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ABSTRACT 

F i e l d  t e a t i n g  of t h e  U . S .  Bureau of Mines p o l y e t h y l e n e  o x i d e  (PEO) 
d e w a t e r i n g  t e c h n i q u e  on e f f l u e n t s  from t h r e e  p l a c e r  mines i n  Alaska h a s  shown 
s i g n i f i c a n t  v a r i a t i o n .  Feed t o  the  u n i t  ranged from 250 t o  23,000 N T U ;  w a t e r  
r ecovered  from t h e  d e w a t e r i n g  e x h i b i t e d  t u r b i d i t i e s  of 20 t o  240  NTU. PEO 
requirements i n c r e a s e d  a s  t h e  s o l i d s  c o n t e n t  of t h e  feed  s l u r r i e s  i n c r e a s e d .  
Also ,  f l o c c u l a t i o n s  of the placer-mine e f f l u e n t  s o l i d s  r e q u i r e d  a long  con- 
t a c t  t ime  which w a s  accompl ished by i n - l i n e  mix ing  o f  t h e  PEO w i t h  t h e  w a s t e  
slurry. 

INTRODUCTION 

In p l a c e r  min ing ,  go ld -bear ing  g r a v e l s  a r e  washed by p l a c i n g  t h e  g r a v e l s  
i n t o  a trommel o r  on v i b r a t i n g  s c r e e n s  where t h e  g r a v e l  i s  s i z e d  from 0 . 5  t o  
1 i n .  The u n d e r s i z e d  m a t e r i a l  i s  washed i n t o  a s l u i c e  box w h i l e  t h e  s m a l l  
r o c k s ,  s a n d ,  and f i n e s  f low o f f  t h e  end o f  t h e  s l u i c e  box i n t o  a sump where 
most of t h e  r o c k s  and sand s e t t l e  o u t .  The w a t e r  c o n t a i n i n g  t h e  f i n e s  and 
some sand f lows  o u t  t h e  sump and i n t o  t h e  e x i s t i n g  pond sys tem a t  t h e  mine 
s i t e .  The r o c k s  and c o a r s e r  p a r t i c l e s  a r e  normal ly  removed from t h e  sump by 
a l o a d e r  o r  d o z e r .  I n  t h e  pond sys tem,  t h e  r e s t  o f  t h e  s e t t l e a b l e  m a t e r i a l  
d r o p s  o u t ,  l e a v i n g  f i n e - g r a i n e d  s i l t s  and c l a y s  o r  n o n s e t t l e a b l e  f r a c t i o n .  
With t i m e ,  more o f  t h e  f i n e  m a t e r i a l  w i l l  u l t i m a t e l y  s e t t l e ;  t h e  end r e s u l t  
i s  a s o l u t i o n  c o n t a i n i n g  u l r r a f i n e  o r  c o l l o i d a l  p a r t i c l e s  t h a t  w i l l  remain 
suspended i n d e f i n i t e l y .  

I n  t he  past few y e a r s  t h e  e f f l u e n t s  from p l a c e r  mining have r e c e i v e d  
c o n s i d e r a b l e  a t t e n t i o n  from a  v a r i e t y  of r e g u l a t o r y  a g e n c i e s ,  such  as  t h e  
U.S.  Environmental  P r o t e c t i o n  Agency (EPA),  Alaska Department o f  Environmen- 
t a l  C o n s e r v a t i o n s  (DEC),  and t h e  U.S. Department of t h e  I n t e r i o r  Bureau of 
Land Management (BLM). EPA has proposed r e g u l a t i o n s  p e r t a i n i n g  t o  w a t e r  
q u a l i t y ,  DEC h a s  i s s u e d  r e g u l a t i o n s  s e t t i n g  a s t a n d a r d  f o r  w a t e r  q u a l i t y ,  and  
DEC h a s  i s s u e d  r e g u l a t i o n s  s e t t i n g  a s t a n d a r d  f o r  w a t e r  d i s c h a r g e  o f  5 NTU's 



above t h e  background o f  t h e  r e c e i v i n g  s t r e a m .  BLM i s  e n f o r c i n g  t h e  reclame- 
t i o n  s t a n d a r d  on f e d e r a l  l a n d s .  

Thus,  t h e  miner is f a c e d  w i t h  many o p e r a t i n g  and economic f a c t o r s .  To 
meet w a t e r  s t a n d a r d s ,  a l a r g e  pond w i l l  be r e q u i r e d  t o  a l l o w  s e t t l i n g  o f  
f i n e s .  To build such  a  pond,  t h e  miner  must  have a  s u i t a b l e  s i t e  (which may 
n o t  be  p o s s i b l e )  and must move t h e  r e q u i r e d  d i k e  m a t e r i a l .  O p e r a t i o n  of a 
l o a d e r  o r  d o z e r  c o s t s  abou t  $100 /h r .  Another  c o s t  i n  t h e  requ i rement  of a  
pond is t h a t  o f  r e c l a m a t i o n .  Because t h e  pond w i l l  f i l l  w i t h  f i n e  s o l i d s  
t h a t  w i l l  n o t  s u p p o r t  l and  f i l l ,  r e c l a m a t i o n  is o f t e n  d i f f i c u l t .  S m a l l e r  
ponds a r e  e a s i e r  t o  r e c l a i m ,  b u t  do n o t  p r o v i d e  t h e  r e t e n t i o n  t ime  needed t o  
produce w a t e r  by n a t u r a l  s e t t l i n g  t h a t  i s  a c c e p t a b l e  under  t h e  r e g u l a t i o n s .  
T h e r e f o r e ,  t h e  miner  is  caugh t  between r e g u l a t i o n s  r e q u i r i n g  l o w - t u r b i d i t y  
w a t e r  and  t h e  c o s t  o f  r e c l a m a t i o n .  

The U.S. Bureau of Mines (USBM) added f l o c c u l a n t  t o  t h e  s l u i c e  d i s c h a r g e  
t o  a c c e l e r a t e  s e t t l i n g .  T e s t s  conducted w i t h  t h e  EPA t h i s  p a s t  summer have  
shown t h a t  a v a r i e t y  o f  commercia l ly  a v a i l a b l e  f l o c c u l a n t s  produce f l o c c u l e s  
( f l o c s )  t h a t  s e t t l e  r a p i d l y ,  r e s u l t i n g  i n  w a t e r s  c o n t a i n i n g  15 t o  65 NTU. 
Because t h e  f l o c c u l a t i o n  p r o c e s s  i s  r a p i d ,  a mall pond may produce high-  
q u a l i t y  w a t e r .  However, t h e  pond w i l l  r a p i d l y  f i l l  w i t h  s o l i d s ,  and new 
ponds w i l l  be needed d u r i n g  t h e  o p e r a t i n g  s e a s o n .  Also ,  t h e  pond c o n t a i n i n g  
f l o c c u l a t e d  m a t e r i a l  w i l l  have t o  b e  r e c l a i m e d .  

For  s e v e r a l  y e a r s  t h e  USSM h a s  been i n v e s t i g a t i n g  a  un ique  d e w a t e r i n g  
method. The t e c h n i q u e  c o n s i s t s  of f l o c c u l a t i n g  a was te  s l u r r y  w i t h  PEO and 
d e w a t e r i n g  t h e  r e s u l t i n g  f l o c s  on s c r e e n s  (fig. 1 ) .  Depending on t h e  was te  
b e i n g  dewatered,  t h e  s t a t i c  s c r e e n s  may be  used a l o n e  o r  i n  combina t ion  w i t h  
a trommef. The f l o c c u l a t i n g  a g e n t ,  PEO, i s  a commerc ia l ly  a v a i l a b l e ,  water-  
s o l u b l e ,  n o n i o n i c  molecu le  composed of a b o u t  100,000 r e p e a t i n g  u n i t s  of 
(-CHZ-CHZ-0-) w i t h  a m o l e c u l a r  w e i g h t  o f  5 m i l l i o n .  

  his t e c h n i q u e  was t e s t e d  on a v a r i e t y  of m i n e r a l  w a s t e s  and i n c l u d e s  
l a b o r a t o r y ,  s m a l l - s c a l e  c o n t i n u o u s ,  and f i e l d  t e s t s .  The p rocedure  has been 
a p p l i e d  t o  t h e  c l a y  w a s t e s  from p h o s p h a t e ,  c o a l ,  b e n t o n i t e ,  and p o t a s h  op- 
e r a t i o n s  and t h e  t a i l i n g s  from uranium, t a l c ,  copper ,  g o l d ,  s i l i c a ,  and mica 
mines ( S c h e i n e r  and o t h e r s ,  1985). 

I n  1981, t h e  Tusca loosa  Research C e n r e r ,  a t  t h e  r e q u e s t  of  t h e  Bureau 's  
Alaska F i e l d  O p e r a t i o n s  Center, conducted a l i m i t e d  number of  l a b o r a t o r y  
s t u d i e s  i n v o l v i n g  t h e  u s e  of PEO f o r  f l o c c u l a t i n g  s o l i d s  suspended fn w a t e r  
samples  from Alaskan p l a c e r  g o l d  mines .  R e s u l t s  from rhese i n i t i a l  t e s t s  
showed t h a t  t h e  PEO d e w a t e r i n g  t e c h n i q u e  had promise  f o r  t r e a t i n g  e f f l u e n t s  
from p l a c e r  mining.  Subsequen t ly ,  t h e  Bureau conducted a second l i m i t e d  l a b -  
o r a t o r y  testing program t o  assess t h e  s t a t e  of the a r t  s i n c e  t h e  o r i g i n a l  
t e s t s .  

The t e c h n i q u e  was t e s t e d  on 11 d i f f e r e n t  samples ,  again w i t h  p romis ing  
r e s u l t s .  Based on t h e s e  r e s u l t s ,  a f i e l d  t e s t i n g  program was planned f o r  t h e  
summer o f  1986. T h i s  r e p o r t  d e s c r i b e s  t h e  r e s u l t s  o b t a i n e d  from the  f i r s t  
t h r e e  t e s t  s i t e s .  R e s u l t s  from t h e  f o u r t h  s i t e  w i l l  be i n c l u d e d  i n  a r e p o r t ,  
t o  b e  p u b l i s h e d  i n  1987, c o v e r i n g  t h e  c o t a l  test program. 





With t e s t s  planned a t  f o u r  s i t e s  i n  1 2  wk, i t  was obvious t h a t  i t  would 
be d i f f i c u l t  t o  op t imize  o p e r a t i o n  of t h e  unit a t  each s i t e -  So t h e  p l an  was 
t o  look a t  t h e  fo l lowing  items a t  each  mine: 1) polymer dosage,  2 )  water  
q u a l i t y ,  3) s c r e e n  e f f i c i e n c y  I n  r e t a i n i n g  s o l i d s ,  and 4) t h e  c a p a c i t y  of  the  
s c r een .  

DESCRIPTION OF TEST UNIT 

The t e s t  u n i t  (fig. I)  was mounted on a t r u c k  ( f i g .  2 ) .  Waste s l u r r y  i s  
pumped t o  t h e  c o n d i t i o n e r  mixer ,  where PEO i s  added. The water  and r e s u l t i n g  
f l o c s  f l o w  out  of t h e  tank and a r e  d i s t r i b u t e d  on t h e  s c r een .  The f l occu -  

- l a t e d  s o l i d s  move down the  s c r e e n ,  while  r e l e a s e d  wa te r  goes through the  
s c r een  and f lows t o  a pond f o r  e i t h e r  r e c y c l i n g  t o  t h e  s l u i c e  o r  d i s cha rge  t o  
t h e  stream. The solids a r e  placed i n  a  mine cu t  o r  p i t  where they con t inue  
t o  dewater ,  reaching  a s o l i d s  con ten t  h igh  enough t o  a l low b u r i a l  o r  removal 
by a  f ront-end l o a d e r .  The s t a t i c  s c r e e n  was b u i l t  in two s e c t i o n s  of s t a i n -  
l e s s - s t e e l  wedge wi re ,  each 8 f t  wide by 4 f t  long.  The upper section of t h e  
s c r e e n  had s l o t  openings 2 . 7 5  i n .  long and 0 .02  i n .  wide and was  a t  a n  angle  
of 58'. The lower s e c t i o n  of t h e  s c r een  bad s l o t  openings 2 .75  i n ,  long and 
0.01 i n .  wide and was a t  an ang le  of 50". 

The f l o c c u l a n t  i s  made up a s  a  0 .25  percent  s o l u t i o n  by s p r i n k l i n g  t h e  
s o l i d  PEO powder through a  water  sp ray  i n t o  a tank  e q u i p p e d  w i th  a s t i r r e r .  
The 0.25 pe rcen t  s o l u t i o n  is d i l u t e d  t o  t h e  d e s i r e d  s t r e n g t h ,  u s u a l l y  0 .01  or  
0.02 pe rcen t  s o l u t i o n ,  f o r  f l o c c u l a t i o n .  

CROOKED CREEK 

The f i r s t  t e s t  s i t e  was a t  t h e  Gelvin Mine, l oca t ed  on Crooked Creek 
near  t h e  town of Cen t r a l ,  Alaska. A t  t h i s  mine, 90 t o  I00 yd3 of m a t e r i a l  
a r e  t r e a t e d  pe r  hour with a water  usage of 1,000 gpm. The m a t e r i a l  e x i t i n g  
t h e  s l u i c e  e n t e r s  a sump, where most of t h e  sand and g r s v e l  s e t t l e ;  they a r e  
removed p e r i o d i c a l l y  by a front-end l o a d e r .  The waste  s t ream flows i n t o  a 
l a r g e  pond, where t h e  r e s t  of t h e  s e t t l e a b l e s  drop o u t .  The n o n s e t t l e a b l e  
s l u r r y  then f lows  i n t o  an  ex t ens ive  tundra  f i l t e r  and is  f i n a l l y  recyc led  
back  t o  t h e  s l u i c e  box. I n  o t h e r  words, t h i s  mine was on t o t a l  r e c y c l i n g  of 
p rocess  wa te r .  

The waste  s l u r r y  t r e a t e d  i n  t h e  dewater ing u n i t  was f a i r l y  uniform,  con- 
t a i n i n g  0 . 8  t o  1.0 pe rcen t  s o l i d s  (4,000 t o  6,000 NTU) . This  s l u r r y  con- 
t a i n e d  o n l y  n o n s e t t l e a b l e s .  Water recovered from t h e  waste s t ream flowed 
from t h e  dewatering u n i t  t o  a 54- by 93-ft pond about 3 f t  deep ,  The over- 
flow from t h i s  pond r een t e r ed  t h e  water  system a t  t h e  mine. 

I n i t i a l  t e s t s  showed t h a t  t h e  n o n s e t t l e a b l e s  could be removed r e a d i l y  
from t h e  s l u r r y  on t h e  u n i t  w i th  a PEO dosage of 0.05 t o  0 . 1 0  l b  of PEO pe r  
1,000 g a l  t r e a t e d .  The t u r b i d i t y  of t h e  underflow water  rece ived  from t h e  
screen was 200 t o  240 N T U .  A t  t h e  end of t h e  day and a g a i n  i n  t h e  morning 
be fo re  s t a r t i n g  t e s t s  t h e  t u r b i d i t y  o f  t h e  water  i n  the  pond remained i n  t h i s  
range.  Extensive l a b o r a t o r y  experiments  a l s o  showed t h a t  t h e  t u r b i d i t y  could 
no t  be lowered app rec i ab ly  even wi th  l a r g e  amount of  polymers ( t a b l e  1). 





T a b l e  1. L a b o r a t o r y  tests a t  Crooked Creek.  

PEO 
( l b / 1 o 3  gal)  

C a t f l o c  
( l b / l o 3  g a l )  

T u r b i d i t y  a f t e r  
f l o c c u l a t i o n  (NTU) 

NA-Not a p p l i c a b l e .  

I The tests were conducted with v a r y i n g  amounts of PEO and C a t f l o c  T , 2 
c a t i o n i c  polymer.  T h i s  combina t ion  has  been shown t h r o u g h  p r e v i o u s  l a b o -  
r a t o r y  t e s t s  on Alaskan p l a c e r  e f f l u e n t s  K O  produce w a t e r  of  good q u a l i t y .  

Dur ing t h e s e  i n i t i a l  t e s t s  o f  t h e  d e w a t e r i n g  u n i t ,  a d d i t i o n a l  c o n t a c t  
time between t h e  PEO and t h e  s l u r r y  was r e q u i r e d  t o  ob ta in  s t r o n g  f l o c a .  To 
accompl i sh  t h i s ,  a new c o n d i t i o n e r  mixer was designed and i n s t a l l e d  on t h e  
u n i t .  I n i t i a l  t e s t s  showed t h a t  t h e  PEO dosage  cou ld  be lowered from t h e  
previously o b t a i n e d  0.05 t o  0.03 1b of  PEO p e r  1 ,000  gal of m a t e r i a l  t r e a t e d .  
The c a p t u r e  of s o l i d s  on t h e  s c r e e n  was 70 t o  80 p e r c e n t .  The r e s t  of t h e  
s o l i d s  p a s s e d  th rough  t h e  s c r e e n ,  b u t  s e t t l e d  i m e d i a t e l y  i n  t h e  w a t e r  pond 
t o  produce w a t e r  h a v i n g  a t u r b i d i t y  of 200 t o  240 NTU. The above t e s t s  were 
conducted a t  a f low r a r e  of 200 t o  300 gpm. 

One economic f a c t o r  i n  t h e  c a p i t a l  c o s t  o f  t h e  u n i t  is t h e  s c r e e n  
c a p a c i t y .  To d e t e r m i n e  t h e  s c r e e n  c a p a c i t y ,  t h e  t r e a t m e n t  f low r a t e  was 
i n c r e a s e d  from t h e  200 t o  300 gpm t o  450 t o  500 gpm. The f low p a t t e r n  i n  t h e  
t r o u g h  t h a t  d i s t r i b u t e d  t h e  f l o c c u l a t e d  material from t h e  mixer  c o n d i t i o n e r  
o n t o  t h e  s c r e e n  appeared  t o  c a u s e  c o n s i d e r a b l e  shear  a c t i o n  i n  which f l a c s  
were broken.  

A new t r o u g h  was d e s i g n e d ,  b u t  because  o f  the  t e s t  s c h e d u l e  f o r  the sum- 
mer and t h e  d e l a y  i n  c o n s t r u c t i o n ,  i t  was n o t  i n s t a l l e d  u n t i l  t e s t i n g  was 
completed a t  F a i r b a n k s  Creek.  

The r e s u l t s  a t  Crooked Creek showed t h a t  t he  PEO d e w a t e r i n g  sys tem 
worked, b u t  mixing of  the w a s t e  s l u r r y  w i t h  PEO was c r i t i c a l ,  and t h e  method 
of  mixing and d i s t r i b u t i o n  of f l o c c u l a t e d  m a t e r i a l  o n t o  the s c r e e n  was f a r  
from o p t  imal . 

' ~ e f e r e n e e  to s p e c i f i c  p r o d u c t s  d o e s  n o t  imply endorsement by t h e  U.S. Bureau 
of Mines. 



FAIRBANKS CREEK 

The second t e s t  site was t h e  Cook Mine, l o c a t e d  on Fa i rbanks  Creek. A t  
t h i s  mine, 50 t o  70 yd3 a r e  t r e a t e d  p e r  hour .  M a t e r i a l  is moved wi th  a d r a g  
l i n e ,  f e d  i n t o  a trommel t o  remove rocks ,  and then  f ed  t o  a s l u i c e  through a  
h y d r a u l i c  l i f t .  Water usage is about  1 ,200  gpm. Waste s l u r r y  f lows  from t h e  
s l u i c e  box t o  a  pond where most of s e t t l e a b l e s  drop  ou t .  Water is  taken from 
t h i s  pond and r ecyc l ed  back t o  t h e  s l u i c e  box. Overflow from t h e  pond f lows  
i n t o  a second pond, where more s e t t l i n g  occu r s .  Overflow from t h e  second 
pond f lows  t o  s e v e r a l  o t h e r  ponds a t  t h e  edge of t h e  mine p rope r ty  b e f o r e  
be ing  d ischarged  i n t o  an overburden d r a i n  system. 

The dewater ing  u n i t  was i n s t a l l e d  below t h e  second pond. A 60- by 60-ft 
water  pond wi th  an  average  dep th  of 3 t o  4 f t  was cons t ruc t ed  and used f o r  
impounding of water  produced du r ing  t h e  f l o c c u l a t i o n  p roces s .  Th i s  pond 
over f lows  back i n t o  t h e  mine ' s  wa te r  system. A t  t h e  Cook Mine, bedrock 
d ra inage  of  wa te r  under t h e  dam of t h e  second pond occu r r ed .  This water  
f i l l e d  t h e  Bureau ' s  pond a t  t h e  b e g i n n i n g  of t h e  t e s t i n g  program and con- 
t i nued  t o  d i l u t e  t h e  pond du r ing  t h e  t e s t i n g  program. 

During t h e  f i r s t  week of  t e s t i n g  a t  Fa i rbanks  Creek, t h e  s l u i c e  box was 
being moved and the  on ly  wa te r  a v a i l a b l e  f o r  t e s t i n g  was t h a t  i n  t h e  second 
pond. Th i s  wa te r  e x h i b i t e d  t u r b i d i t i e s  of 200 t o  300 N T U .  I n i t i a l  t e s t s  
w i t h  t h e  c o n d i t i o n e r  mixer showed t h a t  mixing was i n s u f f i c i e n t  and only  sma l l  
f l o c s  could b e  formed and they could n o t  be r e t a i n e d  on t h e  s c r een .  A 16- by  
18-mesh w i r e  s c r e e n  added on t op  of t h e  f i r s t  s e c t i o n  of  wedge wire s c r e e n  
inc reased  solids c a p t u r e  b u t  no t  t h e  q u a l i t y  of  f l o c  format ion .  

Laboratory tests showed t h a t  when t h e  a d d i t i o n  o f  PEO was fol lowed by 
v igo rous  mixing, t he  f l o c s  conso l ida t ed  and s e t t l e d  qu i ck ly ,  l e a v i n g  a f a i r l y  
c l e a r  s u p e r n a t a n t .  The PEO was added t o  t h e  pump line between t h e  pump tak-  
ing  water  from t h e  second pond and t h e  dewater ing  u n i t .  This i n c r e a s e  i n  
tu rbulence  and r e t e n t i o n  t i m e  produced l a r g e  f l o c s  that cou ld  be dewatered on 
the  s c r een .  

A s  a d d i t i o n a l  l e n g t h s  of hose w e r e  a d d e d ,  the f l o c  s i z e  increased and 
s o l i d s  c a p t u r e  i nc reased  d r a m a t i c a l l y .  Thur,  cons ide rab l e  time was spen t  op- 
t im iz ing  t h e  t u rbu lence  and r e t e n t i o n  time r e q u i r e d  f o r  maximum f l o c  forma- 
t i o n .  (For ease i n  d i s c u s s i o n ,  both e f f e c t s  a re  r e f e r r e d  t o  a s  r e t e n t i o n  
t ime.)  D i f f e r e n t  r e t e n t i o n  times were r e q u i r e d  f o r  d i f f e r e n t  c o n c e n t r a t i o n s  
of PEO; t h u s ,  t h e  c o n d i t i o n e r  mixer could  be abandoned. Seventy t o  80 sec 
gave optimum r e s u l t s  f o r  0.01 pe rcen t  PEO s o l u t i o n s ,  whereas 60 t o  70 s e c  was 
near  optimum f o r  0.02 pexcent  PEO. W i t h  0 .05  pe rcen t  P E O ,  t h e  r e t e n t i o n  t h e  
r equ i r ed  was nea r  10 s e c .  However, l onge r  PEO r e t e n t i o n  requi rements  were 
observed when 0.01 pe rcen t  PEO was used.  

During t h e  t e s t i n g  program, p l a c e r  e f f l u e n t s  w i t h  t u r b i d i t i e s  ranging 
from 150 t o  3,100 NTU were t r e a t e d  i n  t h e  dewater ing u n i t .  The h ighe r  t u r -  
b i d i t y  w a t e r s  were ob t a ined  from t h e  m i n e r ' s  f i r s t  pond ( t h e  same pond used 
f o r  r ecyc l ed  water  t o  the s l u i c e ) .  R e s u l t s  i n d i c a t e d  t h a t  PEO consumption 
inc reased  as  t h e  s o l i d s  c o n t e n t  of  t h e  p l a c e r  e f f l u e n t  i nc reased .  Also,  
s c r e e n  c a p t u r e s  of  98 percent  o r  g r e a t e r  were ob t a ined  i f  enough PEO was 



used. The wa te r  produced by f l o c c u l a t i o n  had  t u r b i d i t i e s  i n  the 30- t o  
40-NTU range  f o r  t e s t s  where optimum c o n d i t i o n s  a r e  used.  

PEO dosage of 0.01 lb p e r  1,000 ga l  produced h igh  s c r e e n  c a p t u r e  and 
h igh  water  q u a l i t y  f o r  p l a c e r  e f f l u e n t s  w i th  t u r b i d i t i e s  of 1,000 NTU o r  
l e s s .  When the t u r b i d i t y  was i n  t h e  2,500- t o  3,000-NTU range ,  t h e  PEO dos- 
age r equ i r ed  f o r  98 pe rcen t  c a p t u r e  was 0.045 l b  p e r  1.000 g a l .  If t h e  PEO 
dosage i a  lowered t o  0.03 l b  p e r  1,000 gal, t h e  c a p t u r e  f a l l s  o f f  t o  70 per- 
cen t  and t h e  water  ha s  a t u r b i d i t y  of 130 NTU.  However, t h e  s o l i d s  go ing  
through the s c r e e n  s t i l l  s e t t l e  r a p i d l y ,  and a f t e r  s e t t l i n g  ove rn igh t  the  
water  i n  t h e  pond was 28 NTU. 

Experiments t o  determine t h e  c a p a c i t y  of  t h e  s c r e e n  i n d i c a t e d  t h a t  i f  
we l l - f l occu la t ed  m a t e r i a l  was sc reened ,  t h e  c a p a c i t y  was g r e a t e r  than  700 
gpm 

During the l a s t  days of r e s t i n g ,  t h e  combinat ion of PEO and C a t f l o c  T 
was t e s t e d .  C a t f l o c  T was shown i n  l a b o r a t o r y  t e s t  t o  have a s y n e r g i s t i c  
e f f e c t  w i th  PEO. Data from t h e s e  t e s t s  i n d i c a t e d  t h a t  t h e  u se  of PEO i n  com- 
b i n a t i o n  with C a t f l o c  has t h e  p o t e n t i a l  of  i n c r e a s i n g  t h e  c l a r i t y  o f  water  
and lowering the c o s t  of polymer r equ i r ed  f o r  dewarer ing es w e l l .  Because of  
t h e  t i g h t  s chedu le ,  however, t h e  e f f e c t  of C a t f l o c  was no t  opt imized.  

OLIVE CREEK 

The t h i r d  t e s t  s i t e  was st t h e  Geraghty Mine, l oca t ed  on Olive Creek 
near  Livengood. A t  t h i s  mine, 60 yd3 of gravel  per  hour are sluiced using 
1,000 gpm of wa te r .  This mine had a s e r i e s  of settling ponds and recycled 
a l l  i t s  wa te r ,  which is u s u a l l y  i n  s h o r t  supply  on Olive Creek. The pond 
system c o n s i s t e d  of a primary pond. where most of  the sand and g r a v e l  s e t t l e d  
o u t .  This  pond flowec? i n t o  a second, 4-ft-deep pond, 165 by 125 f t ,  where 
some s e t t l i n g  of f i n e s  occu r r ed .  Water from t h i s  pond i s  pumped t o  a t h i r d  
pond, which is used t o  supply  water  t o  the  s l u i c e  box. This e l a b o r a t e  pond 
system has been used b y  t h e  Geraghty ' s  f o r  t h e  past 6 t o  8 y r .  

The t e s t  u n i t  was set up a t  t h e  second pond. Waste s l u r r y  was taken  
n e a r . t h e  inlet t o  t h e  second pond. Clean water  produced by f l o c c u l a t i o n  w a s  
p u t  back i n t o  t h e  second pond nea r  t h e  pumps used f o r  pumping water t o  the 
t h i r d  pond. Dewatered s o l i d s  were d i scharged  from t h e  s c r e e n  and p laced  on a 
h i l l s i d e  a d j a c e n t  t o  t h e  u n i t .  

I n i t i a l  dewater ing t e s t s  were conducted using t h e  c o n d i t i o n e r  mdxer. 
Resul t s  i n d i c a t e d  t h a t  a t  a dosage of 0 .042 lb of  PEO pe r  1,000 g a l ,  water 
w i t h  a  t u r b i d i t y  of 88 N T U  could b e  produced w i t h  a screen c a p t u r e  of 90 per-  
c e n t .  Lowering t h e  dosage t o  0.031 l b  p e r  1,000 g a l  r e s u l t e d  i n  water  having 
a t u r b i d i t y  of 195 hTU and a s c r e e n  c a p t u r e  o f  on ly  34 p e r c e n t .  Thus ,  the  
c o n d i t i o n e r  mixer would n o t  p rovide  t h e  r e t e n t i o n  t h e  needed t o  o b t a i n  
h igh -qua l i t y  wGter a t  low dosages.  

Mixing t h e  PEO wi th  t h e  Waste s l u r r y  i n  t h e  l i n e  used t o  carry t h e  
s l u r r y  from t h e  pond t o  t h e  dewater ing  unit was a l so  t e s t e d .  I n i t i a l  t e s t s  



showed t h a t  b e t t e r  q u a l i t y  wa te r  a t  lower PEO dosages could  be  ob ta ined  
(table 2 ) .  

Table  2. E f f e c t  of  PEO a d d i t i o n  on u n i t  performance a t  Olive Creek. 

Feed Feed wate r  Screen  PEO dosage Screen 
(% s o l i d s )  t u r b i d i t y  H20 (NTU) ( l b /103  gal) c a p t u r e  (2) 

- 
0.545 2,000 2  5 0.016 9 9 
0.444 1,550 3 5 0.016 98.6 
0.526 1,900 44 0.010 98.3 
0.378 1,450 6 2 0.008 4.2  
0.403 1,600 2 4  5 0.004 10 .0  

The da t a  i n d i c a t e  t h a t  a t  a  dosage of 0.01 of PEO p e r  1,OCO gal, high 
s c r e e n  c a p t u r e  was ob ta ined  while  producing water  w i th  a t u r b i d i t y  of  44 NTU. 
Note t h a t  t h e  feed s o l i d s  ranged from 0.378 t o  0.545  p e r c e n t .  T h i s  v a r i a t i o n  
was observed  throughout  t h e  t e s t i n g  program. I n  f a c t ,  r a i s i n g  o r  lowering t h e  
i n t a k e  hose i n  t h e  pond produced a wide range  of s o l i d s  c o n t a c t .  This al lowed 
an i n v e s t i g a t i o n  of feeds with t u r b i d i t i e s  ranging  from 350 t o  23,000 N T U .  

During t h e  s t u d y ,  f a c t o r s  i n v e s t i g a t e d  inc luded  PEO c o n c e n t r a t i o n  (0.01 
and 0.02 p e r c e n t ) ,  mixing t ime ,  and t h e  e f f e c t  of feed  c o n c e n t r a t i o n  of t h e  
PEO dosage. Experiments were conducted t o  o b t a i n  g r e a t e r  t han  90 pe rcen t  
s c r een  c a p t u r e .  Data i n d i c a t e  that t h e  optimum mixing t ime was between 60 and 
70 s e c .  A comparison of 0.01 and 0.02 pe rcen t  PEO s o l u t i o n s  is shown i n  
t a b l e  3 .  

Table 3 .  Effect of PEO concen t r a t i on  on dewater ing  e f f f c i e n c y .  

Feed Water t u r b i d i t y  PEO dosage C a p t u r e  PEO conc. 
( I  s o l i d s )  (N'm) - ( l b /103  gal) (2) (2) 

I n  terms of water q u a l i t y  and dosage requi rements ,  t he  0.01 pe rcen t  PEO 
c o n c e n t r a t i o n  performed b e t t e r  t han  t h e  0.02 p e r c e n t  PEO c o n c e n t r a t i o n .  For 
sc reen-capture  percentage  i n  t h e  h igh  90s and f o r  t h i s  range  of  feed  s o l i d s ,  
t h e  0 .02  pe rcen t  PEO c o n c e n t r a t i o n  r e q u i r e s  a dosage near 0.03 l b  per 1,000 
gal, whereas f o r  0.01 p e r c e n t  PEO, the dosage requi rement  i s  o n l y  0.02 I b  per 
1,000  ga l .  

During t h e  program, 99 experiments  were conducted us ing  v a r i o u s  PEO con- 
centrations, PEO dosages,  and  mixing t imes ;  t a b l e  4 shows the PEO dosage 
r equ i r ed  f o r  v a r i o u s  f e e d  c o n c e n t r a t i o n s  t o  o b t a i n  g r e a t e r  than  90 pe rcen t  
sc reen-capture  water  with a t u r b i d i t y  of 20 t o  25 NTU.  



Table 4.  PEO dosage requi rements  f o r  
v a r i o u s  f eed  t u r b i d i t i e s  a t  O l ive  Creek. 

Feed t u r b i d i t y  PEO dosage 
(NTU) (lb/103 gal) 

As a t  Fa i rbanks  Creek, a 16- by 18- mesh sc reen  was l a i d  on the  top  sec- 
t i o n  of wedge wire  s c reen .  This s c r e e n  func t ioned  very  w e l l ,  r e s u l t i n g  i n  
good q u a l i t y  water  and high s c r e e n  c a p t u r e .  Lack of t ime precluded f u r t h e r  
t e s t i n g .  

The s c r e e n  c a p a c i t y  f o r  feed  con ta in ing  l e s s  than  3,000 NTU was es t imar-  
ed t o  be  i n  excess  of 750 gpm; for concen t r a t ed  feed, t h e  c a p a c i t y  was es-  
t imated a t  about  500 gpm. 

DESIGN OF OPERATING PLANT 

The d a t a  i n d i c a t e  t h a t  t h e  flow s h e e t  f o r  removal of s o l i d s  from p l a c e r  
e f f l u e n t s  has  t o  be a l t e r e d .  In f a c t ,  t h e  u se  of i n - l i n e  mixing has  sim- 
p l i f i e d  t h e  system cons ide rab ly ,  a s  seen  i n  f i g u r e  3. 

The dewater ing p l a n t  c o n s i s t s  of a pump t o  d e l i v e r  t h e  waste s l u r r y  t o  
t h e  u n i t .  The c a p a c i t y  of pump w i l l  depend on t h e  amount of s l u r r y  t o  be 
t r e a t e d .  This i s  t h e  major c o s t  for  t h e  dewacering p l a n t .  The pump f o r  
i n j e c t i n g  the  PEO has t o  have a  var iab le-speed  d r i v e  and be of t h e  p o s i t i v e  
displacement  t y p e .  Depending on the  PEO r equ i r ed  and t h e  PEO concen t r a t ion ,  
t he  capac i ty  of t h i s  pump could vary from 1 2  t o  36 gpm. The d iameter  of t h e  
p i p e  t o  d e l i v e r  the slurry t o  t he  dewater ing  unit would depend on the  s i z e  of 
t h e  s l u r r y  pump. The o t h e r  c o n s i d e r a t i o n  would be t h e  60- ro 70-sec mixing 
t i m e  t h a t  is requ i r ed  f o r  optimum r e s u l t s .  The s c r e e n  would be cons t ruc t ed  
with wire  s c r e e n ,  16  by 18 mesh, which worked w e l l  i n  field t e s t i n g .  The 
s c r e e n  se tup  would a l s o  cont -a in  a system f o r  c o l l e c t i n g  t h e  water  coming 
through t h e  s c r e e n  and a dev ice  such as  a c h u t e  t o  c a r r y  t h e  s o l i d s  from the  
screen t o  the  d i s p o s a l  site. 

The PEO s o l u t i o n  i s  made i n  a mixer t h a t  c o n s i s t s  of a t ank  equipped 
wi th  a s t i r r e r ,  a v i b r a t i n g  f eede r  t o  add the  PEO, and a w a t e r  sp ray  system 
t o  wet t h e  PEO p a r t i c l e s  a s  they fall i n  the tank. Making u p  t he  0.25 o r  
0.30 percent  PEO s o l u t i o n  u s u a l l y  t a k e s  30 t o  60 min. The concent ra ted  so- 
l u t i o n  i s  then  d i l u t e d  t o  e i t h e r  0.01 o r  0.02 pe rcen t .  The s i z e  of t he  tanks 
r equ i r ed  i f  PEO was made up once a day is  shown i n  t a b l e  5. 

Of .cour se ,  concen t r a t ed  PEO could  be made up f o r  s e v e r a l  days '  o p e r a t i o n s  
and d i l u t i o n  done when requi red .  The time f o r  d i l u t i n g  t h e  concen t r a t ed  
s o l u t i o n  would depend on t h e  flow c a p a c i t y  of t he  pump. 





Table 5. Q u a n t i t i e s  of  PEO s o l u t i o n  needed f o r  1,000-gpm f e e d .  

Dosage PE0/8-hr/day ( g a l )  D i l u t e  PE0/8-hrlday ( g a l )  
r equ i r ed  

( l b /103ga l )  0.25 Z 0.30 X 0.01  % 0.02 % 

CONCLUSIONS 

F i e l d  t e s t i n g  has shown t h a t  t h e  responae  of  t h e  e f f l u e n t s  f r o m  each mine 
s i t e  v a r i e d  s i g n i f i c a n t l y .  A t  Crooked C r e e k  t h e  b e s t  wa te r  q u a l i t y  ob t a ined  
e x h i b i t e d  200 t o  240 NTU, whereas 20 t o  40 NTU wate r  c o n s i s t e n t l y  was ob ta ined  
a t  Fairbanks Creek and Olive  C r e e k .  

The time of c o n t a c t  between t h e  e f f l u e n t  and PEO r e q u i r e d  t o  form s t r o n g  
f l o c s  t h a t  dewatered e a s i l y  on t h e  s c r e e n  was shown t o  be 60 t o  80  s e c  f o r  
0.01 and 0.02 pe rcen t  PEO e o l u t i o n s .  Th i s  was accomplished by us ing  i n - l i n e  
mixing, which e l i m i n a t e d  t h e  need f o r  t h e  c o n d i t i o n e r  mixer. 

The PEO dosage requi rements  w e r e  shown t o  be dependent on t h e  f eed  
s o l i d s '  c o n c e n t r a t i o n .  For s l u r r i e s  w i th  t u r b i d i t i e s  around 1,000 NTU, t h e  
PEO dosage was 0 .01  l b  per  1,000 gal t r e a t e d .  A t  2,500 NTU,  t h e  dosage v a r i e d  
between 0.01 and 0.045 l b  pe r  1,000 gal, depending on t h e  mine s i te .  High 
r e t e n t i o n  of s o l i d s  on the  s c r e e n  was ob t a ined  a t  Fa i rbanks  Creek and Olive 
Creek, where i n - l i n e  mixing was used.  A t  Crooked Creek, t h e  c a p t u r e  of s o l i d s  
was less, b u t  probably could have been improved w i t h  i n - l i n e  m i x i n g .  

The t e s t i n g  program showed t h a t  p l a c e r  effluents a r e  amenable t o  s o l i d s  
removal by f l o c c u l a t i n g  w i t h  PEO fol lowed by sc reen ing .  Whether t h e  technique  
can be used economical ly  w i l l  have t o  be decided on a mine-by-mine b a s i s .  

REFERENCE CITED 

Scheiner ,  B . J . ,  Smelley, A.G., and S t a n l e y ,  D . A . ,  1985, Dewatering of mine ra l  
waste us ing  t h e  flocculant polye thylene  ox ide :  U.S .  Bureau of Mines Bul- 
l e t i n  681, 18 p. 



THE ROLE OF THE UNIVERSITY OF ALASKA-FAIRBANKS IN 
PLACER-MINING EDUCATION AND RESEARCH 

Donald J. Cook, Dean 
School of Mineral Engineering 

Under one name or another, the present School of Mineral Engineering has 
been a component part of the University of Alaska since its inception as the 
Alaska Agricultural College and School of Mines. 

Throughout this 64-yr period, this unit has trained professionals, per- 
formed service functions, and conducted research in support of a viable miner- 
al industry in Alaska. Because our graduates perfom a function as suppliers 
of natural-resource commodities, our welfare will also be closely allied with 
the well-being of the industries we represent. 

To illustrate this interdependence and the cyclic nature of the industry, 
Z refer you to figures 1 and 2, which depict the status of gold production in 
dollars and troy ounces, respectively, over an 85-yr period. Comparing these 
data with the School of Mines organization chart for 1939, a peak year of gold 
production (fig. 3 ) ,  it is evident that our position as an educational unit 
follows the same cyclic path. Thus, it behooves us within our financial 
capability to assist the industry wherever possible. 

The University of Alaska is charged with responsibilities for teaching, 
research, and public service in support of the general welfare of the state. 
The present School of Mineral Engineering has the same responsibilities, as  it 
concerns the well-being of the state's mineral industry (fig. 4 ) .  

Through our graduate programs, the Mineral Industry Research Laboratory 
( M I R L ) ,  and Mining Extension, we visualize opportunities to develop a closer 
alliance with the placer-mining industry in fulfilling our research and public 
service obligations and to be of technical assistance to the industry. 

Placer miners often generate innovative ideas that they may not have the 
time or the finances to test or the media available to t ransmir  them to op- 
erating colleagues. On the other hand, although financial support is limited, 
the School of Mineral Engineering has the faculty and students available to 
test these ideas in areas of expertise that encompass mineral exploration, 
mining methods, rock mechanics, ventilation, slope stability, mineral 
beneficiation, hydrometallurgy, mineral economics, frozen ground, and environ- 
mental concerns. 

MINING AND M I N E W  RESOURCES RESEMCH INSTITUTE 

Public Law 95-87, Title 111, established the Mineral Institute program 
administered by the U.S. Department of the Interior, The University of Alaska 
was one of 31 schools nationwide qualified to receive this designation in 
1978. 
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Figure 3 .  School o f  E!ines organization c h a r c ,  1939 (a  p e a k  year f o r  
g o l d  production). 
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Figure 4 .  School. of Mineral L n g j n e e r i n g  f irganizarj  vi l  c h a r t ,  1986. 
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The g r a n t s  awarded under t h i s  program f a l l  under t h e  t w c  broad c a t e g o r i e s  
of  b a s i c  a l l o t m e n t s  and r e sea rch  g r a n t s .  During t h e  pe r iod  1978-86, 
$1,339,660 has  been awarded t o  t h e  School of Mineral  Engineer ing under  t h e  ba- 
s i c  a l l o tmen t  program and $512,450 under t h e  r e sea rch  program. 

The basic a l l o t m e n t  has  suppor ted  f a c u l t y  r e s e a r c h ,  and 131 s t u d e n t s ,  
p r i m a r i l y  a t  t h e  g radua t e  l e v e l .  I n  a d d i t i o n ,  seven P l a c e r  Mining Conferences 
have been sponsored ,  i n  pa r t ,  by t h e s e  funds. 

I n  r e c o g n i t i o n  of t h e  problems f a c i n g  t h e  placer-mining i n d u s t r y ,  we have 
a l l o c a t e d  some of  t h e s e  funds  over  t h e  p a s t  2 y r  i n  suppor t  of f a c u l t y  and 
gradua t e  s t u d e n t  r e sea rch .  Two g radua t e  s t u d e n t s  have been conduct ing 
f l o c c u l a t i o n  s t u d i e s ;  t h e i r  r e s u l t s  a r e  r epo r t ed  i n  t h i s  volume (p.  27). 

A f a c u l t y  r e sea rch  g r a n t  was a l s o  awarded t o  Daniel  Walsh a t  MIRL, which 
a l s o  employed a g radua t e  s t u d e n t  t o  s tudy  t h e  b e n e f i t s  of  us ing  a s p i r a l  
c l a s s i f i e r -hyd rocyc lone  system t o  reduce s o l i d  con ten t  of s lu ice-box  d i scha rge  
a t  t h e  GHD Resources Company's o p e r a t i o n  a t  Eagle Creek. 

W e  w i l l  con t inue  t o  a l l o c a t e  funds  f o r  placer-mining r e sea rch  and are 
open t o  sugges t ions  of s t udy  a r e a s  t h a t  would be b e n e f i c i a l  t o  your i n t e r e s t s .  

KINERAL INDUSTRY RESEARCH LABORATORY 

I n  r e c o g n i t i o n  of  t h e  need f o r  a r e sea rch  f a c i l i t y  i n  con junc t ion  w i t h  
min ing- re la ted  i n s t r u c t i o n a l  a c t i v i t i e s ,  t h e  Mineral  I n d u s t r y  Research Labo- 
r a t o r y  was c r e a t e d  i n  1963 by t h e  Alaska S t a t e  L e g i s l a t u r e .  Mining and geo- 
l o g i c a l l y  r e l a t e d  r e sea rch  a c t i v i t i e s  a r e  admin i s t e r ed  through t h i s  u n i t ,  
which a l s o  p u b l i s h e s  r e s e a r c h  r e s u l t s .  

Some of  t h e s e  a c t i v i t i e s  r e l a t i v e  to placer mining have been presented  a t  
p a s t  con fe rences .  Two c u r r e n t  p r o j e c t s  i nvo lve  p l a c e r  miners  who were r e c i p i -  
e n t s  of  the S t a t e  P l a c e r  Grant Program. Papers  by Dr. Frank Skudrzyk and 
g radua t e  s t u d e n t  David Z i e g l e r  r ega rd ing  a g r a n t  on underground p l a c e r  mining 
a t  Wilbur Creek i n  t h e  Livengood area  awarded t o  S tan  and Rose Rybachek a r e  
inc luded  i n  t h i s  volume. Dr. P . D .  Rao and Danie l  Walsh have completed a s tudy  
on u s i n g  a s t a t i c  s c r een ,  j i g s ,  s p i r a l s ,  and a compound water  cyclone i n  
con junc t ion  wi th  a f ine-gold recovery g r a n t  awarded t o  Harold E l l i ngson  of  
EVCO . 

For many y e a r s ,  t h e  T e r r i t o r y  and S t a t e  of  Alaska fu rn i shed  a  s e r v i c e  t b  
Alaskan r e s i d e n t s  i n t e r e s t e d  i n  p rospec t ing .  Th i s  s e r v i c e ,  supp l i ed  through 
a s say  o f f i c e s  a t  Col lege ,  Nome, Anchorage, and Ketchikan,  provided f r e e  ana ly-  
s i s ,  t e s t i n g ,  and c o n s u l t a t i o n  t o  i n d i v i d u a l s  s eek ing  informat ion .  Unfortu- 
nately, t h e s e  f a c i l i t i e s  have all been c l o s e d ,  l e a v i n g  a general p u b l i c  with 
no p o i n t  of c o n t a c t  f o r  t h i s  t ype  of a s s i s t a n c e .  

The Minera l  I n d u s t r y  Reeearch Laboratory has  complete and modern labo-  
r a t o r y  f a c i l i t i e s  t o  conduct a n a l y s e s  and r e sea rch  on a l l  phases  of  t h e  miner- 
a l  i n d u s t r y .  Pub l i c - se rv i ce  f u n c t i o n s  a r e  a l s o  s u p p l i e d ,  bu t  t h e s e  a r e  1.Jolit- 
ed by f i n a n c e s  and pe r sonne l  a v a i l a b l e .  



The S t a t e  D iv i s ion  of Geologica l  and Geophysical Surveys (DGGS) c u r r e n t l y  
occupies  space  a d j a c e n t  t o  MIRL and a l s o  has  some equipment i n s t a l l e d  and 
j o i n t l y  used by University pe r sonne l  i n  space  a s s igned  t o  MIRL. Combining 
MIRL and DGGS equipment and f a c i l i t i e s  t o  provide  a n a l y t i c a l  s e r v i c e s  t o  t h e  
g e n e r a l  p u b l i c  a long  lines s i m i l a r  t o  t h e  p a s t  h a s  been proposed. 

M I N I N G  EXTENSION 

The Mining Extension program p rov ides  a primary community s e r v i c e  i n  ad- 
d i t i o n  t o  t h e  s e r v i c e  f u n c t i o n s  expected o£  i n d i v i d u a l  f a c u l t y  members. T h i s  
program h a s  been a s s o c i a t e d  w i t h  t h e  s choo l  s i n c e  i t s  i n c e p t i o n  a s  t h e  School 
of  Mines and, ove r  the  p a s t  six decades ,  h a s  provided a needed community ser-  
v i c e  f o r  i n d i v i d u a l s  i n t e r e s t e d  i n  a s p e c t s  of  t h e  mine ra l  i n d u s t r y .  

Two Instructors a r e  employed i n  t h e  p r e s e n t  program which, through s h o r t  
c o u r s e s  i n  a l l i e d  s u b j e c t s ,  o f f e r s  a 2-yr c e r t i f i c a t e  i n  mine ra l  e x p l o r a t i o n .  
To be  more r e spons ive  t o  t h e  needs of t h e  i n d u s t r y  and t o  ac t  a s  a l i a i s o n  
between industry and t h e  s choo l ,  we p l a n  t h a t  more emphasis w i l l  be paced on 
f i e l d  ex t ens ion  a c t i v i t i e s  and l e s s  on class i n s t r u c t i o n .  

The change i n  emphasis i n  t h i s  program w i l l  be i n i t i a t e d  t h i s  coming sum- 
mer. Danie l  Walsh and J i m  Madonna w i l l  spend t i m e  i n  t h e  f i e l d  as ex t ens ion  
a g e n t s  t o  de te rmine  how t h e  s choo l  can be of  assistance t o  p l a c e r  miners  
through t h e  f a c i l i t i e s  a v a i l a b l e  a t  the U n i v e r s i t y .  

With t h e  r ecen t  e s t ab l i shmen t  of a s e p a r a t e  D iv i s ion  of Mining i n  t h e  
s t a t e  Department of Natural Resources ,  we s e e  an oppor tun i ty  t o  coope ra t e  w i th  
t h i s  unit i n  a s s i s t i n g  t h e  placer-mining i n d u s t r y .  We env i s ion  our  r o l e  as 
one of eng inee r ing  a s s i s t a n c e  and technology d i s semina t ion  through t h e  person-  
n e l  end f a c i l i t i e s  a v a i l a b l e  a t  the Unive r s i t y .  T h e s e  f u n c t i o n s ,  i n  conjunc- 
t i o n  w i t h  t h e  r e g u l a t o r y  r e s p o n s i b i l i t i e s  of  t h e  D iv i s ion  of  Mining, can be 
compat ib le ,  and w e  a r e  c u r r e n t l y  d i s c u s s i n g  s p e c i f i c  areas f o r  coope ra t i ve  ef- 
f o r t s .  

I n  conc lus ion ,  t h e  School o f  Mineral  Engineer ing d e s i r e s  t o  have an i n -  
c reased  involvement i n  research  and pub l i c - se rv i ce  a c t i v i t i e s  i n  suppor t  of 
p l a c e r  mining. We e o l i c i t  your ideas on how we can be of assistance i n  t h i s  
e f f o r t .  





THE ALASKA MINERAL RESOURCE KIT 

Peggy Cowan 
Alaska Department of Educat ion I n s t r u c t i o n  Center  

P.O. Box F 
Juneau,  Alaska 99811-0500 

This paper i s  sponsored by AMEREF, t h e  Alaska Minera l s  and Energy Re- 
sou rce  Education Fund. The S t a f e  of Alaska and t h e  mining and o i l  i n d u s t r i e s  
a r e  c o l l a b o r a t i v e l y  b r ing ing  mine ra l s  educa t ion  t o  t h e  p u b l i c  s choo l s .  The 
Minera l s  K i t  waa c r e a t e d  by t e a c h e r s ,  miners ,  and g e o l o g i s t s ,  and then  p i -  
l o t - t e s t e d  i n  the  s choo l s  ,and r e v i s e d .  I n i t i a t e d  w i th  money from t h e  Leg i s l a -  
t u r e ,  AMEREF, through dona t ions ,  sponsored t h e  complet ion,  assembly, and d i s -  
t r i b u t i o n  of t h e  k i t  a8 w e l l  a s  t he  c u r r e n t  t r a i n i n g  involved wi th  t h e  c u r r i c -  
ulum. 

What even t s  could i n s p i r e  youth t o  choose mining as a c a r e e r ?  The AMEREF 
board members were asked what even t s  i n s p i r e d  them t o  choose mining a s  a ca- 
r e e r .  A v a r i e t y  of responses  r e s u l t e d :  

-"Geological museum and display of mine ra l s  & rocks" 
-"Opportunity f o r  t r a v e l  ( " t o  ' s e e  t h e  world by s tudy ing  t h e  e a r t h  

i t s e l f  ' ")" 
-"Exposure t o  t h e  i n d u s t r y  i n  my younger years"  
-"High-school s t u d i e s  i n  phys ics  and energy" 
-"Books (e .  g., Richard H a l l i s b e r s t a r  's 'Marvels '  )'I 
- "Vis i t ing  ghost  towns on fami ly  t r a v e l s "  
-"career day i n  h i g h  s choo l  when t o l d  ' I f  you l i k e  the  out-of-doors and 

- math you would l i k e  g e o l o g i c a l  eng inee r ing  ..... 1 1 1  

- " I n t e r e s t  Fn n a t u r a l  r e sou rces  and d i s c o v e r i n g  a manganese d e p o s i t  when 
I was 19" 

-"I was 12 y e a r s  o l d  b e f o r e  I knew t h e r e  was anyth ing  b e s i d e s  mining." 

Though ou r  o b j e c t i v e  fa no t  t o  make a l l  s t u d e n t s  mine r s ,  we a r e  i n t e r e s t -  
ed i n  t app ing  chose p o s i t i v e  expe r i ences .  

The g o a l  of t h e  Minera l s  K i t  i s  t o  provide  s t u d e n t s  w i th  t h e  knowledge, 
a t t i t u d e s ,  and s k i l l s  t o  make informed d e c i s i o n s  r ega rd ing  t h e  minera l  r e -  
s o u r c e s  of Alaska.  The k i t  does t h a t  w i t h  f o u r  t each ing  modules and suppor t  
m a t e r i a l s ,  i n c l u d i n g  mine ra l  samples ( f i g .  I ) ,  p o s t e r s ,  f i l m s t r i p s ,  video- 
t a p e s ,  and r e f e r e n c e  books. 

The Alaska Resources K i t ' s  minerals cur r icu lum i s  now h e l p i n g  teach  be- 
tween 12,000 and 15,000 Alaska s tuden  ts v a l u a b l e  l e s s o n s  about r e sou rce  man- 
agement, thanks t o  j o i n t  e f f o r t s  o f  i n d u s t r y  and t h e  Alaska Departments of 
Education and Commerce and Economic Development. 

Over 400 r e sou rce  k i t s  were d i s t r i b u t e d  t o  more than 200 schoo l s  s t a t e -  
wide i n  t h e  f i r s t  phase of t h e  p r o j e c t ,  which began 4 y r  ago. This year 



Figure  1. Mlneral samples in the Alaska Minerals Resource Kit. 

a second phase of t h e  p r o j e c t  16 working t o  develop community p a r t i c i p a t i o n  
and p a r t n e r s h i p s  between educa t ion  and i n d u s t r y .  

This  y e a r ' s  model communities---Anchorage, Fa i rbanks ,  I d i t a r o d ,  and 
Pe te r sbu rg  s choo l  d i s t r i c t s - - - a r e  working t o  i n t e g r a t e  t h e  kit i n t o  t h e i r  d i s -  
t r i c t  programs and i n c r e a s e  coope ra t i on  between educa t ion  and i n d u s t r y  a t  t h e  
l o c a l  l e v e l .  Four t a r g e t  communities--Alaska Gateway, Juneau, Mat-Su, and 
Name--are nex t  i n  l i n e  t o  r e c e i v e  t h e  s u p p o r t  program. 

Former t e a c h e r  J u d i t h  Entwife i s  working w i t h  d i s t r i c t  r e p r e s e n t a t i v e s  t o  
c o r r e l a t e  Minera l s  K i t  m a t e r i a l s  with g o a l s  i n  each d i s t r i c t ' s  s c i e n c e  and so- 
c i a l  s t u d i e s  cur r icu lums.  I n  a d d i t i o n ,  the department w i l l :  

-Present  i n - d i s t r i c t  s e s s i o n s  t o  train t e a c h e r s  i n  u s i n g  t h e  Minera l s  
Kit 

-Help d i s t r i c t s  develop c o n t a c t s  w i t h  l o c a l  minera l  p r o f e s s i o n a l s  and 
c r e a t e  lists of p o t e n t i a l  speakers and f i e l d - t r i p  sites f o r  
c l a s s e s  

-Es t ab l i sh  s h o r t  cou r se s  i n  minerals educa t ion  f o r  g r adua t e  c r e d i t .  



Through n e w s l e t t e r s  and audioconferences,  model communities share l e s s o n  
p l ans ,  keep up on l o c a l  mine ra l s  educa t ion  a c t i v i t i e s ,  update  community con- 
t a c t s ,  and exchange feedback on k i t  components and ways t o  use them. 

These a c t i v i t i e s  a r e  funded by  a $25,000 g r a n t  t o  the Department of Edu- 
c a t i o n  from t h e  Alaska Minerals  and Energy Resources Education Fund, an orga- 
n i z a t i o n  of mining and o i l  industry execu t ives  under t h e  l e a d e r s h i p  of John 
Blackwell of Anchorage. AMEREF board members i nc lude :  

Vigo Anderson 
NC Machinery Co. 

E a r l  H.  B e i s t l i n e  
Mining Consul tan t  

Robert Bet t f swor th  
Former Alaska Represen ta t ive  

John P .  Blackwell 
Engelhard I n d u s t r i e s  West 

G . G .  (Jerry) Booth 
Cominco Alaska,  Inc. 

H .  S t an l ey  Dempsey 
A r n o l d  & P o r t e r  and 
Denver Mining Finance Co. 

David A.  Heatwole 
A R C 0  Alaska, Inc.  

John Sims 
U s i b e l l i  Coal Mine, Inc.  

Mead Treadwel l  
Yukon P a c i f i c  Corp. 

Joseph Usibelli 
Usibelli Coal Mine, Inc .  

Curt McVee 
Execut ive D i r e c t o r  
Alaska Miners Assoc ia  t i o n  

Emma Wa 1 t on  
Alaska Science Teachers  
Assoc ia t ion ,  ex -o f f i c io  

David Harbour 
T h e  Harbour Company 

To d a t e ,  t he  Alaska Mineral  p r o j e c t  has been supported by $400,000 i n  
c o n t r i b u t i o n s  from i n d u s t r y  and a n  i n i t i a l  $150,000 from t h e  S t a t e  of Alaska. 

Miners i n t e r e s t e d  i n  p a r t i c i p a t i n g  i n  t h e  next t a r g e t  community phase of 
i n t e g r a t i n g  mine ra l s  educa t ion  wi th  community g o a l s  and involvement are 
i n v i t e d  t o  c o n t a c t  Peggy Cowan a t  t h e  Department of Educat ion I n s t r u c t i o n a l  
Center ,  P.O. Box F ,  Juneau, Alaska 99811, ph. 465-2041. 
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ABSTRACT 

E f f l u e n t  w a t e r s  from two p l a c e r  mines  on c r e e k s  w i t h  s i g n i f i c a n t l y  
d i f f e r e n t  c h a r a c t e r i s t i c s  were t e s t e d  t o  d e t e r m i n e  t h e  a p p l i c a b i l i t y  of 
polymers  i n  r e d u c i n g  t u r b i d i t y .  The w a t e r s  from a Gilmore Creek mine and a 
Crooked Creek mine were c h a r a c t e r i z e d  b o t h  as  t o  t h e i r  c h e m i c a l  and p h y s i c a l  
p r o p e r t i e s .  The i n o r g a n i c  m i n e r a l s  were  u s u a l l y  i d e n t i f i e d ,  and t h e  p r i n c i p a l  
c a t i o n s  were  i d e n t i f i e d .  The fine s o l i d s  were s t u d i e d  as  t o  t h e i r  m i n e r a l  
i d e n t i f i c a t i o n  and e x t e n t  o f  t h e i r  e l e c t r i c a l  charges. 

T e s t s  were run t o  d e t e r m i n e  optimum mounts of p o l y e t h y l e n e  oxide (PEO) 
and a l i q u i d  c a t i o n i c  polymer (wi th  a d d i t i v e s )  i n  y i e l d i n g  minimum consumption 
and optimum s e t t l i n g  e f f i c i e n c y .  A t r e a t m e n t - p l a n t  d e s i g n  i s  p roposed .  

INTRODUCTION 

The p lace r -min ing  i n d u s t r y  i n  Alaska i s  f a c e d  w i th  i n c r e a s i n g l y  s t r i n g e n t  
s p e c i f i c a t i o n s  f o r  t h e  water  q u a l i t y  of i t s  e f f l u e n t .  I n e v i t a b l y ,  t h i s  w i l l  
e n t a i l  t h e  u s e  o f  i n c r e a s i n g l y  s o p h i s t i c a t e d  t echno logy  t o  a c h i e v e  t h e  d e s i r e d  
l e v e l s  of suspended s o l i d s  and t u r b i d i t y .  The u s e  of  s e t t l i n g  ponds h a s  be- 
come common i n  s u r f a c e  mines i n  Alaska .  This t e c h n i q u e  w i l l  e l i m i n a t e  up t o  
90 p e r c e n t  o f  t h e  c o a r s e r  suspended s o l i d s .  However, t h e  r e s i d u a l  u l t ' r a f i n e  
suspended s o l i d s  a r e  u c a f f e c t e d  w i t h  c o n v e n t i o n a l l y  s i z e d  s e t t l i n g  ponds ,  even  
when p l a c e d  i n  s e r i e s .  T h i s  paper  d e a l s  w i t h  t h e  a p p l i c a t i o n  of v a r i o u s  
c o a g u l a n t s  t o  f u r t h e r  r e d u c e  t u r b i d i t y  l e v e l s  and suspended s o l i d s  l e v e l s  i n  a 
' p o l i s h i n g  ' s t e p  f o l l o w i n g  c o n v e n t i o n a l  s e t t l i n g  t e c h n i q u e s .  P r e v i o u s  work 
h a s  been done b y  many r e s e a r c h e r s  on t h e  a p p l i c a t i o n  of i n o r g a n i c  and o r g a n i c  
f l o c c u l a n t s ;  t h e s e  range from well-known c o a g u l a n t s  s u c h  a s  s tarch and alum t o  
po lymer ic  s e t t l i n g  a i d s .  The p r i n c i p a l  c o a g u l a n t s  t e s t e d  i n  t h i s  s t u d y  were  
p o l y e t h y l e n e  o x i d e  (PEO) and a l i q u i d  c a t i o n i c  polymer .  The PEO was s e c u r e d  
from t h r e e  d i f f e r e n t  s u p p l i e r s  (two d o m e s t i c ) ;  t h e  c a r i o n i c  polymer was pro-  
v ided  by one American m a n u f a c t u r e r .  

CHARACTERIZATION OF M I N E  WATERS 

A t  t h e  Gilmore Creek o p e r a t i o n ,  samples  were drawn from t h e  e f f l u e n t  of 
ponds 1-5 and from a  s i t e  s e v e r a l  m i l e s  downstream. Only two samples  were 



drawn from t h e  Crooked Creek ope ra t ion ,  one from t h e  f i r s t  pond and one from 
the  second s e t t l i n g  pond. These e f f l u e n t s  were t e s t e d  f o r  pH, s o l i d s  c o n t e n t ,  
s p e c i f i c  g r a v i t y ,  s e t t l i n g  i n  t h e  Imhoff s tandard  t e s t ,  and r e s i d u a l  t u r b i d i t y  
i n  NTU ( t a b l e  1 ) .  

Table 1. General  c h a r a c t e r i s t i c s  of samples (A1 t o  A6 from Gilmore Creek 
a r e a ,  81 and B2 from Crooked Creek a r e a ) .  

S o l i d  Residual  
con ten t  S p e c i f i c  Imhoff cone turbidity 

Sample pH- ( X I  gravi ty  t e s t  ( m l / L )  (NTU) 

0.7 
c o .  1 
<0 .1  
<o. 1 
<O.l 
C O .  1 
0.4 

< o m  1 

pH Measurement 

A pR of approximately 7 ,  o r  near  neutral, is requ i red  f o r  normal a q u a t i c  
growth and fish s u r v i v a l .  Changes i n  pH may a l s o  a f f e c t  t he  s o l u t i o n  of 
t r a c e  me ta l s  i n  water  (Hammond and Mueller ,  1979). Chang (1979) noted t h a t  
t he  pH va lue  of t h e  Livengood and Harr i son  a r e a s  ranged from n e u t r a l  t o  
s l i g h t l y  basic ( 7 . 6  t o  8 . 6 ) ,  whereas i n  t h i s  s tudy ,  t he  pH v a l u e s  ranged from 
s l i g h t l y  a c i d i c  to  n e u t r a l  range (6 .6  t o  7 - 3 ) .  Genera l ly ,  t h e  mining does 
n o t  have s u b s t a n t i a l  adverse  ef fect  on pH va lue  i n  water  downstream. The 
r e s u l t s  of t h e  pA t e s t s  a t  Gilmore Creek and Crooked Creek a r e a s  a r e  l i s t e d  
i n  t a b l e  1. 

S o l i d s  Content and Spec i f i c -g rav i ty  Measurements 

From the  r e s u l t s  of t h i s  s t u d y ,  t he  s o l i d  con ten t  was shown t o  decrease  
cont inuous ly  from sample A 1  a t  3.23 pe rcen t  t o  sample A 6  a t  0.32 p e r c e n t .  
However, t h e  r a t e  of so l id-content  decrease  l e s s e n s  a f t e r  sample A 2 .  For the  
samples from Crooked Creek, t h e r e  was a s u b s t a n t i a l  d i f f e r e n c e  i n  s o l i d  con- 
t e n t .  These d a t a  demonstrate  t h a t  s e t t l i n g  ponds a r e  only  e f f e c t i v e  f o r  
c e r t a i n  s i z e  p a r t i c l e s  and a r e  t h u s  unable t o  reduce t u r b i d i t y  t o  t he  
requi red  s t anda rd .  

Also, t h e  Crooked Creek samples have lower s o l i d  con ten t  than  the  sam- 
p l e s  from Gflmore Creek, which might have a f f e c t e d  f l o c c u l a n t  performance. 

P a r t i c l e - s i z e  D i s t r i b u t i o n  

In  the  Gilmore Creek samples,  a lmost  all t h e  p a r t i c l e s  were  l e s s  than 
I micron i n  diam ( f i g .  1 ) .  F igure  2 shows t h e  s i z e  d i s t r i b u t i o n  f o r  t h e  
Crooked Creek samples. The r e s u l t s  show t h a t  s e t t l i n g  ponds can have an  
e f f e c t  on the  sed imenta t ion  behavior  o f ' p a r t i c l e s  l e s s  than 10 micron diam 



Figure 1. Equivalent diameter vs cumulative mass p e r c e n t ,  Gilmore Creek 
samples . 
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Figure 2 .  Equivalent  diameter vs cuuxla t ive  mass p e r c e n t ,  Crooked C r e e k  
samples. 
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i f  t h e  r e s idence  t ime has not  been taken  i n t o  account .  Also,  the  Crooked 
Creek samples c o n t a i n  more very f i n e  p a r t i c l e s  than t h e  Gilmore Creek 
samples.  For i n s t a n c e ,  sample 82, taken a t  t he  end of t h e  f i r s t  s e t t l i n g  
pond, conta ined  93 pe rcen t  of p a r t i c l e s  l e s s  t han  1 micron diam, whereas 
sample A l ,  l oca t ed  a t  t he  out f low of t h e  f i r s t  pond a t  Gilmore Creek, con- 
t a i n e d  only  7 3  pe rcen t .  

Imhoff Cone T e s t  

I n  a d d i t i o n  t o  s o l i d  content  and s i z e  d i s t r i b u t i o n ,  an Tmhoff cone t e s t  
was used t o  he lp  understand t h e  sed imenta t ion  s i t u a t i o n .  

Prom t h e  Imhoff cone d a t a  i n  t a b l e  1, t h e  d i f f i c u l t y  of f i n e - p a r t i c l e  
s e t t l i n g  i s  e a s i l y  appa ren t .  Even from sample A 1  and B1, t he  settleable vol-  
ume i s  still l e s s  than  1 m l / l  f o r  a 1-hr s e t t l i n g  t ime.  Fine p a r t i c l e s  hsve 
d i f f i c u l t y  i n  s e t t l i n g ,  which e x p l a i n s  why most s e t t l i n g  ponds a r e  unable t o  
reduce t u r b i d i t y  t o  t h e  r equ i r ed  s t anda rd .  

T u r b i d i t y  Measurement 

T u r b i d i t y  i s  an  express ion  o f  the o p t i c a l  p rope r ty  t h a t  causes  l i g h t  t o  
be s c a t t e r e d  o r  absorbed r a t h e r  than  t r a n s m i t t e d  i n  s t r a i g h t  l i n e s  through 
the  water  sample. It i s  t h e r e f o r e  a  measure of l i g h t  t ransmiss ion  and not a 
measure of t o t a l  suspended s o l i d s .  However, t u r b i d i t y  is ueed as  a s u r r o g a t e  
measurement i n  de te rmining  sediment concen t r a t ion  because i t  i s  convenient .  
R e s u l t s  of t h i s  s tudy i l l u s t r a t e  t h a t  h ighe r  l e v e l s  of s o l i d  content  will 
cause h ighe r  t u r b i d i t y  f o r  samples from t h e  same a r e a .  

Zeta P o t e n t i a l  

Although z e t a  p o t e n t i a l  has been s u b j e c t  t o  c r i t i c i s m  f o r  i t s  ill- 
defined c h a r a c t e r ,  i t  is s t i l l  a  r e f e r e n c e  i n  de te rmining  s t a b i l i t y  of f i n e  
p a r t i c l e s  i n  d i s p e r s i o n .  Riddick (1968) i n d i c a t e d  t h a t  z e t a  p o t e n t i a l  v a l u e s  
l e s s  than  -14 mv always r ep re sen t  t he  onse t  of agglomerat ion,  whereas those  
from -14 t o  -30 mv i n d i c a t e  a plateau r eg ion  of s l i g h t  coagu la t ion .  

The z e t a  p o t e n t i a l  measurements f o r  t h e  Gilmore Creek and Crooked Creek 
samples were -16 and -21 mv (samples A 1  and B2), r e s p e c t i v e l y .  Within t h i s  
range, t h e  p a r t i c l e s  may c o n t a c t  each o t h e r  au toma t i ca l ly  and s l i g h t l y  coagu- 
l a t e .  

Minera logica l  Analysis 

I n  h i s  s e m i q u a n t i t a t i v e  X-ray a n a l y s i s ,  Maneval (1985) d iscovered  a 
great d e a l  of  amorphous ma t t e r  i n  t h e  samples c o l l e c t e d  from I n t e r i o r  Alaska 
p l a c e r  mines.  Common c l a y  mine ra l s  such a s  i l l i t e  and k a o l i n i t e  w e r e  a l s o  
i d e n t i f i e d  i n  s e v e r a l  samples.  However, i n  t h i s  s tudy ,  t h e  only  c l a y  mine ra l  
found i n  samples from bo th  c r e e k s  was k a o l i n i t e .  Because t h e  d i f f r a c t i o n  
i n t e n s i t y  w a s  q u i t e  low and the peaks were obscure,  i t  can be deduced t h a t  
amorphous m a t e r i a l  is predominant i n  bo th  samples.  



Chemical  Composi t ion A n a l y s i s  

Because of isomorphous s u b s t i t u t i o n  f a c t o r s  and l a y e r  s t r u c t u r e s ,  c l a y  
m i n e r a l s  are c a p a b l e  o f  accommodating s e v e r a l  c a t i o n s  from t h e i r  e x t e r i o r  
env i ronment .  These  c a t i o n s  have a  s i g n i f i c a n t  e f f e c t  on t h e  b e h a v i o r  of c l a y  
m i n e r a l s ,  p a r t i c u l a r l y  t h o s e  i n  l i q u i d  d i s p e r s i o n .  T h e r e f o r e ,  d i r e c t  coup le  
c u r r e n t  plasma (DCP) was u s e f u l  i n  r e v e a l i n g  c o m p o s i t i o n s  i n v o l v e d  w i t h  t h e  
d e w a t e r i n g  phenomenon of c l a y  p a r t i c l e s .  

Tab le  2 shows t h e  c h e m i c a l  compos i t ion  o f  samples  from Gilmore and 
Crooked Creeks .  The sample  from Gilmore Creek  a p p a r e n t l y  c o n t a i n e d  more 
d i v a l e n t  and l e s s  monovalent  absorbed c a t i o n s  t h a n  t h e  sample from Crooked 
Creek. This d i f f e r e n c e  seems t o  be  a major  c a u s e  of t h e  d i f f e r e n t  b e h a v i o r  
between t h e  two samples .  

Tab le  2 .  R e s u l t s  of chemica l  c o m p o s i t i o n  a n a l y s i s  from 
d i r e c t  c o u p l e  c u r r e n t  plasma (DCP) .  

Element 

Fe 
coo 
MsO 

Gilmore Creek 
sample  w e i g h t  

( 2  > 
Crooked Creek 
sample  w e i g h t  

( X  > 

FLOCCULMT TESTS 

The a u t h o r s  examined 21 commercially a v a i l a b l e  f l o c c u l a n t s  of c a t i o n i c ,  
a n i o n i c ,  and n o n i o n i c  c o m p o s i t i o n .  Two f l o c c u l a n t s ,  PEO and a  c a t i o n i c  
polymer ,  were chosen  f o r  t e s t i n g .  

Because a v a r i e t y  of f a c r o r s  a r e  i n v o l v e d  in t h e  f l o c c u l a t i o n  p r o c e s s ,  
i t  i s  n e a r l y  i m p o s s i b l e  t o  c r e a t e  t h e o r e t i c a l l y  optimum c o n d i r i o n s .  Thus t h e  
d e t e r m i n a t i o n  o f  t h e  b e s t  performance must  be de te rmined  e m p i r i c a l l y ,  by 
s t ep -by-s tep  e x p e r i m e n t a t i o n .  I n  t h i s  work, v a r i o u s  p a r a m e t e r s  t h a t  were 
l i k e l y  t o  be  i m p o r t a n t  i n  t h e  f l o c c u l a t i o n  p r o c e s s  were t e s t e d  i n  t h e  l a b o -  
r a t o r y .  

Mixing Speed and Time 

There  i s  a  d i s t i n c t i o n  between mixing and c o n d i t i o o i c g .  Mixing ( t o  
homogenize t h e  d i s p e r s i o n )  i n v o l v e s  wacer and a p p l i e d  c h e m i c a l c ,  whereas  con- 
d i t i o n i n g  i s  a g e n t l e  s t i r r i n g  t h a t  promotes  f l o c c u l a t i o n  of t h i s  homogeneous 
s i x t u r e .  

F a s t  mixing worked b e t t e r  t h a n  c o n d i t i o n i n g ;  t h e  p o s t m i x i n g  c o n d i t i o n i n g  
d i d  n o t  a p p a r e n t l y  enhance t h e  e f f i c i e n c y  of  f l o c c u l a t i o n .  Higher speed mix- 



i n g  caused lower r e s i d u a l  t u r b i d i t y  i n  t h e  same pe r iod  of  mixing time. Also, 
both overmixing and undermixing g r e a t l y  reduced polymer e f f e c t i v e n e s s .  As a 
r e s u l t ,  a 9-min mixing time w i t h  t h e  s t i r rer  was determined as s t a n d a r d  f o r  
t h e  experiments  t h a t  fol lowed.  

Optimum Dosage 

Van Olphen (1979) i n d i c a t e d  t h a t  n a t u r a l l y  occu r r ing  calcium c l a y s  a r e  
more u n s t a b l e  and more e a s i l y  t o  be f l o c c u l a t e d  i n  a d i s p e r s i o n  system. T h i s  
phenomenon a l s o  was confirmed by S t a n l e y  and Sche iner  i n  1986, who i n  t h e i r  
ion-exchange r e s e a r c h  of  the c l a y  f l o c c u l a t i o n  p roces s ,  concluded t h a t  t h e  
e f f i c i e n c y  of performance was i n v e r s e l y  p r o p o r t i o n a l  t o  t h e  r a t i d  of i o n i c  
r a d i u s  t o  charge (R/C). The R / C  f o r  Na and Ca i o n s  i s  0.95 and 0 .495,  
r e s p e c t i v e l y .  The re fo re ,  CaCI2 ( l ime)  can be used as an a i d  i n  c l a y  
f l o c c u l a t i o n  technology.  The r e s u l t s  o f  t h i s  s t udy ,  shown ,in f i g u r e  3,  
agree. Without CaCl , t h e  r e s i d u a l  t u r b i d i t y  could on ly  be reduced t o  about 
90 NTU, r e g a r d l e s s  og t h e  amount of PEO s o l u t i o n .  Adding CaC12 b e f o r e  PEO 
lowered t h e  t u r b i d i t y  t o  20 NTU. Sample A 5  c l e a r l y  i l l u s t r a t e s  t h i s  a b i l i t y  
of CaC12. Polymer  dosages t h a t  o v e r s a t u r a t e  t h e  a v a i l a b l e  s u r f a c e s  of t h e  
d i spe r sed  p a r t i c l e s  w i l l  produce a r e s t a b i l i z e d  c o l l o i d  because no s i t e s  a r e  
a v a i l a b l e  f o r  t h e  format ion  of b r i d g e s .  However, underdosage d e c r e a s e s  t h e  
p r o c e s s ' s  c a p a b i l i t y  of ach i ev ing  the r equ i r ed  s t a n d a r d s .  

The volume of f l o c s  has  t o  be cons ide red ,  a s  does choosing t h e  b e s t  dos- 
age. I f  t h e  volume of s e t t l e d  f l o c s  i s  t o o  l a r g e  t o  be r e a d i l y  c o n t r o l l e d ,  
i t  may not be  p t a c t i c a l  i n  f i k l d  p roces s ing .  Thus, t h e  optimum dosages f o r  
the Gilmore Creek sample f o r  PEO and CaC12 were chosen a s  0.05 lb/1000 g a l  
and 0.46 lbIlOOO g a l ,  r e s p e c t i v e l y .  

As shown i n  f i g u r e  4 ,  t h e  exper imenta l  r e s u l t s  of  sample B2 from the  
Crooked Creek a r e a ,  u s i n g  bo th  PEO and C a C l  d i d  not adequa te ly  reduce 
t u r b i d i t y .  The lowest  t u r b i d i t y  t h a t  c o u l d s e  ach ieved  was 70 NTU. Never- 
theless, the a c i d  i o n s  played a  p o s i t i v e  r o l e  i n  performance. The edges of  
c l a y  m i n e r a l s  w i l l  c a r r y  a p o s i t i v e  charge  wi th  d e c r e a s i n g  of pH (Van Olphen, 
1979).  To enhance t h e  intensity of  t h e  p o s i t i v e  charge and the reby  promote 
edge-to-face p a r t i c l e  a t t r a c t i o n ,  sample B2 was d i l u t e d  with HC1 t o  dec rease  
the pH va lue .  A t  the pH v a l u e s  shown i n  f i g u r e  5, the r e q u i r e d  t u r b i d i t y  
s t anda rd  was achieved.  By u s i n g  a  pH of 6, t h e  optimum dosage can be chosen 
from f i g u r e  6. 

I n  comparing samples  A 5  and B 2 ,  t h e  s i z e  d i s t r i b u t i o n  and chemical  com- 
p o s i t i o n  o f f e r  an  i n t e r e s t i n g  c o n t r a s t .  Sample B2 conta ined  more u l t r a f i n e  
p a r t i c l e s  t h a n  sample A 5 ;  t h u s ,  t h e  edges of p a r t i c l e s  might perform a more 
s i g n i f i c a n t  r o l e  i n  f l o c c u l a t i o n .  The DCP d a t a  r evea l ed  t h a t  sample B2 con- 
s i s t e d  of more Na20 and K20, whereas sample A5 conta ined  more MgO and CaO. 
Both Pg and Ca i o n s  had lower R / C  r a t i o  than  K and Na i o n s ,  The re fo re ,  t h e r e  
is no doubt t h a t  sample 82 would be more d i f f i c u l t  t o  c l a r i f y .  

The optimum doszge of t h e  c a t i o n i c  polymer f o r  t h e  Gilrnore Creek samples 
was A 4 ,  130 rnl/1000 g a l ;  AS, 100 m1/1000 g a l ;  and A 6 ,  70 m1/1000 gal. The 
optimum dosages of t h e  c a t i o n i c  polymer f o r  t h e  more d i f f i c u l t  Crooked Creek 
samples were 150 rn1/1000 g a l  f o r  01 and 190 m1/1000 gal for  82 .  



Fiwre 3 .  PEO d o s a g e  vs t u r b i d i t y  at various CaCL2 addition r a t e s ,  
C i h o r e  Creek samples .  

Figure 4 .  PEO dosage v s  turbidity a t  v a r i o u s  higher CaC12 a d d i t i o n  rates, 
Crooked Creek samples .  



Figure 5 .  PEO dosage v s  t u r b i d i t y  at various CaCl addition rates ,  
Gilmore Creek samples. 
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Figure 6 .  PEO dosage vs turbidi ty  a t  various CaCl a d d i t i o n  r a t e s ,  
Crooked Creek samples. 
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Floccu lan t  Dosage and Pulp Densi ty  

To determine t h e  optimum cat ionic-polymer f l o c c u l a n t  dosages f o r  d i f f e r -  
ent  pulp-densi ty  water samples ,  samples A 4 ,  A 5 ,  and A6 were chosen as samples 
r e p r e s e n t i n g  high, medium, and low pu lp  d e n s i t i e s ,  r e s p e c t i v e l y .  Samples €31 
and B 2  were a l s o  chosen t o  r e p r e s e n t  h igh  and low pulp  d e n s i t y ,  r e s p e c t i v e l y .  

The r e s u l t s  of t h e s e  t e s t s  a r e  presen ted  i n  f i g u r e s  7 and 8, which show 
that t h e  optimum f l o c c u l a n t  dosage i n c r e a s e s  w-fch t h e  i n c r e a s i n g  pulp  d e n s i t y  
o f  t h e  t e s t e d  samples.  I n  s h o r t ,  t h e  h ighe r  t h e  pu lp  d e n s i t y ,  t h e  h ighe r  t h e  
number of s o l i d  p a r t i c l e s  i n  t h e  water  sample and t h e  l a r g e r  t h e  s u r f a c e  area 
t h a t  consumes f l o c c u l a n t .  

The a b i l i t y  of r e s i s t i n g  overdose dec reases  w i t h  dec reas ing  pulp  d e n s i t y  
of t h e  t e s t e d  sample. In o t h e r  words,  t h e  g r e a t e r  the pu lp  d e n s i t y  of a sam- 
p l e ,  t h e  g r e a t e r  i t s  a b i l i t y  w i l l  b e  t o  r e s i s t  overdose.  Decreasing pulp  
d e n s i t y  results i n  dec reas ing  p a r t i c l e  s u r f a c e  a r e a  and t h e  number of i n t e r -  
p a r t i c l e  c o l l i s i o n s  during a g i t a t i o n .  

F igure  9 p r e s e n t s  t h e  PEO f l o c c u l a t i o n  r e s u l t s  of  t h r e e  d i f f e r e n t  sam- 
p l e s  of va ry ing  s o l i d s  con ten t .  These d a t a  i n d i c a t e  t h a t  t h e  h ighe r  t h e  sal- 
i d  weight -percent ,  the  l a r g e r  t h e  PEO dose t h a t  has  t o  be used t o  achieve 
some degree  of c l a r i f i c a t i o n .  Overdosage occu r s  f o r  samples w i t h  lower 
amounts of s o l i d s .  P a r t i c l e  c o l l i s i o n s  a r e  probably f a r  l e s s  impor tan t  i n  
t h e  mechanism of  polymer f l o c c u l a t i o n ,  whereas c o l l i s i o n  i s  e s s e n t i a l  For 
t r a d i t i o n a l  me ta l  coagu lan t s .  I n  t r a d i t i o n a l  alum and i r o n  coagu lan t s ,  no 
b r idg ing  a c t i o n  occu r s ,  and particles a r e  connected o n l y  by c o l l i s i o n .  

S y n e r g i s t i c  Fac to r s  

PEO i s  expensive,  and the PEO dewater ing  technique  may be economically 
u n a t t r a c t i v e .  However, i f  widespread use  were made of PEO, 'economy of 
s c a l e '  would probably lower t h e  c o s t  of  t h i s  chemica l .  One method f o r  Fm- 
proving t h e  economics of u s ing  PEO would be t o  f i n d  a low-cosc reagent  t h a t  
could be used t o  r ep l ace  a p a r t  of  t h e  PEO.  

Smelley and Sche iner  (1980) concluded t h a t  t h e  s y n e r g i s t i c  e f f e c t  i s  n i l  
when c a t i o n i c  and nonionic  polymers were used w i t h  PEO. For a n i o n i c  re -  
a g e n t s ,  even when a s y n e r g i s t i c  effect was observed when PEO was used with 
pcrlyacrylamide, t h e r e  was no economic advantage over  PEO. 

Na tu ra l  guar  gum, a nonionic  polymer w i t h  a molecular  weight of about  
220,000, has been recommended by Smelley and Sche iner  (1980) because i t  may 
produce e f f e c t i v e  synergism. Figure 10 i n d i c a t e s  t h a t  the  PEO dose can be 
s u b s t a n t i a l l y  reduced when gum and PEO a r e  used t o g e t h e r .  Guar gums a l s o  
seem capable  of improvicg t h e  performing e f f i c i e n c y .  Wi th  0.2 l b /  1000 gal of 
guar  gum, t u r b i d i t y  was reduced t o  13 NTU i n  sample A5 by u s i n g  only 
0.02 l b I l 0 0 0  g a l  of PEO. For sample 0 2 ,  t h e  same dua l  f u n c t i o n s  was 
observed.  Therefore ,  guar  gums were chosen a s  a s y n e r g i s t i c  a i d  f o r  j o i n t  
use with PEO. 



Figure 7 .  Effect of different pulp  d e n s i t i e s  on 
optimum cationic-polymer flocculant dosage, 
Gllmore Creek samples. 

Figure 8. Effec t  of different p u l p  densities on 
optimum cationic-polymer flocculanc dosage, 
Crooked Creek samples. 



Figure 9 .  PEO dosage vs  turbidity as  a function o f  solids content ,  Gilmore 
Creek samples. 
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Figure 10. The synergistic afeect of  guar gum on PEO dosage f o r  sample A S ,  
Gilmore Creek. 



Zeta P o t e n t i a l  of P a r t i c l e s  

I n  t h e  above t e s t s ,  t h e  s o l i d  c o n t e n t s  of  samples A4 and A S  were m c h  
h ighe r  t han  those  o f  samples 01 and B2 .  I f  t h e  o p t h u m  f l o c c u l a n t  dosage 
i n c r e a s e s  with i n c r e a s i n g  pulp  d e n s i t y ,  t h e  optimum f l o c c u l a n t  dosage f o r  
samples A4 and A5 should be h i g h e r  then  t h a t  f o r  samples B1 and B2. However, 
when comparing f i g u r e s  7 and 8, t h e  oppos i t e  r e s u l t  was observed.  This can 
possibly be expla ined  by t h e  concept  of z e t a  p o t e n t i a l .  Because t h e  nonspe- 
c i f i c  e l e c t r o s t a t i c  i n t e r a c t i o n  between c a t i o n i c  f l o c c u l a n t  and n e g a t i v e l y  
charged p a r t i c l e  s u r f a c e  p l a y  an impor tan t  r o l e  i n  t h e  f l o c c u l a t i o n  p roces s ,  
t h e  p a r t i c l e s  w i th  h i g h e r  n e g a t i v e  z e t a  p o t e n t i a l  ( t h a t  i s ,  h ighe r  n e g a t i v e  
s u r f a c e  charge)  a r e  more amenable t o  f l o c c u l a t f o n  wi th  a  c a t i o n i c  f l o c c u l a n t .  
Thus, t h e  o p t h u m  f l o c c u l a n t  dosage of sample A ( z e t a  p o t e n t i a l  of -21 mv) 
w i l l  be l e s s  than  t h a t  of s s n p l e  B ( z e t a  p o t e n t i a l  of -16 mv), r e g a r d l e s s  of 
the e f f e c t  of pu lp  d e n s i t y .  

Flocculant Addi t ion  Rate  

The r e s i d u a l  t u r b i d i t y  and t h e  f l o c  s e t t l i n g  r a t e  of  r e s t e d  samples were 
measured a f t e r  be ing  f l o c c u l a t e d  a t  d i f f e r e n t  cat ioaic-polymer f l o c c u l a n t  
a d d i t i o n  r a t e s .  The r e s u l t s ,  shown i n  f i g u r e  11 ,  i n d i c a t e  that t h e r e  is a n  
optimum f l o c c u l a n t  a d d i t i o n  r a t e  f o r  dec re se ing  t u r b i d i t y .  Figure 1 2  i n d i -  
c a t e s  t h a t  a slow f l o c c u l a n t  a d d i t i o n  r a t e  always helped f l o c  s e t t l i n g ;  t h i s  
affect is d e p i c t e d  i n  f i g u r e  13. When the  f l o c c u l a n t  was added i n  small 
d o s e s ,  t h e  enormous e f f e c t i v e  s u r f a c e  a r e a  of t h e  p a r t i c l e s  was reduced each 
t h e .  The o v e r a l l  a f f e c t  is t o  prevent  l o c a l  over  a b s o r p t i o n  and waste  of 
f l o c c u l a n t  and t o  form uniform l a r g e - s i z e  f l o c s .  T h i s  h e l p s  t h e  o v e r a l l  
a f f e c t  of t u r b i d i t y  removal. On t h e  o t h e r  hand, adding t h e  f l o c c u l a n r  t o o  
s lowly  w i l l  cause  t h e  f l o c  t o  d i s i n t e g r a t e  because of  a faster a g i t a t i o n  
r a t e ,  t hus  j e o p a r d i z i n g  t h e  o v e r a l l  a f f e c t  f o r  d e c r e a s i ~ g  t u r b i d i t y .  

pH Value 

To de te rmine  t h e  a f f e c t  of pH va lue  on t h e  f l o c c u l a t i o n  p roces s ,  t h e  pH 
was varied from 2 t o  10 by a d d i n g  e i t h e r  n i t r i c  a c i d  o r  sodium hydroxide.  

The r e s u l t s  shown i n  f i g u r e  1 4  i n d i c a t e  that a h ighe r  pH va lue  r e s u l t e d  
i n  a h i g h e r  r e s i d u a l  t u r b i d i t y  a f t e r  c a t i o n i c  polymer f l o c c u l a t i o n .  A t  h igh  
pH v a l u e s ,  t h e  p a r t i c l e  s u r f a c e  i s  h i g h l y  n e g a t i v e  as  i t  a b s o r b s  the  hydroxyl  
i o n s ,  r e s u l t i n g  i n  h ighe r  negative z e t a  potential. 

Concept f o r  a Fu l l - s ca l e  System 

Following l a b o r a t o r y  exper iments ,  a f i e l d  p l a n t  should be des igned  t o  
s tudy  t h e  f e a s i b i l i t y  of  u s i n g  e i t h e r  PEO f o r  qu ick  s o l i d s  removal o r  a 
cat ionic-polymer f l o c c u l a t i o n  process  where t h e r e  i s  room f o r  s e t t l i n g  ponds. 
Before a wel l -designed p l a n t  can be economical ly  and p r a c t i c a l l y  b u i l t ,  t h e r e  
a r e  two f e a t u r e s  t h a t  must b e  cons ide red .  Because t h e  s e t t l i n g  pond is  t h e  
most popular  and inexpens ive  t echn ique ,  i t  has  t o  be inc luded  t o  g e t  r i d  of  
s e t t l e a b l e  p a r t i c l e s ,  thus  reduc ing  t h e  consumption of PEO o r  c a t i o n i c -  
polymers. Another c o n s i d e r a t i o n  is t h e  technique  of  r e c y c l i n g ,  which w i l l  
lower the amount of  waste water  t h a t  has t o  be t r e a t e d  by a chemical  p roces s .  



