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PREFACE 

The mineral  resource  assessment of t h e  Wiseman lo by 3' quadrangle 

( h e r e a f t e r  r e f e r r ed  t o  a s  t h e  Wiseman quadrangle) has been designed so  t h a t  

readers  can e a s i l y  f i n d  t o p i c s  of i n t e r e s t  i n  t h e  Table of  Contents.  Because 

each s e c t i o n  desc r ib ing  a given  depos i t  type i s  intended t o  s tand  a lone ,  some 

m a t e r i a l  i s  repea ted .  An Executive Summary has  been included f o r  t hose  

i n t e r e s t e d  i n  t he  gene ra l  r e s u l t s  and conclusions of t h e  assessment;  t h e  

summary con ta in s  e s t ima te s  of the number and type of  undiscovered d e p o s i t s  i n  

t h e  quadrangle.  The assessment focuses  on those depos i t  types  conta in ing  base 

and precious metals .  Included i s  a  p a r t i a l  review of some o re  depos i t  types  

and mineral  t e r r a n e s  found i n  t h e  Brooks Range t h a t  may have analogs i n  t h e  

Wiseman quadrangle.  T r a c t s  i n  which t h e  geologic  o r  t e c t o n i c  s e t t i n g  i s  

permissive f o r  c e r t a i n  depos i t  types  are shown on a  series of 1:250,000-scale 

maps ( p l .  1-31. This  assessment does not  address  nonmetal l ic  commodities 

(except  f o r  b a r i t e ) ,  because d e s c r i p t i v e  o r  grade-tonnage models a r e  not  

a v a i l a b l e  nor i s  t h e r e  a sys temat ic  methodology f o r  eva lua t ing  nonmeta l l i c  

commodities. Mineral f u e l s  a r e  not  eva lua ted  but expected not  t o  be p re sen t  

i n  s i g n i f i c a n t  amounts. Geochemical anomalies descr ibed  by C a t h r a l l  and 

o t h e r s  (1987) a r e  mentioned f r equen t ly  and reader  may f i n d  it u s e f u l  t o  ob t a in  

a copy of t h a t  r e p o r t .  

The November 1986 issue of Economic Geology (v .  81, no. 7), devoted t o  

t he  mineral  d e p o s i t s  of nor thern  Alaska, became a v a i l a b l e  j u s t  a s  t h e  Wiseman 

mineral  resource  assessment was f i n a l i z e d .  Some ma te r i a l  from t h a t  c o l l e c t i o n  

of r e p o r t s  was used i n  t h i s  assessment but t he  information was not used as 

completely a s  might be des i r ed .  E x p l o r a t i o n i s t s  may f ind  t h i s  s p e c i a l  i s s u e  

u s e f u l  fo r  a d d i t i o n a l  background information on undiscovered o r e  d e p o s i t s  i n  

the  Wiseman quadrangle.  

Descr ip t ion  of gold p l a c e r s  and lode  d e p o s i t s ,  p rospec ts ,  and occurrences 

( i nc lud ing  some gossans)  i n  t h e  Wiseman quadrangle can be be found i n  Bliss 

and o t h e r s  (1988). 



The Wiseman quadrangle con ta in s  geology which i s  permiss ib le  f o r  a t  least  
13 deposit types  us ing  t h e  c l a s s i f i c a t i o n  scheme of Cox and S inger  (1986). 
T r a c t s  which con ta in  geology pe rmis s ib l e  f o r  each d e p o s i t  type  have been 
de l inea t ed  where p o s s i b l e  ( p l .  1-31. Once t h i s  has  been done, s u b j e c t i v e  
e s t ima te s  of  numbers of undiscovered d e p o s i t s  where made a t  t h e  90th.  50 th ,  
and 1 0 t h  p e r c e n t i l e  a s  fol lows:  

Deposit  Type Name Composite a r e a  of Percentage 
Name a11 t r a c t s  (h2) 90 50 10 

Cyprus Massive S u l f i d e s  350 -- --- 1 

Kuroko Uassive S u l f i d e s  2160 1 3 6 

Besshi  Massive S u l f i d e s  590 --- --- --- (1) 

Sedimentary Hosted Zn-Pb 8630 1 3 5 

Sedimentary Hosted Cu 2000 --- 2 4 

Carbonate Hosted Pb ( ~ n ) ~  970 --- 1 3 

Bedded B a r i t e  86 30 - - (3)  --- --- 
ska rns4  -- ( 5  --- --- --- ( 6 )  

Simple Sb --- 2 5 8 ( 7 )  

Low-Sulfide Au-quartz v e i n s  -- ( 7 )  --- 1 2 

 old placer8  4000 2 4 6 

Sub jec t ive  e s t ima te  not made. 

Grade-tonnage model modified f o r  t h i s  assessment.  

Guide l ines  descr ibed  i n  t e x t  f o r  making e s t ima te  o f  number of undiscovered 

d e p o s i t s  a s s o c i a t e d  with Sedimentary hosted Zn-Pb d e p o s i t s .  

Inc ludes  Cu ska rn ,  Pb-Zn skarn ,  and Sn skarn.  

T rac t s  no t  d e l i n e a t e d ;  g u i d e l i n e s  i n  t e x t  d e s c r i b e  c r i t e r i a  fox permissive 

a r e a s  f o r  CU and Pb-Zn ska rns ;  one t r a c t  of 470 km2 permissive f o r  Sn 

skarn ,  

Sub jec t ive  e s t ima te  not made; g u i d e l i n e s  descr ibed  i n  t e x t  suggest  no 

depos i t  a t e  expected e t  t h e  90th and 50th p e r c e n t i l e  f o r  Cu o r  Pb-Zn 

skarns :  no e s t ima te  of any type  made for Sn skarns .  

Tracts not  de l inea t ed ;  g u i d e l i n e s  i n  t e x t .  

Computer s imula t ion  descr ibed  i n  t e x t  p r e d i c t s  f u t u r e  median gold 

production of 2750 kg.  



