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Kevin hlolone2 

INTRODUCTION AND SUMMARY 

Mercury, o r  q u i c k s i l v e r  a s  it i s  o f t e n  c a l l e d ,  has  many a p p l i c a t i o n s  i n  
modern technology. Used p r i n c i p a l l y  i n  e l e c t r i c a l  appa ra tu s ,  i n d u s t r i a l  con- 
t o 1  ins t ruments ,  i n s e c t i c i d e s  and fung ic ide s ,  e l e c t r o l y t i c  p r epa ra t i on  of 
c h l o r i n e  and c a u s t i c  soda, chemical p rocesses ,  pharmaceut ica l s ,  and d e n t a l  
p r epa ra t i ons ,  t h e  l i q u i d  metal  has  unusual p r o p e r t i e s  t h a t  make it a  pre-  
f e r r e d  m a t e r i a l  f o r  many i n d u s t r i a l  uses. 

United S t a t e s  consumption of mercury dur ing  t h e  p a s t  4 0  y e a r s  shows a  
r i s i n g  t rend .  I n  a l l  except  4  yea r s ,  U.S. p roduct ion  has  been l e s s  than  t h e  
domest ic  requi rement ,  and imports ,  p r i n c i p a l l y  from Spain ,  I t a l y ,  and Mexico, 
have suppl ied  most of t h e  d e f i c i t .  A f t e r  World War 11, domest ic  ou tpu t  de- 
c reased  r a p i d l y  u n t i l  1950, when it was t h e  lowest  i n  t h e  100 y e a r s  covered 
by product ion  records .  Higher mercury p r i c e s  s i n c e  1950 have r eve r sed  t h e  
d e c l i n e  i n  domest ic  ou tpu t  and reduced t h e  gap between U.S. p roduct ion  and 
consumption. Domestic ou tput  i n  1958 was t h e  h i g h e s t  i n  peacet ime s i n c e  1883; 
however, t h e  n a t i o n  s t i l l  imported 28 pe rcen t  of i t s  mercury requirements .  
From 1950 t o  1960 t h e  p r i c e  of mercury was h igh  a s  a  r e s u l t  of i n d u s t r i a l  
a p p l i c a t i o n s  of t h e  mercury c e l l ,  t h e  impact of t h e  co ld  war and t h e  Korean 
war, and t h e  Government s t o c k p i l i n g  program. The s t o c k p i l i n g  program, i n  
e f f e c t ,  put  a  f l o o r  under mercury p r i c e s  even though only 9,428 f l a s k s  of 
domest ic  mercury went i n t o  t h e  s t o c k p i l e  under t h e  o r i g i n a l  program which r a n  
from J u l y  1954 t o  December 31, 1957. Under an ex t ens ion  of t h e  program, an 
a d d i t i o n a l  17,463 f l a s k s  was purchased. 

Defense Minera l s  Exp lo ra t i on  Adminis t ra t ion  (DMEA) con t r i bu t ed  t o  t h e  
improvement i n  t h e  n a t i o n ' s  production-consumption r a t i o  by encouraging ex- 
p l o r a t i o n  and development of d e p o s i t s .  The DMEA (superseded i n  1958 by O f f i c e  
of Minera l s  ~ x p l o r a t i o n )  loaned a s  much a s  75 pe rcen t  of t h e  c o s t  of e x p l o r a t i o n  

Work on manuscript  completed March 1962. 
Phys i ca l  s c i e n t i s t ,  Alaska Off i c e  of Mineral  Resources, Bureau of Mines, 

Juneau, Alaska. 



on mercury d e p o s i t s ;  repayment was based on a r o y a l t y  charge a g a i n s t  product ion 
r e s u l t i n g  from t h e  o r e  found. Where t h e  work f a i l e d  t o  d i s cove r  new o re ,  t h e  
l oans  were canceled wi thout  f u r t h e r  o b l i g a t i o n  t o  t h e  owner o r  opera tor .  

S ince  World War 11, product ion  of mercury i n  Alaska has  followed t h e  t r end  
of t h a t  of t h e  na t ion .  Although mercury occurrences i n  Alaska were noted i n  
t h e  l i t e r a t u r e  a s  e a r l y  a s  1884, no app rec i ab l e  ou tpu t  was recorded u n t i l  
World War I1 needs r e s u l t e d  i n  t h e  development of d e p o s i t s  i n  t h e  Kuskokwim 
Ri'ver and Yukon River  regions.  The Red Devil  and DeCoursey Mountain mines 
produced no tab l e  q u a n t i t i e s  of metal  dur ing  and immediately fo l lowing  t h e  war. 
When t h e  war demand was met, r educ t ions  i n  p r i c e  made t h e  mercury mining in-  
d u s t r y  nea r ly  dormant u n t i l  1954. S ince  then ,  h ighe r  p r i c e s  have l ed  t o  
increased  product ion.  Alaska ranked t h i r d  among t h e  mercury producing s t a t e s  
i n  1960; t h e  ou tpu t  was 1 3  percent  of t h e  domestic t o t a l .  

Cinnabar occu r s  i n  t h e  g r a v e l s  of many widely s c a t t e r e d  p l a c e r  mining 
camps i n  t h e  S t a t e ;  i n  some c a s e s  t h e  mineral  has  been t r a c e d  t o  i t s  source. 
Product ion of mercury from p l a c e r s  i n  Alaska, however, has  been n e g l i g i b l e ;  
t h e  S t a t e ' s  mercury output  has  come almost  e n t i r e l y  from lode  depos i t s .  The 
only a r e a  i n  which s u b s t a n t i a l  l ode  developments have been made, and which has  
had an a p p r e c i a b l e  ou tpu t  of meta l ,  i s  t h e  Kuskokwim River  Valley and ad j acen t  
DeCourcy ~ o u n t a i n . ~  The DeCoursey Mountain mine, a few mi l e s  over t h e  l i n e  i n  
t h e  Yukon River  region,4 has  ope ra t ing  cond i t i ons  and o t h e r  f a c t o r s  a f f e c t i n g  
mining s i m i l a r  t o  t h o s e  i n  t h e  Kuskokwim River  reg ion;  hence, it Is considered 
wi th  d e p o s i t s  i n  t h a t  region. The p r i n c i p a l  producers  have been t h e  Red 
Devil  mine, northwest  of Sleetmute;  t h e  DeCoursey Mountain mine, a t  DeCourcy 
Mountain; and t h e  Cinnabar Creek d e p o s i t s ,  southwest of Sleetmute. Recorded 
mercury product ion  from Alaska through 1960 was 25,986 f l a s k s .  

Adverse ope ra t ing  cond i t i ons  i n  t h e  Kuskokwim a rea  s e r i o u s l y  handicap 
mine opera t ions .  These i nc lude  seve re  w i n t e r s  w i th  tempera tures  t o  40' below 
zero ,  lack  of t r a n s p o r t a t i o n  and communication s e r v i c e s ,  s c a r c i t y  and high 
c o s t  of l a b o r ,  and an almost  complete l ack  of nearby s e r v i c e  and supply 
f a c i l i t i e s .  The smal l ,  e r r a t i c ,  and d iscont inuous  n a t u r e  of o r e  shoo t s  found 
up t o  now i n c r e a s e s  exp lo ra t i on ,  development, and mining cos t s .  Alaska ' s 
Kuskokwim River  r eg ion  shows geo log ica l  evidence of conta in ing  important  mer- 
cury resources .  When some of t h e  handicaps now fac ing  t h e  Alaskan ope ra to r  a r e  
reduced and a per iod  of h igh  demand i s  sus t a ined ,  Alaska could c o n t r i b u t e  
m a t e r i a l l y  t o  t h e  n a t i o n ' s  mercury supply. Given a more f avo rab le  cos t -p r i ce  
r e l a t i o n s h i p ,  t h e  Kuskokwim and perhaps o t h e r  r eg ions  of t h e  S t a t e  could 
probably suppor t  a major mercury mining indus t ry .  
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in format ion  on t h e  p r o p e r t i e s  owned by Alaska Mines and Minera l s ,  Inc . ,  they  
con t r i bu t ed  a  g r e a t  d e a l  of in format ion  on o the r  mercury d e p o s i t s  i n  t h e  
S t a t e .  The s e c t i o n s  on meta l lu rgy  and geology were au thored  by Lyman and 
Herre id ,  r e s p e c t i v e l y ;  t h e  s e c t i o n  on mining methods and c o s t s  was w r i t t e n  
from persona l  c o n t a c t s  and from informat ion  conta ined  i n  an  engineer ing  
r e p o r t  by Markle. 

For a  g e o l o g i c a l  background on t h e  Kuskokwim River  a r e a ,  t h e  paper  by 
~ a d f  was f r e e l y  used. pennington 's6 mercury s tudy  fu rn i shed  an important  
source  f o r  gene ra l  in format ion  on mercury. 

PHYSICAL FEATURES AND CLIMATE 

The major mercury occur rences  i n  Alaska l i e  i n  o r  a d j a c e n t  t o  t h e  Kusko- 
kwim River  r eg ion  ( f i g .  1 ) .  The r eg ion  i s  defined7 a s  t h e  a r e a  d r a ined  by 

a l l  s t reams f lowing 
i n t o  Baird I n l e t ,  E t o l i n  
S t r a i t ,  and Kuskokwim Bay; 
Nunivak I s l and  a l s o  i s  
included.  The Kuskokwim 
River ,  With headwaters  i n  
t h e  Alaska Range and t h e  
Kuskokwim Mountains, 
f lows  southwes te r ly  
through t h e  r eg ion  t o  
Kuskokwim Bay on t h e  
Bering Sea and i s  t h e  
dominant geographic f  ea- 
t u r e .  The r i v e r  f lows 
through a  gorge  c u t  
through t h e  Kuskokwim 
Mountains from Slee tmute  
t o  Crooked Creek. Many 
of t h e  known d e p o s i t s  occur  
i n  t h e  r o l l i n g  f o o t h i l l s  
of t h e s e  mountains c l o s e  
t o  t h e  r i v e r  ( f i q .  2).  

FIGURE 1. - Index Map of Alaska. 
The DeCoursey ~ o " n t a i n  
mine, j u s t  over  t h e  
boundary l i n e  between 

t h e  Kuskokwim and Yukon River  r eg ions ,  i s  i n  t h e  Yukon d ra inage ,  about  22 
m i l e s  by t r a i l  from t h e  s e t t l emen t  of Crooked Creek on t h e  Kuskokwim. 

Cady, W. M., Wallace, R. E., Hoare, J. M.,  and Webber, E. J., T h e c e n t r a l  
Kuskokwim Region, Alaska: Geol. Survey Prof.  Paper 268, 1955, 132 pp. 

13 Pennington,  James W. ,  Mercury, A M a t e r i a l s  Survey: Bureau of Mines Inf .  
Ci rc .  7941, 1959, 91 pp. 

Work c i t e d  i n  f o o t n o t e  4, p. 2. 





The mercury mines and p rospec t s  shown i n  f i g u r e  2 a r e  a s  fol lows:  

Map No. : 

I.......................... 
2.......................... 

h.......................... 
7.......................... 

ll.......................... 

Name : - 
Bluff  
Hudson 
Mount Joaquin 
White Mountain 
DeCoursey Mountain 
Rhyo l i t e  
Willis and F u l l e r  
Parks wi lice and Bess i e )  
Red Devil  
Barometer 
Fa i rv iew 
Kolmakof 
Lucky Day 
Broken Shovel 
Rainy Creek 
Kagati  Lake 
Marsh Mountain ( ~ e d  TOP) 
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The c l i m a t e  i s  s u b a r c t i c ;  w i n t e r s  a r e  long,  co ld ,  and dry ;  and summers 
a r e  s h o r t  and wet. Winter t empera tures  a r e  l e s s  extreme near  t h e  c o a s t  than  
i n  t h e  i n t e r i o r ,  b u t  su s t a ined  pe r iods  t o  4$ below z e r o  a r e  common throughout  
t h e  reg ion  ( t a b l e  1) .  I n  summer, d a y l i g h t  ex tends  f o r  20 hours  o r  more; 
December and e a r l y  January have only 4  hours  of sun l igh t .  The growing season 
ex tends  from e a r l y  June t o  e a r l y  September; midsummer f r o s t s  sometimes c u t  t h e  
season sho r t .  S t r e t c h e s  of r a i n y  weather ,  l a s t i n g  a s  much a s  s e v e r a l  days,  
occur  i n  summer when t h e  wind i s  from t h e  south  o r  southwest.  Records f o r  
1958 a t  McGrath show a  t o t a l  annual  p r e c i p i t a t i o n  of 14.26 i nches  and an annual 
snowfa l l  of 62.7 inches.  

TABLE 1. - Kuskokwim River  reg ion  tempera ture  data1 

Highest  Lowest I S t a t i o n  

Bethel. .  . . . 
Do ....... 

Sleetmute..  
Do.. . . . . . 

McGrath.. . . 
Do....... 

Source: U.S. Department of Commerce: C l ima to log i ca l  Data, Alaska: Weather 
Bureau, vo l .  44,  No. 7 ,  p. 103; vol .  45, NO. 1, p. 4. 

Month 

Temperature O F .  

J u l y  1958 
January 1959 
J u l y  1958 
January 1959 
J u l y  1958 
January 1959 

Spruce, t o  d i ame te r s  of 20 inches ,  tamarack, cottonwood, willow, and a l d e r  
cover  t h e  r i v e r  f l ood  p l a in s .  H i l l  s l opes ,  t o  an e l e v a t i o n  of 1 ,000 f e e t ,  sup- 
p o r t  s t ands  of spruce ,  b i r ch ,  and aspen. Brush cover  i nc ludes  a l d e r  t h i c k e t s ,  
dwarf b i r c h ,  b luebe r ry ,  and c ranber ry .  The h ighe r  s l o p e s  dnd r i d g e s  a r e  
covered w i th  v a r i o u s  l i c h e n s  and small  a l p i n e  p l a n t s .  In  t h e  c o a s t a l  a r e a s  and 
f o r  about  150 mi l e s  i n l and ,  few t r e e s  grow; g r a s s ,  moss, and s t ands  of small  
wil low and a l d e r  form t h e  cover.  

There i s  no t r a n s m i t t e d  power i n  t h e  r eg ion ,  and e l e c t r i c a l  energy i s  
genera ted  i n  small  p l a n t s  a t  s e t t l e m e n t s  and mining opera t ions .  O i l ,  d e l i v e r e d  
by barge  on t h e  Kuskokwim River  o r  by s h i p  o r  barge  t o  c o a s t a l  p o i n t s ,  is  t h e  
main source  of power. The p lacer -gold  ope ra t i on  of New York-Alaska Gold 
Dredging Corp., a t  Nyac i n  t h e  wes te rn  p a r t  of t h e  r eg ion ,  uses  hydropower. 
Domestic and m i l l i n g  water  i s  a v a i l a b l e  throughout  t h e  a r ea .  There i s  no 
connected road system; a r e a s  i n  which mining o r  o t h e r  a c t i v i t i e s  a r e  con- 
duc ted  have l o c a l  roads.  Winter s l e d  roads  l i n k  Bethe l  w i th  Rex on t h e  Alaska 
Ra i l road ,  bu t  they  have not  been used i n  r e c e n t  years .  Foot  t r a i l s  connect  
t h e  s e t t l e m e n t s ,  b u t  t r a v e l  i s  c h i e f l y  by a i r  o r  boat .  

Depar ture  
from long- 
term means 

Average 
Maximum 

Average 
minimum Average 



H I  STORY 

Mercury occur rences  were known i n  Alaska b e f o r e  1867, when t h e  t e r r i t o r y  
was so ld  by t h e  Russians.  I n  d i s c u s s i o n s  w i th  American o f f i c i a l s  a t  t h e  t ime  
of t h e  t r a n s f e r ,  Russian r e p r e s e n t a t i v e s  were vague and perhaps  d e l i b e r a t e l y  
mis lead ing  concerning t h e  o r i g i n  of c innabar  specimens c o l l e c t e d  by Russian 
exp lo re r s .  U.S. o f f i c i a l s  were t o l d  t h a t  t h e  f i n e  c innabar  specimens i n  
possess ion  of t h e  Russians were found i n  t h e  Alexander Archipelago;  subse- 
quent  i n v e s t i g a t i o n s  have d i s c l o s e d  no mercury m i n e r a l i z a t i o n  i n  t h i s  reg ion .  
I t  i s  now g e n e r a l l y  be l i eved  t h a t  t h e  specimens were from t h e  Kuskokwim River  
r eg ion  - an a r e a  t h a t  t h e  Russ ians  explored a s  e a r l y  a s  1829. 

One of t h e  e a r l i e s t  a u t h e n t i c  r e f e r e n c e s  t o  mercury d e p o s i t s  i n  Alaska 
was by ~ e t r o f , ~  who r epo r t ed  occur rences  of c innabar  v e i n s  w i th  antimony along 
t h e  Kuskokwim River  and s t a t e d ,  "Assays i n d i c a t e d  a  very  v a l u a b l e  discovery."  
J. E. S p u d  made a  reconnaissance  survey i n  t h e  Kuskokwim Val ley  i n  1898 
and noted t h e  d e p o s i t s  a t  Kolmakof which had been under d e s u l t o r y  e x p l o r a t i o n  
f o r  s e v e r a l  years .  Spur r  r epo r t ed  t h a t  an a t tempt  t o  produce mercury i n  t h e  
e a r l y  n i n e t i e s  was unsuccess fu l  because t h e  p r i c e  of mercury was low and 
sh ipping  t h e  o r e  t o  t h e  United S t a t e s  f o r  t r e a tmen t  was expensive. ~ a d d r e n l '  
and ~ a k i r i l l  made g e o l o g i c a l  i n v e s t i g a t i o n s  i n  v a r i o u s  p a r t s  of t h e  Kuskokwim 
River  r eg ion  and ad j acen t  a r e a  i n  t h e  e a r l y  p a r t  of t h i s  century.  ~ e r t i e ' "  
r epo r t ed  sma l l - s ca l e  r e t o r t i n g  of c innabar  from s lu icebox  concen t r a t e s  on 
Candle Creek i n  t h e  McGrath a r e a  f o r  l o c a l  go ld-p lacer  use. Smith1= r epo r t ed  
on t h e  Parks d e p o s i t   l lice and Bess i e ) .  The d e p o s i t ,  d i scovered  i n  1906, had 
produced some 700 pounds of mercury by t h e  t ime  of Smi th ' s  examination (1914). 
The meta l  was so ld  t o  p l a c e r  miners  i n  t h e  Kuskokwim a r e a  and on t h e  Seward 
Peninsula .  A f t e r  Smi th ' s  work, l i t t l e  in format ion  was publ i shed  on t h e  r eg ion  
u n t i l  t h e  Bureau of Mines and t h e  Geologica l  Survey s tud i ed  t h e  mercury r e -  
sou rce s  of t h e  a r e a  a t  t h e  onse t  of World War 11. 

During t h e  many y e a r s  t h a t  p l a c e r  gold mining was a  major i n d u s t r y  i n  
Alaska, r e p o r t s  occur red  i n  t h e  l i t e r a t u r e  on c innabar  i n  t h e  concen t r a t e s  
from many widely s c a t t e r e d  mining d i s t r i c t s .  Numerous p l a c e r s  i n  t h e  Yukon 
River  r eg ion  showed a p p r e c i a b l e  c innabar  i n  t h e  g r ave l s .  Cinnabar was recog- 
nized i n  t h e  beach p l a c e r s  near  Bluf f  on t h e  Seward Peninsu la  a s  e a r l y  a s  
1900. Boulders  of c innabar  a s  b ig  a s  a  man's f i s t  were r epo r t ed  from s lu icebox  

P e t r o f ,  Ivan,  Report on t h e  Popula t ion ,  I n d u s t r i e s ,  and Resources of Alaska: 
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c leanups  i n  t h e  Kuskokwim River  r eg ion  p l a c e r  d i s t r i c t s .  There i s  no r eco rd ,  
however, of p l a c e r  c innabar  being saved, except  i n  t h e  Candle Creek a r ea .  

In  a d d i t i o n  t o  t h e  Kolmakof and Parks  d e p o s i t s ,  t h e  Red Dev i l ,  DeCoursey 
Mountain, Marsh Mountain, Fa i rv iew,  Lucky Day, Rainy Creek, Barometer, Cinna- 
b a r  Creek, and Willis and F u l l e r  lode  d e p o s i t s  i n  t h e  Kuskokwim River  a r e a  had 
been found be fo re  World War 11. None had had any noteworthy product ion ,  a l -  
though t h e  Red Devi l  mine had produced about  300 f l a s k s .  A l ode  d e p o s i t  a t  
B l u f f ,  on t h e  sho re s  of Norton Sound, Seward Peninsu la  r eg ion ,  was s taked  i n  
1922, and some exp lo ra to ry  work was done i n  subsequent  years .  Q u a n t i t i e s  of 
c innabar  i n  s l u i cebox  concen t r a t e s  from p l a c e r s  on O l ive  Creek, Tolovana d i s -  
t r i c t ,  Yukon River  r e g i o n ,  l ed  t o  l ode  e x p l o r a t i o n  and t h e  d i scovery  of 
minera l  i n  p l a c e  on t h e  e a s t  f o rk  of O l ive  Creek i n  1917. Some underground 
exp lo ra to ry  work was done on t h e  d e p o s i t ,  which was abandoned wi thout  any 
recorded  product ion.  I n  t h e  l a t e  1920's  James Hudson loca t ed  t h e  Hudson mine 
on t h e  west f o rk  of O l i v e  Creek, about  one-half m i l e  west of t h e  e a r l i e r  d i s -  
covery. Hudson d i d  cons ide rab l e  e x p l o r a t i o n  and development; h i s  e f f o r t s  were 
augmented i n  t h e  e a r l y  1940 ' s  by t h o s e  of t h e  Livengood Cinnabar Corp. There 
i s  no recorded product ion  f o r  t h e  proper ty .  

World War I1 s t imu la t ed  t h e  s ea r ch  f o r  mercury. Known d e p o s i t s  were 
i n t e n s i v e l y  prospec ted ,  and t h e  s ea r ch  was pressed  i n  new a rea s .  Some a t t e n -  
t i o n  was g iven  t o  p rospec t s  o u t s i d e  of t h e  Kuskokwim River  r eg ion ,  p r i n c i p a l l y  
a t  t h e  Bluff  and O l ive  Creek d e p o s i t s ,  bu t  no product ion  from o u t s i d e  a r e a s  
r e s u l t e d .  I n  t h e  Kuskokwim reg ion  t h e  Red Devil  and DeCoursey Mountain mines 
were opened, and s u b s t a n t i a l  q u a n t i t i e s  of metal  was produced, The Bureau of 
Mines and t h e  Geologica l  Survey examined mines and p rospec t s  s t a r t i n g  i n  1942. 
Explora t ion  was done by t h e  Bureau of Mines on t h e  Red Devi l ,  Parks,  Barometer,  
Fa i rv iew,  Willis and F u l l e r ,  DeCoursey Mountain, Lucky Day, Kolmakof, Rainy 
Creek, and Marsh Mountain d e p o s i t s  between 1942 and 1946. webber14 r epo r t ed  
on t h e  Bureau 's  work. 

When World War I1 ended and mercury p r i c e s  decreased ,  t h e  DeCoursey 
Mountain mine became t h e  only producing d e p o s i t  i n  Alaska. When t h i s  mine 
c lo sed  down i n  1949, v i r t u a l l y  no more mercury was produced u n t i l  1954. S ince  
1954, under s t imu lus  from t h e  Government's guaranteed p r i c e  and t h e  DMEA pro- 
grams, Alaska has  c o n t r i b u t e d  s u b s t a n t i a l l y  t o  U.S. p roduct ion  t o t a l s .  With 
DMEA a s s i s t a n c e ,  work was done on t h e  Red Devi l ,  DeCoursey Mountain, and Marsh 
Mountain ( ~ e d  TOP) depos i t s .  Recorded product ion  of mercury i n  Alaska through 
1959 was 21,527 f l a s k s .  Of t h e  t o t a l ,  t h e  mines of t h e  Kuskokwim River  reg ion  
and t h e  ad j acen t  DeCoursey Mountain mine produced almost  99 percent .  

ECONOMI C FACTORS 

Mining i n  Alaska con f ron t s  t h e  ope ra to r  wi th  problems no t  found i n  r eg ions  
of g r e a t e r  development and populat ion.  Because t h e  S t a t e  ha s  o n e - f i f t h  of t h e  
n a t i o n ' s  land a r e a  and a  popula t ion  ( i nc lud ing  m i l i t a r y  ~ e r s o n n e l )  of bu t  
224,000 (1960 p re l im ina ry  f i g u r e  by t h e  Bureau of t h e  Census) ,  o r  l e s s  t han  
l4 Webber, Burr S., Bjorklund,  S t u a r t  C., Rutledge,  F rank l in  A. ,  Thomas, 
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t h a t  of Long Beach, C a l i f . ,  t r a n s p o r t a t i o n ,  communications, s e r v i c e  and 
supply,  and o t h e r  f a c i l i t i e s  a r e  underdeveloped i n  t h e  urban a r e a s  and primi-  
t i v e  o r  nonex i s t en t  i n  t h e  ou t l y ing  reg ions .  Along w i th  underdeveloped f a -  
c i l i t i e s  - o r  t h e  complete  l a ck  of them - i n  mining a r e a s ,  t h e  s c a r c i t y  and 
h igh  c o s t  of s k i l l e d  l a b o r ,  t h e  s e v e r i t y  of t h e  c l ima te ,  and t h e  s h o r t  s u r f a c e  
working season a l l  r e t a r d  t h e  development of t h e  mining i ndus t ry .  

The supply of s k i l l e d  l a b o r ,  except  i n  t h e  more populated a r e a s ,  i s  
meager; i n  l a r g e  a r e a s  of t h e  S t a t e ,  no s k i l l e d  l a b o r  is  l o c a l l y , a v a i l a b l e .  
Anchorage and Fa i rbanks  supply s k i l l e d  l a b o r  f o r  t h e  Kuskokwim River  reg ion .  
Limited s emisk i l l ed  and common l a b o r  i s  a v a i l a b l e  a t  t h e  v a r i o u s  s e t t l e m e n t s ,  
bu t  r ec ru i tmen t  of l a b o r  of any kind f o r  remote mining o r  e x p l o r a t i o n  p r o j e c t s  
i s  d i f f i c u l t  and c o s t l y .  T ranspo r t a t i on  of l a b o r  t o  t h e  j ob  s i t e  i s  commonly 
a t  t h e  mine o p e r a t o r ' s  expense. L iv ing  f a c i l i t i e s  must be  provided a t  h igh  
c o s t ,  on ly  p a r t l y  recovered through employee charges.  I n  t h o s e  i n s t a n c e s  
when workmen a r r a n g e  f o r  t h e i r  own board,  a  c o s t - o f - l i v i n g  al lowance g e n e r a l l y  
must b e  made. 