Figure 11. Affect of cationic-polymer 
flocculant addit ion rate  on resi- 
~ u a l  t u r b i d i t y ,  samples A 5  and B 1. 

Figure 1 2 .  Af f ec t  of cationic-polymer 
f locculant  a d d i t i o n  rate on floc 
settling r a t e .  



Figure 13. Affect of multistage and single- 
stage addition of flocculant during 
flocculation process. 

Figure 14 .  Affect of pH value on residual 
turbidity during cationic-polymer 
flocculation. 



Therefore ,  t he  only  e f f l u e n t  t h a t  needs t rea tment  is t h e  s u r p l u s  waste water  
t o  be d ischarged  i n t o  a  s t ream.  

S e t t l i n g  Ponds 

Even if t he  normal s o l i d s  conten t  of processed water  has  been proven not  
t o  have an  adverse  e f f e c t  on gold recovery ,  i t  should s t i l l  be reduced t o  a 
po in t  as  low as  p o s s i b l e  t o  e l i m i n a t e  any r i s k  of f i r e  gold l o s s  i n  t he  
s l u i c e  box and t o  prevent  a dec rease  i n  the  a f f e c t  of  t he  PEO or  c a t i o d i c -  
polymer dosage. To g a i n  t h e  g r e a t e s t  e f f i c i e n c y  i n  s e t t l i n g  ponas, s e v e r a l  
f a c t o r s  should be taken i n t o  account:  1) r e t a i n i n g  wacer l ong  enough f o r  
coarse  p a r t i c l e s  t o  s e t t l e ,  2)  p revent ion  of s h o r t  c i r c u i t i n g ,  3) minimizing 
scour  and resuspens ion  of s o l i d s  dur ing  p e r i o d s  of high f low,  and 4 )  preven- 
t i n g  washouts d u r i n g  f l o o d s  (Weber and Pos t ,  1985; Pe terson ,  1 9 8 7 ) .  

Chemical Treatment P l a n t  

A f t e r  well-designed s e t t l i n g  ponds have been cons t ruc t ed ,  the recyc led  
water  w i l l  have v e r y  low s o l i d s  con ten t ,  which can minimize t he  n e g a t i v e  af- 
f e c t s  on gold recovery.  A chemical t rea tment  p l a n t  can then  be designed and 
f a b r i c a t e d  based on t h e  amount of  s u r p l u s  waste  water .  A t rea tment  p l a n t  
would c e n s i s t  of a hold ing  tank  f o r  p a r t i a l l y  t r e a t e d  water ,  o n e  or more 
tanks  f o r  r e a g e n t ,  a condit ioner-mixer  w i t h  a  p r o p e l l e r - a g i t a t o r  t o  mix che 
water  ro be t r e a t e d  w i t h  PEO o r  cationic-polymer s o l u t i o n ,  and a r o t a r y  
screen t o  a i d  dewater ing and conso l ida t ion  of t h e  s o l i d s .  The t rea tment  
p l a n t  should a l s o  have two p o s i t i v e  displacement  pumps to feed  t h e  s lurry  and 
t h e  f l o c c u l a n r  a t  t h e  predetermined rare. 

Because the  equipment s i z e  p r i m a r i l y  depends on the  amount of surplus 
waste water  t h a t  h a s  t o  be handled, miners  ought co conduct an indiv idual  
c a l c u l a t i o n  t o  design an e f f e c t i v e  p l a n t .  Smelley and Feld (1980) r epo r t ed  
t h a t  for a  30 gal/min o u t p u t ,  t h e  miner needs: 

S l u r r y  ho ld ing  tank -- - 1,000-gal capac i ty .  
Reagent hold ing  tank --- 20-gal c a p a c i t y .  
Conditioner-mixer --- 100-gal c a p a c i t y .  
Rotary s c r e e n  trommel -- - 2 ft diameter  by 15 ft (48  mesh 

opening a t  f i rs t  p a r t ) .  

For promoting e f f i c i e n c y ,  s e v e r a l  f a c t o r s  such a s  speed and s l o p e  of 
trommel and f eed ing  r a t e  of s l u r r y  waste  have t o  be considered i n  d e t a i l .  
Another c o n s i d e r a t i o n  i s  t h e  r e t e n t i o n  time of t h e  slurry i n  the 
condit ioner-mixer  and i n  t h e  trommel. 

CONCLUSION 

I n  conjunct ion  wi th  settling ponds, t he  use  of PEO or  ca t ion ic-polyner  
i n  treating e f f l u e n t  from p l a c e r  mining has  been proven i n  this study t o  be  
economically e f f e c t i v e  i n  reducing t u r b i d i t y  l e v e l s .  



The s o l i d  c o n t e n t  found i n  t h e  waste  water  i n  t h i s  s t udy  ranged from 
3 . 2 3  t o  0 .05  pe rcen t .  Most of t h e  p a r t i c l e s  were l e s s  than 10 microns i n  
d iameter  and c a r r i e d  -16 t o  -21 mv of  z e t a  p o t e n t i a l .  Because p l a c e r  mining 
o p e r a t i o n s  do n o t  have an adve r se  e f f e c t  on pH v a l u e ,  i t  is d i f f i c u l t  t o  
cause s e t t l i n g  of t h e s e  u l t r a f i n e  p a r t i c l e s ,  and s e v e r e  t u r b i d i t y  r e s u l t s .  

The e f f e c t i v e n e s s  of PEO o r  cat ionic-polymer t r ea tmen t  of placer-mining 
s l u r r y  depends on rnixlng speed and t ime ,  c o n t e n t  of f i n e  p a r t i c l e s ,  and t h e  
dosage and c o n c e n t r a t i o n  of t h e  r eagen t  s o l u t i o n .  Other  s i g n i f i c a n t  f a c t o r s  
t o  cons ide r  a r e  t h e  p h y s i c a l  p r o p e r t i e s  and chemical composi t ion o f  t h e  f i n e  
s o l i d  p a r t i c l e s .  F loccu la t ed  p a r t i c l e s  s e t t l e  v e r y  r a p i d l y ,  s o  no cond i t i on -  
i n g  s e t t l i n g  p e r i o d  i s  needed f o r  f u r t h e r  c l a r i f i c a t i o n .  CaCl i s  u s e f u l  i n  2 
promoting t h e  b r i d g i n g  p roces s ,  bu t  cannot  handle  t h e  e n t i r e  o p e r a t i o n  of 
s o l i d s  removal by i t s e l f .  Optimum reagen t  dosages  f o r  t h e  most d i f f i c u l t -  
t o - t r e a t  w a t e r s  a t  t h e  Gilmore and Crooked Creeks s i t e s  a r e  given i n  t a b l e  3 .  

Table  3. Reagent dosages found t o  g i v e  optimum r e s u l t s  i n  reduc ing  t u r b i d i t y  
i n  Gilmore Creek (A5) and Crooked Creek ( B 2 )  mine wa te r  samples .  

Chemical dosage pe r  1,000 g a l l o n s  
Cat i o n i c  

Sample PEO on ly  PEO + CaC12 PEO + CaC12 Guar gum polymer 
(lb) ( l b )  ( l b )  (ml) 

Guar gums where found t o  be a  s y n e r g i s t i c  a i d  f o r  j o i n t  use  w i t h  PEO. 
The guar  gum not o n l y  reduces  the r equ i r ed  dose of PEO up t o  50 p e r c e n t ,  bu t  
a l s o  improves f l o c c u l a t i o n  performance. 
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INTRODUCTION 

The Alaskan Gold P r o j e c t  i s  a p a r t  o f  t h e  Alaska  M i n e r a l  Resources  Ap- 
p r a i s a l  Program. The  o b j e c t i v e s  o f  the study are t o  c h a r a c t e r i z e  t h e  depos-  
i t s ,  t o  d e t e r m i n e  r e l a t i o n s h i p s  of g o l d  i n  p l a c e r  d e p o s i t s  t o  p o s s i b l e  lode  
sources, t o  i d e n t i f y  p o s s i b l e  sources f o r  g o l d  i n  p l a c e r  d e p o s i t s ,  K O  s t u d y  
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 ,  t o  c o n t r i b u t e  t o  e x i s t i n g  knowledge of t h e  
p r i n c i p l e s  o f  p r o s p e c t i n g  f o r  p l a c e r  d e p o s i t s ,  and t o  d e t e r m i n e  i f  m i n e r a l s  
a s s o c i a t e d  w i t h  p l a c e r  d e p o s i t s  might  suggest economic d e p o s i t s  of other 
metals. 

THE STUDY AREA 

Gold i s  a s i g n i f i c a n t  r e s o u r c e  i n  t h e  Koyukuk and Chanda la r  mining dis- 
t r i c t s ,  wh ich  a r e  l o c a t e d  main ly  i n  t h e  Brooks  Range i n  n o r t h - c e n t r a l  Alaska 
(fig. 1) .  
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Figure 1. Map cf the lode-gold  (A-C) and placer-gold (1 -46 )  sample l o c a l i t i e s  in the Koyukuk-Chandalnr 
nlfuing d i s t r i c t s ,  AlzsEa. 



The s t u d y  a r e a  i s  about  160 !a l ong  and l i e s  almost  e n t i r e l y  w i t h i n  the  
Wiseman and.Chandalar  l o  x 3" Quadrangles .  Gold has  been produced i n  t h e  
d i s t r i c t s  s i n c e  t h e  e a r l y  1890s. Most go ld  product ion  has  come from 
Quaternary f l u v i a t i l e  p l a c e r  d e p o s i t s ,  bu t  go ld-bear ing  q u a r t z  v e i n s  have 
a l s o  been mined. 

The geology of the s tudy  a r e a  i s  complex, be ing  complicated by t h r e e  o r  
more ep isodes  of metamorphism and m u l t i p l e  ep i sodes  of  f a u l t i n g ,  i n c l u d i n g  
some t h r u s t  f a u l t i n g .  The s t u d y  a r e a  comprises  a c e n t r a l  metamorphic b e l t  of  
metaigneous,  metavolcanic ,  and metasedimentary rocks  of e a r l y  Pa l eozo ic  
and lo r  Precambrian age t h a t  a r e  predominant ly  s c h i s t s  with some p h y l l i t e  and 
q u a r t z i t e .  The s c h i s t  b e l t  i s  f l anked  on t h e  n o r t h  by a  broad b e l t  of most ly  
Devonian sed iments  and metasediments.  Cre taceous  sed imentary  rocks  l i e  a long  
t h e  sou the rn  bo rde r  of t h e  Wiseman Quadrangle,  and Cre taceous  g r a n i t i c  plu-  
t ons  l i e  a long  t h e  sou the rn  border  o f  t h e  Chandalar Quadrangle. J u r a s s i c ,  
T r i a s s i c ,  and Pennian maf ic  v o l c a n i c  rocks occupy p a r t s  of  t h e  area s o u t h  of 
t he  central metamorphic b e l t .  The lower Pa l eozo ic  and P r o t e r o z o i c  basement 
rocks  experienced pre-Miss i ss ipp ian  metamorphism, and all t h e  rocks  were re -  
g i o n a l l y  metamorphosed twice  d u r i n g  Mesozoic t ime.  La t e  Mesozoic tec ton ism 
caused widespread obduct ion t h r u s t i n g ,  l a t e r a l  f a u l t i n g ,  and u p l i f t i n g ,  r e -  
s u l t i n g  i n  an  a c c r e t e d  t e r r a n e .  Quaternary g l a c i a l ,  a l l u v i a l ,  and c o l l u v i a l  
d e p o s i t s  c o n t a i n i n g  p l a c e r  go ld  unconformably o v e r l i e  the polymetamorphic 
rocks .  

SAMPLING TECHNIQUES 

Placer-gold samples were c o l l e c t e d  from 46 l o c a l i t i e s  i n  the Koyukuk- 
Chandalar mining d i s t r i c t s .  Six lode-gold s i t e s  were a l s o  sampled, f i v e  i n  
the Chandalar a r e a  and one from Sukakpak Mountain ( f i g .  1 ) .  Most of t h e  
claims in t h e  d i s t r i c t s  t h a t  were a c t i v e  i n  1982 and 1983 a r e  inc luded  i n  the  
s t u d y .  Miners very  generous ly  s u p p l i e d  t h e  go ld  o r  go ld  c o n c e n t r a t e  o r  a l -  
lowed panning i n  t h e  d e p o s i t .  A t  a  few l o c a l i t i e s ,  gold was recovered by 
panning s t ream alluvium. 

Gold f o r  a n a l y s i s  was ob ta ined  from c o n c e n t r a t e s  by handpicking i n  the  
l a b o r a t o r y  u s ing  a b i n o c u l a r  microscope. No o t h e r  l a b o r a t o r y  t r ea tmen t  was 
app l i ed  t o  t h e  go ld .  

The gold  grains s t u d i e d  ranged i n  s i z e  f r o m  l e s s  than 0.15 mm t o  about  
3.0 mm, but  most were i n t e r m e d i a t e  i n  s i z e  from 0.2 t o  1.0 mm. The gold 
g r a i n s  e x h i b i t e d  a v a r i e t y  of c r y s t a l l i n e  morphologies ranging  from f l a t ,  
smooth g r a i n s  t o  h igh ly  i r r e g u l a r  c r y s t a l s  t o  w i r e  go ld .  The p l a c e r  and lode  
gold samples were analyzed by a  D.C.-arc d i r ec t -bu rn  procedure.  A t o t a l  of  
38 elements  were determined and Au c o n t e n t  was determined by summation of  t h e  
38 elements  determined,  and s u b t r a c t i n g  from 100. Because n a t i v e  gold 
exhibits extremely v a r i a b l e  composi t ion,  m u l t i p l e  a n a l y s e s  were made f o r  each 
sample l o c a t i o n  when enough gold  was a v a i l a b l e .  A t o t a l  of  460 a n a l y s e s  were 
made on t h e  46 p l a c e r  l o c a t i o n s  and 28 a n a l y s e s  on t h e  six lode-gold samples.  

I n  t h i s  r e p o r t ,  emphasis was placed on the  Au-Ag-Cu t e r n a r y  system. 
These t h r e e  elements  have v e r y  c l o s e  chemical  p r o p e r t i e s .  Gold, s i l v e r ,  and 
copper a r e  members of  Group IS of  t h e  p e r i o d i c  system, e x h i b i t  monovalency, 



and are c r y s t a l l o g r a p h i c a l l y  a l i k e .  Gold aed s i l v e r  have an atomic r a d i u s  of 
1.44 A compared t o  coppe r ' s  r a d i u s  of 1 .28 A; as a  r e s u l t ,  most samples of 
n a t i v e  go ld  c o n t a i n  l e s s  copper than  s i l v e r .  I n  t h e  l a b o r a t o r y ,  gold and 
s i l v e r  a r e  cont inuous ly  m i s c i b l e  i n  a l l  p r o p o r t i o n s  and form s o l i d  s o l u t i o n s ;  
i n  n a t u r e ,  however, t h e  s e r i e s  appears  t o  be d i s con t inuous .  No n a t i v e  
go ld - s i l ve r  a l l o y  h a s  been r epo r t ed  w i t h  a  f i n e n e s s  less t han  400. Copper is 
m i s c i b l e  i n  all p r o p o r t i o n s  i n  t h e  l i q u i d  s t a t e  w i th  e i t h e r  gold o r  s i l v e r  
and forms a  s o l i d  s o l u t i o n  wi th  g o l d ,  bu t  ha s  a l i m i t e d  range of m i s c i b i l i t y  
w i th  s i l v e r  i n  t h e  s o l i d  s t a t e .  

RESULTS OF GOLD ANALYSIS 

I n  t h i s  s t u d y ,  a l l  math c a l c u l a t i o n s  were made on t h e  average of s i t e  
va lues  and n o t  on t h e  average  of t h e  t o t a l  a n a l y t i c a l  obse rva t ions .  The gold 
con ten t  for t h e  4 6  placer-gold l o c a l i t i e s  ranged from 76.1 t o  94.9 weight 
p e r c e n t ,  w i th  an average va lue  of 88.0. S i l v e r  c o n t e n t  ranged from 3.5 t o  
22.9 weight p e r c e n t ,  w i th  an average  v a l u e  of 10.5; copper con ten t  ranged 
from 0.006 t o  0.282 weight  p e r c e n t ,  wi th  an average  v a l u e  of 0.040. These 
d a t a  r e p r e s e n t  a wide range of v a l u e s .  

When normalized copper is  p l o t t e d  a g a i n s t  normalized s i l v e r ,  f i v e  dis- 
t i n c t  geochemical t ypes  of  p l a c e r  gold a re  i d e n t i f i e d  i n  t h e  Koyukuk- 
Chandalar d i s t r i c t s  (fig. 2 ) .  Normalized v a l u e s  a r e  ob t a ined  by d i v i d i n g  t h e  
s i t e  s i l v e r  o r  copper va lue  by t h e  average  silver o r  copper va lue  f o r  the  46 
s i t e s ;  10.5 pe rcen t  f o r  s i l v e r  and 0.040 pe rcen t  f o r  copper .  Normalized 
v a l u e s  a r e  used i n  p l a c e  of r e a l  v a l u e s  t o  g e t  t h e  numbers i n  a range 
somewhere near  1 and thereby  s i m p l i f y i n g  t h e  numbers i n  t h e  graph. A va lue  
o f  I c o r r e l a t e s  w i t h  t h e  average .  These geochemical types of  placer gold can 
be desc r ibed  a s :  Type 1 having a h igh  Ag, low Cu c o n t e n t ;  Type 2 having a 
average  Ag, low Cu c o n t e n t ;  Type 3 having an  average Ag, moderate Cu c o n t e n t ;  
Type 4 having below average  Ag, above average  Cu con ten t ;  and Type 5 having 
low Ag-conten t  and h i g h  Cu con ten t .  Type 2 go ld  may be d iv ided  i n t o  two 
subgroups,  t ypes  2A and 2B.  Golds of type  2 B  a r e  s i m i l a r  i n  cornpasit ion t o  
Sukakpak Mountain l ode  gold and a r e  de r ived  from c r e e k s  nearby Sukakpak 
Mountain. 

The gold  l a  t h e  s tudy  a r e a  was a l s o  analyzed fo r  f i n e n e s s .  Fineness i s  
c a l c u l a t e d  as t r u e  f i n e n e s s  and expressed  a s  p a r t s  p e r  thousand u s i n g  t h e  
equa t ion  Au/(Au + Ag) x 1000. Dis regard ing  type  2 B  samples ,  the da ta  showed 
a s y s t e m a t i c  i n c r e a s e  i n  Au, f i n e n e s s ,  Cu, and Au/Ag r a t i o  v a l u e s  from type  1 
t o  type  5. Note t h a t  t h e  Cu con ten t  found i n  type 2 B  f i t s  between type  I and 
2 A .  

Conversely,  excep t  f o r  type  2B, t h e r e  is a s y s t e m a t i c  dec rease  i n  
s i l v e r ,  gold-copper r a t i o ,  and s i lver -copper  r a t i o  v a l u e s  from type 1  t o  t ype  
5. The s i l v e r  con ten t  of t ype  2B f i t s  between types  3 and 4 ,  whereas t h e  
copper con ten t  f o r  type 2 B  was between types  I and 2 A .  From t h e s e  a n a l y s e s ,  
t y p e  2 B  go ld ,  which d o e s n ' t  f L t  t h e  p a t t e r n  e s t a b l i s h e d  by t h e  chemis t ry  of 
t h e  o t h e r  p lacer -gold  t ypes ,  appears  t o  be  anomalous. 

An i n t e r e s t i n g  feature i s  t h a t  when a r e g i o n a l  p l o t  i s  made of  t h e  
p lacer -gold  d e p o s i t s  by ' t y p e '  (fig. 3 ) ,  type 1 gold p l a c e r s  occur  a t  t h e  



Figure 2 .  P l o t  of normal ized Cu vs normalized Ag showing  f i v e  separace 
geochemical types of p l a c e r  goid in t h e  Koyukuk-Chandalar mining 
district, A l a s k a .  



Figtire 3. Regional p l o t  of placer gold by "type ,"  Koyukuk-Chandalar mining d i s t r i c t ,  Alaska: 
Type 1 - h i g h  Ag, low Cu c o n t e n t  
Type 2 - overage Ag, I n w  Cu content 
Type 3 - average Ag, moderare Cu content 

Type 4 - below averafie Ag, above average Cu content  
Type 5 - low Ag, hlgl l  Cu content. 
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e a s t  end of t h e  s t u d y  a r e a  and types  2B,  2A, 3, 4 ,  and 5 g e n e r a l l y  occur  i n  
o rde r  proceeding w e s t  a c r o s s  t he  d i s t r i c t .  The north-south-trending s t r i n g  
of type-3 samples a r e  a l l  from one d ra inage ,  t he  Koyukuk ~ i v e r  d r a i n i n g  from 
t h e  n o r t h ,  so  they  do not  i n d i c a t e  a  r e g i o n a l  north-south sys t ema t i c  p a t t e r n .  
We i n t e r p r e t  t h e  r e g i o n a l  p a t t e r n  of t h e  placer-gold types  t o  be r e l a t e d  t o  
t he  d e p o s i t i o n a l  environment of the  pr imary gold sources .  The f i n e n e s s  of 
gold i n  any o r e  d e p o s i t  v a r i e s  wi th  depth  from the s u r f a c e  a t  which t h e  de- 
p o s i t  was formed. Gold enrichment (a h i g h  g o l d - s i l v e r  r a t i o )  occurs  mostly 
i n  h ighe r  temperature,  deeper  s e a t e d  d e p o s i t s ,  whereas s i l v e r  enrichment (a 
low go ld - s i l ve r  r a t i o )  i s  c h a r a c t e r i s t i c  of low-temperature o r e  d e p o s i t s  of 
i n t e rmed ia t e  o r  near -sur face  d e p o s i t i o n a l  depths .  The f i n e n e s s  of t h e  p l a c e r  
gold i8 a  measure of t h e  f i n e n e s s  of t h e  gold shed from the  outcrops  of t he  
lode-gold sou rces .  Admit tedly,  p l a c e r  go ld  does not  n e c e s s a r i l y  correspond 
e x a c t l y  t o  t h e  f i n e n e s s  of gold 9s depos i t ed  i n  t h e  o r e ,  p r i m a r i l y  because of 
d i f f e r e n t i a l  s o l u t i o n  of s u r f a c e  s i l v e r  on gold p a r t i c l e s  i n  t h e  a l l u v i a l  
environment. This removal of s i l v e r  from gold p a r t i c l e s  i s  not  uncommon i n  
p l a c e r  go lds .  I t  i s  r e f e r r e d  t o  a s  s u r f a c e  r e f i n i n g  and t a k e s  p l ace  only t o  
a l i m i t e d  depth from t h e  s u r f a c e  of t h e  i n d i v i d u a l  g r a i n s ;  i t  t h e r e f o r e  
causes  only  s l i g h t  changes i n  t h e  o v e r a l l  go ld - to - s i l ve r  r a t i o .  

SILVER CONTENT 

In  ou r  s tudy ,  enough gold  was ob ta ined  from 15 of t h e  p l a c e r  gold lo-  
c a t i o n s  t o  permit  ana lyses  of a -0.5 mm f r a c t i o n  and a + 0 . 5 , m  f r a c t i o n .  
Values f o r  s i l v e r  con ten t  of t h e  -0.5 mm f r a c t i o n  p l o t t e d  a g a i n s t  t h a t  of t h e  
+0.5 mm f r a c t i o n  showed t h a t  four  of t h e  s i t e s  d i sp l ayed  s i g n i f i c a n t l y  higher 
s i l v e r  c o n t e n t  i n  t h e  l a r g e r  s i z e  f r a c t i o n  and t h a t  f o u r  of t h e  s i t e s  showed 
s i g n i f i c a n t l y  h ighe r  s i l v e r  i n  the s m a l l e r  s i z e  f r a c t i o n .  Two s i t e s  revea led  
a moderate i n c r e a s e  i n  s i l v e r  con ten t  i n  t he  sma l l e r  s i z e  f r a c t i o n ,  and the  
remaining f i v e  s i t e s  were n e a r l y  equal  i n  s i l v e r  con ten t  i n  t he  two s i z e  
f r a c t i o n s .  The -0.5 rum f r a c t i o n  conta ined  a g r e a t e r  s u r f a c e  a r e a ,  and if t h e  
gold grains were be ing  a l t e r e d  by p r e f e r e n t i a l  chemical l each ing  of s i l v e r  
from the  s u r f a c e ,  one would expect  t h i s  f r a c t i o n  t o  have a  lower s i l v e r  con- 
t e n t .  However, i n  our  s t u d y ,  t h a t  is n o t  t h e  ca se .  Data from our s tudy  sug- 
g e s t  t he  p l a c e r  gold may no t  have been s i g n i f i c a n t l y  a l t e r e d  from the  
lode-gold source .  Therefore ,  on t h e  b a s i s  of geochemical d a t a  f o r  t h e  p l a c e r  
gold,  an o r e  d e p o s i t i o n a l  g r a d i e n t  from e a s t  t o  west  appea r s  t o  e x i s t .  The 
Au-Ag-Cu t e r n a r y  system f u r t h e r  i d e n t i f i e s  t h i s  g r a d i e n t .  

When normalized copper i s  r a t i o e d  t o  normalized s i l v e r ,  t h e  r e s u l t i n g  
va lue  r e p r e s e n t s  copper enrichment o r  d e p l e t i o n  wi th  r e s p e c t  t o  s i l v e r .  The 
r e l a t i o n s h i p  of s i l v e r  and copper with gold a r e  shown by p l o t t i n g  t h i s  va lue  
a g a i n s t  f i n e n e s s  (fig. 4 ) .  The l i n e  of s o l i d  s o l u t i o n  f o r  t h e  t e r n a r y  system 
could depend on the physical-chemical  parameters  a t  t he  time of o r e  
d e p o s i t i o n  and, t h e r e f o r e ,  r e f l e c t  t h e  depth of d e p o s i t i o n  f o r  t h e  primary 
gold.  The physical-chemical  parameters  that i n f l u e n c e  meta l  s o l u b i l i t i e s  
(and, as a  c o r o l l a r y ,  o r e  depos i t i on )  a r e  f a c t o r s  such a s  tempera ture ,  pH, 
hydrogen and oxygen f u g a c i t y ,  c h l o r i n e  and b i s u l f i t e  a c t i v i t y ,  and hydrogen- 
s u l f i d e  f u g a c i t y .  These f a c t o r s  a r e  complexly i n t e r r e l a t e d ,  and d e f i n i t i v e  
answers a r e  d i f f i c u l t  t o  q u a n t i f y  a s  w e l l  a s  d i f f i c u l t  t o  desc r ibe .  I n  t h e  
t e r n a r y  system f o r  n a t i v e  go ld ,  h ighe r  copper v a l u e s  c o r r e l a t e  w i t h  h igh  
f i n e n e s s .  Copper and s i l v e r  show an i n v e r s e  r e l a t i o n s h i p .  A l l  t h r e e  



Figure 4 .  Normalized copper to normalized silver ratios vs gold fineness 
for placer 0)  and lode (A) sawples in the Ko~ukuk-Chandalar miping  
district, Alaska. 
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elements were probably p re sen t  i n  t h e  ore-forming hydrothermal s o l u t i o n s .  A t  
i n c r e a s i n g  depth ,  copper appears t o  have a g r e a t e r  oppor tun i ty  r e l a t i v e  t o  
s i l v e r  t o  form a  s o l i d  s o l u t i o n  wi th  gold.  I n  t h e  hydrothermal models 
described by Reed and Spycher (1986) and by Buchanan (1981), base me ta l s  
occupy an e a r l y  p a r a g e n e t i c  p o s i t i o n .  The base-metal ho r i zon  occu r s  below 
t h e  b o i l i n g  l e v e l ,  and t h e  precious-metal hor izon  occu r s  above t h e  b o i l i n g  
level, A t  t h e  l e v e l  of b o i l i n g ,  a mixed zone of  prec ious-  and base-metal 
m i n e r a l i z a t i o n  occurs .  The Cu/f ineness  r e l a t i o n s  of p l a c e r  go ld  i n  t h e  
Koyukuk-Chandalar d i s t r i c t s  can g e n e r a l l y  be p red ic t ed  from the  solid- 
s o l u t i o n  curve. Chandalar lode  go lds  a l s o  f i t  t h e  p r e d i c t a b l e  t e r n a r y  curve .  
The except ion  t o  t h e  t e r n a r y  curve i s  Sukakpak Mountain lode  gold and the  
p lacer  gold from nearby creeks (our type-2B placer g o l d ) .  Th i s  gold is a l l  
e i t h e r  1) dep le t ed  i n  copper r e l a t i v e  t o  t h e  f i n e n e s s  o r  2 )  dep le t ed  i n  
silver (y i e ld ing  very h i g h  f i n e n e s s )  r e l a t i v e  t o  copper .  We don ' t  know why 
the  t e r n a r y  r e l a t i o n s  of t h e s e  go lds  d i f f e r .  We do know, however, t h a t  t h e  
lode gold from Sukukpak Mountain occurs  i n  a s t i b n i t e  v e i n ,  a t  t he  c o n t a c t  
between marble and s c h i s t ,  whereas t h e  Chandalar l ode  gold i s  i n  q u a r t z  
ve ins .  These q u a r t z  v e i n s  a r e  d i l a t a n t  q u a r t z  v e i n s ,  commonly seen  a t  t h e  
L i t t l e  Squaw Fine .  I n  type 2 B  go ld ,  antimony probably had an i n f l u e n c e  on 
t h e  p ropor t ion ing  of s i l v e r  and/or  copper conten t  i n  n a t i v e  gold  during gold 
deposition. 

CONCLUSIONS 

The geochemical t ypes  of gold give a clue t o  the  thermal  h i s t o r y  of t h e  
sou th -cen t r a l  Brooks Range and i n d i c a t e  t h a t  t h e  p l a c e r  cypes may be related 
t o  depth of o r e  depos i t i on .  

On t he  b a s i s  of t h e  g r a d i e n t  t h a t  i s  i n f e r r e d  from t h e  gold ana lyses ,  
l a t e  Mesozoic rectonism of t h e  Brooks Range---which may have caused the  
ore-forming hydrothermal s o l u t i o n s  t o  be emplaced i n  p rog res s ive ly  lower 
t h r u s t - p l a t e s  from e a s t  t o  west a c r o s s  t he  Koyukuk-Chandalar d i s t r i c t - - -  
probably inf luenced  t h e  chemistry of t h e  lode  and p l a c e r  go lds  i n  the d i s -  
t r i c t .  
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INTRODUCTION 

M i l l  t a i l i n g s  have been a subject of c o n v e r s a t i o n  i n  t h e  mining i n d u s t r y  
s i n c e  t h e y  f i r s t  came o u t  of t h e  d i s c h a r g e  p i p e s  from t h e  o l d  m i l l s .  O lder  
t echnology  and l e s s  e f f i c i e n t  p r o c e s s i n g  sys tems  of the e a r l y  o p e r a t i o n s  
would i m p l y  some m i n e r a l s  might be p r e s e n t  t h a t  were n o t  r e c o v e r a b l e  a t  t h e  
t ime  t h e  mills o p e r a t e d .  However, e x p e r i e n c e  h a s  t a u g b t  u s  t h a t  t h e  t a i l i n g s  
g r a d e s  a r e  g e n e r a l l y  v e r y  low and uneconomical  t o  r e p r o c e s s .  The problem t o  
d a t e  f o r  t h e  mining i n d u s t r y  h a s  been  how t o  move l a r g e  volumes o f  t h e  t a i l -  
i n g s  m a t e r i a l s  w i t h  low c a p i t a l  c o s t  for equipment and overhead and y e t  main- 
t a i n  a c c e p t a b l e  s t a n d a r d s  of m i n e r a l  r e c o v e r y  and e n v i r o n m e n t a l  c o n t r o l .  

One o f  t h e  more p romis ing  approaches  t o  s o l v i n g  this problem comes from 
FreeGold Recovery, I n c . ,  which combines proven equipment from d i f f e r e n t  i n -  
dustries t o  make one h i g h l y  compat ib le  p r o c e s s .  

EQUIPMENT 

The o l d  mills p r o v i d e  a n  a l r e a d y  m i l l e d  p r o d u c t  f o r  t h e  head f e e d  t o  a 
r e p r o c e s s i n g  sys tem.  A Toyo s u b m e r s i b l e  s l u r r y  pump, which can h a n d l e  up t o  
a 50-percen t - so l ids  s l u r r y  with p a r t i c l e  sizes up t o  1 i n .  d i am,  was chosen 
as t h e  pr imary u n i t  f o r  f e e d i n g  t h e  c i r c u i t .  The pump can be lowered t o  t he  
surface of t h e  m a t e r i a l s  t o  be  mined and i t  w i l l  g e n e r a t e  its own ' f e e d  
sump. '  For  ponds ,  i t  can be lowered on a winch o r  cha in -b lock  t o  t h e  d e s i r e d  
l e v e l  where pumping of s o l i d s  can  be i n i t i a t e d .  Pumping r a t e s  can be moni- 
t o r e d  by t h e  power draw of t h e  pump motor .  For  d r y  t a i l i n g s  d e p o s i t s ,  mining 
c a n  be  s t a r t e d  up by g e n e r a t i n g  a small p i t  and  a d d i n g  t h e  r e q u i r e d  amount of 
w a t e r  f o r  s l u r r y  g e n e r a t i o n .  The same sys tem of f e e d  c o n t r o l  can be u s e d .  
The Toyo punip d i s c h a r g e  is d i r e c t e d  t o  a 48- in .= Sweco s c r e e n  f i t t e d  w i t h  a 
-10 mesh (1.65 mm) s c r e e n  deck. 

The +10 mesh m a t e r i a l  and c o a r s e  d e b r i s  a r e  d i s c a r d e d .  The -10 mesh 
underf low p r o d u c t  i s  t h e n  pumped t o  a bank o f  6-in.-diam d e w a t e r i n g  c y c l o n e s ,  
which dewater  t h e  f e e d  p r o d u c t ,  p roduc ing  a 6 2 - p e r c e n t - s o l i d s  under f low;  



they  a l s o  a c t  as  a b u f f e r  t o  c o n t r o l  any f l u c t u a t i o n  w i t h i n  t h e  f eed  system. 
T h i s  enables  t h e  c i r c u i t  t o  main ta in  a c o n s t a n t  feed t o  t h e  Re iche r t  cones 
and s p i r a l s .  

The cyc lone  underflow product  i s  pumped t o  a Re iche r t  Cone Concent ra tor  
( t ype  4DSV), which is  used f o r  pr imary upgrading.  c o n c e n t r a t e  from t h e  cone 
is  f e d  t o  two tw in - s t a r t  LG7 Reiche r t  s p i r a l s  f o r  a secondary upgrading.  The 
Reiche r t  cones and s p i r a l s  were chosen because of t h e i r  a b i l i t y  t o  process a  
l a r g e  volume of m a t e r i a l  w i t h  low c a p i t a l  c o s t  f o r  equipment and overhead and 
y e t  s t i l l  main ta in  high mine ra l  recovery  r a t i o s  w i th  solid environmental  con- 
t r o l .  

Concent ra tes  f o r  t h e  LG7 s p i r a l s  a r e  g r a v i t y  f ed  on to  a Gemini go ld  t a -  
b l e  t h a t  achieves unique s e p a r a t i o n  c a p a b i l i t i e s  when f e d  black-sand 
' p r e c o n c e n t r a t e . '  I t  h a s  a d i s t i n c t  advantage over  p rev ious  t a b l e  d e s i g n s ,  
because i t  i s  a b l e  t o  produce a c l e a n  free-gold product  w i t h  t h e  e x c e p t i o n a l  
recovery  c a p a b i l i t y  of a f i n i s h i n g  t a b l e .  The combination of t h e  Re iche r t  
cone, s p i r a l s ,  and Gemini go ld  cable  r o u t i n e l y  r ecove r s  go ld  down t o  400 mesh 
s i z e  and f i n e r ,  depending on t h e  p h y s i c a l  c h a r a c t e r i s t i c s  of  t h e  gold 
p a r t i c l e s .  

When a l l  of t he se  pieces of equipment are p u t  i n t o  a system, t h e  b a s i c  
flow s h e e t  would look  something l i k e  t h a t  shown i n  f i g u r e  1. 

There could be m o d i f i c a t i o n s  made t o  t h i s  b a s i c  flow s h e e t  t o  a d j u s t  f o r  
each s p e c i f i c  p rope r ty  s i t u a t i o n  such as  a  g r i n d i n g  c i r c u i t ,  m u l t i s t a g e  
s c r een ing  equipment,  and magnet ic  s e p a r a t o r s .  The whole system is  modular 
and could b e  s i z e d  t o  f i t  s p e c i f i c  needs  from 3 t o n s  pe r  h r  t o  several hun- 
dred  tons pe r  h r .  

The system can be used a s  a complete p l a n t  o r  as a primary concen t rn to r  
t o  provide a n  upgraded feed ahead of a f l o t a t i o n  o r  l e ach  p l a n t .  Th i s  would 
reduce t h e  amount of m a t e r i a l  t h a t  h a s  t o  be chemical ly  t r e a t e d  o r  p rocessed ,  
a l l owing  a mote envi ronmenta l ly  sound mining o p e r a t i o n  wi th  a h ighe r  opera- 
t i o n  e f f i c i e n c y .  

Another impor tan t  b e n e f i t  of t h i s  system i s  t h a t  it i s  n o t  l a b o r  i n t en -  
sive; only two men pe r  s h i f t  a r e  r e q u i r e d .  There is v i r t u a l l y  no malnte- 
nance. Also,  high-specific-gravity m i n e r a l s  o t h e r  than  gold and s i l v e r  can 
be recovered .  

EXPLORATION AND TESTING 

An a t t r a c t i v e  f e a t u r e  of  r ep roces s ing  of  o l d  m i l l  t a i l i n g s  is  t h a t  
past-producing mining companies have a l r e a d y  i n s t a l l e d  t h e  i n f r a s t r u c t u r e  f o r  
a  producing mine. The c o s t  of e x p l o r a t i o n  and  e v a l u a t i o n  is g r e a t l y  reduced 
b e c a u s ~  of t h e  e x i s t e n c e  of roads ,  b u i l d i n g s ,  e l e c t r i c i t y ,  and s o  f o r t h .  

Accordingly,  a small e x p l o r a t i o n  crew can examine a p rope r ty  and ,  w i t h i n  
a few days ,  develop enough hard data t o  de te rmine  i f  t h e  p r o p e r t y  war ran t s  
f u r t h e r  e x p l o r a t i o n .  



F i g u r e  1. O p e r a t i n g  f l o w c h a r t ,  F r e e g o l d  Recovery,  Inc. 

If s o ,  an e x p l o r a t i o n  team can comple te  a comprehensive  e v a l u a t i o n  pro-  
gram i n  a matter of  weeks. By using t h e  same equipment i n  sampl ing  t h a t  
would be i n c o r p o r a t e d  i n  a p r o d u c t i o n  p l a n t ,  t h e  management ream c a n  n o t  o n l y  
cctcplece its e x p l o r a t i o n  program t o  e s t a b l i s h  r e s e r v e s  and tonnages, b u t  c a n  
a l s o  e l i m i n a t e  a n  e x t r e m e l y  r i s k y  problem i n  t h e  min ing  i n d u s t r y ,  namely, t h e  
scaling up o f  e x p l o r a t i o n  p r o j e c t i o n s  t o  commercial-plant per fo rmance .  

This e n a b l e s  a company t o  e x p l o r e  t a i l i n g s  d e p o s i t s ,  d e v e l o p  r e s e r v e s ,  
and make a p r o d u c t i o n  d e c i s i o n  i n  a s h o r t  t i m e .  I t  r e s u l t s  i n  a s i g n i f i c a n t -  
l y  l ower  up-front development  c o s t ,  compared t o  the mining industry i n  geoer- 
al. 

The f u t u r e  f o r  a p p l i c a t i o n s  u s i n g  this p r o c e s s  l o o k s  v e r y  b r i g h t .  Parc 
of  t h e  c i r c u i t  was just i n s t a l l e d  a s  a s c a v e n g e r  unit i n  a large hard-rock 
o p e r a t i o n  i n  n o r t h e r n  Cntario w i t h  very good results. Cont inuous  t e s t i n g  and 
e v a l u a t i n g  w i l l  be c a r r i e d  o u t .  Pas t  p r o d u c i n g  min ing  companies i n  Kor th  
America number w e l l  i n t o  t h e  thousands ;  t h e r e  shou ld  be no s h o r t a g e  of 
p r o j e c r s  t h a t  w i l l  be anenable  t o  t h i s  process. 
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I N T R O D U C T I O N  

T h e r e  is no d o u b t  t h a t  u s i n g  r e c y c l i n g  t e c h n i q u e s  r e d u c e s  t h e  volume o f  
w a t e r  d i s c h a r g e d  from a mining o p e r a t i o n  and t h a t  t h i s  r e d u c t i o n ,  combined 
w i t h  a c l e a r - w a t e r  bypass  sys tem,  d e f i n i t e l y  improves  downstream w a t e r  q u a l i -  
t y .  T h e r e  is c o n c e r n  t h a t  r e c y c l i n g  c a u s e s  a b u i l d u p  o f  suspended s o l i d s  
t h a t  l e a d s  t o  g o l d  m i g r a t i o n  and l o s s  i n  a s l u i c e  box.  However, i t  i s  
unknown whether  g o l d  m i g r a t i o n  a n d  l o s s  r e s u l t  from t o t a l  suspended  s o l i d s ,  
c l a y ,  v i s c o s i t y ,  r i f f l e  pack ing ,  o t h e r  f a c t o r s ,  o r  a combina t ion  of f a c t o r s .  
T h i s  paper  summarizes i n f o r m a t i o n  from two p i l o t - s c a l e  s l u i c e - b o x  s t u d i e s  
conduc ted  because  of t h e  concern  t h a t  r e c y c l e  w a t e r  may c a u s e  g o l d  m i g r a t i o n  
o r  l o s s .  

TOTAL SUSPENDED SOLIDS 

The l i t e r a t u r e  c o n t a i n s  many s t a t e m e n t s  r e l a t i n g  t o t a l  suspended s o l i d s  
t o  g o l d  l o s s .  Many a u t h o r s  (Redmond, 1948 ;  Cook and Rao, 1973;  DINA, 1981) 
imply t h a t  g o l d  l o s s e s  o c c u r  when t h e  s o l i d s  c o n t e n t  o f  t h e  water becomes t o o  
h i g h ,  a l t h o u g h  t h e r e  i s  no q u a n t i t a t i v e  e v i d e n c e  s u p p o r t i n g  t h i s  c o n t e n t i o n .  
According t o  Redaond, dredge-water  s o l i d s  may r e a c h  3 o r  4 p e r c e n t  (31 ,000  t o  
41,000.mg/L) b e f o r e  b e i n g  c o n s i d e r e d  roo  s e r i o u s .  D I N A  (1981) c i t e s  a d r e d g e  
c o n s u l t a n t  who s t a t e d  t h a t  t h e  w a t e r  s h o u l d  have a s p e c i f i c  g r a v i t y  of l e s s  
t h a n  1 . 1  o r  a maximum c o n c e n t r a t i o n  of a b o u t  150,000 mg/L suspended  s o l i d s  to 
reduce  t h e  r i s k  of  l o s i n g  some f i n e  g o l d  from t h e  s l u i c e .  Environment Canada 
(1983) concluded t h a t  s u s p e n d e d - s o l i d s  c o n c e n t r a r i o n s  up t o  a t  l e a s t  
60 ,000  mg/L a r e  n o t  a n  i m p o r t a n t  c o n s i d e r a t i o n .  L in  (1980) r e p o r t s  t h e  r e -  
covery  of -48+65 mesh g o l d  i n  a s l u i c e  box i s  n o t  a d v e r s e l y  a f f e c t e d  by a 
s l u i c i n g - w a t e r  s o l i d s  c o n c e n t r a t i o n  of 10 p e r c e n t  by we igh t  (107,000 mg/L) 
and c o n c l u d e s  t h a t  t h e  r e c o v e r y  o f  c o a r s e r  g o l d  w i l l  a l s o  be u n a f f e c t e d .  
Russ ian r e s e a r c h  r e p o r t e d  by Zamyatin and o t h e r s  (1975) n o t e s  t h a t  s l u i c e  
water s h o u l d  n o t  exceed  160,000 mg/L b e c a u s e  o f  g o l d  l o s s e s  and t h e r c  i s  no 
r e c o v e r y  l o s s  up t o  30 ,000  mg/L suspended s o l i d s .  They a l s o  n o t e  t h a t  t h e  
s m a l l e s t  g o l d  grab s l z e  r e c o v e r a b l e  a t  160 ,000  mg/L i s  150 mesh and  t h a t  t h e  
s m a l l e s t  g o l d  g r a i n  r e c o v e r a b l e  a t  70,000 mg/L i s  200 mesh. 

Because of t h e  wide ravge i n  suspended s o l i d s  c o n c e n t r a t i o n s  r e p o r t e d  t o  
a f f e c t  g o l d  r e c o v e r y  (31 ,000  t o  160,000 r n g / ~ )  and  b e c a u s e  o f  t h e  g e n e r a l  l a c k  
of  s u p p o r t i n g  e v i d e n c e  f o r  a  s p e c i f i c  l e v e l  o f  t o t a l  suspended s o l i d s  t h a t  
a f f e c t s  g o l d  r e c o v e r y ,  two p i l o t - t e s t  s l u i c e - b o x  s t u d i e s  were  conducred i n  
1984 t o  d e t e r m i n e  t h e  approx imate  l e v e l  o f  suspended s o l i d s  t h a t  would c a u s e  
g o l d  m i g r a t i o n  o r  l o s s  ( P e t e r s o n  and o t h e r s ,  1984; Shannon & Wilson,  1985a) .  



These t e s t s  were run  us ing  a  s l u i c e  box t h a t  was 6 i n .  wide and 8 f t  long,  
w i t h  r ibbed  rubber  ma t t i ng  and expanded meta l  riffles ( f i g s .  1 and 2 ) .  The 
8 f t  of r i f f l e s  were c u t  i n t o  f o u r  2-ft-long s e c t i o n s  so  t h a t  each s e c t i o n  
could be c leaned  s e p a r a t e l y  t o  a l low measurement of go ld  migra t ion  w i t h i n  the 
s l u i c e  box. A l l  pay d i r t  was screened t o  minus 314 i n . ,  and one s e t  of six 
t e s t  runs  w a s  made with washed pay d i r t ,  where t h e  pay d i r t  was run through 
the  box t h r e e  t imes  t o  remove all n a t i v e  gold be fo re  conduct ing t h e  t e s t s  
(Shannon 6 Wilson, 1 9 8 5 a ) .  Another s e t  of s i x  t e s t  runs was made w i t h  un- 
washed pay d i r t  (Pe terson  and o t h e r s ,  1984) .  S a l t e d  gold was added t o  a l l  1 2  
t e s t  runs .  Testing was s t a r t e d  wi th  a known q u a n t i t y  of -30+60 mesh gold .  
Recovery of +30, -30+50, and -50+80 mesh gold was measured f o r  each r i f f l e  
s e c t i o n  a f t e r  each t e s t  run. The average Corey shape f a c t o r  of t he  go ld  used 
was 0.26 f o r  the -30+40 mesh g o l d ,  0 . 2 9  f o r  t he  -40+50 mesh gold ,  and 0 .36  
fox the -5W70 mesh gold.  

There was a  low c o r r e l a t i o n  between t h e  i n f l u e n t  t o t a l  suspended-sol ids  
c o n c e n t r a t i o n  and gold  mig ra t ion  ( f i g .  3 ) ;  go ld  mig ra t ion  and l o s s  were neg- 
l i g i b l e  i n  t h e s e  12 t e s t  runs. Figure  3 is arranged i n  o r d e r  of i n c r e a s i n g  
t o t a l  suspended-sol ids  c o n c e n t r a t i o n s  ranging from 30 t o  194,000 mg/L, which 
is  n o t  t h e  o r d e r  i n  which t h e  r u n s  were made. Ninety-f ive pe rcen t  o r  more of 
the -50+80 mesh gold was caught on the  f i r s t  r i f f l e  s e c t i o n ,  and t h e  amount 
l o s t  from t h e  box was 0.6 percent  o r  l e s s  du r ing  t h e s e  runs .  Therefore ,  i t  
wag concluded t h a t  even concen t r a t ions  of t o t a l  suspended s o l i d s  a s  high a s  
200,000 mg/L do not  cause s i g n i f i c a n t  gold l o s s  a t  t he  run d u r a t i o n s  and wa- 
t e r  d u t i e s  of t h e  t e s t s .  

CLAY AND VISCOSITY 

Clay concen t r a t ions  and v i s c o s i t y  l e v e l s  i n  t h e  s l u i c e  wash water  were 
then  hypothesized t o  be a p o s s i b l e  cause of gold migra t ion  and l o s s .  

The types of c l a y  i n  e f f l u e n t  samples were determined by X-ray d i f f r a c -  
t i o n  t o  be  k a o l i n i t e ,  i l l i t e ,  c h l o r i t e ,  and l e p i d o l i t e .  The concen t r a t ion  of 
c lay-s ized  p a r t i c l e s  was a l s o  determined.  The upper l i m i t  f o r  t h e  s i z e  of a 
c l a y  p a r t i c l e  i s  g e n e r a l l y  r e f e renced  as  between 0.002 and 0.005 mm. For t he  
p i l o t  s t u d i e s ,  0.002 mm was used a s  t h e  upper l i m i t  o f  c lay-s ized  p a r t i c l e s ,  
which was determined by us ing  a hydrometer. The c o n c e n t r a t i o n  of c lay-s ized  
p a r t i c l e s  f o r  each run was c a l c u l a t e d  by m u l t i p l y i n g  t h e  percentage  of 
c lay-sized p a r t i c l e s  by t h e  t o t a l  suspended-sol ids  concen t r a t ion .  The con- 
c e n t r a t i o n  of c lay-s ized  p a r t i c l e s  i n  t h e  1 2  t e s t  runs ranged from ze ro  t o  
about  40,000 mg/L.. Figure  4 displays a low c o r r e l a t i o n  between the  concen- 
t r a t i o n  of c lay-s ized  p a r t i c l e s  and  gold mig ra t ion .  Because of t h i s  s i t u a -  
t i o n ,  a d d i t i o n a l  work was done t o  assess t he  a f f e c t s  of u s ing  c l a y  a s  opposed 
t o  s i m p l y  c lay-s ized  p a r t i c l e s  and K O  a s s e s s  t h e  a f f e c t s  b f  v i s c o s i t y .  

A s e r i e s  of k a o l i n ,  i l l i t e ,  and b e n t o n i t e  c lay-water  soluticns were made 
and v i s c o s i t y  measured on each  s o l u t i o n  using a Fann Viscometer. F igure  5 
d i s p l a y s  t h e  r e s u l t s  of t hese  measurements (Pe terson ,  1 9 8 4 )  a long  t h e o r e t i c a l  
curves  f o r  b e n t o n i t e ,  subben ton i t e ,  and n a t i v e  c l a y  (Magcobar, 1977). Of t h e  
t h r e e  c l a y s  t e s t e d ,  b e n t o n i t e  i s  t h e  most expansive and d i s p l a y s  t h e  h ighes t  
v i s c o s i t y  l e v e l s  a t  t h e  lowest  s o l i d s  concen t r a t ion .  Add i t iona l  p i l o t  t e s t  
runs were then  conducted using b e n t o n i t e  and kao l in  t o  determine whether t r u e  





Figure 2 .  P i l o t  t e s t ,  recycle  f a c i l i t y  (plan v i e w ) ,  s c a l e :  $ in. = 1 ft. 
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Figure 3 .  l n f l u e n r  suspended solids vs gold migration. 
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Figure 4 .  Influent c l a y - s i z e d  particles v s  g o l d  migratiori. 
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SUSPENDED SOLIDS, mg/L X 1000 

F i g u r e  5 .  Visccsity vs suspended s o l i d s  f o r  d i f f e r e n t  clays. EIe&sured 
l e v e l s  of v i s c o s i t y  f o r  b e n t o n i t e  (B) , i l l i t e  ( I ) ,  and k a o l i n  (K) 
p l o t t e d  on t h e o r e t i c s 1  curves.  

c l a y s ,  r a t h e r  t h a n  s i m p l y  c l a y - s i z e d  p a r t i c l e s ,  w o u l d  cause gold m i g r a t i o n .  
The k a o l i n  and b e n t o n i t e  r u n s  were made w i t h  a b o u t  100,000 mg/L t o t a l  
suspended s o l i d s ,  b u t  t h e  c o n c e f i t r a t i o n  of t r u e  c l a y  wes o n l y  32,GCO mg/L f o r  
t h e  kaolin r u n  and 60,000 mg/L f o r  t h e  b e n t o n i c e  r u n .  The r e s t  of t h e  t o t a l  
suspended s o l i d s  i n  t h e s e  r u n s  was made up o f  nonc lay  p a r t i c l e s  l e s s  t h a n  
C.002 rmn. One z d d i t i o n a l  r u n  was made u s i n g  D r i s ~ a c ,  a v i s c o s i t y  b u i l d e r  
u s e d  by che d r i l l i n g  i n d u s t r y ,  t o  t e s t  t h e  effect o f  v i s c o s i t y  w i c h o e c  clay. 



V i s c o s i t y  a t  t h e  r u n  t e m p e r a t u r e  d u r i n g  t h e  k a o l i n  r u n  was 3 . 2  c e n t i -  
p o i s e  ( c p ) ,  14  cp f o r  b e n t o n i t e ,  and 35 c p  f o r  t h e  D r i s p a c  run. Gold m i -  
g r a t i o n  o f  t h e  -50 mesh g o l d  i n  t h e  s l u i c e  box f o r  t h e s e  t h r e e  runs a p p e a r s  
i n  f i g u r e  6 .  The d i f f e r e n c e  i n  go ld  m i g r a t i o n  is r e a d i l y  a p p a r e n t  i n  a l l  
f o u r  r i f f l e  s e c t i o n s .  Of t h e  t o t a l  -50 mesh g o l d  r e c o v e r e d  i n  t h e  k a o l i n  
r u n ,  98.9 p e r c e n t  was c a u g h t  i n  t h e  f i r s t  r i f f l e  s e c t i o n ,  1.1 p e r c e n t  i n  t h e  
s e c o n d ,  and a t r a c e  i n  t h e  t h i r d ,  w i t h  l e s s  t h a n  0.1 p e r c e n t  i n  t h e  f o u r t h  
r i f f l e  s e c t i o n .  These  p e r c e n t a g e s  are c a l c u l a t e d  based on t h e  t o t a l  amount 
o f  g o l d  c a u g h t  i n  t h e  box b e c a u s e  l o s s e s  i n  t h e s e  r u n s  were v e r y  low. 
D r i s p a c  r e s u l t e d  i n  o n l y  12.3 p e r c e n t  of t h e  g o l d  caught  i n  t h e  f i r s t  r i f f l e  
s e c t i o n ,  a n o t h e r  1 2 . 3  p e r c e n t  i n  t h e  s e c o n d ,  11.1 p e r c e n t  i n  t h e  t h i r d ,  and 
9 . 5  p e r c e n t  i n  t h e  f o u r t h  r i f f l e  s e c t i o n ;  54 .8  p e r c e n t  o f  t h e  g o l d  used 
passed  th rough  t h e  box and was  l o c a t e d  i n  t h e  s o l i d s  s e t t l i n g  t a n k ,  t h e  recy-  
c l e  t a n k ,  t h e  hose  from t h e  r e c y c l e  pump t o  t h e  upper  s o l i d s  f e e d  t a n k ,  and 
i n  t h e  upper  f e e d  t a n k .  From t h e s e  data, i t  a p p e a r s  t h a t  -50 mesh g o l d  was 
j u s t  b e g i n n i n g  t o  m i g r a t e  i n  t h e  b e n t o n i t e  run ( v i s c o s i t y ,  14 c p )  and moved 
significantly i n  t h e  D r i s p a c  r u n ,  where v i s c o s i t y  was 35 e p .  T h e r e f o r e ,  it 

a p p e a r s  t h a t  a v i s c o s i t y  o f  abou t  14 cp o r  s l i g h c l y  h i g h e r  w i l l  c a u s e  go ld  
m i g r a t i o n  and l o s s .  

Does t h i s  mean t h a t  v i s c o s i t y  a t  o p e r a t i n g  mines  i n  Alaska  c a n  c a u s e  
g o l d  m i g r a t i o n  and l o s s ?  A v a i l a b l e  e v i d e n c e  s u g g e s t s  t h i s  is n o t  t h e  c a s e .  
F i g u r e  7 d i s p l a y s  t h e  range  o f  t e m p e r a t u r e s  and v i s c o s i t i e s  obse rved  i n  
s l u i c e - e f f l u e n t  samples  from six mines and shows a maximum v i s c o s i t y  of 5 c p ,  
o r  a b o u t  o n e - t h i r d  t h e  v i s c o s i t y  l e v e l  h y p o t h e s i z e d  t o  c a u s e  g o l d  m i g r a t i o n .  
However, 'makeup' water d i l u t e d  t h e  r e c y c l e  w a t e r  a t  t h e  mines  used  f o r  t h i s  
a n a l y s i s .  

Theory s u g g e s t s  t h a t  c l a y  p a r t i c l e s  would c o n c e n t r a t e  i n  a zero-d i s -  
c h a r g e ,  h i g h - r a t e - r e c y c l e  pond a s  t h e  mining s e a s o n  p r o g r e s s e s .  Even i f  t h e  
c l a y  c o n c e n t r a t i o n  d o e s  i n c r e a s e ,  t h e  t y p e  o f  c l a y  w i l l  be  a n  i m p o r t a n t  con- 
t r i b u t i n g  f a c t o r  c o n t r o l l i n g  t h e  i n c r e a s e  of v i s c o s i t y .  I t  a p p e a r s  from f i g -  
u r e  5 t h a t  o n l y  b e n t o n i t e  i s  e x p a n s i v e  enough t o  c a u s e  a s i g n i f i c a n t  i n c r e a s e  
i n  v i s c o s i t y ,  and t h e  c o n c e n t r a t i o n  of b e n t o n i t e  would have t o  exceed 
a p p r o x i m a t e l y  60,000 mg/L t o  c a u s e  gold m i g r a t i o n .  This s i t u a t i o n  i s  u n l i k e -  
l y  a t  o p e r a t i n g  mines  b e c a u s e :  1) t h e  maximum c o n c e n t r a t i o n  o f  c l a y - s i z e d  
p a r t i c l e s  measured i n  a s l u i c e  e f f l u e n t  s o  far i s  o n l y  15,400 mg/L; 2)  bento-  
n i t e  h a s  n o t  been found a t  a n y  o f  t h e  s i t e s  s t u d i e d ;  and 3) t h e  t e m p e r a t u r e  
o f  r e c y c l e  w a t e r  would i n c r e a s e  d u r i n g  t h e  s e a s o n ,  t h e r e b y  o f f s e t t i n g  some o f  
t h e  p o t e n t i a l  I n c r e a s e  i n  v i s c o s i t y .  

CONCLUSIONS 

On t h e  b a s i s  of t h e s e  two p i l o t  t e s t s ,  h i g h  t o t a l  s u s p e n d e d - s o l i d s  con- 
c e n t r a t i o n s ,  c l a y ,  o r  v i s c o s i t y  are n o t  t h e  major  c a u s e s  of g o l d  m i g r a t i o n  
and l o s s .  However, t h i s  c o n c l u s i o n  is q u a l i f i e d  because  t h e  p i l o t  t e s r s  were  
o p e r a t e d  under  o p t b u m  c o n d i t i o n s  f o r  a number o f  f a c t o r s  a f f e c t i n g  g o l d  re-  
c o v e r y .  According t o  Shannon & Wilson (1985b), g o l d  r e c o v e r y  i n  a  s l u i c e  
depends  m o s t l y  on t h e  c h a r a c t e r i s t i c s  of t h r e e  f a c t o r s :  

The g o l d :  Its p a r t i c l e  s i z e  and s h a p e ,  p o r o s i t y ,  and 
h y d r o p h o b i c i t y .  



Figure 6 .  Gold migracicn vs v i s c o s i t y .  
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Figure 7. V i s c o s i r y  relationships, sluice-effluent samples. 
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The p i l o r  tests were conduc ted  a t  n e a r l y  optimum c o n d i t i o n s  fo r  most of 
t h e  s l u i c e  and wash-water f a c t o r s .  For example,  f i g u r e  8  d i s p l a y s  sluice 
performance v e r s u s  w a t e r  d u t y  f o r  t h r e e  r a n g e s  o f  g o l d  p a r t i c l e  s i z e s  adap ted  
from i n f o r m a t i o n  p r e s e n t e d  by P o l i n g  and Hamil ton (1987) .  The w a t e r  d u t i e s  
used d u r i n g  p i l o t  t e s t i n g  ranged from 0.19 t o  0 . 5 6  and averaged  0 . 2 4  yd3/1000 
g a l  wash w a t e r .  I t  was r e a d i l y  a p p a r e n t  t h a t  water d u t i e s  u s e d  d u r i n g  p i l o t  
t e s t i n g  p rov ided  a n  optimum c o n d i t i o n  f o r  maximum g o l d  r e c o v e r y .  These  
p i l o t - t e s t  w a t e r  d u t i e s  are lower  t h a n  w a t e r  d u t i e s  found a t  o p e r a t i n g  mines. 
The range  o f  t h e  s l u i c e - w a t e r  d u t i e s  measured a t  mine s i t e s  d u r i n g  t h e  P l a c e r  
Mining Demons t ra t ion  Grant P r o j e c t  r anged  from 0 .36  t o  1 . 2  yd3 /1 ,000  g a l ,  
comparable  t o  b a n k - w a t e r  d u t i e s  o f  0 .4  t o  1 .7  y d 3 /  1,000 g a l  ( P e t e r s o n  and 
o t h e r s ,  1987) .  P i l o t  s t u d i e s  were  a l s o  conduc ted  w i t h  expanded m e t a l  
riffles, which p r o v i d e  b e t t e r  r e c o v e r y  t h a n  Hungar ian  r i f f l e s  ( f i g .  9 ) .  

Finally, t h e  t i m e  between c l e a n u p s  o f  t h e  p i l o t  t e s t s  was s h o r t ,  r a n g i n g  
from 14 t o  45 min.  F i g u r e  10 d i s p l a y s  gold r e c o v e r y  v e r s u s  t ime  between 
c l e a n u p s  based  on data r e p r e s e n t e d  by Zamyatin and o t h e r s  ( 1 9 7 5 ) .  For t h e s e  
d a t a ,  t h e  g o l d  l o s s  r a n g e s  from 4.7 t o  8 p e r c e n t  a t  t h e  20-hr  c l e a n u p  
compared t o  t h e  2-hr c l e a n u p .  Because o f  t h e  s h o r t  t ime between c l e a n u p s  ( o r  
s h o r t - r u n  d u r a t i o n s ) ,  t h e r e  was no r i f f l e  pack ing  i n  t h e  p i l o t  t e s t s .  

In summary, t h e  p i l o t - s c a l e  s l u i c e - b o x  t e s t s  were  conducted under  n e a r l y  
optimum c o n d i t i o n s  f o r  a l l  t h e  s l u i c e -  and wash-water f a c t o r s  ( e x c e p t  r i f f l e  
p a c k i n g ) ,  t h a t  a f f e c t  g o l d  r e c o v e r y  i n  a s l u i c e  box. The major  c o n c l u s i o n  of  
t h i s  work is t h a t  t o t a l  suspended s o l i d s ,  c l a y ,  and v i s c o s i t y  do n o t  d i r e c t l y  
c a u s e  g o l d  m i g r a t i o n  and loss  by themse lves .  However, t h e s e  p a r a m e t e r s  may 
p l a y  a role i n  r i f f l e  pack ing  d u r i n g  l o n g e r  run d u r a t i o n s  o r  t h o s e  w i t h  
h i g h e r  w a t e r  d u t i e s .  

Another  s e r i e s  of  p i l o t - t e s t  runs was made i n  1986 u s i n g  l o n g e r  run 
d u r a t i o n s  and a t e s t - w a t e r  duty of 0 . 5  y d 9 / 1  ,000 ga l  ( P e t e r s o n  and o t h e r s ,  
1986) . .  The major  purpose  of t h i s  testing was t o  a s s e s s  t h e  e f f e c t s  o f  r i f f l e  
pack ing  on f i n e - g o l d  r e c o v e r y  ( s e e  p .  75) .  
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R I F n E  PACKING, SUSPENDED SOLIDS, AND GOLD LOSS IN A SLUICE BOX 

Robert C.  Tsigonis 
Tsigonis  Engineering & Environmental Se rv i ces  

Box 2046 
Fa i rbanks ,  Alaska 99707 

INTRODUCTION 

V i r t u a l l y  a l l  p l a c e r  miners  have experienced r i f f l e  packing and i t s  
dreaded cansequence, go ld  l o s s .  Even those  miners who u s e  jigs o r  o t h e r  re- 
covery systems f a c e  c o n d i t i o n s  not  u n l i k e  r i f f l e  packing i n  a sluice box 
(TsFgonis Engineering & Environmental Services, 1985). Although riffle pack- 
ing has  been a f f e c t i n g  go ld  recovery  f o r  g e n e r a t i o n s ,  ever s i n c e  p l a c e r  min- 
ing began s e v e r a l  thousand y e a r s  ago, l i t t l e  quantitative i n fo rma t ion  exists 
about  i t  because i t  is s o  h a r d  t o  measure. 

I n  1984, t e s t i n g  wi th  a p i l o t - s c a l e  s l u i c e  box i n d i c a t e d  t h a t  t o t a l  sus-  
pended s o l i d s  (TSS),  concen t r a t ion  of clay-sized p a r t i c l e s ,  and v i s c o s i t y  a r e  
no t  major causes of gold migra t ion  o r  l o s s  from s l u i c e  boxes a t  Alaska placer 
mines (Shannon & Wilson, 1985; Pe t e r son  and o t h e r s ,  1984) .  

I n  1986,  Lar ry  Pe terson ,  Gary Nichols ,  and t h e  au tho r  ran t e s t s  t o  de- 
termine the  e f f e c t  t h a t  vary ing  l e v e l s  of t o t a l  suspended s o l i d s  i n  the 
s l u i c e  feed  water  had on r i f f l e  packing and gold recovery i n  a p i l o t - s c a l e  
s l u i c e  box (Pe terson  and others, 1986) .  

The guidance of Willis Umholtz, EPA'S p r o j e c t  manager, is g r a t e f u l l y  
acknowledged. The inva luab le  a s s i s t a n c e  o f  Ron Roman, who not on ly  allowed 
us t o  s e t  up our  t e s t  f a c i l i t y  a t  his mine s i t e  on F ish  Creek near  Fa i rbanks ,  
b u t  provided us w i t h  t h e  paydirt we used i n  t e s t i n g ,  i s  a l s o  very gracefully 
acknowledged. 

TEST FACILITY 

A schematic of t h e  t e s t  f a c i l i t y  is  shown i n  f i g u r e  1. About 100 yd3 of 
p a y d i r t  w a s  s t o c k p i l e d  and d r y  screened a s  needed through a 3/4-in.-deep vi-  
brat ing screen. Grain-size analyses ( f igs .  2 and 3) of t h e  screened  m a t e r i a l  
from each t e s t  run show tha t  t h e  p a y d i r t  was r e l a t i v e l y  uniform. 

Minus 3/4-in.-mesh p a y d i r t  was fed from the hopper on to  a  slick p l a t e ,  
where i t  was washed i n t o  a hydrau l i c  l i f t  made from a 24-in.-dlam Keene suc- 
t ion-dredge nozzle. The h y d r a u l i c  l i f t  c a r r i e d  t h e  paydirt  t o  the head of 
the s l u i c e .  

The s l u i c e  was t h e  same one used  f o r  the 1984 p i l o t - s c a l e  t e s t i n g .  I t  
i s  8 f t  long and 6 i n .  wide and was s e t  a t  a 14 - in . / f t  drop,  which is a 
10-percent s l o p e ,  f o r  all the t e s t i n g .  
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The r i f f l e s  were  c o n s t r u c t e d  i n  t h r e e  s e c t i o n s ,  and c l e a n u p s  were done 
by s e c t i o n .  R i f f l e  1 c o v e r e d . t h e  t o p  o n e - s i x t h  o f  t h e  box,  r i f f l e  2 covered  
t h e  n e x t  o n e - t h i r d ,  and r i f f l e  3 covered  t h e  bo t tom h a l f  o f  t h e  box.  In 
1984, we used  f o u r  e q u a l  s e c t i o n s .  To a l l o w  a b e t t e r  d e t e r m i n a t i o n  o f  when 
go ld  b e g i n s  moving down t h e  box ,  we changed t h e  r i f f l e  c o n f i g u r a t i o n .  

Water was s u p p l i e d  t o  t h e  h y d r a u l i c  l i f t  by a 10-hp, gasol ine-powered 
w a t e r  pump a t  a r a t e  of 40 gpm. The f i r s t  t h r e e  t e s t  r u n s  were  made w i t h  
100-percenr r e c y c l e d  w a t e r ,  run  4 was made w i t h  p a r t i a l l y  r e c y c l e d  w a t e r ,  and 
run 5 was made w i t h  c l e a r  water and no r e c y c l e .  

Because r i f f l e  p a c k i n g  causes g o l d  l o s s ,  g o l d  l o s s  w a s  used  as  a measure 
of r i f f l e  p a c k i n g .  Gold l o s s  was measured by means of a secondary  r e c o v e r y  
sys tem t h a t  p r o c e s s e d  s l u i c e  t a i l i n g s .  

A t  t h e  bo t tom o f  the s l u i c e  was a 1 - f t - long  s e c t i o n  of wedge-wire 
s c r e e n .  The wedge-wire r a n  p a r a l l e l  t o  t h e  f low;  s p a c i n g  between t h e  wlres 
was 2 mm. Most o f  t h e  w a t e r  and minus  10-mesh m a t e r i a l  from t h e  s l u i c e  f e l l  
th rough  t h e  screen and i n t o  a 1%-in.-diam S a l a  s l u r r y  pump. The pump l i f t e d  
t h e  m a t e r i a l  t o  a  hydrocyc lone  s i t u a t e d  above a s i n g l e - s t a r t  R e i c h e r t  Mark 
VII s p i r a l  ( f i g .  4 ) .  Underflow from t h e  c y c l o n e ' f l o w e d  down t h e  s p i r a l  w h i l e  
o v e r f l o w  went back i n t o  t h e  r e c y c l e  tanks. 

C o n c e n t r a t e  from t h e  s p i r a l  f lowed o n t o  a Gemini s h a k i n g  t a b l e ,  where 
go ld  l o s t  by  t h e  s l u i c e  was r e c o v e r e d .  Midd l ings  from t h e  s p i r a l  were r e -  
t u r n e d  t o  t h e  S a l a  pump t o  m a i n t a i n  t h e  p r o p e r  f l o w  r a t e  and p u l p  d e n s i t y  f o r  
t h e  s p i r a l .  The w a t e r  and t a i l i n g s  s p l i t s  f lowed back  i n t o  t h e  r e c y c l e  
tanks. 

T h i s  sys tem prov ided  c o n t i n u o u s  m o n i t o r i n g  of g o l d  l o s s  and  i n d i c a t e d ,  
w i t h i n  a few m i n u t e s ,  when t h e  r i f f l e s  had  become packed t o  t h e  e x t e n t  t h a t  
go ld  was b e i n g  c a r r i e d  t h r o u g h  t h e  box. 

TEST RUNS 

Each t e s t  r u n  was made w i t h  a f r e s h  p o r t i o n  of s c r e e n e d  p a y d i r t .  Water 
d u t y  was c l o s e  t o  0 . 5  yd3 of s c r e e n e d  p a y d i r t  p e r  thousand g a l l o n s  o f  w a t e r  
d u r i n g  a l l  f i v e  r u n s .  

Although go ld -bear ing  p a y d i r t  was used f o r  t e s t i n g ,  we needed t o  be  s u r e  
t h e r e  was a s t a t i s t i c a l l y  s i g n i f i c a n t  q u a n t i t y  of g o l d  i n  t h e  s l u i c e  box. 
T h e r e f o r e ,  f i n e  g o l d  was added t o  t h e  p a y d i r t  a s  i t  p a s s e d  a c r o s s  t h e  s l i c k  
p l a t e .  Corey ' s  s h a p e  f a c t o r  of t h e  s a l t e d  g o l d  ranged  from 0 . 1 2  (which i s  
q u i r e  low) t o  0 .42 ,  with a mean of 0 . 2 6 .  

The g o l d  was d i v i d e d  i n t o  f i v e  e q u a l  p a r t s  o f  a p p r o x i m a t e l y  e q u a l  
w e i g h t s  of 50- t o  70-mesh and 70- t o  100-mesh. A l l  g o l d  w a s  p r o c e s s e d  a c r o s s  
t h e  Gemini table p r i o r  t o  s l u i c e  t e s t i n g ;  o n l y  t h o s e  p a r t i c l e s  r e c o v e r e d  by 
t h e  t a b l e  were  used i n  the subsequen t  t e s t s .  Gold was added i n  i n c r e m e n t s  t o  
t h e  p a y d i r t  d u r i n g  each run. About 2 .5  g g o l d  was added every  20 min 
t h r o u g h o u t  each r u n .  



Figure 4 .  P i l o t - t e s t  p l a n t  for f ine-gold recovery  eria 
riffle packing.  For each t e s t  r u n ,  t h e  sample gold 
was removed from the  s l u i c e  concen t r a t e  and tailings. 
The Reiche r t  MKVII s p i r a l  and Gemini t a b l e  w e r e  used 
t o  measure f ine-gold  recovery and l o s s .  

A f t e r  each r u n ,  c leanup was done by r i f f l e  s e c t i o n .  S l u i c e  concen t r a t e  
from each r i f f l e  was washed i n t o  a 5-gal bucket, screened  i n t o  s i z e  ranges of 
plus %-in., %-in. t o  10-mesh, 10- t o  20-mesh, and minus 20-mesh. Each of t h e  
p l u s  20-mesh-size f r a c t i o n s  was panned and the minus 20lnesh f r a c t i o n  was run 
a c r o s s  t h e  Gemini t a b l e  t o  s e p a r a t e  t h e  gold .  

The suspended-sol ids  l e v e l  f o r  each run w a s  a d j u s t e d  by e i t h e r  adding 
se t t l i ng -pond  fines from Ron Roman's lower s e t t l i n g  ponds o r  by d i l u t i n g  t h e  
s o l i d s  l e v e l  from the  previous  run  wi th  c lean water .  

WATER QUALITY 

Table 1 summarizes the wa te r -qua l i t y  d a t a  f o r  all f i v e  runs. For r u n  1 ,  
inf luent-suspended s o l i d s  averaged 249,000 mg/L and expanded meta l  riffles 
were used; t h e  run l a s t e d  315 min, when we no t i ced  a marked i n c r e a s e  i n  t h e  



Table  1. P i l o t - t e s t  w a t e r - q u a l i t y  d a t a  f o r  composite samples .  

Parameter* 
Run 

1 2 3 4 5 

Sluice i n f l u e n t  

Suspended s o l i d s  249,000 285,000 421,000 62,300 34 8 

T u x b i d i r y  59,000 74,000 76,000 19,000 17 

S e t t l e a b l e  s o l i d s  2 80 400 420 120 c0. 1 

S p e c i f i c  g r a v i t y  1.155 1.178 1.282 1.040 1.000 

V i s c o s i t y  a t  run  temp. 2.8 3.5 4.1 1.8 1.0 

Run d u r a t i o n  3 15 315 60 315 315 

Screened-water  d u t y  0.5 0.5 0.5 0.5 0.5 

Bank yard  w a t e r  d u t y  0.6 0.6  0.6 0.6 0.6 

S l u i c e  e f f l u e n t  

Suspended s o l i d s  292,000 313,000 469,000 95,400 29,700 

T u r b i d i t y  67,000 80,000 88,000 21,000 4,000 

S e t t l e a b l e  s o l i d s  350 4 4 0 440 130 36 

S p e c i f i c  g r a v i t y  1,182 1.200 1.296 1.062 1.020 

V i s c o s i t y  a t  r u n  temp. 3 .2  3.5 6 . 1  2.0 1.5 

*Units: Suspended s o l i d s  - mg/L 
T u r b i d i t y  - NTU 
S e t t l e a b l e  s o l i d s  - m l / L  
S p e c i f i c  gravity - gm/cc a t  20 c 
V i s c o s i t y  - cp ( c e n t i p o i s e ) - g m  mass/cm s e c .  
Run d u r a t i o n  - Min 
Water d u t y  - y d 3 / 1 ~ ~ ~  gal  ( c u b i c  ya rds  o f  p a y d i r t  

s l u i c e d  u s i n g  1000 gallons of w a t e r )  

amount of g o l d  showing u p  on t h e  Gemini t a b l e ,  i n d i c a t i n g  t h a t  the r i f f l e s  
were packed.  

After r u n  1 t h e  expanded-metal  r i f f l e s  were  r e p l a c e d  w i t h  Hungar ian  
r i f f l e s  made from 14-in.  a n g l e  i r o n .  This was done for f o u r  r e a s o n s :  

1 )  To compare pack ing  between expanded-metal  and Hungar ian  r i f f l e s  

2) Because Hungarian r i f f l e s  r e p o r t e d l y  pack f a s t e r  than expanded-met- 
a 1  riffles 



3 )  Hungar ian  r i f f l e s  a r e  commonly used 

4 )  We n o t e d  d u r i n g  run I t h a t  n o t  a s  much c o n c e n t r a t e  accumula ted  i n  
t h e  expanded-meta l  r i f f l e s  where  t h e  m e t a l  was n o t  p e r p e n d i c u l a r  t o  
t h e  d i r e c t i o n  o f  f l o w .  

For run 2 ,  i n f l u e n t  TSS a v e r a g e d  285,000 rng/L, s e t t l e a b l e  s o l i d s  av- 
e r a g e d  400 ml/L, and run d u r a t i o n  was 315 min. 

For run 3 ,  t h e  r e c y c l e  w a t e r  was a s  d i r t y  a s  we c o u l d  g e t  i t .  I n f l u e n t  
TSS were 421,000 mg/L, s e t t l e a b l e  s o l i d s  were  420 m L / L ,  and run  d u r a t i o n  was 
60 min. 

For r u n  4 ,  p a r t i a l  r e c y c l e  was u s e d ,  and i n f l u e n t  TSS were reduced  t o  
62 ,300  mg/L, s e t t l e a b l e  s o l i d s  were  120 ml/L,  and run d u r a t i o n  was 315 min.  

Run 5 was t h e  c l e a r - w a t e r  r u n  w i t h  no r e c y c l e .  I n f l u e n t  TSS were 
348 mg/L, s e t t l e a b l e  s o l i d s  were  z e r o ,  and r u n  d u r a t i o n  was 315 rnin. 

Bes ides  t h e s e  f i v e  r u n s  made t o  a s s e s s  t h e  e f f e c t  of r i f f l e  p a c k i n g  on 
g o l d  l o s s ,  t h r e e  a d d i t i o n a l  r u n s  were made t o  measure  t h e  amount of m a t e r i a l  
r e t a i n e d  i n  t h e  r i f f l e s  and i t s  g r a i n - s i z e  d i s t r i b u t i o n  f o r  packed and un- 
packed c o n d i t i o n s .  

RESULTS 

Gold Recovery 

T a b l e  2 summarizes g o l d  r e c o v e r y  by p e r c e n t .  Dur ing t h e  f i v e  t e s t  r u n s ,  
g o l d  c a p t u r e d  on t h e  Gemini t a b l e  was p l a c e d  i n t o  s e p a r a t e  c o n t a i n e r s ,  de- 
pend ing  on when i t  showed up .  For  a l l  b u t  r u n  3 ,  t h e  g o l d  c a u g h t  d u r i n g  t h e  
l a s t  25 min was k e p t  s e p a r a t e  from all g o l d  c a u g h t  d u r i n g  t h e  f i r s t  290 min 
of t h e  r u n .  For  run  3 ,  which l a s t e d  60 min,  t h e  g o l d  c a u g h t  on t h e  Gemini 
t a b l e  was d i v i d e d  i n t o  a 30-min segment and two 15-min segments .  

Runs 1 and 2 were the same e x c e p t  f o r  t h e  type  of r i f f l e s  used .  For r un  
1, w i t h  expanded m e t a l  r i f f l e s ,  a c o n t i n u o u s  s l o w  r a t e  of g o l d  l o s s  was ob- 
served on t h e  Gemini t a b l e ,  whereas  f o r  r u n  2 ,  p r a c t i c a l l y  a l l  t h e  g o l d  loss 
o c c u r r e d  d u r i n g  t h e  l a s t  40 t o  50 min.  A p p a r e n t l y ,  expanded-rnetzl r i f f l e s  do 
n o t  pack a s  c o m p l e t e l y  a s  Hungar ian  r i f f l e s  do;  i n s t e a d ,  t h e y  c o n t i n u o u s l y  
a l l o w  a s m a l l  amount of g o l d  t o  p a s s  t h r o u g h  t h e  s l u i c e .  The expanded-metal  
r i f f l e s  were a l i g n e d  i n  one d i r e c t i o n  o n l y .  A l t e r n a t i n g  t h e  a l i g n m e n t  o f  
t h e s e  r i f f l e s  might  r e d u c e  t h e  o p p o r t u n i t y  f o r  g o l d  t o  pas s  th rough  t h e  box.  
A l s o ,  i t  a p p e a r s  t h a t  once  t h e  Hungar ian  r i f f l e s  pack,  t h e y  l o s e  more g o l d  
t h a n  do t h e  expanded-metal  o n e s .  

Run 2 l a s t e d  315 min,  whereas  run 3 l a s t e d  o n l y  60 min.  S i g n i f i c a n t l y  
more g o l d  was c a p t u r e d  i n  t h e  first r i f f l e  s e c t i o n  i n  run  3 than i n  run 2 ,  
d e s p i t e  a h i g h e r  i n f l u e n t  TSS a v e r a g e  (421,000 mg/L t o  285,000 mg/L). T h i s  
i n d i c a t e s  t h a t  n e i t h e r  t h e  h i g h  TSS c o n c e n t r a t i o n  of r u n  3 n o r  its v i s c o s i t y  
( 4 . 1  c p  i n  t h e  r e c y c l e  w a t e r )  a d v e r s e l y  a f f e c t e d  g o l d  recovery-- -as  long a s  



Table 2. Percent gold recovery. 

w 
+50 
-50+70 
-70+100 
-100 
Total 

w 
+SO 
-50+70 
-70+100 . 
-100 
Total 

Eu-2  
+so 
-50+70 
-70+100 
-100 
Total 

IWlA 
+50 
-50+70 
-70+100 
-100 
Total . 

m 
+50 
-50+70 
-7OC100 
-100 
Total 

R i f f l e  S e c t i o n  

Note:  Gemeni t a b l e  designation A ,  B, and C are: 
For runs 1, 2, 4 ,  and 5 ,  A i s  the first 4 h r ,  15 min of operation 

and B is the last 2 5  min of operation. 
For run 3 ,  A is the  first 30 m i n  of operat ion ,  B i s  for  3 1  t o  45 min,  

and C is for 46 to 60 min. 



t h e  r i f f l e s  were n o t  packed.  However, t h e  r i f f l e s  began p a c k i n g  v e r y  q u i c k l y  
d u r i n g  run  3 ,  as shown by t h e  r a p i d  i n c r e a s e  i n  g o l d  l o s s  i n  just 60 min. 
The t o t a l  g o l d  l o s s  i n  run  3 might  have s u r p a s s e d  t h a t  of run 2 i n  a n o t h e r  15 
min o r  so .  

The p r i m a r y  d i f f e r e n c e  between r u n s  2 ,  4 ,  and 5 was i n f l u e n t  TSS. In-  
f l u e n t  TSS c o n c e n t r a t i o n s  averaged  285,000 mg/L f o r  run 2, 62 ,300  mg/L f o r  
run 4 ,  and 348 mg/L f o r  r u n  5 .  For  t h e  t e s t  s l u i c e  used i n  t h i s  s t u d y ,  
r i f f l e  packing d i d  n o t  o c c u r  i n  315 rnin a t  an i n f l u e n t  TSS of 62,300 mg/L b u t  
d i d  occur  a t  285,000 mg/L, as  shown by the g o l d  l o s s  of  0 .72  p e r c e n t  d u r i n g  
t h e  l a s t  25 rnin of run 2 .  These f i n d i n g s  i n d i c a t e  t h a t  g o l d  m i g r a t i o n  due t o  
r i f f l e  pack ing  is  a  r e a l  phenomenon and t h a t ,  under  c o n d i t i o n s  s i m i l a r  t o  
t h i s  s t u d y ,  r i f f l e s  become packed i n  a b o u t  5 h r  a t  some i n f l u e n t  TSS exceed- 
ing 62,300 mg/L. The s p e c i f i c  influent TSS c a u s i n g  riffle p a c k i n g  and go ld  
l o s s  under  f u l l - s c a l e  min ing  c o n d i t i o n s  i s  unknown, and w i l l  p r o b a b l y  v a r y  
w i t h  p a y d i r t  c o m p o s i t i o n ,  s l u i c e  c o n d i t i o n s ,  and t ime between c l e a n u p s ,  as i t  
d i d  h e r e .  

I n  r u n s  4 and 5 ,  the major  d i f f e r e n c e  i n  g o l d  r e c o v e r y  was i n  t h e  d i s -  
t r i b u t i o n  o f  g o l d  i n  t h e  s l u i c e .  For  r u n  4 ,  7 5 . 8  p e r c e n t  of t h e  g o l d  r e -  
mained i n  r i f f l e  1 ;  i n  r u n  5 ,  9 0 . 5  p e r c e n t  of t h e  g o l d  was found .  These  d a t a  
c l e a r l y  i n d i c a t e  t h a t  a n  i n f l u e n t  TSS of 62,300 mg/L caused more g o l d  t o  
m i g r a t e  down t h e  s l u i c e  t h a n  c l e a r  w a t e r  w i t h  a n  i n f l u e n t  TSS of 348 mg/L. 
Again ,  t h e  s p e c i f i c  i n f l u e n t  TSS c o n c e n t r a t i o n  c a u s i n g  go ld  m i g r a t i o n  under  
f u l l - s c a l e  mining c o n d i t i o n s  may l i e  w i t h i n  t h e  r a n g e  de te rmined  from this 
s t u d y ,  but  w i l l  v a r y  wich p a y d i r t  c o m p o s i t i o n ,  s l u i c e  c o n d i t i o n s ,  and run 
d u r a t i o n .  

RIFFLE PACKING 

Three  a d d i t i o n a l  r u n s  were made t o  measure  t h e  amount of m a t e r i a l  re- 
t a i n e d - i n  t h e  r i f f l e s  and i t s  g r a i n - s i z e  d i s t r i b u t i o n  i n  b o t h  packed and un- 
packed c o n d i t i o n s .  One o f  t h o s e  r u n s  w a s  done a t  h i g h  TSS and l a s t e d  315 
rnin, which is t h e  l e n g t h  o f  t ime  r e q u i r e d  f o r  pack ing  t o  o c c u r  a t  t h i s  s o l i d s  
l e v e l .  The g r a i n - s i z e  d i s t r i b u t i o n  c u r v e  f o r  t h i s  run  is shown i n  f i g u r e  3 
by t h e  s o l i d  l i n e .  The second run was made a t  t h e  same h i g h  TSS b u t  o n l y  
l a s t e d  60 rnin (dash-dot-dash l i n e  i n  f i g .  3 ) ;  t h e  t h i r d  ( c l e a r - w a t e r )  r u n  r a n  
f o r  315 min (dashed l i n e ) .  

A t  t he  end of each  r u n ,  r i f f l e  m a t e r i a l  was washed i n t o  b u c k e t s ,  s i z e d ,  
and weighed.  M u l t i p l y i n g  t h e  t o t a l  w e i g h t  o f  m a t e r i a l  i n  t h e  s l u i c e  by t h e  
p e r c e n t a g e s  of p l u s  100-mesh m a t e r i a l  shows t h a t  the weigh t  o f  m a t e r i a l  l a r g -  
e r  t h a n  100-mesh was the same for b o t h  t h e  packed and t h e  unpacked high-TSS 
r u n s .  The d i f f e r e n c e  between packed and unpacked r i f f l e s  a p p e a r s  to be t h e  
amount of m a t e r i a l  s m a l l e r  t h a n  100-mesh t h a t  was t r a p p e d  i n  t h e  r i f f l e s .  I n  
f a c t ,  t w i c e  a s  much m a t e r i a l  f i n e r  than  100-mesh was found i n  t h e  r i f f l e s  
a f t e r  60 rnin s l u i c i n g  w i t h  high-TSS w a t e r  t h a n  a f t e r  315 rnin of s l u i c i n g  w i t h  
c l e a r  w a t e r .  Three  t i m e s  a s  much m a t e r i a l  f i n e r  t h a n  100-mesh w a s  found i n  
t h e  r i f f l e s  a f t e r  s l u i c i n g  f o r  t h e  same t i m e  (315 min) w i t h  high-TSS worer 
r z t h e r  t h a n  w i t h  c l e a r  w a t e r .  Another  i m p o r t a n t  o b s e r v a t i o n  is t h a t ,  when 
u s i n g  w a t e r  w i t h  v e r y  h i g h  TSP, t h e  r a t e  of a c c u m u l a t i o n  of f i n e  m a t e r i a l  is 
h i g h  i n i t i a l l y  and s lows  a s  s l u i c i n g  c o n t i n u e s .  T h i s  means t h a t ,  to &void  



r i f f l e  packing,  c leanup  f requency  must i n c r e a s e  qu i ck ly  a s  t h e  TSS of the  
wash water  i n c r e a s e s .  

P i l o t - s c a l e  s t u d i e s  have t h e  advantages t h a t  t e s t  c o n d i t i o n s  can be more 
e a s i l y  measured and c o n t r o l l e d  and t e s t i n g  can be  done l e s s  expens ive ly  t h a n  
under f u l l - s c a l e  c o n d i t i o n s .  However, judgement must be  used when apply ing  
p i l o t - t e a t  r e s u l t s  t o  f u l l - s c a l e  o p e r a t i o n s  ( f i g s .  5 and 6). 

CONCLUSIONS 

1 .  Using r e c y c l e  wa te r  does a f f e c t  gold recovery ,  but  a  well-designed 
and ope ra t ed  s l u i c e  box can c a p t u r e  99 pe rcen t  of the  free gold 
down t o  a t  l e a s t  LOO-mesh, even when using v e r y ,  very d i r t y  w a t e r  
(421,000 mg/L TSS). 

2 .  When us ing  r e c y c l e  water  i n  t h e  q u a l i t y  commonly found a t  Alaska 
p l a c e r  mines,  p r o p e r l y  designed and ope ra t ed  s l u i c e  boxes can cap- 
t u r e  w e l l  over  99 percent  of f r e e  go ld  down to  a t  l e a s t  100mesh .  

3. Gold migra t ion  i n  a s l u i c e  box can be expected t o  occur  b e f o r e  gold 
l o s s .  Small-sized gold p a r t i c l e s  migra te  more than l a r g e r  p a r t i -  
c l e s .  

4 .  Expanded-metal r i f f l e s  appea r  t o  have a cont inuous ,  low-rate gold 
loss compared t o  Hungarian r i f f l e s  a l though i t  may be  p o s s i b l e  t o  
reduce  t h i s  l o s s  by a l t e r n a t i n g  the  d i r e c t i o n  of a d j a c e n t  s e c t i o n s  
of  expanded me ta l  r i f f l e s .  

5. The accumulat ion of fine m a t e r i a l  (minus 100-mesh) caused r i f f l e  
packing i n  t h i s  s tudy .  The a c t u a l  s i z e  of  m a t e r i a l  t h a t  causes  
r i f f l e  packing i n  f u l l - s c a l e  mining o p e r a t i o n s  w i l l  vary from mine 
t o  mine. Frequent  c leanups  o r  f r e q u e n t  use of  a hose t o  loosen  and 
wash t h i s  m a t e r i a l  from t h e  r i f f l e s  may l e s s e n  gold  l o s s  caused by 
r i f f l e  packing.  

