f r u i t  d r i n k s ,  cinnatcon, 
oregano, a n i s e ,  sugar, honey, s a l t ,  numerous prepared soups and cereals and 
s p a g h e t t i s ,  o l i v e  o i l ,  mustard and o the r  sauces ,  margarine, crackers, cheese ,  
sausage ,  matches, c a r b o l i c  soap,  and candles .  

Figure 4. The au thor  i n spec t ing  gpm 
an unwanted but  benign g u e s t .  * 



I t r i p l e  wrap t h e  food w i t h  c l e a r  p l a s t i c  bags ,  i n  b a t c h e s  of s e v e r a l  
pounds, and sew t h e  l o t  i n t o  comfor tab le ,  mule-sized l o a d s  under t h r e e  t h i c k ,  
s y n t h e t i c  f i b e r  bags  f o r  p r o t e c t i o n  a g a i n s t  ' a r r i e r o s  ' (mulesk inners )  o r  an 
epidemic  of jungle cockroaches .  

C r i t t e r s  

The j u n g l e  may keep your h e a l t h  o r  wrack you. There  a r e  p i r a n h a ,  jag- 
uars, v i p e r s ,  and- vampires  ( i n  1974,  i n  a dugout between B o l i v i a  and B r a s i l ,  
L met a f o o t - t h i c k  anaconda t h a t  was q u i c k e r  t h a n  any o t h e r  l i v i n g  t h i n g ) .  
You awaken a t  n i g h t ,  t h i n k i n g  t h e  t i n  roof  of  the ' tambo' ( roadhouse)  Fa 
l e a k i n g ,  and f i n d  your  f a c e  o r  t o e  awash i n  b lood .  You may e n t e r  a ' v a c e '  
( c a v e ) ,  i n h a l e ,  and d i e  i n s a n e  ( t h e  b a t s  groom themselves  f a s t i d i o u s l y ,  and 
t h e i r  s p i t t l e  becomes volatilized). A b r e a t h  i n  t h e  d a r k  could  f i l l  your 
lungs  w i t h  r a b i e s - - i n s i d i o u s ,  m o r t a l ,  and f a r  from t h e  n e a r e s t  d i r t  road.  

Forge t  t h e  vampires .  The armor-pla ted  s c o r p i o n s ,  l a r g e r  t h a n  t h e  b i g  
t a r a n t u l a s ,  w i t h  l egs  and an tennae  o v e r  a  f o o t  l o n g  and mismatched, l o b s t e r -  
l i k e  claws, make r a b i d ,  f l y i n g  r a t s  seem benign.  

Forge t  t h e  s c o r p i o n s .  The i n s e c t s  are everywhere. They a r r i v e  from a l l  
d i r e c t i o n s  w i t h  a c h i t i n  biomass of many t o n s  t o  one remote ,  g r i n g o  s o u l .  
The q u a n c i t y  of ' b u g s '  is  s tupendous  and t h e  v a r i e t y  . . .  f a s c i n a t i n g ,  bu t  do ' 
not touch and t r y  t o  avoid  b e i n g  ' t o u c h e d . '  I am t o l d  t h e  ' t a b a n a s '  (horse -  
f l i e s )  have t h e i r  own s a i n t s  day.  I know they  have swords f o r  tongues. The 
'mantas b l a n c a s '  o r  ' w h i t e  s h a w l s '  ( n o - s e e - u ~ s )  dive through your mosqui to  
n e t t i n g  and h a i r  w i t h  t h e  e f f e c t  of  a c l u s t e r  bomb. The ' z a c c a p a l a s '  (cock- 
roaches  i n  Quechua) swarm i n  t i d e s  d u r i n g  t h e  f u l l  moon and e a t  a n y t h i n g  t h a t  
cannot  move away ( b e s t  t o  s p r i n k l e  your  buddy w i t h  a  l i t t l e  s u g a r  w a t e r  when 
h e  knocks o f f  f o r  t h e  n i g h t ) .  They w i l l  r i d d l e  even new, unused plastic con- 
t a i n e r s .  

S e t  a n  empty food c a n ,  unwashed, w i t h  h inged l i d  b e n t  down, on t h e  f l o o r  
f o r  t h e  n i g h t .  Come morning,  t a k e  i t ,  n igh  f u l l ,  o u t s i d e  t h e  h u t  and g a t h e r  
a quorum of ' p o l l o s '  ( c h i c k e n s ) .  The b i r d s  become f e a t h e r e d ,  squawking 
p i r a n h a ,  and t h e i r  eggs t h e  f o l l o w i n g  day,  w i t h  blood-red y o l k s ,  a r e  t h e  most 
s a t i s f y i n g  t h a t  I have known. 

Also t o o  common i s  t h e  ' s u t u t o '  o r  ' t o r n i l l o '  ( b o t  o r  t r o p f c a l  warb le  
f l y ) .  The p a r e n t  i n s e c t  may l a y  i t s  eggs  on your  l aundry  when i t ' s  s p r e a d  
o u t  on t h e  rocks t o  d r y .  Larvae  e n t e r  through p o r e s  o r  hair f o l l i c l e s  and 
g e s t a t e  f o r  2% t o  3 mo, growing from 18 t o  2 4  mm (an i n c h )  b e f o r e  h a t c h i n g .  
They squirm i n  your f l e s h  but a r e  r o o t e d  w i t h  too  many hooks t o  p luck .  A 
' g r i n g o  medico' ( c i t y  d o c t o r )  would c u t  t h e  p a r a s i t e  o u t ,  bu t  secondary in-  
f e c t i o n s  i n  t h e  jungle a r e  t r o u b l e .  A b e t t e r  way, a l s o  p a i n f u l ,  might be t o  
s u f f o c a t e  t h e  worm w i t h  tobacco j u i c e  under  t a p e .  Best, would be  t n  s t r a p  
some p i g  f a t  o v e r  i t s  h o l e .  Within a day  o r  two, t h e  ' t o r n i l l o '  shou ld  swap 
p l a c e s .  

The f i r e f l i e s  have two beacons  on t h e i r  heads w i t h  f lames t h a t  seem nev- 
e r  t o  e x p i r e .  The c a t e r p i l l a r s  d i s p l a y  c o l o r s  unimagined,  l a c e d  w i t h  t o x i c  
s p i n e s .  The b u t t e r f l i e s  a r e  b i t s  of ra inbows,  come unstuck and b u r s t  i n t o  



movement. Move down r i v e r  o r  up a mountain s l o p e  and a whole new multitude 
of . s p e c i e s  a p p e a r s .  Take your  ' g o r e t e x t  t e n t  i n t o  t h e  S e l v a  and a b i l l i o n  
l e a f - c u t t e r  a n t s  c o u l d  mis take  i t  ( o r  your  occup ied  s l e e p i n g  bag) f o r  food 
supplement and  no tch  t h e  l o t  w i t h  b i t e - s i z e  s k y l i g h t s  t o  l e t  i n  t h e  ambient  
monsoon. Once, I awoke, w r i t h i n g  i n  pa in .  t o  f i n d  myself covered w i t h  s e v e r -  
a l  houdred a n t s  chewing t h e  sweat  and sblt o u t  o f  my p o r e s .  A day l a t e r ,  I 
swam t h e  Inambar i ,  between a w h i r l p o o l  and t he  r a p i d s  below (my f i n g e r n a i l  
and t o o t h  marks a r e  probably  s t i l l  v i s i b l e  on t h e  moss-covered o p p o s i t e  
l e d g e ,  where I f i n a l l y  ground t o  a h a l t  a s h o r t  ways b e f o r e  t h e  mae l s t rom) .  
I s a t  t o  r e s t  i n  a  bamboo t h i c k e t  and though t  I had skewered my arm. S e v e r a l  
1%-in.-long a n t s  had welcomed my company wlth  open mandibles .  

E t  c e t e r a .  

F o r g e t  t h e  ants. Too many m i t e s  suck  blood.  O f t e n ,  t h e  host b e f o r e  you 
was i n f e c t e d .  A common malady (wanna s e e  my s c a r s ? )  i s  l e i s h m a n i a s i s ,  a k ind 
of p a r a l e p r o s y .  The t e x t b o o k s  s a y  ( i f  you s u r v i v e )  l e i s h m a n i a s i s  w i l l  c u r e  
i t s e l f . .  . s p o n t a n e o u s l y .  I heard  t h a t  a  German k i d ,  down r i v e r ,  lay i n  t h e  
j u n g l e  h o s p i t a l  u n t i l  t h e  d i s e a s e  a t e  h i s  t h r o a t  away. Go down t o  t h e  r i v e r  
t o  wash and get  b i t  by a sand f l e a .  The i n f e c t i o n  b e g i n s  a s  a  pimple bu t  
c o n t a i n s  p r o t o z o a  t h a t  e a t  f l e s h .  S h o r t l y ,  a l e s i o n  i s  groroing, wide ,  deep 
and s u r p r i s i n g l y  p a i n f u l .  I brought  w h a t  f u n g a c i d e s  I cou ld  purchase  i n  
L i m a ,  b o t h  grease and powder, t o  no a v a i l .  One day  i n  Pacu,  J u a n  Cordova 
asked why I d i d  no t  p u t  some ' c u t i - c u t i '  l e a v e s  on my u l c e r s .  I d i d .  I t  
worked, a g a i n  and a g a i n .  Good o l d  c u t i - c u t i .  

THE INCA 

F i g u r e  5 shows a tu rn -o f - the -cen tu ry  photo  (from Dick C o l l i n s '  c o l l e c -  
t i o n )  o f  t h e  m i l l  a t  t h e  San to  Domingo mine. It was e r e c t e d  i n  1890-91 by 
Velasco and E s t r a d a  and improved i n  1898 t o  what is shown here  by t h e  
Peruv ian  mining e n g i n e e r ,  Fuchs .  L a t e r ,  C h e s t e r  Brown, manager of t h e  Inca  
Mining Company, c o n s t r u c t e d  a n  e n t i r e l y  new m i l l  t h a t  h a s  l o n g  s i n c e  been 
' remontado'  (overgrown with j u n g l e ) .  

In 1981, I s p e n t  two weeks a t  t h e  s i t e  of t h e  San to  Domlngo. I sough t  
t h e  l o c a t i o n  of t h e  m i l l .  It was a  ways o f f  from t h e  v e s t i g e s  of t h e  mine. 
X waded up a c r e e k  t h a t  my r e s e a r c h  had i n d i c a t e d  and r e t u r n e d  t o  a  p l a c e ,  
the o n l y  one,  where t h e  s l o p e  was not q u i t e  s o  s t e e p .  I panned t h e  d i r t  
banks and d i s c o v e r e d  anomalous c o l o r s ,  mos t ly  s c h e e l i t e  and a b i t  of g o l d .  I 
c l imbed above,  c l e a r e d  an  a r e a  w i t h  my machete ,  and d e t e c t e d  r u s t e d  f ragments  
of  f o r g o ~ t e n  scrap-- - tools .  Nearby, I dug o r e  t a i l i n g s ,  at f i r s t  i n v i s i b l e ,  
from below t h e  muck, below t h e  r o o t s  o f  t he  f o r e s t .  I d i s c e r n e d  a n  o l d  d i t c h  
l i n e  t h a t  had led t o  a w a t e r  whee l .  The wheel ,  now s o  l o n g  s i l e n t ,  had 
powered the stamps where men once l a b o r e d  t o  b reak  go lden  rock .  

Today, t h e  sounds  a r e  d i f f e r e n t .  The 'Tunqui '  (a  flame-red cocka too)  
mutely  guards  i t s  c l i f f s i d e  chambers. The l a r g e ,  yel low and g r e e n  'Cuchos'  
b u i l d  meter- long,  teardrop-shaped n e s t s  t h a t  a r e  suspended from t h e  l imbs  
above t h e  r i v e r  and ,  l i k e  t h e  ' S t e l l a r '  j a y s  o f  home, e n f o r c e  c h e i r  presence 
with raucous  cries overhead.  The i n c r e d i b l e  chime of t h e  ' b e l l  b i r d '  r e -  



. I  F i g u r e  5 .  M i l l  a t  Santo Domingo 

gold mine, Peru .  # 

sounds through t h e  g reen  C e j a .  The p r i m o r d i a l  f o r e s t  l i v e s  on ... o b l i v i o u s  ro 
t h e  b r i e f  i n t e r r u p t i o n s  o €  mankind? 

GOING BACK TO SACRAMAYO 

There  i s  a p a r t i c u l a r  r i v e r  t h a t  I know, n o t  20 la i n  lengch. I t  d r a i n s  
a s t e e p  box canyon i n  t h e  C e j a .  I n  1849, t h i s  j u n g l e  s t r e a m  produced more 
gold t h a n  C a l i f o r n i a  s t r e a m s  produced i n  the same year. The Peruv ian  m i l i -  
t a r y  b u i l t  a  road from t h e  Inambar i  t o  t h e  s t r e a m ' s  headwaters .  Another 
well-used p a t h  already approached t h e  d i g g i n g s  from t h e  o p p o s i t e  side, u p  
a n o t h e r  ravine. Today, t h e r e  is  no ev idence  of  e i t h e r  trail on blow-ups of 
a e r i a l  pho tographs .  

The small r i v e r  h a s  t h r e e  t r i b u t a r i e s  that form i t :  the Pucamayo (Red 
River )  , where much of the gold was mined; t h e  Quimsarnayo (Third River), also 
very r i ch ;  and the Chaupimayo (Middle River),  untouched according to h i s t o r y  
and local a c c o u n t .  The d r a i n a g e  of t h e  Chaupimayo is s e v e r a l  t imes  t h a t  of 
t h e  ocher  two combined. It c a r v e s  sheer canyon w a l l s  f a r  up t h e  mouth---dan- 
gerous a c c e s s .  Above, p l e n t i f u l  ' t i g r e s  ' ( j a g u a r s )  and s e r p e n c s  a r e  w e l l  
noted by t h e  few old t i m e r s  aware o f  the r i v e r ' s  e x i s t e n c e .  Now, t h e y  c a l l  
i t  t h e  'Sacramayo' (Devil R i v e r ) .  



The aerials do show a trail, though, a bold strip, high up on t h e  moun- 
tain ridge. Tt is an Inca road. History does not mention it. The locals 
did not know it was there. It leads toward Devil River. 



FORMATION AhTD CHARACTERISTICS OF PLACER DEPOSITS 

BY 
D.W. Parkhurst ,  Mining Consultant 

P.O. Box 4179 
Carson C i ty ,  Nevada 89702 

INTRODUCTION 

The s u b j e c t  of t h i s  chapter  involves  a broad range o f  m a t e r i a l ,  and due 
t o  l imi t ed  space and time, I have condensed the information under s e v e r a l  
headings: p l ace r  d e r i v a t i o n ,  a l l u v i a l  p l a c e r s ,  beach and marine p l a c e r s ,  
r e s i d u a l  and e l u v i a l  p l a c e r s ,  dese r t  p l a c e r s ,  anc i en t  p l ace r s ,  g lac ia l - s t ream 
p l a c e r s ,  e o l i a n  p l a c e r s ,  and reconcentrated p l ace r s .  

For a bas ic  d e f i n i t i o n ,  a p l ace r  depos i t  can be described as any l oca l -  
i z e d  concent ra t ion  of heavier  and more durable  minera ls  t h a t  has r e su l t ed  
from s u r i a c e  e ros ion .  The most notab le  c h a r a c t e r i s t i c  of p l ace r  depos i t s  is  
t h a t  the major i ty  of them a r e  not t y p i c a l .  Each ind iv idua l  depos i t  tends t o  
be s l i g h t l y  unique, and,  i n  many p l a c e r s ,  t h e  type of ma te r i a l s  found i n  the 
depos i t  v a r i e s  cons iderably  over a r e l a t i v e l y  s h o r t  d i s t a n c e .  The more typ i -  
c a l  p l ace r  is usually one t h a t  has undergone ex tens ive  a l t e r a t i o n  subsequent 
t o  i t s  o r i g i n a l  formation. 

PLACER DERIVATION 

Mechanical concent ra t ion  of p l a c e r  minerals  i s  accomplished by g r a v i t y  
s epa ra t ion  of t he  heavier  and more durable  minerals  from the  l i g h t e r  and more 
so1ubl.e minerals  by the combined a c t i o n  of wind, water ,  and g r a v i t y .  I n  most 
i n s t ances ,  t h e  m a t e r i a l s ,  d i s i n t e g r a t e d  by mechanical weathering and chemical 
a c t i o n ,  move s lowly down s lope  t o  the  nea re s t  stream o r  s h o r e l i n e ,  where t h e  
moving water sweeps away the lighter minera l s ,  while  the heav ie r ,  more r e s i s -  
t a n t  minerals  s i n k  toward the  bottom. I n  r e s i d u a l  d e p o s i t s ,  wind, r a i n f a l l  
and chemical a c t i o n  gradual ly  s epa ra t e  the minera ls .  Eventua l ly ,  t h e  valu- 
a b l e  minerals contained i n  many thousands of tons  of matrix rock are  concen- 
c ra ted  i n t o  a r e l a t i v e l y  smal l  volume of sediment.  

Although gold i s  o f t e n  considered t he  most important mineral  i n  p l ace r  
d e p o s i t s ,  t h e r e  a re  many o the r  p l ace r  minera ls  which may occur i n  s u f f i c i e n t  
q u a n t i t i e s  t o  warrant an  economically viable mining ope ra t ion .  These inc lude  
c a s s i t e r i t e ,  chromite,  columbite ,  i lmen i t e ,  magnet i te ,  monazite, r u t i l e ,  
schee l i t e ,  t a n t a l i t e ,  zircon, and the platinum-group metals .  These minerals  
a r e  concent ra ted  i n  p l ace r  depos i t s  under the same condi t ions  t h a t  r e g u l a t e  
depos i t i on  of gold p a r t i c l e s .  Yiany of t hese  minerals a r e  being mined a s  p r i -  
mary economic commodities i n  some d e p o s i t s ,  and they a r e  a l s o  be ing  recovered 
a s  s i g n i f i c a n t  byproduct o r  coproduct minerals  i n  ocher  opera t ions .  Other 
minera l  d e p o s i t s  c h a t  r e s u l t  from r e s i d u a l  p l ace r  concent ra t ions  add t o  the  
l ist  of p l ace r  minerals  mentioned, inc luding  i r o n  ore ,  manganese, c o b a l t ,  
bauxi te ,  n i c k e l ,  phosphate,  kyan i t e ,  b a r i t e ,  ocher ,  and t i n .  



ALLUVIAL PLACERS 

A l l u v i a l  d e p o s i t s  a r e  formed where p l a c e r  m i n e r a l s  have been t r a n s p o r t e d  
by runn ing  w a t e r  t o  a  new l o c a t i o n ,  a s  i n  r i v e r s  ana  s t r e a m s .  Most of t h e s e  
p l a c e r s  a r e  c l a s s i f i e d  by t h e i r  l o c a t i o n  o r  type o f  f o r m a t i o n ,  such  a s  b a r ,  
a l l u v i a l  f a n ,  gu lch  o r  r a v i n e ,  c r e e k ,  s t r e a m  o r  r i v e r ,  bench o r  t e r r a c e ,  and 
d e l t a  o r  f l o o d - p l a i n  d e p o s i t .  Some of t h e s e  p l a c e r s  have l i t t l e  o r  no r e l a -  
t i o n s h i p  w i t h  t h e  p r e s e n t  topography, depending upon t h e  g e o l o g i c  c o n d i t i o n s  
when and s i n c e  they  were formed. Some d e p o s i t s  a r e  found on t h e  t o p s  o r  
s i d e s  of hills, where they  were l e f t  by str-eams t h a t  changed d i r e c t i o n  o r  
t h a t  d i sappeared  e n t i r e l y  as  t h e  s u r f a c e  of t h e  e a r t h  changed due t o  c r u s t a l  
u p l i f t  o r  subs idence .  Also ,  as  s t r e a m s  o r  r i v e r s  c u t  d e e p e r  i n t o  rock  s t r a t a  
o r  t h e  d i r e c t i o n  of f l o w  changes ,  g r a v e l  b a r s  a r e  o f t e n  l e f t  behind a t  h i g h e r  
e l e v a t i o n s .  

The p r o c e s s  of mechan ica l  c o n c e n t r a t i o n  i n  w a t e r  i n v o l v e s  t h e  size, 
shape ,  and s p e c i f i c  g r a v i t y  o f  t h e  m i n e r a l  p a r t i c l e s  and t h e  v e l o c i t y  and 
movement of t h e  wate r  body. Heavier  p a r t i c l e s  s i n k  more r a p i d l y  i n  water 
than  l i g h t e r  ones  of  t h e  same s i z e ,  and t h e  r a t i o  between t h e i r  r e s p e c r i v e  
s p e c i f i c  g r a v i t i e s  i s  h i g h e r  i n  w e t e r  than  i t  is  i n  a i r .  The s e t t l i n g  r a r e  
of the p a r t i c l e s  i s  a l s o  a f f e c t e d  by t h e i r  s u r f a c e  a r e a :  when two p a r t i c l e s  
have t h e  same weight b u t  d i f f e r  i n  s i z e ,  t h e  smaller  w i l l  s i n k  more r a p i d l y .  
In  a d d i t i o n ,  t h e  shape of t h e  p a r t i c l e s  a f f e c t s  t h e i r  s e t t l i n g  r a t e ,  a s  a 
rounded p a r t i c l e  w i l l  s e t t l e  much more r a p i d l y  than  a f l a t  o r  c o a r s e  p a r t i -  
c l e .  

The a b i l i t y  of f lowing  w a t e r  t o  move o r  t r a n s p o r t  a s o l i d  o b j e c t  depends 
on t h e  v e l o c i t y  of t h e  w a t e r  and v a r i e s  a c c o r d i n g  t o  t h e  s q u a r e  of  i t s  ve- 
l o c i t y .  If t h e  v e l o c i t y  d o u b l e s ,  t h e  t r a n s p o r t i n g  power i n c r e a s e s  t o  a b o u t  
f o u r  times t h e  o r i g i n a l  f o r c e .  Conversely ,  i f  t h e  v e l o c i t y  i s  h a l v e d ,  most 
of t h e  load is  dropped.  Most p l a c e r  d e p o s i t s  are  formed wherever  t h e  c u r r e n t  
f low d e c r e a s e s .  

Accumulation of p l a c e r  m i n e r a l s  i n  g r a v e l  d e p o s i t s  r e q u i r e s  a  long-con- 
t i n u e d  ad jus tment  between w a t e r  v e l o c i t y  and t h e  amount of m a t e r i a l  traas- 
p o r t e d ,  a s  w e l l  a s  a f a i r l y  c o n t i n u o u s  s u p p l y  of p l a c e r  m i n e r a l s .  Lindgren 
(1933) no ted  t h a t  t h e  l a r g e s t  and r i c h e s t  p l ace r  d e p o s i t s  a r e  formed i n  
streams and r i v e r s  t h a t  have a g r a d i e n t  of abou t  30 ft/mi. The g r a v e l s  can- 
n o t  be t o o  t h i c k ,  have t o  be moving s l o w l y  downstream, and have t o  be wa te r -  
soaked f o r  a ' j i g g i n g '  a c t i o n  t o  occur .  The p r e s e n c e  o r  absence  of  t h e s e  
c o n d i t i o n s  l a r g e l y  d e t e r m i n e s  whether  t h e  p l a c e r  m i n e r a l s  accumulate  o r  a r e  
d i s p e r s e d  th roughout  t h e  g r a v e l  mass. 

A c o n s t a n t  f l o w  o f  w a t e r  will produce wel l - rounded and smoother g r a v e l s ,  
because  of t h e  c o n r i n u a l  a b r a s i o n  between i n d i v i d u a l  r o c k s  i n  t h e  mass. Abra- 
s i o n  a l s o  r e l e a s e s  more p l a c e r  m i n e r a l s  by wear ing  away t h e  h o s t  rock. A s  
t h e  p l a c e r  m i n e r a l s  a r e  r e l e a s e d ,  t h e y  are e i t h e r  pounded'and f l a t t e n e d ,  o r  
f r a c t u r e d  and ground i n t o  f i n e  g r a n u l e s ,  depending upon their m a l l e a b i l i t y  o r  
b r i t t l e n e s s .  

Water t u r b u l e n c e  i n  s t r e a m  c u r r e n t s  i s  s i m i l a r  t o  t h e  upward p u l s a t i o n s  
and v i b r a t i o n s  o f  jigs and  t a b l e s  used f o r  c o n c e n t r a t i n g  o r e s .  The s h a k i n g  



a c t i o n  t e n d s  t o  move t h e  l i g h t e r  p a r t i c l e s  upward, e n a b l i n g  t h e  h e a v i e r  
m i n e r a l s  t o  move downward and g r a d u a l l y  c o n c e n t r a t e  toward t h e  bottom of t h e  
channe l .  A change i n  g r a d i e n t ,  an  o b s t r u c t i o n ,  o r  a meandering o r  widen ing  
of a w a t e r c o u r s e  a l l  produce c o n d i t i o n s  t h a t  a l l o w  h e a v i e r  p lacer  m i n e r a l s  t o  
drop and accumulate .  

The most f a v o r a b l e  r e g i o n s  f o r  p l a c e r  d e p o s i t i o n  a r e  u s u a l l y  t h o s e  t h a t  
have a p p r e c i a b l e  topograph ic  r e l i e f  and c o n t a i n  h i g h l y  m i n e r a l i z e d  r o c k  for -  
ma t i o n s  t h a t  h a v e  undergone e x t e n s i v e  decay  and e r o s i o n .  Sometimes even more 
f a v o r a b l e  l o c a l i t i e s  a r e  t h o s e  t h a t  have undergone r e c e n t  g e o l o g i c  u p l i f t .  
The newly i n c i s e d  r a v i n e s  and canyons expose  o l d e r  g r a v e l  s t r u c t u r e s ,  which 
results i n  rewashing and r e c o n c e n t r a t i o n  of  p r e u p l i f t  g r a v e l s .  G e n e r a l l y ,  
t h e  more t imes  such r e c o n c e n t r a t i o n  o f  o l d e r  g r a v e l s  t a k e s  p l a c e ,  t h e  h igher  
the d e g r e e  of c o n c e n t r a t i o n  o b t a i n e d  i n  t h e  newer p l a c e r  d e p o s i t s .  In  some 
c a s e s ,  however, t h e  p l a c e r  v a l u e s  c o n t a i n e d  i n  t h e  o l d e r  d e p o s i t s  a r e  d i s -  
persed th roughout  l a r g e r  volumes of younger g r a v e l s .  

Most r i v e r  and s t r e a m  g r a v e l  d e p o s i t s  w i l l  have b a r r e n  s t r e t c h e s  among 
t h e  r i c h e r  c o n c e n t r a t i o n s  i n  p o c k e t s ,  b a r s ,  bends ,  and ' s t r e a k s . '  The r i c h e r  
p l a c e r  d e p o s i t s  a r e  u s u a l l y  found on the i n s i d e  c u r v e  of meandering s t r e a m s ,  
i n  p o c k e t s  behind b o u l d e r s ,  i n  g r a v e l  b a r s  t h a t  accumulate  d i r e c t l y  below 
major o b s t r u c t i o n s  t o  w a t e r  f low,  and i n  a r e a s  w h e r e  t h e  channe l  widens  o r  
l e v e l s  o f f  immediate ly  below a narrow o r  s t e e p  s e c t i o n  of t h e  w a t e r c o u r s e .  
I n  a r e a s  w i t h  a h i g h  s t r e a m  g r a d i e n t ,  v e r y  l i t t l e  p l a c e r  m a t e r i a l  w i l l  accu-  
mula te  I n  t h e  g o r g e s  because  heavy runof f  u s u a l l y  s c o u r s  t h e  stream bed. 

O l d e r ,  i n t a c t  a l l u v i a l  g r a v e l  d e p o s i t s ,  such a s  bench o r  t e r r a c e  depos- 
its o r  s t r eam c h a n n e l s  where f low was c u t  o f f ,  u s u a l l y  e x h i b i t  a pronounced 
' l a y e r i n g '  e f f e c t .  S e p a r a t e  and d i s t i n c t  l a y e r s  of g r a v e l s  cha t  have an ob- 
v i o u s  s e p a r a t i o n ,  bo th  by type oE m a t e r i a l  and mineral c o n t e n t  i n  each l a y e r ,  
r e f l e c c  t h e  c o n d i t i o n s  e x i s t i n g  a t  t h e  t ime  each i n d i v i d u a l  l a y e r  was depos- 
i t e d .  Some of t h e  layers may c a r r y  s i g n i f i c a n t  p l a c e r  v a l u e s ,  whereas  o t h e r s  
are r e l a t i v e l y  b a r r e n .  The r i c h e r  g r a v e l  a r e a s  may o r  may n o t  b e a r  a  r e l a -  
t i ~ n  t o  bedrock.  Deposits have been found where tbe  b u l k  of t h e  p l a c e r  
m i n e r a l s  occur  a t  o r  near t h e  s u r f a c e ,  whereas t h e  d e e p e r  g r a v e l s  a r e  r e l a -  
t i v e l y  b a r r e n .  I n  o t h e r  d e p o s i t s ,  t h e  m i n e r a l  o c c u r r e n c e  is r e v e r s e d .  

A l l u v i a l - f a n  g r a v e l  d e p o s i t s  a r e  normal ly  a  combinat ion of  m u l t i p l e  
channel  sys tems,  d e p o s i t e d  d u r i n g  p e r i o d s  of  heavy runof f  o r  f l a s h  f l o o d i n g ,  
t h a t  i n t e r l a c e  bench and t e r r a c e  g r a v e l s .  I n  w e t t e r  c l i m a t e s ,  channe l  grav- 
e l s  and m i n e r a l  p a r t i c l e s  s t r o n g l y  resemble  t h o s e  found i n  most s t r e a m  and 
r i v e r  p l a c e r s .  Bench and t e r r a c e  g r a v e l s  can b e  s i m i l a r  t o  c h a n n e l  d e p o s i t s  
bu t  are  more o f t e n  combina t ions  of  well-rounded and smooth g r a v e l  w i t h  angu- 
l a r  and subangu la r  m a t e r i a l .  Minera l  p a r t i c l e s  i n  bench and t e r r a c e  d e p o s i t s  
a l s o  v a r y  c o n s i d e r a b l y .  They can  b e  smooth and  rounded,  f l a t  o r  f l a k y ,  o r  
ex t remely  c o a r s e  and jagged.  Fan gravels a r e  normal ly  ~ e p o s i t e d  a t  t h e  mouth 
of canyons o r  r - i v e r s  i n  s l o p i n g  t e r r a i n .  Fan g r a v e l s  i n  d r y  cLimates  are 
e n t i r e l y  d i f f e r e n t ,  as  will be  d e s c r i b e d  l a t e r .  

R i v e r - d e l t a  and f l o o d - p l a i n  d e p o s i t s  are more d i f f i c u l t  t o  c l a s s i f y  be- 
cause  they  normal ly  g r a d e  i n t o  r i v e r - c h a n n e l  and bench p l a c e r s .  These depos- 
i ts  a r e  found where r i v e r s  o r  s t r e a m s  e n t e r  s t a n d i n g  b o d i e s  of  w a t e r ,  low- 



l y i n g  v a l l e y s ,  o r  wiar, f l a t  canyons.  The d e l t a  and f l o o d - p l a i n  p l a c e r s  a r e  
s i m i l a r  t o  r i v e r  p l a c e r s  e x c e p t  t h e  d e l t a  and f l o o d - p l a i n  p l a c e r s  a r e  con- 
s i d e r a b l y  more l a y e r e d ,  much l a r g e r  i n  s i z e ,  and c o n t a i n  m i n e r a l  p a r t i c l e s  
t h a t  a r e  u s u a l l y  s m a l l e r  and  d i s t r i b u t e d  th roughout  a g r e a t e r  volume o f  grav-  
el. Because most f l o o d - p l a i n  and d e l t a  d e p o s i t s  a r e  formed by a s h i f t i n g  i n  
t h e  r i v e r  c h a n n e l s  and f l a s h  f l o o d i n g ,  t h e  p l a c e r  m i n e r a l s  a r e  more l i k e l y  t o  
be d i s t r i b u t e d  over  a  much g r e a t e r  l a t e r a l  and v e r t i c a l  e x t e n t .  Also ,  s i n c e  
the w a t e r s  f lowing  o v e r  f l o o d  p l a i n s  normal ly  have a  low v e l o c i t y ,  e x c e p t  i n  
t imes  of f l o o d i n g ,  t h e  p l a c e r  m i n e r a l s  a r e  u s u a l l y  composed of s m a l l  t o  ex- 
t r emely  f i n e  p a r t i c l e s .  L a r g e r  m i n e r a l  p a r t i c l e s  w i l l  normal ly  be  dropped a t  
the  upper  edge of t h e  d e l t a ,  where water v e l o c i t y  i s  d r a s t i c a l l y  r e d u c e d .  
Most o f  t h e  d e l t a  and f l o o d - p l a i n  d e p o s i t s  a r e  f a i r l y  permanent,  a l t h o u g h  
s u r f a c e  m a t e r i a l s  a r e  s u b j e c t e d  t o  o c c a s i o n a l  f l o o d  wash and e r o s i o n .  

Because of t h e i r  g r e a t e r  volume and  more g e n e r a l  d i s t r i b u t i o n  of p l a c e r  
v a l u e s ,  f l o o d - p l a i n  , a l l u v i a l - f a n  , and r i v e r - d e l t a  d e p o s i t s  have been mined 
e x t e n s i v e l y  by  means of low-cost b u c k e t - l i n e  d r e d g e s .  Most placer p r o d u c t i o n  
i n  t h e  p a s t  was o b t a i n e d  from d e p o s i t s  o f  this t y p e ,  and s e v e r a l  d r e d g i n g  
o p e r a t i o n s  today a re  s t i l l  o p e r a t i n g  p r o f i t a b l y  i n  them. 

BEACH Ah?) MARINE PLACERS 

Many economical  beach and marine p l a c e r  d e p o s i t s  have been d i s c o v e r e d  
and mined throughout  t h e  world and have produced significant q u a n t i t i e s  of 
g o l d ,  monaz i t e ,  plat inum-group m e t a l s ,  p r e c i o u s  s t o n e s ,  t i n ,  t i t a n i u m ,  
z i r c o n ,  and s e v e r a l  o t h e r  m i n e r a l  commodities.  Beach sands  a r e  c u r r e n ~ l y  t h e  
major s o u r c e  o f  monaz i t e ,  a  r a r e - e a r t h  phospha te ,  and z i r c o n ,  a z i rcon ium 
s i l i c a t e .  Large q u a n t i t i e s  of p l a c e r  g o l d  have been e x t r a c t e d  from beach 
p l a c e r s  i o  t h e  p a s t ,  and l a r g e - s c a l e  b u c k e t - l i n e  d redg ing  o p e r a t i o n s  a r e  
p r e s e n t l y  be ing  conducted i n  s e v e r a l  l o c a l i t i e s .  

Mechanical  c o n c e n t r a t i o n  of m i n e r a l s  i n  beach and marine  p l a c e r s  i s  s i m -  
i l a r ,  bu t  no t  i d e n t i c a l ,  t o  c o n c e n t r a t  ion  of m i n e r a l s  i n  s t r e a m  p l a c e r s .  
Only  t h o s e  m i n e r a l s  p o s s e s s i n g  a h igh  s p e c i f i c  g r a v i t y ,  ba rdness  , o r  mal- 
l e a b i l i  t y  and a  r e s i s t a n c e  t o  chemica l  decomposi t ion w i l l  be c o n c e n t r a t e d  
i n t o  p r o f i t a b l e  p l a c e r s .  Waves and t i d a l  a c t i o n  on beaches  c a u s e s  con t inuous  
movement of s u r f a c e  sand and g r a v e l .  The r e s u l t i n g  f r i c t i o n  between p a r t i -  
c l e s  g r a d u a l l y  g r i n d s  t h e  m a t e r i a l s  i n t o  a f i n e  sand. L i g h t e r  and l e s s  r e -  
sistant m a t e r i a l  i s  washed away, whereas h e a v i e r  and more d u r a b l e  m i n e r a l s  
s e t t l e  s lowly  toward t h e  bot tom.  Less c h e m i c a l l y  r e s i s t a n t  m i n e r a l s  a r e  d i s -  
so lved  and removed. 

Wave a c t i o n  produces  a pounding and v i b r a t i n g  e f f e c t  t h a t  t e n d s  t o  shake 
the  mass of m a t e r i a l  and c a u s e s  t h e  h e a v i e r  m i n e r a l  p a r t i c l e s  t o  s e t t l e  down- 
ward. T h i s  jigging a c t i o n  s lowly  c o n c e n t r a t e s  t h e  heavy m i n e r a l s  on t h e  
first impervious  l a y e r  of clay o r  on bedrock benea th  t h e  sediment  s u r f a c e .  
Over long  p e r i o d s  o f  t i m e ,  t h i s  s o r t i n g  and c o n c e n t r a t i n g  p r o c e s s  can reduce 
a tremendous volume of s a n d  and  g r a v e l  i n t o  a r e l a t i v e l y  t h i n  layer t h a t  con- 
t a i n s  a l m o s t  a l l  of t h e  h e a v i e r  and more r e s i s t a n t  m i n e r a l s  o r i g i n a l l y  d i s -  
t r i b u t e d  throughout  t h e  l a r g e r  mass. Tidal a c t i o n  and s h o r e l i n e  c u r r e n t s  a i d  
i n  t h e  p r o c e s s  by c o n t i n u a l l y  removing t h e  l i g h t e r  m a t e r i a l s  and by b r i n g i n g  
i n  a d d i t i o n a l  heavy m a t e r i a l  f o r  s o r t i n g .  



In some a r e a s ,  lode depos i t s  o r  massive rock formations t h a t  con ta in  
widely disseminated p l ace r  minerals  a r e  eroded by these  same processes ,  which 
produces a combination of an e l u v i a l  o r  r e s i d u a l  p l ace r  i n  a  beach p l a c e r .  A 
similzr concen t r a t ion  of p l ace r  minera ls  occurs  where r i v e r  d e l t a s  and 
a l l u v i a l  f a n s  are reworked by constanr  wave and t i d a l  a c t i o n .  

Beach p l a c e r s  a r e  found not only along a r e a s  bordering the  oceans but  
a l s o  on fresh-water-lake s h o r e l i n e s ,  on anc ien t  ocean beaches now loca ted  f a r  
i n l a n d ,  and on s h b r e l i n e s  of anc i en t  lakes t h a t  have long s i n c e  disappeared.  

Geologic u p l i f t  and subsidence of c o a s t a l  reg ions  o f t e n  d i s p l a c e s  beach 
depos i t s  from t h e i r  o r i g i n a l  p o s i t i o n  by s e v e r a l  f e e t  t o  s e v e r a l  thousand 
f e e t  i n  e l e v a t i o n .  A s  a  r e s u l t ,  economic beach p l a c e r s  can now be loca ted  i n  
underwater a r e a s  o r  s e v e r a l  mi les  in land  from the present  s h o r e l i n e .  Lind- 
gren (1933) makes re ference  t o  two o lde r  beach l i n e s  t h a t  were u p l i f t e d  i n  
Alaska, both of which contained s i g n i f i c a n t  p l ace r  go ld .  

More r ecen t ly ,  a major e f f o r t  has been organized t o  dredge submerged 
g r a v e l s  o f f sho re  of Nome, Alaska. T h i s  depos i t  has been repor ted  a s  a r i v e r -  
d e l t a  formation t h a t  has been reworked by wave and tidal a c t i o n .  Another 
beach p l ace r  has been worked f o r  platinum values  a t  Goodnews Bay f o r  a cumber 
of years .  

Most beach p l ace r s  a r e  cha rac t e r i zed  by thin-bedded and l e n t i c u l a r  
p lacer  concent ra t ions  t h a t  conta in  f i n e  t o  extremely f i n e ,  smooth- p a r t i c l e s  
of p l ace r  minera ls ;  t h e  bulk of the m a t e r i a l  i s  very f i n e  sand. 

RESIDUAL AND ELUVIAL PLACERS 

Concentrat ion cf p l ace r  minera ls  i n  both r e s i d u a l  and e l u v i a l  p l a c e r s  is  
accomplished almost e n t i r e l y  by d i s i n t e g r a r i o n  of minera l ized  rock i n  a r e l a -  
t i v e l y  confined a rea .  Residual  p l ace r s  a r e  formed by in-place decompositfon 
of mineral-bearing formations o r  o re  d e p o s i t s  on r e l a t i v e l y  flat t e r r a i n ,  
whereas e l u v i a l  p l a c e r s  r e s u l t  from s i m i l a r  cond i t i ons  a c t i n g  upon rocks t h a t  
a r e  l oca t ed  i n  s lop ing  t e r r a i n .  

The bas i c  d i f f e r e n c e  between the two types of p l a c e r s  i s  t h a t  e l u v i a l  
depos i t s  a r e  subjec ted  t o  g r e a t e r  g r a v i t y  movement and t r a n s i t i o n a l  creep and 
t o  more movement by r a i n f a l l  and water  runoff  because of t he  s lop ing  t e r r a i n .  
A s  a consequence, t he  h ighes t  concent ra t ion  of p l ace r  minerals  i n  an e l u v i a l  
depos i t  is usua l ly  near the  bottom of a s lope  or  i n  a t h i n  l a y e r  near bedrock 
t h a t  extends a  s h o r t  d i s t a n c e  down slope from the  source.  

Since res idua l -p lacer  minera ls  a r e  eroded i n  p l ace ,  they a r e  normally 
s u b j e c t  only t o  v e r t i c a l  movement as  t h e  rock d i s i n t e g r a t e s  and t h e  heavier  
and more durable  mineral  p a r t i c l e s  migrate  downward. A c e r t a i n  amount of 
s o r t i n g  and concent ra t ion  o f  minerals  i s  e f f e c t e d  by t h e  combined a c t i o n  of 
wind and p r e c i p i t a t i o n ,  but the concent ra t ion  of valuable minerals  i s  l a r g e l y  
dependent upon the minera ls '  r e l a t i v e  abundance i n  each u n i t  vclume 05 the 
decomposing hos t  rock. Richer p l a c e r s  form by d i s i n t e g r a t i o n  of higher  grade 
o r e s  o r  d e e p ,  ex tens ive  decay of massive mineralized formations,  whereas l o w -  
er grade depos i t s  form by decomposition of low-grade o r e s ,  t h e  s u p e r f i c i a l  



decay  of  m i n e r a l i z e d  f o r m a t i o n s ,  o r  p a r t i a l  d i s i n t e g r a t i o n  of h i g h e r  g rade  
o r e  m i n e r a l s .  

Another  form of  r e s i d u a l  and e l u v i a l  p l a c e r  i s  found i n  r e g i o n s  where 
mass ive  rock  f o r m a t i o n s  have undergone deep w e a t h e r i n g ,  which p roduces  l a r g e  
p l a c e r  c o n c e n t r a t i o n s  t h a t  r e semble  p r imary  o r e  d e p o s i t s .  Most o f  t h e s e  de- 
p o s i t s  a r e  found i n  t r o p i c a l  and s u b c r o p i c a l  r e g i o n s ,  where t he  c o n d i t i o n s  
a r e  conducive  t o  . ex tens ive  rock  decay ,  o r  i n  a r e a s  where t r o p i c a l  c o n d i t i o n s  
were p r e s e n t  i n  t h e  p a s t .  These d e p o s i t s  are formed o v e r  e x t r e m e l y  long  pe- 
r i o d s  o f  t ime;  t h u s  c o n s t i t u e n t  m i n e r a l s  have o f t e n  undergone c o n s i d e r a b l e  
a l t e r a t i o n  i n  bo th  p h y s i c a l  c h a r a c t e r  and chemical  compos i t ion .  Many of  
t h e s e  d e p o s i t s  a r e  mined by open-p i t  methods f o r  i r o n ,  a lumina ,  o r  c l a y .  
They o f t e n  c o n t a i n  s i g n i f i c a n t  q u a n t i t i e s  o f  o t h e r  i n t e r b e d d e d  p l a c e r  mlner- 
a l s ,  which  can be  e x t r a c t e d  a s  b y p r o d u c t s .  

R e s i d u a l  p l a c e r s  a r e  sometimes c a l l e d  'seam d i g g i n s , '  and they have been 
found on t o p  o f  s e v e r a l  n o t a b l e  l o d e  d e p o s i t s .  The ' r o o t s '  o f  v e i n  s t r u c -  
c u r e s  o r  o r e  b o d i e s  a r e  normal ly  found ' d i r e c t l y  beneath r e s i d u a l  concen- 
t r a t i o n s ,  e x c e p t  where d e e p e r  w e a t h e r i n g  h a s  comple te ly  d i s i n t e g r a t e d  t h e  
o r i g i n a l  h o s t  rock.  E l u v i a l  p l a c e r s  a r e  commonly found d i r e c t l y  below o r e  
d e p o s i t s  from which t h e y  o r i g i n a t e d  and a r e  o f t e n  c a l l e d  ' h i l l s i d e '  p l a c e r s .  
Var ious  combina t ions  of  t h e  two t y p e s  of  p l a c e r s  a r e  commonly found t o g e t h e r  
n e a r  rhe  o r i g i n a l  s o u r c e  of m i n e r a l i z a t i o n .  

R e s i d u a l  r e c o n c e n t r a t i o n s  of  p l a c e r  v a l u e s  a l s o  o c c u r  on top  of o l d e r  
a l l u v i a l  p l a c e r s ,  p a r t i c u l a r l y  t h o s e  which have been either l e f t  a s  t e r r a c e  
g r a v e l s  o r  have undergone u p l i f t  subsequen t  t o  t h e i r  d e p o s i t i o n .  This some- 
times produces  r i c h e r  s u r f a c e  c o n c e n t r a t i o n s  on t h e  t o p  o f  lower g rade  s t r e a m  
g r a v e l s .  In  s l o p i n g  t e r r a i n ,  t h i s  r e c o n c e n t r a t i o n  of  s u r f a c e  g r a v e l  is f u r -  
t h e r  enhanced by wind, rainfall, and r u n o f f .  I n  some a reas ,  t h i s  form of 
r e s idua l .  r e c o n c e n t r a t i o n  produces  h i g h e r  g rade  s u r f a c e  g r a v e l s  t h a n  t h o s e  
found toward t h e  bottom o f  t h e  d e p o s i t .  

The p h y s i c a l  c h a r a c t e r i s t i c s  of r e s i d u a l  and e l u v i a l  p l a c e r  m a t e r i a l s  
a r e  q u i t e  d i s t i n c t .  The b u l k  o f  t h e  gravels a r e  v e r y  rough,  j agged ,  and ao- 
g u l a r ,  w i t h  l i t t l e  ev idence  o f  t h e  round ing  and p o l i s h i n g  t y p i c a l  of 
s t r eam-p lace r  g r a v e l s .  M e t a l l i c  p a r t i c l e s  and m i n e r a l  compounds, u n l e s s  
chemica l ly  a l t e r e d ,  w i l l  r e t a i n  most of  t h e  same physical c h a r a c t e r i s t i c s  
t h a t  were p r e s e n t  o r i g i n a l l y .  I n t a c t  c r y s t a l s  a r e  common, a s  w e l l  as  rough 
and c o a r s e  m e t a l l i c  p a r t i c l e s .  S o l u b l e  s a l t s  commonly form e n c r u s t a t i o n s  on 
t h e  r o c k s  o r ,  i f  the s o i l  and g r a v e l  is  permeable ,  form l a y e r s  of c a l i c h e ,  
c l a y s ,  o r  e n c r u s t a t i o n s  n e a r  bedrock o r  t h e  p r e v a i l i n g  w a t e r  t a b l e .  

An impor tan t  c o n s i d e r a t i o n  shou ld  be t a k e n  i n t o  accoun t  when d e a l i n g  
with t h e s e  t y p e s  of p l a c e r s .  S i n c e  t h e  m i n e r a l i z e d  r o c k s  have been s u b j e c t e d  
t o  minimal decompos i t ion ,  and a b r a s i v e  a c t i o n  between t he  r o c k s  is  p r a c t i c a l -  
l y  n o n e x i s t e n t ,  a s i g n i f i c a n t  p e r c e n t a g e  of t h e  m i n e r a l  values w i l l  probably  
be locked  i n  p i e c e s  of t h e  o r i g i n a l  h o s t  rock .  This i s  p a r t i c u l a r l y  so if 
t h e  m a t r i x  m a t e r i s l  i s  q u a r t z ,  o r  some o t h e r  hard  and d u r a b l e  r o c k ,  o r  i f  t h e  
v a l u a b l e  m i n e r a l  p a r t i c l e s  a r e  p redominan t ly  v e r y  s m a l l .  Because t h e r e  i s  
normal ly  on ly  a  s u p e r f i c i a l  c o n c e n t r a t i o n  of p l a c e r  m i n e r a l s  i n  t h e s e  



d e p o s i t s ,  t h e  h i g h e r  g r a d e  c o n c e n t r a t i o n s  w i l l  tend t o  be h i g h l y  e r r a t i c  and 
localized. 

C o n d i t i o n s  conducive  t o  t h e  f o r m a t i o n  of e l u v i a l  and r e s i d u a l  p l a c e r s  
e x i s t  wherever o l d e r  m i n e r a l i z e d  f o r m a t i o n s  have been s u b j e c t e d  t o  decomposi- 
t i o n  and e r o s i o n  o v e r  ex t remely  long pe r iods  of t i m e  o r  where s o f t e r  o r e  
m i n e r a l s  have d i s i n t e g r a t e d  o v e r  s h o r t e r  p e r i o d s  of t ime.  

DESERT PLACERS 

Depending on t h e  g e o l o g i c  t ime p e r i o d  and t h e  c o n d i t i o n s  under  which 
t h e y  were formed, d e s e r t  p l a c e r s  form by any of s e v e n  b a s i c  p r o c e s s e s  o f  
p l a c e r  f o r m a t i o n ,  namely: a l l u v i a l ,  e l u v i a l ,  r e s i d u a l ,  g l a c i a l  stream, 
e o l i a n ,  beach,  o r  mar ine .  Many of t h e  o r i g i n a l  forms of p l a c e r  d e p o s i t i o n  
have been p a r t i a l l y  o r  wholly a l t e r e d  by changing c o n d i t i o n s  throughout  geo- 
l o g i c  t ime.  

D e s e r t  g r a v e l s  a r e  g e n e r a l l y  composed of a n g u l a r  and subangu la r  mate- 
r i a l s ,  t h e  b u l k  of which shows v e r y  l i t t l e ,  i f  any ,  rounding o r  smoothing a s  
a  r e s u l t  of s t r e a m  a c t i o n .  Due t o  t h e  absence  of  c o n s t a n t  w a t e r  f low and t h e  
roughness  of  g r a v e l ,  t h e  heavy p l a c e r  m i n e r a l s  u s u a l l y  can not work t h e i r  way 
down t o  c l a y  o r  bedrock as  r a p i d l y  a s  they  would i n  a s r e a d i l y  f lowing  
s tream. Being suspended a t  h i g h e r  l e v e l s  i n  t h e  g r a v e l ,  t h e  p l a c e r  m i n e r a l s  
a r e  more a c c e s s i b l e  t o  secondary movement by subsequen t  s u r g e s  of h i g h  run- 
o f f .  Because of t h e  tremendous c u t t i n g  power and  t u r b u l e n c e  a s s o c i a t e d  with 
sudden surges o f  heavy water f low,  t h e  m i n e r a l  p a r t i c l e s  a r e  r e d i s t r i b u t e d  
th roughout  l a r g e  volumes of g r a v e l .  Unless  t h e r e  are subsequent  extended 
p e r i o d s  of f a i r l y  c o n s t a n t  s t r e a m  f low,  t h e  heavy m e t a l l i c  p a r t i c l e s  have 
v e r y  little chance of b e i n g  s o r t e d  and concen t raced  i n t o  conf ined  p l a c e r  de- 
p o s i t s .  

For t h e s e  r e a s o n s ,  most d e s e r t  p l a c e r s  tend t o  have a fairly even dis- 
t r i b u t i o n  of smal l - to  medium-sized m i n e r a l  p a r t i c l e s  mixed in the g r a v e l  
mass. I t  i s  a l s o  not uecommon t o  f i n d  l a r g e r  and h e a v i e r  p a r t i c l e e  n e a r  t h e  
s u r f a c e  w i t h  s m a l l e r  p a r t i c l e s  l o c a t e d  a t  v a r i o u s  l e v e l s  benea th .  T h i s  re- 
s u l t s  because  s m a l l e r  p a r t i c l e s  can work t h e i r  way downward more e a s i l y  than  
l a r g e r  and c o a r s e r  p a r t i c l e s ,  due t o  t h e  a n g u l a r  n a t u r e  of  t h e  g r a v e l s  a n d  
t h e  l a c k  of movement o f  t h e  mass. The r e v e r s e  Is encoun te red  d u r i n g  p e r i o d s  
of maximum w a t e r  f low o r  when l a r g e r  p a r t i c l e s  a re  eroded first. 