Severe w i n t e r  weather  r e s t r i c t s  s u r f a c e  work. Housing and mine p l a n t s  
must b e  s u b s t a n t i a l l y  b u i l t  and w e l l  hea ted  t o  cope w i t h  t h e  low tempera tures  
of t h e  reg ion .  P i p e l i n e s  r e q u i r e  heavy i n s u l a t i o n  and sometimes steam l i n e s  
t o  prevent  f r eez ing .  Exp lo ra t i on  and work on s u r f a c e  i n s t a l l a t i o n s  is  u s u a l l y  
r e s t r i c t e d  t o  summer, t h a t  i s ,  from mid-May o r  June  t o  mid-September o r  
October.  When a c c e s s  t o  a  p r o j e c t  i s  over  swampy ground ( f r e q u e n t l y  i n  i n t e r i o r  
A la ska ) ,  equipment and s u p p l i e s  must be  moved w h i l e - t h e  ground i s  f rozen  enough 
t o  suppor t  t r a c t o r s  o r  veh i c l e s .  Thus, t h e  c l i m a t e  o f t e n  d e l a y s  t h e  s t a r t  of 
a  p r o j e c t  o r  ex tends  t h e  t ime  r equ i r ed  f o r  i t s  accomplishment. Th i s  long 
t ime r equ i r ed  t o  deve lop  a  mine and b r i n g  it t o  product ion  i s  a  s e r i o u s  handi-  
cap  t o  mining i n  Alaska. 

With a  few excep t ions ,  t h e  major mercury occur rences  of Alaska l i e  i n  t h e  
Kuskokwim River  region1' o r  j u s t  over  t h e  boundary i n  t h e  Yukon River  region.  
I n  t h i s  a r e a  t r a n s p o r t a t i o n ,  except  l o c a l l y ,  is  by a i r ,  water ,  o r  t r a c t o r  
t r a i l ;  r a i l r o a d  and road systems d o  n o t  e x i s t .  F r e i g h t  must be  moved from Beth- 
e l  by r i v e r b o a t  o r  barge ,  o r  by a i r  i n  t h e  i n s t a n c e  of t h o s e  i t ems  u rgen t ly  needed 
o r  which can bear  t h e  expense of a i r  f r e i g h t .  Mercury shipped t o  mainland 
marke ts  i s  f i r s t  s e n t  by a i r  t o  Anchorage. Waterborne f r e i g h t  moves over  t h e  
Kuskokwim River  and i t s  nav igab l e  t r i b u t a r i e s ;  Be the l ,  about  60 m i l e s  above 
t h e  r i v e r ' s  mouth, accommodates sha l low d r a f t  oceangoing v e s s e l s  and s e r v e s  a s  
a  p o r t  f o r  t h e  reg ion .  Scheduled and c o n t r a c t  ba rge  s e r v i c e  i s  a v a i l a b l e  on 
t h e  Kuskokwim. McGrath, a  r i v e r  p o r t  250 a i r l i n e  m i l e s  n o r t h e a s t  of Be the l  and 
225 mi l e s  northwest  of Anchorage, i s  t h e  d i s t r i b u t i o n  hub of t h e  a rea .  The 
town has a  popu la t i on  of 223 persons,'' s e v e r a l  s t o r e s  and roadhouses,  a pos t  
o f f i c e ,  and a  l a r g e  Fede ra l  Avia t ion  Agency s t a t i o n .  

Work c i t e d  i n  f o o t n o t e  4, p. 2. 
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Mult iengine  a i r c r a f t  d e l i v e r  f r e i g h t  and passengers  t o  i s o l a t e d  smal l  
s e t t l emen t s .  Cha r t e r  s e r v i c e ,  by land o r  f l o a t  p l anes ,  i s  widely used t o  r each  
remote a r ea s .  McGrath, se rved  by scheduled a i r l i n e s ,  i s  a  s t ag ing  p o i n t  f o r  
c h a r t e r e d  f l i g h t s  i n  t h e  c e n t r a l  Kuskokwim region. Bush f l y i n g  i n  Alaska has 
been developed t o  a  p o i n t  w i th  few equa l s  i n  t h e  world. Highly s k i l l e d  p i l o t s ,  
w i th  an e x c e l l e n t  knowledge of t h e  geography, c l i m a t e ,  accommodations, and t h e  
people  i n  an  a r e a ,  f l y  anywhere t h a t  l anding  f a c i l i t i e s  e x i s t .  These men a r e  
an impor tan t  a s s e t  t o  t h e  S t a t e ' s  t r a n s p o r t a t i o n  system. 

Shortwave r a d i o  o r  mai l  p rovide  communications w i t h i n  t h e  Kuskokwim River  
region.  Alaska Communications S y ~ ' ~ e m ,  a  u n i t  of t h e  U.S. Army, provides  com- 
b i n a t i o n  shortwave r a d i o ,  t e l ephone ,  and t e l e g r a p h  s e r v i c e  between t h e  l a r g e r  
s e t t l e m e n t s  i n  t h e  r eg ion  and o t h e r  s e t t l e m e n t s  i n  t h e  S t a t e ,  and t o  p o i n t s  
o u t s i d e  t h e  S t a t e .  The Pos t  O f f i c e  Department o f t e n  moves mai l  w i t h i n  t h e  
r eg ion  wholly o r  p a r t l y  by a i r  because o t h e r  means of t r a n s p o r t  a r e  underde- 
veloped. Mail d e l i v e r i e s  t o  remote a r e a s  may r e q u i r e  a  month o r  more i n  some 
in s t ances .  P r i v a t e  shortwave r a d i o  s e t s  a r e  widely used w i t h i n  t h e  r eg ion  f o r  
bus ines s  and s o c i a l  communications. 

Operat ing c o n d i t i o n s  i n  t h e  Kuskokwim River  a r e a  a r e  d i f f i c u l t  and.more 
c o s t l y  than  i n  t h e  s t a t e s  t o  t h e  south  because of t h e  underdevelopment pre-  
v i o u s l y  noted,  b u t  t h e s e  d i f f i c u l t i e s  do n o t  p r e s e n t  an insurmountable  o b s t a c l e  
t o  e s t a b l i s h i n g  a  mercury mining i n d u s t r y  i n  t h e  a r ea .  Known occur rences  of 
mercury a r e  of h ighe r  g r ade  than  d e p o s i t s  worked e l sewhere  i n  t h e  United S t a t e s ;  
hence, t hey  can be  h ighe r  i n  cos t .  The expected growth of t h e  S t a t e  w i l l  
r e l i e v e  o r  e l i m i n a t e  many of t h e  adve r se  c o n d i t i o n s  t h a t  hamper mining. Fur- 
t h e r  e x p l o r a t i o n  i n  a r e a s  of known mercury occur rences  ha s  an e x c e l l e n t  chance 
of d i s c l o s i n g  a d d i t i o n a l  mercury r e sou rce s .  

The near- term out look  f o r  mercury product ion  from Alaska i s  clouded because 
demand and p r i c e  a r e  unce r t a in  and because p r e sen t  p roduct ion  comes from one o r  
two ope ra t i ons .  Long-term ou tpu t  w i l l  probably be ob ta ined  from new d e p o s i t s ,  
and p r e s e n t l y  known o p e r a t i o n s  w i l l  expand. 

Many of t h e  mercury d e p o s i t s  have marked s i m i l a r i t i e s  i n  geo log i c  f e a t u r e s .  
Most d e p o s i t s  a r e  a s s o c i a t e d  w i th  homoclines i n  sedimentary rocks  i n t o  which 
d i k e s ,  o r  l e s s  o f t e n  s i l l s ,  have been in t ruded .  The sediments  a r e  s h a l e s ,  
graywackes, and sandstones.  The i n t r u s i v e s  a r e  a n d e s i t e ,  r h y o l i t e ,  and bio-  
t i t e  b a s a l t .  The b a s a l t  has  been a l t e r e d  t o  s i l i c a - c a r b o n a t e  rock,  which i s  
p e a r l  g ray  on f r e s h  s u r f a c e s  and weathers  t o  a  ye l low brown. The weathered 
v e r s i o n ,  c a l l e d  ye l low rock by p rospec to r s ,  s e r v e s  a s  a  gu ide  i n  prospec t ing .  
Disseminated o r e  and massive k idneys  of c innabar  occur  i n  o r e  shoots ,  o f t e n  
very  s h o r t  i n  l e n g t h  of s t r i k e ,  bounded by s i l l s  o r  d ikes .  The shoo t s  a r e  
no tab ly  p e r s i s t e n t  a long  t h e  d i p  i n  some d e p o s i t s ;  i n  o t h e r s  they  show t en -  
d e n c i e s  t o  p e t e r  o u t  a t  dep ths  of 200 f e e t  o r  l e s s .  S t i b n i t e  i s  a  common 
accessory  minera l  w i th  t h e  cinnabar .  
l7 Work c i t e d  i n  f o o t n o t e  5, p. 3. 



Depos i t ion  of mercury i s  be l ieved  t o  have been c o n t r o l l e d  by b reaks  and 
f r a c t u r e s  a s s o c i a t e d  w i th  t h e  i n t r u s i v e s  and t o  a  l e s s e r  e x t e n t  by bedding 
p l anes  i n  t h e  h o s t  sedimentary rocks.  Brecc ia ted  zones,  bo th  i n  t h e  a l t e r e d  
i n t r u s i v e s  and ad j acen t  sediments ,  a r e  minera l ized  t o  widths of s e v e r a l  i nches  
p a r a l l e l  t o  t h e  con t ac t s .  Ore occu r s  bo th  a s  v e i n l e t s  of c innabar  and a s  d i s -  
seminat ions i n  t h e  a l t e r e d  i n t r u s i v e s  and t h e  w a l l  rocks.   h he v e i n l e t s  f avo r  
t h e  b a s a l t  i n t r u s i v e s .  ) 

Associated mine ra l s  a r e  s t i b n i t e  ( S ~ S ,  ) , r e a l g a r  (AS,S, ), p y r i t e  ( F ~ s , ) ,  
q u a r t z  ( S i Q  ), c a l c i t e  ( c a c 4  ), and d i c k i t e  (%A~,s~,o,  ). Nat ive  mercury 
has been observed. S t i b n i t e  i s  commonly.abundant, b u t  it is  no t  commercially 
s i g n i f i c a n t ;  a t  t h e  Red Devil  mine, it has  caused cons ide rab l e  d i f f i c u l t y  i n  
r e t o r t i n g  t h e  ores .  More complete  and d e t a i l e d  geo log i c  in format ion  on t h e  
Kuskokwim River  r eg ion  has  been g iven  by Gady and others." 

MERCURY RE SOURCES 

Cady, w r i t i n g  i n  1951, es t imated  r e s e r v e s  of 5,000 t o  10,000 flasks1' i n  
t h e  C e n t r a l  Kuskokwim a r e a  and t h e  DeCoursey Mountain mine. He d i d  no t  des ig-  
n a t e  t h e  r e s e r v e s  by c l a s s .  From 1951 through 1959, t h e  Kuskokwim River  reg ion  
produced 17,109 f l a s k s .  

No informat ion  i s  a v a i l a b l e  f o r  e s t ima t ing  measured r e se rves .  Because 
t h e  o r e s  occur a s  smal l ,  e r r a t i c  shoots ,  measured r e s e r v e s  a r e  no t  s i g n i f i c a n t ,  
and f u t u r e  development of r e s e r v e s  of t h i s  c l a s s  may not  be  of consequence. 
Aside from t h e  Red Devi l  and DeCoursey Mountain mines, work on mercury d e p o s i t s  
i n  t h e  S t a t e  i s  l a r g e l y  s u p e r f i c i a l .  Experience i n  working some of t h e  o t h e r  
d e p o s i t s  i n d i c a t e s  t hey  bottom out  a t  sha l low depths.  Evidence i s  l a ck ing  f o r  
e s t ima t ing  t h e  depth  of o r e  a t  many depos i t s .  From c o n s i d e r a t i o n  of t h e s e  
f a c t o r s ,  i n d i c a t e d  r e s e r v e s  appear  t o  be no t  l a r g e  and probably never  w i l l  be. 
The h igh  exp lo ra t i on  c o s t s  necessary  t o  e s t a b l i s h  measured and i n d i c a t e d  
r e s e r v e s  w i l l  l i k e l y  prec lude  any app rec i ab l e  accumulat ions of such r e s e r v e s ,  
even a s i d e  from t h e  geo log i ca l  l i m i t a t i o n s  t h a t  may govern t h e i r  development. 

I n f e r r e d  r e s e r v e s ,  however, a r e  another  mat te r .  Cons idera t ion  of t h e s e  
must t a k e  i n t o  account  t h e  widespread a r e a  over  which mercury m i n e r a l i z a t i o n  
is  known, f l o a t  and p l a c e r  c innabar ,  t h e  l ode  sou rce s  which have y e t  t o  be 
found, t h e  r i c h n e s s  of t h e  few d e p o s i t s  which have been developed, and t h e  
impress ive  product ion  h i s t o r y  of t h e  Red Devil  and DeCoursey Mountain mines. 
These f a c t o r s  i n d i c a t e  t h a t  t h e  i n f e r r e d  r e s e r v e s  of t h e  r eg ion  a r e  s u b s t a n t i a l  
and t h a t  they  w i l l  make an a p p r e c i a b l e  c o n t r i b u t i o n  t o  t h e  f u l f i l l i n g  t h e  
n a t i o n ' s  mercury needs. P r i c e ,  of course ,  i s  t h e  key t o  any f o r e c a s t  of 
product ion and reserves .  A t  p r i c e s  below $200 per  f l a s k ,  development and 
product ion  of Alaska mercury d e p o s i t s  probably w i l l  no t  be s i g n i f i c a n t ,  a t  l e a s t  
u n t i l  b e t t e r  ope ra t i ng  cond i t i ons  a r e  e f f e c t e d  by t h e  growth of t h e  S t a t e .  I n  
t h e  $200 t o  $250 range,  a  mercury i n d u s t r y  can be  expected t o  deve lop ,  a l though 
growth may be slow. Above a  $250 p r i c e ,  and p a r t i c u l a r l y  a t  $300 o r  more, 
l' Work c i t e d  i n  f o o t n o t e  5 ,  p. 3. 
l9 Work c i t e d  i n  f o o t n o t e  5 ,  p. 3. 



e x p l o r a t i o n  a c t i v i t y  should quicken;  r e s u l t a n t  work on promising d e p o s i t s  
should c o n t r i b u t e  s u b s t a n t i a l l y  t o  t h e  n a t i o n ' s  mercury product ion  and r e se rves .  

DESCRIPTION OF DEPOSITS 

Kuskokwim River  Region 

Red Devi l  Mine 

The mine i s  on t h e  south  s i d e  of t h e  Kuskokwim River  a t  t h e  mouth of Red 
Devil  Creek, Aniak d i s t r i c t ,  Georgetown s u b d i s t r i c t ,  a t  an  e l e v a t i o n  ( s h a f t  
c o l l a r )  of 300 f e e t .  Anchorage i s  250 a i r l i n e  m i l e s  e a s t ;  McGrath, a r i v e r p o r t  
and d i s t r i b u t i o n  c e n t e r  f o r  t h e  upper Kuskokwim Bas in ,  i s  100 mi l e s  no r theas t .  
Twice weekly, scheduled a i r l i n e  s e r v i c e  i s  a v a i l a b l e  from Anchorage t o  t h e  mine; 
scheduled and c h a r t e r  s e r v i c e  is  a v a i l a b l e  from McGrath. F r e i g h t  and f u e l  o i l  
a r e  hauled from Be the l ,  a p o r t  a t  t h e  mouth of t h e  Kuskokwim, by company-owned 
r i v e r b o a t .  

Hans Halverson made t h e  o r i g i n a l  Red Devil  l o c a t i o n s  i n  1933 by t r a c i n g  
f l o a t  found near  t h e  r i v e r .  A few y e a r s  l a t e r ,  Nick Mel l ick  jo ined  Halverson 
a s  a p a r t n e r ,  and a d d i t i o n a l  c la ims  were s taked.  I n  e a r l y  work Halverson and 
Mel l ick  produced smal l  q u a n t i t i e s  of mercury from f l o a t  and r e s i d u a l  p l a c e r ,  
us ing  Johnson-McKay tubes ;  i n s t a l l a t i o n  of two D r e t o r t s  made p o s s i b l e  t h e  
product ion  of 162 f l a s k s  i n  1940. 

Harold Schmidt and F. J. Stampe l ea sed  t h e  c l a ims  i n  t h e  f a l l  of 1941. 
The Bureau of Mines examined t h e  d e p o s i t  t h e  fo l lowing  summer and d i d  cons ider -  
a b l e  s u r f a c e  work. When t h e  s u r f a c e  work exposed commercial d e p o s i t s  on f i v e  
p a r a l l e l  shoots ,  t h e  Bureau deepened t h e  main Red Devi l  s h a f t ,  c u t  a s t a t i o n  a t  
t h e  41-foot  l e v e l ,  and d r i f t e d  on t h e  formation.  The work exposed a s p e c t a c u l a r  
showing of c innaba r  and s t i b n i t e  on one of t h e  v e i n  systems ( t h e  A s e r i e s ) .  
A f t e r  t h e  Bureau 's  work, New I d r i a  Q u i c k s i l v e r  Mining Co. subleased  t h e  pro- 
p e r t y ,  forming New Idria-Alaska Q u i c k s i l v e r  Co., w i th  Schmidt a s  manager. New 
Idr ia -Alaska  opened t h e  d e p o s i t  f o r  underground mining and i n s t a l l e d  a 40-ton 
r o t a r y  k i l n  and condensing system. Under an i n t e n s i v e  development program, 
t h e  mine produced more than  2,000 f l a s k s  of metal  from 1943 t o  mid-1945, when 
lower p r i c e s  c u r t a i l e d  ope ra t i ons .  The Kuskokwim Mining Co., a p a r t n e r s h i p  of 
Schmidt and Stampe, took a sha f t - s i nk ing  c o n t r a c t  on t h e  Red Devil  s h a f t  i n  
e a r l y  1945 and l a t e r  i n  t h e  yea r ,  sub leased  t h e  mine and r educ t i on  works. The 
p a r t n e r s h i p  d i d  cons ide rab l e  e x p l o r a t i o n  and development i n  1945 and 1946; pro- 
duc t i on  dur ing  t h e  two y e a r s  was app rec i ab l e .  Continued low mercury p r i c e s  - 
l e s s  t han  $100 pe r  f l a s k  - fo r ced  t h e  ope ra t i on  t o  shu t  down a t  t h e  end of t h e  
1946 season. E a r l y  i n  1949 New Idr ia -Alaska  so ld  a l l  mining and fu rnac ing  
equipment t o  Robert  F. Lyman. 

The mine was t hen  i n a c t i v e  u n t i l  1952, when DeCoursey Mountain Mining Co. 
l e a sed  it; v a r i o u s  o r g a n i z a t i o n a l  changes i n  t h e  ope ra t i ng  companies have 
occur red  s ince .  The p r e s e n t  ope ra t i ng  u n i t  i s  c a l l e d  Alaska Mines and Minera l s ,  
Inc. Under t h i s  company and i t s  predecessors ,  t h e  Red Devi l  has  developed i n t o  
t h e  l e ad ing  mercury mine i n  Alaska and i s  an impor tan t  producer  on t h e  n a t i o n a l  
scene. 



F i r e  des t royed  t h e  mine and m i l l  equipment and some of t h e  camp b u i l d i n g s  
i n  October  1954. DeCoursey Mountain Mining Co. r e b u i l t  a  modern p l a n t ,  and 
resumed product ion  i n  March 1956. The p re sen t  p l a n t  c o n s i s t s  of an a i r f i e l d  
and a  well-equipped camp wi th  bunkhouses, a  commissary, a  messha l l ,  o f f i c e s ,  
shops and warehouses, a  modern fu rnac ing  p l a n t ,  and d i e s e l - e l e c t r i c  power 
un i t s .  Su r f ace  and underground mining equipment and i n s t a l l a t i o n s  a r e  
e f f i c i e n t  and adequate  f o r  t h e  ope ra t i on .  Shortwave r a d i o  i s  used f o r  com- 
municat ions w i th  Anchorage, S lee tmute ,  and McGrath. 

The mine c o n s i s t s  of n ine  unpatented mining c la ims  he ld  by l oca t i on .  F i v e  
of t h e s e  a r e  owned by Alaska Mines and Minera l s ,  Inc. ( ~ u s k o  Nos. 1 t o  5 ) ,  and 
f o u r  by Halverson and Mel l ick  ( ~ e d  Devil  Nos. 1 t o  4 ) .  The mining company 
l e a s e s  t h e  Red Devi l  group. 

The Red Dev i l  i s  t h e  on ly  mercury-producing proper ty  of consequence i n  
Aiaska. Product ion  from 1940 through 1959 was 19,530 f l a s k s .  Of t h e  t o t a l ,  
15.486 f l a s k s  was produced i n  t h e  4 y e a r s  s i n c e  t h e  p l a n t  resumed o p e r a t i o n s  
i n  Marcn 1956. 

Regional  Se t t i ng . -  The S lee tmute  q u i c k s i l v e r  d i s t r i c t  l i e s  i n  an a r e a  of 
f o lded  Upper Cre taceous  geosync l ina l  sediments  c o n s i s t i n g  of a  g r e a t  t h i c k n e s s  
of monotonously s i m i l a r  graded graywacke and mudstone. This  a r e a  i nc ludes  a  
T e r t i a r y  vo l can i c  province  manifested by preorogenic  I d i t a r o d  b a s a l t ,  synoro- 
g e n i c  a l b i t e  r h y o l i t e ,  pos torogenic  Holokuk b a s a l t ,  and pos torogenic  q u a r t z  
monzonite. The p o r p h y r i t i c  Barometer Mountain i n t r u s i v e  3 mi l e s  south  of t h e  
Red Devil  mine may a l s o  b e  postorogenic.  During t h e  P l i ocene  ( 7 )  an old-age 
s u r f a c e  developed, and i n  l a t e  P l i ocene  o r  P l e i s t o c e n t  epochs t h e  Kuskokwim 
Mountains were u p l i f t e d .  The p r e s e n t  topography has  developed by e r o s i o n  of 
t h i s  o l d  s u r f a c e  on t h e  u p l i f t e d  blocks.  The Upper Cretaceous beds have been 
fo lded  a t  sha l low depth  i n t o  sha rp  c r e s t e d  f o l d s  of vary ing  t r end  and plunge, 
which tend  t o  p a r a l l e l  t h e  margins of t h e  sedimentary basin.  

D i s t r i c t  Se t t ing . -  Bedrock geology near  t h e  Red Devil  mine is  l a r g e l y  
obscured by a  cover  of r e s i d u a l  mantle ,  l o e s s ,  moss, and t h e  Kuskokwim River. 
The r i v e r  appa ren t ly  occupies  t h e  c r e s t  of t h e  S lee tmute  a n t i c l i n e ,  whose 
h o r i z o n t a l  a x i s  t r e n d s  northwest.  The Red Devil  d e p o s i t  l i e s  on t h e  south-  
west  f l a n k ,  and t h e  Parks  p rospec t  l i e s  on t h e  n o r t h e a s t  f lank .  A l t e r ed  d i a -  
b a s i c  ( 7 )  d i k e s  and s i l ls  occur  a t  t h e  Red Devil  mine and a t  t h e  Barometer, 
Parks ,  and Willis prospec ts .  These d e p o s i t s  a r e  t h e  most promising known i n  
t h e  d i s t r i c t .  The only  s u l f i d e s  found a t  t h e s e  d e p o s i t s  a r e  c innabar ,  s t i b n i t e ,  
and small  amounts of orpiment and r e a l g a r .  Occasional  g r a i n s  and v e i n l e t s  of 
a u t h i g e n i c  p y r i t e  a r e  presen t .  The r i c h e s t  d e p o s i t s  known i n  t h e  d i s t r i c t ,  
t h e  Red Devi l  and Barometer, occur a long  t h e  Red Dev i l  f a u l t  zone, a  wrench 
( s t r i k e  s l i p )  f a u l t  w i th  r i g h t  l a t e r a l  displacement .  TO 1959, a l l  t h e  o r e  
shoo t s  i n  t h e s e  two d e p o s i t s  have been found a long  t h e  main Red Devil  f a u l t  

Wri t ten  by Gordon Herre id ,  g e o l o g i s t ,  Alaska Mines and Minera l s ,  Inc.,  Red 
Devi l ,  Alaska. 



o r  along s u b s i d i a r y  s l i p s  i n  i t s  footwal l .  The Red Devi l  f a u l t  p a r a l l e l s  t h e  
s t r i k e  of t h e  sediments  and i s  probably a r eg iona l  f a u l t ,  whose o r i e n t a t i o n  
has  been inf luenced  by t h e  o r i e n t a t i o n  of t h e  S lee tmute  a n t i c l i n e .  

Geoloav of t h e  Red Devi l  Mine 

The geo log ica l  f e a t u r e s  of t h e  Red Devil  mine developed i n  t h e  fo l lowing  
sequence t 

1. Beds fo lded  and conjugate  j o i n t s  perpendicular  t o  t h e  beds formed 
by f o l d i n g  s t r e s s e s .  

2. Red Devil  r i g h t  l a t e r a l  wrench f a u l t  movement began. 

3. Dikes i n t ruded  p a r a l l e l  t o  one of t h e  p rev ious ly  formed j o i n t s  
( s e e  No. 1 ) .  

4. F u r t h e r  r i g h t  l a t e r a l  wrench movement occurred  a long  t h e  Red Devi l  
f a u l t ;  o r e  s o l u t i o n s  were in t roduced  near  t h e  end of t h e  f a u l t i n g .  

5. Pos tminera l  c r o s s  f a u l t s  formed. 

The most s a l i e n t  f e a t u r e  of t h e  s t r u c t u r e  of t h e  Red Devil  mine is  t h e  
s e r i e s  of s t e p l i k e  o f f s e t s  of t h e  c r o s s c u t t i n g  d i k e s  along t h e  many r i g h t  
l a t e r a l  movement p l anes  i n  and a long  t h e  Red Devil  f a u l t .  

Country Rock. 

The Red Devil  d e p o s i t s  occur  i n  t h e  well-bedded, graded graywacke t y p i c a l  
of t h e  Upper Cretaceous Kuskokwim formation. I n  t h e  mine openings t h e  beds 
a r e  monoclinal;  t h e  average  s t r i k e  i s  N. 38O W.; d i p ,  63' S. 