Readers d e s i r i n g  f u r t h e r  in format ion  on t h i s  t e s t i n g  program a r e  en- 
couraged t o  review Pe te r son  and o t h e r s ,  1986. 
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p l a n t  includes a dozer trap  and hopper ,  conveyor belt, 
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F i g u r e  6 .  An IHC j i g  p l a n t .  J i g  plants may be susceptible to 
packing .  
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ABSTRACT 

A modern underground p l a c e r  mine on Wilbur Creek, Livengood, Alaska,  ha s  
been i n  o p e r a t i o n  s i n c e  October 1986. 

T h i s  paper  d e s c r i b e s  some of the  a s p e c t s  of  p l a c e r  mining i n  permafros t  
based on data a v a i l a b l e  from S i b e r i a  and Yukon T e r r i t o r y  and expe r i ence  on 
Wilbur Creek. In p a r t i c u l a r ,  s e l e c t i o n  of  mining method and s t a b i l i t y  o f  
openings i n  very  temperature  s e n s i t i v e  ground are d i scus sed .  Technica l  and 
economic comparisons between s u r f a c e  s t r i p p i n g  (hydraul ick ing)  and under- 
ground-mining ( d r i f t i n g )  a r e  provided.  

The volume of muck, g r a v e l ,  and bedrock t h a t  has t o  be mined on Wilbur 
Creek t o  produce u n i t  q u a n t i t y  of go ld  w a s  found t o  be 46 .9  t imes g r e a t e r  f o r  
a surface mine than f o r  d r i f t i n g .  The volume of s i l t  and c l a y  t o  be handled 
i s  over  108 t imes  l a r g e r .  The p r e l i m i n a r y  c o s t  of underground mining ( a t  
$20/hr l a b o r  and exc lud ing  access, e x p l o r a t i o n ,  i n su rance ,  and proces s ing  
costs )  on Wilbur Creek was $11.30 yd3 a t  41-percent breakdown time and 
$8.05 yd3 f o r  z e r o  breakdown time. 

INTRODUCTION 

Wilbur Creek p l a c e r  p rope r ty  has been mined since t he  e a r l y  years of 
this century ,  f i r s t  by d r i f t  mining and l a t e r  by hyd rau l i ck ing .  The creek 
h a s  produced several thousand ounces of go ld .  The d e p o s i t  i s  a bench t h a t  
l i e s  west of t h e  p re sen t  channel  of Wilbur Creek. The a u r i f e r o u s  g r a v e l  and 
bedrock a r e  covered w i t h  65 t o  135 f t  of f rozen  overburden muck ( f i g .  1). 
Reserves,  e s t ima ted  a t  313,000 ~ d ~ ,  comprise a r e l a t i v e l y  high-grade d e p o s i t  
2 . 5  m i  long  and 80 f t  wide. The pay s e c t i o n  c o n s i s t s  of  5 f t  of g r a v e l  and 3 
f t  bedrock. Although the  a u r i f e r i o u s  gravels average  200 f t  wide, an 
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Figure  1 .  General o u t l i n e  of t h t  k i lbur  Creek Mine d e p o s i t  and conventional 
cechnclogy (hydraulicking) .  



80-ft-wide high-grade zone i s  e s t i m a t e d  t o  c o n t a i n  abou t  80 p e r c e n t  of t h e  
go ld  (based on d a t a  of  p r e v i o u s  y e a r s ) .  

The c u r r e n t  owner,  S t a n l e y  C. Rybachek, h a s  mined t h i s  p r o p e r t y  s i n c e  
1961 u s i n g  h y d r a u l i c k i n g .  I n c r e a s i n g  t h i c k n e s s  of t h e  o v e r b u r d e n ,  s t r i n g e n t  
en forcement  o f  t h e  1 9 7 2  Clean  Water Act, and l i m i t e d  s p a c e  a v a i l a b l e  i n  t h e  
narrow c u t  produced by h y d r a u l i c k i n g  made t h e  compl iance  with s e t t l e a b l e  s o l -  
i d s  (SS) and t u r b i d i t y  s t a n d a r d s  i m p o s s i b l e .  At tempts  t o  c o n s t r u c t  s e t t l i n g  
ponds i n  a d i v e r t e d  c h a n n e l  o f  Wilbur  Creek f a i l e d  each  t i m e  Wilbur Creek 
reached  a f l o o d  s t a g e .  

O b v i o u s l y ,  new techno ldgy  was needed .  S e r i o u s  c o n s i d e r a t i o n  was g i v e n  
t o  underground min ing ,  which would a l l o w  s e l e c t i v e  min ing  o f  a high-grade 
p a r t  o f  t h e  d e p o s i t ,  r e d u c e  w a t e r  u s e ,  and l i m i t  s u r f a c e  d i s t u r b a n c e .  A t  t h e  
same t i m e ,  s e l e c t i v e  mining o f  t h e  g o l d - b e a r i n g  s e c t i o n  o f  t h e  d e p o s i t  would 
minimize t h e  volume of  s i l t  ( f rom overburden  muck) t o  be  p r o c e s s e d  t h r o u g h  
t h e  s l u i c e  box. This i n  t u r n  would have a p o s i t i v e  e f f e c t  on f i n e - g o l d  r e -  
covery .  

S t a t e  g r a n t s  from t h e  Alaska  DNR and DEC f o r  d e v e l o p i n g  new methods and 
t e c h n o l o g i e s  f o r  p l a c e r  min ing  e n a b l e d  t h e  Wilbur  Creek p r o j e c t ,  c o m p r i s i n g  
underground min ing  and I00 p e r c e n t  r e c i r c u l a t i o n  o f  w a t e r ,  t o  be  s t - a r t e d .  
The p r o j e c t  i n c l u d e s  a l l  t i re-mounted equipment f o r  d r i l l i n g ,  l o a d i n g  of o r e ,  
and h a u l i n g ,  and t h e  u s e  o f  e x p l o s i v e s  t o  b r e a k  f r o z e n  ground.  A l l  p roce -  
d u r e s  a r e  i n  compl iance  w i t h  MSHA s a f e t y  r e g u l a t i o n s .  Because o f  a  d e l i c a t e  
h e a t  b a l a n c k  of f r o z e n  ground and i t s  pronounced i n f l u e n c e  on s t a b i l i t y  o f  
underground opecings, mining can be  conducted o n l y  when t h e  o u t s i d e  a i r  
t e m p e r a t u r e  is low. 

F i n a n c i a l  compromises had t o  be  made f o r  s e l e c t i n g  some o f  t h e  mine com- 
p o n e n t s ,  p a r t i c u l a r l y  t h e  d r i l l i n g  equipment .  G e n e r a l l y ,  u s e d  equipment had 
t o  be  acquired.  Frequen t  breakdowns o f  t h e  used equipment made e v a l u a t i o n  
more d i f f i c u l t .  

The data p r e s e n t e d  h e r e  c o v e r s  t h e  p e r i o d  from the s t a r t u p  of t h e  opera -  
t i o n  las t  f a l l  (1986) t h r o u g h  December 24, 1986.  U n t i l  October  20, work con- 
c e n t r a t e d  on p r e p a r a t i o n  o f  t h e  s t o c k p i l e  s i t e ,  c o n s t r u c t i o n  o f  s e r v i c e  and 
l i v i n g  q u a r t e r s ,  upgrad ing  o f  t h e  s u r f a c e  h a u l a g e  r o a d ,  and e x c a v a t i n g  t h e  
p o r t a l  s i t e .  A 14-ft-diam by 30- f t - long  c u l v e r t  p o r t a l  was i n s t a l l e d  on Oc- 
t o b e r  23. Because of  t h e  b r i e f  p e r i o d  when d a t a  on underground mining were  
c o l l e c t e d ,  t h e  d a t a  have t o  b e  viewed a s  i n c o m p l e t e .  ( In  f a c t ,  comple te  d a t a  
on s t a b i l i t y  o f  the underground open ings  w i l l  become a v a i l a b l e  o n l y  a f t e r  
s e v e r a l  y e a r s  o f  o p e r a t i o n ,  when s e a s o n a l  and y e a r l y  v a r i a t i o n s  i n  c l i m a t i c  
c o n d i t i o n s  czn be  i n c l u d e d . )  

E a r l i e r  s t t i d i e s  (Skudrzyk,  1968a,b) s t a t e  t h a t  t h e r e  i s  n o t  enough s p a c e  
c l o s e  t o  t h e  mine f o r  the e x i s t i n g  s e t t l i n g  ponds t o  h a n d l e  s e t t l e a b l e  s o l i d s  
from c o n v e n t i o n a l  h y d r a u l i c k i n g .  The e f f l u e n t  would have t o  be  pumped t o  
f l a t  t e r r a i n  a c r o s s  t h e  Tolovana R i v e r .  (Cos t  compar i sons  between hydrau-  
l i c k i n g  and underground mining b e g i n  on p .  1 1 4 . )  



UNDERGROUND PLACER MINING IN PERMAFROST. GENERAL CONSIDERATIONS 

S t r i p p i n g  (hydraul ick ing)  v s  Underground Mining 

The major c o n s i d e r a t i o n s  i n  de te rmin ing  whether a d e p o s i t  should be  
mined using s u r f a c e  o r  underground methods a r e  depth and s i z e  of a  p l a c e r  
d e p o s i t ,  t empera ture  of t h e  ground,  s t r e n g t h  of f r o z e n  ground, and t h e  sub- 
s u r f a c e  hydrology. I n  a d d i t i o n ,  environmental  requi rements  such as 
wate r -qua l i t y  c o n t r o l  and s u r f a c e  d i s t u r b a n c e  ( r ec l ama t ion )  may d i c t a t e  a 
s p e c i f i c  type  of surface e i n i n g  ( f o r  example, r i p p i n g  o r  b l a s t i n g  o f  f rozen  
muck, h a u l i n g  i t  away and r e v e g e t a t i n g  i t  o r  b r i n g i n g  i t  back a f t e r  micing of 
g r a v e l s  f o r  rec lamat ion)  o r  even a n  underground method. 

Dredging, though economical ly  f e a s i b l e ,  i s  no t  cons idered  he re .  

Depth and S i z e  of P l a c e r  Deposi t  

Commonly, an a u r i f e r o u s  a l l u v i a l  d e p o s i t  h a s  a shape of  a pays t r eak  wi th  
one dimension much l a r g e r  than  t h e  remaining two ( f i g .  2 ) .  With a  s t a b l e  
s l o p e  ang le  f o r  f rozen  muck covered wi th  a l a y e r  of v e g e t a t i o n  of about  30°,  
t h e  volume s t r i p p i n g  r a t i o s  (volume of overburden removed pe r  u n i t  volume of 
m i n i n g  s e c t i o n )  a r e  s i g n i f i c a n t l y  h ighe r  t han  those  based on a r a t i o  of 
t h i c k n e s s  of overburden t o  t h i c k n e s s  of mining s e c t i o n .  (For  a 10- f t - th ick  
mining s e c t i o n  w i t h  a  100-f t - thick overburden,  t h e  volume s t r i p p i n g  r a t i o  is 
20.5 f o r  a 200-ft-wide pays t r eak  and 31 f o r  a  100-ft-wide p a y s t r e a k . )  
Because t h e  overburden pe r  u n i t  volume u s u a l l y  c o n t a i n s  much more s i l t  and 
c l a y  than the mining s e c t i o n ,  sw i t ch ing  t o  underground mining s i g n i f i c a n t l y  
reduces  t he  volume of s i l t  and c l a y  handled ,  t y p i c a l l y  by as  much a s  100 
times . 

I n  terms of ground d i s t u r b a n c e ,  underground mining produces none except  
f o r  s u r f a c e  subs idence ,  which would come i n t o  p l ay  on ly  when undermining a  
highway o r  a r i v e r .  Nei ther  c a s e  is  l i k e l y  i n  Alaska. 

Temperature of t h e  Ground 

Con t inu i ty  of t h e  permafros t  in t h e  mining section and a few f e e t  below 
i t  is a 'must '  requirement  f o r  an underground ope ra t i on .  F igure  3 (Hartman 
and Johnson. 1984) i n d i c a t e s  the  g e n e r a l  c o n t i n u i t y  of  permafrost  i n  Alaska. 
Even if a  p l a c e r  d e p o s i t  i s  i n  a cont inuous  permafros t  zone, the ground tem- 
p e r a t u r e  should be checked du r ing  e x p l o r a t o r y  d r i l l i n g .  Though r e f r e e z i n g  of 
d i s con t inuous  permafrost  is  t e c h n i c a l l y  f e a s i b l e ,  i t  would obvious ly  i n c r e a s e  
t h e  c o s t  of mining. 

Seve ra l  c a s e s  have been r e p o r t e d  of an underground o p e r a t i o n  encounter-  
ing a c a t a s t r o p i c  in f low of water  because of warm ground, o r  working du r ing  
warm season ,  o r  both. Working underground a t  t empera tures  on ly  s l i g h t l y  be- 
low f r e e z i n g  i s  also dangerous because of t h e  reduced s t r e n g t h  of  t h e  f rozen  
ground (fig. 4 ,  Skudrzyk and o t h e r s ,  1987). 

The re fo re ,  you must o b t a i n  in format ion  on tempera ture  d i s t r i b u t i o n  i n  
the  p l a c e r  d e p o s i t  ( f o r  example, down-hole temperature  measurements d u r i n g  
e x p l o r a t i o n ) .  A s t r i n g  of rhermometers ( a c c u r a t e  t o  - +O. 1°F) prope r ly  housed 
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and i n s u l a t e d  i n  a tempera ture  probe could  be lowered i n t o  each of t h e  explo- 
r a t i o n  h o l e s  ( f i g .  5) t o  o b t a i n  t h e  ground-temperature p r o f i l e .  Meaaured 
changes of t empera ture  w i t h  dep th  would a l l ow  one t o  e s t i m a t e  t h e  proxFmity 
t o  thawed zanes .  Presence  of t h i c k l y  weathered and well-decomposed 
( h i g h - s i l t  con ten t )  bedrock would u s u a l l y  b p r o v e  t h e  s i t u a t i o n ,  because 
weathered bedrock i s  a poor hea t  conductor .  

Measuring t h e  temperature  of each d r i l l  ho l e  du r ing  e x p l o r a t i o n  should 
be a s t anda rd  procedure  when d r i l l i n g  any deep p l a c e r  d e p o s i t .  

S t r e n g t h  of Frozen Ground 

The s t r e n g t h  of f r o z e n  ground depends l a r g e l y  on t h e  tempera ture  and i c e  
c o n t e n t .  I c e  a s  a cementing m a t e r i a l  I s  much weaker t han  t h e  g r a v e l  g r a i n s  
themselves  and de te rmines  t h e  s t r e n g t h  of t h e  f r o z e n  g r a v e l .  Data i n  
f i g u r e  6 (Skudrzyk and o t h e r s ,  1987) a r e  f o r  s t anda rd  t e s t i n g  cond i t i ons6  
(6-in.-diam, 12-in.-high samples t e s t e d  a t  27'F with a 1 0 u ~ / s e c  [ 1 p ~ = 1 0  
i n . / i a . ]  s t r a i n  r a t e ) .  With dec reas ing  i c e  con ten t  (below 20  pe rcen t  by d r y  
welght )  t h e  s t r e n g t h  of f rozen  g r a v e l  d e c r e a s e s .  A t  c l o s e  t o  zero-percent  
i c e  c o n t e n t ,  t h e  s t r e n g t h  is  obvioua ly  v e r y  low. Such a  material---be i r  
g r a v e l ,  sand,  s i l t  o r  a  combination thereof--- is  c a l l e d  d r y f r o s t ,  which, when 
encountered i n  underground openings,  may cause s e v e r e  s t a b i l i t y  problems. 

Frozen-ground s t r e n g t h  a l s o  depends on t h e  r a t e  of  l oad ing .  F igure  7 
(Skudrzyk and o t h e r s ,  1987) shows the s t r e n g t h  of f rozen  g r a v e l  a t  27OF when 
each sample was loaded a t  d i f f e r e n t  s t r a i n  r a t e s  (12-in.-long samples were 
con t r ac t ed  by 0.25 i n .  i n  7 s e c  t o  2 .5  h r ) .  Frozen g r a v e l  loaded a t  f a s t e r  
r a t e s  is s t r o n g e r  (fig. 7 ) .  Th i s  l oad ing - r a t e - to - s t r eng th  r e l a t i o n s h i p  is 
p a r t i c u l a r l y  impor tan t  i n  de te rmin ing  t h e  long-term s t r e n g t h  and when s e l e c t -  
i n g  exp los ives .  Explos ives  w i t h  lower d e t o n a t i o n  v e l o c i t i e s  (ANFO and s i m i -  
l a r  t ypes )  have proved t o  be more e f f e c t i v e  i n  b reak ing  f rozen  ground than  
dynamites and o t h e r  h igh -ve loc i ty  e x p l o s i v e s ,  

Subsurface Hydrology 

Shallow permafrost  (with i t s  lower boundary s l i g h t l y  below bedrock) and 
obvious ly  d i s con t inuous  permafros t  w i l l  be d i f f i c u l t ,  i f  n o t  imposs ib le ,  t o  
mine underground i f  p r e s s u r e  of t h e  subsu r f ace  water  i n  t h e  thawed zone is 
h igh .  Dr iv ing  openings c l o s e  t o  thawed ground wi th  h igh  pore-water p r e s s u r e  
may cause f a i l u r e  and i n f low of  water i n t o  t h e  mine. Taking tempera ture  
measurements i n  h o l e s  d r i l l e d  bo th  ahead of and i n  t h e  f l o o r  of e x i s t i n g  ad- 
vancing underground openings cou ld  warn of 'warm' permafros t  zones.  

PLACER MINING EXPERIENCE IN SIBERIA 

More and more in format ion  i s  becoming a v a i l a b l e  on mining of  g o l d ,  t i n ,  
and tungs t en  p l a c e r s  i n  S i b e r i a .  Las t  y e a r ,  du r ing  t h e  Eighth Annual P l a c e r  
Mining Conference, a paper  t i t l e d  'Underground P l a c e r  Mining P r a c t i c e s  i n  
S i b e r i a '  was p re sen t ed  (Skudrzyk and Barker ,  i n  p r e s s ) ;  i t  o u t l i n e d  some of 
the p l a c e r  geology and mine-development p r a c t i c e s  i n  S i b e r i a .  A t r a g i c  his- 
t o r y  of  go ld  mining i n  S i b e r i a  was r e c e n t l y  provided by C i e s l i w i c z  (1967). 
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Figure 5 .  Temperature measurement in an exploration borehole.  







I n  t h i s  volume, Robert Z i e g l e r  d i s c u s s e s  S i b e r i a n  underground d r i l l i n g  
and b l a s t i n g  p r a c t i c e s  i n  f rozen  ground (p. 235).  

Up t o  10 m i l l i o n  t r o y  oz/yr of go ld  may be coming from p l a c e r  d e p o s i t s  
i n  t h e  USSR, most of them p r e s e n t l y  mined us ing  underground methods. Govern- 
ment-funded r e s e a r c h  h a s  been conducted f o r  s e v e r a l  y e a r s ,  and some pub l i ca -  
t i o n s  a r e  a v a i l a b l e  (Emelanov and o t h e r s ,  1982). With up t o  1,000 yd3/day of 
a u r i f e r o u s  g r a v e l  p roduct ion  from some of t h e  l a r g e s t  mines, much e f f o r t  has  
been devoted t o  improving v e n t i l a t i o n  and s t a b i l i t y  of t h e  underground mine. 
Underground l a y o u t s  of  e x t r a c t i o n  openings were d i s cus sed  l a s t  year (Skudrzyk 
and Barker ,  i n  p r e s s ) .  S e l e c t i o n  of mining method, s i z e  of e x t r a c t i o n  open- 
i n g s ,  and suppor t  is done based on a  c l a s s i f i c a t i o n  System show i n  t a b l e  1. 
S t a b i l i t y  e v a l u a t i o n  and roo f - con t ro l  measures a r e  a l s o  based on t h i s  c l a s s i -  
f i c a t i o n  system and depth  of t h e  d e p o s i t s  ( t a b l e s  2 and 3 and f i g .  8 ) .  

CANADIAN EXPERIENCE I N  UNDERGROUND HINING OF FROZEN PLACERS 

Data from Main S t r e e t  Mining, L t d . ,  Yukon T e r r i t o r y  i s  summarized below: 

- Pays t r eak  has  been prev ious ly  o u t l i n e d  by d r i l l i n g .  
- Pays t reak  dimensions: 300-f t -across ,  

1,500-ft-long, 10- f t  mining s e c t i o n .  
- Hor izon ta l  d r i f t  access t o  ope ra t i on .  
- Crew s i z e :  2-LHD Opera to r s  

2 -Dr i l l e r s  
1-Mechanic 
1-Cook 

- D r i f t  dimensions:  18- x 12- x 10-f t  h igh .  
- Product ion  r a t e :  Two 18- x 12- x 10- f t  r o u n d s l s h i f t .  
- Haulage equipment : Two EIMCO-9 12D scooptrams ( L H D  ' s) 

2.25-yd3 buckets ;  ' m a t e r i a l  up t o  
watermelon size is  e a s i l y  handled. '  

- D r i l l i n g  equipment: Two A i r  t r a c k  d r i l l s .  
- B l a s t i n g :  2-in. -diam h o l e s ;  

13 holes / round;  AMEX ANFO exp los ive .  
- I n  4-mo season .  they d r i f t e d  1,700 f t .  

The Kain S t r e e t  mining o p e r a t i o n  may have been t h e  first modem under- 
ground p l a c e r  mine i n  t h e  wes te rn  hemisphere.  

UNDERGROUND MINING Oh' WILBUR CREEK 

Br i e f  Geology of t h e  Wilbur Creek Placer and i ts  Bas ic  P r o p e r t i e s  

The Wilbur Creek p l a c e r  i s  a  bench deposit along Wilbur Creek, one of 
t h e  Tolovana River  t r i b u t a r i e s ,  i n  t h e  Livengood a r e a .  Bedrock l o c a l l y  
exposed by r e c e n t  s u r f a c e  and underground o p e r a t i o n s  c o n s i s t s  of  t h i n ,  v e r t i -  
cal beds of graywacke striking n o r t h e a s t .  



Table 1. C l a s s i f i c a t i o n  of roof s t r a t a  f o r  underground mining of f rozen  placers  
(Emelanov and o t h e r s ,  1982) .  

Class  of  Composition of immediate Permafrost  T o t a l  i c e  Texture  
stability of and main r o o f ,  up t o  tempera ture  con ten t  ( s t r u c t u r e )  
f rozen  ground 15 m t h i c k n e s s  ("c) ( X >  

I. Highly 1. A l l u v i a l  d e p o s i t s  below -6 below 25 massive 
s t a b l e  consisting of g r a v e l s ,  

cobb le s ,  and rare  bou lde r s  
w i t h  m a t r i x  of  sand, s i l t ,  
and c l a y .  Complete s a t u -  
r a t i o n  of  pores  by i c e .  
Matr ix-mater ia l  con ten t  
25 t o  50%. Stratified with 
s i n g l e  homogeneous s t r a tum 
a t  l e a s t  10 m t h i c k .  

2 .  A l l u v i a l  and lake- -6 t o  -3 below 25 massive 
a l l u v i a l  d e p o s i t s  s i m i l a r  
i n  composi t ion and th ick-  
ness t o  t h e  above. 

3. Sandy d e p o s i t s  w i t h  below -3 below 25 massive 
cobbles  and g r a v e l s  up t o  
30X. I ce - sa tu ra t ed  pores .  

11. S t a b l e  1 .  Homogenous s i l t y  and below -4 
c l ayey  d e p o s i t s .  

2. A l l u v i a l ,  l a k e - a l l u v i a l .  below -3 
g l a c i a l ,  and shallow- 
marine sediments  of i n t e r -  
bedded layers of l a r g e -  
g r a i n  and c l ay - s i ze  
m a t e r i a l s  with poor ly  
shown s t r a t i f i c a t i o n  w i t h  
thickness of homogeneous 
l a y e r s  5 t o  10 m. 

111. Medium 1. A l l u v i a l  and  lake- -3 t o  -2 
s t a b l e  a l l u v i a l  d e p o s i t s ,  

composi t ion a s  i n  1.1. 

2. Sandy d e p o s i t s  w i t h  -3 t o  -2  
cobbles  and g r a v e l s  up t o  
30%. 

3. Homogeneous s i l t y  and -4 t o  -3 
c layey  sediments .  

25 t o  50 massive,  
s t r a t i f i e d  

below 25 rcassive, 
( f o r  s t r a t i f i e d  
large- 
grain 
m a t e r i a l s ) ,  
25-50 f o r  
c l ay - s i ze  
m a t e r i a l s  

below 25 massive 

25 t o  50 s t r a t i f i e d  

25 t o  50 s t r a t i f i e d ,  
n e t l i k e  



Table  1. (con.) 

C la s s  of Composition of  immediate Permafros t  T o r a l  ice Texture  
stability of  and  main r o o f ,  up  t o  tempera ture  c o n t e n t  ( s t r u c t u r e )  
f rozen  p,round 15 m t h i c k n e s s  ("c> (2) 

4 .  Interbedded l a y e r s  o f  -2 t o  -1 below 25 massive,  
l a rge -g ra in  t o  clay-size f o r  l a r g e -  porous 
m a t e r i a l s  wi th  h o r i z o n t a l  g r a i n  l a y e r e d ,  
s t r a t i f i c a t i o n .  Layers m a t e r i a l s )  , n e t l i k e  
up t o  2 m t h i c k .  25 t o  50 

f o r  smal l -  
g r a i n  
m a t e r i a l s  

5. Ground i c e  and c l e a r  below -6 above 60 a t a x i c  
ice. 

ZV. Poorly 1.  A l l u v i a l  and lake-  -2 t o  -1 below 25 massive 
s t a b l e  a l l u v i a l  d e p o s i t s  similar 

i n  composi t ion t o  1.1. 

2. Sandy d e p o s i t s  w i th  -2  t o  -1 2 5  - 50 s t r a t i f i e d  
g r a v e l s  up t o  30%. 

3. Homogeneous s i l t y  and -3 t o  -1.5 25 - 50 s t r a t i f i e d ,  
c layey  sediments. n e t  l i k e  

4 .  In te rbedded  layers of -2 t o  -1 25 - 50 n e t l i k e ,  
l a r g e - g r a i n  t o  clay-size mass ive ,  
m a t e r i a l s  with d i s t i n c t  porous,  
h o r i z o n t i a l  s t r a t i f i c a t i o n ;  . s t r a t  i f  ied 
l a y e r s  up t o  2 m t h i c k .  

5. E l u v i a l - s o l i f l u c r i o n  -3 t o  1 .5  25 - 50 n e t  l i k e  
s i l t y  fo rma t ions ,  l o e s s -  
l i k e  c l a y s  of lake-swamp 
and marine-lagoon genes i s .  

6 .  High  i c e  c o n t e n t ,  s a l i n e  -6 t o  -3 above 50 a t a x i c  
(above 0.25%); c l a y  forma- 
t i o n s  of  lake-swamp, o f f -  
shore  marine,  and lagoon 
genesis. 

7.  Ground i c e  and c l e a r  -6 t o  -3 above 60 a t a x i c  
i c e .  



Table I .  (con.) 

Class of Composition of immediate Permafrost Total ice Texture 
stability of and main roof, up to temperature con ten t  ( s t r u c t u r e )  
frozen ground 15 m thickness ( " C >  ( 2  1 

V. Unstable 1. Plastic, frozen allu- above -1.5 below 50 any 
vial materials of any 
grain-size distribution 
with silty and c layey  
matrh. 

2 .  As above, with sandy above -I  below 50 any 
matrix. 

3. Unconsolidated, poorly any 
cemented by i c e  materials. 

below 3 massive, 
spongy 

4. Ground ice and clear above -3 above 6 0  ataxic 
ice. 

Table 2. Stability of extraction openings. 

Depth of Stress Probability of loss of stability for a given c lass  
opening (M) (ma) of frozen-ground strength (2 )  

1 ( 2 . 5 )  11 (2 )  111 (1.6) I V  (1.3) V (1) 

Unstable for probabilities >20 percent. 
In parentheses: long-term strength of frozen ground (ma) 

Table 3. Thickness of overburden,and span of extraction openings. 

Stability 
c l a s s  

Overburden thickness (m) 
Monoli t i c  Stratified 

roof roo F 

S t a b l e  span of extraction openings (rn) 
Single opening Mult iple  openings 

Monolitic S t r a t i f i e d  Monolitic S t r a t i f i e d  





The p l a c e r  g r a v e l s  a r e  2 t o  8 it t h i c k  and w e l l  s o r t e d ,  wi th  no cobbles  
and l a r g e r  p a r t i c l e s  and less than  l l - p e r c e n t  silt and c l a y  con ten t .  
Overburden, which is 65 t o  135 f t  t h i c k  and c o n s i s t s  of wind-blown s i l t  and 
organic  m a t e r i a l ,  con ta ins  abundant ground i c e  as  v e r t i c a l  and h o r i z o n t a l  
s h e e t s ,  wedges, and i r r e g u l a r  masses. The i c e  c o n s t i t u t e s  about  20 pe rcen t  
of t h e  volume of t h e  overburden and ranges  from c l e a r ,  w i t h  many t rapped  a i r  
bubbles ,  t o  laminated wi th  s i l t .  I ts  s p e c i f i c  g r a v i t y  i s  a s  low as 0.94.  
The remaining 80 pe rcen t  is  f rozen  s i l t  ( s p e c i f i c  g r a v i t y ,  1.52),  which 
c o n t a i n s  40-percent i n t e r s t i t i a l  i c e  by weight .  Overburden s t r a t i f i c a t i o n  is 
ev iden t  a t  g r e a t e r  depth w i t h  i n c l u s i o n s  of organic  m a t e r i a l  and v o l c a n i c  
a s h .  When hydrau l i ck ing ,  a 30° s t a b l e  s l o p e  i s  t y p i c a l  f o r  overburden 
m a t e r i a l  covered wi th  new vege ta t ion .  Ice con ten t  with r e s p e c t  t o  weight of 
f rozen  m a t e r i a l  is 8 percent  f o r  bedrock and g r a v e l s  and 4 7  pe rcen t  f o r  
overburden muck. S i l t  and c l a y  con ten t  of g r a v e l  and bedrock is 10.59 per-  
c e n t .  The  average bu lk  (bank) u n i t  weight i s  130 l b / f t 3  f o r  f rozen  i n t a c t  
bedrock and g r a v e l  and 8 7 . 2 / f t 3  f o r  f rozen  muck. Unit weight of broken 
f rozen  g r a v e l s  and bedrock is  81.25 l b / f t 3  ( swe l l  f a c t o r  of 1.6) ,  100 l b / f t 3  
f o r  thawed g r a v e l s ,  and 74.1  l b / f t 3  f o r  thawed loose  s i l t  and c l a y .  

D e f i n i t i o n  of t h e  New Underground P lace r  Technology 

Environmental r e s t r i c t i o n s  concerning t rea tment  o f  e f f l u e n t  from the 
p l a c e r  ope ra t ion  increased  t h e  c o s t  of t he  mining o p e r a t i o n  and d i c t a t e d  the  
change t o  underground mining. The underground o p e r a t i o n  ( f i g .  9)  c o n s i s t e d  
of a modified room and p i l l a r  system, d r i l l i n g  (with a single-boom rub- 
b e r - t i r e d  jumbo), and b l a s t i n g  (with ANFO); t he  rubbe r - t i r ed  mucking season 
was about  equal  t o  t h e  average seasona l  product ion  poss ib l e  i n  a surface 
mine. Thus, mining a b lock  80 f t  by 500 f r  by 9 f t  each season (win ter  on ly)  
would r e s u l t  i n  a mine l i f e  of 26 y r .  

The 14-ft-diam and 30-ft-long c u l v e r t  p o r t a l  was placed  h o r i z o n t a l l y  
i n t o  t h e  n o r t h e a s t e r n  co rne r  o f  t he  d e p o s i t .  The i n i t i a l l y  planned l o c a t i o n  
f o r  t h e  p o r t a l  was w i t h i n  t h e  paystreak, but  because of a r ecen t  l a n d s l i d e ,  
i t  had t o  be moved t o  t he  p re sen t  l o c a t i o n .  

A development opening 24 f t  wide and 9 f t  h i g h  (4  f t  i n  g r a v e l s  and 5 f t  
i n  bedrock) was then  d r iven  toward  t he  high-grade channel  of t h e  pays t r eak .  
The channel ,  d e l i n e a t e d  by mining i n  prev ious  y e a r s ,  is about  80 i t  w i d e .  

The d e p o s i t  i s  developed w i t h  a main 24- by 9- f t  d r i f t  from which c r o s s -  
c u t s  a r e  d r i v e n  a t  48-i t  i n t e r v a l s .  P i l l a r s  2 4  f t  by 48 f t  are l e f t  a long  
the  d r i f t  ( f i g .  9 ) .  The p i l l a r  des ign  formula f o r  frozen g r a v e l s  sugges ted  
r e c e n t l y  by Skudrzyk (1987) was used i n  s e l e c t i o n  of p i l l a r  dimensions: 

Cp= (1.63-1.1 exp (0.107v))*(3.3-3 exp ( 0 . 8 3 4 t ) ) *  

where 



I 
K

E
Y

 
F

 
Fa

n 
(U

w
m

g
) 

C
D

 =
C

o
ll

a
rb

J
c

 D
uc

t 
T

/,
T

2
 =7

kn
lp

c~
a?

u/
t M

M
it

ar
fn

g 
S

td
ti

m
r 

E 
I,

E
2 

=C
on

vc
rg

cn
cc

 M
~

it
o

ri
n

g
 

S
ta

tio
ns

 
A

P
P

R
O

X
. 

S
C

A
L

E
: 

1
'=

4
Q

' 

E
R

T
IC

A
L

 
X

-S
C

T
IO

N
 

rn
 

T
R

O
W

 
~

R
T

A
L

 
A

N
D

 
A

N
G

 
A

L
O

N
G

 
rH

E
 

H
IG

H
 

G
R

A
lE

 
C

H
A

N
N

E
L

 

F
L

gi
~r

e 
9

. 
C
e
n
e
r
a
l
 o

u
t
l
i
n
e
 
o
f
 

th
e 

u
n

d
er

gr
ou

n
d

 
K

il
b

u
r 

C
re

ek
 M
in
e.
 



C = f rozen  g r a v e l  p i l l a r  s t r e n g t h  (ma) 
v = volume of t h e  p i l l a r  (m3) 
t = temperature of t he  p i l l a r  (OC) 
I C  = ice con ten t  of t he  p i l l a r  (%) 
C = compressive s t r e n g t h  of a  s t anda rd  sample (MPa) 
SF = s a f e t y  f a c t o r  
CRF = c l o s u r e  r a t e  f a c t o r  r e l a t e d  t o  accep tab le  

c o n t r a c t i o n  of t he  p i l l a r .  

The e x t r a c t i o n  opening, now planned t o  be 30 f t  wide, may be expanded, t o  
up t o  60 f t  by moving t h e  development d r i f t  t o  the  e a s t  i f  a  wider high-grade 
channel  is  encountered. The e x t r a c t i o n  r a t i o  f o r  t he  80-it-wide channel ,  now 
80 p e r c e n t ,  w i l l  be increased  by t h inn ing  ou t  t h e  p i l l a r s  t o  16 f t  wide and 
poss ib ly  f u r t h e r  i n  a few years, i f  d a t a  on ground temperacure and conver- 
gence warran t  i t .  Also, rooms t o  t he  east  of t h e  main d r i f t  can be excavated 
i f  pockets  of high-grade o r e  a r e  found t h e r e .  

A l l  ground f ragmenta t ion  i s  done by d r i l l i n g  and b l a s t i n g .  A s i n g l e -  
boom jumbo ATH12 SECOMA wi th  a hydrau l i c  d r i f t e r  RPH 200 ( r o t a r y  and r o t a r y  
pe rcuss ive  d r i l l i n g )  i s  used t o  d r i l l  8%-ft-long, 1-3/4 in.-diam blast h o l e s .  
The hydrau l i c  jumbo has an  a r t i c u l a t e d  c h a s s i s  w i th  four-wheel d r i v e  dr iven  
by a  four-cylinder-Deutz d i e s e l  r a t e d  52 hp a t  2,300 rpm. The RPB 200 d r i f -  
t e r  is designed t o  d r i l l  small-diameter holes (product ion  ho le s  1% t o  1-314 
i n .  and c u t  ho le s  up t o  3% i n . )  w i th  water  f l u s h i n g .  A h y d r a u l i c a l l y  opera-  
ted  d r i f t e r  gene ra t e s  no m i s t ,  and n o i s e  l e v e l  i s  low (105 dB a t  3 f t ) .  
D r i l l i n g  r a t e s  I n  f rozen  ground a r e  very high ( 5  t o  10 ft/mio under good con- 
d i t i o n s ) .  

The blast ing-round des ign  is a s u b j e c t  of ongoing experiments .  I n i t i a l  
t r i a l s  with a  V c u t  d i d  not  produce s a t i s f a c t o r y  r e s u l t s ,  mostly because of 
dead p r e s s i n g  of t h e  ANFO (ammonium n i t r a t e  and fuel o i l ) .  L a t e r ,  a modified 
b u r n  c u t  was used wi th  accep tab le  r e s u l t s .  Now, based on ex tens ive  Russian 
s t u d i e s  and p r a c t i c e s  i n  e a s t e r n  S i b e r i a ,  experiments  a r e  being conducted 
with a  c y l i n d r i c a l  c u t  and i t s  mod i f i ca t ion .  ANFO exp los ives ,  primed wi th  a 
s t i c k  of TOVEX 220 (water-gel  exp los ive )  and e l e c t r i c  caps  axe  used.  Both 
m i l l i s e c  (MS)  and long-period (LP)  ACUDET caps  have been used. ANFO is 
loaded t o  b l a s t  ho le s  with a compressed-air ANFO l o a d e r .  No p l a s t i c  sleeves 
o r  o t h e r  means a re  used t o  p r o t e c t  ANFO from abso rp t ion  of water. Genera l ly ,  
t h i s  b l a s t i n g  technique produced s a t i s f a c t o r y  r e s u l t s .  The powder f a c t o r  has  
been reduced from an i n i t i a l  4 ~ b / ~ d '  t o  l e s s  than 3 lb Iyd3  (bank volume), 
wi th  f u r t h e r  r educ t ion  p o s s i b l e .  Fu r the r  experiments  a r e  planned t o  reduce 
overbreak  i n  t he  roof (by u s i n g  l i g h t e r  l oads  of ANFO,  T-1 water  g e l ,  o r  a 
heavy de tona t ion  c o r d ) ,  which would a l s o  lower the  powder f a c t o r .  Fragmenta- 
t i o n  is good, and t h e r e  has been no s i g n i f i c a n t  time l o s s  a s s o c i a t e d  with 
f l o o r  cleanup.  

Mucking and primary haulage a r e  done wi th  a 2-yd3 Wagner ST-2D scoop- 
tram, which loads  the  o r e ,  now o u t s i d e  the  mine, i n t o  a 13-yd3 highway t r u c k .  
The t r u c k  d e l i v e r s  g r a v e l s  t o  t h e  s t o c k p i l e  a rea  ( f i g .  1 0 ) .  As t he  under- 
ground ope ra t ion  advances,  t h e  scooptram-truck r e load ing  s t a t i o n  w i l l  be 
moved underground t o  keep the primary haulage d i s t a n c e  wi th in  economic lim- 
i t s .  
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P ~ o d u c t i o n  Cycle 

The p re sen t  p roduct ion  cyc l e  c o n s i s t s  of d r i l l i n g ,  l oad ing  exp los ives ,  
b l a s t i n g ,  v e n t i l a t i n g  t h e  fumes, mucking, and haulage for a t p p i c a l  round of 
2 4  f t  by 9 ft by 8 f t .  De ta i l ed  d a t a  on t h e  u n i t  o p e r a t i o n s  a r e  be ing  
c o l l e c t e d  and w i l l  be r epo r t ed  i n  t h e  f i n a l  r e p o r t .  A t y p i c a l  cycle t ime is 
8 h r ,  ( 2  h r ,  25 min of d r i l l i n g  t ime;  1 h r ,  30 min of c l e a n i n g  h o l e s  and 
exp los ives  load ing;  30 rnin of v e n t i l a t i o n ;  and 3 h r ,  20 min of mucking and 
haulage) .  

With i n c r e a s i n g  expe r i ence ,  improvements i n  technology,  and i n c r e a s i n g  
haulage distance, t h e  un i t -ope ra t i on  times w i l l  change. 

Ground C o n t r o l  and Ai r -qua l i t y  Monitor ing 

Ground Cont ro l  

With t h e  l a c k  of d a t a  on s t a b i l i t y  of mining openings i n  warm permafros t  
i n  Alaska,  ground c o n t r o l  i s  a major f a c t o r  i n  assuring s a f e  and f l a w l e s s  
o p e r a t i o n  of t h e  underground p l a c e r  mine. The s t a b i l i t y  of openings w i l l  be  
determined by the  s t e e p  high-wall  exposed a f t e r  a r ecen t  l a n d s l i d e ;  much h e a t  
can be  exchanged, such a s  heat d i s s i p a t e d  by r e l a t i v e l y  high-powered d i e s e l  
equipment (scooptram 77  hp, jumbo d r i l l  52 hp,  and, i n  t h e  f u t u r e ,  a 13-yd3 
truck), s e a s o n a l  and d a l l y  changes i n  tempera ture  of  a i r  v e n t i l a t e 6  d u r i n g  
t h e  mining season through t h e  mine, s t r e n g t h  of  t h e  p i l l a r s '  g r a v e l  and 
bedrock and r o o f ' s  muck, and the l ayou t  of openings.  Because of  t h e  l ack  of 
d a t a  on the r e s u l t a n t  underground tempera ture  and s t r e n g t h  of g r a v e l s ,  a con- 
s e r v a t i v e  approach was assumed. P i l l a r  dimensions and span of openings have 
been overdesigned t o  a s s u r e  safety, though s t i l l  o f f e r i n g  a  wcrkable  so lu -  
t i o n .  Temperature and convergence moni tor ing  equipment has  been i n s t a l l e d ,  
and d a t a  a r e  be ing  c o l l e c t e d .  A s  t h e  mine workings expand, a d d i t i o n a l  moni- 
t o r i n g  s t a t i o n s  w i l l  be i n s t a l l e d  a t  t h e  convergence of t u n n e l  openings.  
Temperature d a t a  w i l l  be analyzed a f t e r  nex t  summer, bu t  i t  w i l l  on ly  r e f l e c t  
t h i s  y e a r ' s  w i n t e r  and summer c l i m a t i c  c o n d i t i o n s ,  which may be f a r  from the  
average .  The thermal  ba l ance  of t h e  underground permafros t  may a l s o  be  
i n f luenced  by subsu r f ace  a q u i f e r s  and p o s s i b l e  flow of water  i n t o  t h e  mine 
f rom t h e  thawing l a n d s l i d e .  

A s  mentioned, v e r t i c a l  and h o r i z o n t a l  convergence of  opening i s  moni- 
t o r ed  a t  s t r a t e g i c  l o c a t i o n s  i n  t h e  mine, bu t  a l though this prov ides  impor- 
t a n t  information on s a f e t y ,  i t  cannot  e l i m i n a t e  some of t he  f a c t o r s  of poten- 
t i a l  danger  t o  t h e  s t a b i l i t y  of t h e  mine. 

Underground Environmental Cons ide ra t i ons  

The mine i s  connected t o  a f o r c i n g  f a n  and f l e x i b l e  duc t  system f o r  
ven t ing  . 

V e n t i l a t i o n  i s  necessary  t o  d i l u t e  t h e  t o x i c  and noxious gases  from 
b l a s t i n g  and d i e s e l  exhaus t .  The fo l lowing  c a l c u l a t i o n s  p o i n t  out t h e  mini- 
mum q u a n t i t y  of a i r  and power of a  f a n  r equ i r ed  for t h e  c u r r e n t  p roduct ion  
p lan .  The a i r  q u a l i t y  i s  based on d i e se l - exhaus t  d i l u t i o n .  Th i s  can be  



c a l c u l a t e d  from the manufac tu re r ' s  s p e c 5 f i c a t i o n s .  For a mine wi th  a single 
ST-2D scooptram, the fo l l owing  f a c t o r s  a p p l y :  

Deutz d i e s e l  ( 4  c y c l e ) ,  model F6L-912W 

Maximum power a t  2,300 rpm - 81  hp 

MSHA schedule 24-power r a t i n g  at 2,300 rpm - 7 7  hp 

Maximum to rque  a t  1 ,500  rpm - 191 f t - l b  

Bore and s t r o k e  - 3.94 by 4.7 in. 

Displacement - 345 i n V 3  

Cylinders - 6 

Cooling - air 
O n  basis of the State of  Alaska Pdnes S a f e t y  and Conservat ion Regula t ion  
(19 75) 

Air quantity = 100 f t 3  X 7 7  BUP 
min BHP 

+ 2 men (100 f t3/min) 
man 

Required q u a n t i t y  = 8,000 c f m  

The law a l s o  s t i p u l a t e s  that c o n c e n t r a t i o n  of t h e  t o x i c  g a s e s  should no t  
exceed t h e  fo l lowing  IWA-TLV limits: 

Carbon monoxide - CO > l o 0  ppm 
Carbon d i o x i d e  - C02 >5000 ppm 
Oxides of n i t r o g e n  - NO >25 ppm 
Aldehydes - 3 

>10 ppm 

Because t h e  load f a c t o r  of  the  scooptram is  on ly  ( ( 3 . 3 / 1 2 )  x 100) 
2 7 . 5  percent d u r i n g  an average  shift, t h e  c a l c u l a t e d  TWA-TLV exposure is be- 
Low t h e  s t i p u l a t e d  limits. 

Q u a n t i t y  of A i r  Based on D i l u t i o n  Requirement 

In an average round of b l a s t i n g  w i t h  both headings  advancing,  i t  i s  
assumed t h a t ,  at t h e  most ,  45  h o l e s  are de tona t ed .  Each h o l e  c o n t a i n s  10 l b  
ANFO (94-percent ammonium n i t r a t e  and 6-percent f u e l  o i l ) .  Under hydroscoplc  
conditions (wet h o l e s ) ,  as i s  t h e  case h e r e ,  t h e  volume of  CO liberated is  
0.59 f t 3 / l b  of  ANFO, and the volume of  NO l i b e r a t e d  is  about 0.08 f t 3 / l b  of 
explos ive .  On t h e  basis of t h e s e  d a t a ,  tae  volume of  CO l i b e r a t e d  ( t h e  l i m -  
i t i n g  ca se )  is:  ' 



45 x 0.59 x 10 = 266 ft3 of CO. 

I n i t i a l  volume of the opening cons idered  = 300 by 24 by 9 f t  = 64,800 f t 3  

Concent ra t ion  of CO = 266 = 0.41 pe rcen t  by volume 
64,800 

TLV f o r  CO = 100 ppm - 0.01 pe rcen t  by volume. 

Assuming a standup rime of 30 m i n ,  t h e  q u a n t i t y  of a i r  r equ i r ed  t o  d i l u t e  the 
concen t r a t i on  of CO t o  s a f e  l i m i t s  is: 

Q=8,020 CFM 

O n  t h e  basis of t h e s e  c a l c u l a t i o n s ,  i t  appears t h a t  i f  t h e  a i r  q u a n t i t y  
provided s a t i s f i e s  t h e  d i e s e l  s t i p u l a t i o n s ,  i t  w i l l  be enough t o  d i l u t e  the  
b l a s t i n g  fumes w i t h i n  a  r ea sonab le  s tandup t i m e .  

Head-loss C a l c u l a t i o n  

The f l e x i b l e  duc t  is 24 i n .  in diameter  and,  based on manufac turer ' s  
d a t a ,  t h e  expected head l o s s  f o r  a q u a n t i t y  of 8,000 cfm i s  about 1.5 i n .  of 
water  gauge p e r  100 f t  of t ub ing .  The t o t a l  l e n g t h  of  t h e  d u c t ,  i n c l u d i n g  
coupl ing  and bend l o s s e s ,  i s  about 387 f t .  The re fo re ,  head l o s s  i n  t h e  i n -  
t ake  s i d e  is: 

387 X 1.5 = 5.80 of water  gauge 
100 

Head l o s s  c a l c u l a t e d  on t h e  r e t u r n  s i d e  is  n e g l i g i b l e .  The re fo re ,  t h e  
minimum f a n  horsepower f o r  t h e  p r e sen t  con f igu ra r ion  i s :  

J 

The horsepower of  t h e  c u r r e n t  f a n  i s  around 10 hp and t h e r e f o r e  appears  
t o  be adequate  f o r  now. However, a  l a r g e r  f a n  w i l l  be needed a s  t h e  mine 
advances o r  a s  t h e  requirement  f o r  a i r  q u a n t i t y  i n c r e a s e s  because of t h e  i n -  
c reased  load  f a c t o r  of t h e  scooptram o r  i n t r o d u c t i o n  of o t h e r  haulage equip-  
ment (such as highway t r u c k s )  i n t o  t h e  system. 

Gold Recovery and E f f l u e n t  Handling 

I n  a d d i t i o n  t o  t h e  obvious r educ t ion  of water  use i n  groundbreakfng,  
s u r f a c e  a r ea ,  amount o f  ground d i s t u r b e d ,  and volume of s i l t  and c l a y  han- 
d l e d ,  underground mining of a f rozen  a u r i f e r o u s  p l a c e r  h a s  s e v e r a l  advantages 
i n  terms of gold recovery .  Assuming t h a t  gold con ten t  o i  t h e  mined g rave l s  
i s  monitored on a r e g u l a r  b a s i s ,  t h e  d e p o s i t  can be mined s e l e c t i v e l y ,  t a k i n g  
t h e  va luab le  ground only  and leaving i n  p l a c e  the low-grade s p o t s .  Layout of 



p i l l a r s  and s p a c i n g  between them can be a d j u s t e d  t o  m a i n t a i n  a h i g h  ex- 
t r a c t i o n  r . a t i o  (above 80 p e r c e n t ,  o r  even approach ing  100 p e r c e n t )  w i t h  con- 
s t r u c t i o n  of a r t i f i c i a l  p i l l a r s  made of m o i s t  g r a v e l  t a i l i n g s  b rought  back 
underground (Skudrzyk and o t h e r s ,  1987) o r  by l e a v i n g  p i l l a r s  i n  t h e  low- 
g r a d e  ground. In  c a s e  o f  h y d r a u l i c k i n g ,  t h e  e n t i r e  wid th  of t h e  m i n i n g  s e c -  
t i o n  h a s  t o  be  mined. 

Under f a v o r a b l e  c o n d i t i o n s  ( t h i c k  min ing  s e c t i o n ,  no b l a s t i n g  down of 
s i l t  l a y e r s ) ,  o n l y  a u r i f e r o u s  g r a v e l s  and wea thered  bedrock  a r e  e x t r a c t e d .  
This a s s u r e s  t h a t  t h e  bedrock is  w e l l  ' c l e a n e d '  by e x t r a c t i n g  a l l  of  t h e  l o -  
c a l  d e p r e s s i o n s .  A l l  t h e  mined m a t e r i a l  i s  removed i n  a f r o z e n  s t a t e ,  t h u s  
a s s u r i n g  t h a t  t h e r e  is no g o l d  l e f t  i n  t h e  natural r i f f l e s  o f  t h e  bedrock .  
F i n a l l y ,  t h e r e  i s  no mix ing  of s i l t  from t h e  overburden  w i t h  g r a v e l s  and 
bedrock t o  be p r o c e s s e d .  The l a t t e r  i t s e l f  i s  a significant f a c t o r  because  
d e w a t e r i n g  of t h e  thawed g r a v e l s  was a  problem. P r e s e n c e  of a s i g n i f i c a n t  
amount of silt i n  p r o c e s s e d  gravels made s l u i c i n g  more d i f f i c u l t  and caused 
e a r l y  pack ing  o f  t h e  s l u i c e  box. 

The g r a v e l s  produced d u r i n g  a  p a r t i c u l a r  underground mining s e a s o n  w i l l  
b e  s t o r e d  i n  a  s t o c k p i l e  (fig. 10) t o  be thawed by s o l a r  h e a t  and p r o c e s s e d  
t h e  f o l l o w i n g  summer. I f  needed,  t h e  thawing p r o c e s s  w i l l  be enhanced by 
c o l l e c t i n g  w a t e r  from t h e  thaw i n  s h a l l o w  d i t c h e s .  Water ,  a f t e r  warming up 
by b e i n g  exposed t o  s u n s h i n e ,  w i l l  b e  s p r a y e d  on t h e  p i l e .  S u b s e q u e n t l y ,  t h e  
o r e  w i l l  be p r o c e s s e d  i n  a s l u i c e  box w i t h  30 f t  of r i f f l e s  i n  a 3-ft-wide 
main box and two 1-ft-wide s i d e  boxes .  The e f f l u e n t  w i l l  p a s s  th rough  a 
p r e s e t t l i n g  pond and then will be  g r a v i t y - f e d  i n t o  a main s e t t l i n g  pond. The 
s e t t l i n g  pond ( f i g .  10) has a t  l e a s t  a 600-ft  l e n g t h ,  a 12- f t  (maximum) 
d e p t h ,  and a  35-ft-long dam. The c a p a c i t y  of t h e  pond i s  e s t i m a t e d  a t  
6,400 y d s ,  whereas  t h e  s i l t l c l a y  volume t o  be  hand led  p e r  mining s e a s o n  ac 
t h e  maximum minlng o u t p u t  of 10,700 yd3 (a  b l o c k  o f  500 by 80 by 9 f t  a t  80 
p e r c e n t  e x t r a c t i o n )  o f  g r a v e l s  i s  g i v e n  by t h e  f o l l o w i n g  fo rmula :  

V = 1. * *P A *P 1, yd3 s 2700Y ('g,b y g , b  s , g + V ~ l b  Y S , ~  a,m 
s 

where : 

V a Volume of s i l t  and c l a y  d i s p o s e d  (yd3) 
S 

V = Bank volume o f  g r a v e l l b e d r o c k  ( f t 3 )  
g ,  b 

Yg,b = Bank u n i t ,  weight  of gravel/bedrock ( 1 b / f t s )  

' s , ~  = S i l t  c o n t e n t  by weight o f  g r a v e l l b e d r o c k  ( l b / f t 3 )  

Y s  = Uni t  we igh t  of l o o s e  s i l t l c l a y  

's,b = Volume of silt mined w i t h  g r a v e l s  ( f t 9 )  

Y s  , b  = Bank u n i t  we igh t  of f r o z e n  muck ( l b / £ t 3 )  

's,m = S i l t  c o n t e n t  by weigh t  in muck 

On t h e  b a s i s  o f  e a r l i e r  assumed d a t a ,  t h e  volume of s i l t  d i s p o s e d  p e r  
mining season  w i l l  be (assuming an 8 - f t  s e c t i o n  of g r a v e l  and bedrock and a  
1-ft l a y e r  o f  muck) 6,200 y d 3 ,  which is  w i t h i n  the pond c a p a c i t y .  A t  t h e  



expected 1,500-gpm water  f low r a t e  through t h e  s l u i c e  box, t h e  s e t t l i n g  pond 
i s  r a t e d  a t  4,000-gpm/acre overf low which, w i th  t h e  s u b s t a n t i a l  l e n g t h  of  t h e  
pond, would produce s u f f i c i e n t  s e t t l i n g  of f i n e  p a r t i c l e s  f o r  a low-s i l t -  
con ten t  wa te r  t o  be r e c i r c u l a t e d  t o  t h e  s l u i c e  box. 

PRELIMINARY ECONOMICS OF THE NEW UNDERGROUhJ TECHNOLOGY 

The p re l imina ry  c o s t s  of mining a r e  c a l c u l a t e d  on t h e  basis of produc- 
t i o n  d a t a  f o r  October-December 1986. Equipment breakdowns, d e l a y s  i n  sh ip -  
ment of spare  p a r t s ,  and ho l iday  seasons  l i m i t e d  work t o  23 12-hr  shifts. 
During that t ime,  a two-man crew advanced the development d r i f t  by 198 f t  i n  
24 rounds,  producing 1,584 yd9 (bank volume) of g r a v e l s .  

Cost of Underground Mining 

The c o s t  of components a r e  shown i n  t a b l e  4. A l l  bu t  l a b o r  c o s t s  a r e  
expressed  ( i n  t h e  f i n a l  column) i n  $/yd3. Labor c o s t  i s  l i s t e d  both i n  $/yd3 
( a t  $20/hr  p e r  man) and i n  hr /yd3 i f  one wants t o  perform c a l c u l a t i o n s  f o r  a 
d i f f e r e n t  hour ly  s c a l e .  

S t r a i g h t  d e p r e c i a t i o n  of  c a p i t a l  equipment and f a c i l i t i e s  w i t h  z e r o  s a l -  
vage v a l u e  was assumed. The time when a p a r t i c u l a r  p i e c e  of equipment was 
used on t h e  p r o j e c t  was u s u a l l y  c a l c u l a t e d  wi th  breakdown-time f a c t o r  (BDF) 
and a un i t -ope ra t i on  time when the  equipment was used .  The breakdown time 
factor is: 

BDF = t o t a l  t ime worked-mining time = 
t o t a l  time 

= 23 shifts 1 2  h r / s h i f t - 2 4  rounds 6 . 7 5  hr/round = 0 .41  
2312 

o r  4 1  p e r c e n t .  

Time used on t h e  p r o j e c t  (TUP) = 1 u n i t  o p e r a t i o n  cyc l e  time (UOCT) 
1-BDF 

F a c i l i t i e s  c o s t s  (shop and l i v i n g  q u a r t e r s  and p o r t a l )  i n c l u d e  c o n s t r u c t i o n .  
The d e p r e c i a t i o n  t ime was c a l c u l a t e d  assuming 150 days per yea r  ( l eng th  of 
mining season ) .  TUP=l.7*(UOCT) 

PROCESSING COST 

Process ing  c o s t  f o r  t h e  underground mining was c a l c u l a t e d  from es t ima ted  
c o s t s  of p roces s ing  of  a y e a r l y  average o u t p u t :  

- volume of g r a v e l  processed:  10,700 yd3 (bank volume) 
17,120 yd3 (1 .6  s w e l l  f a c t o r )  

- proces s ing  time a t  60 yd3 /h r :  290 h r  (60 yd3/hr  based on exper ience  
- f r o m  p rev ious  yea r s )  

- use of water: 7 . 4  yd3 water  p e r  yd9 of  g r a v e l  a t  1,500 gpm. 

D-8 dozer  t o t a l  working time was assumed t o  be 25 percent  of t h e  
s l u i c i n g  time. 



T a b l e  4. A n t i c i p a t e d  c o s t  f o r  underground mining on Wilbur Creek.  

A .  PROCESSING COST* 

1 .  C a p i t a l  Equipment and F a c i l i t i e s  D e p r e c i a t i o n  (owning) Cost** 

Time used  
D e p r e c i a t i o n  on p r o j e c t  Cost  

I t em C o s t ,  $ time (TUP) HR (DAY) ( $ / y d 3 )  

S l u i c e  box 

E-Z Panner 

816" D i e s e l  

15 ,000  mine l i f e  1 Yr 0.054 
(26  yr) 

3 ,750  mine l i f e  1 Yr 0.014 

25 ,000  20,000 hr 1 ,560  h r  0.182 

S e t  t l ing-pond  4 , 0 0 0  mine l i f e  t ime  1 Y r  0.015 
c o n s t r u c t i o n  

M i s c e l l a n e o u s  20,000 mine l i f e  1 Y r  0 .072 
Owning c o s t  0.71 

2. Equipment O p e r a t i n g  Cost  

a .  Equipment ma in tenance  c o s t  f o r  used  underground equipment  
e s t i m a t e d  a t  252 o f  owning c o s t ) .  . . . . . . . . . . . . . . . . . . ... . . . . $0 .  18/yd3 

b .  F u e l  c o s t  ( a t  $I/gal) 

816" d i e s e l  pump a t  4 g a l l h r  (290 hr)*** 
D-8 Cat  a t  20 g a l / h r  (75 h r )  

T o t a l  f u e l  ~ o s t . . . $ O . l 6 / ~ d ~  

c . S e t t l i n g  pond c l e a n u p  ( a t  $1. 25Iyd9 o f  s i l t  h a n d l e d ) .  . . . . . . $0. 5 8 / y d 3  

3 .  Labor Cost 

Two-man crew for 320 h r  ( a t  $20/hr) .. . . . . . . . . . .0.037 h r / y d 3  o r  $0.75/yd3 

TOTAL PROCESSIKG COST: $2 .38Iyd3  

*Assuming p r o c e s s i n g  of a n t i c i p a t e d  average y e a r l y  o u t p u t  o f  17,120 yd3 
l o o s e  g rave l s  60 y d 3 / h r  and 1,500 gpm of water. 

* * S t r a i g h t  d e p r e c i a t i o n ,  z e r o  s a l v a g e  v a l u e .  
***Used o n l y  i n  h a n d l i n g  t a i l i n g s .  



Table 4 .  Cost components for  underground mining on Wilbur Creek* (con.) 

Total mine l i f e  26'yr, 150 days  operation pe'r season. 

B. ElINING COST 

1 .  Capital Equipment and F a c i l i t i e s  Depreciation (Owning) Cost** 

Time used 
Depreciation on project  Cost 

Item C o s t ,  $ time (TUP) ($/yd9) 

Shop & living quarters 10,000 
Scoop tram 36,000 
Jumbo d r i l l  28,000 
Generator 13,880 

Fan & ducts 2,500 
Dump truck 15,395 
Portal 25,000 
Misc . Equipment 25,000 

15,000 hr 
15,000 hr 
mine life 
mine life 

23 days  0.097 
135.2 hr  0.205 
57.5 hr 0.068 
23 days 0.313 
(14-hrlday) 
23 (12-hr/day) 0 -029 
135.2 0.068 
23 days 0.093 
23 days 

2 .  Equipment Operation Cost 

a. Equipment maintenance cos t  for used underground equipment estimated 
a t  50 percent of owning cost (no maintenance for f a c i l i t i e s  
assumed). .......................... ,. . . . . . . . . . . . . . .  0 . 3  $/yd3 

b. Fuel c o s t  (ar  $l.O/gal) 
Scoop tram 4 gal/hr X 135.2 hr 
Jumbo drill 4 gal /hr X 5 7 . 5  
Generator 2.2 gal/hr X 23 X 14 h r  

............... Dump truck 6 g a l / h t  X 67.6 hr.. $1 w y d 3  

3 .  Explosivee cos t  (ANPO loader Included in miscellaneous equipment) 

For one round of 24 by 9 by 8 . 2 5  ft, 19 h o l e s ;  10 l b  o f  ANPO, 
1 stick of TOVEX 220, 1 cap per hole: 

ANFO 190 lb. @ $ 0.33/lb 
Tovex 17.6 lb. @ $ 1.481lb 
Caps 19 @ $ 1.75/cap. ..........,.................. $1. 85/yd3 

4 .  Labor C o s t :  
Two-man crew, 23 shifts, 12 h r / s h i f t ,  0 . 3 5  hr/yd3 or (at  $2G/hr). . .  $6.97/yd3 

TOTAL MINING COST: $11.31Iyd3 

*Based on unpublished report  (Skudrzyk and others, 1987). 
**Straight depreciation,  zero salvage value. 



As i n  mining-cost c a l c u l a t i o n s ,  s t r a i g h t  d e p r e c i a t i o n  w i th  ze ro  equip-  
ment s a lvage  va lue  was assumed. 

From t h e s e  assumptions and c a l c u l a t i o n s ,  t h e  t o t a l  c o s t  of  underground 
mining and p roces s ing  of 1 yd9 of bank g r a v e l  is  $13.69. Seve ra l  c o s t  compo- 
n e n t s  may be expected t o  dec rease  w i th  t ime ,  i nc lud ing :  expe r i ence  ga ined  by 
crew, b e t t e r  o r g a n i z a t i o n  of  work, sma l l e r  breakdown factor, b e t t e r  use  of 
exp los ives .  The haulage c o s t  was c a l c u l a t e d  f o r  this paper based on t h e  
s t a r t u p  of the  e x p l o r a t i o n  phase  of t h e  p r o j e c t .  Insurance  is not  i nc luded .  

COMPARISON OF UNDERGROUND METHOD WITH STRIPPING 

D e f i n i t i o n  of t h e  S t r i p p i n g  Method 

For t h i s  e v a l u a t i o n  i t  i s  assumed t h a t  t h e  s t r i p p i n g  method for  the 
Wilbur Creek p rope r ty  would c o n s i s t  of t h e  fo l lowing:  

- removal of t h e  overburden by hydrau l i ck ing  
- s t o c k  p i l i n g  of t h e  gold-bearing g r a v e l s  
- recovery of go ld  by s l u i c i n g  
- p i l i n g  of  gravel t a i l i n g s  
- removal of s e t t l e a b l e  s o l i d s  from e f f l u e n t  I n  s e t t l i n g  ponds and meet ing 

t u r b i d i t y  s t a n d a r d s ,  i f  a t  all p o s s i b l e ,  by u s i n g  PEO o r  ano the r  method. 

Because of t h e  l i m i t e d  space a v a i l a b l e  i n  t h e  narrow c u t  produced by 
hydrau l i ck ing ,  i t  is  f u r t h e r  assumed t h a t  t h e  e f f l u e n t  from t h e  overburden 
muck and o r e  p roces s ing  would be pumped a c r o s s  t h e  Tolovana R ive r ,  where a 
s e t t l i n g  pond of s u f f i c i e n t  c a p a c i t y  and PEO t r ea tmen t  p l a n t  would be  l o c a t -  

. ed. A f t e r  t r e a t m e n t ,  t h e  e f f l u e n t  ( c l e a r  wa te r ,  l e s s  than 5 NTU) would be 
d i sposed  i n t o  t h e  Tolovaaa R ive r ,  and water  needed f o r  mining o p e r a t i o n s  
would be drawn from the  water  r e s e r v o i r  on Wilbur c r eek  (fig. 1) .  

Economics of t h e  Convent ional  Technology 

A l i m i t e d  study concern ing  t h e  stripping technology was r e c e n t l y  per -  
formed by Skudrzyk (1986a) and d a t a  from i t  a r e  used i n  t h i s  paper .  The d a t a  
were c a l c u l a t e d  based on a  t o t a l  mine l i f e  of over 60 yr and average c o s t s  a t  
p r e sen t  p r i c e s  of equipment and m a t e r i a l s .  

Item Cost ($ lyd3)  

Hydraul icking ( c o s t  of  l a b o r  and c l ea r -wa te r  7.69 
pumping t o  hydromonitors up t o  2.5 m i  from 
p r e s e n t  water  r e s e r v o i r  l o c a t i o n )  

Gravel  p roces s ing  and t a i l i n g s  d i s p o s a l  1.50 
S e t t l i n g  pond c o n s t r u c t i o n ,  maintenance and 15.02 

pumping of  e f f l u e n t  a c r o s s  Tolovana River  
Treatment of e f f l u e n t  w i th  PEO N /  A 
Reclamation Nor cons idered  



Low g r a v e l  p roces s ing  and t a i l i n g s  d i s p o s a l  c o a t  ( i t em B ,  above) was 
assumed r a t h e r  than c a l c u l a t e d .  The datum is based oo approximate c o s t s  of 
handl ing  of gravels a t  t h e  Wilbur Creek Mine based on equipment o p e r a t i n g  
c o s t s  ( l a b o r  cost no t  i nc luded ) :  

$0.5/yd9 - s t o c k p i l i n g  b e f o r e  sluicing 
$0.5Iyd3 - sluice-box f eed ing  
$0. 5/yd3 - t a i l i n g s  s t o c k p i l i n g .  

Again ,  e x p l o r a t i o n ,  a c c e s s ,  r o y a l t i e s  ( i f  any ) ,  t a x e s ,  and in su rance  
c o s t s  a r e  no t  i nc luded .  

Economic Comparison of t h e  Two Technologies  

As could have been expec ted ,  mining u n i t  c o s t / p e r  u n i t  bank volume of 
gravel f o r  underground mining i s  higher ($11.31 yd3 compared t o  only 
$7.69 yd3 for hydrau l i ck ing ,  t a b l e  5) .  Desp i t e  t h e  f a c t  t h a t  t h e  volume of 
t h e  overburden removed ia l a r g e  ( s t r i p p i n g  r a t i o  of  24.7), hydrau l i ck ing  i s  
one of  t h e  least expensive methods of removing muck overburden. However, i f  
t he  two methods are compared based on a c o s t  of  u n i t  of  gold produced,  t h e  
c o s t  f o r  underground mining (mining of 80 p e r c e n t  of go ld  from the high-grade 
channel)  is s l i g h t l y  lower (by about  10 p e r c e n t )  than  f o r  s t r i p p i n g  (mining 
of the e n t i r e  200-ft-wide channel c o n t a i n i n g  100 pe rcen t  of  go ld ) .  

When c o s t s  of p roces s ing  and water  t r ea tmen t  t o  meet t h e  waste water  
t r ea tmen t  requi rements  a r e  added---set t leable  s o l i d s  f o r  hyd rau l i ck ing  on- 
lyl---che c o s t  a n a l y s i s  f a v o r s  underground mining. The s t r i p p i n g  i s  1 . 7 7  
times more expensive based on per  yd3 of g r a v e l  core  c o s t  and 3.54 cimes more 
based on u n i t  o f  go ld  produced. If  c o s t s  of water  t rea tment  t o  meet t h e  
r e q u i r e d  5-NTU l i m i t  were added, t h i s  would f avo r  underground mining even 
more. 

CONCLUSIONS AND RECOMMENDATIONS 

The d a t a  r e p o r t e d  he re  p e r t a i n  t o  t h e  initial pe r iod  of t i m e  of t h e  under- 
ground ope ra t i on .  

Although equipment lowers  t h e  up-front  c a p i t a l ;  i t  i n c r e a s e s  maintenance c o s t  
and breakdown t ime.  I f  s u p p l i e s  of  s p a r e  p a r t s  are no t  l o c a l ,  t h i s  can cause 
major de l ays  and s i g n i f i c a n t  l o s s e s  o f  p roduc t ion .  

When purchas ing  used  equipment,  t h e r e  i s  a  tendency t o  a c q u i r e  what i s  a v a i l -  
a b l e  r a t h e r  t h a n  what f i t s  b e s t  f o r  a p a r t i c u l a r  p r o j e c t .  S p e c i f i c a l l y  on 
t h i s  p r o j e c t ,  a d r i l l  should be  s e l e c t e d  t h a t  i s  capable  o f  d r i l l i n g  d ry  
(compressed-air  flushing w i t h ,  i f  needed, a  d u s t  c o l l e c t o r )  and longe r  h o l e s  
( a t  l e a s t  10 f t  long f o r  over  200 f t  f a c e  a r e a ) .  F u r t h e r  r e sea rch  on o p t i -  
miza t ion  of  d r i l l i n g  is  needed. Also,  s t anda rd  d i e se l -ope ra t ed  equipment 
(highway t r u c k )  when brought  underground has t o  meet exhaus t  c r i t e r i a ;  t h i s ,  
t oo ,  should  b e  cons idered  when purchas ing .  

The p r o j e c t  has  been, s o  f a r ,  very  s u c c e s s f u l ;  no t  on ly  d i d  i t  provide  f i e l d  
data on the  underground mining o f  f rozen  p l a c e r  with technology and methods 



Table 5. Cost comparison, underground vs .  s t r i p p i n g .  

I .  UNDERGROUND* 

- Mining cost** 
- Ant i c ipa t ed  p roces s ing  c o s t  

TOTAL : 

2. STRIPPING* (based on Skudrzyk, 1986a) 

a .  Hydraul icking ( c o s t  of  l a b o r  and c lear -water  
pumping t o  h y d r o s t a t i c  moni tors  up t o  2.5 m i  
from p r e s e n t  water  r e s e r v o i r  l o c a t i o n )  

b .  Gravel  p roces s ing  and t a i l i n g s  d i s p o s a l  

c. Set t l ing-pond c o n s t r u c t i o n ,  maintenance,  
and pumping of  e f f l u e n t  across Tolovana 
River  

d .  Cost of  meet ing t u r b i d i t y  s t a n d a r d s  N/A 

e  . Reclamation n o t  cons idered  

TOTAL : $24.21Iyd3 

*Access, e x p l o r a t i o n  and in su rance  c o s t s  not inc luded  (Skudrzyk and 
o c h e r s ,  1987).  

**Haulage c o s t  f o r  i n i r i a l  o p e r a t i o n  only  (does n o t  account  f o r  i n c r e a s e  
w i th  d i s t a n c e ) .  

developed by modern hard-rock and c o a l  mining, bu t  It a l s o  seems t o  be eco- 
nomical ly  f e a s i b l e ,  even when c o s t s  of meeting wa te r -qua l i t y  requi rements  a r e  
added. 

Because of t h e  tremendous underground placer-mining p o t e n t i a l  i n  Alaska, t h e  
state government should con t inue  i t s  efforts leading t o  a development of  eco- 
nomic, safe, and minimum-environmental-impact t e chno log ie s .  D r i l l i n g  and 
b l a s t i n g ,  v e n t i l a t i o n ,  s t a b i l i t y  of underground openings,  optimum l a y o u t s  of 
openings, a r t i f i c i a l  p i l l a r s ,  s u r f a c e  subs idence ,  and r e f r i g e r a t i o n  of deep  
p l a c e r  i n  d i s con t inuous  and warm pe rmaf ros t ,  should be s t u d i e d .  
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THE PACIFIC LEGAL FOUNDATION IN ALASKA: AN UPDATE 

James S. B u r l i n g  
P a c i f i c  Legal Foundat ion 

Alaska L i a i s o n  O f f i c e  
807 G S t r e e t  

Anchorage,  Alaska 99501 

G e t t i n g  t h e  a c c u r a t e  i n f o r m a t i o n  a c r o s s  t o  t h e  media ,  t h e  d e c i s i o n  
makers ,  and e s p e c i a l l y  t h e  c o u r t s  Is c r u c i a l  i f  you a r e  t o  s u r v i v e  and 
c o n t i n u e  t o  mine t h i s  yea r ,  n e x t  y e a r ,  and e v e r y  y e a r  t h e r e a f t e r .  Here a r e  
t h e  l a t e s t  developments  i n  t h e  many l e g a l  b a t t l e s  t h a t  Alaskan m i n e r s  a r e  
engaged i n .  

The i s s u e  of i n f o r m a t i o n ,  and t h e  a c c u r a c y  of i t ,  s t r u c k  me r e c e n t l y  
when I was r e a d i n g  an issue of an  e n v i r o n m e n t a l i s t  magazine ,  American Land 
Forwn, and came a c r o s s  a poem on Alaska. I t  was penned by a n  E n g l i s h  pro-  
f e s s o r  i n  New York C i t y  who became a n  e x p e r t  on t h e  p i p e l i n e  when s h e  v i s i t e d  
Alaska .  I t  is n o t  my custom t o  r e a d  p o e t r y ,  but I w i l l  q u o t e  one b r i e f  
passage  abou t  t h e  e c o l o g i c a l  e f f e c t s  of  t h e  p i p e l i n e  on c a r i b o u  m i g r a t i o n :  

"What o f  a n t l e r e d  m u l t i t u d e s  
f lowing  a c r o s s  p r i m e v a l  land-- 
a b r u p t l y  p i l e d  a g a i n s t  u n y i e l d i n g  s t e e l  
b i s e c t i n g  their domain, 
m i l e s  of brown p a n i c  
m i l l i n g ,  t r a m p l i n g  
t h e i r  c e n t u r i e s  o f  ebb and f l o w  
broughc t o  a h a l t . "  

T h i s  i s  g a r b a g e ,  b u t  i t  i s  a l l  t o o  t y p i c a l  of what t h e  media a n d  deci- 
s i o n  makers a r e  b e i n g  b u r i e d  w i t h  whenever i m p o r t a n t  p o l i c y  i s s u e s  a r e  
d i s c u s s e d .  While most  of you may have l i t t l e  d i r e c t l y  i n v e s t e d  i n  the 
p i p e l i n e  o r  ANWR, t h i s  s o r t  of g r o t e s q u e  m i s i n f o r m a t i o n  i s  rampant i n  d i s -  
c u s s i o n  and  argumenrs o v e r  p l a c e r  min ing .  And i t  i s  p r e c i s e l y  because  of  
t h i s  d i s i n f o m a t i o n  t h a t  t h e  P a c i f i c  Lega l  Foundat ion bas s e t  u p  an  o f f i c e  i n  
Alaska. 

THE ' M Z N I N G  IN THE PARKS' LAWSUIT--NORTHERN ALASKA 
ENVIRONMENTAL CENTER VS. HODEL 

L e t  me give you some examples from back  i n  e a r l y  1985,  when the S i e r r a  
Club was working t o  g e t  a n  i n j u n c t i o n  against a l l  min ing  w i t h i n  t he  N a t i o n a l  
P a r k  sys tem.  Fo l lowing  a r e  a few passages from t h e  S i e r r a  C l u b ' s  May 16. 
1985 b r i e f :  

" [Ml in ing  o p e r a t i o n s  i n  t h e  n a t i o n a l  p a r k s  i n  Alaska 
a r e  p o l l u t i n g  hundreds  of miles of  sc reams  and c a u s i n g  
t e n s  o f  m i l l i o n s  o f  d o l l a r s  o f  damage." 



Af te r  d i s c u s s i n g  the  ' t r e a s u r e s '  of t he  'crown jewels,' t he  S i e r r a  Club 
next  began t o  quote National  Park Se rv i ce  r e p o r t s :  

"The a p p l i c a b l e  s t a t e  water  q u a l i t y  s t a n d a r d s  and waste  
d i s p o s a l  permit  s t i p u l a t i o n s  have been g r o s s l y  exceeded 
a s  a r e s u l t  of p l a c e r  mining wastewater d i scharges ."  

"The average p l a c e r  miner i n  t h e  p a r k  v i o l a t e d  t h e  standard 
f o r  t u r b i d i t y  by a f a c t o r  of 700 and caused ' s u b s t a n t i a l  
i n c r e a s e s  i n  heavy meta l  concen t r a t ions . "  

1 I Tbe mining o p e r a t i o n s  t e s t e d  by the  s t a t e  were found t o  
be d i scha rg ing  anywhere from 333 t o  36,630 pounds of 
sediment p e r  hour i n t o  the  p a r k ' s  s t reams."  

A f t e r  t h i s  t i r a d e  on water  q u a l i t y ,  t h e  S i e r r a  Club cont inued on t h e  e f f e c t  
of mining on the l and :  

"Placer  mining r i p s  up the  t e r r a i n  be ing  mined ... I n  
Denal i  26 m i l e s  of s t ream have been p h y s i c a l l y  a l t e r e d  
by mining ... and it c o s t s  between $350,000 and $500,000 
t o  r e h a b i l i t a t e  a mi l e  of s t ream t h a t  has  been mined ... 
t hus  ... mining ope ra t ions  have caused between $9 m i l l i o n  
and $13 m i l l i o n  i n  damage t o  park l ands . "  

And this goes on and on throughout t he  b r i e f .  Adverse e f f e c t s  on moose, 
ca r ibou ,  b e a r ,  and wolf are d i scussed .  And then  i n  t h e  conclus ion ,  the 
S i e r r a  Club r e a l l y  goes o f f  t h e  deep end and waxes p o e t i c :  

"These parks a r e  n a t i o n a l  t r e a s u r e s ,  ' ou r  g e n e r a t i o n ' s  
legacy for t h e  f u t u r e '  ... Yet the  Park  Service's 
unlawful  a c t i o n s  are caus ing  t h e  contaminat ion of 
hundreds of m i l e s  of s t reams i n  the  parks  and t e n s  of 
m i l l i o n s  of d o l l a r s  i n  damage t o  park  lands ."  

And of course ,  t he  b r i e f  concludes ,  "Taking i n t o  account  t h e  i n t e r e s t s  
of t h e  a f f e c t e d  miners does no t  a l t e r  t h e  ba lance  [in f avor  of g r a n t i n g  an 
i n j u n c t i o n  t o  stop mining] ."  

I n  short, what t he  court was f a c e d  w i t h  was a series of g ros s  misrep- 
r e s e n t a t i o n s  and exaggera t ions  about  t he  e f f e c t s  of mining i n  t h e  parks .  

Now I w i l l  quote t h e  sum t o t a l  o f . w h a t  t h e  United S t a t e s  government had 
to  s a y  t o  t h e  c o u r t  about  t h e  r e a l i s t i c  e f f e c t s  of p l a c e r  mining on water  
qua 11 t y  : 

And t h i s  is  what t he  United S t a t e s  had t o  s a y  about t h e  d i f f e r e n c e s  
between p a s t  h i s t o r i c a l  mining and mining as r egu la t ed  i n  1985: 



And now l e t  me q u o t e  t h e  sum t o t a l  o f  what t h e  Uni ted S t a t e s  had t o  s a y  
t o  t h e  c o u r t  abou t  t h e  e f f e c t s  o f  p l a c e r  mining on a n i m a l  h a b i t a t :  

And now l e t  me quo te  t h e  sum t o t a l  o f  what t h e  Uni ted S r a t e e  had t o  say 
t o  the c o u r t  abou t  t h e  e f f e c t  of an i n j u n c t i o n  on you t h e  m i n e r s ,  and t h e  
tremendous h a r d s h i p  that would r e s u l t :  

Now what is  a c o u r t  supposed t o  do? It g r a n t s  a n  i n j u n c t i o n !  In f a c t ,  
with t h i s  s o r t  o f  propaganda i n v o l v e d ,  i t  i s  no t  a t  a l l  s u r p r i s i n g  t h a t  t h e  
Sierra Club was a b l e  t o  hoodwink the c o u r t  i n t o  b e l i e v i n g  t h a t  t h e  s t a t e ' s  
N a t i o n a l  Parks  were  a n a t i o n a l  d i s a s t e r  a r e a ,  some s o r t  of e n v i r o n m e n t a l  
apoca lypse  o r ,  s imply  p u t ,  a Boboken, New J e r s e y ,  w a i t i n g  t o  happen. 

The c o u r t  i s s u e d  an  i n j u n c t i o n .  I t  was convinced.  The c o u r t  wro te :  

"There a r e  c u r r e n t l y  a p p r o x i m a t e l y  40 mining o p e r a t i o n s  
underway i n  t h e  n a t i o n a l  p a r k s  i n  Alaska .  A number of 
t h e s e  a r e  c a u s i n g  e x t e n s i v e  e n v i r o n m e n t a l  damage t o  t h e  
p a r k s  . " 

And t h e n ,  a f t e r  t he  damage was done,  P a c i f i c  Lega l  Founda t ion  was c a l l e d  i n .  
We immediate ly  moved t o  i n t e r v e n e  i n  t h e  l a w s u i t  and asked  t h e  c o u r t ,  b e f o r e  

. i t  d i d  a n y t h i n g  e l s e ,  t o  remove t h e  i n j u n c t i o n  o r  a t  least l e t  t h e  m i n e r s  
f i n i s h  o f f  t h e  1985 s e a s o n .  We convinced t h e  c o u r t  t o  a l l o w  t h e  mining t o  
c o n t i n u e  u n t i l  mid-October but  c o u l d  do no  more. We then appea led  t h e  c a s e  t o  
t h e  Ninth C i r c u i t  Cour t ,  b u t ,  as  you know, had l i t t l e  s u c c e s s  t h e r e .  The 
S i e r r a  Club r e p e a t e d  all t h e  c h a r g e s  it made b e f o r e ,  b u t  e l a b o r a t e d  c l a i m i n g  
t h a t  " e s s e n t i a l l y  u n c o n t r o l l e d "  mining was " t e a r i n g  a p a r t "  t h e  parks ,  c a u s i n g  
"tremendous e n v i r o n m e n t a l  d e g r a d a t i o n . "  The damage t o  t h e  m i n e r s  had been 
done,  t h e  r e c o r d  was established by t h e  d i s t r i c t  c o u r t  t h a t  mining caused  a l l  
s o r t s  o f  env i ronmenta l  harm, and we had no o p p o r t u n i t y  t o  g e t  more a c c u r a c e  
i n f o r m a t i o n  b e f o r e  the  c o u r t .  When a c a s e  i s  appea led  you a r e  s t u c k  with a 
r e c o r d  e s t a b l i s h e d  i n  t h e  lower  c o u r t s .  
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khen t h e  mining-on-BLM-lands lawsuFt  s t r u c k ,  we were de te rmined  n o t  t o  
a l l o w  t h e  S i e r r a  C lub  t o  be t h e  o n l y  o n e s  t o  e s t a b l i s h  t h e  r e c o r d .  The c a s e  
s t a r t e d  o u t  i n  t h e  e x a c t  same way. Monstrous a l l e g a t i o n s  o f  env i ronmenta l  
harm were made. 

I w i l l  q u o t e  t h e  t i t l e s  o f  some of  t h e  c h a p t e r s  i n  t h e  S i e r r a  C l u b ' s  
b r i e f  where t h e y  a s k e d  f o r  an  i n j u n c t i o n :  

" P l a c e r  Mines A r e  Wrecking N a t i o n a l  Fild and S c e n i c  Rivers"  



"P lace r  Mines Are Wrecking Na t iona l  Conservat ion 
and Recrea t ion  Areas" 

"Placer  Mines Are Wrecking Other  P u b l i c  Lands" 

"The Nearly Universal F a i l u r e  t o  Reclaim" 

"Placer  Mines Are Wrecking Important  Subs i s t ence  
Resources.  " 

And, a few e s p e c i a l l y  memorable quotes  from t h e i r  work of f i c t i o n  a re  a s  
fo l l ows :  

"Mining o p e r a t i o n s  ... dump hundreds o r  p o s s i b l y  
thousands of t ons  of sediment i n t o  the [Bi rch  Creek]  
r i v e r  system each day." 

"The impacts  t o  f i s h  i n  Birch Creek a r e  c a t a s t r o p h i c . "  

The r e s i d e n t s  of Birch Creek Vi l l age  suffer and " t h e r e  
have unexplained c a s e s  of s i c k n e s s  t h a t  t h e  people  
a t t r i b u t e  t o  d r ink ing  the  r i v e r  water  . . .  Trapping 
h a r v e s t s  a long  the river a r e  down by 50 pe rcen t  
[ t h e  f i s h  is so  bad i t  i s  fed t o  the  dogs] ."  

I n  t h e  S t e e s e  Na t iona l  Conservat ion Area t h e r e  is  
"massive p h y s i c a l  d e s t r u c t i o n  ...[ and]  b e s i d e s  r i p p i n g  
up s t reambeds and a d j a c e n t  areas, rn inhg  o p e r a t i o n s  
... e t c h  a c c e s s  r o u t e s  across t h e  tundra  . . . [  l e a v i n g ]  
s c a r s  v i s i b l e  f o r  yea r s .  )I 

"According t o  t h e  Environmental P r o t e c t i o n  Agency, 
(actually a l e t t e r  from Bub L o u i s e l l e ]  ' t h e  m a j o r i t y  of 
t h e  miners  ( g r e a t e r  than  90 pe rcen t )  do not  rec la im t h e i r  
o p e r a t i o n s  on an annual  basis, nor  do they  r ec l a im  
t h e i r  o p e r a t i o n s  a f t e r  mining i s  completed a t  a given 
s i t e .  " 

"Each yea r  p l a c e r  mines on t h e  p u b l i c  l a n d s  excava te  
approximately one hundred m i l l i o n  tons of overburden 
and t a i l i n g s .  It appea r s  t h a t  ve ry  l i t t l e ,  i f  any, of 
t h e  one hundred million t o n s  is p u t  back where i t  came 
from. " 

A t  Minto,  " the  s i l t  and muck from t h e  mines d e s t r o y s  
t r a p p i n g  ... makes t h e  water u n f i t  t o  d r ink . . . and  d r i v e s  
away t h e  game. " 

"BLM i s  t o  blame for t h e  p l a c e r  mining f i a s c o . "  

"BLM's a c t i o n s  arc  caus ing  t h e  contamina t ion  of wild 
and s c e n i c  r i v e r s ,  t h e  d e s t r u c t i o n  o f  hundreds of 



st reambeds throughout  Alaska, t h e  e l i m i n a t i o n  of f i s h  
and w i l d l i f e  popu la t i ons ,  and t h e  r e s t r i c t i o n  of 
impor tan t  s u b s i s t e n c e  uses. Mines a r e  permi t ted  t o  
o p e r a t e  i n  g r o s s  v i o l a t i o n s  of water  q u a l i t y  s t a n d a r d s  
and rec lamat ion  requi rements .  These f a c t s  c o n s t i t u t e  
i n d i s p u t a b l e  i r r e p a r a b l e  injury." 

I n d i s p u t a b l e  i r r e p a r a b l e  i n j u r y ?  And t h a t  l e a d s  t o  t h e  question---what 
d i d  t h e  United S t a t e s  government do t o  d i s p u t e  t h i s  and put  mining i n  per-  
s p e c t i v e ?  What d i d  t h e  government say about  t h e  h i s t o r i c a l  mining- p r a c t i c e s  
compared wi th  those  common today? What s t u d i e s  d i d  t h e  government c i t e  t o  
r e f u t e  t h e  c la ims  t h a t  s u b s i s t e n c e  uses  were being damaged? What d i d  t h e  
government say  about t h e  p o t e n t i a l  hardsh ip  t o  t h e  miners i f  an i n j u n c t i o n  
were g ran t ed?  What d i d  t h e  United Stares say  about t h e  r e a l  p rog re s s  be ing  
made t o  c l e a n  up t he  r i v e r s ,  t o  r ec l a im  mined l a n d s ,  and t o  r e v o l u t l o n i z e  t h e  
Fndust r y ?  

Absolutely no th ing .  

I do no t  blame t h e  government. When i t  somes t o  arguments between 
i n d u s t r y  and e n v i r o n m e n t a l i s t s ,  t h e  government h a t e s  t o  t ake  s i d e s .  The 
government---in t h e  BLM c a s e  a r  any rate---has been v e r y  a g g r e s s i v e  t o  throw 
every t e c h n i c a l  procedure p o s s i b l e  a g a i n s t  t h e  Sierra C l u b ,  and do eve ry th ing  
p o s s i b l e  t o  ensure  t h a t  t he  BLM w i l l  no t  be thrown i n t o  chaos by an in junc-  
t i o n .  But t he  f e d e r a l  government w i l l  no t  t a k e  s i d e s ,  and has  no t  argued 
about  t h e  f a c t s  sur rounding  t h e  mining i n d u s t r y  and the  tremendous hardsh ip  
t h a t  an i n j u n c t i o n  would cause t o  hundreds and hundreds of miners and 
Alaska ' s  r u r a l  economy. 

For tuna te , ly ,  t h i s  t ime P a c i f i c  Legal  Foundation was prepared .  As soon 
as we were asked t o  g e t  involved i n  t h i s  ca se ,  we immediately beghn t o  work 
t o  p repa re  t h e  r eco rd .  Through t h e  tireless work of many people i n  Fairbanks 
a rd  Anchorage we ga thered  t o g e t h e r  ove r  one hundred d e c l a r a t i o n s ,  and five 
volumes of  r e p o r t s ,  s t u d i e s ,  c h a r t s ,  and o t h e r  e x h i b i t s  on t h e  t r u e  s t s t e  of  
A la ska ' s  environment and t h e  e f f e c t s  o f  p l a c e r  mining. 

We were a b l e  t o  submit evidence t h a t  t h e  e f f e c t s  of  p l a c e r  mining today 
a r e  no th ing  compared t o  what they were i n  y e a r s  p a s t .  

We were a b l e  t o  submit evidence t h a t  s u b s i s t e n c e  use, f i s h i n g ,  hun t ing ,  
and t r app ing  a r e  no t  be ing  s u b s t a n t i a l l y  adve r se ly  a f f e c t e d  today by p l a c e r  
mining. 