I n t e r m i t t e n t  s u r g e s  of w a t e r  over  d r y  g r a v e l s  r e s u l t s  i n  m u l t i p l e  l a y e r s  
w i t h i n  t h e  g r a v e l  mass. These l a y e r s  a r e  g e n e r a l l y  more s p r e a d  o u t  and 
composed of a greater mixture of m a t e r i a l  than t h e  s t r a t i f i e d  g r a v e l s  normal- 
l y  found i n  s t r e a m  c h a n n e l s .  In  most  d e s e r t  regions, t h e s e  l a y e r s  a re  sepa-  
r a t e d  by narrow seams of  c l a y  o r  c a l i c h e  t h a t  formed d u r i n g  che es tended  d r y  
p e r i o d s .  

Depending on t h e  g e o l o g i c  time p e r i o d  i n  which t h e  h e a v i e r  p l a c e r  miner- 
a l s  were eroded and t h e  c u t t i n g  power of each su rge  of w a t e r  f l o w ,  sone  of 
the  g r a v e l  l a y e r s  may carry significant placer m i n e r a l s ,  whereas  others d o  
n o t .  I n  some i n s t a n c e s ,  minera l -bea r ing  g r a v e l  l a y e r s  a r e  s e p a r a t e d  by Lay- 
e r s  o f  b a r r e n  g r a v e l  o r  o n l y  c a r r y  v a l u e s  i n  t h e  upper  l a y e r s .  I n  o c h e r s ,  



t h e  l a y e r i n g  is r e v e r s e d  o r  is i n  an e n t i r e l y  d i f f e r e n t  c o n f i g u r a t i o n .  This 
makes t h e s e  d e p o s i t s  v e r y  d i f f i c u l t  t o  e v a l u a t e  a c c u r a t e l y .  

The i n t e r m i t t e n t  s u r g e s  of w a t e r  f low i n  a r i d  c l i m a t e s  are u s u a l l y  pre- 
s e n t  f o r  on ly  s h o r t  p e r i o d s  of time, such as  immediate ly  a f t e r  a thunder-  
s to rm,  c l o u d b u r s t ,  o r  r a p i d  s p r i n g  snowmelt. The f low of w a t e r  i s  u s u a l l y  of 
such a b r i e f  d u r a t i o n  t h a t  the u n d e r l y i n g  g r a v e l s  a r e  n o t  s o f t e n e d  o r  s a t -  
u r a t e d  w i t h  m o i s t u r e .  Consequent ly ,  t h e  v i b r a t i n g  o r  jigging action of t h e  
g r a v e l  by w a t e r  movement i s  l i m i t e d  t o  t h e  top  of t h e  g r a v e l  mass.  Lrnder 
t h e s e  c o n d i t i o n s ,  l a r g e r  m i n e r a l  p a r t i c l e s  a r e  d e p o s i t e d  i n  narrow s t r e a k s  of  
l i m i t e d  l e n g t h  and d e p t h ,  whereas  s m a l l e r  p a r t i c l e s  a r e  d i s t r i b u t e d  through- 
o u t  t h e  s u r f a c e  g r a v e l s .  C o n c e n t r a t i o n s  o f  placer m i n e r a l s  t e n d  t o  b e  very 
i r r e g u l a r  i n  form and a r e  e r r a t i c a l l y  d i s t r i b u t e d  throughout  t h e  d e p o s i t .  

Because of  l i m i t e d  w a t e r  t r a n s p o r t  o f  most  d e s e r r  g r a v e l s ,  v e r y  l i t t l e  
a b r a s i o n  o c c u r s  between p i e c e s  of  t h e  eroded m a r e r i a l .  A s  a  consequence,  
most of  t h e  p l a c e r  p a r t i c l e s  a r e  v e r y  c o a r s e  and j agged ,  and a s i g n i f i c a n t  
amount of  t h e  v a l u e s  remain encased  i n  t h e  matrix r o c k s .  A s  a r e s u l t ,  t h e  
heavy-mineral  c o n c e n t r a t e s  o b t a i n e d  from c e r t a i n  d e s e r t  p i a c e r s  must be 
ground b e f o r e  f i n a l  p r o c e s s i n g  t o  l i b e r a t e  t h e  m i n e r a l s  from t h e  h o s t  
m a t e r i a l s .  In some d e p o s i t s ,  l a r g e r  chunks  and b o u l d e r s  of o r e  minera l s  a r e  
e x t r a c t e d  from t h e  p l a c e r  m a t e r i a l  and p rocessed  i n  t h e  same manner a s  o r e s  
from l o d e  d e p o s i t s .  

A l l u v i a l - f a n  ( b a j a d a )  g r a v e l s  d e p o s i t e d  i n  d e s e r t  r e g i o n s  a r e  a l s o  
formed d u r i n g  p e r i o d s  of heavy runof f  o r  flash f l o o d i n g  by m u l t i p l e  channe l  
sys tems .  I n  d e s e r t  p l a c e r s ,  however, t h e r e  a r e  u s u a l l y  a much h i g h e r  number 
o f  i n d i v i d u a l  c h a n n e l s  c o n t a i n e d  i n  t h e  f a n .  This r e s u l t s  from t h e  l a c k  of 
r e l a t i v e l y  c o n s t a n t  s t r e a m  f l o w ,  which i s  n e c e s s a r y  t o  form deeper  and 
wel l -de f ined  c h a n n e l s .  Most of t h e  c h a n n e l s  a r e  f a i r l y  s h a l l o w  and narrow,  
and t h e y  e x i s t  for only  s h o r t  p e r i o d s  of t i m e ,  because  they  are u s u a l l y  cut 
o f f  and b u r i e d  by t h e  n e x t  s u r g e  of m a t e r i a l  t h a t  accompanies a  f l a s h  f l o o d .  
T h i s  produces  a s e r i e s  of m u l t i p l e  c h a n n e l s  i n  t h e  mass of g r a v e l ,  whlch a r e  
u s u a l l y  s p r e a d  o v e r  a wide area--both l a t e r a l l y  and v e r t i c a l l y .  This i n  t u r n  
p roduces  a v e r y  i r r e g u l a r  p a t t e r n  i n  t h e  t e r r a c e  g r a v e l s ,  which  normal ly  do 
n o t  e x h i b i t  t h e  un i fo rm s t r a t i f i c a t i o n  t y p i c a l  of g r a v e l  d e p o s i t s .  A l l  of 
t h e s e  f a c t o r s  c o n t r i b u t e  t o  t h e  more e r r a t i c  distribution of  m i n e r a l  p a r t i -  
cles th roughout  t h e  mass, as t h e r e  is  l i t t l e  chance  t o  c o n c e n t r a t e  v a l u e s  by 
t h e  t r a n s p o r t i n g  and s o r t i n g  p r o c e s s e s  p r e v a l e n t  i n  w e t t e r  c l i m a t e s .  

The n a t u r e  of  mineral d e p o s i t i o n  i n  d e s e r t  p l a c e r s  c r e a t e s  i d e a l  con- 
d i t i o n s  f o r  t h e  fo rmat ion  o f  l a r g e ,  medium- t o  low-grade p l a c e r  d e p o s i t s .  I t  
is a l s o  conducive  to  the  f o r m a t i o n  of h idden  p lacer  d e p o s i t s ,  b u r i e d  under  a 
few f e e t  t o  s e v e r a l  hundred f e e t  of d e t r i t a l  m a t e r i a l ,  a s  w e l l  a s  f a i r l y  
r i c h ,  l o c a l i z e d  c o n c e n t r a r l o n s  of p l a c e r  m i n e r a l s .  

C e r t a i n  o l d e r  p lacer  d e p o s i t s  now found i n  d e s e r t  a r e a s  were formed d u r -  
ing p e r i o d s  where c o n d i t i o n s  were conducive  f o r  t h e  f o r m a t i o n  of more t y p i c a l  
s t r eam and r i v e r  d e p o s i t s .  These o l d e r  p l a c e r s  e x h i b i t  many of the same 
c h a r a c  t e x i s t i c s  as  t h o s e  found i n  wet c l i m a t e s  today .  



ANCIEh'T PLACERS 

P l a c e r  d e p o s i t s  formed i n  e a r l i e r  g e o l o g i c  t ime  a r e  commonly r e f e r r e d  t o  
a s  a n c i e n t  p l a c e r s .  This c a t e g o r y  would, of c o u r s e ,  i n c l u d e  a l l  t y p e s  of  
p l ace r s  formed p r i o r  t o  more r e c e n t  t i m e s ,  i n c l u d i n g  t h e  more famous T e r t i a r y  
and Q u a t e r n a r y  r i v e r - c h a n n e l  d e p o s i t s  found i n  C a l i f o r n i a ,  Alaska ,  A u s t r a l i a ,  
Canada, and South  Africa. These o l d e r  g rave l  d e p o s i t s ,  and t h o s e  t h a t  were  
s u b s e q u e n t l y  erod.ed and r e c o n c e n t r a t e d  i n t o  newer p l a c e r s ,  were l a r g e l y  r e -  
s p o n s i b l e  f o r  many o f  t h e  major g o l d  r u s h e s  of t h e  p a s t .  

I n  some r e g i o n s ,  e n t i r e  mountain r a n g e s  were eroded away and t h e  r e s u l t -  
ing a l l u v i u m  g r a d u a l l y  d i s i n t e g r a t e d  o v e r  m i l l i o n s  o f  years by c o n s t a n t  move- 
ment and a b r a s i o n  of  g r a v e l s  i n  a n c i e n t  r i v e r  sys tems .  Some of t h e  r i v e r s  
e x i s t e d  so long t h a t  'white channels' were formed, where o n l y  the h a r d e s t  o r  
most chemica l ly  r e s i s t a n t  c o n s t i t u e n t s ,  such as q u a r t z  and g o l d ,  remained.  
The l e s s  r e s i s t a n t  m a t e r i a l s  were e i t h e r  d e p o s i t e d  a s  sand ,  s i l t ,  o r  c l a y  o r  
were d i s s o l v e d .  The t r a n s p o r t i n g ,  s o r t i n g ,  and wear ing  away of such  a  t r e -  
mendous amount o f  rock r e s u l t e d  i n  some of t h e  r i c h e s c  p l a c e r  c o n c e n t r a t i o n s  
known. 

Many of t h e s e  o l d e r  r i v e r  systems were v e r y  e x t e n s i v e  a n d  d e p o s i t e d  con- 
s i d e r a b l e  volumes of p l a c e r  m i n e r a l s  i n  m u l t i p l e  c h a n n e l s  and i n  bench  or  
t e r r a c e  g r a v e l s .  Subsequent t o  t h e i r  d e p o s i t i o n ,  l a v a  f l o w s ,  s t r e a m  over-  
l o a d i n g ,  and r e g i o n a l  s u b s i d e n c e  e v e n t u a l l y  buried some o f  the p l a c e r  g r a v e l s  
t o  d e p t h s  O F  t e n s  t o  hundreds  o f  f e e t .  In C a l i f o r n i a ,  t h e  a n c i e n t  r i v e r  sys- 
tems were  f i r s t  b u r i e d ,  then  u p l i f t e d  s e v e r a l  thousand f e e t ,  and l a t e r  
exposed i n  newly eroded canyons and  r a v i n e s .  I n  o t h e r  areas, such as Alaska 
and A u s t r a l i a ,  p l a c e r s  remained b u r i e d ,  and t h e i r  g r a v e l s  were e x t r a c t e d  by 
d r i f t  mining t o  depths of  s e v e r a l  hundred f e e t .  Bateman (1950) r e f e r s  t o  
s e v e r a l  r i c h  go ld -bear ing  c h a n n e l s  a t  B a l l a r a t ,  A u s t r a l i a ,  t h a t  were d r i f t  
mined t o  d e p t h s  of abou t  300 f t  and s i m i l a r  gravels a t  F a i r b a n k s ,  Alaska,  
t h a t  were mined t o  t h e  same d e p t h .  

Older g r a v e l  d e p o s i t s  have been compressed i n t o  conglomerates o r  
' cemented '  g r a v e l s  t h a t  range i n  age from Cambrian t o  Recent .  These l i t h i -  
f i e d  p l a c e r  d e p o s i t s  have been mined f o r  g o l d  i n  South  Dakota,  New Zealand,  
S o u t l ~  A f r i c a ,  and C a l i f o r n i a .  

Many modem r i v e r  and s t r e a m  p l a c e r  d e p o s i t s  a r e  r e c o n c e n t r a t i o n s  cf 
p l a c e r  m i n e r a l s  c o n t a i n e d  i n  a n c i e n t  p l a c e r  d e p o s i t s .  Modem d e p o s i t s  were 
f u r t h e r  e n r i c h e d  by t h e  i n f l u x  of more recently l i b e r a t e d  p l a c e r  m i n e r a l s .  

GLACIAL-STREAM PLACERS 

G l a c i a l - s t r e a m  p l a c e r s ,  o r  g r z v e l  d e p o s i t s  that a r e  t r a n s i t i o n a l  from 
g l a c i a l  mora ines ,  a r e  mentioned h e r e  f o r  r e f e r e n c e ,  a s  they  a r e  n o t  normal ly  
a s i g n i f i c a n t  s o u r c e  o f  p l a c e r  m i n e r a l s .  

The tremendous e r o s i v e  power of g l a c i e r s  can be s e e n  by o b s e r v i n g  t h e  
l a r g e ,  dish-shaped v a l l e y s  t h a t  were c a w e d  o u t  of s o l i d  r o c k  by g l a c i e r s  i n  
t h e  p a s t .  I n  some a r e a s ,  g l a c i e r s  d e p o s i t r d  huge mounds of d e t r i t a l  m a t e r i -  
a l ,  c a l l e d  mora ines .  Where t h e  moraines  c o n t a i n e d  s i g n i f i c a n t  q u a n t i t i e s  of 



p l a c e r  minerals, mel twa te r  s t r e a m s  t r a n s p o r t e d  and s o r t e d  p a r t  of t h e  m a t e r i -  
a l - a s  t h e  g l a c i e r s  r e t r e a t e d .  I n  t h i s  manner, l o c a l i z e d  g l a c i a l - s t r e a m  p lac -  
e r s  were sometimes formed t h a t  c o n t a i n  s u f f i c i e n t  v a l u e s  t o  w a r r a n t  p l a c e r  
mining. 

The m a t e r i a l  i n  g l a c i a l  p l a c e r s  i s  normal ly  c h a r a c t e r i z e d  by a n g u l a r  t o  
subangular g r a v e l  t h a t  c o n t a i n s  v e r y  f i n e l y  ground p l a c e r  m i n e r a l s  and l a r g e  
q u a n t i t i e s  of g l a c i a l  s i l t  o r  ' f l o u r .  ' Depending on t h e  l e n g t h  of  t ime  t h e s e  
s t r e a m s  f lowed,  some r i c h  l o c a l i z e d  p l a c e r s  were formed. I n  c e r t a i n  l o c a l -  
ities, g l a c i a l  till i n  t h e  moraines  was mined f o r  i t s  m i n e r a l  c o n t e n t .  

EOLIAN PLACERS 

E o l i a n  p l a c e r s  a r e  a l s o  mentioned h e r e  f o r  r e f e r e n c e ,  a s  on ly  a few have 
been of  economic s i g n i f i c a n c e .  The p r o c e s s  o f  c o n c e n t r a t i o n  i n v o l v e d ,  how- 
e v e r ,  is  sometimes s i g n i f i c a n t  i n  t h e  fo rmat ion  o f  s e v e r a l  t y p e s  o f  p l a c e r s .  

The a c t i o n  of  wind i n  blowing away l i g h t e r  m a t e r i a l  from t h e  s u r f a c e  of 
p l a c e r  d e p o s i t s  is a s i g n i f i c a n t  f a c t o r  i n  p l a c e r  c o n c e n t r a t i o n  where high 
winds p r e v a i l  f o r  much of  t h e  t i n e .  I n  more s t a b l e  a r e a s  o f  t h e  E a r t h ' s  
c r u s t ,  wind a c t i o n  o v e r  a p e r i o d  o f  s e v e r a l  m i l l i o n  years can move a tremen- 
dous amount of  m a t e r i a l .  Ln a d d i t i o n ,  t h e  e r o s i v e  f o r c e  r e p r e s e n t e d  by t h e  
a b r a s i o n  of  wind-borne p a r t i c l e s  o f  sand shou ld  n o t  be u n d e r e s t i m a t e d .  I n  
some d r y  a r e a s  noted f o r  h i g h - v e l o c i t y  d u s t  storms, t h e  g r e a t e r  p a r t  of moun- 
t a i n s  has  been worn away by t h i s  f o r c e  a c t i n g  o v e r  long  p e r i o d s  of t i m e .  

RECONCENTRATED PLACERS 

A number of  t h e  p lacer-mining a r e a s  t h a t  have been worked e x t e n s i v e l y  i n  
t h e  p a s t  have p o t e n t i a l  f o r  f o r m a t i o n  o f  newer p l a c e r  d e p o s i t s  by t h e  n a t u r a l  
r e c o n c e n t r a t i o n  of v a l u e s .  U s u a l l y ,  t h e  longer  t h e  p e r i o d  of rime t h a t  has  
e l a p s e d  s i n c e  t h e  a r e a  w a s  mined, and t h e  g r e a t e r  t h e  e x t e n t  of subsequent  
e r o s i o n ,  t h e  b e t t e r  t h e  chances  a r e  f o r  fo rmat ion  of  new p l a c e r  d e p o s i t s .  

Lindgren (1933) s t a r e d  t h a t  many p l a c e r  a r e a s  would b e  reworked i n  t h e  
f u t u r e  a s  a  r e s u l t  o f  1) n a t u r a l  r e c o n c e n t r a t i o n  of v a l u e s  l o s t  i n  o r i g i n a l  
mining o p e r a t i o n e ;  2)  a c c e l e r a t e d  e r o s i o n  t h a t  r e s u l t s  when tremendous 
amounts o f  m a t e r i a l  a r e  d i s t u r b e d  and r e d i s t r i b u t e d  by mining a c t i v i t y ;  and 
3) n a t u r a l  e r o s i o n ,  which p r o v i d e s  a n  i n f l u x  o f  new p l a c e r  minera l s .  

By t h e  t ime min ing  a c t i v i t y  ceased  i n  most p l a c e r  d i s t r i c t s ,  a  tremen- 
dous volume of sand and g r a v e l ,  c o n t a i n i n g  wide ly  d i s s e m i n a t e d  p a r t i c l e s  of 
p l a c e r  m i n e r a l s ,  had been dumped i n t o  s t r e a m s  and r i v e r s .  A s  t ime  went on, 
t h e  huge amount o f  loosened sand and g r a v e l  was washed, r e s o r t e d ,  and removed 
by s p r i n g  r u n o f f ,  flash f l o o d i n g ,  and normal w a t e r  f low.  The p r o c e s s  of e ro -  
s i o n  was g r e a t l y  a c c e l e r a t e d  by the t remendous volume of  l o o s e  m a t e r i a l .  

I n  a d d i t i o n ,  t h e r e  were  l a r g e  amounts of unworked g r a v e l  l e f t  exposed b y  
p a s t  mining a c t i v i t y .  Marginal and low-grade g r a v e l s  were s t r i p p e d  of  vepe- 
t a t i o n  znd exposed t o  t h e  effects o f  i n c r e a s e d  e r o s i o n .  The r i v e r  and s t r e a m  
beds had been c l e a r e d  and d i s t u r b e d  t o  such a n  e x t e n t  t h a t  t h e  loosened  mate- 
r i a l  could  move downstream a t  a much f a s t e r  r a t e  t h a n  normal.  A l l  of t h e s e  



c o n d i t i o n s  c o n t r i b u t e d  t o  t h e  amount o f  p l a c e r  m i n e r a l s  a v a i l a b l e  f o r  recon- 
c e n - t r a t i o n  i n  newer p l a c e r  d e p o s i t s .  

Another impor tan t  c o n s i d e r a t i o n  is t h e  v a l u e  of o t h e r  m e t a l s  and miner- 
als i n  p l a c e r  g r a v e l s  that were largely ignored by p r e v i o u s  miners i n  t h e i r  
s e a r c h  f o r  g o l d .  The heavy p l a c e r  minerals will be r e c o n c e n t r a t e d  a l o n g  w i t h  
p r e c i o u s  m e t a l s  bu t  t o  a much g r e a t e r  e x t e n t  because  none of t h e  heavy p l a c e r  
m i n e r a l s  were removed d u r i n g  o r i g i n a l  mining o p e r a t i o n s .  The p r i c e  for a 
number of p l a c e r  minerals has s e e n  a s i g n i f i c a n t  i n c r e a s e  over  t h e  y e a r s ,  and 
i t  i s  p o s s i b l e  t h a t  the v a l u e  o f  t h e s e  m i n e r a l s  may exceed t h e  v a l u e  of p re -  
c i o u s  m e t a l s  conra ined  i n  p l a c e r  r e c o n c e n c r a t i o n s  from t h e s e  areas. 

All t h i n g s  c o n s i d e r e d ,  economica l ly  f e a s i b l e  p l a c e r  d e p o s i t s  formed by 
r e c o n c e n t r a t i o n  o f  v a l u e s  a r e  very l i k e l y ,  e s p e c i a l l y  i f  all t h e  v a l u a b l e  
minerals a r e  u t i l i z e d .  

CONCLUSION 

This p r e s e n t a r i o n  w a s  des igned  t o  g i v e  an  overview o f  t h e  v a r i o u s  t y p e s  
of p l a c e r  d e p o s i t s  and t h e  c o n d i t i o n s  t h a t  r e g u l a t e  t h e i r  fo rmat ion .  It was 
a l s o  i n t e n d e d  t o  i l l u s t r a t e  the more i m p o r t a n t  c h a r a c t e r i s t i c s  of the miner-  
als and m a t e r i a l s  c o n t a i n e d  i n  the d e p o s i t s .  Because s o  complex a s u b j e c t  
could n o t  b e  f u l l y  covered i n  t h e  l i m i t e d  time and space  a v a i l a b l e ,  t h e  mate- 
r i a l  p r e s e n t e d  i s  by no means complete. 
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HYDRAULlC MINING METHODS 

by 
John Miscovich,  Alaska P l a c e r  Miner 

1093 North Green Grove 
Orange, C a l i f o r n i a  92667 

We a r e  go ing  through c r i t i c a l  t i m e s  i n  o u r  Alaska mining h i s t o r y  and a l l  
o f  u s  a r e  go ing  t o  have t o  work t o g e t h e r  t o  f i n d  a s o l u t i o n  to  t h e  problems 
t h a t  l i e  ahead.  Environmental  r e g u l a t i o n s  a r e  n o t  go ing  t o  melt away w i t h  
t h e  s p r i n g  thaw nor w i l l  t h e  s t a n d a r d s  f o r  settleable s o l i d s  o r  t u r b i d i t y  be 
modif ied .  1 am a f r a i d  w e  p l a c e r  miners  a r e  i n  f o r  some tough t i m e s  ahead.  

When I came t o  Anchorage and said t h a t  1 was coming t o  Fa i rbanks  t o  talk 
about b y d r o s l u i c i n g ,  some miners  looked a t  me a s  i f  I had 'AIDS. ' For t h e  
past 50 y r ,  I have worked on improved d e s i g n s  f o r  h y d r a u l i c  mining,  u s i n g  
water d e l i v e r e d  through t h e  'Miscovich Moni to r '  (fig. 1).  This i n t e r e s t i n g  
world-wide a d v e n t u r e  has invo lved  me i n  min ing ,  f i r e  f i g h t i n g ,  t h e  space  pro- 
gram, the  m i l i t a r y ,  and o t h e r  i n d u s t r i a l  activities. I have enhanced my 
knowledge through eng ineer ing-des ign  work. 

Much of what I l e a r n e d  can be a p p l i e d  t o  Alaska placer mining.  I am 
w e l l  aware of  t h e  water problem and know t h a t  i t  w i l l  r e q u i t e  t h e  c o o p e r a t i o n  
of  a l l  miners  invo lved  t o  e n g i n e e r  a  s o l u t i o n .  I might p o i n t  o u t  t h a t  ' eng i -  
n e e r '  i s  t h e  word c h a t  must a p p l y .  Miners a r e  n o t  go ing  t o  go t h e i r  own way 
and d i s r e g a r d  t h e i r  ne ighbor  below, b e s i d e ,  o r  above them. There  i s  no way 
t h e  s e t t l e a b l e  s o l i d s  problem w i l l  be e a s i l y  r e s o l v e d .  T u r b i d i t y  l e v e l  and 
m a t e r i a l s  i n  s o l u t i o n  are t h e  main i s s u e .  If p r e s e n t  s t a n d a r d s  a r e  go ing  t o  
be e n f o r c e d ,  we might as w e l l  s h u t  o u r  o p e r a t i o n s  aown now, ra ther  t h a n  t a k e  
the r i s k  o f  heavy f i n e s  t h a t  can  d e s t r o y  t h e  s m a l l  miner .  And whi le  i t  l o o k s  
as i f  Union Carb ide  had a wonder fu l  s e t u p  up h e r e  w i t h  t h e i r  coagu lan t  s y s -  
tem, let's w a i t  and s e e .  

1 would l i k e  t o  add  j u s t  one comment on t h e  i n d i v i d u a l  d e m o n s t r a t i o n  
programs. The o n l y  one t h a t  i s  going t o  s u r v i v e  i s  t h e  one p r e s e n t e d  a t  t h i s  
meet ing by Kar l  Hanemaa, mark my word on t h a t .  He has  developed and is  go ing  
t o  further deve lop  a sys tem t h a t  you can a l l  use. 

This paper  b r i e f l y  summarizes my e x p e r i e n c e s  w i t h  h y d r o s l u i c i n g  during 
40 y r  of  p l a c e r  mining i n  Alaska and o v e r s e a s .  1 suggest some sys tems t h a t  
may meet the env i ronmenta l  r e q u i r e m e n t s  f o r  t a k i n g  c a r e  of your  water. I 
a l s o  suggest t h a t  i f  t h e  S t a t e  of Alaska i s  go ing  t o  expand i n  t h e  mining 
b u s i n e s s ,  i t  h a s  t o  u s e  w a t e r  and l o t s  o f  i t .  I f  anyone t e l l s  me they can 
run a system w i t h  300,  400,  500,  600 o r  1,000 ga l /min  and c a l l  L t  p r o d u c t i o n ,  
they  a r e  j u s t  s n i p e r s .  

My s t o r y  began 40 y t  ago when I developed t h e  first a u t o m a t i c  w a t e r  can- 
non. That was i n  F l a t  Creek,  where P e t e  Haggland is  now min ing .  He took  t h e  
p r o p e r t y  over  from B i l l y  Bick. Back t h e n ,  George Miscovich o p e r a t e d  t h e  
f i r s t  a u t o m a t i c  moni to r  ( ' I n t e l i g i n e ' )  i n  Alaska.  The u n i t ,  which cou ld  a l s o  
b e  o p e r a t e d  manua l ly ,  used two c y l i n d e r s ,  and  wa te r  from che two c y l i n d e r s  



F i g u r e  1. S l u i c i n g  with t h e  'Miscovich M o n i t o r , '  1975. 

a l lowed v e r t i c a l  and horizontal movemene. It d i d n ' t  t a k e  a very a s t u t e  s t u -  
d e n t  t o  know what was wrong w i t h  t h e  t r a d i t i o n a l  moni to r .  It d i d n ' t  move. 
T h a t ' s  why I r e d e s i g n e d  t h e  o l d  h y d r a u l i c  moni to r  t o  move on i t s  own w a t e r  
power, 24 h r  a d a y ,  i n  a  p r e s e t  p a t t e r n .  A v e r t i c a l  c y l i n d e r  p r o p e l l e d  t h e  
v e r t i c a l  mot ion and a h o r i z o n t a l  c y l i n d e r  p r o p e l l e d  t h e  h o r i z o u t a l  mot ion.  
By i n t e r r e l a t i n g  t h e  two v a l v e s  on t h e  two c y l i n d e r s ,  w e  p r e s e t  a p a t t e r n  of 
c o n t i n u o u s  a u t o m a t i c  mot ion.  

I also mined on Fairbanks Creek,  where I s t a r t ed  t h e  f i r s t  shift on t h e  
' 4 t h  of July' mine, and f o r  t h e  f i r s t  t i m e ,  had an o p p o r t u n i t y  t o  p u t  60 l b  
p r e s s u r e  through a 2%-in.  n o z z l e  f e e d i n g  t h e  s l u i c e  box. Bear i n  mind t h a t  
t h i s  i s  40  y r  ago. 1 showed some of  the men e x a c t l y  how t o  c o n t r o l  t h e  unit. 
On F l a t  Creek,  we had t h e  same problem of  w a t e r  just s h o o t i n g  i n  one p l a c e  
when we were not  working t h e  moni to r .  A t  t o d a y ' s  l a b o r  r a t e s ,  i t  would b e  
i m p o s s i b l e  t o  have t h e  number of m o n i t o r s  and moni to r  o p e r a t o r s  t h a t  t h e  FE 
Company had. 

The a u t o m a t i c  moni to r  moves o n l y  overburden  i n  f r o n t  of i t  down into t h e  
bedrock  ' d r a i n . '  The mine c u t  remains open w h i l e  t h e  l i q u i f i e d  bedrock i s  i n  
motion.  The moni to r  works i n  t h e  dark, i t  d o e s n ' t  mind t h e  mosqu i toes ,  i t  
d o e s n ' t  r e q u i r e  any l u n c h ,  and above a l l  i t  never complains .  The design has 
changed d r a s t i c a l l y  because  t h e r e  are sed iments  t h a t  hzve t o  b e  removed t o  
g e t  a t  o t h e r  v a l u a b l e  m e t a l s ,  not o n l y  g o l d .  

For ty  years ago, pe rmaf ros t  could be washed eway f o r  about  10 c e n t s / y d  
o r  less. Today's c o s t ,  1 would e s t i m a t e ,  including pumping w a t e r ,  r e c y c l i n g ,  
and s e t t l i n g  ponds,  would probab ly  run  about 30 t o  40 c e n t s l y d .  The i d e a  is 
t o  keep t h e  warm water on t h e  f r o s t  24 h r  a day.  And t h a t  i s  t h e  s e c r e t  t o  



permaf ros t  removal ,  u s i n g  t h e  i c e  i n  t h e  f r o s t  and t h e  w a t e r  t o  h e l p  t r a n s -  
p o r t  i t  downstream t o  a s e t t l i n g  pond. 

It h a s  been an i n t e r e s t i n g  e x p e r i e n c e .  There have been a l o t  of  h e a r t -  
aches d u r i n g  t h o s e  40 y r  b u t  a l s o  a l o t  of s u c c e s s e s ,  which i s  why I l i k e  t o  
come back  t o  Alaska.  On F l a t  Creek,  f o r  example,  our  moni to r s  worked a g a i n s t  
the  f a c e  of  t h e  mine c u t ,  a u t o m a t i c a l l y  stripptng overburden .  We had a 
17-mi-long g r a v i t y  w a t e r  d i t c h  w i t h  pump b o o s t e r s  and a v e r y  l a r g e  p i t  t h a t  
we used a s  a s e r t ' l i n g  pond. We were r e c y c l i n g  w a t e r  w i t h  a 6 -cy l inder  Murphy 
(Gold Stream Creek h a s  a l o t  of  w a t e r  when i t  r a i n s ,  but  when i t ' s  d r y .  i t ' s  
d r y )  . The overburden was abou t  60 t o  80 f t (when miners  t a l k  abou t  10-f t 
ground,  how I wished I could  have been mining 10- f t  g round) .  Our l a t e r  model 
moni tor  worked over t h e  pe rmaf ros t  f a c e ,  wear ing  o f f  t h e  i c e  and mud. A 
l i t t l e  water was d i v e r t e d  through t h e  c y l i n d e r s  t o  o p e r a t e  t h e  h o r i z o n t a l  and 
v e r t i c a l  motion.  

Permafrost c o n d i t i o n s  a r e  a l s o  common i n  p a r t s  of Canada and Russia. In 
t h o s e  c o u n t r i e s ,  t h r e e  guns  were o f t e n  working i n  a p i t .  The moni to r s  can be 
o p e r a t e d  from t h e  p i t  car w i t h  all t h e  c o n t r o l s  i n s i d e .  There  were b i g  pumps 
t h a t  pumped u p  t o  2,200 tons  of s l u r r y / h r ,  24 h r / d a y .  These pumps would be  
a p p l i c a b l e  t o  r e c y c l i n g  sys tems found i n  p e r m a f r o s t  a r e a s  o f  Alaska. 

I a l s o  used my system i n  t h e  P h i l l i p i n e s ,  where a r i v e r  had f i l l e d  up 
w i t h  sand from a  copper  mine. The river had t h r e a t e n e d  t o  f l o o d  t h e  Consol- 
i d a t e d  F e r t i l i z e r  P l a n t ,  where t h e r e  were docks ,  and a v i l l a g e  upst ream of  
about  10,000 peop le .  I set up the sys tem and h y d r o s l u i c e d  t h e  r iver  c h a n n e l ,  
which saved t h e  village and an a i r p o r t .  I n  South A f r i c a ,  we used a  s F m i l a r  
sys tem f o r  a s i m i l a r  problem. That  sys tem i s  s t i l l  b e i n g  used today .  There ,  
t h e  monicors broke d o m  t a i l i n g s  from e a r l i e r  mining d a y s ,  then  moved the 
t a i l i n g s  through c h a n n e l s  i n t o  the p r o c e s s i n g  p l a n t .  That's r e c y c l i n g  ! 

In  the P h i l l i p i n e s ,  we i n s t a l l e d  a c a i s s o n  f o r  t a i l i n g s  removal.  The 
sys tem d i d n ' t  work w i t h  r e v e r s e  a i r  j e t s ,  s o  Z concluded t h a t  i t  would never  
work i n  a n  Alaska p l a c e r .  The 10- f t  c a i s s o n  had a v e r t i c a l  r ange  o f  60 f t ,  
i n  10-ft i n c r e m e n t s ,  t o  provide a r e s e r v e  a r e a  f o r  t a i l i n g s  from t h e  mine. 
We c u t  down an embankment f o r  a  road and pumped w a t e r  up  t o  2,200 f t  from t h e  
river through three pumping s t a t i o n s .  We were u s i n g  225-1b p r e s s u r e  through 
a 2%-in. n o z z l e .  We i n s t a l l e d  eight of o u r  monitors around a t a i l i n g s  pond,  
800-ft  diam, t h a t  we would r e p e a t e d l y  f i l l  and empty of t a i l i n g s .  We put  a 
moni to r  on a 300-f t  ca twa lk  t h a t  a l s o  c a r r i e d  o u r  power and led t h e  p i p e l i n e  
away from t h e  c a i s s o n .  

A t  Bouganv i l l e ,  we worked a t  t h e  v e r y  crest of  a copper  d e p o s i t .  It i s  
t h e  l a r g e s t  copper  and gold  mine i n  t h e  w o r l d ,  and i n  18 mo, we moved a b o u t  
30 m i l l i o n  t o n s  of m a t e r i a l  a t  a c o s t  of about  10  c e n t s / t o n .  Boulders  had t o  
be des l imed ,  t h e n  picked u p  by mechan ica l  equipment and moved away. 

Xn view o f  t o d a y ' s  env i ronmenta l  r e g u l a t i o n s ,  w e  s h o u l d  f o c u s  on o b t a i n -  
ing  t h e  legal r i g h t  t o  have o u r  f i r s t  s e t t l i n g  s t a g e  r i g h t  a t  t h e  end o f  t h e  
s l u i c e  box,  s o  w e  can wash t h e  heavy c l a y s  conrmon t o  Alaska p l a c e r  mines.  We 
w i l l  need t o  use abou t  40-lb p r e s s u r e  chrough a 5- in .  nozz le .  My f i r s t  g r i z z -  
l y  was des igned  some 15 y r  ago  f o r  v e r y  high c l a y  c o n t e n t  i n  the  p i t .  



M a t e r i a l  was pushed up w i t h  a t r a c t o r  and washed over  t h e  g r i z z l y ,  which con- 
t a i n e d  r i f f l e s .  The material t h e n  f e l l  through t h e  g r i z z l y  and d o m  i n t o  the 
s l u i c e  box. S i n c e  t h e n  I have made some m o d i f i c a t i o n s ,  b u t  i t  i s  b a s i c a l l y  
t h e  same, e x c e p t  i t  h a s  no  moving p a r t s .  Today I have A f ron t -end  l o a d e r  
f e e d i n g  t h e  g r i z z l y .  We can move a b o u t  250 t o  300 y d / h r ,  depending on how 
f a r  we have t o  h a u l  w i t h  t he  l o a d e r .  The c o a r s e  s t u f f  comes o f f  the  g r i z z l y  
and t h e  f i n e  s t u f f  g o e s  down t h e  s l u i c e  box. I t  is i m p o r t a n t  t o  watch t h e  
washing c a r e f u l l y .  t o  r e c o v e r  all t h e  go ld  a t t a c h e d  t o  t h e  r o c k  s u r f a c e .  

I n  Kotzebue,  our a i r p o r t  p r o j e c t  moved m i l l i o n s  of y a r d s .  The Russ ians  
l e t  u s  u s e  t h e i r  settling pond ( i n  t h e  Bering S e a ) .  I n  S i t k a ,  w e  had t o  ex- 
t end  t h e  a i rpor t  1,700 f t .  We d e s i g n e d  t h e  whole p l a n  i n  C a l i f o r n i a  and 
sh ipped  i t  t o  S i t k a .  We used m o n i t o r s  t o  d e s l i m e  g r a v e l  where we c o u l d n ' t  
g e t  i n  w i t h  a c a t .  What was most i n t e r e s t i n g  abou t  t h e  S i t k a  p r o j e c t ,  how- 
e v e r ,  was t h e  h igh  bank o f  d r y  muck t h a t  we s t r i p p e d  and  d r a i n e d  a l o n g  its 
edge,  using t h e  h y d r a u l i c  g l a n t .  The p i t  where we were  s l u i c i n g  was 12-fr 
deep and we picked u p  t h e  c a l l i n g s  w i t h  a d r a g l i n e .  Around t h e  c o r n e r  we had 
a n o t h e r  l i f t  t h a t  took  t h e  t a i l i n g s  up abou t  30 f t  and t h e n  dumped them i n t o  
t h e  d r a i n  below. 

Hydros lu ic ing  i n  t h e  1900s commonly used s i x  o r  eight c u t t e r s  and t h r e e  
moni to r s  t o  stack tailings. A dam was b u i l t  t o  f e e d  a l a r g e  moni to r  t h a t  
took all the  s o f t  m a t e r i a l  o f f  t h e  rock  u s i n g  3 0 0 - l b  o f  p r e s s u r e  w i t h  a  2-in. 
nozz le .  If t h i s  were p r o p e r l y  done today ,  t h e  water would be r e c y c l e d .  I f  
you had bad w a t e r  c o n d i t i o n s ,  you cou ld  use  a c l o s e d  c i r c u i t  system and a 
pump. You could  work i t  manually o r  work i t  a u t o m a t i c a l l y  by remote c o n t r o l  
o r  from a  television screen. 

QUESTIONS AND ANSWERS 

( Q ) :  Did you e v e r  use a w a t e r  l i f t  f o r  moving rock  i n t o  your  s lu ice -box  oper -  
a t i o n ?  

( A ) :  Yes, as l o n g  as  t h e  rock is n o t  t o o  heavy and t h e  b o u l d e r s  no t  t o o  
l a r g e ,  you can water  l i f t  them r i g h t  i n t o  y o u r  s l u i c e  box. The advan- 
tage is  t h a t  you won ' t  wear o u t  all t h e  p a r t s  i n  t h e  s l u i c e  box w i th  a 
l o t  of heavy r o c k .  

( Q )  : Have you done some exper iment ing  w i t h  a w a t e r  l i f t  for l i f t i n g  l a r g e  
m a t e r i a l ?  

(A):  Yes,  we had f o r m e r l y  used s t r o n g  backs and wheelbarrows b u t  w e  e v e n t u a l -  
l y  developed a h y d r a u l i c  l i f t .  Any number of s c a l p e r s  can be  used ahead 
of your  h y d r a u l i c  l i f t .  The b e s t  approach i s  t o  p u t  a g r i z z l y  i n  f r o n t  
of t h e  pick-up p o i n t  of t h e  lift and then  a n y t h i n g  t h a t  is  t o o  b i g  will 
n o t  go i n t o  t h e  pick-up p o i n t  and c a u s e  t h e  w a t e r  t o  r e v e r s e .  You can 
u s e  a h y d r a u l i c  l i f t  v i r h o u t  any o t h e r  equipment t o  f e e d  right i n t o  a 
l o a d e r .  
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INTRODUCTION 

A s  t h e  t i t l e  i n d i c a t e s ,  t h i s  p r e s e n t a t i o n  is  a medley o f  A u s t r a l i a n  
placer-mining o p e r a t i o n s .  l The t h r e e  o p e r a t  i o n s  t h a t  w i l l  be covered i n c l u d e  
1) a s a p p h i r e  fossicking o p e r a t i o n ;  2)  a small  two-person s a p p h i r e  and t i n  
washing p l a n t  and jig o p e r a t i o n ;  and 3) a l a r g e  c a s s i t e r i t e  ( t i n )  p l a c e r -  
mining o p e r a t i o n .  Pe rhaps  a f t e r  viewing t h e s e  A u e t r a l i a n  placer-mining op- 
e r a t i o n s  we can u s e  some o f  t h e  c o n c e p t s  t o  enhance o u r  f ine -go ld  r e c o v e r y  
and p o s s i b l y  s o l v e  some of our w a t e r - q u a l i t y  problems.  

FOSSICKINC 

The f i r s t  of our  medley of t h r e e  mining o p e r a t i o n s  is f o s s i c k i n g  f o r  
s a p p h i r e .  S a p p h i r e  is one of t h e  gem v a r i e t i e s  o f  the minera l  corundum, 
wh ich  h a s  a  h a r d n e s s  of nine on t h e  Mobs scale and a s p e c i f i c  g r a v i t y  of  
abou t  four. Corundum is a n  o x i d e  of  aluminum ( A 1 2 0 3 ) ,  which when i r i  p u r e  
c r y s t a l l i n e  form i s  c l e a r  and g l a s s y  and commonly known as  w h i t e  s a p p h i r e .  
Trace  e lements  In t h e  c r y s t a l  l a t t i c e  i m p a r t  c o l o r s  t h a t  a r e  impor tan t  t o  t h e  
value o f  t h e  gemstone. I r o n  and t i t a n i u m  a r e  r e s p o n s i b l e  f o r  t h e  b l u e  c o l o r  
i n  s a p p h i r e ,  whereas i r o n  a l o n e  u s u a l l y  c a u s e s  ye l low,  g r e e n ,  and brown 
c o l o r s .  The greater the p e r c e n t a g e  of t r a c e  e lemencs  p r e s e n t ,  the d a r k e r  t h e  
c o l o r  o f  t h e  gemstone. 

Although r e c e n t  y e a r s  have s e e n  s p e c t a c u l a r  growth in l a r g e - s c a l e  sap-  
p b i r e  mining,  c e r t a i n  a r e a s  of New South  Wales have been set a s i d e  f o r  
f o s s i c k i n g .  The a r e a s  a r e  c l e a r l y  marked. Even more i n t e r e s t i n g  than t h e  
f o s s i c k i n g  sign i s  t h e  ra ther  f l a t  topography and moderate  v e g e t a t i o n  t h a t  is 
t y p i c a l  of  t b e  s t r e a m  v a l l e y s  i n  t he  Glen I n n e s ,  E m a v i l l e ,  s n d  I n v e r e l l  
a reas .  

A w i l l i n g  group of  Mining Ex tens ion  s t u d e n t s ,  i n c l u d i n g  Kay K l e t k a ,  
A l l a n  Coty , Ted McHenry , and Leah Madonna, s y s t e m a t i c a l l y  fo l lowed  through 
t h e  s t e p s  of p r o p e r  s a p p h i r e  f o s s i c k i n g .  F i r s t ,  it was n e c e s s a r y  t o  select 
a n  area where s a p p h i r e s  were  most l i k e l y  t o  be c o n c e n t r a t e d ,  g e n e r a l l y  a seam 
of  g r a v e l  sandwiched between l a y e r s  of c l a y - r i c h  s i l t .  M a t e r i a l  was dug from 
che g r a v e l  u s i n g  a rock  p i c k .  The gravel was t i g h t l y  bonded t o g e t h e r  with 
c l a y  and broke l o o s e  from the exposure  i n  r e s i s t a n t  clumps. The m a t e r i a l  was 
s h o v e l l e d  i n t o  a 12-mesh s c r e e n  n e s t l e d  i n  a 6-mesh s c r e e n  p o s i t i o n e d  o v e r  

L ~ n f o r m a t j - o n  p rov ided  h e r e  was g a t h e r e d  d u r i n g  t h e  U n i v e r s i t y  o f  Alaska,  
Alaska- to -Aus t ra l i a  Mining and M i l l i n g  Tour ,  h e l d  i n  January 1986. 



a g o l d  pan.  Then t h e  load  was c a r r i e d  t o  one of t h e  ponds,  which g e n e r a l l y  
had to be deepened f o r  t h e  washing p r o c e s s .  

Clay bonding t h e  g r a v e l s  was thoroughly washed,  t h e r e b y  p e r m i t t i n g  t h e  
l a r g e r  p a r t i c l e s ,  i n c l u d i n g  t h e  s a p p h i r e s ,  t o  be f r e e d .  Once t h e  m a t e r i a l  
was broken down, t h e  c l a y  washed away, and t h e  f i n e s  f i l t e r e d  th rough  t h e  
c o a r s e  s i e v e ,  t h e  r e s i d u e  on top  w a s  examined f o r  l a r g e ,  'wor ld -bea te r  ' sap-  
p h i r e s .  T h i s  was achieved by a  s c r e e n - f l i p p i n g  t e c h n i q u e  most c l e a r l y  de- 
s c r i b e d  by o u r  A u s t r a l i a n  g u i d e ,  Gordon Bouveret .  It i s  q u i t e  s i m i l a r  t o  
f l i p p i n g  over  sourdough pancakes ,  where t h e  bottom i s  t h e n ' t h e  t o p .  Because 
s a p p h i r e s  have a medium s p e c i f i c  g r a v i t y  o f  f o u r ,  they a r e  h e a v i e r  t han  a n  
e q u a l  volume of c o u n t r y  rock  and rock-forming m i n e r a l s .  T h e r e f o r e ,  when t h e  
s c r e e n  was v i g o r o u s l y  r o t a t e d  from s i d e  t o  s i d e ,  any s a p p h i r e s  c o n t a i n e d  in 
t h e  bed of m a t e r i a l  m i g r a t e d  t o  t h e  bottom. Consequent ly ,  when t h e  screen 
was p r o p e r l y  f l i p p e d  o v e r ,  t h e  s a p p h i r e s  were exposed on top and  were e a s i l y  
s p o t t e d  and plucked from t h e  p i l e .  We f i r s t  fo l lowed t h i s  p rocedure  w i t h  
m a t e r i a l  i n  the c o a r s e  s c r e e n ,  which we had hoped would c o n t a i n  t h e  l a r g e  
s a p p h i r e s .  Then, a f t e r  v i g o r o u s l y  washing t h e  m a t e r i a l  i n  t h e  f i n e r  s c r e e n ,  
w e  c a r e f u l l y  examined i t  u s i n g  t h e  same s c r e e n - f l i p p i n g  t e c h n i q u e .  Although 
s e v e r a l  s a p p h i r e s  were found t r a p p e d  on t h e  f i n e  s c r e e n ,  no large 'world 
b e a t e r s '  were found on t h e  c o a r s e r  s c r e e n .  

Because over  50 p e r c e n t  of a  s a p p h i r e  can be l o s t  d u r i n g  f a c e t i n g ,  sap-  
p h i r e s  s m a l l e r  than 12 mesh ( t h e  s i z e  of a  paper-match head) a r e  n o t  con- 
s i d e r e d  worthwhi le .  T h e r e f o r e ,  t h e  f i n e  m a t e r i a l  t h a t  p a s s e s  through t h e  
12-mesh s c r e e n  i s  g e n e r a l l y  d i s c a r d e d .  For d e m o n s t r a t i o n  p u r p o s e s ,  however, 
Ted McHenry panned t h e  v e r y  f i n e  m a t e r i a l  t o  show b l a c k  sand t h a t  is predomi- 
nanrly c a s s i t e r i t e  and is mined economica l ly  i n  t h e  a r e a .  In a d d i t i o n  t o  
s a p p h i r e s  and c a s s i t e r i t e ,  z i r c o n ,  s p i n e l ,  and h e m a t i t e  were found locked  
away i n  the  g r a v e l s .  

Fossicking f o r  s a p p h i r e s  was a F a s c i n a t i n g  and e x c i t i n g  e x p e r i e n c e  t h a t  
w i l l  l o n g  be remembered. Perhaps  someone on our  n e x t  Alaska- to -Aus t ra l i a  
F i n i n g  and M i l l i n g  Tour w i l l  d i s c o v e r  one  of t h o s e  l a r g e  'wor ld  b e a t e r '  sap- 
p h i r e s .  

GORDON BOUVERET'S SAPPHIRE AND CASSITERITE WASHING PLANT AND J I G  

The second i n  o u r  medley o f  A u s t r a l i a n  p l a c e r  mining o p e r a t i o n s  is i n  
Glen I n n e s ,  New South Wales,  where we v i s i t e d  Gordon B o u v e r e t ' s  s a p p h i r e  and 
c a s s i t e r i t e  washing p l a n t  and jig. 

As shown i n  f i g u r e  1 ,  the washing p l a n t  c o n s i s t s  of a hopper complete  
w i t h  s p r a y  b a r .  A gas eng ine  on t h e  l e f t  d r i v e s  a d u a l  ~ h a k e r  s c r e e n ,  which 
s e p a r a t e s  t h e  g r a v e l  i n t o  c o a r s e ,  medium, and  f i n e  f r a c t i o n s .  A s l u i c e  box 
h a d  been c o n s t r u c t e d  t o  a c c e p t  r i f f l e s  i n  s e p a r a t e  c h a n n e l s  t h a t  a r e  spaced  
spprox imate ly  1% f t  a p a r t .  The washing  p l a n t  i s  m o b i l e ,  s o  t h a t  i t  can be 
moved t o  t h e  mining s i t e  o r  used t o  wash t e s t  m a t e r i a l  i n  Gordon's  backyard.  

Water f o r  t h e  washing p l a n t  i s  pumped from a h o l d i n g  t ank ,  l o c a t e d  a t  
t h e  end of t h e  s l u i c e  b o x ,  up t o  a s p r a y  b a r  l o c a t e d  on t h e  dump hopper 
f i g  1). The hopper  l e a d s  t o  t h e  l i v e  s c r e e n  sys tem,  which i s  d r i v e n  back 



F i g u r e  1. Gordon Bouveret  
and h i s  washing p l a n t ,  
Glen I n n e s ,  New South 
Wales. 

and f o r t h  by t he  e n g i n e .  The top  s c r e e n  i s  4 mesh and t h e  lower is  1 2  mesh. 
P roduc t  o i f  t h e  s c r e e n s  i s  d i r e c t e d  by c h a n n e l s  t h a t  l e a d  t o  independent  
c a t c h  buckets. 

To beg in  p r o c e s s i n g  the  m a t e r i a l ,  t h e  warer t ank  i s  f i l l e d  and t h e  w a t e r  
pump s t a r t e d ,  t h e r e b y  p roduc ing  a f u l l  w a t e r  c y c l e  through t h e  machine. The 
m a t e r i a l  is dumped from b u c k e t s  i n t o  t h e  f e e d  hopper ,  where i t  i s  reduced t o  
a slurry by t h e  wa te r  from t h e  s p r a y  b a r .  The c o a r s e  m a t e r i a l  i s  washed and 
processed a c r o s s  t h e  c o a r s e  $-in. s c r e e n .  

F i n e r  m a t e r i a l  i s  s e p a r a t e d  from minus 12-mesh m a t e r i a l  by t h e  second 
scree11 and c o l l e c t e d  i n  a  s e p a r a t e  b u c k e t .  The f i n e r  m a t e r i a l  is  t h e n  chan- 
nelled i n t o  t h e  s l u i c e  where the  larger p a r t i c l e s  setrle o u t  and t h e  f i n e s t  
m a t e r i a l  is  d i r e c t e d  t o  t h e  w a t e r  t a n k .  

I t  r e q u i r e d  abou t  one hour t o  p r o c e s s  e i g h t  b u c k e t s  o f  m a t e r i a l  through 
t h e  washing p l a n t .  The result was two b u c k e t s  of  c o a r s e  m a t e r i a l  and one 
bucket of f i n e r  minus 4-mesh p l u s  12-mesh mater ia l .  