The base  of each graded graywacke bed is  composed of massive da rk  gray,  
conchoida l ly  f r a c t u r i n g  graywacke. Toward t h e  t o p  t h e  percentage  of sand-s ize  
g r a i n s  dec reases ,  and t h e  beds grade  i n t o  mudstone. I n  p l aces ,  s e v e r a l  s i l t -  
s t o n e  o r  mudstone beds, 3 inches  t o  1 f o o t  t h i c k ,  occur  i n  success ion  between 
t h e  graded graywacke beds. The graywacke beds range  i n  t h i c k n e s s  from a few 
inches  t o  6 f e e t  b u t  average  about  2 f e e t .  Most graywacke beds con ta in  s o l e  
markings t h a t  p r e se rve  t h e  markings i n  t h e  mud on which t h e  graywacke was 
depos i ted .  When t h e  beds a r e  r o t a t e d  around t h e  s t r i k e  l i n e  t o  t h e  h o r i z o n t a l ,  
t h e  t r end  of t h e  grooves and f low marks i s  150°, s o u t h e a s t  o r  northwest  sense  
unknown. 

J o i n t s .  

Two s e t s  of j o i n t s  a r e  p r e s e n t  throughout  t h e  mine workings. A t  any 
one p l a c e  t hey  a r e  e r r a t i c ,  b u t  t h e  average  of many j o i n t s  taken  wi th in  a 
50-foot  r a d i u s  is  c l o s e  t o  s i m i l a r  averages  taken  elsewhere i n  t h e  mine. The 
j o i n t s  a r e  o r i e n t e d  an average  of N. 37' E., 63O SE. (J-1) and N. 6g0 E., 
60° NW. (5-2). Both s e t s  a r e  perpendicular  t o  t h e  bedding, and t h e  a c u t e  



b i s e c t o r  of t h e  two i s  p a r a l l e l  t o  t h e  d i p  of t h e  beds. During f o l d i n g ,  i n  
which t h e  bedding p lane  s l i p  is  a c t i v e ,  t h e  d i r e c t i o n  of maximum s t r e s s  l i e s  
a long  t h e  bedding i n  a  p l ane  perpendicular  t o  t h e  f o l d  ax i s .  A t  Red Devil  
t h e  d i r e c t i o n  of maximum s t r e s s  i s  p a r a l l e l  t o  t h e  d i p  of t h e  beds. The j o i n t s  

a t  Red Devil  l i e  symmetrical ly on e i t h e r  s i d e  of t h e  maximum s t r e s s  d i r e c t i o n  
and must have been formed dur ing  t h e  fo ld ing  of t h e  S lee tmute  a n t i c l i n e .  

Dikes. 

Three d ikes ,  exposed i n  t h e  mine workings, have been i d e n t i f i e d  a s  a l -  
t e r e d  b i o t i t e  b a s a l t  and a s  a n d e ~ i t e . ~ '  The l e s s  a l t e r e d  d i k e s  i n  t h e  d i s t r i c t  
show a d i a b a s i c  t e x t u r e  under t h e  microscope. Andes i te  i s  t h e  l o c a l  term. The 
d i k e s  a r e  a l t e r e d  t o  q u a r t z ,  chalcedony, carbonate ,  and s e r i c i t e e 2 '  A t  depths  
g r e a t e r  t han  100 f e e t ,  t h e  d i k e  rock c o n s i s t s  of an a p h a n i t i c ,  cream t o  l i g h t -  
gray mat r ix  w i th  medium-gray specks,  which may be  a l t e r e d  phenocrysts .  It 
a l s o  con ta in s  pa tches  and t i n y  v e i n l e t s  of quar tz .  I n  p l aces ,  s l i ckens ided  
g reen i sh  pa tches  occur;  t h e s e  have been i d e n t i f i e d  a s  d i c k i t e .  The d i k e  rock 
i s  s t r i k i n g l y  d i f f e r e n t  from t h e  graywacke-mudstone count ry  rock. I n  t h e  
zone of s u r f a c e  a l t e r a t i o n ,  t h e  d i k e  rock is  r edd i sh  o r  ye l lowish  t a n ,  bu t  it 
may have r e s i d u a l  l i gh t - co lo red  pa tches  of un l imoni t ized  rock. On t h e  s u r f a c e  
t h e  d i k e  is  g e n e r a l l y  d i s t i n g u i s h a b l e  from l imon i t i zed  graywacke, p a r t i c u l a r l y  
i n . e x p o s u r e s  l a r g e  enough t o  show t h e  well-bedded c h a r a c t e r  of t h e  sediments 
compared wi th  t h e  massive dike.  Megascopically t h e  d i k e s  appear  t o  be  approxi-  
mately t h e  same i n  a l l  t h e  exposures a t  Red Devi l  and a t  t h e  Barometer, Parks ,  
and Willis prospec ts .  I t  i s  unknown whether t h e  a l t e r a t i o n  of t h e  d i k e s  is 
r e g i o n a l  o r  a  l a r g e  h a l o  around t h e  o r e  shoots .  Dike c o n t a c t s  a r e  g e n e r a l l y  
sharp ,  b u t  i n  p l aces  t hey  a r e  b recc i a t ed  t o  an approximately 1-inch aggrega te  
of mixed d i k e  and count ry  rock. Often t h e  ad j acen t  graywacke i s  a r g i l l i z e d ,  
b u t  c o n t a c t s  wi th  s h a l e  o r  mudstone a r e  sha rp  and may form deep r e e n t r a n t s  i n t o  
t h e  dike.  D i k e 7 c o n t a c t s  a r e  i r r e g u l a r  i n  p l aces ,  b u t  over  any d i s t a n c e  t hey  
p a r a l l e l  t h e  J-1 j o i n t  d i r e c t i o n  (N. 37" E., 63' SE.), and i n  many p l a c e s  t h e  
con tac t  fo l lows  a j o i n t  p l ane  f o r  s e v e r a l  f e e t .  The d i k e s  do not  c a r r y  mega- 
s cop ic  disseminated c innabar ,  except  l o c a l l y  w i th in  a few f e e t  of t h e  o r e  
shoots .  

The d i k e s  p r e s e n t  a r e  t h e  Dolly d ike ,  wi th  which t h e  Dolly and Rice  
s e r i e s  o r e  shoo t s  a r e  a s s o c i a t e d ;  t h e  Red Devil  d ike ,  w i th  which t h e  A ,  B, 
G i r l i e ,  and C s e r i e s  a r e  a s soc i a t ed ;  and t h e  F d ike ,  wi th  which t h e  D, E ,  
and F o r e  shoo t s  a r e  a s soc i a t ed .  

Wrench F a u l t s .  

Red Devil Faul t . -  The movement d i r e c t i o n  of t h e  Red Devi l  f a u l t  zone 
p a r a l l e l s  t h e  s t r i k e  of t h e  bedding and i s  wi th in  10' t o  15' of ho r i zon ta l .  
The f a u l t  i s  a  compromise between t h e  tendency of s t r i k e  s l i p  f a u l t s  t o  be  
v e r t i c a l  and t h e  tendency f o r  movement t o  occur a long  t h e  p l anes  of e a s i e s t  
s l i p ,  which a r e  t h e  bedding planes.  Consequently, t h e  f a u l t  fo l lows  bedding 
21  Work c i t e d  i n  f o o t n o t e  14, p. 8. 
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f o r  t h e  most p a r t ,  bu t  i n  many p l a c e s  it l a c e s  from one bedding p l ane  t o  another  
along s t e e p  s l i p  s u r f a c e s ,  forming n e a r l y  h o r i z o n t a l  noses t h a t  a r e  t y p i c a l  of 
t h e  f a u l t  zone. Also, i n  many p l a c e s  minor f l a t  d ipp ing  f a u l t s  l a c e  between 
bedding p l ane  f a u l t s .  The zone i s  complex, and o r e  shoo t s  i n  it a r e  d i f f i c u l t  
t o  fol low.  

Cros scu t t i ng  d i k e s  have been c u t  i n t o  segments, which almost  i n v a r i a b l y  
i n d i c a t e  t h a t  movement on t h e  f a u l t s  was i n a  r i g h t  l a t e r a l  d i r e c t i o n .  The Red 
Devil  f a u l t  zone is  a  r a t h e r  e l u s i v e  t h i n g  i n  narrow workings due t o  t h e  l a r g e  
ho r se s  of undeformed count ry  rock which occur i n  it. I t  can be  recognized by 
t h e  presence  of s t e e p  l a c i n g  f a u l t s  and h o r i z o n t a l  noses. I n  a l l  p r o b a b i l i t y  
t h e  f a u l t s  of s i m i l a r  appearance,  which occur  w i t h i n  50 f e e t  i n  t h e  hanging 
w a l l s  and f o o t w a l l s ,  connect  w i th  t h e  main Red Devi l  f a u l t  up o r  down dip.  

Accurate  p r o j e c t i o n s  of t h e  Red Devil  f a u l t  zone up and down d i p  a r e  
impossible .  Between t h e  450 and 300 l e v e l s  t h e  d i p  i s  about  85' SW, between 
t h e  300 and 150 l e v e l s  about  66' SW., and above t h e  150 l e v e l  t h e  f a u l t  i s  
appa ren t ly  about  v e r t i c a l ,  a l though it p a r t l y  f e a t h e r s  ou t  a long t h e  bedding. 

Wrench F a u l t s  Subs id i a ry  t o  t h e  Red Devil  F a u l t  Zone.- Exposures a r e  
l i m i t e d  i n  t h e  hanging wa l l  of t h e  Red Devil  f a u l t ,  bu t  i n  t h e  foo twa l l  sub- 
s i d i a r y ,  r i g h t - l a t e r a l  s t r i k e  s l i p  movements occur  f o r  a width of a t  l e a s t  
300 f e e t  on t h e  300 l e v e l .  R i g h t - l a t e r a l  f a u l t i n g  i s  v i s i b l e  a t  t h e  s u r f a c e  
over  a  width of 650 f e e t .  The t o t a l  r i g h t - l a t e r a l  s t r i k e  s l i p  movement between 
t h e  known d i k e  segments i s  about  800 f e e t ;  ha l f  o r  l e s s  i s  i n  t h e  Red Devi l  
f a u l t ,  and t h e  r e s t  i s  taken  up by t h e  s u b s i d i a r y  movements i n  t h e  foo twa l l .  
A l l  t h e  s u b s i d i a r y  f a u l t s  a r e  b e d d i n g - p l a n e f a u l t s .  These f a u l t s  occur  
because of t h e  s t r o n g  p r e f e r r e d  o r i e n t a t i o n  of s l i p  p l anes  ?.long t h e  sha l ey  
bedding planes.  Therefore ,  s u b s i d i a r y  f a u l t s  a r e  no t  p a r a l l e l  t o  t h e  p a r e n t  
f a u l t ,  a l though t h e  movement d i r e c t i o n s  of t h e  two a r e  p a r a l l e l .  

I n  p l ace s ,  bedding p lane  f a u l t s ,  which a r e  p r o b a b b  wrench f a u l t s ,  a r e  
c u t  o f f  by d ikes ;  e lsewhere unfau l ted  d i k e s  a r e  on s t r i k e  w i th  badly f a u l t e d  
ground. Th i s  p r ed ike  f a u l t i n g  i s  probably an e a r l y  phase of t h e  Red Devil  
wrench f a u l t i n g .  

Geometry of t h e  Deposi t  

The p a t t e r n  of t h e  d i k e  segments and o r e  shoo t s  i s  approximately t h e  
same a t  each l e v e l ,  and t h e  p r o j e c t i o n  from one l e v e l  t o  t h e  next  is  f a i r l y  
cons tan t .  This  s t r u c t u r a l  un i formi ty  has  g r e a t l y  f a c i l i t a t e d  mining. The 
d i k e  p a t t e r n  i s  t h e  r e s u l t  of t h e  i n t e r a c t i o n  of most of t h e  elements  of t h e  
s t r u c t u r e .  The primary s t r u c t u r e ,  t h e  S lee tmute  a n t i c l i n e ,  de te rmines  o r i en -  
t a t i o n  of t h e  j o i n t s ,  a long which t h e  d i k e s  have been i n t ruded ,  and a l s o  
probably t h e  d i r e c t i o n  of t h e  Red Devi l  wrench f a u l t  zone. I n  t h e  f o o t w a l l  of 
t h e  Red Devil  f a u l t ,  d rag  movement has  caused s l i p p a g e  a long  bedding p l anes  
between l ame l l ae  of d i f f e r i n g  t h i cknes se s .  The c r o s s c u t t i n g  d i k e s  a r e  c u t  
i n t o  segments t h a t  form h a l f  of an S-curve. The o t h e r  h a l f  presumably is  
p r e s e n t  i n  t h e  hanging wa l l  of t h e  Red Devil  f a u l t .  The i n c l i n a t i o n s  of t h e  
d i k e s  (N. 37' E., 63' SE. ) and t h e  bedding p lane  f a u l t s  (N. 40° W., 60' SW. ), 



which c u t  t h e  d i k e s  i n t o  segments, a r e  r e s p o n s i b l e  f o r  t h e  d i r e c t i o n  and plunge 
of t h e  d i k e  segments ( 3 9 O  plunge on a  S. 10" E. bea r ing ) .  The B-type o r e  
shoo t s  de sc r ibed  l a t e r  f o l l ow  t h e  t r u n c a t e d  ends of t h e  d i k e  segments and have 
t h e  same plunge a s  t h e  d i k e  segments. A compl ica t ion  is  in t roduced  by t h e  
i n t e r s e c t i o n  of t h e  plunging d i k e s  and o r e  shoo t s  w i th  t h e  s t e e p  s l i p  p l anes  
of t h e  Red Devi l  f a u l t  zone. Along t h e  Red Devi l  d i k e  t h i s  i n t e r s e c t i o n  
occurs  j u s t  below t h e  a d i t  l e v e l  i n  t h e  C-zone and t o  t h e  sou theas t  a t  g r e a t e r  
dep ths  than  y e t  a t t a i n e d  i n  t h e  B and G i r l i e  workings. The s t e e p  l a c i n g  f a u l t s  
of t h e  Red Devi l  f a u l t  zone d i s p l a c e  t h e  d i k e  segments nor thwes t  below t h e  
f a u l t s  so  t h a t  t h e  d ike-ore  zone a s  a  whole i s  s teepened ( f i g .  3 ) .  

Ore Depos i t s  

PrOf l le  O f  s teep loctng t a u l t  
b e t w e e n  two b e d d l n g - p l a n e  f a u l t s .  

NOTE A11 foults shown a re  wrench f o u l l s  
wtth opprOx8mately hortzontol movement. 

S t r u c t u r e  of t h e  Ore 
Shoots. 

BrType Ore Shoots.- 
Ore product ion  has  come 
mostly from t h e  foo twa l l  
of t h e  Red Dev i l  f a u l t  zone, 
where o r e  shoo t s  a r e  l o c a l -  
i zed  a t  t h e  i n t e r s e c t i o n s  
of -bedding-plane wrench 
f a u l t s  wi th  c r o s s c u t t i n g  
d ikes .  A t  t h e s e  i n t e r s e c -  
t i o n s ,  t h e  r o l l s  i n  t h e  
f a u l t  may be l i kened  t o  
l a r g e - s c a l e  chat termarks.  
These r o l l s  a r e  o f t e n  
occupied by plunging 
p e n c i l s  of o r e ,  which have 
a  l e n t i c u l a r  c r o s s  s e c t i o n  
and which may ove r l ap  one 
another .  En echelon 

FIGURE 3. - Schematic Diagram of a Steep Lacing movements along j o i n t s  
Fault, Red Devil Mine. i n  t h e  graywacke beds i n  

t h e  immediate hanging w a l l s  
of t h e  i n t e r s e c t i o n s  show t h a t  t h e  bedrock was compressed around t h e  d i k e  seg- 
ments. One d i k e  segment ( f o o t w a l l  of t h e  A-6 s tope )  has  cracked a c r o s s  from 
co rne r  t o  co rne r ;  t h e  c r acks  main ta in  t h e  same p o s i t i o n  i n  t h e  segment up and 
down plunge. S t r u c t u r e s  formed a t  an i n t e r s e c t i o n  tend  t o  con t inue  a l l  a long  
t h e  i n t e r s e c t i o n .  These open spaces  have a c t e d  a s  channels  f o r  t h e  o r e  so lu t i ons .  
These e f f e c t s  a t  t h e  d i k e - f a u l t  i n t e r s e c t i o n s  a r e  appa ren t ly  due t o  t h e  sma l l e r  
tendency of t h e  d i k e s  t o  g i v e  o r  t o  f low r e l a t i v e  t o  t h e  count ry  rock. The 
r e g u l a r  shape and plunge of t h e s e  o r e  shoo t s  g r e a t l y  f a c i l i t a t e s  mining. 

C-Type Ore Shoots.-  Ore shoots  t h a t  occur  along and around s t e e p  pre-ore 
l a c i n g  f a u l t s  a long  t h e  Red Devil  f a u l t  zone a r e  c a l l e d  C-type o r e  shoots .  Be- 
low t h e  a d i t  l e v e l  t h e  C-zone o r e  shoo t s  i n t e r s e c t  t h e  Red Devil  f a u l t  w i th  i t s  
l a c i n g  f a u l t s .  These l a c i n g  f a u l t s  were preceded by bedding p l ane  f a u l t s  and 



were formed mainly b e f o r e  and dur ing  o r e  depos i t i on ;  however, some pos t -ore  
movement has  taken  place.  They have both c u t  o f f  t h e  plunging d i k e  segments 
and provided dams f o r  t h e  o r e  so lu t ions .  Between t h e  l a c e r s ,  t h e  o r e  fo l lows  
t h e  d i k e s  i n  B-type shoo t s  and i s  o f t e n  of marginal  grade  o r  lower. Along t h e  
l a c e r s  t h e  o r e  forms f l a t  plunging o r e  shoots ;  t h e  r i c h e s t  o r e  i s  along t h e  
l a c e r ,  becoming l e a n e r  away from it ( f i g .  3) .  The o r e  i s  concent ra ted  along 
t h e  l a c e r s ,  b u t  a t  t h e  expense of d i v e r t i n g  it away from t h e  more r e g u l a r  
B-type o r e  along t h e  d ikes .  This  o r e ,  oddly enough, forms both  immediately 
under and immediately over  t h e  l a c e r s .  

Mineralogy of t h e  Ore.- The only s u l f i d e s  found throughout t h e  d e p o s i t  a t  
Red Devi l  a r e  s t i b n i t e  and cinnabar;  smal l  amounts of orpiment and r e a l g a r  a r e  
p r e s e n t  l o c a l l y .  A l l  o r e s  a r e  composed of v o l a t i l e  elements. Rare, l o c a l  
p y r i t e  f i l m s  on j o i n t s  a r e  probably due t o  migra t ion  and r edepos i t i on  of au th i -  
gen ic  p y r i t e  dur ing  o r e  depos i t ion .  The p r i n c i p a l  gangue mine ra l s  a r e  qua r t z  
and wh i t e  clay.  I n  t h e  B-type o r e . t h e  shoots  a r e  composed of s t i bn i t e - c innaba r -  
quar tz .  The s t i b n i t e  is  euhedra l  and may form l a t h s  a s  l a r g e  a s  1/4 by 3 inches,  
which tend  t o  be  o r i e n t e d  p a r a l l e l  t o  t h e  v e i n  and normal t o  t h e  plunge. Cinna- 
b a r  and qua r t z  a r e  i n t e r s t i t i a l  w i t h i n  t h e  s t i b n i t e ,  bu t  i n  vuggy a r e a s  they  
a r e  euhedral .  The c innabar  and q u a r t z  o f t e n  occur i n  s t r e a k s  i n  t h e  o r e  
p a r a l l e l  t o  t h e  v e i n  a long  t h e  w a l l s  o r  o u t  i n  t h e  s t i b n i t e .  A l l  t h e  o r e  
mine ra l s  were depos i t ed  a t  about  t h e  same time. The st ibnite-cinnabar-quartz 
shoo t s  range  i n  wid th  from 1 o r  2 inches  t o  about  1 f o o t  and i n  s t r i k e  l eng th  
from 6  t o  30 f e e t .  Cinnabar may c o n s t i t u t e  from 0  t o  40 pe rcen t  of t h e  o r e  
shoot; qua r t z ,  from 1 t o  10  percent ;  and s t i b n i t e ,  t h e  remainder. The s t i b n i t e  
t o  c innabar  r a t i o  t ends  t o  be h igher  i n  t h e  wider shoots  and t o  i n c r e a s e  w i th  
depth. P e r i p h e r a l l y  t o  t h e s e  o r e  shoots ,  t h e  c r acks  i n  t h e  graywacke and 
d i k e  rock c a r r y  vuggy v e i n l e t s  1/16- t o  1/4-inch wide, of quar tz -whi te  clay-  
c innabar ,  i n  which t h e  qua r t z  and c innabar  a r e  o f t e n  euhedral.  The t r a n s i t i o n  
from t h e  c e n t r a l  s t ibni te-c innabar-quar tz  o r e  shoot  t o  t h e  quar tz -whi te  c lay-  
c innabar  h a l o  u s u a l l y  occurs  w i th in  a  few inches ,  and t h e  h a l o  may extend f o r  
2 t o  50  f e e t  awav from t h e  o r e  shoot  b e f o r e  t h e  c innabar  d isappears .  The 
quar tz -whi te  c l ay  v e i n l e t s  cont inue  t o  a g r e a t e r  d i s t ance .  These h a l o s  a r e  
ubiqui tous  and f u r n i s h  a  shor t - range  guide  t o  ore. Thei r  mineralogy is  inva r i -  
a b l e ,  and no c r o s s c u t t i n g  r e l a t i o n s h i p s  e x i s t  between t h e  c e n t r a l  o r e  shoo t s  
and t h e  halos.  The h a l o s  a r e  contempor~neous  w i th  o r e  shoots  and a r e  not  due 
t o  a  s e p a r a t e  per iod  of mine ra l i za t i on .  Where t h e  ha los  occur i n  graywacke, 
t hey  tend  t o  remain i n  t h e  same hor izon  and seem t o  b e  equa l ly  developed above 
and below t h e  o r e  shoot .  The o r e  shoo t s  were c l e a r l y  t h e  channels  where o r e  
f l u i d s  r o s e  from g r e a t e r  depths. 

C-type o r e  occu r s  a long  t h e  Red Devil  f a u l t  i n  t h e  C-zone. The l a c i n g  
f a u l t s  and f r a c t u r e s  i n  ho r se s  of graywacke-shale con ta in  v e i n s  of s t i b n i t e -  
c innabar -quar tz ,  i n d i c a t i n g  t h a t  t h e  main o r e  s o l u t i o n  channels  were d i v e r t e d  
by t h e s e  s t r u c t u r e s .  Much of t h e  C-type o r e  c o n s i s t s  of a  ha lo  of quar tz -  
wh i t e  clay-cinnabar  expanded due t o  t h e  d i v e r s i o n  of t h e  o r e  s o l u t i o n s  by 
l a c i n g  f a u l t s .  Brecc ia ted  s i l i c i f i e d  s h a l e  i s  o f t e n  cemented by quar tz -whi te  
clay-cinnabar .  



A t  var ious  places,  e spec ia l ly  i n  t h e  C-zone, orpiment and rea lga r  a r e  pre- 
sen t  i n  t h e  ore. Realgar i s  mainly confined t o  t h e  main o r e  shoots,  whereas 
orpiment occurs i n  t h e  main o r e  shoots and t h e  halos. 

Cross Faults .-  The ore  shoots have been cu t  by two major c ross  f a u l t s ,  
which postdate ~ both - wrench f a u l t i n g  and o re  deposit ion.  Both f a u l t s  a r e  
marked by gray, rubbery gouge a few inches thick.  The b e s t  understood i s  t h e  
411 8-1 f a u l t ;  it c u t s  off  t h e  B, G i r l i e ,  and A s e r i e s  o r e  shoots below t h e  
300 l e v e l  ( f ig .  4) .  This f a u l t  has been in te r sec ted  i n  four  p laces  where it 
c u t s  off d ike  segments. I t  is  a wrench f a u l t  with a normal-throw component. 
I t s  o r i e n t a t i o n  v a r i e s ,  but averages N. 76' W., 74' S., and dike  segments have 
been displaced 65 f e e t  hor izon ta l ly  i n  a l e f t  l a t e r a l  sense with about 30-foot 
v e r t i c a l  movement, hanging wall  down. The o the r  post-ore c ross  f a u l t ,  t he  388 
f a u l t ,  i s  exposed i n  t h e  Dolly a rea ,  where it c u t s  off t h e  o r e  shoots about 
190 f e e t  ( v e r t i c a l l y )  below t h e  c o l l a r  of t h e  Dolly shaf t .  This f a u l t  s t r i k e s  
about N. 7 2 O  W. and d ips  from 57' t o  72' N. Drag on ,ore and dike  along t h i s  
f a u l t  ind ica tes  t h a t  it a l s o  moved i n  a l e f t  l a t e r a l  sense. Probably o the r  
s teep,  c rosscu t t ing  l e f t  l a t e r a l  f a u l t s  of s imi la r  o r i e n t a t i o n  w i l l  be found 
along t h e  Red Devil f au l t .  

Age and Depth of t h e  Red Devil D,eposit.- The only age during Ter t i a ry  times 
t h a t  can be estimated with any degree of accuracy i s  t h a t  of t h e  Georgetown 
summit l e v e l  surface.  This old-age surface  represents  t h e  surface  t h a t  t h e  
Kuskokwim River flowed on before u p l i f t  of t h e  Kuskokwim Mountains. I t  formed 
no e a r l i e r  than late-Miocene and was destroyed on t h e  ~uskbkwim Mountain block 
by u p l i f t  i n  la te-pl iocene or  e a r l y  Ple is tocene time.a3 The Georgetown sur face  
i s  probably represented near Red Devil by t h e  l o c a l  r idge  tops ,  which a r e  a t  
about a 1,500-foot elevation.  The Kuskokwim has followed i t s  same course 
through t h e  Kuskokwim h i l l s  s ince  before  t h e  u p l i f t  and was probably a t  o r  
near i t s  present  loca t ion  when t h e  Red Devil deposi t  was formed. The ground 
surface  a t  t h e  time of u p l i f t  i s  estimated t o  have been about 1,100 f e e t  above 
t h e  present  s h a f t  c o l l a r  (e levat ion 308 f e e t )  and 1,640 f e e t  above t h e  deepest  
workings. 