And most Impor tan t ,  we were a b l e  t o  show cha t  t h e  ha rdsh ips  t o  many 
hundreds of miners would b e  e x t r a o r d i n a r y  and t o t a l l y  unnecessary i n  l i g h t  of 
t h e  e f f o r t s  made by miners  t o  run  c l e a n  o p e r a t i o n s .  In s h o r t ,  i n s t e a d  of 
l e t t i n g  t h e  S i e r r a  Club p a i n t  t h e  on ly  p i c t u r e  of g ro t e sque  d i s t o r t i o n  about  
p l a c e r  mining, we p re sen t ed  a f a i r  and a c c u r a t e  p i c t u r e  t o  t h e  c o u r t .  We 
were a b l e  t o  show t h e  c o u r t  t h a t  i t  was t h e  S i e r r a  Club, no t  t h e  miners ,  who 
were bent on c r e a t i n g  t h e  most d e s t r u c t i o n  i n  Alaska. 



So f a r ,  we have been s u c c e s s f u l .  The c o u r t  h a s  r e f u s e d  t o  g r a n t  a n  
i n j u n c t i o n  t o  s t o p  mining o p e r a t i o n  of any s i z e  on  Alaska's l a n d s .  Unset-  
t l e d  i s s u e s  remain ,  s u c h  a s  whether  mining s h o u l d  be s topped  u n t i l  cumula t ive  
impact  s t u d i e s  a r e  completed ( t h e  same g e n e r a l  i s s u e  as  found i n  t h e  Park  
S e r v i c e  case) ,  b u t  we hope t h e  c o u r t  w i l l  c o n t i n u e  t o  a c t  r e a s o n a b l y  now t h a t  
i t  f i n a l l y  b a s  been e d u c a t e d .  

The S i e r r a  Club h a s  n o t  t a k e n  t h i s  l i g h t l y ,  however. It appea led  t h e  
d e c i s i o n  n o t  t o  e n j o i n  s m a l l  o p e r a t i o n s ,  t h o s e  u n d e r  f i v e  a c r e s ,  t o  t h e  Nin th  
C i r c u i t .  For  t h o s e  o p e r a t i o n s  o v e r  f i v e  a c r e s  t h e  d i s t r i c t  c o u r t  i n  
Anchorage is s t i l l  c o n t e m p l a t i n g  whe ther  t o  r e c o n s i d e r  as asked  by t h e  S i e r r a  
Club i n  December. Right  now, t h e  Nin th  C i r c u i t  is d e c i d f n g  whe ther  t o  e n j o i n  
a l l  o p e r a t i o n s  pending t h e  full a p p e a l  l a t e r  t h i s  summer. 

The S i e r r a  Club h a s  a l s o  a c h i e v e d  new h e i g h t s  o f  r h e t o r i c ,  which a p p e a r  
to be d e s p e r a t e  f a l s e h o o d s ,  c l a i m i n g  t h a t  t h e  average mine: 

"dumps nearly f ive  t o n s  of  sed iment  i n t o  t h e  r i v e r  -- 
sys tem each hour  ... t u r n i n g  o t h e r w i s e  p r i s t i n e  -- 
s t reambeds  i n t o  s t e r i l e  moonscapes ... t h u s ,  t h e  l a n d  
t h a t  is be ing  t o r n  up by mines t h a t  BLM r e f u s e s  t o  
r e v i e w  ... m y  remain e r o d i n g  r u b b l e  h e a p s  f o r  t h e  r e s t  
o f  o u r  l i f e t i m e s  ...[ t h e  B i r c h  Creek i s  a ]  f l o w i n g  
r i v e r  o f  muck...and t h e  o u t s t a n d i n g l y  remarkab le  
n a t i o n a l  wild r i v e r  is b e i n g  r a p i d l y  t r a n s f o r m e d  i n t o  
a hundred twenty-s ix  m i l e  sewer  f o r  min ing  w a s t e s  ... 
[And i f  mining does  n o t  s t o p ]  l i f e  i n  B i r c h  Creek v i l l a g e  
a s  i t  has  been conducred f o r  c e n t u r i e s  w i l l  s t o p . "  

I am n o t  w i t h o u t  concern  as t o  what t h e  Nin th  C i r c u i t  will do w i t h  s u c h  
an  o n s l a u g h t  o f  m i s l e a d i n g  propaganda.  However, since Monday, March 23, 
1987, I f e e l  a  b i t  more o p t i m i s t i c  t h a n  I d i d  l a s t  week. U n t i l  t h e n ,  t h e  
Nin th  C i r c u i t  had a  r u l e  t h a t  a n  i n j u n c t i o n  shou ld  a u t o m a t i c a l l y  be  i s s u e d  i n  
e n v i r o n m e n t a l  c a s e s  whenever any c h a r g e  o f  e n v i r o n m e n t a l  harm was made. On 
March 23, 1987 t h e  Uni ted  S t a r e s  Supreme Cour t  r e v e r s e d  t h i s  r u l e  when i t  
a l lowed l e a s i n g  t o  o c c u r  i n  t h e  N a v a r r i n  b a s i n .  Pac i f i c  L e g a l  Foundat ion was 
invo lved  i n  t h a t  c a s e  as w e l l ,  and we a rgued  t h a t  i n j u n c t i o n s  shou ld  n o t  
i s s u e d  u n l e s s  a l l  f a c t o r s  were c o n s i d e r e d  i n c l u d i n g  t h e  economic h a r d s h i p s  t o  
u s e r s  of t h e  p u b l i c  l a n d s  such  a s  miners and o i l  e x p l o r a t i o n  p e o p l e .  U n t i l  
March 2 3 ,  1987,  t h e  Nin th  C i r c u i t  would n o t  even l i s t e n  t o  t h i s  s o r t  of 
i n f o r m a t i o n .  Now i t  must .  

Many of you may have h e a r d  i n  t h e  news t h a t  t h e  Supreme Cour t  r u l e d  i n  
t h a t  case on s u b s i s t e n c e  r i g h t s  i n  t h e  o u t e r  c o n t i n e n t a l  s h e l f .  I t  d i d ,  b u t  
1 b e l i e v e  a more i m p o r t a n t  i s s u e  d e c i d e d  was t h a t  a u t o m a t i c  i n j u n c t i o n s  s h a l l  
n o t  be g r a n t e d  j u s t  because  a g r o u n d l e s s  c h a r g e  of env i ronmenta l  harm is  
made. For t h a t  r e a s o n  I am q u i t e  a b i t  more o p t i m i s t i c  a b o u t  t h e  p o s s i b l e  
outcome of t h e  case t h a n  I was l a s t  week. Need less  t o  say, on March 26,  1987 
we f i l e d  w i t h  t h e  Nin th  C i r c u i t  a ~ h c r t  memorandum t o  remind them of t h e  
Supreme C o u r t ' s  d e c i s i o n  and a s k i n g  them to  d e c i d e  q u i c k l y  t o  deny a n  i n j u n c -  
t ion. The c o u r t  has  a l s o  been t o l d  how Fmportan't i t  is  t o  have a d e c i s i o n  
b e f o r e  s p r i n g  b reakup .  



S ~ ~ Y  OF WHERE THE VARIOUS LAWSUITS NOW STAND 

Northern Alaska Environmental Center  vs. Hodel 

An i n j u n c t i o n  w i l l  remain i n  e f f e c t  a g a i n s t  t h e  miners  i n  Denal i ,  Yukon- 
Charley,  and Wrangell-St . E l i a s  Na t iona l  Parks  and P re se rves  u n t i l  an en- 
v i ronmenta l  impact s t a t emen t  is  prepared .  The impact s t a t emen t  w i l l  be 
completed no sooner  than 1988, and perhaps  a few years l a t e r  a f t e r  t h e  
i n e v i t a b l e  l e g a l  cha l l enges  a r e  r e so lved .  I n d i v i d u a l  miners  i n  t he se  parks  
may submit  plans of  o p e r a t i o n s  t o  t h e  Park  S e r v i c e  f o r  review.  I f  i t  i s  
dec ided  they  have no s i g n i f i c a n t  e f f e c t  on t h e  park ,  t h e  miner o r  t h e  P a r k  
S e r v i c e  may go to c o u r t  t o  have t h e  p l an  approved.-  A l l  o t h e r  miners  i n  o t h e r  
pa rks  must go t o  t h e  P a r k  Se rv i ce  f i r s t  f o r  t h e  approva l  of a p l a n  of op- 
e r a t i o n s .  I f  t h e  Park S e r v i c e  i s  unreasonable  about  looking  a t  a p l an  of 
o p e r a t i o n s ,  then  g a t h e r  t o g e t h e r  eve ry th ing  the  Park Se rv i ce  says i n  w r i t i n g ,  
s ee  an a t t o r n e y ,  and have your a t t o r n e y  g e t  i n  touch wi th  me. 

The S i e r r a  Club r e c e n t l y  asked f o r  ano the r  i n j u n c t i o n  t o  f o r b i d  t h e  Park  
Se rv i ce  from approving a l l  p l a n s  of o p e r a t i o n  u n t i l  f u l l - s c a l e  v a l i d i t y  exams 
a r e  performed. We axe v igo rous ly  opposing t h i s ,  and  a d e c i s i o n  i s  expected 
no sooner  than  a couple  of months from now. I n c i d e n t a l l y ,  l e t  me n o t e  t h a t  
the Park  Se rv i ce  admi t ted  t h a t  it has  a p o l i c y  t o  h a l t  v a l i d i t y  exams 
whenever i t  looks  l i k e  a c la im migh t  be  v a l i d .  To quote  t h e  government: The 
government w i l l  " s t op  a mine ra l  examinat ion a t  t h e  p o i n t  beyond which addi-  
t i o n a l  i n v e s t i g a t i o n  would s imply provide  f u r t h e r  proof of v a l i d i t y . "  

S i e r r a  Club vs .  Penfold 

Operations Over F ive  Acres:  The c o u r t  i n  Anchorage is  cons ide r ing  
whether t o  change i t s  d e c i s i o n  n o t  t o  e n j o i n  o p e r a t i o n s  over  f i v e  a c r e s .  The 
S ie r ra  Club asked t h e  c o u r t  t o  do t h t s  i n  December. 

Opera t ions  Under F ive  Acres: The c o u r t  re fused  t o  g r a n t  an i n j u n c t i o n  
and t h e  m a t t e r  is  on appea l .  

Cumulative Impacts:  The c o u r t  has not  y e t  r u l e d  on whether cumulative 
environmental  Impact s t a t e m e n t s  must be prepared  as was decided i n  t h e  Park 
Serv ice .  However, because of  t h e  p r i o r  d e c i s i o n  a g a i n s t  t h e  S i e r r a  Club i t  
may be d i f f i c u l t  f o r  the c o u r t  t o  i s s u e  such an o r d e r .  

Gran i t e  Rock v s .  C a l i f o r n i a  Coas t a l  Commission 

In t h i s  c a s e ,  t h e  C a l i f o r n i a  Coas t a l  Commission ordered  a small  
l imes tone  quar ry  t o  s h u t  down u n t i l  t h e  company ob ta ined  pe rmi t s  from the  
c o a s t a l  commission. P a c i f i c  Legal  Foundation f i l e d  an amicus c u r i a e  b r i e f  on 
beha l f  of t h e  Alaska Miners a rgu ing  t h a t  t h e  Coas t a l  Commission f a i l e d  t o  
apply proper  procedures  and t h a t  f e d e r a l  law c re vented l o c a l  governments from 
t r y i n g  t o  s h u t  down mining o p e r a t i o n s  on f e d e r a l  lands. On Monday, March 23, 
1987, t h e  Supreme Court ru l ed  a g a i n s t  t h e  mining company i n  a 5-4 d e c i s i o n .  
Apparent ly ,  t h e  c o u r t  was swayed by s t a t e s - r i g h t s  arguments and ru l ed  t h a t  
t h e r e  i s  a d i f f e r e n c e  between r e g u l a t i o n  of land t e l l i n g  a person 



what can be done w i t h  land compared t o  r e g u l a t i o n  t e l l i n g  how l a n d  can be 
developed. 

T r u s t e e s  f o r  Alaska v s .  S t a t e  of  Alaska (Sec t ion  6 1  l a w s u i t )  

I n  t h i s  c a s e  t h e  T r u s t e e s  f o r  Alaska sued t h e  s t a t e  government, c la iming  
t h a t  t h e  p r e s e n t  l o c a t i o n - l e a s e  system i s  u n c o n s t i t u t i o n a l  and t h a t  a l l  
mining on s t a t e  l ands  must be en jo ined  u n t i l  a new system o f  r o y a l t i e s  i s  i n  
p l ace .  P a c i f i c  Legal  Foundation i s  rep resen t ing  Fa i rbanks  North S t a r  Bor- 
ough, which has  i n t e rvened  on the  s i d e  of t h e  miners .  The case  was soundly 
won i n  Super ior  Court ,  bu t  the T r u s t e e s  appealed t o  t h e  S t a t e  Supreme Court .  
We a r e  c u r r e n t l y  w a i t i n g  a d e c i s i o n  from t h a t  c o u r t .  

Village of  Tuluksak vs.  S t a t e  of  Alaska 

This is the c a s e  where T r u s t e e s  f o r  Alaska,  on beha l f  of severa l  l o c a l  
groups,  a r e  a t t empt ing  t o  s h u t  down a mining o p e r a t i o n  near  Bethe l .  They 
s a i d ,  among o t h e r  t h i n g s ,  t h a t  t h e  c o a s t a l  a c t  was v i o l a t e d .  P a c i f i c  Legal  
Foundation i s  r e p r e s e n t i n g  t h e  Alaska Miners Assoc i a t i on ,  which has  i n t e r -  
vened t o  a rgue  t h a t  the c o a s t a l  zone h a s  been improperly i n t e r p r e t e d .  

CONCLUSION 

P a c i f i c  Legal  Foundation has  been i n  Alaska f u l l  t ime s i n c e  mid-November 
1986. Our g o a l  is  t o  set  the record  a t r a i g h t  and provide  t h e  c o u r t s  w i t h  
whatever a c c u r a t e  in format ion  i t  t a k e s  t o  t u r n  t h e  t i d e  f o r  miners ,  o i l  
d r i l l e r s ,  f o r e s t e r s ,  and anyone e l s e  who i s  t r y i n g  t o  make a p roduc t ive  
c o n t r i b u t i o n  t o  t h e  s t a t e ' s  economy. We had been t r y i n g  t o  ge t  an o f f i c e  
e s t a b l i s h e d  f o r  some time b u t ,  a s  you know, eve ry th ing  takes t ime and money. 
The generous c o n t r i b u t i o n s  from miners  throughout  t h e  s t a t e  were enough t o  
put  u s  over  t h e  t o p .  We a l s o  had t h e  generous s u p p o r t  of a lower-48 founda- 
t i o n ,  t h e  M.J. Kurdock Foundation, t o  h e l p  s e t  up our  o f f i c e .  Your c o n t r i -  
bu t ions  are making t h e  f i g h t  f o r  miners '  r i g h t s  t h e  b e s t  fought  l e g a l  b a t t l e s  
p o s s i b l e .  

My r e s p o n s i b i l i t y  i s  t o  g e t  t h e  r i g h t  in format ion  t o  the c o u r t s  about  
placer mining and o t h e r  development a c t i v i t i e s .  It i s  only  through a c c u r a t e  
in format ion  t h a t  you have a chance. You, t oo ,  have a r e s p o n s i b i l i t y .  You 
must do all you c a n  t o  g e t  a c c u r a t e  in format ion  about t h e  placer-mining 
i n d u s t r y  ou t  t o  the  p u b l i c .  And, most impor t an t ly ,  i f  you l i k e  what the  
Foundation is doing and want t o  s e e  more of  t h e  same, then  I urge  you t o  
redouble  your efforts and c o n t r i b u t i o n s .  We want t h e  P a c i f i c  Legal  Founda- 
t i o n  t o  be a completely Alaska-supported o f f i c e .  We depend on your con t r ibu -  
t i o n s ,  which a r e  completely t a x  d e d u c t i b l e  and used e n t i r e l y  for our  Alaska 
p r o j e c t  o f f i c e .  I want t o  s e e  t h e  Foundation remain i n  Alaska f o r  many y e a r s  
t o  f i g h t  where and whenever necessary  on behalf  of Alaskans who a r e  working 
t o  make t h i s  a g r e a t  s t a t e .  

Thank you ve ry  much. 



POSTSCRIPT 

Since the time this presentation was made at the 1987 Placer Miners 
Conference, the Federal District Court in Anchorage ordered BLM to prepare 
mhssive cumulative impact studies on all mining in four drainages: the Birch 
Creek watershed, the Beaver Creek warershed, the Fortymile River watershed, 
and all streams flowing into Minto Flats. All mines that must obtain a plan 
of operations from ELM must shut down after the 1987 season until the studies 
are completed. BLM estimates the studies will be complete in mid-1988. The 
rulings are being challenged by t h e  government and P a c i f i c  Legal Foundation. 





THE DEMONSTRATION OF PLACER-MINE WASTEWATER TREATMENT WITH FLOCCULANTS AT 
ESPERANZA RESOURCES CO., INC. ON FAITH CREEK 

Michael R. P o l l e n ,  P r e s i d e n t  
Northern T e s t i n g  Labora to r i e s ,  I nc .  
600 Un ive r s i t y  P laza  West, S u i t e  A 

Fa i rbanks ,  Alaska 99709 

and 

Norman L .  P h i l l i p s ,  J r . ,  Geologica l  Engineer 
N.P. Mining S e r v i c e s ,  Inc. 

P.O. Box 81092 
Fa i rbanks ,  Alaska 99708 

During t h e  summer of 1986, Esperanza Resources Company, Inc ,  and t h e i r  
s u b c o n t r a c t o r ,  Northern Tes t ing  L a b o r a t o r i e s ,  I nc .  (NTL) completed a  p r o j e c t  
under t h e  Alaska Department of  Environmental Conservat ion (ADEC) P l a c e r  Mine 
Innovat ive  Technology Grant Program. A f u l l  p r o j e c t  r e p o r t  (Grant 1008) has 
been submit ted t o  the ADEC. The p r o j e c t  p r i n c i p a l  i n v e s t i g a t o r s  were Michael 
R .  P o l l e n ,  P r e s i d e n t  of NTL and Nonnan L. P h i l l i p s ,  J r . ,  a c o n t r a c t  geolog- 
i c a l  engineer wi th  Esperanza. The p r o j e c t  demonstrated t h e  u se  of m u l t i p l e  
s e t t l i n g  ponds w i t h  n e a r l y  complete r e c y c l e  of t h e  pond water f o r  s l u i c i n g ,  
and f l o c c u l a n t  t rea tment  of t h e  f i n a l  wastewater  from Esperanza ' s  1 5 0 - ~ d ~ / h r  
placer mine a t  the F a i t h  Creek d r a i n a g e  near  Fairbanks (fig. 1).  

An i n t e n s i v e  wa te r -qua l i t y  moni tor ing  e f f o r t  was i n i t i a t e d  a t  the  s t a r t  
of t h e  p r o j e c t  t o  t r a c k  t h e  watershed chemis t ry ,  document t h e  performance of 
Esperanza ' s  se t t l ing-pond system, and monitor t h e  i n f l u e n c e  of t h e  m i n e  
e f f l u e n t  on t h e  creeks b e f o r e ,  du r ing ,  and a f t e r  t h e  f l o c c u l a n t  wastewater  
t rea tment  system was t e s t e d .  Parameters  included r e s i d u e  measurements f o r  
s e t t l e a b l e  s o l i d s  (SS) , total suspended s o l i d s  (TSS) , and t u r b i d i t y  (fig. 2 )  , 
and f o r  t o t a l ,  t o t a l  r e c o v e r a b l e ,  and d i s s a l v e d  a r s e n i c .  In addition, f i e l d  
t e s t s  f o r  a l k a l i n i t y ,  c o n d u c t i v i t y ,  d i s s o l v e d  oxygen, ha rdnes s ,  pH, and 
t empera ture  were run. Flow d a t a  was taken  from s e v e r a l  s t a t i o n s  p e r i o d i c a l l y  
throughout  the mining season  by ADEC. The p r o j e c t  team r a n  over  2,000 t e s t s  
w i t h  a field l a b o r a t o r y  a t  t h e  mine s i t e  and a t  t h e  NTL wate r -qua l i t y  l a b  i n  
Fairbanks. 

SETTLING-POND STUDY 

The mining o p e r a t i o n  was  s i t e d  on Homestake Creek du r ing  t h e  f i r s t  h a l f  
of t h e  season (fig. 3 ) .  This  m u l t i p l e  s e t t l i n g  pond system c o n s i s t e n t l y  
achieved compliance with the EPA placer-mine water -qua l i ty  discharge p e n n i t  
s t anda rd  of (0.2 ml/L s e t t l e a b l e  s o l i d s ,  bu t  was unable  t o  meet t h e  ADEC 
wate r -qua l i t y  c r i t e r i a  of t u r b i d i t y  (5  NTU above background).  Homestake 
Creek t u r b i d i t y  above t h e  o p e r a t i o n  averaged less than 1.0 NTU from J u l y  10'  
through August 3 w h i l e  t h e  Homestake s i t e  was i n  product ion ;  downstream, 
t u r b i d i t y  l e v e l s  ranged from 80 t o  3,000 NTU i n  d a i l y  monitoring (app.  A, 
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F a i t h  Creek 

Figure I .  Project l o c a t i o n s ,  U . S .  Geological  Survey C irc l e  (8 -5)  Quadrangle, 
s c a l e  1:63,360. 
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Figure 2 .  Methods for the measurement of r e s i d u e  i n  w a t e r  s e t t l e a b l e  
solids (SS). 
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Figure 3 .  Sample s t a t i o n s .  Homestakt Creek pond study. 



p. 146) .  Table 1 shows t h e  range of va lues  f o r  r e s i d u e  tests determined on 
t h r e e  composite samples taken  du r ing  J u l y  and on fou r  grab  samples taken  i n  
one 24-hr moni tor ing  pe r iod  July 18-19. The f u l l  s e t  of d a t a  from t h e  24-hr 
moni tor ing  c y c l e  is presen ted  g r a p h i c a l l y  i n  f i g u r e  4 f o r  SS, i n  f i g u r e  5 f o r  
TSS, and i n  f i g u r e  6 f o r  t u r b i d i t y .  The sample s t a t i o n  d e s i g n a t i o n s  f o r  
t h e s e  t h r e e  f i g u r e s  a r e  shown i n  f i g u r e  3 .  

FLOCCULANT TREATMENT STLTDY 

While t h e  moni tor ing  program a t  Homestake Creek was i n  p rog re s s ,  a 
s e r i e s  of l abo ra to ry - sca l e  j a r  t e s t s  wee run  t o  de te rmine  t h e  e f f e c t i v e n e s s  
of u s ing  f l o c c u l a n t s  t o  remove t u r b i d i t y  from t h e  f i n a l  mine e f f l u e n t .  
S ix ty - f ive  coagu lan t s  and f l o c c u l a n t s  ( t a b l e  2 )  were screened i n  a s e r i e s  of  
111 j a r  tests on samples of mine e f f l u e n t  i n  t h e  l a b o r a t o r y  i n  Fa i rbanks .  
A f t e r  t h e  i n i t f a 1  s c r een ing .  t h e  j a r - t e s t  l a b o r a t o r y  was moved t o  t h e  mine 
s i t e  t o  t e s t  31 promising chemicals  on fresh samples o f '  the  mine e f f l u e n t .  
I n  a  s e r i e s  of 56 f i e l d  jar t e s t s ,  a two-polymer chemistry invo lv ing  a l i q u i d  
coagulan t  followed by a powdered f l o c c u l a n t  proved optimum f o r  t h i s  p r o j e c t  
( f i g .  7 )  . Four primary coagu lan t s  and two secondary f l o c c u l a n t s  were pur- 
chased i n  s u f f i c i e n t  q u a n t i t y  t o  t e s t  on a f u l l - s c a l e  t rea tment  system; 
vendors  i n  Alaska provided informat ion  about  s a f e  hand l ing  and t r a n s p o r t a t i o n  
of t h e i r  p roduc t s .  

A s e r i e s  of j a r  t e s t s  was run on samples taken  throughout  t h e  Homestake 
Creek s i t e  s e t t l i n g  ponds on July 15 t o  determine t h e  e f f e c t  of t h e  
s e t t l i ng -pond  system on t h e  dosage requi rements  and performance o f  t h e s e  
polymers. F igure  8 shows t h e  r e s u l t s  of t h e s e  t e s t s ,  which  i n d i c a t e d  that by 
us lng  a multiple-pond system, t he  polymers,  at a given dose ,  would reduce 
t u r b i d i t y  and produce l e s s  f i n a l  s e t t l i n g  s o l i d s  a f t e r  t rea tment  than  if 
a p p l i e d  e i t h e r  d i r e c t l y  t o  the s l u i c e  e f f l u e n t  o r  a f t e r  on ly  a few s e t t l i n g  
ponds. 

Thus, t o  minimize t h e  c o s t  and opt imize  t h e  p e r f o m a n c e  o f  t h e  
f l o c c u l a n t  t r ea tmen t  system, t h e  mining o p e r a t i o n  had t o  c o n t r o l  i n f i l t r a t i o n  
water .  The multiple-pond system al lowed r e c y c l i n g  of t h e  1,500 gpm of water  
needed f o r  t h e  s l u i c e  p l a n t  by t r e a t i n g  t o  a q u a l i t y  which d id  no t  adve r se ly  
a f f e c t  f ine-gold recovery ,  accord ing  t o  the  mine o p e r a t o r ' s  s c r een  a n a l y s e s .  
Cont ro l led  d i v e r s i o n  of  groundwater and st reamwater  around t h e  pond system 
reduced t h e  q u a n t i t y  of  wastewater  t o  b e  t r e a t e d  t o  l e s s  than 200 gpm a t  t h e  
F a i t h  Creek s i t e ,  where t h e  f l o c c u l a n t  t rea tment  system was a c t u a l l y  t e s t e d .  
About two- th i rds  of  t h i s  e f f l u e n t  was a c t u a l l y  conta ined  and d i v e r t e d  through 
t h e  treatment system. The r e s t  leached through t h e  berm, passed through a 
s e r i e s  of sma l l  s e t t l i n g  ponds, and combined wi th  t h e  f l o c c u l a n t  t rea tment  
system f low be fo re  e n t e r i n g  F a i t h  Creek ( f i g .  9 ) .  

The chemis t ry  was s e l e c t e d  by us ing  mine-ef f luent  samples from t h e  
Homestake Creek s i t e .  Soon a f t e r  t he  chemical o r d e r  was p laced ,  t h e  mine 
o p e r a t i o n ,  because of  poor pay m a t e r i a l  a t  t h e  Homestake s i t e ,  was r e l o c a t e d  
downstream t o  a s i t e  on F a i t h  Creek. A s e r i e s  of j a r  t e s t s  on the  mine 
e f f l u e n t  a t  F a i t h  Creek v e r i f i e d  t h a t  t h e  s e l e c t e d  polymers should perform a s  
wel l  as a t  Homestake Creek. Before moving from Homestake Creek, a b r i e f  
p i l o t  t e s t  i n  a 5-gpm system w i t h  a  sma l l  s l u i c e  box as  a mixing system, 



* 
Table 1. Homestake Creek settling-pond sample data ranges. 

Parameter Sluice effluent Recycle water Mine effluent 

Settleable solids (ml/L) 9-275 0 . 4  - 2 . 5  0 - < 0 . 1  
Total suspended solids (mg/L) 17,950  - 213,000 3,280 - 20 ,800  200 - 3 ,300  
Turbidity (NTU) 12 ,000  - 42,000  3 ,500 - 2 7 , 0 0 0  200 - 5,600  
Sample s t a t i o n  (fig. 3)  2 1 6 

* 
July 5-6, J u l y  14-15 ,  and July 27-28 composite samples; July 18-19, 24-hr 
run grab samples (four sets). 

Hornostako Slta Samplr Slallon O 

Figure 4 .  24-hr SS data, July 18-19, 1986. 
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Table 2. Coagulants and f loccu lant s  s e l e c t e d  for screening. 

SYNTHETIC POCYLtERS: (E = Ernuls~on. C = Liquid, P - Pzwder), [Al:err.a:e prsd-c: C s s l ~ ~ a ~ l z n ]  

Vendor l T r ~ d e  Nares1 Cationic Coaaulant~ 
Allied Colloids 401 (L). 17011 

(Percol) 402 (L), (702. LT3 1 j ' 
403 (t). [703] 
406 (L). [7C6. LT35) 
242 (P). (7223 
352 (P), [72 1 1  

455 (PI 
728 (P) 
757 (P) 
763 (P) 
751 (L) 
776 (P) 
788N (E) 

American Cyanamid 31 4 (L) 
(Superfloc) 315 (L) 
(Magnilloc) 355 (L), 155 1 61 ' 

1303 (E) 

NALCO 7 \34  (L) 
(Nalcolyce. Nalclear) 7107 (L) 

a100 (L) ' 
8 103 (L) 
8\05 (L) 
8109 (L), [Ultrionl 

Van Waters 8 Rogers 4245 (L) ' 
(Van Floc) 4275 (L) 

3310 (E) 
M-3358 (€1 

A C ~ C P ~ C  FICC=:I~~!S f l ~ - : ~ r : r  F f ~ C C L ' l l - ~ f  

E l 0  (P) 351 (P) 
€ 2 4  (PI. (7301 720 (P) 
€207 (P) 
1 55 (P), 17251 
156 (PI. 1725) 
ror i (PI, f7271 
61 1 (?) 

1202 (E) 16 (PI 
204 (P) 84 (PI 
206 (P) 127 (P) 
208 (P). (834A) 
21 0 (PI. [837A\ 
212 (P) 
214 (P) 

7766 (E) 1 IOA(P)\ 
8 173 (P) 673 (P), (8 t 701 
7774 (€1 
7775 (E) 
??76 (E) 

M-3CH (P) 
M-33H (PI ' 
325 1 (Ej 
3252 (€1 
3270 (E) 
3289 (E) 

INORGANIC COAGULANTS: 

C%p.n~caI Name a - - - ? n  CIA--s 
Alurn~num Sulfate (Alum) 
Calcicn Hydrcxide ( L i ze .  Hydr~ted L:me) 
Cafc:urn Sul:a:e  gypsu urn 1 

OTHER FLCCCULPNTS. 

' Chemicals SeleCed far lull scale tesflng. 



r 
COAGULATION: 

Megatirely c h q e d  c o l l o i d a l  t u r b i d i t y  i s  h e l d  apart b y  r e p u l s i o n  o f  l ike 
c h a r g e s  unlil a p o s i t i v e l y  c h a r g e d  c o a g u l a n t  is added, r e s u l t i n g  in a 
l a r g e r  p s r t i c l e  ( n i c m l l o c )  w i t h  an arerage p o s i t i v e  f i n d  charge. 

--0-- 
+<: 

4 "4 +(: + 

--6- .+ (0 - 
+ (: 

negatively C h a r g e d  P o s i t i r ~ l y  Charged ClCcmlloc Forns 
C o l l o i d a l  P a r t i c l e s  Prinary C o a g u l a n t  ( P o s i t i r e  Charge)  

FLOCCULATION:  

A l o n g  chain s e c o n d a r y  p o l y m e r  wi th  a high s t r e n g t h  n e g a t i v e  c h a r g e  d r a w s  
t h e  m i c m f I o c s  t o g e t h e r  i n t o  a l a r g e r  ' n a c m t l o c '  wh ich  h a s  a hjaher density 
and will settle faster than t h e  n i c m f l o c  o r  c o l l o i d a l  p a r t i c l e s .  

- - 

+ (0; + 

+{o- + (0- 
)+  + 

+(o - - - 4 $3 
+ (0- - 

}+ 

- 
- 

+{o - - - - O j l  \ .) jO) '0 
- I -  , 

Mcmf l o c  Long-Chain  A n i o n i c  W m f  l o c  
P m i c l e s  F l o c c u l a n t  P w t ~ c l e  

P o l p e r  c h a r g e s :  

A n i o n i c  = n e g a t i n  charge 
C a t i o n i c  = posit ive charge 
N o n i o n i c  = balanced n e g a t i r e  end  p o s i t i v e  c h a r g e s  

me polymer  charge and the i n t e n s i t y  o f  the charge can b e  -ed  d e p e n d i n g  
o n  ( h e  desired a p p l i c a i o n .  The l e n g t h  o f  t h e  c h G n  c s n  a l s o  b e  raried.  

Figure 7. Theory of c o a g u l o ~ i o n  and flocculation. 
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1 0 0 0  Sample: Home3Iako Creak SIte Composltss, 7114-15\86 
Coagulanl: Percol 403 @ 10 mg:l 

9 0 0 
Secondary Flocculant: Percol 1011 @ 0.25 mgll 

1.70 
' 1 6 0  

Raw Sample Turbidity, - - t S O  
NTU X 100 - 1 4 0  

6 5 0  
- - - 1 3 0  

6 0 0  
- - 120 b - 
- 1 1 0  t 

500 2 Supernatan! Turbldlty, NTU 2. 

@ 15 Mln. Settllng Tlmr 
,100 - - - - 90 u 
- 8 0 $ + 

loo: Settled Solids @ 5 

Slulee E l l .  Pond Y2 Ell.  Recycle water 
Pond It  Elf. Pond 113 Elf. Mlne Ell.  

lncrraslng F la t  Oenslty and Settllng Speed --...----------..--------, 

Figure 8. Cornpararive j a r  t e s t s  of samples  t h r o u g h  t h e  m i n e  o p e r a c i o r ~ .  



September 6 - 28, 1986 

Sample station designations 

F l  - Faith Creek above-mine 
effluent discharge 

GWI - Groundwater inflov to 
pond 1 

2 - Sluice-plant discharge 

3 - Pond 1 effluent 

I - Recycle pump discharge 
4 - Pond 2 effluent (chemical 

treatment system influent) 

6 - Pond 2 untreated seepage 

5 - F l o c  settling-pond 
supernatent 

5A - Floc settling-pond 
leachate 

S6 - Mine e f f l u e n t  

F3 - Faith Creek below-mlne 
effluent conf luence .  

FAITH C R E E K  
i! ft 

I &  too 

F i g u r e  9 .  Sample s t a t i o n s ,  F a i t h  Creek f l o c c u l a n t  stuay. 
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g l a s s  s e p a r a t o r y  funne l s  a s  chemical f e e d e r s ,  s e v e r a l  5-gal p l a s t i c  p a i l s ,  
and l eng ths  of p l a s t i c  p ipe  helped t o  determine the  . e f f e c t i v e n e s s  of the  
polymers on a  l a r g e r  s c a l e  t rea tment  of t he  a c t u a l  flow. This t e s t  achieved 
an  82 percent  r educ t ion  of t u r b i d i t y  and s t r o n g l y  suggested t h e  need f o r  very  
e f f i c i e n t  mixing t o  f u l l y  r e a c t i v a t e  the polymers.  

Following t h l s  t e s t ,  t he  treatment-system equipment was procured and 
assembled a t  t he  s i t e  ( f i g .  10) .  A S t r anco  'Polyblend '  au tomat ic  coagulant  
feed  system was used t o  feed blended coagulant  t o  a  Komax i n - l i n e  s t a t i c  
mixer t o  provide  thorough r e a c t i o n  of t h e  coagulant  wi th  the  mine e f f l u e n t .  
The secondary f l o c c u l a n t  feed  system was cons t ruc t ed  by using a p l a s t i c  d rum 
with a mixer and a  Liquid Meteronics  chemical feed pump. One minute of 
d e t e n t i o n  time between the  coagulant  and f l o c c u l a n t  was provided by a  100-ft  
loop of  6-in.-diam f l e x i b l e ,  cor ruga ted  p l a s t i c  p ipe .  Another 100-ft-long 
s e c t i o n  of t h e  p ipe  was used co d i r e c t  t he  d i scba rge  t o  a f i n a l  s e t t l i n g  pond 
where the  supe rna t an t  could be s e p a r a t e d .  

Table 3 p r e s e n t s  t h e  r e s u l t s  of t h e  performance t e s t  run from Septem- 
b e r  7-12, 1986. Following t h i s ,  t he  treatment-system o p e r a t i o n  was cont inued  
by t he  mine o p e r a t o r s  u n t i l  September 1 7 ,  when f r e e z i n g  i n t e r r u p t e d  the  
coagulant  f low.  Af t e r  t he  t rea tment  system was s h u t  down, mine-ef Eluent 
t u r b i d i t y  began t o  s t e a d i l y  r i s e  u n t i l  the mine o p e r a t i o c  w a s  d i scon t inued  
f o r  t h e  season on September 28, 1986.  

During the  treatment-system performance t e s t ,  the f i n a l  mine e f f l u e n t  
Fmpact on Fa i th  Creek was within the ADEC s t anda rd  of 5 NTU t u r b i d i t y  above 
background on n ine  of 11 days .  This  occurred whi le  s l u i c i n g  was i n c r e a s i n g  
the t u r b i d i t y  of the  two-pond system t o  over  10,000 N T U  p r i o r  t o  shurdown of 
t h e  t rea tment  system. The maximum 'ou t  of compliancet  t u r b i d i t y  on t h e  o t h e r  
two  d a y s  was 8.1 NTU above background. During the mining season ,  c reek  
t u r b i d i t y  d a t a  c o l l e c t e d  from both above and below t h e  mining ope ra t ion  
showed 10 t o  79 days of compliance w i t h i n  the  a l lowable  five-NTU-above- 
background s tandard  a s  w e l l  a s  t h e  n ine  days of compliance du r ing  t h e  per-  
formance t e s t  and one o t h e r  day  (September 6 ) ,  when mine e f f l u e n t  was f i l l i n g  
t h e  flocculant-treatment-system feed pond (app. 0 ,  p . 147) .  T u r b i d i t y  d a t a  
from t h e  Homestake s i t e  and from the  F a i t h  Creek s i t e  be fo re ,  du r ing ,  and 
a f t e r  t he  f l o c c u l a n t  t rea tment  system o p e r a t i o n  a r e  summarized i n  t a b l e  4 .  

The flocculant-treatment-system d i scha rge  a l s o  achieved compliance wi th  
the  EPA s tandard  f o r  t o t a l  a r s e n i c  (0.05 mg/L), t r e a t i n g  se t t l ing-pond 
e f f l u e n t  ranging from 0.143 t o  0.370 mg/L t o t a l  a r s e n i c .  V i r t u a l l y  a l l  t h e  
a r s e n i c  was removed i n  t he  f l o c  developed by t hese  polymers. This r e s u l t  was 
expected,  since 99 percent  of the a r s e n i c  was i n  p a r t i c u l a t e  form and only  
1  percent  w a s  d i s so lved .  

T o t a l  c o s t s  f o r  t he  c o n s t r u c t i o n  and maintenance of t h e  s e t t l i n g  pond 
and d i v e r s i o n  channel  system a t  both che Homestake and Faith Creek s i t e s  were 
about  $31,000 for the 100-day mining season .  The c a p i t a l  c o s t  f o r  f l o c -  
culant- t reatment-system equipment and assembly was $13,000. Dai ly  o p e r a t i o n s  
c o s t s  f o r  chemical  and f u e l  were $35-40, plus a  l abo r  c o s t  of approximately 3 
hr/day, i n c l u d i n g  t ime f o r  a l l  the r o u t i n e  water -qua l i ty  mofiitoring r equ i r ed  
a t  t h e  mine s i t e .  Costs  f o r  t h e  f l o c c u l a n t  s e l e c t i o n  and treatment-system 





Table 3 .  R e s u l t s  of f u l l - s c a l e  treatment-system performance test. 

PARAMETER: flow Coagulant Dose Flocculant Dose Supernatant Turbidily (NTU) 

&Ir!l (md l  I v 9 !,!in. 60 Min, 

MINIMUM: 88 7.6 0 22 3.4 3 5 

MAXIMUM: 183 12 0.41 2 7 23 

AVERAGE: 111 10 0.28 9.7 7 . 7  

o DATA POINTS: 18 IS 17 za 25 

NOTES: (1) (2) (3) (4.5) 

(1)  Flow calibrated by three repetitive fillings of a Sgallon pail at the discharge of the Ireatmen1 system. 

(2) Coagulants were Magnillac 5516, Nalco 81 00, Percol LT31. and Van Floc 4245. All were generically 

similar cationic polyamines in aqueous (water) solution. 

(3) Each coagulant was lesled with each secondary llocculanl. Percol 727. and Van Roc M-33H. All 

eombinalions of coagulants and flocculanrs attained t 10 NTU turbidily, and hall achieved <5 NTU. 

Van Roc M-33H formed a larger Iloc rhan Percol 727 at equal dosages. although final turbidity 

values were similar. Both Ilocarlants are very high molecular-weigh! polyacrylamide anlonic polymers. 

(4) Turbidity readings were from senled supernatant of 1,000ml samples drawn from the floc discharge lo 

the S.ga{lon pail. Follawing an optimization period on the first day. 75% of all supernatant readings 

after 15 minutes, and 84% alter 60 minutes ol  settling were <I0 NW. 

(5) Inlluenl lurbidilies ranged from 1,300 lo YO0 NTU during the performance lest period. 

T a b l e  4 .  Summary of Esperanza Resources C o . ,  Inc., 1986 d t i l y  turbidity 
data. 

LOCATION: HornsslakgQ, Bi thCr ,  f8oforelt Cf, fOurin&t wh Cr, fA l ter \ t  

DATES: 7/10 - 811 1 819 - 916 9/7 - 911 7 91 18 - 9/28 

NO. of SAMPLES: 33 29 11 11 

TLJRQIOTTY 

Creek Background: 0.40 2.2 ' 1.8 2.1 

Floe Senling Pond Ell: 29 

Mine Elfluent: 2200 950 140 850 

Creek 8elow Elfluent: 550 120 4 5 26 

- 

Average of 28 data points. not including 950 NllJ reading ofl8121186. Average ol  all dara is A 0  NTU. 

t Belore, during and after operation of the chemical trealrnent system. 



design are site specific, but may be reduced by drawing on the experience 
gained in this ADEC-funded project. Flocculant-selection services sufficient 
to select an opthum chemistry for a placer mine are commercially available 
in Alaska for under $1,000. 

The success of this project can be attributed to several factors, each 
of which is considered vital by the principal investigators. These factors 
are chemistry (selection of the best chemicals and feed equipment), control 
(multiple-settling-pond system and complete recycle), and attitude (the mine 
owners, Richard and Mary Mclntosh provided the location, cooperation, and 
patience to allow this treatment technology to be demonstrated). 



APPENDIX A 
Esperanza Rescurces Co., Inc .  

Placer-mine water q u a l i t y  field a n a l y s i s  data. 
Summary of d a i l y  f i e l d  data collection a t  t h e  Homestake Creek site f o r  

July and August 1986. 



APPEhQZX B 
Esperanza Resources Co. ,  Znc. 

Placer-mine water quality f i e l d  analysis data .  
Summary o f  d a i l y  f i e l d  data collection a t  the Faith Creek s i t e  for 

August and September 1986. 
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INTRUSIONS IN THE FAIRBANRS AREA AND THEIR RELATION TO MINERALIZATION 

Roger McPherson 
1 5 6 3  Jones Road 

Fa i rbanks ,  Alaska 99709 

Early r e p o r t s  on t h e  Fa i rbanks  d i s t r i c t  and t h e  Yukon-Tanana r eg ion  sug- 
ges ted  t h a t  m i n e r a l i z a t i o n  could  be  r e l a t e d  t o  i n t r u s i v e  a c t i v l r y .  Early i n  
t h i s  c e n t u r y p r i n d l e  and Katz (1909) s t a t e d  igneous rocks  a r e  common in a l l  
the  gold-placer  a r e a s  of t h e  Yukon-Tanana r eg ion ,  and t h e  a v a i l a b l e  evidence 
p o i n t s  t o  them a s  be ing ,  i n d i r e c t l y  a t  l e a s t ,  t h e  cause of t h e  gold occur- 
rences ,  from which the p l a c e r s  have been de r ived .  Thei r  b r i e f  (20 p.) work, 
wh ich  d e s c r i b e s  t h e  d i s t r i b u t i o n  of igneous rocks ,  t h e i r  d e l i n e a t i o n  from t h e  
sedimentary rocks, t h e i r  mode of  o r i g i n ,  and t h e  r o l e  they  have played i n  t h e  
geologic  history of t he  r e g i o n ,  is of prime importance t o  those  i n t e r e s t e d  i n  
mining. 

A f e w  yea r s  l a t e r ,  Smith (1923) r epo r t ed  t h a t  t he  a r e a s  n e a r  t he  i n t r u -  
s i v e  g r a n i t i c  rocks  a r e  t he  p l a c e s  where lodes  a r e  most l i k e l y  t o  occu r .  
Outcrops of t h e s e  igneous rocks a r e  widely d i s t r i b u t e d  throughout t h e  
Fairbanks r e g i o n ,  and i n  many p l a c e s  where t h e s e  rocks  a r e  n o t  exposed they  
probably occur  a r e l a t i v e l y  s h o r t  d i s t a n c e  below t h e  s u r f a c e  (Smith, 1913, 
p. 211). 

H i l l  (1933) supported the  r e l a t i o n s h i p  between m i n e r a l i z a t i o n  and in- 
t r u s i o n s  by s t a t i n g  the  gold m i n e r a l i z a t i o n  of the  r eg ion  was i n t i m a t e l y  coa- 
nec ted  with a c i d i c  i n t r u s i v e  rocks .  Most of t h e  gold q u a r t z  v e i n s  a r e  found 
i n  t h e  s c h i s t s  near e i t h e r  d i k e s  o r  l a r g e r  s t o c k s  o f  i n t r u s i v e  rock ( H i l l ,  
1933, p. 16). 

Mert ie  (1937) supported t h i s  r e l a t i o n s h i p .  He emphasized t h e  importance 
of t he  s m a l l e r  i n t r u s i v e  rocks and recommended t h a t  miners prospec t  "around 
bod ie s  of g r a n i t e  rocks ,  more p a r t i c u l a r l y  near  the s m a l l e r  bodies"  (Mer t ie ,  
1937,  p .  265) . 

Twenty yea r s  l a t e r ,  Beyers (1957) concent ra ted  on tungs ten  d e p o s i t s  i n  
t he  Fairbanks d i s t r i c t .  He concluded t h a t  t h e r e  were two k inds  o f  igneous 
i n t r u s i v e  t a r g e t s  f avo rab le  f o r  p rospec t ing  f o r  s chee l i t e -bea r ing  lodes--- 
a r e a s  near  small p o r p h y r i t i c  g r a n i t e  bodies  and a r e a s  a t  t h e  c o n t a c t  of 
d i s c o r d a n t  qua r t z - r i ch  pegmati te  d i k e s  wi th  p o r p h y r i t i c  g r a n i t e ,  count ry  
rock,  and l imes tone .  Beyers recommended p rospec t ing  i n  t he  Pedro Dome, 
Gilmore Dome, and Fox Creek a r e a s ,  a s  well as In t he  count ry  rock surrounding 
any small  unmapped a r e a s  o f  p o r p h y r i t i c  g r a n i t e .  Beyer 's work encouraged 
f u r t h e r  s tudy  of t h e  Fairbanks i n t r u s i o n s .  

More r e c e n t  s t u d i e s  of t h e  Pedro and Gilmore i n t r u s i o n s  now provide  in- 
formation on t h e  age and r e l a t i o n s  of t h e  i n t r u s i o n s ,  t h e i r  chemical composi- 
t i o n ,  and d e t a i l e d  maps of t h e i r  exposure (fig. 1 ) .  
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Flgurc 1 .  S e l e c t e d  i n t r u s i v e s  o f  the  Fairbanks mining d i s t r i c t  (a f ter  R r l t r o n  [ 1 9 7 0 ] ,  Sherman [ 1 9 8 3 ] ,  
and  B l u m  1 1  9H:Il .  *Denotes i n t r u s i v e  name proposed i n  this report. 



In  t h e  l a s t  decade o r  two, t h e  r e l a t i o n s h i p  between m i n e r a l i z a t i o n  and 
i n t r u s i v e  a c t i v i t y  became more d e f i n i t e .  In  1962 Brown conc luded  t h a t  t h e  
m i n e r a l  d e p o s i t s  i n  t h e  F a i r b a n k s  a r e a  were  formed by d e p o s i t i o n  from 
h y d r o t h e r m a l  s o l u t i o n s  from q u a r t z  monzoni te  magmas. B r i t t o n  (1970) s u g g e s t -  
ed t h a t  t h e  a s s o c i a t i o n  of go ld  m i n e r a l i z a t i o n  with s h e a r  z o n e s  and a l k a l f c  
i n t r u s i v e s  was r e l a t e d  t o  t h e  emplacement o f  l a t e  d i f f e r e n t i a t e s  t h a t  were 
r i c h  i n  g o l d - c a r r y i n g  h y d r o t h e r m a l  f l u i d s .  Chapman and F o s t e r  (1969) d i s -  
c u s s e d  t h e  r e l a t i o n s h i p  o f  l o d e  d e p o s i t s  t o  g r a n i t i c  rock b o d i e s .  They an- 
a l y z e d  random samples  of  v a r i o u s  i g n e o u s  b o d i e s  t o  o b t a i n  a rough e v a l u a t i o n  
o f  t h e i r  m e t a l  c o n t e n t .  Chapman and F o s t e r  (1969) e s t a b l i s h e d  t h r e s h o l d  v a l -  
ues  f o r  e i g h t  e l e m e n t s  g e n e r a l l y  a s s o c i a t e d  w i t h  d e p o s i t s  i n  t h e  d i s t r i c t  and 
s u g g e s t e d  t h a t  t h e  geochemical  s i g n a t u r e  o f  i n t r u s i o n s  might b e  a u s e f u l  in -  
d i c a t o r  i n  t a r g e t i n g  l o d e  a r e a s .  

Sherman (1983) conc luded  t h a t  m i n e r a l i z a t i o n  o f  q u a r t z  d i o r i t e  and 
q u a r t z  monzoni te  r e p r e s e n t e d  two s e p a r a t e  m i n e r a l i z a t i o n  e v e n t s  i n  t h e  
F a i r b a n k s  a r e a .  

The same y e a r ,  Blum d e f i n e d  a  f r a c t i o n a t i o n  s e r i e s  t h a t  was r e s p o n s i b l e  
f o r  t h e  c o m p o s i t i o n a l  v a r i a t i o n s  w i t h i n  i n t r u s i v e  r o c k s  i n  t h e  F a i r b a n k s  a r -  
ea .  Re proposed a c r y s t a l l i z a t i o n  h i s t o r y  f o r  t h e  F a i r b a n k s  i n r r u s i v e s :  

I 1  ... Pedro Dome was t h e  f i r s t  phase  t o  c r y s t a l l i z e ,  fo l lowed  by t h e  
p o r p h y r f t i c  g r a n o d i o r i t e  phase  t h a t  forms t w o  s m a l l  p l u t o n s  lMonte 
C r i s t o  Creek  and S t e e s e / P e d r o  i n t r u s i v e ? ]  and t h e  c e n t r a l  p o r t i o n  o f  t h e  
Gilmore Dome p l u t o n .  The n e x t  magma t o  c r y s t a l l i z e  was t h e  p o r p h y r i t i c  
q u a r t z  monzoni te  phase  t h a t  forms one s m a l l  p l u t o n  a t  Pedro Dome [Twin  
Creek i n t r u s i v e ]  and the b u l k  of t h e  Gilmore Dome p l u t o n .  The f i n a l  
phase  t o  c r y s t a l l i z e  was t h e  a p l i t e  r o c k s  t h a t  f o r m  d i k e s  (Blum, 1983, 
p .  15)." 

I n  1982,  a  j o i n t  mapping e f f o r t  by t h e  Alaska D i v i s i o n  of G e o l o g i c a l  and 
Geophys ica l  Surveys  and t h e  U n i v e r s i t y  o f  Alaska-Fa i rbanks  produced s e v e r a l  
bedrock  g e o l o g i c  maps and r e p o r t s  on t h e  F a i r b a n k s  min ing  d i s t r i c t  (Forbes  
and Weber, 1 9 8 2 ;  Metz ,  1982; Robinson,  1982;  and Bundtzen,  1 9 8 2 ) .  D e t a i l s  of  
t h e  metamorphic r o c k  a s s o c i a t i o n s  r e s u l t e d  i n  t h e  naming of t h e  F a i r b a n k s ,  
C h a t a n i k a ,  Golds t ream,  and t h e  C l e a r y  sequences . '  The C l e a r y  sequence i s  
i n t e r b e d d e d  w i t h i n  t h e  F a i r b a n k s  s c h i s t  and i s  composed of r o c k  t y p e s  i n c l u d -  
i n g  m e t a t u f f s ,  g r e e n s t o n e s ,  m a r b l e s ,  mica s c h i s t ,  g r a p h i t i c  s c h i s t ,  and 
q u a r t z i t e .  Most m i n e r a l i z a t i o n  i n  t h e  F a i r b a n k s  mining d i s t r i c t  is c o n f i n e d  
t o  t h i s  s p e c i f i c  v o l c a n i c - s e d i m e n t a r y  package (Robinson,  1982; Bundtzen,  
1982). 

S e v e r a l  f a c t o r s  were  p r o b a b l y  r e s p o n s i b l e  f o r  the  m i n e r a l i z a t i o n  of t h e  
F a i r b a n k s  a r e a  i n c l u d i n g  l a t e  magma d i f f e r e n t i a t e s  r i c h  i n  m i n e r a l i z e d  so-  
l u t i o n s ,  f r a c t u r e  o r  s h e a r  zones  w i t h  s t r u c t u r a l  c o n t r o l s ,  and f a v o r a b l e  
metamorphic r o c k s  i n  which m o b i l i z a t i o n  o f  f l u i d s  c o u l d  c o n c e n t r a t e  r e l a t i v e -  
l y  small amounts of t r a c e  e l e m e n t s .  Boyle (1965) d i s c u s s e d  s i m i l a r  s t r u c -  
t u r a l  f a c t o r s  i n  h i s  study o f  the Keno Hi l l -Ga lena  Hill a r e a  (Yukon T e r r i t o -  
r y )  and t h e  impor tance  of  g r a p h i t i c  s c h i s t s ,  p h y l l i t e s ,  q u a r t z i t e s ,  and 
g r e e n s t o n e s  a s  "an enormous r e s e t v o i r  of ... major  c o n s t i t u e n t s  o f  t h e  d e p o s i t s  
of t h e  a r e a . "  



The Cleary-sequence mapping opened up new p o s s i b i l i t i e s  in l o c a t i n g  fa-  
v o r a b l e  environments  f o r  l ode  d e p o s i t s  i n  t h e  Fa i rbanks  a r e a .  Where i n t r u -  
s i o n s  a r e  n o t  exposed, o t h e r  key r o c k s  may encourage p rospec t ing .  

The O'Connor Creek i n t r u s i o n  i l l u s t r a t e s  an a r e a  t h a t  d i s p l a y s  many fac- 
t o r s  f a v o r a b l e  f o r  m i n e r a l i z a t i o n .  These rocks  d i s p l a y  evidence of c o n t a c t  
e f f e c t s  w i t h i n  c h l o r i t e  and mica s c h i s t s .  The i d e n t i f i c a t i o n  of i n t r u s i v e  
phzses  t h a t  might  f a v o r  m i n e r a l i z a t i o n  are being  i n v e s t i g a t e d  by t h e  au tho r  
a s  w e l l  a s  geophys i ca l  and geochemical t echniques  which may be  u s e d  t o  iden-  
t i f y  bedrock,  c o n t a c t  metamorphic e f f e c t s ,  and p o t e n t i a l  v e i n s .  

I n  summary, t h e  i n t r u s i v e  h i s t o r y  of t h e  Fairbanks a r e a  i s  h i g h l y  s i g -  
n i f i c a n t  and unders tanding  i t  cannot he lp  but  t a r g e t  new a r e a s  of p o t e n t i a l  
u i n e r a l i z a t i o n .  
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Th i s  paper w i l l  compare a s p e c t s  of I s l a n d  Arc Systems s t u d i e d  by the  
au tho r  i n  t h e  1970s i n  the  Kurile-Kamchatka reg ion  of t h e  U.S.S.R. w i t h  t h e  
i s l a n d  arcs  and g e o t e c t o n i c  systems of t h e  A leu t i an  I s l a n d s ,  Alaska.  

The s tudy  of t h e  i s l a n d  a r c s  and t h e i r  g e o t e c t o n i c  systems i s  of c r i t -  
i c a l  importance i n  unders tanding  t h e  t heo ry  of  p l a t e  t e c t o n i c s .  I s l and -a rc  
g e n e r a t i o n  is  g e n e r a l l y  cons idered  t o  be one of t h e  most s i g n i f i c a n t  geo log ic  
a c t i v i t i e s  involved  i n  p l a t e  t e c t o n i c  motion, namely, compression and sub- 
duc t ion  of ocean ic  l i t h o s p h e r e .  

I s l a n d  a r c s  can be de f ined  by t h e i r  c h a r a c t e r i s t i c  s t r u c t u r a l  f e a t u r e s ,  
which includes a  l i n e a r  g e a n t i c l i n a l  b e l t  l o c a t e d  between two dep re s s ions .  
The depres s ion  in f r o n t  of t h e  b e l t  ( t h e  l e a d i n g  edge)  i s  g e n e r a l l y  a  narrow 
v o l c a n i c  t r ench ,  whereas t h e  dep re s s ion  ( t r a i l i n g  edge) is  u s u a l l y  a compara- 
t i v e l y  wide deep-water b a s i n  o r  marg ina l  s e a .  The g e a n t i c l i n e  u s u a l l y  con- 
sists of two independent  belts---an o u t e r  a r c  and a back arc---divided by a  
l i n e a r  topographic  dep re s s ion  p a r t l y  f i l l e d  by a ch ick  sedimentary sequence.  
The o u t e r  ( l ead ing )  a r c  c o n t a i n s  t e c t o n i c a l l y  de r ived  (nonvolcanic)  sedimen- 
t a t i o n  formed by t e c t o n i c  u p l i f t .  The back a r c  c o n t a i n s  abundant accumula- 
t i o n s  of v o l c a n i c  p roduc t s ;  i ts  r o l e  i n  t e c t o n i c  u p l i f t  and sed imenta t ion  i s  
n e g l i g i b l e .  

These i s l a n d  arcs g e n e r a l l y  d i s p l a y  l i n e a r  b e l t s  of s t r o n g  nega t ive  
g r a v i t y  anomalies ,  a c t i v e  volcanism ( u s u a l l y  of  c a l c - a l k a l i n e  a f f i n i t y ) ,  and 
a c t i v e  s e i s m i c i t y  ( a  b e l t  of  ear thquake  f o c i  50-75 km wide occurs  a long  a 
Benioff zone d ipp ing  a t  50-60'). Depth of ear thquake  f o c i  w i t h i n  t h e  Benioff 
zone ranges from 0  h ( a t  t h e  t r e n c h )  t o  600 !un a t  t h e  r e a r  p a r t  of  t h e  geo- 
t e c t o n i c  system (marginal  s ea s  o r  equ iva l en t  f e a t u r e ) .  I n  t b e  p a s t  20 yrs , 
t h e  Benioff zone has  been cons idered  t o  be  a r e f l e c t i o n  of t h e  subduct ing  
l i t h o s p h e r i c  s l a b .  

A Quaternary v o l c a n i c  belt i s  u s u a l l y  l oca t ed  on t h e  s i d e  of  t h e  gean- 
t i c l i n e  f a c i n g  t h e  marg ina l  s e a .  Quaternary vo lcanoes  may be d i s t r i b u t e d  i n  
en-echelon manner, c o i n c i d i n g  with t h e  p o s i t i o n  of  open f i s s u r e s  a long  
s t r i k e - s l i p  f a u l t s .  S t r a t u l a  (1969) no ted  t h a t  i n  t h e  K u r i l e s ,  t h e  type and 
age of Quaternary volcanoes changed r e g u l a r l y  a long  t h e s e  eche lons .  These 
eche lons  may a l s o  be d iv ided  by s e r i e s  of u p l i f t e d  b locks  t h a t  may r e f l e c t  
the p o s i t i o n  of drag  f o l d s  a long  s t r i k e - s l i p  f a u l t s .  

Geotec tonic  systems of i s l a n d  a r c s  a r e  u s u a l l y  d iv ided  i n t o  t w o  groups 
on t h e  b a s i s  of t h e i r  s t r u c t u r a l  f e a t u r e s  ( s i n g l e  v s  double a r c s )  and t h e  



h e i g h t  of e r o s i o n a l - t e c t o n i c  r e l i e f  (Izu-Bonin v s  K u r i l e - t y p e  s y s t e m s )  
( E r l i c h  and Groshkov, 1979) .  An i s l a n d  a r c  may change i n t o  a n o t h e r  type  of 
i s l a n d  a r c  a l o n g  s t r i k e .  For example ,  a s i n g l e - i s l a n d  a r c  o c c u r s  i n  t h e  cen-  
t r a l  K u r i l e s  and is g r a d u a l l y  r e p l a c e d  n o r t h  and southward by d o u b l e  arcs; 
comparable  i s  t h e  s i n g l e - a r c  sys tem of t h e  western A l e u t i a n s ,  which i s  
g r a d u a l l y  r e p l a c e d  e a s t w a r d  by a d o u b l e - a r c  s y s t e m .  

Within  t h e  Circum-Pacif ic  b e l t ,  t y p i c a l  i s l a n d  a r c 8  a r e  commonly i n t e r -  
r u p t e d  by e l e v a t e d  b l o c k s  t h a t ,  on one s i d e ,  p r e s e r v e  t h e  s t r u c t u r a l  and v o l -  
c a n i c  f e a t u r e s  c h a r a c t e r i s t i c  of  i s l a n d  a r c s  w h i l e  on t h e  o t h e r  s i d e  c o n t a i n  
f e a t u r e s  t h a t  a r e  n o t  s p e c i f i c  t o  i s l a n d - a r c  sys tems .  These s y s t e m s  have 
been d i v i d e d  i n t o  two t y p e s  of g e o t e c t o n i c  s y s t e m s :  1) e a ~ l y  o r o g e n i c  (Ram- 
c h a t k a - t y p e )  g e o c e c t o n i c  s y s t e m s  (found i n  t h e  s o u t h  and e a s t e r n  Ksmchatka 
b l o c k s ,  Alaska P e n i n s u l a ,  n o r t h e a a t e r n  Japan, t h e  P h i l l i p i n e s ,  Sumat ra ,  and  
t h e  North I s l a n d  of New Zea land)  and 2 )  ma tu re  o r o g e n i c  g e o t e c t o n i c  s y s t e m s  
( n o r t h e r n  Kamchatka , Taiwan, Lusonblock i n  t h e  P h i l l i p i n e s  , a n d  t h e  South  
I s l a n d  o f  New Zea land)  ( E r l i c h  and Gorschkov, 1979) .  

NATURE OF THE BENIOFF ZONE 

Benioff  zones  a r e  o b v i o u s l y  t h e  most i m p r e s s i v e  and p r o b a b l y  t h e  most 
i m p o r t a n t  deep-sea ted  f e a t u r e  o f  i s l a n d - a r c  geodynamics.  The most  common way 
t o  s t u d y  Ben io f f  zone geometry is  t o  s t u d y  t h e  p r o j e c t i o n  o f  e a r t h q u a k e  foci 
p e r p e n d i c u l a r  t o  the g e o r e c t o n i c  s y s t e m .  When i n v e s t i g a t i n g  t h e  g e o l o g i c a l  
and g e o p h y s i c a l  c h a r a c t e r i s t i c s  o f  Benioff  zones, s e v e r a l  i m p o r t a n t  f e a t u r e s  
have co be c o n s i d e r e d .  

The t r a i l i n g  edge  o f  t h e s e  zones  i s  s h a r p  and i s  e x p r e s s e d  by a zone o f  
s t e e p  g r a d i e n t  i s o c l i n e s .  This zone c o i n c i d e s  with the h i g h  g r a d i e n t  zone of 
l i n e a r  n e g a t i v e - g r a v i t y  a n o m a l i e s ,  l o c a t e d  between t h e  o c e a n i c  t r e n c h  and an 
i s l a n d - a r c  s y s t e m .  These  a n o m a l i e s  have been d e s c r i b e d  f o r  I n d o n e s i a  (Bem- 
melen,  1970) .  Anomalies o f  t h e  same t y p e  were  a l s o  d e s c r i b e d  a l o n g  o t h e r  
i s l a n d  a r c s  (Minato and o t h e r s ,  1 9 6 5 ) .  A deep-sea ted  s e i s m i c  sound ing  s t u d y  
performed i n  t h e  Kuriles i n d i c a t e s  t h a t  t h e s e  g r a v i t y  a n o m a l i e s  r e f l e c t  a  
l i n e a r  zone of s h a r p l y  i n c r e a s e d  t h i c k n e s s  of t h e  c r u s t  ( f i g .  1 ) .  The geo- 
l o g i c a l  n a t u r e  of t h i s  l i n e  is e a s i l y  o b s e r v a b l e  i n  a r e a s  where normal  i s l a n d  
a r c s  e n t e r  u p l i f t e d  b l o c k s  such  a s  J a p a n ,  New Zea land ,  and Kamchatka. I n  
t h e s e  a r e a s ,  major  deep-sea ted  f a u l t  zones  d i v i d e  p a i r e d  s y s  terns of b e l t s  
w i t h  d i f f e r e n t  t y p e s  o f  metamorphism ( f o r  example ,  t h e  Alp ine  F a u l t  i n  t h e  
Sou th  I s l a n d  of  New Zealand and t h e  Median L ine  i n  s o u t h w e s t e r n  J a p a n ) .  I n  
Kamchatka, t h i s  f a u l t  zone c o i n c i d e s  w i t h  t h e  boundary between a s e r i e s  of 
u p l i f t e d  b l o c k s  c h a t  s e p a r a t e s  t h e  g e a n t i c l i n e  s y s t e m  of t h e  e a s t e r n  penin-  
s u l a s  and t h e  e a s t e r n  v o l c a n i c  b e l t .  I n  A l a s k a ,  a  p o s s i b l e  a n a l o g y  of this 
type  of f a u l t  i s  t h e  deep-sea ted  Denali f a u l t  zone.  

Benioff zones  c h a r a c r e r i s t i c a l l y  d i s p l a y  a b l o c k y  s t r u c t u r e  r e f l e c t e d  i n  
t h e  d i f f e r e n t  d e n s i t y  of e a r t h q u a k e  f o c i  p a t t e r n s .  Along t h e  s t r i k e  o f  c o r -  
r e s p o n d i n g  geo t e c t o n i c  s y s t e m s ,  gaps e x i s t  between a r e a s  o f  ma jor  e a r t h -  
quakes .  T h i s  o c c u r s  i n  t h e  Kurile-Kamchatka r e g i o n  (Fedo tov ,  1966) and i n  
t h e  A l e u t i a n  r e g i o n  (Sykes a n d  o t h e r s ,  1980).  With t ime  t h e s e  g a p s  may E i l l .  
T h i s  tendency p r o v i d e s  p o s s i b i l i t i e s  for t h e  s t a t i s t i c a l  p r o b a b i l i t y  o f  t h e  
o c c u r r e n c e  o f  ma jor  e a r t h q u a k e s  and may be u s e f u l  i n  e a r t h q u a k e  p r e d i c t i o n .  



Figure  1. I n c r e a s i n g  t h i c k n e s s  o f  t h e  c r u s t  i n  t h e  Kamchatka 
r e g i o n ,  i n t e r p r e t e d  from ear thquake  f o c i  d i s t r i b u t i o n  
p a t t e r n s  (from Kosminskaya and o t h e r s ,  1964).  

Areas  of major ear thquakes  i n  any given moment of t ime can be cons idered  t o  
be blocks  w i t h  a tendency t o  advance ( a c c e l e r a t e d  movement) coward t h e  f r o n t  
of the  geocecronic  system. Because of t h e  uneven d i s t r i b u t i o n  of ear thquake  
energy,  t h e r e  may w e l l  be  a  system of s t r i k e - s l i p  f a u l t s  w i t h i n  ana a long  
d i f f e r e n t  blocks, which  d i s p l a c e s  the major deep-seated f a u l t  zone t h a t  
corresponds t o  the trailing edge of the Benioff zone .  

The major stress v e c t o r  of earthquake f o c i  is  not  o r i e n t e d  pe rpend icu l a r  
t o  the s t r i k e  of t h e  g e o t e c t o n i c  system b u t  r a t h e r  s t r i k e s  a t  an a c u t e  ang le  
(fig. 2 ) .  The g e n e r a l  d i s r r i b u t i o n  of f o r c e s  on t h e  Benioff zone boundary i s  
gene ra l i zed  in f i g u r e  3.  As a r e s u l t  of t h e  o r i e n t a t i o n  of  f o r c e s  a long  ma- 
jor f a u l t s  on the Benioff-zone boundar ies ,  h o r i z o n t a l  displacement  may occur  
a long  t h e  strike o f  t h e  g e o t e c t o n i c  system. Because of c o n s t a n t  reorienta- 
t i o n  of  t h e  main stress v e c t o r  of ear thquake  f o c i ,  t h e  d i r e c t i o n  of horizon- 
t z l  displacement a long  the s t r i k e  of t h e  Benioff zone w i l ;  depend on t h e  





Figure  3. T y p i c a l  o r i e n t a t i o n  of f o r c e s  a l o n g  t h e  Benioff zone.  

s t r i k e  o f  t h e  g e o t e c t o n i c  system a s  a  whole.  The A l e u t i a n  a r c  i s  an example 
of an  a r c  w i t h  more t h a n  one d i r e c t i o n  o f  h o r i z o n t a l  d i s p l a c e m e n t .  The east-  
e r n  branch o f  t h e  A l e u t i a n  arc and i t s  c o r r e s p o n d i n g  s h e l f  b l o c k  g e n e r a l l y  
d i s p l a y  r i g h t - l a t e r a l  strike-slip o f f s e t ,  whereas  t h e  w e s t e r n  branch g e n e r a l -  
l y  d i s p l a y s  l e f t - l a t e r a l  o f f s e t .  O t h e r  d i f f e r e n c e s  i n  t h e  two branches  are 
a l s o  observed .  The western branch of t h i s  a r c  (from B u l d i r  I s l a n d  t o  Kam- 
chatka) is character ized  by t h e  g r a d u a l  d e c r e a s e  o f  r e c e n r  v o l c a n i c  a c t i v i t y  
i n  t h e  souehwestward d i r e c t i o n ,  and n o r t h e a s t - s t r i k l n g  s t r u c t u r a l  f e a t u r e s  
a r e  superimposed on o l d e r ,  n o r t h w e s t - s t r i k i n g  s t r u c t u r e s  i n  t h e  Kornandor 
I s l a n d s .  I n  c o n t r a s t .  i n  t h e  e a s t e r n  branch of t h e  a r c ,  r e c e n t  v o l c a ~ i s m  
i n c r e a s e s  toward t h e  n o r t h e a s t ,  where i t  becomes abundant  i n  Alaska. 

The development of h o r i z o n t a l  d i sp lacement  a l o n g  an  i s l a n d  arc  may 
change along s t r i k e  w i t h  time. Some f e a t u r e s  c h a r a c t e r i s t i c  of a sys tem may 
move w i t h  t i m e ,  and a d d i t i o n a l  r i g i d  b l o c k s  can become invo lved  in a c t i v e  
i s l a n d - a r c  development.  Examples o f  such  involvement  can be s e e n  i n  r i g i d  
b l o c k s  of w e s t e r n  Canada and the Anrarc  tic, where Andean Reogene v o l c a n i c  
b e l t s  o c c u r  a l o n g  t h e  c o n t i n u a t i o n  o f  t h e  i s l a n d  a r c .  

When d i s c u s s i n g  Benioff  t c n e s ,  n o t e  t h a t  t h e  o u t e r  boundary d c e s  no t  
c o i n c i d e  w i t h  t h e  oceanic t r e n c h  but o c c u r s  between t h e  trench and t h e  gean- 
t i c l i n e  o f  t h e  o u t e r  a r c .  Thus, t h e  o c e a n i c  t r e n c h  cannot  be c o n s i d e r e d  a 
r e f l e c t i o n  of s u b d u c t i o n  o r  Benioff-zone p r o c e s s e s .  F u r t h e r ,  t h e r e  may be no 
c o n n e c t i o n  between t h e  f o r m a t i o n  o f  o c e a n i c  t r e n c h e s  and t h e  Ben iof f  zone.  
The p l a n e s  o f  d i s p l a c e m e n t s  w i t h i n  c e r t a i n  e a r t h q u a k e  f o c i  may n o t  b e  p a r a l -  
l e l  t o  t h e  Benioff-zone boundary,  b u t  may have a s u b s t a n t i a l  v e r t i c a l  compo- 
n e n t .  These c o n s i d e r a t i o n s  s u g g e s t  t h a t  Benioff  zones  may be  f e a t u r e s  con- 
s i d e r e d  a s  a t y p e  of i n t e n s e l y  compressed b l o c k  between two 1ine;r  s t r i k e -  
slip f a u l t s  r a t h e r  t h a n  a s  a s u b d u c t i o n  zone.  I n c r e a s e d  d e p t h  of  the e a r ~ h -  
quake foci coward t h e  i n n e r  p a r t  of g e o t e c t o n i c  sys tem r e f l e c t s  a n  i n c r e a s e d  
dep th  o r  compress ion toward t h e  t r a i l i n g  p a r t  o f  t h e  g e o r e c t o n i c  sys tem.  
Cons ider ing  t h e  absence of d i r e c t  i n f o r m a t i o n  on t h e  n a t u r e  of ea rchquakes  



w i t h i n  Ben io f f  z o n e s ,  i t  i s  p r e f e r a b l e  t o  u s e  t h e  term ' B e n i o f f  z o n e '  t o  de- 
n o t e  p l a t e s  w t t h  i n c r e a s i n g  d e p t h  of e a r t h q u a k e s  r a t h e r  t h a n  g e n e t i c  terms 
such  a s  ' s u b d u c t i o n  z o n e . '  

The a b s e n c e  of a c o n n e c t i o n  between Ben io f f  zones  and o c e a n i c  t r o u g h s  
r a i s e s  i m p o r t a n t  q u e s t i o n s  a b o u t  geodynamic c o n d i t i o n s  w i t h i n  i s l a n d - a r c  geo- 
t e c t o n i c  s y s t e m s .  The s t r u c t u r a l  c o n c e p t s  p r e s e n t e d  here i n d i c a t e  c h a t  the  
g e n e r a l l y  a c c e p t e d  i n t e r p r e t a t i o n  t h a t  i s l a n d  a r c s  a s  a  whole a r e  a zone of  
compress ion  i s  no t  j u s t i f i e d .  I n  c o n t r a s t ,  island a r c s  do commonly d i s p l a y  a  
series of l i n e a r  g r a b e n s ,  which i n d i c a t e s  e x t e n s i o n .  The g r a b e n s  a r e  r e p r e -  
s e n t e d  by p a i r e d  o c e a n i c  t r e n c h e s  and v o l c a n i c  b e l t s  t h a t  a r e  t y p i c a l  of ex- 
t e n s i o n a l  t e c t o n i c s .  The o v e r a l l  geodynamic c o n d i t i o n  i n  o c e a n i c  t r o u g h s  c a n  
t h e r e f o r e  be c h a r a c t e r i z e d  a s  e x t e n s i o n a l .  This i n t e r p r e t a t i o n  r e s o l v e s  t h e  
c o n t r a d i c t i o n s  between ' s u b d u c t i o n '  t h e o r i e s  and e x r e n s i o n a l  geodynamic en- 
v i r o n m e n t s  a l o n g  t h e  c o n t i n u a t i o n  of deep-water ( o c e a n i c )  t r e n c h e s .  An exarn- 
p l e  o f  such  i s  the g r a b e n  o f  t h e  Bay o f  C a l i f o r n i a ,  which is a c o n t i n u a t i o n  
of t h e  C e n t r a l  American t r e n c h .  S i m i l a r  examples  c a n  be  obse rved  i n  t h e  con- 
t i n u a t i o n  o f  t h e  New B r i t a i n  o c e a n i c  t r e n c h  i n t o  t h e  narrow l i n e a r  d e p r e s s i o n  
f i l l e d  w i t h  a  v e r y  thick (abou t  10 ,000  m) T e r t i a r y  s e d i m e n t a r y  s e q u e n c e ,  
s t r e t c h i n g  a l o n g  t h e  n o r t h e r n  c o a s t  of New Guinea ,  and  i n  t h e  c o n t i n u a t i o n  
a l o n g  t h e  axis o f  t h e  Izu-Bonin o c e a n i c  t r e n c h  i n t o  t h e  Kwanto b a s i n  i n  cen- 
t r a l  Bonshu, which is a l s o  f i l l e d  w i t h  an e x t r e m e l y  t h i c k  (8,000-10,000 m) 
Neogenlc s e d i m e n t a r y  s e q u e n c e .  

The e x t e n s i o n a l  n a t u r e  o f  i s l a n d - a r c  v o l c a n i c  b e l t s  becomes even  more 
obv ious  w i t h i n  u p l i f t e d  b l o c k s  t h a t  t y p i c a l l y  i n t e r r u p t  i s l a n d - a r c  b e l t s .  
These f e a t u r e s  i n c l u d e  t h e  l i n e a r  g r a b e n s  and g r a b e n - s y n c l i n a l  s t r u c t u r e s  
s u c h  as  the Taupo g raben  i n  New Z e a l a n d ' s  North I s l a n d ,  t h e  Semangko g r a b e n  
a l o n g  t h e  Sumatro ,  and t h e  g r a b e n - s y n c l i n a l  s y s t e m s  i n  Kamcbacka. Tbe s i z e  
of these s t r u c t u r e s  and i n t e n s i t y  and c h a r a c t e r  o f  t h e i r  movements c a n  be 
compared w i t h  wide ly  r e c o g n i z e d  zones  of e x t e n s i o n  w i t h i n  midocean r i d g e s  and 
i u t r a c o n t i n e n t  g r a b e n s .  

Zones of compress ion  w i t h i n  i s l a n d  a r c s  a r e  c o n c e n t r a t e d  w i t h i n  narrow 
a r e a s  t h a t  c o i n c i d e  w i t h  B e n i o f f - z o n e s '  i n t e r s e c t i o n  w i t h  t h e  s u r f a c e ,  which 
o c c u r s  between the o c e a n i c  t r e n c h e s  and t he  t e c t o n i c  g e a o t i c l i n e  o f  t h e  o u t e r  
a r c .  

CHARACTERISTIC FEATURES OF KAMCHATKA-TYPE GEOTECTONIC SYSTEMS 

G e o t e c t o n i c  sys tems  deve loped  within e l e v a t e d  b l o c k s  t h a t  o c c u r  within 
b e l t s  of normal i s l a n d  a r c s  and have t y p i c a l  i s l a n d - a r c  geodynamic charac -  
t e r i s t i c s  (namely,  o c e a n i c  t r e n c h ,  b e l t s  o f  n e g a t i v e - g r a v i t y  i s o s t a t i c  anom- 
a l i e s ,  a Ben io f f  s e i s m i c  zone ,  and a c t i v e  r e c e n t  v o l c a n i s m )  a r e  c o n s i d e r e d  t o  
be early orogens  o r  Kamchatka-type g e o t e c t o n i c  s y s t e m s  ( E r l i c h  and Gorshkov, 
1 9 7 9 ) .  These sys tems  i n c l u d e  t h e  e a s t e r n  and c e n t r a l  b l o c k s  o f  Kamchatka, 
t h e  Alaska  P e n i n s u l a ,  n o r t h e a s t e r n  J a p a n ,  s o u t h w e s t e r n  J a p a n ,  Sumatra ,  and 
t h e  North I s l a n d  o f  New Zea land .  These  Kamchatka-type t e c t o n i c  systems have 
a n  a v e r a g e  p r e - P l e i o c e n e  e r o s i o n a l  t e c t o n i c  r e l i e f  of 1 ,000  m e l e v a t i o n  and 
e x t e n d  up t o  2,000 e l e v a t i o n .  I n  compar ison,  normal i s l a n d - a r c  g e o t e c t o n i c  



systems have a pre-Pl iocene t e c t o n i c  r e l i e f  c l o s e  t o  s e a  l e v e l  and do not  
exceed 500 m e l e v a t i o n .  Kamchatka-type systems a r e  developed on t e c t o n i c a l l y  
he te rogenic  basement and a r e  c h a r a c t e r i z e d  by c o n t i n e n t a l  c r u s t  wi th  a t h i c k  
and well-developed g r a n i t i c  l a y e r .  Within the  ou te r  g e a n t i c l i n a l  b e 1  t ,  t h e  
formations w i t h i n  t h e s e  systems may d i f f e r  i n  age.  Examples of Upper Creta- 
ceous t o  Paleogenic format ions  occur  i n  Kamchatka, whereas Pa leozoic  forma- 
t i o n s  occur  i n  n o r t h e a s t e r n  Japan.  J u r a s s i c  t o  Paleogene format ions  occur  i n  
the southwestern Japan ( the  Shiamanto complex), Precambrian complexes i n  t he  
P h i l i p p i n e s ,  and J u r a s s i c  graywackes i n  t h e  North I s l a n d  of New Zealand. A 
number of r eg ions  ev ince  Neogene development preceded by Upper Cretaceous t o  
Paleogene geosync l ina l  development, s p i l i t e - k e r a t o p h y r i c  vo lcan ic  complexes, 
and h y p e r b a s i t i c  i n t r u s i o n s .  

The Neogene s t r u c t u r e  of t h e s e  geo tec ton ic  systems i s  cha rac t e r i zed  by 
s t r u c t u r e s  t y p i c a l  of normal i s l and  a r c s ,  i nc lud ing  a  l i n e a r  g e s n t i c l i n a l  
u p l i f t  surrounded by two l i n e a r  t roughs f i l l e d  by very t h i c k  (5,000-10,000 rn) 
sedimentary,  mainly t e r r i g e n i c  sequences.  Volcanic rocks i n  t h e s e  depres-  
s i o n s  a r e  r a r e  o r  absen t .  The environment of  sed imenta t ion  i n  t hese  t roughs 
g radua l ly  changes upward from abyssa l  sediments  i n  t he  lower p a r t  of se-  
quences t o  shallow-water o r  even subcon t inen ta l  sediments  i n  t h e i r  uppermost 
p a r t s .  Thus, t he  Neogenic t roughs loca t ed  i n  t h e  f r o n t a l  p a r t  o f  t h e  geotec-  
t o n i c  systems a r e  probably e q u i v a l e n t s  of filled oceanic  t r enches ,  and 
t roughs loca t ed  i n  the t r a i l i n g  p a r t  a r e  e q u i v a l e n t s  of marginal  sea-type 
s t r u c t u r e s  completely f i l l e d  by t e r r i g e n i c  sediments .  R e l i c t s  of such l i n e a r  
dep res s ions  are o f t e n  loca t ed  i n  t h e  f r o n t a l  g e a n t i c l i n o l  b e l t s  o f  Kamchac- 
ka-type geo tec ton ic  systems, i nc lud ing  the  e a s t e r n  t rough of Wamchatka, t h e  
no r the rn  t rough of New Guinea, t h e  t rough exposed w i t h i n  t h e  cha in  of smal l  
i s l a n d s  s t r e t c h e d  along Sumatra 's  sou theas t  s h o r e ,  and the  Neogene t rough on 
the  f r o n t a l  sou theas t e rn  shore  of North Island, New Zealand. This  i n t e r p r e -  
t a t i o n  i s  supported by the  t r a n s i t i o n  of oceanic  t renches  a long  the  strike 
i n t o  l i n e a r  dep res s ions  f i l l e d  by sedimentary t e r r i g e n i c  Neogene d e p o s i t s .  
Thus, t he  New B r i t a i n  oceanic  t r ench  i s  cont inued a long  s t r i k e  by the north-  
e r n  depress ion  of New Guinea, and the  Izu-Bonin deep-water t r ench  is  con- . 
t inued a long  s t r i k e  by t h e  Kwanto bas in  i n  the  c e n t r a l  Monshu. 

C h a r a c t e r i s t i c  of t he  recent  s t r u c t u r e  of Kamchatka-type geo tec ton ic  
systems is  the  presence of a s e r i e s  o f  l i n e a r  a n t i c l i n a l  b e l t s  t h a t  c o n t a i n  
d i s l o c a t e d  pre-Pl iocene basement e l eva t ed  t o  an average h e i g h t  of 1.000 t o  
1,500 m i n t e r r u p t e d  by linear zones of grabens and graben-syncl ina l  s t r u c -  
t u r e s  and Pre-Pliocene basement within l a t t e r  s t r u c t u r e s  i s  subsided and 
filled by volcanic, v o l c a n i c l a s t i c ,  and unconsol idated Quaternary  sediments. 
These grabens and graben-syncl ines  c o n t r o l  t he  s t r u c t u r a l  p o s i t i o n  of most o f  
t he  Pliocene-Quaternary vo lcan ic  b e l t s  w i t h i n  Kamchatka-type geo tec ton ic  sys-  
tems. 

Quaternary graben-syncl ines  have nor been r epor t ed  i n  Alaska, bu t  d i s -  
t r i b u t i o n  of t h e  roof he igh t  of d i s l o c a t e d  pre-Pl iocene complexes i n d i c a t e s  
t h a t  s u c h  linear s t r u c t u r e s  a r e  here .  Within the  Katmai reg ion ,  a l i n e a r  
b e l t  of volcanoes ex tends  no r theas t  from the  Ke ju l ik  Mountains t o  Kamushik 
Bay. T h i s  l i n e a r  s t r u c t u r e  i s  25 t o  30 km wide and con ta ins  d i s l o c a t e d  pre- 
P l iocene  complexes t h a t  a r e  normally subsided below e r o s i o n a l  l e v e l s  and a r e  
exposed only w i t h i n  smal l  e l eva t ed  b locks ,  s u c h  as F a l l i n g  Mountain nea r  the  



Katmai volcano. Th i s  s t r u c t u r e  i s  cha rac t e r i zed  by an i n t e n s e  negat ive-  
g r a v i t y  anomaly (Kienle ,  1969).  A s i m i l a r  s t r u c t u r a l  p o s i t i o n  of  Quaternary 
vo lcan ic  b e l t s  can be seen  i n  t he  Ugashik r eg ion .  Considering t h e  d i s t r i b u -  
t i o n  of both Pliocene-Quaternary v o l c a n i c s  and a c t i v e  volcanoes i n  Alaska,  a 
second v o l c a n i c  b e l t  i n  t he  Naknek Lake-Lliamna Lake r eg ion  may p a r a l l e l  t he  
major vo lcan ic  b e l t .  

Oceanic t r enches  near  Kamchatka-type geo tec ton ic  systems change t h e i r  
morphological c h a r a c t e r i s t i c s .  If  t h e i r  ' t e l e s c o p i c '  shape decreases  t h e i r  
depth ,  t h e i r  f l o o r  is  f l a t t e n e d  and widened. These changes a r e  equa l ly  char-  
a c t e r i s t i c  f o r  p a r t s  of t he  Kurile-Kamchatka t r ench  along Kamchatka, p a r t  of 
t he  Kermadek t rench  (Hikurangi depress ion)  t h a t  extends a long  the  North Is- 
l a n d  o f  Hew Zealaad, and t h e  c o n t i n u a t i o n  of the Ryukyu t rench  along the 
Kyushu I s l a n d  and southwestern Japan. S t rong  i n d i c a t i o n s  e x i s t  t h a t  a11  
these  p a r t s  of oceanic  t r enches ,  i nc lud ing  the  p a r t  of t he  Aleut ian  t r ench  
s t r e t c h i n g  along the  Alaska Pen insu la ,  a r e  very young (Minato and o t h e r s ,  
1965. E r l i c h  and Gorshkov, 1979;  and Drews and o t h e r s ,  1961) .  These s p e c i f i c  
f e a t u r e s .  a long  wi th  t h e  p rev lous ly  mentioned presence  of a l ead ing  l i n e a r  
t rough f i l l e d  by T e r t i a r y  sedimentary sequences,  sugges t  t h a t  t he  l ead ing  
edge of t h e s e  geo tec ton ic  systems underwent a c c e l e r a t e d  displacement  ocean- 
ward dur ing  the Pl iocene t o  Quaternary pe r iods .  

The t r a i l i n g  s t r u c t u r a l  element of t he  i s land-arc  geo tec ton ic  system 
(notab ly  the  deep-water b a s i n  of t he  marginal  s e a s )  a l s o  d i sappea r s  near  Kam- 
chatka-type geo tec ton ic  systems.  The sou th  Okhotsk deep-water b a s i n ,  l oca t ed  
i n  t he  r e a r  p a r t  of t h e  K u r i l e  i s l a n d  a r c  a long  the s t r i k e ,  is rep laced  by 
the  wes tern  Kamchatka l i n e a r  r e a r  t rough and i s  f i l l e d  completely by an  8,000 
t o  10,000 m t e r r i g e n i c  sequence of T e r t i a r y  rocks.  

Accelerated displacement  of t he  l e a d i n g  edge of Kamchatka-rype geotec-  
t o n i c  systems Is c l e a r l y  expressed i n  recent s t r u c t u r e s .  In  t h e  southern  
Kamchatka, h o r i z o n t a l  displacement  along s t r i k e - s l i p  f a u l t s  i s  common and 
reaches  up t o  15 t o  25 km. Extensive a c t i v e  c e n t e r s  of Quaternary volcanism 
occur  a long  t h e  con t inua t ion  of t h e s e  f a u l t s  ( E r l i c h  and Gorshkov, 1 9 7 4 ) .  
Within t h e  e a s t e r n  Kamchatka s i m i l a r  s t r i k e - s l i p  f a u l t s  a r e  expressed I n  nar-  
row bands of ear thquake f o c i  v i t h  dep ths  ranging from 50 t o  100 km. These 
bands c r o s s c u t  l a r g e  c a l d e r a  complexes and d i s p l a y  large, c i r c u l a r  nega t ive -  
g r a v i t y  anomalies that a r e  cons idered  t o  be a r e f l e c t i o n  of sha l low chambers 
of s i l i c i c  magmas (Luchi tsky,  1 9 7 4 ) .  In  Alaska t h i s  t y p e  of s t r i k e - s l i p  
f a u l t  may e x i s t  w i t h i n  t h e  Katmai region (Kel le r  and Re i se r ,  1959).  

A major d i f f e r e n c e  between r e c e n t  Alaskan s t r u c t u r e s  and the  double a r c  
of t h e  e a s t e r n  Aleu t i ans  i s  t h a t  t h e  d i s t a n c e  between t h e  oceanic  t r ench  and 
the g e a n t i c l i n e  of the o u t e r  arc grows a b r u p t l y  i n  t he  e a s t e r n  Aleu t i ans .  
Also, a l i n e a r  topographic dep res s ion  occurs  between the  g e a n t i c l i n e  of t he  
o u t e r  a r c  and the  b e l t  of Neogene volcanoes expressed by t h e  r e g i o n  from 
Shel ikov S t r a i t  t o  Cook I n l e t .  I n  the nor the rn  p a r t  of t h i s  depress ion  a r e  
t he  v o l c a n i c  groups of t he  Wrangell and Talkee tna  Mountains. The s t r u c t u r a l  
p o s i t i o n  and t e c t o n i c  n a t u r e  of t h i s  dep res s ion  suggest s i m i l a r i t i e s  wi th  t h e  
c e n t r a l  Kamchatka dep res s ion  i n  the  Kamchatka Peninsula ,  where t he  l a r g e  
Kliuchevskaya and Sheveluch vo lcan ic  groups a r e  l o c a t e d .  



The most i n t e n s i v e  compress ive  d i s l o c a t i o n s  a r e  c o n c e n t r a t e d  i n  t h e  
o u t e r  g e a n t i c l i n a l  b e l t  from Kodiak I s l a n d  t o  t h e  Kenai  P e n i n s u l a .  I n  t h i s  
a r e a  t h e  widen ing  o f  t h e  g e o t e c t o n i c  sys tem can be  e x p l a i n e d  by a c c e l e r a t e d  
d i s p l a c e m e n t  of c o r r e s p o n d i n g  b l o c k s  a l o n g  eas t -wes t  s t r i k e - s l i p  f a u l t s .  
T r a c e s  o f  t h e s e  f a u l t s  c a n  be found i n  t h e  eas t -wea t  r e l i e f  s c a r p s  t h a t  
c r o s s c u t  t h e  Alaska P e n i n s u l a .  