The f i n a l  s t e p  was t o  run t h e  b u c k e t s  of m a t e r i a l  through a s m a l l  com- 
p a c t  2 - c e l l  jig. J i g s  come in a  v a r i e t y  of s i z e s  and forms t h a t  r ange  from 
1 y d l h r ,  two-ce l l  u n i t s  a l l  t h e  way up t o  l a r g e  s i x - c e l l e d  d o u b l e t s  c a p a b l e  
of p r o c e s s i n g  50 t o  75 y d / h r .  Components include a wate r  tank w i t h  w a t e r  
i n l e t s  a p p r o p r i a t e l y  p o s i t i o n e d  and outlet s p i g o r s  on t h e  bottom. Each c e l l  
bas a cor respond ing  p u l s a t o r  t h a t  c o n s i s t s  of a rubber  diaphragm clamped 
s e c u r e l y  t o  t h e  framework. At tached t o  t h e  diaphragm i s  a bar d r i v e n  by an  
e l e c t r i c  motor c h a t  moves t h e  flexible r u b b e r  back and f o r t h ,  p i s t o n  s t y l e .  
T h i s  a c t i o n  forces t h e  water F i l l i n g  t h e  jig t ank  (hu tch)  t o  move up and 
down, t h e r e b y  c r e a t i n g  a p u l s a t i n g  e f f e c t .  

Now imagine a s c r e e n  mounted on a slant w i t h i n  t h e  t o p  of  t h e  water- tank 
framework. Bedding material is  p laced  on the s c r e e n  t o  t r a p  t h e  o r e  miner- 
als. Ore-bearing g r a v e l  i s  f e d  i n t o  t h e  r e c e i v i n g  hopper ,  then  i t  passes 



o n t o  t h e  s c r e e n .  The p u l s a t i o n  c r e a t e d  by t h e  diaphragm, a s  i t  moves forward 
and backward, f i r s t  f o r c e s  t h e  bedload of m a t e r i a l  t o  move upward, t h e r e b y  
momentari ly suspend ing  t he  m a t e r i a l .  The h i g h e r  s p k c i f  i c  g r a v i t y  m a t e r i a l  
displaces t h e  lower  s p e c i f i c  g r a v i t y  m a t e r i a l  a t  t h e  bottom of  t h e  g r a v e l  
column. As t h e  l i g h t e r  m a t e r i a l  moves up,  i t  is  swept  i n t o  t h e  c r o s s  f low o f  
w a t e r  t h a t  p a s s e s  across t h e  j i g  bed and is  u l t f m a t e l y  c a r r i e d  o f f  a s  t n i l -  
i n g s .  During t h e  backward movement, t h e  bed o f  m a t e r i a l  i s  dram, t o  t h e  
s c r e e n .  Coarser  p r e  m i n e r a l s  t h a t  have worked down rhrough the bedding s e t -  
t l e  a t  t h e  i n t e r f a c e  of t h e  bedding m a t e r i a l  and t h e  s c r e e n .  The f i n e r  o r e  
m i n e r a l s  pass th rough  t h e  a c r e e n  i n t o  t h e  hu tch  and s u b s e q u e n t l y  f a l l  t o  t h e  
bot tom,  where t h e y  p a s s  th rough  a s p i g o t  and i n t o  a  ca tchment  tank. 

Another i m p o r t a n t  f e a t u r e  of  a jig is t h e  hu tch  w a t e r .  Because a c e r -  
t a i n  amount of  w a t e r  is  l o s t  t o  t h e  c r o s s  f low of  t h e  jig c y c l e  and a l s o  
through t h e  s p i g o t  a t  t h e  bot tom,  i t  i s  n e c e s s a r y  t o  add h u t c h  w a t e r .  Not 
on ly  d o e s  t h e  a d d i t i o n  o f  h u t c h  w a t e r  r e p l a c e  t h a t  l o s t ,  bu t  i t  a l s o  p r o v i d e s  
a c o n s t a n t  upward f o r c e  t h a t  keeps t h e  bedding m a t e r i a l  in suspens ion  a t  a l l  
t i m e s ,  e x c e p t  d u r i n g  t h e  f i n a l  s t a g e s  of t h e  s u c t i o n  s t r o k e ,  which p u l l  t h e  
bedd ing ,  f o r  a b r i e f  moment, compact ly  against t h e  s c r e e n .  

I n  most c a s e s ,  t h e  bedding ( r a g g i n g )  can be any  m a t e r i a l  w i t h  a s p e c i f i c  
g r a v i t y  of  f i v e  o r  more, such  as s t e e l  s h o t ,  t a c o n i t e  p e l l e t s ,  o r  h e m a t i t e .  
The bedding m a t e r i a l ,  however, must be of a  lower s p e c i f i c  g r a v i t y  than  t h e  
o r e  m i n e r a l .  Consequent ly ,  because  s a p p h i r e s  have a s p e c i f i c  g r a v i t y  of 
f o u r ,  t h e  i d e a l  bedding i s  n a t u r a l  g r a v e l ,  which has a s p e c i f i c  g r a v i t y  of  
t h r e e  and one-half  o r  less. Gordon u s e s  t h e  c o a r s e r  m a t e r i a l  from h i s  con- 
c e n t r a t o r  t o  make up t h e  bed f o r  h i s  s a p p h i r e  jigging o p e r a t i o n .  

F i g u r e  2 shows t h a t  Gordon 's  s m a l l  jig is composed o f  two c e l l s  and a  
dual -purpose  eng ine ,  which d r i v e s  t h e  p u l s a t o r  and t h e  w a t e r  pump. I n t e r e s c -  
i n g l y ,  t h e  diaphragm i s  mounted on t h e  s t e e l  framework p a r t i t i o n  s e p a r a t i n g  
t h e  two c e l l s ;  t h e r e f o r e ,  t h e  one d i aph ragm s e r v e s  bo th  c e l l s .  C l e a r l y ,  one 
c e l l  w i l l  e x p e r i e n c e  t h e  s u c t i o n  s t r o k e ,  w h i l e  s i m u l t a n e o u s l y  t h e  o t h e r  w i l l  
undergo t h e  compress ion s t r o k e .  Also  shown i n  f i g u r e  2 is  t h e  w a t e r  pump, 
which s u p p l i e s  w a t e r  t o  t h e  hose  c h a t  d i r e c t s  w a t e r  t o  t h e  feed  hopper .  It 
a l s o  s u p p l i e s  w a t e r  t o  t h e  two h o s e s  t h a t  l e ad  t o  t h e  independen t  w a t e r  
v a l v e s  on each hu tch .  

The two c e l l s  have a  f l a n g e ,  welded 4 in. below t h e  t o p ,  t h a t  s u p p o r t s  
t h e  s c r e e n s .  Once t h e  s c r e e n s  have been p u t  i n t o  place and c o a r s e  g r a v e l s  
d e p o s i t e d  on them, t h e  jig i s  ready  t o  s t a r t .  Once s t a r t e d ,  t h e  j i g  pump 
fills t h e  c e l l s  w i t h  w a t e r  and t h e  diaphragm moves back and f o r t h  c r e a t i n g  
t h e  compress ion and s u c t i o n  s t r o k e s  t h a t  r a i s e  and lower  t h e  b e d d i n g  m a t e r i -  
a l .  

Once t h e  c o a r s e  m a t e r i a l  f r o m  t h e  washing p l a n t  i s  r u n ,  the  f i n e r  f r a c -  
t i o n  i s  processed .  When t h e  l i g h t e r  m a t e r i a l  h a s  been d i s c h a r g e d  o u t  t o  
t a i l ,  t h e  s c r e e n s  a r e  p u l l e d ,  t aken  t o  a t r a y  and f l i p p e d  o v e r .  Because t h e  
s a p p h i r e s  a r e  heavy t h e y  w i l l  have  c o n c e n t r a t e d  a t  t h e  i n t e r f a c e  between the 
g r a v e l s  and t h e  s c r e e n .  As a consequence,  when t h e  s c r e e n s  a r e  f l i p p e d  o v e r  
and t h e  c o n t e n t s  f a l l  t o  t h e  t r a y ,  t h e  s a p p h i r e s  a r e  exposed on t o p  where 
they can be e a s i l y  p icked  from the p i l e .  



F i g u r e  2 .  Gordon Bouveret  jigging 
s a p p h i r e s ,  Glen I n n e s ,  New South  
\Ja les . 

THE WIRY CREEK TIN M I N E  

The final s t e p  i n  o u r  medley of Aus t r a l i an  mining o p e r a t i o n s  i s  t h e  Wiry 
Creek Tin Mine n e a r  Emmaville, New South V a l e s .  

I n  c a p s u l e  form, the  p r o c e s s i n g  p l a n t  c o n s i s t s  o f  a wash hopper ,  w h e r e  
ore is dumped and washed. Slurry passes i n t o  a trommel-scrubber.  The c o a r s e  
material falls from t h e  trommel o n t o  a t a i l i n g s  conveyor ,  while s imul taneous -  
l y  t h e  f i n e ,  minus 1-in. m a t e r i a l  c o l l e c t s  i n  a t a n k  below t h e  trommel from 
which i t  i s  pumped t o  a t h r e e - s t a g e  j i g g i n g  p l a n t .  By examining individual 
components of t h e  mine i n  more d e t a i l ,  certa in  a s p e c t s  of  the  o p e r a t i o n  may 
p r o v i d e  i n f o r m a t i o n  which migh t  prove u s e f u l  t o  t h e  Alaska p l a c e r  miner .  

Water r e c y c l e  

The w a t e r  from t h e  p l a n t  is  d i r e c t e d  t o  a s e r i e s  o f  s e t t l i n g  ponds t h a t  
meander f o r  about a m i l e  b e f o r e  entering a  small estuary. In t h e  estuary a re  
two 3- in .  pumps used t o  t r a n s p o r t  w a t e r  back into t h e  washing p l a n t .  A s  
shown i n  f i g u r e  3,  one line f rom t h e  bottom s e t t l i n g  pond is used t o  s u p p l y  
w a t e r  t o  a h y d r a u l i c  moni to r ,  wh ich  p r o v i d e s  i n i t i a l  washing of gravels  I n  
t h e  dump hopper,  and a s p r a y  b a r ,  which washes m a t e r i a l  a s  i t  passes  over  t h e  
trommel screen. The second l i n e  s u p p l i e s  water  t o  t h e  three-stage jig p l a n t .  

Ore 

C a s s i t e r i t e  mined from t h e  Wiry Creek d r a i n a g e  i s  d i s s e m i n a t e d  as  fine 
grains, g e n e r a l l y  10 mesh o r  s m a l l e r ,  within t h e  g rave l s .  The ac tua l  mine i s  
about a half  mile from t h e  washing p l a n t .  The o r e - b e a r i n g  g r a v e l s  a r e  loaded 



i n t o  l a r g e  t r u c k s  w i t h  a back hoe,  which d i g s  t o  a d e p t h  of 18 t o  20 f t .  The 
m a t - e r i a l  is  t r a n s p o r t e d  to t h e  p r o c e s s i n g  p l a n t ,  where i t  i s  dumped i n t o  a 
hopper .  High p r e s s u r e  w a t e r  i s s u i n g  from a h y d r a u l i c  moni to r  washes t h e  ma- 
t e r i a l  and t u r n s  i t  i n t o  a  s l u r r y .  Once i n  a f l u i d  form, t h e  m a t e r i a l  moves 
down t h e  dump hopper  and through a c h u t e  t o  t h e  mouth of  a 30-f t - long,  
6-ft-diam trommel t h a t  c o n s i s t s  of a 24-ft  b l i n d e d  s c r u b b e r  and a 6-ft 1-in. 
s c r e e n  ( f i g .  3). A f t e r  p a s s i n g  through t h e  s c r u b b e r  p a r t  of r h e  trommel,  t h e  
l a r g e r  m a t e r i a l  that  does  no t  p a s s  through t h e  s c r e e n  is  washed once a g a i n  by 
a s p r a y  b a r  t o  f r e e  any remaining p a r t i c l e s  of c a s s i t e r i t e .  The m a t e r i a l  
then f a l l s  t o  a conveyor b e l t  t h a t  c a r r i e s  it t o  t h e  t a i l i n g s  p i l e s .  Per iod-  
i c a l l y ,  t h e  t a i l i n g s  a t  t h e  end of t h e  conveyor a r e  removed by a back hoe and 
s t a c k e d  i n t o  t a i l i n g s  p i l e s .  

The f i n e  m a t e r i a l ,  a l o n g  w i t h  w a t e r  from t h e  wash hopper ,  p a s s e s  through 
t h e  trommel s c r e e n  where i t  c o l l e c t s  i n  a hopper ,  from which i t  is  pumped by 
a  dua l  pumping sys tem t o  t h e  j i g  p l a n t .  Each sys tem pumps t h e  slurry through 
a 4- in .  p i p e  t o  independent  d i s t r i b u t o r s .  Each d i s t r i b u t o r  splits t h e  
m a t e r i e l  between two independent  dewate r ing  c y c l o n e s ,  which withdraw most of  
t h e  w a t e r  and t h e  minus 100-mesh, low s p e c i f i c  g r a v i t y  mzt te r i a l ,  a l l o w i n g  t h e  
remaining c a s s i t e r i t e - b e a r i n g  m a t e r i a l  t o  e n t e r  t h e  j i g g i n g  system f o r  con- 
c e n t r a t i o n .  Fifty p e r c e n t  of t h e  w a t e r  i s  r e c i r c u l a t e d  back t o  the  trommel 
tank, where i t  is  mixed with f r e s h  water and reused  i n  t h e  m i n e r a l  t r a n s p o r t  
c y c l e .  Overflow w a t e r  from t h e  t a n k s  t h a t  supp ly  the pr imary and  t e r t i a r y  
jig h u t c h e s ,  i s  a l s o  r e t u r n e d  t o  t h e  trommel t a n k .  The  remaining water from 
t h e  d e w a t e r i n g  c y c l o n e s  is  s e n t  t o  t h e  t a i l i n g s  pond. F igure  4 is a v i e w  of 
t h e  e n t i r e  J i g  p l a n t  and components. 

Each of t h e  f o u r  dewate r ing  c y c l o n e s  d e p o s i t s  dewatered feed  i n t o  a  
s p l i t t e r  box. The f e e d  is  d i v i d e d  and d i r e c t e d  t o  two opposing r e c t a n g u l a r  
j i g s  (one p r o c e s s e s  t o  t h e  l e f t  and t h e  o t h e r  p r o c e s s e s  t o  the  r i g h t ) .  The 
pr imary j i g  sys tem c o n s i s t s  o f  two banks of f o u r  t h r e e - c e l l  pr imary jigs. 
Each of t h e  24 c e l l 8  i s  d r i v e n  b y  an independent  p u l s a t o r .  

F i g u r e  3. Wiry C r e e k  T i n  
<. 

Mine, Emmaville, New 
South Wales. 



Figure 4 .  J i g  p l a n t  a t  Wiry 
Creek T i n  Mine, Emmaville, 
New South Wales. 

The low s p e c i f i c  g r a v i t y  f r a c t i o n  of t h e  minus 1- in .  f e e d ,  a l o n g  w i t h  a 
l i m i t e d  anoun t  of w a t e r ,  works i t s  way down t h e  j i g  bed and o u t  t h e  t a i l i n g s  
t rough .  A d d i t i o n a l  w a t e r  s u p p l i e d  by t h e  hutch w a t e r i n g  sys tem i s  f o r c e d  u p  
through t h e  3/16-in.  jig s c r e e n .  Independent  t a i l i n g s  t r o u g h s  from each bank 
of  jigs d i r e c t  t h e  t a i l i n g s  and e x c e s s  w a t e r  t o  a t a i l i n g s  tank. The ta i l -  
ings a r e  pumped from t h e  t a i l i n g s  t a n k  t o  a t a i l i n g s  dam. S imul taneous ly ,  
h i g h  s p e c i f i c  g r a v i t y  m a t e r i a l ,  i n c l u d i n g  t h e  c a s s i t e r i t e  ( s p e c i f i c  g r a v i t y  
= 7), works i t s  way down through hematite ( s p e c i f i c  gravity = 5) bedding 
m a t e r i a l .  The c o a r s e r  o r e  m i n e r a l s  c o n c e n t r a t e  a t  t h e  interface of the bed- 
d i n g  and the  3/16-in.  j i g  s c r e e n ,  w h i l e  t h e  f i n e r  m a t e r i a l  p a s s e s  th rough  t h e  
screen i n t o  t h e  hu tch  and s u b s e q u e n t l y  f a l l s  t o  che bottom, where i t  passes 
through a s p i g o t  and i n t o  a m i d d l i n g s  t a n k .  An i m p o r t a n t  f e a t u r e  is  t h e  p re -  
sence of a r e s t r i c t o r ,  which r e g u l a t e s  t h e  amounr of  wa te r  p a s s i n g  th rough  
t h e  s p i g o t  a t  t h e  bottom of  the jig. 

The produc t  from t h e  m i d d l i n g s  t a n k  i s  pumped t o  t h e  secondary  j i g  dewa- 
c e r i n g  cyc lone  where t h e  w a t e r  is  drawn off and r e t u r n e d  t o  t h e  m i d d l i n g s  
t a n k  f o r  reuse. The f e e d  is  d e p o s i t e d  by t h e  cyc lone  on the feed  hopper  
where i t  is  s p l i t  a c r o s s  two j i g  b e d s ,  each c o n s i s t i n g  o f  two c e l l s  and  
dr iven  by independen t  p u l s a t o r s .  The t a i l i n g s  a r e  d i r e c t e d  back  t o  the p r i -  
mary j i g ;  therefore, any c a s s i t e r i t e  l o s t  i n  the t a i l s  of t h e  secondary  j i g  
is  r e c y c l e d  th rough  t h e  sys tem.  As i n  t h e  p r e v i o u s  jig c y c l e ,  t h e  h i g h  
s p e c i f i c  gravity m a t e r i a l ,  i n c l u d i n g  the c a s s i t e r i t e ,  works i t s  way down 
rhrough h e m a t i t e  bedding m a t e r i a l .  The c o a r s e r  f r a c t i o n  s e t t l e s  a t  t h e  

. i n t e r f a c e  o f  t h e  bedding m a t e r i a l  and a n  1/8-inch jig s c r e e n ,  w h i l e  t h e  f i n e r  
material p a s s e s  through t h e  s c r e e n  i n t o  t h e  hu tch  and s u b s e q u e n t l y  f a l l s  t o  
t h e  bottom, where  i t  p a s s e s  through a s p i g o t  and i n t o  a  p i p e  t h a t  leads co 
t he  t e r t i a r y  j ig. 

The t e r t i a r y  jig i s  a two-celled jig. Each c e l l  i s  d r i v e n  by indepen-  
d e n t  p u l s a t o r s .  The t a i l i n g s  from the t e r t i a r y  :ig are d i r e c t e d  t o  t h e  p r i -  
mary jig m i d d l i n g s  t a n k ,  and, a s  a r e s u l t ,  any v a l u e s  a r e  locked i n t o  t h e  
sys tem.  Once a g a i n ,  t h e  h i g h  s p e c i f i c  g r a v i t y  m a t e r i a l ,  i n c l u d i n g  t h e  cass i -  



t e r i t e ,  works i t s  way down through h e m a t i t e  bedding m a t e r i a l .  The c o a r s e r  
c o n c e n t r a t e  s e t t l e s  a t  the i n t e r f a c e  of t h e  bedding m a t e r i a l  and a 1/16-in.  
j i g  s c r e e c ,  w h i l e  t h e  f i n e r  m a t e r i a l  p a s s e s  through t h e  s c r e e n ,  i n t o  the 
h u t c h ,  and s u b s e q u e n t l y  th rough  a  s p i g o t  and i n t o  a ca tch  hopper ( f i g .  4 ) .  
From t h e  hopper  i t  i s  pumped up into a h o l d i n g  t a n k ,  where i t  a w a i t s  proces- 
s i n g  i n  a g r a v i t y  s e p a r a t o r ,  a n d ,  f i n a l l y ,  a c r o s s  a c o n c e n t r a t i n g  t a b l e .  

I n f o r m a t i o n  g a t h e r e d  from t h e  t h r e e  Australian placer-mining o p e r a t i o n s  
may serve well as g u i d e s  t o  more e f f i c i e n t  w a t e r  use and f ine -go ld  r e c o v e r y .  

I n  e a c h  of t h e  o p e r a t i o n s ,  a l i m i r e d  w a t e r  s u p p l y  r e q u i r e d  t h a t  w a t e r  b e  
r e c y c l e d .  A t  t h e  Wlry Creek Tin Mine, w a t e r  was  used e f f i c i e n t l y  by r e c i r c u -  
l a t i n g  i t  throughout  t h e  p l a n t  and l i m i t i n g  d i s c h a r g e  t o  t a i l i n g s  ponds.  

C l e a r l y ,  f o s s i c k i n g  for  s a p p h i r e s  is  an e x c i t i n g  r e c r e a t i o n a l  a c t i v i t y  
s i m i l a r  t o  panning f o r  gold. The p r o c e s s  shows how two d i f f e r e n t  m i n e r a l s  
with n r a t h e r  wide d i f f e r e n c e  i n  s p e c i f i c  g r a v i t y  c2n  be c a p t u r e d  I n  t h e  same 
mining o p e r a t i o n  b u t  i n  two d i f f e r e n t  a r e a s ,  one on t o p  of t h e  s c r e e n  and the 
o t h e r  benea th  t h e  s c r e e n .  

Gordon B o u v e r e t ' s  washing p l a n t  and j i g  o p e r a t i o n  d e m o n s t r a t e s  even more 
c l e a r l y  how a machine,  such a s  a jig, can s u c c e s s f u l l y  c a p t u r e  o mine ra l  of 
s p e c i f i c  g r a v i t y  4 ,  such as s a p p h i r e ,  a t  t h e  i n t e r f a c e  of n a t u r a l  g r a v e l s  and 
t h e  j i g  s c r e e n .  The Wiry Creek t i n  o p e r n r i o n  demona t ra tes  how e f f i c i e n t l y  a 
l a r g e - s c a l e  jig p l a n t  can c a p t u r e  v e r y  f i n e  c a s s i t e r i t e  g r a i n s  w i t h  a 
s p e c i f i c  g r a v i t y  of o n l y  7 .  

From t h i s  i n f o r m a t i o n  i t  i s  p o s s i b l e  t o  conclude t h a t  i f  a j i g  o p e r a t i o n  
can c a p t u r e  12-mesh and l a r g e r  s a p p h i r e s  w i t h  a s p e c i f i c  g r a v i t y  of 4 ,  t h e n  
it would be even more e f f i c i e n t  c a p t u r i n g  12-mesh o r  l a r g e r  gold nuggets w i t h  
a s p e c i f i c  gravity of 16 t o  19. S i m i l a r l y ,  i f  a j i g g i n g  system can e f f i -  
c i e n t l y  c a p t u r e  v e r y  f i n e  minus 12-mesh c a s s i t e r i t e  w i t h  a s p e c i f i c  gravity 
of  7 ,  t h e n  it f o l l o w s  t h a t  i r  would b e  even more e f f i c i e n t  i n  f ine -go ld  r e -  
covery.  
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.You all know a b o u t  sluice boxes and t h e  problems you have w i t h  them. 
They are e s p e c i a l l y  t roublesome a t  freezing t e m p e r a t u r e s .  I n  o r d e r  t o  r educe  
such  problems,  w e  bought a g y r o s e p a r a t o r ,  which a r e  c i r c u l a r ,  r o t a t i n g  recov-  
ery sys tems  t h a t  u s e  c e n t r i f u g a l  f o r c e  t o  c o n c e n t r a t e  g o l d .  

To summarize o u r  o p e r a t i o n ,  t h e  mine f e e d  runs over a g r i z z l y .  Oversize 
gold  is d i r e c t e d  t o  a nugget t r a p ,  w h i l e  c o a r s e  rock  goes t o  was te .  Material 
t h a t  moves th rough  t h e  g r i z z l y  is t h e n  passed through a trommel and is washed 
a t  h i g h  p r e s s u r e s  t o  b r e a k  up clumps.  O v e r s i z e  from t h e  t r o w e l  g o e s  t o  
w a s t e ;  u n d e r s i z e  from t h e  trommel p a s s e s  t o  a dewate r ing  cone.  S o l i d s  from 
rhe cone a r e  then  f e d  t o  t h e  g y r o s e p a r a t o r .  

The g y r o s e p a r a t o r  r a k e s  o n l y  abou t  10 min t o  c l e a n  a s l u i c e  box. The 
gold  c o n c e n t r a t e  i s  t h e n  pumped out through a s p i g o t .  The g y r o s e p a r a t o r  
seems t o  run  b e t t e r  w i t h  smaller size f e e d ,  p a r t i c u l a r l y  i n  the range  of 
< 318 i n .  I t  uses abou t  200 t o  300 ga l /min  ( a t  low rpm s e t t i n g s )  o f  j u s t  
abou t  any kind of w a t e r .  One of i t s  g r e a t e s t  advan tages  is  i t s  ability t o  
ope ra t e  below z e r o ,  a l t h o u g h  by t h e  f i r s t  of  Oc tober ,  when i t  was ve ry  c o l d ,  
we p u t  a box around t h e  equipment. 

We began t e s t i n g  t h e  g y r o s e p a r a t o r  abou t  t h e  end of  September,  1985, 
w i t h  the s u p p o r t  of a g r a n t  from t h e  S t a t e  of Alaska's P l a c e r  Demonstra t ion 
P r o j e c t  ( P e t e r s o n  and o t h e r s ,  1987) .  We ran f o u r  t e s t s  and p rocessed  
1,000 yd3 of overburden and o l d  t a i l i n g s  during each t e s t .  We used a n  e x i s t -  
i n g  4- by 10- f t  s h a k e r  s c r e e n  and l e a s e d  t e s t  u n i t s .  

For t h e  i n i t i a l  test, we s e t  t h e  speed of t h e  g y r o s e p a r a t o r  a t  18 rprn 
and were a b l e  t o  hand le  up t o  16 y d / h r  of m a t e r i a l .  Our w a t e r  f low was about  
800 g a l / m i n ,  and o u r  go ld  recovery  w a s  abou t  10 p e r c e n t .  I n  t h e  m i n e r a l  con- 
c e n t r a t e ,  t h e r e  were t r a c e s  of 200-mesh and a l a r g e  amount of s m a l l - s i z e d  
g o l d .  Af te r  t h i s  f i r s t  t e s t ,  we b u i l t  a n o t h e r  v a r i a t i o n  i n t o  t h e  sys tem and 
d i d  away with t h e  hydroc lone  (a d e w a t e r i n g  u n i t ) ,  wh ich  had worked f a i r l y  
w e l l ,  excep t  that m a t e r i a l  d i d n ' t  s e t t l e  p r o p e r l y .  

Dur ing the second test, w i t h  t h e  speed s e t  a t  37 rpm, t h e  f e e d  was 
34 y d / h r ,  w a t e r  f l o w  was 900 ga l /min ,  and go ld  recovery  was 15 p e r c e n t .  A s  

,you can see,  t h e r e  w a s  a problem w i t h  g o l d  r e c o v e r y  d u r i n g  t h e  f irst  two 
t e s t s .  

The t h i r d  t e s t  w a s  a t  30 rpm,  f e e d  was 26 y d / h r ,  and w a t e r  f low was 
1,200 gal/min. We had w a t e r  spillage b u t  t h a t  was what t h e  p i p e  was s e t  f o r .  
Gold recovery  was 26 p e r c e n t ,  a l t h o u g h  t h a t  p e r c e n t a g e  was from t a i l i n g s  t h a t  
had gone through t h e  s l u i c e  box. 



During the f o u r t h  t e s t ,  t h e  rpm was 50, m a t e r i a l  f low was 28 y d l h r ,  and 
wat.er f low w a s  1,300 g a l l m i n ;  go ld  r e c o v e r y  went up 50.2 p e r c e n t .  These l a t -  
t e r  t e s t  r e s u l t s  i n d i c a t e d  t h a t  we were approach ing  t h e  righc m i x t u r e  of  ma- 
t e r i a l  and w a t e r  a t  t h e  c o r r e c t  rpm.  E v e n t u a l l y ,  w e  may be able t o  r a i s e  
r e c o v e r y  r a t e s  t o  t h a t  o f  a s t a n d a r d  s l u i c e  box (abou t  80 p e r c e n t ) .  

The t e s c s  showed u s  what w e  were do ing  wrong. For example,  we had an 
i r r e g u l a r  f e e d  from t h e  pump t o  t h e  g y r o s e p a r a t o r  of up t o  1,300 g a l / m i n .  We 
t r i e d  a v a r i e t y  of a r rangements  t o  s o l v e  t h e  ' p u l s i n g '  problem because  t h e  
l a r g e s t  v a r i a n c e  i n  performance o f  t h e  g y r o s e p a r a t o r  and i n  o v e r a l l  g o l d  r e -  
covery  was caused  by t h e  rpm v a r i a t i o n s .  The s o l i d  pump t h a t  was used t o  
f e e d  t h e  hydroc lone  worked p r e t t y  w e l l ,  e x c e p t  t h a t  t h e  d i s c h a r g e  from t h e  
hydroc lone  c r e a t e d  s o  much t u r b u l e n c e  t h a t  we could  not keep w a t e r  from going  
o v e r  the top  o f  t h e  g y r o s e p a r a t o r .  We a l s o  l e a r n e d  t h a t  we needed a l a r g e  
s c r e e n  w i t h  a  c a p a c i t y  of  a t  l e a s t  100 ydlhr  t o  h a n d l e  t h e  l a r g e  volume of 
m a t e r i a l .  O c c a s i o n a l l y ,  we  had i n s u f f i c i e n t  m a t e r i a l  t o  f e e d  the gyrosepa-  
r a t o r .  

This w i n t e r  w e  a re  working outside on a l a b o r a t o r y  grizzly and nugget-  
c r a p  combinat ion.  With this equipment, we w i l l  be a b l e  t o  c a t c h  all t h e  
c o a r s e  g o l d  s o  that we won ' t  have  t o  wor ry  about  any g e t t i n g  away. We w i l l  
use  a  h igh-pressure  n o z z l e  t o  b r e a k  down c l a y  b a l l s .  We won ' t  use a  f u n n e l  
a t  t h e  g y r o s e p a r a t o r  u n i t ,  i t  w i l l  be just a  s c r e e n  p lant .  To feed  t h e  gyro- 
s e p a r a t o r ,  we w i l l  have t o  dewater  t h e  p a y d i r t  from the trommel and  t h e n  add 
t h e  r i g h t  amount of  mix-up w a t e r .  
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FINE-GOLD RECOVERY U S I N G  THE VENTURI EFFECT 

BY 
Karl Hanneman, Alaska Place r -min ing  Engineer  

P.O. Box 81416 
Fairbanks, Alaska 99708 

While min ing  on t h e  Livengood bench d u r i n g  1984-85,  w e  modlf ied  our  
p l a n t  and used a h y d r a u l i c  l i f t .  Qui te  unexpec ted ly  we demons t ra ted  t h a t  
t h i s  l i f t  was r e s p o n s i b l e  f o r  r educ ing  o u r  g o l d  l o s s e s  i n  t h e  s l u i c e  box from 
about  25 p e r c e n t  t o  < 1 p e r c e n t .  The h y d r a u l i c  l i f t  i s  n o t  new t o  u s ,  i t  has  
been used  s i n c e  t h e  mid-1800s i n  C a l i f o r n i a  and s i n c e  t h e  e a r l y  1900s i n  i n -  
t e r i o r  Alaska. J o h n  Miscovich s t i l l  u s e s  a h y d r a u l i c  l i f t  i n  t h e  I d i t a r o d  
d i s t r i c t .  Ln t h i s  r e p o r t ,  I ' d  l i k e  t o  show some d a t a  that w i l l  i l l u s t r a t e  
what a  remarkable  e f f e c t  t h e  h y d r a u l i c  lift can  have on s l u i c e - b o x  recovery .  

Our o p e r a t i o n  is  on t h e  Livengood bench (fig. 1) i n  t h e  Livengood-Tolo- 
vana mining d i s t r i c t .  We moved o n t o  t h i s  p r o p e r t y  i n  t h e  f a l l  of 1984 and 
set up o p e r a t i o n s  i n  mid-September. I n  o u r  1984 p l a n t ,  we used a  g r i z z l y  
w i t h  a r o d  hopper on t h e  t o p  and a 1%-in. -mesh s c r e e n  a t t a c h e d  t o  t h e  v i b r a t -  
ing  u n i t  undernea th .  The minus 1%-in. r e s i d u e  f e l l  through t h e  s c r e e n  a n d  
came down t h e  box. During a coup le  weeks o f  o p e r a t i o n ,  we had the chance t o  
s y s r e m a r i c a l l y  sample o u r  t a i l i n g s  and w e  were q u i t e  dismayed a t  t h e  l o s s e s  
we no ted .  We took o u r  samples  from a l o a d e r  right a t  t h e  e n d  of  t h e  s l u i c e  
box. We a l s o  checked t h e  whole s l u i c i n g  system on b o t h  i n s i d e  c h a n n e l s  of  
t h e  box by s h o v e l i n g  samples th rough  a s m a l l e r  more e f f i c i e n t  gold s a v e r .  W e  
k e p t  g e t t i n g  c o n s i s t e n t  l o s s e s  (under  30-percent  r e c o v e r y  v a l u e ) ,  sometimes 
i n  e x c e s s  of  0.005 oz/yd.  

We c o l l e c t e d  samples  of  minus 318-in. m a t e r i a l  from the gold s a v e r  i n  
t u b s  and c a r r i e d  them back t o  town, where we r a n  a p i l o t  t e s t  on t h e  Mark 7 
spirals. The s p i r a l  t e s t  showed t h a t  98 p e r c e n t  o f  t h e  go ld  was c o n t a i n e d  i n  
t h e  tailings, i n s t e a d  of i n  t h e  s l u i c e  box c h a n n e l s ,  s o  t h e  problem for u s  
was one o f  s u b s t a n t i a l  g o l d  l o s s e s .  The p i l o t  t e s t  i n d i c a t e d  t h a t  t h e  s p i -  
r a . 1 ~  would be e f f e c t i v e  i n  r e c o v e r i n g  o u r  g o l d .  

The shape f a c t o r  f o r  o u r  go ld  ( t e s t e d  by  Dan Walsh a t  t h e  Minera l  Indos- 
t r y  Research Labora to ry ,  UAF) ranged from a Corey 0.12 t o  0 .4  and averaged  a 
Corey 0.26. Other I n t e r i o r  p r o p e r t i e s  showed t h e  f o l l o w i n g  Corey shape-fac-  
t o r  values: Gold Dust Creek,  0.39; Tobin Creek i n  Chandalar. 0.39; Chicken 
Creek,  0.66; and Yakuta t  Beach, 0.09. The h i g h e r  t h e  s h a p e  f a c t o r ,  t h e  e a s i -  
er i t  is  t o  c a t c h  t h e  gold i n  a standard sluice box. 

The r e a s o n  w e  chose  a s p i r a l  pump i s  because i t  c o s t  o n l y  about  $8,000,  
l e s s  than  h a l f  of any o t h e r  a l t e r n a t i v e ,  and because t h e  p i l o t  t e s t  
demonstra ted  t h a t  w e  could u s e  i c  e f f e c t i v e l y  t o  r e c o v e r  t h e  g o l d .  We were 
committed t o  the p r o c e s s  a f t e r  o r d e r i n g  a l l  the equipment and a c c e p t i n g  an  
Alaska Place r  Demonstra t ion P r o j e c t  g r a n t  t o  f i n a n c e  i t .  

Our main o b j e c t i v e  in r e v i s i n g  t h e  pump w a s  t o  s u b s t a n t i a l l y  improve t h e  
wash. When we  wenr co t h e  end o f  t b e  s l u i c e  box and t o o k  a sample by hand o r  
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F i g u r e  1. Washing p l a n t ,  Livengood bench. 

s h o v e l ,  we s a w  t h a t  some of t h e  c l a y  was s t i l l  s t u c k  t o  t h e  r o c k s  and o t h e r  
c o a r s e  d e b r i s  i n  t h e  pay d i r c .  I t  i s  p r e t t y  tough washing ' d i r t , '  s o  we knew 
we had t o  improve t h e  wash.  A t  t h a t  t i m e ,  we thought  t h e  s p i r a l  p l a n t  would 
r e c o v e r  t h e  g o l d .  I w i l l  r un  through t h e  f l o w s h e e t  o f  t h e  s p i r a l  p l a n t  for 
you because  we o p e r a t e d  i t  f o r  207  h r  and g o t  a good hand le  on its c a p a b i l -  
i t i e s .  

There  i s  a s t a t i o n a r y  s c r e e n  a t  t h e  end of t h e  s l u i c e  box,  which 2s  
8 f t 2 .  The minus 10 mesh f e l l  through t h e  s c r e e n ,  where i t  was pumped by a n  
8 by 6 'Pecos '  r u b b e r - l i n e d  s l u r r y  pump. The t o t a l  f low i n  t h e  system t o  t h e  
s l u i c e  box was about  2,200 g a l / m i n .  About 200 gal f e l l  through t h e  screen 
and t he  remaining 2,000 g a l  met w i t h  t h e  slurry going  t o  the  pump. The 
' P e c o s '  pump moved w a t e r  through a 9-inch s l i d e  t o  a d i s t r i b u t o r  p o t .  The 
d i s t r i b u t o r  p o t  l e d  i n t o  two 20-in. c y c l o n e s .  The cyc lone  under f low flowed 
down inro a 4-in.  s o l i d  pump t h a t  pushed t h e  slurry a t  26-percent s o l i d s  up 
t o  t h e  t o p  o f  t h e  s p i r a l s .  The s l u r r y  ran down t h e  s p i r a l s  and t h e  concen- 
t r a t e  moved t o  t h e  i n s i d e  and was p u l l e d  off. C o n c e n t r a t e  from t h e  ' T r i p l e  
S t a r t '  s p i r a l  f lowed i n t o  t h e  4- in .  pump. Wa-ter was added and t h a t  concen- 
t r a t e  was pumped back up t o  t h e  s i n g l e  s p i r a l  f o r  upgrad ing .  This concen- 
t r a t e ,  i n  t u r n ,  formed a s l i g h t  bank of heavy m i n e r a l s  on t h e  i n s i d e  c r a c k  of 
t h e  s i n g l e  s p i r a l .  It came o f f  t h e  s p i r a l  o n t o  a 'Gemini '  s h a k i n g  t a b l e .  
When t h i s  was run  c o n t i n u o u s l y ,  we ended up w i t h  abou t  a cup o r  two p e r  day 
o f  f ine -go ld  c o n c e n t r a t e .  

On June 15,  w e  f i r e d  t h e  plant up and had  a coup le  of problems w i t h  t h e  
s h a f t  s i z e s  on o u r  pumps. We h a d  t o  o r d e r  p a r t s  from S e a t t l e  and wait  a cou- 
p l e  of days  f o r  t h e i r  arrival. A f t e r  t h a t ,  i t  was f u l l  steam ahead ,  e x c e p t  
t h a t  I was t e a r i n g  my h a i r  o u t  because  t h e r e  w a s n ' t  any g o l d .  I s t a r t e d  a t  



t h e  bottom of t h e  f l o w s h e e t  and k e p t  working my way back up .  We would cake 
the, l o a d e r  a n d  g e t  t a i l i n g s  o u t  o f  t h e  over f low.  Then I would t a k e  some 
g o l d ,  run it o v e r  and dump i t  i n  t h e  system. I n  2% min, i t  would come o u t  on 
t h e  t a b l e .  So I would do  i t  a g a i n ,  and i t  would do It  again. Then we  s t a r t -  
ed sampl ing  m a t e r i a i  a t  t h e  end of  t h e  s l u i c e  box and t h e r e  w a s n ' t  any g o l d .  

The s o l u t i o n  t o  o u r  problem was a d e v i c e  t h a t  we p u t  under o u r  two-deck 
s c r e e n .  This w a s  a h y d r a u l i c  l i f t ,  a  c a s t - i r o n  u n i t  t h a t  weighs  abou t  
600 l b s ,  manufactured by t h e  Pecos Pump Company i n  Georg ia .  The h y d r a u l i c  
l i f t  injects w a t e r  through a h i g h  p r e s s u r e  n o z z l e  (fig. 2 ) .  T h i s  h igh-  
v e l o c i t y  j e t  c r e a t e s  a s u c t i o n  t h a t  p u l l s  t h e  g r a v e l  from t h e  s l u r r y  t h a t  i s  
undernea th  t h e  s c r e e n .  The s u c t i o n  combines a l l  f r a c t i o n s  and i n c r e a s e s  t h e  
s l u r r y  v e l o c i t y  by c r e a t i n g  a  v e n t u r i  e f f e c t  ( f i g .  3). 

Ore f a l l s  i n t o  t h e  hopper and  water c a r r i e s  i t  t o  t h e  l i f t .  That cre- 
a t e s  a s u c t i o n  t h a t  p u l l s  i n  t h e  s o l i d s  and pumps them up t o  t h e  head o f  t h e  
s l u i c e .  There a re  no moving p a r t s  i n  t h i s  whole u n i t .  A l l  you need is  hard  
f a c i n g  on t h e  p i p e s  from your  sump. The i n j e c t i o n  w a t e r  f l o w s  a t  750 g a l b i n  
through a 2-in.  p i p e  a t  0.67 p s i .  The o v e r s i z e  comes a c r o s s  the s c r e e n .  The 
u n d e r s i z e  f a l l s  a c r o s s  t h e  hopper .  T h i s  is  where you a p p l y  all t h e  high 
p r e s s u r e  w a t e r  t o  t h e  l i f t  and i t  j u s t  b e a t s  che living d a y l i g h t s  o u t  of t h e  
sed iment .  It b r e a k s  up a l l  t h e  c l a y  and b r i n g s  t h e  go ld  i n  for  recovery .  

When we used t h e  h y d r a u l i c  lift, o u r  s l u i c e  box demonstra ted  > 99-per- 
c e n t  r ecovery .  The box h a s  t h r e e  channe l  b l o c k s :  t h e  s i d e  c h a n n e l s  a r e  each 
3-ft  w i d e ,  and t h e  cen te r  channe l  is 2-f t  wide .  John Burge land ,  who b u i l t  
the box, i n s t a l l e d  baffles on t h e  sides and down t h e  center. The head end of  
t h e  s l u i c e  h a s  a 3 /4 - in .  punch p l a t e  w i t h  3 /4 - in .  h o l e s  and a 51-percent  open 
a rea .  The s t e p  punch p l a t e  i n  t h e  c e n t e r  c o v e r s  2 3  ft2 a t  a 3 i n . / f t  grade. 
A l l  t h e  underf low from a l l  t h e  punch p l a t e s  r e p o r t s  t o  t h e  s i d e  c h a n n e l s .  
The underf low d o e s n ' t  go up t h e  c e n t e r  because  t11e b a f f l e s  h o l d  t h e  w a t e r  
back,  f l o o d i n g  t h e  punch p l a t e ,  and a l l o w  o n l y  f i n e s  and gold  and l i m i t e d  
amounts of w a t e r  t o  move t o  the  s i d e s  o f  t h e  box.  We g e t  < 2-percent  recov-  
e r y  i n  the c e n t e r  c h a n n e l .  

In summary, we recovered  2.78  oz o f  g o l d  d u r i n g  t h e  207 11r t h a t  t h e  s p i -  
r a l  p l a n t  was i n  o p e r a t i o n .  From a s a l t  t e s t ,  we determined t h a t  t h e  p l a n t  
was r e c o v e r i n g  98 p e r c e n t  of  t h e  g o l d ;  t h e r e f o r e ,  o n l y  a small amount of  g o l d  
was g e t t i n g  t o  t h e  s p i r a l .  During a n o t h e r  t e s t ,  we took  t h e  lower  r i f f l e s  
o u t  o f  t h e  s l u i c e  box and ended up r e c o v e r i n g  8 p e r c e n t  of  t h e  go ld  through 
t h e  s p i r a l  p l a n t ,  which is  a b o u t  t h e  same amount a s  we normally recovered  i n  
t h e  lower  16 ft of t h e  s l u i c e  box. T h i s  i n d i c a t e s  t h a t  t h e  s p i r a l  p l a n t  and 
t h e  s c r e e n i n g  were a v a l i d  t e s t  o f  t h e  g o l d  c o n t e n t  of t h e  t a i l i n g s .  

The e f f e c t i v e n e s s  o f  t h e  l i f t  was shown i n  t h e  d i f f e r e n c e  i n  s i z e  
c l a s s i f i c a t i o n  of go ld  go ing  our  t h e  end of t h e  s l u i c e  box i n  1985 v s .  1984. 
I n  1984, t h e  t a i l i n g s  t h a t  were going o u t  of  t h e  end of  t h e  box were v e r y  
s i m i l a r  t o  what w e  were r e c o v e r i n g  i n  t h e  box. The m a t e r i a l  had a d i s t r i b u -  
t i o n  of abou t  5-percent  minus 100 mesh. But i n  1985, w i t h  t h e  h y d r s u l i c  l i f t  
i n  p l a c e ,  t h e  s i z e  d i e t r i b u t i o n  o f  che  g o l d  go ing  our  che  box was much f i n e r ,  
approx imate ly  30-percent  minus 100 mesh. Our t e s t s  show c h a t  t h e  go ld  t h a t  
was l o s t  i n  1984  was going o u t  t h e  end on sediment  s t u c k  t o  t h e  r o c k .  I n  
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Figure 3 .  Hydraulic  lifc, Livengood bench. 



1985,  w i t h  t h e  l i f t ,  t h e  amount of  g o l d  tbat was go ing  o u t  t h e  end of t h e  
s l u i c e  box was p robab ly  l i m i t e d  by t h e  e f f i c i e n c y  o f  the s l u i c e  box. 

Hcw might t h i s  a p p l y  t o  o t h e r  o p e r a t i o n s ?  I t  worked w e l l  f o r  u s .  The 
f i r s t  s t e p  i s  t o  measure t h e  l o s s e s  i n  your  e x i s t i n g  system. You need to 
take l a r g e  b u l k  samples from your  existing system and run them through some 
p r o c e s s  and s e e  i f  you g e t  g o l d .  You c a n ' t  c a t c h  i t ,  if i t ' s  no t  t h e r e .  
Second, l o o k  a t  your  r ecovery  sys tem.  I f  you have poor c l a s s i f i c n t i o n  prob- 
lems and know t h a t  you a r e  l o s i n g  g o l d ,  t h e r e  i s  a h i g h  p r o b a b i l i t y  t h a t  your  
problem i s  incomplete  washing and t h e  h y d r a u l i c  l i f t  may h e l p .  The c a p i t o l  
c o s t  o f  o u r  h y d r a u l i c  l i f t  w a s  abou t  $2,200 FOB t o  Fa i rbanks .  

QUESTIONS AND ANSWERS 

(Q): Is the re  a  r i f f l e - p l a c e m e n t  o r  r i f f l e - p o c k i n g  difference between t h e  
y e a r  you used t h e  l i f t  and the y e a r  you didn't? 

( A ) :  Yes, t h e r e  was a p e r c e p t i b l e  d i f f e r e n c e  i n  t h e  r i f f l e  pack ing  i n  t h e  
c e n t e r  channe l .  A d j u s t i n g  t h e  h o l e  s i z e  i n  t h e  trommel so lved  t h i s  
problem. We s t i l l  had packing,  b u t  i t  was different. 

(Q): How o f t e n  d i d  you c l e a n  your r i f f l e s ?  
(A): Every 5,000 yd3.  

(Q) : When you had 700 t o  800 ga l /min  go ing  i n ,  what was comiag o u t ?  
(A)  : Screen-wash w a t e r  t o t a l l e d  1 ,000 g a l l m i n ,  i n j e c t i o n  w a t e r  going t o  t h e  

l i f t  t o t a l l e d  700 g a l / m i n ,  and w a t e r  f lowing  t o  t h e  manifold  on t h e  
s l u i c e  t o t a l l e d  450 gal/min. I n  a l l ,  2,150 g a l l m i n  was coming o u t  o f  
the  sys tem.  
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INTRODUCTION 

The Nine Mile Placer, o p e r a t e d  by t h e  Uni ted  S t a t e s  Antimony Corpora- 
t i o n ,  i s  l o c a t e d  i n  t h e  Nine Mile d r a i n a g e ,  25 m i  west of H i s s o u l a ,  Montana. 
T h i s  paper  g i v e s  an  overview o f  t h e  mining o p e r a t i o n ,  i n c l u d i n g  geo logy ,  
s t r i p p i n g ,  mining,  s c r u b b i n g ,  washing,  r ecovery ,  c l e a n u p ,  r e c l a m a t i o n ,  and 
p l a n t  o p e r a t i o n .  The recovery  f l o w  s h e e t  f o r  t h e  mine i s  shown i n  f i g u r e  1 
and t h e  c leanup  s h e e t  i s  shown i n  f i g u r e  2. 

GEOLOGY 

Loca l  bedrock is  Precambrian a r g i l l i t e  w i t h  go ld -bear ing  q u a r t z  v e i n s .  
It occurs f r e q u e n t l y  as c o b b l e s  i n  the placer and i s  p robab ly  t h e  s o u r c e  of 
t h e  g o l d .  The grade o f  t h e  d e p o s i t  has varied, b u t  if has averaged more t h a n  
$ 4 / y d .  Rocks i n  t h e  d e p o s i t  range up t o  2.5-ft diam, b u t  most of t h e  m a t e r i -  
a l  is  much f i n e r  g r a i n e d .  Poor s o r t i n g ,  h i g h  c l ay  c o n t e n t ,  s t r i a t i o n s ,  and  
l o c a l  moraines  and e s k e r s  i n d i c a t e  thac t h e  h o s t  sediment  is  g l a c i a l .  

STRIPPING 

T o p s o i l  and b a r r e n  m a t e r i a l  a r e  s t r i p p e d  by d o z e r s  and s c r a p e r s  t o  
d e p t h s  o f  up t o  25 ft and a r e  t h e n  p i l e d  s e p a r a t e l y  t o  one s i d e  o r  t h e  o r h e r  
of t h e  active mining t r ench .  S t r i p p i n g  c o s t s  vary  from $0.07 t o  $0.03/yd, 
depending on the  dep th .  A f t e r  mining,  t h e  s t r i p p e d  waste  i s  fed back i n t o  
the t r e n c h  a l o n g  with p l u s  7/8-in.  m a t e r i a l  from the t r o w e l  stacker and t h e  
minus 118-in. material from t h e  s e c t l i n g  pond; t o p s o i l  i s  saved f o r  con tour -  
i n g .  

M I N I N G  

F i r s t ,  a t e s t  is conducted on the  upper  s e c t i o n  of t h e  proposed mining 
s i t e .  Depending  on t h e  r e s u l t s ,  a mining t r e z c h  is  p r e p a r e d ,  wh ich  i s  abou t  
50- t o  100-ft wide by 300- f t  l o n g .  Dozers and scrapers- - -cable  o p e r a t e d  t o  
minimize o i l  s p i l l s - - - a r e  used t o  s t r i p  and mine. Ore i s  fed  by d o z e r  i n t o  
a n  apron feeder and conveyor sys tem,  which s u p p l i e s  t h e  p l a n t .  An o p e r a t o r  
wa tches  t h e  system and can s t o p  i t  t o  remove large r o c k s .  Water I s  used t o  
remove n i a t e r i a l  from t h e  bottom of  the apron  f e e d e r  and is  then  s e n t  back t o  
a  pond by a crough sys tem.  In the p a s t ,  a d r a g l i n e  was used t o  f e e d  t h e  
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Figure 1:Nining and recovery flow s h e e t ,  Nine Mile Placer  Mine, Missoula, 
Montana. 
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Figure 2 .  Cleanup flow sheet, Nine Mile Placer Mine ,  Missoula, Montana. 

plant, but it was replaced because it d i d  not provide  a sceady feed and it 
had a tendency to surge the  plant. A g r i z z l y  was a l s o  used for  a w h i l e ,  but 
i t  o f t e n  became blocked. 



SCRUBBING 

The f i r s t  15 f t  o f  t h e  trommel, which i s  6 - f t  diam and 27-f t  long ,  f r e e s  
t h e  g o l d  from clay agg lomera tes  by s c r u b b i n g .  The s c r u b b i n g  s e c t i o n  is  p a r -  
t i t i o n e d  o f f  by a n  8- in .  r i n g  and c o n t a i n s  s e c t i o n s  of rail t h a t  p rov ide  
l i f t e r s .  Feed r a t e  t o  t h e  trommel is  40 yd /hr  of o r e  and 800 t o  1 ,100 
gal/min of w a t e r  (miners have been known t o  u s e  t o o  much w a t e r ,  which washes 
t h e  f i n e  go ld  from t h e  r t f f l e s ) .  The trommel r o t a t e s  a t  11 rpm and is d r i v e n  
by a 40-hp gear-head motor.  