INTRODUCTION 

The minera l  resource  assessment o f  t h e  Wiseman quadrangle  ( f ig .  1) has 
been made under t he  Alaska Mineral Resource Assessment Program (ANRAP). The 
quadrangle  i s  loca t ed  i n  t h e  C e n t r a l  Brooks Range between l a t i t u d e s  67 and 68 
degrees  no r th  and long i tudes  147  and 150 degrees  west, Previous and ongoing 
s t u d i e s  i n  and ad jacen t  t o  t h e  Wiseman quadrangle  have provided g e o l o g i c a l ,  
geochemical,  geophys ica l ,  and o the r  d a t a  on which t h e  minera l  resource 
assessment i s  p a r t l y  based. The products  of t h i s  assessment w i l l  a s s i s t  
managers a t  va r ious  l e v e l s  o f  government i n  making app rop r i a t e  land management 
d e c i s i o n s ,  Ore d e p o s i t  e x p l o r a t i o n i s t s  may f i n d  t h e  assessment u s e f u l  i n  
i d e n t i f y i n g  a r e a s  i n  which t a r g e t s  f o r  s p e c i f i c  deposi t - types may e x i s t .  

METHODOLOGY 

The approach used i n  t h i s  minera l  resource  assessment i s  descr ibed  by 
S inger  (19751, who suggested t h a t  t h e  resource  assessment be  broken down i n t o  
d i s c r e t e  p a r t s ,  each  o f  which i s  t r e a t e d  s e p a r a t e l y .  P a r t s  may then be 
combined according t o  t h e  needs and views o f  t h e  resource-assessment u se r .  
Subsequent r e v i s i o n  i n  any g iven  par t  can be made without i n v a l i d a t i n g  o t h e r  
p a r t s .  A key component of  t h i s  resource  assessment i s  t h e  use o f  depos i t - type  
models (S inge r ,  1975). Data i n  each model a r e  ob ta ined  from o re  d e p o s i t s  t h a t  
s h a r e  c e r t a i n  c h a r a c t e r i s t i c s  ( t e c t o n i c  s e t t i n g ,  h o s t ,  me ta l s ,  and s o  on) and 
which can be represen ted  by v a l i d  grade  and tonnage curves  (Cox and S inge r ,  
1 9 8 6 ) .  For each model (or  a t  l e a s t  i n f e r r e d )  a r e  c r i t e r i a  which permit t h e  
d e l i n e a t i o n  of a r e a s  pe rmis s ib l e  f o r  t he  presence o f  t h e  s p e c i f i e d  ore d e p o s i t  
type. Eventua l ly  some p a r t s  and poss ib ly ,  a l l  o f  a minera l  resource  
assessment  may become obso le t e  a s  concepts  i n  geology and resource  assessment 
methods evolve. When an a r ea  with p red i c t ed  undiscovered d e p o s i t s  i s  
exhaus t ive ly  examined, t h e  v a l i d i t y  of  c e r t a i n  of t he se  p r e d i c t i o n s  may be 
confirmed o r  disptoven.  

For most d e p o s i t  t ypes  known o r  suspected t o  be p re sen t  i n  t h e  Wiseman 
quadrangle ,  t h e  fol lowing a r e  provided: (1) a gene ra l i zed  d e s c r i p t i o n  of t h e  
geologic  s e t t i n g  of t h e  d e p o s i t  type ( l a r g e l y  based on d e s c r i p t i o n s  g iven  by 
c o n t r i b u t o r s  l o  Cox and S inger  (1986)). ( 2 )  a gene ra l i zed  d e s c r i p t i o n  of  
d e p o s i t  p r o p e r t i e s  ( f o r  example, ore mine ra l s ,  a l t e r a t i o n )  (also based on Cox 
and S inger  (198611, (31 grade  and tonnage model, ( 4 )  d e s c r i p t i o n  of t h e  
geologic  s e t t i n g  and f e a t u r e s  of  d e p o s i t s  of  t h e  s p e c i f i e d  deposi t - type 
p re sen t  elsewhere i n  t h e  Brooks Range, ( 5 )  d e l i n e a t i o n  o f  t r a c t s  pe rmis s ib l e  
f o r  t h e  depos i t  type i n  t he  Wiseman quadrangle ,  and ( 6 )  s u b j e c t i v e  e s t ima te s  
of  numbers of  undiscovered d e p o s i t s  o f  t h e  s p e c i f i e d  t ype  f o r  t h e  quadrangle  
a s  a whole. I n  some c a s e s ,  t r a c t s  a r e  rank i n  o rde r  of decreas ing  o rde r  of 
p r o b a b i l i t y  of f i nd ing  an undiscovered depos i t .  Other search  g u i d e l i n e s  have 
been suggested when d e l i n e a t i o n  not  used, C r i t e r i a  f o r  t r a c t  d e l i n e a t i o n  i s  
t h e  presence of  s u i t a b l e  hos t  rocks.  Other f a c t o r s  used i n  t r a c t  d e l i n e a t i o n  
inc lude :  t h e  presence of known m i n e r a l i z a t i o n ,  geochemical anomalies,  and 
a p p r o p r i a t e  geophys ica l  f e a t u r e s .  These f a c t o r s  a r e  l i s t e d  f o r  each t r a c t  a s  
app rop r i a t e  and ( o r )  a v a i l a b l e .  

The r e sou rce  assessment of  gold p l a c e r s  i s  more ex t ens ive  than f o r  o the r  
d e p o s i t  types.  This i s  due i n  p a r t  t o  t h e  f a c t  t h a t  gold p l a c e r s  r e p r e s e n t  
t h e  on ly  major confirmed deposi t - type economically developed t o  date i n  t h e  
quadrangle.  Although t rea tment  of  o t h e r  depos i t - types  concludes with a 
s u b j e c t i v e  e s t ima te  o f  number o f  undiscovered d e p o s i t s ,  a d d i t i o n a l  gold 
product ion i s  pred ic ted  f o r  discovered and undiscovered gold p l a c e r s  using 
computer s imu la t i on ,  



DEPOSIT TYPES 

%posit types  d i scussed  here  a r e  those  f o r  which t h e  geology permi ts  an 
i n t e r p r e t a t i o n  of t h e i r  prerence i n  t h e  Wiseman quadrangle.  Some of t h e  
depos i t  t ypes  a r e  recognized elsewhere i n  t h e  Brooks Range. Deposit  t ypes  a r e  
f u r t h e r  grouped i n t o  broad c a t e g o r i e s  us ing  the  c r i t e r i a  and format of  Cox and 
S inger  (1986). For example, t h e r e  are s e v e r a l  d e p o s i t  t ypes  a s s o c i a t e d  wi th  
vo l can i c  rocks ;  mafic marine vo l can i c  s u i t e s  may hos t  Cyprus massive s u l f i d e s  
o r  Besshi massive s u l f i d e s ;  fe l s ic -maf ic  and marine may hos t  Kuroko massive 
s u l f i d e s .  Where fe l s ic -maf ic  vo l can i c  rocks a r e  a s soc i a t ed  with o l d e r  c l a s t i c  
sedimentary rocks ,  under s u b a e r i a l  cond i t i ons ,  simple antimony d e p o s i t s  may be 
p re sen t  (Cox and S inger ,  1986 1. 