The development  of  t h e  i s l a n d  a r c  b e l t  as a whole i s  c h a r a c t e r i z e d  by 
t h e  e x i s t e n c e  of s h o r t  ( t o  t e n s  o f  thousand  y e a r s )  p u l s e s  o f  i n t e n s i f i c a t i o n  
of  g e o l o g i c a l  p r o c e s s e s .  These p u l s e s  a r e  r e f l e c t e d  i n  s i m u l t a n e o u s  i n t e n s i -  
f i c a t i o n  of v o l c a n i c  and t e c t o n i c  p r o c e s s e s .  The i n t e n s i t y  of t h e s e  p u l s e s  
v a r i e s  f o r  t h e  d i f f e r e n t  p a r t s  of t h e  b e l t  and is s l o w e r  i n  t h e  normal is- 
l a n d - a r c  sys tems  and more i n t e n s i v e  i n  Kamchatka-type g e o t e c t o n i c  s y s t e m s .  
Such s i m u l t a n e o u s  i n t e n s i f i c a t i o n  of s i l i c i c  v o l c a n i s m  and t e c t o n i c  u p l i f t  i s  
d i r e c t l y  r e f l e c t e d  i n  a c c u m u l a t i o n s  of c o a r s e  sed imenra ry  sequences  i n  t h e  
zones of s u b s i d e n c e ,  a s  i n  t h e  c e n t r a l  Kamchatka d e p r e s s i o n  ( E r l i c h  and 
Gorschkov, 1979) . These p u l s e s  o f  i n t e n s i f i c a t i o n  a r e  c h a r a c t e r i z e d  by in-  
t e n s i v e  s i l i c i c  vo lcan i sm,  p a r t i c u l a r l y  i n  t h e  Ci rcum-Pac i f i c  r e g i o n  ( E r l i c h  
and Gorshkov, 1 9 7 4 )  . 

CHANGES IN THE RATE AND CHARACTER OF VOLCANISM IN DIFFERENT mPEs OF 
ISLAND-ARC GEOTECTONIC SYSTEMS 

Changes o f  s t r u c t u r a l  p o s i t i o n  o f  v o l c a n i c  b e l t s  i n  Kamchatka-type 
g e o t e c t o n i c  sys tems a r e  accompanied by s h a r p  changes  i n  t h e  rate of magma 
c h e m i s t r y  and p r o d u c t i o n .  

1. The r a t e  o f  magma p r o d u c t i o n  i s  r e f l e c t e d  by t h e  volume of v o l c a n i c  
m a t e r i a l  i n  f e a t u r e s .  The f r e q u e n c y  and s i z e  o f  s t r a t o c o n e  and 
s h i e l d  c o n e s  f o r  t h e  Kamchatka-type s y s t e m s  and normal i s l a n d  a r c s  
a r e  shown i n  f i g u r e  4 ( f o r  t h e  K u r i l e s ) .  

2. The s i z e  and i n t e n s i t y  o f  magma-chamber f o r m a t i o n  a r e  r e f l e c t e d  i n  
t h e  d i a m e t e r  o f  c a l d e r a s  formed d u r i n g  t h e  same i n t e r v a l .  Normal 
i s l a n d  a r c s  are c h a r a c t e r i z e d  by a v e r a g e  c a l d e r a  d i a m e t e r s  of 2 t o  
4 km, a l t h o u g h  t h e  d i a m e t e r  o f  t h e i r  l a r g e s t  c a l d e r a s  r e a c h  8 t o  1 2  
km. In t h e  Kamchatka-type g e o t e c t o n i c  s y s t e m s  t h e  a v e r a g e  d i a m e t e r  
of c a l d e r a s  e q u a l s  8 r o  1 2  h; t h e  l a r g e s t  such  s t r u c t u r e s  r e a c h  40 
t o  60 h i n  d i a m e t e r .  

R a t e  o f  magma e v o l u t i o n .  For  normal  i s l a n d  a r c s  ( f o r  example,  t h e  
K u r i l e s )  d u r i n g  t h e  Q u a t e r n a r y  t i m e ,  one v o l c a n i c  c y c l e  i s  c h a r a c -  
teristic: f o r m a t i o n  of a b a s a l t i c / a n d e s i t i c  p l a t e a u  and c o n t i n u i n g  
th rough  a n d e s i t i c  s t r a t o v o l c a n i c  f o r m a t i o n  t o  t h e  f o r m a t i o n  of sil- 
i c i c  domes, pumices ,  and i g n i m b r i t e s .  I n  t h e  Qua te rna ry  deve lop-  
ment o f  Kamchatka-type g e o t e c t o n i c  systems, two s i m i l a r  v o l c a n i c  
c y c l e s  deve loped .  The f i r s t  c y c l e  o c c u r r e d  i n  Upper P l i o c e n e  t o  
Lower P l e i s t o c e n e  t h e  and ended from t h e  end of t h e  K i d d l e  P l e i s -  
t o c e n e  t o  t h e  b e g i n n i n g  o f  Upper P l e i s t o c e n e  t i m e .  The second 
c y c l e  o c c u r r e d  i n  t h e  end of t h e  Upper P l e i s t o c e n e  t o  t h e  b e g i n n i n g  
of the  Holocene t ime.  



Figure  4. Frequency of d i ame te r s  (D) and r e l a t i v e  h e i g h t s  (H) i n  meters  of 
Quaternary v o l c a n i c  s t r u c t u r e s .  I - s t r a t o v o l c a n o e s  and s h i e l d  
volcanoes of Kamchatka-type s t r u c t u r e s ,  I1 - s t r a t o v o l c a n o e s  and 
s h i e l d  volcanoes of normal (Kur i l e )  i s l a n d - a r c  s t r u c t u r e s .  

The r a t e  of magma product ion  decreased  a b r u p t l y  when t h e  ampl i tude  of 
r e c e n t  u p l i f t  of g e o t e c t o n i c  system reached a c r i t i c a l  h e i g h t .  When t h e  
h e i g h t  of t h e  e r o s i o n a l  t e c t o n i c  watershed r e l i e f  reached about  2,060 m above 
sea  . l eve l ,  t he  r a t e  of magma product ion  decreased  a b r u p t l y ;  volcanism de- 
c r ea sed  d r a m a t i c a l l y  and occur red  only a3  sma l l  s e p a r a t e  b a s a l t i c  vo lcanoes  
(such as t h e  P r i n d l e  volcano i n  t h e  Tanacross  a r e a  o r  b a s a l t i c  l a v a  f i e l d s  Ln 
Seward Peninsu la  g rabens ) .  

Q u a c t i t a t i v e  changes a r e  accompanied by changes i n  t h e  c h a r a c t e r  of t h e  
vo l can i c  p roces se s .  The l a t t e r  changes i n  t u r n  a r e  r e f l e c t e d  by changes i n  
t h e  chemical  types  of b a s a l t s ,  t h e  q u a n t i t y  of b a s a l t s ,  t h e  maximum s i l i c a  
c o n t e n t ,  and rhe behavior  of v o l a t i l e s  i n  magma; t h e s e  a r e  i n  t u r n  r e f l e c t e d  
i n  t h e  a b i l i t y  t o  v e s i c u l a t e  and, consequent ly ,  i n  the  types  cf c a l d e r a s  de-  
veloped w i t h i n  d i f f e r e n t  types  of g e o t e c t o n i c  syscems. For example, Hawai- 
i an- type  c a l d e r a s  and complex b a s a l t i c  vo lcanoes  (Heiken, 1976) a r e  rare t o  
absen t  i n  normal i s l a n d  a r c s  bu t  widespread w i t h i n  Kamchatka-type g e o t e c t o n i c  
systems. D e t t e m a n  and o t h e r s  (1981) suggest t h e  e x i s t e n c e  of  this type  of  
complex of b a s a l t i c  v o l c a n i c  s t r u c t u r e  around t h e  Veniaminoff volcano i n  the 
Chignik region ( f i g .  5 ) .  Another t y p e  of  c a l d e r a  i n  che  Kamchatka-type 
g e o t e c t o n i c  system t h a t  i s  connected w i t h  poo r ly  v e s i c u l a t e d  siiicic magma i s  
r ep re sen t ed  by the Khangar and Alney-Chashokondzha c a l d e r a s  i n  Kamchaclca 
( E r l i c h ,  1986).  Th i s  type  c a l d e r a  may a l s o  occur  i n  Alaska---the Kaguyak and 
Aniakchak c r a t e r s  (fig. 6)  . These c a l d e r a s  c h a r a c t e r i s t i c a l l y  a i s p l a y  an 
absence of g r e a t  amount of  s i l i c i c  p y r o c l a s t i c  m a t e r i a l  connected wi th  



Figure  5. The Veniaminoff volcano, Chignik region, 
Alaska. 

Figure 6 .  The Kaguyak and Aniakchak craters, Alaska.  
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caldera-forming e rup t ion9  (Dettennan and o t h e r s ,  1982) .  Ca lde ra s  of t h i s  
t y p e  may have been formed by slow subs idence  of t h e  c a l d e r a  f l o o r  du r ing  
c r y s t a l l i z a t i o n  of magma chambers beneath t h e  c a l d e r a s .  

Chemical composi t ion of b a s a l t s  and t h e  frequency of t h e s e  va r fous  t ypes  
of c h e m i s t r i e s  a l s o  d i f f e r  between d i f f e r e n t  g e o t e c t o n i c  systems. In t r aocea -  
n i c  i s l a n d  a r c s  a r e  c h a r a c t e r i z e d  by e s s e n t i a l l y  t h o l e i i t i c  b a s a l t i c  volcan-  
i s m  w i t h  minor d a c i t i c  pumices. I n  normal i s l a n d  a r c s ,  a n d e s i t e s  p r e v a i l ,  
w i th  minor amounts of high-alumina b a s a l t s .  Volcanic  rocks  w i t h  a  s i l i c a  
c o n t e n t  g r e a t e r  than 65 p e r c e n t  u s u a l l y  do no t  occur  i n  normal i s l a n d  arcs. 
Kamchetka-type g e o t e c t o n i c  systems c h a r a c t e r i s t i c a l l y  c o n t a i n  a bimodal d i s -  
t r i b u t i o n  of v o l c a n i c  rocks, i n c l u d i n g  b a s a l t i c  volcanism ( r ep re sen t ed  by 
s h i e l d l i k e  s t r a t o v o l c a n o e s ) ,  b a s a l t i c  s t r a t o v o l c a n o e s ,  o r  g r e a t  a r e a s  covered 
by b a s a l t s  connected w i th  numerous smal l  i c e l and ic - type  s h i e l d  vo lcanoes  and 
c inde r  cones,  a s  w e l l  as  d a c i t i c  volcanism and i g n i m b r i t e s .  Complexes of 
e x t r u s i v e  domes composed of d a c i t e s  and r h y o l i t e 6  may a l s o  occur .  

IMPLICATIONS FOR PLACER POTENTIAL 

The model presen ted  s u g g e s t s  t h a t  t h e  a r e a s  of t h e  most i n t e n s i v e  Qua- 
t e r n a r y  uplift ( t h e  A l e u t i a n  Range, Kodiak I s l a n d ,  and t h e  Kenai Peninsu la )  
encountered c o n d i t i o n s  f avo rab l e  f o r  t h e  g e n e r a t i o n  of hydrothermal  a c t i v i t y  
from p o s s i b l e  magma chambers o r  a n  i n c r e a s e  i n  t h e  r e g i o n a l  hea t  f low.  Areas 
that could be f avo rab l e  f o r  p l a c e r  d e p o s i t s  would a l s o  r e q u i r e  i n t e n s e  accu- 
mula t ions  of l o o s e  m a t e r i a l  du r ing  t h e  Quaternary .  One a r e a  t h a t  meets these 
c r i t e r i a  i s  t h e  l i n e a r  dep re s s ion  between t h e  A leu t i an  Range and t h e  r eg ion  
from Kodiak I s l a n d  t o  t h e  Kenai Pen insu l a .  T h e  p o s s i b l e  e x i s t e n c e  of 
s p e c i f i c  time i n t e r v a l s  e s p e c i a l l y  f a v o r a b l e  f o r  magmaelc o r  hydrothermal  
processes i n  t h i s  reg ion  permi t  i t  t o  be a p o s s i b l e  t a r g e t  for e i t h e r  marine 
o r  a l l u v i a l  bu r i ed  p l a c e r  d e p o s i t s .  

In  t h i s  r eg ion ,  t h e  p o t e n t i a l  f o r  p l a c e r  d e p o s i t s  i nc lude  the  a r e a s  near  
t he  boundar ies  of a c t i v e l y  u p l i f t e d  zones (Shel ikov S t r a i t ,  Cook I n l e t ,  Bris- 
t o 1  Bay shore)  and a r e a s  around v o l c a n i c  groups ( f o o t h i l l s  of t h e  Wrangell 
and Talkee tna  Mountains) . 
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GEL-LOG POLYMER TREATMENT AND FLOCCULATION IN SETTLING PONDS 

Dale Ramsey 
Ba lsinger Inc. 

Miller's Run Road 
Cuddy , Pennsylvania 1503 1 

(41 2) 22 1-3218 

A gel-log polymer treatment for settling-pond flocculation known as 'log 
in the stream'  has been studied for ebout 10 yr, particularly in coal-mining 
operations in Pennsylvania. 

THE GEL LOGS 

The gel-polymer logs are contained in a plastic mesh netting and are 
about 9 in. in diameter and 18 in. wide. These logs normally weigh about 
40 lb. After being placed in water, the logs will absorb 1 gal water in 
2 days. The logs continue to swell for 3 to 5 days, until the dissolution 
process begins. Eventually the product is totally dissolved. The logs are 
used in a variety of temperatures; however, the viscosity of the product 
fluctuates with water temperature. 

To illustrate the usefulness of this product, one settling pond of a 
coal mine in Pennsylvania yielded 5,000 tons of ash build up every two 
months. After gel-log treatment in the hydrobins of the plant, the same 
settling pond yielded 500 tons of sediment build up after 6 mocths. The gel 
logs extended the life of the pond, 'helped meet effluent standards, and 
reduced the material handling costs (ash removal). 

To determine the applicability of gel logs for a particular situation, 
samples are collected and tested in a jar with a 31841-1. cube of gel polymer. 
Settling rates can be obtained from these simple tests. Instructions for 
these tests are given in Appendix A .  Factors that must also be considered in 
these analyses include temperature, type of solids, and abrasiveness of the 
surface contacts. 

Advantages of tbe gel-log system of flocculation treatment are: 

1) The gel logs are easy to handle and require no equipment invest- 
ment, electrical requirements, or water connections. 

2) Dosage rates can be easily adjusted by the adding or removing of a 
gel log. 

3) The system can function unattended for several days and automat- 
ically respond to variations in flow rates (the more water t h a t  
flows over the log, the more material goes into the system). 



4 )  I t  i s  easy t o  determine when replenishment i s  needed (visual in-  
spec t ion) .  

5 )  The ge l - l og  polymers can be e f f e c t i v e  at low dosages.  

A recent  study prepared by the U . S .  Bureau of Mines i n  Pi t t sburg  con- 
cluded that, because of the slow release of  these  types of  polymers, they 
were allowed t o  completely recoil. This  slow release allowed these  polymers 
to be  e f f e c t i v e  i n  dosages of 200 ppb,  whereas other  products required much 
larger e f f e c t i v e  dosages (up t o  3-4 ppm). 

One way of us ing  the  ge l - l og  polymers i s  to  put the logs i n  a flume or 
sluice that  feeds into a settling pond. Some operators p u t  the l o g s  i n  a 
cross-sect ioned 55-gal drum. The channel that f e e d s  i n t o  the s e t t l i n g  pond 
should be l i n e d  with p l a s t i c  to  ensure that  the material does ge t  i n t o  the 
pond. 



APPENDIX A 

Detailed I n s t r u e  ions for Polymer Select ion 

Neutron's family of Photafloc gels comprises a relatively complete catalague of 
prMucts, Lncluding neutral polymers, two series of anionic copolymers and two 
series of cat ionic copolymers. Within each series, the degree of ionic 
functionality covers the ent i re  range from close to neutral to very high charge 
density. Out standard t es t  kit contains eight diverse samples, a t  least one of 
which Is l i k e l y  to  work Ln -st any situation. The evaluation procedure 1s 
simple. and no expensLve equipment i s  required. 

Required equipnmt comprises a watch w i t h  a second hand, a t w  gallon container 
f i l l ed  with a representative sample, a stirring red, a ladle, a thermometer, 
and a set  of clear, 16 ounce screw cap jars with a wide mouth. 

Fill one sample jar with a representative sample of water or slurry to be 
treated, allowing about 20% headspace. Set aside to use as a blank for 
cornpatison with the test samples. 

F L U  one or wre additional tw jars with s q u a l l y  rcprtscntat iva samples, 
fUfng all jars to  about the same level. . . 

Add one p r e c u t  ge l  eube t o  esch t e s t  jar and t ight ly cap. Shake eacH tea t  
jar in turn with moderately vigorous motion for the aame short period of 
time. Shake for  approximately 10 seconds t o  start. Carefully w a t c h  for 
floc formation and set t l ing.  Note floe gizc, relat ive s e t t l i n g  rate. and 
s tab i l i ty .  For best comparisons s t r ive for uniform treatment of all 
samples, running each test t o  completion. one a t  a time. 

Water temperature and quality nay effect polymer dissolution rates. and 
some fragi le  Flocs mey not withstand prolonged or  violent shaking. Thus. 
some experimentation may be required to  optimize th i s  proc&ure to 
h d i v  idual needs. 

'Ihe f i r s t  ru le  af  testlng is t o  allow ample t h e .  Y o u  nay be Lucky, but a 
thorough screminq and evaluation may the better part of a day. In some cases, 
it is pasaible t h a t  considerations of relative cost, relative f i s h  toxicity. or  
other factor3 m y  result Ln the choice a polymer other than the one that 
appears to  pmvide the best performance. Accordingly, it is important t o  
recognize that more than one polymer w i l l  probably work. and that i t  is unwise 
t o  s e t t l e  on the first polymer that performs. 

For the more sophisticated operator, best resul ts  are  sometimes obtahed by 
sequential treatment with cationic arm3 anionic products (always in a sesuence 
and never prt ts ixed) .  To t e s t  for th i s  effect ,  pour the treated contents of 
one jar into a clean t e s t  jar and add the other polymer. Da not put anionic 
and cationic &a into the sam jar. 

Your field service representative o r  Heutmn Products' technical p c n 0 ~ e l  can 
asa i s t  in the evaluation of the data and help select aptimaL product and 
treatment levels.  





HEAVY-EQUIPMENT MAINTENANCE MANAGEMENT 

John Bones 
Caterpillar Tractor Company 
10420 NE 37th Place, Suite A 
Kirkland, Washington 98033 

The most important thing to remember about heavy-equipment maintenance 
is that you have to care about your equipment. The biggest cost involved 
with heavy equipment is not the purchase price, but the cost of maintaining 
your heavy equipment. 

There are several things you and your dealer can do to s e t  up a main- 
tenance schedule to ensure that you will g e t  the most value for your money. 
However, it is up to you to have an active interest in your equipment's man- 
agement. The following diagram shows the steps involved in setting up a cus- 
tomized heavy-equipment maintenance plan. 

EQUIPMENT ANALYSIS 

I Problem Identification 
1 

! 

I Customized maintenancelrepair I 
I Problem solution I Monitor and control 

Dealer-user implementation 

Maintenance management allows you to do what you want with your equip- 
ment. Careful recordkeeping is the followup on your maintenance monitoring. 
Careful monitoring of the condition of your equipment can allow your problems 
to be planned problems, not unplanned ones which can cost you even more time 
and money. To illustrate an example of economic planned repair and mainte- 
nance, consider the equipment owner who knows that his undercarriage might 
need to be replaced soon. Re then lets the supplier know what he might need 
and the parts can be there when he needs them. This insures that the owner 
will have a minimum of down time and he will not have to pay for rush ship- 
ping costs. 

Repair indicators thar you need to be aware of include: operational per- 
formance, gauges, visual clues, and sound indicators. The Caterpillar Compa- 
ny can help you with the following programs: 



SOS - Scheduled o i l  sampling. The d e a l e r  w i l l  look a t  t h e  wear and con- - 
d i t i o n  of o i l  and t e l l  you what is  happening o r  what could happen t o  
your equipment. 

F i l t e r  Check - Check a l l  f i l t e r s .  

CTS - Customized Track Serv i ce .  Allows you t o  p l an  f o r  your needs and - 
preo rde r .  

Technica l  Analysis - You can g e t  a r e p o r t  on c o n d i t i o n  of your equipment 
and what might be prone t o  failure. 

C a t e r p i l l a r  a l s o  o f f e r s  t h e  fo l l owing  book le t s  t o  h e l p  you understand 
your  equipment:  "Cold-weather o p e r a t i o n s , "  "Know your cooling system,"  "I t 's  
n o t  w o r t h  the r i s k , "  and "Oil i n  your engine." 

I n  s h o r t ,  p roper  equipment maintenance w i l l  en su re  t h a t  you g e t  t h e  b e s t  
va lue  f o r  your money. And i f  you d o n ' t  ma ih t a in  i t ,  you not  only won't be 
p leased  with it ,  but your o p e r a t i o n a l  c o s t s  w i l l  be higher. 



NEW D I R E C T I O N S  IN THE DEVELOPMENT OF THE 
ALASKA MINERAL INDUSTRY FOR THE SMALL MINER 

Thomas K. Bundtzen 
A l a s k a  D i v i s i o n  of G e o l o g i c a l  and G e o p h y s i c a l  Surveys  

794 U n i v e r s i t y  Avenue, S u i t e  200 
F a i r b a n k s ,  Alaska  99709 

Placer  g o l d  h a s  been t h e  most s u c c e s s f u l  m i n e r a l  commodity mined by 
s m a l l - s c a l e  o p e r a t i o n s  i n  Alaska  and i t ' s  a  l i t t l e  presumptuous  t o  s u g g e s t  t o  
many s m a l l - s c a l e  p l a c e r  g o l d  m i n e r s  t h a t  t h e r e  a r e  b e t t e r  o p p o r t u n i t i e s  t o  
e x p l o r e .  N e v e r t h e l e s s ,  t h i s  paper  will d i s c u s s  some a l t e r n a t i v e s  t o  conven- 
t i o n a l  p l a c e r - g o l d  mining.  

DRIFT M I N I N G  

D r i f t  mining employs underground mining methods t o  e x t r a c t  f r o z e n  p l a c e r  
d e p o s i t s ,  u s u a l l y  b e n e a t h  t h i c k  l a y e r s  o f  overburden .  Hundreds o f  d r i f t s  
were o p e r a t e d  years ago b u t  o n l y  a  few e x i s t  t o d a y .  Examples of  c u r r e n t l y  
ac t ive  underground min ing  o p e r a t i o n s  a r e  t h e  Wilbur  Creek o p e r a t i o n  in t h e  
Livengood d i s t r i c t ,  t h e  W i l d  R ive r  Ven tu res  o p e r a t i o n  n e a r  Wild Lake i n  t h e  
Brooks Range, t h e  S h e r r e r  o p e r a t i o n  i n  the Innoko d i s t r i c t ,  and s e v e r a l  p r o s -  
p e c t  d r i f t s  i n  t h e  F a i r b a n k s  a r e a .  I n  t h e  p a s t ,  t h e s e  a r e a s  o p e r a t e d  i n  con- 
v e n t i o n a l  s u r f a c e  p l a c e r  mines .  However, problems w i t h  t h e  removal  of  t h i c k  
overburden  i n  a manner t h a t  can satisfy t h e  current w a t e r - q u a l i t y  s t a n d a r d s  
have plagued  mine o p e r a t i o n s .  .The Wilbur Creek mine recently t r i e d  t o  r e -  
s o l v e  t h i s  problem by u s ing  d r i f t - m i n i n g  t e c h n i q u e s  i n  t h e  b u r i e d  p lacer  pay-  
s t r e a k s .  The p r o j e c t  was funded th rough  t h e  Alaska  P l a c e r  Demons t ra t ion  Pro- 
j e c t .  Dur ing 1986-87, t h e  mine produced 200 yd/day a t  a c o s t  of $19.87Iyd3 
and t h e  mine was e f f i c i e n t l y  o p e r a t e d .  W e t h e r  t h i s  v e n t u r e  i s  economica l  
canno t  be  determined a t  t h i s  t i m e .  However, a number o f  d e e p l y  b u r i e d  p l a c -  
e r s  d e p o s i t s  e x i s t  t h r o u g h o u t  t h e  I n t e r i o r  and w e s t e r n  r e g i o n s  o f  t h e  s t a t e  
and t h e  r e c h n i q u e s  l e a r n e d  a t  Wilbur Creek may b e n e f l t  I n d i v i d u a l s  a c t i v e  i n  
t h e s e  a r e a s .  

Rare -ea r th  Elements  

There  may be a f u t u r e  i n  t h e  e x t r a c t i o n  of s o - c a l l e d  high- technology 
m i n e r a l s  s u c h  a s  e l e m e n t s  n iobium and t a n t a l u m .  Super -conduc to r ,  s p a c e ,  and 
m i l i t a r y  t e c h n o l o g i e s  c o n t i n u e  t o  f i n d  new u s e s  f o r  such  commodi t ies .  The 
f i r s t  documenta t ion  of a n  Alaskan niobium r e s o u r c e  h a s  r e c e n t l y  been pub- 
l i s h e d  (Warner and o t h e r s ,  1986) and t h e  U.S. Bureau of Mines is c u r r e n r l y  
working on a p romis ing  niobium - r a r e  e a r t h  e lemenr  d e p o s i t  a t  Bokan Mountain 
n e a r  Ke tch ikan .  Although t h e  s p o t  market  f o r  t a n t a l u m  ($20/Lb) and niobium 
( $ 6 / l b )  i s  d e p r e s s e d  today ,  t h e y  were a s  h i g h  a s  $ 1 0 8 / l b  and $ 2 4 / l b ,  r e s p e c -  
t i v e l y ,  a s  r e c e n t l y  a s  1982.  Because c u r r e n t  and p r o j e c t e d  demand of t h e s e  
commodities is r e l a t i v e l y  small i n  t e r n s  of t o t a l  volume, s m a l l - s c a l e  pro- 
d u c e r s  have and c a n  compete w i t h  l a r g e r  companies,  p r o v i d e d  market  opporcun i -  
t i e s  a r e  s e c u r e d .  



COPPER 

Copper mining hae been s u c c e s s f u l  i n  s o u t h - c e n t r a l  and i n  s o u t h e a s t e r n  
Alaska. Before 1930, t h e r e  were 30 copper mines i n  t h e  P r i n c e  William Sound 
r eg ion  and ano the r  25 mines n e a r  Ketchikan from 1897 t o  1938. Most of t h e s e  
o p e r a t i o n s  were of a sma l l  scale---employing 50 or fewer i n d i v i d u a l s .  A f t e r  
t h e  Kennecott  Mines i n  t h e  Ch i t i na  v a l l e y  c losed  i n  1938, most p roduct ion  
ceased.  However, s e l e c t e d  shipments  of c h a l c o c i t e  o r e s  from t h e  d i s t r i c t  
were i n t e r m i t t e n t l y  sh ipped  by a i r c r a f t  by a sma l l  o p e r a t o r  from Ch i t i na  un- 
t i l  1970. The p r i c e  of  copper  has  been s e v e r e l y  dep re s sed ,  bu t  appea r s  to  be 
moving up a t  t h e  t ime of t h i s  w r i t i n g .  

COAL 

Although c u r r e n t  coal-mining a c t i v i t i e s  a r e  conf ined  t o  a  s i n g l e  l a rge -  
scale o p e r a t i o n  a t  U s i b e l l i ,  c o a l  has  been mined by t h e  srhal l  miner .  Paul  
Omlin s u c c e s s f u l l y  ope ra t ed  t h e  Priemer Mine in t h e  Mantanuska f i e l d  w i t h  
t h r e e  i n d i v i d u a l s  and supp l i ed  home h e a t i n g  f u e l s  i n  t h e  Wasi l la  and Willow 
a r e a s ,  

PLATINUM 

Alaska h a s  been t h e  l a r g e s t  producer  of p la t inum me ta l s  i n  t h e  U . S . ,  
w i t h  most plat inum product ion  der ived  from t h e  Goodnevs Bay p l a c e r  district. 
Product ion  through 1986 has  amounted t o  668,000 oz unref ined  platinum-group 
elements .  The metal logeny o f  t h i s  impor tan t  strategic meta l  i s  s t i l l  poor ly  
understood.  Recent work by t he  U.S. Bureau of Mines (Barker and oche r s ,  
1985; Southworth and Foley,  1986) h a s  produced some i n t e r e s t i n g  new r e s o u r c e s  
of platinum no t  on ly  i n  t h e  Goodnews Bay a r e a  but  a l s o  i n  t h e  Alaska Range 
ar,d t h e  Chugach Mountains.  I n  the  Alaska Range, t h e  U . S .  Bureau of Mines h a s  
been examining small p lugs  of d u n i t e  and d i o r i t e s  o r i g i n a l l y  known t o  be 
a s s o c i a t e d  wi th  n i c k e l  d e p o s i t s .  Anomalous p la t inum h a s  c o n s i s t e n t l y  been 
encountered i n  mass ive-su l f ide  samples ,  and t h e  d e p o s i t s  appear  t o  be  similar 
t o  the Wellgreen p rope r ty  i n  t h e  Yukon T e r r i t o r y ,  a n i c k e l  p rospec t  now be ing  
developed as a plat inum proper ty .  Because most plat inum h a s  been found 
almost  by a c c i d e n t  i n  Alaska,  t h e  chance of a d d i t i o n a l  d i s c o v e r i e s  remain 
h i g h .  Ter ranes  w i t h  mafic  u l t r a m a f i c  and a l k a l i n e  igneous  complexes through- 
out  t h e  s ta te  dese rve  t o  be eva lua t ed  for both p l a c e r  and lode  plat inum. 

ANTIMONY 

I n  1986, Alaska was t h e  on ly  s t a t e  i n  t h e  union t h a t  produced and 
shipped antimony c o n c e n t r a t e s  (about 2 4  t o n s ) .  Antimony has  f l u c t u a t e d  wild- 
l y  over  t h e  years. Today it can range from $.50 t o  $9 / lb  on t h e  me ta l s  mer- 
k e t ,  depending on demand. There a r e  t imes  when antimony s u p p l i e s  are so  
s c a r c e  t h a t  a producer  could o b t a i n  a  premium s p o t  market p r i c e ,  which f l u c -  
t u a t e s  because the  U.S. imports  much of i t s  a n t h o n y  from sou rces  t h a t  are  
p o l i t i c a l l y  u n s t a b l e .  

Antimony o r e  from a t  l e a s t  18 d e p o s i t s  were shipped t o  market i n  4 2  of 
t h e  l a s t  100 y r  ( i nc lud ing  t h e  l a s t  f o u r ) .  Most p roduct ion  has  been conf ined  
t o  t h e  Seward Peninsu la  and I n t e r i o r ,  bur antimony has  a l s o  been e x t r a c t e d  



from t h e  S o u t h e a s t e r n  Panhandle  t o  t h e  Brooks Range. The l a r g e s t  of t h e  In- 
t e r i o r  o p e r a t i o n s  was t h e  S c r a f f o r d  Mine o f f  Old Murphy Dome Road i n  t h e  
F a i r b a n k s  a r e a .  The l a r g e s t  ant imony mine i n  Alaska  was t h e  Stampede Mine i n  
t h e  Kan t i shna  d i s t r i c t ,  which produced ore from t h e  1930s t o  t h e  1970s.  

Antimony min ing  i s  s u i t a b l e  f o r  s m a l l - s c a l e  min ing  o p e r a t i o n s  b e c a u s e  
d e p o s i r s  commonly o c c u r  i n  h igh-grade c o n c e n t r a t i o n s  (30 t o  60 p e r c e n t  a n t i -  
mony). T h e r e f o r e ,  t h e  mater ia l  can e a s i l y  be  c o n c e n t r a t e d  and s t o c k p i l e d  
u n t i l  the p r i c e  i s  h i g h .  

Companies i n  Korea and J a p a n  t h a t  have e x p r e s s e d  a n  i n t e r e s t  i n  purchas -  
ing Alaskan s t i b n i t e  (antimony d i s u l f i d e ) .  I n  1984, when t h e  p r i c e  o f  a n t i -  
mony was p a r t i c u l a r l y  h i g h ,  s e v e r a l  companies i n  Belgium and West Germany 
were a l s o  i n t e r e s t e d  i n  Alaska a s  a p o t e n t i a l  s u p p l i e r  of ant imony.  HCA Xn- 
t e r n a t i o n a l  of S a r a s o t a ,  F l o r i d a ,  h a s  r e c e n t l y  a t t e m p t e d  t o  o b t a i n  s c i b n i t e  
c o n c e n t r a t e s  from Alaska .  

MERCURY 

Most o f  the mercury produced i n  Alaska has been d e r i v e d  from sou thwes t -  
e r n  Alaska .  Mercury p r i c e s  f l u c t u a t e  g r e a t l y  and have ranged from $180 t o  
$1,00O/per f l a s k  (76  l b ) .  Mercury h a s  been s u c c e s s f u l l y  mined from o v e r  a 
dozen d e p o s i t s  in t h e  Kuskokwim r e g i o n  which produced abou t  40,000 f l a s k s  
from 1923-74. About t w o - t h i r d s  of t h i s  p r o d u c t i o n  came from t h e  Red D e v i l  
Mine. V i r t u a l l y  a l l  t h e s e  mines  have been s m a l l - s c a l e  o p e r a t i o n s .  

The p r i c e  of mercury is now lcw; many of its major  i n d u s t r i a l  a p p l i c a -  
t i o n s  ( h e r b i c i d e s ,  f u n g i c i d e s )  have been abandoned because  i t  is a t o x i c  sub -  
s t a n c e .  However, i t  c o n t i n u e s  t o  be used i n  s c i e n t i f i c  c o n t r o l  ins t rumen-  
t a t i o n  and m e d i c a l  and e l e c t r i c a l  a p p l i c a t i o n s .  I n  a d d i t i o n ,  c r y s t a l l i n e  
c i n n i b a r  i s  s o l d  i n  Japan  f o r  m e d i c i n a l  p u r p o s e s  a t  premium p r i c e s .  O r i e n t a l  
p u r c h a s e r s  c o n t i n u e  t o  c o n t a c t  t h e  Alaska D i v i s i o n  o f  G e o l o g i c a l  and Geophys- 
i c a l  S u m e y s  f o r  p o t e n t i a l  s u p p l i e r s  of t h i s  commodity---without t o o  much 
l u c k ,  I'm a f r a i d .  

TIN 

A l a s k a ' s  most s u c c e s s f u l  t i n  mines  have been i n  t h e  L o s t  R i v e r  r e g i o n  of 
t h e  Seward P e n n i n s u l a  and t h e  T o f t y  a r e a  n e a r  Manley. A t  T o f t y ,  t h e  t i n - o t e  
m i n e r a l  c a s s i t e r i t e  i s  mined as a byproduc t  o f  g o l d  mining;  t i n  i s  t h e  p r i -  
mary c o m e r c i a l  p r o d u c t  i n  t h e  L o s t  River r e g i o n .  I n  1986 Alaskan t in -min ing  
o p e r a t i o n s  approached h i s t o r i c a l  p r o d u c t i o n  h i g h s .  O t h e r  a r e a s  where t i n  h a s  
been produced i n c l u d e  t h e  Ruby-Poorman d i s t r i c t  and t h e  Old Crow a r e a  of  e a s t -  
c e n t r a l  Alaska.  

A l l  A laskan  t i n  p r o d u c t i o n  h a s  been  d e r i v e d  from r e l a t i v e l y  s m a l l - s c a l e  
mines .  Because c a s s i t e r i t e  c o n t a i n s  n e a r l y  80 p e r c e n t  t i n ,  s u c c e s s f u l  con- 
c e n t r a t i o n  can a l l o w  f o r  shipment  t o  market  from remote  a r e a s - - o f t e n  by a i r -  
craft. U n t i l  r e c e n t l y ,  t h e  p r i c e  of t i n  has  been more s t a b l e  than  many of 
t h e  o t h e r  s t r a t e g i c  m i n e r a l s ,  m a i n l y  because  i t s  p r i c e  was c o n t r o l l e d  by t h e  
World Tin Counc i l .  T in  reached  a peak p r i c e  of $ 1 0 / l b  i n  t h e  l a t e  1970s b u t  
t h e  c o u n c i l  was n o t  a b l e  t o  c o n t r o l  t h e  p r i c e  when e x c e s s  amounts o f  t i n  en- 



t e r e d  t h e  marke t .  Three y e a r s  ago t h e  p r i c e  of t i n  c o l l a p s e d  t o  $ 2 . 5 0 / l b .  
I t  is now s l i g h t l y  o v e r  $ 4 / l b .  

TUNGSTEN 

Tungs ten  h a s  been produced i n  t h e  F l a t ,  Nome, Hyder,  and F a i r b a n k s  d i s -  
t r i c t s .  The p r i n c i p a l  t u n g s t e n - b e a r i n g  m i n e r a l  i s  s c h e e l i t e ,  o r  c a l c i u m  tung- 
s t a t e ,  a m i n e r a l  t h a t  f l u o r e s c e n c e s  b r i g h t  b l u e  i n  u l t r a v i o l e t  l i g h t .  

Most p r o d u c t i o n  h a s  been from l o d e  s o u r c e s ,  b u t  p l a c e r  s c h e e l i t e  has  
been s h i p p e d  from t h e  I d i t a r o d  d i s t r i c t  s ince t h e  1950s.  The p r i c e  of tung-  
s t e n  h a s  f l u c t u a t e d  g r e a t l y  s i n c e  World War I .  Although p r i c e s  have reached  
$10/lb, t o d a y ' s  d e p r e s s e d  market  ( abou t  $2.5/ lb-- - i f  you can f i n d  a b u y e r )  
h a s  d i s c o u r a g e d  most M a s k a n  t u n g s t e n  m i n e r s ,  a t  l e a s t  i n  t h e  s h o r t  term. 

OTHER STRATEGIC MINERALS 

O t h e r  s t r a t e g i c  m i n e r a l s  t h a t  have been produced i n  small q u a n r i t i e s  i n  
Alaska i n c l u d e  g r a p h i t e  on t h e  Seward P e n i n s u l a ,  c h r o m i t e  n e a r  S e l d o v i a ,  and 
uranium n e a r  Ke tch ikan .  Most o p e r a t i o n s  produced a s  a r e s u l t  o f  government 
s u b s i d i e s  d u r i n g  t i m e s  o f  c r i t i c a l  need but  have n o t  been  e x p l o i t e d  a f t e r  
p r i c e  s u p p o r t s  were removed. 

INDUSTRIAL MINERALS 

A v a r i e t y  o f  i n d u s t r i a l  m i n e r a l s ,  i n c l u d i n g  a v a r i e t y  of b u i l d i n g  s t o n e ,  
sand and g r a v e l ,  gypsum, b a r i t e ,  c l a y ,  a s b e s t o s ,  d ia tomaceous  e a r t h ,  and gar -  
n e t ,  have been e x p l o i t e d  i n  Alaska o v e r  t h e  y e a r s  (Bundzten and o t h e r s ,  
1 9 8 2 ) .  The marke t  and t r a n s p o r t a t i o n  a c c e s s  have t r a d i t i o n a l l y  been the fac-  
t o r s  t h a t  have de te rmined  economic viability. Most of t h e s e  commodi t ies  a r e  
low-un i t -va lue  o r e s  and have been  e x t r a c t e d  and marketed l o c a l l y  a t  s c a l e s  
r a n g i n g  from q u i t e  small t o  l a r g e .  

Sand and g r a v e l  and b u i l d i n g  s t o n e  have been p r o f i t a b l y  mined i n  Alaska 
by s m a l l  companies ,  e s p e c i a l l y  s i n c e  post-World War I1 c o n s t r u c t i o n  and t h e  
North S lope  o i l - f i e l d  development .  However, t h e  demand f o r  sand and g r a v e l  
i n  A l a s k a  h a s  been d e c r e a s i n g ,  and t h e  1986 l e v e l s  o f  p r o d u c t i o n  dropped nea r -  
l y  30 p e r c e n t  from t h e  p r e v i o u s  year .  

The possibilities o f  e x p o r t i n g  i n d u s t r i a l - m i n e r a l  p r o d u c t s  t o  P a c i f i c  
Rim n a t i o n s  s h o u l d  n o t  be  i g n o r e d .  A s  an  example ,  24 of 39 commodi t ies  i m -  
p o r t e d  by t h e  Repub l ic  of Korea d u r i n g  t h e  y e a r s  1981-85 a r e  n o n m e t a l l i c  i n -  
d u s t r i a l  m i n e r a l s  ( t a b l e  1 ) .  Much o f  t h e  t o t a l  $1.82 b i l l i o n  worth  i m p o r t e d  
by that c o u n t r y  were  n o n m e t a l l i c  commodi t ies ;  this t o t a l  e x c l u d e s  t h e  v a l u e  
of e n e r g y  p r o d u c t s .  J a p a n  and Taiwan impor t  even  l a r g e r  volumes of these  
commodi t ies .  

The k e y - t o  t h e  development of A l a s k a ' s  i n d u s t r i a l  m i n e r a l s  f o r  e x p o r t  
w i l l  i n c l u d e  1) a c q u i s i t i o n  o f  a  b e t t e r  d a t a  b a s e  i n  t h e  s t a t e  ( v e r y  l i t t l e  
is' known a b o u t  t h e  d i s t r i b u t i o n  o f  t h e s e  commodi t i e s ) ,  2 )  t ho rough  r e s e a r c h -  
ing o f  t r a n s p o r t a t i o n  and  o t h e r  a c c e s s  p r o v i s i o n s ,  3)  d e t e r m i n a t i o n  of spe -  
c i f i c  p h y s i c a l  p r o p e r t i e s  needed f o r  s p e c i f i c  m a r k e t s ,  4 )  p r o v i d i n g  marke t  
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Table  I .  (con.) 

Mineral  

Hagnesi t e  
Gypsum 
Bituminous c o a l  
Anchrachice c o n 1  
B e n t o n i t e  

I F u l l e r s  e a r t h  
Uranfum 

m 
0 

I 

Tmports (metric t o n )  Value ( i n  thousands of  dollars) 
1982 1983 1984 1985 1982 1983 1984 1985 

T o t a l  imports value f l n  t h o u s a n d s  O F  d o l l a r s )  
1982 : $1,507,243 (excluding petroleum) 
1983: $1 ,362 ,061  ( " 11 1 
1 9 8 4 :  $ 1 , 4 9 5 , 9 6 h  1 " l a  1 
1985: $1,820,219 ( " II and uranium) 



o p p o r t u n i t i e s  f o r  t h e s e  commodities, and 5) a change i n  p e r s p e c t i v e  by those  
i n  i n d u s t r y  and government concerning t h e s e  commodities. T h e  last p o i n t  can- 
n o t  be o v e r s t a t e d ,  a s  i n d u s t r i a l - m i n e r a l  p o t e n t i a l  con t inues  t o  be over-  
looked. 

CONCLUSION 

Geolog i s t s  and mining engineers wi th  the  Alaska D iv i s ion  of Geologica l  
and Geophysical Surveys,  t h e  U.S. Bureau of  Mines, and t h e  U.S. Geologica l  
Survey i n  Fa i rbanks ,  Juneau,  and Anchorage can supply  g e o l o g i c a l  i n f o r -  
mation concerning a l l  of t h e  commodities summarized i n  t h i s  paper .  Perhaps 
one of t h e  most f r u s t r a t i n g  a s p e c t s  of mine ra l  development for t h e  smal l  min- 
e r  concerns t h e  a s p e c t  of marketing. C h a r l i e  Green and J i m  Deagen (Alaska 
Department of Commerce and Economic Development) can provide in format ion  con- 
ce rn ing  t h e  market ing and s p e c i f i c a r i o n s  needed by Pacific R i m  impor t e r s .  

The purpose of  t h i s  paper is  no t  t o  discourage placer-gold mining, bu t  
t o  d i s c u s s  a l t e r n a t i v e  types  of mine ra l  e x t r a c t i o n  i n  Alaska t h a t  could be 
p r o f i t a b l e .  I n t e r e s t e d  individuals a r e  i n v i t e d  t o  c o n t a c t  the  au tho r .  
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T.E. Smith 
Alaska D iv i s ion  of Geologica l  and Geophysical  Surveys 

794 Un ive r s i t y  Avenue, S u i t e  200 
Fa i rbanks ,  Alaska 99709 

INTRODUCTION 

The purpose of t h i s  paper  is t o  d i s c u s s  i d e a s  and f u t u r e  work on gold  by 
rhe  Alaska Div i s ion  of Geologica l  and Geophysical Surveys ( D G G S ) .  We r e f e r  
t o  t h i s  p a r t  of our  gold work as  t h e  North Star Gold I n v e s t i g a t i o n s .  Future  
gold s t u d i e s  i n  t h e  I n t e r i o r  were conceived a s  a n  outgrowth of ou r  e a r l i e r  
mine ra l  s t u d i e s  i n  c e n t r a l  Alaska t h a t  were a l s o  reques ted  by t h e  mine ra l  
community, and which inc luded  coope ra t i ve  e f f o r t s  between t h e  DCGS and o t h e r  
agenc i e s .  L i k e  t h e  e a r l i e r  s t u d i e s ,  t h e  North Star Gold p roposa l s  were for- 
mulated i n  response  t o  r e q u e s t s  from t h e  mining i n d u s t r y  and we expec t  t h a t  
t h e  s t u d i e s  w i l l  be coope ra t i ve  e f f o r t s  i n v o l v i n g  t h e  Un ive r s i t y  of Alaska, 
t h e  U.S. Bureau of Mines and,  pe rhaps ,  a d d i t i o n a l  i n d i v i d u a l s  and agencies. 

STUTIGRAPHTC SEQUENCE OF I N T E R I O R  ALASKA 

One of t h e  more i n t e r e s t i n g  concepts  t h a t  evolved from our  e a r l i e r  wcrk 
i s  t h a t  t h e r e  i s  a r e p e a t a b l e  s t r a t i g r a p h i c  sequence o r  l i t h o l o g i c  p a t t e r n  
t h a t  has been documented f o r  much of  I n t e r i o r  Alaska, a sequence t h a t  i s  
found i n  the  Fairbanks d i s t r i c t ,  t h e  upper Chena River, t h e  Kant ishns d i s -  
t r i c t ,  much of the Alaska Range, n e a r  Boundary, anti i n  t h e  c e n t r a l  Yukon 
T e r r i t o r y .  The s t r a t i g r a p h i c  succes s i cn  and l i t h o l o g i e s  i n  t h i s  package of 
rocks  a r e  i l l u s t r a t e d  i n  f i g u r e  1. 

The bottom of  t h e  s t r a t i g r a p h i c  package c o n s i s t s  of t h e  Fairbanks s ch i s t  
which,  i n  its u p p e r  p a r t ,  c o n t a i n s  an  i n t e r s t r a t i f i e d  u n i t  of i n f e r r e d  vo lca-  
n i c  d e r i v a t i o n  known as  t h e  Cleary sequence. Above the  Fairbanks s c h i s t  is 
the  Chena River  sequence,  which occurs  i n  t h e  Fa i rbanks  d i s t r i c t ,  t h e  upper 
Chena River  a r e a ,  and p o s s i b l y  t h e  Alaska Range. Overlying t h i s  unit is  a 
t h i c k  sequence of c a l c p h y l l i t e s ,  b l ack  q u a r t z i t e s ,  and black p h y l l i t e s  known 
a s  t h e  Keevy Peak Formation. The T o t a t l a n i k a  Schist occu r s  above t h e  Keevy 
Peak Formation, e i t h e r  i n  d e p o s i t i o n a l  o r  t h r u s t - f a u l t  c o n t a c t .  In  t he  
Alaska Range, t h e s e  bedrock u n i t s  a r e  capped by t h e  coa l -bear ing  group and 
t h e  Nenana Gravels, which o f t e n  occur as e l eva t ed  benches and p l a t e a u s .  
Modern s t r eam g r a v e l s  are conf ined  t o  channels  and canyons i n c i s e d  w i t h i n  t h e  
bedrock u n i t s  and Nenana Gravels .  

Of major s i g n i f i c a n c e  i s  t h e  f a c t  that  c e r t a i n  p a r t s  of this s t r a t i g r a -  
ph ic  package appear t o  have a c h a r a c t e r i s t i c  metal logeny o r  i s  enr iched  i n  
c e r t a i n  mine ra l  commodities. The Cleary sequence is enr iched  i n  go ld ,  a r s e -  
n i c ,  antimony, and t ungs t en .  P a r t s  of t h e  Keevy Peak Formation appear  t o  be 
enr iched  i n  z i n c .  The T o t a t l a n i k a  S c h i s t  appears  t o  be enr iched  i n  p r e c i o u s  





and base me ta l s ,  and t h e  g r a v e l s  a r e  t b e  focus of modern-day p l a c e r  mining 
and p o s s i b l y  c o n t a i n  pa l eop lace r s  . 

Two of t h e  o b j e c t i v e s  i n  ou r  proposed i n v e s t i g a r i o n s  a r e :  

1) To e s t a b l i s h  t h e  g e n e t i c  r e l a t i o n s h i p s  of meta ls  t o  the host-rock 
packages. 

2) To d e l i n e a t e  high-grade t a r g e t  zones w i t h i n  t h e s e  broad r eg ions  f o r  
f u r t h e r  s t u d i e s  and e x p l o r a t i o n  by t h e  p r i v a t e  s e c t o r .  

Figure 2 i s  a  ske t ch  map showing d i s t r i b u t i o n  of p roduc t ive  rock sequen- 
c e s  i n  I n t e r i o r  Alaska a s  we p r e s e n t l y  understand them. I n  our i n t e r p r e t a -  
t i o n ,  t he  Cleary sequence occurs  i n  a semicontinuous no r theas t - t r end ing  b e l t  
from Kantishna t o  the C i r c l e  d i s t r i c t ,  where the  probable ex tens ion  of t h e  
Cleary sequence is known as t he  Bonanza Creek sequence. The Clearp sequence 
may a l s o  be p re sen t  i n  t he  co re  of an  a n t i c l i n e  a long  t h e  no r th  f r o n t  of t h e  
Alaska Range. 

Within t h e  To ta t l an ika  s c h i s t  i n  t h e  Alaska Range a r e  a number of s i t e s  
t h a t  have been s t aked  and explored f o r  precious-metal-bearing mass ive-su l f ide  
d e p o s i t s .  The De l t a  d i s r r i c t  a l o n e  w i t h i n  t h i s  u n i t  h o s t s  over  100 minera l  
occurrences ,  and the t h r e e  of t h e  l a r g e s t  occurrences  c o n t a i n  t e n s  of mil- 
l i o n s  of t ons  of o r e  t h a t  grade up t o  0.1 oz / ton  go ld ,  3 o z l t o n  s i l v e r ,  and 6 
t o  10 percent  combined base  me ta l s .  The i n f e r r e d  r e sou rce  i s  probably over 
2 m i l l i o n  oz gold .  These types  of occurrences ,  which are  i n  v a r i o u s  s t a g e s  
of e x p l o r a t i o n ,  occur  westward along tbe  T o t a t l a n i k a  S c h i s t  b e l t  and inc lude  
the  Sheep Creek d e p o s i t s ,  Red Mountain, Anderson Mountain, and a t  the west 
end, t he  L i b e r t y  B e l l  d e p o s i t ,  which i s  enr iched  i n  gold and a r s e n i c ,  w i t h  
minera l  r e s e r v e s  i n  the o ld  workings of 100,000 tons  of o r e  grading 
1.2 oz / ton  gold and probably much l a r g e r  r e s e r v e s  of lower grade ore .  The 
T o t a t l a n i k a  S c h i s t  a l s o  occurs  throughout Tn te r io r  Alaska, where i t  is much 
l e s s  w e l l  exposed tban  i n  t h e  Alaska Range, but  a l s o  h o s t s  numerous placer- 
gold occurrences .  Ca re fu l  exp lo ra t ion  may w e l l  r e v e a l  l ode  mass ive-su l f ide  
d e p o s i t s  i n  I n t e r i o r  Alaska s i m i l a r  t o  those  t h a t  occur  in the  To ta t l an ika  
S c h i s t  of t he  Alaska Range. 

Most of t h e  lode  and placer gold  mined from t h e  Fairbanks mining d i s -  
t r i c t  occu r s  w i t h i n  o r  near t h e  c l e a r y  sequence. The Cleary sequence is a l s o  
enr iched  i n  tungs ten  and a r s e n i c ;  because of t h e  l a t t e r ,  water w e l l s  w i t h i n  
t h e  Cleary sequence o f t e n  c o n t a i n  anomalous a r s e n i c .  

A r e c e n t  paper  presented  by P.A. Mecz, Mineral Indus t ry  Research Labora- 
t o r y ,  Un ive r s i t y  of Alaska,  r epo r t ed  t h a t  v o l c a n i c a l l y  der ived  rocks of  t he  
Cleary sequence rocks  c o n t a i n  gold enrichments  of 30 t o  s e v e r a l  thousand ppb 
(normal rocks  c o n t a i n  5 t o  10 ppb go ld ) .  Arsenic  and antimony concen t r a t ions  
i n  the Cleary sequence were s e v e r a l  hundred t imes  g r e a t e r  than those found i n  
average rocks.  We s p e c u l a t e  t h a t  me ta l s  were introduced t o  t h e  Cleary se -  
quence through e x h a l a t i v e  submarine vo lcan ic  processes .  Th i s  type of p roces s  
i s  r e spons ib l e  f o r  many of t h e  w o r l d ' s  s i g n i f i c a n t  minera l  d e p o s i t s .  

DGGS i s  now involved i n  a  minera l  assessment of 550 sq m i  i n  the Steese-  
White Mountains a r e a ,  l oca t ed  75 m i  n o r t h e a s t  of Fa i rbanks .  We have recog- 





n i z e d  r o c k s  t h e r e  t h a t  a r e  p r o b a b l y  c o r r e l a t i v e  w i t h  the C l e a r y  sequence  of 
t h e  F a i r b a n k s  a r e a .  The p r o d u c t i v e  p l a c e r  m i n e s . i n  t h i s  a r e a  o c c u r  w i t h i n  o r  
n e a r  t h i s  b e l t  of  p r o b a b l e  Cleary-sequence r o c k s .  Microprobe a n a l y s e s  o f  
t o u r m a l i n e s  c o l l e c t e d  w i t h i n  t h e s e  r o c k s  by R a i n e r  Newberry, U n i v e r s i t y  of 
Alaska ,  s u g g e s t  t h e s e  rocks  are  of v o l c a n i c  o r i g i n .  F u r t h e r  i n v e s t i g a t i o n  o f  
t h e s e  r o c k s  is  one of t h e  components of t h e  proposed North S t a r  Gold i n v e s -  
t i g a  t i o n s .  

The Precambrian r o c k s  o f  I n t e r i o r  Alaska are remarkably  similar t o  t h e  
l i t h o l o g y  t h a t  h o s t s  t h e  Hemlo d e p o s i t  o f  Canada, which has a r e s e r v e  of some 
19 m i l l i o n  oz go ld .  The g o l d  is n o t  r e a d i l y  a p p a r e n t  because  of i t s  v e r y  
f i n e  n a t u r e ,  and t h e  d e p o s i t  w a s  d i s c o v e r e d  a l o n g  a r o a d c u t  t h a t  had been 
exposed f o r  20 y r  p r i o r  t o  d i s c o v e r y .  There  a p p e a r s  t o  be remarkab le  simi- 
l a r i t i e s  between t h e  Hemlo r o c k s  and t h e  Precambrian r o c k s  of I n t e r i o r  
Alaska.  

The Nenana Gravels, which o v e r l i e  the c o a l - b e a r i n g  g roup  i n  the Healy 
a r e a ,  a re  known t o  be gold b e a r i n g  i n  c e r t a i n  l o c a t i o n s  and r e p r e s e n t  h igh -  
l e v e l  p a l e o p l a c e r  d e p o s i t s .  There  a r e  some s i m i l a r i t i e s  between t h e  Nenana 
G r a v e l s  and t h e  White Channel d e p o s i t s ,  w h i c h  o c c u r  i n  t h e  Yukon and a re  re-  
s p o n s i b l e  f o r  t h e  Dawson g o l d  p l a c e r s .  For example,  t h e  White Channel i s  
d e r i v e d  i n  p a r t  from t h e  Klondike S c h i s t ,  which is c o n s i d e r e d  t o  be t h e  
e q u i v a l e n t  o f  t h e  T o t a t l a n i k a  S c h i s t ,  one of t h e  sources o f  the Nenana Grav- 
e l s .  The s i m i l a r i t i e s  o f  t h e  Nenana G r a v e l s  and t h e  White Channel d e p o s i t s  
i n  t e rms  of m e t a l l i f e r o u s  s o u r c e  rocks  i n v i t e s  a c l o s e r  look  a t  t h e i r  pa leo-  
placer g o l d  p o t e n t i a l .  

CONCLUSION 

We hope t o  pe r fo rm a d d i t i o n a l  s r u d i e s  on g o l d  i n  I n t e r i o r  Alaska as  i n -  
d i c a t e d  on f i g u r e  3 .  The s u c c e s s f u l  outcome of t h i s  work and  t h e  fo l lowup 
and development a c t i v i t y  by t h e  m i n e r a l  i n d u s t r y  cou ld  have a  major  impact  on 
I n t e r i o r  Alaska. T h i s  season  w e  a r e  p l a n n i n g  s m a l l - s c a l e  s i t e - s p e c i f i c  f i e l d  
i n v e s t i g a t i o n s  around some of t h e  known m i n e r a l i z e d  a r e a s .  The North S t a r  
Gold I n v e s t i g a t i o n  w i l l  begin a s  a small e f f o r t  and may expand i n  a f e w  
y e a r s .  W e  a r e  encouraged by t h e  p o t e n t i a l  o f  t h e  r o c k s  i n  I n t e r i o r  Alaska 
and l o o k  forward ro s t u d y i n g  them. 



BEDROCK INVESTIGEIT IONS 

0 Reconstruct vokanlc environment 

0 ldentlfy paleovent  a rea8  

0 ldentlfy metamorphic core  cornples complexes 
and surrounding structural zones 

0 Establish genetic relat ionship of qold 
t o  bedrock stratigraphy 

PLACER lHVESTlGATlONS N E N A N A  GRAVEL 

0 Identlty bedrock s o u r c e s  

0 Dotermine transport d i rect ions  and agents  

0 Reconstruct depositional environment and link 

to metal l l ferous bedrock source terrane 

0 Evaluate pa leoplacer  g o l d  potent ia l  of  

Nenana G r a v e l  

Figure 3 .  O b j e c t i v e s  of t h e  North Star g o l d  project .  



THE PUBLIC-RECORD DATA BASE 

C.L. Danie ls  and M.S. Robinson 
Alaska Divis ion  of Geological  and Geophysical Surveys 

794 Univers i ty  Avenue (Basement) 
Fa i rbanks ,  Alaska 99709 

The public-record d a t a  base i s  de f ined  a s  na tura l - resource  informat ion  
c o l l e c t e d  and disseminated by p u b l i c  agencies .  Th i s  in format ion  is  dissem- 
i n a t e d  by S t a t e  of Alaska agenc ie s ,  by f e d e r a l  agenc ie s ,  by t he  Univers i ty  of 
Alaska and i t s  a f f i l i a t e s ,  and by v a r i o u s  l i b r a r i e s .  

Numerous s t a t e  agenc ie s  c o l l e c t  o r  d i s t r i b u t e  na tu ra l - r e sou rce  i n f o m a -  
t i o n  of i n t e r e s t  t o  t he  mining community. Within the  Department of Natura l  
Resources ( D N R ) ,  in format ion  i s  a v a i l a b l e  from the  Mining Informat ion  Of- 
f i c e s ,  t he  D iv i s ion  of Geological  and Geophysical Surveys,  che Divis ion  of 
Mining, t h e  Div is ion  of Land and Water Management, and the Recorders O f f i c e s .  
The Department of F i s h  and Game, Department of Environmental Conservat ion,  
and Div is ion  of Minerals  and Fores t  Products  i n  t h e  Department of Commerce 
and Economic Development a l s o  d ispense  na tu ra l - r e sou rce  informat ion .  

The DNR Mining Information Offices s e r v e  a s  a pr imary source  of informa- 
t i o n  about  mining c la ims  i n  Alaska. These o f f i c e s  a r e  j o i n t l y  managed by t he  
Div is ion  of Mining and t h e  Div is ion  of Geologica l  and Geophysical Surveys. 
The primary o f f i c e  f o r  mining information i s  l o c a t e d  i n  t h e  Alaska Nat iona l  
8ank of t h e  North Building i n  Fairbanks.  Mining informat ion  i s  also a v a i l -  
a b l e  a t  the Div is ion  of Mining Off i ce  i n  t he  F r o n t i e r  Building i n  Anchorage. 
We hope to  reopen t h e  Juneau Mining Informat ion  Office on a  par t - t ime b a s i s  
i n  mid-1987. 

The Fairbanks Mining Information Of f i ce  provides a v a r i e t y  of s e r v i c e s  
t o  t h e  mining community. I t  is j o i n t l y  managed by t h e  Div is ion  of Geologica l  
and Geophysical Surveys and t h e  Div is ion  of Mining. Records of all s t a t e  ana  
f e d e r a l  mining c la ims  f i l e d  s i n c e  1953 are available---some a s  h a r d  copy, 
o t h e r s  on microfi lm.  Overlays of 1:250,000-scale topographic maps show bo th  
f e d e r a l  and s t a t e  mining c la ims .  Most ove r l ays  are  c u r r e n t  t o  1980 o r  1982. 
Overlays of t he  Fa i rbanks ,  Big Del t a ,  Livengood, and C i r c l e  Quadrangles  were 
updated i n  1986. The U.S. Bureau of Mines r e c e n t l y  i n i t i a t e d  a  program t o  
update  t h e  mining-claim ove r l ays  i n  sou theas t e rn  Alaska. Af t e r  t hese  a r e  
updated,  they w i l l  update  mining-claim ove r l ays  f o r  o t h e r  reg ions  of tbe  
s t a t e .  

The Fairbanks Mining Information Of f i ce  a l s o  main ta ins  a  Kardex f i l e  of 
known minera l  occurrences  o r  p rospec t s  and pa ten ted  and u ~ p a t e n t e d  s t a r e  and 
f e d e r a l  mining c la ims .  Pertinent d a t a  from documents rece ived  from t h e  Re- 
c o r d e r s  Offices a r e  noted i n  t he  Kardex by mining-claim l o c a t i o n .  U n t i l  June 
1986, information recorded in t h e  Kardex f i l e  was automated on a  monthly ba- 
sis t o  produce the MINFILE, which cons i s t ed  of a  s e r i e s  of microf iche  updates  
on mining-claim a c t i v i t y .  U n t i l  June 1986, t he  microf iche  was d i s t r i b u t e d  t o  



t h e  Anchorage, Juneau,  and Ketchikan o f f i c e s  s o  t h a t  they could main ta in  up- 
to -da te  i n fo rma t ion  on mining c la ims  i n  Alaska.  Using t h e  Kardex f i l e ,  t h e  
s t a f f  can s ea rch  mining c la ims  by owner, l o c a t i o n ,  c la im name, c r eek  name, 
and geographic  l o c a t i o n .  Land s t a t u s  p l a t s  f o r  t h e  e n t i r e  s t a t e  are a l s o  
a v a i l a b l e  a t  t h e  Fairbanks Mining Informat ion  O f f i c e .  New a p e r t u r e  cards a r e  
r ece ived  a f t e r  they  a t e  updated I n  Anchorage. Paper cop ie s  of land  s t a t u s  
p l a t s  are  gene ra t ed  a t  a  c o s t  of  $2 pe r  p l a t .  

An LAS t e r m i n a l  f o r  r e t r i e v i n g  informat ion  on s t a t e  mining c l a ims  i s  
a l s o  p re sen t  i n  t h e  Fa i rbanks  o f f i c e .  Because t h e  1986 annual  l a b o r  i s  now 
be ing  pos ted  on t h e  LAS system, t h e  LAS in fo rma t ion  base  is not  q u i t e  a s  up- 
to-date  a s  t h a t  o f  t h e  Kardex system. The Kardex f i l e  i s  up-to-date w i t h i n  
one month of r e c e i p t  of t h e  mining-claim documents from t h e  Recorders  O f f i c e .  

Se l ec t ed  l i t e r a t u r e  r e f e r e n c e s  p e r t i n e n t  t o  mine ra l  o r  mining-claim lo-  
c a t i o n s  a r e  a l s o  pos ted  i n  t h e  Kardex f i l e .  These r e f e r e n c e s  provide  back- 
ground informat ion  on the  geology and mine ra l  r e s o u r c e s  of  p a r t i c u l a r  mine ra l  
l o c a t i o n s .  Although t h e  r e f e r e n c e  list i s  by no means complete ,  i t  does pro- 
v i d e  a s t a r t i n g  po in t  f o r  r e sea rch  on the geology and minera l - resource  poten- 
t i a l  of  t h e  a r e a  of i n t e r e s t .  

P u b l i c a t i o n s  by t h e  D iv i s ion  of Geologica l  and Geophysical  Surveys 
(DGGS) a r e  a l s o  a v a i l a b l e  a t  t h e  Fa i rbanks  Mining Information O f f i c e .  These 
documents i n c l u d e  maps and r e p o r t s  on t h e  geology and mine ra l  r e s o u r c e s  of  
Alaska. 

The Mining Information Of f i ce  i n  Anchorage i s  l o c a t e d  i n  t h e  F r o n t i e r  
Building. Land s t a t u s  p l a t s  of t h e  e n t i r e  s t a t e  a r e  on f i l e  s o  t h a t  land 
s t a t u s  can be researched .  Via an LAS t e rmina l ,  in format ion  on s t a t e  mining 
c l a ims  can be r e t r i e v e d .  Once pre l iminary  r e sea rch  i s  completed, u s e r s  a r e  
r e f e r r e d  t o  t h e  Recorders  O f f i c e  f o r  t h e  most up-to-date i n fo rma t ion .  DGGS 
p u b l i c a t i o n s  a r e  a l s o  a v a i l a b l e  a t  t h e  Mining Informat ion  O f f i c e  i n  Anchor- 
age .  

DGGS ma in t a in s  o f f i c e s  i n  Fa i rbanks ,  Anchorage, Eagle River ,  and Juneau. 
The o f f i c e  of t h e  S t a t e  Geologis t  is l o c a t e d  i n  Fa i rbanks .  The primary func- 
t i o n s  of  DGGS i n c l u d e  de te rmin ing  the  l o c a t i o n  and p o t e n t i a l  of energy,  
m i n e r a l ,  and  water  r e sou rces  and p rov id ing  informat ion  on h e a l t h  and s a f e t y  
r e l a t e d  t o  ground water  and geo log ic  haza rds .  The  r e s u l t s  of  geo log ic  f i e l d -  
work conducted by t h e  d i v i s i o n  a r e  publ i shed  a s  maps and r e p o r t s  a v a i l a b l e  t o  
u s e r s  a t  minimal c o s t .  DGGS a l s o  ma in t a in s  t h e  Alaska Geologic M a t e r i a l s  
Center ,  w h i c h  was e s t a b l i s h e d  i n  1985 i n  coopera t ion  wi th  t h e  U.S. Geologica l  
Survey. .The M a t e r i a l s  Cen te r ,  w h i c h  i s  l o c a t e d  i n  Eagle River ,  s e r v e s  a s  a 
c e n t r a l  r e p o s i t o r y  f o r  geo log ic  m a t e r i a l s  c o l l e c t e d  i n  Alaska. These mate- 
r i a l s  i n c l u d e  nonpropr ie ta ry  d r i l l - c o r e ,  r e c o r d s ,  and rock  samples t h a t  a r e  
ca ta logued  and a r ch ived .  They a r e  then  a v a i l a b l e  f o r  examinat ion by t h e  pub- 
l i c .  

The Fa i rbanks  o f f i c e  of D G G S  i s  a n  o f f i c i a l  r e p o s i t o r y  f o r  U.S. Geologi- 
c a l  Survey Open-file r e p o r t s  on Alaska. These r e p o r t s  c o n s t i t u t e  a subs tan-  
tial p a r t  of t h e  geo log ic  d a t a  base on Alaska and a r e  a v a i l a b l e  f o r  review o r  
copying. 



In  coope ra t ion  with t h e  D iv i s ion  of Minerals  and Fores t  Products  and t h e  
Div i s ion  of Mining, DGGS produces the annual  e d i t i o n  of 'A la ska ' s  Mineral  
Indus t ry .  ' In t h i s  document, staff g e o l o g i s t s  o u t l i n e  mine ra l  a c t i v i t y  i n  
Alaska by yea r .  The r e p o r t  i nc ludes  d i s c u s s i o n s  of mine ra l  e x p l o r a t i o n ,  de- 
velopment,  and product ion  s t a t ewide .  

Another s t a t e  agency t h a t  provides  informat ion  of use t o  the minera l  
community i s  t h e  Div i s ion  of Mining, which main ta ins  o f f i c e s  i n  Fa i rbanks  and 
Anchorage. Primary f u n c t i o n s  of t he  Div i s ion  of Mining inc lude  oversee ing  
coa l  l e a s e s ,  o f f s h o r e  mining, pe rmi t t i ng ,  and mining-claim a d j u d i c a t i o n .  
Div is ion  personnel  a r e  a v a i l a b l e  i n  both Fa i rbanks  and Anchorage t o  answer 
your i n q u i r i e s .  

The Divis ion  of Land and Water Management (DLWM) main ta ins  r e g i o n e l  o f -  
f i c e s  i n  Fairbanks,  Anchorage, and Juneau. I ts  primary f u n c t i o n  i s  t o  main- 
t a i n  r eco rds  on Alaska ' s  l a n d  and mine ra l  e s t a t e s .  Each r e g i o n a l  o f f i c e  h a s  
l a n d  s t a t u s  p l a t s  f o r  t h e  e n t i r e  s t a t e  and an LAS t e rmina l  t o  r e sea rch  land  
s t a t u s .  DLWM s t a f f  a r e  a l s o  a v a i l a b l e  t o  answer your i n q u i r i e s .  

The Recorders O f f i c e  ma in t a ins  bases  i n  most primary towns i n  Alaska. 
Thei r  func t ion  is t o  r eco rd  a l l  documents, i nc lud ing  a l l  m i n i n g - c l a h  docu- 
ments. T h e i r  d a t a  are a l s o  e n t e r e d  i n t o  t h e  LAS system. Although the  Re- 

- c o r d e r s  Of f i ce  is a  c e n t r a l  r e p o s i t o r y  f o r  all mining-claim documents, re-  
s e a r c h  c a p a b i l i t i e s  a re  l i m i t e d  because of acces s  by owner name only .  

I n  a d d i t i o n  t o  t he  Department of Natura l  Resources,  s e v e r a l  o t h e r  s t a t e  
agenc ie s  p r o v i d e  na tu ra l - r e sou rce  informat ion  of i n t e r e s t  t o  t he  mining com- 
munity. These inc lude  the Department of F i s h  and Game, t h e  Department of 
Environmental Conservat ion,  and t h e  Div is ion  of X i n e r a l s  and Timber Products  
i n  t he  Department of Commerce and Economic Development. 

Federal agenc ie s  t h a t  provide na tu ra l - r e sou rce  informat ion  inc lude  the  
U.S. Geologica l  Survey (USGS), the U.S. Bureau of Mines, and the  U.S. Bureau 
of Land Management. L ike  t h e  Alaska DGGS,  t he  USGS Branch of Alaskan Geology 
s y n t h e s i z e s  the r e s u l t s  of geologic  f ie ldwork  i n t o  maps and r e p o r t s  t h a t  a r e  
a v a i l a b l e  t o  u s e r s .  A monthly l i s t i n g  of p u b l i c a t i o n s  i s  a v a i l a b l e  through 
USGS o f f i c e s  i n  Anchorage and Fairbanks.  A f r e e  annual c i r c u l a r  on geologic  
s r u d i e s  i n  Alaska i s  a l s o  a v a i l a b l e  through Information O f f i c e s  i n  Anchorage 
and Fairbanks.  The U. S .  Geologica l  Survey ma in ta ins  t h e  Alaska D i s t r i b u t i o n  
Sec t ion  i n  t h e  Fede ra l  Building i n  Fa i rbanks ,  where topographic and themat ic  
map8 are a v a i l a b l e .  B u l l e t i n s ,  P r o f e s s i o n a l  Papers ,  and topographic and geo- 
l o g i c  maps a r e  a v a i l a b l e  a t  t h e  Anchorage Public  Information Of f i ce .  Open- 
f i l e  r e p o r t s  are o f f i c i a l l y  a v a i l a b l e  through t h e  Denver o f f i c e s  of t he  USGS, 
bu t  cop ie s  can be generated from mylars on f i l e  i n  Anchorage. The Branch of 
Alaska Geology i s  headquartered i n  Anchorage on the  campus of Alaska P a c i f i c  
Un ive r s i t y .  A branch o f f i c e  i s  loca t ed  a t  t h e  College Observatory i n  Fair-  
banks. P r o f e s s i o n a l  s t a f f  a r e  a v a i l a b l e  a t  both o f f i c e s  t o  answer your i n -  
q u i r i e s .  

The Nat iona l  Cartographic Informat i on  Center-Alaska ( N C I C )  , a p a r t  of 
the  U.S. Geologica l  Survey, main ta ins  i t s  o f f i c e s  on t h e  Alaska P a c i f i c  Uni- 
v e r s i t y  campus i n  Anchorage. NCIC works i n  coopera t ion  wi th  i t s  s t a t e  a f f i l -  



i a t e ,  t h e  Geo-Data Center at t h e  Un ive r s i t y  of Alaska (Fa i rbanks)  Geophysical 
I n s t i t u t e .  N C I C  s t a f f  a r e  a v a i l a b l e  t o  a s s i s t  t h e  p u b l i c  i n  l o c a t i n g  and 
o rde r ing  a e r i a l  photographs,  s a t e l l i t e  imagery, d i g i t a l  c a r t o g r a p h i c  data and 
s o f t w a r e ,  and o t h e r  map m a t e r i a l s .  NCIC main ta in s  an a e r i a l - p h o t o  c o l l e c t i o n  
t h a t  cove r s  s e l e c t e d  a r e a s  of  Alaska flown from 1926 t o  1986. S c a l e s  range 
from 1:20,000 t o  1:120,000 i n  c o l o r  i n f r a r e d  o r  b lack  and wh i t e .  

Another source  of  r e sou rce  in format ion  i s  t h e  USGS Technica l  Data U n i t ,  
which is i n  t h e  process  of moving from Menlo Park t o  Anchorage. This  u n i t  
s p e c i a l i z e s  i n  ma in t a in ing  unpubl ished b a s i c  f i e l d  d a t a  on Alaska.  They a r -  
ch ive  f i e l d  n o t e s ,  t h i n  s e c t i o n s ,  and o t h e r  f i e l d  and l a b o r a t o r y  d a t a  used t o  
gene ra t e  geo log ic  maps and r e p o r t s .  The Branch of  Alaska Geology has  a l s o  
been a c t i v e  i n  deve loping  a  geo log ic  l i b r a r y  i n  con junc t ion  wi th  Alaska 
P a c i f i c  Un ive r s i t y .  

The U.S. Bureau of Mines ma in t a in s  o f f i c e s  i n  Fa i rbanks ,  Anchorage, and 
Juneau. Their e f f o r t s  a r e  concenr ra ted  on compil ing s t a t i s t i c s  on t h e  domes- 
t i c  and f o r e i g n  product ion ,  u s e s ,  and consumption of m i n e r a l  commodities. 
Both ' coun t ry '  and 'commodity' e x p e r t s  a r e  employed by t h e  Bureau of Mines. 
Primary pub l i ca  tiona i nc lude  annual  e d i t  i o n s  of t h e  Minera l s  Yearbook and 
Mineral  Commodity P r o f i l e s .  

Most formal  p u b l i c a t i o n s  of t h e  U. S .  Bureau of Mines a r e  housed a t  t h e  
Un ive r s i t y  of Alaska-Fairbanks. Se l ec t ed  p u b l i c a t i o n s  on Alaska ' s  mine ra l  
r e sou rces  a r e  a v a i l a b l e  i n  t h e  O ' N e i l l  Bui ld ing ,  Un ive r s i t y  of  Alaska-Fair-  
banks. The Juneau o f f i c e  o f  t h e  U . S .  Bureau of Mines houses one of t h e  most 
complete c o l l e c t i o n s  of l i t e r a t u r e  on t h e  geology of Alaska. P r o f e s s i o n a l  
s t a f f  a r e  a v a i l a b l e  a &  a l l  o f f i c e s  t o  answer your i n q u i r i e s .  

The U.S. Bureau of Land Management (BLM) main ta in s  r e c o r d s  of a l l  mining 
c l a ims  on f e d e r a l  land.  I n  a d d i t i o n ,  land s t a t u s  r eco rds  a r e  a v a i l a b l e  t o  
de te rmine  a r e a s  open co mine ra l  e n t r y .  For pa t en t ed  mining c l a ims ,  BLP main- 
tains mine ra l s  surveys  and f i e l d  n o t e s .  For unpatented mining c l a ims ,  c a s e  
f i l e s  a r e  maintained.  BLM can search  mining claims by owner name and loca-  
t i o n .  Staff a r e  a v a i l a b l e  t o  answer your i n q u i r i e s  and h e l p  w i th  land s t a t u s  
r e s e a r c h .  

The Un ive r s i t y  of Alaska and i t s  a f f i l i a t e s  a l s o  c o l l e c t  and d i s t r i b u t e  
na ru ra l - r e sou rce  i n fo rma t ion  of i n t e r e s t  t o  t h e  mining community. In  t h e  
School of Mineral  Engineer ing,  t h e  Mineral  Indus t ry  Research Laboratory r e -  
c e n t l y  e s t a b l i s h e d  a geo log ic -ma te r i a l s  s t o r a g e  f a c i l i t y  i n  Fairbanks.  Addi- 
t i o n a l  sou rces  of i n fo rma t ion  i n  t h e  School of Mineral  Engineer ing inc lude  
s t a f f  i n  t h e  Mining and Geologica l  Engineer ing Program and t h e  Mining Exten- 
s i o n  Se rv i ce ,  which o f f e r s  evening c o u r s e s  on b a s i c  p rospec t ing ,  geochem.ica1 
p rospec t ing ,  and rock  i d e n t i f i c a t i o n .  P r o f e s s i o n a l  s t a f f  i n  the UAF Depart-  
ment of Geology and Geophysics a r e  a v a i l a b l e  t o  answer i n q u i r i e s  about t he  
geology and mine ra l  r e sou rces  of Alaska.  A i r  photos  a r e  a v a i l a b l e  f o r  peru- 
s a l  a t  t h e  Geo-Data Center  a t  t h e  Geophysical I n s t i t u t e ,  which ma in t a in s  a 
c o l l e c t i o n  of NASA h igh -a l t i t ude  photography f o r  v i r t u a l l y  all of  Alaska,  
a long  wi th  Landsat d a t a  from 1972  t o  t h e  p r e s e n t .  Indexes t o  h i s t o r i c a l  
a e r i a l  photography are a l s o  a v a i l a b l e .  S t a f f  w i l l  show t h e  photos  o r  a s s i s t  
i n  o rde r ing  cop ie s .  



Other sou rces  of r e sou rce  in format ion  a s s o c i a t e d  with t h e  Un ive r s i t y  
i nc lude  t h e  A r c t i c  Environmental Informat ion  and Data Center l o c a t e d  i n  
Anchorage, t h e  Un ive r s i t y  Museum, and t h e  Tanana Valley Community Col lege  
Mining Technology Program. 

Most l i b r a r i e s  i n  Alaska provide in format ion  of i n t e r e s t  t o  t h e  m i n i n g  
community. Examples i n c l u d e  c o l l e c t i o n s  a t  t h e  Rasmuson L ib ra ry  (Un ive r s i t y  
of Alaska) i n  Fa i rbanks ,  p a r t i c u l a r l y  the  Skinner  C o l l e c t i o n ,  which i n c l u d e s  
cop ie s  of a l l  l i t e r a t u r e  on Alaska. Masters  and d o c t o r a l  theses on Alaska ' s  
geology a r e  found i n  this c o l l e c t i o n .  The Government Documents C o l l e c t i o n  
i n c l u d e s  USGS and U.S. Bureau of Mines p u b l i c a t i o n s .  The Un ive r s i t y  of 
Alaska-Anchorage Consortium L ib ra ry  i n c l u d e s  a geo log ic  collection, as- does 
t h e  Alaska Resources  L ib ra ry  i n  Anchorage. The USGS, i n  con junc t ion  w i t h  
Alaska Pacific U n i v e r s i t y ,  is  e s t a b l i s h i n g  a  s u b s t a n t i a l  geo log ic  l i b r a r y  on 
t h e  APU campus i n  Anchorage. Lastly, one of  the most complete c o l l e c t i o n s  of 
geo log ic  and mine ra l s  l i t e r a t u r e  is contafned  i n  t h e  U.S. Bureau of Mines 
Lib ra ry  i n  Juneau. 

One of t h e  most s u b s t a n t i a l  sou rces  of i n fo rma t ion  on Alaska's geology 
and mine ra l s  a r e  t h e  p r o f e s s i o n a l s  working i n  t h e  p u b l i c  s e c t o r .  They a r e  
i n t e r e s t e d  i n  and f a m i l i a r  w i t h  t h e  geology of Alaska. 





GEOLOGICAL FACTORS GOVERNING THE FOTIMATION OF Tl lE  GOLD PLACER DEPOSITS 
OF TRE FAIRBANKS MINING DISTRICT, ALASKA 

P.A.  Metz 
M i n e r a l  I n d u s t r y  Resea rch  L a b o r a t o r y  

U n i v e r s i t y  o f  Alaska 
F a i r b a n k s ,  Alaska 99775 

ABSTRACT 

T h i s  paper p r e s e n t s  new e v i d e n c e  on t h e  bedrock  s o u r c e s  of  t h e  p l a c e r  
g o l d ,  bedrock  s t r u c t u r a l  c o n t r o l  of s t r e a m  d r a i n a g e ,  and s u r f i c i a l  d e p o s i -  
t i o n a l  c o n t r o l s  o f  p l a c e r  f o r m a t i o n  i n  t h e  F a i r b a n k s  m i n i n g  d i s t r i c t .  O f  t he  
major  c o n t r o l s  o f  p l a c e r  f o r m a t i o n ,  t h e  most i m p o r t a n t  i s  t h e  a l t e r a t i o n  of 
s t r e a m  d r a i n a g e s  by basement s t r u c t u r e s ,  which can l e a d  t o  s t ream c a p t u r e ,  
s t r e a m  r e v e r s a l ,  and sed iment  r e s o r t i n g .  

INTRODUCTION 

The F a i r b a n k s  mining d i s t r i c t  is l o c a t e d  i n  c e n t r a l  Alaska and i s  bound- 
ed on t h e  s o u t h  by t h e  Tanana River, on t h e  n o r t h  by t h e  Chatanika River, on 
t h e  wes t  by E s t e r  Dome, and on t h e  e a s t  by t h e  L i t t l e  Chena River (fig. 1). 
The district i s  i n  t h e  n o r t h w e s t e r n  p a r t  of t h e  Yukon-Tanana Uplands S c h i s t  
T e r r a n e  ( F o s t e r  and o t h e r s ,  1973)  and o c c u p i e s  abou t  400 s q  m i .  

Gold was d i s c o v e r e d  i n  t h e  F a i r b a n k s  d i s t r i c t  i n  1902 and s i n c e  t h e n  t he  
a r e a  has  produced 7,500,000 t r o y  oz of placer g o l d  and 250,000 t r o y  oz l o d e  
g o l d .  The d i s t r i c t  a l s o  produced s e v e r a l  thousand t o n s  of  ant imony and sev- 
e r a l  thousand s h o r t - t o n  u n i t s  of t u n g s t e n .  Although i t  has been t h e  s i n g l e -  
most i m p o r t a n t  p l a c e r  d i s t r i c t  i n  A l a s k a ,  t he  major  c o n t r o l s  o f  p l a c e r  forma- 
t i o n  a r e  o n l y  now b e i n g  r e c o g n i z e d .  This paper  p r e s e n t s  new e v i d e n c e  on t h e  
bedrock  s o u r c e s  o f  t h e  p l a c e r  g o l d ,  bedrock s t r u c t u r a l  c o n t r o l  of  s t r e a m  
d r a i n a g e ,  and s u r f i c i a l  d e p o s i t i o n a l  c o n t r o l s  o f  p l a c e r  f o r m a t i o n .  

PREVIOUS INVESTIGATIONS AND PLACER STRATIGRAPHY 

P r i n d l e  and Katz (1913) were t h e  f i r s t  t o  p r o v i d e  a g e n e r a l  d e s c r i p t i o n  
of t h e  bedrock  and s u r f i c i a l  geo logy  o f  t h e  F a i r b a n k s  d i s t r i c t .  Many o f  t h e  
rock u n i t s  t h a t  t hey  d e f i n e d  have been r e t a i n e d  by s u b s e q u e n t  i n v e s t i g a t o r s ;  
however, t h e  most s i g n i f i c a n t  c o n t r i b u t i o n  was t h e i r  d e t a i l e d  d e s c r i p t i o n s  of 
t h e  g o l d  p l a c e r  d e p o s i t s .  Of p a r t i c u l a r  impor tance  a r e  d a t a  on t h e  t h i c k n e s s  
of b o t h  overburden  ( i n c l u d i n g  reworked l o e s s  and o r g a n i c  m a t e r i a l  l o c a l l y  
known a s  muck) and t h e  a u r i f e r o u s  a l l u v i a l  g r a v e l s .  P r i n d l e  and Katz (1913) 

Ed. n o t e :  The a u t h o r ' s  p r e s e n t a t i o n  of ' A p p l i c a t i o n s  of S t ream Sediment-  
Drainage P a t t e r n  A n a l y s i s  t o  Gold P l a c e r  E x p l o r a t i o n  ' i s  n o t  c u r r e n t l y  
a v a i l a b l e  i n  w r i t t e n  f o r m a t ;  hence t h i s  paper  i s  o f f e r e d  a s  a s u b s t i -  
t u t e .  



F i g u r e  1. L o c a t i o n  o f  t h e  Fairbanks mining  d i s t r i c t  and t h e  Yukon- 
Tanane Uplands S c h i s t  T e r r a n e .  

a l s o  r e c o r d e d  d a t a  on t h e  t h i c k n e s s ,  l e n g t h ,  and w i d t h  of t h e  economic con- 
c e n t r a t i o n s  o r  p a y s c r e a k s  o f  p l a c e r  g o l d ,  a s  w e l l  as the a v e r a g e  d e p t h  t o  
bedrock  for most  of  t h e  c r e e k s  i n  t h e  d i s t r i c t .  Al though t h e i r  p r e d i c t i o n s  
o f  u l t i m a t e  p r o d u c t i o n  were 50 p e r c e n t  lower  t h a n  the r o t a 1  achieved t o  d a t e ,  
t h e i r  e s t i m a t e s  must be  r e c o g n i z e d  a s  good i n  v iew of t h e  d a t a  a v a i l a b l e .  

I n  a d d i t i o n  t o  p r o v i d i n g  fundamenta l  g e o l o g i c a l  d e s c r i p t i o n s ,  P r i n d l e  
and Katz  (i913) were t h e  f i rst  t o  d e s c r i b e  two i m p o r t a n t  mechanisms of p l a c e r  
f o r m a t i o n :  headward migration of s t r e a m  drainage and c h a n g e s  i n  b a s e  l e v e l .  
Headward m i g r a t i o n  o f  sc ream d r a i n a g e  was  d e s c r i b e d  only q u a l i t a t i v e l y ,  and 
no a n a l y t i c a l  study was made o f  s t r e a m  g r a d i e n t s ,  s t r e a m  p r o f i l e s ,  o r  the  
c r i t i c a l  p o i n t  between d e g r a d a t i o n  and a g g r a d a t i o n .  The e x i s t e n c e  of bcth 
o l d e r  t e r r a c e  d e p o s i t s  and b u r i e d  p l a c e r s  was n o t e d  a s  e v i d e n c e  o f  major  
changes i n  s e a  level. 

Further, P r i n d l e  and Katz (1913) r e l a t e d  the p l a c e r  d e p o s i t s  co go ld -  
q u a r t z  and g o l d - q u a r t z - s u l f i d e  veins, the  fo rmat  ion o f  whicil  i n  t u r n  was 
a t t r i b u c e d  t o  t h e  i n t r u s i o n  of g r a n i t i c  r o c k s  i n  t h e  district. S m i t h  (1913a) 
prov ided  d e t a i l e d  d e s c r i p t i o n s  o f  s e v e r a l  l o d e  d e p o s i t s ,  which gave s u p p o r t  
t o  t h e  o b s e r v a t i o n s  made by P r i n d l e  and Katz (1913) .  



Smith (1913b) a l s o  r epo r t ed  go ld  f i n e n e s s  v a l u e s  f o r  167 p l a c e r  and six 
lode  occur rences .  H e  noted t h a t  p l a c e r  gold tended t o  be f i n e r  than lode  
gold and t h a t  f i n e n e s s  i nc reased  downstream. However, he did no t  d e s c r i b e  i n  
d e t a i l  how f i n e n e s s  changed nor  did he r e l a t e  f i n e n e s s  va lues  t o  t h e  mecha- 
nisms of  p l a c e r  formation.  

Chapin (1914,  19 19), Mer t i e  (1918a),  and H i l l  (1933) a l s o  desc r ibed  t h e  
lode  d e p o s i t s  o f  t h e  d i s t r i c t ,  and each noted t h e  c l o s e  s p a t i a l  r e l a t i o n s h i p  
of the  p l a c e r  d e p o s i t s  t o  t h e  l ode  occur rences .  The gold-quartz  v e i n s  were 
cons idered  t o  be the  s o l e  l ode  source  and t h e  v e i n s  were thought t o  be r e l a t -  
ed t o  t h e  g r a n i t i c  i n t r u s i v e  rocks  of Gilmore Dome and Pedro Dome. H i l l  
(1933) inc luded  a b r i e f  d e s c r i p t i o n  of  t h e  p l a c e r  d e p o s i t s  and provided r e -  
cords  of  p l a c e r  product ion from 1903 t o  1931. 

Mer t i e  (1937,  1940) r e i t e r a t e d  t h e  mechanisms of  p l a c e r  formation de- 
s c r i b e d  by P r i n d l e  and Katz (1913) bu t  a l s o  noted t h e  importance of P l e i s t o -  
cene and r e c e n t  c l i m a t i c  v a r i a t i o n s  a f f e c t i n g  t h e  geomorphology of t h e  e n t i r e  
Yukon-Tanana r eg ion .  

Tuck (1968) noted t h a t  a l though the a l l u v i a l  and beach p l a c e r  gold i s  
u s u a l l y  d i ssemina ted  throughout  t h e  g r a v e l  s e c t i o n s ,  the  most p roduc t ive  
zones a r e  a l l  on o r  nea r  t h e  c o n t a c t  of t h e  g r a v e l s  w i t h  t h e  under ly ing  bed- 
rock. H i s t o r i c a l l y ,  commercial o p e r a t i o n s  were conf ined  t o  pays t r eaks  con- 
t a i n i n g  gold p a r t i c l e s  greater than 1 mg, and gold f a r t h e r  than a few feet  
from bedrock tends  t o  be f i n e r  g r a ined  than t h i s .  Gold va lues  tend t o  be 
d i s t r i b u t e d  l a t e r a l l y  a long  bedrock wi th  mejor c o n c e n t r a t i o n s  i n  narrow pay- 
s t r e a k s  u s u a l l y  l e s s  than LOO m wide. Gold p a r t i c l e s  over  1 mg a r e  u s u a l l y  
l i m i t e d  t o  downstream t r a n s p o r t  bf 3,000 t o  5.000 mg, however, go ld  g r a i n s  of 
l e s s  than 1 mg may t r a v e l  much g r e a t e r  d i s t a n c e s  (Tuck, 1968) .  