WASHING 

The trommel has three s e p a r a t e  s c r e e n i n g  s e c t i o n s .  The first  is 4- f t  
l o n g  w i t h  *-in. h o l e s  punched on 3/8-in.  c e n t e r s .  T h i s  l e a v e s  about  50-per- 
c e n t  open s c r e e n  a r e a .  M a t e r i a l  t h a t  p a s s e s  through t h e  s c r e e n  i s  f e d  d i -  
r e c t l y  i n t o  a  s l u i c e  t h a t  i s  22-f t  l o n g ,  4 - f t  wide, and 6- in .  h i g h .  The sec- 
ond s c r e e n i n g  s e c t i o n  has  3/8- in .  h o l e s  across a  4 - f t  l e n g t h .  M a t e r i a l  t h a t  
p a s s e s  through t h i s  s c r e e n  goes  d i r e c t l y  i n t o  a s l u i c e  w i t h  t h e  same d i -  
mensions as t h e  one  f e d  b y  t h e  f i r s t  s c r e e n .  The l a s t  s c r e e n i n g  s e c t i o n  i s  
2- f t  long  wi th  718-in. h o l e s .  Discharge from this screen  goes  t o  a s l u i c e  
t h a t  i s  22-fc long ,  2 - f t  wide ,  and 6- in .  h igh .  A common mis take  i s  t o  u s e  
o v e r s i z e d  holes (1 t o  2 i n .  ) , which a l l o w  c o a r s e  rock t o  b l i n d  t h e  r i f f l e s .  
To remove t h e  o v e r s i z e d  rock ,  wa te r  volume is i n c r e a s e d ,  and t h e  f i n e  g o l d  is 
washed o u t  of t h e  r i f f l e s .  Water t o  each screening s e c t i o n  is  a d j u s t e d  
through a s p r a y  b a r .  Overs ize  m a t e r i a l  ( p l u s  7/8  i n . )  is  d i r e c t e d  t o  a p i l e  
where it is removed by  d o z e r  and s c r a p e r  and r e p l a c e d  i n  t h e  r e c l a m a t i o n  ar- 
e a .  

RECOVERY 

The sluice boxes axe l i n e d  w i t h  one layer of open-weave b u r l a p  and 
covered w i t h  expanded m e t a l  r i f f l e s ,  which a r e  diamond-shaped and about $-in. 
h igh  by 6- in .  diam; t h e  box g r a d e s  abou t  1.75 i n . / f t .  Every 8 h r ,  the system 
is  stopped f o r  c l e a n u p ,  which takes $ h r .  The r i f f l e s  a r e  removed, t h e  
b u r l a p  c o l l e c t e d ,  and t h e  heavy m i n e r a l s  washed i n t o  a t r a y .  Fine m a t e r i a l  
t h a t  p a s s e s  over t h e  r i f f l e s  is  s i z e d  t o  1/8 i n .  The p l u s  118-in. m a t e r i a l  
is  s t o c k p i l e d  f o r  s a l e  as roadbed a g g r e g a t e ;  t h e  minus 1/8- in .  m a t e r i a l  i s  
pumped back t o  the r e c l a m a t i o n  t r e n c h ;  and t h e  wa te r  i s  r e c y c l e d  back co t h e  
trommel. 'American C o l l o i d  Percol  65'  h a s  been used a s  a f l o c c u l a n t .  

J i g s  were t r i e d  f o r  a w h i l e ,  b u t  t h e y  recovered s o  much b l a c k  sand t h a t  
i t  was d i f f i c u l t  t o  amalgamate t h e  gold  g r a i n s ,  and t h e  b l a c k  sand cou ld  no t  
be r e c o n c e n t r a t e d  on a t a b l e .  I n  a d d i t i o n ,  t h e r e  was a problem o f  environ-  
menta l  compliance r e l a t i v e  t o  t h e  use  of mercury on l a r g e  amounts of heavy 
m a t e r i a l s .  

CLEANUP 

The b u r l a p  is  washed f r e e  of m i n e r a l s ,  and t h e  c o l l e c t e d  c o n c e n t r a r e  is  
sc reened  a t  20 mesh. The p l u s  20-mesh m a t e r i a l  is  r e c o n c e n t r a t e d  i n  a 
s l u i c e ,  and t h e  g o l d  is  s o r t e d  by hand f o r  d i r e c t  s z l e .  The r e s i d u e  is 
combined w i t h  t h e  minus 20-mesh m a t e r i a l  and i s  amalgamated by b a t c h  i n  a 



drum. Soda ash i s  used t o  p r e v e n t  f l o u r i n g .  D i r e c t  o p e r a t i n g  c o s t s  f o r  the  
ash.ing are about  $1.35/yd. Amalgam i s  separated using 8 cone-flow e l u t r i a -  
tm ,  then  squeezed through a  chamois and r e t o r t e d .  The recovered  go ld  i s  
then  s e n t  t o  a r e f i n e r y .  

The mined tr.enches a r e  r ec la imed  d u r i n g  o p e r a t i o n  by pumping back f i n e s  
from t h e  trommel, dewate r ing  t h a t  m a t e r i a l  ( r h e  w a t e r  is  r e c y c l e d ) ,  and then  
b l e n d i n g  i n  both t h e  c o a r s e  m a t e r i a l  r e j e c t e d  from t h e  trommel and t h e  was te  
m a t e r i a l  from s t r i p p i n g .  Af t e r  rhe  mining season  i s  o v e r ,  t h e  ground is con- 
toured  t o  i t s  o r i g i n a l  s l o p e ,  t h e  t o p s o i l  is  r e p l a c e d ,  and duck ponds are 
constructed. The area is  then  p l a n t e d  w i t h  a seed m i x t u r e  (20 l b / a c r e ) ,  des -  
i g n a t e d  by t h e  U.S. F o r e s t  S e r v i c e ,  and  f e r t i l i z e d  (50 lblacre of  P K Z ) .  

PLANT OPERATION 

A moving p l a n t  was used o r i g i n a l l y ,  bu t  it has been replaced by a f ixed 
p l a n c  because  this e l i m i n a t e s  much of t h e  mud and t h e  need t o  c o n t i n u a l l y  
b u i l d  ponds.  From an env i ronmenta l  s t a n d p o i n t ,  a f i x e d  p l a n t  i s  beccer  be- 
cause  it e l i m i n a t e s  drainage from t h e  ponds t o  the c r e e k .  The p l a n t  is i n  
o p e r a t i o n  from February  (or A p r i l )  through t h e  end o f  November, 6 dayslwk. 
It i s  run by a crew of f i v e  men t h a t  cover  two 8-hr  s h i f t s .  Two men a r e  em- 
ployed year-round and spend t h e  w i n t e r  r e c l a i m i n g  t h e  l a n d ,  m a i n t a i n i n g  t h e  
equipment ,  and g u z r d i n g  t h e  p r o p e r t y .  

To summarize, t h e  f o l l o w i n g  is a l is t  of  equipment used a t  t h e  Nine Mile 
Placer Mine: 

'DW21 C a t e r p i l l a r '  15-yd3 s c r a p e r s  
'Manitowac 3500'  2 - y d 3  d r a g l i n e  
'D9 C a t e r p i l l a r '  t r a c t o r  
' D 8  C a t e r p i l l a r 1  t r a c t o r  
'8240 T e r e x '  dozer  
8-V ' 9 2 - s e r i e s  GMC'  d i e s e l  g e n e r a t o r  (300 kw) 
8- in .  by 10-in. ' G a l i g h e r '  pump (100 h p - e l e c t r i c )  
&in. by 6 - in .  ' G a l i g h e r '  pump (100 h p - e l e c t r i c )  
6-ft-diam by 27-f t - long t r o m e l  
Apron f e e d e r  
Conveyors 
S l u i c e  boxes 
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Mention underground p l a c e r  mining,  d r i f t  mining as  i t  i s  more commonly 
known, t o  most a c t i v e  p l a c e r  miners  and a n  image comes t o  mind o f  one o r  two 
die-hard  go ld  miners  t end ing  t h e i r  l e a k y  steam l i n e s  a t  t h e  bottom of a 
r i c k e t y  log-cr ibbed s h a f t  abou t  50 y r  ago .  S o p h i s t i c a t i o n  then  may have been 
a  wheelbarrow and a cap lamp. U n t i l  t h e  1930s, t h i s  was a common w i n t e r  oc- 
c u p a t i o n  for miners who h y d r a u l i c a l l y  worked o r  sluiced s h a l l o w e r  c r e e k  grav-  
e l s  i n  the  summer. The purpose of  o u r  p r e s e n t a t i o n  today is t o  d e s c r i b e  t h e  
underground placer-mining technology t h a t  has  developed s i n c e  t h e  days  of 
t h o s e  o ld - t ime  go ld  m i n e r s .  Most of  t h e  d i s c u s s i o n  i s  d e r i v e d  trom t r a n s -  
l a t i o n s  o f  work p r e s e n t e d  i n  r e c e n t  S o v i e t  t e c h n i c a l  j o u r n a l s  and does  n o t  
r e f l e c t  any i n v e s t i g a t l o n  performed by t h e  Bureau o f  Eiines o r  t h e  U n i v e r s i t y  
o f  Alaska.  

D r i f t  mining p robab ly  g o t  i t s  s t a r t  around 1870 i n  the  s e m i c o n s o l i d a t e d  
T e r t i a r y  g r a v e l s  i n  C a l i f o r n i a .  Then, i n  1898, the  Klondike  was d i s c o v e r e d .  
I n  the  f a r  n o r t h ,  p l a c e r  d e p o s i t s  u s u a l l y  o c c u r  i n  a r e a s  t h a t  have escaped 
Q u a t e r n a r y  g l a c i a t i o n .  T y p i c a l l y ,  however, t h e s e  a r e a s  a r e  mantled by t h i c k  
accumula t ions  of wind-blown l o e s s  t h a t  must be removed t o  r e a c h  t h e  a u r i f e -  
r o u s  gravels. Commonly, t h i s  overburden i s  f r o z e n ,  and t h e r e f o r e ,  must be  
thawed b e f o r e  s t r i p p i n g .  S h o r t l y  a f t e r  t he  go ld  s t r i k e s  i n  t h e  Yukon, i n  
Alaska ,  and l a t e r  i n  S i b e r i a ,  miners  r e a l i z e d  t h a t  a n  a l t e r n a t i v e  e x i s t e d  f o r  
mining permanent ly  f r o z e n  ground. Ra the r  t h a n  t h a w  and remove mass ive  
amounts o f  v a l u e l e s s  overburden ,  i t  was e a s i e r  t o  mine on ly  t h e  r i c h  pay 
g r a v e l s  a t  o r  n e a r  bedrock,  u s u a l l y  no more t h a n  4- t o  8 - f t  thick, and l e a v e  
t h e  overburden i n  p l a c e .  I t  was indeed an a t t r a c t i v e  a l t e r n a t i v e  i n  t h o s e  
d a y s  b e f o r e  t h e  adven t  of the  b u l l d o z e r  and f r o n t - e n d  l o a d e r .  

Subsequen t ly ,  many of t h e  c r e e k s  i n  t h e  F a i r b a n k s  a r e a ,  even t h o s e  which 
were l a t e r  d redged ,  were mined by drift m i n e r s  who worked with p i c k  and shov- 
e l  i n  narrow,  dangerous ,  poor ly  v e n t i l a t e d  t u n n e l s .  In S i b e r i a ,  t h e  d e a t h  
camp o r g a n i z a t i o n  'Dal s t r i o '  evo lved ,  and i n  the  1930s, m i l l i o n s  of p o l i r i -  
cal p r i s o n e r s  were sentenced t o  the g o l d - p l a c e r  mines. I n  a r e c e n t  accoun t  
by Cies lewicz  (1987),  t h e  average  p r i s o n e r  e x t r a c t e d  I t o  2 kg of go ld  b e f o r e  
his d e a t h .  

Fol lowing World War TI, underground p l a c e r  mining i n  Alaska became some- 
what of a Lost a r t .  Meanwhile, i n  S i b e r i a ,  f r a g m e n t a t i o n  d r i l l i n g  and 



b l a s t i n g  came i n t o  u s e  (Lubey, 1978; S h e r s t o v  and o t h e r s ,  1981; and Emelanov 
and. o t h e r s ,  1982). Rudimentary d r i l l  jumbos, coupled w i t h  s c r a p e r s  and v i -  
b r a t i n g  conveyors ,  i n c r e a s e d  p r o d u c t i v i t y  by a s  much a s  4!-5 t i m e s .  By t h e  
1960s,  h i g h e r  performance jumbo d r i l l s  w i t h  h y d r a u l i c  booms were i n s t a l l e d  i n  
some d n e s ,  as w e l l  a s  b e l t  conveyors  and l a r g e r  c a p a c i t y  s c r a p e r s  (up t o  
2 yd3) .  The death-camp l a b o r  f o r c e  w a s  abandoned and workers  were h i r e d  f o r  
t h e  i n c r e a s i n g l y  mechanized mines.  The room-and-pi l lar  sys tem was f u r t h e r  
modif ied  f o r  f r o z e n  p l a c e r s  w i t h  a  r e p o r t e d  improvement i n  e f f i c i e n c y  and 
s a f e t y .  

S i n c e  the mid-1970s, w i t h  t h e  i n c r e a s i n g  c o s t  of l a b o r  i n  remote a r e a s  
of S i b e r i a ,  f u r t h e r  t echno logy  h a s  a t t e m p t e d  t o  meet t h e  demand f o r  g r e a t e r  
p r o d u c t i v i t y  w h i l e  d e c r e a s i n g  l a b o r  i n t e n s i t y .  Rubber - t i r ed  d i e s e l  equip-  
ment---for example,  f ront-end loaders---has been i n t r o d u c e d  and e l e c t r i c  r o -  
t a r y  d r i l l s  a r e  r e p l a c i n g  t h e  o l d e r  pneumat ic  t y p e .  A sys tem o f  a r t i f i c i a l l y  
f r o z e n  p i l l a r s  h a s  been deve loped ,  and r e s e a r c h  i s  now c o n c e n t r a t i n g  on con- 
t r o l l i n g  ground movement, improved mine d e s i g n ,  and a n  optimum lay-out  f o r  
t h e  mine open ings .  In  a  mining j o u r n a l  t h a t  d e t a i l e d  underground min- 
i n g ,  Lubey (1978) d e s c r i b e d  l o n g w a l l  t e c h n i q u e s  t h a t  c a n  e x t r a c t  m a t e r i a l  
from unsuppor ted  roof  a r e a s  o f  20,000 t o  35,000 f t 2  o r  rough ly  an a r e a  100-f t 
w i d e  by 200- t o  350-ft long .  For r e l a t i v e l y  s h a l l o w  d e p o s i t s  no t  exceed ing  
100 f t ,  t h e  o r e  e x t r a c t i o n  e f f i c i e n c y  g e n e r a l l y  a v e r a g e s  88 t o  92  p e r c e n t ;  
fcr deep d e p o s i t s ,  d e f i n e d  a s  t h o s e  exceed ing  300 f t  , e x t r a c t  ion  e f f i c i e n c y  
ranges from 75 t o  80 p e r c e n t .  Under optimum c o n d i t i o n s ,  d a i l y  mine o u t p u t  
from underground o p e r a t i o n s  i s  100 t o  1 ,000 yd3 o r  more. P r o d u c t i o n  r a t e s  
have been maximized w i t h  labor o r g a n i z e d  i n t o  3 s h i f t s / d a y  w i t h  a 1- t o  2-hr 
b reak  between s h i f  cs f o r  b l a s t i n g  and  v e n t i l a t i o n .  

What many peop le  d o n ' t  r e a l i z e  i s  the importance  t h e  S o v i e t s  have p laced  
on g o l d  mining i n  e a s t e r n  and n o r t h e a s t e r n  S i b e r i a .  P r e s e n t l y ,  t h e  S o v i e t s  
have o rgan ized  10 mining d i s t r i c t s  t h a t  t o g e t h e r  produce 110 t o  135 t o n s  of 
g o l d  a n n u a l l y  ( C i e s l e w i c z ,  1987) .  A r e c e n t  accoun t  by V.V. S t r i s h k o v  (1981) 
l i s t s  35 p lace r -go ld  mines ,  23 d r e d g e s ,  and 500 gold-washing p l a n t s  i n  t h e  
Magadan a r e a  a l o n e .  I n  a d d i t i o n ,  a 12-megawatt n u c l e a r  power p l a n t  has been 
i n s t a l l e d  t o  s u p p o r t  t h e  mines .  A l l u v i a l  t i n  and t u n g s t e n  m i n i n g  a l s o  a r e  
developed i n  t h e  area. 

Gold mining i s  n o t  on ly  a  major economic f a c t o r  i n  t he  remore r e r r i -  
t o r i e s ,  b u t  i t  i s  a l s o  a n  i m p o r t a n t  s o u r c e  o f  f o r e i g n  exchange for t h e  S o v i e t  
Union. In  1982, t h e  U.S.S.R. produced 8.5 m i l l i o n  t r o y  oz of t h e  m e t a l ,  sec -  
ond o n l y  i n  p r o d u c t i o n  t o  South A f r i c a .  That i s  rough ly  e q u i v a l e n t  t o  t h e  
e n t i r e  h i s t o r i c  p r o d u c t i o n  from t h e  Fa i rbanks  d i s t r i c t .  Much, pe rhaps  
t w o - t h i r d s ,  of S o v i e t  a n n u a l  go ld  p r o d u c t i o n  comes from t h e  e a s t e r n  and t h e  
f a r  n o r t h e a s t e r n  p a r t s  of S i b e r i a  (fig. l ) ,  and much of t h a t  p r o d u c t i o n  is 
recovered from p l a c e r s .  

The gold  p roduc ing  r e g i o n s  of S i b e r i a  e x p e r i e n c e  a c o l d ,  s e m i a r i d ,  con- 
t i n e n t a l  c l i m a t e  w i t h  a t empera tu re  range  even more s e v e r e  t h a n  what we expe- 
r i e n c e  i n  i n t e r i o r  Alaska .  Below f r e e z i n g  t e m p e r a t u r e s  p e r s i s t  f o r  8 t o  
10 mo of t h e  y e a r  a s  they  do h e r e ,  bu t  Gverage d a i l y  t e m p e r a t u r e s  i n  
midwinter  a r e  much lower .  Pe rmaf ros t  in S i b e r i a  can extend t o  600 f t  o r  
more, depending on t h e  l a t i t u d e .  Ground t e m p e r a t u r e s  of s h a l l o w  p l a c e r s  i n  
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Figure 1 .  P r i n c i p l e  g o l d -  and cin-placer regions of f a r  east  Siberia. 
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t h e  S o v i e t  Union, which c o n t a i n  most of t h e i r  m i n e r a l  r e s e r v e s ,  r a n g e  from 
2 0 . t o  2 7 O F ;  t e m p e r a t u r e s  are warmer a t  g r e a t e r  d e p t h s .  The b e s t  c o n d f t i o n s  
f o r  underground mining i n  S i b e r i a  a r e  from October  t o  May when f r e e z i n g  
wea the r  s u s t a i n s  t h e  physiomechanical  p r o p e r t i e s  of t h e  p l a c e r s .  Owing t o  
t h e  s l i g h t l y  c o l d e r  t e m p e r a t u r e s  of pe rmaf ros t  i n  S i b e r i a  as compared t o  
Alaska ,  t h e r e  i s  a c o r r e s p o n d i n g  i n c r e a s e  i n  ground s t a b i l i t y  i n  S i b e r i a .  
Temperatures  of pe rmaf ros t  i n  t h e  Fa i rbanks  a rea  v a r y  from 28 t o  31°F. I n  
t h e  Wiseman a r e a , . w e  have hea rd  of 25 t o  2a0F r e p o r t e d  f o r  d r i f t  mines .  

To examine t h e  p r e s e n t  e n g i n e e r i n g  p r a c t i c e s  i n  t h e  underground S i b e r i a n  
mines ,  w e ' l l  f i r s t  review development a c c e s s ,  t h e n  development of t h e  mine i n  
g e n e r a l .  Toge the r ,  t h e s e  s t e p s  accoun t  f o r  abou t  30 p e r c e n t  of  t h e  o v e r a l l  
o p e r a t i o n .  

P l a c e r  d e p o s i t s  are  n o t o r i o u s l y  d i s c o n t i n u o u s  and s i n u o u s ,  which neces-  
s i t a t e s  a mine and a c c e s s  d e s i g n  t a i l o r e d  f o r  each s i t e .  The favored  mode o f  
a c c e s s  t o  underground workings  is by i n c l i n e d  ramp. Bes ides  b e i n g  e a s i e r  f o r  
e x c a v a t i o n  t h a n  v e r t i c a l  s h a f t s ,  ramps a l l o w  t h e  u s e  o f  c o n t i n u o u s  conveyors  
o r  ra i l -mounted s k i p s .  Ramps a r e  used even f o r  deep p l a c e r s  o f  300 f t  o r  
more. k h e r e v e r  p o s s i b l e ,  they  a r e  l o c a t e d  i n  f r o z e n  ground just o u t s i d e  t h e  
p a y s t r e a k ,  e l i m i n a t i n g  t h e  need t o  l e a v e  a s u b s t a n t i a l  f o o t  p i l l a r  of  pay 
g r a v e l ,  b u t  p o s i t i o n e d  t o  avo id  undue h a u l a g e  d i s t a n c e  t o  some p a r t  of t h e  
proposed mine. Loca t ion  of t h e  ramp r e l a t i v e  t o  t h e  d i p  l e n g t h  of t h e  depos- 
i t  i s  de te rmined  by methods of S h e r s t o v  and o t h e r s  (1961) ( f i g .  2 ) .  Some- 
t imes ,  p a r t i c u l a r l y  i n  lower g rade  d e p o s i t s ,  ramps can be l o c a t e d  w i t h i n  t h e  
p lace r  t o  d e c r e a s e  t h e  d e p t h  t o  t h e  d e p o s i t ,  such  as i n  a V-shaped v a l l e y ,  o r  
t o  s h o r t e n  hau lage  d i s t a n c e .  L o c a t i o n  of t h e  ramp r e l a t i v e  t o  p r o c e s s i n g  
p l a n t s  and s u r f a c e  access may a l s o  be  c o n s i d e r a t i o n s .  

The volume of a f o o t  p i l l a r  needed t o  s u s t a i n  a n  i n c l i n e d  ramp i s  
computed i n  f i g u r e  3. Exper ience  i n  S i b e r i a  h a s  shown t h a t  t h e  maximum a n g l e  
of  i n c l i n a t i o n  when b e l t  conveyors  a r e  used cannot  exceed 16"; however, f o r  
rai l-mounted skips t h i s  a n g l e  may be as  much a s  27'. Our e x p e r i e n c e  a t  the  
CRREL t u n n e l  i n  Fox, Alaska, has shown t h a t  a  b e l t  conveyor can move f rag-  
mented g r a v e l  a t  a n  a n g l e  of 2 0 ° .  As e x p e c t e d ,  t h e  economics of I n s t a l l a t i o n  
favor skips o v e r  b e l t  conveyors  f o r  s m e l l e r ,  s h a l l o w e r  o p e r a t i o n s ;  however, 
a s  d e p t h s  i n c r e a s e  s o  do o p e r a t i n g  c o s t s  ( f i g .  4 ) .  

The g e n e r a l l y  p r e f e r r e d  method of min ing  f r o z e n  p l a c e r s  is by r e t r e a t  
longwal l  r e c h n i q u e s .  I n i t i a l l y ,  a l o a d i n g  s t a t i o n  and s t o r a g e  chamber a r e  
excava ted  a t  t h e  b a s e  of t h e  ramp ( f i g .  5 ) .  The conveyor  must have a l o a d i n g  
s t a t i o n  of  a t  l e a s t  300 m 3  and s t o r a g e  c a p a c i t y  for 120 m3 of pay g r a v e l .  
Development t hen  p roceeds  w i t h  c o n s t r u c t i o n  o f  t h e  main hau lage  d r i f t s ,  ven- 
t i l a t i o n  d r i f t s ,  c r o s s - c u t  e n t r i e s  t o  t h e  longwal l  p a n e l s ,  and v e n t i l a t i o n  
e n t r i e s .  Opt ions  i n c l u d e  s i n g l e  o r  m u l t i p l e  p a n e l ,  one-sided o r  two-sided 
mining f i e l d s  (fig. 6 ) .  Again,  design must be s i t e - s p e c i f i c  and can be op- 
t imized  by computer modeling.  Examples o f  d e s i g n  e f f i c i e n c y  c u r v e s  f o r  t h e  
l o n g w a l l  l a y o u t s  are shown i n  f i g u r e  7 .  These c u r v e s  p l o t  l e n g t h  vs. width  
of a  proposed mining f i e l d  and can  p r e d i c t  a n  optimum r a t e  o f  r e t u r n  f o r  a 
d e s i g n  p l a n  once t h e  v a r i a b l e s  a r e  identified. Note t h a t ,  where p r a c t i c a l ,  
t h e  m u l t i p a n e l ,  two-sided scheme i s  g e n e r a l l y  most e f f i c i e n t ,  a l t h o u g h  access 



Figure 2. Plan view of proposed mine f i e l d  in S i b e r i a .  Adapted from 
Sherstov and others ( 1 9 8 1 ) .  
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Figure 3. Length of inclined ramp, width of foot pillar, and volume of gravel 
in foot pillar for underground mine in Siberia. Adapted from Emelanov 
and others (1982). 
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F i g u r e  4 .  Cost  o f  s k i p  (S) v s .  conveyor (C).  

w i t h i n  t h e  deposit i s  r e q u i r e d .  One-sided schemes a r e  p r e f e r a b l e  i f  t h e  pay 
g r a v e l  i s  of  e x c e p t i o n a l  g r a d e  because  f o o t  p i l l a r  l o s s e s  a re  minimized.  

P r o d u c t i o n  d r i l l i n g  and b l a s t i n g  have been based on s t a n d a r d  a i r  pe rcus -  
s i o n  d r i l l s ;  however, r e c e n t  r e s e a r c h  has been d i r e c t e d  toward Improving pro- 
d u c t i o n - d r i l l i n g  efficiency. In 1981, new e lec t r i c -powered  r o t a r y  d r i l l  
jumbos were a s s i g n e d  t o  some longwal l  faces. These drills ach ieved  pene- 
t r a t i o n  rates of  a b o u t  2 ftjmin f o r  1.6-in.-diam h o l e s .  Blasting is done 
with  c o n v e n t i o n a l  dynamtte ;  powder r e q u i r e m e n t s  a r e  a f u n c t i o n  of  face  s i z e  
and shape ,  ground t e m p e r a t u r e ,  i c e  c o n t e n t ,  and o t h e r  f a c t o r s  t h a t  de te rmine  
compress ive  and  t e n s i l e  strengths. Fol lowing t h e  b l a s t ,  gathering-arm load-  
ing machines f e e d  s t o c k p i l e s  i n  t h e  a c c e s s  d r i f t s ,  which are t h e n  moved t o  
t h e  s u r f a c e  by  s c r a p e r s .  Maximum bau lage  d i s t a n c e  f o r  t h e  s c r a p e r s  is  150 t o  
200 f t .  I n  some mines where headroom i s  s u f f i c i e n t ,  L H D s  (Load Haul Dumps) 
and more r e c e n t l y  adopted f ron t -end  l o a d e r s  a r e  a l t e r n a t i v e l y  employed. 
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Figure 5 .  Cross-sectional view of l oad ing  station (240 m3) and ramp used in 
Siberia. Adapted from Emelanov and ochers (1982) .  
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Figure 6 .  Plan view of mine designs in S i b e r i a :  I )  s i n g l e - p a n e l ,  one-sided 
mine capable of producing 150 to 220 m3 of orelday; 2) mult ipanel ,  
one-sided mine capable of producing 400 to 700 m3 of ote /day;  and 3) 
muleipanel ,  two-sided mine capab le  o f  producing > 6 0 0  m 3  of ore/day.  
Adapted from Emelanov and others ( 1 9 8 2 ) .  
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Figure  7 .  C o s t - e f f i c i e n c y  c u r v e s ,  i n  u n i t s ,  for l o n g w a l l  mine d e s i g n s .  
Adapted from Euelanov and o t h e r s  (1982).  

Unless the mine i s  relatively s h a l l o w  (c 60 ft) and b o r e h o l e s  can be 
used e f f e c t i v e l y ,  the mine is v e n t i l a t e d  with a system of o u t s i d e  air and 
r e t u r n  airways t o  a n  exhaus t  p o i n t .  S tandard  s p e c i f i c a t i o n s  f o r  mine ven- 
t i l a t i o n  can be r e f e r r e d  t o  and n e e d  noc be r e p e a t e d  h e r e .  Peculiar t o  
permafrost mining,  however, is t h e  efficient and i n e s p e n s i v e  use of water t o  
c r e a t e  impetvious  icing o v e r  a i r  s t o p s ,  t h e r e b y  g r e a t l y  minimizing c h e  Leak- 
age t h a t  r e n d e r s  v e n t i l a t i o n  sys tems  i n e f f e c t i v e .  

Some underground p l a c e r  mines have been o p e r a t e d  throughout  the summer 
d e s p i t e  h i g h e r  c o s t s .  S p e c i a l  s t e p s  must be t aken  t o  r e s t r i c t  p o r t a l  e n t r y  



and t o  c o o l  t h e  mine air. Var ious  schemes have been used t o  p r e v e n t  degrada-  
t i o n  o f  t h e  v e n t i l a t i o n  open ings  due t o  thawing.  To some e x t e n t ,  t h e  c o l d  
mine a i r  can b e  r e c i r c u l a t e d  by f i l t e r i n g .  T h i s  a i r  is  mixed w i t h  o u t s i d e  
makeup air chat can  be i n t r o d u c e d  and coo led  by p a s s i n g  it through abandoned 
a r e a s  of  t h e  mine o r  th rough  s p e c i a l  a i r - c o o l i n g  passages  dug i n  t h e  perma- 
f r o s t  overburden .  T h i s  t a c t i c  i s  p a r t i c u l a r l y  e f f e c t i v e  when t h e  overburden  
c o n t a i n s  a h i g h  p e r c e n t a g e  of i c e .  A t  l e a s t  6 m3/rnin/miner of c o o l e d  o u t s i d e  
a i r  is recommended; a d d i t i o n a L  a i r  is necessary t o  compensate f o r  d i e s e l  
equipment.  

I n  c o n c l u s i o n ,  i f  m i n e r a l  g r a d e  is s u f f i c i e n t ,  similar mining oppor- 
t u n i t i e s  i n  f r o z e n  ground may exist i n  North America. For example, many 
f r o z e n ,  d e e p l y  b u r i e d  pay c h a n n e l s  are known i n  t h e  F a i r b a n k s  a r e a  and s e v e r -  
a l  a r e  b e i n g  e x p l o r e d .  A t  Livengood, a p l a c e r  d e p o s i t  c h a t  c o n t a i n s  18 
m i l l i o n  yd3 of  proven pay g r a v e l  h a s  been s u g g e s t e d  for underground develop-  
ment (Albanese ,  1981) ,  and i n  1986, a n  underground room-and-pi l lar  o p e r a t i o n  
was i n i t i a t e d  on Wilbur Creek.  

The t ime today is too  s h o r t  t o  d e l v e  f u r t h e r  i n t o  t h e  s u b j e c t ,  bu t  it 
has  provided a n  o p p o r t u n i t y  t o  t a k e  a v e r y  b r i e f  l o c k  a t  t he  accumulated 
technology developed s i n c e  t h o s e  Alaska o l d - t i m e r s  sank t h e i r  shafts a l o n g  
the  Chatanika  River  v a l l e y .  A d d i t i o n a l  d a t a  p e r t i n e n t  t o  t h e  development 
and  o p e r a t i o n  of underground p l a c e r  mines i s  available i n  t h e  j o u r n a l s  w e  
have referenced. 
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Can go ld  c y a n i d a t i o n  i n c r e a s e  t h e  p r o f i t s  of  your  p lacer-mining opexa- 
t i o n ?  T h i s  p a p e r  discusses t h e  f e a s i b i l i t y  of using t h e  c y a n i d a t i o n  p r o c e s s  
oo a s i t e - s p e c i f i c  b a s i s .  

Alkaline c y a n i d e  i n  an alkaline s o l u t i o n  i s  a weak s o l v e n t  f o r  g o l d  (aud 
c o n t a i n e d  s i l v e r ) ;  most m i l l  o p e r a t o r s  use i t  t o  d i s s o l v e  f i n e  go ld  p a r t i c l e s  
o n l y .  A p r a c t i c a l  maximum s i z e  is  no g r e a t e r  than  50 microns  (0.05 mm; 
0.002 i n . )  on the  t h i n  dimension of  a go ld  p a r t i c l e  ( t o o  small t o  c a l l  a nug- 
g e t ,  y e t  v i s i b l e ) .  I n  l a r g e  lode-gold plants, where some c o a r s e r  go ld  p a r t i -  
c l e s  o c c u r ,  i t  i s  common p r a c t i c e  t o  c a p t u r e  t h e  l a r g e r  p a r t i c l e s  by a g r a v i -  
ty concentrator, s u c h  as  a jig, s t a k e ,  pinched s l u i c e ,  o r  R e i c h e r t  cone ,  and 
s e p a r a t e  them from a s s o c i a t e d  heavy-mineral  g r a i n s  by amalgamation ( a s  is 
common In p l a c e r  o p e r a t i o n s ) .  The remaining f i n e  g o l d  p a r t i c l e s  a r e  t h e n  re-  
covered by c y a n i d a t i o n .  

The f i r s t  s t e p  t o  de te rmine  i f  c y a n i d a t i o n  shou ld  be added t o  your oper-  
a t i o n  is  t o  sample your g r a v i t y  c o n c e n t r a t e s  and p l a n t  t a i l i n g s .  These must 
be a c c u r a t e  samples  t h a t  c o n t a i n  t h e  f u l l  s i z e  range of pa r t i c l e s  of t h e  
s t r e a m  i n  q u e s t i o n ,  i n c l u d i n g  t h e  c l a y .  A d d i t i o n a l l y ,  you have t o  know t h e  
volume/hr or  t cnnage /h r  t h a t  t h e s e  samples  r e p r e s e n t .  The sample must be 
large t o  have much meaning ( t h e  s i z e  of t h e  sample v a r i e s  a s  t h e  cube of t h e  
l a r g e s t  p a r t i c l e s  of g r a v e l  c o n t a i n e d )  . To b e  r e p r e s e n t a t i v e ,  t h e  sample  
should  be collected over  s e v e r a l  days  of normal o p e r a t i o n ,  and  i t  should  con- 
s is t  of s e v e r a l  b a r r e l s  t h a t  c o n t a i n  g r a v e l s  up  t o  12 mm (% i n . ) .  A sample 
t h a t  c o n s i s t e d  of  on ly  minus 1-mm m a t e r i a l  (0.04 in.; minus 16 mesh) would 
o n l y  have t o  b e  abou t  50 kg (100 lb). 

The i n f o r m a t i o n  you must gain from your  sample is t h e  amount of  g o l d  
c o n t a i n e d  i n  the minus 14 7-micron (0.14 7-mm; minus 100-mesh) f r a c t i o n .  The 
c o a r s e  go ld  i n  t h e  sample should  be recovered  by amalgamation and  the f i n e  
go ld  by f i r e  assaying. The size of  t h e  f i r e - a s s a y  sample shou ld  be l a r g e ,  
p r e f e r a b l y  abou t  150 gm. From t h e s e  assays and p r o p e r  c a l c u l a t i o n s ,  you w i l l  
know t h e  t o t a l  remaining g o l d  c o n t a i n e d  i n  y o u r  p l a c e r  d e p o s i t .  You w i l l  n o t  
l i k e l y  r e c o v e r  a l l  of t h i s  micron-f ine  go ld  by c y a n i d a t i o n ,  bu t  i t ' s  t h e  
f i r s t  s t e p  t o  d e t e r m i n e  if f u r t h e r  t e s t i n g  is j u s t i f i e d .  

Your p l a n t  a d d i t i o n  f o r  c y a n i d a t i o n  w i l l  c o s t  s e v e r a l  thousand d o l l a r s  
(1982) f o r  each ton/24-hr day of f i n e  sand t r e a t e d .  The s m a l l e r  t h e  s i z e  of  
the  a n t i c i p a t e d  p l a n t ,  t h e  h i g h e r  t h e  p e r  ton v a l u e .  Tbese very  c r u d e  c o s t s  
must be cons ide red  b e f o r e  t a k i n g  the  n e x t  s t e p ,  which i s  c y a n i d e  bench t e s t -  
ing. 



The c y a n i d e  bench t e s t s ,  a l s o  c a l l e d  jar t e s t s ,  can be  performed by any 
good m e t a l l u r g i c a l  l a b o r a t o r y .  They r e q u i r e  o n l y  a  few hundred grams of your 
mihus 100-mesh sample ( i t  would be  b e s t  t o  use t h e  p a r t  r e j e c t e d  from your 
f i r e  a s s a y s ) .  The t e s t i n g  l a b o r a t o r y  w i l l  be  a b l e  t o  r e p o r t  t h e  pe rcen t -go ld  
e x t r a c t e d  and t h e  e s t i m a t e d  consumption of c h e m i c a l s ,  such a s  sodium c y a n i d e  
and l i m e .  And, most i m p o r t a n t ,  you w i l l  have a good i d e a  of how long  i t  
t a k e s  t o  d i s s o l v e  t h e  go ld  f o r  t h e  e x t r a c t i o n - p e r c e n t  r e p o r t e d .  Some good 
t e s t  p r o c e d u r e s  a r e  d e s c r i b e d  i n  Conwell (1980).  It would be w e l l  wor thwhi le  
t o  rev iew h i s  work. 

I n  most c y a n i d a t i o n  o p e r a t i o n s ,  the gold  p a r t i c l e s  r e q u i r e  24 t o  4 8  h r  
For complete  d i s s o l u t i o n .  For each  24-hr  t o n  o f  s o l i d  that you t r e a t ,  you 
w i l l  have t o  have t a n k s  t h a t  c o n t a i n  1 t o  2 t o n s  of v e r y  f i n e  sand and a n  
e q u a l  amount o f  w a t e r  t o  produce a s l u r r y  of about  50-percent s o l i d s .  The 
s l u r r y  i n  t h e s e  t a n k s  i s  a g i t a t e d  t o  keep p a r t i c l e s  i n  s u s p e n s i o n .  With t h e  
new d r a f  t - t u b e  a g i t a t i o n  c o n c e p t ,  on ly  low horsepower would be  consumed. 
Usua l ly  a s e r i e s  of six o r  more t a n k s  a r e  r e q u i r e d ;  c o s t s  can be saved i f  
t h e s e  can be shop f a b r i c a t e d  and assembled.  

On t h e  b a s i s  o f  c y a n i d a t i o n  t e s t s ,  you now have c o n s e r v a t i v e l y  a d j u s t e d  
t h e  t o t a l  amount of g o l d  (and s f l v e r )  you e x p e c t  t o  r e c o v e r  over  a c e r t a i n  
number of y e a r s  c o n s i s t e n t  w i t h  your p r e s e n t  o p e r a t i n g  p r a c t i c e .  I f  you 
s t i l l  b e l i e v e  t h a t  this a d d i t i o n a l  r ecovery  may be p r o f i t a b l e ,  you a r e  ready 
f o r  t h e  next  s t e p  i n  your  e v a l u a t i o n .  I t  o n l y  c o s t s  about  one p e r c e n t  o f  a  
c a p i t a l  inves tment  t o  conduct  a s t u d y  t h a t  w i l l  c l e a r l y  show t h e  cash  f low of 
your proposed p r o j e c t .  I f  i t  t u r n s  o u t  t o  be u n p r o f i t a b l e ,  you w i l l  have 
s p e n t  v e r y  l i t t l e  money. 

The s t u d y  b e g i n s  w i t h  a f l o w s h e e t  and m a t e r i a l  b a l a n c e  from which equip-  
ment c a n  be  s i z e d ,  s e l e c t e d ,  and p r i c e d .  With t h e  f o r e g o i n g ,  and a s i m p l e  
p l o t  p l a n ,  a  s k i l l e d  e n g i n e e r i n g  e s t i m a t o r  can f i g u r e  what your inves tment  
will b e .  You add t o  this t h e  c o s t  t o  run t h e  a d d i t i o n :  l a b o r ,  power, chemi- 
c a l s ,  r e p a i r s ,  and s o  f o r t h .  Then you have a n  a c c o u n t a n t  conduct  a cash-flow . 
a n a l y s i s .  

We w i l l  s t a r t  w i t h  t h e  f l o w s h e e t .  Normally t h e r e  w i l l  be no g r i n d i n g ,  
because  n a t u r e  h a s  l i b e r a t e d  most o r  a l l  of t h e  f i n e  p a r t i c l e s  of g o l d .  Much 
w i l l  depend on r e s u l t s  from e a r l i e r  bench- tes t  work. The p o i n t  is t h a t  a l l  
go ld  p a r t i c l e s  will never  be  e n t i r e l y  f r e e  from o t h e r  mineral grains; t h i s  is 
c a l l e d  ' l o c k i n g .  ' I n  s imple  l o c k i n g ,  where t h e  p a r t i c l e  o f  go ld  can be  
reached  by t h e  cyan ide  s o l u t i o n ,  t h e r e  w i l l  be  no problem, i t  w i l l  d i s s o l v e .  
O r  i f  t h e  rock  e n c a p s u l a t i n g  t h e  g o l d  p a r t i c l e  i s  porous ,  t h e r e  w i l l  be no 
problem, i t  w i l l  d i s s o l v e .  

Only t h e  f i n e  m i n e r a l  g r a i n s  w i l l  s t a y  i n  s u s p e n s i o n ,  s o  a l l  o f  t h e  feed  
w i l l  have t o  be s c r e e n e d .  The c o a r s e r  t h e  p a r t i c l e  s i z e ,  t h e  more power re -  
q u i r e d  t o  suspend t h e  p a r t i c l e s  i n  t h e  s l u r r y .  The c o a r s e s t  p r a c t i c a l  s i z e  
today is about  300 t o  400 microns  (35 t o  4 8  mesh).  The re  a r e  s e v e r a l  good 
s c r e e n s  f o r  t h i s .  T h e  most p o p u l a r  are ' D e r r i c k , '  ' T y l e r  Hummer,' and 
'Rotex.  ' The s c r e e n i n g  has  t o  be done w e t  and  a d d i t i o n a i  w a t e r  has  t o  be 
added t o  t h e  under f low t o  a d j u s t  t h e  r e s u l t a n t  s l u r r y  t o  SO-percenc solids. 



The s l u r r y  must e n t e r  t h e  f i r s t  l e a c h i n g  t a n k  a t  a uniform r a t e ,  
24 .h r /day ,  7 daylwk t o  o b t a i n  good performance.  Once t h e  s l u r r y  i s  i n  t h e  
ffrst t a n k ,  t h e  movement from tank  t o  t a n k  i s  by means o f  a i r  l i f t s .  Feed 
s o u r c e s  can be from s l u i c e  r a i l i n g s  v i a  pump o r  From an  amalgamation b a r r e l  
o r  f rom b o t h .  If t h e  s l u i c e  t a i l i n g s  c o n t a i n  o v e r  50-percent  w a t e r ,  t h e y  
w i l l  f i r s t  have t o  go t o  a  s p i r a l  c l a s s i f i e r  t o  remove c o a r s e  sand nnd g r a v e l  . 
and then  t o  a t h i c k e n e r ,  where f l o c c u l a r i n g  a g e n t s  can be used t o  keep t h e  
s l u r r y  size s m a l l .  Thickened underf low can then  be  pumped t o  the s c r e e n .  
Amalgamation b a r r e l  t a i l i n g s ,  u s u a l l y  d i s c h a r g e d  i n  b a t c h e s ,  must be 
c o l l e c c e d  in a s u r g e  hopper o r  b i n  and ,  s i n c e  w e t ,  have t o  b e  f e d  by a n  
i n t e r f o l d e d - t y p e  screw f e e d e r  o n t o  t h e  s c r e e n .  

In  this p a p e r ,  I w i l l  d i s c u s s  t h e  carbon-in-pulp (CIP)  p r o c e s s  f o r  re-  
covery of the  d i s s o l v e d  go ld  and i t s  u l t i m a t e  r e d u c t i o n  t o  m e t a l .  The o l d e r  
zinc-precipitation p r o c e s s  (sometimes c a l l e d  t h e  Merri l l-Crowe process) w i l l  
a l s o  u s u a l l y  work w e l l ,  bu t  t h e  p l a n t  c o s t  is h i g h e r .  I t  i s  s t i l l  p r a c t i c a l  
f o r  h i g h - s i l v e r - c o n t e n t  o r e s ,  b u t  most: p l a c e r  o r e s  on ly  c o n t a i n  a minor 
amount o f  s i l v e r  a s  aa a l l o y  w i t h  g o l d .  

The carbon p a r t i c l e s  a r e  added t o  the same p u l p  as  t h e  m i n e r a l  p a r t i -  
c l e s ,  b u t  movement of  t h e  carbon p a r t i c l e s  from t a n k  t o  tank i s  I n  t h e  op- 
p o s i t e  d i r e c t i o n  from the m i n e r a l  p a r t i c l e s  because  of t h e  c a r b o n ' s  distinct- 
l y  l a r g e r  p a r t i c l e  s i z e .  T h i s  c r e a t e s  a c o u n t e r - f l o w  a c t i o n  between the 
m i n e r a l  p a r t i c l e s  and t h e  carbon p a r t i c l e s .  A t  each a i r  l i f t ,  t h e  s l u r r y  of 
m i n e r a l  and carbon  p a r t i c l e s  I s  d i s c h a r g e d  o n t o  a  s m a l l  s c r e e n .  The s c r e e n  
u n d e r s i z e  s l u r r y  advances  t o  the n e x t  tank, w h i l e  t h e  s c r e e n  o v e r s i z e  ca rbon  
particles a r e  advanced,  i n  r e v e r s e  d i r e c t i o n ,  t o  t h e  p reced ing  t a n k .  Only 
p a r t  o f  t h e  ca rbon  is advanced by means of a s p l i t t e r ;  t h e  remainder  r e t u r n s  
t o  t h e  same t a n k .  Not a l l  of t h e  t a n k s  w i l l  be i n  t h e  coun te r f low system of 
C I P ,  and sometimes the  f i r s t  t ank  r e c e i v e s  no cyanide, but  these a r e  p r o c e s s  
r e f i n e m e n t s  beyond t h e  scope of t h i s  p a p e r .  

A s  t h e  c y a n i d e  d i s s o l v e s  t h e  g o l d ,  t h e  gold-cyanide  molecu les  come i n  
c o n t a c t  w i t h  carbon p a r t i c l e s  and a r e  absorbed o n t o  che carbon  s u r f a c e s .  We 
w i l l  n o t  t a k e  t ime t o  d i s c u s s  t h e  t h e o r y  because a l l  we need t o  know is  t h a t  
i t  works and t h a t  t h e  ca rbon  must b e  i n  t h e  a c t i v a t e d  s t a t e .  The b e s t  carbon 
t o  u s e  is made from coconut  s h e l l s  because  i t  r e s i s t s  b reakage .  F i n e s  from 
breakage mean g o l d  l o s s e s ,  because  t h e y  go through t h e  s c r e e n  on t h e  f i n a l  
tank and on t o  t a i l i n g s  impoundment. 

The carbon will be loaded up i n  normal p r a c t i c e  t o  between 7,000 and 
14,000 g r a i n s  of g o l d / t o n  of ca rbon  (200 co 400 t r o y  02) .  The v a l u e  of t h i s  
carbon a t  a g o l d  p r i c e  of $ 4 0 0 / t r o y  oz ( i g n o r i n g  t he  s i l v e r )  i s  from $87.5 t o  
$175/kg of ca rbon  ($37.5 t o  $ 7 5 / l b ) .  A t  t h i s  v a l u e ,  t h e r e  is a danger  t h a t  
your  p l a n t  o p e r a t o r s  may t r y  t o  ' h igh-grade , '  s o  t h e  sys tem must be enc losed  
and  t h e  loaded carbon r e c e i v e d  i n  a  locked s t o r a g e  bin. 

The n e x t  s t e p  i s  t o  r e c o v e r  t h e  g o l d  from t h e  carbon .  There  a r e  two 
ways t o  do t h i s .  Very s m a l l  o p e r a t i o n s  w i l l  f i n d  I t  most c o s t  e f f e c t i v e  t o  
o x i d i z e  (burn)  t h e  ca rbon  t o  a s h ,  t hen  f l u x  and s m e l t  t o  d o r e '  b u l l i o n .  A l -  
t e r n a t e l y ,  you may be a b l e  t o  s e l l  t h e  ca rbon  t o  a s m e l t e r .  For l a r g e r  op- 



e r a t i o n s ,  i t  i s  common p r a c t i c e  t o  c h e m i c a l l y  s t r i p  t h e  go ld  from t h e  carbon 
and reduce t h e  g o l d  t o  m e t a l  by e , l e c t r o d e p o s i t i o n  on a s t ee l -wool  ca thode  o r  
b y  replacement  w i t h  z i n c  d u s t  (Merri l l-Crowe p r o c e s s ) .  

If s t r i p p i n g  and r e d u c t i o n  i s  i n c l u d e d  i n  t h e  f l o w s h e e t ,  t h e  p rocedure  
i s  a s  f o l l o w s .  The o r i g i n a l  Zadra (1952) method was t o  pass an  aqueous so-  
l u t i o n  t h a t  c o n t a i n e d  0 .1-percent  sodium cyanide  p l u s  1 .0-percent  sodium 
hydroxide  through. t h e  ca rbon  column a t  8 5 O C  f o r  24  t o  60 h r  o r  u n t i l  t h e  c a r -  
bon was s t r i p p e d  down t o  a go ld  c o n t e n t  o f  150 gm/eon of  ca rbon  (abou t  5 t r o y  
o z ) .  By r a i s i n g  t h e  p r e s s u r e  above a t m o s p h e r i c ,  t h e  t e m p e r a t u r e  can be  
r a i s e d  t o  160°C, w h i c h  a l l o w s  s t r i p p i n g  t ime t o  be reduced t o  between 2 and 
6 h r .  b o t h e r  method a l s o  u s e s  a t m o s p h e r i c  c o n d i t i o n s ,  a t e m p e r a t u r e  of 
8 S ° C ,  and a  chemical  s o l u t i o n  o f  0 .1-percent  sodium c y a n i d e  and 1 .0-percent  
sodium hydrox ide ,  b u t  t h i s  s o l v e n t  is mixed w i t h  20-volume-percent e t h y l  
a l c o h o l .  The s t r i p p i n g  t ime i s  reduced t o  5 t o  6 h r ,  b u t  t h e  method i s  a 
f i r e  hazard  (Zadra and o t h e r s ,  1952; Ross and o t h e r s ,  1973; and Heinen and 
o t h e r s ,  1976) .  A compl ica ted  method from South A f r i c a  (Davidson and Dun- 
canson ,  1977) i n v o l v e s  u s i n g  one bed volume of  5-percent sodium hydrox ide  
p l u s  2-percent  sodium cyan ide  f o r  2 t o  6 h r  of p r e c o n d i t i o n i n g  a t  90°C,  
fo l lowed by a hot-water  wash of  f i v e  bed volumes f o r  5 t o  7 h r .  The t o t a l  
c y c l e  t ime can  t a k e  up t o  20 h r .  

The pregnan t  s o l u t i o n ,  i n  c l o s e d  c i r c u i t ,  p a s s e s  i n t o  the r e d u c t i o n  sys-  
tem ( e i t h e r  e l e c t r o l y t i c  c e l l s  o r  z i n c  p r e c i p i t a t i o n ) ,  w h i l e  t h e  r e s u l t a n t  
b a r r e n  s o l u t i o n  is  r e t u r n e d  t o  t h e  carbon column f o r  f u r t h e r  s t r i p p i n g .  Heat 
and chemica l  s t r e n g t h  a r e  r e p l e n i s h e d  a l o n g  t h e  c i r c u i t .  The gold-enr iched 
s t ee l -wool  ca thode  o r  t h e  z i n c  p r e c i p i t a t e s  are  d r i e d ,  f l u x e d ,  and s m e l t e d ,  
and excess z i n c  i s  l e a c h e d  w i t h  n i t r i c  a c i d .  

A f t e r  t h e  carbon is  s t r i p p e d  of go ld  and s i l v e r ,  i t  m u s t  be  r e g e n e r a t e d  
because  i t  g r a d u a l l y  l o o s e s  i t s  a d s o r p t i o n  q u a l i t i e s .  R e a c t i v a t i o n  is  accom- 
p l i s h e d  i n  a n  i n d i r e c t - f i r e d  k i l n .  I n  a d d i t i o n ,  an a c i d  l e a c h  i s  used t o  r e -  
move ca lc ium s a l t s .  Small o p e r a t i o n s  may e l i m i n a t e  t h e s e  s t e p s  by s a c r i E i c -  
i n g  a p a r t  of  t h e  ca rbon  t o  o x i d a t i o n ,  t h u s  t r a d i n g  h i g h e r  ca rbon  consumption 
f o r  c a p i t a l  equipment.  