The known depth of quicksi lver  depos i t s  a t  New Almaden ranges _from t h e  
su r face  t o  2,450 fee t .  Thus, t h e  o l d e s t  probable d a t e  of minera l iza t ion a t  
Red Devil i s  contemporary with t h e  Georgetown erosion surface ,  or l a t e  Miocene. 
The deposi t  could be much younger than tha t .  Barometer Mountain r i s e s  above 
t h e  Georgetown surface  about 1,000 f e e t  and i s  the re fo re  considerably older.  

Relation of t h e  Red Devil Deposit t o  Igneous Intrusion.-  In t rus ion  of t h e  
d ikes  a t  Red Devil occurred during t h e  period of s t r i k e  s l i p  movement on t h e  
Red Devil f a u l t .  Directed s t r e s s  was necessary t o  s e l e c t i v e l y  open up t h e  
J-1 j o i n t  d i r e c t i o n ,  and not t h e  5-2 o r  t h e  bedding planes, t o  t h e  in t ruding 
magma. The necesgary s t r e s s  d i r e c t i o n  would be p a r a l l e l  t o  t h e  J-1 j o i n t  
d i rec t ion .  I f  any s t r e s s  p a r a l l e l  t o  J-1 could a l s o  produce t h e  observed 
movement on t h e  Red Devil f a u l t ,  then probably t h e  i n t e r a c t i o n  of t h e  f a u l t  
with a shallow i n t r u s i v e  could account d i r e c t l y  f o r  t h e  in t rus ion  of d ikes  
during t h e  wrench faul t ing.  
a3 Cady, W. M., and others ,  The Centra l  Kuskokwim Region, Alaska: Geol. Sur- 

vey Prof. Paper 268, 1955, p. 95. 



The d i r e c t i o n  of s t r e s s  r e s p o n s i b l e  f o r  t h e  movement on t h e  Red Devi l  
f a u l t  can be  a s c e r t a i n e d  by assuming t h a t  i t s  tendency t o  be v e r t i c a l ,  d e s p i t e  
t h e  g r e a t e r  e a s e  of s l i p p a g e  along t h e  i n c l i n e d  bedding p l anes ,  i n d i c a t e s  
t h a t  t h e  s t r e s s  f i e l d  i s  t h e  kind t h a t  would produce a  v e r t i c a l  wrench f a u l t  
i n  an i s o t r o p i c  medium. I f  so ,  t h e  d i r e c t i o n  of s t r e s s  would be a long  a  ho r i -  
z o n t a l  N. 08' W. l i n e ,  30' away from t h e  s t r i k e .  

Th i s  d i r e c t i o n  l i e s  45' away from t h e  J-1 j o i n t  p lane  and c l e a r l y  was no t  
r e s p o n s i b l e  f o r  c aus ing  a  h igh ly  s e l e c t i v e  d i k e  i n t r u s i o n  a long  t h i s  plane. 
Therefore ,  change of o r i e n t a t i o n  of e x t e r n a l l y  app l i ed  s t r e s s  i s  necessary  i f  
t h e  d i k e s  were t o  i n t r u d e  along t h e  J-1. This  change of s t r e s s  must have been 
of s h o r t  d u r a t i o n  and was probably l o c a l .  That i s  was a l s o  accompanied by 
i n t r u s i o n  of d i k e s  makes a  nearby i n t r u s i v e  a  most r ea sonab l e  source  of t h e  
magma a s  we l l  a s  t h e  source  of compressive fo r ce s .  Thus, d i k e  i n t r u s i o n ,  
wrench f a u l t i n g ,  and o r e  d e p o s i t i o n  were p a r t  of a  sequence of even t s  which 
were r e l a t e d  c l o s e l y  i n  time. I t  seems l i k e l y  t h a t  they  were a l s o  g e n e t i c a l l y  
r e l a t e d .  F i g u r e s  4 and 5  a r e  a  g e o l o g i c a l  p l an  of t h e  Red Devil.  

Minina Methods and 

The mine o r i g i n a l l y  was opened w i th  a d i t s  a t  t h e  1311- and 1325-foot  e l e -  
v a t i o n s ;  t h e  p o r t a l s  of t h e s e  a r e  70  f e e t  a p a r t  i n  plan.  La t e r  t h e  Red Devi l  
i n c l i n e  was sunk w i th  s t a t i o n s  a t  t h e  33, 73, 150, 300, and 450 l e v e l s .  The 
1311 a d i t  is  a t  approximately t h e  same e l e v a t i o n  a s  t h e  s h a f t  c o l l a r ;  t h e  1325 
i s  25  f e e t  higher .  The Dolly s h a f t ,  i n  t h e  hanging wa l l  of t h e  Red Devi l  s h a f t ,  
is  c o l l a r e d  above t h e  Red Devil  and i s  connected w i th  t h e  Red Devi l  on t h e  300 
l e v e l .  F i g u r e  6 is  a  p l an  of t h e  mine workings. 

A s  ha s  been noted ,  o r e  shoo t s  a t  t h e  Red Devi l  a r e  extremely s h o r t  i n  
s t r i k e  l e n g t h  bu t  may p e r s i s t  a long  t h e  plunge f o r  s e v e r a l  hundred f e e t .  S t r i k e  
l e n g t h s  range  from 6 t o  30 f e e t  and v e i n  wid ths  from 3 t o  1 0  inches.  The o r e  
shoo t s  plunge a t  an  average  of 39'. The combination of s h o r t  s t r i k e  l eng th ,  
narrow wid th ,  and f l a t  plunge r e s u l t s  i n  exces s ive ly  h igh  mining cos t s .  

A f t e r  a  l e v e l  h a s  been opened f o r  mining, r a i s e s  a r e  d r i v e n  on t h e  o r e  
shoots .  S top ing  proceeds from t h e  t o p  down; t h e  s t o p e  wid th  is  c o n t r o l l e d  by 
t h e  c l o s e s t  convenien t  hanging w a l l  t h a t  w i l l  s t and  u n t i l  it can be  supported. 
S tope  wid ths  r ange  from 3 t o  6 f e e t .  S t u l l s ,  ob ta ined  l o c a l l y  a t  about  10  
c e n t s  pe r  l i n e a r  f o o t ,  and headboards a r e  used f o r  support .  Timbering l a b o r  
c o s t  i s  high,  25  pe rcen t  of d i r e c t  s t op ing  cos t s .  Muck from t h e  s t o p e s  w i l l  
n o t  r un  by g r a v i t y ,  and t h e  r e l a t i v e l y  smal l  tonnage from a s t o p e  does  n o t  
wa r r an t  i n s t a l l i n g  s l u s h e r  se tups .  Hence, mucking t o  t h e  l e v e l  i s  by hand, 
w i th  an  a s s i s t  from water  run- in  from above. Mucking is  a  l a r g e  i t em i n  
s t o p i n g  cos t s .  

Where o r e  cannot  b e  moved economical ly by r a i s e s ,  s l u s h e r  c r o s s c u t s  a r e  
used t o  t r a n s f e r  muck t o  s h a f t s ,  winzes, o r  o r e  passes .  The s c r a p e r  dumps 
d i r e c t l y  i n t o  s k i p s  o r  i n t o  o r e  pa s se s  t o  t h e  haulage  l e v e l .  On t h e  358 
"4 M a t e r i a l  from t h i s  s e c t i o n  is  t aken  from an  engineer ing  r e p o r t  by Roger A. 

Markle, r e s i d e n t  engineer ,  Red Devi l  mine. 
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c r o s s c u t ,  100 f e e t  were d r i v e n  us ing  a  s l u s h e r  t o  draw muck t o  a  mucking 
machine f o r  load ing  i n t o  mine c a r s ;  t h e  c r o s s c u t ,  3 by 4 f e e t  i n  c r o s s  s e c t i o n ,  
was d r i v e n  a t  a  f a s t e r  r a t e  and a t  s l i g h t l v  more t han  one-half t h e  c o s t  of a  
convent iona l  5- by 7- foot  c ro s scu t .  

D r i f t s  and c r o s s c u t s  a r e  5 by 7 f e e t  i n  t h e  c l e a r .  Most of t h e  ground 
r e q u i r e s  t imber ing ;  some s e c t i o n s  of t h e  mine s tand  w e l l  enough t o  need only 
a n  occas iona l  s e t  of t imbers .  Mining i s  on a  one - sh i f t ,  6-day-week b a s i s ;  
however, a t  t imes  some development headings  a r e  double  s h i f t e d .  A l l  develop- 
ment work - d r i f t i n g ,  r a i s i n g ,  c r o s s c u t t i n g ,  s h a f t  s i nk ing ,  and winzing - i s  
on a  c o n t r a c t  b a s i s ;  t h e  company f u r n i s h e s  a l l  equipment and supp l i e s .  Miners 
a r e  pa id  an  agreed  amount per  f o o t  of work done and a  guaran teed  minimum i f  
unusual  c o n d i t i o n s  reduce c o n t r a c t  e a rn ings  below normal wages. Ra t e s  a r e  so  
s e t  t h a t  competent men have an  oppor tun i ty  t o  ea rn  more t h a n  wages i n  normal 
going. Con t r ac t  s t op ing  has  been t r i e d  a t  Red Devi l ,  b u t  widely changing 
c o n d i t i o n s  i n  d i f f e r e n t  s t opes  of t h e  mine fo r ced  abandonment of c o n t r a c t  
work. The company now pays a  product ion  bonus, based on f l a s k s  produced per  
month, t o  a l l  underground crews no t  on c o n t r a c t  work. A "cave bonus", i n  
a d d i t i o n  t o  t h e  product ion  bonus i s  a l s o  pa id  t o  any crew working a  s t o p e  
which has  caved i n  any way t h a t  was no t  t h e  f a u l t  of t h e  miners.  

Tramming i s  by an a i r  trammer on t h e  450 l e v e l  and by a  ba t t e ry -d r iven  
e l e c t r i c  u n i t  on t h e  300. Hand tramming i s  used on t h e  150. Muck i s  trammed 
t o  pocke ts  i n  t h e  Red Devi l  s h a f t .  A t  p r e s e n t  a  20-hp. h o i s t  s e rves  t h e  
Red Devi l  s h a f t .  A 100-hp. h o i s t  on t h e  p rope r ty  was scheduled f o r  i n s t a l l a t i o n  
i n  t h e  summer of 1960. The new h o i s t  w i l l  hau l  tw ice  t h e  l o a d  a t  roughly  tw ice  
t h e  speed of t h e  h o i s t  p r ev ious ly  used, t h u s  i n c r e a s i n g  s h a f t  c a p a c i t y  perhaps 
two o r  t h r e e  times. A 4- inch a i r  l i n e  provides  adequate  compressed a i r  f o r  
d r i l l i n g .  

Recent e x p l o r a t i o n  and development has  cen t e r ed  on t h e  G i r l i e  and B s e r i e s  
below t h e  450 l e v e l ,  t h e  Dolly s e r i e s  below t h e  388 f a , u l t ,  and t h e  Rice  s e r i e s  
from t h e  s u r f a c e  down. The r a k e  of t h e  o r e  shoots  i n  t h e  G i r l i e  and B s e r i e s  
has  c a r r i e d  them w e l l  away from t h e  Red Devil  s h a f t  on and below t h e  450 l e v e l .  
To avoid a  long d r i v e  from t h e  s h a f t ,  deeper  work on t h i s  s e r i e s  i s  by winzing 
from t h e  450. The winze has been sunk 115 f e e t  a long  t h e  plunge of t h e  o r e  
shoot ,  and a  s t a t i o n  has  been c u t  a t  t h i s  l e v e l .  S lu she r  c r o s s c u t s  a r e  planned 
t o  t h e  o t h e r  shoo t s  of t h e  G i r l i e  and B s e r i e s .  There i s  some ques t i on  whether 
a l l  of t h e  G i r l i e  shoots  w i l l  be  minable a t  t h i s  depth. 

Longholing f o r  t h e  Dolly s e r i e s  on t h e  300 l e v e l  has  no t  picked up t h e  
downward ex t ens ion  of t h e  o r e  below t h e  Dolly 388 f a u l t .  The 358 s l u s h e r  
c r o s s c u t  has  been d r i v e n  100 f e e t  i n t o  t h e  foo twa l l ,  and a  new longhole  s t a t i o n  
is  planned t o  a l l o w  deeper  e x p l o r a t i o n  i n t o  t h e  foo twal l .  P ick ing  up t h e  
Dolly s e r i e s  on t h e  300 w i l l  add s u b s t a n t i a l l y  t o  t h e  o r e  r e s e r v e s  a t  Red 
Devil  i f  t h e  o r e  shoo t s  below t h e  388 f a u l t  compare wi th  t h o s e  above it. About 
3,600 t ons ,  averag ing  51  pounds, was mined from t h i s  s e r i e s  above t h e  f a u l t .  

The Rice  s e r i e s  i s  being explored by a  s h a f t  sunk a long  t h e  plunge of t h e  
s t r o n g e s t  s u r f a c e  showing. The s h a f t  i s  now 84  f e e t  deep on t h e  plunge of t h e  
shoot.  P l ans  a r e  t o  s i n k  t o  100 f e e t  v e r t i c a l l y  below t h e  c o l l a r  and t o  exp lo re  



t h e  remaining shoots of t h e  Rice s e r i e s  with s lusher  crosscuts.  Ore found i n  
t h e  Rice s h a f t  so f a r  has been e r r a t i c ;  some very high-grade o re  has occurred, 
t h e  average o r e  over t h e  e n t i r e  f a c e  gives  10 t o  15 pounds per ton. 

Table 2 conta ins  a breakdown of mining c o s t s  f o r  t h e  company's 1959 f i s -  
c a l  year. In d iscuss ing Red Devil opera t ions ,  Robert Lyman, manager, s t r e s s e s  
t h a t  t h e  high u n i t  c o s t s  r e s u l t  more from t h e  nature  of t h e  deposi t  than i t s  
i s o l a t e d  Alaska locat ion.  During an 18-month period 5,860 f e e t  of r a i s e  (3  by 
4 f e e t  i n  c ross  sec t ion)  were dr iven,  and 8,782 tons  of o re  was stoped; thus,  
1.5 tons  was stoped per f o o t  of r a i s e  driven. During t h e  same period develop- 
ment o re  from a l l  work ( d r i f t i n g ,  r a i s i n g ,  and s inking)  was 5,813 tons. There- 
fo re ,  14,595 tons  was obtained from s topes  and development work. The f i g u r e s  
show t h e  reasons f o r  high underground c o s t s  a t  Red Devil. Mucking c o s t s  f o r  
d r i f t i n g  and c rosscu t t ing  include tramming t o  t h e  s t a t i o n ;  f o r  stoping,  no 
tramming i s  included. The supervision cos t  i s  t h e  sa la ry  of t h e  mine foreman. 
The s a l a r i e s  of t h e  engineering and geology s t a f f s  a r e  included with admin- 
i s t r a t i v e  expense. 

TABLE 2. - Mining c o s t s ,  Alaska Mines and Minerals, Inc., Red Devil mineL 
. - 

f i s c a l  year 1959 

Table 3 conta ins  mining c o s t s  f o r  7 months i n  1959. Winzing c o s t s  from 
t h e  450 l e v e l  a r e  r e l a t i v e l y  high. The e r r a t i c  plunge of t h e  o re  body i n  t h i s  
sec t ion  has made sinking slow and expensive; a t  one point  it was necessary t o  
go back and t ake  up bottom t o  maintain ho i s t ing  arrangements. Table 4 i s  a 
comparison of mining c o s t s  f o r  f i s c a l  1959 and t h e  l a s t  7 months of calendar 
1959. 

Labor : 
D r i l l i n g  ........... 
Mucking. ........... 
Timbering.. ........ 
Pipe, t r a c k ,  and 
miscellaneous 
items............. 

Supervision... ..... 
Material: 

Timber............. 
Powder............. 
Caps............... 
Rail............... 
Pipe....... ........ 
S t e e l ,  b i t s ,  and 
machine parts..... 

Total............ 

Stoping, 
per ton 

$3.46 
4.72 
3.51 

.58 

.84 

.34 

.32 

.58 - - 
- - 
- - 

$14.35 

Raising,  
per foo t  

$6.70 
4.35 
2.78 

1.12 
.86 

.23 
1.43 

.61 - - 
- - 
- - 

$18.08 

X-cutting and 
d r i f t i n g ,  

5 by 7 f e e t ,  
per f o o t  

$ 6.13 
12.07 
4.26 

2.84 
1.69 

.43 
3.10 
1.10 
2.00 
1.18 

- - 
$34.80 

Sumps and 
pockets, 

Per 
cubic foo t  

$1.25 
2.65 
1.48 

.38 

.35 

.07 

.31 

.22 - - 
- - 
-- 

$6.71 

Long- 
holing,  

per foot  

$0.75 - - 
- - 

- - 
.06 

-- 
- - 
- - 
- - 
- - 
.21 

$1.02 
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TABLE 3. - Mining costs, Alaska Mines and Minerals, Inc., Red Devil mine, 
June 1, 1959 through December 31, 1959 

Stoping , 
per ton 

Labor : 
Drilling............. $3.16 
Mucking.............. 4.20 
Timbering.......... .. 2.94 
Pipe, track, and 
miscellaneous 
items............... .29 ......... Supervision. .56 

Material: 
Timber............... .62 
Powder............... .38 ........... Caps...... .50 
Pipe ................. -- 
Steel, bits, and 
machine parts1 ...... -- 
Total.............. $12.65 

Estimated cost. 

Cross X Winze, 
Raising, C U ~ S ~  

per foot per foot foot 

Rice 
shaft, 
Per 
foot 

Long- 
holing, 
Per 
foot 

TABLE 4. - Comparative mining costs, Alaska Mines and Minerals, Inc., 
Red Devil mine, fiscal year 1959 and June through 

December 1959 

Stoping ................................. 
Raising................................. 
Drifts, crosscuts....................... 
Slusher crosscuts....................... 
Pockets, sumps.......................... 
450 winze............................... 
Rice shaft.............................. 
Longholing.. ............................ 
Mine maintenance........................ 
Hoist and truck to mill............. .... 
Tramming................................ 
Skiptender and pumpman.................. 
Mechanic and electrician................ 
Repair parts.......... .................. 
Heat, light, power, and compressed air.. 

Total tons mined..................... 

Direct cost per ton mined............ 

Fiscal Year 1959 

$14.35 per ton 
18.08 per ft. 
34.80 per fk. 

6.71 per cu. ft. 

1,02 per ft. 
1.37 per ton 
1.95 per ton 
1.99 per ton 
1.88 per ton 
1.31 per ton 
1.89 per ton 
4.00 per ton 

8,215.5 

$34.35 

June-December 1959 

$12.65 per ton 
19.23 per ft. 

18.72 per ft. 

122.76 per ft. 
51.71 per ft. 
1.07 per ft. 
.66 per ton 
1.61 per ton 
1.89 per ton 
.90 per ton 
1.25 per ton 
1.68 per ton 
3.24 per ton 

6,379 

$28.68 



Table 5 gives a l l  costs  for f i s c a l  1958 and 1959 . The figures for  f i s ca l  
1959 apply t o  8,215.5 tons of ore mined . Wage ra tes  are  shown i n  t ab le  6 . 

TABLE 5 . . Comparative costs. Alaska Mines and Minerals. Inc., Red Devil mine. 

f i s c a l  years 1958 and 1959 

Direct labor, material,  and 
expenser 
Mining ........................... 
Milling .......................... 

Other d i rec t  charges: ...................... Freight out 
Royalty .......................... 
Payroll taxes .................... 
Workmens Compensation Insurance .. 
Shop and equipment ............... 
Rebottling expense ............... 

Campsite expense: ..... Cookery and commissary (net)  
Labor ............................ ........... Heat, l igh t ,  and power ...... Maintenance and warehouse., 

Sales and administrative expenser 
Marketing ........................ ...... Office sa lar ies  and expense .......... Audit and legal expense ......... Travel and entertainment ............ Professional services 
Telephone and telegraph .......... 
Taxes and licenses ............... 
Workmens Compensation Insurance .. ......... Fire and other insurance ........... Uncollectible accounts 
Memberships ...................... 
Other expenses ................... 

Interest  on loans .................. 
Total d i rec t  production costs ... 

Depreciation ....................... 
Amortization of deferred explora- 

t ion and development costs ........ 
Loss on sa le  of fixed assets  ....... 
Outside exploration written off .... 
C'ost of reg is t ra t ion ,  SEC .......... 

Grand t o t a l  ..................... 

June 
per ton 

. 

$34.35 
13.74 

3.13 
9.48 
1.73 
4.25 
2.98 . 24 

1.56 
1.75 
4.00 
6.41 

2.53 
5.97 . 85 . 56 -- 
.9 Q .  
- - . 01 

1.02 - - 
. 24 . 08 

3.30 

$98.28 

11.56 

21.26 . 06 
4.75 
2.33 

$138.24 

1958-May 1959 
per f lask 

............ 

$70.95 
28.25 

6.46 
1'9.58 
3.58 
8.78 
6.16 

.49 

3.22 
3.62 
8.26 

13.24 

5.23 
12.34 
1.75 
1.16 
-- 
.21 - - . 01 

2.11 
- - 
.49 
.18 

6.82 

$202.89 

23.89 

42.91 
.12 

9.81 
4.82 

$284.44 

June 1957-May 
per ton 

$53.62 
9.60 

3.01 
10.33 
1.99 
3.16 
2.55 . 06 

1.23 
6.69 
1.64 . 73 

3.54 
3.52 
1.08 
2.30 . 57 . 12 . 44 . 01 
1.32 . 15 . 12 . 24 
1.07 

$109.09 

11.45 

18.80 
- - 
- - 
- - 

$139.43 

1958 
per f l a sk  

$130.73 
23.42 

7.34 
25.16 
4.86 
7.72 
6.22 . 15 

3.01 
16.32 
4.00 
1.79 

8.64 
8.57 
2.64 
5.62 
1.39 . 30 
1.07 . 02 
3.23 . 36 . 29 . 57 
2.62 

$266.04 

27.93 

45.86 
- - 
- - 
- - 

$339.83 
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FIGURE 6. - Plan of Red Devil Mine Workings. (Faces p. 24) 



TABLE 6. - Wage r a t e s  

When t h e  mine was reopened i n  1952, the  opera tors  applied f o r  a  DMEA loan 
f o r  exploration.  After  various modifications and amendments, a  program c a l l i n g  
f o r  expenditure of $288,000 f o r  surface  and underg~ound exploration was author i -  
zed. Actual expense of t h e  program was $213,000; t h e  Government's contr ibut ion 
was $160,000. When t h e  exploration was discontinued i n  1959, t h e  e n t i r e  Govern- 
ment outlay had been returned by t h e  operator from royal ty  payments on ore 
found. 

Miners and timbermen............ ....... Trammer s  and skiptenders.  
Hoistmen........................ .................. M i l l  opera tors  
Mechanics....................... 
Electricians.................... 
Surface labor................... 

Reduction of mercury ores  by f i r e  methods i s  about t h e  simplest  and most 
e f f i c i e n t  method of t r e a t i n g  any meta l l i ferous  ore  known, with t h e  poss ible  
exception of f r e e  mi l l ing gold ore. Cer ta in ly ,  t h i s  i s  t r u e  of a l l  s u l f i d e  base 
ores ,  f o r  cinnabar i n  t h e  presence of a i r  breaks down i n t o  mercury and com- 
b u s t i b l e  s u l f u r  a t  t h e  comparatively low temperature of about 500' F. In 
p rac t i ce ,  minimum temperatures of 1,000' F. a r e  required t o  carry  t h e  reac t ion  
along a t  a  rapid  ra te .  Actually the  required temperature f o r  reduction i s  a  
function of t h e  s i z e  of t h e  o re  being t r ea ted ;  t h e  poros i ty ,  thermal charact-  
e r i s t i c s ,  and wetness of t h e  ore; t h e  a v a i l a b i l i t y  of f r e e  oxygen; and t h e  
time of exposure t o  these  conditions. In p rac t i ce ,  good balance of these  
va r i ab les  i n  a  ro ta ry  furnace i s  a  ca lc ine  discharge temperature of 1,400' F. 
f o r  o r e  crushed t o  2 inches, with a  45-minute re ten t ion  time wi thin  t h e  
furnace. A t  Red Devil a  ~ e r r e s h o f f ~ '  furnace is  used; common p r a c t i c e  i s  t o  
maintain a  ca lc ine  discharge  temperature around 1,200' t o  1,300' F. f o r  o re  
crushed t o  1 inch, with 15 t o  2  hours r e ten t ion  time. 

Rate per hour 

$3.00 
2.50 
2.50 
2.60 
3.00 
3.00 
2.00-3.00 

The occurrence of antimony i n  t h e  Red Devil mercury o res  g r e a t l y  increases  
t h e  furnacing problems. The antimony content  on occasion runs t o  many times 
t h a t  of mercury and averages more than double t h e  mercury content. Various 
re me die^,'^ most of them aimed a t  el iminating t h e  antimony before furnacing,  
a 5 This sect ion was wr i t t en  by Robert F. Lyman, manager, Red Devil mine. 

Reference t o  s p e c i f i c  makes or models of equipment i s  made t o  f a c i l i t a t e  
understanding and does not imply endorsement of such devices by t h e  Bureau 
of Mines. 

a7 Wells, R. R . ,  Johnson, M. M . ,  and S t e r l i n g ,  F. T., Recovery of Mercury From 
Cinnabar-Stibnite Ore by F lo ta t ion  and Fluidized-Bed Roasting: Bureau of 
Mines Rept. of Inves t igat ions  5433, 1958, 19 pp. 



have been proposed, but  none a s  y e t  has appeared s u f f i c i e n t l y  promising t o  
j u s t i f y  i n s t a l l i n g  t h e  spec ia l  equipment needed t o  remove t h e  antimony. 

Like cinnabar, s t i b n i t e  breaks down a t  a r e l a t i v e l y  low temperature. I t s  
speed of r eac t ion  c lose ly  p a r a l l e l s  cinnabar i n  t h e  opera t ional  temperature 
range of furnace pract ice .  There a re ,  however, two s i g n i f i c a n t  d i f fe rences  
i n  t h e  way s t i b n i t e  and cinnabar react .  F i r s t ,  s t i b n i t e  has a l iqu id  s t a t e  
through which it passes and second, during t h e  reac t ion  t h e  antimony combines 
with oxygen t o  form oxides of antimony, s p e c i f i c a l l y  t h e  t r i o x i d e  i n  t h e  
temperature range of mercury furnacing. 