Chapman and Fos t e r  (1969) a l s o  r e l a t e d  t h e  gold-quartz  v e i n  d e p o s i t s  of  
the d i s t r i c t  t o  t h e  Cretaceous g r a n i t o i d  i n t r u s i o n s  exposed a t  Pedro and 
Gilmore Domes and concluded t h a t  t h e  q u a r t z  v e i n s  were t h e  s o l e  source  o f  the 
p l a c e r  go ld .  

PAW& (1975) de sc r ibed  15 s t r a t i g r a p h i c  u n i t s  of Quaternary age i n  cen- 
t r a l  Alaska, of which 13 type  s e c t i o n s  are i n  t b e  Fairbanks mining district. 
Two s t r a t i g r a p h i c  u n i t s ,  t he  Cr ipp l e  Gravel  and t h e  Fox Grave l ,  a re  t h e  main 
gold p l a c e r  format ions  of t h e  a r e a  ( f i g .  2 ) .  

The Cr ipp l e  Gravel is a brown a u r i f e r o u s  g r a v e l  of  l a t e  P l iocene  o r  ear -  
l y  P le l scocene  age .  The u n i t  c o n s i s t s  of poor ly  s o r t e d  t o  w e l l - s t r a t i f i e d ,  
c o a r s e ,  angular  sandy g r a v e l  w i th  l e n s e s  of  silt and sand.  The g rave l  c l a s t s  
c o n s i s t  of quartz-mica s c h i s t ,  q u a r t z i t e ,  c h l o r i t e  s c h i s t ,  b i o t i t e - g a r n e t  
s c h i s t ,  feldspathic s c h i s t ,  c a l c - s c h i s t ,  g r a p h i t i c  s c h i s t ,  p h y l l i t e ,  s l a t e ,  
q u a r t z  monzonite, g r a n o d i o r i t e ,  and g r a n i t e .  Gravel  fragments range from 2 
t o  15 crn i n  d iameter  w i th  b a s a l  cobbles  and boulders  f r o m  25 cm t o  I rn i n  
d iameter .  A minor whi te  f a c i e s  of t h e  g r a v e l  occurs  a t  the mouth of Engineer 
Creek and is  composed of well-rounded q u a r t z  and q u a r t z i t e  cobbles  and boul- 
d e r s  i n  a  gray sand ma t r ix .  The whi te -grave l  f a c i e s  i s  devoid of o t h e r  meta- 
morphic o r '  igneous rock  types .  T h i s  mature f a c i e  was a major sou rce  of high- 
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Figure 2 .  Schematic s e c t i o n  o f  the s u r f i c i a l  s t r a t i g r a p h y  of  t h e  Yukon- 
Tanana Uplands S c h i s t  Terrane ( a f t e r  Pkwd, 1975) .  U n i t s  a r e  a s  
f o l l o w s :  Qca = Chena alluvium; Qen = Engineer l o e s s ;  Qenj  = Jarvis 
ash bed;  Qgs = Golds t ream f o r m a t i o n ;  Qev = Eva f o r m a t i o n ;  Qghd = 
Dome a s h  b e d ;  Qfd = F a i r b a n k s  loess; Q t a  = Tanana f o r m a t i o n ;  Qtc  = 
C r i p p l e  G r a v e l ;  Qrb = Ready B u l l i o n  formation; Qenwr = W l i r e  R i v e r  
ashbed; Qenwi = Wilbur ash bed; Qgsc = C h a t a n i k a  ash b e d ;  Qgh = 
Gold H i l l  l o e s s ;  Qghe = Ester a s h  bed;  Qdc = Dawson Cut f o r m a t i o n ;  
Qfx = Fox Gravel. 

g r a d e  m i n e r a l i z a t i o n  and i s  s i m i l a r  t o  t h e  Whi te  C h a n n e l  d e p o s i c  of t h e  Klon- 
d i k e  d i s t r i c t ,  Yukon T e r r i t o r y .  

The C r i p p l e  Crave1 ranges from 1 m chick on t e r r a c e  benches  t o  25 rn 
c h i c k  i n  t h e  lower  end o f  stream d r a i n a g e s .  



The C r i p p l e  Grave l  i s  g e n e r a l l y  u n d e r l a i n  by a  0.5- t o  2-m-thick a u r i -  
f e r o u s  c l a y  t h a t  o v e r l i e s  bedrock .  B e l l  (1974) a t t r i b u t e d  t h e  c l a y  t o  e i t h e r  
p r e - P l e i s t o c e n e  w e a t h e r i n g  o r  t o  p e r c o l a t i o n  o f  g roundwate r  d u r i n g  P l e i s t o -  
cene  i n t e r g l a c i a l  t imes .  The C r i p p l e  G r a v e l  i s  i n  t u r n  o v e r l a i n  by t h e  Fox 
Grave l  and e i t h e r  t h e  Tanana f o r m a t i o n ,  Dawson Cut f o r m a t i o n ,  F a i r b a n k s  
l o e s s ,  Gold H i l l  l o e s s ,  o r  t h e  Golds t ream f o r m a t i o n  (P&w&, 1975) .  

The Fox G r a v e l  is a t a n  a u r i f e r o u s  g r a v e l  of e a r l y  o r  midd le  P l e i s t o c e n e  
age .  The u n i t  c o n s i s t s  o f  p o o r l y  t o  w e l l - s t r a t i f i e d ,  a n g u l a r  sandy g r a v e l  
w i t h  l e n s e s  o f  s a n d  and s i l t .  The g r a v e l  c o n t a i n s  a s i m i l a r  p o p u l a t i o n  o f  
c l a s t s  as found i n  t h e  C r i p p l e  G r a v e l  and t h e  c o m p o s i t i o n  v a r i e s  a c c o r d i n g  t o  
t h e  bedrock  s o u r c e  a r e a s .  G r a v e l  s i z e  d i s t r i b u t i o n  i s  comparable  t o  t h e  
C r i p p l e  G r a v e l .  The Fox G r a v e l  is r e s t r i c t e d  t o  v a l l e y  bo t toms  below l o e s s  
and s o l i f l u c t i o n  d e p o s i t s  and i s  exposed o n l y  i n  min ing  e x c a v a t i o n s .  

The Fox G r a v e l  l i e s  d i r e c t l y  on bedrock  o r  on t h e  C r i p p l e  Grave l  and i s  
o v e r l a i n  i n  t u r n  by t h e  s o l i f l u c t i o n  d e p o s i t s  of t h e  Tanana f o r m a t i o n ,  t h e  
Dawson Cut f o r m a t i o n ,  F a i r b a n k s  l o e s s ,  Gold H i l l  l o e s s ,  o r  t h e  Golds t ream 
f o r m a t i o n .  The Fox Grave l  i s  t h e  predominant  s o u r c e  of p l a c e r  g o l d  i n  t h e  
Yukon-Tanana Upland (P&w&,1975). 

The Fox G r a v e l  v a r i e s  i n  t h i c k n e s s  from 1 rn i n  t h e  upper  s t r e a m  d r a i n -  
ages  t o  o v e r  30 m i n  t h e  lower  r e a c h e s .  Where the u n i t  l i e s  n e a r  bedrock  i t  
is  u s u a l l y  u n d e r l a i n  by a  0.5- t o  2-m-thick y e l l o w  t o  b l u e  c l a y  l a y e r  t h a t  is 
though t  t o  have t h e  same o r i g i n  a s  t h e  c l a y  l a y e r  below t h e  C r i p p l e  G r a v e l  
( B e l l ,  1 9 7 4 )  . 

Pew4 (1975) d e f i n e d  f o u r  c r i t e r i a  f o r  d i s t i n g u i s h i n g  t h e  o l d e r  C r i p p l e  
Grave l  from t h e  Fox G r a v e l .  F i r s t ,  the  C r i p p l e  G r a v e l  i s  a lways  on bedrock  
benches  above modern v a l l e y s  t h a t  c o n t a i n  Fox G r a v e l .  Second,  g o l d  i n  t h e  
C r i p p l e  G r a v e l  h a s  a h i g h e r  a v e r a g e  f i n e n e s s  t h a n  Fox G r a v e l  g o l d  when t h e  
samples  a r e  t a k e n  from t h e  same c r e e k  and t h e  same d i s t a n c e  from t h e  l o d e  
s o u r c e .  T h i r d ,  C r i p p l e  G r a v e l  p e b b l e s  a r e  s t a i n e d  by i r o n  o x i d e  t o  d a r k  
brown, whereas  Fox Grave l  is t a n  and l e s s  s t a i n e d .  F o u r t h ,  Fox G r a v e l  may 
c o n t a i n  a  few bones  of P l e i s t o c e n e  mammals; C r i p p l e  G r a v e l  i s  devo id  of 
bones .  

BEDROCK SOURCES OF PLACER GOLD 

Al though a  d e t a i l e d  d e s c r i p t i o n  of t h e  l o d e  d e p o s i t s  o f  the F a i r b a n k s  
d i s t r i c t  is beyond t h e  s c o p e  o f  t h i s  d i s c u s s i o n ,  a r e v i e w  o f  t h e  s o u r c e s  o f  
p l a c e r  g o l d  i s  n o t .  A s  n o t e d ,  t h e  F a i r b a n k s  mining d i s t r i c t  i s  l o c a t e d  i n  
t h e  n o r t h w e s t e r n  p a r t  o f  t h e  Yukon-Tanana Uplands S c h i s t  T e r r a n e  (fig. 1 ) .  
F i g u r e  3 i s  a g e n e r a l i z e d  g e o l o g i c a l  map of t h e  t e r r a n e ,  which is bounded on 
t h e  s o u t h  by t h e  D e n a l i  F a u l t  and on t h e  n o r t h  by t h e  T i n t i n a  F a u l t  ( F o s t e r  
and o t h e r s ,  1973) .  The t e r r a n e  i s  composed of P recambr ian  o r  P a l e o z o i c  meta- 
morphosed s e d i m e n t a r y  and v o l c a n i c  r o c k s  t h a t  c o n t a i n  l o w e r - g r e e n s c h i s t  t o  
a m p h i b o l i t e  f a c i e s ,  e c l o g i t e  f a c i e s ,  and g r a n u l i t e  f a c i e s  m i n e r a l  assembl-  
ages. The metamorphic r o c k s  were  f o r m e r l y  d e s i g n a t e d  t h e  B i r c h  Creek S c h i s t  
( M e r t i e ,  1937) .  The metamorphic r o c k s  a r e  unconformably o v e r l a i n  by 
P a l e o z o i c ,  Mesozoic,  and T e r t i a r y  s e d i m e n t a r y  and v o l c a n i c  r o c k s .  The meta- 
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Figure 3. Extent  of t h e  Yukon-Tanana Uplands S c h i s t  Terrane i n  
Alaska ( a f t e r  Fos t e r  and o t h e r s ,  1973) .  

morphic and sedimentary sequences a r e  i n t r u d e d  by Pa leozoic ,  Mesozoic, and 
T e r t i a r y  rocks r ang ing  from p e r i d o t i t e  t o  g r a n i t e .  

Metz ( 1 9 7 7 )  and Metz and Robinson (1980) sugges t  t h s t  t he  antinony-tung- 
s t en  a d  a s s o c i a t e d  gold m i n e r a l i z a t i o n  of the  Fairbanks d i s t r i c t  is  r e l a t e d  
t o  prev ious ly  unrecognized rnetavolcanic rocks  i n  t he  Yukon-Tanana Uplauds 
S c h i s t .  Recenc g e o l o g i c a l  mapping (Mecz, 1982; Bundtzen, 1982; and Robinson, 
1982) has d e l i n e a t e d  t h e  extent  o f  these metavolcanic  rocks ( f i g .  4 ) .  Eiost 
of t h e  known lode  minera l  occurrences  i n  t h e  d i s t r i c t  a re  w i t h i n  t l : e s e  meta- 
volcanic  rocks ,  w h i c h  have been named t h e  Cleary sequence (Metz, 1982);  how- 
e v e r ,  che lode  occurrences  a r e  n o t  n e c e s s a r i l y  s p a t i a l l y  a s s o c i a t e d  w i t h  
exposed i n t r u s i v e  rocks .  
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Figure 4 .  D i s t r i b u t i o n  of l o d e  mine ra l  o c c u r r e n c e s  and major  rock u n i t s  
i n  t h e  Fa i rbanks  mining d i s t r i c t .  

Detailed i n v e s t i g a t i o n s  of t h e  l o d e  m i n e r a l  depos ics  have r e s u l t e d  ic 
t h e  d e f i n i t i o n  of f i v e  major  t y p e s  of l o d e  m i n e r a l i z a t i o n  w i t h i n  the d i s -  
t r i c t :  

1)  Volcanogenic  S t r a t a b o u n d  M i n e r a l i z a t i o n  - i n  which i n t e r g r o w t h s  of  
z i n c ,  ant imony,  l e a d ,  and copper  sulfides 2 gold and s c h e e l i t e  oc- 
cur i n  conformable  laminae and l e n s e s  p a r a l l e l  t o  b o t h  E o l i a t i o n  
and c o m p o s i t i o n a l  band ing  i n  t h e  m e t a v o l c a n i c  h o s t  r o c k s  

2 )  Lead S u l f o s a l t - b e a r i n g  Q u a r t z  S u l f i d e  Veins  - w i t h  a r g e n t i f e r o u s  
g a l e n a ,  s p h a l e r i t e ,  c h a l c o p y r i t e ,  s t i b n i t e ,  a r s e n o p y r i c e ,  and g o l d ,  
which o c c u r  i n  Cre taceous  i n t r u s i o n s  

3)  Tungsten Skarn M i n e r a l i z a t i o n  - s c h e e l i t e - b e a r i n g  c a l c - s i l i c a t e  
m i n e r a l i z a t i o n  found a d j a c e n t  t o  t h e  Gilmore Dome a n d  Pedro Dome 
g r a n i t i c  s c o c k s  

4 )  Gold-bearing P o l p e t a l l i c  Quartz S u l f i d e  Veins - which c r o s s c u t  t h e  
m e t a v o l c a n i c  h o s t  rock  of t h e  s c h i s t  sequence 

5 )  S t i b n i t e  Gash Veins and F r a c t u r e  F i l l i n g s  - assoc ia red  u i t h  a x i a l  
p l a n e  s h e a r s  i n  t h e  m e t a v o l c a n i c  h o s t  r o c k s .  



Two t y p e s  of l o d e s  c o n t a i n  f r e e  g o l d  t h a t  c o n t r i b u t e d  t o  p l a c e r  f o r m a t i o n .  
S u l f i d e  l e n s e s  and d i s s e m i n a t i o n s  i n  t h e  m e t a v o l c a n i c s  c o n t a i n  f r e e  g o l d .  
These  l e n s e s  have been deformed d u r i n g  metamorphism; t h u s ,  n a t i v e  g o l d  w i t h i n  
the s u l f i d e s  must be o f  premetamorphic  o r i g i n  and is p r o b a b l y  s y n g e n e t i c  
( f i g s .  5a and 5 b ) .  Gold i n  t h e  s u l f i d e  l e n s e s  i s  always f i n e - g r a i n e d  ( < 1  mg) 
and t h u s  p r o b a b l y  has  n o t  c o n t r i b u t e d  s i g n i f i c a n t l y  t o  t h e  g o l d  m i n e r a l i z a -  
t i o n  e x p l o i t e d  i n  t h e  commercia l  p l a c e r  o p e r a t i o n s  t o  d a t e .  T h i s  s o u r c e  o f  
f i n e - g r a i n e d  g o l d  may p r o v i d e  t h e  f i n e r  g r a i n e d  m a t e r i a l  d i s s e m i n a t e d  v e r t i -  
c a l l y  and l a t e r a l l y  th roughout  t h e  g r a v e l s ,  e x t e n d i n g  f o r  c o n s i d e r a b l e  d i s -  
t a n c e s  beyond major  p a y s t r e a k s .  T h i s  s i z e  f r a c t i o n  o f  g o l d  would a l s o  t end  
t o  accumula te  f u r t h e r  downstream w i t h  f i n e r  g r a i n e d  s e d i m e n t .  

The g o l d - q u a r t z  v e i n  d e p o s i t s  t h a t  have been t h e  s o l e  s o u r c e  o f  lode-  
go ld  p r o d u c t i o n  i n  t h e  d i s t r i c t  c o n t a i n  f i n e -  r o  c o a r s e - g r a i n e d  g o l d .  The 
v e i n s  a r e  postmetamorphic  and a r e  p robab ly  the main s o u r c e  of  g o l d  subse- 
q u e n t l y  accumulated i n  t h e s e  P l i o c e n e - P l e i s t o c e n e  p l a c e r  d e p o s i t s  
( f i g s .  6a,b). 

MECHANISM OF ALLUVIAL PLACER FORMATION 

Mosley and Schumm (1977) and Adams and o t h e r s  (1978)  conducted e x t e n s i v e  
l a b o r a t o r y  s t u d i e s  t o  d e t e r m i n e  p o s s i b l e  mechanisms of  a l l u v i a l - p l a c e r  forma- 
t i o n ;  however,  t h e s e  s t u d i e s  d i d  n o t  a t t e m p t  t o  r e l a t e  t h e  f lume model re- 
s u l t s  t o  f i e l d  o b s e r v a t i o n s  i n  major  a l l u v i a l  p l a c e r - p r o d u c i n g  a r e a s .  The 
major  a l l u v i a l  g o l d  p l a c e r s  of t h e  F a i r b a n k s  d i s t r i c t  p r o v i d e  a n  o p p o r t u n i t y  
t o  t e s t  t h e s e  models ,  p a r t i c u l a r l y  t h e  s i g n i f i c a n c e  of t h e  b a s i n  r e j u v e n a t i o n  
p r o c e s s  proposed by Adams and o t h e r s  (1978) a s  t h e  predominant  mechanism re -  
s p o n s i b l e  f o r  p l a c e r  f o r m a t i o n .  

The l o c a t i o n s  of  t h e  g o l d  p l a c e r  d e p o s i t s  of t h e  F a i r b a n k s  d i s t r i c t  t o -  
g e t h e r  w i t h  t h e  p r e s e n t  s t r e a m  d r a i n a g e  s y s t e m s  are shown i n  f i g u r e  7.  I n  
a d d i t i o n  t o  t h e  s t u d y  o f  t h e  s t r a t i g r a p h y  of t h e  P l i o c e n e - P l e i s t o c e n e  s u r f i -  
c i a 1  d e p o s i t s ,  t h e  e x a m i n a t i o n  o f  the p a t t e r n s  of s t r e a m  d r a i n a g e  and t h e  
l o n g i t u d i n a l  p r o f i l e s  of t h e  s t r e a m s  p r o v i d e s  t h e  b e s t  e v i d e n c e  of t h e  crit- 
i c a l  mechanisms of a l l u v i a l  p l a c e r  f o r m a t i o n .  

S t ream L o n g i t u d i n a l  P r o f i l e s  

The s i g n i f i c a n c e  o f  s t r e a m  l o n g i t u d i n a l  p r o f i l e s  c a n  be s u m a r i z e d  a s  
f o l l o w s .  F i r s t ,  t h e  c o n c a v i t y  o f  t h e  p r o f i l e  r e f l e c t s  t h e  r e l a t i v e  i n c r e a s e  
i n  d i s c h a r g e  i n  t h e  lower  r e a c h e s  o f  t h e  d r a i n a g e  sys tem.  Extreme c o n c a v i t y  
of the p r o f i l e  i n d i c a t e d  i n c r e a s e d  d i s c h a r g e  i n  t h e  lower  r e a c h e s ,  whereas  a  
l i n e a r  p r o f i l e  would i n d i c a t e  c o n s t a n t  d i s c h a r g e  f o r  t h e  e n t i r e  system. Con- 
vex  upward p r o f i l e s  a r e  p o s s i b l e  i n  a r i d  r e g i o n s ,  where d i s c h a r g e  d e c r e a s e s  
because  o f  e v a p o r a t i o n  and i n f i l t r a t i o n .  

Second,  t h e  s t r e a m  p r o f i l e  i s  a n  e x p r e s s i o n  of changes  i n  t h e  size d i s -  
t r i b u t i o n  of t h e  bed l o a d  m a t e r i a l  i n  a  downstream d i r e c t i o n  ( S h u l i t z ,  1941) .  
The s l o p e - d i s c h a r g e  r e l a t i o n s h i p  ( S t e r n b e r g ,  1875; Woodford, 1951) and t h e  
s l o p e - g r a i n  s i z e  r e l a t i o n s h i p  ( S h u l i t z ,  1941 )  a r e  e x p o n e n t i a l  f u n c t i o n s ,  t h e  
former  hav ing  a p o s i t i v e  exponent  and t h e  l a t t e r  a  n e g a t i v e  exponen t .  



Figure 5a. I s o c l i n a l l y  f o l d e d  lense of a r s e n o p y r i t e  ( l i g h t  gray) i n  
feldspathic q u a r t z  muscovite s c h i s t  (field of view 1.5 m m ) .  

Figure 5b. Gold (white) included in arsenopyrite ( l i g h t  gray) in folded 
lense of figure 5a (field of view 0.15 mm). - 
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Figure 7 .  Stream drainage patterns and placer gold locations 'of t h e  Fairbacks 
mining d i s t r i c t .  
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Figure 6a. Gold (white) and arsenopyrite  (light gray) i n  quartz (dark-gray) 
vein (field of v l e w  1.5 mm) . 

Figure 6b. Gold ( w h i t e )  replacing arsenopyrire (light gray) in quartz 
(dark-gray) v e i n  ( f i e l d  of view 1 . 5  turn). 
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Gravels  a r e  found i n  t h e  s t e e p e r  upper  p a r t s  of t h e  p r o f i l e ,  whereas 
f i n e r  m a t e r i a l  accumulates  i n  t h e  lower reaches .  ,There  is a c r i t i c a l  p o i n t  
on t he  p r o f i l e  above which material of a g iven  g r a i n  s i z e  and d e n s i t y  is 
maintained i n  a  cont inuous  s t a t e  of t r a n s p o r t  ( t h e  zone of degrada t ion)  and 
below which t h e  m a t e r i a l  begins t o  accumulate  ( t h e  zone o f  a g g r a d a t i o n ) .  
S ince  go ld  is  much denser  than  rock-forming m i n e r a l s ,  t h e  c r i t i c a l  po in t  f o r  
gold accumulat ion l i e s  f u r t h e r  upstream than t h a t  of o t h e r  sedimentary mate- 
r i a l s .  Thus t h e r e  i s  a zone i n  which  rock  m a t e r i a l  is  c o n s t a n t l y  be ing  
removed r e l a t i v e  t o  gold, thereby  formlng a p l a c e r  pays t r eak .  

Th i rd ,  t h e  s t ream d ra lnage  deve lops  by headward mig ra t i on  of t h e  s t ream 
p r o f i l e ,  and coa r se  m a t e r i a l  and gold  i n  t h e  zone of accumulat ion a r e  gradu- 
a l l y  b u r i e d  by f i n e r  g ra ined  sed iments  as  t h e  c r i t i c a l  p o i n t  moves headward. 

Fourth,  t h e  shape of t h e  t h e  p r o f i l e  is a  r e f l e c t i o n  of t h e  m a t u r i t y  of 
t h e  s t ream d ra inage .  Genera l ly  r e g u l a r  p r o f i l e s  i n d i c a t e  mature d r a i n a g e  
systems invo lv ing  long p e r i o d s  of  weather ing and e r o s i o n  (and adequate  t ime 
f o r  major p l a c e r  fo rma t ion ) .  I r r e g u l a r  p r o f i l e s  g e n e r a l l y  i n d i c a t e  immature 
dra inage ;  however, a l t e r n a t i n g  s t e e p  and g e n t l e  slopes produce marked changes 
i n  s t ream f low,  which may r e s u l t  i n  l o c a l  minor p l a c e r  accumulat ion.  

Stream p r o f i l e s  f o r  a l l  d r a inages  of the  Fa i rbanks  d i s t r i c t  have been 
p l o t t e d  (no te  topographic  maps a r e  i n  nonmetr ic  u n i t s ,  whereas p r o f i l e s  and 
s l o p e s  a r e  expressed i n  f t l m i ) .  The  l o c a t i o n s  of major p l a c e r  d e p o s i t s  a ~ d  
t r i b u t a r y  conf luences  were inc luded  on t h e  p r o f i l e s .  The p r o f i l e s  were then  
t e s t e d  f o r  f i t  t o  t h e  func t ion :  

bx 
y = a 

i n  which y = e l e v a t i o n  i n  f e e t ,  x = d i s t a n c e  i n  f e e t .  

2 The c o r r e l a t i o n  c o e f f i c i e n t s  (B ) and t h e  va lues  for a and b were c a l c u l a t e d .  
F igu re s  8-11 a r e  p r o f i l e s  f o r  Fa i rbanks ,  Cleary, Dome, and Pedro Creeks and 
a r e  r e p r e s e n t a t i v e  examples of most p r o f i l e s  i n  the  d i s t r i c t .  

A number of  g e n e r a l  obse rva t ions  can be made from an  analysis of a l l  t h e  
p r o f i l e s  : 

1) The p r o f i l e s  a r e  ve ry  r e g u l a r  w i t h  R~ va lues  g r e a t e r  than 0.90. 

2) The maximum s t ream g r a d i e n t  a t  t h e  upper  l i m i t  of major p l a c e r  fo r -  
mation i s  440 f t / m i  ( f o r  example, a s l o p e  of 1 /12 ) .  

3) The maximum e l e v a t i o n  of major p l a c e r  format ion  v a r i e s  systema- 
t i c a l l y ,  from 1,320 f t  on Kokomo Creek i n  t h e  n o r t h e a s t e r n  end of 
t h e  d i s t r i c t  t o  600 f t  on C r i p p l e  Creek i n  t he  southwestern extrem- 
i t y .  E l eva t ions  of major summits and s t r e a m  d i v i d e s  va ry  i n  t h e  
same manner. 

I )  T r i b u t a r y  s t r eams  have l i t t l e  e f f e c t  on the  s t ream p r o f i l e s .  

5) Eleva ted  benches a r e  apparen t  on some s t ream p r o f i l e s ,  no tab ly  a t  
the  1,800-f t  e l e v a t i o n  on Pedro Creek. 



Figure 8. Stream profile for the Pedro-Goldstream Creek drainage system. 
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6) S t ream p r o f i l e s  c a n n o t  be  used  a s  t h e  s o l e  c r i t e r i o n  t o  p r e d i c t  t h e  
p r e s e n c e  ( o r  absence) of a ma jor  p l a c e r  d e p o s i t .  S e v e r a l  streams 
w i t h  p r o f i l e s  s i m i l a r  t o  p r o d u c t i v e  s t r e a m s  d r a i n i n g  a r e a s  of 
g o l d - b e a r i n g  m e t a v o l c a n i c  r o c k s  do n o t  c o n t a i n  major  p l a c e r  accumu- 
l a t i o n s .  

E v i d e n t l y ,  t h e  m a t u r i t y  o f  t h e  s t r e a m  d r a i n a g e s  o f  t h e  d i s t r i c t  was one 
of t h e  n e c e s s a r y  c o n d i t i o n s  f o r  ma jor  p l a c e r  a c c u m u l a t i o n .  T h i s  f a c t o r  
s h o u l d  be  an e s s e n t i a l  c o n s i d e r a t i o n  i n  t h e  a s s e s s m e n t  of t h e  p l a c e r  poten-  
t i a l  o f  o t h e r  min ing  d i s t r i c t s  and s h o u l d  be  c o n s i d e r e d  when p l a n n i n g  f u t u r e  
e x p l o r a t i o n  programs i n  t h e  F a i r b a n k s  d i s t r i c t .  

The maximum e l e v a t i o n  o f  ma jor  p l a c e r s  d e f i n e d  i n  t h e  Fairbanks d i s t r i c t  
i s  a c r i t e r i o n  t h a t  s h o u l d  b e  used  w i t h  c a u t i o n  i n  d e l i n e a t i n g  a d d i t i o n a l  
t a r g e t  a r e a s .  I t  may be used l o c a l l y  w i t h i n  t h e  d i s t r i c t ,  b u t  t h e  major  c r i -  
t e r i o n  i n  a s s e s s i n g  p l a c e r  p o t e n t i a l  i s  t h a t  o f  maximum g r a d i e n t  o f  t h e  
s t r e a m  a t  t h e  upper p o i n t  of major p l a c e r  f o r m a t i o n .  The r e a c h  of the s t r e a m  
a t  t h e  upper  ex t reme  of p l a c e r  f o r m a t i o n  p robab ly  marks t h e  maximum c r i t i c a l  
p o i n t  between d e g r a d a t i o n  and a g g r a d a t i o n  on t h e  s t r e a m .  The g r a d i e n t  of 
440 f t l m i  i s  a  s l o p e  of one i n  1 2 ,  which i s  remarkab ly  c l o s e  t o  t h e  a v e r a g e  
s l o p e  a d o p t e d  by t h e  p l a c e r  m i n e r s  f o r  o p e r a t i o n  o f  t h e  s l u i c e  box. 

The s l u i c e  h a s  t r a d i t i o n a l l y  been t h e  p r imary  go ld - recovery  sys tem f o r  
Alaskan a l l u v i a l  p l a c e r  o p e r a t i o n a .  The s y s t e m  i s  r e s t r i c t e d  t o  t h e  r e c o v e r y  
of +65 mesh ( 1  mg maximum, assuming a 4-to-1 s h a p e  f a c t o r )  go ld  p a r t i c l e s .  
P a r t i c l e s  f i n e r  than  65 mesh a r e  t r a n s p o r t e d  t o  lower  energy  alluvial en- 
v i r o n m e n t s  j u s t  a s  t h e y  a r e  t r a n s m i t t e d  t o  t a i l i n g s  i n  most s l u i c e s .  
G e n e r a l l y ,  overbank  p l a c e r  d e p o s i t s  on meander ing s t r e a m  and d i s t a l  beach 
d e p o s i t s  w i l l  have go ld  p a r t i c l e s  i n  the  -100/+400 mesh range .  

The t r i b u t a r y  s t r e a m s  may l o c a l l y  a f f e c t  t h e  p a y s t r e a k  by s h i f t i n g  i t  
l a t e r a l l y ,  b u t  t h e i r  o v e r a l l  e f f e c t  on t h e  d i s t r i b u t i o n  of p l a c e r  f o r m a t i o n  
i s  minimal .  T r i b u t a r y  c h a n n e l s  do n o t  change t h e  s t r e a m  p r o f i l e s  a p p r e c i a b l y  
a t  o r  below t h e  c o n f l u e n c e  w i t h  t h e  main d r a i n a g e .  

The i d e n t i f i c a t i o n  of e l e v a t e d  benches  i n  s t r e a m  p r o f i l e s  i s  i m p o r t a n t  
f o r  two r e a s o n s .  F i r s t ,  t h e  benches  may be  i m p o r t a n t  s i t e s  of  p l a c e r  forma- 
t i o n  and s e c o n d ,  t h e  main s t r e a m  c h a n n e l  below benches may be a n  i m p o r t a n t  
s i t e  o f  s e c o n d a r y  a c c u m u l a t i o n .  

Because most s t r e a m  p r o f i l e s  i n  t h e  d i s t r i c t  a r e  v e r y  s i m i l a r  and be- 
c a u s e  some s t r e a m s  t h a t  d r a i n  p o t e n t i a l  bedrock  s o u r c e  a r e a s  do n o t  c o n t a i n  
known major  p l a c e r  a c c u m u l a t i o n s ,  two i n f e r e n c e s  c a n  be made. F i r s t ,  such  
s t r e a m s  may c o n t a i n  major  p l a c e r  a c c u m u l a t i o n s  t h a t  have n o t  y e t  been d i s -  
c o v e r e d  and s e c o n d ,  t h e r e  e x i s t  o t h e r  f a c t o r s  c o n t r o l l i n g  p l a c e r  a c c u m u l a t i o n  
t h a t  are  n o t  r e v e a l e d  i n  t h e  s t r e a m  p r o f i l e .  

P e r i o d s  of High Discharge  and P l a c e r  Format ion 

Without  d a t a  on contemporary  s t r e a m  d i s c h a r g e  r a t e s  i t  i s  n o t  p o s s i b l e  
t o  q u a n t i t a t i v e l y  d e t e r m i n e  whether  t h e  p r e s e n t  s t r e a m  p r o f i l e s  formed a s  a  
r e s u l t  of s t a b l e  c l imat ic  c o n d i t i o n s  during t h e  whole p e r i o d  of  s t r e a m  d r a i n -  



age development .  Such a d e t e r m i n a t i o n  would add g r e a t l y  t o  t h e  i n t e r p r e t a -  
t i o n  o f  t h e  p a l e o c l h n a t i c  c o n d i t i o n s  o f  t h e  l a t e  T e r t i a r y  and P l e i s t o c e n e ,  
which were  made from t h e  s u r f i c i a l  s t r a t i g r a p h i c  r e c o r d .  

S e v e r a l  o f  t h e  major  p l a c e r  p roduc ing  d r a i n a g e s  i n  t h e  d i s t r i c t  a r e  un- 
d e r f i t  s t r e a m s .  The b e s t  examples a r e  Golds t ream and F i s h  Creeks .  Drury ' s  
(1965) method of r e l a t i n g  v a l l e y  f o r m a t i v e  d i s c h a r g e  t o  t h e  meander wave- 
l e n g t h - b a n k f i l l  d i s c h a r g e  e q u a t i o n  i n d i c a t e s  t h a t  v a l l e y  f o r m a t i v e  d i s c h a r g e  
f o r  Golds t ream and F i s h  Creeks  may have exceeded normal  p r e s e n t  d i s c h a r g e s  by 
25 t o  100 times. Thus,  t h e  p l a c e r  d e p o s i t s  were  p r o b a b l y  formed d u r i n g  p e r i -  
ods  of much h i g h e r  d i s c h a r g e  r a t e s .  

The Fairbanks mining  d i s t r i c t  was f r e e  o f  g l a c i a l  i c e  d u r i n g  t h e  l a t e  
P l i o c e n e  and P l e i s t o c e n e ,  y e t  t h e  p l a c e r  d e p o s i t s  of t h e  a rea  a r e  a s s o c i a t e d  
w i t h  t h e  c o a r s e ,  p o o r l y  s o r t e d  a l l u v i a l  C r i p p l e  and Fox G r a v e l s .  These grav- 
e l s  a r e  much c o a r s e r  than  t h e  m a t e r i a l  i n  t h e  c u r r e n t  c h a n n e l s  (PAW&, 1952) .  
Tbe t r a n s p o r t  o f  t h i s  c o a r s e  m a t e r i a l  would r e q u i r e  s i g n i f i c a n t l y  h i g h e r  
r a t e s  o f  d i s c h a r g e  ( T o u r t e l o t ,  1968) t h a n  t h o s e  found i n  modern d r a i n a g e s .  

The C r i p p l e  and Fox G r a v e l s  c o n t a i n  abundant  s i l t ,  t r a n s p o r t e d  as s u s -  
pended load .  Leopold and Maddock (1953) no ted  t h e  impor tance  of suspended 
l o a d  i n  t h e  t r a n s p o r t  of t h e  bed l o a d  d u r i n g  f l o o d i n g ,  and Cheney and P a t t o n  
(1967) s u g g e s t e d  f l o o d i n g  as a mechanism f o r  p l a c e r  a c c u m u l a t i o n  on bedrock .  
Al though f l o o d i n g  i s  d i f f i c u l t  K O  document from t h e  s t r a t i g r a p h i c  r e c o r d ,  
M e r t i e  (1937) and P&w& (1975) n o t e d  t h a t  t h e  l a t e  P l i o c e n e  and e a r l y  t o  mid- 
d l e  P l e i s t o c e n e  were  p e r i o d s  o f  r i g o r o u s  and v a r i a b l e  c l i m a t e  i n  i n t e r i o r  
Alaska.  Changes i n  d i s c h a r g e  r a t e s  of s t r e a m s  would accompany t h i s  major  
change i n  c l i m a t e .  Glaciers n o r t h  and s o u t h  o f  t h e  Yukon-Tanana Uplands pro- 
duced abundan t  s i l t  d u r i n g  t h i s  t i m e - - - s i l t  t h a t  was t r a n s p o r t e d  by wind t o  
t h e  u p l a n d s  and was s u b s e q u e n t l y  i n t r o d u c e d  i n t o  t h e  s t r e a m  c h a n n e l s .  The 
s c o u r i n g  o f  s t r e a m  c h a n n e l s  and t h e  t r a n s p o r t  o f  c o a r s e  m a t e r i a l  and g o l d  i n  
t h e  F a i r b a n k s  d i s t r i c t  was p r o b a b l y  f a c i l i t a t e d  by t h e  h i g h  d i s c h a r g e  r a t e s  
and abundan t  s i l t  c o n t e n t  of P l e i s t o c e n e  s t r e a m s .  

A l t e r n a t i o n  of St ream Dra inage  P a t t e r n s  and Stream Capture  

The e x i s t e n c e  of o l d e r  t e r r a c e  and b u r i e d  p l a c e r  d e p o s i t s  l e d  e a r l y  
workers  t o  s u g g e s t  minor changes  i n  s t r e a m  d r a i n a g e  due  t o  lower ing  and rais-  
i n g  of t h e  b a s e  l e v e l .  Lowering o f  t h e  base  l e v e l  was c o n s i d e r e d  t o  be  
caused by r e g i o n a l  u p l i f t  o r  l o w e r i n g  of sea  l e v e l ;  c o n v e r s e l y ,  r a i s i n g  o f  
t h e  base l e v e l  was a t t r i b u t e d  t o  r e g i o n a l  s u b s i d e n c e  o r  r a i s i n g  of  s e a  l e v e l .  
R e g i o n a l  changes  i n  base  l e v e l  cou ld  accoun t  f o r  widespread  t e r r a c e  and 
b u r i e d  p l a c e r s  i n  t h e  u p l a n d s ;  however,  i t  could  n o t  a c c o u n t  f o r  t h e  fo l low-  
ing morphological f e a t u r e s .  

1) Uniform and l a r g e  l o c a l  d i f f e r e n c e s  i n  e l e v a t i o n  o f  summits ,  s t r e a m  
d i v i d e s ,  and major  p l a c e r  d e p o s i t s  

2 )  Asymmetry of s t r e a m - v a l l e y  c r o s s  s e c t i o n s  

3) Pronounced l i n e a r i t y  of some s t r e a m  d r a i n a g e s  



4 )  Opposing d i r e c t i o n s  of s t reamflow i n  a d j a c e n t  v a l l e y s .  

A s  noted p rev ious ly ,  t he  maximum e l e v a t i o n  of maj o r  p l a c e r  forma t i o n  
ranges from 1,320 f t  (Kokomo Creek) i n  t h e  n o r t h e a s t  t o  600 f t  (Cr ipple  
Creek) i n  t h e  southwes t ,  a d i f f e r e n c e  of 720 f t  e x i s t s  over  a d i s t a n c e  of 
35 m i .  The d i v i d e s  i n  t he  Kokomo and Fairbanks Creek area a r e  a &  an e l e -  
v a t i o n  of 2,250 f t ;  those  in the Cr ipp le  and E s t e r  Creek area a r e  a t  
1,500 f t ,  a d i f f e r e n c e  of 750 f t .  S i m i l a r l y ,  Twin But tes  i n  t he  n o r t h e a s t  
has  a summit of 3,025 f t  and the  summit of E s t e r  Dome i n  the southwest  l i e s  
a t  2,364 f t , a  change i n  e l e v a t i o n  of 661 ft . These l o c a l  changes ir, 
e l e v a t i o n  a r e  twice a s  l a r g e  than  t h e  i n f e r r e d  changes i n  sea l e v e l  s i n c e  the  
P l e i s t o c e n e  (Hopkins, 1967) . 

The asymrzetry of s t ream v a l l e y s  has been attributed t o  s e v e r a l  f e c t o r s ,  
i nc lud ing  d i f f e r e n t i a l  s l o p e  t r a n s p o r t  i n  a r c t i c  environments ,  d i f f e r e n t i a l  
st ream e r o s i o n  due t o  d i f f e r e n c e s  i n  l i t h o l o g y ,  and d i f f e r e n t i a l  headward 
migra t ion  of s t reams due t o  i n c r e a s e  i n  bedrock s lope  (caused i n  t u r n  by 
l o c a l  t e c t o n i c  a c t i v i t y ) .  

The v a r i a t i o n  i n  a n g l e  of s l o p e  between nor th-  and south-facing c ros s -  
s e c t i o n a l  p r o f i l e s  i n  a r e a s  of permafrost  has been examined by Hopkins and 
Taber (1962),  Curry (1964), Kennedy and Melton (1971), ar?d Kennedy (1976). 
Since nor th- fac ing  s l o p e s  have less exposure t o  s o l a r  r a d i a t i o n ,  t h e  s l o p e  
should be less s u s c e p t i b l e  t o  thawing and l e s s  s u b j e c t  t o  e r o s i o n  by s o l i -  
f l u c t i o n .  South-facing s l o p e s  would have inc reased  s o l i f l u c t i o n  because of 
a l t e r n a t e  f r e e z i n g  and thawing, l ead ing  t o  increased  e ros ion  and lower s lope  
a n g l e .  None of t h e  above i n v e s t i g a t o r s  were a b l e  t o  demonstrate  a s i m p l e  
dependence between s l o p e  o r i e n t a t i o n  and s lope  ang le .  A s imple  explana t ion  
i s  even l e s s  p l a u s i b l e  i n  t h e  Fairbanks d i s t r i c t  because,  i n  some major 
d ra inages  such a s  Goldstream Creek and the  L i t t l e  Chena River ,  t h e  
south-facing s l o p e s  are a c t u a l l y  s t e e p e r ;  a l s o ,  o t h e r  creeks d i s p l a y  l i t t l e  
d i f f e r e n c e  i n  s lope  ang le s  between north-  and south-facing c r o s s - s e c t i o n a l  
p r o f i l e s  . 

D i f f e r e n t i a l  stream e r o s i o n  due t o  d i f f e r e n c e s  i n  l i t h o l o g y  can a l s o  be 
ru l ed  out  a s  an exp lana t ion  f o r  v a l l e y  asymmetry i n  t h e  Fairbanks a r e a .  The 
bedrock i n  the  a r e a  i s  predominantly s c h i s t  and t h e  r e g u l a r i t y  of t h e  longi -  
t u d i n a l  s t ream p r o f i l e s  i n d i c a t e s  t h e  uniform r e s i s t a n c e  of t he  bedrock t o  
e ros ion .  (Sch i s t  g e n e r a l l y  e x h i b i t s  uniform weathering c h a r a c t e r i s t i c s  under 
v a r i e d  c l i m a t i c  c o n d i t i o n s . )  

Cotton (1942) and Lauder (1962) have shown that asymmetry of s lope  an- 
g l e s  can be caused by shifting of s t r eam d i v i d e s  due t o  l o c a l  t e c t o n i c  a c t i v -  
i t y .  I n  extreme c a s e s ,  t h e  weaker s t ream d ra inage  w i l l  be captured  by t h e  
more aggres s ive  s t ream and t h e  r e s u l t  w i l l  be a  major change i n  d i r e c t i o n  of 
s t ream flow. F igure  12a shows a s t ream dra inage  p a r t e r n  developed i n  a 
s c h i s t  t e r r a n e  i n  a  s t a b l e  c r a t o n  wi thout  major t e c t o n i c  a c t i v i t y  (note  t h e  
o r i e n t a t i o n  of t h e  arrows i n d i c a t i n g  s t ream f low) .  Figure 12b ( a f t e r  Lauder,  
1962)  shows t h e  development of a precedent  s t ream along t h e  Well ington F a u l t ,  
North I s l a n d ,  New Zealand. T i l t i n g  of t h e  fault block t o  t h e  nbrthwest  re -  
s u l t e d  i n  s t eepen ing  of s l o p e s  down-dip, but  t h e  g r a d i e n t  of t he  precedent  
s t ream a long  the  s t r i k e  of t h e  f a u l t  remains c o n s t a n t .  The r e s u l t  of t h e  



t e c t o n i c  a c t i v i t y  was t o  i n c r e a s e  e r o s i o n  up-dip,  l e a d i n g  t o  imminent s t r e a m  
c a p t u r e  a t  Pi, P2, and P3. I n  f i g u r e  12c, s t r e a m  c a p t u r e  i s  comple te  a t  C1, 
C2, and C3. The former  s o u t h e r l y  r e a c h e s  of t h e  p r e c e d e n t  s t r e a m  f low n o r t h ,  
b u t  form barbed d r a i n a g e s  a t  B1 and B 2  and e n t e r  c h a n n e l s  t h a t  f l o w  t o  t h e  
s o u t h  ( n o t e  t h e  o r i e n t a t i o n  o f  a r r o w s  i n d i c a t i n g  s t r e a m f l o w ) .  

To d e t e r m i n e  i f  s i m i l a r  p r o c e s s e s  were a c t i v e  i n  t h e  F a i r b a n k s  d i s t r i c t ,  
f i g u r e  7 was examined f o r  t h e  p r e s e n c e  o f  ba rbed  s t r e a m s .  From s o u t h w e s t  t o  
t h e  n o r t h e a s t ,  ma jo r  barbed d r a i n a g e s  i n c l u d e  C r i p p l e ,  E s t e r  Nugget, Sheep,  
Our, T r e a s u r e ,  C l e a r y ,  Kokomo, F a i r b a n k s ,  and F i s h  Creeks .  The p r e s e n t  
d i r e c t i o n  of s t r e a m  f l o w  i s  marked by a r r o w s .  

Al though t h e  F a i r b a n k s  a r e a  is t e c t o n i c a l l y  a c t i v e  (Gedney and Berg,  
1969), t h e  s t r u c t u r a l  c o n t r o l  of ba rbed  s t r e a m s  is l e s s  obv ious  i n  t h e  F a i r -  
banks d i s t r i c t  t h a n  a l o n g  t h e  W e l l i n g t o n  F a u l t  i n  N e w  Zea land .  I n  t h e  s o u t h -  
w e s t  p a r t  of t h e  F a i r b a n k s  d i s t r i c t ,  a major  l i n e a m e n t  w a s  i d e n t i f i e d  on 
Landsa t  Fmagery and on a e r i a l  photography (Metz and Wol f f ,  1980). The l i n e a -  
ment e x t e n d s  from C r i p p l e  Creek a l o n g  t h e  n o r t h  s i d e  o f  Chena Ridge t o  I s a -  
b e l l a  Creek and French Gulch and on toward G i h o r e  Dome ( f i g .  7 ) .  T h e  a r e a  
between C r i p p l e  Creek  and I s a b e l l a  Creek is  a  prominent  t o p o g r a p h i c  low. 
Streams c r o s s i n g  t h e  l i n e a r  f e a t u r e  from t h e  n o r t h  a r e  d i s p l a c e d  i n  swampy 
t e r r a n e  and do n o t  c o n t i n u e  southward t o  t h e  Chena R i v e r .  

The d i v i d e s  between C r i p p l e  and R o s i e  Creek  and between I s a b e l l a  Creek 
and French Gulch s u g g e s t  wind gaps .  Benches a l o n g  t h e  r r i b u t a r i e s  of Rosie  
Creek s u g g e s t  a l a r g e r  p r o t o d r a i n a g e  t o  t h e  west  o f  t h e  c u r r e n t  d r a i n a g e .  
The e a r l i e r  d r a i n a g e  sys tern p robab ly  i n c l u d e d  t h e  u p p e r  r e a c h e s  o f  C r i ~ p l e  
Creek and f lowed t o  t h e  s o u t h w e s t ,  d i r e c t l y  i n t o  t h e  Tanana R i v e r .  The v a l -  
l e y  of I s a b e l l a  Creek is v e r y  wide and swampy, s u g g e s t i n g  the p r e s e n c e  o f  a n  
e a r l i e r ,  l a r g e r  d r a i n a g e  b a s i n .  Recent  g e o l o g i c a l  mapping h a s  r e s u l t e d  i n  
t h e  d i s c o v e r y  o f  a  &-mi-wide s h e a r  zone i n  a r o a d  c u t  a t  t h e  d i v i d e  between 
French Gulch and I s a b e l l a  Creek.  The s h e a r  zone s t r i k e s  n o r t h e a s r - s o u t h w e s t ,  
is  congruen t  w i t h  t h e  Landsa t  l i n e a r  f e a t u r e ,  i s  near  v e r t i c a l ,  and i s  h e r e  
d e s i g n a t e d  t h e  C r i p p l e  Creek-French Gulch Shear .  T h i s  s h e a r  zone was proba-  
b l y  t h e  c a u s e  of t h e  c a p t u r e  o f  b o t h  C r i p p l e  Creek and Eng ineer  Creek.  

Movement a l o n g  t h e  C r i p p l e  Creek-French Gulch Shear caused a r e l a t i v e  
r a p i d  headward m i g r a t i o n  o f  t h e  p ro to -Engineer  Creek,  r e s u l t i n g  i n  t h e  cap-  
t u r e  o f  t h e  upper  r e a c h e s  of I s a b e l l a  Creek and r e v e r s a l  i n  t h e  f low d i r e c -  
t i o n  of French Gulch.  The rework ing  o f  t h e  s t r e a m  s e d i m e n t s  r e s u l t e d  i n  t h e  
f o r m a t i o n  o f  a  v e r y  h i g h  g r a d e  p l a c e r  i n  lower  Eng ineer  Creek a s  w e l l  a s  t h e  
d e p o s i t i o n  of t h e  r e s i s t a n t  q u a r t z - r i c h  w h i t e  f a c i e s  o f  t h e  C r i p p l e  G r a v e l  a t  
t h e  mouth o f  E n g i n e e r  Creek.  

Metz and Wolff (1980) n o t e d  a  major  Landsat  l i n e a r  f e a t u r e  e x t e n d i n g  
from t h e  e a s t  s i d e  o f  E s t e r  Dome i n  a n o r t h e r l y  d i r e c t i o n  f o r  abou t  30 m i .  
T h i s  l i n e a r  f e a t u r e  o f f s e t s  t h e  n o r t h e a s t - s o u t h w e s t  t r e n d i n g  r e g i o n a l  s t r u c -  
t u r e  and a s s o c i a t e d  a e r o m a g n e t i c  a n o m a l i e s  and i s  p a r a l l e l  t o  a major  n o r t h -  
s o u t h  s t r i k i n g  normal  f a u l t  sys tem i n  t h e  Yukon-Tanana Uplands ,  i n c l u d i n g  a 
l a r g e  s t r u c t u r e  20 m i  t o  t h e  wes t  i n  t h e  Minto F l a t s  a r e a .  The Minto F l a t s  
s t r u c t u r e  d i p s  t o  t h e  w e s t  and h a s  a  v e r t i c a l  d i s p l a c e m e n t  o f  over 2,000 f t  



F i g u r e  12. S t r e a m  f l o w  directions in (a )  hypotentical t ec toc ica l ly  
s t a b l e  s c h i s t  terrane, (b) tectonically a c t i v e  s c h i s t  terrane 
before stream capcure, and (c) tectonically s c t i v e  certane 
a f t e r  s tream capture (figs. 12a and 12b after Lauaer, 1962). 



(Barnes,  1961). The Minto F l a t s  f a u l t ,  which can be t r a c e d  f o r  about 80 m i ,  
appears  t o  o f f s e t  P l e i s t o c e n e  e o l i a n  d e p o s i t s  i n  the Tanana Valley.  

Sur face  evidence f o r  a major s h e a r  zone i n  t he  E s t e r  Dome a r e a  i n c l u d e s  
f a u l t  b r e c c i a  i n  p l a c e r  t a i l i n g s  on Sheep Creek and the  predominance of lower 
grade metamorphic rocks  west of t h e  l i n e a r  f e a t u r e .  The l a c k  of marker h o r i -  
zons i n  t h e  s c h i s t  sequence prec ludes  d e f i n i t i v e  de te rmina t ion  of f a u l t  mo- 
t i o n s  i n  t he  E s t e r  Dome a r e a .  In  t h e  Grant mine near  Happy Creek, north-  
ea s t - t r end ing  gold q u a r t z  v e i n s  a r e  t runca ted  by a north-south s t r i k i n g  f a u l t  
zone; however, t h e  ex t ens ion  of t he  t runca ted  v e i n s  have not  been loca t ed  and 
no o f f s e t s  can be c a l c u l a t e d .  S l i ckens id ing  sugges t s  both d i p s l i p  acd 
s t r i k e s l i p  components. This  f a u l t  system i s  congruent wi th  the  Landsat l i n -  
e a r  f e a t u r e  and i s  des igna ted  the  Moose Creek Shear ( f i g .  7 ) .  

P l a c e r  d r i l l  r eco rds  f o r  t h e  Sheep Creek and Goldstream a r e a  d e f i n e  a 
bedrock h i g h  a t  t h e  confluence of t he  two c reeks .  To the  e a s t  bedrock drops  
o f f  r a p i d l y ,  whereas t he  s l o p e  i s  l e s s  s t e e p  t o  t h e  west .  This bedrock high 
i s  an expres s ion  of an  e a r l i e r  s t ream d i v i d e .  Movement a long  the  Moose Creek 
Shear caused increased  headward migra t ion  of t he  proto-lower Goldstream Creek 
t o  t he  d i v i d e  and, u l t i m a t e l y ,  c a p t u r e  of proto-upper Goldstream Creek, which 
p rev ious ly  had flowed southward t o  t h e  Chena River .  Moose, Sheep, Happy, S t .  
P a t r i c k ,  and O'Conner Creeks were a l l  p rev ious ly  f lowing t o  t he  e a s t  by  
s o u t h e a s t  t o  t h e  Chena River  v i a  proto-upper Goldstream Creek. Stream cap- 
t u r e  no t  on ly  caused r e s o r t i n g  of t h e  Sheep Creek p l a c e r  bu t  a f f e c t e d  the  
hydrau l i c s  of t h e  e n t i r e  Goldstream d ra inage ,  r e s u l t i n g  i n  t h e  formation of 
t h e  l a r g e s t  s i n g l e  p l a c e r  i n  t he  reg ion .  

I n  the no r the rn  and n o r t h e a s t e r n  p a r t  of t h e  d i s t r i c t ,  two previous ly  
mapped f a u l t s  (Forbes and o t h e r s ,  1968), t h e  Chatanika V a l l e y  Fau l t  and the  
Cleary Creek Thrus t ,  have a f f e c t e d  the  d ra inages  o f  T reasu re ,  Vaul t ,  Dome, 
L i t t l e  Eldorado, Cleary and Kokomo Creeks. Cleary Creek, which produced 
1,000,000 t r o y  oz p l a c e r  g o l d ,  provided t h e  b e s t  example of s t r u c t u r a l  con- 
t r o l  of s t ream d ra inage  i n  t h i s  p a r t  of the  d i s t r i c t .  The upper reaches  of 
Cleary Creek f low t o  t h e  n o r t h e a s t  whi le  the  Chatanika River ,  which is  the 
main dra inage  system i n  t h e  a r e a ,  f lows southwest .  Willow, Bedrock, and 
Chatham Creeks, all t r i b u t a r i e s  of Cleary Creek, o r i g i n a l l y  d ra ined  d i r e c t l y  
i n t o  t h e  Chatanika. R e l a t i v e l y  f a s t e r  headward migra t ion  of t he  proto-lower 
Cleary Creek a long  the  Cleary Creek Thrus t  caused beheading of Willow, Bed- 
rock, and Chatham Creeks. 

S i m i l a r l y ,  t he  Fairbanks Creek and Fish  Creek d ra inage  system forms a 
major barbed reach t o  t he  L i t t l e  Chena River,  The t r i b u t a r y  s t reams f low 
e a s t  by n o r t h e a s t ,  whereas t he  L i t t l e  Chena River  flows southwest ( f i g .  7). 
Recent geologic  mapping i n  t he  Cleary Creek and Fairbanks Creek a r e a  has  r e -  
s u l t e d  i n  the discovery  of a major east-west  shear zone t h a t  appears  t o  con- 
r r o l  t he  gold-quartz ve in  m i n e r a l i z a t i o n  i n  t h i s  p a r t  of t h e  d i s t r i c t .  The 
shea r  zone d i p s  t o  t he  sou th  a t  45' t o  70" and e x h i b i t s  bo th  s t r i k e - s l i p  and 
r e v e r s e - f a u l t  movements; The s t r u c t u r e  has been  mapped a t  s e v e r a l  lode  de- 
p o s i t  l o c a l i t i e s  over  a  5-mi s t r i k e  l e n g t h ,  whereas p l a c e r  d r i l l i n g  i n  t he  
Fairbanks and' Deep Creek a r e a  sugges t s  t h a t  i t  may extend f o r  ano the r  4 m i  
e a s t .  T h i s  s t r u c t u r e  is  des igna ted  t h e  Fairbanks Creek Shear .  



A second  major  s t r u c t u r e  h a s  been  mapped a l o n g  t h e  v a l l e y  o f  t h e  L i t t l e  
Chena R i v e r  (F. Weber, USGS, p e r s o n a l  commun.). This s t r u c t u r e  s t r i k e s  
n o r t h e a s t - s o u t h w e s t ,  c o n t r o l s  t h e  lower  r e a c h e s  o f  t h e  L i t t l e  Chena R i v e r  
Valley, and is v i s i b l e  a s  an  a e r i a l  and Landsa t  L i n e a r  f o r  a t  l e a s t  50 m i  
(Metz and Wol f f ,  1980) .  

Movement a l o n g  t h e s e  s t r u c t u r e s  a p p a r e n t l y  gave r i s e  t o  the r e l a t i v e l y  
r a p i d  headward m i g r a t i o n  o f  F i s h  Creek,  which r e s u l t e d  i n  t h e  b e h e a d i n g  of  
F a i r b a n k s ,  Bear ,  and S o l o  Creeks .  P r i o r  t o  s t r e a m  c a p t u r e ,  t h e s e  t r i b u t a r i e s  
f lowed  s o u t h e a s t  d i r e c t l y  i n t o  t h e  L i t t l e  Chena d r a i n a g e .  These c a p t u r e s  
caused  r e s o r t i n g  i n  t h e  t r i b u t a r i e s  and t h e  f o r m a t i o n  of t h e  p a y s t r e a k s  in 
upper  F i s h  Creek and F a i r b a n k s  Creek .  The r e a c h e s  o f  F i s h  Creek below t h e  
c o n f l u e n c e  o f  S o l o ,  Bear ,  a n d  F a i r b a n k s  Creeks  s l ~ o u l d  be a r e a s  of p o t e n t i a l  
p l a c e r  a c c u m u l a t i o n .  Seve ra l  s m a l l ,  r e c e n t  mining o p e r a t i o n s  on lower  Fish 
Creek below F a i r b a n k s  Creek have p roven  t h e  e x i s t e n c e  o f  economic c o n c e n t r a -  
t i o n s  of  p l a c e r  g o l d  i n  this a r e a .  

P r e v i o u s  d e s c r i p t i o n s  o f  t h e  r e l a t i o n s h i p  between p l a c e r  f o r m a t i o n  and 
s t r e a m  c a p t u r e  a r e  v e r y  l i m i t e d .  Cox (1879)  d e s c r i b e d  lode-gold  o c c u r r e n c e s  
i n  t h e  s c h i s t  t e r r a n e  a d j a c e n t  t o  the W e l l i n g t o n  F a u l t  i n  New Zea land .  He 
a l s o  n o t e d  t h e  o c c u r r e n c e  of  p l a c e r  g o l d  i n  t h e  s t r e a m s  t h a t  C o t t o n  and 
Lauder l a t e r  d e s c r i b e d  a8 c a p t u r e d  d r a i n a g e s ;  n e i t h e r  C o t t o n  nor  Lauder 
c o n s i d e r e d  t h e  p o s s i b i l i t y  of a r e l a t i o n s h i p  between s t r e a m  c a p t u r e  and 
p lace r -go ld  a c c u m u l a t i o n .  

M e r t i e  (1918b) d e s c r i b e d  t h e  change i n  f low d i r e c t i o n  of  Livengood Creek 
i n  c e n t r a l  Alaska  and n o t e d  t h a t  the s t r e a m  s y s t e m  c o n t a i n e d  t h e  most s i g n i f -  
i c a n t  p l a c e r  d e p o s i t  i n  t h e  Tolovana d i s t r i c t .  D u r i r ~ g  e x a m i n a t i o n  of t h e  
Goodnews Bay p l a c e r  p l a t i n u m  d e p o s i t ,  M e r t i e  (1976) p rov ided  e v i d e n c e  f o r  t h e  
c a p t u r e  of P l a t i n u m  Creek b u t  d i d  n o t  seem t o  r e c o g n i z e  t h e  s i g n i f i c a n t  p a r t  
p l a y e d  by s t r e a m  c a p t u r e  i n  t h e  l o c a l i z a t i o n  o f  t h e  p lacer .  

Smirnov (1976) d i s c u s s e d  t h e  impor tance  of t e c t o n i c  p r o c e s s e s  i n  p l a c e r  
f o r m a t i o n ;  however,  he d i d  n o t  a n a l y z e  t h e  r o l e  o f  i n d i v i d u a l  p r o c e s s e s  i n  
t h e  l o c a l i z a t i o n  of p l a c e r  d e p o s i t s .  

A c o n s i d e r a t i o n  o f  figure 7 d e m o n s t r a t e s  t h a t  most o f  t i re major  p l a c e r  
d e p o s i t s  i n  t h e  F a i r b a n k s  d i s t r i c t  l i e  i n  s t r e a m  systems t h a t  e x h i b i t  ba rbed  
r e a c h e s .  T h e r e f o r e ,  t h e  rework ing  o f  g r a v e l s  caused  by a l t e r a t i o n  of d r a i n -  
a g e s  and changes  i n  s t r eam-f low d i r e c t i o n  must  be t h e  predominant  c o n t r o l  of 
p l a c e r  f o r m a t i o n  i n  t h e  d i s t r i c t .  

P l a c e r  Gold F i n e n e s s  Value 

Metz and Nawkins (1981) d i s c u s s e d  t h e  r e g i o n a l  d i s t r i b u t i o n  of go ld  
f i n e n e s s  v a l u e s  f rom Alaskan  p l a c e r  d e p o s i t s  and rev iewed  t h e  s i g n i f i c a n c e  of 
l o c a l  d i f f e r e n c e  i n  f i n e n e s s  v a l u e s  from p l a c e r  and l o d e  d e p o s i t s .  Des- 
borough (1970) and F o r b e s  (1980) e x p l a i n e d  l o c a l  d i f f e r e n c e s  i n  p l a c e r  g o l d  
f i n e n e s s  v a l u e s  by d e m o n s t r a t i n g  t h e  e x i s t e n c e  o f  s i l v e r  d e p l e t i o n  r i n d s  on 
n u g g e t s  from Ala,skan a l l u v i a l  d e p o s i t s .  The existence o f  sucll r l n d s  i s  a t -  
t r i b u t e d  t o  the g r e a t e r  s o l u b i l i t y  o f  s i l v e r  r e l a t i v e  t o  g o l d  i n  t h e  a l l u v i a l  
env i ronment .  I n c r e a s i n g  t h e  t h i c k n e s s  of  t h e  r i n d  by i n c r e a s e d  t r a n s p o r t  i n  



t h e  a l l u v i a l  environment  ( o r  i n c r e a s i n g  t h e  r e l a t i v e  t h i c k n e s s  o f  t h e  r i n d  by 
d e c r e a s i n g  g r a i n  s i z e  downstream) i s  used  t o  e x p l a i n  i n c r e a s e d  g o l d  f i n e n e s s  
away f rom t h e  l o d e  s o u r c e .  

Gold f i n e n e s s  v a l u e s  (AU/(AU + Ag)) x 1,000 from b o t h  S d t h  (1913b) and 
t h i s  i n v e s t i g a t i o n  a r e  shown on f i g u r e  7 .  In  a d d i t i o n ,  t h e  f i n e n e s s  v a l u e s  
f o r  p l a c e r s  on Pedro-Goldstream, Dome, C l e a r y ,  and F a i r b a n k s  Creeks  were  
p l o t t e d  as a  f u n c t i o n  of d i s t a n c e  downstream from p r o b a b l e  l o d e  s o u r c e s  
( f i g s .  13-16). The f i g u r e s  i n c l u d e  t h e  l o c a t i o n  o f  t h e  t r i b u t a r y  s t r e a m s  and 
t h e  f i n e n e s s  v a l u e  o f  t r i b u t a r y  p l a c e r s .  The f i n e n e s s  v a l u e - d i s t a n c e  p l o t s  
were t h e n  f i t t e d  t o  a  po lynomia l  f u n c t i o n  and r e g r e s s i o n  c o e f f i c i e n t s  ( R ~ )  
v a l u e s  were  c a l c u l a t e d .  

I n  t h e  Pedro-Goldstream sys tem ( f i g .  12), g o l d  f i n e n e s s  i n c r e a s e s  20 /mi l  
w i t h i n  the f i r s t  % m i  below t h e  Rainbow mine a t  t h e  s i t e  of t h e  f i r s t  major  
a l l u v i a l  workings .  The f i n e n e s s  changes  by 6 0 / m i l  o v e r  t h e  remain ing  10.5-mi 
e x t e n t  of t h e  placer work ings .  The g r a d i e n t s  a r e  t h u s  4 0 / m i l  per mile up t o  
t h e  a l l u v i a l  d e p o s i t s  and 6 / m i l  p e r  m i l e  i n  t h e  p l a c e r  env i ronment .  The re -  
gression c o e f f i c i e n t  f o r  t h e  po lynomia l  i s  0 . 9 4 ,  i n d i c a t i n g  a  r e l a t i v e l y  p r e -  
d i c t a b l e  change i n  f i n e n e s s .  

F i n e n e s s  v a l u e s  i n c r e a s e  below t h e  c o n f l u e n c e s  o f  G r a n i t e ,  Flume, and 
Gi lmore  Creeks  w i t h  t h e  main d r a i n a g e  sys tem.  These i n c r e a s e s  r e f l e c t  t h e  
h i g h e r  f i n e n e s s  of t h e  t r i b u t a r y  s t r e a m s  and may g i v e  a  s e m i q u a n t i t a t i v e  v a l -  
ue f o r  t h e  r e l a t i v e  c o n t r i b u t i o n  of g o l d  from t h e  t r i b u t a r y  t o  t h e  main chan- 
n e l .  I n  t h e  c a s e  o f  G r a n i t e  Creek ,  t h e  change  may i n d i c a t e  t h e  p r e s e n c e  o f  a 
s i g n i f i c a n t  p l a c e r  i n  t h e  t r i b u t a r y  or a new lode  s o u r c e  of h i g h e r  f i n e n e s s .  

The Dome Creek  p l o t  (fig. 14)  shows a n  i n c r e a s e  i n  f i n e n e s s  of 30 p e r  
m i l  i n  t h e  t h r e e - q u a r t e r  m i l e  d i s t a n c e  from t h e  Soo mine,  a change o f  4 0 / m i l  
p e r  m i l e .  The change i n  f i n e n e s s  f o r  t h e  remainder  of t h e  p l a c e r  d e p o s i t  i s  
6 / m i l  p e r  m i l e  and i s  v e r y  un i fo rm w i t h  R~ = 0 .97 .  

The p l a c e r - g o l d  f i n e n e s s  v a l u e s  f o r  C l e a r y  Creek ( f i g .  15) a r e  much l e s s  
r e g u l a r  w i t h  II2 = 0.87. This i s  a  r e f l e c t i o n  of t h e  m u l t i p l e  l o d e  s o u r c e  
a r e a s  on t h e  r i d g e  between C l e a r y  and F a i r b a n k s  Creek (fig. 7 ) .  The f i n e n e s s  
v a l u e s  i n c r e a s e  2 3 l m i l  i n  t h e  f i r s t  2 m i  below t h e  C l e a r y  H i l l  mine ,  o r  
92/mil p e r  m i l e ,  whereas  i n  t h e  r e s t  o f  t h e  d r a i n a g e  t h e  v a l u e s  i n c r e a s e  by 
an a v e r a g e  of 7 / m i l  p e r  m i l e ,  The expec ted  v a l u e  below LuLu Creek i s  
8 7 9 / m i l ,  whereas  t he  a c t u a l  i n c r e a s e d  v a l u e  i s  86 l / m i l ,  t h u s  s u g g e s t i n g  an 
a l t e r n a t e  l o d e  s o u r c e  a r e a .  

The p l o t  f o r  F a i r b a n k s  Creek ( f i g .  16)  shows a n  i n c r e a s e  i n  f i n e n e s s  of 
78/mil  p e r  m i l e  from t h e  Hi-Yu mine t o  t h e  f i r s t  major  p l a c e r .  The f i n e n e s s  
o n l y  i n c r e a s e s  5 / m i l  o v e r  t h e  r e m a i n i n g  5 m i  o f  t h e  d e p o s i t .  The t r i b u t a r i e s  
o f  lower  F a i r b a n k s  Creek e i t h e r  have f i n e n e s s  v a l u e s  comparable  t o  t h e  values 
i n  t h e  main d r a i n a g e  o r  have n o t  made a  s i g n i f i c a n t  c o n t r i b u t i o n  t o  t h e  t o t a l  
volume of p l a c e r  g o l d .  The change i n  f i n e n e s s  v a l u e s  from t h e  McCarty mine 
(814 f i n e )  on upper  F a i r b a n k s  Creek  i s  42 /mi l  p e r  m i l e  from t h e  mine t o  t h e  
f i r s t  p l a c e r  ( f i g .  7 ) .  The change i s  s i m i l a r  t o  t h e  r a t e s  of change n o t e d  
f o r  t h e  o t h e r  drainage s y s t e m s .  
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These d a t a  s u g g e s t  t h a t  t h e  predominant  change i n  a l l u v i a l  g o l d  f i n e n e s s  
t a k e s  p l a c e  i n  t h e  w e a t h e r i n g  and e r o s i o n a l  environment  r a t h e r  t h a n  i n  t h e  
p l a c e r  d e p o s i t i o n a l  env i ronment .  Because t h e  change i n  g o l d  f i n e n e s s  v a l u e  
i n  t h e  a l l u v i a l  environment  is s m a l l ,  t h e s e  changes  may n o t  r e f l e c t  change i n  
f low d i r e c t i o n  c a u s e d  by s t r e a m  c a p t u r e .  Gold f i n e n e s s  v a l u e s  thus must b e  
used w i t h  c a u t i o n  i n  p l a c e r  e x p l o r a t i o n  and e v a l u a t i o n .  

SUMMARY AND CONCLUSIONS 

P l a c e r  d e p o s i t s  o f  t h e  F a i r b a n k s  d i e t r i c t  o c c u r  i n  s t r e a m s  t h a t  d r a i n  
a r e a s  af toe tavo lcan ic  r o c k s  o f  t h e  C l e a r y  sequence  of t h e  Yukon-Tanana Up- 
l a n d s  S c h i s t .  Two d i s t i n c t  t y p e s  o f  l o d e  s o u r c e s  have been  i d e n t i f i e d ,  each  
w i t h  d i f f e r e n t  g o l d  g r a i n - s i z e  d i s t r i b u t i o n s .  Premetamorphic  s u l f i d e  l e n s e s  
c o n t a i n  f i n e - g r a i n e d  g o l d  ( < I  mg),  whereas  postmetamorphic  g o l d - q u a r t z - s u l -  
f i d e  v e i n s  c o n t a i n  f i n e -  t o  c o a r s e - g r a i n e d  g o l d .  Commercial g o l d  p l a c e r  op- 
e r a t i o n s  t o  d a t e  have been l i m i t e d  t o  p rox imal  h igh-grade  g o l d  a c c u m u l a t i o n s .  
F ine -g ra ined  g o l d  from f i n e  premetamorphic  b e d r o c k  s o u r c e s  would be t r a n s -  
p o r t e d  g r e a t e r  d i s t a n c e s  and may have accumula ted  i n  d i s t a l  t e r r a c e  o r  b u r i e d  
p l a c e r  d e p o s i t s .  

The s u r f i c i a l  d e p o s i t i o n a l  c o n t r o l s  l e a d i n g  t o  f o r m a t i o n  of commercia l  
p l a c e r s  i n c l u d e :  

1) D e p o s i t i o n  i n  s t r e a m s  w i t h  r e g u l a r  g r a d i e n t s  r e f l e c t i n g  s t r e a m  ma- 
t u r i t y  and s u f f i c i e n t  t i m e  f o r  p l a c e r  f o r m a t i o n .  

2 )  P l a c e r  v a l u e s  a r e  c o n c e n t r a t e d  on o r  n e a r  bedrock  i n  r e a c h e s  o f  
s t r e a m s  w i t h  g r a d i e n t s  l e s s  t h a n  440 f t / m i .  

3 )  P l a c e r  f o r m a t i o n  took  p l a c e  under  c o n d i t i o n s  of h igh  d i s c h a r g e  
r a t e s  r e l a t i v e  t o  t h o s e  found i n  t h e  p r e s e n t  s t r e a m  s y s t e m s .  

4 )  P l a c e r  g o l d  f i n e n e s s  v a l u e s  i n c r e a s e  s y s t e m a t i c a l l y  downstream; 
however,  r a t e s  o f  change are g r e a t e s t  i n  the w e a t h e r i n g  and e r o -  
s i o n a l  environment  r a t h e r  t h a n  i n  t h e  p l a c e r  d e p o s i t i o n a l  e n v i r o n -  
ment.  

5 )  Most o f  t h e  major  p l a c e r  d e p o s i t s  o c c u r  i n  s t r e a m s  with barbed  
d r a i n a g e s .  S e v e r a l  of t h e s e  barbed d r a i n a g e s  c a n  be  r e l a t e d  t o  
basement s t r u c t u r e a .  St ream c a p t u r e  and t h e  a l t e r a t i o n  of s t r e a m  
f low by basement s t r u c t u r e  was t h e  most i m p o r t a n t  f a c t o r  i n  produc-  
i n g  economic c o n c e n t r a t i o n s  of g o l d  i n  t h e  p l a c e r  d e p o s i t s .  
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Geophys ica l  t e c h n i q u e s  can be  v e r y  b e n e f i c i a l  d u r i n g  b o t h  p l a c e r  exp lo -  
r a t i o n  and mine deve lopment .  Geophys ica l  t e c h n i q u e s  c a n  h e l p  t o  d e t e r m i n e :  

1) T h i c k n e s s  and c h a r a c t e r  o f  overburden  

2) Depth,  c o n f i g u r a t i o n ,  and n a t u r e  o f  bedrock s u r f a c e  

3 )  Depth and c o n f i g u r a t i o n  o f  g roundwate r  s u r f a c e  

4 )  The e x i s t e n c e ,  d e p t h  and c o n f i g u r a t i o n  of ground i c e  

5) The  s u b s u r f a c e  l o c a t i o n  o f  magne t i c  m i n e r a l s .  

Geophys ica l  t e c h n i q u e s  have s e v e r a l  a d v a n t a g e s  i n  d e l i n e a t i n g  s u b s u r f a c e  
c o n d i t i o n s  o v e r  c o n v e n t i o n a l .  d r i l l i n g  and d i g g i n g .  G e o p h y s i c a l  t e c h n i q u e s  d o  
no t  d i s t u r b  t h e  g round ,  i s  f a i r l y  p o r t a b l e  ( abou t  t h e  s i z e  o f  a s u i t c a s e ) ,  
and c a n  s u r v e y  a r e a s  i n a c c e s s i b l e  t o  d r i l l i n g .  G e o p h y s i c a l  s u r v e y s  can be  
performed by a minimum of p e r s o n n e l  i n  a r e l a t i v e l y  s h o r t  t ime  ( g e n e r a l l y  
w i t h i n  a few d a y s ) .  I n  a d d i t i o n ,  g e o p h y s i c a l  s u r v e y s  a r e  r e l a t i v e l y  inexpen-  
s i v e .  

The more common g e o p h y s i c a l  techniques-- -se ismic  r e f r a c t i o n  and r e f l e c -  
t i o n ,  r e s i s t i v i t y ,  magne t i c  s u r v e y s ,  c o n d u c t i v i t y ,  and g r a v i t y  surveys-- -are  
d i s c u s s e d  below, a l o n g  w i t h  t h e i r  a p p l i c a b i l i t y  t o  p l a c e r  min ing  and a v e r a g e  
c o s t .  

S e i s m i c  R e f l e c t i o n  and R e f r a c t i o n  

In s e i s m i c  surveys,  a s e i s m i c  wave i s  g e n e r a t e d  i n  t h e  e a r t h  by d e t o n a t -  
i n g  e x p l o s i v e  c h a r g e s  o r  s i m p l y  by s t r i k i n g  t h e  ground w i t h  a  s l e d g e  hammer. 
A s t r i n g  of s e n s o r s  (geophones ) ,  p l a c e d  t o  r e c o r d  t h e  t i m i n g  of t h e  p ropa-  
g a t i o n  o f  t h e  s e i s m i c  wave produced,  c a n  p r o v i d e  i n f o r m a t i o n  on t h e  d e p t h  t o  
bedrock ,  t h e  c o n f i g u r a t i o n  of t h e  bedrock  s u r f a c e ,  and v a l l e y s  and c h a n n e l s  
i n  the bedrock .  Under f a v o r a b l e  c o n d i t i o n s ,  t h e s e  s u r v e y s  can a l s o  p r o v i d e  
i n f o r m a t i o n  on t h e  t y p e  o f  bedrock ,  t y p e  o f  b u r i e d  s e d i m e n t s ,  l o c a t i o n  o f  the 



groundwater t a b l e ,  and even depth and th i cknes s  of  ground i c e .  Seismic su r -  
veys a r e  hampered by r a i n  and wind, which can c r e a t e  s u r f a c e  n o i s e  t h a t  can 
i n t e r f e r e  w i th  t h e  survey;  pe tmafros t  o r  f rozen  t e r r a i n  can a l s o  i n h i b i t  d a t a  
i n r e r p r e  t a t i o n s .  

A two-man s e i s m i c  crew can cover  1,000 l i n e  f t  of survey  per  day ,  de- 
pending on v e g e t a t i o n  cover  and topography. Est imated f i e l d  c o s t s  a r e  about  
$2,00O/day; d a t a  i n t e r p r e t a t i o n  c o s t s  about  $1,00O/day. The t o t a l  c o s t  o f  a 
s e i smic  survey  ave rages  from $3 t o  $5 p e r  l i n e  f o o t .  

Magnetic Surveys 

Ground magnet ic  surveys ,  commonly used  i n  p l a c e r  e x p l o r a t i o n ,  measure 
t h e  magnet ic  s i g n a t u r e  of t h e  subsu r f ace  m a t e r i a l s .  The most common magnetic 
mine ra l  is  magnet i te  , a 1  though c h l o r i t e ,  p la t inum,  and even some types  of 
g a r n e t s  may a l s o  r e g i s t e r  on the magnet ic  survey .  Because gold and magnet i te  
commonly occur  i n  roughly p r o p o r t i o n a t e  amounts, magnetic surveys h e l p  d e l i n -  
e a t e  p a y s t r e a k s .  Thia  conc lus ion  was f i r s t  documented by Henry J u s t i n  of t h e  
Alaska T e r r i t o r i a l  Department of Mines i n  1939. 

When performing a magnet ic  survey,  t h e  f l u c t u a t i o n  of t h e  e a r t h ' s  mag- 
n e t i c  f i e l d  must be monitored and t h e  changes i n  i t  must be removed from t h e  
d a t a  t o  o b t a i n  t he  exac t  magnet ic  s i g n a t u r e  o f  t h e  subsu r f ace  m a t e r i a l s .  The 
e a r t h ' s  magnetic f i e l d  can be monitored by a s t a t i o n a r y  s e l f - r eco rd ing  base 
s t a t i o n .  

I n  some c a s e s ,  a magnetic dec rease  can sugges t  a p o s s i b l e  d e p o s i t  t h a t  
may, f o r  some reason ,  have a l o w  magnetic s i g n a t u r e .  

Magnetic surveys  work only  i f  t h e r e  a r e  magnetic mine ra l s  i n  t h e  
p l a c e r s ;  they cannot  y i e l d  in format ion  on t h e  bedrock u n l e s s  the  pay channel  
occu r s  d i r e c t l y  on t o p  of i t .  

Magnetic surveys  u s u a l l y  r e q u i r e  only one o p e r a t o r ,  a l t hough  2- o r  3-man 
crews i n c r e a s e  the  p r o d u c t i v i t y .  A t  25-f t  i n t e r v a l s ,  2 t o  3 m i  of l i n e s  can 
be surveyed pe r  d a y .  I n  open t e r r a i n s ,  up t o  15,000 l i n e  f t  can be surveyed 
i n  a day. Thick brush can l i m i t  su rveys  t o  2,000 l i n e  ft/day. Magnetic s u r -  
veys c o s t  $600 t o  $1,20O/day. 

R e s i s t i v i t y  

In ga lvan ic  resistivity su rveys ,  two e l e c t r o d e s  a r e  placed i n t o  t h e  
ground and an  e l e c t r i c  charge is app l i ed  t o  one of them. The r e s u l t a n t  
measured p o t e n t i a l  p rovides  i n fo rma t ion  about  t h e  p r o p e r t i e s  of  t h e  m a t e r i a l s  
t h a t  t h e  c u r r e n t  is  t r a n s m i t t e d  through.  

Because v a r i o u s  s i z e  f r a c t i o n s  of  m a t e r i a l s  have d i f f e r i n g  r e s i s t a n c e  t o  
e l e c t r i c a l  c u r r e n t s ,  t h e  s i z e  of t h e  subsu r f ace  sediment p a r t i c l e s  can be 
i n t e r p r e t e d .  Groundwater and ice can a l s o  be d e l i n e a t e d ,  making r e s i s t i v i t y  
surveys  s u i t a b l e  f o r  permafrost  t e r r a i n s .  



I n t e r p r e t a t i o n  of r e s i s t i v i t y  i n fo rma t ion  is d i f f i c u l t ,  a l though spe-  
c i a l l y  designed computer programs a r e  a  g r e a t  h e l p .  

R e s i s t i v i t y  s t u d i e s  a r e  time-consuming and r e l a t i v e l y  expensive because 
of t h e  l e n g t h  of s e t u p  time and t h e  d i f f i c u l t y  of i n t e r p r e t a t i o n .  A r e s i s -  
t i v i t y  survey  can cover  100 t o  500 l i n e  f t / d a y  a t  a c o s t  of up t o  $1,50O/day. 
The time r equ i r ed  f o r  i n t e r p r e t a t i o n  can be almost  as long  as  t h e  l e n g t h  of 
t ime r e q u i r e d  f o r  t h e  survey.  However, r e s i s t i v i t y  su rveys  provide  e x c e l l e n t  
i n fo rma t ion ,  p a r t i c u l a r l y  when combined wi th  s e i smic  surveys. 

Conduct iv i tv  (Elec t romannet ics )  

Conduct iv i ty ,  o r  e l ec t romagne t i c ,  surveys  i nvo lve  producing an e l e c -  
t r i c a l  c u r r e n t  through a  c o i l .  The c o i l  is  run over  t h e  ground and  another  
c o i l  wi th  a d e t e c t o r  t r a i l s  i t ,  measuring the  p o t e n t i a l  induced i n t o  t h e  
ground by t h e  c u r r e n t .  Electromagnet ic  surveys, which have been used i n  
l o c a t i n g  mine ra l  d e p o s i t s  l o c a t e d  under cons ide rab l e  g l a c i a l  overburden,  can 
be used t o  d e l i n e a t e  subsu r f ace  s t r u c t u r e s  and conduct ive  s u r f a c e s  i n  bed- 
rock,  overburden,  and pay channels .  

E lec t romagnet ic  surveys a r e  r e l a t i v e l y  inexpens ive  (average o f  
$1,00O/line mi) and can b e  used i n  permafros t  t e r r a i n s .  

Gravity 

Gravi ty  surveys  have been used t o  d e l i n e a t e  t h e  c o n c e n t r a t i o n s  of  
h igh-dens i ty  m a t e r i a l s  and groundwater channels .  Gravity su rveys  can be per-  
formed quickly and inexpens ive ly ,  and d a t a  i n t e r p r e t a t i o n  i s  no t  a s  d i f f i c u l t  
a s  o t h e r  geophys ica l  t e chn iques .  Gravi ty  surveys  have been used s u c c e s s f u l l y  
i n  the i r o n  i n d u s t r y ,  a l though they a r e  n o t  p a r t i c u l a r l y  u s e f u l  i n  gold ex- 
p l o r a t i o n .  

Conclusion 

Geophysical surveys  can provide v a l u a b l e  i n fo rma t ion  not  only i n  explo- 
r a t i o n  f o r  p l a c e r  d e p o s i t s  bu t  f o r  d e l i n e a t i n g  pay channe l s ,  l o c a t i n g  t a r g e t s  
f o r  d r i l l i n g ,  and p lanning  t h e  o v e r a l l  de s ign  of t h e  min ing  ope ra t i on .  

O f  t h e  geophys ica l  t echniques  t h a t  have proved u s e f u l  t o  p l a c e r  explora-  
t i o n ,  c o n d u c t i v i t y  and magnet ic  surveys a r e  t h e  most inexpens ive .  However, 
t he se  r e q u i r e  s p e c i a l  c i rcumstances  (conduct ive  s u r f a c e s  f o r  e l ec t romagne t i c s  
and the presence  of magnet ic  mine ra l s  f o r  magnet ics ) .  Nagnet ic  surveys  can 
be done i n  a l l  t e r r a i n s  and dur ing  a l l  seasons .  

R e s i s t i v i t y  and se i smic  surveys a r e  comparat ively expensive and invo lve  
some seasona l  l i m i t a t i o n s .  I n t e r p r e t a t i o n  of r e s i s t i v i t y  d a t a  is expensive 
and g e n e r a l l y  r e q u i r e s  s p e c i a l l y  des igned  computer programs. However, when 
combined, r e s i s t i v i t y  and se i smic  surveys  can provide e x c e l l e n t  in format ion  
on t h e  subsu r f ace  c o n d i t i o n s .  





COUNTERCURRENT SLUICING ON KETCHEM CREEK 

Fred Wilkinson 
Box 1 

C e n t r a l ,  Alaska 99730 

INTRODUCTION 

The Ketchem Creek p l a c e r  mine  has  been in o p e r a t i o n  f o r  s e v e r a l  yea r s .  
I n  1986, the Department of  Environmental Conservation-Department of Natural 
Resources awarded a placer-demonstrat ion g r a n t  t o  test t h e  e f f i c i e n c y  of a  
coun te rcu r r en t  s l u i c e ,  o r  vanner ,  a t  t h i s  mine. 

The s t ream grave l s  i n  t h e  Ketchem Creek Val ley  o v e r l i e  weathered g r a n i t e  
bedrock. The white  decomposed bedrock is r e a d i l y  i d e n t i f i a b l e  from t h e  
s t ream g r a v e l .  S e v e r a l  f e e t  of t h e  uppermost g r a v e l  i s  s t r i p p e d ,  a long  w i t h  
the  v e g e t a t i v e  cover  and silt .  A f o o t  o r  more of  t h e  under ly ing  bedrock i s  
s l u i c e d ,  a long  wi th  the lower 6 t o  8 f r  of gold-bear ing g r a v e l .  Enough 
bedrock i s  taken t o  ensure that go ld  i s  n o t  l e f t  behind.  

A s  t h e  amount of  decomposed g r a n i t e  bedrock i n c r e a s e s ,  t h e  p ropor t i on  of 
sand-s ize  m a t e r i a l  i n c r e a s e s  g r e a t l y .  The decomposed g r a n i t e  i s  almost h a l f  
sand-size p a r t i c l e s .  The c l ay  and boulder  con ten t  of  the g r a v e l  does  n o t  
impede washing and mining. 

T H E  TROMMEL 

Our trommel, first b u i l t  i n  1985 ( f i g .  l ) ,  was modif ied from a des ign  
p r e s e n t e d  by J o e  Vogler a t  a n  e a r l i e r  P l a c e r  Mining Conference. It i s  8 f t ,  
9  i n .  i n  d iameter  and 27  it long .  I n  the f i r s t  1 7  ft are c a t e r p i l l a r  D-9 
t r a c k  r a i l s ,  which a c t  a s  r e t a i n e r s .  The ra i ls  produce an e x c e l l e n t  sc rub-  
b ing  a c t i o n .  The lower 7 f t  h a s  r e c t a n g u l a r  2-in.-high hardened bars  spaced 
? i n .  a p a r t ,  g i v i n g  a 50 pe rcen t  open a r e a .  

I n  t h e  first p a r t  of t h e  g r a n t  p r o j e c t ,  before  o p e r a t i o n  of t h e  counter-  
c u r r e n t  s l u i c e ,  t h e  trommel had  c l a s s i f i e d  t o  2 i n .  To add c l a s s i f i c a t i o n  
f u r t h e r ,  a 314-in. s c r e e n  ( f i g .  2) was a t t a c h e d  t o  i t .  Welded c o n c e n t r i c a l l y  
around the  2-in. b a r s ,  t h e  s c r e e n  made t h i s  a t r u e  two-stage trommel c l a s s i -  
f i c a t i o n  system. 

Overs ize  rock ,  from both  t h e  2-in. and 314-in. f r a c t i o n s ,  f a l l s  i n t o  the 
same t a i l i n g s  p i l e .  T a i l i n g s  from bo th  t h e  wash p l a n t  and t h e  trommel are 
b a i l e d  ou t  of a small pond. Water f lows ou t  of t h e  small  pond through t h e  
t a i l i n g s  r ace  i n t o  a  l a r g e  s e t t l i n g  pond. 

The trommel is powered by an 85-kw C a t e r p i l l a r  g e n e r a t o r .  I t  is d r iven  
by a 50-hp e l e c t r i c  motor through a Dodge shaft-mounted gearbox w i t h  a 25:l 
gear r a t i o .  The gear  box i s  mounted between two p i l l a r  b locks .  The sump 



Figure 1. Trommel washing plant  and s l u i c e  box before Placer 
Demonstration Grant p r o j e c t ,  Ketchem Creek mining operation.  

Figure 2. Trommel w i t h  second-stage 314-in. screen used  during 
gran t  project .  



d r i v e  c h a i n  is a C a t e r p i l l a r  D-3 s e a l e d  and l u b r i c a t e d  t r a c k  c h a i n  t h a t  sur -  
rounds the b a r r e l .  

The trommel is c rad l ed  on D-9 r o l l e r s  t h a t  r i d e  on a 3- in . -h igh  hardened 
ba r  s tock .  A t h r u s t  r o l l e r  is no t  needed. The r o l l e r s  o s c i l l a t e  i n  a  bogie  
system, doubl ing  t h e  bea r ing  s u r f a c e .  

The trommel r evo lves  a t  8 rpm, which w e  f e e l  i s  f a s t e r  t han  necessary .  
I t  w i l l  be slowed t o  6 rpm w i t h  the i n s t a l l a t i o n  of a  s lower motor t h i s  yea r .  

PLAN OF OPERATION 

Water is pumped downstream wi th  an  8-in.-diam C r i s a f u l l i  pump, which i s  
supplemented wi th  a 6-in.-diam pump t h a r  r e c i r c u l a t e s  water  from the down- 
s t ream pond. About 2,000 gpm is  used by t h e  washing and s l u i c i n g  p l a n t .  

S t r i p p i n g  and s t o c k  p i l i n g  of  g r a v e l s  i s  done w i t h  a s i n g l e  D-9 
C a t e r p i l l a r .  The s t o c k p i l e d  gravel  i s  f e d  t o  t h e  washing p l a n t  w i th  a 245 
excava to r .  T a i l i n g s  from t h e  trommel and s l u i c e  a r e  b a i l e d  from a  wet sump, 
o r  p r e s e t t l i n g  pond (along wi th  a  s i g n i f i c a n t  p a r t  of t he  fines), by a 
Manitowe 3600 d r a g l i n e ,  which has  83 f t  of  boom and a 3%-yd3 bucket .  

The s l u i c e  handles  100 t o  135 yd3 /h r .  With c l a s s i f i c a t i o n  t o  2 i n . ,  t h e  
trommel could be  fed about  200 yd3/hr  (70 percent  minus 2 i n . ) ,  depending on 
the  amount of f i n e  g r a n u l a r  bedrock i n  t h e  f eed .  An excess  of f i n e s  would 
over load  t h e  64-in.-wide s i n g l e - s e c t i o n  s l u i c e  box; sandbars  would b u i l d  up 
and feed r a t e s  would have t o  be reduced.  