Now we must t u r n  o u r  a t t e n t i o n  t o  d i s p o s a l  of  the b a r r e n  s l u r r y  from t h e  
l a s t  leach t a n k .  The s l u r r y  can be  a i r  l i f t e d  t o  a  s c r e e n  t o  s e p a r a t e  o u t  
t h e  c a r b o n ,  then  sent t o  a t a i l i n g s  impoundment a r e a .  T h i s  a r e a  shou ld  be 
used f o r  s l u r r y  on ly  and shou ld  be l a r g e  enough t o  c o n t a i n  t h e  t o t a l  volume 
of s o l i d s  expec ted  f o r  t h e  l i f e  of the  p l a c e r  d e p o s i t .  In  a d d i t i o n ,  i t  
shou ld  contain an imperv ious  s e a l  t o  p r e v e n t  seepage  i n t o  t h e  water t a b l e .  
The s l u r r y  can be d e p o s i t e d  i n  such  a  manner t h a t  a c l e a n  l a k e  i s  main ta ined .  
The c l e a r  s o l u t i o n  i s  t h e n  pumped back t o  t h e  cyan ide  p l a n t  t o  r e c l a i m  r e a i d -  
u a l  sodium cyan ide  and t o  i n c r e a s e  t h e  pH of t h e  lime. Any over f low from t h e  
t a i l i n g s  pond must be  n e u t r a l i z e d  by o x i d a t i o n  o f  t h e  c y a n i d e  w i t h  chemica l s ,  
s u c h  a s  sodium h y p o c l o r i t e  (washing b l e a c h ) .  I n  a r i d  c l i m a t e s ,  i t  may be 
n e c e s s a r y  t o  i n t e n t i o n a l l y  remove a b leed  s t r e a m ,  o x i d i z e  t h e  c y a n i d e ,  and 
d i s c h a r g e  t o  w a s t e .  T h i s  p r e v e n t s  t h e  b u i l d u p  of m i n e r a l  compounds t h a t  poi -  
son t h e  cyan ide  p r o c e s s .  The ' d i s c h a r g e  t o  w a s t e '  may have t o  be s e n t  t o  a 
s e p a r a t e  e v a p o r a t i o n  pond. 



To summarize, t h e  f o l l o w i n g  i s  a  List of equipment l i k e l y  t o  be i n c l u d e d  
i n - s u c h  a p l a n t  (numbers correspond t o  t h o s e  on f i g .  I ) :  

1 Bin1 - Holds amalgamation r a i l i ~ g s .  
2 Screw f e e d e r  ( i n t e r f o l d e d  t y p e )  - Discharges  o r e  o n t o  s c r e e n .  
3 Screen  - S e p a r a t e s  35 t o  48 mesh; o v e r s i z e  j o i n s  g r a v i t y - t a i l i n g s  

s t r e a m ,  u n d e r s i z e  moves t o  t ank  1. 
4 Tanks ( 6  o r  more) - Provide  24- t o  48-hr r e t e n t i o n  t ime f o r  SO-per- 

c e n t  s o l i d s  s l u r r y .  I n c l u d e  a g i t a t o r s  ( p r e f e r a b l y  d r a f t  t u b e ) ,  a 
s p a r g e  ring f o r  b u b b l i n g  a i r  th rough  s l u r r y ,  and an  a i r  l i f t  f o r  
advancing s l u r r y  t o  n e x t  t a n k .  

5 Screens  - For a i r - l i f t  d i s c h a r g e s .  Have c o a r s e r  open ings  than  item-3 
screenpyet f i n e  enough t o  r e t a i n  carbon p a r t i c l e s ;  c o n t a i n  a p p r o p r i -  
a t e  c h u t e s  and sp l i t ters  t o  d i r e c t  p r o d u c t s .  

6  G r a v i t y  f lume o r  Pump and l i n e  - ~ r a n s ~ o r t s  cyan ide  t a i l i n g s  t o  
t a i l i n g s  pond. 

7 Bin - Holds b a r r e n  ca rbon .  
8 screw f e e d e r  - Feeds b a r r e n  ca rbon  from item-7 b in  i n t o  h i g h e s t  

numbered t a n k .  
9 - Receives  gold- loaded c a r b o n  from lowes t  numbered t ank  t h a t  

c o n t a i n s  s c r e e n  (p robab ly  n o t  t a n k  1 ) .  
10 Eductor  - T r a n s f e r s  gold- loaded carbon t o  s t r i p p i n g  column on a I>occh 

b a s i s .  
11 S t r i p p i n g  column - Holds ca rbon  d u r i n g  s t r i p p i n g  o p e r a t i o n .  
1 2  S t r i p - s o l u t i o n  t a n k  - Holds b a r r e n  s t r i p  s o l u t i o n .  
13 Pump ( s t r i p  s o l u t i o n )  - C i r c u l a t e s  strip s o l u t i o n  through system. 
14 Zedra-type e l e c t r o w i n n i n g  c e l l s  - Win g o l d  from strip s o l u t i o n  be ing  

p l a t e d  o u t  on s t ee l -wool  c a t h o d e s .  System complete w i t h  r e c t i f i e r s .  
15 B u l l i o n  f u r n a c e  - Smelts and r e d u c e s  f l u x e d  c a t h o d e  t o  d o r e '  b u l l i o n .  

Could b e  some equipment used t o  s n e l t  sponge g o l d  from amalgam 
r e t o r t i n g .  2 

16 K i l n  ( i n d i r e c t  f i r e d )  - Regenera tes  carbon after s t r i p p i n g .  Com- 
p l e t e  ~ 4 t h  quench t a n k .  

17   duct or' - T r a n s f e r ?  b a r r e n  carbon back co item-7 b i n .  
18 Tank (ca rbon  l e a c h )  - Inc luded  i n  ca rbon- t rea tment  c i r c u i t  b e f o r e  o r  

a f t e r  r e a c t i v a t i o n  i n  item-16 kiln. T y p i c a l  l e a c h  i s  n i t r i c  a c i d .  . . 

19 Screen  - Removes f i n e s  from r e g e n e r a t e d  and new carbon.  (Some 
o p e r a t o r s  a l s o  a t t r i t i o n - s c r a p  t h e i r  carbon co b reek  o f f  c o r n e r s  t h a t  
o t h e r w i s e  would b r e a k  o f f  i n  the CIP c i r c u i t  and c a r r y  g o l d  v a l u e s  t o  
tailings.) 

20 Blower - S u p p l i e s  a i r  t o  s p a r g e  r i n g s  i n  item-4 t a n k s .  
2 1  A i r  compressor - Genera l  u s e .  
2 2  Package b o i l e r  - Smal l  e l e c t r i c  u n i t  t o  i n d i r e c t l y  h e a t  s t r i p  

s o l u t i o n .  
23 Pump - Returns  t a i l i n g s - p o n d  s o l u t i o n  t o  cyan ide  p l a n t .  
24 Tank ( m i l l  head) - S u p p l i e s  b a r r e n  s o l u t i o n  t o  s l u r r y .  

1 
2 Used on ly  i f  b l a c k  s a n d s  e r e  t r e a t e d .  
R e a c t i v a t i o n  and l e a c h i n g  p r o c e s s e s  can be c i rcumvented i n  s m a l l e r  p l a n t s  i f  
p a r t  o f  t h e  carbon i s  c o n t i n u o u s l y  o x i d i z e d  f o r  r e s i d u a l  g o l d  v a l u e s .  T h i s  
p r a c t i c e ,  however, w i l l  i n c r ea se  new c a r b o n  consumption.  



SLUICE GRAVITY PLANT FLOW (REFERENCE) TO gravity plant tailings pond - - - - - - - - -  3 

EQUIPMENT NOT SHOWN 

PO. Blower 
21. A h  compressor 
22. Pucka@e boiler 
23. Pump. water 
91. Tank. nblU head 
26. Tank. water 
80. Pump. rbucd 
93. Pump. walcr 
34. Tank. mlrlns 
35. Tank. m l x i n ~  
38. BLn. Umt 
87. Scrrw feeder. l lms 

STRIP-SOLUTI 98. Tank. mixing 
38. Laboratory 
40. Power. p l a t  or uCUily ........... J 

NEW M A K E U P  
UNDERSIZE CARBON TO BULLION FURNACE '.................................."...................& 

4 Tank 6 &  

SLURRY FLOW To cyanide hlHngs pond > 

F i g u r e  1 .  S tarc -o f  - t l i e -a r t ,  on-site cyanir lat lon  flow chart.  



25 Tank (wa te r )  - Supplies process -wa te r  makeup (may not  be r e q u i r e d  i f  
r a i n w a t e r  c o l l e c t i o n  i s  s u f f i c i e n t ) .  

26 Screen  ( g r a v e l ) '  - If s l u i c e  t a i l i h g s  a r e  t o  be  t r e a t e d ,  removes 
g r a v e l  t h a t  is  t o o - l a r g e  f o r  i tem-27 c l a s s i f i e r .  

27 C l a s s i f e r  ( s p i r a l ) '  - Receives  item-26 u n d e r s l z e  v i a  item-28 sand 
Pump 

28 Pump ( s a n d ) )  - Pumps sand and s l i m e s  t o  item-27 c l a s s i f i e r .  3 
29 Pump ( s a n d ) 3  - P m p s  c l a s s i f i e r  over f low t o  item-31 t h i c k e n e r .  
30 Pump (sancJ) - Shared o n - l i n e  s p a r e  f o r  i t e m s  2 8  and 29 pumps. 
31 Th ickener  - Receives  item-27 c l a s s i f i e r  over f low via item-29 pump, 

t h i c k e n s  s l u r r y  t o  50-percent s o l i d s ,  t h e n  d i s c h a r g e s  i t  t o  item-32 
Pump 

32 Pump (sand and s p a r e ) 3  - Pumps under f low s l u r r y  from thickener into 
item-4 tank 1 v ia  tern-3 s c r e e n .  3 33 Pump ( d i r t y  w a t e r )  - Recovers t h i c k e n e r  over f low f o r  s l u i c i n g -  
water-supply  sys tem ( o p t i o n a l ) .  

34 Tank (mixing) - F o r  makeup o f  c y a n i d e  s o l u t i o n .  Complete w i t h  egg 
b a s k e t  and d e l i v e r y  and c i r c u l a t i o n  pumps. 

35 Tank (mixing) - For  f l o c c u l a n t  p r e p a r a t i o n ;  used w i t h  item-31 
t h i c k e n e r .  

36 - Bin - S t o r e s  hydra ted  lime. 
37 Screw f e e d e r  - Feeds lime from item-36 b i n  i n t o  i t e m - 4  t a n k  I .  
38 Tank - For  sodium-hydroxide d i s s o l u t i o n .  Complete w i t h  a g i t a t o r .  

(Use i f  r e a g e n t  r e c e i v e d  as b e a d s ,  o t h e r w i s e  u s e  a l t e r n a t e  equip-  
ment. ) 

39 Labora to ry  - Equipped t o  a s s a y  g o l d  and s i l v e r  by a tomic -absorp t ion  
and f i r e - a s s a y  methods. Also equipped f o r  amalgamation r e s t s  and wet 
a n a l y s i s  of .  pH, lime, and c y a n i d e  s t r e n g t h s .  

40 Power ( p l a n t  motors  and  s o  f o r t h )  - Produced from u t i l i t y  o r  d i e s e l  
g e n e r a t o r .  

The d e s i g n  of  such a p l a n t  w i l l  r equ i r e  t h e  services o f  s k i l l e d  
m e t a l l u r g i c a l  and d e s i g n  e n g i n e e r s  t o  p r o p e r l y  s i z e  and a r r a n g e  equipment and 
t o  i n c l u d e  a n y  f lowshee t  m o d i f i c a t i o n s  t h a t  may b e  un ique  t o  your d e p o s i t .  
Labore r s  p r e s e n t l y  employed a t  a  p l a c e r  s i t e  can o p e r a t e  t h i s  type  of p l a n t  
a s  p a r t  o f  t h e i r  r o u t i n e  d u t i e s ;  however, a d d i t i o n a l  l a b o r e r s  w i l l  b e  
r e q u i r e d  t o  o p e r a t e  t h e  p l a n t  a t  n i g h t t h e  and on t h e  weekends. 
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PURPOSE 

T h i s  paper  i s  i n t e n d e d  t o  deve lop  c r i t e r i a  f o r  s e l e c t i n g  t h e  a p p r o p r i a t e  
e x c a v a t i o n  and p r o c e s s i n g  p l a n t  f o r  m a l l - s c a l e  p l a c e r - g o l d  mining.  While 
t h e r e  h a s  been a g r e a t  d e a l  of e f f o r t  d i r e c t e d  toward s e t t i n g  up go ld  mining 
i n  p lacer  d e p o s i t s  o v e r  the p a s t  several y e a r s ,  f e w ,  i f  any, have r e s u l t e d  i n  
commercia l ly  s u c c e s s f u l  mines.  There  i s ,  however, a s i m i l a r i t y  among unsuc- 
c e s s f u l  o p e r a t i o n s  t h a t  we  have observed t h a t  c h a r a c t e r i z e s  them and h a s  con- 
t r i b u t e d  t o  their f a i l u r e s .  

PROPERTY CLASSLFICATIONS 

It is  difficult t o  g e n e r a l i z e  abou t  mining p r o p e r t i e s  and ,  i n  p a r t i c u -  
l a r ,  p l a c e r  d e p o s i t s .  When i t  comes t o  p r e s c r i b i n g  t h e  t y p e  of equipmenc t o  
mine a p r o p e r t y ,  t h e  recommendation w i l l  v a r y  w i t h  d i f f e r e n t  s u r f a c e  e n v l r o n -  
ments and s o i l  s u b s t r u c t u r e s .  The f o l l o w i n g  a r e  some of  t h e  more common con- 
d i t i o n s  i n  which p l a c e r  d e p o s i t s  a r e  found: 

1. A l l u v i a l  
a. R i v e r s  and s t r e a m s ,  i n c l u d i n g  t h e i r  b a s i n s  and t e r r a c e s  
b. T e r t i a r y  g r a v e l s  ( e l e v a t e d  t e r r a c e s )  
c.  Beach s a n d s  
d .  Desert f a n s ,  f l o o d  plains 
e .  A r c t i c  permafrost, i n l and  and c o a s t a l  

2 .  Glacial moraine 
3. E l u v i a l  

a .  D e s e r t  c o n c e n t r a t i o n s  
b .  Mountainous as  i n  S e r r a  P e l a d a ,  B r a z i l  

EVALUATION 

The most common m i s t a k e  made i n  s m a l l - s c a l e  mining p r o j e c t s  i s  t h e  Lack 
of competent  e v a l u a t i o n  p r i o r  t o  commit t ing t o  t h e  purchase  o f  mining equip-  
ment and t o  mining i t s e l f .  P roceed ing  t o  mine w i t h o u t  p r i o r  e v a l u a t i o n  is 
l i k e  s h o o t i n g  i n  t h e  dark. Who would i n v e s t  i n  a supermarket  i n  a ghos t  
town, hoping t h a t  once i t  was b u i l t  peop le  would show u p ?  J u s t  because some- 
one may have found g o l d  nuggets i n  a s t r e a m  does  no t  mean t h e r e  I s  s u f f i c i e n t  
gold  t o  amort ize  an inves tment  i n  mining equipmenr.  The g o a l  of a p l a c e r  
e v a l u a t i o n  i s  t o  e s t a b l i s h ,  through proven means, che q u a n t i t y  of g o l d  t h a t  
exists and t o  de te rmine  i f  it i s  i n  sufficient volume and if i t  i s  p r e s e n t  
under  conditions t h a t  w o u l d  permit  mining ar a p r o f i t .  



Mining g o l d  t o  many peop le  is synonymous w i t h  gambling,  a b e l i e f  t h a t  
l u c k  is  somehow go ing  t o  p l a y  a major  p a r t  i n  t h e  p r o c e s s  and t h a t  a r a t i o n a l  
zpproach t o  an assessment  o f  t h e  p r o s p e c t ,  a s  i n  o t h e r  b u s i n e s s e s ,  is  n o t  
a p p r o p r i a t e .  When peop le  view mining from t h a t  p e r s p e c t i v e ,  they  s h o u l d  n o t  
b e  d i s a p p o i n t e d  t h a t  the  odds are a g a i n s t  them. P r o f e s s i o n a l  mining com- 
p a n i e s ,  however, depend upon t h e  competence of t r a i n e d  mining e n g i n e e r s  and 
g e o l o g i s t s  t o  make t h e i r  b e s t  e s t i m a t e s  a n d ,  t h u s ,  are a b l e  t o  s t a y  Ln b u s i -  
n e s s .  

When i t  comes t o  e v a l u a t i o n ,  each  t y p e  o f  p l a c e r  d e p o s i t  has i t s  own 
p e c u l i a r i t i e s .  One of t h e  b a s i c  c o n s i d e r a e i o n s ,  however, when choos ing  t h e  
method of sampl ing is t h a t  t h e  p rocedure  shou ld  s i m u l a t e  a proven sys tem of 
r e c o v e r y  used i n  a gold-mining d r e d g e .  The f i r s t  s t e p  of e v a l u a t i o n  is t o  
e s t a b l i s h  the presence  o f  go ld  i n  t h e  p r o s p e c t  and then, by i n s p e c t i o n  of  t h e  
t e r r a i n  w i t h  t h e  a i d  of a n  exper ienced  eye  of a  p lacer-mining e n g i n e e r ,  e s r i -  
mate t h e  p o t e n t i a l  volume of a l l u v i a l  o r  e l u v i a l  m a t e r i a l  t o  s u p p o r t  a mining 
o p e r a t i o n .  The n e x t  s t e p  i s  t o  e v a l u a t e  the d e p o s i t  w i t h  a churn d r i l l  t o  
de te rmine  t h e  t e n o r  i n  m i l l i g r a m s  p e r  c u b i c  yard  ( o r  c u b i c  m e t e r ) .  Once an  
average  t e n o r  Is e s t a b l i s h e d  f o r  t h e  d e p o s i t ,  c a l c u l a t i o n s  can be made t o  
d e t e r m i n e  if t h e  p o t e n t i a l  r e t u r n  w i l l  be s u f f i c i e n t  t o  s u p p o r t  a c a p i t a l  
inves tment  i n  equipment .  

Sampling 

Our e x p e r i e n c e  h a s  been t h a t  t h e  churn  d r i l l  i s  t h e  pr imary t o o l  t o  sam- 
p l e  a  p l a c e r - g o l d  d e p o s i t .  T h i s  i s  t r u e  because  of t h e  c o n s i d e r a b l e  proven 
u s e  of  t h e  churn d r i l l  i n  l a r g e  d r e d g i n g  p r o j e c t s  o v e r  many y e a r s ,  fo l lowed . 
b y  p r o d u c t i o n  t h a t  v e r i f i e d  t h e  v a l u e s  found from d r i l l i n g .  With a  churn  
drill, a miner is a b l e  t o  s a t u r a t e  a broad a r e a  down t o  bedrock,  t e s t i n g  t h e  
s o i l  h o r i z o n s  and accumula t ing  d a t a  t h a t  can be e v a l u a t e d  on a large-volume 
b a s i s  w i t h  c o n s i s t e n t  r e s u l t s .  Accuracy w i l l  depend on t h e  p r a c t i c e s  u s e d ,  
t h e  l o g g i n g  and o b s e r v a t i o n s ,  and c a l c u l a t i o n s  and a d j u s t m e n t s  based on expe- 
r i e n c e  w i t h  commercia l -scale  p l a c e r  mining.  An e x c e p t i o n  i s  i n  t h e  case of 
the  hammer, r e v e r s e - c i r c u l a t i o n  d r i l l ,  which we have used w i t h  a  h igh degree  
of s u c c e a s  i n  p l a c e r s  in recent y e a r s .  I t  a c t s  l i k e  a churn  d r i l l ,  i n s o f a r  
as t h e  c a s i n g  is d r i v e n  downward r a t h e r  t h a n  i n  a ro t a ry  f a s h i o n ,  e x c e p t  i n  
t h e  e x t r a c t i o n  p r o c e s s ,  which i s  accomplished by e i t h e r  compressed a i r  o r  
w a t e r  p r e s s u r e .  The hammer d r i l l  is as much as 10 t i m e s  f a s t e r  than  t h e  en- 
gine-powered churn  d r i l l .  

The a l t e r n a t i v e s  of s h a f t i n g ,  p i t t i n g ,  o r  b u l k  sampl ing a t e  means t h a t  
were fo l lowed b e f o r e  t h e  churn d r i l l  became a c c e p t e d  i n t o  p r a c t i c e  a f t e r  i t s  
i n t r o d u c t i o n  i n  t h e  mid-1800s. Once t h e  l a r g e - s c a l e  p lace r -d redg ing  f i r m s  
found t h e  r e l i a b i l i t y  of d r i l l  s ampl ing ,  they tended t o  d i s c a r d  t h e  o l d  .meth- 
ods of  b u l k  sampl ing .  After they  i n t r o d u c e d  m i n e r a l  jigs i n t o  t h e i r  d redge  
recovery  sysrems,  t h e  r e l i a b i l i t y  of  d r i l l  sampl ing was 100 p e r c e n t  of d r i l l  
v a l u e s .  Sometimes bu lk  sampl ing o f  a p a r t i c u l a r  a r e a  may be j u s t i f i e d  ir 
c o n j u n c t i o n  with d r i l l i n g  a s  o check  on t h e  d r i l l  v a l u e s  and a d j u s t m e n t  f a c -  
t o r s  and t o  e v a l u a t e  t h e  b u l k  nature of  t h e  s o i l  f o r  mining purposes ,  b u t  
t h i s  shou ld  no t  be confused w i t h  and a p p l i e d  t o  a t o t a l  sampl ing program. 



D r i l l i n g  S a t u r a t i o n  

A g r i d  sys tem of  d r i l l i n g  can b l o c k  o u t  t h e  r e s e r v e s  and p rov ide  a b a s i s  
f o r  c a l c u l a t i n g  t h e  p o t e n t i a l  of  t h e  p l a c e r  p r o s p e c t .  Proceed f i r s t  w i t h  a 
s c o u t  d r i l l i n g  program t o  de te rmine  :f t h e  v a l u e s  of go ld  c o n t i n u e  through 
the h o r i z o n s ,  i f  t h e r e  a re  f a l s e  bedrock l a y e r s  o r  o t h e r  c h a r a c t e r i s t i c s  t h a t  
shou ld  be known abou t  t h e  d e p o s i t ,  and t h e  e x t e n t  of  t h e  h o r i z o n t a l  o r  geo- 
g r a p h i c a l  l i n ~ i t s . .  On t h e  b a s i s  of the sampl ing t o  e s t a b l i s h  s u f f i c i e n t  
t e n o r s  and t h e i r  e x t e n t  i n  d e p t h  and area  of o c c u r r e n c e ,  i t  can  be de te rmined  
i f  t h e r e  is a p r o b a b i l i t y  of  a v i a b l e  mine. If t h a t  q u e s t i o n  i s  conf i rmed ,  
i t  can be s a i d  t h a t  t h e r e  a r e  p r o b a b l e  r e s e r v e s .  The n e x t  s t e p  is t o  organ-  
i z e  t h e  g r i d s  w i t h i n  t h e  b o u n d a r i e s  t h a t  were d e l i m i t e d .  

The development d r i l l i n g  t h a t  ensues  w i l l  de te rmine  t h e  I h i t s  o r  bound- 
aries o f  h i g h e r  t e n o r s  for a p r o f i t a b l e  mining o p e r a t i o n .  The s p a c i n g  o f  
l i n e s  and s a t u r a t i o n  of t h e  a r e a  w i t h  d r i l l i n g  w i l l  depend on t h e  c l a s s i f f c a -  
t i o n  of t h e  d e p o s i t ,  i t s  c h a r a c t e r i s t i c s ,  and a n y  proof of e a r l i e r  mining 
t h a t  would add some c o n f i d e n c e  t o  t h e  sampl ing .  When t h i s  is completed and 
t h e  r e s u l t s  a r e  adequa te  t o  s u p p o r t  an inves tmenr  and o p e r a t i o n ,  t h e  d e p o s i t  
can be d e f i n e d  a s  i n d i c a t e d  r e s e r v e s .  On t h e  b a s i s  o f  t h a t  d a t a ,  n f e a s i b i l -  
ity s t u d y  of  t h e  proposed o p e r a t i o n  and t h e  s e l e c t i o n  of  equipment t h a t  would 
be most a p p r o p r i a t e  f o r  mining and  recovery  can be conducted.  Should t h e  
r e s u l t s  be p o s i t i v e ,  t h e  nex t  s e e p  would be t o  conduct  c l o s e r  drilling t h a t  
w i l l  s a t u r a t e  the area t o  a d e g r e e  t h a t  i s  accep t ab l e  for invescment  and min- 
i n g  d e c i s i o n s .  The r a t i o  can v a r y  f o r  t h e  number o f  d r i l l  h o l e s  t h a t  c o n s t i -  
t u t e  an a c c e p t a b l e  s a t u r a t i o n  and can be from a h igh  of  one h o l e  p e r  a c r e  t o  
a s  l i t t l e  as 10 p e r  a c r e .  Once t h i s  d r i l l i n g  is  completed you have e s t a b -  
l i s h e d  proven r e s e r v e s  and can f i n a l i z e  t h e  f e a s i b i l i t y  s t u d y  and s u p p o r t  
financing o r  Inves tment  c a p i t a l ,  p rov ided  t h a t  t h e  r e s u l t s  s u b s t a n t i a t e  i t .  

FEASIBILITY DESIGN ANALYSIS 

Primary Elements 

Once t h e  p r o s p e c t  e v a l u a t i o n  h a s  been comple ted ,  a f i n a l  f e a s i b i l i t y  
s t u d y  can be p r e p a r e d .  The p r imary  e lements  o f  t h e  s t u d y  a r e  a s  f o l l o w s :  

I )  Tenor of  t h e  go ld  I n  place (mg/yd3). 
2 )  Volume of m a t e r i a l  (yd3) t h a t  must be excava ted  and p rocessed  t o  

p roduce  t h e  t o t a l  volume of go ld  ( y d 3 ) ,  a p p l y i n g  t h e  average  t e n o r  
( t r o y  0 2 . )  from (1) above.  

3) C h a r a c t e r  o f  t h e  s o i l  and environment t h a t  must be d e a l t  w i t h  t o  
r e c o v e r  t h e  gold. 

4) Equipment c o n f i g u r a t i o n  t o  be used t h a t  is  most s u i t a b l e  t o  t h e  
above c o n d i t i o n s .  

5) F i n a n c i a l  limitations and s t r e n g t h s  o f  i n v e s t o r s  i n  o r d e r  t o  d e c l d e  
t h e  magnitude of  t h e  o p e r a t i o n ,  which w i l l  govern  the c h o i c e  i n  
equipment and t h e  p l a n  t o  proceed.  

6 )  P r o j e c t e d  o p e r a t i o n  and r e l a t e d  c o s t s ,  based on t h e  equipment d e c i -  
s i o n s  made and  t h e  p r o j e c t e d  p r i c e  of  g o l d ,  t h u s  p r o v i d i n g  the e s -  
s e n t i a l  d o l l a r  v a l u e s  t o  be used i n  a cash-flow analysis ( t a b l e  1 ) .  



Table 1. Sample economic a n a l y s i s  of a  placer-gold mining ope ra t i on  wi th  
a p o r t a b l e  washing p l a n t .  

Assumptions : 
3 Average tenor  of d e p o s i t  (mglyd )...................... 250 

T o t a l  proven r e se rves  (yd3) ............................ 8,000,000 
Average product ion r a t e  (yd'/mo). ...................... 1GG ,000 
T o t a l  per iod of mining (y r )  ............................ 6.7 

......................... T o t a l  investment wi th  i n t e r e s t  $1,500,000 
............................ Cost of ope ra t i on  (pe r  yd9) $1 

...................... Fixed p r i c e  of gold ( p e r  t r o y  02) $300 

Revenue : 
Product ion x tenor  x p r i c e  of gold 

(100,000 x 0.40131.1 x $300) ........................ $241,000 

a Operat ing c o s t  : 
Product ion x c o s t  of ope ra t i on  

(100,000 x $1.00) .................................. $100,000 

Ket ope ra t i ng  p r o f i t . .  ........................... $141,000 

Tota l  n e t  p r o f i t :  
Period of mining x n e t  ope ra t i ng  p r o f i t  

( 6 . 7  x $141,000) ................................... $9,400,000 
Less c a p i t a l  investment ................................ $1,500,000 

......... Net before r o y a l t y  o r  t axes . . . . . . . . . . . . .  $7,900,000 

a Inc ludes  l a b o r  and engineer ing ,  f u e l  and maintenance, u t i l i t i e s ,  equip- 
ment r e n t a l ,  replacement p a r t s ,  insurance ,  personnel  b e n e f i t s ,  and 
admin i s t r a t i on  c o s t s .  

Assumptions and Graph Descr ip t ion  

The graph i n  f i g u r e  1 shows a d i v i s i o n  between a p o r t a b l e  washing p l an t  
and a bucket-ladder dredge t h a t  is p r i m a r i l y  involved wi th  t he  excavat ion 
r a t e  of t h e  equipment. A f i xed  p r i c e  of $300/troy oz of gold is  used on t h e  
a b s c i s s a  and computed a g a i n s t  monthly product ion t o  produce revenue. The 
o r d i n a t e  i s  the  monthly product ion r a t e  i n  cub ic  yards  of a dredge o r  a wash- 
i ng  p l a n t  t h a t  is fed by equipment s u c h  a s  a backhoe, d r a g l i n e ,  o r  front-end 
loader .  The t h r e e  t rend  l i n e s  a r e  f o r  d i f f e r e n t  t eno r  levels of t h e  depos i t :  
150 mgIyd3, 350 mgIyd3, and 500 mgIyd3. The ope ra t l ng  c o s t  l i n e  co t h e  l e f t  
i s  based on upgrad ing  of dredging equipment a s  volume i n c r e a s e s .  Assumptions 
of che  s i z e  of dredges,  i n  terms of bucket volume ( f t 3 ) ,  a r e  d e l i n e a t e d  on 
the  r i g h t  margin. The dredge-size s e l e c t i o n  i s  based on s u f f i c i e n r  dredging 
ope ra t i ons  and equipment a s  experienced over  some 55 y r  of operar ivn  w i t h  
gold-mining, bucket-ladder dredges.  P r o f i t a b i l i t y  cac  b e  measured horizon- 
tally a t  any p a i n t  on the  graph,  from t h e  ope ra t i ng  cos t  l i n e  k o r i z o n t a l l y  t o  
t h e  s l o p e  t h a t  is  a p p r o p r i a t e  co t h e  tenor of t h e  d e p o s i t .  Assumptions about 
equipment e i z e  a r e  expanded on i n  f i g u r e  2 .  



Figure 1 .  Placer-gold mining-equipment cradeoff. 

Production Cutoffs: Washing Plant v z .  Dredge 

The cutoff line for the production rate of a washing plant has  been se- 
lected as 100,000 yds/mo ( F i g s .  1 and 2) and assumes an average production 
level of 200 yds/hr when operating, combined with an efficiency factor of 
70 percent (that is, actual bucket fill and operating time vs. theoretical 
100-percent fill and operaring time). Our everience suggests t h a t  produc- 
tion much above that level introduces so much multiple handling of material, 
in the case of a portable plant, ,that it is more efficient to upgrade che 
equipment to a flcoting dredge, if possible. 

There are also such factors as the excavation device and its ability to 
clean bedrock, which is usually limited to a backhoe when dealing with porta- 
ble equipment, combined w i t h  the feeding capacity of the plant to deal with 
ever increasing volumes of material in a s i n g l e  dump. This is the  difficulty 
with a dragline, for instance, because the plant c a n  only operate efficiently 
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when t h e r e  is  some u n i f o r m i t y  of  f low o f  m a t e r i a l  through t h e  sys tem.  The 
tendency v i t h  a d r a g l i n e  is  t o  i n c r e a s e  t h e  volume of  t h e  b u c k e t ,  b u t  t h i s  
compounds t h e  problem of dump volume. 

Not c o n s i d e r e d  on figures 1 o r  2 is t h e  t o t a l  proven go ld -bear ing  volume ' 

of m a t e r i a l  in a d e p o s i t .  I f ,  f o r  example, the t e n o r  of a  d e p o s i t  was 
500 rngIyd3, but  the t o t a l  volume was only 300,000 y d 3 ,  a c a p i t a l  investment 
i n  mining equipment would have t o  be ba lanced  between minimizing t h e  d u r a t i o n  
of  mining and minimizing the c a p i t a l  c o s t  of equipment .  A 14-~d' bucket-  
l a d d e r  d r e d g e ,  for example,  would mine t h e  d e p o s i t  i n  1 mo but would take 
1.5 y r  t o  m o b i l i z e ,  a l o n g  w i t h  a t o t a l  c a p i t a l  c o s t  exceed ing  $5 m i l l i o n .  A 
washing p l a n t ,  on t h e  o t h e r  hand, i f  c o n d i t i o n s  would pernit, would be ex- 
pec ted  t o  complete  t h e  mining i n  a few months. And t h e  p l a n t  cou ld  be mo- 
b i l i z e d  i n  < 6 mo for l e s s  than  $1 m i l l i o n .  

It i s  a l s o  impor tan t  t o  n o t e  t h a t  t h e  d e p t h  o f  t h e  d e p o s i t  is  n o t  con- 
s i d e r e d  in f i g u r e s  1 and 2 ,  but, again, t h e  h i g h e r  r a t e  o f  dredging i s  
assumed t o  be  combined witb a l a r g e r  volume of  m a t e r i a l  and a g r e a t e r  d e p t h  
of  d e p o s i t .  lJhen go ld  is  l y i n g  near  bedrock and i t s  t e n o r  a t  that  l e v e l  is 
h i g h ,  i t s  v a l v e  must be diluted when c a l c u l a t i n g  t h e  f u l l  amount of m a t e r i a l  
co be removed. Thus,  a lower tenor may be s h o w ,  which requires a larger 



dredge  and h i g h e r  volume producer  t o  move t h e  m a t e r i a l  i n  a r e a s o n a b l e  p e r i o d  
o f  t ime and a t  a lower c o s t  p e r  u n i t  volume. A l s o ,  as  t h e  r a t e  of d r e d g i n g  
i n c r e a s e s ,  i t  i s  expec ted  t h a t  t h e  c o s t  p e r  c u b i c  ya rd  w i l l  d e c r e a s e .  I f  i t  
does n o t ,  then  something i s  wrong w i t h  rhe  d e s i g n  of t h e  equipment o r  w i t h  
t h e  o p e r a t i o n ,  o r  b o t h ,  t h a t  shou ld  be  c o r r e c t e d .  

In  t h i s  paper ,  I have a t t empted  t o  make a case f o r  a c u t o f f  of 
100,000 yd3/mo f o r  t h e  p r o d u c t i o n  l e v e l  of a p o r t a b l e  washing p l a n t ,  above 
which a dredge shou ld  be  s u b s t i t u r e d .  This means t h a t  t h e  p l a n t  and equip- 
ment must be o p e r a t i n g  on a t h r e e - s h i f t ,  365 d a y s l y r  b a s i s .  Should t h a t  l e v -  
e l  of p r o d u c t i o n  n o t  prove f e a s i b l e ,  rhen p r o d u c t i o n  w i l l  be reduced accord-  
i n g l y .  But i t  i s  i m p o r t a n t  t o  n o t e  t h e  s c a l e  o f  d i m i n i s h i n g  r e t u r n s  a s  p l a n t  
p r o d u c t i o n  reduces .  A s  t h e  l i n e s  o f  t e n o r  ( f i g .  1) b e g i n  t o  converge ,  p r o f -  
i t a b i l i t y  becomes a l o s s ,  

However, t h e  consequences  of h i g h  p r o d u c t i o n  i n  a p o r t a b l e  p l a n t  ( a s  far  
a s  t h e  m a t e r i a l - h a n d l i n g  problem i s  concerned)  a r e  t o o  o f t e n  over looked i n  
t h e  d e s i g n  s t a g e .  A high p r o d u c t i o n  l e v e l  i s  e s s e n t i a l  t o  p r o f i t a b i l i t y  and 
a  cash-flow a n a l y s i s  s h o u l d  demons t ra te  t h a t  f a c t ,  bu t  m a t e r i a l - h a n d l i n g  
problems must be in b a l a n c e  w i t h  o t h e r  c o n s i d e r a t i o n s .  While i t  m i g h t  b e  
p o s s i b l e  t o  f i n d  a high-grade d e p o s i t  i n  s m a l l  canyons ,  f o r  i n s t a n c e ,  i t  i s  
u s u a l l y  d i f f i c u l t  t o  a d e q u a t e l y  sample such a d e p o s i t  and  de te rmine  t h e  aver -  
age  t e n o r  and whether  i t  i s  p o s s i b l e  t o  m a i n t a i n  t h e  n e c e s s a r y  p r o d u c t i o n .  
As the c o s t  of o p e r a t i o n  l i n e  c l e a r l y  shows ( f i g .  2 ) ,  c o s t  d r o p s  markedly 
once you s h i f t  t o  a dredge and  f u r t h e r  a s  p r o d u c t i o n  volume and s i z e  o f  
dredge i n c r e a s e .  The c o s t  of o p e r a t i o n  of a  s m a l l  p l a n t ,  t h e r e f o r e ,  must be 
kep t  under c o n t r o l  and t h e  r a t e  o f  p r o d u c t i o n  op t imized  w i t h i n  p r a c t i c a l  lim- 
i t s  of t h e  equipment and t h e  d e p o s i t .  

From t h e  c u r v e s  shown i n  f i g u r e s  1 and 2 ,  we can conclude t h a t ,  depend- 
ing on t e n o r ,  a s  p r o d u c t i o n  d r o p s  below 100,000 yd3/mo p r o f i t  degradec .  A 
p r o d u c t i o n  l e v e l  of 50,000 yd3/mo may be cons ide red  t h e  minimum l e v e l  f o r  a 
commercia l -s ize  o p e r a t i o n .  The t e n o r  a t  t h a t  minimum must be no lower  than  
400 mgIyds, combined w i t h  a f l o o r  of $ 3 0 0 / t r o y  oz of g o l d .  It shou ld  be r e c -  
o g n i z e d ,  however, t h a t  i n  most p l a c e r s  a  t e n o r  t h n t  h i g h  i s  r a r e .  

With t h e  above c r i t e r i a  e s t a b l i s h e d ,  we can make a c o n c l u s i o n  abou t  t h e  
volume of  t h e  d e p o s i t .  Unless  t h e r e  a r e  some env i ronmenta l  o r  o t h e r  r e s t r i c -  
t i o n s  t h a t  would p r e v e n t  t h e  u s e  of a  bucke t - l adder  d r e d g e ,  i t  would be sa fe  
t o  say  t h a t  a t o t a l  volume of 8 t o  10 m i l l i o n  y d 9  would be t h e  maximum f o r  a 
p o r t a b l e  plant. There would be g r a y  a r e a s  t o  be c o n s i d e r e d  t h a t  would e s t a b -  
l i s h  a band of v a r i a b i l i t y ,  b u t  each c a s e  would f i n a l l y  be  dec ided  on i ts  own 
s e t  of  c o n d i t i o n s .  

EQUIPMENT SELECTION 

In  t h i s  p a p e r ,  1 have excluded consideration of a l l  o t h e r  t y p e s  of 
d redges  i n  d e f e r e n c e  t o  a bucke t - l adder  d r e d g e .  This needs  some q u a l i f i c a -  
t i o n .  The n u ~ b e r  of s u c t i o n - t y p e  d r e d g e s ,  f o r  i n s t a n c e ,  t h a t  have been i n -  
s t a l l e d  i n  p lace r -go ld  mining o p e r a t i o n s  over  t h e  y e a r s  p robab ly  cou ld  n o t  be 
coun ted ,  they  a r e  s o  numerous. We d o  no t  know, hcwever,  of a s i n g l e  s u c t i o n  
dredge t h a t  has produced a p r o f i t a b l e  p lace r -go ld  mining o p e r a t i o n .  The suc- 



t i o n  dredge seems t o  be  a s s o c i a t e d  w i t h  promoter-or iented gold-mining d e a l s  
t h a t  a r e  devoid o f  e x p l o r a t i o n  and competent mining e n g i n e e r s .  (This i s  n o t  
in tended  t o  d e o e g r a t e  s u c t i o n  d r e d g e s  i n  g e n e r a l ,  however, s i n c e  t h e y  have  
performed,  and c o n t i n u e  t o  perform,  a  v a l u a b l e  f u n c t i o n  i n  nonmlning, naviga- 
t i o n a l  d r e d g i n g  and i n  mining i n d u s t r i a l  m i n e r a l s ,  such as  phosphate  and sand 
and g r a v e l . )  The f a c t  remains t h a t  t h e  s u c t i o n  dredge has  i ts  a p p e a l  when 
c o n s i d e r i n g  c a p i t a l  and maintenance c o s t s  i n  p l a c e r  mining,  which a r e  bo tb  
less t h a n  w i t h  t h e  bucke t - l adder  d redge .  This, i n  t u r n ,  h e l p 8  t o  draw i n  t h e  
i n v e s t o r s  who would l i k e  t o  keep t h e i r  inves tment  and estimated r i s k  a t  a 
minimum and can b e  e a s i l y  persuaded t h a t  t h e  t e c h n i c a l  c a p a b i l i t y  is a t  l e a s t  
equal between dredge  types. It i s  i n t e r e s t i n g  t o  n o t e  t h a t  i n  a 1938 p u b l i -  
c a t i o n  c o n c e r n i n g  placer mining w i t h  p o r t a b l e  u n i t s ,  the seme problem was 
d i s c u s s e d .  So, as t h e  s a y i n g  goes ,  we a r e  committed t o  r e p e a t  h i s t o r y  when 
we d o n ' t  r e a d  i t .  

R i s t o r y  has shown t h a t ,  i n  the  v a s t  m a j o r i t y  of c a s e s ,  t h e  o n l y  commer- 
c i a l l y  s u c c e s s f u l  gold  d redges  have been bucket  l a d d e r .  ( F i g u r e s  3 and 4 
i l l u s t r a t e  l a r g e - s c a l e  bucke t - l a d d e r  gold-mining d r e d g e s  t h a t  are c a p a b l e  of 
producing be tween 300,000 and 500,000 yd3/mo. ) A s u c t i o n  d redge ,  r e g a r d l e s s  
of i t s  e x c a v a t i n g  device---if any ,  c a r r i e s  t o o  much wate r  (80-90 p e r c e n t ) ,  
does  n o t  c l e a n  bedrock,  and d i s p e r s e s  f i n e  g o l d  a t  t h e  s u c t i o n  mouth. These 
problems a r e  s e r i o u s  d e t r i m e n t s  t o  a  p r o f i t a b l e  p lace r -go ld  o p e r a t i o n .  

In  s e l e c t i n g  t h e  c o n f i g u r a t i o n  of equipment f o r  s m a l l - s c a l e  mining,  
which we have now assumed would be i n  t h e  range o f  50,000 t o  100,000 ydg/mo, 
we can assume t h a t  t h e  e x c a v a t i o n  equipment,  whether backhoe o r  o t h e r  conf ig -  
u r a t i o n ,  must be a b l e  t o  c l e a n  bedrock ana e f f i c i e n t l y  f e e d  t h e  hopper o f  t h e  
washing p l a n t .  We w i l l ,  t h e r e f o r e ,  a t  t h i s  p o i n t ,  look a t  the v i t a l  compo- 
n e n t s  o f  t h a t  p l a n t .  

Hopper Feed 

The hopper must be o f  s u f f i c i e n t  s i z e  t o  a c c e p t  t h e  volume of m a t e r i a l  
t h a t  is d i s c h a r g e d  by t h e  l o a d e r  and n o t  choke up as it  d i s p e r s e s  t h e  m a t e r i -  
a l  i n t o  t h e  c l a s s i f i e r .  There  must a l s o  be  some w a t e r  f e d  t o  t h e  hopper t o  
l u b r i c a t e  t h e  s u r f a c e ,  b u t ,  a t  the  same t ime ,  t h e  opening must be  s u f f i c i e n t -  
l y  c o n s t r i c t i v e  t h a t  i t  d o e s n ' t  pe rmi t  t o o  much m a t e r i a l  t o  e n t e r  t h e  c l a s s i -  
f i e r  a t  one t ime.  

C l a s s i f i e r  

The proven system f o r  classification i n  p l a c e r  mining is t h e  r e v o l v i n g  
trommel s c r e e n .  The advan tage  of t h i s  equipment is  t h a t  c o b b l e s  and s m a l l  
b o u l d e r s  can be d i s c h a r g e d  i n t o  i t  and t h u s  be washed of c l a y  and o t h e r  mate- 
r i a l  c l i n g i n g  t o  t h e  rock ,  which o f t e n  c o n t a i n  gold.  When a g r i z z l y  w i t h  
s p a c i n g  of < 8 i n .  i s  placed  i n  f r o n t  of t h e  c l a s s i f i e r  t o  compensate f o r  t h e  
l a t t e r  be ing  t o o  weak t o  a c c e p t  rbe shock l o a d i n g  of c o b b l e s  and b o u l d e r s ,  
v a l u e s  may be l o s t .  Wbere the name of t h e  game i s  saving g o l d ,  t h i s  can 
s p e l l  the d i f f e r e n c e  between p r o f i t  and  l o s s .  T h i s  i s  t h e  problem, f o r  i n -  
s t a n c e ,  wi th  shak ing  s c r e e a s ,  whicb a r e  o f t e n  used by mining o p e r a t o r s  i n  
hand l ing  e x c e s s  w a t e r  from s u c t i o n  d redges  and  a v o i d i n g  t h e  h i g h e r  c o s t  of a  
s t o u t l y  b u i l t  trommel. S ince  a f l a t  s c r e e n  cannot  normal ly  sustain l a r g e  



Figure 3 .  Bucket - ladder  gold-ruining dredge w i e h  13.5 f t 3  
b u c k e t s ,  Rio Nechi,  Columbia. 

Figure 4 .  Bucket - ladder  gold-mining dredge (no.  5) with 9-fr3 
bucket s .  Name, Alaska. 
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r o c k s  o r  b o u l d e r s  f a l l i n g  on i t s  s u r f a c e ,  o p e r a t o r s  narrow down t h e  g r i z z l y  
s p a c i n g s  and thus l o s e  a p o r t i o n  o f  t h e  g o l d .  

A r e v o l v i n g  trommel with s c r e e n  p l a t e s  i n  t h e  p e r i p h e r y  i s ,  t h e r e f o r e ,  
t h e  recommended approach .  The t r e a d  r i n g s ,  s t r u c t u r e - - - o r  r i b b i n g ,  t h e  d r i v e  
mechanism, and t h r u s t  b e a r i n g s  must a l l  be b u i l t  o f  s u f f i c i e n t l y  heavy mate- 
r i a l  t h a t  t h e y  w i l l  last through t h e  t o t a l  p e r i o d  of t h e  p r o j e c t  under  s e v e r e  
l o a d i n g .  I n s i d e  t h e  trommel, a  s p a r g e  p i p e  is  i n s t a l l e d  t h a t  c a r r i e s  w a t e r  
under  p r e s s u r e  and f lows  through n o z z l e s  t h a t  s p r a y  t h e  m a t e r i a l  b e i n g  tum- 
b led  t o  i n s u r e  t h a t  i t  is  thorough ly  washed. I f  t h e r e  i s  much c l a y ,  t h e n  
l i f r i n g  b a r s ,  and sometimes p a d d l e s  and o t h e r  d e v i c e s ,  a r e  n e c e s s a r y  t o  f u r -  
t h e r  r e t a r d  t h e  mate r i a l .  and b r e a k  i t  up b e f o r e  t h e  o v e r s i z e  p a s s e s  o u t  t h e  
r e a r  t o  t h e  d i s c h a r g e  b e l t .  There are s e v e r a l  d e v i c e s  t h a t  have been proven,  
under v a r i o u s  c o n d i t i o n s ,  t o  h a n d l e  most s o i l s  t o  i n s u r e  t h e  f low o f  under-  
s i z e d  m a t e r i a l  through t h e  s c r e e n  h o l e s .  

The s c r e e n  p l a t e s  must be c a r e f u l l y  des igned  t o  be a b l e  t o  s u s t a i n  t h e  
a b r a s i v e n e s s  of t h e  m a t e r i a l ,  as w e l l  as shock  l o a d i n g ,  w i t h o u t  e x c e s s i v e  
wear. The e s s e n c e  of t h e  whole f u n c t i o n  s h o u l d  be t o  make s u r e  t h a t  all 
gold-bear ing  m a c e r i a l  i s  washed and d i l u t e d  i n t o  a slurry t h a t  can f low 
th rough  t h e  s c r e e n  b o l e s  b e f o r e  l e a v i n g  t h e  trommel. The h o l e s  can e i t h e r  be 
rounded or s l o c t e d ,  depending on t h e  t y p e  of m a t e r i a l  b e i n g  handled and t h e  
volume d e s i r e d .  They mus t ,  however, b e  t a p e r e d  t o  p r e v e n t  b l a n k i n g  of t h e  
h o l e s .  T h i s  is d i r e c t l y  r e l a t e d  t o  t h e  c o n f i g u r a t i o n  of t h e  trommel i t s e l f ,  
t h e  d i a m e t e r ,  and washing l e n g t h .  There  a r e  formulae  t h a t  have been deve l -  
oped over t h e  y e a r s  t o  de r ive  t h e  l e n g t h  and d i a m e t e r  of trammels,  b u t  w i t h  
v a r i a b l e s  i n  m a t e r i a l  composi t ion and i n  t h e  s i z e  of h o l e s  in t h e  p l a t e s ,  a  
c e r t a i n  amount o f  c o n t r o v e r s y  h a s  been invo lved  w i t h  t h i s  d e c i s i o n .  

I n  r ev iewing  t h e  c h o i c e s  made o v e r  a long  p e r i o d  of t ime concern ing  
trommel s i z i n g ,  t h e r e  have been obv ious  m i s t a k e s  made, p robab ly  because  peo- 
p l e  were copying o t h e r  o p e r a t o r s  who had gone b e f o r e  them and f e w  possessed  
s u f f i c i e n t  o r i g i n a l i t y  t o  f i g u r e  o u t  t h e  problem c o r r e c t l y .  One o f  t h e  t r a p s  
t h e y  g o t  i n t o  was i n  cop lng  w i t h  t h e  u s e  of  r i f f l e s  t h a t  r e q u i r e d  m u l t i p l e  
f low l i n e s  from t h e  trommel f e e d  through t h e  d i s t r i b u t o r s .  Depending upon 
t h e  s i z i n g  of m a t e r i a l  t h a t  was b e i n g  p roceseed ,  t h e  l a r g e s t  amount o f  rnate- 
r i a l  would f low o u t  of t h e  f i r s t  t h i r d  of t h e  trommel, and t h e  r e s t  of t h e  
s l u i c e s  or  r i f f l e  boxes would be starved. This l e d  t o  making t h e  h o l e s  
s m a l l e r  i n  t h e  f i r s t  s e c t i o n  o f  t h e  trommel and g r a d u a l l y  e n l a r g i n g  them a t  
t h e  lower  s e c t i o n s ;  t h u s  they  ranged from as small as  114 i n .  a t  t h e  upper 
end o f  t h e  trommel t o  3 /4  i n .  a t  t h e  lower  e n d .  When r e c t a n g u l a r  jigs were 
i n t r o d u c e d ,  such  a s  t h e  Yuba and Pan American, miners  e f f e c t i v e l y  moved from 
r i f f l e s  co j i g s  u s i n g  a  s i m i l a r  number of  f l o w  l i n e s  and t h e  same g r a d a t i o n s  
of  s c r e e n  h o l e s .  To c o r r e c t  t h e  imba lance ,  a d i s t r i b u t o r  s p l i t t e r  was deve l -  
oped,  which r e r o u t e d  t h e  s l u r r y ,  bu t  t h e  s p l i t t e r  d i d  n o t  a d d r e s s  t h e  c e n t r a l  
problem of  i n e f f i c i e n t  u s e  of t h e  trommel s u r f a c e .  What t h e  o p e r a t o r s  were 
do ing  was r e s t r f c t i n g  t h e  f low r a t e  of t h e  e c r e e n s  t o  t ry  t o  s o l v e  a flow- 
l i n e  problem and w a s t i n g  m a t e r i a l  i n  t h e  c o n s t r u c t i o n  of  t h e  trommels ( t h a t  
i s ,  making them t o o  l a r g e ) .  

I t  was t i m e l y ,  t h e r e f o r e ,  when Norman Cleave land ,  whi le  dredge-mining 
r i n  i n  Malaya i n  t h e  e a r l y  1 9 5 O s ,  began exper iment ing  with c i r c u l a r  jigs. 



They were n o t  a  new c o n c e p t ,  bu t  t h e r e  was a b a s i c  problem i n  making them 
f u n c t i o n  p r o p e r l y ,  which he s o l v e d  by i n s t a l l i n g  wip ing  b l a d e s .  D i s p e r s i n g  

' t h e  m a t e r i a l  over  t h e  bed removed t h e  tendency f o r  t h e  s l u r r y  t o  pyramid as  
i t  flowed from t h e  c e n t e r  of t h e  jig. By p r o v i d i n g  a  l a r g e r  jigging a r e a  i n  
one space  w i t h  one f low l i n e ,  t h e  number of t o t a l  f l o w  l i n e s  was reduced,  
which paved t h e  way f o r  g r e a t e r  e f f i c i e n c y  and h i g h e r  f low r a t e s  th rough  t h e  
dredge w i t h  a g i v e n  trommel s i z e .  He a l s o  exper imented w i t h  s l o t t e d  h o l e s  i n  
t h e  s c r e e n  p l a t e s  w i t h  some s u c c e s s ,  bu t  t h i s  development was thwar ted  by t h e  
h i g h e r  c o s t  of machining p l a t e s  v s .  d r i l l i n g  round h o l e s .  T h i s  problem h a s  
been s o l v e d  i n  some c a s e s  by u s i n g  rubber  s c r e e n  p l a t e s  t h a t  can be punched 
o r  c a s t  i n  s l o t t e d  and t a p e r e d  form. 