These d i f fe rences  permit more .%paration of t h e  mercury f-xom s t i b n i t e  
o r e  than would be expected because they tend t o  slow down the,  r a t e  of burning 
of t h e  antimony, e spec ia l ly  on t h e  heavy mixed s t ibni te-c innabar  pieces within 
t h e  o r e  wherein l i e  most of t h e  mine's value. The s t i cky  molten s t i b n i t e  
picks up dust  and f i n e  ore,  e f f e c t i v e l y  seal ing some of t h e  s u l f i d e  from con- 
t a c t  with t h e  a i r ,  thus slowing down t h e  burning ra te .  More e f fec t ive ,  how- 
ever, i s  t h e  f a c t  t h a t  i n  burning, t h e  antimony goes over t o  t h e  f i n e l y  divided 
oxide i n  a so l id  s t a t e ;  t h i s  represents  a much l e s s e r  expansion than takes  
place within t h e  cinnabar when it burns, a s  both t h e  su l fu r  and mercury go 
i n t o  a gaseous s t a t e  and quickly a r e  released from t h e  rock under pressure. 
Therefore, given t h e  same roas t ing period a t  a  minimum furnace roas t ing tem- 
pe ra tu re  f o r  cinnabar, a  piece of mixed s u l f i d e  w i l l  g ive  up a l l  of i t s  mer- 
cury while only about a quar te r  of t h e  s t i b n i t e  i s  decomposed. 

I f  these  condit ions were obta inable  i n  a furnace,  it would be poss ib le  t o  
e x t r a c t  t h e  mercury from t h e  o re  while leaving up t o  75 percent of t h e  s t i b n i t e  
i n  the  ca lc ine  a s  waste f o r  d i sposa l  or  f u r t h e r  treatment. Attempts have been 
made t o  achieve t h i s  ex t rac t ion  by temperature con t ro l ,  but  r e s u l t s  a r e  f a r  
from s a t i s f a c t o r y  because of t h e  s i z e  range of t h e  feed. 

Nearly a l l  t h e  s t i b n i t e  i n  the  f i n e s ,  probably up t o  2-mesh, burns com- 
p l e t e l y  a t  t h e  temperature and time needed t o  r e l e a s e  t h e  mercury from t h e  
plus 2-mesh material .  That t h i s  condit ion i s  achieved i n  t h e  coarser pieces 
can read i ly  be seen from v i sua l  examination of t h e  calcine.  The v e s i c l e s  i n  
specimens show what port ion of t h e  o re  was o r i g i n a l l y  cinnabar. For a quick 
and accurate  check on t a i l i n g  losses ,  a  v i s u a l  inspection of picked pieces 
from the  ca lc ine  i s  more s a t i s f a c t o r y  than assays on quenched ca lc ine  d i r e c t l y  
out  of t h e  furnace discharge,  because t h e  l a rge r  pure s t ibni te-c innabar  pieces 
a r e  t h e  slowest burning pa r t  of t h e  ore. In checking t h e  t a i l i n g s ,  the re fo re ,  
t h e  l a rge r  pieces,  which were o r i g i n a l l y  a l l  s u l f i d e ,  a r e  cracked open and 
examined f o r  any red i n  the  center .  These pieces genera l ly  make up 5 t o  10 
percent of t h e  feed. Consequently, i f  t h e  ca lc ine  w i l l  stand v i sua l  inspec- 
t i o n ,  t h e  t a i l i n g s  a r e  acceptable. Even with a small showing i n  t h e  center  
of these  pieces,  t h e  ca lc ine  may assay from 0 t o  0.03 percent,  which i s  
sa t i s fac to ry .  

From t h e  i n s t a n t  t h e  s t i b n i t e  burns i n  t h e  furnace, it causes t roub le  a l l  
along t h e  process. Antimony t r i o x i d e  has a melting point  of about 1,200' F. 
Although t h e  lowest and h o t t e s t  hear th  i s  ca r r i ed  a t  1,100° F., t h e  temperature 



nea r  t h e  bu rne r s  on t h e  lower fou r  h e a r t h s  of our  s i x -hea r th  fu rnace  is h igh  
enough t o  f u s e  some of t h e  oxide. The oxide  is c a r r i e d  a long  by t h e  ga s  f low 
and r a b b l e  arms, s l agg ing  w i th  t h e  d u s t  and adher ing  t o  t h e  i n s i d e  of t h e  
furnace .  The bu rne r  b locks  and d rop  h o l e s  must be  c o n s t a n t l y  c leaned  t o  
keep them from plugging up e n t i r e l y  w i th  antimony g l a s s .  P e r i o d i c  shutdowns 
a r e  r equ i r ed  t o  c l e a n  t h e  e n t i r e  i n s i d e  of t h e  furnace.  The ~ e s t  of t h e  ox ide  
pa s se s  i n t o  t h e  condensing system wi th  t h e  mercury-laden gases.  A s  i s  s tandard  
p r a c t i c e  i n  q u i c k s i l v e r  p l a n t s ,  t h e  ga se s  p a s s  through a  cyc lone  d u s t  c o l l e c t o r .  
A cyc lone ,  however, is  i n e f f e c t i v e  on most of t h e  antimony oxides  and on a rsen-  
i c  t r i o x i d e .  However, w i t h i n  t h e  fu rnace  i t s e l f ,  t h e  a r s e n i c  fumes a r e  most ly 
vapor. The s i z e  range  of t h e s e  ox ides  upon l eav ing  t h e  fu rnace  i s  most ly i n  
t h e  minus 10  micron range,  which i s  w e l l  below t h e  c a p a b i l i t i e s  of cyc lone  
opera t ion .  The heavy concen t r a t i on  of t h e s e  ox ides  i n  t h e  cyc lone  d u c t s  and 
w i t h i n  t h e  e n t i r e  cyc lone  i t s e l f  except  f o r  t h e  cone r a p i d l y  c o a t s  a l l  sur -  
f ace s .  Dai ly  blowing w i th  compressed a i r  and hammering w i th  a  rubber  m a l l e t  
a r e  r equ i r ed  t o  keep t h e s e  openings clean.  

When t h e  fu rnace  g a s e s  r each  t h e  condensers ,  t h e  ga s  v e l o c i t y  i s  slowed 
cons ide rab ly ,  and t h e  ox ides  begin  t o  d rop  immediately. Also,  t h e  p a r t i c l e  
s i z e  i n c r e a s e s  a s  t h e  ga se s  a r e  cooled. Much of t h e  ox ide  i s  so  f i n e l y  d iv ided  
t h a t  it never  s e t t l e s ,  and it goes through t h e  condenser and ou t  t h e  s tack .  
Enough oxide,  however, s e t t l e s  i n t o  t h e  launders ,  where t h e  mercury a l s o  
accumulates  t o  g r e a t l y  d i l u t e  t h e  condenser mud, o r  soo t  a s  it is  commonly 
c a l l e d .  This  makes t h e  p roces s  of removing t h e  mercury from t h e  soo t  a  much 
g r e a t e r  problem t h a n  i n  most o t h e r  q u i c k s i l v e r  mines. Most mines o b t a i n  up 
t o  8 0  pe rcen t  f r e e  mercury ou t  of t h e  s o o t  by merely s e t t l i n g  and pouring 
o f f  t h e  q u i c k s i l v e r  from under t h e  soot .  The remainder i s  u s u a l l y  dumped on 
an i n c l i n e d  metal  hoe t a b l e  and worked over  by hand. A t  t h e  Red Dev i l ,  t h e  
s o o t  shows no v i s i b l e  mercury a s  it comes from t h e  condenser launders ,  and 
f r e e  meta l  w i l l  no ty sepa ra t e  from t h e  mud wi thout  t rea tment .  I t  i s  worked 
both  wet and d r y  by hoeing,  paddl ing ,  pushing, a g i t a t i n g ,  s t i r r i n g ,  s c r ap ing ,  
v i b r a t i n g ,  r o l l i n g ,  p r e s s ing ,  r ak ing ,  and j i g g l i n g ,  w i th  o r  wi thout  v a r i o u s  
a d d i t i v e s .  Desp i t e  t h i s  t r e a tmen t  t h e  r e s i d u e  must be  r e tu rned  t o  t h e  f u r -  
nace o r  r e t o r t e d .  

Formerly t h e  impoverished soo t  from t h e  hoeing t a b l e  was r e tu rned  t o  t h e  
furnace.  Cons iderab le  r ecyc l i ng  of t h e  antimony and a r s e n i c  ox ides  r e s u l t e d ,  
p l u s  an agg rava t i on  of t h e  c o n d i t i o n s  t h e s e  ox ides  c r e a t e  throughout  t h e  pro- 
cess .  R e t o r t i n g  t h e  worked-over s o o t  would appear  t o  be b e t t e r  p r a c t i c e ,  
t h u s  f i n a l l y  d i s p o s i n g  of t h e  r e s i d u e  a s  t a i l i n g .  Ac tua l l y ,  however, r e t o r t i n g  
was found t o  be no t  on ly  u n s a t i s f a c t o r y  bu t  expensive and hazardous. Unless  
a  l a r g e  amount of l ime  i s  added t o  t h e  soo t  b e f o r e  r e t o r t i n g ,  t h e  charge  f u s e s  
i n t o  an an t imon ia l - a r s en i ca l  g l a s s ,  which b o i l s  and f r o t h s  i n  t h e  r e t o r t .  Th i s  
s t i c k s  t o  t h e  charg ing  pans and i n  gene ra l  makes a  mess. Th i s  an t imonia l -a r -  
s e n i c a l  g l a s s  a l s o  vapo r i ze s  and condenses i n  t h e  head of t h e  r e t o r t  and i n  
t h e  condenser p ipe s ,  s e a l i n g  them up completely. When t h i s  happens, mercury 
vapors  under h igh  p r e s s u r e  b u i l d  up i n  t h e  r e t o r t ,  and leakage  occurs .  High 
l a b o r  c o s t s ,  h e a l t h  hazards ,  v i r t u a l  d i s i n t e g r a t i o n  of t h e  pans and r e t o r t s  
a f t e r  on ly  a  few weeks' ope ra t i on ,  and poor recovery  a l l  d i c t a t e d  abandonment 
of r e t o r t i n g  a f t e r  a  s h o r t  t r i a l  a t  Red Devil .  



The s t anda rd  p r a c t i c e  of hoeing t h e  mud i n  a mechanical hoeing machine 
w i th  qu ick l ime was used u n t i l  t h e  l a t e r  p a r t  of 1959. The hoed-out mud was 
r e tu rned  t o  t h e  f u r n a c e  on t h e  No. 5 h e a r t h  through a s e l f - s e a l i n g  screw 
feeder .  Th i s  product ,  con t a in ing  about  35 pe rcen t  mercury, amounted t o  about  
a t o n  a day. F a i l u r e  of mechanical hoeing t o  do a b e t t e r  j ob  on t h e  soo t  i s  
a t t r i b u t e d  mainly t o  t h e  s t rong  adher ing  a c t i o n  of t h e  d u s t  toward t h e  
mercury. Th i s  p r even t s  t h e  g l o b u l e s  from coa lesc ing .  

I n  November 1959, equipment was i n s t a l l e d  t o  t r e a t  t h e  condenser mud by 
a wet method. Mercury was s epa ra t ed  from t h e  mud by t h i s  method i n  two ways: 
( 1 )  a g i t a t i n g  and a e r a t i n g  t h e  hea ted  mud and (2)  c e n t r i f u g i n g  wi th  a wet 
cyclone. The mud i s  pumped from an a g i t a t o r  th rough a wet cyclone and back 
i n t o  t h e  a g i t a t o r .  A modified 4- by & f o o t  Denver Super A g i t a t o r  w i th  coni-  
c a l  bottom, a 2- inch SRL pump, and a 4- inch Krebs wet cyc lone  a r e  used. The 
a g i t a t o r  i s  made of 304 s t a i n l e s s  s t e e l  and i s  mounted i n  an i n s u l a t e d  square  
"water j a cke t "  tank.  Four 3,000-watt emersion h e a t e r s  a r e  capable  of ho ld ing  
t h e  water  a t  t empera tures  up t o  t h e  b o i l i n g  po in t .  The bottom of t h e  a g i t a t o r  
cone i s  tapped and piped through a gooseneck t o  t h e  mercury pot  t o  hold t h e  
mercury l e v e l  about  5 i nches  deep i n  t h e  cone. About a q u a r t e r  of t h e  con- 
t a i n e d  mercury i n  t h e  soo t  s e p a r a t e s  i n  t h e  a g i t a t o r  and d i s cha rges  automati-  
c a l l y  through t h i s  arrangement.  F i g u r e  7 shows t h e  cyclone and a u x i l i a r y  
equipment. 

The pump i n t a k e  i s  about  4 inches  above t h e  mercury pool i n  t h e  a g i t a t o r  
cone. The cyc lone  i s  mounted above t h e  pump and t o  one s ide .  An ope ra t i ng  
p r e s s u r e  of about  40 pounds pe r  square  inch  i s  maintained.  The pulp  d e n s i t y  
does no t  m a t e r i a l l y  a f f e c t  recovery.  Operat ion i s  s a t i s f a c t o r y  through a 
range  of 25 t o  70 pe rcen t  t o t a l  s o l i d s .  The tempera ture  of t h e  pu lp  is  no t  
c r i t i c a l ,  b u t  it should be above 80° F. f o r  s a t i s f a c t o r y  opera t ion .  

The cyc lone  is used t o  make t h e  l i q u i d  s e p a r a t i o n  of mercury from a 
l i q u i d - s o l i d  f l u i d  pulp. Therefore ,  i t s  ope ra t i on  i s  d i f f e r e n t  from t h e  
usua l  p r a c t i c e  i n  t h a t  t h e  apex va lve  must be capab l e  of complete c lo su re .  
I n  ope ra t i on  t h e  proper  s e t t i n g  of t h e  apex v a l v e  i s  an opening j u s t  l a r g e  
enough t o  permi t  f r e e  mercury t o  escape  a t  t h e  same r a t e  it i s  r e l e a s e d  i n  
t h e  cyclone. Th i s  s e t t i n g  i s  no t  c r i t i c a l ,  bu t  it must be smal l  enough t o  
main ta in  a s e a l  of mercury i n  t h e  bottom of t h e  cyclone. 

This  s e a l  of mercury i s  kept  by v i s u a l  con t ro l .  The fo l lowing  modif ica-  
t i o n  was made t o  accomplish t h i s  con t ro l :  The s t anda rd ,  l ever -opera ted  apex 
v a l v e  was removed from t h e  cyclone. A 12-inch p i e c e  of 1- inch t r a n s p a r e n t  
p l a s t i c  t ub ing  was a t t a ched  t o  t h e  apex. The lower end of t h i s  t ube  was 
a t t a ched  t o  a p l a s t i c  T ,  through which water  may be i n j e c t e d  i f  and when 
requi red .  Beyond t h e  T and s t r a i g h t  below t h e  t ube  a f u l l - f l o w  pinch-valve 
i s  a t t a ched .  I n  ope ra t i on  t h e  v a l v e  i s  ad ju s t ed  s o  t h a t  t h e  e n t i r e  t u b e  
remains f u l l  of mercury, and a n o t i c e a b l e  r o t a t i o n  of t h i s  mercury column i s  
ev ident .  A t  t h e  s t a r t  of a run ,  t h e  d i s c h a r g e  is a t  a r a t e  of about  f o u r  
f l a s k s  per  minute, s o  t h a t  t h e  cyc lone  t e n d s  t o  f i l l  up w i th  f r e e  mercury 
i f  t h e  v a l v e  i s  no t  opened s u f f i c i e n t l y .  This  cause s  a c h a t t e r  and "bumping" 
i n  t h e  pump. A s  t h e  run  p rog re s se s ,  t h e  va lve  i s  g radua l ly  closed.  The usua l  



ba t ch  c o n t a i n s  from 250 
t o  300 g a l l o n s  of pu lp  
and r e q u i r e s  about  2 hours  
t o  run. Toward t h e  end of 
t h e  run ,  water  i s  i n j e c t e d  
i n t e r m i t t e n t l y  t o  h e l p  
r e c y c l e  t h e  heav i e r  sand 
t h a t  accumulates  on t o p  
of t h e  mercury i n  t h e  
cyclone. T h i s  water  in-  
j e c t i o n  i s  a l s o  necessary  
t o  c l e a n  t h e  i n n e r  s u r f a c e  
of t h e  p l a s t i c  t u b e  i n  
c a s e  t h e  mud l e v e l  des-  
cends i n t o  t h e  p l a s t i c  
tube ,  t h u s  obscur ing  
v i s i o n .  

Th i s  p roces s  does 
no t  make t a i l i n g s  t h a t  
can be  d i s ca rded ,  a l -  
though t a i l i n g s  of l e s s  
than  2 pe rcen t  have been 
ach ieved ,  and t r ea tmen t  
t ime  has  been reduced t o  
about  5 pe rcen t  of t h a t  
former ly  needed w i th  t h e  
hoeing machine. A t  
p r e s e n t  t h e  t a i l i n g s  a r e  
d r i e d  and f l uxed  w i th  
l ime f o r  r e fu rnac ing .  
I n s t a l l a t i o n  of a f i l t e r  
and mixer f o r  t h i s  f i n a l  
s t a g e  i s  planned. I f  t h e  

LEGEND impoverished s o o t  d i d  n o t  

1. Discharge line - used when 7. Mercury outlet tot agitator. 'Ontain such a high per- 
pumping out a batch. 8. Air line for blowing out cen t age  of antimony and 

2. Insulated water tank. mercury outlet in case  of 
3. Decanter outlet plugdng. a r s e n i c  ox ides  (which 
4. 2-inch SRL pump. 9. M-34 plastic tubing. r e q u i r e  f l u x i n g )  , it 
5. Waterline. 10. 4-inch Krebs cyclone. 
6. Pinch valve. 11. Agitator tank. could probably be  pumped 

a s  a s l u r r y  d i r e c t l y  back 
FIGURE 7. - View of Krebs Cyclone. i n t o  t h e  furnace.  

The m i l l  f lowshee t  i s  shown i n  f i g u r e  8. The c a p a c i t y  of 6 -hear th  
Herreshoff  f u rnace  i s  30 t o  40 t o n s  per  day,  depending on t h e  q u a n t i t y  of 
mo i s tu r e  i n  t h e  ore.  S ince  t h e  o r i g i n a l  i n s t a l l a t i o n  i n  March 1956, t h i s  
f u rnace  ha s  handled 34,700 t o n s ,  wi th  no maintenance r equ i r ed  on t h e  b r i c k  
l i n i n g .  The condenser  t u b e s  were r ep l aced  i n  June  1958. Adding a d r y e r  t o  t h e  
m i l l  c i r c u i t  would i n c r e a s e  c a p a c i t y  an es t imated  50 percent .  A t  p r e s e n t  t h e  
r i c h e s t  o r e  u s u a l l y  i s  t h e  w e t t e s t ,  s o  t h a t  f u rnace  c a p a c i t y  is  reduced on 
high-grade o r e ,  and d a i l y  product ion  i n c r e a s e s  on ly  s l i g h t l y ,  i f  a t  a l l ,  when 
t h e  feed  is  h igh  grade. 
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The Red Devi l  m i l l  i s  p r i m a r i l y  a s t anda rd i zed  P a c i f i c  Foundry i n s t a l l a t i o n .  
No s p e c i a l  engineer ing  went i n t o  i t s  des ign  except  t o  f i t  it onto  t h e  topogra-  
phy and house it f o r  Alaska ' s  year-round condi t ions .  C e r t a i n  changes and 
a d d i t i o n s  have been made. Others  a r e  g r e a t l y  t o  be  d e s i r e d ,  b u t  t h e  o r i g i n a l  
l ayou t  makes t h e s e  t o o  expensive,  i f  no t  e n t i r e l y  impossible .  

The f a c t  t h a t  t h e  e n t i r e  p l a n t ,  i nc lud ing  b i n s ,  conveyors,  condensers ,  and 
s o  f o r t h ,  had t o  be housed, c r e a t e d  a problem i n  v e n t i l a t i o n  on t h e  one hand 
and condenser coo l ing  i n  t h e  summer on t h e  o ther .  Also,  f o r  6 months of t h e  
yea r ,  two l a r g e  h o t - a i r  f u rnaces  must be used t o  keep t h e  b u i l d i n g s  warm 
enough f o r  ope ra t i ons .  These two fu rnaces  use about  t h e  same amount of f u e l  
a s  t h e  r educ t i on  furnace .  

Mine-run o r e  i s  almost  always s a t u r a t e d ,  a s  it i s  necessary  t o  use water  
t o  move t h e  o r e  o u t  of t h e  s topes .  Of ten  t h e  o r e  i s  very  s t i cky .  Feed r a t e  i s  
slowed g r e a t l y  by t h i s  cond i t i on ,  owing t o  b r idg ing  t h e  feed  hole  i n  t h e  t o p  
of t h e  furnace.  Automatic s i g n a l  l i g h t s  and buzzers  were i n s t a l l e d  throughout  
t h e  p l a n t  t o  warn t h e  ope ra to r  whenever t h e  feed  h o l e  bridged. Also, t h e  
space between t h e  f i n e - o r e  b i n  and t o p  h e a r t h  was enc losed ,  and t h e  cool ing  a i r  
from t h e  main s h a f t  and r a b b l e  arms i s  exhausted d i r e c t l y  i n t o  t h i s  enc losure .  
This  p a r t i a l l y  d r i e s  t h e  o r e  be fo re  it e n t e r s  t h e  furnace .  

Ca l c ine  d i s p o s a l  i s  by s l u i c i n g  and bul ldozing.  A 7- by 10-inch s lu icebox ,  
a t  a s l ope  of 2 i nches  per  f o o t ,  ex tends  from under t h e  burned-ore b i n  t o  t h e  
waste  dump 100 f e e t  away. From h e r e  t h e  c a l c i n e  i s  bul ldozed  away every  second 
day. When road-sur fac ing  m a t e r i a l  i s  needed, it i s  sometimes loaded d i r e c t l y  
i n t o  a t r u c k  spo t t ed  under t h e  sluiceway. The c a l c i n e  f e e d s  d i r e c t l y  from t h e  
burned-ore b i n  i n t o  one s i d e  of t h e  s lu icebox  through a 12- by 5-inch s l o t  
( f i g .  9).  

This  feed  end of t h e  s l u i cebox  is 
covered f o r  about  6 f e e t .  S l u i c e  water  
i s  admit ted through two 2-inch p ipes ,  
one d i r e c t l y  behind t h e  c a l c i n e  and one 
d i r e c t l y  i n  f r o n t .  Cont ro l  of t h e  
water  a t  t h e  r e a r  a d j u s t s  t h e  f low of 
c a l c i n e ;  t h e  water  a t  t h e  f r o n t  i s . f o r  
added s l u i c i n g  and f l u sh ing .  Th i s  
arrangement is  s e l f - s e a l i n g ,  a s  a plug 
of c a l c i n e  i s  a l w a y s ' l e f t  i n  t h e  t h r o a t  /S 'U iCebox 
of t h e  burned-rock bin.  The burned 
rock is  s l u i c e d  o u t  of t h e  b i n  a t  about  
45-minute i n t e r v a l s .  S l u i c i n g  t ime is  
about  5 minutes.  During s l u i c i n g  t h e  

FIGURE 9. - Cross Section of water  requirement  i s  about  150 g a l l o n s  
Calcine Feeder. per  minute. 

The d r a f t  f a n  speed on t h e  o r i g i n a l  i n s t a l l a t i o n  was increased  from 1,900 
t o  2,250 r.p.m. This  i n c r e a s e  g i v e s  a water-gage read ing  of about  12  inches  
(between t h e  h igh  and low s i d e  on t h e  U-tube) ,  i n c r e a s e s  t h e  e f f i c i e n c y  of t h e  
cyclone,  and keeps t h e  f an  c l eane r .  The f an  r e q u i r e s  d a i l y  washing. The 



condensers  a r e  washed a t  l e a s t  once each s h i f t .  The cyclone and d u c t s  r e q u i r e  
cons t an t  bea t ing  and blowing t o  keep them clean.  A l l  t h i s  work i s  caused by 
t h e  l a r g e  amounts of antimony and a r s e n i c  oxides i n  t h e  gas  stream. These 
f i n e l y  d iv ided  p a r t i c l e s  adhere l i k e  g l u e  t o  everything. Even t h e  s t a c k  re-  
q u i r e s  occas ional  washing. A washing sprayer  has  been permanently i n s t a l l e d  a t  
t h e  t o p  of t h e  s tack.  F a i l u r e  t o  keep t h e  e n t i r e  gas-stream system c l ean  re-  
s u l t s  i n  l o s s  of d r a f t  w i th in  a ma t t e r  of hours. Fan b lades  u s u a l l y  f a i l  a f t e r  
about 6 months of ope ra t ion ,  probably because unbalance b u i l d s  up t h a t  causes 
v ib ra t ion .  Fan impe l l e r s  a r e  r e b u i l t  and balanced a t  t h e  mine shop. 

Temperatures a r e  a s  fo l lowst  Furnace gas  o u t l e t ,  650' F. ; bottom hea r th  
( c a l c i n e ) ,  1 , 0 5 0 ~  F.; and end condenser, 90' t o  115' F. (average,  105O F.) .  
The reason f o r  t h e  unusual temperatures i s  covered i n  t h e  d i scuss ion  of t h e  
r e l a t i v e  v o l a t i l i t i e s  of mercury and antimony. The t o p  temperature i s  kept  a s  
high a s  poss ib l e  wi thout  throwing t h e  end condenser temperature ou t  of good 
ope ra t ing  range; t h e  bottom temperature i s  kept  a s  low a s  poss ib l e  t o  minimize 
t h e  antimony d i f f i c u l t i e s  and s t i l l  recover t h e  mercury. 

Dust from t h e  cyclone-dust b in  i s  discharged wi th  t h e  a i d  of s eve ra l  water  
j e t s  b u i l t  i n t o  t h e  bin.  The d u s t  i s  not  f r e e  flowing when it i s  dry. The 
d i scha rge  p ipe  e n t e r s  an open tank through a water s ea l .  This  tank is  a i r -  
a g i t a t e d  and d i scha rges  au toma t i ca l ly  t o  t h e  t a i l i n g  sluicebox.  Occasional 
samples of t h i s  d u s t  have been assayed,  but  a s  would be expected, only t r a c e s  
of mercury have been found, a s  t h e  cyclone i s  operated about 100' h o t t e r  than 
common p rac t i ce .  

Condenser-tube l i f e  i s  18 months t o  2 yea r s  f o r  c e n t r i f u g a l  c a s t  i ron .  A 
changeover t o  r e in fo rced  p l a s t i c ,  a s  used by some p l a n t s ,  i s  under cons idera t ion .  
Used f l a s k s  a r e  recondi t ioned and cleaned with j i g  shot ,  wire-brushing, and 
pa in t ing .  Table 7 summarizes m i l l i n g  c o s t s  f o r  f i s c a l  year  1959 and t h e  l a s t  7 
months of ca lendar  year  1959. 