Deposit  t ypes  a s s o c i a t e d  wi th  sedimentary rocks a lone  may a l s o  occur  i n  
t h e  Wiseman quadrangle.  Sedimentary rocks ,  p a r t i c u l a r l y  s h a l e  and s i l t s t o n e ,  
may hos t  sedimentary e x h a l a t i v e  zinc- lead,  and bedded b a r i t e  d e p o s i t s .  
Sediments which c o n t a i n  more sandstone may con ta in  sandstone-hosted lead-zinc 
d e p o s i t s  and/or sedimentary-hosted copper.  Where t h e r e  a r e  carbonate  rocks ,  
Southeast  Missouri  lead-zinc and ( o r )  Appalachian depos i t  t ypes  may be 
p re sen t .  Where porphyroaphani t ic  rocks i n t r u d e  ca l ca rous  rocks ,  copper and 
o t h e r  ska rns  may a l s o  develop (Cox and S inger ,  1986). 

Regional ly  metamorphosed rocks ,  p a r t i c u l a r l y  those  der ived  from 
eugeosyc l ina l  rocks and ad j acen t  t o  i n t r u s i v e  rocks ,  may hos t  low-sulf ide 
gold-quartz  ve in  d e p o s i t s .  Cold p l a c e r s  a r e  one s u r f i c i a l  d e p o s i t  type which 
i s  a l s o  found a l l u v i m  der ived  from r e g i o n a l l y  metamorphosed t e r r a n e s  (Cox and 
Singer, 1986: Wojcik, 19841, 

Deposit  t ypes  cons idered  i n  t h i s  assessment f a l l  i n t o  two groups:  (1) 
those  with well-defined d e s c r i p t i v e  models f o r  which t h e  geo log ic  c r i t e r i a  f o r  
pe rmis s ib l e  rocks  and s t r u c t u r e s ,  wi th  o r  without c o l l a b o r a t i n g  minera l ized  
occur rences ,  a r e  reasonably  supported by t h e  geologic  evidence i n  t h e  Wiseman 
quadrangle ,  and ( 2 )  those  without well-defined d e s c r i p t i v e  models ( o r  no model 
a t  411) and (or) t hose  f o r  which t h e  geo log ic  c r i t e r i a  f o r  permiss ib le  rocks 
and s t r u c t u r e s  and minera l ized  occur rences  do not  match well t he  mapped 
geology of t h e  host  rocks i n  the Viseman quadrangle.  For t h e  c a s e  o f  t h e  
f i r s t  c a t ego ry  of  d e p o s i t  t ypes ,  a s e c t i o n  d e s c r i b i n g  the  d e p o s i t  type  and 
a s soc i a t ed  t r a c t s  i n  t h e  Wiseman quadrangle i s  presen ted ,  Deposit t ypes  i n  
t h e  second ca t ego ry  can be i d e n t i f i e d  i n  t h e  comments found with each t r a c t  
d e s c r i p t i o n .  

TRACTS 

Many t r a c t s  a r e  permiss ib le  f o r  t h e  occurrence o f  more than  one d e p o s i t  
type.  T r a c t s  a r e  d e l i n e a t e d  f o r  each s p e c i f i c  d e p o s i t  type  t h a t  a r e  
considered t o  be t h e  b e s t  t a r g e t  for f u t u r e  e x p l o r a t i o n i s t s  f o r  d e p o s i t s  of 
t h a t  type.  Table 1 l i s t s  a11 d e p o s i t s  t ypes  and t r a c t s .  Mineral occurrences 
which a r e  descr ibed  i n  t h e  companion Open-File Report a r e  summarized f o r  each 
t r a c t  with r e f e r ence  t o  a s p e c i f i c  d e p o s i t  type.  Occurrences g e n e r a l l y  a r e  
considered more s i g n i f i c a n t  i f  t hey  con ta in  a t t r i b u t e s  ( form,  mineralogy, and 
s o  on) l i k e  t h a t  of  t h e  depos i t  type.  However, this may not  n e c e s s a r i l y  be 
t h e  ca se  and t h e  u se r  may come t o  o t h e r  conc lus ions  using o t h e r  models, It i s  
conce ivable  t h a t  a s p e c i f i c  d e p o s i t  type  may be  a s soc i a t ed  with minera l  
occurrences g u i t e  d i f f e r e n c e  i n  mineralogy and o t h e r  f e a t u r e s  u s u a l l y  no t  
found a s  part of t h e  minera l  d e p o s i t .  

T r a c t  boundaries  u s u a l l y  fo l low s t r a t i g r a p h i c  c o n t a c t s  o r  f a u l t  
boundaries  s epa ra t i ng  d i f f e r e n t  l i t h o l o g i e s  i n  many p l a c e s ,  



Table 1. Deposit  types and corresponding t r a c t s  with permissive geology found 

in the Wiseman quadrange. 

Deposit  Type Trac t  Designat ion 

Cyprus massive s u l f i d e s  CMS-I, C~S-11, CMS-111, CMS-IV 

Kuroko massive sulfides KMS-Is, KHS-Ib, KWS-11, KMS-111, KHS-IV 

Besshi massive s u l f i d e s  

Sedimentary hosted zinc-lead 

(and bedded b a r i t e ,  see  t e x t )  

Sedimentary hosted copper 

Carbonate hosted l ead  (zinc) 

KHS-IV 

SEDX-I, SEDX-IIa, SEDX-IIb, 

SEDX-IIc,SEDX-111, SEDX-IVa, SEDX-IVb, 

SEDX-V, SEDX-VI, M - 1 ,  M-2 

SEDC-I, SEDC-I1 

CHB-I, CHB-11, CHB-111,  CHB-IV, 

M-1, H-2 

Sksrns  (copper;  lead-zinc;  t i n )  M-2 ( a l s o  see t e x t . )  

Simple antimony d e p o s i t s  No formal t r a c t s ,  see text. 

tow-sulfide gold-quartz veins PLC-I, PLC-11, PLC-111; a lso see t e x t .  