With c l a s s i f i c a t i o n  t o  2 i n . ,  t h e  s l u i c e  encountered no t ab l e  r i f f l e  
packing.  With a d d i t i o n a l  c l a s s i f i c a t i o n  and washing t o  314 i n .  and t h e  use 
of a h y d r a u l i c  l i f t ,  t h e  r i f f l e s  s tayed  open and unpacked much l o n g e r .  

The r i f f l e  packing produced a  l o s s  i n  gold recovery and consumed ope ra t -  
i n g  time f o r  c leanups.  To s o l v e  t h i s ,  t h e  s e l f - c l e a n i n g  coun te rcu r r en t  
s l u i c e  ( f i g .  3) was designed and b u i l t ,  p a r t l y  wi th  the  P l ace r  Demonstration 
Grant .  

COUNTERCURRENT SLUICE 

Gold l o s s  from a s l u i c e  box ks known t o  i n c r e a s e  a s  t h e  s l u i c i n g  time 
between c l eanups  i n c r e a s e s .  The S t a t e  of Alaska g r a n t  program f o r  i nnova t ive  
f ine-gold recovery p a r t i a l l y  funded t h e  development of a cont inuous ly  
s e l f - c l ean ing  s l u i c e .  

The coun te rcu r r en t  s l u i c e ,  o r  ' vanne r , '  is a cor ruga ted  s i d e w a l l  convey- 
o r  b e l t  t h a t  t r a v e l s  upstream whi le  minus 314-in. g r a v e l  f lows down and 
a c r o s s  t h e  r i f f l e d  b e l t  s u r f a c e .  t i g h t e r  t a i l i n g s  wash down t h e  b e l t  and o f f  
i n t o  a wet sump ( p r e s e t t l i n g  pond). Gold and o t h e r  heavy mine ra l s  a re  
c leaned  from t h e  b e l t  by sp ray  j e t s  a t  t h e  b e l t  t u r n  a t  t h e  upper end. 

The r i f f l e  s u r f a c e  f o r  t h e  conveyor was c a r e f u l l y  t e s t e d  i n  1985. Un- 
f o r t u n a t e l y ,  i t  was t e s t e d  a t  a reduced ( l a b o r a t o r y )  s c a l e .  Fu l l - s ca l e  t e s t -  



F i g u r e  3 .  'Vanner' p l a n t  i n  operation, Ketchem Creek mining 
opera t ion .  

Figure  4 .  Slick p l a t e  
wi th  slotted edge 
feedlog vanner b e l t .  
Note corrugated b e l t  
and rubber r i f f l e s .  



i n g  achieved very  poor recovery ,  p a r t i c u l a r l y  i n  t h e  c o a r s e r  s i z e  f r a c t i o n s ;  
t h i s  was no t  expected.  

Mechanically f u n c t i o n a l ,  though i n  need of a new r i f f l e  des ign ,  t h e  
vanner was f ed  through an  8-in.-diam gum-rubber l i n e  by a  hydrau l i c  l i f t .  
The l i f t  was powered by an Ash 6-in.-diam rubber- l ined s l u i c i n g  pump, which  
may no t  have func t ioned  p e r f e c t l y  e i t h e r  b u t  was a v a i l a b l e  f o r  t h e  p r o j e c t .  
The pump i n j e c t e d  water, under p re s su re ,  i n t o  t he  j e t e 1  pump (hydrau l i c  l i f t )  
t h a t  scavenged minus 314 i n .  g r a v e l  from the bottom of a t ape red  hopper. 

The m a t e r i a l  was s p l i t  i n t o  two o u t l e t s ,  run a c r o s s  a s h o r t  s l i c k  p l a t e  
and dropped about  1 i n .  i n t o  t he  rubber  r i f f l e s  of t h e  coun te rcu r ren t  s l u i c e  
b e l t  ( f i g .  4 ) .  

Once om t h e  b e l t ,  t he  gold was supposed t o  s e t t l e  i n t o  rubber  r i f E l e s  
and then  be washed i n t o  a hopper as t h e  conveyor b e l t  turned over .  
Gold-bearing concen t r a t e  then  passed a c r o s s  one of two W i l l i n s  j i g s .  T a i l -  
i ngs  from t h e  j i g s  passed through a  12-in.-long tom wi th  indoor-outdoor car -  
p e t i n g  a s  a  f i n a l  recovery  check. Concent ra tes  from t h e  j i g s  could be  tapped 
d a i l y .  

The b e l t s  were driven by a 3/4-hp v a r i a b l e - d r i v e  motor a t  a speed of 1 
t o  10 f t /min.  The motor was coupled by a  worm d r i v e  and a cha in  d r i v e  t o  t h e  
head p u l l e y s  of t h e  conveyor. 

The vanner b e l t s  were a d j u s t a b l e  1% t o  1-5/8 in./fr. 

When t e s t i n g  confirmed l o s s e s  i n  the coa r se  gold s i z e  f r a c t i o n ,  t h e  
vanner machine was s e t  a s i d e  and the  s l u i c e  box was r e tu rned  t o  o p e r a t i o n  
(fig. 5) . This  allowed t h e  s l u i c e  t o  be compared t o  t he  vanner under i d e n t i -  
c a l  c o n d i t i o n s .  Notable r educ t ion  i n  r i f f l e  packing were d iscovered  w i t h  t h e  
a d d i t i o n a l  c l a s s i f i c a t i o n  t o  314 i n .  and washing from the h y d r a u l i c  l i f t .  

The most no tab le  f e a t u r e  of t he  improved s l u i c e  box i s  the  i n d i v i d u a l  
mounting of t he  r i f f l e s  ( f i g .  6 ) .  Th i s  sluice box i s  easy t o  disassemble and 
c l ean .  Because of the speed o f  disassembly,  t he  time between cleanups i s  
reduced, which i n  t u r n  r educes  l o s s e s  due t o  r i f f l e  packing and loading  with 
heavy mine ra l s .  

CONCLUSION 

A s  t e s t e d ,  t h e  coun te rcu r ren t  s l u i c e  needs a n  improvement i n  i t s  r i f f l e  
des ign  t o  become an e f f i c i e n t  gold-recovery p l a n t .  The s l u i c e  box t o  which 
che vanner was compared, however, was extremely e f f i c i e n t  (over 98 pe rcen t  
r ecove ry ) .  'The  e f f i c i e n c y  of t h e  convent iona l  s l u i c e  was a t t r i b u t e d  t o  t h e  
a d d i t i o n a l  c l a s s i f i c a t i o n  from 2 in .  t o  minus 3 1 4  i n . ,  the  even f eed ,  and the 
added washing wi th  the use of a  hydrau l i c  l i f t .  



Figure 5. Trammel washing p l a n t  and s l u i c e  a f t e r  g r a n t  
project, Ketchem Creek mining operation.  

Figure 6 .  Individually mounted riffles. 



DRILLING AND BLASTING IN PERKUROST AT THE WILBUR CREEK KINE 

David R. Z i e g l e r  
Graduate S tuden t ,  Mis sou r i  School of Mines 

Un ive r s i t y  of Missour i ,  Ro l l a .  Missouri 65401 

A 3  STRACT 

Because of r e g u l a t o r y  c o n s t r a i n t s ,  t h e  o p e r a t o r  on Wilbur Creek is  at -  
tempting t o  use modern underground-mining methods a t  his p l a c e r  mine, a deep- 
l y  bu r i ed  bench d e p o s i t .  Though d r i l l i n g  and b l a s t i n g  i n  permafros t  has been 
s t u d i e d  e l sewhere ,  i t s  appLica t ion  to p l a c e r  mining is not common i n  t h i s  
coun t ry ,  and study of t h e  methods may a i d  i n  t h e  development of s i m i l a r  de- 
p o s i t s .  Small-diameter b l a s t h o l e s  are d r i l l e d  with a single-boom hydraulic 
jumbo. The machine can d r i l l  t o  a n  8 i - f t  dep th .  Tovex 220 water  gel  in l k -  
by 16-in. s r i c k s  i s  used t o  i n i t i a t e  a pneumat ica l ly  loaded ammonium n i t r i t e  
fuel o i l  (ANFO) product .  

INTRODUCTION 

Mining Cycle a t  Wilbur Creek 

The w in t e r  mining c y c l e  a t  Wilbur Creek fo l l ows  t h e  s t anda rd  procedure 
of d r i l l i n g ,  l oad ing  and b l a s t i n g ,  followed by mucking of the b l a s t e d  materi- 
a l  ( f i g s .  1-3). The muck i s  Loaded with a scooptram i n t o  a  t ruck  and hauled  
t o  a s t o c k p i l e  a r e a  f o r  s p r i n g  cleanup.  

Though t h e  o p e r a t o r  has  been developing  a ~ d  mining t h i s  ground f o r  a 
number of  y e a r s ,  this method d i f f e r s  s u b s t a n t i a l l y  from rhe o l d  method of 
h y d r a u l i c  removal of overburden m a t e r i a l ,  fol lowed by s l u i c i n g  of t h e  pay 
grave 1s. 

While rhe new method may prove more c o s t l y  than  the o l d  method p r i o r  t o  
enac t ion  of water-s tandard r e g u l a t i o n s .  i r  has been shown t o  be mote c o s t  
e f f e c t i v e  than  s u r f a c e  'hydromining' wh i l e  meet ing wa te r -qua l i t y  s t a n d a r d s  
(Skudrzyk and o t h e r s ,  p .  8 9 ) .  

Ground Condi t ions  a t  Wilbur Creek 

I n  a l l  the underground development a t  Wilbur Creek t h e  bedrock consists 
of a graywacke i n  n e a r l y  v e r t i c a l  layers t h a t  s t r i k e  n o r t h e a s t e r l y  (Skudrzyk, 
1985).  There a r e  two hor izons  of g rave l ,  each t y p i c a l l y  3 t o  5 f t t h i c k ,  
s epa ra t ed  by a s i l t  l a y e r  about  4 f t  thick. Gold i s  produced from t h e  lower 
g r a v e l  and upper f ew feet of bedrock. The remaining 70 t o  120 Et of overbur- 
den c o n s i s t s  of silt and organ ic  matter and a cons ide rab l e  amount of ground 
i c e  and wedges, lenses, and i r r e g u l a r  masses (Skudrzyk, 1985). 



Figure 1. The jumbo drill, 
drilling a s i n g l e  hole, 
Wilbur Creek, Livengood. 

Figure 2. Clearing and pumping 
explosives into drill holes, 
Wilbur Creek, Livengood. 



Figure 3. Underground front-end l o a d e r .  Rubber-tired 
equipment was used  t o  muck and h a u l  mate r ia l  from 
t h e  underground mine. 

Figure 4 .  A i r l e g  d r i l l  (from McAnerney, 1 9 6 7 ) .  
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Choice of D r i l l i n g  Machines 

With t h e  p r o s p e ~ t  of beg inning  underground o p e r a t i o n s ,  an o p e r a t o r  is 
conf ronted  wi th  a b a s i c  cho ice  of two types  of  d r i l l i n g  machines. A j a c k l e g  
d r i l l  i s  a hand-operated p i e c e  of equipment and r e p r e s e n t s  a smaller c a p i t a l  
inves tment ,  whereas a  h y d r a u l i c  jumbo o f f e r s  au tomat ic  c o n t r o l s ,  easy  opera- 
t i o n ,  and f a s t e r  d r i l l i n g  r a t e s ,  but  a t  a much h ighe r  i n i t i a l  c o s t .  (Some 
exper ienced  o p e r a t o r s  of j a ck l eg  d r i l l s  f e e l  they a r e  capable  of  matching o r  
exceeding the d r i l l i n g  r a t e s  achieved a t  t h e  mine a t  Wilbur Creek; t h i s  may 
w e l l  be t r u e ,  f o r  t h e  jumbo o f t e n  r e q u i r e s  maintenance r e p a i r s . )  

A j a ck l eg  d r i l l  ( f i g .  4 )  i s  commonly opera ted  w i th  water  used a s  t h e  
d r i l l i n g  f l u i d  t o  coo l  and l u b r i c a t e  t h e  d r i l l  bit: and t o  remove t h e  
c u t t i n g s .  J a c k l e g  d r i l l i n g  can a l s o  be performed dry (Dick, 1970), wi th  f r e -  
quent  s t o p s  t o  b low c u t e i n g s  from the  borehole .  Rowever, t h i s  c r e a t e s  rock 
dust i n  t h e  mine atmosphere,  compl ica t fng  v e n t i l a t i o n  requi rements ,  a s  w e l l  
a s  h e a l t h  and s a f e t y  c o n s i d e r a t i o n s .  

With an au tomat ic  jumbo, an o p e r a t o r  i s  faced w i t h  a  second op t ion :  use 
of water  o r  a i r  a s  t h e  d r i l l i n g  f l u i d .  

Machines u s ing  water  as t h e  d r i l l i n g  f l u i d  a re  more accepted  by under- 
ground miners ,  axe more a v a i l a b l e ,  and produce no d u s t  whi le  d r i l l i n g .  flow- 
e v e r ,  they  c r e a t e  o t h e r  problems when d r i l l i n g  f rozen  g r a v e l s .  The foremost 
problem wi th  water  i s  t h a t  i t  me l t s  t h e  matrix of t h e  f rozen  ground, en l a rg -  
i n g  t h e  s i z e  of  t h e  borehole  and a l l owing  pebbles  ( o f t e n  l a r g e r  than t h e  ho l e  
d iameter )  t o  b lock  the  borehole .  (Other problems wfth water a re  d i scus sed  
l a t e r .  ) 

I n  t he  past, machines u s i n g  h igh-pressure  a i r  as t h e  d r i l l i n g  f l u i d  have 
been viewed with jaundiced eye by t h e  miners  o p e r a t i n g  them because of t h e  
problem of d u s t  c o n t r o l .  However, improved d u s t - c o l l e c t i o n  techniques  may 
make t h i s  t ype  of machine a  v i a b l e  choice  for d r i l l i n g  in f rozen  g r a v e l s ;  
such a d r i l l  would produce a smoother,  c l e a n e r  bo reho le ,  making i t  e a s i e r  t o  
blow c l e a r  and load  e x p l o s i v e s .  

The machine i n  use a t  Wilbur Creek i s  a Secoma ATH-12 single-boom jumbo 
f o r  d r i l l i n g  i n  s m a l l  and medium workings ( f i g .  1 ) .  It is  equipped with a 
Secoma RPE-200 h y d r a u l i c  d r i f t e r  f o r  r o t a r y  o r  ro t a ry -pe rcus s ive  d r i l l i n g .  
I t  has a 10-ft-long d r i l l  s t e e l  and d r i l l s  a maximum depth of 8% f t .  Cross- 
b i t s  (X b i t s )  with c a r b i d e  i n s e r t s  were t e s t e d  i n  t h r e e  s i z e s ;  1 - 3 / 4 ,  2 ,  and 
2% i n .  

Choice of Explos ives  

A l a r g e  v a r i e t y  of commercial exp los ives  and b l a s t i n g  agen t s  are a v a i l -  
a b l e  today. H i s t o r i c a l l y ,  dynamites and o t h e r  s t i c k  exp los ives  have been 
used  i n  b l a s t i n g  f rozen  ground. These have a wide range of d e n s i t y ,  
d e t o n a t i o n  v e l o c i t y ,  and o t h e r  p h y s i c a l  p r o p e r t i e s ,  which a r e  n o t  d i scus sed  
i n  d e t a i l  h e r e .  Some of  t h e s e  p r o p e r t i e s  are  l i s t e d  i n  t a b l e s  1 t o  8 and 
summarized i n  f i g u r e  5 (Dick, 1968) .  



Table I.  Propert ies  of s t r a i g h t  n i t r o g e c  dynznfte. 

I 

Table  2.  Propercles of h i g t - d e n s i t y  ammonia dynamite. 

Cartridge 
count 

106 
104 
100 
100 
100 
-- 

Table 3 .  Properties  of low-density aunricr.la dynamite, h i g t - v e l o c i t y  series. 

Fwne 
class 

poor 
poor 
?oar 
poa r 
poar 

Glatet 
resistance 

good 
fa i r  
f a i r  
poor 
poor 

1 

Confined . 
veloci,ty 

( fps)  

19,000 
17,000 
14,000 
11,500 
9,000 

r 

L 

Sp gr 

1.3 
1.3 
1.3 
1.3 
1 . 3  

Uaight 
strurgtb 

( X  ) 

60 
50 
40 
30 
20 

Cerrridge 
counc 

120 
129 
135 
141  
153 
163  
174 ! 

T 

Cartridge 
~ t i l l ; ~ t h  

Weight 
strengtb 

01 

Water 
resistance 

fair 
fair 
lair 
fair 
f a i r  

Confined 
velocity 

!fpa) 

12,500 
11,500 
10,500 
9,000 
8,000 

Cartridge 
stran th (15 

52 
4 5 
3 5 
25 
15 

Fume 
class 

f a i r  
fair 
fair 
fair 
fair 
f a i r  
f a i r  

Sp gr 

1.3 
1.4 
1.4 
1.4 
1.4 

60 I 60 
SO 1 50 
40 I 40 

Fume 
class 

good 
good 
good 
good 
good 

Sp gr 

1.2 
1.1 
1.0 
1.0 
0.9 
0.9 
0.8 

Confined 
velocity 

(ips: 

11.000 
10,400 
10,000 
9,800 
9,400 
8,800 
8,300 

Weight 
strygth 
I X !  

6 5 
65 
65 
6 5 
65 
b 5 
65 

30 
20 

Cartridge 
count 

110 
110 
110 
11 0 
L 10 

Water 
resistance 

. 

fa ir  
f a i r  
f a i r  
f a i r  
~ b b r  
poor 
poor 

Cartridge 
strength 

i x ;  

5 0 
4 5 
60 
3 5 
3 0 
2 5 
20 

30 
20 

I 



Table 4.  Properties of low-deos i ty  ammonia dynamite, Low-velocity series. 

Table 5. Properties of b l a s t i n g  gelatin. 
- - 

i 
Weight Cartridge ~onflned / Water Fume ( Cartridge 
strength strength Sp gr I ve+oei,ty resistance c l a s e  count 

(2.; 9) . 1 I ~ f ~ a j  

r 

I Confined , Water Fume Cartridge 

i p  g r  v c  a class I count 

I !Eps, I ! I 

I I I 
I T 

1 
6 s  i 50 1 1.2 8.loo i f a i r  I f a i r  

1.1 7 .800  p o o r  
120 

6 5 45 I fair 
40  1 1.0' 7.500 I p o o r  

129 
6 5 ' f a i r  

35 1 1.0 7 ,200  ; p o o r  
135 

6 5 f a i r  I 30 
141 

6 5 0.9 I 6 .900  \ p o o r  

Tzble  6 .  Properties  o f  scraighc g e l a t i n .  

65 
65 

25 
2 0 

0.9 , 6 , 5 0 0  ! p o o r  

Weight I ~ a r r r i d g e  ( I confined ; Water Fume Cartridge 
strength / s trqgth  Sp gr f v e l o c i t y  , res i s tance  class count 

I % ;  
I I I f p s  I 

t 

0.8 1 6.300 

90 

poor I fair 

1 

I f a i r  : L63 
17G 

I 
7 0 
60 
50 
40 
3 0 35 ' 9 2 

excellent 1 good , 88 

e x c e l l e n t  poor , L05 70 1.4 21,000 e x c e l l e n t  1 poor I 101 
60 1 1 - 4  20.Oo0 1 excellent , good , 

5 5 1.5  18.500 ' e x c e l l e n t  a good 98 

45 I 1.5 1 '  16 ,500  e x c e l l e n t  ! good 9 5 



Table 7 .  P r o p e r t i e s  of amcnia gelatin. 

Table 8 .  Properties  of semigelatin. 

Weight 
s t r q g t h  

( x , l  

Table 9 .  Characteristics of ~neun iac ica l ly  loaded ANFO in 
small-diameter b l a s t h o l e s .  

Cartridge 
strength 
!z! 

1 \ 

i Confined Water I Fume \cartridge 
Sp gr velaci\ry resistance i =laas ' \  count 

1 . 3  
1.4 . 
1.5 
1.5 
1.6 

L 

NA - nor a p p l i c a b l e .  

Cartridge 
class "- \ count  

\,, 

Loading devices 

j \, 

Weight 1 Cartridge 
strength strength 

I 

8 0 7 2 
70 67 
60 60 

~p gr 
: z) 

Tank 
pressure 

(P s $4 

goad 1 106 
very good 102 
verg good i 
very good I 97 very good 1 92 
very good 1 90 

20,000 
19,000 
17,500 

' 16,500 
16.500 
14,000 

50 
40 
30 

( x ;  

63 
63 
6 3 
63 

Jet I Loading I Loading 
pressure ( rate I deniscy 
(psi\, ~(lblmia) ! (%/em3) 

I I 

excellent 
excellent 
excellent 
excellent 
excellent 
excellent 

5 2 
4 5 
35 

1.3 
1 . 2  
1.1 
0.9 

Con£ ined 
v e l o c i t y  

: fpa; 

6 0 
50 
40 
30 

I 

I 
15-70 1 0.80-0.85 

7-10 0.90-1.00 
I 

I 
15-25 I 0.90-1.00 

I 

I 

Pressure vessel 1 10-30 i I 
Ejector loader (jet) I NA 40-80 

/ 

Water 
resistance 

Combination loader 

12,000 
12,000 
11,500 , 
10,500 

2 0 

very,good very good 
very good i very good 
good I very good 
fair very good 

20-80 

110 
118 
130 
150 



Figure 5. Average confined velocity and d e n s i t y ,  calculated 
detonation pressure of explos ives .  

Figure 6. ANFO detonation velocity as a function of 
charge diameter and density. 



One of t he  ch i e f  concerns i n  any e n t e r p r i s e  is  c o s t .  An ammonium 
n i t r a t e - f u e l  o i l  mixture (ANFO) i s  the  most cost-ef f e c r i v e  b l - a s t ing  agent  
a v a i l a b l e  and i s  being used s u c c e s s f u l l y  a t  t he  Wilbur Creek mine. 

While ANFO has been t r i e d  by some miners  i n  permafros t ,  r e s u l t s  have no t  
always been good, and many miners not  experienced o r  informed i n  i t s  use have 
concluded i t  fs n o t  p a r t i c u l a r l y  s u i t a b l e  f o r  b l a s t i n g  i n  f rozen  ground be- 
cause of i t s  low de tona t ion  v e l o c i t y  (Emelanov and o t h e r s ,  1982) .  

Frozen ground is,  by i t s  n a t u r e ,  more p l a s t i c  ( d e f o m a b l e )  than is rock. 
T rans fe r  of dynamic s t r e s s e s  t o  t h e  sur rounding  medium dur ing  an explos ion  
depends on t h e  t ime i n t e r v a l  of the energy of de tona t ion .  A slower detona- 
t i o n  v e l o c i t y  provides  a  longer  i n t e r v a l  when energy of t h e  explos ion  i s  
t r a n s f e r r e d  t o  the ground; i n  permafros t ,  t h i s  r e s u l t s  in a g r e a t e r  f r a c t u r e  
zone (Emelanov and o t h e r s ,  1982) .  

Detonat ion p r e s s u r e  i s  a f u n c t i o n  of de tona t ion  v e l o c i t y  and density of 
an exp los ive .  A high d e t o n a t i o n  p re s su re  is d e s i r a b l e  when blasting hard 
rock ,  b u t  a lower p re s su re  i s  s u f f i c i e n t  f o r  s o f t  ground (Dick, 1968). Ta- 
b l e  9 shows the c h a r a c t e r i s t i c s  of pneumat ica l ly  loaded ANFO and t a b l e  10 
shows the  de tona t ion  v e l o c i t i e s  of ANFO i n  v a r i o u s  borehole  d iameters .  The 
v e l o c i t y  f u n c t i o n  i s  p l o t t e d  i n  f i g u r e  6 (Dick, 1968). Assuming a  v e l o c i t y  
of 8,000 f p s  i n  a I-3/4-in. boreho le ,  the de tona t ion  p re s su re  can be found 
from t h e  monograph of f i g u r e  7 (Dick, 1968). 

Low c o s t  and de tona t ion  v e l o c i t y  a r e  not  t h e  only  p r o p e r t i e s  of ANFO 
t h a t  make i t  a d e s i r a b l e  choice .  I t s  c l a s s i f i c a t i o n  a s  a b l a s t i n g  agent  s i m -  
p l i f  i e s  t r a n s p o r t a t i o n ,  s t o r a g e ,  and safety cons ide ra t ions .  I t  i s  e a s i l y  
handled i n  50-lb sacks and is qu ick ly  and e a s i l y  loaded i n t o  b l a s t h o l e s  by a  
pnuematic 'gun.' Proper  d r i l l i n g ,  blowing d ry ,  and load ing  procedures  w i l l  
ensure  s u c c e s s f u l  r e s u l t s  i n  f rozen  ground. 

DRILLING I N  FROZEN GROUND 

D r i l l i n g  i n  f rozen  ground ( s i l t s ,  g r a v e l ,  and bedrock) has  been s t u d i e d  
i n  a t  l e a s t  two experiments  a t  t h e  CRREL permafrost  t unne l  i n  Fox, Alaska 
(Dick, 1970 and Mellor  and Sellman, 1970). D r i l l i n g  r a t e s  of 3 t o  5 Etlmin 
were r epor t ed  wi th  a j a c k l e g  d r i l l  and a 2%-in.-diam b i t .  This is  a good 
p e n e t r a t i o n  r a t e ,  but t h e r e  were problems e x t r a c t i n g  t h e  s t e e l ,  as c u t t i n g s  
tended t o  r e f r e e z e  behind the  d r i l l  b i t  (Dick, 1970) .  However, it may be  
t h a t  t h e  ground w a s  thawing and filling t he  hole behind the b i t  ( a s  w a s  en- 
countered  a t  Wilbur Creek) .  

With a large r o t a r y  r i g  (Chicago Pneumatic T-650), 8-in.-diam h o l e s  were 
d r i l l e d  a t  a r a t e  of 2% f t /min  (Mellor and Sellman, 1970).  A t  Wilbur Creek, 
ho le s  of t h i s  s i z e  were not  of i n t e r e s t .  

De ta i l ed  s t u d i e s  of d r i l l i n g  r a t e s  have been performed i n  the USSR. 
There,  d r i l l i n g  r a t e s  of 2.0 t o  2.3 f t /min .  were r epo r t ed  wi th  hand d r i l l s  
and j ack legs  (Emelanov and o t h e r s ,  1982). By r eco rd ing  d r i l l i n g  rate 's  over 
s h o r t  d i s t a n c e s  a t  v a r i o u s  dep ths ,  an empirical formula f o r  average  d r i l l i n g  
r a t e  was developed, and from t h e  d a t a ,  a g raph  obta ined  of d r i l l i n g  rate v s  



Table 10. Confined de tona t ion  v e l o c i t y  and borehole loading  d e n s i t y  of MFO. 

Borehole d iameter  Confined v e l o c i t y  Loading d e n s i t y  ( l b / f t  
( i n . )  ( f p d  - of borehole)  

T a b l e  11. Drill rates with  a 1-3/4- in.  d r i l l  bit, Wilbur Creek. 

Rate t o  4 f t  Rate t o  f u l l  depth 
Averaee o f :  f t Imin) ( f  t /min)  

all holes 2.93 
gravel h o l e s  3.14 
bedrock h o l e s  2.85 

Table 1 2 .  Drill rates w i t h  a 2-111. d r i l l  bit, Wilbur Creek. 

Rate t o  4 ft Rate t o  f u l l  depth  
Average o f :  ( f t f m i n )  (f t/min) 

a l l  ho le s  2 .20  
g rave l  ho le s  1 .83  
bedrock h o l e s  2 .57  

Table 13. Drill rates w i t h  a 2-112-in. d r i l l  b i t ,  Wilbur Creek. 

Rate t o  4  f t  Rate t o  full depth  
Average o f :  ( f  t /min) (Et /min) 

a l l  holes 2.93 - 
gravel holes 3 .14  
bedrock ho le s  2.85 
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F i g u r e  7 .  Nomograph for f i n a i n g  d e t o n a t i o n  p r e s s u r e .  

d e p t h  o f  ho l e  ( f i g u r e  8 ) .  L imi ted  d a r a  f o r  t h e  ATH-12 is I n c l u d e d .  D r i l l i n g  
r a t e s  a r e  seen t o  d e c r e a s e  w i t h  i nc reas ing  d e p t h ,  a s  would be e x p e c t e d .  

Jumbo D r i l l i n g  a t  Wilbur Creek 

Because of t h e  p r o d u c t i o n - o r i e n t e d  nature of t h e  work a t  Wilbur Creek, 
such  d e t a i l e d  study of d r i l l i n g  r a t e s  was n o t  p r a c t i c a l .  However, by using 
three d i f f e r e n t  b i t  s i z e s ,  d a t a  was o b t a i n e d  on drilling r a t e s  o f  t h e  jumbo 
in the f i r s t  4 f t  and last 4 ft of  d r i l l i n g  ( t h e  a v e r a g e  ho l e  was 8 f c  l o n g ;  
c a b l e s  11-13). 

The data  show t h a t  on t h e  a v e r a g e ,  d r i l l i n g  r a t e s  do indeed  d e c r e a s e  
w i t h  d e p t h ,  though t h e  c h a n g e s  are noc h i g h .  In f a c c ,  i n  some d r i l l h o l e s ,  
penetration rates were g r e a t e r  i n  t h e  deeper  p a r t .  T h i s  is  e a s i l y  e x p l a i n e d  



Figure  8. D r i l l i n g  rare vs. d e p t h  o f  d r i l l  (from Emenlanov 
and o t h e r s ,  1982). 

3- 

drilling 2 -. 
velocity 

f t / rn in  
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where the  m a t e r i a l  b e i n g  d r i l l e d  is  g r a v e l ,  and the b i t  may be p a s s i n g  
th rough  l a rge  c o b b l e s  o f  ha rd  rock  I n  t h e  f i r s t  h a l f  o f  t h e  d r i l l h o l e .  

v 

T h i s  phenorneno is  more d i f f i c u l t  t o  e x p l a i n  when d r i l l i n g  i n  bedrock, 
which a p p e a r s  t o  be r a t h e r  un i fo rm i n  s t r e n g t h .  However, t h e  p a r t i c u l a r  
d r i l l  used is  i n  need o f  maintenance, and i t s  performance i s  l e s s  t h a n  o p t i -  
mum (and d e c r e a s i n g ) .  T h i s  f a c t  would e x p l a i n  t h e  d r i l l - r a t e  decrease  w i t h  
d e p t h  b u t  a l s o  places s u s p i c i o n  on t h e  value of all t h e  d r i l l i n g - r a t e  da ta  
o b t a i n e d .  

2 4 6 
d e p t h ,  f t .  . 

T o t a l  t ime t o  d r i l l  a round i n c l u d e s  s e t u p  t i m e  f o r  t h e  d r i l l ,  and was 
recorded  as t h t  t ime when t h e  d r i l l  l e f t  che equipment shed u n t i l  I t  was r e -  
turned. The times ranged  from an a v e r a g e  of  a b o u t  1 h r ,  15 min f o r  small  
d r i f t  rounds (approximately 9 by 15) t o  abou t  1 h r ,  45  min for  t h e  l a r g e r  
rounds .  (This assumes t h e r e  are no problems w i t h  t h e  d r i l l  o r  wacer line.) 

Types of  Cut 

Success  o r  efficiency i n  b l a s t i n g  r e q u i r e s  t h a t  t h e  b l a s t h o l e s  be p a r a l -  
l e l  ( o r  n e a r l y  s o )  t o  a f r e e  s u r f a c e .  I n  d e v e l o p i n g  an underground open ing ,  
t f , e r e  i s  t y p i c a l l y  o n l y  one free f a c e ,  and t h e  holes & r e  d r i l l e d  pe rpend icu-  
lar t o  it. Because of t h i s ,  t h e  f i r s t  b l a s t h o l e s  t o  f i r e  must create an  
opening (a  second f r e e  f a c e )  e s s e n t i a l l y  p a r a l l e l  t o  t he  remain ipg  blast- 
h o l e s .  T h e s e  f i r s t  h o l e s  a r e  c a l l e d  t h e  ' c u r ,  ' and a r e  c r i t i c a l  t o  t h e  
e f f i c i e n c y  of the remaining h o l e s  i n  t h e  round.  



There  a r e  two major  c l a s s i f i c a t i o n s  of t y p e s  of c u t s ,  b u r n  c u t s  ( p a r a l -  
l e l  h o l e  c u t s )  and a n g l e  c u t s .  Some r e s e a r c h  h a s  been conduc ted  a t  t h e  CRREL 
p e r m a f r o s t  t u n n e l  w i t h  b o t h  a  burn  c u t  and a  V c u t  (Dick,  1970) .  

The type  o f  c u t  and  d e l a y  ( l o n g  p e r i o d  o r  m i l l i s e c o n d )  a f f e c t e d  t h e  
f r a g m e n t a t i o n  and c l e a n u p  times i n  t h e  e x p e r i m e n t s  a t  t h e  CRREL t u n n e l  (Dick,  
1970), b u t  were n o t  a factor when mucking w i t h  t h e  Wagner LHD u n i t  a t  Wilbur  
Creek.  F i g u r e s  9 t o  11 i l l u s t r a t e  t h e  muck-pi le  c o n f i g u r a t i o n  e x p e c t e d  for 
s e v e r a l  c u t s  and d e l a y s  (Dick,  1970) .  

B u m  c u r s  t y p i c a l l y  c o n s i s t  of one  o r  more un loaded  h o l e s  s u r r o u n d e d  by 
h o l e s  l o a d e d  w i t h  e x p l o s i v e s .  The empty h o l e s  p r o v i d e  s p a c e  f o r  t h e  f r a c t u r -  
ing ground t o  s w e l l  i n t o  and be e j e c t e d .  Burn c u t s  a r e  the e a s i e s t  t o  d r i l l ,  
as a l l  t h e  h o l e s  a r e  p a r a l l e l  and p e r p e n d i c u l a r  t o  t h e  working f a c e ,  b u t  
g e n e r a l l y  r e q u i r e  more h o l e s .  

Angled c u t s  l i k e  t h e  V c u t  a r e  d r i l l e d  a t  a n  a n g l e  t o  t h e  working f a c e ,  
and s o  t e n d  t o  throw t h e  m a t e r i a l  o u t ,  c r e a t i n g  a second f r e e  f a c e .  They 
r e q u i r e  more c a r e  o r  p r e c i s i o n  t o  d r i l l ,  b u t  g e n e r a l l y  r e q u i r e  f ewer  h o l e s ,  
t h e r e b y  s a v i n g  t ime  and money. 

Tbere has a l s o  been  c o n s i d e r a b l e  work done i n  t h e  USSR on t y p e s  of c u t s .  
A number o f  t h e s e  (fig. 1 2 )  and o t h e r  c u t s  were  t e s t e d  a t  Wilbur  Creek.  

Face C o n d i t i o n s  and Roof S t a b i l i t y  

The working f a c e s  a t  Wilbur Creek t y p i c a l l y  c o n s i s t e d  of 3 t o  6 f t  o f  
bedrock topped w i t h  3 t o  5 f t  o f  t h e  lower  (pay) g r a v e l ,  o v e r l a i n  by s i l t  
l a y e r s .  L i f t e r s  are d r i l l e d  i n  bedrock .  Near t h e  midd le  of t h e  f ace  ( c u t  
h o l e s ,  c e n t e r ;  trim h o l e s ,  s i d e s ) ,  rhe  h o l e s  may be d r i l l e d  i n  bedrock  or 
g r a v e l ,  o r  a s i n g l e  hole may p a s s  t h r o u g h  b o t h .  Roof t r i m  h o l e s  a r e  t y p i c a l -  
l y  d r i l l e d  i n  g r a v e l  j u s t  below t h e  s i l t  l a y e r s  (fig. 13).  O c c a s i o n a l l y ,  
h o l e s  may be d r i l l e d  i n  s i l t  l a y e r s  o r  l e n s e s .  

The rounds  commonly b r e a k  t o  one of t h e  s i l t  l a y e r s  s e p a r a t i n g  the two 
h o r i z o n s  o f  g r a v e l  o r  all t h e  way t o  t h e  bot tom of t h e  upper  g r a v e l .  T h i s  i s  
e s p e c i a l l y  t h e  c a s e  i n  wide o p e n i n g s  g r e a t e r  t h a n  1 2  t o  15 f t .  

I f  t h e  roof  f a i l s  t o  b r e a k  t o  t h e  s i l t  o r  upper  g r a v e l ,  h o r i z o n t a l  
cracks w i l l  be  p r e s e n t  o r  w i l l  d e v e l o p  a s  r o o f  l a y e r s  s l a b  o f f  under  t h e i r  
own w e i g h t .  This i s  b e c a u s e  i c e  between t h e  l a y e r s  a r e  p l a n e s  o f  weakness ,  
and  a r e  loosened  by t h e  b l a s t  ( o r  subsequen t  o n e s ) .  These s l a b s  a r e  DANGER- 
OUS and must be ' b a r r e d '  o r  b l a s t e d  down. 

The r o o f  must be  checked after each  round i s  f i r e d ,  and a p p r o p r i a t e  
s a f e t y  p r o c e d u r e s  must b e  fo l lowed .  S l a b s  t h a t  canno t  be  b a r r e d  down o r  a r e  
n o t  s u i t a b l e  f o r  b l a s t i n g  down s h o u l d  be watched c l o s e l y  and removed when 
c o n d i t i o n s  a l l o w .  I t  i s  i m p o r t a n t  t o  c u l t i v a t e  a h a b i t  o f  w a t c h i n g  t h e  r o o f  
when working underground!!  



Figure 9. Fragmentation and shape of muckpile 
as  a function of type of cut. 

Figure 10. Fragmentation and' shape of muckpile 
as a function of delay. 

Figure  11. Shape of muckpile as a function of 
order of firing. 



Figu re  12 .  Types of c u t s :  a - k n i f e ;  b  - pyramid; c - wedge c u t  with c e n t r a l  
h o l e ;  d - double  wedge (baby V ) ;  e - f o u r - h o l e  wedge; f - double  wedge 
w i t h  six holes; g - p r i s m a t i c  (burn  c u t )  w i t h  l o a d e d  c e n c r a l  hole;  h - 
four -ho le  p r i s m a t i c  c u t ;  i - s i x - h o l e  p r i s m a t i c  c u t  with l o a d e d  c e n t r a l  
h o l e ;  j - f o u r - h o l e  p r i s m a t i c  c u t  with unloaded c e n t r a l  h o l e ;  k - 
layered c u t ;  1 - s p i r a l  c u t  ( w i t h  i n c r e a s i n g  d e p t h ) .  

Exper imeora l  Rounds at  Wiibur Creek 

At Wilbur Creek a burn  c u t  with a single unloaded  h o l e  y i e l d e d  poor  r e -  
s u l t s .  Very l i k e l y  because  of t h e  h i g h  s w e l l  f a c t o r ,  t h e  s p a c e  o i  one empty 
h o l e  is no t  s u f f i c i e n t  t o  make a s u c c e s s f u l  c u t ;  t h e  round ' f r e e z e s . '  

D r i l l i n g  many more holes i s  t ime consuming, water consuming, and more 
costly, s o  a round was adopted which h a s  beep c a l l e d  a ' m c d i f i e d  b u r n '  c u t  
(Skudrzyk and o t h e r s ,  1987) .  A s h o r t  h o l e  (4  K O  415 ft deep)  is  d r i l l e d  and 
i s  t h e  f i r s t  t o  f i r e .  This  h o l e  is less t h a n  ' c r i t i c a l  d e p s h '  and c r a t e r s  
o u t  t o  t h e  f a c e .  Fu l l -dep th  b l a s t  h o l e s  (8 t o  8l5 ft) t o  each  s i d e  f i r e  n e x c ,  
and u s u a l l y  break n e a r l y  f u l l  d e p t h .  The next delays f i r e  h o l e s  above end 
below. Rows cf h o l e s  t o  e i t h e r  s i d e  now have a f r e e  face t o  b r e a k  co ( f i g .  
1 4 ) .  



F i g u r e  13. T y p i c a l  d r i l l i n g  p a t t e r n .  Upper row of h o l e s  
a t  base o f  g r a v e l - b e d r o c k  c o n t a c t ,  lower  h o l e s  i n  
bedrock.  Layers o f  muck i n  upper  p a r t  of pho to .  

A l l  h o l e s  a r e  d r i l l e d  e s s e n t i a l l y  p a r a l l e l  and n e a r l y  p e r p e n d i c u l a r  t o  
t h e  face.  A l l  h o l e s  s h o u l d  be a n g l e d  up s l i g h t l y  t o  f a c i l i t a t e  d r a i n a g e  o f  
w a t e r  and c u t t i n g s  ( e x c e p t  t h e  l i f t e r s ,  which a r e  a n g l e d  down s l i g h t l y ) .  Rib 
( s i d e )  t r i m  h o l e s  a r e  a n g l e d  o u t  s l i g h t l y .  

A V c u t  w i t h  a  ' b u s t e r '  h o l e  o r  a k n i f e  c u t  w i t h  b u s t e r  a l s o  produced 
good r e s u l t s  w i t h  a minimum o f  drilling ( f i g .  1 5 ) .  

A c y l i n d r i c a l  o r  pr i smat ic  c u t  produced e x c e l l e n t  r e s u l t s ,  b u t  r e q u i r e s  
a few e x t r a  h o l e s  and p r i m e r s .  I n  this c u t ,  s h o r t  h o l e s  a r e  loaded  t o  within 
6 i n .  of t h e  c o l l a r ,  and a d j a c e n t  l o n g  h o l e s  a r e  l o a d e d  o n l y  i n  t h e  b a c k ,  a s  
shown i n  f i g u r e  16 (Skudrzyk and o t h e r s ,  1987) .  This type  o f  c u t  a l s o  worked 
w e l l  when t h e  number of h o l e s  was reduced  t o  f o u r  ( two l o n g ,  two s h o r t  i n  a 
diamond con£ igurat i o n )  . 

PROBLENS ASSOCLATED WITH DRILLING 

Problems w i t h  Water 

As ment ioned p r e v i o u s l y ,  d r i l l i n g  w i t h  water i n  f r o z e n  gravel thaws t h e  
g round ,  e n l a r g i n g  t h e  b o r e h o l e  and c a u s i n g  large p i e c e s  t o  f a l l  i n t o  i t .  
This is  a problem i n  the  decomposed bedrock  a s  w e l l ,  p a r t i c u l a r l y  i f  t h e  p r e -  
v i o u s  round has l e f t  b o o t l e g s  o r  m i s f i r e s ,  which means d r i l l i n g  i n  s h a t t e r e d  
ground.  Cold w a t e r ,  fresh from the r i v e r ,  may thaw t h e  ground l e s s ,  b u t  i n -  
t r o d u c e s  a n o t h e r  problem.  
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Figure 1 4 .  Modified burn c u t .  
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Figure 15. V c u t .  
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F i g u r e  16. Layered p r i s m a t i c  c u t  ( f rom Emelanov and o t h e r s ,  1982). 
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The w a t e r  is pumped from a t a n k  i n  t h e  equipment  s h e d ,  through a heavy- 
d u t y  ga rden  h o s e ,  t o  t h e  d r i l l  underground ,  If t h e  a i r  t e m p e r a t u r e  is  very 
c o l d ,  t h e  l i n e  w i l l  f r e e z e  up (more q u i c k l y  i f  t h e  water  i s  s t i l l  c o l d )  i f  
t h e  w a t e r  is n o t  k e p t  f lowing .  I f  t h e  l i n e  f r e e z e s  and t o o  much time i s  
s p e n t  thawing i t ,  t h e  w a t e r  i n  t h e  l i n e s  of the jumbo w i l l  f r e e z e .  
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T h i s  'garden-hose  s y s t e m '  also p r e s e n t s  a problem w i t h  water  p r e s s u r e .  
The f a r t h e r  the face  i s  from t h e  w a t e r  t a n k ,  t h e  lower  t h e  p r e s s u r e  t h a t  
r e a c h e s  t h e  d r i l l .  (The d r i l l  has  a s a f e t y  feature t h a t  s l o w s  t h e  d r i l l  i f  
w a t e r  p r e s s u r e  d r o p s  below a s e t  l e v e l . )  

s i d e  view 

These  problems of t e m p e r a t u r e  and p r e s s u r e  could be eliminated b y  re-  
p l a c i n g  t h e  garden-hose system with a jack t a n k ;  a small t a n k  of water t o  be 
hauled w i t h  t h e  d r i l l  and p r e s s u r i z e d  by t h e  compressed-a i r  l i n e  u s e d  t o  blow 
t h e  h o l e s  c l e a r  b e f o r e  l o a d i n g .  The tank s h o u l d  h o l d  enough water t o  d r i l l  a  
f u l l  round, p l u s  a margin  o f  i n s u r a n c e .  

However, t h e  f i r s t  problem w i t h  w a t e r  i s  g e t t i n g  i t .  The o p e r a t o r  a t  
Wilbur  Creek has been  f o r t u n a t e  t h a t  h i s  first underground mining s e a s o n  has 
proved t o  be a mild Alaskan w i n t e r .  Water h a s  been available from t h e  nea rby  
Tolovana R i v e r ,  though t h e  1,000-gal rank has t a k e n  l o n g e r  t o  f i l l  a r  some 
t i m e s  t h a n  a t  o t h e r s .  I f  w a t e r  had n o t  been a v a i l a b l e  from r h e  river, t r i p s  
t o  Livengood o r  anocher  s o u r c e  would have been n e c e s s a r y .  

S p a c i n g  and Burden 

S p a c i n g  b l a s t  h o l e s  t o o  c l o s e ,  p a r t i c u l a r l y  i n  f r o z e n  g round ,  will re-  
s u l t  i n  ' d e a d p r e s s i n g '  when using UFO. P r o p s g a t i o n  of  t h e  d e t o n a t i o n  f r o n t  



i n  ANFO depends on pore spaces ,  which c r e a t e  'ho t  s p o t s '  i n  the  exp los ive  
column as the  de tona t ion  f r o n t  advances.  If the  surrounding ground is com- 
pressed  by an ad j acen t  b l a s t h o l e  f i r i n g ,  t h e  ANFO column i s  compressed, elim- 
i n a t i n g  pore  space  (Dick and oche r s ,  1983). 

If a  round f a i l s  t o  p u l l  well, a n a t u r a l  i n c l i n a t i o n  i s  t o  d r i l l  more 
h o l e s ,  c l o s e r  t o g e t h e r ,  t o  load more powder. When us ing  ANFO i n  weak ground 
such a s  permafros t ,  t h i s  ame l io ra t e s  t he  problem, not  t h e  s o l u t i o n .  Studies  
have shown t h a t  ho le s  placed c l o s e r  than  about 2 f t  w i l l  completely dead- 
p r e s s ,  and the  recommended minimum spac ing  should be about  2% f t  (Emelanov 
and o t h e r s ,  1982).  

Bootlegs and Mis f i r e s  

Bootlegs occur  when t he  exp los ive  column has f i r e d ,  but had too much 
ground b u r d e n )  t o  break t o  the f r e e  f ace  a long  t h e  f u l l  depth  of t he  b l e s t -  
ho le .  In  f rozen grave l ,  t h e  ground is compressed by t h e  exp los ion ,  and t h e  
remaining l e n g t h  of b l a s t h o l e  expanded t o  a d iameter  of 6 t o  8 i n .  

Mis f i r e s  occur  when t h e  primer f a i l s  o r  (more commonly) t h e  primer f i r e s  
bu t  f a i l s  t o  i n i t i a t e  t h e  ANFO column f o r  some reason.  I n  t h e  l a t t e r  case,  
t h e  primer expands the  back of t he  h o l e ,  a9 i n  a boo t l eg ,  bu t  t h e  hole  may 
s t i l l  be blown out  with compressed a i r ,  re loaded ,  and f i r e d .  

Bootlegs can be a problem when d r i l l i n g  because they may be t i g h t l y  
packed i n  t h e  f r o n t  w i th  muck by the  mucker and not  be v i s i b l e  when d r i l l i n g .  
(Al l  good miners---live miners---know i t  is  unsafe  t o  d r i l l  a boo t l eg  because 
i t  may c o n t a i n  l i v e  powder.) I f  rhe  d r i l l  i n a d v e r t e n t l y  h i t s  a  concealed 
boot leg ,  t he  broken ground c r e a t e s  problems i n  e x t r a c t i n g  t h e  s t e e l  and i n  
blowing and loading the h o l e .  Misfires presen t  the  same problem. 

Optimum B i t  S e l e c t i o n  

The drill s t e e l  used on t h e  jumbo was 1 i n .  i n  diameter .  Three b i t  
s i z e s  were t e s t e d ;  1-3/4 i n . ,  2 in., and 24 i n .  Although the l a r g e r  h o l e s  
a r e  easiest t o  blow c l e a r  (with a $-in.-ID blowpipe) and l oad ,  the  l a rger  
annulus around the  s t e e l  makes I t  more d i f f i c u l t  for t he  c u t t i n g s  t o  f l o w  
o u t ,  p a r t i c u l a r l y  when d r i l l i n g  the  l i f t e r  h o l e s .  This makes e x t r a c t i n g  t h e  
s t e e l  d i f f i c u l t ,  which a l s o  i s  d e t r i m e n t a l  t o  t h e  d r i l l i n g  machine. 

Because o f  t h i s ,  t he  1-3/4-in. b i t  appeared t o  be t h e  best s e l e c t i o n  f o r  
this machine and d r i l l i n g  s t e e l .  A d i f f e r e n t  d r i l l  may be matched best with 
a l a r g e r  o r  s m a l l e r  b i t .  

D r i l l i n g  wi th  the  l a r g e r  b i t s  was i n s u f f i c i e n t  t o  eva lua t e  their perfor -  
mance wi th  r e s p e c t  t o  powder f a c t o r ,  f ragmenta t ion ,  and s w e l l .  

A s  a f i n a l  n o t e ,  ope ra to r  exper ience ,  as  with any machine, is e s s e n t i a l  
for a c c u r a t e  d r i l l i n g  of an e f f i c i e n t  b l a s t i n g  round. 



LOADING EXPLOSIVES 

Blowing Holes  C l e a r  

Before  l o a d i n g  any e x p l o s i v e s ,  you must f i r s t  blow t h e  h o l e s  c l e a r  o f  
w a t e r ,  c u t t i n g s ,  and any p e b b l e s  and r o c k  t h a t  have f a l l e n  i n  from t h e  w a l l  
of t h e  d r i l l h o l e .  I t  i s  e x t r e m e l y  i m p o r t a n t  t o  blow a l l  o f  t h e  w a t e r  from 
t h e  h o l e  when b l a s t i n g  w i t h  M O ,  a s  ANFO has no w a t e r  r e s i s t a n c e .  

The ammonium n i t r a t e ,  which c o n s t i t u t e s  94 p e r c e n t  o f  t h e  U F O  m i x t u r e ,  
is a s a l t  and w i l l  m e l t  t h e  ice i n  t h e  m a t r i x  of t h e  p e r m a f r o s t .  This amounr 
o f  m o i s c u r e  may s low t h e  d e t o n a t i o n  v e l o c i t y  of t h e  ANFO column s l i g h t l y ,  b u t  
s h o u l d  have no a p p r e c i a b l e  e f f e c t ,  p r o v i d e d  t h e  round i s  f i r e d  ~ h o r t l y  a f ~ e r  
l o a d i n g .  

However, w a t e r  i n  t h e  h o l e s  ( p a r t i c u l a r l y  i n  l i f t e r s ,  b e c a u s e  t h e y  are 
d r i l l e d  on a downgrade) will be immediate ly  absorbed  by t h e  ANFO a r i l l s  and 
likely r e s u l t  i n  a f a i l u r e  t o  d e t o n a t e .  Again, d r i l l i n g  h o l e s  o t h e r  than  
l i f t e r s  on a p l u s  g r a d e  f a c i l i t a t e s  removal of w a t e r .  

The b l o v p i p e  used  s h o u l d  be  l o n g e r  t h a n  t h e  d e e p e s t  h o l e s  t o  be d r i l l e d  
(abou t  2 f  t i s  s u f f i c i e n t )  . The blowpipe s h o u l d  be o f f  set  w i t h  a n o t h e r  3 t o  
4 f r  o f  p i p e  w i t h  a v a l v e .  The o f f s e t  a l l o w s  t h e  o p e r a t o r  t o  s t a y  somewhat 
c l e a r  o f  t h e  muck, which i s  f o r c i b l y  e j e c t e d .  

About 100 p s i  a i r  p r e s s u r e  i s  r e q u i r e d .  S u b s t a n r i a l l y  lower  p r e s s u r e  
w i l l  no t  d o  a n  a d e q u a t e  j o b .  A $-in.-ID s t e e l  p i p e  i s  s u i t a b l e  f o r  smail 
h o l e s ;  s m a l l e r  p i p e  may l a c k  t h e  s t r e n g t h  and d u r a b i l i t y  r e q u i r e d ,  l a r g e r  
sizes w i l l  b l o c k  t h e  m a t e r i a l  t o  be blown o u t .  It i s  recommended char t h e  
90" j o i n t  between b l o v p i p e  and o f f s e t  be r e i n f o r c e d .  

A sma31 r a k i n g  t o o l  i s  an i n v a l u a b l e  a c c e s s o r y  i n  removing r o c k s  from 
t h e  d r i l l  b o l e s .  Such a t o o l  can be purchased  o r  e a s i l y  f a s h i o n e d  from a 
s t e e l  rod .  The t o o l  i n  u se  a t  Wilbur  Creek appeared  t o  be  made with a 
44-Et-long 318-in.-diam s t e e l  b o l t .  The head was removed and t h e  end f l a t -  
tened and b e n t  o v e r  90" ( f i g .  1 7 ) .  

F i g u r e  17 .  Rzking t o o l .  



Loading P r i m e r s  

A p r i m e r  is r e q u i r e d  t o  i n i t i a t e  ANFO. O f t e n ,  t h e  p r imer  chosen i s  a 
s t i c k  of dynamite  o r  o t h e r  c a r t r i d g e d ,  c a p - s e n s i t i v e  powder. A t  Wilbur 
Creek,  14 by 16-in. s t i c k s  o f  Tovex 220 (a  water g e l )  were i n i t i a t e d  w i t h  LP 
e l e c t r i c  b l a s t i n g  caps .  A l l  h o l e s  were bot tom primed. Caps a r e  i n s e r t e d  i n  
t h e  p r i m e r  and s e c u r e d  with a h a l f - h i t c h  i n  t h e  leg w i r e s ,  and t h e  p r i m e r s  
are  i n s e r t e d  so  t h a t  t h e  bot tom o f  t h e  cap i s  d i r e c t e d  toward t h e  c o l l a r  of 
t h e  b l a s t h o l e  (DuPont , 1978) . 

I n  a f ew  cases, a rock  o r  p e b b l e  was found t o  be  wedged i n  t h e  h o l e  a f -  
ter blowing i t  c l e a r ,  b u t  b e f o r e  t h e  Tovex cou ld  be l o a d e d .  When t h e  ob- 
s t r u c t i o n  c o u l d n ' t  be blown c l e a r ,  i t  was u s u a l l y  p o s s i b l e  t o  i n s e r t  a Deta- 
prime b o o s t e r  p a s t  t h e  o b s t r u c t i o n  and t h e n  l o a d  ANFO. 

Detapr imes a r e  s m a l l ,  h igh-energy b o o s t e r s  manufactured s p e c i f i c a l l y  f o r  
i n i t i a t i n g  ANFO i n  small b o r e h o l e s  (DuPont, 1978).  They were found t o  p e r -  
form w e l l ,  and s e v e r a l  rounds  were  t e s t e d  u s i n g  Detapr imes i n  a l l  b u t  t h e  
l i f t e r s .  Use of Detapr imes can  s i g n i f i c a n t l y  reduce  t h e  c o s t  of pr iming a 
round,  b u t  you muat e n s u r e  t h a t  t h e  h o l e s  a r e  blown d r y .  As an  added precau-  
tion, a small amount o f  ANFO can  be loaded  i n  t h e  back of t h e  hole b e f o r e  
loading t h e  cap and Detapr ime.  

Half sticks of t h e  16-in. Tovex were a l s o  t e s t e d  t o  reduce  p r iming  
c o s t s .  These a l s o  performed satisfactorily, b u t  c a r e f u l  i n s e r t i o n  of the c a p  
i s  r e q u i r e d ,  a l o n g  w i t h  c a r e f u l  l o a d i n g  o f  t h e  assembled primer. 

Loading ANFO 

A t  Wilbur Creek,  ANFO was loaded  w i t h  a  pneumat ic  l o a d e r  r e f e r r e d  t o  a s  
an  ANFO ' g u n , '  which i s  actually a v e n t u r i - t y p e  l o a d e r .  T h i s  d e v i c e  is v e r y  
s i m p l e  and easy t o  u s e .  Orher  t y p e s  of l o a d e r s  a r e  a v a i l a b l e  (DuPont, 1978) .  

Some p o i n t s  t o  remember when loading ANFO: 

1) U F O  has no w a t e r  r e s i s t a n c e ;  be s u r e  t h e  h o l e s  a r e  dry 

2 )  ANFO thaws i c e ;  fire t h e  round a s  soon a f t e r  l o a d i n g  a s  i s  s a f e  and 
p r a c t i c a l  

3)  Be sure t h e  d i s c h a r g e  hose  i s  l o n g  enough for t h e  h o l e s  b e i n g  
loaded  

4 )  Be s u r e  t h e  end o f  the d i s c h a r g e  hose  i s  n e a r  t h e  back of  t h e  h o l e ;  
mark t h e  hose  w i t h  t ape  o r  a s p o t  o f  p a i n t  

5) Learn t o  withdraw t h e  d i s c h a r g e  hose  a t  a r a t e  e q u a l  t o  ANFO fill- 
i n g  t h e  b l a s t h o l e ;  . t o o  f a s t  may c r e a t e  a i r  p o c k e t s  i n  t h e  ANFO c o l -  
umn, t o o  s l o w  w i l l  build up ANFO bebind t h e  end o f  t h e  d i s c h a r g e  

6 )  Be s u r e  t o  have t h e  p r o p e r  a i r  p r e s s u r e  recommended f o r  t h e  t y p e  o f  
l o a d e r  i n  use 



7 )  Be s u r e  ANFO i s  s t o r e d  p r o p e r l y  i n  a c o o l ,  dry p l a c e  t h a t  mee t s  
r e g u l a t o r y  s t a n d a r d s .  ANFO h a s  a  s h e l f  l i f e ;  e x c e s s i v e  s h e l f  l i f e  
o r  improper  s t o r a g e  may c a u s e  e v a p o r a t i o n  o f  i t s  f u e l  o i l .  

Loading Time 

Holes  a r e  t y p i c a l l y  blown c l e a r  w h i l e  d r i l l i n g  the round by e i t h e r  t h e  
d r i l l e r  o r  a second man, and s o  does  nor r e q u i r e  a d d i t i o n a l  t ime .  However, a 
few h o l e s  may r e q u i r e  a d d i t i o n a l  work b e f o r e  l o a d i n g  t h e  p r i m e r ,  and i t  i s  
b e s t  t h a t  t h e  blowpipe b e  l e f t  a t t a c h e d  t o  t h e  a i r  l i n e  u n t i l  a 1 1  p r i m e r s  
have been s u c c e s s f u l l y  l o a d e d .  

. P r e p a r i n g  and  hand l o a d i n g  the p r i m e r s ,  and p n e u m a t i c a l l y  l o a d i n g  t h e  
ANFO t y p i c a l l y  r e q u i r e s  abou t  1 h r  f o r  a round.  There  w a s  l i t t l e  t i m e  d i f -  
f e r e n c e  between l a r g e  o r  s m a l l  rounds  b e c a u s e  s e t u p  and p r e p a r a t i o n  a c c o u n t  
f o r  much of t h e  t i m e .  P r e p a r i n g  and  l o a d i n g  a p r imer  r e q u i r e s  a minute  o r  . 
l e s s ;  l o a d i n g  ANFO i n  a s i n g l e  h o l e  t a k e s  o n l y  s l i g h t l y  l o n g e r .  

Powder F a c t o r  

I n  t h e  s m a l l  d r i f t  rounds  a powder f a c t o r  of  c l o s e  t o  3 , O  1 b l y d g  was 
c a l c u l a t e d .  This was based  on measurements of t h e  d r i f t  b e f o r e  and a f t e r  
b l a s t i n g  and on an e s t i m a t i o n  of the d e p t h  o f  ground t h e  round p u l l e d .  The 
ya rdage  f i g u r e  o b t a i n e d  was checked on t h e  b a s i s  of t h e  amount of l o o s e  y a r d s  
mucked d i v i d e d  by an a v e r a g e  s w e l l  f a c t o r  o f  1.7 ( o b t a i n e d  from d a t a  prev-  
i o u s l y  c o l l e c t e d  a t  the s i t e ) .  

L a r g e r  d r i f t  rounds  averaged  a b o u t  2.5 1 b l y d 3  from s i m i l a r  c a l c u l a t i o n s .  
Powder f a c t o r s  were  s o n e t i m e s  h i g h e r ,  r e s u l t i n g  from bad r o u n d s  (misfires o r  
e x c e s s i v e  b o o t l e g s  f o r  v a r i o u s  r e a s o n s ) ,  s p i l l a g e  d u r i n g  pneumat ic  l o a d i n g ,  
and w a s t e  due t o  e x c e s s i v e  l o a d i n g  ( b l a s t h o l e s  o t h e r  t h a n  c,u t h o l e s  need b e  
l o a d e d  o n l y  t o  w i t h i n  I& t o  2 f t  of t h e  c o l l a r ) .  

The b e s t  powder f a c t o r  r e s u l t e d  from a s l a b  round from t h e  r i b  of an  
e x i s t i n g  opening.  The powder f a c t o r  was c a l c u l a t e d  t o  be  1.6 l b / c u  yd ,  b u t  
n o t  enough s h o t s  of t h i s  t y p e  were  f i r e d  t o  c a l c u l a t e  a good a v e r a g e  v a l u e .  

D r i l l i n g  and B l a s t i n g  C o s t s  

C o s t s  a t  Wilbur Creek have been c o v e r e d  i n  d e t a i l  i n  a n o t h e r  d i s c u s s i o n  
( p .  8 9 ) .  For  d r i l l i n g ,  i t  w i l l  s u f f i c e  t o  s t a t e  t h a t  from o t h e r  a n a l y s i s ,  
owning and o p e r a t i n g  c o s t s  a p p e a r  t o  b e  l e s s  t h a n  $.l5/yd. 

E x p l o s i v e s  c o s t s  a r e  p r o b a b l y  t h e  h i g h e s t  of  a l l  equipment and m a t e r i a l s  
c o s t s  i n  t h e  o p e r a t i o n .  The f i g u r e  c a l c u l a t e d  i s  $1.85/yd9. Use of  Deta- 
pr ime b o o s t e r s  cou ld  r e d u c e  t h i s  t o  a b o u t  $1. 5 0 I y d 9 .  

CONCLUSIONS AND RECOMMEMIATIONS 

The  d r i l l i n g  and b l a s t i n g  p r o c e d u r e s  i n  u s e  a t  S t a n  Rybachek 's  Wilbur  
Creek p r o p e r t y  have been  q u i t e  s u c c e s s f u l  i n  t h e  underground min ing  of a  



f rozen  p l a c e r .  Some of t h e  p r a c t i c e s  can be improved t o  e l i m i n a t e  s m a l l  
problems such a s  f r e e z i n g  of  t h e  water supply  l i n e  i n  subzero  tempera tures .  

Using mechanized d r i l l i n g  w i th  a i r  and u s ing  a machine w i th  a d r i l l i n g  
capac icy  that is not  s t r e s s e d  by u s i n g  b i t  d iameters  of 2 t o  3 i n ,  o r  l a r g e r  
should be s t u d i e d .  Ground wi th  a much t h i c k e r  pay ho r i zon  would be more 
s u i t a b l e  f o r  t h i s  type  of work, a s  o r e  d i l u t i o n  of about  1:3 i s  be ing  encoun- 
t e r e d  a t  Wilbur Creek. 
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COST-ESTIMATION HANDBOOK FOR SMALL PLACER MINES 

S c o t t  A. S t e b b i n s ,  Mining Eng ineer  
U.S. Bureau o f  Mines 

Western  F i e l d  O p e r a t i o n s  C e n t e r  (WFOC) 
E.  360 T h i r d  Avenue 

Spokane, Washington 99202 

This U.S. Bureau of Mines p u b l i c a t i o n  p r e s e n t s  a method f o r  e s t i m a t i n g  
c a p i t a l  and o p e r a t i n g  c o s t s  a s s o c i a t e d  w i t h  t h e  e x p l o r a t i o n ,  mining,  and pro-  
c e s s i n g  o f  p l a c e r  d e p o s i t s .  

NEED FOR HANDBOOK 

The handbook was t h e  i d e a  o f  George Ga le ,  m e t a l l u r p i s ~  a t  t h e  USBM 
Western F i e l d  O p e r a t i o n s  C e n t e r .  Gale r e c o g n i z e d  t h a t  p l a c e r  min ing  i s  one 
of  t h e  few forms of  mining where an i n d i v i d u a l  can s t i l l  make a l i v i n g  w i t h  a 
s m a l l - s c a l e  o p e r a t i o n .  Because p l a c e r  o p e r a t i o n s  t y p i c a l l y  o p e r a t e  on a l i m -  
i t e d  b u d g e t ,  l i t t l e  money i s  a v a i l a b l e ,  and Gale  f e l t  t h a t  a c o s t - e s t i m a t i o n  
eys tem similar t o  the  U.S. Bureau of Mines ' S W '  method (below) would be a 
v a l u a b l e  t o o l  f o r  p l a c e r  m i n e r s  and t h o s e  charged  w i t h  e v a l u a t i n g  p l a c e r  de- 
p o s i t s .  

U.S. BUREAU OF MINES COST ESTIMATING SYSTEM 

The Bureau of  Mines first p u b l i s h e d  a sys tem f o r  p r e f e a s i b i l i t y  c o s t  
e s t F m a t i o n  i n  1975. This  f i r s t  handbook, deve loped  by S T W  E n g i n e e r s ,  
I n c . ,  under  c o n t r a c t  t o  t h e  Bureau,  a l l o w e d  t h e  u s e r  t o  e s t i m a t e  r e l i a b l e  
c o s t s  f o r  numerous min ing  and m i l l i n g  methods.  The S T W  approach  r e v o l v e d  
around e q u a t i o n s  used t o  e s t i m a t e  c a p i t a l  and o p e r a t i n g  c o s t s  based  on d a i l y  
mine c a p a c i t y .  These  e q u a t i o n s  were  d e r i v e d  by p e r f o r m i n g  a g e o m e t r i c  r e -  
g r e s s i o n  on a c t u a l  and e s t i m a t e d  c o s t s  r e p r e s e n t i n g  s i m i l a r  u n i t  p r o c e s s e s  
(raising, d r i f t i n g ,  c r u s h i n g ,  e t c . )  . 

To u p d a t e  the  t e c h n o l o g i c a l  and c o s t  d a t a  used i n  t h e  S T W  Handbook, 
WFOC was a s s i g n e d  t o  rewrite t h e  p a r t  d e a l i n g  w i t h  underground m i n i n g  in 
1984; t h i s  upda ted  v e r s i o n  i s  now c a l l e d  'The BuMines Cos t  E s t i m a t i n g  S y s -  
t e m , '  ( o r  CES) .  I n  c a r r y i n g  o u t  t h i s  t a s k ,  we s u b s e q u e n t l y  deve loped  t h i s ,  
t h e  'Cos t  E s t i m a t i o n  Handbook f o r  Smal l  P l a c e r  Mines . '  

RANDBOOK DEVELOPMENT 

MINE VISITS 

Because o u r  own view o f  p l a c e r  min ing  a t  WFOC was t y p i c a l l y  l i m i t e d  to 
reconnaissance of worked-out d e p o s i t s ,  o u r  f i r s t  t a s k  was t o  v i s i t  as  many 
o p e r a t i o n s  as  t i m e  a l l o w e d  t o  d e t e r m i n e  c u r r e n t  p l a c e r  p r a c t i c e s .  O p e r a t i o n s  
i n  Nevada, Oregon, I d a h o ,  and Montana were  v i s i t e d ,  and i n f o r m a t i o n  was c o l -  



l e c t e d  on mines i n  Alaska and C a l i f o r n i a .  The main g o a l s  of t h i s  in format ion  
g a t h e r i n g  per iod  were t o :  

1 .  Study equipment t ypes ,  c a p a c i t i e s ,  and use  

2.  Determine supp ly  needs 

3. Es t imate  l a b o r  requi rements  i n  r e l a t i o n  t o  product ion  r a t e s ,  and t o  
determine work-force c h a r a c t e r i s t i c s  ( f ami ly ,  day l a b o r e r s ,  own- 
e r -ope ra to r )  

4 .  Est imate  t ime and work spen t  on a c t i v i t i e s  no t  d i r e c t l y  r e l a t e d  t o  
product ion  ( r ec l ama t ion ,  equipment downtime, e t c . ) .  

EQUIPMENT SELECTION 

We r e a l i z e d  eha t  moet of  t h e s e  o p e r a t i o n s  revolved around a  few key 
pieces of equipment. A l l  c o s t s  ( l a b o r ,  f u e l ,  supp ly ,  e t c . )  were r e l a t e d  t o  
t h e  t ypes  and c a p a c i t i e s  of  t h e  equipment used. Consequent ly ,  we based our 
cos t - e s t ima t ion  system on equipment t ypes  r a t h e r  than unit proces se s ,  a s  i n  
the  c a s e  w i t h  t h e  CES. We l i m i t e d  o u r s e l v e s  t o  equipment t h a t  could  be  ob- 
t a i n e d  commercially,  even though i t  might be e a s i l y  made on s i t e .  

EQUIPMENT PARAMETER DEFINITION 

The next t a s k  was t o  set a r a n g e  of c a p a c i t i e s  f o r  each type of  equip- 
ment and t o  define c h a r a c t e r i s t i c s  a f f e c t i n g  i t ,  mainly f rom equipment man- 
u f a c t u r e r s .  All c o s t s  used t o  determine cost-estimation equa t ions  i n  the 
handbook a r e .  based on these  equipment c a p a c i t i e s  mainly, and on a c t u a l  
o p e r a t i n g  c h a r a c t e r i s t i c s .  A t y p i c a l  list of  'base  parameters '  includes: 

Bul ldozers  - m i n i n g  1 .  S t r a i g h t  'S' b lade  
2. 50-fr c u t t i n g  d i s t a n c e  
3 .  300-ft dozing d i s t a n c e  
4 .  No r i p p i n g  
5. 2,300-lb/LCY ( l i n e a r  cub ic  yard)  d e n s i t y  
6 .  50-minlhr e f f i c i e n c y  
7 .  Average o p e r a t o r  a b i l i t y  
8. Even, nearly l e v e l  g r a d i e n t .  

COST ESTIMATION FOR BASE DATA POINTS 

Mter the parameters  were e s t a b l i s h e d ,  c o s t s  were es t imated  f o r  ea.ch 
a s p e c t  o f  an o p e r a t i o n  at va ry ing  capacities. For example: 

Bul ldozing - (Opera t ing  c o s t s ,  ~ O - L C Y I H ~ ,  D-6 C a t e r p i l l a r )  

Equipment: 
Parts - $ 3.15/hr 
Fuel - 4.42/hr  
Lubrication - .32 /hr  
G.E.C. 

T o t a l  



Equipment c o s t  

Labor: 
Operator  - 1.000 h r  @ $ 15.69/hr  = $15.69/hr 
Maintenance - 0 . 1 2 8 h r @ $  1 5 . 6 9 / h r = $ 2 . 0 1 / h r  

T o t a l  = $17.70/Hr 

Labor c o s t  

Equipment o p e r a t i n g  and c a p i t a l  c o s t s  are t y p i c a l l y  based on informat ion  
supp l i ed  from equipmenr manufac turers .  

COST D E R I V A T I O N  

Cost  e s t i m a t i o n s  such as those  above were r epea t ed  f o r  va ry ing  capac- 
ities t o  provide t h e  base data p o i n t s  f o r  t h e  r e g r e s s i o n  analysis., For in-  
s t a n c e ,  i n  t h e  c a s e  of  t h e  b u l l d o z e r  o p e r a t i o n ,  c o s t s  were e s t ima ted  a t  10, 
50, 80, 100, 150, 200, and 250 LCY/hr. The r e g r e s s i o n  a n a l y s i s  then provided 
an equa t ion  f o r  estimating c o s t s  a t  v a r i o u s  c a p a c i t i e s .  It i s  these 
equa t ions  t h a t  appear  i n  t h e  handbook. 

B e s t - f i t  equa t ions  were usually ob ta ined  w i t #  a geometr ic  r e g r e s s i o n .  
T h i s  produced a n  equa t ion  i n  t h e  form of Y = A(X)  , with  X r e p r e s e n t i n g  t h e  
c a p a c i t y  v a r i a b l e  and A and B provided by t h e  regression a n a l y s i s .  

With che above procedures ,  equa t ions  were determined f o r  each explora-  
t i o n ,  min ing ,  milling, and supplemental  function inc luded  i n  t h e  handbook. 
I n  most c a s e s ,  more than  one equa t ion  is required. Equat ions c a l c u l a t e d  in -  
c lude  : 

Equipment o p e r a t i n g  c o s t  
Labor cost  
Supply c o s t  (where app l i cab le )  
C a p i t a l  c o s t .  

THE HANDBOOK 

I n  its f i n a l  form, t h e  hand book is d iv ided  into two s e c t i o n a ,  one on 
t h e  equipment and methods t y p i c a l l y  used i n  p l a c e r  mining and wi th  t h e  c o s t  
equa t ions  and adjustment  f a c t o r s  needed t o  e s t i m a t e  p l a c e r i n g  c o s t s .  Wich 
t h e  handbook, t h e  u s e r  w i l l  be  a b l e  t o  estimate c o s t s  f o r  the following: 

Explora t ion  Development 

Planning Access roads  
Churn d r i l l i n g  C lea r ing  
Bucket d r i l l i n g  
Trenching 
General  reconnaissance  
Camp c o s t s  
Rotary d r i l l i n g  
He l i cop te r  r e n t a l  

Overburden removal 

Bul ldozers  
Dragl ines  
Front-end l o a d e r s  
Rear-dump t r u c k s  
Sc rape r s  



Mining 

Backhoes 
Bulldozers 
Draglines 
Front-end loaders 
Rear-dump trucks 
Scrapers 

Processing Supplemental systems 

Conveyors Buildings 
Feed hoppers Employee housing 
Jig concentrators Generators 
Sluice Lost time and 
Spiral concentrators general services 
Table concentrators pumps . 

Tailings placement Setcling ponds 
Trommels 
Vibrating screens 

SECTION 1 - EQUIPMENT DESCRIPTIONS 
Section I of the handbook is designed to familiarize the user with equip- 

ment and methods typically used in placer mining. It contains detailed de- 
scriptions oE most equipment included, and some general discussions on ex- 
ploration, mining, and milling practices. A typical description of equipment 
appears below: 

Bulldozers 

The bulldozer is the most popular tool i n  placer-deposit extraction. It 
can be used for overburden removal, pay-gravel, excavation, bedrock cleanup; 
overburden and pay-gravel transportation; road construction; and tailings 
placement. Other than the dragline, this device is the only one capable of 
handling all tasks required for placer mining in a practical manner and must 
be considered if capital is scarce. 

Although bulldozers can handle a l l  placer-mining functions, they are not 
necessar i ly  the most efficient machine for any one task. With its ripping 
capacity, the bulldozer can clean up bedrock (although the backhoe is more 
selective and efficient). The bulldozer is used to transport gravel, but 
trucks, scrapers, and front-end loaders can often do the job cheaper. Bull- 
dozers are not well suited to move large volumes of gravel or dig deep, like 
draglines can. 

But, the bulldozer can excavate, transport, and load the mill all in one 
cycle, eliminating the need for expensive rehandling. Dozer capacities for 
excavating and hauling range from 19.0 loose cubic yards per hour for a 65-hp 
machine up to 497.5 loose cubic yards per hour for a 700-hp dozer (based on a 
300-ft transportation distance). Capacity depends on ripping requirements, 
operator ability, cutting distance, haul distance, digging difficulty, and 
haul grade. 

Dozers are best suited for situations where deposit and overburden 
thicknesses are not excessive, large obstructions are few, and haul distances 
are less than 500 f r .  

The equipment description usually contains: 

Applications: How the machine is best used, and how it compares to 
other equipment used for the same functions. 



C a p a c i t i e s :  Lists s i z e s  of equipment most o f t e n  used and e x p e c t e d  
p r o d u c t i v i t y ,  a l o n g  w i t h  f a c t o r s  t h a t  w i l l  a l t e r  p r o d u c t i v i t y .  

Advantages and d i s a d v a n t a g e s :  S t a t e s  ' b e s t - u s e '  s c e n a r i o  and l i s ts  
r e a s o n s  t h a t  machine c o u l d  be u s e d  i n  c e r t a i n  s i t u a t i o n s .  

O p e r a t i o n  Design 

All equipment i n c l u d e d  i n  t h e  handbook i s  c a t e g o r i z e d  i n t o  one o f  f o u r  
major  mining f u n c t i o n s :  

I )  E x p l o r a t i o n  
2 )  Mining 
3)  M i l l i n g  
4 )  Supp lementa l  s y s t e m s .  

The maln p r i n c i p l e s  of each o f  t h e s e  f u n c t i o n s  a re  b r i e f l y  d i s c u s s e d  i n  
s e c t i o n  I ,  t o  h e l p  t h e  e v a l u a t o r  t o  come up w i t h  a v i a b l e  method of m i n i n g  
h i s  d e p o s i t .  

SECTION IT - COST ESTIMATION 

Cos t  E q u a t i o n s  

C o s t s  a r e  c a l c u l a t e d  by s imply  i n s e r t i n g  t h e  maximum amount o f  m a t e r i a l  
hand led  h o u r l y  by a s p e c i f i c  machine i n t o  t h e  c o s t  e q u a t i o n .  The maximum 
amount of m a t e r i a l  hand led  (pay g r a v e l ,  overburden ,  and w a s t e )  is u s e d  s o  
t h a t  t h e  machine i s  p r o p e r l y  s i z e d .  

C o s t s  a r e  c a l c u l a t e d  i n  d o l l a r s  ( f o r  c a p i t a l  c o s t )  and d o l l a r s  p e r  c u b i c  
yard ( o p e r a t i n g  c o s t s ) .  

. . 
Cos t -da ta  Adjus tments  

I n d i v i d u a l  components o f  e a c h  c o s t  a re  s t a t e d  ( f o r  example,  47  p e r c e n t  
p a r t s ,  53 percent f u e l  and l u b r i c a t i o n )  s o  t h a t  c o s t s  may be  upda ted  from t h e  
J a n u a r y  1985 b a s e .  This i s  done by u s i n g  i n d e x e s  a v a i l a b l e  from WFOC. To  
o b t a i n  t h e  upda ted  c o s t ,  t h e  r a t i o  of t h e  c u r r e n t  i n d e x  d i v i d e d  by t h e  Janu-  
a r y  1985 i n d e x  i s  m u l t i p l i e d  by t h e  r e p r e s e n t a t i v e  p e r c e n t a g e  of c o s t .  

S i t e - a d j u s t m e n t  F a c t o r s  

These f a c t o r s  (which i n  t h e  b u l l d o z e r  example i n c l u d e  d i s t a n c e ,  g r a d i -  
e n t ,  r i p p i n g ,  used equ ipment ,  and d i g g i n g  d i f f i c u l t y )  a d j u s t  the c o s t s  f o r  a 
s p e c i f i c  s e t  o f  c i r c u m s t a n c e s  and a r e  p r o b a b l y  t h e  most i m p o r t a n t  a l t e r a t i o n s  
t o  t h e  b a s e  c o s t s .  These f a c t o r s  make each  c o s t  e s t i m a t e  u n i q u e  f o r  each  
d e p o s i t  . 

Labor-adjus tment  F a c t o r s  

Labor c o s t s  a r e  based  on a  r a t e  of $15.69/hr  f o r  mining f u n c t i o n s  and 
$15..60/hr f o r  milling. These a r e  a v e r a g e s  o f  r a t e s  w e  found i n  t h e  w e s t e r n  



U. S.  ( i nc lud ing  Alaska) and inc lude  a 24-percent burden. As expected,  we 
found t h a t  wage s c a l e s  a t  small placer-mining o p e r a t i o n s  were highly v a r i a b l e  
and t h a t  our  averages  were b e s t  used only  as a base .  Labor c o s t s  a r e  e a s i l y  
ad jus t ed  by d i v i d i n g  t he  expected wage by t h e  base wage and then mul t ip ly ing  
the  c a l c u l a t e d  l abo r  c o s t  by t h a t  r a t i o .  

Cap i t a l - cos t  Equat ions 

A f t e r  all t h e  necessary  d a t a  and l a b o r  adjuatrnents have been made t o  t h e  
base  c o s t s ,  they are e n t e r e d ,  a long  w i t h  t h e  c a l c u l a t e d  s i t e - ad jus tmen t  fac-  
t o r s ,  i n t o  the t o t a l  cost  equation a t  the  end of each cos t  page. This 
equa t ion  w i l l  produce t h e  t o t a l  a d j u s t e d  c a p i t a l  cost  f o r  r h a t  p i ece  of 
equipment o r  func t ion .  This f i g u r e  i s  then  e n t e r e d  on a cost-summary page 
f o r  the f i n a l  c a p i t a l - c o s t  c a l c u l a t i o n .  

Operating-cost Equat ions 

Again, once t h e  neces sa ry  d a t a  and l a b o r  ad jus tments  have been made t o  
t h e  base  c o s t s ,  they  a r e  e n t e r e d ,  a long  with t h e  c a l c u l a t e d  s i te -ad jus tment  
f a c t o r s ,  i n t o  t he  t o t a l  c o s t  equa t ion  a t  t h e  end of each c o s t  page. This 
equat ion  w i l l  produce the t o t a l  a d j u s t e d  c o s t  p e r  cub ic  yard of m a t e r i a l  han- 
d led  by t h a t  p a r t i c u l a r  p i e c e  of equipment f o r  t h a t  s p e c i f i c  func t ion .  This  
f i g u r e  is then  m u l t i p l i e d  by the t o t a l  amount of m a t e r i a l  handled annual ly  by 
t h a t  p i e c e  of equipment f o r  t h a t  s p e c i f i c  f u n c t i o n  and the product  is en te red  
on a cost-summary page. The t o t a l  c o s t  per  cub ic  yard is then  c a l c u l a t e d  by 
d i v i d i n g  t h e  t o t a l  annual  o p e r a t i n g  c o s t  by t he  annual  amount of pay g r a v e l  
m i n e d .  

FINANCIAL AEALYSIS 

Now, a  c o s t  e s t i m a t i o n  i s  not  a f i n a n c i a l  a n a l y s i s ;  c a p i t a l  and opera t -  
ing c o s t s  represent only  two v a r i a b l e s  in a t o t a l  f i n a n c i a l  eva lua t ion .  The 
e v a l u a t o r  must also cons ide r :  

Recoverable v a l u e  of commodity 
Local ,  s t a t e ,  and f e d e r a l  t a x e s  
C a p i t a l  d e p r e c i a t i o n  
Deple t ion  al lowances 
Des i red  r e t u r n  on investment 
Coat and method of p r o j e c t  financing 
I n f l a t i o n  
Esca l a t ion  
Environmental i n t a n g i b l e s .  

I n  s h o r t ,  a prospec t  i s  no t  economically f e a s i b l e  simply because t h e  
apparent  commodity va lue  exceeds the  accrued c a p i t a l  and ope ra t ing  c o s t s  ca l -  
culated from t h i s  manual. 



SUMMARY 

Use of the Randbook 

The handbook is best used as a prefeasibility cost-estimation tool. 
With the information it contains, the user should be able to put together a 
rough design of an operation suitable for cost estimation. However, the va- 
lidity of the cost estimate is directly related to the detail of the design. 
(The more detailed and representative the design, the more valid the resul- 
tant figures.) 

The envisioned use of the handbook is that an evaluator or operator with 
a few basic facts about the deposit (such as location, topography, depth of 
gravel, some idea as to thickness of overburden, water availability, and a 
rough estimate of total volume) will be able to estimate: 

- Exploration work required - Equipment used for mining 
Average mine-to-plant haul distances and gradients (if applicable) 
Concentration method and equipment supplemental functions required 

(settling ponds, employee housing, etc.). 

With this information, capital and operating costs can be estimated using the 
equations io section I1 of the hendbook. Capital costs are reported directly 
in dollars, and operating costs are summarized in dollars per year. The av- 
erage operating cost per cubic yard pay gravel is then calculated by dividing 
the annual operating cost by the total amount of pay gravel mined annually. 

VALIDITY OF ESTIMATED COSTS 

Actual cost figures from active placer operations are difficult to ob- 
rain mainly because many miners fail to account for and categorize costs in a 
way that lends itself to a dollar-per-cubic-yard cost or a lump-sum capital 
cost, In addition, costs and production rates may vary considerably from 
year to year. Consequently, we have not yet gathered enough actual cost in- 
formation to calculate a statistically meaningful accuracy range for the 
handbook. However, because costs are estimated on a more finely divided ba- 
sis than are those of CES (types of equipment as opposed to unit processes 
containing several types of equipment), we believe they may be more represen- 
tative. 

To obtain a copy of the cost-estimation handbook, contact the author. 
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INTRODUCTION ' 

The U.S. Bureau of Mines (Bureau) and Alaska Div i s ion  of Geologica l  and 
Geophysical Surveys (DGGS) completed an e v a l u a t i o n  of  t h e  p l a c e r  r e sou rces  of  
t h e  Porcupine mining area nea r  Haines ,  Alaska  i n  1985. The Bureau sampled 
and eva lua t ed  t h e  p l a c e r  d e p o s i t s  and t h e  DGGS mapped t h e  geologv and sum- 
marized the g l a c i a l  geo log ic  h i s t o r y  of t h e  a r e a .  T h i s  r e p o r t  summarizes t h e  
r e s u l t s  of t h e  s tudy .  More complete in format ion  has been publ i shed  i n  open- 
f i l e  r e p o r t s  by Bundtzen (1986) and Hoekzema and o t h e r s  (1986). 
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STUDY AREA 

The Porcupine mining area i s  l o c a t e d  i n  s o u t h e a s t e r n  Alaska,  about 30 m i  
west-northwest of  Haines ( f i g .  1) i n  t h e  Juneau mining d i s t r i c t .  The mining 
a r e a  encompasses about 200 m i 2  and i s  bordered on t h e  south  and east by t h e  
Ts i rku  and C h i l k a t  R ive r s ,  on t h e  west  by the  Canadian bo rde r ,  and on t h e  
n o r t h  by townsh ip  l i n e  27s (fig. 2 ) .  Land access is provided by t h e  Dal ton  
Highway, which runs  from Haines, Alaska, t o  Whitehorse,  Y.T., and by numerous 
logging and mining roads .  Access t o  t h e  upper  reaches  of T s i r k u  River i s  by 
e i t h e r  h e l i c o p t e r  o r  a i r b o a t .  



Figure 1 .  Index mop of  Alaska showing Porcupine mining area. 

Land status of the area is complex ( f  ia. 2) (Roberts ,  1985) . Much of 
the  mining area is c u r r e n t l y  managed by the Bureau of Land Panagemenr (RLKI 
and I s  open t o  mineral entry. According t o  BLF r e c o r d s ,  the  area had f i v e  
patented  and 444 unpatented placer c l a i m s  a s  of July 2 2 ,  1985.  The approxi-  
mate l o c a t i o n  of current  (1985) mining claims i s  a l s o  shown on f i gure  2 .  BI,N 
I.and-status plats should b e  checked f o r  d e t a i l e d  s i t e - s p e c i f i c  i n f o m a t i o n .  

MINING HI STORY AI'ID PRODUCTION 

I n  the  s p r i n g  O F  1898, packers on the  Dalton trail panned g o l d  from t h e  
gravels of the Rlehini River .  Shortly after the  d i s c o v e r v ,  rrosc of the 
s treams i n  the Porcupine mining area  were s taked;  however. many claims were 
subsequent ly  dropped because o f  the low quantities o f  g o l d  found.  Gold- 
producing drainages i n  the Porcupine mining area include P o r c u p i n e ,  YcKinley, 
Cahoon, Nugget, Cottonwood, and Christmas Creeks. Production records for  the 
Porcupine mining area are s p a r s e .  M i n i m u m  e s t i m a t e d  product ion through 1985 
was 7 9 , 6 5 0  0 2 ,  based on Bureau records  and reports by Wright (1904) , Rnppel 
C1975), and Beacty (1937) ( t a b l e  I ) .  
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Figure 2 .  Land s t a t u s  and p l a c e r  claim map of Porcupine m i n i n g  area .  



T a b l e  1. Repor ted  p l a c e r - g o l d  p r o d u c t i o n  from t h e  P o r c u p i n e  mining a r e a ,  
1900-85. 

D r a i n a g e  A c t i v e  y e a r s  Source  Q u a n t i t y  (02) 

C h r i s t m a s  C r e e k . .  ... 1900-1 985 ( e s t i m a t e d )  2  00 

Nugget C r e e k . . . . . .  .. 1902-1909 B e a t t y  (1937) 350a 
1909-1985 100 

P o r c u p i n e ,  Cahoon, 1898-1903 Wright (1904) 27, OOoa 
and McKinley Creeks  1904-19 15 Eakin (1919) 4 3 ,  O O o a  

19 16-1925 B e a t t y  (1937) 6.000; 
19  16-1936 G r e a t l a n d e r  

(1977) 
1936-1975 Roppel ( 1  975) 500 
1975-1985 ( e s t i m a t e d )  2 ,500 

a Based on p l a c e r  g o l d  e v a l u a t e d  a t  $17102. 
b ~ h e  G r e a t l a n d e r  Shopping News reported t h a t  78,000 or of go ld  were produced 
during chis p e r i o d .  However, this q u a n t i t y  is u n s u b s t a n t i a t e d  by any o r h e r  
s o u r c e  of i n f o r m a t i o n  a v a i l a b l e  t o  t h e  a u t h o r s .  Some a d d i t i o n a l  p r o d u c t i o n  
is l i k e l y .  

GEOLOGIC SETTIF'G AND MINERALIZATION 

Bedrock i n  t h e  P o r c u p i n e  mining area  c o n s i s t s  of metamorphosed sedimen- 
t a r y  r o c k s  ( s l a r e s ,  p h y l l i t e s ,  and m a r b l e s ) ,  which have been  i n t r u d e d  by 
igneous r o c k s  of t h e  Coast  Range complex. The a r e a  h a s  been  extensbvoLy 
g l a c i a t e d ,  and g l a c i e r s  are s t i l l  p r e s e n t  a t  the h e a d w a t e r s  of many d r a i n -  
a g e s .  

BEDROCK GEOLOGY 

P o s s i b l y  t h e  o l d e s t  r o c k  u n i t  i n  t h e  a r e a  i s  t he  Middle  to t a r e  P a l e z o i c  
P o r c u p i n e  Limestone ( o r  marble) ,  which forms prominent  o u t c r o p s  of c a r b o n a t e  
a l o n g  the a c c e s s  r o a d  on t h e  s o u t h  s i d e  o f  t h e  Kleheni  R i v e r  and a l o n g  canyon 
w a l l s  o f  Porcup ine  Creek.  

O v e r l y i n g  the  Porcup ine  Limestone is t h e  Porcupine s l a t e ,  which may 
range  from M i s s i s s i p p i a n  t o  Pennsy lvan ian  (Redman and o t h e r s ,  1985).  The 
s l a t e ,  s a n d s t o n e ,  and s i l t s t o n e  of t h e  Porcup ine  S l a t e  form n complex anti- 
form t h r o u g h o u t  t h e  central p o r t i o n  of t h e  s t u d y  a r e a .  A-ur i ferous  l o d e s  c u t -  
t i n g  t h i s  ' s l a t e  b e l t '  are b e l i e v e d  by many p r e v i o u s  workers t o  be t h e  main 
s o u r c e  o f  p l a c e r  g o l d  i n  t h e  P o r c u p i n e  mining area.  