TABLE 7. - Comparative m i l l i n g  c o s t s ,  Alaska Mines and Minerals,  
Inc . ,  Red Devil mine, f i s c a l  year  1958-59 and June 

throuqh December 1959 

F i s c a l  year  1958-59l 
per  ton  ( per  f l a s k  

June-December 1 9 5 9 ~  
per  t on  I per  f l a s k  

Operat ing labor..........,..... 
Repair  and maintenance labor.. .  
Crushing and picking labor..... 
Calc ine  removal labor .  ......... 
M i l l  supervision.........,..... 
Repair  parts.......... ......... 
Flasks  ......................... 
Heat, l i g h t ,  and power......... 

To ta l  ....................... 
Tons mi l led ,  8,175.51 f l a s k s  produced, 3,977. 
Tons mi l l ed ,  6,104; t o n s  of waste picked,  569; f l a s k s  produced, 1,992- 

$3.53 
.81 
.84 
.10 

1.22 
.66 

1.22 
5.36 

$13.74 

$7.26 
1.67 
1.74 

.20 
2.52 
1.35 
2.50 

11.01 

$28.25 

$2.58 
1.22 
1.00 

.09 
1.09 

.73 

.69 
4.95 

$12.35 

$7.91 
3.75 
3.05 

.27 
3.33 
2.24 
2.11 

15.16 

$37.82 



An i n t e r e s t i n g  s i d e l i g h t  t o  t h e  ope ra t i on  of t h e  Red Devi l  p l a n t  i s  t h e  
f a c t  t h a t  it has  produced a t  a  r a t e  of 30 f l a s k s  per  day dur ing  a  week period.  
The h i g h e s t  s i n g l e  day ' s  p roduct ion  i s  4 3  f l a s k s .  This  f i g u r e  i s  an "honest" 
d a y ' s  run ,  a s  it was preceded by a  41 - f l a sk  product ion  t h e  day before .  

Kolmakof Depos i t  

The Kolmakof d e p o s i t  i s  i n  t h e  Aniak d i s t r i c t ,  Georgetown s u b d i s t r i c t ,  on 
t h e  no r th  bank of t h e  Kuskokwim River ,  18 mi les  upstream from Aniak. I t  i s  
probably t h e  f i r s t  mercury d i scovery  i n  Alaska. r epo r t ed  unsuccess fu l  
a t t e m p t s  t o  e x p l o i t  t h e  d e p o s i t  i n  t h e  e a r l y  1890's.  The h igh  c o s t  of shipping 
o r e  t o  San F ranc i s co  f o r  r educ t i on  i s  g iven  a s  t h e  reason  f o r  t h e  f a i l u r e .  

W i l l i e  Rabidoux o? Aniak holds  t h e  Jaufok Nos. 1 and 2 lode  claims.  Wes- 
t e r n  Alaska Mining Co. ho ld s  t h e  Wamco Nos. 1 t o  6. Both groups of c la ims  a r e  
unpatented and he ld  by l oca t i on .  

According t o  Smith and ~ a d d r e n , " ~  t h e  no r th  bank of t h e  Kuskokwim River  
near  Kolmakof i s  made up of b l u f f s ,  100 t o  400 f e e t  h igh ,  composed of 
sedimentary rocks  i n t ruded  by d i k e s  and s i l ls .  The i n t r u s i o n s  may be r e -  
l a t e d  t o  l a r g e  masses of igneous rocks ,  which occur  i n  t h e  nearby Russian 
Mountains. 'Folded sands tones  and s h a l e s ,  s t r i k i n g  N. 60° t o  70° E. and 
d ipping  400 t o  450 NW., a r e  exposed i n  a  200-foot b l u f f  a t  t h e  Kolmakof pros- 
pec t .  Two a n d e s i t e  s i l ls ,  200 f e e t  a p a r t ,  appear  t o  c o n t r o l  m ine ra l i z a t i on ,  
w i th  t h e  one a t  t h e  e a s t e r n  end t h e  more important .  Smith r e p o r t s  t h a t  no 
c innabar  occurs  i n  t h e  e a s t e r n  s i l l  i t s e l f  b u t  t h a t  app rec i ab l e  q u a n t i t i e s  occur 
i n  l e n s e s  and s t r i n g e r s  of qua r t z  near  t h e  s i l l  and extend along j o i n t  and 
bedding p l anes  i n t o  t h e  sediments.  Maximum width of m i n e r a l i z a t i o n  i s  about  
4 f e e t .  The q u a r t z  l e n s e s  ca r ry ing  t h e  c innabar  a r e  s h o r t ,  narrow, and d i s -  
cont inuous.  

The Bureau of Mines explored t h e  d e p o s i P 0  a s  p a r t  of t h e  mercury i n v e s t i -  
g a t i o n  program of World War I1 and t h e  post-war period.  Twenty-nine t r enches ,  
agg rega t i ng  600 f e e t  i n  l eng th ,  were spaced i r r e g u l a r l y  a long  a  s t r i k e  l eng th  
of 350 f e e t .  F igu re  10  i s  a  p l an  of t h e  Bureau 's  work. The t r enches  exposed 
m i n e r a l i z a t i o n  a s s o c i a t e d  w i th  a  prominent r h y o l i t e  s i l l .  Three modes of 
occur rence  were found: 

1. A narrow, p e r s i s t e n t  s t r i n g e r ,  averaging one-half inch  i n  width i n  
t h e  s i l l  i t s e l f ,  was t r a c e d  250 f e e t  a long t h e  s t r i k e  and through a  
v e r t i c a l  dep th  of 100 f e e t .  Loca l ly  it s w e l l s  t o  3 inches  i n  width. A 
Composite sample from t h i s  s t r i n g e r  conta ined  20.2 pe rcen t  mercury. 

2. A narrow shear  zone, roughly p a r a l l e l i n g  t h e  s i l l  on t h e  hanging wa l l  
s i d e ,  was found a long  t h e  e a s t e r n  two- th i rds  of t h e  exposed s t r i k e  length.  

28 Work c i t e d  i n  f o o t n o t e  9 ,  p. 7. 
29 Smith, P. S., and Maddren, A. G. ,  Q u i c k s i l v e r  Depos i t s  of t h e  Kuskokwim 

Region i n  Mineral  Resources of Alaska: Geol. Survey Bull.  622, 1914, 
pp. 272-291. 

30 Work c i t e d  i n  f o o t n o t e  14, p. 8. 



I n t e r m i t t e n t  cinnabar mine ra l i za t ion  a s  small pods occurs  w i t h i n  o r  
ad j acen t  t o  t h e  shear  zone. One pod, 6 f e e t  by 6  f e e t  and wi th  a  maxi- 
mum th i ckness  of 5  inches,  contained 9.58 percent  mercury. 

3. Thin f i l m s  of cinnabar were found i n  c r o s s  f r a c t u r e s  extending from 
t h e  shear  zone t o  t h e  hanging wal l  of t h e  s i l l .  
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F IGURE 10. - Kolmakof Mercury Deposit. 

In  1958, a  Bureau of Mines engineer  sampled t h e  t renches ,  using a  3-inch 
pos thole  auger. A t o t a l  of 145 samples was taken on bedrock a t  5- foot  i n t e r v a l s .  
The Bureau's work was not  conclus ive  bu t  d i d  i n d i c a t e  t h e  p o s s i b i l i t y  of miner- 
a l i z a t i o n  away from t h e  c r e s t  of t h e  r i v e r  b lu f f .  

The d e p o s i t  has  no recorded production. An engineer  of one of t h e  major 
domestic mercury producers examined t h e  proper ty  i n  1959. No r e p o r t s  on t h e  
examination have been re leased .  

Parks Deposit  l lice and Bess i e )  

This  d e p o s i t ,  on t h e  no r th  bank of t h e  Kuskokwim River ,  8  mi l e s  downstream 
from Sleetmute,  was discovered by E. W. Parks  i n  1906. I t  i s  i n  t h e  Aniak 



d i s t r i c t ,  Georgetown s u b d i s t r i c t .  Bel ieved t o  be  t h e  f i r s t  mercury d i s cove ry  
i n  t h e  S lee tmute  a r e a  and second only  t o  t h e  Kolmakof d e p o s i t  i n  Alaska,  it i s  
c r e d i t e d  w i th  most of t h e  small  Alaskan mercury product ion  up t o  t h e  e a r l y  
1920's .  Parks,  a  t r a d e r  on t h e  Kuskokwim, prospected t h e  d e p o s i t  and produced 
mercury f o r  s a l e  t o  p l a c e r  miners  i n  t h e  I d i t a r o d  and F l a t  a r ea s .  T o t a l  
p roduct ion  t o  t h e  end of 1959 i s  es t imated  a t  130 f l a s k s .  George Willis, 
R. F. Lyman, and Nick Mell ick own t h e  depos i t .  E igh t  c l a ims  a r e  held by 
l oca t i on .  

Parks ob ta ined  t h e  e a r l y  product ion  l a r g e l y  from s u r f a c e  p i t s  and shal low 
workings. An e a r l y  c r o s s c u t  a d i t ,  d r i v e n  200 f e e t  by Parks ,  was extended i n  
1936 by W. E. Dunkle ( l e s s e e )  t o  c u t  t h e  o r e  zone a t  450 f e e t  from t h e  c o l l a r  
and some 160 f e e t  below t h e  outcrops.  However, only a  smal l  ou tpu t  r e s u l t e d  
from t h i s  work. 

Graywackes and s h a l e s  make up t h e  count ry  rock on t h e  property.  Cinnabar 
m i n e r a l i z a t i o n  is  found a s s o c i a t e d  w i th  a l t e r e d  a n d e s i t e  s i l l s  and d ikes .  The 
a l t e r e d  a n d e s i t e  i s  a  l i gh t - co lo red  rock r e a d i l y  d i s t i n g u i s h a b l e  from t h e  
una l t e r ed  dark b i o t i t e  rock from which it i s  der ived;  it is a  v a l u a b l e  gu ide  
i n  prospec t ing .  Three o r e  zones occur: The upper zone, on which Parks d i d  
much of h i s  work; an i n t e rmed ia t e  zone, cropping o u t  some 50 f e e t  lower; and a  
zone cropping o u t  i n  t h e  r iverbed .  The Bureau of Mines t renched  and sampled 
t h e  upper zone i n  conjunc t ion  w i th  t h e  World War I 1  mercury program. F igu re  11, 
a  p lan  of p a r t  of t h e  p rope r ty ,  shows t h e  Bureau's work. Trenches 1 t o  10 and 
14 and 15 assayed from 2.2 t o  39.0 pounds of mercury per  t o n  of o r e  ( a r i t h m e t i c  
average  16.1 pounds per  t o n ) .  Mine ra l i z a t i on  was found c h i e f l y  i n  t h e  a n d e s i t e ,  
bu t  extended i n  p l a c e s  i n t o  t h e  wa l l  rock. 

Willis and F u l l e r  Group 

Th i s  d e p o s i t  i s  1 mi l e  no r th  of t h e  Kuskokwim River ,  12  mi l e s  downstream 
from Sleetmute;  it i s  above t i m b e r l i n e  a t  an e l e v a t i o n  of 700 f e e t .  The group 
c o n s i s t s  of t h e  Buck, Headache, J ack ,  Nick, R e l i e f ,  and Sam Lodes. Alaska 
Mines and Minera l s ,  Inc.,  l e a s e s  t h e  proper ty  under op t ion .  Access from t h e  
mouth of Willis Creek on t h e  Kuskokwim i s  by f o o t  t r a i l ;  a  t r a c t o r  road con- 
n e c t s  t h e  p rope r ty  w i th  t h e  Parks d e p o s i t  about  2  mi l e s  e a s t .  Willis and 
F u l l e r  made t h e  o r i g i n a l  l o c a t i o n s  i n  1909. Development work c o n s i s t s  of 
sha l low p i t s  and a d i t s ,  l a r g e l y  caved, and s i x  t r enches  c u t  by t h e  Bureau of 
Mines i n  i t s  1942 e x p l o r a t i o n  program. 

Andes i te  d i k e s ,  subsequent ly  a l t e r e d  by hydrothermal a c t i o n ,  i n t r u d e  gray- 
wackes, sands tones ,  and sha l e s .  Four roughly p a r a l l e l  d i k e s  con t a in ing  miner- 
a l i z e d  zones a r e  known. Bureau personnel  explored a  30-foot  d i k e  s t r i k i n g  
N. 30° W. and d ipping  s t e e p l y  southwest.  Mineral  d e p o s i t i o n  i s  concent ra ted  
i n  a  b r ecc i a t ed  zone on t h e  hanging wa l l  s i d e  of t h e  d i k e  and ex tends  i n t o  t h e  
d i k e  along f r a c t u r e s .  S t i b n i t e  occu r s  wi th  t h e  cinnabar .  webber31 r e p o r t s  
t h a t  t h e  e n t i r e  d i k e  i n  one t r e n c h  averaged 1.6 pounds of mercury pe r  t on  of 
o r e  and t h a t  a  second t r e n c h  averaged 3.7 pounds per  t on  over  a  30-foot  width. 
Recorded ou tpu t  f o r  t h e  W i l l i s  group i s  two f l a s k s ,  produced dur ing  World War I. 
31 Work c i t e d  i n  f o o t n o t e  14, p. 8. 
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Rainy Creek Deposi t  

The d e p o s i t  i s  a t  t h e  
western ba se  of t h e  Kilbuck 
Mountains on t h e  headwaters 
of t h e  Eek River ,  a  t r i b u -  
t a r y  of t h e  Kuskokwim. I t  
i s  i n  t h e  Bethe l  d i s t r i c t ,  
Be the l  s u b d i s t r i c t .  Kagat i  
Lake i s  7 mi l e s  south ,  
Mount O r a t i a ,  7 m i l e s  
sou theas t ;  and Be the l ,  80  
mi l e s  northwest .  There i s  
a  w in t e r  t r a c t o r  t r a i l  120 
mi l e s  i n  l eng th  between 
Bethe l  and Rainy Creek. 
P re sen t  ownership of t h e  
d e p o s i t  could no t  be  
determined. 

Ed McCann of Bethe l  
i s  c r e d i t e d  w i th  t h e  o r i g i -  
na l  d i scovery  sometime be- 
tween 1910 and 1920. Neal 
C o r r i g a l ,  a l s o  of Be the l ,  
s taked  t h e  ground i n  t h e  
twen t i e s  and d i d  some 
exp lo ra to ry  work be fo re  
a l lowing  h i s  l o c a t i o n s  
t o  lapse .  Before World 
War 11, A 1  Jones  i s  r e -  
por ted  t o  have produced 
2,000 pounds of high-grade 
c innabar  from gold  p l a -  
c e r ing  on Rainy Creek. 
Recorded product ion  i s  
s i x  f l a s k s ,  ob ta ined  i n  
t h e  1941 season. 

Country rock i n  t h e  
a r e a  i s  composed of sand- 
s t ones  and s h a l e s  s t r i k i n g  

FIGURE 11. - Alice and Bessie Mine. N. 20° t o  30° E. and 
d ipping  70° SE. Minera l i -  

z a t i o n  occurs  a long  t h e  bedding p l anes  and i s  a s s o c i a t e d  w i th  f a u l t  p l anes  
p a r a l l e l i n g  t h e  bedding p lanes  bu t  d ipp ing  northwest .  The igneous i n t r u s i v e s  
u sua l l y  found a s s o c i a t e d  w i th  mercury d e p o s i t s  i n  t h e  Kuskokwim reg ion  a r e  
absent .  Realgar  accompanies c innabar  i n  a  q u a r t z  gangue. 



The Bureau of Mines explored t h e  p rope r ty  by t r ench ing  i n  1947. ~ u t l e d g d ~  
has  r epo r t ed  on t h e  Bureau 's  work. I n  t h e  most prominent showing, c innabar  
occurs  w i t h i n  and between two shear  zones separa ted  by 16  f e e t  of f r a c t u r e d  
sandstone.  To t h e  southwest  t h e  showing is  masked by t h e  ove r ly ing  sediments; 
t o  t h e  n o r t h e a s t  t r ench ing  f a i l e d  t o  r e v e a l  t h e  shea r  zones o r  mine ra l i z a t i on .  
F igu re  12  i n d i c a t e s  a p l an  and t h e  e l e v a t i o n  of t h e  showing wi th  assays .  

Barometer Prospec t  

Arsenic Creek 

at hanging wall of 
Sandstone ironstained J I n t e a y e r e d  shale 

and sondstone 
shear 

Shear zone 
4 "  sandy shale and 
cinnabar in plane of V I E W  

shear Sandstone cut by stockwork 
of realgar and quortz 
veinlets, weak cinnabar 

Sheared sandstone 
and shale 

E-W S E C T I O N  
(looking north) 

Sample number Width sampled L b. Hg /ton 

7 4 . 4 '  3 . 6  
8 4 . 4 '  1.6 
9 4 . 4 '  1.2 
10 4 . 4 '  . 6  
I I 4.0; 9 . 4  
12 2 .O 1.4 
13 . 3 3 '  3 5 . 4  
14 .7' 1.6  

?-P 
10 2 0  4 0  

Scale In Feet 

FIGURE 12. - Deposit No. 1, Rainy Creek Area. 

The mine l i e s  on t h e  
south  s i d e  of t h e  Kuskokwim 
River ,  about  7 mi l e s  nor th-  
west of Sleetmute,  a t  an 
e l e v a t i o n  of 400 f e e t .  I t  
i s  i n  t h e  Aniak d i s t r i c t ,  
Georgetown s u b d i s t r i c t ,  
approximately t h r e e  claim 
l eng ths  northwest  of t h e  
Red Devi l  depos i t .  Hans 
Halverson made t h e  discov-  
e ry  i n  1921, l o c a t i n g  t h e  
Barometers Nos. 1 t o  6; 
t h e  d e p o s i t  was so ld  t o  
E. W. Parks  i n  1923. 
Various l e s s e e s  worked 
t h e  proper ty  du r ing  t h e  
ensuing years .  A. G. 
Skidmore d i d  some work i n  
1938, producing 8 f l a s k s  
from 25 tons  of ore .  Small 
q u a n t i t i e s  of mercury were 
l a t e r  produced i n  connec- 
t i o n  w i th  annual  a s se s s -  
ment work. Alaska Mines 
and Minera l s ,  Inc.,  succes-  
s o r  t o  DeCoursey Mountain 
Mining Co., l e a s e s  t h e  
depos i t .  The p rope r ty  now 
c o n s i s t s  of t h e  Barometer 
Nos. 1 t o  10. The c la ims  
a r e  unpatented. 

The country rock a t  
t h e  Barometer i s  l a r g e l y  
sha le .  To t h e  west ,  gray- 
wacke and sands tone  begin 

t o  appear.  Two d e p o s i t s ,  known as  t h e  upper and lower, have been prospected.  
A t  t h e  upper d e p o s i t ,  where most of t h e  work has been done, t h e  s t r i k e  of t h e  
sediments  v a r i e s  between N. 20° and 600 W. The sediments  s t r i k e  c o n s i s t e n t l y  
N. lo0 W. a t  t h e  lower depos i t .  Hydrothermally a l t e r e d  igneous i n t r u s i v e s  a r e  
3a Rutledge,  F. A . ,  I n v e s t i g a t i o n  of t h e  Rainy Creek Mercury Prospec t ,  Be the l  

D i s t r i c t ,  Kuskokwim Region, Southwestern Alaska: Bureau of Mines Rept. of 
I n v e s t i g a t i o n s  4361, 1948, 7 pp. 



a s s o c i a t e d  w i th  t h e  mine ra l i z a t i on .  Cinnabar occu r s  along bedding j o i n t s  and 
i n  openings along f a u l t  and f r a c t u r e  zones,  p a r t i c u l a r l y  i n  t h e  v i c i n i t y  of t h e  
a l t e r e d  i n t r u s i v e s .  Depos i t ion  i s  i r r e g u l a r ;  r e a l g a r  and s t i b n i t e  accompany t h e  
cinnabar .  

Halverson drove  a  122-foot  a d i t ,  exposing t h e  upper d e p o s i t  46 f e e t  below 
t h e  s u r f a c e  i n  1922. I n  1931, O t t o  Rhophs, l e s s e e ,  c r o s s c u t  and d r i f t e d  on 
t h e  d e p o s i t  from t h e  Halverson a d i t .  These workings, t o t a l i n g  200 f e e t ,  
comprise t h e  underground e x p l o r a t i o n  on t h e  proper ty .  The Bureau of Mines 
t renched  and sampled t h e  d e p o s i t  i n  connect ion w i th  i t s  World War I1 mercury 
program. F i v e  t r e n c h e s  a c r o s s  t h e  minera l ized  zone and an underground c r o s s c u t  
were sampled on t h e  upper d e p o s i t ;  f i g u r e  13 i s  a  p l an  of t h e  work. Sample 
r e s u l t s  w i l l  be found i n  Report of I n v e s t i g a t i o n s  4065.33 V i s i b l e  c innabar  was 
observed over a  s t r i k e  l eng th  of 165 f e e t  i n  t h e  segment, i nc lud ing  t r e n c h e s  
2 and 3 and t h e  s u r f a c e  exposures  l y i n g  over  t h e  underground workings. Assays 
proved t h e  zone t o  be low grade. Underground samples (NOS. 241 t o  247) r ep re -  
s e n t  t h e  most c o n s i s t e n t  m i n e r a l i z a t i o n  found on t h e  depos i t .  The Bureau 's  
work on t h e  lower d e p o s i t  d i d  no t  d i s c l o s e  t h e  s t r u c t u r a l  r e l a t i o n s h i p  of t h e  
a n d e s i t e  and t h e  ore.  However, samples 261 and 268 show i n t e r e s t i n g  q u a n t i t i e s  
of mercury. A l l  samples were 5  f e e t  i n  length.  

Under t h e  DMEA program, a t  t h e  Red Devil  mine 1,000 f e e t  of t r ench ing  on 
t h e  no r th  s i d e  of t h e  Red Devil f a u l t  was done on Barometer No. 3 and No. 5 
claims. The work was done i n  1957 and involved s t r i p p i n g  5,400 cubic  ya rds  
of overburden from bedrock. The work showed no a n d e s i t e  d i k e s ,  a s  expected,  
and no c innabar  mine ra l i z a t i on .  Excavat ion of 2,200 cubic  ya rds  of t r ench ing  
on t h e  south  s i d e  of t h e  Red Devil  f a u l t  i n  1958 a l s o  f a i l e d  t o  show c innabar  
mine ra l i z a t i on .  

Fa i rv iew Group 

The d e p o s i t  i s  1 mi l e  southwest  of t h e  Red Devil  mine near  t h e  mouth of 
McCally Creek a t  an e l e v a t i o n  of 900 f e e t ,  Aniak d i s t r i c t ,  Georgetown subdis-  
t r i c t .  There i s  no t r a i l  t o  t h e  proper ty .  The f i r s t  l o c a t i o n s  were made i n  
t h e  m i d - t h i r t i e s ;  t h e  d e p o s i t  i s  no t  he ld  by Alaska Mines and Minerals ,  Inc . ,  
successor  t o  DeCoursey Mountain Mining Co. Graywackes and s h a l e s  of t h e  
Kuskokwim group have been i n t ruded  by a  massive r h y o l i t e  d i k e  a t  l e a s t  1,000 
f e e t  long and 120 f e e t  wide; it s t r i k e s  N. 600 W. and d i p s  no r theas t .  Mer- 
cury occurs  i n  a  f r a c t u r e d  zone c u t t i n g  a c r o s s  t h e  d i k e  a t  an a c u t e  angle.  
S t i b n i t e  accompanies cinnabar .  

The Bureau of Mines examined t h e  d e p o s i t  by t r ench ing  i n  1942. F igu re  14  
i s  a  p l an  and a s say  map of t h e  Bureau 's  work. Trench No. 2  shows a  25-foot  
zone a t  t h e  no r th  end, assay ing  2.6 pounds of mercury a  t on ,  and a  second 25- 
f o o t  zone, 10 f e e t  sou th ,  assay ing  3.5 pounds. Mine ra l i z a t i on  i s  weaker i n  
t r e n c h  No. 1. No v i s a b l e  c innabar  occur red  i n  t r e n c h  No. 3; t h e  t r ench  was 
n o t  sampled. 

There i s  no recorded product ion  from t h e  proper ty .  
33 Work c i t e d  i n  f o o t n o t e  14,  p. 8. 
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Lucky Day Group 

The Lucky Day depos i t s  
a r e  i n  t h e  Aniak d i s t r i c t ,  
Georgetown s u b d i s t r i c t ,  on 
t h e  Holitna s i d e  of t h e  
d iv ide  between t h e  Holitna 
and Aniak Rivers. They a r e  
on Beaver and Cinnabar 
Creeks, 85 miles southwest 
of Sleetmute, a t  an e le-  
vat ion of 1,400 feet .  
Access i s  by boat up t h e  
Holi tna,  Chukowan, and 
Gemuk Rivers o r  i n  winter  
by s l ed  t r a i l  from Nyac, 
42 a i r l i n e  miles t o  t h e  
northwest. Nyac, t h e  
base of operations f o r  
New York-Alaska Gold 
Dredging Corp., receives  
suppl ies  by r ive rboa t  on 
t h e  Tuluksak followed 
by a 10- t o  30-mile 
t r a c t o r  haul from t h e  
r ive r .  The Lucky Day 
deposi t  is repor ted  a s  
76 miles  by t r a c t o r  t r a i l  
from Nyac. 

Russell  Schaef e r  and 
Harvey Winchell located 
t h e  Lucky Day lode deposi t  
i n  Canary Gulch i n  t h e  
summer of 1941 and a l s o  
placer  ground i n  Cinnabar 
Gulch and Cinnabar Run i n  
t h e  same year. The 
o r i g i n a l  holdings com- 
prised t h r e e  lode claims, 
t h e  Lucky Day, Lucky Day 

FIGURE 13. - The Barometer Mine. No. 1, and t h e  Redskin, 
and s i x  p lacer  claims, 

Discovery and Nos. 1 t o  5 below Discovery. Schaefer l a t e r  acquired s o l e  
ownership of t h e  deposit .  

In 1942 and 1943, Schaefer r e t o r t e d  26 f l a s k s  from 3,600 pounds of high- 
grade f l o a t  gathered on t h e  property. Schaefer has maintained a small b u t  
cons i s t en t  output of mercury f o r  severa l  years  from t h e  Lucky Day group and 
t h e  nearby Broken Shovel deposit .  