Cold p l a c e r s  PLC-I, PLC-11, PLC-111 



CEOtOGIC SUMMARY 

The geologic  base used i n  t h e  Wiseman resource  assessment i s  t h e  map by 
Di l l on  and o t h e r s  (1986). Rocks i n  t h e  quadrangle  range i n  age from 
Pro te rozoic  t o  Cretaceous: most a r e  Devonian and o lde r .  Host of the  r acks  
were metamorphosed i n  t h e  l a t e  Mesozoic, commonly t o  the  g r e e n s c h i s t  f a c i e s  
b u t  may range from polymetamorphic g n e i s s  o f  t h e  amphibol i te  f a c i e s  t o  rocks 
which are  unmetamorphosed . 

The younger rocks along t h e  southern margin of  t h e  quadrangle  c o n s i s t  of 
Miss i ss ipp ian  through T r i a s s i c  vo l can i c  rocks,  graywacke, and c h e r t  o v e r l a i n  
t o  t he  south by Cretaceous marine and nonmarine sandstone,  conglomerate,  and 
s l a t e .  The umetamorphosed Cretaceous rocks c o n t a i n  c l a s t s  of Brooks Range 
metamorphic and volcanic  rocks which sugges t s  t h a t  t h e i r  depos i t i on  post-dated 
most o f  t h e  t h r u s t i n g  and metamorphism t h a t  a f f e c t e d  o t h e r  rocks i n  t h e  
quadrangle.  The northward t h r u s t i n g  of H i s s i s s ipp i an  t o  T r i a s s i c  vo l can i c  
rocks and a s s o c i a t e d  sedimentary rocks has superimposed t h e s e  s l i g h t l y  
metamorphosed rocks over  schists along the  south edge of  t h e  Brooks Range. 
Thrus t ing  occurred along west-trending zone and termed t h e  Angayucham t h r u s t  
system, which c r o s s e s  t h e  e n t i r e  southern  edge o f  t h e  quadrangle.  The 
t h r u s t i n g  appa ren t ly  took p lace  dur ing  l a t e  J u r a s s i c  t o  e a r l y  Cretaceous time. 

North of t h e  Angayucham t h r u s t  system, most Paleozoic  and P ro t e rozo ic  
rocks occur i n  complexly imbr ica ted  and folded t h r u s t  p l a t e s .  Vergence has  
been dominantly t o  t h e  north. Genera l ly ,  both age and metamorphism decrease  
f r o m  south  t o  nor th .  

S c h i s t ,  marble ,  and metavolcanic rocks  of g r e e n s c h i s t  f a c i e s ,  some of 
which a r e  re t rograded  amphibol i te  f a c i e s ,  a r e  p re sen t  i n  a l i n e a r  b e l t  1 6  t o  
24 km wide along the  south edge o f  t h e  Brooks Range. This  so-cal led " s c h i s t  
b e l t "  ex tends  a c r o s s  t h e  e n t i r e  quadrangle,  Devonian bimodal vo l can i c  rocks 
a r e  l o c a l l y  abundant.  

North o f ,  and p a r a l l e l  t o ,  t h e  " s c h i s t  b e l t "  about h a l f  t he  quadrangle  
c o n s i s t s  o f  metasedimentary rocks-black p h y l l i t e s  and m e t e s i l t  s t ones  ( sane 
c h l o r i t i c )  , sands tones ,  grsywacke, conglomerate,  marble and dolomite ,  a l l  of 
Devonian o r  o l d e r  age. Most of t h e  rocks  a r e  g r e e n s c h i s t  f a c i e s :  those  i n  t h e  
southern  p a r t  may con ta in  b i o t i t e ,  Uetamorphism i s  s u f f i c i e n t l y  low i n  the  
no r th  t h a t  primary sedimentary f e a t u r e s  (bedding,  s h e l l y  mega fos s i l s ,  e t c . )  
are wel l  preserved.  A few metavolcanic  rocks ,  some of which a r e  equ iva l en t  t o  
t hose  found i n  t h e  s c h i s t  b e l t ,  a r e  p re sen t  and inc lude  mafic and mixed mafic 
and f e l s i c  i n t r u s i v e  rocks.  Thick metabas i te  s i l l s  a r e  common i n  some 
carbonate  rocks ou tc rops .  The western p a r t  o f  t h e  b e l t  con ta in s  probable  
Pro te rozoic  s c h i s t ,  c a l ca reous  schist, q u a r t z i t e ,  p h y l l i t e ,  and rnetabesite 
t h a t  have been in t ruded  by s e v e r a l  m a l l  p lu tons  o f  g r a n i t e  g n e i s s  which a r e  
a l s o  probable  Pro te rozoic .  Dis rupt ing  t h e  g e n e r a l  p a t t e r n  o f  northward 
t h r u s t i n g  p l a t e s  i n  t h e  e a s t  and e a s t - c e n t r a l  p a r t  o f  t h e  b e l t  i s  a broad a r c h  
more than 80 km long and 1 8  km wide, termed t h e  Doonerak Fens t e r ,  t r end ing  
n o r t h e a s t ,  f lanked on t h e  northwest  and sou theas t  by l a r g e  synforms. The 
exposed c o r e  of t h e  Doonerak Fenster  c o n s i s t s  predominantly of  Cambrian 
through S i l u r i a n  b lack  p h y l l i t e  and s i l t s t o n e ,  Also p re sen t ,  p a r t i c u l a r l y  i n  
t h e  southwest part of  t h e  Fens te r ,  a r e  green  p h y l l i t e s ,  a r g i l l i t e ,  and meta- 
t u f f  and metawaches of  p o s s i b l e  Cambrian t o  Devonian age. Andes i t ic  t o  
b a s a l t i c  v o l c a n i c l a s t i c  rocks mixed with graywacke, t u f  faceous p h y l l i t e ,  and 
b a s a l t  and d i abase  i n t r u s i o n  a r e  prominent i n  t h e  no r theas t  q u a r t e r  of  t h e  
Doonerak Fenster .  Whereas metaredimentary rocks a r e  of t h e  lower g r e e n s c h i s t  
f a c i e s ,  vo l can i c  rocks a r e  of p r e h n i t e - p m p e l l e y i t e  f a c i e s .  