With t h e  f o r e g o i n g  c o n s i d e r a t i o n s ,  t h e  d e c i s i o n  can be made as  t o  t he  
d iamete r  and l e n g t h  of t h e  t r o m e l ,  a l o n g  w i t h  t h e  t y p e s  of s c r e e n  p l a t e s  and 
s i z e  and shape  of h o l e s ,  t o  a c h i e v e  a f l o w  r a t e  t h a t  i s  n e c e s s a r y  t o  hand le  
the mater ia l .  The s l o p e  of t h e  s c r e e n  a l o n g  its axis i s  another p o i n t  of 
d e c i s i o n .  The s l o p e  i s  i n t e n d e d  t o  m a i n t a i n  t h e  f low of m a t e r i a l  th rough  the 
trommel a s  t h e  m a t e r i a l  i s  b e i n g  washed, b u t  n o t  a l l o w  t h e  m a t e r i a l  t o  move 
s o  f a s t  t h a t  i t  i s  no t  s u f f i c i e n t l y  s c r u b b e d .  The speed of r o t a t i o n  c a n  be 
v a r i e d  and w i l l  e f f e c t  t h e  f l o v  r a t e  a s  w e l l .  The s i z e  of s c r e e n  open ings  
a l s o  depends on t h e  type  of pr imary m i n e r a l  j i g  used and t h e  j i g ' s  c a p a b i l i t y  
t o  hand le  l a r g e r  p a r t i c l e  s i z e s .  

Minera l  J i g s  

The n e x t  major f u n c t i o n  t o  be c o n s i d e r e d  i n  t h e  p r o c e s s i n g  p l a n t  a f t e r  
c l a s s i f i c a t i o n  i s  t h e  j i g g i n g  f o r  c o n c e n t r a t i o n  of t h e  gangue.  The m i n e r a l  
j i g ,  c o n t r a r y  t o  some o p i n i o n s ,  i s  n o t  a  r ecovery  system b u t  o n l y  one of con- 
c e n t r a t i o n .  I h a s t e n  t o  add,  however, t h a t  i t  i s  a l s o  a g o l d  saver ,  i n s o f a r  
as  i t  pe r fo rms  its f u n c t i o n  proper ly-- - to  keep f i n e  go ld  from passing o v e r  
i t s  bed i n t o  t h e  d i s c h a r g e  s lu ices-- -and is main ta ined  i n  i t s  b e s t  o p e r a t i n g  
e f f i c i e n c y .  

I n  1979,  Mr. Cleaveland made a f u r t h e r  improvement t o  his j i g  p a t e n t  and 
evolved t h e  second-genera t ion  j i g ,  which h a s  been named t h e  'Mk I1 Cleaveland 
C i r c u l a r  J i g . '  The main improvement was t o  e l i m i n a t e  t h e  mechan ica l  wiping 
b l a d e s  and r e p l a c e  them and t h e  c e n t e r  d r i v e  sys tem w i t h  a feed  box and 
sh rouds .  T h i s  i n n o v a t i o n  n o t  on ly  e l i m i n a t e s  t h e  n u i s a n c e  of m a i n t a i n i n g  t h e  
b lade  o p e r a t i o n  b u t  opens up t h e  f o r m e r l y  blanked-out a r e a  of t h e  c e n t e r ,  
which i s  t h e  optimum l o c a t i o n  f o r  e f f e c t i v e  j i g g i n g .  The a d d i t i o n  of t h e  
feed box p r o v i d e s  supp lementa l  c l a s s i f i c a t i o n  of t h e  m a t e r i a l  a s  w e l l .  By 
v a r y i n g  t h e  d iamete r  of t h e  jig bed,  t h e  volume of f e e d  can b e  v a r i e d  and a 
c o n t r o l  over  t h e  number o f  f low l i n e s  can be i n f l u e n c e d .  The s i z e  o f  m a t e r i -  
a l  p a r t i c l e s  t h a t  can be  hand led  by t h e  c i r c u l a r  j i g  w i l l  v a r y ,  but  1 1 2  i n .  
has  proven t o  be  a p r a c t i c a l  l i m i t .  A 9 - f t - d l a m  pr imary j i g  can  u s u a l l y  han- 
d l e  t h e  p r o d u c t i o n  t h a t  i s  p r e s c r i b e d  f o r  o u r  maximum-cj.zed p o r t a b l e  washing 
p l a n t .  T h i s  p r o d u c t i o n  l e v e l  i s  150 t o  200 y d 3 / h r .  Should t h e  p r o p o r t i o n  of 
s m a l l e r  p a r t i c l e s  be such  t h a t  t h e  material  d i s c h a r g e d  o n t o  che jig bed ex- 
ceeds  100 yd3/hr f o r  any s u s t a i n e d  p e r i o d  of t ime,  changes  would have t o  be 
made. 



In  most c a s e s ,  t h e  c o n s t r a i n t s  of  t h e  p r o j e c t  and t h e  m a t e r i a l  t h a t  can  
be . e f f i c i e n t l y  hand led ,  bo th  i n  p r o d u c t i o n  and d i s c h a r g e ,  by a p o r t a b l e  wash- 
i n g  p l a n t ,  whether  on d r y l a n d  o r  f l o a t i n g  on a b a r g e ,  w i l l  u s u a l l y  l i m i t  t h e  
f e e d  t o  the  pr imary jig t o  something < 100 yd3/hr .  A t  t h e  o t h e r  end of  t h e  
p r o d u c t i o n  spec t rum,  c o n s i d e r i n g  a 50 yd3/hr  p l a n t  w i t h  pe rhaps  30 yd3 /h r  
o n t o  t h e  p r imary  fig, a  6 - f t  jig cou ld  be  used f o r  t h e  p r imary .  These  de- 
c i s i o n s  can be gauged from t a b l e  2 ,  which shows t h e  d i f f e r e n t  f low r a t e s  of 
c i r c u l a r  jigs. 1.n making a d e c i s i o n  t o  s c a l e  down t h e  p r o d u c t i o n  l e v e l  o f  
t h e  p l a n t ,  i t  shou ld  be  no ted  t h a t  t h e  o v e r a l l  p l a n t  c o s t  would n o t  b e  
reduced p r o p o r t i o n a t e l y  and t h e  a b i l i t y  t o  l a t e r  s c a l e  up p r o d u c t i o n  would be 
made d i f f i c u l t  i s  no t  i m p r a c t i c a b l e .  For t h a t  r e a s o n ,  s e r i o u s  c o n s i d e r a t i o n  
s h o u l d  be g i v e n  t o  t h e  b u i l d i n g  of  a p l a n t  s u f f i c i e n t l y  l a r g e  w i t h  t h e  o b j e c t  
of later i n c r e a s i n g  p r o d u c t i o n ,  r a t h e r  t h a n  s c a l i n g  i t  down a t  t h e  beg inn ing .  

Tab le  2 .  S p e c i f i c a t i o n s  of c i r c u l a r  jigs vs.  r e c t a n g u l a r  j i g s .  

a Diameter  Area C a p a c i t y  L i p  l e n g t h  R a t i o  b  

( f e > (f t 2 >  Hutches (yd9/hr)  ( f t )  D / E  

C i r c u l a r  Jig 

Rectangu la r  Jig (Yuba, Pan ~ m e r i c a n )  

a  
Varies w i t h  compos i t ion  o f  m a t e r i a l :  t h e  c o a r s e r  t h e  grain s i z e ,  t h e  h i g h e r  
t h e  r a t i o  D / E ,  w i t h i n  limits up  t o  3/4 i n .  For c i r c u l a r  jigs, assume f a c t o r  

b  
of 1.5 t imes  t h e  j ig-bed a rea .  
C o n c e n t r a t i o n  is  f u n c t i o n  of exposure  t ime  of perticles t o  j i g g i n g  a c t i o n .  
D e c e l e r a t i o n  of slurry when r a d i a t i n g  outward t o  edge, or  l i p ,  of  j i g  f u r t h e r  
c o ~ t r i b u t e s  t o  j i g g i n g  e f f i c i e n c y . .  However, a s  d i s t a n c e  i n c r e a s e s  beyond a 
p r a c t i c a l  d i s t a n c e  i n  p r o p o r t i o n  t o  d i a m e t e r  and s i z e  of m a t e r i a l ,  e f f i c i e n c y  
d e c r e a s e s .  The r a t f o ,  t h e r e f o r e ,  of  f low r a t e  t o  l i p  l e n g t h  gives some 
i n d i c a t i o n  of t h e  b a l a n c e  between d i s t a n c e  and exposed l i p  l e n g t h  f o r  d i s -  
c h a r g e ;  t h a t  i s ,  t h e  lower  t h e  number, t h e  g r e a t e r  t h e  e f f i c i e n c y  of  j i gg lng .  - C The channeled f low of  s l u r r y  through t h e  r e c t a n g u l a r  jig has  s e v e r a l  d i s a d -  
van tages :  added f r i c t i o n  on t h e  sides; i n c r e a s e d  f l o w  t o  compensate f o r  t h e  
f r i c r i o n ,  r e s u l t i n g  i n  f i n e  go ld  lost; and a s h o r t e r  l i p  l e n g t h .  These  
combine t o  r educe  t h e  capacity t o  - < 1:l. 

The f e e d i n g  o f  a c i r c u l a r  jig r e q u i r e s  o n l y  one flow l i n e ;  t h u s ,  on our  
p o r t a b l e  washing p l a n t ,  t h e  crommel h o u s i n g  can f e e d  I n t o  one d i s c h a r g e  ho le  
and d i r e c t l y  i n t o  t h e  feed  box oE the j i g  o r  i n t o  a sump and then pumped i n t o  
the  jig. T h i s  c h o i c e  can be i n f l u e n c e d  by s e v e r a l  c o n s i d e r a t i o n s .  By mount- 
i n g  t h e  trommel above t h e  j i g ,  t h e  o v e r a l l  h e i g h t  of t h e  p l a n t  must be h i g h -  
e r .  When t h e  p l a n t  is  s i t u a t e d  on a f l o a t i n g  b a r g e ,  t h i s  can be advanta- 



geous ,  depending on t h e  d i g g i n g  and f e e d i n g  p o i n t  on s h o r e .  Fy u s i n g  a sump, 
t h e  o v e r a l l  h e i g h t  c a n  be lower  and t h e  jigs mounted a l o n g s i d e .  The e x t r a  
power r e q u i r e d  f o r  pumping i s  a c o n s i d e r a r i o n ,  b u t ,  i f  t h e r e  i s  c l a y  i n  t h e  
d e p o s i t ,  t h e  a d d i t i o n a l  s c r u b b i n g  a c t i o n  of t h e  c e n t r i f u g a l  pump can improve 
r e c o v e r y .  Another advan tage  i s  t h e  e a s e  of maintenance and o p e r a t i o n  o f  t h e  
primary jig when i t  i s  a l o n g s i d e  and no t  cramped undernea th  t h e  trommel. 

A f t e r  t h e  a c r i o n  of t h e  pr imary j i g ,  t h e  h u t c h  p r o d u c t ,  which f lows  
through a s i n g l e  s p i g o t  a t  t h e  bottom o f  t h e  cone ,  i s  pumped t o  t h e  f e e d  box 
o f  t h e  secondary  j i g ,  which i s  a 3-ft-diam c i r c u l a r  j i g .  A t  t h i s  p o i n t ,  t h e  
c o n c e n t r a t i o n  of g o l d  i s  h i g h  enough t h a t  a s c r e e n e d  e n c l o s u r e  is n e c e s s a r y  
f o r  s e c u r i t y  purposes .  Thus t h e  hu tch  d i s c h a r g e  hose should  be  armored and 
passed  through t h e  e n c l o s u r e  w a l l  i n t o  t h e  f e e d  box. Ac t ing  a s  an a d d i t i o n a l  
c o n c e n t r a t o r ,  t h e  3-fc j i g  d i s c h a r g e s  i ts  produc t  d i r e c t l y  i n t o  t h e  recovery  
u n i t ,  which i s  an amalgam sys tem.  Both jigs d i s c h a r g e  t h e  l i g h t e r  m a t e r i a l  
i n t o  a sluice and t h e n  i n t o  t h e  pond, o r  a ditch---when o p e r a t i n g  on d r y  
ground.  To a i d  i n  r e c l a m a t i o n ,  t h i s  may be  r e p l a c e d  w i t h  a sump f o r  pumping 
the  f i n e s  i n t o  t h e  t a i l i n g s  p iLes  of t h e  o v e r s i z e d  m a t e r i a l  from t h e  ttommel. 

Amalgamation System 

There  seems t o  be l i t t l e  u n d e r s t a n d i n g  today among many small  o p e r a t o r s  
of t h e  use  of mercury f o r  amalgamation of g o l d .  To have a s e c u r e ,  inexpen- 
s i v e  means of r e c o v e r y  on a c o n t i n u o u s  basis on board t h e  p l a n t ,  a mercury 
amalgamation sys tem i s  e s s e n t i a l .  Any t ime t h a t  t h e  f i n a l  c o n c e n t r a t e  h a s  t o  
be accumulated f o r  t r a n s p o r t a t i o n  t o  a s e p a r a t e  l o c a r i o n  t o  e x t r a c t  t h e  g o l d ,  
s e c u r i t y  becomes a problem and c o s t s  are compounded. The l a s t  phase o f  con- 
c e n t r a t i o n  shou ld  be  i n  an enc losed  a r e a  t h a t  o f f e r s  some d e t e r r e n c e  t o  
t h e f t .  The  j a c k  p o t ,  auger  r i f f l e  and s i l v e r e d  c o p p e r - p l a t e  sys tems o f f e r  
such a means o f  c o n t i n u o u s  p r o c e s s i n g  t h a t  can be  o p e r a t e d  w i t h  a minlmum of 
d i s r u p t i o n  and l a b o r .  

I n  t h e  amalgam sys tem,  g o l d  i s  r e c o v e r e d  i n  t h r e e  - s t a g e s  and becomes 
s u c c e s s i v e l y  f i n e r  g r a i n e d  i n  each .  Cleanup i s  made p e r i o d i c a l l y  w i t h  mini-  
mum d i s r u p t i o n  t o  t h e  mining o p e r a t i o n  and with maximum s e c u r i t y .  A t  t h e  
same t ime,  mercury i s  recovered  and p reven ted  from e n t e r i n g  t h e  d i s p o s a l  o r  
t a i l i n g s  a r e a .  Coupled w i t h  t h i s  sys tem i s  t h e  h a n d l i n g  of t h e  amalgamated 
g o l d .  This r e q u i r e s  h e a t i n g  t o  e v a p o r a t e  t h e  mercury,  which p a s s e s  in a  va- 
p o r  th rough  a s e a l e d  hood and condensor  i n t o  a  c o n t a i n e r  f o r  r e c y c l i n g .  The 
g o l d  i s  l e f t  beh ind  i n  sponge form f o r  m e l t i n g  and p o u r i n g  i n t o  a b u l l i o n  bar  
f o r  shipment  t o  t h e  r e f i n e r y .  

When c o n s i d e r i n g  e a c h  subsystem o r  component o f  t h e  washing plant, t h e  
need t o  c a r e f u l l y  a n a l y z e  and  choose t h e  most c o s t - e f f e c t i v e  method of opera-  
t i o n  cannot  be overemphasized.  W i t h  t h e  narrow range of p r o f i t a b i l i t y  o f  a  
p o r t a b l e  u n i t ,  a n y t h i n g  t h a t  i s  i n t r o d u c e d  t h a t  compounds c o s t s  can e a s i l y  
t i l t  t h e  b a l a n c e  a n d  r e s u l t  i n  a l o s i n g  o p e r a t i o n .  The h a n d l i n g  of g o l d  i n  
t h e  f i n a l  r ecovery  s t a g e  is v e r y  i m p o r t a n t  t o  t h a t  a s p e c t  and can, i n  i t s e l f ,  
s p e l l  t h e  d i f f e r e n c e  between p r o f i t  o r  l o s s .  S e c u r i t y  u l t i m a t e l y  demands 
s p e c i a l  c o n s i d e r a t i o n s  i n  t h e  d e s i g n  stage,  s i n c e  a l l  e l s e  becomes s u b o r d i -  
n a t e  if t h e  g o l d  i s  recovered  o n l y  t o  be ' h i g h  g r a d e d . '  A p o r t a b l e  washing 



p l a n t  w i t h o u t  major  p r o v i s i o n s  f o r  c o n t i n u o u s  r e c o v e r y ,  coupled with u l t i m a t e  
s e c u r i t y ,  is n o t  a d d r e s s i n g  t h e  v i t a l  e l e m e n t s  o f  p lace r -go ld  mining.  

OPERATIONS 

Excavat ion Sys tern 

Once we have s e t t l e d  on t h e  p roper  d e s i g n  c o n f i g u r a t i o n  of t h e  recovery  
p l a n t ,  t h e  remain ing  d e c i s i o n s  w i l l  i n v o l v e  t h e  p rope r  e x c a v a t i o n  and feeding 
equipment.  The most  s u c c e s s f u l  of t h e s e  i n  s m a l l - s c a l e  p l a c e r  o p e r a t i o n s  has  
been t h e  backhoe. It i s  t h e  b e s t  t o o l  f o r  c l e a n i n g  bedrock ,  which is  b e s i c  
t o  p l a c e r  mining s i n c e  mast  v a l u e s  are found i n  the lower zone of t h e  depos- 
i t .  The  backhoe can be supplemented a s  n e c e s s a r y  w i t h  a d o z e r  o r  front-end 
loade r ,  o r  boch. Other  advan tages  o f  t h e  backhoe are i c s  uniform speed and 
a b i l i t y  t o  f e e d  d i r e c t l y  i n t o  t h e  hopper  of t h e  p l a n t ,  making i t  e s p e c i a l l y  
u s e f u l .  Using 314- t o  2-yd3 b u c k e r s ,  volumes up t o  200 yd3 /h r  can be re- 
a l i z e d .  The dragl ine ,  on t h e  o t h e r  hand,  will u s u a l l y  r e q u i r e  t o o  l a r g e  a  
bucke t  because i t  is  s lower  t h a n  t h e  backhoe; t h u s ,  i t  can dump t o o  much ma- 
t e r i a l  f o r  t h e  unic t o  hand le .  The f ront-end l o a d e r  u s u a l l y  means a d r y l a n d  
o p e r a t i o n  a n d  m u l t i p l e  h a n d l i n g  of m a t e r i a l  and t o o  l a r g e  a b u c k e t ,  as w i t h  
rhe  d r a g l i n e .  While a t  times t h i s  canno t  be avo ided ,  such a s  when working i n  
narrow canyons ,  t h e  v a l u e  or  t e n o r  o f  t h e  d e p o s i t  mus t  be high t o  c a r r y  t h e  
a d d i t i o n a l  c o s t s  of o p e r a t i o n .  Another problem with chis type  of equ ipmen t  
is  i t s  h y d r a u l i c  c o n t r o l s  and r e p a i r  r a t e  when a t t e m p t i n g  t o  o p e r a t e  on a 
24-hr b a s i s .  

E f f i c i e n c y  

With any p l a c e r  o p e r a t i o n ,  t he re  is a hope t o  a c h i e v e  75 t o  80 p e r c e n t  
running t ime o r  b e t t e r .  Th i s  means sufficient backup s p a r e s  and r e p a i r  f a -  
c i l i t i e s  t o  minimize dovntime. This g o a l  is  e s s e n t i a l  t o  p r o f i t a b i l i t y  and  
needs  c a r e f u l  p lann ing  i n  t h e  o r i g i n a l  l a y o u t  o f  t h e  l o g i s t i c a l  a s p e c t s  of 
t h e  o p e r a t i o n .  With t h e s e  noble  o b j e c t i v e s  s t a t e d ,  i t  i s  a p p r o p r i a t e  t h a t  I 
quo te  a t  t h i s  p o i n t  Norman Cleaveland from h i s  paper  'Ocean Mining Systems '  
p r e s e n t e d  i n  October  1967 a t  t h e  Ocean Mining SJTII~OS~UID, Los Angeles:  

Basic Lore  of Gold and T i n  Dredging 

1. Each p r o p e r t y  is  a problem i n  i t s e l f .  
2.  Most any d r e d g i n g  problem can be s o l v e d ,  excep t  t h e  no-gold o r  

n o - t i n  problem. 
3. P a r t i a l  s o l u t i o n s  t o  problems a r e  u s u a l l y  f a r  more c o s t l y  i n  t h e  

l o n g  run  t h a n  p r o p e r  s o l u t i o n s .  
4 .  'How w i l l  i t  f u n c t i o n  a t  3 o ' c l o c k  i n  t h e  morning?'  i s  t h e  f i r s t  

q u e s t i o n  t h a t  shou ld  b e  asked abou t  any proposed new design o r  pro- 
c e d u r e .  

5. F r o s p e c r i n g  w i t h  a d redge  i a  a v e r y  e x t r a v a g a n t  method of p r o s p e c t -  
i n g .  

6 .  A s  the  o l d  Burma Shave signs might have s a i d :  To make your  o l d  
d redge  r e a l l y  go,  keep yardage h i g h ,  bedrock c l e a n ,  and l o s s e s  low. 

And a f u r t h e r  q u o t e  from Cleaveland from the same symposium: 



I I F a u l t y  p rospecc ing  and i n a d e q u a t e  a p p r a i s a l  of p r o s p e c t i n g  r e s u l t s  have 
been t h e  major cause  of  dredge-mining f a i l u r e s  i n  t h e  p a s t .  It i s  d i f f i c u l t  
t o  overemphasize  t h e  importance  o f  p r o s p e c t i n g  and t h e  a s s o c i a t e d  s t u d i e s  
t h a t  shou ld  be  made." 

P e r s o n n e l  

Under lying the  above comments is t h e  h p o r t a n c e  of peop le  i n  the o v e r a l l  
e q u a t i o n .  Where does  one find exper ienced  p e r s o n n e l  i n  p lace r -go ld  d r e d g i n g  
n e c e s s a r y  to d i r e c t  a p r o f i t a b l e  e n t e r p r i s e ?  T h i s  is a f a s t  d i s a p p e a r i n g  
b reed  o f  men. But t h e  woods a r e  f u l l  of peop le  who have had e x p e r i e n c e  w i t h  
u n p r o f i t a b l e ,  smal l - sca le  placer-mining o p e r a t i o n s  a n x i o u s  t o  h e l p  someone do 
i e  the same way they  d i d .  Nothing i s  p a r t i c u l a r l y  new i n  t h i s  kind o f  prob- 
lem s i n c e  t h e r e  were many more f a i l u r e s  i n  p lace r -go ld  mining than  s u c c e s s e s  
when such o p e r a t i o n s  were i n  t h e i r  peak i n  t h e  1930s. What t s  l a c k i n g  today 
i s  t h e  s o u r c e  o f  exper ienced  p e r s o n n e l  t h a t  t h e  s u c c e s s f u l  o p e r a t i o n s  used t o  
produce.  The on ly  a l t e r n a t i v e  is t o  t r a i n  young men f o r  p l a c e r  work u s i n g  
t h e  few knowledgeable p e r s o n n e l  a v a i l a b l e .  

Depending on t h e  n a t u r e  o f  t h e  t e r r a i n ,  a major problem t o  s o l v e  i n  
s m a l l - s c a l e  backhoe m i n i n g  i s  t h e  h a n d l i n g  of an  open p i t  o p e r a t i o n ,  which i s  
more a k i n  t o  ha rd rock  o r  sand-and-gravel  o p e r a t i o n s .  Avoiding a p l a n  t h a t  
w i l l  mean m u l t i p l e  h a n d l i n g  o f  m a t e r i a l  m u s t  b e  cons ide red  e s s e n t i a l ,  u n l e s s  
t h e  d e p o s i t  i s  p a r t i c u l a r l y  h i g h  grade; th6t i s ,  o v e r  300 mgIyd9. Being able 
t o  f l o a t  t h e  washing p l a n t  and feed  i t  from s h o r e  s o l v e s  many problems. The 
t a i l i n g s  can be d i scharged  i n t o  the  pond, and t h e  w a t e r ,  if k e p t  c l e a n ,  can 
be r e c i r c u l a c e d  through t h e  p l a n t  w i t h  minimal pumping. Maintaining che suc- 
t i o n  of a  s l i m e  pump a t  t h e  bottom o f  the pond will no t  o n l y  keep t h e  w a t e r  
c l e a n  f o r  r e c i r c u l a t i o n  b u t  w i l l  a i d  i n  i n c r e a s i n g  p r o d u c t i o n ,  s i n c e  t h e  ma- 
t e r i a l  h a s  t o  be removed anyway. 

Few d r y l a n d  placer-mining o p e r a t i o n s  have proven t o  be p r o f i t a b l e ,  bu t  
t h i s  i s  p r i m a r i l y  from t h e  p a s t  and d u r i n g  t imes  when t h e  backhoe had not y e t  
been p e r f e c t e d .  The f a c t  r emains ,  however, t h a t  d i f f i c u l t i e s  a r e  compounded 
when t h e  p l a n t  is n o t  f l o a t i n g  and mus t ,  t h e r e f o r e ,  b e  c a r e f u l l y  p lanned by 
exper ienced  placer-mining e n g i n e e r s .  

I n  E r a z i l ,  many f l o a t i n g  p o r t a b l e  washing p l a n t s  exist coday,  mainly  i n  
the mining of t i n ,  t ha t  a r e  f e d  from s h o r e  by backhoe (fig. 5 ) .  T h e i r  p r o f -  
itability can be a t t r i b u t e d  t o  t h e  r i c h n e s s  of t h e  d e p o s i t s  and t h e  s t a b i l i z -  
i n g  of  t h e  p r i c e  o f  t i n .  There i s  no r e a s o n  t o  doubt t h a t  s i m i l a r  proce-  
d u r e s ,  combined w i t h  t h e  s p e c i a l  c i r c u m s t a n c e s  of g o l d  recovery  no t  common t o  
t i n ,  can be a p p l i e d  t o  p lace r -go ld  o p e r a t i o n s  i n  Alaska and Canada, g i v e n  t he  
sha l low d e p t h s  n e c e s s a r y  f o r  the backhoe. 

CRITICAL QUESTIONS 

When making t h e  d e c i s i o n  about  p lace r -go ld  mining equipment f o r  s m a l l -  
s c a l e  p r o j e c t s  and a t t e m p t i n g  t o  e v a l u a t e  the v a r i o u s  p r o d u c r s  t h a t  a r e  b e i n g  
promoted, t h e  f o l l o w i n g  q u e s t i o n s  s h o u l d  be  a sked :  



Figure  5. F l o a t i n g  washing p l a n t  f o r  t i n  r ecovery  o p e r a t i n g  
i n  B r a z i l .  P l a n t  f e d  from s h o r e  by backhoe. 

1. Can t h e  system continually p r o c e s s  over  50,000 yd'/mo of m a t e r i a l  
w i t h o u t  s i g n i f i c a n t  i n t e r r u p t i o n  (that i s ,  o v e r  70-percenc o p e r a t -  
ing t ime)  ? 

2 .  W i l l  t h e  d i s p o s a l  of o v e r s i z e  and sluice d i s c h a r g e  be handled ade- 
q u a t e l y  and p rov ide  f o r  r e c l a m a t i o n  w i t h  a minimum of m u l t i p l e  
h a n d l i n g  of m a c e r i a l ?  

3. Is an amalgamation system i n c l u d e d  that p r o v i d e s  c o n t i n u o u s  gold  
recovery  and does nor d i s c h a r g e  mercury i n t o  rhe  environment? 

4 .  Can t h e  system o p e r a t e  f o r  4 $ V y d 3  i n c l u d i n g  excavat ion equipment ,  
overhead ,  and G&A expense? 

Answer t h e  above quese ions  s u c c e s s f u l l y  and  you may be  on t r a c k  for a 
p r o f i t a b l e  mining p r o j e c t .  
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The Bureau of Mines has been deve lop ing  t e c h n i q u e s  f o r  u s i n g  commercial- 
l y  a v a i l a b l e  wa t e r - s o l u b l e  m a t e r i a l s  a s  f l o c c u l a r i n g  a g e n t s .  These t ech-  
n i q u e s  have been used on v a r i o u s  o r e s  i n  o u r  l a b o r a t o r y  a t  t h e  Tuscaloosa  
Research Center. A t  t h e  r e q u e s t  of t h e  Bureau of  Mines and i n  c o o p e r a t i o n  
w i t h  t h e  Alaska Bureau o f  Mines o f f i c e ,  we conducted a l i m i t e d  number o f  l a b -  
o r a t o r y  s t u d i e s  r e g a r d i n g  the u s e  o f  PEO ( p o l y e t h y l e n e  ox ide )  on w a t e r  from 
Alaska p lace r -go ld  mines .  We took  e l e v e n  water samples  from t h e  mines be- 
tween J u l y  and October  1985 ( t a b l e  1 ) .  The f i r s t  f i v e  were taken a t  t h e  end 
of t h e  f i n a l  s e t t l i n g  pond b u t  b e f o r e  t h e  w a t e r  went i n t o  t h e  c r e e k .  The 
next  f o u r  were t aken  o u t  of the c r e e k  b e l o w  t h e  mine d i s c h a r g e .  The t e n t h  
sample was t aken  a t  t h e  end of t h e  s l u i c e  and t h e  e l e v e n t h  from t h e  d redge  
pond. T o t a l  suspended s o l i d s  were determined on each of  t h e  u n t r e a t e d  sam- 
p l e s  ( t a b l e  2 ) .  Suspended mat te r  ranged from 140 t o  25,000 mg/ l ;  t u r b i d i t y  
ranged from 175 t o  22,580 NTU ( t a b l e s  2 ,  3, and 4 ) .  We used t h e  same 
f l o c c u l a t i o n  t e s t  on a l l  of t h e  Alaska samples  ( t a b l e  5 ) .  

I n  our  l a b o r a t o r y  t e s t s ,  we measured 100 m l  of t h e  Alaska w a t e r  i n t o  a 
200 ml b e a k e r .  We then  added PEO from a  b u r r e t  and  s t i r r e d  t h e  s o l u t i o n  w i t h  
a magnecic s t i r r i n g  bar ,  m a i n t a i n i n g  abou t  a $-in.  v o r t e x .  In most cases, 
b i g  f l o c s  formed. We con t inued  add ing  PEO u n t i l  the floc starred t o  c o n s o l i -  
dace and f i n a l l y  s e t t l e .  A t  t h i s  p o i n t  we decan ted  t h e  c l e a r  w a t e r .  Tn ev- 
e r y  c a s e ,  t h e  mass c o n s o l i d a t e d  t o  t h e  p o i n t  w h e r e  i t  c o u l d  be picked o u t  of 
t h e  w a t e r .  We w e r e n ' t  a b l e  co do v e r y  many a n a l y s e s  of t h e  s o l i d  m a t e r i a l .  

F l o c c u l a t i o n  t e s t s  w e r e  conducted on a l l  samples  t o  de te rmine  t h e  best 
PEO c o n c e n t r a t i o n  ( t a b l e  6 ) .  The d e c r e a s e  i n  TSS ( t o t a l  suspended s o l i d s )  
and t h e  increase i n  c l a r i t y  were t y p i c a l  of  a l l  t r e a t e d  samples  ( t a b l e  7 ) .  
The optimum dewate r ing  c o n d i t i o n ,  u s i n g  PEO, was de te rmined  f o r  each of t h e  
11 samples  ( t a b l e  8 )  and f o r  p lacer-mining e f f l u e n t  sampled i n  1981 ( ta -  
b l e  9 ) .  S o l i d s  i n  t h e  dewatered samples  d i d  n o t  complete ly  f l o c c u l a t e  a t  
f i r s t ,  b u t  a f t e r  a coup le  o f  weeks,  s e t t l i n g  was complete .  Apparent ly  con- 
d i t i o n s  changed from a n e r o b i c  t o  a e r o b i c .  During the  dewate r ing  t e s t s ,  we 
added PEO i n  i n c r e m e n t s  of 0.001 t o  0 . 0 8  l b l g a l .  These amounts seem appro- 
p r i a t e  because  we u s e d  them r e p e z t e d l y  w i t h  c o n s i s t e n t l y  good r e s u l t s .  We 
a l s o  added calcium---the b e s t  two c a t i o n  a d d i t i v e s  were CalEloc X ( t a b l e  10) 
and Betz 1110 ( c a b l e  11)---which reduced t h e  amount of PEO r e q u i r e d .  I n  each 
t e s t ,  w e  measured t u r b i d i t y  of t h e  sample a t  1- and 24-hr s e t t l i n g  p e r i o d s .  



Table  1. Water samples t a k e n  from Alaska p l a c e r - g o l d  mines d u r i n g  July - 
October 1985. 

Mining d i s t r i c t  

C i r c l e  
Circle 
Circ le  
Fairbanks 
Hope 
C i r c l e  
C i r c l e  
C i r c l e  
C i r c l e  
Hope 
Nome 

L o c a t i o n  

Deadwood Creek 
Crooked Creek 
Gold Dust Creek 
Gilmore Creek 
R e s u r r e c t i o n  Creek 
Deadwood Creek 
klammoth Creek 
Eagle  Creek 
Deadwood Creek 
R e s u r r e c t  i o n  Creek 
Dredge-pond d i s c h a r g e  

a 
Samples 1-5 were t a k e n  from t h e  final s e t t l i n g  pond; samples  6-9 were t a k e n  
from t h e  c r e e k  below t h e  mine d i s c h a r g e ;  sample 10 was taken a r  t h e  end of 
the s l u i c e ;  and sample 11 was taken from t h e  dredge pond. 

Table 2 .  Suspended and s e t t l e a b l e  m a t t e r  i n  u n t r e a t e d  w a t e r  samples taken from 
Alaska place r -go ld  m i n e s  d u r i n g  J u l y  - October  1985. 

T o t a l  
suspended 
matter 

samplea (mgl l )  

Initial S e t t l e a b l e  
t u r b i d i t y  matter 

(NTU ( m l / l . )  

a See t a b l e  1 for sample l o c a t i o n .  



Table 3 .  Resu l t s  of standard s e t t l i n g  t e s t  on water samples taken from Alaska 
p l a c e r - g o l d  mines durfng July - October 1985. 

Total 
suspended Nonsettleable S e t t l e a b l e  
matter matter matter  

samplea (mg/l) ( m g l l )  ( m l / l >  

a 
See t a b l e  1 f o r  sample locat ion .  

T a b l e  4 .  T u r b i d i t y  of untreated water samples taken from Alaska placer-gold 
mines  during J u l y  - October 1985. 

Turbidity 
Xnit ial 1 hr 24 hr 

a 
See table 1 for sample location. 



Table 5 .  Mineral  composition of  water samples taken from Alaska placer-gold 
mines during July - October 1985. 

Mineral 

Quartz 

Chlorite 

Mica and i l l i t e  

Kaolinite 

Plagfoclase 

Mixed-layer clays 

Smectite 

Gibbsite 

Goethite 

s a m p l e a  
1 2 3 4 5 6 7 8 9 10 11 

M M M m - M M M  M M M M M  

M M m m m-M M m-M m M m-M M 

m-M m-M m m m-M m-M m m-M M 

t m-M m-M rn m 

m t-m t m m t - m  m-M 

m-M m m m 

M m-M 

t - rn  

f -m m t-m 

a 
S e e  table 1 for sample l oca t ion .  
M - Major 
m - Minor 
t - Trace 

T a b l e  6 .  Standard PEO dilution series. 

Test - 

PEO 
Conc . Dosage Turbidity 

( 2 )  (lb/1,000 gal) (NTU) 

Final s o l i d s  
content 

(2)  



Table 7. Turbidity (NTU) of untreated water samples v s .  treated warer samples 
. at 1- and 24-hr settling periods. Samples taken from Alaska placer- 

gold mines during July - October 1985. 

1 hr 24 hr 
Sample Untreated Treated Untreated Treated 

a 
See table  1 for sample location. 

T a b l e  8. Best results of dewatering tests on water samples using PEO. Samples 
taken from Alaska placer-gold mines during July-October 1985.  

P EO Turbidity 
Conc . Dosage 1 h r  

a 
24 h r  

Sanp le (2) (lb/1,000 gal) (NT U ) (KTU) 

a 
See table 1 for sample location. 
-- No data 



Table 9 .  Best r e s u l t s  of dewatering tests on placer-mining e f f l u e n t  sampled 
i n  Alaska i n  1981. 

Initial Fina l  
s o l i d s  PEO s o l i d s  
conc en t Conc . Dosage Turbidity content 

Descr ip t ion  (2 )  (%) ( lb /1 ,000  g a l )  (NTU (2)  

Livengood Creek, 1.21 0.05 0.07 
below s l u i c e  
d i scharge  

Livengood Creek, 0.17 0.01 0.005 
be low  gate  from 
t a i l i n g s  s e t t l i n g  
pond 

Miller Creek, 0.40 0.01 0.005 
sluice water 

Jack  Wade Creek, 0.58 0.001 0 . 0  1 7  
e a s t  of Chicken, 
sluice water 

Sourdough Creek,  
s l u i c e  water  

-- No data  

Table 10. Results of dewatering t e s t s  on w a t e r  samples u s i n g  PEO and Cal- 
floc T.  Samples taken from Alaska placer-gold mines d u r i n g  J u l y  - 
October 1985. 

Calfloc T PEO Turbidity 
Conc. Dosage Conc. Dosage 1 hr 24 h r  

samplea (X) ( lb /1 ,000  ga l )  (2) ( l b l l  ,000 g a l )  (NTU) (NTU) 

1 0.05 
2 0.01 
3 0.01 
4 0.01 
5 0 .01  
6 0.01 
7 0.01 
8 0.01 
9 0.01 

10 0.01 
11 0.01 

a ~ e e  t a b l e  1 for  sample l oca t ion .  



Table  11. R e s u l t s  of dewater ing t e s t s  on w a t e r  samples  u s i n g  PEO and Betz 
1180. Samples taken from A l a s k a  p lace r -go ld  mines d u r i n g  J u l y  - 
October  1985. 

Becz 1180 PEO T u r b i d i t y  
Conc . Dosage Conc . Dosage I h r  24 h r  

( lb /1 ,000  g a l )  (lb/1,006 gal) 

a 
See t a b l e  1 f o r  sample l o c a t i o n .  

1986 FIELD SEASON 

This summer, we plan  t o  conduct  f i e l d  t e s t s  a t  f o u r  d i f f e r e n t  mine s i t e s  
i n  Alaska. We a t e  p r e s e n t l y  n e g o t i a t i n g  w i t h  mines i n  C r i p p l e  Creek,  Fair- 
banks ,  Livengood, and one on t h e  Kenai Peninsula, and assuming t h a t  no one 
o b j e c t s ,  we w i l l  be h e r e  t h i s  summer. We w i l l  be u s i n g  a mobi le  p l a n t  t h a t  
c o n s i s t s  of  an S by 8 s c r e e n  and n e c e s s a r y  pumps, mixing t a n k s ,  and PEO make- 
up equipment ( f i g .  1 ) .  We have not  been a b l e  t o  test t h e  s c r e e n  a t  o u r  
Tuscaloosa  l a b  because  of a l a ck  of adequate  sample m a t e r i a l .  I n  p a r t i c u l a r ,  
we  a r e  u n c e r t a i n  a s  t o  how fast m a t e r i a l  w i l l  move down the s c r e e n .  The t y p e  
of s o l i d  w i l l  i n f l u e n c e  t h i s  a c t i o n .  We have made s p e c i a l  p r o v i s i o n s  t o  
change s c r e e n  i n s e r t s .  Changing t h e  s i z e  of the s c r e e n  open ings  will a l l o w  
us t o  cover  a l l  bases b e f o r e  we s t a r t .  

An impor tan t  p o i n t  t o  remember i s  t h a t  f l o c c u l a t e d  m a t e r i a l  can be mixed 
with c o a r s e  m a t e r i a l ,  such as g r a v e l s ;  f o r  example,  we have mixed i t  w i t h  
s m a l l - s i z e  r e f u s e  from a c o a l  p l a n t .  The dewatered r e f u s e  was e a s y  t o  d i s -  
cha rge .  T h i s  may be a b e n e f i t  f o r  p l a c e r  o p e r a t i o n s  and l a n d s  r e c l a m a t i o n .  

Water flowing th rough  t h e  s c r e e n  always c o n t a i n s  some s o l i d s .  I n  our 
p l a n t ,  the  solids w i l l  f l o c c u l a t e  and s e t t l e  r a p i d l y .  We will moni to r  t h e  
s o l i d s  and de te rmine  what h a p p e n s  when they  come o f f  the s c r e e n  a t  a c e r t a i n  
p e r c e n t  s o l i d ,  s a y  20 t o  40 p e r c e n t  and p o s s i b l y  up t o  70 p e r c e n t .  We w i l l  
allow a few solids t o  come through the s c r e e n ,  s o  that they can b e  used i n  
PEO makeup. Water f rom t h e  screen underf low w i l l  go t o  a sma l l  s e t t l i n g  
pond, where i t  w i l l  be r e c y c l e d  back t o  t h e  s l u i c e  box and added t o  t h e  min- 
e r ' s  w a t e r  system. 



Figure  1. Mobile p l a n t .  

D i r t y  w a t e r  from t h e  s l u i c i n g  o p e r a t i o n  is  t a k e n  from a sump and pumped 
t o  a mixing t a n k  f o r  PEO makeup. The tank c o n t a i n s  a s t l r r e r ,  and we add t h e  
s o l i d  PEO base t o  water. The r e s t  o f  t h e  mobi le  p l an t  c o n s i s t s  o f  blending 
t anks .  

When we go  t o  a  mine s i t e  i t  i s  e s s e n t i a l  that w e  s e t  up our tanks and 
s ta r t  o p e r a t i n g  i n  a  day  o r  s o .  P o t e n t i a l l y ,  we will be a s e l f - c o n t a i n e d  
u n i t ,  complete  with a g e n e r a t o r  and an e l e c t r i c  p e n e l .  The o n l y  t h i n g  we 
will a s k  of t h e  miners is  t h a t  they set up a small p i t  ( abou t  100 f t 2 )  t o  
c o l l e c t  o u r  w a t e r .  PEO s e l l s  i n  t h i s  country f o r  $5.12/lb and i n  Japan f o r  
$2.73/1b.  The Alaska t e s t s  w i l l  use PEO t h a t  c o s t s  $2.73/1b FOB F a i r b a n k s .  
We have t a l k e d  t o  salesmen, however, who a r e  w i l l i n g  t o  s e l l  PEO a t  $0.65/Lb, 
i f  b u l k  quantities are purchased .  

QUESTIONS AND ANSWERS 

( 9 ) :  What is  the  env i ronmenta l  e f f e c t  of PEO? 
(A) :  I have a r e p o r t  w i t h  me t h a t  l is ts  a l l  the  FDA r e q u i r e m e n t s  and FDA 

l aws .  PEO has passed as  b i o d e g r a d a b l e  and i s  acceptable from an en- 
v i r o n m e n t a l  s t a n d p o i n t .  I n  f a c t ,  PEO is  approved by t h e  FDA f o r  u s e  i n  
food consumption.  

( Q ) :  What i s  t h e  e f f e c t  of w a t e r  t e m p e r a t u r e  on f l o c c u l a t i o n ?  
( A ) :  We have run successful t e s t s  i n  Kentucky when t h e  t empera tu re  was 33°F. 

( Q ) :  What is  t h e  e f f e c t  of  PEO on t he  pH of  w a t e r ?  
( A ) :  There  is  no change i n  pH. 



(Q): Do t e s t s  show any e f f e c t  on m e t a l s ?  Did you e v e r  d r y  t h e  sediment  and 
check i t  f o r  m e t a l  c o n t e n t ?  

(A): We n e v e r  t e s t e d  p l a c e r  sediment  f o r  m e t a l s  because  we had such a small 
amount o f  sediment  t h a t  we wouldn ' t  have had  enough f o r  t h e  a n a l y s i s .  
We do,  however, p l a n  t o  t e s t  t h e  e f f e c t s  this summer. A r s e n i c  c o n t e n t  
h a s  no e f f e c t  on pH; t h e r e f o r e ,  i t  won ' t  have any e f f e c t  on t h e  
f l o c c u l a n t .  We have, however, done some t e s t i n g  where we added l i m e  o r  
C a l f l o c  T ,  and t h i s  has a tendency t o  d r i v e  t h e  PEO dosage  down. There- 
f o r e ,  i f  t h e  PEO c o n c e n t r a t i o n  is  t o o  h i g h ,  w e  might  add l i m e ,  b u t  a t  
t h i s  p o i n t  i t  is n o t  i n  t h e  p l a n s .  

(Q): Are you going t o  use  an a c t i v e  mining o p e r a t i o n  f o r  your  d e m o n s t r a t i o n  
work? 

( A ) :  We w i l l  come o n t o  an  a c t i v e  p r o p e r t y  and t a k e  w a t e r  from the raceway 
between the  sluice box and t h e  f i r s t  pond, s o  w e  will be t a k i n g  a  p a r e  
of t h e  o p e r a t o r ' s  p r o d u c t i o n .  The c a p a c i t y  of t h e  mobile p l a n t  i s  un- 
known a t  t h i s  t i m e ,  b u t  we do know t h a t  we have been a b l e  t o  handle  from 
400 t o  600 g a l / m i n .  L e t ' s  s a y  we d i d  g e t  up t o  800 gal / rn in .  I f  t h e  
overf low i s  1,600 g a l l m i n ,  t h e n  we would be taking h a l f  of i t .  Our pond 
w i l l  be c o m p l e t e l y  i s o l a t e d  from t h e  m i n e r ' s  pond. We w i l l  know exsctly 
what e f f e c t  we a r e  having w i t h o u t  t r y i n g  t o  guess how we a r e  d o i n g .  We 
will be t a k i n g  on a r e a l  s i t e ,  takLng r e a l  w a t e r ,  r e a l  s l u r r y ,  and 
t r e a t i n g  ic a s  a r e a l  miner would. 

(Q): A r e  you g o i n g  t o  p r o c u r e  w a i v e r s  from DEC s o  t h e  miner  is  n o t  subject t o  
a v i o l a t i o n ?  

(A):  The miners  w e  will be working w i t h  w i l l  have a wa iver  f o r  us t o  o p e r a t e .  
We w i l l  have no e f f e c t  upon the miners .  I f  w e  mess up t h e i r  w a t e r ,  t h e y  
a r e  not liable. 

(Q): khat will happen during t h e  w i n t e r  at 60 and 70aF below zero?  
( A )  : F r e e z i n g  h e l p s  t o  c o n s o l i d a t e  t h e  sludge. 

( 9 ) :  Please discuss o p e r a t i n g  and c a p i t a l  costs o f  a PEO p l a n t .  
( A ) :  I f  w e  u s e  0 . 0 1  t o  0.02 l b  PE0/1,000 g a l ,  che  c o s t  f o r  PEO would be  $0.02 

t o  $0.06/1,000 g a l .  Equipment c o s t  i s  $20,000.  We used  a 55-gal  drum 
i n s t e a d  of a h i g h l y  c o n t r o l l e d  mixer at a commercial  o p e r a t i o n  i n  North 
C a r o l i n a .  When a cheaper  s c r e e n  i s  used ,  t h e  p l a n t  cou ld  be  b u i l t  a t  a  
lower  c o s t .  It would be  t h e  same t e c h n i c a l l y ,  bu t  t h e  equipment would 
b e  different. 

( 9 ) :  How l o n g  d o  you p l a n  on spend ing  a t  each mine t h i s  summer? 
(A) :  About t h r e e  weeks.  

(Q) : Do you t h i n k  five NTU i s  a suitable s t a n d a r d ?  
( A ) :  You have t o  know t h e  background reading of a p a r t i c u l a r  stream. I f  t h e  

background i s  z e r o ,  you are correct. It is  a  f e a s i b l e  c r i t e r i o n .  I t  
a l s o  depends on what p a r t  of t h e  s t r e a m  you a r e  using. ln a d d i t i o n ,  i f  
you a r e  d i s c h a r g i n g  SO p e r c e n t  o f  t h e  s t r eam f low,  you a r e  going t o  have 
c l e a n e r  w a t e r  t h a n  i f  you a r e  d i s c h a r g i n g  o n l y  10 percenc o f  t h e  s t r e a m  
f low.  



(Q) : Being b i o d e g r a d a b l e ,  i f  you pu t  s l u d g e  on a t a i l i n g s  p i l e ,  w i l l  i t  grow 
grass?  If i t  g e t s  i n t o  t he  s t r e a m  bed,  would t h i s  b l o c k  a s t r e a m  bed 
worse t h a n  t u r b i d i t y  would? 

( A )  : I n  c e r t a i n  a r e a s ,  l i k e  F l o r i d a ,  you can p u t  s l u d g e  on a t a i l i n g s  p i l e ,  
go home f o r  3 wk, come back,  and c u t  down a ' j u n g l e .  ' I t  should  n o t  
change t h e  q u a l i t y  o f  t h e  s t r e a m  bed.  

( Q )  : W i l l  t h e  f l o . c c u l a n t  s l u d g e  be a l lowed t o  s e t  u p  a t  t h e  end of s e t t l i n g  
ponds o r  p laced  i n  t h e  t a i l i n g s ?  

( A ) :  Due t o  s p a c e  l i m i t a t i o n s ,  we feel t h e  maximurn b e n e f i t  i s  t o  mix the 
s l u d g e  w i t h  t h e  t a i l i n g s .  

( Q ) :  Would you s a y  t h a t  i n  iO y r  you would be a b l e  t o  b u i l d  a home on t h i s  
f l o c  where i t  has s e t t l e d  down and have a w e l l  p u t  down where t h i s  f l o c  
i s ?  

(A) : A b s o l u t e l y .  

( Q ) :  What does  it t a s t e  l i k e ?  
( A )  : E x t e n s i v e  s t u d i e s  o f  t h e  e f f e c t  of PEO on f i s h  have been conducted by 

Union Carb ide .  The scudy shows no e f f e c t  on t h e  f i s h .  

( Q ) :  Are t h e r e  any PEO e f f e c t s  on i r o n ,  a r s e n i c ,  o r  o t h e r  s i m i l a r  m e t a l s ?  
( A ) :  We have not  addressed  any of t h e s e  problems.  

(Q):  Is t h e r e  a c o r r e l a t i o n  between TSS and t u r b i d i t y ?  
(A): We were n o t  a b l e  t o  do t h e s e  t e s t s  because  o f  o u r  l i m i t e d  samples ,  bur  

we expec t  t o  do some s t u d i e s  on t h o s e  r e l a t i o n s h i p s .  

( 9 ) :  W i l l  samples i n  t h e  f i e l d  be b e t t e r  t h a n  lab t e s t s ?  
( A ) :  Field-sample  r e s u l t s  a r e  u s u a l l y  much b e t t e r ,  bu t  u n t l l  p l ace r -wa te r  

f i e l d  t e s t s  a r e  r u n ,  we w i l l  no t  know. 

( Q ) :  What d i d  you f i n d  when you ran  t e s t s  on Gilmore Creek w a t e r s ?  
(A): It was one of t h e  more d i f f i c u l t  o n e s .  We d i d  g e t  some more t u r b i d i t y .  

Yes, we can s e t t l e  m a t e r i a l  from t h i s  w a t e r ,  but  you may not  be a b l e  t o  
a f f o r d  i t !  

( Q ) :  I n  t h e  A l l i e d  Chemical t e s t s ,  t h e  reagent  p r e p a r a r i o n  w a t e r  had t o  be 
crystal c l e a r  b e f o r e  adding t h e  f l o c c u l e n t  a g e n t ,  i s  your  systeui t h e  
'same? 

(A) :  We u s e  r e c y c l e d  w a t e r  and have had  no problems w i t h  t h i s  i n  t h e  pas t .  

( Q ) :  W i l l  you have problems w i t h  pumps? 
( A ) :  I d o n ' t  t h i n k  s o .  

( Q ) :  Can you c l e a n  up Gilmore w i t h  y o u r  sys tem?  
( A ) :  Yes, w e  can c l e a n  i t  u p ,  but i t  would b e  c o s t l y .  1Je would j u s t  have t o  

run t e s t s  and s e e  w h a t  we would g e t  out of the f i n a l  s e t t l i n g  ponds. 
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INTRODUCTION 

The r e g u l a t o r y  c l i m a t e  i n  t h e  Alaska placer-mining i n d u s t r y  i s  i n  a 
s t a r e  of f l u x .  The mining community i s  no t  s a t i s f i e d  w i t h  t h e  p r e s e n t  NPDES 
( N a t i o n a l  P o l l u t a n t  Discharge  E f f l u e n t  S t a n d a r d )  mlning p e r m i t  because  they  
feel t h a t  t h e  t u r b i d i t y  s t a n d a r d  i s  t o o  s t r i c t .  Although some p a r t i e s  would 
l i k e  t o  s e e  t h e  s t a n d a r d  reduced, most env i ronmenta l  an$ Native g roups  a r e  
concerned w i t h  t h e  degree  of enforcement  of c u r r e n t  s t a n d a r d s .  Court hear- 
i n g s  on t h e  F e d e r a l  w a t e r - q u a l i t y  s t a n d a r d s  were h e l d  i n  F a i r b a n k s  i n  Febru- 
a r y  1986. 