The western and n o r t h e a s t e r n  p a r t s  of t he  s tudy  a r e a  a r e  unde r l a in  by 
p i l l o w  b a s a l t ,  c a rbona te ,  and v o l c a n i c l a s t i c  sediments  t h a t  may be Triassic, 
based on f o s s i l s  c o l l e c t e d  i n  1985 (Ken Dawson, o r a l  cormnun., 1985). 

GLACIAL GEOLOGY 

A knowledge of t he  g l a c i a l  h i s t o r y  of t he  a r e a  i s  important  f o r  under- 
s t a n d i n g  t h e  p lacer  d e p o s i t s .  V i r t u a l l y  a l l  t h e  land  forms are Wisconsin o r  
younger ( <  100,000 y r  B.P .) . P l e i s t o c e n e  g l a c i e r s  advanced, r e  t r e a t e d ,  and 
readvanced, r e s u l t i n g  i n  a t  l e a s t  t h r e e  bedrock-incised channels  o r  t e r r a c e  
l e v e l s  in t h e  v a l l e y s  of Porcupine,  Cahoon, and McKinley Creeks (Molnia, 
1986; PAW&, 1975).  Apparent ly,  the remnants of t hese  channels  avoided i c e  
s c o u t  and, except  for d e p o s i t i o n  of g l a c i a l  d r i f t  and e r r a t i c s ,  were unaf- 
f e c t e d  by l a t e r  even t s .  The o l d e s t  recognized t e r r a c e  l e v e l  occurs  250 t o  
300 f t  above t h e  modern canyon l e v e l s  of McKinley and Porcupine Creeks; t hese  
a r e  followed downstream by l e v e l s  a t  140 t o  200 f t ,  50 t o  75 f t ,  and a f i n a l  

- youngest  l e v e l  t h a t  i s  25 t o  40 f t  above the  modern d ra inages  (fig. 3 ) .  The 
o l d e s t  t e r r a c e  l e v e l  may be a  composite of f l u v i a l  m a t e r i a l  and d r i f t  n o t  
i n c i s e d  i n t o  bedrock. 

Radiocarbon samples were c o l l e c t e d  from an exposed mine cut d i r e c t l y  on 
the  base of t he  'd ry  channelr ( f i g .  3) l oca t ed  on t h e  e a s t  and west s i d e s  of 
lower Porcupine Creek, a s  desc r ibed  by Bea t ty  (1937). The d a t e s  obta ined  a r e  
shown on t a b l e  2 ,  and show that t h e  modern s t ream i n c i s i o n  i s  r e l a t i v e l y  
r e c e n t .  

T s b l e  2. Summary of radiocarbon analyses of channel  g r a v e l s  from Porcupine 
mining a r e a .  

Lab no. F i e l d  no. C-14 aee Remarks 

Beta 11090 85BTC2 ..... 2,190 t 90 BP Woody material i n  d ry  
channel  near  wa t e r f a l l .  

Beta 11091 85BTC3 . . . . .  2,640 2 100 BP Wood from base o f  d r v  
channel ,  western s i d e  of 
Porcupine Creek. 

PLACER GEOLOGY 

Heavy-mineral p l a c e r  d e p o s i t s  i n  the  Porcupine mining a r e a  formed du r ing  
m u l t i p l e  g l a c i o f l u v i a l  c y c l e s  and occur  i n  bench d e p o s i t s  i n  i n c i s e d  bedrock 
channels  and g l a c i a l  t i l l ,  a l l u v i a l  f ans ,  and modem s t ream grave l s .  

Stream g r a d i e n t s  indicate t h a t  t h e  Porcupine mining a r e a  i s  a very h i g h  
energy f l u v i a l  environment.  The average s t ream g r a d i e n t  o f  t h e  s tudy  area i s  
500 ft/mi compared with averages of 80 t o  150 E t / m i  i n  manv i n t e r i o r  Alaska 
p l a c e r  d i s t r i c t s  . 



4 6 1 T c l a  Rldlacat-aon datlng I a a l l t y  

Cnannal f l d d  c h 4 c h  
(Oundlten 1966, 

~ O I C :  '1 . B e r u b .  ,937. Designation l o r  bedrock channel 

Figure 3 .  Abandoned channels on lower P o r c u p i n e  C r ~ e k  (from aundtzen, 
1986) . 



Bedrock sou rces  of  t h e  p l a c e r  gold have been i d e n t i f i e d  by Eakin (1919),  
Bea t ty  (1937),  S t i l l  and o t h e r s  ( 1 9 8 4 ) ,  and Bundtzen and C l a u t i c e  (1986). 
The most l i k e l y  bedrock sou rces  a r e  c r o s s c u t t i n g  quar tz -su l f ide-gold  f i s s u r e  
v e i n s  a s s o c i a t e d  w i t h  a l t e r e d  maf ic  d i k e s  t h a t  c u t  Porcupine S l a t e  i n  t h e  
McKinley and Cahoon d ra inages .  Py- r i t i fe rous  zones i n  t h e  Porcupine S l a t e  
a l s o  c o n t a i n  anomalous gold v a l u e s  ranging  up t o  2 ppm gold ( J an  S t i l l ,  o r a l  
commun., 1985). 

Table  3 summarizes t race-element  and gold f i n e n e s s  of p l a c e r  gold co l -  
l e c t e d  du r ing  t h e  Bureau-DGGS i n v e s t i g a t i o n s .  Gold f i n e n e s s  i s  expressed  as 
a  r a t i o  of  gold t o  s i l v e r  + gold as  sugges ted  by Boyle (1979) and Metz and 
Hawkins (1981).  

The average f i n e n e s s  of Bureau samples from t h e  Porcupine mining a r e a ,  
u s ing  t h e  method of Boyle (1979).  i s  837, c l o s e  t o  t h e  820 r epo r t ed  by Smith 
(1941) ,  who used r eco rds  from f o u r  l o c a t i o n s  on t h e  Porcupine Creek d ra inage  
f o r  h i s  a n a l y s i s .  The range of f i n e n e s s  i n  the  Porcupine mining a r e a  I s  a l s o  
c o n s i s t e n t  w i th  those  r epo r t ed  by Moiser (1975) f o r  e p i r h e m a l  and lower 
mesothermal tempera tures  of format ion .  Bu l l i on  w a s  analyzed f o r  the  t r a c e  
me ta l s  copper ,  l e a d ,  z i n c ,  and antimony. Significantly, samples con ta in ing  
d e t e c t a b l e  copper were found i n  McKinley and Cahoon Creeka, perhaps suggeat-  
ing r e c e n t  a s s o c i a t i o n  w i th  lode  sou rces .  The gold-to-copper r a t i o  i s  much 
too  high f o r  t y p i c a l  go ld  p l a c e r s  of any temperature  range ,  bu t  the  presence  
of  antimony i n  s i n g l e  samples on Cahoon and Porcupine Creeks s u g g e s t s  forma- 
t i o n  i n  ep i the rma l  or  lower mesothermal tempera ture  ranges (Moiser,  1975).  

P l a c e r  gold from McKinley, Porcupine ,  Nugget, and Chris tmas Creeks was , 

misc roscop ica l ly  examined t o  d e l i n e a t e  c h a r a c t e r i s t i c s  of t r a n s p o r t  and o r i -  
g i n  of t h e  b u l l i o n  t h a t  was mined. Cons i . s ten t ly ,  two d i s t i n c t i v e  t ypes  o f  
gold a r e  p re sen t  i n  t h e  analyzed c o n c e n t r a t e s :  well-worn, rounded, bright 
'nugget  ' gold t h a t  shows evidence of f l u v i a l  t r a n s p o r t ,  and small w i r e l i k e  
g r a i n s  w i th  q u a r t z  and u n d e t e k i n e d  gangue mineralogy t h a t  show l i t t l e  ev i -  
dence of s t ream t r a n s p o r t .  More than one lode  source  may be p r e s e n t  o r  prox- 
imal l ode  g o l d  and 'nugget '  gold has been t r a n s p o r t e d  by f l u v i a l  mechanisms. 

Both Bea t ty  (1937) and t h e  a u t h o r s  noted a  gene ra l  l a c k  of f i n e  gold 
(100 mesh o r  s m a l l e r )  i n  t h e  Porcupine mining a r e a .  The ex t remely  high- 
energy n a t u r e  of p l a c e r  format ion  i n  t h e  a r e a  s u g g e s t s  t h a t  v i r t u a l l y  a l l  
f i n e  gold h a s  been f l u shed  down t h e  s t reams and poss ib ly  out of the  study 
a r e a .  Rowever, t h e  G l a c i e r ,  Porcupine,  and Nugget a l l u v i a l  fans r e p r e s e n t  
significantly lower energy f l u v i a l  environments than t h o s e  of t h e  main f e e d e r  
s t reams e n t e r i n g  i n t o  t h e  lower v a l l e y s ,  which sugges t s  t h a t  a l l u v i a l  f a n s  
may have accumulated p a r t  of the  f ine-gold  f r a c t i o n  absen t  i n  t h e  main pro- 
d u c t i o n  s t r eams .  

BUREAU OF MINES INVESTIGATION 

I n  1985, t h e  Bureau c o l l e c t e d  78 reconnaissance ,  53 channe l ,  and f o u r  
s i t e - s p e c i f i c  bulk p l a c e r  samples.  A l l  t h e  major s t reams i n  the mining area 
were sampled, w i t h  a t  l e a s t  one sample taken  from each d ra inage .  A l l  s i t e -  
s p e c i f i c  bu lk  samples were t aken  from lower Porcupine Creek. 



Table 3. Trace-eleme t and gold-fineness analyses of placer gold from f 
Porcupine mining area . Elements measured in parts per thousand (ppt). 

11.14 1 D r a i ~ g a  b 0 i n  I S w h  [Cold 
no. I l o c d i t y  (e raa t )  l m i ~ h t  (mg) 1 (pp t  

I 1 I 

I I I 
1D - mc d a t r c a d .  
l / ~ r  p l u a r  gold darlved f r a  clnrmal  a 

p r y # a a t d  l o  p r t a  p r  chouuad: gold and 
hkuood. CD. and ADW: U n a r a l  h b o r r c o r y  

IChoo.1 o u p t e  0.1 ,d3, 
I Porcupine Creak. 
IChrnael r . rple  0.1 ~ 3 ,  
I buc belw c h A ~ . l .  
1Chan.l o u p l a  0.1 ,d3, 
I modern Porcupiaa 
1 ch.an.1. 
ICb.nnel . u p l a  0.1 7d3, 
I bonch u p a e r u r  from 
I eabio. 
13 p ~ a o  on bedrock f r o l  
I bench waoc r fda  of 
1 croak. 
1Cb.OU.l 0 u p h  0.1 f13. 
10.5 pon, d ry  c h n n d ,  
I u s e  old. ?orcupin. 
I Creak. 
Iclu~11.1 Umpl. 0.1 ,d', 
1 on bedrock. 
1Ch.rra.l . u p l a  0.1 ~ 4 3 ,  
I b o d d a r  t7.r under 
I collurflm. 
I.rrom r u l f l d a  rug, 
I h d d a r  va inu .  
13 pano. -dam flood-  
I p h h ,  b o u l d e r r i c h .  
l rrol colden k.1. vu 

I I 1 on and i n  bedrock 
I I I c racto.  

HD I 9 I 863 Ichmnel  r u p l a  0.1 ,d3, 
I I I 6 l a  g rave l  oa bedrock. 

m 1 36 I 866 13 pan. from aur i fa rouo  
1 1  1 t ill on bedrock. 

ND I 42 1 754 1Cb.an.l o r p l a  0.1 ,d3, 
I I I f l u v i a l  g rave l  and 
I I I till. 

M) I 37 1 785 13 p a s ,  d o r m  flood- 
I I I p la in,  not om bedrock. 

)ID I 38 1 799 13 pano, d a r o  flood- 
I I 1 plain. not on bedrock. 

I g rab oomplao eo l loe ted  B u r u u  and ADS. A l l  alamaaco 
. lvar  d a c a r r i ~ c i o a o  by c o o m r c l a l  laboracoriea in Vancouver, BC, 
r Fr i rbmko,  A*. Zinc and l a r d  v r r a  looked f o r  but moe d8cacced. 
p. 197) l o  t h e  r a t i o  of gold to gold plus  a i l v a r  t i n o  1,000 o r  

:do vafn w a r  Coldao h g l a  p r o o p u t  (2). 

The procedure for collecting reconnaissance placer samples consisted of 
processing, on the average, 0.1 yd3 of gravel throuqh a portable alumi.~urn 
minisluice box. Where use of the box-was not feasible, pans were used. !Six- 
teen slightly heaped 16-in. gold pans equal 0.1 yd3 gravel.) 

The procedure for channel placer sampline consisted of dTgging an zp- 
proximate 1 ft x 1 ft channel from the top of a gravel section to bedrock 



(whenever feasible). The gravel taken from the channel was processed in 
0.1 yd3 increments through a hydraulic concentr'ator. 

The procedures for taking site-specific bulk samples were dry screening, 
with I - ,  2-, and 4411. mesh screens, 560 to 690 lb of gravel in the field. 
The +1, +2, and +4 mesh-size fractions were weighed, washed through a hydrau- 
lic concentrator, and discarded in the field. The -4 mesh fraction was 
bagged and shipped to the Bureau's processing lab in Anchorage. The samples 
were then dried and screened t o  -200 mesh size. Free gold in the +lo0 mesh 
and greater size fractions was separated by using a sluice and pan. Each 
mesh fractlon of the gravel and recovered gold was weighed. 

The concentrates from all the samples were saved and examined with a 
binocular microscope to identify heavy minerals present and the character of 
the gold. The concentrates have been retained for future chemical analysis. 

RESULTS OF RECONNAISSANCE AND CHAlQNEL SAMPLING 

Of the 78 reconnaissance and 53 channel samples collected, 35 contained 
values greater than 0.005 o ~ / ~ d '  Au. 

Results from reconnaissance and channel sampling were used to rate each 
stream's mineral-development potential for placer gold: 'high,' 'moderate,' 
'low,' or 'unknown' (table 4). These ratings are estimates based on an eval- 
uation of grades and extent of mineralization and other factors such as depth 
of overburden, presence of large boulders, and stream configuration. 

A deposit of high mineral development potential would, by definition, 
have high grades (0 .O1 Au) and probable continuity of mineralization. 
A deposit of moderate mineral development potential would have either a high 
metal content or continuous mineralization identified but not both. A depos- . 
it with low mineral development potential would contain uneconomic grades or 
show little evidence of continuity of mineralization. For example, a placer 
deposit with grades below 0.001 ozIyd3 Au would rank as low. Similarly, de- 
posits containing less than 5,000 yd9 would rank low unless their grade was 
very high. Unknown mineral development potential has been assigned to placer 
occurrences with little or no available geologic information. 

Resource estimates were made for streams having moderate or high poten- 
tial for placer-gold mineral development and for the Nugget and Porcupine 
creek fans. Resource estimates were derived by multiplying the length of the 
deposit being evaluated by the average width (as identified from available 
maps or from tape and compass traverses) by the average depth of the gravel. 
Average depths were based on trenching and historical d a t a  except in the case 
of the Porcupine and Nugget Creek fans, where assumed depths are used ow in^ 
to lack of information. The results of these estimates are listed on 
table 4. 

A summary of the sample results obtained from each drainage follows. 
Detailed information, sample data, and samp1.e locations can be found in 
Hoekzema and others (1986) . 



a 
T a b l e  4 .  Mineral -development  p o t e n t i a l  ratings and i d e n t i f i e d  resource 

estimates f o r  d r a i n a g e s  in the Porcupine mining  area. 

I Mineral development potential I Identified 
Drainage I U g h  I Moderate I Low I Unknown I resources ( y d 3 )  

1 I I 1 I 
1 

Big B o u l d e r . . . . . . . . . .  

ti ttla Salmon. ...... .I 1 1 x 1  I ND 

GLdcier......;.......l I 1 x 1  M) 

ND - n o t  d e t e r m i n e d .  
a 

I d e n t i f i e d  resources  i n c l u d e  a u r i f e r o u s  gravels  i d e n t i f i e d  bv che  Bureau 
i n  1985. A d d i t i o n a l  h v p o t h e t i c a l  r e s o u r c e s  p r o b a b l y  exist. 

I 1 I I 1 .............. Uehiai I 1 1 X 1 ND 
1 I 1 1 I 

Little Boulder... .... 1 1 1 x 1  1 ND 
1 I I I 1 

I 1 I I I 
n c ~ i d c y  1 x I I 1 20,000 

I 1 I I I 

Porcupine Creek 

....... Nuggat Channel 1 I X 1 1 

Porcup ine  Creek i s  a  s t e e p ,  r a p i d l y  downcutting drainage, w i t h  an a v e r -  
age gradfent of  350 ft/mi. S i n c e  1898, over 77,000 oz g o l d  has beer . -produced 
from t h e  c r e e k  and I t s  t r i b u t a r i e s .  R e p o r t e d l y ,  l i t t l e  g o l d  was produced 

3,000 
I I 1 I 1 

A l l u v i a l  fan. .  1 I I I X 12,000,000 
I 1 I I I 

Porcupine ( lower) 1 1 1 I 
Channel.. ....... ..I I X I I 1 sao,ooo 

I I 1 1 I 
Bench. ............ 1 X 1 1 I 1 152,000 

I I I I I 
A l l u v i a l  fan. .  ... . I  1 I j X 1 6,000,000 

I 1 1 1 I 
Porcupine (upper) .... 1 1 x 1  1 ND 

1 I I I I 
Summit ............... I 1 x 1  I ND 

1 1 1 1 I 
Talrku...............l 1 1 X 1 ND 



from Porcupine Creek above i t s  j u n c t i o n  wi th  McKinley Creek (Bea t ty ,  1937); 
t h i s  study, i n  six reconnaissance  samples taken  above the j u n c t i o n  con ta ined  
nonde tec t ab l e  t o  0.0004 ozIyd3 Au. The fo l lowing  d i s c u s s i o n  p e r t a i n s  t o  low-  
e r  Porcupine Creek (below McKinley Creek) .  

Three c a t e g o r i e s  of p l a c e r  d e p o s i t s  occur  on lower Porcupine Creek: 
abandoned channel  and bench d e p o s i t s ,  r e c e n t  s t ream g r a v e l s ,  and an a l l u v i a l  
f an .  Bureau sampling i d e n t i f i e d  t h e  h i g h e s t  g rades  i n  t h e  abandoned channels  
and bench d e p o s i t s .  A much l a r g e r  p o t e n t i a l  r e sou rce  occu r s  i n  t h e  a l l u v i a l  
f a n ,  bu t  g r ades  a r e  unknown. 

Abandoned Channels and Bench Depos i t s  

F igu re s  4 and 5 i d e n t i f y  f i v e  g rave l  r e sou rce  areas on lower Porcupine 
Creek blocked ou t  on t h e  basis of channel  samples c o l l e c t e d  by the Bureau i n  
1985. These a r e a s  c o n s i s t  of abandoned channel  and bench g r a v e l s ,  some of 
which c o r r e l a t e  w i t h  o ld  channels  i d e n t i f i e d  by Beat t y  (1937) and Bundtzen 
(1986) (fig. 3 ) .  These g r a v e l s  are a p p a r e n t l y  q u i t e  young, as wood ob ta ined  
from B e a t t y ' s  'dry channel '  was da ted  a t  about  2,200 y r  B.P. ( t a b l e  2 ,  sample 
85BTc2; f i g .  3 ) .  

The Bureau c o l l e c t e d  1 2  samples from channels  l abe l ed  as b ,  d ,  f ,  and g 
on f i g u r e  3. 'These samples conta ined  from a t r a c e  t o  0.021 ozIyd3 Au. An- 
o t h e r  38 channel  samples were c o l l e c t e d  from abandoned channels  and bench 
d e p o s i t s  l o c a t e d  f a r t h e r  upstream i n  an o l d  channel  on figure 5 ( a r e a  51, and 
from bench d e p o s i t s  (44-49, 53-59) i n  a r e a s  1 and 2 on f i g u r e  4 .  These 
samples conta ined  from a t r a c e  t o  0.058 g o l d .  Concent ra tes  conta ined  
5 t o  70 pe rcen t  magnet i te ,  up t o  10 pe rcen t  pyrite, and l e s s  than 1 pe rcen t  
z i r c o n ,  g a r n e t ,  and s c h e e l i t e .  The ba lance  of the c o n c e n t r a t e s  c o n s i s t s  of 
rock fragments  and q u a r t z .  

Samples c o l l e c t e d  i n d i c a t e  a c o l l e c t i v e  i d e n t i f i e d  r e sou rce  i n  the f i v e  
r e sou rce  a r e a s  of about 152,000 yd9 grading  0.0106 0 2 / ~ d '  gold ( t a b l e  5 ) .  
These v a l u e s  a r e  l i k e l y  t o  be  lower than a c t u a l  v a l u e s ,  as bedrock was not  
reached a t  a l l  channel  sample s i t e s .  

Add i t i ona l  r e s o u r c e s  are known t o  e x i s t  along upstream p a r t s  of Porcu- 
pine Creek but  were n o t  eva lua t ed  as p a r t  of this srudy.  Some of t h e s e  
d e p o s i t s ,  such as  a t  Bear Gulch,  have been mined, but  unmined d e p o s i t s  t h a t  
warrant  f u r t h e r  e v a l u a t i o n  a l s o  remain. 

Recent Stream Gravels  

Present-day s t ream g r a v e l s  c o n s i s t  of  poor ly  t o  moderately w e l l  s o r t e d  
g r a v e l s  con ta in ing  app rec fab l e  s i l t  and boulders  weighing up t o  s e v e r a l  tons.  
These g r a v e l s  have been worked wi th  appa ren t lv  good r e s u l t s .  

The Bureau c o l l e c t e d  f i v e  samples from r e c e n t  gravel d e p o s i t s .  These 
samples ,  which conta ined  from a t r a c e  t o  0.004 ozIyd3 A u ,  a r e  r e p r e s e n t a t i v e  
of s u r f a c e  va lues  on ly .  Because gold va lues  i n  t h e  Porcupine mining a r e a  are  
concen t r a t ed  on bedrock,  h ighe r  v a l u e s  should be  a n t i c i p a t e d  a t  dep th .  The 
c o n c e n t r a t e s  c o n s i s t e d  of from 15 t o  35 pe rcen t  magne t i t e ,  5 t o  45 percent  
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Figure 5. Placer sample locations, middle Porcupine Creek. 

pyrite, and minor percentages of zlrcon, garnet,  and scheelite. Results io- 
dicate that gold continues to be transported by Porcupine Creek during f lood  
stages. The best va.lues are concentrating jus t  below McKinley Creek, which 
is the acknowledged source of most of the Porcupine Creek placer gold. The 
McKlnley Creek junction area of Porcupine Creek has been mined several times 
in the past. Apparently, placer gold in this area reconcentrates periodical- 
ly, depending on flood intervals. However, little gold appears co have been 
transported downstream to the fan area in r e c e n t  years. Several thousand 
feet of stream bed, b e g i n n i n g  about 1,000 f t  below McKinley Creek and exten- 
ding to t h e  southern limit of the Beatty (1937) ( f i ~ .  3) investigation, h ~ v e  
not been mined completely. T h i ~  section is virtually 1~2ccessible to heavv 
equipment, but suction dredging might be possible. The chamel gravel of 
lover Porcupine Creek has an identified resource of at least 500,000 y d 3  of 



Table 5. I d e n t i f i e d  r e sou rces  i n  bench and abandoned channel  d e p o s i t s ,  
Porcupine mining a r e a .  

Area F igure  volume (yd3)a Grade ( o ~ / ~ d ~  AU) 
b 

Samples 

T o t a l  252,000 0.0106 

a 
Volumes were c a l c u l a t e d  by m u l t i p l y i n g  t h e  s u r f a c e  a r e a  of t h e  b lock  by a 
th i ckness  based on f i e l d  i n fo rma t ion  ( i f  a v a i l a b l e ) .  Thickness  f i g u r e s  
used tended t o  be minimum v a l u e s .  

b ~ r a d e s  were e s l c u l a t e d  by averaging t he  grades  determined f o r  each channel .  
No weight ing  f a c t o r s  w e r e  used. These v a l u e s  a r e  l i k e l y  t o  b e  lower t h a n  
t h e  a c t u a l  values, becauae bedrock was n o t  reached a t  every sample s i t e .  
However, gold v a l u e s  a r e  d i s t r i b u t e d  throughout  t h e  g r a v e l .  Best values 
a re  c o r r e l a t e d  wi th  coa r se  gravel layers. 

unknown grade based on an average th i ckness  of 18 ft and an  average width of 
90 f t  ( t a b l e  4). Actua l  t h i ckness  of mined s e c t i o n  i s  r epor t ed  t o  have 
exceeded 40 f t  i n  some l o c a t i o n s  (Roppel, 1975).  

A l l u v i a l  Fan . . 
The a l l u v i a l - f a n  g r a v e l s  c o n s i s t  of 1 2  to 15 f t  of r e c e n t  s t r eam g r a v e l s  

l y i n g  o v e r  an unknown t h i c k n e s s  of o l d e r  g r a v e l s .  Old channels  c o r r e l a t i v e  
w i t h  o l d e r  abandoned channels  a long  Porcupine Creek are  be l i eved  t o  occur 
beneath t h e  f an .  To d a t e ,  t h e s e  p o t e n t i a l l y  gold-bearing chanPels have no t  
been i d e n t i f i e d .  Some d r i l l i n g  r e p o r t e d l y  occurred  i n  t h e  e a r l y  1900s, bu t  
r e s u l t s  a r e  unknown. Rumors suggest t h a t  bedrock was encountered a t  a  depth 
of 70 f t  i n  a t  l e a s t  one h o l e .  

The Bureau c o l l e c t e d  eight samples on t h e  a l l u v i a l  fan.  However, t hese  
a r e  most ly r e p r e s e n t a t i v e  of r e c e n t  surface  gravels and w i t h  o l d e r  channel  
d e p o s i t s  t h a t  may exist a t  depth.  However, t he  r e s u l t s  were encouraging,  f o r  
the  samples recovered from a  t r a c e  t o  0.011 ozIyd3 Au.  The c o n c e n t r a t e s  con- 
t a i n e d  magnet i te  (up t o  40 pe rcen t ) ,  garnet, z i r c o n ,  and minor p y r i t e  and 
scheelite. 

The Porcupine f an  c o n t a i n s  over  6 m i l l i o n  yd3 of p o t e n t i a l  r e sou rces  
based on a l eng th  of 2,400 f t ,  width of 1,800 f t ,  and depth of 40 it 
( t a b l e  4 ) .  Much of t h i s  volume w i l l  l i k e l y  prove t o  be  uneconomlc t o  mine.  
However, high-grade channels  might exist a t  dep ths  of l e s s  than 100 ft. 
Addi t iona l  eva lua t ion  o f  t h i s  r e sou rce  is warranted.  



McKINLEY CREEK 

McKinley Creek, t he  l a r g e s t  northwest-flowing t r i b u t a r y  of Porcupine 
Creek, has a g r a d i e n t  of 500 f t /mi .  A lode-gold d e p o s i t  is loca t ed  next  t o  
t he  c r eek  a t  a n  1,800-ft e l e v a t i o n  about 2 m i  above its j unc t ion  wi th  Potcu- 
p ine  Creek. Free  gold can be panned from the  s u l f i d e s  i n  t he  lode  d e p o s i t .  

Bureau reconnaissance  samples c o l l e c t e d  above t h e  lode  d e p o s i t  conta ined  
from l e s s  than  0.0004 t o  0.0056 ozIpd3 Au. Samples taken below the lode  de- 
p o s i t  conta ined  f rom less than  0.0004 t o  0.0539 oz/ydS Au. The concen t r a t e s  
conta ined  up t o  30 percent  magnet i te  and 10 percent  p y r i t e ,  wt th  minor z i r -  
con, garnet, and s c h e e l i t e .  

I d e n t i f i e d  r e sou rces  c o n s i s t  of narrow point-bar d e p o s i t s  and channel  
d e p o s i t s  of from a f e w  hundred t o  2,000 yd3 each. About 20,000 yd3 grading 
from 0.001 t o  0.054 Au occur  on McKinley Creek a long  a  1-75-1115 s t r e t c h  
above its j unc t ion  wi th  Cahoon Creek, Add i t iona l  r e sou rces  exist below Ca- 
hoon Creek, bu t  t h i s  s e c t i o n  has  been mined s e v e r a l  times and grades of t h e  
remaining g r a v e l s  a r e  unknown. 

CAEOON CREEK 

Cahoon Creek i s  a  s t e e p  ( g r a d i e n t ,  650 f t / m i )  , nor theas t - f lowing  t r i b u -  
t a r y  t o  McKinley Creek. Very l i t t l e  g r a v e l  is  p re sen t  i n  t h e  c r eek  channel ;  
much of t he  s t ream f lows  on bedrock. Cahoon Creek has been recognized by 
miners  a s  a source  f o r  t he  go ld  on McKinley and Porcupine Creek. The lower 
0.5 m i  of t he  creek has  been e x t e n s i v e l y  worked. 

S teep  t e r r a i n  and t h e  presence of l a r g e  amounts of brush precluded samp- 
l i n g  of t h e  lower 1 m i  of t h e  c r eek .  Sampling was a l s o  impeded by a l a c k  o f  
grave l .  The nine samples taken i n d i c a t e  that t he  gold concen t r a t ion  in-  
c r e a s e s  a s  the  junc t ion  with McKinley Creek is approached. The samples con- 
t a i n e d  from l e s s  than  0.004 t o  0.045 ozIyd3 Au. The concentrates contained 
greater than  70 pe rcen t  magnet i te ,  with minor p y r i t e ,  z i r c o n ,  and ga rne t .  

Channel g r a v e l s  i n  Cahoon Creek a r e  l i m i t e d  ( t a b l e  4 ) .  Some p o t e n t i a l  
f o r  abandoned channels  o r  bench d e p o s i t s  may e x i s t ,  bu t  rhese have g e n e r a l l y  
been covered o r  diluted wi th  colluvium and avalanche d e b r i s .  The channel  
g r a v e l s  might be s u c c e s s f u l l p  mined with s u c t i o n  d r e d g e s ,  e s p e c i a l l y  along 
the lower 1.5 m i  of t he  c r e e k .  An abandoned channel  of Cahoon Creek, which 
joins McKinley Creek about 0.25 m i  upstream from the c u r r e n t  j unc t ion ,  should 
be i n v e s t i g a t e d .  

NUGGET CREEK 

Nugget Creek f l o w s  sou th  i n t o  the  Tsirku River  a t  an  average g rad ien t  of 
900 ft/mi. Place r  deposits a r e  present as a l luvium o r  colluvium i n  the  
s t ream bottom, as abandoned channel  d e p o s i t s  a t  high e l e v a t i o n s  on the  east 
s i d e  of t he  c r eek ,  and as an a l l u v i a l  f a n  a t  t he  mouth of t he  c r eek .  Al lu -  
vium i n  t h e  lower canyon of t h e  c reek  is  from 12  to 20 f t  deep. Gold is  
found on o r  near  bedrock, w i t h  l i t t l e  gold found i n  t h e  ove r ly ing  g r a v e l s .  



The Bureau c o l l e c t e d  11 reconnaissance  samples from Nugget Creek and i ts  
a l l u v i a l  f a n ,  The b e s t  va lue  (0.0138 oz/yd3 Au) was i n  a sample c o l l e c t e d  a t  
che mouth of a n  abandoned channel  of Nugget Creek ad jacen t  t o  t he  Ts i rku  Riv- 
e r .  Only minor amounts of gold ( t r a c e  t o  0.0007 ozIyd9) were found i n  t h e  
c r eek  i t s e l f .  A sample c o l l e c t e d  from a h y d r a u l i c  c u t  a t  2,550 f t  e l e v a t i o n  
on t h e  e a s t  s i d e  of t h e  c r eek  conta ined  0.0006 ozIyd3 Au. Concent ra tes  con- 

. t a ined  from 25 t o  70 percent  magnet i te ,  from l e s s  than  1 t o  70 percent  py- 
r i t e ,  and minor percentages  of z i r c o n ,  garnet, s c h e e l i t e ,  and ga lena .  

Gravel r e sou rces  i n  t h e  e x i s t i n g  s t ream channel  are minimal b u t  have 
been shorn t o  con ta in  coa r se  gold by r e c e n t  suct ion-dredging o p e r a t i o n s .  The 
a l l u v i a l  fan c o n t a i n s  an e s t ima ted  2,000,000 yd3 of m a t e r i a l ,  b u t  the grade  
remains unknown. Only p a r t s  of t h i s  volume would be minable because hfgh-  
grades  would l i k e l y  be r e s t r f c t e d  t o  channels .  

COTTONWOOD CREEK 

Cottonwood Creek is a s t e e p  ( g r a d i e n t ,  750 f t l m i ) ,  southeast-f lowing 
t r i b u t a r y  of t h e  Tsirku Rive r ,  l o c a t e d  about  1 m i  west of Nugget Creek. En- 
couraging amounts of gold have been found i n  the  c reek ,  but  no ex tens ive  min- 
i n g  has been done. 

The Bureau took th ree  reconnaissance  samples from Cottonwood Creek and 
found  from less than  0.0004 t o  0 -0005 Au. Concent ra tes  conta ined  from 
10 t o  20 pe rcen t  magnet i te ,  up t o  10 percent  p y r i t e ,  and minor percentages  of 
g a r n e t ,  z i r c o n ,  and s c h e e l i t e .  

Gravel  r e sou rces  i n  the  c r eek  channel  a r e  v e r y  l i m i t e d  owing t o  t h e  
s t e e p  g r a d i e n t  and narrow bedrock canyon. A s i g n i f i c a n t  volume of un te s t ed  
a l luv ium e x i s t s  i n  t he  a l l u v i a l  f a n  a t  the mouth of t he  c r eek .  T h i s  fan co- 
a l e s c e s  wi th  the  Nugget Creek f a n .  Abandoned channels  have been i d e n t i f i e d  
i n  t h e  f an  between Cottonwood and Nugget Creeks and should be i n v e s t i g a t e d .  

GLACIER CREEK 

G l a c i e r  Creek is a nor theas t - f lowing  t r i b u t a r y  of t h e  Kleh in i  River and 
is loca t ed  about  2 m i  west of Porcupine Creek. The c reek  is n o t  as s t e e p  a s  
most of t h e  c r e e k s  of t h e  a r e a ,  v i t h  an average  g r a d i e n t  of 250 f t / m i .  

The Bureau ' s  reconnaissance  sampling of G l a c i e r  Creek found no s i g n i f i -  
can t  r ecove rab le  gold va lues  i n  seven samples c o l l e c t e d .  The Concent ra tes  
conta ined  up t o  70 percent  s u l f i d e s  (most ly p y r i t e ) ,  LO pe rcen t  magnet i te .  
a n d  minor garnet, and z i r c o n .  

G lac i e r  Creek c o n t a i n s  a s i g n i f i c a n t  g r a v e l  r e sou rce .  However, no evi- 
dence of r ecove rab le  gold v a l u e s  i n  t h e s e  g r a v e l s  e x i s t s .  Christmas Creek i s  
t h e  only  a u r i f e r o u s  t r i b u t a r y  t o  G l a c i e r  Creek i d e n t i f i e d  t o  d a t e .  

CHRISTMAS CREEK 

Chris tmas Creek i s  a sma l l ,  s t e e p  ( g r a d i e n t ,  1,000 fr/mi) north-f lowing 
eastern t r i b u t a r y  of G l a c i e r  Creek. 



The Bureau c o l l e c t e d  f o u r  r econna i s sance  samples from g r a v e l s  exposed i n  
t h e  mining c u t  near t h e  j u n c t i o n  of Chris tmas and G l a c i e r  Creeks.  The grav- 
e l s  a r e  c l a y  r i c h ,  unso r t ed ,  and a r e  i n t e r p r e t e d  t o  be i n  p a r t ,  g l a c i a l  t i l l .  
Resu l t s  i n d i c a t e  t h a t  t h e r e  is a r e l a t i v e l y  equa l  d i s t r i b u t i o n  of  gold 
through 8 f t of g r a v e l .  The grade  of  t h e  g r a v e l  ave rages  0.0065 ozIyd9 Au. 
The c o n c e n t r a t e s  conta ined  magne t i t e ,  z i r c o n ,  g a r n e t ,  minor p y r i t e ,  and 
s c h e e l i t e .  

I d e n t i f i e d  r e s o u r c e s  a r e  l a r g e l y  r e s t r i c t e d  t o  the lower 0 .5  m i  of t h e  
c reek .  The lowermost s e c t i o n  of t h e  c r eek  nea r  t h e  workings,  c o n t a i n s  about  
12,000 yd3 of i d e n t i f i e d  r e sou rce  grading  0.0065 ozIyd3 Au. An a d d i t i o n a l  
r e sou rce  of  - up t o  30,000 yd9 is  e s t ima ted  t o  occur  f a r t h e r  upstream 
( t a b l e  4 ) .  

RESmTS OF SITE-SPECIFIC BLKK PLACER SAMPLING 

Four s i t e - s p e c i f i c  bu lk  p l a c e r  samples (Bl-4) were c o l l e c t e d  from pre-  
v i o u s l y  unworked g r a v e l s  on Porcupine Creek f o r  ana lyz ing  g r a v e l  and gold 
p a r t i c l e  s i z e s .  Because of the  d i ssemina ted  n a t u r e  o f .mos t  p l a c e r  gold with- 
i n  a gravel d e p o s i t ,  t h e  gold from t h e  channel  samples taken a t  t h e  s i t e -  
s p e c i f i c  sample l o c a t i o n s  was a l s o  sc reened  and weighed. The weights  of the 
gold recovered  from t h e  s i t e - s p e c i f i c  samples were added t o  the weights  
recovered  from t h e  s i t e  s p e c i f i c  samples t o  r e f l e c t  a l a r g e r  sampling volume 
( t a b l e  6 ) .  Because of  t h i s ,  t h e  t o t a l s  i n  t a b l e  6 cannot  be used t o  ca lcu-  
l a t e  g rades .  Histograms of  t h e  percentages  of gravel and gold i n  t h e  mesh 
sizes a re  shown on f i g u r e s  6-10. 

A 604.05-lb sample (B-1) was taken from a LO-ft-thick interval of  
a l luv ium on t h e  Porcupine Creek a l l u v i a l  f a n  ( f i g .  4 ) .  Over h a l f  of t h e  
g r a v e l  i s  g r e a t e r  than  +I mesh i n  s i z e .  Gold was found i n  mesh sizes between 

. -14 and +LOO, w i t h  ove r  88 pe rcen t  i n  t h e  -14 t o  +50 mesh sizes ( f i g .  6 ) .  

A 584.25-1b sample (B-2) was taken  from a g r a v e l  bench a long  Porcupine 
Creek (fig. 5 ) .  The sample was taken from 1 2  f t  of  a l luv ium r e s t i n g  on s l a t e  
bedrock.  Over half of  the  g r a v e l  is  c o a r s e r  than +1 mesh i n  s i z e .  Over 
90 percent  of  t h e  gold w a s  from -10 t o  f30 mesh (fig. 7 ) .  

A 562.4-Lb eample (B-3)  was t aken  from 16 ft of a l luv ium on a n  abandoned 
channel of Porcup ine  Creek ( f i g .  4 ) .  Nearly 65 pe rcen t  o f  the gravel is 
c o a r s e r  than  + I  mesh. Over 95 pe rcen t  of the gold was -10 t o  +50 mesh 
( f i g .  8). 

A 689.9-1b sample (B-4) w a s  t aken  from a l l uv ium a long  Porcupine Creek 
( f i g .  4 ) .  The sample was taken from 13 f t  of g r a v e l .  Nearly 58 pe rcen t  of 
t h e  g r a v e l  is  c o a r s e r  than +1 mesh. Over 90 pe rcen t  of the  gold was -10 t o  
+60 mesh ( f i g .  9 ) .  

F i g u r e  10 i s  a graph of t h e  cumula t ive  r e s u l t s  f o r  a l l  f o u r  s i t e -  
specific samples.  The g raph  indicates t h a t  over  90 p e r c e n t  of  the gold is  
-10 ro +SO mesh and t h a t  over  55 pe rcen t  of t h e  g r a v e l  i s  greater than 
+1 mesh. 
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Figure 6. Histogram of sample B-1. 

Figure 7.  Histogram of sample E - 2 .  



Figure 8, Histogram of sample B - 3 .  

Figure 9. Histofram of sample 8-4. 
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Figure 10. Cumulative histogram of bulk samples. 

The Bureau conducted reconnaissance and sire-specific bulk placer 
sampling in the Porcupine mining area in 1985. This work resulted in identi- 
fying gravel deposits having moderate to high mineral-development potential 
on Lower Porcupine, Cahoon, Christmas, McKinley, and Nugget Creeks. 

Abandoned channel and bench deposits on lower Porcupine Creek have the 
best potential for supporting a small to medium-sized (500 to 1,000 pd3/day) 
heavy-equipment placer operation. However, the prospective developer should 
identify a resource having average grades nearly double chose identified by 
t h i s  study ( L - e . ,  0.01 oz/vd3 Au) before making a substantial investment. 
Bureau records indicate that successful operators in Alaska during 1980-85, 
using heavy equipment to mine at the above rates, mined ground averaging 
0.015 oz/vd9 Au. A 1-mi-long s e c t i o n  of McKinley Creek above Cahoon Creek 
has high mineral-development potential for small placer operations using 
suction dredge and hand-placer techniques. Moderate development potential 
f o r  small heavy equipment (50 to 500 yd3/day) or hand-placer opetatfonc 
exists on Christmas and Nugget Creeks. The greatest potential for future 
min ing  on a large scale in the area depends on the results of expLorinf? the 
alluvial fans of Porcupine and Nugget Creeks, which together conservatively 
contain over 8,000,000 yd3 of g r a v e l  resources. Site-specific samples 
collected from lower Porcupine Creek indicate that washing plants should 
screen ro -1 mesh and be designed to recover gold down to +80 mesh. 



The DGGS i n v e s t i g a t e d  and mapped t h e  Qua te rna ry  geology and p l a c e r  de- 
p o s i t s  of t h e  Porcupine mining a r e a  and i d e n t i f i e d  t h e  f i n e n e s s  v a l u e s  of 
gold samples c o l l e c t e d  from t h e  s t u d y  a r e a .  The average  o v e r a l l  f i n e n e s s  of 
p l a c e r  gold from t h e  Porcupine mining a r e a  is  837. Dat ing  of  o r g a n i c  mater i -  
al c o l l e c t e d  from bench d e p o s i t s  i n d i c a t e  t h a t  t h e  Porcupine p l a c e r s  a r e  l e s s  
than  3,000 y r  o l d .  G l a c i a l  f e a t u r e s  sugges t  f o u r  s t a g e s  of g l a c i a l  advance 

, w i t h i n  the p a s t  13,000 yr. 
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POSTER TOPICS AND SUKMARIES 

"Poster sessions a l l o w  you to 
use innovative w a y s  to g e t  your 
message across" 

Cartoon from Geolog (Newsletter 
of the Geological Association of 
Canada), Winter 1987, v .  16, 
p t .  1, p .  20 .  

This section includes a brief summary of the poster displays presented 
at the Nlnth Annual Placer Conference held on March 25-27,  1987 in F a i r b a n k s ,  
A l a s k a .  Those posters which were previously publ ished are listed a t  the end 
of t h i s  report as  s e l e c t e d  publications. 





MINING AND TME UNIVERSITY OF ALASKA MUSEUM: 
CONTRIBUTIONS TO ALASKA'S FOSSIL HERITAGE 

Gary M. Selinger, Collections Manager 

and 

Roland A. Gaagloff, Curator of Earth Science 
University of Alaska Museum 

907 Yukon Drive 
Fairbanks, Alaska 99775 

In 1980, the University of Alaska Museum was dedicated to Otto William 
Geist . This German imigrant was a self -taught archaeologist, paleontolo- 
gist, and naturalist. His noteworthy contributions fn paleontology, through 
his exhaustive collecting efforts, were instrumental in establishing Alaska 
as one of the richest Pleistocene mammal fossil locales in North America. 

Fifty years ago, the Fairbanks Exploration Company had extended its min- . 
ing activities along many of the creeks in the Fairbanks area. The hydraulic 
giants used by the miners often exposed Pleistocene fossils. In 1937, Geist 
directed fossil collecting in the Fairbanks area for the University of Alaska 
and the Frick Laboratory in New York. Geist and his assistants collected 
many tons of fossils each mining season. During the winter months he classi- 
fied, repaired, and preserved thousands of specimens a t  the university before 
shipping many of them to the  Frick Laboratory. 

Geist collected more Pleistocene fossils in the subarctic and arctic 
than any other American, and his discoveries changed vertebrate paleontology 
Fa North America. His relationship with the mining community in interior 
Alaska established the important connection between mining and vertebrate 
paleontology. This historic cooperation between the University of Alaska 
Museum and miners across Alaska has been the basis for some of the most im- 
portant discoveries in vertebrate paleontology. 

In 1979, Walter and Ruth Roman discovered the mummified carcass of a 
Pleistocene bison at their placer mine on Pearl Creek (Fish Creek) .  The bi- 
son w a s  exposed as it eroded from the muck deposit. The Romans contacted the 
University of Alaska and a field crew directed by Dr. Dale Guthrie excavated 
the carcass. Analysis of this specimen indicates that the bison, Bison pris- 
cus, roamed the Fairbanks region 36,000 yr ago. The bison, now on display at 
the UAF Museum, is the only restored Pleistocene bison carcass in the world. 

In 1982. Ron Rosander and family discovered a set of mammoth tusks pro- 
truding from a muck deposit at their mining claim on Colorado Creek. After 
carefully excavating the tusks, Rosander realized he had discovered the en- 
tire skull with intact tusks of a woolly mammoth, Mammuthus primigenius. 



Rosander n o t i f i e d  t h e  museum, and a f i e l d  crew was sent t o  Co lorado  Creek  t o  
p r e p a r e  the skull f o r  shipment  t o  Fairbanks ( s e e  pho tograph  on f r o n t i s p i e c e ) .  

The f o l l o w i n g  summer, a f i e l d  crew excavated t h e  s i t e  and found many 
articulated bones b e l o n g i n g  t o  the mammoth. I n  a d d i t i o n ,  bones  from a second 
mammoth were d i s c o v e r e d .  T h i s  m a t e r i a l ,  which i s  15,000 y r  o l d ,  is being 
a n a l y z e d  a t  t h e  u n i v e r s i t y  and w i l l  provide a n o t h e r  g l impse  i n t o  the past. 
The Colorado  Creek mammoth skull i s  a l s o  on d i s p l a y  at t h e  UAF Museum. 

I n d o u b t e d l y ,  many f o s s i l s  a r e  s t i l l  embedded i n  t h e  muck d e p o s i t s  
t h r o u g h o u t  Alaska.  In  t h e  future, t h e  r e l a t i o n s h i p  between t h e  mining commu- 
n i t y  and the U n i v e r s i t y  of Alaska Musewn will p r o v i d e  t h e  f i e l d  of v e r t e b r a t e  
p a l e o n t o l o g y  w i t h  many more e x c i t i n g  d i s c o v e r i e s .  

The University of Alaska Museum e x t e n d s  h e a r t f e l t  thanks t o  the mining  
community f o r  f t s  c o n t r i b u t i o n s  t o  v e r t e b r a t e  p a l e o n t o l o g y  and t h e  p r e s e r v a -  
t i o n  of A l a s k a ' s  f o s s i l  h e r i t a g e .  



SUPERGENE GOLD IN GOLD PLACERS 

Steve D. Teller 
Department of Geology and Geophysics 

University of Alaska 
Fairbanks, Alaska 99775 

PROPOSAL 

Recent work suggests that part of the gold in gold-placer deposits is of 
supergene origin. Theoretical and experimental work have established t h a t  
C1-, CN-, SO-, and other anions will form complexes with gold under certain 
Eh (oxidation potential) and pH conditions at surface temperatures and pres- 
sures. Freeze-thaw cycles also play a role in this process. When soil be- 
gins to freeze, solutes are exuded into the unfrozen fraction of the soil 
pore water. This concentrates the complexing agents and favorably affects 
both the pH and the Eh. These processes may ultimately explain the abundance 
of placer deposits in the subarctic. 

I propose an integrated study of a natural alluvial placer to determine 
if much of the gold is of nonalluvial origin. The study will take advantage 
of the benches developed on gentle slopes of asymmetrical valleys, a geomor- 
phic feature common in central Alaska. These benches, which contain allwium 
deposited by the axial stream, are the result of sustained, simultaneous dom- 
cutting and lateral migration of the axial drainage. The higher benches are 
successively older, providing a semicontinuous geological record at least 
1 million yr. 

I propose to map and sample the late Cenozoic deposits on these benches 
during a mining season. The provenance and sedimentology will be mapped for 
sample control and future correlations. The surface morphology of the gold 
grains will be studied by scanning electron microscope (SEM) to determine the 
relative importance of mechanical deformation, chemical solution, and chemi- 
cal deposition. These grains will then be examined with an electron micro- 
probe to determine the internal trace-element zoning pattern. A small number 
of samples will be analyzed to determine the hydraulic equivalence of the 
gold grains relative to the other mineral grains. These results will be used 
to determine the relative amount of gold in each sample originating from 
alluvial detrital transport, from recent addition of residual gold grains 
from underlying bedrock, and from chemical deposition from groundwater. 

This study, undertaken as Master of Science thesis research, will begin 
in June 1987. Results should be available l o  the spring of 1988. 





POSTMETAMORPHIC QUARTZ-STIBNITE-GOLD LODES 

Jeff A. Huber 
P.O. Box 82588 

College, Alaska 99708 

Quartz-stibnite-gold mineralization is commonly found worldwide in green- 
schist-facies metamorphic rocks, These deposits occur in belts ranging from 
100 to 150 km long and 30 to 60 km wide between the pumpellite-out and bio- 
tite-in metamorphic isograds. The deposits show no direct relationship to an 
igneous source and are probably a product of metamorphism. 

The vefns, always postmetamorphic, cut metamorphic fabrics. The depos- 
its can be divided into two types, schist-marble contact deposits and diecor- 
dant vein types. Common features of the schist-marble contact deposit are: 

1) Mineralization localized at the intersection of high-angle faults 
and schist-marble contacts 

2) Formation of both breccia and jasperoid prior to mineralization 

3) Multiple periods of mineralization 

4 )  Mineralization consisting of quartz-sribaite-gold with little or no 
base metals present. 

Common features of discordant vein type deposlts are: 

1) Host rocks of schist or quartzites 

2) Mineralization localized in postmetamorphic high-angle faults or 
shear zones 

3)  Mineralization consisting of quartz-stibnite-gold with little or na 
base metals present. 

In Alaska, many districts show quartz-stibnite-gold mineralization, in- 
cluding the Nome district, the Sukakap Mt. area of the Brooks Range, and the 
Nolan-Wiseman district. Several areas within the USSR also contain this type 
of mineralization (the Kadamzhai deposit, the Terek deposit, the Dzbizhikurt 
deposit, and the Sarylakh deposit). In Alaska a systematic exploration pro- 
gram could result in new discoveries of postmetamorphic quartz-stibnite-gold 
lodes. 





POTENTIAL OF DIG TTIZFS AERIAL-PHOTOGRAPH ANALYSIS 
FOR PLACER-GOLD EXPLORATION 

S c o t t  L, Huang, Assoc ia te  P r o f e s s o r  
Department of Minlng and Geologica l  Engineer ing 

U n i v e r s i t y  of Alaska 
Fa i rbanks ,  Alaska 99775-1190 

and 

Lien  E. Huang, Computer Programming I n s t r u c t o r  
Alaska Computer I n s t i t u t e  
Fairbanks, Alaska 99701 

Before t h e  19603, a e r i a l  photography was t h e  sole system used i n  remote 
sens ing .  Since t h e  advent of t h e  NASA space  program, technology h a s  been 
moving from t h e  t r a d i t i o n a l  photographic  method t o  computer-aided image pro- 
cess ing .  Today, many of t h e  major advances of s a t e l l i t e  d i g i t a l  image-pro- 
c e s s i n g  techniques  are wide ly  used by s c i e n t i s t s  and eng inee r s  i n  s ea rch  of 
n a t u r a l  r e sou rces .  

D i g i t a l  technology is t h e  key f a c t o r  i n  nonphotographic remote-sensing 
systems. The massive amount of i n fo rma t ion  ob ta ined  often d i c t a t e s  d a t a  use 
as w e l l  as i n t e r p r e t a t i o n .  There are potential applications of  the image 
scanner  (Eikonixscan 7 8 /  79) i n  p l a c e r  gold exp lo ra t i on .  The v id i con  camera 
a t  t h e  UAF D i g i t a l  Image Process ing  Laboratory conve r t s  an a e r i a l  photograph 
i n t o  d i g i t a l  form wi th  s p a t i a l  r e s o l u t i o n  of 2 ,048 by 1,728 pixels w i t h  an 
e i g h t - b i t  r ad iome t r i c  r e s o l u t i o n .  The d i g i t i z e d  photograph is then processed 
by computer and i n t e r p r e t e d  by v i s u a l  i d e n t i f i c a t i o n .  I n  our s tudy ,  a high- 
a l t i t u d e  a e r i a l  photograph was scanned and d i g i t a l l y  processed.  Seve ra l  con- 
t r a s t  enhancement methods were used t o  improve t h e  q u a l i t y  of d i g i t a l  d a t a  
and t o  e x t r a c t  the needed in format ion .  





PLACER MINING ANI> RECOVERY SYSTEMS 

Robert Goodwin, E l l e n  P o a i ,  F red  Corne l iu s ,  
De lbe r t  Moss, and Ernes t  Johnson 

S tuden t s  o f :  
Mining Extens ion ,  Brooks Bui ld ing  

Un ive r s i t y  of  Alaska, Fai rbanks ,  Alaska 99775 

P l a c e r  mining is t h e  p roces s  of r ecove r ing  minerals concen t r a t ed  by ero-  
s i o n a l  p roces se s .  It invo lves  moving l a r g e  q u a n t i t i e s  of  m a t e r i a l  and then  
u s i n g  s p e c i f f c  g r a v i t y  t o  f u r t h e r  c o n c e n t r a t e  mine ra l s  f o r  recovery .  T h i s  
paper  d i s c u s s e s  a typical p l a c e r  mining and recovery  system observed i n  Aus- 
t r a l i a .  

Overburden, t h e  material ove r ly ing  t h e  pay g r a v e l s ,  must be moved t o  
a l l o w  mining. Once t h e  overburden h a s  been removed ( u s u a l l y  by b u l l d o z e r ) ,  
t h e  pay g r a v e l s  are moved t o  t h e  p roces s ing  s i t e .  

The pay g r a v e l s  a r e  fed i n t o  a g r i z z l y  by using a cons tan t - feed  convey- 
o r ,  which p reven t s  'choking '  of  t h e  g r i z z l y  and provides  a uniform feed  t o  
t h e  p roces s ing  p l a n t .  The gravels a r e  washed as plus 6-in.  rock passes 
a c r o s s  the g r i z z l y  and on to  a conveyor b e l t  tha t  Leads t o  a t a i l i n g s  f i l t e r .  

The s m a l l e r  rock i s  d i r e c t e d  t o  the trommel mouth. As t h e  m a t e r i a l  
moves down t h e  trommel, i t  w i l l  be  washed and tumbled, b reak ing  up any e x i s t -  
i ng  c l a y  and l i b e r a t i n g  any a t t a c h e d  gold. The resultant p l u s  314-in. grav- 
e l s  a r e  d i scharged  from t h e  end of t h e  trommel and a l s o  funneled t o  t h e  t a i l -  
i ngs  f i l t e r .  

Res idua l  m a t e r i a l  p a s s i n g  through t h e  s c r e e n s  of the trommel a r e  then 
d iecharged  i n t o  t h e  e h r e e  s l u i c e  boxes,  a cco rd ing  t o  s i ze .  

The f i r s t  size discharged  i s  minus 1/8 i n . ,  t h e  second s i z e  is  p l u s  1/8 
t o  114 i n . ,  and t h e  t h i r d  is  p l u s  114 i n .  t o  minus 3/4 i n .  These s izes were 
s e l e c t e d  t o  permit  a lower mechanical energy by t h e  wa te r  moving through t h e  
boxes and t h e r e f o r e  a g r e a t e r  f tne-gold  recovery.  

UAF Mining Extension s t u d e n t s  v i s i t i n g  mines i n  A u s t r a l i a  observed p l ac -  
er recovery systems used i n  semideser t  c o n d i t i o n s .  Water i s  s c a r c e ,  and the 
miners must recover  a s  much of i t  as p o s s i b l e .  O f  t e n ,  A u s t r a l i a n  miners use  
t h e i r  g r a v e l  t a i l i n g s  a3 f i l t e r s  f o r  t h e i r  mining warer. They run t h e i r  dis- 
charge warer i n t o  a U-shaped s e t t l i n g  pond and pass i t  through t h e  f i l t e r  
p i l e  i n t o  a ho ld ing  pond f o r  f u r t h e r  uee. 

For more in format ion  on t o u r i n g  A u s t r a l i a n  mines o r  o t h e r  Mining Extea- 
sion c o u r s e s ,  c o n t a c t  Jim Madonna, U A E  Mining Extension,  Fairbanks. 





EVALUATION OF FINE-GOLD-RECOVERY EQUIPMENT 

Mark L o e f f l e r ,  Craig C a s n e r ,  and Chad P a r r i n g t o n  
U n i v e r s i t y  of Alaska-Fairbanks  Mining E x t e n s i o n  

INTRODUCTION 

O f t e n ,  t h e  most  d t f f i c u l r  p a r t  of p l a c e r  min ing  i s  t h e  r e c o v e r y  of f i n e  
gold from black-sand c o n c e n t r a t e s .  G r a v i t y  s e p a r a t i o n  i n  a  r a p i d ,  e f f i c i e n t  
manner c o n t i n u e s  t o  be  a major  problem. T'his p r o j e c t  t e s t e d  t h e  s h a k e r  t a -  
b l e ,  t h e  go ld  whee l ,  and an a u t o m a t i c  panner  under  c o n t r o l l e d  c o n d i t i o n s  t o  
d e t e r m i n e  which t ype  of g o l d  r e c o v e r y  u n i t  i s  b e s t  s u i t e d  t o  t h e  c o l l e c t i o n  
o f  f i n e  gold from c o n c e n t r a t e s .  

The t e s t  sample  c o n s i s t e d  o f  a c t u a l  p l a c e r  c o n c e n t r a t e s  t h a t  had been 
p r o c e s s e d  f o r  g o l d  v i t h o u t  s i z i n g  . These c o n c e n t r a t e s  were  s c r e e n e d ,  t o  
-20/+30 mesh and panned t o  e l i m i n a t e  a l l  v i s i b l e  g o l d .  T h i s  mesh s i z e  was 
s e l e c t e d  because  -20/+30 mesh g o l d  can be s e p a r a t e d  easily by g r a v i t y  sepa- - 
r a t i o n ,  whereas  f i n e r  g o l d  (-30 mesh) r e q u i r e s  amalgamation o r  s e p a r a t i o n  by 
o t h e r  s o p h i s t i c a t e d  p r o c e s s e s .  

The sample  was s t e r i l i z e d ,  d r i e d ,  and s i z e d  t o  -20/+30 mesh. Ten l b  o f  
c o n c e n t r a t e  were weighed,  and t h r e e  d v t  (4,665 g) was r e t u r n e d  t o  t h e  s t e r -  
i l i z e d  c o n c e n t r a t e  f o r  machine-recovery t e s t i n g .  The sample was w e t t e d  w i t h  
w a t e r  f o r  t h e  t e s t s .  

THE TESTS 

The s h a k e r  table was t h e  f i r s t  machine t e s t e d .  Shak ing  t a b l e s  c o n s i s t  
of an i n c l i n e d  deck o r  t a b l e  o n t o  which m a t e r i a l  i s  f e d  and washed. The 
t a b l e  s h a k e s  w i t h  an a s y m m e t r i c a l  mot ion a t  r i g h t  a n g l e s  t o  t h e  f l o w  o f  
m a t e r i a l ,  w h i c h  v i b r a t e s  a c r o s s  t h e  r i f f l e  and s e p a r a t e s  by s p e c i f i c  g r a v i t y .  
M a t e r i a l s  c a n  be  c o l l e c t e d  as  t a i l i n g s ,  m i d d l i n g s ,  and c o n c e n t r a t e .  The 
s h a k e r  t a b l e  was c l e a n e d  by r u n n i n g  w a t e r  t h r o u g h  and o v e r  i t .  The a n g l e  o f  
t h e  t a b l e  was s e t  t o  d i r e c t  o n l y  t h e  h i g h e s t  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 t o  
t h e  c o n c e n t r a t e  bin f o r  f u r t h e r  panning.  The t r o u g h s  were channe led  th rough  
h o s e s  i n t o  b u c k e t s  t o  save t h e  e n t i r e  sample  f o r  r e p r o c e s s i n g  th rough  o t h e r  
machines .  After washing t h e  10 l b  sample ,  maximum e f f i c i e n c y  was o b t a i n e d  
o n l y  when b l a c k  sands ( m a g n e t i t e  and p y r i t e )  accompanied t h e  go ld  d i r e c t e d  t o  
t h e  c o n c e n t r a t e  c a t c h  b i n .  Gold passed i n t o  t h e  m i d d l i n g  b i n ,  n e c e s s i t a t i n g  
a rewash.  Also ,  s m a l l  amounts of c o n c e n t r a t e  and go ld  washed up under  t h e  
t a b l e  and accumulated on the l i p  of  t h e  m i d d l i n g s  and c o n c e n t r a t e  t rough.  
C l e a n i n g  t h e s e  a r e a s  was n o t  a problem,  b u t  c a u c i o n  had t o  be  t a k e n  t o  p re -  
v e n t  go ld  l o s s .  The c o n c e n t r a t e s  from t h e  s h a k e r  t a b l e  r e q u i r e d  f i n a l  pan- 
ning b e c a u s e  of t h e  amount o f  b l a c k  sand i n  t h e  f i n a l  c o n c e n t r a t e  b i n .  The 
f e e d  was s l o w ,  and all m a t e r i a l  was r e r u n  f o r  a b s o l u t e  maximum g o l d  r e c o v e r y ;  
79 .3  p e r c e n t  of t h e  g o l d  w a s  r e c o v e r e d  i n  t h e  c o n c e n t r a t e  c o l l e c t o r .  



The second  machine t e s t e d  was t h e  g o l d  wheel .  The g o l d  whee l  i s  a por-  
t a b l e  v a r i a b l e - s p e e d  bowl w i t h  a d u a l - l e a d  s p i r a l  r o t a t i n g  t o  a c e n t e r  depos- 
i t  t u b e ;  it h a s  an a d j u s t a b l e  s p r a y  b a r  f o r  w a t e r  f e e d  and wash. M a t e r i a l  i s  
s l o w l y  f e d  i n t o  t h e  f a c e  of t h e  machine ,  and t h e  r o t a t i o n  and w a t e r  combine 
t o  p e r m i t  t h e  r i f f l e  ( sp i r a l )  t o  c o l l e c t  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 .  The 
h i g h e s t  such  m a t e r i a l  ( g o l d )  s e p a r a t e s  o u t  and t r a v e l s  t o  t h e  c e n t e r  a s  t h e  
bowl r o t a t e s ;  i t  i s  d e p o s i t e d  t h r o u g h  a c e n t r a l  t u b e  i n t o  a c o l l e c t i o n  b a s i n .  
The machine a n g l e  c a n  b e  a d j u s t e d  t o  i n c l u d e  o r  e x c l u d e  m a t e r i a l  as  d e s i r e d  
by t h e  o p e r a t o r .  

The g o l d  wheel  was c l e a n e d  and checked f o r  p r o p e r  o p e r a t i o n .  The w a t e r  
f e e d  was started and the 10-lb c o n c e n t r a t e  sample  was s l o w l y  f e d  i n t o  the 
face,  The machine was s i m p l e  t o  r u n ,  e a s y  t o  adjust, and v e r y  e f f i c i e n t .  
The g o l d  i n  t h e  10-lb sample  cou ld  b e  obse rved  as  i t  t r a v e l e d  t o  t h e  c e n t e r  
of t h e  s p i r a l  and i n t o  t h e  r e c o v e r y  t u b e .  The g o l d  r e c o v e r e d  was v e r y  c l e a n  
and ready  t o  b e  d r i e d ;  o n l y  a few p a r t i c l e s  of b l a c k  sand  were c o l l e c t e d .  
The machine was o p e r a t e d  f o r  a few m i n u t e s  a f t e r  t h e  f u l l  10- lb  sample had 
been p r o c e s s e d  t o  e n s u r e  comple te  c o l l e c t i o n .  The 1- t o  2-lb l o a d  i n  t h e  
machine was then panned t o  s e e  if g o l d  remained .  The machine  c o l l e c t e d  95.5 
p e r c e n t  of the gold .  

The t h i r d  machine t e s t e d  f o r  c o n c e n t r a t e  c l e a n i n g  was t h e  a u t o m a t i c  
panner .  This  machine c o n s i s t s  o f  a f e e d  c h u t e  w i t h  pumped w a t e r  s p r a y e d  d i -  
r e c t l y  o n t o  a v i r b r a t i n g  0-5-in. sizing s c r e e n  and i n t o  a series o f  deep  
r i f f l e s  t h a t  shake h o r i z o n t a l l y  w h i l e  t h e  machine o p e r a t e s .  The machine was 
c l e a n e d  by h o s i n g  o u t  t h e  f e e d  c h u t e ,  s c r e e n s ,  and r i f f l e s .  C o l l e c t i o n  re- 
c e p t a c l e s  were  p l a c e d  as n e c e s s a r y  t o  c a t c h  t h e  m a t e r i a l  washed t h r o u g h  t h e  
u n i t .  A s c r e e n e d  sample  of  c o n c e n t r a t e s  similar (-20/+30 mesh) t o  t h e  10-lb 
sample ,  w i t h o u t  g o l d ,  was f e d  i n t o  t h e  machine t o  o b s e r v e  t h e  a c t i o n  of t h e  
machine.  Tbe a u t o m a t i c  panner  washed some of the sample o u t  o f  t h e  +&-in. 
c h u t e ;  most o f  t h e  c o n c e n t r a t e  was accumula ted  i n  t h e  r i f f l e s  o f  t h e  s l u i c e  
box. Very l i t t l e  c o n c e n t r a t e  washed t h r o u g h  t h e  s l u i c e  box. The 10-lb sam- 
p l e  w i t h  g o l d  was n o t  run.  The machine was c l e a n e d  up .  We de te rmined  t h a t  
t h i s  machine 18  a c t u a l l y  a l a r g e ,  s e m i p o r t a b l e  power s l u i c e  box best s u i t e d  
f o r  a  small mining o p e r a t i o n  t o  p r o c e s s  bench g r a v e l s  o r  t o  c l e a n  up l a r g e -  
s c a l e  s l u i c e  g r a v e l s .  

CONCLUSIONS 

The s h a k e r  t a b l e  r e c l a i m e d  79.3 p e r c e n t  of the g o l d  i n  t h e  -20/+30 s i z e d  
c o n c e n t r a t e  sample w i t h  a n  accumula r ion  of b l a c k  s a n d s  t h a t  had t o  be  panned 
o u t  by hand.  The machine s h o u l d  be mounted pe rmanen t ly  b e c a u s e  o f  t h e  shak-  
i n g  a c t i o n .  A l a r g e  q u a n t i t y  o f  w a t e r  of a c o n s i s t e n t  f l o w  is n e c e s s a r y  f o r  
b e s t  w a s h b g  r e s u l t s .  

The g o l d  wheel  r e c l a i m e d  95.5 p e r c e n t  o f  t h e  go ld  i n  t h e  c o n c e n t r a t e  
sample.  However, m o n i t o r i n g  is n e c e s s a r y  a s  a d j u s t m e n t s  a r e  somet imes  needed 
f o r  optiraum r e c o v e r y .  The g o l d  r e c o v e r e d  was v e r y  c l e a n  and o n l y  a s l i g h t  
gold-pan washing w a s  n e c e s s a r y  t o  remove t h e  r e m a i n i n g  b l a c k  sand.  The r e -  
ma in ing  1 t o  2 lb of c o n c e n t r a t e  m a t e r i a l  c o n t a i n e d  0.042 dwt ,  o r  1 .4  p e r c e n t  
of t h e  g o l d  sample.  T h i s  was c l e a r l y  t h e  most e f f i c i e n t ,  p r a c t i c a l ,  and por- 
t a b l e  machine t e s t e d .  



The automatic panner failed the test as a concentrate cleaning unit .  
This machine is better descr ibed  as a power sluice box with water pump. Con- 
centrates would have to be further panned or processed to obtain the gold. 





HEAP LEACHING IN ALASKA 

Clayton A. Wells and Roger C. Cope 

Un ive r s i t y  of Alaska-Fairbanks Mining Extension 

This  paper d i s c u s s e s  a  h y p o t h e t i c a l  heap-leaching o p e r a t i o n  designed f o r  
use  i n  Alaska. 

The o r e  of t h i s  heap l e a c h  o p e r a t i o n  w i l l  be  mined from a 100- by 50- f t  
m ine ra l i zed  zone by u s i n g  open-pi t  excava t ion  methods. The o r e  i s  a p p l i c a b l e  
t o  heap l each ing ,  as i t  i s  porous and c o n t a i n s  microscopic  and submicroscopic  
go ld  (Au) and s i l v e r  ( ~ g )  p a r t i c l e s  i n  con junc t ion  w i t h  a low-clay and Eine- 
s i l t  con ten t  t h a t  p r e s e n t s  no d - i f f i c u l t y  i n  p e r c o l a t i o n  of t h e  l each  so lu -  
t i o n .  The optimum ph of  7 f o r  t h e  l e a c h a t e  w i l l  be  maintained by us'ing 
sodium hydroxide. Channel a s says  taken a c r o s s  t h e  mine ra l i zed  zone hypothet- 
i c a l l y  average  0.165 oz/ron Au and 0.06 o z / t o n  Ag. 

The o r e  w i l l  be  mined a t  50 tons  pe r  day wi th  a Cat D-8 with r i p p e r  and 
a Car 966 front-end loade r .  The D-8 w i l l  r i p  t h e  ore-bear ing  rock and then  
push i t  i n t o  p i l e s  a c c e s s i b l e  t o  t h e  966 l o a d e r  for l oad ing  i n t o  a 5-yd end 
dump t ruck .  The t r u c k  will h a u l  the m a t e r i a l  from t h e  p i t  t o  t h e  feed b in ,  
1/4 m i  away. The t r u c k  w i l l  dump d i r e c t l y  i n t o  a 10- by 10- by LO-ft f eed  
b i n  w i t h  a ho ld ing  c a p a c i t y  of about  50 tons .  The o r e  w i l l  be f ed  i n t o  a  
high-volume (36- by 18 - f t )  jaw c rushe r  by a  p l a t e  f e e d e r  a t  2 . 2  t o n s  pe r  h r .  

The crushed o r e  from t h e  jaw c r u s h e r  w i l l  be passed a c r o s s  a 2- by 4- f t  
shaker  s c r e e n  with 2-in. openings.  The p l u s  2- in .  f r a c t i o n  w i l l  be r e tu rned  
t o  t h e  u n i t  by conveyor for a d d i t i o n a l  c rush ing .  The minus 2-in. f r a c t i o n  
w i l l  be f ed  by conveyor i n t o  a  3-tph g y r a t o r y  c rushe r .  

The o r e  is then  conveyed t o  a 2-  by 4-Et shaker  screen,  where t h e  p l u s  
b i n .  f r a c t i o n  is t r a n s f e r r e d  by conveyor t o  t h e  gy ra to ry .  The minus k i n .  
m a t e r i a l  i s  t r a n s f e r r e d  by conveyor t o  a s t o c k p i l e .  

During t h e  f i r s t  yea r  of o p e r a t i o n  no o r e  w i l l  be leached ,  b u t  f u l l -  
s c a l e  open-pit  excava t ion  w i l l  t ake  p l a c e  from A p r i l  I t o  October 1; 9 ,000 
tons  of  o r e  w i l l  be  prepared f o r  l e a c h i n g  beginning t h e  fo l lowing  s p r i n g .  

During t h e  f i r s t  summer, t h e  heap l e a c h  pad w i l l  a l s o  be  b u i l t .  The 
base of  t h e  pad w i l l  be  1 f t  of compacted f i n e  g r a v e l  ove r l ay ing  s o l i d  rock 
that has  been graded t o  d r a i n  t o  t h e  c e n t e r  of the pad. The f r o n t  of t h e  pad 
w i l l  have a 2-percent g rade  t o  provide proper  d ra inage  of t h e  l each ing  so lu-  
t i o n .  Next, 20 m i l  of  impervious l i n e r  w i l l  be placed on t h e  g r a v e l  base 
fo l l oved  by a d ra inage  n e t  t h a t  w i l l  a l l ow  t h e  fluid t o  f low e a s i l y  a long  i t ;  
a second impervious l i n e r  of 40 m i l  w i l l  be p laced  on top  the  n e t .  Overlying 
t h e  40-mil l i n e r  w i l l  be  another  l a y e r  of d r a inage  ne t .  Above this, a l a y e r  
of g e o t e x t i l e  f a b r i c  w i l l  be  p laced;  t h i s  w i l l  p r even t  t h e  fines from e n t e r -  



i n g  and c l o g g i n g  t h e  d ra inage  n e t  ( ' s l i m i n g '  t h e  sys tem)  and w i l l  m a i n t a i n  a n  
open d r a i n a g e  n e t ,  t h e r e b y  p r o v i d i n g  a d e q u a t e  d r a i n a g e  o f  t h e  l e a c h a t e .  The 
l a y e r  of g e o t e x t i l e  w i l l  a l s o  p r o v i d e  a d d i t i o n a l  t e n s i l e  r e i n f o r c e m e n t  t o  t h e  
e n t i r e  l i n i n g  sys tem.  

The second  l a y e r  o f  g e o t e x t i l e  l i n i n g  w i l l  s t r e n g t h e n  t h e  sys tem and a c t  
as  a p r e c a u t i o n a r y  backup s h o u l d  one o f  the l a y e r s  f a i l .  

The l i n i n g  w i l l  be  s e a l e d  a t  t h e  seams w i t h  a h e a t  gun. T h i s  we ld ing  
p r o c e s s  c r e a t e s  a c o m p l e t e l y  homogeneous bond between t h e  m o l t e n  weld bead 
and t h e  s u r f a c e s  of t h e  s h e e t s .  

The d imens ions  o f  t h e  pad w i l l  be  235 f t 2  a t  t h e  b a s e ,  and t h e  s i d e -  
s l o p e s  of t h e  pad w i l l  have a r a t i o  o f  2: 1 t o  p r e v e n t  t h e  m a t e r i a l  from 
s l o u g h i n g  o f f  t h e  pad.  The t o t a l  h e i g h t  o f  t h e  pad w i l l  be 40 f t ,  which w i l l  
t a k e  5 yr a t  9 ,000  t p y  t o  comple te .  S imi l a r  pads  w i l l  be  p repared  a d j a c e n t  
t o  t h e  o r i g i n a l  pads  as  they a r e  needed t o  p r o v i d e  c o n t i n u a l  l e a c h i n g  o f  t h e  
o r e  a t  9,000 t p y .  

The h o l d i n g  ponds w i l l  be  c o n s t r u c t e d  u s i n g  a  d o u b l e  l i n e r  of 20 and 40 
mil o f  t h e  same m a t e r i a l  a s  used  on t h e  pad,  and w i l l  c o n t a i n  no d r a i n a g e  n e t  
o r  g e o t e x t i l e .  The l e a c h a t e  h o l d i n g  pond w i l l  b e  30- by 30- by 10 f t  deep.  
Normal o p e r a t i n g  c a p a c i t y  w i l l  be 30,000 g a l ,  w i t h  a t o t a l  h o l d i n g  c a p a c i t y  
o f  60,000 gal. There  w i l l  b e  a  backup b o t h  a t  h o l d i n g  pond t o  h o l d  t h e  over -  
f l o w  caused  by p r e c i p i t a t i o n .  The o v e r f l o w  c a p a c i t y  w i l l  b e  e q u a l  t o  1 yr of 
p r e c i p i t a t i o n  o v e r  t h e  pad a r e a ,  o r  325,800 g a l / a c r e ,  which w i l l  r e q u i r e  a n  
o v e r f l o w  pond 75 f t Z  and I0  fr deep  w i t h  a h o l d i n g  c a p a c i t y  of  420,000 g a l .  

The l e a c h a t e  s o l u t i o n  w i l l  c o n t a i n  a  b i o d e g r a d a b l e  chemica l  c a l l e d  
P10-D, sodium bromide,  and sodium h y d r o x i d e ,  which a r e  a l l  approved by t h e  
EPA a s  nonhazardous  c h e m i c a l s .  

The l e a c h i n g  cyc l e  b e g i n s  a t  t h e  l e a c h a t e  h o l d i n g  ponds ,  where t h e  
s t r e n g t h  o f  t h e  s o l u t F o n  w i l l  be  moni to red  by a c o n t r o l  sys tem c h a r  automa- 
t i c a l l y  checks  t h e  s o l u t i o n  e v e r y  LO sec and a d d s  t h e  needed component chemi- 
c a l s  t o  m a i n t a i n  a p r e d e t e r m i n e d  s t r e n g t h .  The s o l u t i o n  w i l l  be pumped t o  
t h e  t o p  of t h e  pad where i t  w i l l  be d i s t r i b u t e d  by r a i n b i r d  s p r i n k l e r s .  The 
r a t e s  of a p p l i c a t i o n  o f  l e a c h a t e  s o l u t i o n  v a r i e ~  f rom o p e r a r i o n  t o  o p e r a t i o n ,  
b u t  are  g e n e r a l l y  abou t  10 l / h r / m z  (0 .25 gpm/sq ft) o f  l e a c h  a r e a .  Using t h e  
r a t e  o f  b g p h / f t 2  w i l l  r e q u i r e  an a p p l i c a t i o n  r a t e  of 315 g a l / m i n .  

As t h e  l e a c h a t e  i s  a p p l i e d  on t h e  pad i t  w i l l  p e r c o l a t e  th rough  t h e  o r e ,  
l e a c h i n g  t h e  p r e c i o u s  m e t a l s  as i t  t r a v e l s ,  and the r e s u l t i n g  ' p r e g n a n t  s o l u -  
t i o n '  w i l l  f l o w  th rough  t h e  g e o t e x t i l e  f a b r i c ,  which w i l l  f i l t e r  most  of t h e  
f i n e s  and s l i m e  from t h e  s o l u t i o n .  A s  the s o l u t i o n  p a s s e s  th rough  t h e  geo- 
t e x t i l e  f a b r i c  i t  w i l l  e n c o u n t e r  t h e  t o p  imperv ious  l i n e r  and d r a i n  t o  t h e  
f r o n t  o f  t h e  l e a c h  pad t h r o u g h  t h e  c h a n n e l s  o f  t h e  n e t t i n g .  

From t h e  f r o n t  o f  t h e  l e a c h  pad t h e  s o l u t i o n  w i l l  f low th rough  a - s l i m e  
d i t c h  10 f r  l o n g ,  5 E t  deep ,  and 4 f t  wide t h a t  i s  doub ly  l i n e d  i n  t h e  manner 
of t h e  h o l d i n g  ponds .  The slime d i t c h  w i l l  a c t  a s  a s e t t l i n g  pond f o r  t h e  
s l i m e .  The l e a c h a t e  s o l u t i o n  i s  t h e n  r e t u r n e d  th rough  a p l a s t i c  p i p e  by 



g r a v i t y  f e e d  t o  the l e a c h a t e  pond, thereby  completing the cyc le .  T o t a l  leach- 
i n g  t h e  f o r  the system is  120 days. 

The next s t e p  involves  e x t r a c t i n g  t h e  p r e c i o u s  me ta l s  from the  pregnant 
s o l u t i o n  by the use of i o n i c  r e s i n s .  The pregnant  s o l u t i o n  w i l l  be pumped a t  
30 gpm from t h e  l e a c h a t e  ho ld ing  pond i n t o  a r e s i n  c e l l  of 6 f t 3  ( 1  cu f t  of 
r e s i n  weighs 40 l b  and h o l d s  150 oz of p rec ious  m e t a l s ) .  A s  the pregnant  
s o l u t i o n  f lows through t h e  resin, t h e  gold and s i l v e r  i o n s  a r e  exchanged f o r  
i o n s  i n  t h e  resins. The s t r i p p e d  l e a c h a t e  s o l u t i o n  is then  r e tu rned  by grav- 
i t y  feed t o  the leachate ho ld ing  pond. 

Da i ly  assaying of t h e  l e a c h a t e  s o l u t i o n  as i t  e n t e r s  and l eaves  t he  r e s -  , 

ins f o r  va lues  of gold and  s i l v e r  w i l l  make i t  p o s s i b l e  t o  compute the pre- . 
cious-metal recovery  a t  t he  f l o w  of 30 gpm. When t h e  abso rp t ion  r a t e  f o r  t he  
p rec ious  metals begin t o  d e c l i n e  i t  w i l l  s e r v e  as a n  i n d i c a t o r  of r e s i n  sa tu -  
r a t i o n .  

The s a t u r a t e d  r e s i n s  w i l l  then  be removed from t h e  system w h i l e  switch-  
ing t he  pregnant  s o l u t i o n  f low t o  fresh  r e s i n ,  The saturated r e s i n s  will 
then be smelted a t  the site, assayed, and then  sent on t o  the refinery. 

Expected percentage of recovery from the heap-leach o p e r a t i o n  is 60 per- 
cen t .  A t  9,000 tons  p e r  y e a r  the o p e r a t i o n  w i l l  produce 891 oz gold and 
324 oz silver p e r  year .  





THE DELPRAT LEAD-ZINC MINE 
B R O W  HILL, AUSTRALIA 

Leah Madonna 
504 Col lege  Road 

Fa i rbanks ,  Alaska 99701 

The Broken H i l l  Mine was discovered  in 1883 by Char les  Rasp, a sheep 
range r i d e r  who d iscovered  some unusua l  b l a c k  mine ra l s  and subsequent ly  
s taked  c la ims  and sunk a s h a f t .  The e a r l y  o r e s  inc luded  c e r r u c i t e ,  a  l e ad  
ca rbona te ,  and ox id i zed  gossan zones con ta in ing  s u b s t a n t i a l  n a t i v e  s i l v e r .  

During the e a r l y  pe r iod  of e x t e n s i v e  d r i l l i n g ,  one of  t h e  major problems 
of t h e  mine was t h e  l a c k  of strong t imber  t o  suppor t  t h e  underground work- 
ings ; -  n a t i v e  trees ( inc lud ing  t h e  gum) and imported New Zealand p i n e  qu i ck ly  
decayed. Today, the Delp ra t  mine h o s t s  a growing c i t y  of 21,000 ( t h e  t h i r d  
l a r g e s t  c i t y  In New South Wales) and uses imported Oregon t imber  f o r  i t s  head 
frame, c r i b b i n g ,  and t imbers .  The o r e  mined today,  an unoxidized s u l f i d e  o r e  
t h a t  i n c l u d e s  ga l ena ,  magnet i te ,  and s p h a l e r i t e ,  averages  about  4 o z / s i l v e r .  
It c o n t a i n s  about  30 pe rcen t  me ta l  and 70 pe rcen t  gangue m a t e r i a l .  When t h e  
o r e  a r r i v e s  a t  t h e  smelter, up t o  51 metals a r e  e x t r a c t e d ,  i n c l u d i n g  a con- 
s i d e r a b l e  amount of cadmium. Broken B i l l ,  one of the  l a r g e s t  producers  of 
cadium i n  t h e  sou the rn  Hemisphere i s  a l s o  one of t h e  l a r g e s t  gold producers  
i n  New South Wales. Some of the o t h e r  me ta l s  i nc lude  be ry l l i um,  n i c k e l ,  and 
copper. 

Today, miners  a r e  brought down t o  t h e  working l e v e l  i n  a cage. Upon 
l eav ing  t h e  cage ,  t h e  d r i v e  fo l l ows  a long  a f o o t w a l l .  Each 100-ft l e v e l  con- 
t a i n s  an  ore chute .  Most miners  use  a i r - l e g g e r  machines o r  j a c k l e g s  t o  d r i l l  
a 12- f t  b lock of o r e .  D r i l l  h o l e s  a r e  l oca t ed  t o  ensure  maximum s a f e t y  and 
o r e  e x t r a c t i o n .  A f t e r  each h o l e  has been loaded they  a r e  connected t o  a  se- 
r i e s  c i r c u i t .  The e x p l o s i v e s  used today a r e  e l e c t r i c a l l y  de tona t ed  by a 
'm i l l i s econd '  u n i t .  When all h o l e s  a r e  completed, the s h i f t  foreman removes 
a l l  miners  from t h e . l e v e 1  be ing  f i r ed .  Once t h e  dus t  has s e t t l e d ,  t h e  nex t  
shift is allowed t o  enter t h e  mine. B e  miners  t hen  shovel  t h e  ore i n t o  a 
sma l l  1-ton t r u c k  and push t h e  t r u c k  t o  t h e  o r e  chute .  Clydesdale  horses 
once p u l l e d  t h e  o r e  carts t o  t h e  s u r f a c e ,  but  have been r ep l aced  by  3-ton o r e  
c a r s  powered by banks of lead-acid b a t t e r i e s .  

A t  Broken H i l l ,  underground mining i s  done on an i n c e n t i v e  s c a l e  o r  con- 
t r a c t .  The more o r e  a team b r i n g s  o u t ,  t h e  more money they  earn. A good 
p a r t y  (a four-man team) can earn around $ 1 0 0 / s h i f t  by removing an estimated 
10-fr s l i c e  i n t o  t h e  o r e  body, o r  roughly 1,300 tons .  

Once on the s u r f a c e ,  t h e  o r e  1s  taken t o  t h e  m i l l ,  c rushed t o  a  f i n e  
powder, and then  taken t o  a f l o t a t i o n  room. There ,  f l o t a t i o n  cel ls  (devel-  
oped a t  Broken Hill i n  t h e  e a r l y  1900s) s e p a r a t e  t b e  o r e  from the gangue by 
p l a c i n g  t h e  f i n e l y  powdered c o n c e n t r a t e  and r e a g e n t s  i n t o  a l a r g e  wash t rough 
t h a t  runs  through f l o c c u l a t i o n  c e l l s .  The o r e  f l o a t s  t o  t h e  s u r f a c e  and is 



scooped of f  and directed t o  filtering pads for drying.  The concentrates are 
then s h i p p e d  to the smelter a t  Port Pirie in South Australia, where the Fndi-  
v idua l  metals are separated. 



ALLWIAL SAPPHIRE MINING I N  AUSTRALIA 

A l l a n  W. Coty 

P e t e r  Brown's Sapphi re  Mine is l o c a t e d  about  9 m i  from t h e  town of 
I n v e r e l l ,  i n  New South Wales, A u s t r a l i a .  

The o p e r a t i o n  r e q u i r e s  two men t o  mine and process  80 yd3/day of  a l l u -  
v i a l  g r a v e l s  excavated from a bench about 100 f t  from t h e  p r e s e n t  s t ream.  
M r .  Brown d i g s  t e s t  p i t s  w i t h  a HY-MAC Excavator Backhoe t o  o u t l i n e  a r e a s  
w i th  s u f f i c i e n t  s a p p h i r e  con ten t  t o  be  mined economical ly .  Then 4 t o  9 f t  of 
overburden i s  removed and s t acked  t o  t h e  s i d e  of t h e  t rench .  Access is l e f t  
open a t  bo th  ends of  the trench. A l e n s o t e  1- t o  6- f t - th ick  l a y e r  of g r a v e l  
pay i s  removed by t h e  backhoe and loaded i n t o  a  4-yd dump t r u c k  for a 100-yd 
t r i p  t o  the  p roces s ing  p l a n t ,  where i t  i s  dumped i n t o  a r e c e i v i n g  hopper ,  
washed w i t h  water ,  and turned  i n t o  a slurry. 

The g r a v e l s  are then washed from t h e  receiving hopper i n t o  t h e  r o t a t i n g  
t r o w e l  mouth. 

An 18-hp d i e s e l  engine  drives t h e  pump t h a t  s u p p l i e s  both t h e  water  f o r  
t h e  h y d r a u l i c  monitor and t h e  hu tch  water  on t h e  jigs. The pump i s  l o c a t e d  
a t  t h e  f o u r t h  of f o u r  s e t t l i n g  ponds, which are  i n  a c losed  circuit. The 
overf low method is  used t o  t r a n s f e r  water  f r o m  one pond t o  t h e  next .  The 
overf low o u t l e t s  are  switched t o  oppos i t e  s i d e s  from pond t o  pond t o  keep t h e  
water from running s t r a i g h t  th rough,  t he reby  g i v i n g  t h e  s o l i d s  a longer  
s e t t l i n g  t ime.  The l a s t  s e t t l i n g  pond c o n t a i n s  only seepage warer t h a t  pass- 
es through t h e  g r a v e l  t a i l i n g s  b a r r i e r .  The pond b a r r i e r s  were b u i l t  with 
t a i l i n g s  and o v e r s i z e  from t h e  mining o p e r a t i o n .  

A n  18-hp diesel engine  a l s o  provides  t h e  working power r equ i r ed  t o  t u r n  
t h e  trommel. The trommel i n  t u r n  s p i n s  a  wheel t o  wh ich  a  sp rocke t  i s  b o l t -  
ed. A cha in  from t h e  sp rocke t  d r i v e s  a rod-and-cam system t h a t  o p e r a t e s  t h e  
primary and secondary j i g s .  

The s l u r r y  from t h e  r e c e i v i n g  hopper is  then tumbled and thoroughly 
washed i n  a 10-ft  s e c t i o n  of blinded trommel be fo re  i t  c r o s s e s  a 5 - f t  s e c t i o n  
of 1- in . - thick s t e e l  mesh. 

The o v e r s i z e  m a t e r i a l ,  a f t e r  being washed, f a l l s  ou t  t h e  end of t h e  trom- 
me1 d i r e c t l y  i n t o  t h e  dump t r u c k ,  where i t  i s  t r a n s p o r t e d  back and used t o  
f i l l  i n  t h e  mined p o r t i o n  of t h e  t rench .  

The minus 1-in. m a t e r i a l  t h a t  passes through t h e  s t e e l  mesh i s  d i r e c t e d  
ac ros s  t h e  primary jig. The minus 1-in. p l u s  3/16-in. s a p p h i r e s  work through 
t h e  bedding and c o n c e n t r a t e  a t  the i n t e r f a c e  of t h e  g r a v e l s  and j i g  s c r e e n .  
The minus 3/16-in. m a t e r i a l  then  works i t s  way through t h e  bedding and pas se s  
through t h e  3/16-in.  jig sc reen  and o u t  t h e  s p i g o t  a t  t h e  bottom of  t h e  du- 
plex.  From t h e  s p f g o t  i t  falls i n t o  a  t rough t h a t  l e a d s  t o  t h e  secondary 



j i g ,  which has a 1/l '6-in. screen. Anything t h a t  goes  through the screen i s  
d i r e c t e d  t o  t h e  first pond, along with the tailings from t h e  primary jig. 
The minus 1116- in .  sapphires  are not k e p t  because they are. too small t o  be 
face ted  economical ly .  

After s h u t t i n g  down t o  c l e a n  up,  !he bedload of natural stones were 
removed to  expose the  p l u s  3/16-in.  sapphire concentra te ,  vhich  i s  loaded 
i n t o  a bucket for  f i n a l  s o r t i n g .  The bucket is dumped i n t o  a 'washing  screen, 
which i s  v igorous ly  ro ta ted  i n  the water t o  concentrate  the  s a p p h i r e s  a t  t h e  
interface of bedding material and screen. The screens are f l ipped  over onto 
a c l e a n ,  f l a t  surface. The sapphires  are t h u s  exposed on top  of  the  p i l e ,  
where they are easily v i s i b l e  and can b e  hand picked.  
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