T r i a s s i c  rocks along t h e  n o r t h  q u a r t e r  of t h e  quadrangle a r e  p a r t  of  t h e  
fo ld  and t h r u s t  system which i s  r e l a t e d  t o  t h e  no r th  f r o n t  o f  the Brooks 
Range. In  t h i s  t e c t o n i c  block,  rocks  a r e  predominantly b lack  s l a t e  and 
p h y l l i t e  of  Late Devonian and Miss i ss ipp ian  age and H i a s i s r i p p i a n  t o  T r i a s s i c  
carbonate  rocks.  A few small  mafic s i l l s  a r e  a l s o  found. 

Unconsolidated m a t e r i a l s  i n  the quadrangle  a r e  predominantly g l a c i a l ,  
g l a c i a l - f l u v i a l ,  o r  l a c u s t r i n e  d e p o s i t s  (Hamilton, 1978) like those  found i n  
a l l  l a r g e  v a l l e y s  and i n  t h e  lowlands along t h e  south  edge of  t h e  Brooks 
Range. 

GEOCHEMISTRY 

The Wiseman quadrangle  has  been examined by s e v e r a l  geochemical surveys 
(Brosgb and Re i se r ,  1972: D i l l on  and o t h e r s ,  19818, 1981b; Los Alamos Nat ional  
Laboratory, 1981: O'Leary and o t h e r s ,  1984: and C a t h r a l l  and o t h e r s ,  1984) 
us ing  a v a r i e t y  of sample media, i nc lud ing  rock samples,  stream-sediment 
pebbles ,  stream sediments ,  and panned heavy-mineral concent ra tes .  Element 
concen t r a t i ons  i n  a l l  t h e s e  media e x h i b i t  extreme d i f f e r e n c e s  from one p a r t  of 
t h e  Wiseman quadrangle t o  another  due, i n  p a r t ,  t o  t h e  g r e a t  d i v e r s i t y  of 
bedrock u n i t s  and s t r u c t u r e s .  C a t h r a l l  and o t h e r s  (1987) reduced t h i s  problem 
by sepa ra t i ng  sane of  t h e  geochemical d a t a  i n t o  s i x  d a t a  sets, one f o r  each 
a r e a  with d i f f e r e n t  bedrock s u i t e s  and geochemical responses .  The s i x  a r e a s  
o r  "Geochemical L i tho log ic  Subdivis ion" ( C a t h r a l l  and o t h e r s ,  1987, Fig. 1) 
have s u b s t a n t i a l l y  d i f f e r e n t  anomalous t h r e sho ld  concen t r a t i ons  for both 
stream sediments and f o r  t h e  nonmagnetic f r a c t i o n  of heavy minera l  
c o n c e n t r a t e s  ( C a t h r a l l  and o t h e r s ,  1987, t a b l e  1-2 1. The s i x  subd iv i s ions  
a r e :  Angayucham (I), Sch i s t  Be l t  (111, S k a j i t  (1111, Besucoup-Whiteface ( I V ) ,  
Doonerak (V), and Endico t t  (IV). Anomalous element concen t r a t i ons  within 
assessment t r a c t s  used here  d i f f e r  depending on which geochemical subd iv i s ion  
t h e  a r ea  f a l l s  i n .  The concen t r a t i ons  o f  each  element ,  i n  each of  t he  
subd iv i s ions ,  which must be equa l  t o ,  o r  exceeded i n  o rde r  t o  be considered t o  
be anomalous, a re  summarized i n  Table 2 and fig. 2 (modified a f t e r  C a t h r a l l  
and o t h e r s ,  1987, t a b l e  1, 2 ) .  

Within each "Geochemical L i tho log ic  Subdivis ion" a r e  s e v e r a l  
geochemicel ly  a n m a l o u s  a r e a s  are shown i n  C a t h r a l l  and o t h e r s  (1987, Fig,  
1). The rock types  and p o t e n t i a l  o r e  d e p o s i t s  wi th in  each anomalous a r e a  a r e  
descr ibed  t h e r e i n  and a r e  g e n e r a l l y  compatible  with our minera l  r e sou rce  
assessment.  However, some d i f f e r e n c e s  r ep re sen t  r e v i s i o n s  i n  i n t e r p r e t a t i o n .  

GENERAL PROCEDURE 
I n  o rde r  t o  s imp l i fy  t h e  fo l lowing  d i scus s ion  on depos i t  t y p e s ,  t r a c t s ,  

e t c , ,  some standard procedures  and d e f a u l t s  a r e  adopted. This  i nc ludes :  
1. Geological  d e s c r i p t i o n s  a r e  from Di l lon  and o t h e r s  (1986) un less  noted 
o therwise .  
2. Descr ip t ion  of l o c a l i t y  o f  known m i n e r a l i z a t i o n ,  be i t  for l o d e  

d e p o s i t s ,  p rospec ts ,  and occur rences ;  o r  p l a c e r s  are found i n  a r e p o r t  by 
Bliss and o t h e r s  ( 1 9 8 8 ) .  

3. Def in i t i on  of geochemical anomalous a r e a s  and chemical t h r e sho lds  
a p p l i c a b l e  a r e  from C a t h r a l l  and o t h e r s  (1987).  Table 2 g i v e  t h e  element 
t h r e s h o l d s  a p p l i c a b l e  i n  each; f i g u r e  2 g i v e s  t h e  s i x  "Geochemical U t h o l o g i c  
Subdivis ion",ananalous a r e a s  wi th in  each,  





CYPRUS MASSIVE SULFIDES ( 2 4 ~ ) ~  
In t roduc t ion  

Cyprus massive s u l f i d e s  a r e  one of st l e a s t  f i v e  m e t a l l i c  depos i t - types  - - 
as soc i a t ed  with mafic e x t r u s i v e  rocks and marine sedimentary rocks such as  
o p h i o l i t e s  (Cox and S inge r ,  1986 1. Cyprus massive s u l f i d e  d e p o s i t s  a r e  bodies 
of  massive p y r i t e ,  c h a l c o p y r i t e ,  and s p h a l e r i t e  hosted by p i l l ow  b a s a l t s  
(S inge r ,  19868). Copper i s  t h e  primary commodity; byproducts commodities 
i nc ludes  s i l v e r ,  go ld ,  l e a d ,  and z i n c  (S inger  and Uosier, 19868). 