S t a t e  s t a n d a r d s  f o r  sediment and t u r b i d i t y  d i s c h a r g e  t o  streams a r e  a s  
follows (Alaska Department of Environmental  Conserva t ion ,  p e r s o n a l  commun., 
1986) : 1) t h e r e  shall be no n o t i c e a b l e  i n c r e a s e  i n  sediments, i n c l u d i n g  
s e t t l e a b l e  solids, above n a t u r a l  c o n d i t i o n s  i n  t h e  r e c e i v i n g  s t r e a m ;  
2)  t u r b i d i t i e s  i n  t h e  r e c e i v i n g  s t r e a m  shall no t  exceed 5 NTU above n a t u r a l  
c o n d i t i o n s  when n a t u r a l  c o n d i t i o n s  a r e  < 50 NTU;  and  3) t u r b i d i t i e s  may ex- 
ceed na tu ra l  c o n d i t i o n s  by a s  much a s  10 p e r c e n t  t o  a maxirnun of 25 NTU when 
n a t u r a l  c o n d i t i o n s  a r e  > 50 NTU. S t a t e  s t a n d a r d s  a r e  a p p l i e d  a f t e r  t h e  e i -  
f l u e n t  has mixed wirh t h e  r e c e i v i n g  s t r e a m ,  commonly c o n s i d e r e d  t o  be 500 f t  
downstream of t h e  d i s c h a r g e .  The c u r r e n t  NPDES p e r m i t  s t i p u l a t i o n s  a r e  some- 
what l e s s  compl ica ted  i n  t h a t  they  a r e  a p p l i e d  t o  t h e  mine e f f l u k ~ l t .  To com- 
p l y  w i ~ h  t h e  F e d e r a l  s t i p u l a t i o n s ,  s e t t l e a b l e  s o l i d s  must be < 0 .2  mlll; 
t u r b i d i t i e s ,  < 5 NTU. 

S e t t l i n g  ponds are c u r r e n t l y  t h e  most common t r e a t m e n t  t e c h n i q u e  used by 
p l a c e r  miners t o  meet w a t e r - q u a l i t y  s t a n d a r d s .  Recyc l ing ,  however, h a s  been 
proposed as  a replacement  f o r  once-through s e t t l i n g ,  because  i t  can reduce  
t h e  amount of e f f l u e n t .  In  many i n d u s t r i e s ,  s o l i d s  a r e  removed from a l i q u i d  
stream through t h e  u s e  of a  hydrocyclone.  I n  t h i s  paper ,  w e  e v a l u a t e  a  wa- 
t e r - t r e a t m e n t  system t h a t  combines a l l  t h r e e  t e c h n i q u e s  wi thour  t h e  u s e  of 
chemica l  c o a g u l a n t s  or  f l o c c u l a n t s .  

SETTZING THEORY 

S o i l  p a r t i c l - e s  may be removed from p l a c e r  w a t e r s  by a l l o w i n g  them t o  
s e t t l e  through t h e  water column. The v e l o c i t y  a t  which a g i v e n  p a r t i c l e  s e t -  
t l e s  i s  dependent on t he  s i z e ,  shape ,  roughness ,  and d e n s i t y  of the  p a r t i c l e  
and on the v i s c o s i t y  and d e n s i t y  of t h e  f l u i d .  This i s  t r u e  f o r  t h e  s e t t l i n g  
of d i s c r e t e  p a r t i c l e s  i n  a q u i e s c e n t  f l u i d .  



The te rmina l  s e t t l i n g  v e l o c i t y  f o r  a sphere can be descr ibed by 
equat ions  of c l a s s i c a l  fluid mechanics (Weber, 1972). These equat ions  Lead 
to. the r e l a t i o n  f o r  te rmina l  v e l o c i t y :  

where 

V = Terminal  v e l o c i t y  (cmls )  
g = Grav i t a t i ona l  cons tan t  (980 cm/s) 

CD = Drag c o e f f i c i e n t  [C = 24/Re + 3/Re0.5 + 0.34,  f o r  RE < 10,000; 
Re = ( d P L V )  /p  ; and p = abso lu t e  v i s c o s i t y  (g/cm/s) J 

P = Density of s o l i d  (glcm) 
S 

P1 = Density of l i q u i d  (glcm) 

d = Diameter of p a r t i c l e  (cm) 

Where laminar flow p r e v a i l s ,  a t  Re < 1,  the r e l a t i o n s h i p  between C and 
Re is 

C = 24/Re 

and the te rmina l  s e t t l i n g  v e l o c i t y  s i m p l i f i e s  t o  

which i s  the commonly c i t e d  Stokes '  law. S tokes '  l a w  can generally be ap- 
p l i ed  t o  s o i l  p a r t i c l e s  t h a t  have a diameter of abou t  100 microns o r  l e s s .  

Using t h e  s e t t l i n g  v e l o c i t y  of a p a r t i c l e ,  one can determine whether the 
p a r t i c l e  w i l l  b e  removed i n  a quiescent  pond. For complete removal of p a r t i -  
c l e s  of a glven s i z e ,  t h e i r  s e t t l i n g  v e l o c i t i e s  must be g r e a t e r  than the sur- 
face overflow r a t e  (SOR) of t h e  pond (Weber, 1972): 

where 
Q = Volumetric flow r a t e  through pond 
A = Surface area  of pond 

P a r t i c l e s  t h a t  s e t t l e  a t  a v e l o c i t y  less than the su r f ace  overflow r a t e  
w i l l  be removed f r a c t i o n a l l y  i n  propor t ion  t o  t h e  r a t i o  of their s e t t l i n g  
v e l o c i t y  t o  the surface overflow race .  This  assumes t h a t  p a r t i c l e  s i z e s  a r e  
d i s t r i b u t e d  evenly throughout t he  water column a r  t h e  pond i n l e t .  The t o t a l  
removal of a heterogeneous d i s t r i b u t i o n  of p a r t i c l e s  in a pond can then be 
est imated by the' equat ion (Weber, 1972) 

where 
R = T o t a l  f r a c t i o n  removed 
E = Frac t ion  of p a r t i c l e s  wi th  s e t t l i n g  v e l o c i t y  < SOR 

V = S e t t l i n g  v e l o c i t y ,  < SOR (crn/s) 
xi = Frac t ion  of p a r t i c l e s  wi th  s e t t l i n g  v e l o c i t y  V i  
i 



I t  i s  p o s s i b l e  t o  i n t r o d u c e  s i g n i f i c a n t  e r r o r  i n  c a l c u l a t e d  s e t t l i n g  
v e l o c i t i e s  u n l e s s  shape  d i f f e r e n c e s  a r e  t a k e n  i n t o  accoun t  (Brown, 1 9 4 9 ) .  I f  
p a ' r t i c l e  s i z e s  of  minus 200 mesh (< 74 microns)  a r e  determined from a hydro- 
meter  t e s t ,  which i s  commonly t h e  c a s e ,  a s i z e  i s  o b t a i n e d  t h a t  r e l a t e s  t o  a  
s p h e r e  t h a t  s e t t l e s  a c c o r d i n g  t o  S t o k e s '  law. T h i s  minimizes the  e r r o r  
i n t r o d u c e d  by v a r i e d  shapes  and d e n s i t i e s  when c a l c u l a t i n g  removals.  For 
p l u s  200-mesh p a r t i c l e s  (>  74 mic rons ) ,  t h e  e f f e c t  of p a r t i c l e  shape would 
not  have t o  b e  c a l c u l a t e d ,  because  t h e  pond would g e n e r a l l y  be s i z e d  t o  re-  
move p a r t i c l e s  much s m a l l e r  than  200 mesh. 

HYDROCYCLONE 

Hydrocyclones a r e  conical -shaped d e v i c e s  t h a t  a r e  t a n g e n t i a l l y  i n j e c t e d  
w i t h  a f l u i d  under  p r e s s u r e .  The t a n g e n t i a l  i n j e c t i o n  c a u s e s  a r o t a t i o n  of 
t h e  f l u i d  and h i g h  c e n t r i f u g a l  f o r c e s  i n  t h e  v e s s e l .  The c e n t r i f u g a l  f o r c e s  
c a u s e  p a r t i c l e s  t h a t  have a g r e a t e r  d e n s i t y  than  t h e  c a r r i e r  f l u i d  t o  r a d i a t e  
outward.  A f r a c t i o n  o f  t h e  i n l e t  flow c o n c e n t r a t e d  w i t h  t h e  solids e x i t s  a s  
t h e  underf low of che cyc lone ;  c l e a n e r  f l u i d  moves inward and e x i t s  a s  t h e  
o v e r f l o w .  

As t h e  d i a m e t e r  o f  the  hydrocyclone d e c r e a s e s ,  i t s  a b i l i t y  t o  separate  
s m a l l e r  p a r t i c l e s  i n c r e a s e s .  I t  was the  i n t e n t  of t h i s  s t u d y  t o  e v a l u a t e  e 
hydrocyclone t h a t  w o s  des igned  t o  remove t h e  s m a l l e s t  p a r t i c l e s  c a p a b l e  w i t h  
known technology wi thouc t h e  a d d i t i o n  of c o a g u l a n r s  o r  f l o c c u l a n t s .  A 12-mm 
cyc lone  was chosen with a maximum f low r a t e  o f  1 ga l /min  a t  a 70 p s i g  (pounds 
per s q u a r e  i n c h ,  gage)  p r e s s u r e  d r o p .  Although large banks of  c y c l o n e s  a r e  
used i n  some i n d u s t r i e s ,  this may no t  be economical  f o r  p lacer-mining op- 
e r a t i o n s .  Larger  s i z e d  cyc lone  sys tems may f i n d  o t h e r  t r e a t m e n t  schemes more 
u s e f u l  t h a n  the one d e s c r i b e d  i n  t h i s  i n v e s t i g a t i o n .  Treatment  schemes t h a t  
u s e  c y c l o n e s  i n  combinat ion w i t h  F l o c c u l a t i n g  a g e n t s  have been i n v e s t i g a t e d  
by Lin (1979) .  

The i n t r i n s i c  s e p a r a t i o n  e f f i c i e n c y  (ef  f )  f o r  t h e  hydrocyclone was p re -  
s e n t e d  by Johnson and L ind ley  (1982) : 

where 

e  = Mass of p a r t i c l e s  i n  underf low d i v i d e d  by mass i n  feed  
R = R a t i o  of underf low t o  feed  f low r a t e  

I t  i s  a measure of t h e  a b i l i t y  of a c y c l o n e  t o  s e p a r a t e  over  and above t h a t  
which i s  a t t r i b u t a b l e  t o  hydrodynamic e n t r a i n m e n t .  

TEST FACILITY 

The t e s t  loop c o n s i s t e d  of two s e t t l i n g  b a s i n s  and a Dorr-Oliver 12-rmn 
hydrocyclone in s e r i e s  ( f i g .  1 ) .  A v i b r a t o r y  f e e d e r  d e l i v e r e d  paydfr t  a t  a 
c o n t r o l l e d  r a t e  t o  a  shaker  box,  where s p r a y  j e t s  washed the s o i l .  The 
s h a k e r  box was l i n e d  w i t h  12-mesh s c r e e n  s o  t h a t  p l u s  12-mesh m a t e r i a l  
(>  1.68 mm) d i d  no t  e n t e r  t h e  f i r s t  b a s i n  b u t  was removed a s  t a i l i n g s .  Water 
flowed through t h e  f i r s t  b a s i n  and e n t e r e d  t h e  second one ;  t o t a l  f low was 



- 
Figure 1 .  Schematic diagram of t e s t  l o o p .  

c i r c u l a t e d  w i t h  a 1- t o  1%-hp c e n t r i f u g a l  pump from t h e  second basin and e i -  
ther passed through or bypassed the hydrocyclone.  When data were collected 
on the  hydrocyclone,  overf low and underflow were returned to the s p r a y  jets. 
The system was operated a t  100-percent recycle with a water duty (de f ined  a s  
the  cubic yards o f  paydirt washed per 1,000 g a l  o f  water)  of 0 . 1 1  to  0 . 1 5 ,  or  
a feed rate o f  0 . 3  to 0 . 4  l b / g a l .  



By u s i n g  a  l a b o r a t o r y - s c a l e  f a c i l i t y ,  w e  were a b l e  t o  perform t e s t s  much 
more economica l ly  than by conduc t ing  full-scale i n v e s t i g a t i o t l  i n  t h e  f i e l d .  
In' a d d i t i o n ,  o u r  r e s u l t s  p rov ide  a more r e a l i s t i c  s i m u l a t i o n  of f i e l d  con- 
d i t i o n s  t h a n  r e s u l t s  from q u i e s c e n t  s e t t l i n g  conducted i n  a b a t c h  mode. 

TEST PROCEDURES 

S i e v e  a n a l y s i s  and hydrometer t e s t s  were performed on t h e  p a y d i r t  t o  
de te rmine  p a r t i c l e - s i z e  d i s t r i b u t i o n .  T u r b i d i t y ,  t o t a l  s o l i d s ,  t o t a l  s u s -  
pended s o l i d s ,  s e t t l e a b l e  e o l i d s ,  w a t e r  t e m p e r a t u r e ,  and pH measurements were 
performed i n  accordance  w i t h  s t a n d a r d  methods on w a t e r  samples  t a k e n  a t  v a r i -  
ous  p o i n t s  i n  t h e  sys tem.  V i s c o s i t y  was measured w i t 1 1  a r o t a t i n g  s p i n d l e  
Brookf ie ld  v i s c o m e t e r .  P a r t i c l e - s i z e  d i s t r i b u t i o n  of s e d i m e n t s  d e p o s i t e d  i n  
t h e  second pond was o b t a i n e d  by a hydrometer  test and by a r a p i d  sediment  
a t ~ a l y z e r .  Sediment l o a d i n g s  on the b a s i n s  were  measured v o l u m e t r i c a l l y  . 

Three  runs were performed. Runs 1 and 2 were conducted w i t h  s o i l  t h a t  
c o n t a i n e d  4-percent  c l a y .  Run 1 l a s t e d  f o r  four  recycles; Run 2 ,  f o r  s i x .  
k u r ~  3 was conducted w i t h  a s o i l  t h a t  c o n t a i n e d  6-percent  c l a y ,  and t h e  t e s t  
l a s t e d  f o r  f o u r  r e c y c l e s .  

RESULTS AND DISCUSSION 

S e t t l e a b l e  s o l i d s  r e s u l t s  are p r e s e n t e d  i n  t a b l e  1. Ezsin I1 had a s u r -  
face over f low r a t e  of  120 gal/day/fc2, which is s u f f i c i e n t  t o  remove 10 m i -  
cron p a r t i c l e s  under i d e a l  s e t t l i n g  c o n d i t i o n s .  Photomicrographs  of  the e f -  
f l u e n t  showed t h a t  t h e  l a r g e s t  p a r t i c l e s  l e a v i n g  t h e  b a s i n  were 20 t o  25 m i -  
c r o n s .  A n a l y s i s  of the  basin sed iments  show t h a t  100 p e r c e n t  of the  m a t e r i a l  
was f i n e r  t h a n  20 t o  25 microns  and 1 5  t o  20 p e r c e n t  was finer than 10 m i -  
c r o n s .  

Table  1.  S e t t l e a b l e  s o l i d s  r e s u l t s  f o r  e x p e r i m e n t a l  wa te r - t r ea tment  system. 

E f f l u e n t  Hydrocyclone 
S l u i c e  Basin I Basin  11 Feed Overflow Underflow 

T e s t  ( m l / l )  ( m l / l >  (ml / l )  ( m l / l )  (ml/l) ( m l / l )  

1 (4% c l a y )  10.0 3.1 0.8 0.8 <O. 1 2.1  
2 ( 4 %  c l a y )  7 .6  2 . 1  0.5 0.5 <O. 1 1.1 
3 (6% clay) 11.0 N/ A 1.3 1.3 <O. 1 2 . 5  

N/A - Not a p p l i c a b l e .  

T o t a l  suspended s o l i d s  and t u r b i d i t y  l e v e l s  i n  the r e c y c l e d  w a t e r  
reached s t e a d y - s t a t e  v a l u e s  i n  t h e  f i r s t  one t o  two recycles ( f i g s .  2 t o  5 ) .  
T h e  I n c r e a s e  i n  v a l u e s  f o r  run 3 ( f i g s .  3 and  5) a f t e r  t h e  secocd r e c y c l e  is 
probab ly  due t o  an i n c r e a s e  i n  f e e d  r a t e .  Some of  t h e  spikes and minima i n  
t h e s e  c u r v e s ,  p a r t i c u l a r l y  f o r  t h e  i n f l u e n t  v a l u e s ,  a r e  caused by an un- 
s t e a d i n e s s  i n  t h e  p a y d i r t  feed  r a t e .  Note how t h e s e  f l u c t u a c i o n s  a r e  damped 
by t h e  t ime  the f l o w  r e a c h e s  the e f f l u e n t  basin. Moreover, such  u n s t e a d i n e s s  
i s  n o t  e n t i r e l y  u n d e s i r e d  s i n c e  i t  simulates f i e l d  c o n d i t i o n s .  The s t e a d y -  



Figure 2. T o t a l  suspended 
solids ( T S S )  vs. recyc le ,  
Run 2 (4-percent c l a y ) .  

Figure 3 .  Total suspended 
s o l i d s  (TSS) v s .  recyc l e ,  
Run 3 (6-percent c l a y ) .  
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F i g u r e  4 .  Turbidity vs. 
recyc l e ,  Run 2 ( 4 - p e r c e n t  
clay). 
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Figure 5 .  T u r b i d i t y  v s .  
recycle, Run 3 (6-percent 
c l a y ) .  



s t a t e  v a l u e s  were  h i g h e r  f o r  t h e  s o i l  c o n t a i n i n g  6-percent  c l a y  t h a n  f o r  the 
s o i l  c o o t a i n i a g  o n l y  4-percent  c l a y ,  i n d i c z t i n g  t h a t  t o t a l  suspended s o l i d s  
an'd t u r b i d i t y  a r e  dependent  on t h e  p e r c e n t  f i n e s  i n  t h e  s o i l .  

If f l o c c u l a t i o n  were no t  o c c u r r i n g ,  one  would e x p e c t  t h e  t o t a l  suspended 
s o l i d s  l e v e l s  t o  i n c r e a s e  w i t h  t h e  number  of r e c y c l e s .  Data p r e s e n t e d  i n  
f i g u r e s  2 and 4 show t h a t  t h i s  i s  no t  t h e  c a s e .  To e s t i m a t e  t h e  amount of 
f l o c c u l a t i o n ,  we . p l o t t e d  t h e  d i f f e r e n c e  be tween t o t a l  s o l i d s  and  t o t a l  s u s -  
pended s o l i d s  (figs. 6 and 7 ) .  T h i s  d i f f e r e n c e  r e p r e s e n t s  e s s e n t i a l l y  t h e  
c o l l o i d a l  p l u s  d i s s o l v e d  m a t t e r  and is  found n o t  t o  i n c r e a s e  with t i m e .  I f  
f l o c c u l a t i o n  were n o t  o c c u r r i n g ,  we would e x p e c t  t h e  d i f f e r e n c e  t o  i n c r e a s e  
w i t h  t i m e ,  as  i n d i c a t e d  by t h e  c u r v e s  l a b e l l e d  ' p r e d i c t e d . '  The f a c t  t h a t  
t h i s  i n c r e a s e  does  n o t  occur  l e a d s  one t o  s u g g e s t  t h a t  f l o c c u l a t i o n  i s  occur -  
r i n g .  We s h o u l d  n o t e  t h a t  about  300 mg/l  of the t o t a l  s o l i d s  minus t o t a l  
suspended s o l i d s  v a l u e  can  be  a t t r i b u t e d  t o  t h e  h a r d n e s s  of t h e  l a b o r a t o r y  
w a t e r  used i n  t h e  runs. No measurable  i n c r e a s e  i n  v i s c o s i t y  was observed f o r  
e i t h e r  of t h e  two p a y d i r t s  d u r i n g  t h e  c o u r s e  of the  r u n s .  

Removal e f f i c i e n c i e s  for t h e  ktydrocyclone a r e  p r e s e n t e d  i n  t a b l e  2.  The 
hydrocyclone was v e r y  e f f e c t i v e  i n  removing s e t t l e a b l e  s o l i d s  bu t  had a less- 
e r  e f f e c t  on t o t a l  suspended s o l i d s  and an even s m a l l e r  e f f e c t  on t u r b i d i t y .  
The s e t t l e a b l e  s o l i d s  l e v e l s  of t h e  over f low were always  l e s s  t h a n  0 .1  m l / l  
( t a b l e  1);  however, t u r b i d i t i e s  were i n  t h e  r a n g e  of 200 co 400 NTU, w e l l  
above t h e  5 NTU s t a n d a r d .  

Tab le  2 .  Removal e f f i c i e n c y  of hydrocyc lone  i n  e x p e r i m e n t a l  wa te r - t r ea tment  
sys tem.  

T o t a l  
Suspended S e t t l e a b l e  

s o l i d s  s o l i d s  T u r b i d i t y  
T e s t  (2)  (%I ( 2 )  

1 (4% c l a y )  
2 (4% c l a y )  
3 (6% c l a y )  

a S e t t l e a b l e  s o l i d s  levels of  t h e  hydrocyc lone  over f low were < 0.1 ml/l. 

The 12-mm hydrocyclone is  designed t o  remove smaller p a r t i c l e s  t h a n  t h e  
settling basins and represents optimal cyclone technology f o r  fine p a r t i c l e  
removal.  Photomicrographs  of t h e  hydrocyc lone  over f low show s i g n i f i c a n t  
amounts o f  m i n u s  5-micron p a r t i c l e s ,  wh ich  a r e  too  small t o  s e p a r a t e  e f f e c -  
t i v e l y  even w i t h  t h e  very s m a l l  c y c l o n e  c e s t e d .  The f a c t  t h a t  w a t e r  q u a l i t y  
s t a n d a r d s  a r e  n o t  ach ieved  i n  the hydrocyclone over f low demons t ra tes  t h a t  
hydrocyc lones  a l o n e  w i l l  n o t  be e f f e c t i v e  as a f i n a l  c l e a n u p  E t e p  f o r  p l a c e r  
mines w i t h  s i g n i f i c a n t  clay c o n t e n t  i n  t h e  soil. They c o u l d ,  however, b e  
used i n  c o n j u n c t i o n  w i t h  ocher  t e c h n o l o g i e s  t o  r e p l a c e  s e t t l i n g  ponds i n  a r -  
eas where  t h e  l o c a l  topography p r e c l u d e s  t h e  u s e  of  t h e  ponds .  



Figure 6 .  Total s o l i d s  (TS) 
minus t o t a l  suspended 
s o l i d s  (TSS) v s .  recycle ,  
Run 2 (4-percent c l a y ) .  

Figure 7 .  Total s o l i d s  (TS) 
minus t o t a l  suspended 
solids (TSS) vs .  recyc l e ,  
Run 3 (&percent clay). 



A computer model, based on e q u a t i o n  ( 3 ) ,  was developed t o  p r e d i c t  r e -  
moval e f f i c i e n c i e s  of suspended s o l i d s .  It i n c o r p o r a t e d  i d e a l  s e t t l i n g  and a 
heterogeneous  d i s t r i b u t i o n  of p a r t i c l e s .  M o d i f i c a t i o n s  t o  t h i s  model, based 
on e m p i r i c a l  o b s e r v a t i o n s  of s h o r t - c i r c u i t i n g ,  r e s u l t e d  i n  a p r e d i c t e d  p a r t i -  
c l e  s i z e  i n  t h e  over f low from t h e  second s e t t l i n g  b a s i n  of 20 microns .  

R e s u l t s  from our  computer model were compared w i t h  f i e l d  r e s u l t s  c o l -  
l e c t e d  by Shannon. and Wilson a t  t h e  Gilmore mine s i t e ,  J u l y  1984, and w i t h  
our  l a b o r a t o r y  r e s u l t s  ( t a b l e  3 ) .  The model i s  n o t  a c c u r a t e  enough t o  pre-  
d i c t  f i n a l  e f f l u e n t  q u a l i t y  of a g iven  p a y d i r t . a n d  pond system,  b u t  i t  can be 
used t o  determine pond sediment  l o a d i n g s .  F i g u r e  8 shows t h e  c o n f i g u r a t i o n  
o f  sed iments  d e p o s i t e d  i n  t h e  f i r s t  b a s i n  a t  t h e  c o n c l u s i o n  o f  Run 1 (4-per- 
c e n t  c l a y ) ;  sed iments  were d i s t r i b u t e d  e q u l l y  o v e r  t h e  second basin f l o o r  
and were < 0.5 cm thick. I t  was e s t i m a t e d ,  by de te rmin ing  the volume o f  sed- 
iment i n  each b a s i n  a t  t h e  end of Run 1, t h a t  94  p e r c e n t  of t h e  p a r t i c u l a t e s  
removed i n  t he  run  s e t t l e d  o u t  i n  the f i r s t  b a s i n .  The computer p r e d i c t e d  
t h a t  97 p e r c e n t  o f  t h e  p a r t i c u l a t e s  would s e t c l e  out  i n  t h e  f i r s t  basin. 

Table  3 .  Computer p r e d i c t i o n  vs. Laboratory and F i e l d  r e s u l t s  of t o t a l  s u s -  
pended s o l i d s  (%) removed from p r o c e s s  w a t e r  i n  experimectal water -  
t r e a t m e n t  system. 

T o t a l  suspended s o l i d s  removed 
Observed P r e d i c t e d  

Study ( 2  (2) 

T e s t  1 (4% c l a y )  
T e s t  2 (4% c l a y ) .  
T e s t  3 (62 cAay) 
Gilmore mine 

a 
The s u r f a c e  over f low r a t e  used f o r  t h e  mul t ipond system a t  t h e  Gilmore s i t e  
was based on the pond w i t h  the lowes t  s u r f a c e  over f low r a t e ,  exc lud ing  t h e  
f i r s t  pond because  i t  w a s  a r e c y c l e  pond. 

b ~ e p e n d o n t  on method of e a l ~ u l a t i o n .  

D e v i a t i o n s  from i d e a l  s e t t l i n g  can be caused by s e v e r a l  f a c t o r s ,  i n c l u d -  
i n g  s h o r t - c i r c u i t i n g ,  wind,  i n f i l t r a t i o n ,  seepage ,  and the rmal ly  induced cur -  
r e n t s .  The d e g r e e  of s h o r t - c i r c u i t i n g  i n  t h e  l a b o r a t o r y  ponds was determined 
w i t h  dye tests (Weber, 1972).  Simple b a f f l e s  decreased  t h e  amount of s h o r t -  
c i r c u i t i n g  s i g n i f i c a n t l y .  The measured d e t e n t i o n  times were 6 percent and 
1 4  p e r c e n t  of t h e  t h e o r e t i c a l  d e t e n t i o n  t ime f o r  u n b a f f l e d  and b a f f l e d .  
respectively. Improved pond f low p a t t e r n s  should d e c r e a s e  t h e  maximum s i z e  
o f  p a r t i c l e s  l e a v i n g  a pond and a r e  l i k e l y  t o  improve o v e r a l l  removhl. 

Wind can g e n e r a t e  waves on a pond and v e r t i c a l l y  mix t b e  water  column, 
which suspends  p a r t i c l e s  of a c e r t a i n  s i z e .  Upward v e l o c i t i e s  of wind-gene- 
r a t e d  o r b i t a l  c u r r e n t s  can be c a l c u l a t e d  u s i n g  t h e  U.S. Army C o a s t a l  Engi- 
n e e r i n g  Center's approx imat ions  ( J o k e l a  and o t h e r s ,  1983). For a 10 knot  
wind blowing over  a 250 pond, wave f o r e c a s t i n g  curves y i e l d  a wave h e i g h t  



Figure 8 .  Sediment buildup i n  Basin 1 at end of Run 1 (4-percent clay). View 
from right-hand side of overflow. 

of 3.6 cm and a wave period of 0.75 s (Wiegel ,  1964) .  An associated deep- 
water wave length for t h i s  vave would be 

where T is the wave period. The diameter of the  wave orbit a t  1 m depth is 

where H is the wave height and y is the  d e p ~ h .  The resulting o r b i t a l  v e l o c i -  
t y  is 

Velocities of this magnitude would suspend a 13-micron particle. A t  a deprh 
of 0 . 5  m ,  the o r b i t a l  v e l o c i t y  would be 0 . 4 5  cm/s, which would suspend a 
75-micron p a r t i c l e .  

F i e l d  data from the G i l m o r e  mine s i t e  (Shannon and Wilson. Inc., 1985) 
show that particles w i t h  diameters of 20 t o  35 mlcrons leave with the  final 
pond e f f l u e n t .  Even with severe short-circuiting, es t imated  b y  using a sur- 
face overflow r a t e  20 t imes t h e  t h e o r e t i c a l  ra te ,  100-percent removal of 



12-micron and l a r g e r  p a r t i c l e s  would be expected. The presence of p a r t i c l e s  
i n , t h e  e f f l u e n t  two t o  t h r ee  t imes this size could be expla ined  by t he  o r b i t -  
a l  v e l o c i t i e s  of wind-generated waves. This impl ies  t h a t  t h e  q u a l i t y  of t he  
e f f l u e n t  i n  t h e  f i n a l  pond may be dependent on weather cond i t i ons .  

The  s i z e  of t h e  wind-generated waves and t h e  magnitude of t h e  a s soc i a t ed  
o r b i t a l  v e l o c i t i e s  a r e  dependent on the  wind speed and fetch. The f e t c h ,  o r  
t h e  l eng th  of unobstructed water  sub j ec t ed  t o  wind, could pos s ib ly  be  reduced 
by the  i n s t a l l a t i o n  of b a f f l e s  t h a t  extend above t h e  water s u r f a c e .  

SUMMARY AND CONCLUSIONS 

Recycling had no e f f e c t  on t h e  v i s c o s i t y  of t h e  4- and 6-percent clay- 
conten t  s o i l s ,  which has important imp l i ca t i ons  f o r  gold recovery.  To ta l  
suspended s o l i d s  and t u r b i d i t y  d id  not cont inue  t o  i n c r e a s e  wi th  r ecyc l e  but 
d i d  seem t o  be a f f e c t e d  by water  du ty  and c l a y  con ten t .  The concen t r a t i on  of 
submicron p a r t i c l e s  a l s o  remained cons t an t  dur ing  r ecyc l e .  This  i n d i c a t e s  
t h a t  coagu la t i on  o r  f l o c c u l a t i o n  was occu r r ing  n a t u r a l l y .  Hydrocyclone tech- 
nology, when used as a f i n a l  t rea tment  s t e p  without  coagulan ts  o r  f loccu- 
l a n t s ,  can meet NPDES s t i p u l a t i o n s  f o r  s e t t l e a b l e  s o l i d s ,  but i t  is  un l ike ly  
t h a t  t u r b i d i t y  s t anda rds  can be met if t h e  p a y d i r t  has  a s i g n i f i c a n t  c l a y  
f r a c t i o n .  Wind and s h o r t - c i r c u i t i n g  a r e  l i m i t i n g  f a c t o r s  on the  performance 
of s e t t l i n g  ponds. Simple b a f f l i n g ,  however, can reduce s h o r t - c i r c u i t i n g  
s i g n i f i c a n t l y  . 
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t o  t h e  Environmental Qual i ty  Engineering Department (UAF) f o r  p rovid ing  guid- 
ance and f a c i l i t i e s .  We would a l s o  l i k e  t o  express  our g r a t i t u d e  t o  M r .  
Cacey Pa t ton  (Bedrock Mining Compzny), who provided u s  wi th  p a y d i r t  and a 
commentary on t h e  p l ace r  miner 's  s i t u a t i o n .  
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INTRODUCTION 

Gold mining, the foundation of Alaska's heritage and economy, has played 
a major role in the exploration and development of the state. It's Impor- 
tance after World War 11, however, declined due to rising operating costs 
until, during rhe 1960s, nearly a l l  gold dredging was discontirrued. In the 
1S70s, removal of federal restrictions on the price of gold and t h e  resulting 
increase in world market price stimulated a revival of gold-minfng activity 
in the state. Since 1981, gold production has increased by 30 percent. E x -  
ploration expenditures, however, which had increased steadily until 1981, 
declined by 69 percent in 1982 (Eakins and others, 1 9 8 3 ) .  This rapid drop in 
exploration expenditures was due to a worldwide recession and high prospect- 
ing costs and also reflects decisions by major mining companies to proceed 
toward production of the gold deposits. 

Uespice cyclic and temporary changes in exploration activities, overall 
national priorities will make ic increasingly important to find new gold re- 
serves. It is certain that as the general demand for gold increases, the 
chance of finding new, profitable deposits decreases; consequently, prospect- 
ing techniques will become more sophisticated. 

The electrical-resistivity method was first used by Schlumberger in 
1912. Since then, it has proven to be among the most effective geophysical 
means for shallow subsurface investigations. Using the method, d e p t h  to 
bedrock, type of deposit, and other material properties can be determined. 
In addition, the equipment is easy to operate in the field and i s  easily ob- 
tainable from geophysical-equipment firms. 

Before the advent of the microcomputer, complex data reduction and 
interpretation associated with the technique tended to impede its usefulness. 
This report describes a computer program that will allow quick analysis of 
the resistivity measurements. As with all geophysical methods, the results 
should be verified with well borings. As experience is gained, however, more 
confidence can be given to the accuracy of the results. 



SCHLUMBERGER ELECTRIC RESISTIVITY 

The s p e c i f i c  e l e c t r i c  r e s i s t i v i t y  of r o c k  c o n t r o l s  t h e  q u a n t i t y  of cur- 
r e n t  t h a t  w i l l  pass through a rock  when an e l e c t r i c - p o t e n t i a l  d i f f e r e n c e  is 
a p p l i e d .  F i e l d  measurements of t h e  r e s i s t i v i t y  p r o p e r t i e s  o f  s u b s u r f a c e  f o r -  
m a t i o n s ,  t h e r e f o r e ,  a f f o r d  an o p p o r t u n i t y  f o r  d i s t i n g u i s h i n g  one rock  type  
from a n o t h e r  and f o r  d e t e r m i n i n g  t h e  d e p t h  t o  each rock fo rmat ion .  

The Schlumberger c o n f i g u r a t i o n  measures  t h e  p o t e n t i a l  g r a d i e n t  a t  t h e  
midpoint  of t h e  s u r v e y  s p r e a d .  I t  c o n s i s t s  of f o u r  p robes :  two c l o s e l y  
spaced p o t e n t i a l - m o n i t o r i n g  e l e c t r o d e s  p o s i t i o n e d  midway between two w i d e l y  
spaced c u r r e n t - i n d u c i n g  e l e c t r o d e s  ( f i g .  I ) .  Only t h e  c u r r e n t  e l e c t r o d e s  are 
moved d u r i n g  t h e  f i e l d  su rvey .  The p o t e n t i a l  e l e c t r o d e s  remain i n  t h e i r  
o r i g i n a l  p o s i t i o n  a s  long  a s  t h e  d i s t a n c e  between t h e  two i n n e r  p robes  is  
l e s s  t h a n  two-tenths  t h e  d i s t a n c e  between t h e  i n n e r  and o u t e r  p robes .  For 
t h i s  a r r a y ,  t h e  a p p a r e n t  r e s i s t i v i t y  (pa)  can be de te rmined  by 

where 

R = R e s i s t a n c e ,  measured as induced v o l t a g e  (V) d i v i d e d  by c u r r e n t  (I) 
a ,  b  = D i s t a n c e s  (shown i n  fig. 1) 

T h i s  measurement (p  ) i s  n e i t h e r  t h e  t r u e  r e s i s t i v i t y  of  a s t r a t u m  n o r  t h e  
a v e r a g e  r e s i s t i v i t y a o f  a  s u b s u r f a c e  fo rmat ion  bu t  is  an i d e a l i z e d  v a l u e  t h a t  
can be used f o r  survey-data  i n t e r p r e t a t i o n .  

V e r t i c a l  E l e c t r i c a l  Sounding 

To a p p l y  t h e  Schlumberger c o n f i g u r a t i o n  t o  a v e r t i c a l  e l e c t r i c a l  sound- 
i n g  (VES) s u r v e y ,  e l e c t r o d e  s e t u p  s t a t i o n s  a r e  s e l e c t e d  a l o n g  a t r a v e r s e  o f  
a n  a r e a  f o r  which s u b s u r f a c e  i n f o r m a t i o n  i s  d e s i r e d .  At a s e t u p  s t a t i o n ,  t h e  
c u r r e n t  e l e c t r o d e s  (fig. 1 ,  p o s i t i o n s  A and B) a r e  moved away from t h e  c e n t e r  
p o i n t  o f  t h e  c o n f i g u r a t i o n  i n  s e l e c t e d  i n c r e m e n t s  a s  t h e  d e p t h  of t h e  s u r v e y  
i n c r e a s e s .  U l t i m a t e l y ,  t b e  c u r r e n t - p e n e t r a t i o n  depch t o  s t r a t a  i s  g e n e r a l l y  
equal  t o  t h e  d i s t a n c e  from a c u r r e n t  e l e c t r o d e  t o  t h e  c o n f i g u r a t i o n  c e n t e r  , 

p o i n t  ( f i g .  1, l e n g t h  a). The d i s t a n c e  between t h e  p o t e n t i a l  e l e c t r o d e s  
(F ig .  1, l e n g t h  b) is u s u a l l y  s e t  a t  10 f t .  Once t h e  instruments o b t a i n  an 
a d e q u a t e  amount of  i n f o r m a t i o n  a t  one s t a t i o n ,  t h e y  a r e  moved t o  t h e  n e x t  
s t a t i o n  a l o n g  t h e  t r a v e r s e ,  and  t h e  p rocedure  i s  r e p e a t e d .  

The VES survey  p roduces  d i f f e r e n t  a p p a r e n t  r e s i s t i v i t y  r e a d i n g s  f o r  d i f -  
f e r e n t  s u b s u r f a c e  c o n d i t i o n s .  The method is  p a r t i c u l a r l y  v a l u a b l e  when ex- 
p l o r i n g  f o r  m e t a l l i c  d e p o s i t s .  VES d a t a  a r e  u s u a l l y  i n t e r p r e t a t e d  by curve- 
matching t e c h n i q u e s  i n  which a s e t  o f  t h e o r e t i c a l  c u r v e s  i s  used i n  conjunc-  
t i o n  w i t h  a  s e t  produced by f i e l d  measurements. The t h e o r e t i c a l  c u r v e s  a r e  
computed for a p a r t i c u l a r  l a y e r i n g  s r r u c t u r e .  I f  a match can b e  o b t a i n e d ,  
t h e  s u b s u r f a c e  s t r u c t u r e  is  assumed t o  be s i m i l a r  t o  t h e  t h e o r e t i c a l  s t r u c -  
t u r e .  Although t h e  p r i n c i p l e  behind che method i s  s t r a i g h t f o r w a r d ,  i t  re- 
q u i r e s  a g r e a t  d e a l  o f  p r a c t i c e ;  t h u s ,  t h e  t e c h n i q u e  can be f r u s t r a t i n g  t o  a n  
i n e x p e r i e n c e d  i n t e r p r e t e r .  



Battery Currant  Meter  

Direct analysis of VES data gained wide acceptance with the development 
of the main-frame computer. A digital computer can process large numbers of 
VES curves in a very short period of time and fie them to theoretical layer- 
ing conditions. The introduction of the microcomputer greatly. enhances the 
merits of the direct interpretation technique. 

A 

Electric Profiling 

Where large subsurface variation exists or in areas where a rapid survey 
is needed, electric profiling is conducted . This procedure is particularly 
suitable when prospecting for lode-gold bodies and when identifying dipping 
structures. During this type of survey, the distance between electrodes must 
remain constant. Because the depth of current penetration I s  related to the 
electrode spacing, the depth of investigation will be constant for all s ta -  
tions. From station to station, as the survey proceeds, changes in the com- 
position or orientation of subsurface strata within the depth of interest 
will be reflected by changes of apparent resistivity as calculated by equa- 
tion ( 1 ) .  The lateral variations of measurements may be constructed as a map 
that shows a series of equipotential lines, vhich indicate the distribution 
of potential deposits. 

I & b +  I 
I I I 

I potential electrodes. 

Currant 
I E I D C ~ ~ O ~ ~  

Regardless of the type of survey procedure, the selection of electrode 
spacing should be made with caution. Spacing that is too vide will make it 
difficult to obtain reliable field data; spacing thaf is too narrow will re- 
.quire unnecessary field time. 

VES DATA ANALYSIS 

d 

I rent (A and B) and 

PotentIaI Curran1 
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Curve-ma tching Technique 

Figure 1. Arrangement 
of Schlumberger cur- 

Interpretation of VES data by a curve-matching technique is limited to a 
relatively simple, plane-layered geologic structure. This technique involves 
the following procedure: 



1. P l o t  t h e  observed a p p a r e n t - r e s i s t i v i t y  c u r v e s  on a t r a n s p a r e n t  
s heec  . 

2 .  S u p e r p o s i t i o n  t h e  observed a p p a r e n t - r e s i s t i v i t y  c u r v e s  on t h e  theo-  
r e t i c a l  Schlumberger curves. 

3. S h i f t  t h e  f i e l d  c u r v e s ,  keeping t h e  axes o f  the  g raphs  p a r a l l e l ,  
u n t i l  a good match is obtained. 

4 .  Determine d e p t h  by i n t e r p o l a t i o n .  

The i n t e r p r e t a t i o n  p r i n c i p l e  f o r  a  more complex s t r u c t u r e  i s  s i m i l a r  t o  
t h e  above p rocedures ,  excep t  i t  i s  more compl ica ted .  F fgure  2 ( H e i l a n d ,  
1946) shows a n  example o f  c u r v e  matching prepared  f o r  a two-layer s t r u c t u r e .  
R e s i s t i v i t y  of t h e  upper layer i s  1 , 5 7 5  ohm-ft; r e s i s t i v i t y  of  the lower 
s t r a t u m  I s  assumed t o  b e  i n f i n i t e .  From the i n t e r p r e t a t i o n  of  field d a t a ,  
d e p t h  t o  t h e  t o p  l a y e r  a t  s t a t i o n  13 is interpolated as  105 f t .  

F igure  2. Schlumberger curve-matching method f o r  a two-layer 
s u b s u r f a c e  c o n d i t i o n .  Modif ied  a£ t e r  Hei land ( 1946) . 

Computer-aided Technique 

The mathemat ica l  d e t e r m i n a t i o n  of t h e  l a y e r e d  s t r u c t u r e  from a s e t  of 
f i e l d  Schlumberger VES measurements can be o b t a i n e d  by f i n d i n g  t h e  p o t e n t i a l  
f i e l d  induced by a p o i n t - c u r r e n t  s o u r c e .  To de te rmine  t h e  p o t e n t i a l  f i e l d ,  
two assumpt ions  must be made: 1)  e l e c t r i c  c u r r e n t  f l u x  does  n o t  e x i s t  i n  t h e  
r e s i s t i v i t y  l a y e r ;  and 2 )  e l e c t r i c  p o t e n t i a l  v a r i e s  c o n t i n u o u s l y  a c r o s s  a 
boundary p lane .  The s o l u t i o n  of t h e  above assumpt ions  g i v e s  t h e  f o l l o w i n g  
e q u a t i o n  : 

where 



V = Induced v o l t a g e  
p = R e s i s t i v i t y  o f  f o r m a t i o n  
I C u r r e n t  
r = Distance from any c u r r e n t  e l e c t r o d e  
K = K e r n e l  f u n c t i o n  

J = B e s s e l  function of z e r o  o r d e r  
0 

X = I n t e g r a t i o n  v a r i a b l e  

The a p p a r e n t  r e s i s t i v i t y  i n  a Schlumberger c o n f i g u r a t i o n  c a n  be n u m e r i c a l l y  
determined by t h e  e q u a t i o n  below: 

where 

J I  a Besae l  f u n c t i o n  of 1 s t  o r d e r  

The computer program (app. A) d e s c r i b e d  i n  t h i s  paper  was p r i m a r i l y  de- 
s i g n e d  t o  p r o v i d e  a n  approximate  s o l u t i o n  f o r  e q u a t i o n  (3 ) .  It was original- 
l y  m i t t e n  i n  FORTRAN by Zohdy (1974) f o r  a main-frame compurer and l a t e r  
modif ied  i n  BASIC by t h e  a u t h o r s .  The program c o n s i s t s  of  f o u r  s u b r o u t i n e s ,  
including analysis of  s p a c i n g ,  Kernel  f u n c c l o n ,  c u r v e s ,  and l e a s t  d e v i a t i o n  
of f i e l d  d a t a  from t h e  f i t t i n g  curve .  I t  c a l c u l a t e s  d e p t h  and resistivity of  
s u b s u r f a c e  s t r u c t u r e s  by f i t t i n g  f i e l d  d a t a  t o  a s e t  of t h e o r e t i c a l  con- 
d i t i o n s .  The computer t h e n  selects t h e  t h e o r e t i c a l  model w i t h  t h e  l e a s t  de- 
v i a t i o n  from the observed measurement as t h e  most p robab le  f i e l d  c o n d i t i o n .  
Step-by-step i n p u t  s t a t e m e n t s  f o r  the  VES computer program a r e  l i s r e d  i n  fig- 
urea3 t o  a l l o w  u s e r  v e r i f i c a t i o n  of  t h e  program. 

Table 1 summarizes t h e  s i m u l a t e d  Schlumberger sounding d a t a  based on 
c o n d i t i o n s  i n d i c a t e d  i n  f i g u r e  3. Tab le  2 shows t h e  o u t p u t  of t h e  example 
shown i n  f i g u r e  3 .  The o u t p u t  i n c l u d e s  t h i c k n e s s ,  d e p t h ,  and  r e s i s t i v i t y  o f  
t h e  s u b s u r f a c e  s t r u c t u r e .  Dev ia t ion  of t h e  s i m u l a t e d  d a t a  from t h e  f i e l d -  
sounding curve  c a n  be e s t i m a t e d  by t h e  program. I f  t h e  d e v i a t i o n  is l a r g e ,  
t h e  c a l c u l a t i o n s  shou ld  be r e p e a t e d  u n t i l  t h e  accuracy  of e s t i m a t i o n  i s  ac- 
c e p t a b l e .  

a 
Table 1. S imula ted  Schlumberger VES r e a d i n g  . 

R e s i s t i v i t y  
(ohm-f t) 

1 / 2  s p r e a d  
( f t )  

a Based on c o n d i t i o n s  l i s t e d  i n  f i g u r e  3 .  



RESISTIVfm---SCHLUMBERGERGER SOUNDING 

TITLE: EXAMPLE RUN FOR SCHLWBERGER VES SURVEY 

INPUT APPARENT R E S I S T I V I T Y  ( O h m - F t ) ,  112 ELECTRODE SPREAD (Ft): 

Xh'PUT - I  FOR RESISTIVITY AKD SPREAD W E N  COMPLETE 

RESISTIVITY 1 / 2 SPREAD 

ITERATION AGAIN (Y/N)? Y 

INTERATION UPWARD OR DOWNWARD (UP/DOWN)? UP 

INCREMENTS FOR DEPTH Ah9 RESISTIVITY: .05 .05 

TOTAL NUMBER OF S U B S W A C E  LAYERS: 3 

DEPTH (Ft) AM) RESISTIVITY (Ohm-Ft): 

DEPTH RESISTIVITY 

Figure 3 .  Example illuserating input procedure for  VES computer program. 



Table 2. Subsurface layering configurariona estimated by the VES 
computer program. 

Thickness 
( f  t >  

Depth 
(ft) 

Resistivity 
(ohm-f t) 

a 
Based o n  conditions listed in figure 3. 

FIELD EXAMPLE 

To evaluate the accuracy of the computer processing, VES surveys were 
conducted at two sites (fig. 4) at the U.S. Army Cold Regions Research and 
Engineering Laboratory (CRREL) permafrost tunnel. The sounding technique had 
a maximum spread of 600 ft. Potential electrodes were spaced at LO ft, and 
current electrodes were moved outward in increments of 15 f t .  Three control 
points were measured a c  site I and four at site 11. Plots of the theoretical 
and field VES curves for t h e  survey sites are shown in f i g u r e s  5 and 6 .  

Figure 4 .  Map showing VES survey sites at CRREL permafrost 
tunnel, Fox, Alaska. 



Figure 5 .  Diagram showing t h e o r e t i c a l  and f i e l d  VES curves f o r  
s t a t i o n  B ,  s i t e  I .  AB/2 = One-half current -e lec trode  
spacing. 
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Figure 6 .  Diagram showing t h e o r e t i c a l  and field VES curves  for 
for s t a t i o n  A ,  s i t e  11. A812 = One-half current -e lec trode  
spac ing .  
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Three  d i s t i n c t  l i t h o l o g i c  layers- - - f rozen s i l t ,  go ld -bear ing  g r a v e l ,  and 
s c h i s t  bedrock---are known t o  u n d e r l i e  t h e  a r e a  of t h e  pe rmaf ros t  t u n n e l .  
Results of t h e  computer s i m u l a t i o n  ( t a b l e  3 )  i n d i c a t e  t h a t  t h r e e  s u b s u r f a c e  
l a y e r s  e x i s t  a t  s i t e  I .  The n e a r - s u r f a c e  l a y e r  has a n  e l e c t r i c a l  r e s i s t i v i t y  
of  5 ,000  t o  23,000 ohm-ft and i s  about  2.5- t o  5 .5 - f t  t h i c k .  This r e l a t i v e l y  
low r e s i s t i v i t y  may have been caused by i c e  m e l t i n g  d u r i n g  t h e  s u r v e y .  The 
l a y e r  u n d e r l y i n g  t h e  low r e s i s t i v i t y  zone bas a r a t h e r  high r e s i s t i v i t y  of 
150,000 t o  225,000 ohm-f t , probably  due t o  low w a t e r  c o n t e n t .  Th ickness  o f  
t h e  second l a y e r  i s  about  9 t o  16 f t .  The d e e p e s t  l a y e r  h a s  a v e r y  high con- 
d u c t i v i t y  t h a t  cou ld  be  caused by wea the r ing  of bedrock t o  c l a y .  Th ickness  
of t h e  t h i r d  l a y e r  could  no t  be determined because  of the l i m i t e d  s p r e a d  of 
t h e  s u r v e y .  

Tab le  3 .  R e s u l t s  of e l e c t r i c - r e s i s t i v i t y  s u r v e y s  a t  
a t  s i t e  I ,  CRREL pe rmaf ros t  t u n n e l .  

Thickness Depth 
(f t >  ( f t )  

S t a t i o n  A 
5 . 4  

1 6 . 2  - - 

S t a t i o n  B 
5 . 6  

1 3 . 4  
- - 

S t a t i o n  C 
2 . 4  
8.8 

R e s i s t i v i t y  
(ohm-f t ) 

- - Unable t o  d e t e r m i n e  because  of l i m i t e d  spread  

o f  s u r v e y .  

Table  4 shows t h e  r e s u l t s  of t h e  computer i n t e r p r e t a t i o n  o f  f i e l d  mea- 
surements  t a k e n  a t  s i t e  II. Because of t h e  topography a t  t h e  s i t e ,  i t  was 
n o t  p o s s i b l e  t o  s e t  up t h e  n e c e s s a r y  s t a t i o n s  t o  i d e n t i f y  t h e  g rave l -bedrock  
c o n t a c t .  Survey r e s u l t s ,  however, i n d i c a t e  t h a t  t h e r e  a r e  two s u b s u r f a c e  
l a y e r s .  The upper l a y e r  h a s  a resistivity t h a t  r a n g e s  from 33,000 t o  abou t  
39,000 ohm-ft. Th ickness  of t h e  n e a r - s u r f a c e  laycr ranges  from 50 t o  
60.5 f t .  The u n d e r l y i n g  l a y e r  h a s  a r e l a t i v e l y  low r e s i s t i v i t y  of  5,000 t o  
9,000 ohm-f t . 

DISCUSSION AND CONCLUSIONS 

O b s e r v a t i o n s  from f i e l d  s u r v e y s  show t h a t  t h e  e l e c t r i c  r e s i s t i v i t y  m e t h -  
od c a n  quickly d e t e c t  s u b s u r f a c e  s t r a t a  w i t h  c e r t a i n  a c c u r a c y ,  a l though  
ground c o n d i t i o n s ,  such as  d i s t u r b a n c e  from p e r m a f r o s t ,  can i n t r o d u c e  devia- 
t i o n  from t h e  t r u e  s u b s u r f a c e  c o n f i g u r a t i o n .  Computer a p p l i c a t i o n s  a r e  



Table  4 .  Results of e l e c t r i c - r e s i s t i v i t y  s u r v e y s  a t  
s i t e  11, CRREL p e r m a f r o s t  t u n n e l .  