Trench 2 

1 FIGURE 14. - Sample Locations and Analyses, Fairview Prospect. 

cad?* s t a t e s  t h a t  t h e  count ry  rock  i s  made up of t y p i c a l  graywacke and 
s h a l e s  of t h e  Kuskokwim group. The sediments  a r e  i n t ruded  by l a r g e  s i l l s  of 
coarse-gra ined  b a s a l t  and qua r t z  d i abase  and by small  s i l l s  of b i o t i t e  b a s a l t ;  
some of t h e  b i o t i t e  b a s a l t  is  a l t e r e d  t o  s i l i c a - c a r b o n a t e  rock.  A l t e r a t i o n  
ex tends  i n t o  t h e  sediments  i n  p l ace s .  The format ions  a r e  i n  a  homocline t h a t  
d i p s  southwest.  

The lode  a s  exposed over  a  v e r t i c a l  e x t e n t  of 130 f e e t  c o n s i s t s  of a  low- 
grade  minera l ized  zone a t  l e a s t  900 f e e t  long and 50 f e e t  o r  more wide, s t r i k i n g  
a  l i t t l e  e a s t  of n o r t h ,  and d ipping  s t e e p l y  west. Within t h e  zone s e v e r a l  
narrow high-grade s t r i n g e r s ,  averaging 1 inch  i n  wid th ,  l i e  i n  t h e  bedding-plane 
f r a c t u r e s  i n  t h e  upper s ec t i on .  Fine-grained dense c innabar  occurs  w i t h  s t i b -  
n i t e  and n a t i v e  q u i c k s i l v e r ;  d i c k i t e  i s  l o c a l i z e d  along and nea r  t h e  hanging 
w a l l s  of t h e  s i l l s .  I n  t h e  lower s e c t i o n  of t h e  l ode  t h e r e  a r e  more c r o s s  
j o i n t s  and b r e c c i a  openings,  and t h e  mixed c innabar  and q u a r t z  gangue i s  
c o a r s e l y  c r y s t a l l i n e .  The high-grade v e i n s  i n  t h e  l ode  a r e  wider  bu t  l e a n e r  
where exposed i n  t h e  lower s e c t i o n  t h a n  t h e y  a r e  i n  t h e  upper s ec t i on .  

According t o   cad^,^^ t h e  o p e r a t o r ,  R u s s e l l  R. Schae fe r ,  b e l i e v e s  t h a t  a l l  
t h e  high-grade o r e  i n  t h e  Lucky Day lode  has  a l r e a d y  been mined. Hand-selected 

34 Work c i t e d  i n  f o o t n o t e  5 ,  p. 3. 
36 Work c i t e d  i n  f o o t n o t e  5, p. 3. 



high-grade o r e  from t h e  upper s e c t i o n  y i e lded  55 pe rcen t  mercury, bu t  s i m i l a r l y  
s e l e c t e d  o r e  from 100 f e e t  lower on t h e  d e p o s i t  is es t imated  a t  5 percent .  

The Bureau of Mines made a  l i m i t e d  examination of t h e  Lucky Day l o d e  and 
t h e  Cinnabar Creek p l a c e r s  a s  p a r t  of t h e  World War I1 mercury program. TWO 
types  of m i n e r a l i z a t i o n  were recognized. Along Canary Gulch t h e  q u i c k s i l v e r  
occurs  a s  t h i n ,  s p a r s e  f i l m s  of c innabar  ( "pa in t " )  a s s o c i a t e d  wi th  q u a r t z  and 
s t i b n i t e  a long  bedding-plane f a u l t s ,  c r o s s  j o i n t s ,  and zones of b r e c c i a t i o n  i n  
t h e  graywacke and sha le .  Some n a t i v e  mercury was observed. The second type  
i s  d i r e c t l y  a s s o c i a t e d  w i th  t h e  s i l l - l i k e  i n t r u s i v e s  of b a s a l t  i n  t h e  gray-  
wacke near  t h e  head of Canary Gulch ( f i g .  15) .  These occur rences  c o n s i s t  of 
l e n t i c u l a r  pods of n e a r l y  massive c innabar  p a r a l l e l i n g  t h e  i n t r u s i v e s  and 
narrow o f f s h o o t s  of lower grade  c innabar  m i n e r a l i z a t i o n  along bedding-plane 
f a u l t s  between t h e  high-grade pods and t h e  i n t r u s i v e s .  

Channel sampling of t h e  f i r s t  t y p e  of m i n e r a l i z a t i o n  by t h e  Bureau f a i l e d  
t o  r e v e a l  s i g n i f i c a n t  mercury va lues .  Under an examinat ion by ~ e b b e r , ~ '  mercury 
v a l u e s  from l e s s  than  1 pound per  t o n  t o  16.8 pounds per  t o n  were found over  
widths ranging  from 1 t o  7 f e e t .  The weighted average  of n i n e  samples was 
10.5 pounds per  t o n  over  a  3.2-foot width. The samples were taken  a t  e i t h e r  
end of an i n d i c a t e d  s t r i k e  l e n g t h  of 632 f e e t ;  t h e  i n t e rven ing  l e n g t h  of 450 
f e e t  was no t  sampled. ~ u t l e d g e , ~ ~  sampling a t  t h r e e  l o c a t i o n s ,  ob ta ined  
va lues  from 1.4 t o  6.2 pounds per  t o n  over  wid ths  ranging  from 1.1 t o  1.7 f e e t .  
Samples taken  by Schaefer  a r e  i n  gene ra l  agreement wi th  t h e  Bureau 's  assays .  

F igu re  16 g i v e s  r e s u l t s  of t h e  Bureau 's  sampling of t h e  second t y p e  of 
depos i t .  A l l  of t h e  e a r l y  product ion  from t h e  d e p o s i t  came from f l o a t  of t h i s  
t ype  of mine ra l i z a t i on .  The showings a r e  e s p e c i a l l y  high grade ,  bu t  t h e  
evidence p o i n t s  t o  shal low,  s u p e r f i c i a l  depos i t i on .  

New York-Alaska Gold Dredging Corp. sampled t h e  Lucky Day p l a c e r  i n  t h e  
sp r ing  of 1943. The d e p o s i t s ,  i n  Cinnabar Gulch and Cinnabar Run, a r e  5 t o  
10  f e e t  i n  depth  and range  i n  width from 74 f e e t  a t  t h e  lower end t o  10  f e e t  
a t  t h e  upper end, and a r e  2,100 f e e t  i n  l eng th  ( f i g .  17) .  R e s u l t s  of New York- 
Alaska ' s  p rospec t ing  w i l l  be found i n  Report of I n v e s t i g a t i o n s  4065.38 The 
co rpo ra t i on  d i d  no t  work t h e  depos i t .  

Broken Shovel Group 

The Broken Shovel c la ims  a r e  on t h e  n o r t h  bank of Cinnabar Creek, 4  mi l e s  
n o r t h  of t h e  Lucky Day group, a t  an e l e v a t i o n  of 1,400 f e e t .  S lee tmute  i s  
85 mi l e s  t o  t h e  no r theas t .  Herschel  Landau made t h e  f i r s t  l o c a t i o n s  i n  1941, 
s h o r t l y  a f t e r  Schaefer  and Winchell s taked  t h e  Lucky Day group. I t  appears  
from t h e  l a t e s t  a v a i l a b l e  r eco rds  t h a t  Schaefer  now holds  t h e  c la ims ,  which 
a r e  i n  t h e  Aniak d i s t r i c t .  

36 Work c i t e d  i n  f o o t n o t e  14, p. 8. 
37 Rutledge,  F. A., I n v e s t i g a t i o n  of Mercury Depos i t s ,  Cinnabar Creek Area, 

Georgetown and Aniak D i s t r i c t s ,  Kuskokwim Region, Southwestern Alaska: 
Bureau of Mines Rept. of I n v e s t i g a t i o n s  4719, 1950, 9  pp. 

Work c i t e d  i n  f o o t n o t e  14, p. 8. 
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FIGURE 15. - Lucky Day Lode. 
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Minera l i za t i on  occurs  
i n  sedimentary format ions  
i n t ruded  by s i l ls .  The 
i n t r u s i v e s  have been a l -  
t e r e d  t o  s i l i c a - c a r b o n a t e  
rock. The lode ,  s t r i k i n g  
s l i g h t l y  west of no r th ,  
i s  a  narrow, i r r e g u l a r  
qua r t z  v e i n ,  con t a in ing  
small  l e n s e s  of c innabar  
and s t i b n i t e .  Some n a t i v e  
mercury i s  repor ted .  

Landau prospec ted  t h e  
p l a c e r  d e p o s i t s  i n  Broken 
Shovel Gulch and t r a c e d  
f l o a t  t o  t h e  ou tc rop  of 
t h e  lode.  There i s  some 
doubt ,  however, whether 
t h e  v e i n  uncovered i s  t h e  
source  of a l l  t h e  f l o a t  
found i n  t h e  gulch. Cad?' 
compares t h e  m i n e r a l i z a t i o n  
wi th  t h a t  of t h e  Lucky Day 
group. F igu re  18 shows 
t h e  l o c a t i o n  of t h e  Bro- 
ken Shovel i n  r e l a t i o n  t o  
t h e  Lucky Day. 

Sedimentary rocks ,  c h i e f l y  s h a l e s  and graywackes of l a t e  Cretaceous age, 
form t h e  count ry  rock of t h e  a rea .  Rhyo l i t e  e x t r u s i v e s ,  of which Juninggul ra  
Mountain, a t  an e l e v a t i o n  of 1,200 f e e t ,  i s  one of t h e  more prominent,  ou tc rop  
i n  t h e  a rea .  Mine ra l i z a t i on  occurs  near  t h e  r h y o l i t e - s h a l e  c o n t a c t s  a s  s t r i n g e r s  

o 
Scale in Feet 

3 9 Cady, W. M., and Others ,  The Cen t r a l  Kuskokwim Region, Alaska: Geologica l  
Survey Prof .  Paper 268, p. 70. 

Rhyo l i t e  Depos i t  

The d e p o s i t  i s  near  
t h e  ba se  of t h e  southwest  
end of Juninggulra  Mountain, 
12 mi l e s  northwest  of Crooked 
Creek and 300 mi l e s  north-  
west of Anchorage. Crooked 

FIGURE 16. - Schaefer-Winchell Property, Creek, an Eskimo v i l l a g e  
Lucky Day Lode. on t h e  no r th  bank of t h e  

Kuskokwim River ,  ha s  a  
popula t ion  of 50, a  small  t r a d i n g  p o s t ,  and a  pos t  o f f i c e .  The d e p o s i t ,  d i s -  
covered by J o e  S tuve r  i n  1957, i s  a t  an e l e v a t i o n  of 500 f e e t ;  it i s  i n  Aniak 
d i s t r i c t ,  Georgetown s u b d i s t r i c t .  
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Olivine-basmlt flow 

CH] Quartz-diorife dike or sill 

0 Giaciol o ~ t w a s h ,  alluvium 

lnterbedded graywacke 8 shale 

Limits of T i k c h ~ k  Ice Sheef.show~ng directton of movement 

lnterbedded shale,  cher t ,  l ava ,  8 groywocke 

and l e n s e s  of c innabar  
a s s o c i a t e d  w i th  s t i b n i t e .  
Moss and brush  obscure  
bedrock except  h igh  on 
t h e  r h y o l i t e  r i dges .  The 
few exposures  a v a i l a b l e  
i n d i c a t e  a  nor th-south  
s t r i k e  t o  t h e  mine ra l  
zones and a  v e r t i c a l  d ip ;  
maximum width of t h e  
minera l ized  zones observed 
was 2 f e e t .  I n  some in-  
s t a n c e s  c innabar  s t r i n g e r s  
and l e n s e s  have a  maximum 
width of 6 inches ;  t h e s e  
assayed a s  much a s  42 per-  
c e n t  mercury, b u t  they  
appeared t o  be  s h o r t ,  
e r r a t i c ,  and d iscont inuous .  
A t  one p l ace  a  s i l i c a - c a r -  
bona te  s i l l  8 t o  10  f e e t  
t h i c k  has  i r r e g u l ~ r l y  
d i ssemina ted  mercury 
m i n e r a l i z a t i o n  over  a  
s e c t i o n  70 f e e t  long by 
20 t o  30 f e e t  wide. The 
s e c t i o n  averages  0.1 per-  
c e n t  mercury. 

No m i n e r a l i z a t i o n  was 
found i n  t h e  r h y o l i t e  mass 
comprising Jun inggu l r a  
Mountain, bu t  s e v e r a l  
small  c innabar  s t r i n g e r s  
were found i n  t h i s  f o r -  

FIGURE 18. - Mercury Deposits, Cinnabar mation about  3 m i l e s  t o  
Creek Area. t h e  southwest.  The De- 

Coursey Mountain mine, a  
wel l -minera l ized  d e p o s i t  w i th  a  no t ab l e  mercury product ion  r eco rd ,  i s  8 mi l e s  
t o  t h e  north.  Seve ra l  i n t e rven ing  c r eeks  have s t rong  p l a c e r  c innabar  showings. 
The a r e a ,  l i k e  many i n  Alaska, wa r r an t s  a d d i t i o n a l  p rospec t ing .  

The d e p o s i t  ha s  no record  of product ion.  

White Mountain Deposi t  

The d e p o s i t  i s  between t h e  headwaters  of Tat lawiksuk River  and Chunitna 
Creek some 60 mi l e s  sou theas t  of McGrath, i n  t h e  McGrath d i s t r i c t ,  McGrath 
s u b d i s t r i c t ,  Kuskokwim River  reg ion .  The a r e a  i s  uninhabi ted  and i s  wi thout  
roads  o r  t r a i l s ;  e l e v a t i o n  i s  approximately 2,500 f e e t .  



Jack Egnaty of S lee tmute  d i scovered  t h e  d e p o s i t  i n  1958. Seven c l a ims ,  
l oca t ed  and subsequent ly l e a sed  t o  Cordero Mining Co. of Pa lo  A l to ,  C a l i f . ,  
a r e  t h e  White Mountain Mercury Lode, Mary Margie, Mary Margie No. 1, Peggy 
Barbara,  and t h e  White Mountain Mercury Nos. 1 t o  3. 

The a r e a  i s  composed of massive do lomi t i c  l imes tones ,  do lomi tes ,  s h a l e s ,  
and conglomerates.  A h igh ly  f a u l t e d  s e c t i o n  of do lomi t i c  l imes tone  and s h a l e  
about  2,000 f e e t  wide s t r i k e s  N. 300 E. and i s  exposed f o r  20,000 f e e t .  The 
known m i n e r a l i z a t i o n  occurs  i n  t h e  no r the rn  p a r t  of t h i s  f a u l t e d  zone. Cinna- 
ba r  has  been found i n  p l a c e  a t  both ends and i n  t h e  c e n t e r  of a  s t r i k e  l e n g t h  
of 10,000 f e e t .  On t h e  west s i d e  of t h e  f a u l t e d  zone t h e  m i n e r a l i z a t i o n  i s  i n  
f r a c t u r e d  dolomi te ,  ad j acen t  t o  a  do lomi te -sha le  c o n t a c t ;  on t h e  e a s t  s i d e  it 
occurs  i n  l imes tone ,  ad j acen t  t o  t h e  conglomerates.  Most of t h e  c r eeks  d r a i n i n g  
t h e  e a s t e r n  s i d e  of t h e  10,000-foot f a u l t e d  zone c a r r y  p l a c e r  c innabar ;  t h o s e  
on t h e  west do no t .  Massive c innabar  up t o  6- inches t h i c k  occurs  i n  wel l -  
f r a c t u r e d  dolomi te  i n  almost  h o r i z o n t a l  zones a t  t h e  no r the rn  end of t h e  
a rea .  Near t h e  c e n t e r  of t h e  minera l ized  zone, c innabar  occu r s  a s  d i ssemi-  
n a t i o n s  and i r r e g u l a r  masses i n  f r a c t u r e d  yel low dolomite. A t  t h e  sou th  end, 
c innabar  occurs  i n  do lomi te  a s  s e v e r a l  narrow s t r i n g e r s ,  s t r i k i n g  nor th-south  
and d ipping  90°. No c innabar  was found i n  t h e  sha l e .  The proper ty  i s  i n  t h e  
exp lo ra to ry  s t a g e  and has  no product ion  record.  

Mount Joaquin  Prospec t  

The prospec t  i s  on t h e  e a s t  f l a n k  of Mount Joaquin  a t  t h e  head of O.K. 
Creek ( t r i b u t a r y  t o  t h e  T a t a l i n a  ~ i v e r ) ,  McGrath d i s t r i c t ,  a t  an e l e v a t i o n  of 
2,500 f e e t .  Knute P. Lind l oca t ed  t h e  O.K. and Joaquin l ode  c la ims  i n  1957 
and has  done some prospec t ing .  Cinnabar occurs  i n  a  l imes tone  i n c l u s i o n  w i th in  
a  l a r g e  monzonite mass. The d e p o s i t  i s  i n  t h e  prospec t ing  s tage .  There i s  
no record  of product ion.  

Yukon River  Reaion 

DeCoursey Mountain Mine 

The mine i s  n o r t h  of t h e  Kuskokwim River  on Return Creek, a  t r i b u t a r y  of 
t h e  I d i t a r o d  River ,  i n  t h e  I d i t a r o d  mining d i s t r i c t .  The s e t t l e m e n t  of 
Crooked Creek, on t h e  Kuskokwim River ,  i s  18 mi l e s  south;  F l a t ,  on O t t e r  
Creek, i s  35 mi l e s  no r theas t .  The p rope r ty  can be reached by t r a i l  from e i t h e r  
F l a t  o r  Crooked Creeks. The t r a i l s  a r e  ba re ly  pa s sab l e  i n  summer, bu t  they a r e  
s u i t a b l e  f o r  t r a c t o r  haul ing  a f t e r  t h e  freezeup.  A small  l anding  s t r i p  a t  t h e  
mine a l l ows  acces s  by a i r c r a f t .  The p rope r ty  comprises  14 unpatented c la ims ,  
Las t  Chance Nos. 1 t o  3, Snowbird Nos. 1 t o  5, Tunnel l ode ,  Swexde, Swextu, 
Nextu, Nexto, and Swexa. E l eva t i on  i s  about  900 f e e t .  

The f i r s t  l o c a t i o n s  i n  t h e  a r ea  were made i n  1919 by a  prospec tor  named 
~ e ~ o u r c ~ . ~ '  From 1921 t o  1924 t h e  p rope r ty  was opera ted  by T h r i f t  Mining CO., 
a  small  p roduct ion  was obtained.  Incomplete r eco rds  show 45  f l a s k s  produced 
from 14 t o n s  of hand-sorted ore.  C. F.  L indfors  and a s s o c i a t e s  he ld  t h e  pro- 
p e r t y  from 1924 t o  1926. Records show 38 f l a s k s  produced from 45 t o n s  i n  1925. 
The mine was c a l l e d  t h e  Corona du r ing  t h i s  per iod.  When Lindfors  d i ed  i n  1926 

40 Accepted s p e l l i n g .  



o r  1927, t h e  d e p o s i t  r e v e r t e d  t o  open ground; John and Harry Brink r e l o c a t e d  
t h e  c la ims  i n  1927. From 1927 t o  1940 some prospec t ing  was done. There i s  no 
r eco rd  of p roduct ion  du r ing  t h i s  time.41 

I n  1942, R. F. Lyman, K. M. Johns ton ,  and F. C. Rocheleau formed t h e  
DeCoursey Mountain Mining Co., a  p a r t n e r s h i p ,  and took a  l e a s e  w i th  a  4-year 
op t i on  t o  purchase ( l a t e r  exe rc i s ed ) .  Lyman bought o u t  t h e  i n t e r e s t s  of h i s  
two p a r t n e r s  and i n  1951 so ld  t h e  ho ld ings  t o  DeCoursey Mountaln Mining Co., 
a  corpora t ion .  Alaska Mines and Minera l s ,  Inc. ,  a  successor  t o  DeCoursey 
Mountain Mining Co. ( through DeCoursey-Brewis Minera l s ,  Ltd. ) , now ho lds  t h e  
proper ty .  From 1942 t o  1949 Lyman produced approximately 1,200 f l a s k s .  NO 
p roduct ion  has  been obta ined  from t h e  proper ty  s i n c e  1949. Af t e r  t ak ing  over  
i n  1951, DeCoursey Mountain Mining Co. explored t h e  d e p o s i t  under a  DMEA loan.  
The work i n d i c a t e d  t h a t  t h e  o r e  shoo t s  probably con t inue  i n  depth.  However, 
t h e  company has  made no a t t emp t  t o  put  t h e  mine i n t o  product ion.  

I 
Graywacke and s h a l e  of t h e  Kuskokwim group, i n t ruded  by s i l l - l i k e  bodies  

of b a s a l t  and d i abase ,  form t h e  bedrock a t  t h e  mine. Both t h e  sedimentary and 
I 

i n t r u s i v e  format ions  have been e x t e n s i v e l y  a l t e r e d  t o  s i l i c a - c a r b o n a t e  rock. 
Alluvium covers  t h e  bedrock and masks t h e  geo log i c  f e a t u r e s .  The d e p o s i t s  
appear  t o  be  a s s o c i a t e d  w i th  a  homocline s t r i k i n g  n o r t h e a s t  and d ipping  northwest.  

Cinnabar occu r s  i n  t h e  s i l i c a - c a r b o n a t e  rocks  and i n  una l t e r ed  format ions  
immediately ad j acen t .  The s i l i c a - c a r b o n a t e  rock is  more h igh ly  s i l i c i f i e d  a t  
t h e  DeCoursey d e p o s i t  t han  a t  o t h e r  d e p o s i t s  of t h e  Kuskokwim River  region.  
The r e s u l t i n g  b r i t t l e n e s s  of r e l a t i v e l y  l a r g e  masses of wa l l  rock accounts  f o r  
t h e  wide b r e c c i a  zones t h a t  may d i p  a c r o s s  t h e  s t r a t a  bu t  a r e  g e n e r a l l y  p a r a l l e l  
t o  t h e  s t r i k e .  M i n e r a l i z a t i o n  a long  bedding-plane j o i n t s ,  a s  occurs  where 
a l t e r a t i o n  i s  confined l a r g e l y  t o  t h e  i n t r u s i v e s ,  i s  l e s s  common. Apparent 
o f f s e t s  of t h e  l a r g e  v e i n s  a r e  thought  t o  be a  r e s u l t  of an i r r e g u l a r  f r a c t u r e  
p a t t e r n  r a t h e r  t han  of pos t -ore  f a u l t i n g .  Associated mine ra l s  a r e  c e r v a n t i t e ,  
a r s e n o p y r i t e ,  s t i b n i t e ,  chalcedony, and kaol in .  The DeCoursey d e p o s i t s  con- 
t a i n  very  l i t t l e  s t i b n i t e .  

The o r e  bod i e s  a r e  exposed f o r  s h o r t  d i s t a n c e s  over  a  s l i g h t l y  curved 
b e l t  about  2,000 f e e t  long ,  250 f e e t  wide, and through a  v e r t i c a l  range of 
360 f e e t .  Cinnabar occu r s  over  an  a r e a  2,600 f e e t  by 2,000 f e e t  and over  a  
v e r t i c a l  e x t e n t  of 420 f e e t .  

Two v e i n  systems e x i s t .  The upper system, exposed from e l e v a t i o n s  of 
760 t o  1,020 f e e t ,  i nc ludes  t h e  Top, R e t o r t ,  Tunnel,  and DeCoursey ve ins .  The 
lower system, 1,000 f e e t  southwest of t h e  upper system and exposed from e l e -  
v a t i o n s  of 640 t o  740 f e e t ,  has  t h e  A v e i n  and some unnamed v e i n l e t s .  

The Tunnel v e i n  has been t h e  most p roduct ive .  I t  i s  opened by a d i t s  a t  
820-, 871-, and 910-foot e l eva t i ons .  About 750 f e e t  of d r i f t i n g  and c r o s s c u t t i n g  
i n  t h e  o r e  zone have been done. The sediments  h e r e  s t r i k e  N. 5O E. and d i p  
65O W. The v e i n  s t r i k e s  N. l o0  t o  15O E. and d i p s  65O E. a c r o s s  t h e  s t r a t a .  
The c o n t i n u i t y  of t h e  v e i n  i s  broken by ba r r en  c r o s s  f r a c t u r e s ;  pos tminera l  
movement seems t o  be  l i m i t e d  t o  an inch  o r  l e s s .  The Tunnel v e i n  has  been 
worked o r  prospec ted  over  a  s t r i k e  l e n g t h  of 200 f e e t  and through a  v e r t i c a l  
41 R. F. Lyman e s t i m a t e s  t h e  DeCoursey Mountain mine ou tpu t  a t  100 t o  300 

f l a s k s  t o  1941. 



range  of 130 f e e t .  The minera l ized  s e c t i o n  averages  3.2 f e e t  i n  width. Pro- 
duc t i on  from t h e  v e i n  has  been about  800 f l a s k s .  

The R e t o r t  and Top v e i n s  a r e  i n  t h e  hanging wa l l  of t h e  Tunnel v e i n ,  
outcropping 125 f e e t  t o  t h e  e a s t  and somewhat h ighe r  up t h e  h i l l .  The v e i n s  
s t r i k e  N. 300 E. and d i p  500 t o  750 W., o r  back toward t h e  Tunnel ve in .  Most 
of t h e  e a r l y  product ion  from t h e  d e p o s i t  came from t h e s e  two ve in s .  The 820 
a d i t  on t h e  Tunnel v e i n  was extended about  500 f e e t  t o  t h e  n o r t h e a s t  i n  a  
s o r t  of combination c r o s s c u t  and d r i f t .  An ex t ens ive  f r a c t u r e ,  s t r i k i n g  N. 
54O E. and d ipp ing  79O NW., was fol lowed f o r  150 f e e t  i n  t h i s  heading; no 
product ion  r e s u l t e d  from t h i s  work. On t h e  s u r f a c e  t h e  Top and R e t o r t  v e i n s  
have been exposed over  a  s t r i k e  l e n g t h  of 300 f e e t .  Cinnabar occurs  i n  d i s -  
cont inuous  bedding-plane j o i n t s  and i n  f r a c t u r e s  (Top v e i n ) .  Product ion  from 
t h e  two v e i n s  ha s  been about  300 f l a s k s ,  l a r g e l y  from f l o a t  and r e s i d u a l  p l ace r .  

The DeCoursey and a s s o c i a t e d  v e i n s ,  s t r i k i n g  n o r t h e a s t  and d ipping  s t e e p l y  
e a s t  a t  some p l a c e s  and west a t  o t h e r s ,  have been exposed f o r  300 f e e t  on t h e  
sur face .  The DeCoursey, enclosed i n  a  l a r g e  body of s i l i c a - c a r b o n a t e  rock ,  
ha s  ab rup t  changes i n  width and shape. The blocky f r a c t u r i n g  of t h e  b r e c c i a t e d  
s i l i c a - c a r b o n a t e  rock g i v e s  t h e  v e i n  segments t h e  appearance of pos tminera l  
o f f s e t s ,  bu t  no ev idence  of f a u l t i n g  was found. One c r o s s  f r a c t u r e  conta ined  
an unbroken con t inua t i on  of t h e  ore.  The DeCoursey v e i n  has  produced a  few 
f l a s k s  from t h e  v e i n  and from f l o a t .  Su r f ace  exposures  have been found over  
e l e v a t i o n s  from 770 t o  840 f e e t .  