Geologic S e t t i n g  
Th i s  Summary o f  geologic  s e t t i n g  i s  taken from Singer  (19868). u n l e s s  

noted otherwise.  Th i s  d e p o s i t  t ype  occurs  i n  o p h i o l i t e s  and i s  most l i k e l y  
formed by submarine hot s p r i n g s  i n  o r  ad j acen t  t o  a x i a l  grabens a t  e i t h e r  
oceanic  o r  back-arc spreading  r idges .  Host rocks  i nc lude  d u n i t e ,  ha rzbu rg i t e  , 
gabbro,  p i l l o w  b a s a l t s  and d i abase  d i k e s ,  F e l s i c  vo l can i c  rocks a r e  r a r e  b u t ,  
i f  p r e sen t ,  a r e  usually kera tophyre  (Hutchison, 1982).  Regional ly ,  ire* o r  
manganese-rich c h e r t s  may be  a s soc i a t ed  with t h e s e  d e p o a i t s  (S inge r ,  1986a). 
Radio la r ian  c h e r t s  e r e  found with some Cyprus massive s u l f i d e  d e p o s i t s  
(Hutchison, 19821, Although d e p o s i t s  have been found i n  presumed Archean t o  
T e r t i a r y  age rocks ,  most known d e p o s i t s  a r e  found i n  Ordovician o r  Cretaceous 
rocks ,  

Deposit P r o p e r t i e s  
Cyprus massive s u l f i d e  d e p o s i t s  a r e  l e n t i c u l a r ,  concordant  bodies ,  

m ine re log i ca l ly  daminated by p y r i t e  wi th  lesser amounts o f  c h a l c o p y r i t e  and 
s p h a l e r i t e  (Laznicka , 1989); commonly maracas i te  and p y r r h o t i t e  may be p re sen t  
(S inge r ,  1986a).  Deposi ts  may be ad j acen t  to s t e e p l y  d ipp ing  f a u l t s .  Ore 
bodies  become i n c r e a s i n g l y  s i l i c e o u s  toward t h e i r  b a s e s ,  which i n  t u r n  are 
unde r l a in  by stockworks o f  v e i n l e t s  which can extend downward f o r  700 m 
(Had j i s t av r inou  and Constant inou,  1982). These v e i n l e t s  a r e  made up o f  p y r i t e  
and p y r r h o t i t e  with lesser amounts o f  c h a l c o p y r i t e  and s p h a l e r i t e  l o c a l l y .  
They may a l s o  con ta in  a small  amount of c o b a l t ,  go ld  and s i l v e r .  Where the  
stockwork i s  hosted by b a s a l t s  which have undergone s i l i c i f i c a t i o n ,  
c h l o r i t i z a t i o n ,  and a r g i l l i z a t i o n ,  t h e s e  v e i n l e t s  con ta in  q u a r t z  and j a spe r  
Laznicka, 1985). The main ore bodies  a r e  capped with g o e t h i t i c  sedimentary 
rocks  (och re )  t h a t  con ta in  rock  fragments having s u l f i d e  banding (Lsznicka , 
1985). The ochre i s  r e s t r i c t e d  t o  i m e d i a t e l y  above the  sulfide o r e  bodies .  
Weathering of t he se  d e p o s i t s  produces l imon i t e  gossans  and p o s s i b l e  stream- 
depos i t ed  go ld  (S inger ,  1986a). 

Grade and Tonnage Model 
The g rade  and tonnage model for Cyprus massive s u l f i d e  d e p o s i t s  was 

developed fram those d e p o s i t s  t h a t  have mafic  o r  u l t r amaf i c  racks  immediately 
above and, for a t  l e a s t  500 m ,  below the d e p o s i t .  The host rock sequence most 
c o n t a i n  e i t h e r  p i l l ow  b a s a l t s  o r  d i abase  d i k e s  (Singer  and Uosier, 19868).  No 
c o r r e l a t i o n  e x i s t s  between t h e  various metal grades  o r  between any g iven  metal  
g rade  and tonnage. S l i g h t l y  more t han  30 percent  o f  t h e  49 d e p o s i t s  used f o r  
t h e  g rade  and tonnage model have r epo r t ed  s i l v e r ,  gold and z inc .  Less than 10 
percent  o f  t h e  d e p o s i t s  have r epo r t ed  lead .  I n  t hose  d e p o s i t s  where l ead  i s  

1. These are model numbers as  g iven  i n  t h e  t a b l e  o f  c o n t e n t s  o f  Cox and 
S inger ,  1986. 



r epo r t ed ,  t h e  l eed  g rade  i s  between 0.01 and 0.16 pe rcen t  (S inger  and Hos ie r ,  
1986s). Grade p lus  tonnage a r e  summarized i n  table  3 (S inger  and Mosiet, 
1 9 8 6 ~ ) .  

Table  3. Est imate  of percentage of  Cyprus massive s u l f i d e  d e p o s i t s  which 
equa l  o r  exceed a given grade  o r  tonnage (Singer and Hosier ,  1986s) .  
Floor  va lue r  a r e  approximately t h e  lowest  va lue  g iven  f o r  each v a r i a b l e  i n  
t h e  grade  and tonnage model (S inger  and Mosier, 19868). No c o r r e l a t i o n  
e x i s t s  between metal  g rades  and tonnage. I---, no t  p r e s e n t ,  o r  g rades  n o t  
r epo r t ed ,  1 

Var iab le  Percentage 
Floor  90 50 10 

Tonnes ( l oo )  .025 0.1 1.6 17. 
Copper ( p e r c e n t )  .32 
S ive r  ( g/ tonne) .6 
Gold ( g/ tonne 0.1 
Lead ( percent )  0.01 
Zinc ( p e r c e n t )  0.01 

Iden t i  f i e d  Cyprus Massive S u l f i d e s  i n  t h e  Brooks Range 

A t  p r e s e n t ,  no Cyprus massive s u l f i d e  d e p o s i t  have been found i n  any 
t e r r a n e  i n  t he  Brooks Range. This  may be because o f  incomplete exp lo ra t i on  or  
this d e p o s i t  type  i s  not p resen t .  