Th ickness  Depth R e s i s t i v i t y  
( f t >  (ft) (ohm-£ t) 

S t a t i o n  A 
60.5 

S t a t i o n  B 
50.0 
- - 

S t a t i o n  C 
55.0 - - 

S t a t i o n  D 
54.0 

- -Unable t o  de te rmine  because  of topography a t  
su rvey  s i t e .  

conven ien t  f o r  p r o c e s s i n g  l a r g e  amounts o f  d a t a  i n  a v e r y  s h o r t  p e r i o d  of 
t ime.  I n f o r m a t i o n  p rov ided  by t h e  computer ,  however, shou ld  be used w i t h  
c a u t i o n .  For example,  t h e  computer s o l u t i o n  i n  t h i s  s t u d y  i n d i c a t e d  t h a t  t h e  
d e p t h  t o  bedrock a t  s i t e  I ,  U.S .  Army CRREL p e r m a f r o s t  t u n n e l ,  was l o c a t e d  11 
t o  22  f t  below t h e  ground s u r f a c e .  T h i s  measurement is l e s s  than t h e  a c ~ u a l  
25 f c  t o  bedrock.  In a d d i t i o n ,  t h e  s i m u l a t e d  VES c u r v e s  showed t h e  s i l t -  
g r a v e l  boundary a t  s i t e  11 a t  a s h a l l o w e r  depth (50 to 60 f t )  than  t h e  a c t u a l  
d e p t h  (60 f t )  o f  t h e  boundary.  (See f i g u r e  7 ) .  

When i n t e r p r e t i n g  f i e l d  data, t h e  computer s i m u l a t e s  a v e r t i c a l  sounding 
curve  based on a t h e o r e t i c a l  s u b s u r f a c e  c o n f i g u r a t i o n .  Three  parameters--- 
number of l a y e r s ,  d e p t h ,  and  r e s i s t i v i t y - - - m u s t  be d e f i n e d  by t h e  i n v e s t i g a -  
t o r  b e f o r e  t h e  computat ion b e g i n s .  For each s o l u t i o n  a t t e m p t ,  t h e  combina- 
t i o n  o f  t h e  t h r e e  pa ramete r s  t h a t  h a s  t h e  l e a s t  d e v i a t i o n  from the f i e l d  d a t a  
will be  s e l e c t e d  by t h e  computer for t h e  model c a l c u l a t i o n .  This b e s t - f i t -  
t i n g  model, however, may no t  t r u l y  r e p r e s e n t  t h e  f i e l d - l a y e r i n g  arrangement .  
By changing t he  t h e o r e t i c a l  s u b s u r f a c e  c o n f i g u r a t i o n ,  such a s  s u b d i v i d i n g  one 
l a y e r  i n t o  s e v e r a l  s u b l a y e r s ,  t h e  b e s t - f i t t i n g  model  will b e  changed accord-  
i n g l y .  T h e r e f o r e ,  computer i n t e r p r e t a t i o n  of t h e  v e r t i c a l  r e s i s t i v i t y  sound- 
i ng  da ta  shou ld  be made In c o n j u n c t i o n  w i t h  known i n f o r m a t i o n .  
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Figure 7. General geologic cross section of study area at CRREL perma- 
frost tunnel, Fox. Alaska. 
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APPENDIX A 
- Electric Resistivity Program f o r  the Schlumberger Sounding Survey 

l(>(jl> RfZM * * r w * * * + + + * + r ~ * . + ~ . i ~ + ~ ~ Y * * * * * * * * i * * * * * * ~ ~ + ~ * & * * * * + * ~ ~ + ~ * ~  

1010 REM +** ** 4 

1020 REM *++ E L E C T R I C  R E S I S T I V I T Y  PROGRAM FOR THE SCHLUMBERGER wrs 
1 0 3 0  REM *** SOUNDING SURVEY. FROGRAMMED BY SCOTT L. HUANG *r*. 
1041:, REM +** 5/20/84. PORTION OF THE FROBRAM I S  M O D I F I E D  FROM *** 
li)50 REM *.I.+ THE VES PROGRAM (ZDHDY, 1 9 7 4 ) .  +++ 
1f:165) REM *** *+* 
1070 REM **+ THE R E S I S T I V I T Y  PROGRAM CRLCULATES THE DEPTH AND *** 
1 0 8 0  REM +- R E S Z S T I V l T Y  OF SUBSURFACE FORMATION B Y  ASSUMING *** 
1 0 9 0  REM *** A THEORETICAL CONDITION.  THE PROQHAM WILL AUTOMA- *** 
1100 REM HI* T I C A L L Y  E S T I M a T E  6 FIELD APPARENT-RESISTTVITY rr+ 
1110 REM *** CURVE, WHICH HAS THE LEAST D E V I A T I O N  FROM THE *+* 
1120 REM *** ACTURAL F I E L D  SURVEY CURVE. TEN I T E R A T I O N S  WILL *++ 
1 1 3 0  REM * BE CONDUCTED FOR EQCW COMPUTER RUN. *++ 
1140 REM +** **+ 
1150 REM *r*w*rw++***,***+**ff*+**********e***r*w+**+*w***+*****+ 
l l b O  P R I N T  T A B ( ~ S ) : " + + * * * + * + * + ~ * ~ * + * * * * * * * ~ * * C * ~ ~ * * * * * * * * * * + * * * * * "  
1 1  71:) P R I N T  TAB ( 1 5 )  ; "*  + I' 
1190 P R I N T  T A 8 ( 1 5 ) ; " *  R E S I S T I V I T Y  -- SCHLUMBERGER SOUNDING + "  
1190 P R I N T  TAB (15) ; "* + I' 
1200 P R I N T  T~B(L~):"***+*+*+I****Y*****Y******Y**~***~*****.I.****" 
1=1C1 L P R I N T  TAB(iS);"+*r*++u*+*li*+)I.t**+*+***c*u*+***+**~*e******~" 
1220 L P R I N T  T A B ( 1 5 ) j " *  h n  

1230 L P R I N T  TAB (15) ; "* R E S I S T I V I T Y  -- SCHLUMBERGER SOUNDING *" 
1240 L P R I N T  T A B ( l 5 ) ; " *  " 
1250 L P R I N T  TA~(~~) :"+*+** * *+** * * * * . IC** * *+** * * * *+++*** *+**+** * * *~*"  
1260 PR1NT:PRINT:tPRINT:LPRINT 
1270 D I M  R E S I S T ( 5 0 ) , T H I C K ( 5 0 ) , V V ~ ~ 5 O ~ 1 X A ~ D A b ~ 5 O ~ , V ~ 5 O ~ , V E S ~ ~ ~ 5 O ~ ~ U € S ~ ~ ~ 5 O ~  
1280 D I M  DEPTH150 )  ,VES l# (50 )  ,RADIUS(SO)  . X K # t S O )  ,DP(SO) ~RHO(50) 
1290 D I M  AMDA(SO) , V V 1 # ( 5 0 )  , V V 2 # ( 5 0 )  ,XVES1# (5O)  ,XVES~#LSI:I)  
1300 D I M  SPAC(SO) ,RS0#(10 ) ,DEPTHI  ( 5 0 j , R H O l  (SO) ,APRH#(50 )  
1310 P R I N T  " T I T L E  FOR THE SURVEY: " ; : INPUT  T I T L E S  
1320 L P R I N T  " T I T L E  -- " ; T I T L E S  
13ZO J=1 
1340 P R I N T  " I N F U T  APP4RENT R E S I S T I V I T Y  ( O h m - F t ) .  l i 2  ELECTRODE SPREAD ( F t ) : "  
1T50 L P R I N T  " I N P U T  AFPARENT R E S I S T I V I T Y  (Ohm-Ft). 1/2 ELECTRDDE SPREAD L F t , : "  
1 % ~  P R I N T  " I N P U T  - 1  FOR R E S I S T I V I T Y  AND SPREPD WHEN COMPLETE" 
1370 L P R I N T  "XNPUT -1 FOR R E S I S T I V T T Y  AND SPREAD WHEN COMPLETE" 
1380 PR1NT :LPRINT  
139G L F R I N T  T A B ( l 0 ) :  " R E S 1 S T I V I T V V ' : T A B ( 3 9 )  : " 1 / Z  SPREAD" 
14015 FR1NT :LPRINT  
lllfj INF'UT AFRH&(J )  ,SF4C(J) 
1420 IF SFAC (J) = - I  THEN 1450 
1450 L P R I N T  TAB(~~):APRH#(J)ITAE!(~-~):SPAC(J) 
1440 J = J + l :  GOT0 1410 
1450 NO@=J-1: RADM[N=99999Q : PADMOX=I:) 
1 4 t 0  FOR 3J=1  TO N O 0  
1 4 7 0  I F  RnDMIN  := SPAC I J3) THEN RADMTPI=SFAC ( J J  5 

1190 I F  F'ADMAX := SFAC (JJ! THEN RADPILX=SF'AC ( 2 2  8 

1390 NEXT JJ 
15i8(:, F 8 I F l T ; L F ' R I N T :  PRlPJf : ~ ? R T r l r  
1 5 1 0  P R I N T  " I T E R A T I O N  (.$IN) " :  : INPUT TRS:PRINT 
1520 L P R I N T  " I T E R A T I O N  A G A I N  ! Y / N ) '  " :  TRS:LPRINT 
15JO I F  TRb="NU THEN 1=;0 
1540 F t NAC=O 
1550 PRINT " f T E R A T I O N  UPWARD OR DOWNWARD (UP/DOWN) " : : INPUT ITEJ.  
1560 L P R I N T  " I T E R A T I O N  UPWARD OR DOWNWARD (UF/DOWN)' " : I T E X  
1570 I F  ZTES="UP" THEN UD=L 
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1560 'IF ITES="DOWN" THEN UD=-1 
i590 PRINT:  LPRINT 
1601:~ PRINT "INCREMENTS FOR DEPTH AND R E S I S T I V I T Y :  ";: INPUT INCD,INCR 
1 6 1 0  LPRINT "INCREMENTS FOR DEPTH AND R E S I S T I V I T Y :  " : INCb, INCR 
1620 LPR1NT:PRINT 
1 6 2 ~  PRINT "TOTAL NUMBER O F  SUBSURFACE LAYERS: ";: INFUT LAYERS 
la40 LPRINT "TOTAL NUH8ER OF SUBSURFACE LAYERS: ";LAYERS 
1650 PRINT: LPRINT 
l a b 0  PRINT "DEPTH ( F t )  AND R E S I S T I V I T Y  (Ohm-Ft) :  " 
l b 7 0  LPRlNT "DEPTH (Ft) AND R E S I S T I V I T Y  (Ohm-Ft ) :  " 
1680 FOR 1 = 1  TO LAYERS 
1 6 9 0  INFUT D E F T H l ( 1 )  ,RHO1 ( 1 )  
1 7 0 0  PRINT TAB(l):DEPTH1(I):TAB(20~:RHOl(I) 
1 7 1 0  LPRINT TAb(1 ) ;DEPTHt  ( I ) I T A B ( ~ O ) : R H O ~ ( I )  
1720  NEXT I 
1730 FOR L S = l  TO 10 
1 7 4 0  RSQB (LS ) =O 
1 7 5 0  FOR 111 TO LAYERS 
1 7 6 0  DEFTH( I )=DEPTHl  ( I ) * ( I + I N C D * ( L S - l ) * U D )  
1 7 7 0  RHO(I )=RHO1 ( I ) + ( l + I N C R * ( L S - 1  YUD) 
1780 NEXT I 
1790 GOSUB 2240: GOSUP 2560: GOSUB 2830 
1800 I F  FINAL=O THEN GOSUB 3580 ELSE 1920 
1 0 1 0  NEXT LS 
1820 MIN#=999999! 
1930 FOR LS=1 TO 10 
1840 I F  RSQ4(LS)  .:= MIN# THEN l B 5 O  ELSE I860 
1850 MINB=RSQ#(LS) : FINAL=LS 
1860 NEXT L S  
1 5 7 0  FOR I = l  TO LAYERS 
1880 DEPTH(I)=DEPTHi(I)+(l+INCD*(FINAL-1)*UD) 
1990 RHO(I)=RHOI(I)+(I+INCR*(FINAL-1)*UD) 
1 9 0 0  NEXT I 
1 9 1 0  GOT0 1790 
19211 PR1NT:PRINT:PRINT:LFRINT:LFRINT:LPRINT 
1930 PRINT "*+* SIMULATED SURFACE LAYERING CONFIGURATION **+" 
1940 LPRINT "i++ SIMULATED SURFACE LAYERING CONFIGURATIDN + * * ' I  

1951:r F 'RINT:F'RINT:.PRINT:LPRINT:LPRINT:LFRINT 
1960 PRINT TAE(1O): "THICt: 'NESS":TAE((16):  "D€F'TH":TAE((38):  " R E S I S T I ' J I T ' ~ "  
1970 LPRINT T A B ( I 0 ) :  "THICI."NESS":TAB(26): "DEFTH" :TAB(38) :  "RESISTTVTTY" 
19BO PRINT TABI12):"iFt)":TAE((27):"!Ft)":TAE((99);"(Ohm-Ft)":F'RINT 
19-71? LFPINT T A B ( 1 Z )  : ' ' r F t ) " : T A E ; ( 2 7 ) : "  I F ~ ) ~ : T A E . ( : ~ ) : " ( O ~ ~ - F ~ ) " : L F R I I ~ ~  
Z U ~ : ~ J  FOR I=l TO L A Y E R S  
I ( j l 0  PAINT T A B ( 1 0 ) ; T H I C K l I )  . T A B ( ~ C J ) ; D F ( I ) : T A E ( J I : ~ )  : F : H O ( I :  
2020 LPRINT TAB(IO);THICK(I!:TAB(ZZ):DP!I):TAE~~~I:I):RHO~I! -. 7 -1J.20 NEXT I 
,=Oa(:) PRINT:PRINT:PRINT:LPRINT:LF'RlNT:LF.RINT 
2050 PRINT "*+* SIMULATED SCHLUMBERGER VES DATb *+yb ' :  PRINT: F R I N T :  F R  t NT 
2060 LFRINT "*** SIMULATED SCHLUMBERGER VES DATA +**" :LF'RINT:LFRIPIT:LPHINT 
2 0 7 0  F R I N T  TAB(lO):"l/= SPREAD":TAb(39):"RESISTIVITY" 
2 0 8 0  LFRINT TA8 ( 1 0 )  : " 1 / 2  SPREAD" : TAR (39) : " R E S I S T I V I T Y "  
Z(j9O PRINT T A B ( 1 3 ) :  " ( F t ) " : f A B ( 4 1 > )  : " ( O h m - F t ) b ' : p R I N T  
2100 LFRINT TAB(13):"(Ft)":TAR(4O)~"(Clhm-Ft)":LPRINT 
2 1 1 0  FOR L = l  TO N R A D I I  
2120 PRINT TAB(ll):RADIUS(L):TAS(Z5):V€S~(L) 
2 1 3 0  LPRINT T A B ( 1 l i  :RADIUS(L )  : TAb(3S) : V E S # ( L )  
1140 NEXT L 
21% PRINT:?RINT:PRINT:LPRINT:LPRINT:LPRINT 
2150 FRINT "*** STATIST ICAL  INFORMATION *+rM 
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2170 LFRXNT "*** S T A T I S T I C A L  INFORMATION +++" 
2 1 8 0  PR1NT:FRZNT:PRINT "LEAST  SQUfiRE ROOT O F  DEV IAT ION:  " ;RSQ&(F INAL )  
2190 P R I N T  " A T  ":FTNaL:" I T E R f i T I O N "  
2 2 0 0  LPR1NT :LPRINT :LPRINT  "LEAST SQUARE ROOT OF D E V I A T I O N :  ";RSQ#(FINbL) 
2210 L F R I N T  "AT  " ; F I N b L : "  I T E R A T I O N "  
ncl- A-LO GOT0 1 5 1 0  --- ~ A G O  END 
2240 REM *+******+r*+s**u+++**w*I)** 
2250 REM +** SPACING SUBROUTINE r** 
2260 REM r*+**+***r+***++****4***** 
2270 T H I C K  ( 1 =DEPTH ( 1 ) 
2280 FOR I32 TO LAYERS 
2290 THICK(I)=DEPTH(I)-DEPYH(1-1) 
2390 NEXT I 
2 3 1 0  XRATIOl)=EXP (LOG ( 10) /6) 
2320 R A D I U S ( l ) = R A D M I N  
2330 I=z 
2340 RADIUS(I)=XRATIO#*RAOIUS(I-1) 
2350 I F  R A D I U S ( 1 )  '= RADMAX THEN 2380 
2360 I = I + l  - 7 ~ ~ 7 0  GOT0 2340 
2380 N R A D I I = T  
2 Z 9 0  RADMAX=RADf US ( 1 )  
2400 XMINa (R.4DMIN/XRATIOI)C 1 0 )  * I .  05 
2410 XMAX= (RCIDMAX*XRATIO#Abi I. 05 
2420 XAMDAB ( 1 )  = X M I N  
2430 T=2 
2440 X A M D A Y ( I ) = X R ~ T I O # + X A M D A # ( I - 1 )  
2450 I F  XMAX-XANDA#( I )  <=  11 THEN 2480 ELSE 2460 
3 4 6 0  I = I + 1  
2470 GOT0 2440 
2480 NRAD-I  
2490 NN=LAYEHS 
2500 SUNN=U 
2.5 1 IS FOR I = 1 TO NN 
2520 SUNN=SLINN+THIC~ ( I ) 
2530 DP ( I ) =SUNN 
2540 NEXT I 
2550 RETURN 
2560 REM rwrm++*+*cw,+****+++***t 
2570 REN *** KERNEL SUBROUTINE t** 
'580 REpl ++r*+**i+++++*r*****t++t* 
2590 FOR J=1 TO NRAD 
2600 V ( J ) = l  
26 10 K=LAYERS- 1 
2620 KK=LAYERS+I 
2630 ANDA (J =-2/ XAMDA* (J 1 
2640 FOR 1=1  TO K 
2650 M=KK-I: 
2660 L=LAYERS- I  
2670 P=RHO(H)+V(J) 
2680 a = ( R H O ( L ) - F ) / ( R H O ( L ) + F )  
3690 PROD=AMDA ( J ) +rTH ICK ( L ) 
2 7 0 0  [F PROD -<. -50 THEN PROD=-50 
2710 Q=AK*EXP(PROD) 
2720 ABQ=ABS ( 0 )  
2730 IF  ARC! <= 0 THEN 2 7 4 0  ELSE  27AO 
2740 V ( J ) = l  
2750 GOT0 '2770 
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2760 V ( J ) = ( l - Q I  ( l + Q )  
2770 N E X T  I 
2780 NEXT J 
2790 FOR J = l  T O  NRAD 
2900 V V M ( J ) = V ( J ) * H H O ( l )  
28115 NEXT J 
2820 RETURN 
2830 REM *wur+**w+***rr*+r++*.w*t*r 
2840 REM *+a CONVES SUBROUTINE *** 
2850 REM **+*tr++++*w**+**++*1)***.c 
2860 XK# ( 1 )  = . 0 1 4 9  
2870 X K # ( Z ) = - - 0 8 1 4  
2880 XK* (3) =. 4018 
ZB90 XK# (4 )  =-I. 5716 
2900 X K I ) ( S ) = 1 . 9 7 2  
2910 X K # ( b ) = . l B S 4  
2920 XKW (7) =. 1064 
1930 X K # ( 8 ) = - . 0 4 9 9  
29413  X K C ( ~ ) = . K ~ ~  
2950 FOR 111 TO 50 
2 9 A 0  V V ~ W ( I ) = I : , ~  
2970 VV?# ( I ) =(:I 

2980 NEXT I 
2990 NODD=O 
3000 NEVEN=O 
5 0  11:) I F  rdRAD/2 = I N T  (NRAD/ Z )  THEN 1(:151:1 
1020 FIODD=NRFID 
TO70 NN= (NODD+ 1 ) ' Z  
3 1 4 0  GOT0 3080 
7050 NEVEN=NRAD 
7061j NN=NEVEN/2 
7070 G O T 0  31.50 
f .r:r@cj FOR J =  L TO NN 
3090 V V l O I ( J ) = V V w ( 2 * J - l )  
7 11:,0 NEXT J 
5 1 1 0  MH=NN-1 
3120 FOR J = 1  TO MM 
- 1 3 0  VV2#(J)=VV#(2wJ) 
3 1 4 0  NEXT J 
3 1 5 0  G O T 0  7200 
3160 FOR J=I TO NN 
.717f:1 V V l # ( J ) = V V t 4 ( 2 + J - t )  
:LBO V V 2 # ( J ) = V V # ( 2 * J )  
7 1 9 0  NEXT J 
3200 REM 
5210 M=cj 
-73 ..,,o L=1 

3230 LL=9 
7240 FOR J=L 'TO LL 
3 2 5 0  REM 
Z260 XVES1@(J)=VV1#(J)*XKU(J-M) 
7..-. . 
ii, 1.) X V E S 2 t  ( J  ) = V V 2 *  ( 3  ) *Xk.:# ( 3 - M )  
P Z ~ O  NEXT J 
3390 HEH 
,ZOO SMVES 1 # = 0  -- 
im.2 I SMVES2L=fS 
---.  
, . , i C )  FOR J = L  TO LL 
-3330 SMVESI#=XVESl#(J)+SMVES1# - 7 ,.-s40 SMVES2#=YVES2Y ( 3 ) +SHVES2# 
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Z;SO'NEXT J 
Z3A0 VESl#(L)=SMVESI# 
Z370 VES2#(L)=SMVESZ# 
7380 C = L * I  
3390 LL=LL+  I 
3400 M r M + l  
3410 IF LL > NRAD THEN J4Z0 
7120 GOT0 3240 
34.70 IF NRAD=NODD THEN 5450 
5440 GOTO 3520 
7450 FOR J=1  TO NN 
3460 VES#(Z*J-l)=VESiW(J) 
3470 NEXT J 
7480 FOR J = l  TO MM 
T490 V E S B ( 2 + J ) = V E S 2 B ( J )  
3500 NEXT J 
TSi0 GOT0 3560 
3520 FOR J=1 TO NN 
-r7 JJ"O VESY (Z*J-1) =VESl#  (J 
3540 VESB ( 2 * J )  =UES2# (J ) 
3550 NEXT J . 
'1560 REM 
7570 RETURN 
3580 REM ++* 
3590 REH *** LEAST SOUARE SUBROUTINE **+ 
3600 REPI +*+ 
3610 K=O 
3b20 FOR J = I  TO NOQ 
3634 FOR 1=1 TO NRADII 
3640 I F  ( SPAC (J %RAD IUS ( I ) ) AND SPAC ( J  ) -:=fiFID IUS ( I + 1 ) THEN 3A50 ELSE 7700 
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LONSDALEITE - MINERALOGICAL AND EXPERIMENTAL DATA 

A new m i n e r a l  form of  ca rbon ,  l o n s d a l e i t e ,  was first d e s c r i b e d  by Bundy 
and  Kasper i n  1967. They had s y n t h e s i z e d  i t  a t  a t e m p e r a t u r e  g r e a t e r  t h a n  
l,OOO°C and under  s t a t i c  p r e s s u r e  t h a t  had exceeded 130 kbar .  Another  labo-  
r a t o r y  o b t a i n e d  t h e  same r r a n s f o r m a t i o n  by methods o f  i n t e n s e  shock com- 
p r e s s i o n  and s t r o n g  the rmal  quenching1.  Almost s i m u l t a n e o u s l y ,  t h e  m i n e r a l  
was d i s c o v e r e d  i n  meteorites from Canyon D i a b l o  (Fronde l  and b a r v i n ,  1967) 
and Goalpara  (Hanneman and o t h e r s ,  1967) . 

The name, l o n s d a l e i t e ,  was chosen t o  honor t h e  d i s t i n g u i s h e d  B r i t i s h  
c r y s t a l l o g r a p h e r  P r o f e s s o r  Ka th leen  Lonsdale .  The name was approved by t h e  
Commission of New Minera l s  and o f f i c i a l l y  p u b l i s h e d  i n  1967 i n  'The American 
M i n e r a l o g i s t '  ( F l e i s c h e r ,  1 9 6 7 ) .  When examined under  an e l e c t r o n  microprobe,  
t h e  m i n e r a l  was found t o  c o n s i s t  o f  carbon o n l y .  I t  be longs  t o  the  hexagonal  
c l a s s  6/m2/m2/m and t h e  s p a c e  group P6 3/mmc, 2 : 4 .  I t s  c r y s t a l  s t r u c t u r e  i s  
c h a r a c t e r i z e d  by u n i t  c e l l  d imensions  o f  2.52 and 4.12 A .  In m e t e o r i t e s ,  t h e  
m i n e r a l  was found as cubes  and cubooctahedrons  t o  0 .7  mm. The t h e o r e t i c a l  
d e n s i t y  of l o n s d a l e i t e  i s  t h e  same as c u b i c  diamond, 3 . 5 1  g/cm3. I n  f a c t ,  
ev idence  i n d i c a t e s  t h a t  t b e  m i n e r a l  is probab ly  formed by the t r a n s f o r m a t i o n  
of diamond t o  a  hexagonal  form. L o n s d a l e i t e  is p a l e  brown ye l low under t h e  
microscope and f a i n t l y  b i r e f r i n g e n t  w i t h  n s l i g h t l y  h i g h e r  than  2.404 
(Rober t s  and o t h e r s ,  1975) .  I t s  s t r o n g e s t  : i f f r a c t i o n  lines a r e  2.19 (100) 
and 1 .26  (75). 

L o n s d a l e i t e  was n e x t  d i s c o v e r e d  by Vdovykin (1970) i n  t h e  North Haig and 
Dingo Pup m e t e o r i t e s  of  Western A u s t r a l i a .  Because t h e  f i r s t  i d e n t i f i c a t i o n s  
of n a t u r a l  l o n s d a l e i t e  were i n  m e t e o r i t e s ,  g e n e s i s  o f  t h e  mineral was common- 
l y  thought  t o  be  connected w i t h  shock metamorphism. I t  i s  i n t e r e s t i n g  t o  
n o t e  t h a t  i t  was Kath leen  Lonsda le ,  whose name had been g i v e n  t o  t h e  m i n e r a l ,  
who i n d i c a t e d  t h e  p o s s i b i l i t y  of a  nonshock-re la ted  o r i g i n  f o r  t h e  m i n e r a l  
(Lonsdale ,  1971).  Sbe p o i n t e d  o u t  t h a t  l o n s d a l e i t e  might be g e n e r a t e d  under  
c o n d i t i o n s  of l s t a t i c  p r e s s u r e .  

Two y e a r s  l a t e r ,  t h e r e  were r e p o r t s  of  l o n s d a l e i t e  from p o s s i b l e  
n o n m e t e o r i t i c  s o u r c e s .  Sokhor and o t h e r s  (1973) d e s c r i b e d  s c h i s t o s e  

l ~ a t e n t e d  by E . I .  DuPoct de Nemours and Company, 1965 (Ne ther land  P a t e n t  
6506395) . 



diamonds i n  t i t a n i u m  p l a c e r s  of t h e  Ukra in ian  S h i e l d .  The g r a i n s  were f l a t  
and i r r e g u l a r  and ranged from 0 . 0 5  t o  0 .3 mm. B i r e f r i g e n c e  averaged 0.0035 
arid, i n  some spec imens ,  reached 0 .01.  The a u t h o r s  i n d i c a t e d  a  h i g h  d e g r e e  of 
deformation, which i n  t h e i r  o p i n i o n  s u g g e s t e d  shock metamorphism. But t h e  
a s s o c i a t i o n  of l o n s d a l e i t e  w i t h  a g e n e r a l l y  c o n s t a n t  m i n e r a l  assemblage 
s t r o n g l y  c o n t r a d i c t s  m e t e o r i t i c  g e n e s i s  o f  t h e  m i n e r a l .  

Four years  later,  a n o t h e r  paper  appeared t h a t  d e s c r i b e d  l o n s d a l e i t e  of a 
n o m e t e o r i t i c  o r i g i n .  The m i n e r a l  was d i s c o v e r e d  i n  e c l o g i t e s  n e a r  Shubino 
V i l l a g e ,  s o u t h e r n  U r a l s ,  and S a l ' n a y a  Tundra ,  Kola Peninsula (Golovanya and 
o t h e r s  , 1978) . Both o c c u r r e n c e s  were c l o s e l y  a s s o c i a t e d  w i t h  t h e  m i n e r a l s  
m o i s s a n a i t e  and g r a p h i t e .  

Extremely i n t e r e s t i n g  a r e  t h e  l a t e s t  f i n d i n g s  o f  l o n s d a l e i t e  i n  diamond 
p l a c e r s  i n  Yakut iye  (Kaminsky and o t h e r s ,  1985).  These d i s c o v e r i e s  i n d i c a t e  
rha t  l o n s d a l e i t e  can occur  a s  a  r e s u l t  of phase t r a n s f o r m a t i o n s  i n  normal 
diamonds. T h i s  p o s s i b i l i t y  was conf i m e d  e x p e r i m e n t a l l y  (Sozin  and o t h e r s ,  
1983) i n  t h e  p r o c e s s  of dynamic s y n t h e s i s  o f  diamonds. The mosc i n t e r e s t i n g  
d a t a  on t h e  s u b j e c t ,  however, have been o b t a i n e d  d u r i n g  d e t a i l e d  geochemical  
s t u d i e s  o f  diamond c r y s t a l s .  These i n v e s t i g a t i o n s  i n d i c a t e  t h a t  p a r t s  o f  
n a t u r a l  diamonds c o n t a i n  i n c l u s i o n s  of l o n s d a l e i t e  e n r i c h e d  by c a r b o n a t e  i o n s  
and hydrogen.  The p a r t s  o f  t h e  diamond c r y s t a l  w i t h o u t  such i n c l u s i o n s  con- 
t a i n  n i t r a t e  i o n s  ( M i l i u v i n a ,  1977) .  T h i s  l e a d s  t o  t h e  s u g g e s t i o n  t l ~ o t  v a r i -  
e t i e s  o f  n a t u r a l  diamonds d e s c r i b e d  as carbonado u s u a l l y  c o n t a i n  c o n s i d e r a b l e  
amounts of t h e  l o n s d a l e i t e  phase .  Thus ,  i t  is p o s s i b l e  t o  conclude t h a t  t h e  
p resence  of l o n s d a l e i t e  does  n o t  n e c e s s a r i l y  i n d l c a t e  m e t e o r i c  impac t .  

GEOLOGY OF THE GREAT LONSDALEITE DEPOSIT I N  THE POPIGAY DEPRESSION, 
S I B E R I A N  PLATFORM 

All of t h e  f o r e g o i n g  s t u d i e s  were of a c a d e ~ i c  i n t e r e s t  on ly  u n t i l  the  
beg inn ing  of t h e  1970s when t h e  g r e a t  l o n s d a l e i c e  d e p o s i t  was found i n  t h e  
Popigay d e p r e s s i o n ,  l o c a t e d  on t h e  nor the rnmos t  apex of t h e  AnaLar S h i e l d  
( f i g  1). The d e p r e s s i o n ,  abou t  100-km diam, c u r s  r o c k s  of d i f f e r e n t  ages, 
from P r o r e r o z o i c  and Cambrian d o l o m i t e s ,  l i m e s t o n e s ,  and s a n d s t o n e s  t o  
u n c o n s o l i d a t e d  Permian r o c k s  and Lower T r i a s s i c  d o l e r i t e s  and t r a c h y d o l e -  
r i t e s .  It i s  f i l l e d  w i t h  mass ive  and b r e c c i a t e d  vo lcanogen ic  r o c k s  t h a t  a r e  
n e a r l y  d a c i t i c  i n  c o m p o s i t i o n 2 .  Throughout t h e  complex,  t h e r e  i s  widespread 
ev idence  f o r  r e m e l t i n g  of t h e  h o s t  r o c k s ,  i n c l u d i n g  the p r e s e n c e  of a l l o g e n i c  
b r e c c i a  ( a  complex of host - rock f ragments  s a t u r a t e d  by vo lcanogen ic  cement).  

Because d i f f e r e n t  theories---volcano-tectonic vs.  m e t e o r i t i c  impact--- 
have been proposed f o r  ehe origin of t h e  Popigay s t r u c t u r e ,  i t  i s  no t  s u r -  
p r i s i n g  t h a t  d i f f e r e n t  nomencla ture  is  used  f o r  r o c k s  i n  t h e  r e g i o n .  Below 
i s  a s h o r t  review o f  t h e  ma in  t y p e s  o f  rock ;  a l l  d e t a i l s  can be found i n  the  
most r e c e n t  work of Masay t i s  and o t h e r s  (1976 ) .  

' S ~ O  c o n t e n t  is  bout 63 p e r c e n t  w i t h  some abnormal a l k a l i e s ,  p a r t i c u l a r l y  
1.71 t o  1 .98 p e r c e n t  NaZO and 2 . 5 4  t o  2 . 7 2  p e r c e n t  R 2 0 .  CaO c o n t e n t  i s  
about  3 . 1 7  t o  3.68 percen t  and i s  a l r r~os t  e q u a l  t o  HgO concen t  (Ftasayt is  
and o t h e r s ,  1976) .  
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The c e n t r a l  p a r t  of  t h e  Popigay d e p r e s s i o n  is f i l l e d  w i t h  a n d e s i t i c  t o  I 
d a c i t i c  t u f f  b r e c c i a  ( a u e v i t e s ) ,  which e x t e n d s  beyond t h e  limits of t h e  i n n e r  
c r a t e r  i n  l o n g  tongues .  The rocks a r e  c h a r a c t e r i z e d  by d i f f e r e n t  deg ree s  of 
welding and cor respond ing  v a r i a t i o n s  i n  t e x t u r e :  i n  some c a s e s ,  t h e  r o c k s  
l o o k  l i k e  t y p i c a l  i g n i m b r i t e s  w i t h  g l a s s y  f l a m e .  On t h e  b a s i s  of f ragment  
compos i t ion ,  t h e  t u f f s  can be  d i v i d e d  i n t o  v i t r i c ,  l i t h i c ,  and c r y s t a l  t y p e s .  

On t h e  marg ins  o f  t h e  welded r u f f  b r e c c i a  a r e  unwelded r o c k s  t h a t  form 
independen t  f i e l d s  of v o l c a n i c  s a n d s  ( c u p t o c l a s t i t e s ) .  The s a n d s  a l s o  form 
s e p a r a t e  l e n s e s  o r  l a y e r s  w i t h i n  t h e  t u f f  b r e c c i a  and ,  i n  s e v e r a l  c a s e s ,  a r e  
t r a n s i t i o n a l  w i t h  t h e  welded r o c k .  They consist p r i m a r i l y  ( abou t  80 p e r c e n t )  
o f  u n s o r t e d ,  u n s t r a t i f i e d  f ragments  o f  q u a r t z  and f e l d s p a r  t h a t  a r e  < 1- t o  
2-mm diam. Among t h e  o t h e r  m i n e r a l s  p r e s e n t  a t e  pyroxene,  hornb lende ,  
monaz i t e ,  z i r c o n ,  a p a t i t e ,  and t o u r m a l i n e ;  l i t h i c  f r agments  i n c l u d e  s i l i c i c  
v o l c a n i c  r o c k ,  g n e i s s ,  c a r b o n a t e  r o c k ,  and s i l t s t o n e .  

Glassy  a p h a n i t i c  a n d e s i t e s  and d a c i t e s  a r e  found i n  e luvium i n  wa te r -  
s h e d s  o f  t h e  Popigay s t r u c t u r e  and p r o b a b l y  r e f l e c t  p r e v i o u s l y  e x i s t i n g  cover  
r o c k .  M a s a y t i s  and o t h e r s  (1976) gave these rocks a new name, t a g a m i t e s  o r  
mass ive  impac t i t e s ,  and c o n s i d e r e d  them t o  be a pseudomagmatic f o m a t  i o n .  
O c c a s i o n a l l y  t h e s e  r o c k s  a r e  observed a s  d i k e s ,  t e n s  of c e n t i m e t e r s  t o  s e v e r -  
a l  m e t e r s  t h i c k ,  t h a t  c u t  t h e  t u f f  b r e c c i a .  Some o f  t h e  r o c k s  have poros-  
i t i e s  t h a t  r ange  from 15 t o  20 p e r c e n t .  The p o r e s  a r e  e l l i p s o d i a l ,  r e a c h i n g  
l e n g t h s  o f  5 t o  8 m m .  From 3 t o  5 p e r c e n t  of t h e  r o c k ' s  volume is composed 
of l a r g e  f ragments  of h o s t  rock  t h a t  c o n s i s t  p r i m a r i l y  o f  gneiss and 
q u a r t z i t e .  

Masay t i s  and o t h e r s  (1976) d e s c r i b e d  two o t h e r  t y p e s  o f  d e p o s i t s  i n  t h e  
Popigay d e p r e s s i o n ,  The f i r s t  is a n  a l l o g e n i c  b r e c c i a  t b a t  c o n s i s t s  o f  frag- 
ments and b l o c k s  from a  mete r  t o  s e v e r a l  t e n s  o f  m e t e r s  diam. These f r a g -  
ments are composed of d i f f e r e n t  t y p e s  of  h o s t  rock ,  r a n g i n g  from Archean 
basement r o c k  t o  Cre taceous  sed imenta ry -vo lcanogen ic  c o v e r .  The f ragments  
a r e  cemented by v o l c a n i c  sands o r  c o p t o c l a s t i t e s ,  which c o n t a i n  s m a l l e r  f r a g -  
ments of t h e  h o s t  rock .  The second d e p o s i t  i s  an a u t o g e n i c  b r e c c i a  t h a t  was  
developed i n  t h e  c rushed  basement of t h e  s t r u c t u r e .  It was formed as  Archean 
r o c k s  underwent d i f f e r e n t  d e g r e e s  o f  r e m e l t i n g  and shock metamorphism. h i s  
b r e c c i a  i s  found i n  t h e  a r e a  of t h e  r e s u r g e n t  dome i n  t h e  c e n t r a l  p a r t  o f  t h e  
d e p r e s s i o n  and i n  t h e  n o r t h w e s t  c o r n e r  of t h e  Popigay s t r u c t u r e .  D e s c r i b i n g  
t h e s e  two l o c a l i t i e s ,  Masay t i s  emphasized unusua l  amounts of r emel ted  rock  
and shock  metamorphism. 

Zonal  s t r u c t u r e  in t h e  d e p r e s s i o n  is  shown i n  figure 2. According t o  
Polyakov and Trukhalev (1975) and l a t e r  Masay t i s  and o t h e r s  (1976), t h e  s t r u c -  
t u r e  c o n s i s t s  o f  two p a r t s .  The c e n t r a l  p a r t  of t h e  d e p r e s s i o n ,  abou t  72-km 
diam,  i s  c h a r a c t e r i z e d  by a r c u a t e  zones  of u p l i f t e d  basement r o c k ,  composed 
predominant ly  o f  c r y s t a l l i n e  rock b r e c c i a .  The b r e c c i a  h a s  been cemented by 
t h e  g l a s s y  p r o d u c t s  of r emel ted  h o s t  rock  (Masay t i s '  tagamites). A weak 
p o s i t i v e  magnet ic  anomaly h a s  been measured i n  t h i s  i n n e r  zone o v e r  a back- 
ground of a  p r a c t i c a l l y  n e u t r a l  magnet ic  f i e l d ,  which i s  t y p i c e l  of t h e  o u t e r  
zone.  
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The o u t e r  zone h a s  been d i v i d e d  i n t o  two subzones .  The i n n e r  subzone is 
formed by deformed cap rock  o v e r l a i n  by tongues  of t u f f o g e n i c  r o c k ;  b o d i e s  of 
t d g a m i t e s  a r e  a l s o  encoun te red .  Within t h e  subzone,  k l i p p e n  are e x t e n s i v e l y  
developed i n  t h e  t u f  f o g e n i c  r o c k s .  Gouging, wrapping,  and c r u s h i n g  s t r u c -  
c u r e s ,  up t o  5-km wide,  have been noted .  The o u t e r  subzone i s  formed by cap 
rock  w i t h  ~ u l t i p l e  o v e r t h r u s t s  and u p t h r u s t e d  o v e r t h r u s t s ,  whose a m p l i t u d e  
and p l a n e  s l o p e s  d e c r e a s e  i n  p r o p o r t i o n  t o  t h e  d i s t a n c e  from t h e  c e n t e r  of 
t h e  d e p r e s s i o n .  Fragments  of  C r e t a c e o u s  d e p o s i t s  and t u f f o g e n i c  r o c k  d i p  i n  
arc-shaped d e p r e s s i o n s  t o  7.5-la wide.  

The age of  t h e  v o l c a n i c  fill v a r i e s  a c c o r d i n g  t o  d i f f e r e n t  a u t h o r s ,  b u t  
t h e y  agree  t h a t  i t  was d e p o s i t e d  d u r i n g  Cenozoic t i m e  and t h a t  p a r t  o f  t h e  
sequence accumulated from Neogene th rough  Q u a t e r n a r y  t ime  (Zhabin ,  1969).  

METEORITIC IMPACT THEORY 

The Popigay s t r u c t u r e  had a lways  been c o n s i d e r e d  a normal vo lcano- tec to -  
n i c  d e p r e s s i o n  (Polyakov and Trukha lev ,  1975) u n t i l  a prominent p e t r o l o g i s t  
from t h e  N a t i o n a l  G e o l o g i c a l  I n s t i t u t e  o f  Len ingrad ,  V i c t o r  Masay tis , sum- 
marized s e v e r a l  unusua l  f e a t u r e s  o £  t h e  s t r u c t u r e .  He s t a t e d ,  i n  p a r t i c u l a r ,  
c h a t  v o l c a n i c  m a n i f e s t a t i o n s  of  s o  young a n  age  were n o t  t y p i c a l  f o r  the  
n o r t h e r n  parc of  t h e  S i b e r i a n  P l a t f o r m .  He also noted  t h a t  t h e  g r e a t  diame- 
t e r  of the s t r u c t u r e  was u n u s u a l .  Mnsayt is  emphasized t h e  abundance of  
b r e c c i a  and t h e  unusual q u a n r i t y  of  hos t - rock  m e l t i n g .  He d e s c r i b e d  s h a t t e r  
cones  and d i a p l e t i c  glass, c h a r a c t e r i s t i c  of b l a s t  s t r u c t u r e s ,  and emphasized 
t h e  p resence  of t h r u s t s  and u p t h r u s t e d  o v e r t h r u s t s  ( n o t  t h e  normal f a u l t s  
c h a r a c t e r i s t i c  of v o l c a n o - t e c t o n i c  s t r u c t u r e s )  a l o n g  t h e  b o u n d a r i e s  o f  t h e  
d e p r e s s i o n .  

The p r e s e n c e  of a l l  t h e s e  unusua l  f e a t u r e s  s u g g e s t e d  t o  E i s a y t i s  t h a t  
t h e  Popigay s t r u c t u r e  is n o t  a normal v o l c a n o - t e c t o n i c  d e p r e s s i o n  b u t  r a t h e r  
a n  as t rob leme;  t h a t  i s ,  t h e  r e s u l t  of a m e t e o r i t i c  impact ( f i g .  3). To sup- 
p o r t  h i s  h y p o t h e s i s ,  Masay t i s  o b t a i n e d  samples  of h i g h  p r e s s u r e  m i n e r a l s  from 
t h e  s t r u c t u r e .  During h i s  i n v e s t i g a t i o n ,  he found many small ( c  1 mm) g r a i n s  
of l o n s d a l e i t e  i n  t h e  b r e c c i a - t e x t u r e d  rock .  Pursu ing  t h e  m i n e r a l  d a t a ,  he 
gave a l l  of t h e  r o c k s  names i n  accordance  w i t h  e x i s t i n g  nomencla ture  f o r  
r o c k s  of m e t e o r i t i c  c r a t e r s :  s u e v i t e s  and a l l o g e n i c  b r e c c i a  f o r  d i f f e r e n t  
t y p e s  of p y r o c l a s t i c  rock,  and t h e  new l o c a l  name, t a g a m i t e s ,  f o r  massive- 
t e x t u r e d  r o c k s  t h a t  o c c a s i o n a l l y  form cement i n  b r e c c i a t e d  h o s t  rock.  De- 
t a i l s  of t h e  s t u d y  a r e  p r e s e n t e d  i n  a  book by Masay t i s  and o t h e r s  (1976) .  

Here i t  must be  mentioned t h a r  t h e  main purpose  f o r  g e o l o g i c  e x p l o r a -  
t i o n  i n  t h i s  p a r t  of S i b e r i a  was f o r  diamonds. The d i s c o v e r y  of  t h e  lonsda-  
l e i t e  'diamonds, '  a m i n e r a l  t h r e e  t i m e s  h a r d e r  than  normal diamond, c r e a t e d  a  
r e a l  s e n s a t i o n .  Immediately,  t h e  N a t i o n a l  G e o l o g i c a l  I n s t i t u t e  i n  Leningrad 
c r e a t e d  a  s p e c i a l  d i v i s i o n ,  w i t h  V.L. Masay t i s  as its c h i e f ,  t o  i n v e s t i g a t e  
the  Popigay s t r u c t u r e .  Khacanga V i l l a g e  was  c o n s t r u c t e d  a s  a base f o r  f i e l d  
s t u d i e s  o f  t h e  d e p r e s s i o n .  E x p l o r a t o r y  d r i l l i n g  and sampling confirmed the  
p r a c t i c a l l y  i n e x h a u s t i b l e  r e s e r v e s  o f  t h e  l o n s d a l e i t e  m i n e r a l i z a t i o n .  The 
s e t t l e m e n t ,  Mayak, was s u b s e q u e n t l y  b u i l t  f o r  e x p e d i t i o n  workers .  Lonsda- 
l e i t e - b e a r i n g  r o c k s  were  t r a n s p o r t e d  s e v e r a l  thousand m i l e s  by airplane t o  



extract  t h e  mineral  with s t rong  acids .  Presently, b e n e f i c t a t i o n  techniques  
for. l o n s d a l e i t e  a r e  being i nves t iga t ed .  

W N W  E H E  
111 11 I I1 Ill  
A 

I+ 
C 

A 1  
A 

b r t d  e b r b c d ' a b  A 

I 
Br*celated cap  rock^ ! ! '! :' Er rc t l a l ed  emp r sck l  

SW LC 

EXPLANATION 

1 - I l l  .. . Zen*.  a .  b,C,d .. . S u b m o n r r  A .. . 3 r d l m # n t n r l  cap 8 .  .. C r y l l n l l n e  I o u n d * l l o n  

F igure  3. Diagram of t h e  hypo the t i ca l  Popigay me teo r i t e  c r a t e r .  Af t e r  
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AUTHORS POSITION GND RECOMMENDATIONS 

The main arguments by proponents of  t he  m e t e o r i t i c  impact theory a r e  not 
s ingle-valued.  Masaytis '  argument t h a t  s h a t t e r  cones a r e  proof of impact is 
inaccu ra t e .  Dtetz  ( o r a l  commun., 1984), probably t h e  g r e a t e s t  suppor te r  of 
ascroblemes, has specimens of s h a t t e r  cones from t h e  Kovdor massif, Kola pen- 
i n s u l a ,  and Trukhalev ( o r a l  commun., 1981) found the same s t r u c t u r e s  in p i p e s  
loca ted  along the e a s t e r n  boundary of the Anabar Shield. The presence of a  
dome, as i n  the c e n t r a l  p a r t  of t he  Popigay depress ion ,  i s  t y p i c a l  of resur -  
gent  ca lde ra s .  Even t h r u s t s  and' over thrus  ts  a r e  usual f o r  volcano-tec ton ic  
s t r u c t u r e s  connected w i t h  viscous ex t rus ive  domes. Such s t r u c t u r e s ,  f o r  
example, a r e  observed i n  a s s o c i a t i o n  w i t h  M t .  S t -  Helens (Lipman and Mul- 
l i neaux ,  1982). The same may be s a i d  about minera ls  t h a t  a r e  i n d i c a t o r s  of 
h i g h  p r e s s u r e .  For i n s t a n c e ,  pyrope occurs  i n  Quaternary calc-a lkal ine  rocks 
i n  Kamchatka; moissanire  i s  found in d a c i t i c  pumice on Khangar volcano; and 
diamonds a r e  found i n  b a s a l t  from Ichinksy volcano (Exlich and Gorshkov, 
1 9 7 9 ) .  

I n  a d d i t i o n ,  r ecen t  work t e s t i f i e s  that the presence of d i a p l e t i c  glass 
i n  rocks is not unequivocal ly connected t o  m e t e o r i t i c  impact.  I t  may also 
f o m ' b y  shock decompression under pressure  of a few k i l o b a r s  and temperatures 
above the atmospheric-pressure melt ing po in t  but  below the appl ied-pressure 
melting po in t .  Chao and Bell (1969) have  shown chat  glasses formed a t  pres- 
sures of 10 t o  50 kbars will dens i fy  i f  quenched wi th in  about 30 s t o  temper- 
acures  below 400°C. Such quenching r a t e s  could b e  a c h i e v e d  i n  fragments o r  
t h i n  se lvages  by adiabatic cooling.  

Moreover, there a r e  s e v e r a l  very s t r o n g  geologic  I n d i c a t i o n s  developed 
b y  Mezhvilk and Trukhslev (National  I n s t i t u t e  of Oceanic Geology,  eni in grad) 



f o r  a  normal volcano-tectonic  o r i g i n  of t h e  s t r u c t u r e  (Nezhvilk, 1981). They 
have shown t h a t  the Popigay depress ion  is  loca t ed  on t h e  i n t e r s e c t i o n  o f  a 
s e t i e s  of deep-seated f a u l t s ,  which have been con t inua l ly  r e a c t i v a t e d  from 
Pro te rozo ic  through Quaternary  t ime.  The s t r u c t u r e  was formed i n  s e v e r a l  
s t a g e s .  Radiogenic da t a  i n d i c a t e  two epochs of volcanism (Masaytis and o th-  
e r s ,  1976) : the  f i r s t  around 29 t o  31 m.y. ago (Oligocene) and the second 
around 41 t o  46 m.y. ago (Eocene). I n  a d d i t i o n ,  Zhabin (1969) suggested the 
p o s s i b i l i t y  of a  .Quaternary s t a g e  of volcanism i n  the  depress ion .  It should 
be noted t h a t  t he  two confinned per iods  of volcanism had been documented i n  
o t h e r  a r eas  of t he  Sovie t  Arc t ic .  From da ta  of Trukhalev ( o r a l  commun. , 
1981) the same rad iogenic  d a t e s  were obtained f o r  rocks of t he  Kara depres- 
s ion  i n  t he  Polar  Urals .  This depress ion  i s  the same s i z e  a s  Popigay and 
con ta ins  s i m i l a r  i n t e r n a l  s t r u c t u r e s  and rock compositions (Ryskunov, 1939) .  

Severa l  o t h e r  geologic  f e a t u r e s  suggest  a volcano-tectonic  o r i g i n .  The 
first i s  a t r ansve r se  f a u l c ,  approximately east-west i n  s t r i k e .  A s  is  w e l l  
known, such f a u l t s  a r e  t y p i c a l  of normal ca lde ra s  and volcano-depressior~s 
(Smith and Ba i l ey ,  1968; E r l i ch  and Gorshkov, 1 9 7 9 ) .  They cannot l o g i c a l l y  
be connected with m e t e o r i t i c  s t r u c t u r e s .  The second f e a t u r e  is two concen- 
t r i c  s t r u c t u r e s .  Masaytis suggested t h a r  they  were supe rhposed  m e t e o r i t i c  
c r a t e r s ,  bu t  the  p r o b a b i l i t y  of t h i s  is  extremely low. Furthermore, geophys- 
i c a l  and d r i l l i n g  d a t a  of r ecen t  yea r s  show no evidence, down t o  3,000 f t ,  of 
a  lower boundary t o  t h e  depress ion  (Trukhalev, o r a l  commun., 1981). Las t ly ,  
if the m e t e o r i t i c  impact theory i s  accepted ,  the  absence of i ron-n icke l  mae- 
r e r ,  t y p i c a l  of me teo r i t e s ,  m u s t  be explained.  

A l l  the  above da ta  support  t he  theory t h a t  t he  Popigay s t r u c t u r e  i s  a  
s p e c i f i c  type of volcano-tectonic  depress ion .  The h i g h  p re s su re  a s soc i a t ed  
wi th  t h e  formation of t h e  s t r u c t u r e  is  probably connected wi th  the amount of 
v o l a t i l e s  i n  the  magma dur ing  t h e  s t r u c t u r e ' s  formation. By the  same magma- 
t i c  processes ,  a resurgent  dome i n  the  inne r  p a r t  of t h e  s t r u c t u r e  could be 
formed. The Popigay depression i s  probably one of t h e  greatest s t r u c t u r e s  of 
t h i s  type on Earth and poss ib ly  the  only  one on an anc i en t  platform. 

This  l e a d s  u s  t o  an important recommendation. While i t  i s  poss ib l e  t h a t  
the  Popigay depress ion  i s  t h e  only volcano-tectonic  depress ion  i n  t h e  world 
chat  con ta ins  l o n s d a l e i t e  , such an assumption is highly improbable. There 
are, no doubt,  more t o  be found. The app ropr i a t e  l i t e r a t u r e  should be ex- 
amined f o r  the  presence of t h i s  h i t h e r t o  unknown, but  important ,  type of d ia -  
mond. 
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