The A ve in  i s  a  minera l ized  zone 500 f e e t  long a t  e l e v a t i o n s  of 660 t o  740 
f e e t .  The ve in  occupies  a  cont inuous  f i s s u r e  s t r i k i n g  n o r t h  wi th  t h e  sedimen- 
t a r y  beds b u t  d ipp ing  75O E. a c r o s s  t h e  s t r a t a .  I t  i s  a long  t h e  c o n t a c t  of t h e  
sediments  and a  d i a b a s e  porphyry l o c a l l y  a l t e r e d  t o  s i l i c a - c a r b o n a t e  rock. Some 
ev idence  of f a u l t i n g  and pos tminera l  movement i s  seen he re ,  i nc lud ing  s l i cken -  
s i d e s  on t h e  w a l l s  and a  po l i shed ,  greasy-appearing gouge. Product ion from t h e  
A ve in  has  been small .  

Mine workings i nc lude  t h e  Lyman t u n n e l  (820 a d i t ) ,  t h e  New Adi t  (910 a d i t ) ,  
and 871 Ad i t ,  and an a d i t  on t h e  A vein.  

DeCoursey Mountain Mining Co. d r i l l e d  2,614 f e e t  of d iamond-dr i l l  h o l e  i n  
1953 and 1954 under a  DMEA c o n t r a c t .  Twenty-five h o r i z o n t a l  h o l e s  t o  exp lo re  
f o r  downward ex t ens ions  of t h e  Top and R e t o r t  m i n e r a l i z a t i o n ,  and p a r a l l e l  
l e a d s ,  were d r i l l e d  from t h e  n o r t h e a s t  s e c t i o n  of t h e  Lyman tunne l .  The d r i l l -  
ing  i n d i c a t e d  t h a t  m i n e r a l i z a t i o n  ex tends  a t  l e a s t  t o  t h e  e l e v a t i o n  of t h e  
Lyman tunne l .  No a t t emp t  was made by t h e  DeCoursey Co. t o  fo l l ow  up t h e  d i a -  
m ind -d r i l l  f i n d i n g s  wi th  exp lo ra to ry  workings. The company has concent ra ted  
on opening i t s  Red Devil  p roper ty  i n  t h e  p a s t  few years .  F igu re  19  i s  a  p lan  
of t h e  d e p o s i t ;  f i g u r e  20 shows t h e  Lyman Adit  wi th  d iamond-dr i l l  ho les .  

Hudson Mine ( ~ i v e n g o o d  Cinnabar Corp. ) 

The mine i s  i n  t h e  Tolovana d i s t r i c t  a t  t h e  head of t h e  west f o r k  of O l i v e  
Creek, a  Tolovana River  t r i b u t a r y ,  a t  a  1 ,500-foot  e l eva t i on .  Livengood, a  
go ld-p lacer  camp, i s  2  mi l e s  north.  ~ e r t i e ~ ~  s t a t e s  t h a t  c innabar  i n  p l a c e  
was f i r s t  noted a f t e r  a  smal l  l a n d s l i d e  on t h e  e a s t  f o r k  of O l ive  Creek exposed 
42 Mer t i e ,  J. B., and Harr ing ton ,  G. L., Mineral Resources of t h e  Ruby-Kusko- 

kwim Region: Geol. Survey Bul l .  642-H, 1916, pp. 237-238. 



FIGURE 19. - Surface and Underground Geologic Map of the 
DeGursey Mountain Mine. 

bedrock i n  1916. 
Some explora-  
t o r y  work was 
done on t h e  
showing, bu t  
no th ing  con- 
s i d e r e d  a s  po- 
t e n t i a l  o r e  
was found. 
James Hudson 
prospec ted  t h e  
a r e a  i n  t h e  
l a t e  1920 ' s  
and d iscovered  
c innabar  i n  
p l ace  on t h e  
west f o r k  of 
O l ive  Creek 
about  one-half 
m i l e  from t h e  
e a r l i e r  d i s -  
covery. 

According 
t o  r e p o r t s ,  
sedimentary 
s l a t e s  and 
sands tones  of 
S i l u r i a n  and 
Permian age  
make up t h e  
count ry  rock. 
A t  t h e  mine, a 
h igh ly  a l t e r e d  
g r a n i t i c  rock ,  
decomposed a s  
t o  resemble t a l c  
o r  a s o f t  wh i t e  
impure sandstone,  
i s  a s s o c i a t e d  
w i th  c innabar .  
The ferromag- 
ne s i an  mine ra l s  
of t h e  o r i g i n a l  
rock show a s  
small  b lack  
specks i n  t h e  
wh i t e  ground- 
mass. Cinnabar 
i s  evenly d i s -  
seminated 



FIGURE 20. - Diamond-Drill Holes in Lyman Adit, DeCoursey Mountain Mine. 

through t h e  a l t e r e d  rock a s  small  specks and g r a i n s ;  a s  t h e  degree  of a l t e r a t i o n  
l e s s e n s ,  t h e  rock becomes l e a n e r  i n  cinnabar .  

Hudson drove a  134-foot  a d i t  (N. 300 W . )  i n t o  t h e  h i l l  on t h e  depos i t .  
S t rong  a l t e r a t i o n  and mercury m i n e r a l i z a t i o n  a r e  r epo r t ed  f o r  120 f e e t  a long 
t h e  a d i t  from t h e  p o r t a l ;  a l t e r a t i o n  and m i n e r a l i z a t i o n  dec rea se  r a p i d l y  i n  t h e  
l a s t  14 f e e t .  A t unne l  r uns  from t h e  end of t h e  a d i t  S. 60° W. f o r  50 f e e t  i n  
r a t h e r  weakly minera l ized  rock much l i k e  t h a t  a t  t h e  a d i t  face .  Ten f e e t  back 
from t h e  l a t t e r  p o i n t  a  winze was c o l l a r e d  i n  t h e  f l o o r  of t h e  a d i t .  A t  104 f e e t  
from t h e  p o r t a l ,  a  t u n n e l  runs  approximately due n o r t h  f o r  8 5  f e e t .  Minera l i -  
z a t i o n  i n  t h e  s t u b  t unne l  i s  good t o  about  on l i n e  wi th  t h e  winze; from t h a t  
po in t  t o  t h e  t unne l  f a c e ,  a l t e r a t i o n  and m i n e r a l i z a t i o n  r a p i d l y  diminish.  From 
t h e  r e p o r t s  a v a i l a b l e  it i s  d i f f i c u l t  t o  de te rmine  whether t h e  Hudson a d i t  
c r o s s c u t s  t h e  minera l ized  zone, d r i f t s  a long  it ,  o r  c u t s  i t  obl ique ly .  Seve ra l  
a r e a s  con t a in ing  20 t o  30 pounds of mercury per  t on  a r e  r epo r t ed  between t h e  
p o r t a l  and t h e  winze. 

Canyon Creek 

Canyon Creek, some 20 a i r l i n e  mi l e s  n o r t h e a s t  of Eagle ,  was t h e  scene  of 
one of t h e  e a r l i e s t  a t t emp t s  t o  f i n d  t h e  l ode  source  of p l a c e r  c innabar .  James 
Hudson, working w i th  Be r t  Bryant on t h e  gold p l a c e r  of t h e  a r e a ,  noted c innabar  
i n  s lu icebox  c o n c e n t r a t e s  and made a  competent and i n t e l l i g e n t  s ea r ch  f o r  t h e  
minera l  i n  p l a c e  a s  e a r l y  a s  1907. The c innabar  noted by Hudson was washed from 
t h e  g r a v e l s  near  t h e  mouth of t h e  creek.  Hudson was no t  a b l e  t o  f i n d  t h e  minera l  
i n  p l a c e ,  nor d i d  he f i n d  any c innabar  i n  t h e  upper r eaches  of t h e  creek.  

The count ry  rock from t h e  mouth of t h e  c reek  t o  1,500 f e e t  upstream i s  
s c h i s t .  T e r t i a r y  conglomerates  and sands tones  form t h e  bedrock f o r  t h e  next  



6,000 f e e t ,  and they  a r e  succeeded by metamorphosed sed imentar ies ,  i nc lud ing  
greens tone ,  t o  t h e  head of t h e  v a l l e y .  

The Geologica l  Survey examined t h e  a r ea  i n  1942. A r a t h e r  ex t ens ive  pro- 
gram of t r ench ing  and t e s t  p i t t i n g  f a i l e d  t o  show c innabar  i n  place.  I n  most of 
t h e  prospec t  c u t s ,  t h e  g r ave l  conta ined  l i t t l e  o r  no cinnabar .  

Other Lode Occurrences 

~ e r t i e ~ ~  r e p o r t s  a  30-inch ve in  of s t i b n i t e ,  c innabar ,  and qua r t z  a t  t h e  
head of Wyoming Creek i n  t h e  Cr ipp l e  Creek Mountains. The ve in  occurs  a t  t h e  
c o n t a c t  of a  monzonite i n t r u s i v e  wi th  s ed imen ta r i e s ;  a  specimen showed qua r t z  
and c innabar  a long  t h e  w a l l s ,  wi th  s t i b n i t e  a t  t h e  c e n t e r  of t h e  ve in .  Mer t ie  
a l s o  r e p o r t s  s t i b n i t e  and c innabar  lodes  on t h e  border  of t h e  qua r t z  monzonite 
a r ea  a t  t h e  heads of F l a t ,  Chicken, and Happy Creeks,  i n  t h e  I d i t a r o d  d i s t r i c t .  
Again, t h e  s t i b n i t e  i s  a t  t h e  c e n t e r  of t h e  v e i n ,  wi th  q u a r t z  and c innabar  
along t h e  wal l s .  

Smith44 r e p o r t s  s e v e r a l  small  v e i n s  con t a in ing  c innabar ,  s t i b n i t e ,  and 
qua r t z  a t  t h e  head of Glen Gulch, i n  t h e  I d i t a r o d  d i s t r i c t .  Mercury min- 
e r a l i z a t i o n  occurs  i n  qua r t z  s t r i n g e r s  both i n  g r a n i t e  and i n  sed imentar ies .  
One zone, s e v e r a l  f e e t  wide bu t  not  p e r s i s t e n t  a long t h e  s t r i k e ,  occurs  i n  
s l a t e s  along t h e  g r a n i t e  con t ac t .  Some work was done on t h e  showing, bu t  it 
was abandoned a s  unpromising. Small v e i n s  of c innabar  a s s o c i a t e d  wi th  gold- 
bear ing  qua r t z  s t r i n g e r s  a r e  r e p o r t e d  i n  t h e  f a c e  of a  70-foot  caved a d i t  
about  400 f e e t  west of t h e  mouth of Malemute Gulch i n  t h e  F l a t - I d i t a r o d  a rea .  
The a d i t  i s  thought  t o  have been d r iven  f o r  t h e  gold prospec t .   offi it^' r e -  
p o r t s  c innabar  occur r ing  w i th  s t i b n i t e  on t h e  Merinser  c la im a t  t h e  head of 
S l i ppe ry  Creek, Kantishna d i s t r i c t .  

The Bureau of Mines, i n  1956, prospected f o r  t h e  l ode  sources  of c innabar  
found i n  F l a t  and O t t e r  Creeks. Over 10,000 l i n e a l  f e e t  of bedrock were ex- 
posed i n  bu l l doze r  t r enches  i n  t h e  Glen and Black Gulch a r e a s ;  83 channel  sam- 
p l e s  were taken  from t h e  t renches .  I n  a d d i t i o n ,  279 s o i l  samples were taken 
from t h e  upper Chicken Creek a rea .  The primary source  of t h e  c innabar  p l ace r  
m a t e r i a l  appears  t o  be a  l a r g e  monzonit ic  i n t r u s i v e  i n  c o n t a c t  wi th  a r g i l l i t e  
and q u a r t z i t e .  The l a s t  two a r e  metamorphic products  from t h e  l o c a l  s h a l e s  and 
sandstones.  Numerous v e i n s  and v e i n l e t s ,  some showing f a i r  gold v a l u e s ,  were 
uncovered. No s i g n i f i c a n t  c innabar  mine ra l i z a t i on  was found i n  place.  

Marsh Mountain (Red Top ~ i n e )  

The Marsh Mountain d e p o s i t ,  i n  t h e  B r i s t o l  Bay reg ion  ( ~ i k c h i k  d i s t r i c t ) ,  
i s  on Marsh Mountain, 3 mi l e s  e a s t  of t h e  s e t t l emen t  of Aleknagik and 17  mi l e s  
no r th  of Dillingham. I t  i s  a t  an e l e v a t i o n  of 1 ,000 f e e t .  Red Top Mercury Mine, 
Inc. ,  ho lds  t h e  Red Top, Red Top Nos. 1 and 2 ,  t h e  Eas t  Extension Red Top, and 
t h e  Eas t  Extension Red Top Nos. 1 and 2 by l oca t i on .  DeCoursey Mountain Mining 
Co. and Moneta Porcupine Mines, Ltd.,  a r e  r epo r t ed  t o  hold t h e  proper ty  under 
l e a se .  There i s  a  2-mile t r a c t o r  road from Wood River  t o  t h e  mine. 

43 Work c i t e d  i n  f o o t n o t e  42. 
44  Smith, P. S., The Lake Clark-Cent ra l  Kuskokwim Region, Alaska: Geol. Survey 

Bul l .  655, 1917, p. 145. 
45 Mof f i t ,  F. H., The Kantishna D i s t r i c t :  Geol.' Survey Bull .  836-d, 1933, 

p. 321. 
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Frank H. Waskey d iscovered  p l a c e r  c innabar  on Arcana Creek i n  1941 wh i l e  
prospec t ing  f o r  gold.  On t h e  s t r e n g t h  of Waskey's p l a c e r  showings, Char les  
Wolfe and Clarence  Wren prospected t h e  a r e a  and t r a c e d  f l o a t  up Feeder  Creek 
t o  minera l  i n  p lace .  Ore occurs  i n  a  b r e c c i a t e d  zone 100 f e e t  o r  more i n  
width i n  graywacke. Within t h e  zone one s e r i e s  of high-grade s t r i n g e r s  l i e s  
p a r a l l e l  t o  t h e  w a l l s  on t h e  f o o t w a l l  s i d e ;  a  second s e r i e s ,  a l s o  p a r a l l e l ,  
l i e s  50 f e e t  from t h e  f i r s t  A t r a n s v e r s e  s e r i e s  c u t s  a c r o s s  t h e  zone between 
t h e  f i r s t  two s e r i e s .  c innabar  occu r s  a s  nea r ly  pure  minera l  i n  t h e  s t r i n g e r s ;  
t h e r e  i s  l i t t l e  o r  no d i s semina t i on  i n t o  surrounding rock. The Bureau of Mines 
examined t h e  p rope r ty  i n  1943 and 1953. The 1953 examination was made i n  
connect ion wi th  a  DMEA loan.  Su r f ace  prospec t ing  under t h e  DMEA program was 
s u f f i c i e n t l y  promising t o  warran t  underground e x p l o r a t i o n  work. The under- 
ground work, compris ing 550 f e e t  of d r i f t s  and c r o s s c u t s ,  showed t h a t  t h e  
s u r f a c e  m i n e r a l i z a t i o n  ex tends  downward, bu t  wi thout  improvement i n  grade  
t o  t h e  depth  explored.  F igu re  21 i s  a  p l an  of t h e  Red Top a r e a ;  f i g u r e  22 
shows underground work and a s say  r e s u l t s .  The proper ty  has  produced a  few 
f l a s k s  of mercury. 

Occurrences i n  Other  Reqions 

Some work has  been done on a  l ode  prospec t  near  Mount O r a t i a  i n  t h e  
Togiak d i s t r i c t ,  B r i s t o l  Bay r eg ion ,  8  mi l e s  n o r t h e a s t  of Kagat i  Lake. The 
p rospec t ,  known a s  t h e  Kagat i  Lake mercury d e p o s i t ,  i s  8 0  m i l e s  sou theas t  of 
Be the l ,  a t  an e l e v a t i o n  of 2,600 f e e t .  Atayak Mountain i s  3 mi l e s  south ;  
Mount O r a t i a  i s  4  m i l e s  west. 

There a r e  no roads  o r  t r a i l s  i n  t h e  a r ea ;  a c c e s s  i s  by f o o t ,  f l o a t  p lane ,  
o r  by t r a c t o r  t r a i n  i n  win te r .  The f i r s t  l o c a t i o n  was made i n  1927 by a  man 
named Gieger ,  who drove an a d i t  on a  shear  zone a t  t h e  south  end of t h e  
depos i t .  The a d i t  has  s i n c e  caved, l e av ing  only a  dump a s  ev idence  of t h e  
e a r l y  work. Gieger  allowed h i s  l o c a t i o n s  t o  l apse .  In  1956, a  Bethe l  group 
c a l l e d  t h e  Bethel  Exp lo ra t i on  Co. s taked  t h e  proper ty .  Sunshine Mining Co. 
opt ioned t h e  p rope r ty  t h e  same year  and prospected from 1956 t o  1958. 

Mine ra l i z a t i on  occurs  i n  two shea r  zones, 200 f e e t  a p a r t ,  i n  g r a n i t e .  
The l a r g e r  zone i s  we l l  de f ined ,  50 t o  100 f e e t  wide, and 1,400 f e e t  i n  
length .  The sma l l e r  zone, 6  f e e t  wide and 200 f e e t  long ,  i s  poor ly  def ined  
and obscured by moss and deb r i s .  The main shea r  s t r i k e s  N. 15O W. and d i p s  
900. I t  i s  c u t  o f f  a t  t h e  south  end by a  v e r t i c a l  f a u l t ,  r e s u l t i n g  i n  a  c l i f f  
100 f e e t  o r  more i n  he igh t ;  overburden concea ls  t h e  ex tens ion  t o  t h e  north.  
L i t t l e  m i n e r a l i z a t i o n  occurs  i n  e i t h e r  shea r  zone. A few small  p i e c e s  of 
c innabar  wi th  q u a r t z  and r e a l g a r  were found i n  bo th  zones; s e v e r a l  p i e c e s  of 
s t i b n i t e  f l o a t  up t o  8 inches  were found a t  t h e  n o r t h  end of t h e  l a r g e r  shear  
zone. The d e p o s i t  has  no recorded product ion.  

A t  B lu f f ,  on t h e  Seward Peninsu la  about  50 m i l e s  e a s t  of Nome, a  lode  
prospec t  i n  a  100-foot ,  n e a r l y  v e r t i c a l  b l u f f  on t h e  shore  of Norton Sound has  
been prospec ted  by two a d i t s  and a  55-foot  t e s t  s h a f t .  The d e p o s i t  i s  a t  t h e  
mouth of Swede Creek, 2  mi l e s  e a s t  of Bluf f .  A l anding  s t r i p  s u i t a b l e  f o r  
l i g h t  a i r c r a f t  l i e s  about  a  mi l e  n o r t h e a s t  of t h e  s e t t l emen t .  Weather a t  
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Bluff  i s  much t h e  same a s  a t  Nome. Average y e a r l y  tempera ture  a t  Nome f o r  
1958 was 26.30 F . ,  wi th  a  d a i l y  maximum high  of 55.4O i n  June  and a  low of 2.2O 
F. below i n  February. The lowest  t empera ture  recorded i n  t h e  p a s t  10 y e a r s  
was 420 below i n  1949. Normal annual  p r e c i p i t a t i o n  i s  about  18 inches.  

The d e p o s i t  was l oca t ed  by Sam Tucker i n  1922. J. J. Keenan explored t h e  
p rope r ty  under a  l e a s e  b a s i s  and i s  c r e d i t e d  wi th  most of t h e  exp lo ra t i on  done. 
J e r r y  Galv in  of Nome obta ined  a  l e a s e  i n  1942 and moved furnac ing  equipment t o  
Bluff  f o r  use a t  t h e  depos i t .  However, t h e  equipment was never  s e t  up. 

W. S. Wright examined t h e  p rope r ty  i n  1946. He s t a t e s  t h a t  l imes tone ,  
s h a l e ,  and s c h i s t  a r e  t h e  p r i n c i p a l  rock t ypes  i n  t h e  Bluff  a r ea .  The mercury 
d e p o s i t s ,  however, occur  i n  q u a r t z i t e  format ions  s t r i k i n g  N. 60° E. and d ipping  
15O NW. Two p a r a l l e l  seams, 35 f e e t  a p a r t  v e r t i c a l l y ,  show mine ra l i z a t i on .  
The lower seam i s  weakly minera l ized  and has no t  been prospected.  The upper 
seam, 70 f e e t  above t h e  beach, has  been explored by 2 a d i t s ,  one 70 f e e t  and 
one 20 f e e t  i n  length .  The s h a f t  e a s t  of t h e  f a c e  of Adit  No. 1 i s  v e r t i c a l  
and 55 f e e t  deep. I t  was no t  s a f e  t o  e n t e r  a t  t h e  t ime of Wright ' s  examina- 
t i o n .  The d e p o s i t  has  no recorded  product ion.  

P l a c e r  Occurrences 

P l a c e r  c innabar  has  been found i n  many widely s c a t t e r e d  mining d i s t r i c t s  
i n  Alaska. On t h e  Seward Peninsu la  it occurs  i n  t h e  g r a v e l s  of Koyana, Swede, 
and Denie l s  Creeks and i n  t h e  beach p l a c e r s ,  a l l  near  Bluf f .  B r ~ o k s * ~ ,  ir ,  

d e s c r i b i n g  t h e  beach p l a c e r s  a t  t h e  mouth of Danie l s  Creek, s t a t e s ,  "The 
heavy mine ra l s  a s s o c i a t e d  wi th  t h e  gold a r e  magnet i te ,  nodules  of l imon i t e ,  small 
p i e c e s  of i l m e n i t e ,  and b i t s  of c innabar .  Cinnabar i s  f a i r l y  abundant i n  t h e  
t a i l i n g s ,  ranging from specks t o  rounded pebbles  t h e  s i z e  of marbles ,  bu t  it 
has no t  been found i n  place."  Cinnabar has  a l s o  been recognized i n  t h e  g r a v e l s  
of Budd Creek, 30 m i l e s  n o r t h e a s t  of T e l l e r ,  and by a  Bureau of Mines engineer  
i n  t h e  Timber Creek a r ea .  Two s e l e c t e d  specimens from t h e  Timber Creek a rea  
conta ined  0.19 and 0.17 percent  mercury. 

I n  t h e  Yukon River  r eg ion ,  t h e  mercury minera l  occurs  i n  app rec i ab l e  
q u a n t i t i e s  i n  t h e  g r a v e l s  of t h e  I d i t a r o d ,  Innoko, and Tolovana d i s t r i c t s  and 
t o  a  l e s s e r  e x t e n t  i n  t h e  Marsha l l ,  Kantishna,  Bonni f ie ld ,  Rampart, Hot Spr ings ,  
C i r c l e ,  Eagle,  and For tymi le  d i s t r i c t s .  J ~ e s t i n g ~ ~  l i s t s  t h e  fo l lowing  
occurrences:  

46 Brooks, A. H., The Gold P l a c e r s  of P a r t s  of Seward Peninsu la ,  Alaska: Geol. 
Survey Bull .  328, 1908, p. 289. 

47 J o e s t i n g ,  H. R. ,  S t r a t e g i c  Mineral  Occurrences i n  I n t e r i o r  Alaska,  T e r r i t o r y  
of Alaska: Dept. of Mines Pamphlet No. 1, 1942, 46 pp. 
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Geol. Survey Bull .  844-7, p. 232 

Geol. Survey Bull.  844-7, p. 233 
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Geol. Survey Bull .  844-7, p. 235 

Geol. Survey Bul l .  844-7, p. 236 

Geol. Survey Bull .  844-7, p. 237 
Geol. Survey Bull .  844-7, p. 238 
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Geol. Survey Bul l .  872, p. 245 
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Geol. Survey Bull .  655, p. 145 
Geol. Survey Bull .  864, p. 212 
Geol. Survey Bul l .  655, p. 145 
T.A. Dept. of Mines 
Geol. Survey Bull .  739, p. 157 

The fol lowing occurrences  can be added t o  J o e s t i n g ' s  l i s t i n g :  

Reference 

Geol. Survey Bull .  864-c, p. 224 
Geol. Survey Bull .  864-c, p. 190 
Geol. Survey Bull .  864-C, p. 191 
Geol. Survey Bull .  813, p. 135 
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Addi t ions  t o  J o e s t i n g  ' s  L i s t i n g  (con. ) : 
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Geol. Survey Bull .  813, p. 183 
Geol. Survey Bul l .  813, p. 190 
Geol. Survey Bul l .  433, p. 206 
Geol. Survey Bul l .  379, p. 326 
Geol. Survey Bull .  933-b, p. 174 
Geol. Survey Bull .  662, p. 270 
Geol. Survey Bul l .  662, p. 270 
Geol. Survey Bul l .  662, p. 271 
Geol. Survey Bul l .  844-d, p. 204 

I Geol. Survey Bul l .  844-d, p. 204 

The occur rences  on Candle Creek near  McGrath, Kuskokwim River  r eg ion ,  
have a l r e a d y  been noted. Rainy Creek,  i n  t h e  wes te rn  Kuskokwim reg ion ,  c a r r i e s  
c innabar  i n  i t s  g r a v e l s ;  r epo r t ed  product ion ,  a s  a byproduct of gold p l ace r ing ,  
i s  6 f l a s k s  produced i n  1941. The Cinnabar Creek p l a c e r s  have been noted under 
t h e  Lucky Day l o d e  depos i t .  

p off it^^ r e p o r t s  c innabar  i n  t h e  c reek  g r a v e l s  of t h e  Nizina d i s t r i c t ,  
Copper River  reg ion .  Wood River ,  i n  t h e  a r e a  above Dil l ingham, i s  r epo r t ed  a s  
ca r ry ing  c innabar  i n  i t s  g rave l s .  Occurrences have been r epo r t ed  i n  t h e  Canning 
River  a r e a  no r th  of t h e  Brooks Range, Northern Alaska region.  

48 Moff i t ,  F. H.,  Geology of t h e  C h i t i n a  Valley and Adjacent Area, Alaska: 
Geol. Survey Bul l .  894, 1938, 137 pp. (P.  128) .  
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