T rac t  De l ine t ion  
Four t r a c t s  a r e  d e l i n e a t e d  ( t r a c t s  CNS-I t o  CHS-IV, p l .  1) as  permiss ib le  

f o r  Cyprus massive s u l f i d e s .  Del inea t ion  f o r  each t r a c t  was guided by t h e  
presence o f  app rop r i a t e  host l i t h o l o g i e s  f o r  t h i s  d e p o s i t  type .  The four  
t r a c t s  a r e  p a r t s  of  f a u l t  s l i c e s  of  p h y l l i t e  and vo lcan i c  rocks i n  the 
Angayucharn f a u l t  system. Gold p l a c e r s  a r e  found within o r  ad j acen t  t o  two of  
t he se  t r a c t s ,  

Sub jec t ive  Estimate o f  Undiscovered Cyprus Massive S u l f i d e s  
P a r t i c i p a n t s  i n  t he  minera l  r e sou rce  assessment e s t ima te  t h a t  t h e r e  i s  a 

10 percent  cha-e of one or  more undiscovered Cyprus massive s u l f i d e  i n  the 
fou r  t r a c t s  d e l i n e a t e d  f o r  this d e p o s i t  type i n  t he  Wiseman quadrangle.  No 
ranki% of t r a c t s  was made. 

Descr ip t ion  of T r a c t s  for Cyprus Massive S u l f i d e s  

T r a c t  No. : CHS-I 

a )  Geographic d e s c r i p t i o n :  This  i s  a long, s l ende r  eest-trerrding t r a c t  i n  t h e  
sou theas t  co rne r  of t h e  quadrangle  ( p l .  1). The t r a c t ,  t r unca t ed  by t h e  e a s t  
edge of the-quadrangle ,  i nc ludes  the v a l l e y  of Hungarian Creek, t h e  mountains 
to  the  west o f  i t ,  and most o f  t h e  Cathedra l  Mountains. On t he  west s i d e  of 
t h e  Middle Fork Koyukuk River ,  t h e  t r a c t  i nc ludes  Twelvemile Mountain and t h e  
a r e a  ad j acen t  t o  Alder Creek where it e n t e r s  the North Fork Koyukuk River 
v a l l e y .  The t rac t  t e rmina t e s  near  t h e  Koyukuk River.  



b) Permissive rocks and s t r u c t u r e s :  The rocks i n  this t r a c t  a r e  dominantly 
p i l low b a s a l t s  with r a d i o l a r i a n  c h e r t  and minor i n t r u s i v e  d i ebase  d i k e s  and 
s i l ls  and minor l imes tones .  
c )  Known mine ra l i za t i on :  No known lode d e p o s i t s  or  minera l ized  occurrences 
have been descr ibed  i n  this t r a c t .  Cold p l a c e r s  ate  found both to  t h e  no r th  
(Twelve Mile Creek Place r )  and south (Mailbox Creek P l ace r )  of t h e  t r a c t .  
d )  Geochemistry: One ha l f  o f  t h e  t r a c t  i n t e r s e c t s  anomalous geochemical a r e a s  
1 and 2, Angayachrrm subd iv i s ion  (I) ( f i g .  21, a s  def ined  i n  C a t h r a l l  and 
o t h e r s  (1987, t a b l e  6 ) .  Copper, z inc ,  and b a r i t e  a r e  a n m a l o u s  f o r  a r ea  1; s o  
a r e  l ead  and n i c k e l  but less f r e q u e n t l y ,  Zinc, l e a d ,  b a r i m  and s i l v e r  a r e  
ananalous f o r  a r e s  2;  so a r e  gold,  molybdenm, and tungs ten  b u t  less 
f r e q u e n t l y  ( C a t h r a l l  and o t h e r s ,  1987 1. 
e l  Geophysics: The t r a c t  co inc ides  w i t h  a  magnetic high caused by exposed and 
covered b a s a l t  of the Angaycham t e r r a n e .  

T r a c t  No. : CHS-I1 

a )  Gemraphie  d e s c r i p t i o n :  This  i s  a small  e longated trsct i n  t h e  south 
c e n t r a l  p a r t  of  t h e  quadrangle.  T rac t  i s  approxiamtely cen t e r ed  on Florence 
Creek. 
b) Permissive rocks and s t r u c t u r e s :  The permissive rocks are i d e n t i c a l  t o  
those  found i n  t r a c t  CMS-I. 
c )  Known mine ra l i za t i on :  No lode d e p o s i t s  o r  minera l ized  accur rences  have 
been descr ibed  i n  this tract. No gold p l ace r  d e p o s i t s  a r e  l oca t ed  nearby. 
d )  Geochemistry: T rac t  n e i t h e r  i n t e r s e c t s  nor i s  ad j acen t  t o  any anomalous 
geochemistry a r ea s .  

T rac t  No. : CMS-I11 

a )  Geographic d e s c r i p t i o n :  This  i s  t h e  l a r g e s t  t r a c t  f o r  this d e p o s i t  t ype ,  
i s  loca t ed  i n  t he  southwest corner  of t h e  quadrangle  ( p l .  1). 
b)  Permissive rocks and s t r u c t u r e s :  The permissive rocks a r e  i d e n t i c a l  t o  
those  found i n  t r a c t  CHS-I. 
C )  Known mine ra l i za t i on :  One occurrence of  s u l f i d e  m i n e r a l i z a t i o n  has  been 
descr ibed  i n  t h e  t r a c t  c o n s i s t s  o f  disseminated cha l cophyr i t e  and a z u r i t e  
hosted by an a p h a n i t i c  g reens tone  ( D i l l o n  and o t h e r s ,  1981b). No known gold 
p l a c e r s  are loca t ed  nearby. 
d )  Geochemistry: Half o f  t h e  a r e a  o f  t h e  t r a c t  i n t e r s e c t s  anomalous 
geochemical a r e a  5, Angayechum subd iv i s ion  (I) ( f i g .  2 ) .  Where t h e  t r a c t  and 
a r e a  5 i n t e r r e c t ,  copper ,  z i n c  and less commonly b a r i m  a r e  anomolous. Tin i s  
a l s o  anomalous bu t  i t  i s  probably a s s o c i a t e d  with g l a c i a l  d e p o s i t s  der ived  
from the Ernie  Lake area, 
el Geophysics: One-third of  t h e  t rac t  i s  over  two d i f f e r e n t  aeromagnetic 
highs.  One i s  an e l o w e t e d  a r e a  roughly a l i gned  with t h e  t r a c t  caused by 
exposed b a s a l t  t h a t  ex tends  from about Hear t  Mountain t o  t he  Malamute Fork o f  
t h e  John River.  The secondary a r ea  i s  a small  p a r t  o f  an aeromagnetic high 
which i n t e r s e c t s  t h e  p a r t  of t h e  t r a c t  south o f  the Alatna Hills. The second 
a e r m a g n e t i c  high is p a r t  of  an ex t ens ive  r e g i o n a l  high which ex tends  n e a r l y  
a l l  t h e  way a c r o s s  t h e  southern edge of t h e  quadrangle.  It i s  suspected to be 
caused by buried rocks t h a t  may be b a s a l t  s i m i l a r  t o  t h a t  i n  t h e  o t h e r  p a r t  o f  
the t r a c t .  - 



Tract  No.: CMS-IV 

a )  Geographic descr ip t ion:  This i s  a t r i a n g u l a r  t r a c t  i n  the  southeast  corner 
of the  quadrangle ( p l  . 1). 
b) Permissive rocks and s t ruc tu res :  The permissive rocks a r e  i d e n t i c a l  to 
those found i n  t r a c t  CNS-I. 
c )  Known minera l iza t ion:  No known lode  depos i t s  are  recognized within t h i s  
t r a c t ;  gold p lacers  have found near Eagle C l i f f .  Recently claim staking has 
been a c t i v e  i n  and adjacent  t o  the t r a c t .  - 
d)  Geochemistry: The e n t i r e  t r a c t  i s  within anomalous geochemical a rea  4 ,  
Angayschum subdivision (I). Copper, z inc ,  and l e s s  commonly barium a r e  
an&hlous i n  t h i s  area. Also an&lous, a r e  gold and s i l v e r ,  and l e s s  
commonly bismuth and tungsten. Cold p lacers  may have developed i n  a u r t i c a l  
ma te r i a l  t ransported i n t o  t h e  t r a c t  and may con t r ibu te  to  the  precious-metal 
anomalies. 

KUROKO MASSIVE SULFIDES (28A) 

In t roduct ion  
Kuroko massive s u l f i d e  depos i t s  a r e  one of  st least s i x  deposi t  types 

associa ted  with f elsic-mafic bimodal ex t rus ive  rocks i n  a marine s e t t i n g  (Cox 
and Singer,  1986 1. These depos i t s  a r e  bodies of copper- and zinc-sulf ide 
minerals hosted by intermediate t o  f e l s i c  marine volcanic rocks (Singer ,  
1986b). Commodities t h a t  these  depos i t s  contain include copper, z inc ,  and 
lead;  byproduct conmodities include s i l v e r  and gold (Singer,  and Mosier, 
1968b). 

Geologic S e t t i n g  
The following desc r ip t ion  i s  taken from Singer (1986b) unless noted 

otherwise. This deposi t  t y p e  is thought t o  form near t h e  sea f loor  from 
hydrothermal f l u i d s  associa ted  with bimodal marine volcanism adjacent  t o  
volcanic a r c s  (Hutchison, 1982). Deposition i s  apparently associa ted  with the 
upper f e l  s i c  rocks of  e i t h e r  a  volcanic o r  volcanic-sedirnentar y sequence. The 
ore  deposi t  hos ts  a re  pr imar i ly  r h y o l i t e  and d a c i t e  with l e s s e r  amounts of 
b a s a l t ,  which apparent ly  i n  most cases ,  i s  not a s  important as the  f e l s i c  
volcanic rocks (Laznicka, 1985). Associated with t h e  volcanic rocks can be 
sha les ,  which are commonly organic r i c h ;  they may a l s o  be p y r i t i c  o r  
s i l i ceous ,  Volcanic rocks occur a s  flows, t u f f s ,  and pyroc las t i c  rocks; 
breccia i s  less commonly present .  Fe ls ic  domes may a l s o  be present .  Deposits 
a r e  found i n  rocks f r a n  Archean (greenstone b e l t s )  t o  Cenozoic age. 
Associated depos i t s  i n  Japan include epithermal quartz-adulsr ia  veins.  
Associated deposi t  types found elsewhere include volcanogenic manganese and 
Algoma-type i ron .  

Deposit Proper t ies  
The following descr ip t ion  i s  taken from Singer (1986b) unless noted 

otherwise. ~ u r o k o  massive s u l f i d e s  e r e  predaninsntly s t r a t i  form, zoned, 
massive, and r i c h  i n  base metals  (Hutchison, 1982). These depos i t s  e x h i b i t  
considerable local v a r i a b i l i t y  ( k s i e r  and o the r s ,  1983);  this has re su l t ed  i n  
proposal of a  l a r g e  nwnber of deposi t  types i n  the l i t e r a t u r e  I taznicka ,  
1985). An i dea l i zed  deposi t  could be described a s  follows. An upper zone of 
massive b l s c i  o r e  made up of p y r i t e ,  s p h a l e r i t e ,  and chalcopyr i te .  Other 
gul f  i des  which may be present  i n  t h e  black ore include pyr rha t i  t e  , galena ,  
b a r i t e ,  t e t r ahedr i t e - t ennan t i t e  , and borni te  . Below the black o r e ,  i s  a zone 



of massive yellow o r e  d m i n a t e d  by p y r i t e  and cha lcopyr i t e ,  Other s u l f i d e  
minera ls  i n  t h e  yellow o r e  zone inc lude  s p h a l e r i t e ,  p y r r h o t i t e ,  and 
magnet i te .  Beneath t h i s  i s  a stockwork zone composed of p y r i t e  and 
cha lcopyr i t e  s t r i n g e r s  which may con ta in  gold and s i l v e r .  Deposi ts  hosted by 
fine-grained volcanic  sedimentary rocks tend t o  have more l e a d .  Pe r iphe ra l  t o  
o r  cappi% same d e p o s i t s  a r e  z e o l i t e s  and montmori l loni tes .  S i l i c a ,  c h l o r i t e ,  
and s e r i c i t e  develop i n  a l t e r e d  zones within the  stockwork. Chlorite and less 
comnonly a l b i t e  may fom d i r e c t l y  below the  stockwork. Metamorphism of  t h e s e  
d e p o s i t s  (which i s  t h e  cond i t i on  of the  pe rmis s ib l e  t r a c t s  i n  t he  Wiseman 
quadrangle)  may form a n t h o p h y l l i t e  and c o r d i e r i t e  i n  t h e  footwal l  and 
g r a p h i t i c  schist hanging i n  t he  wall .  Gahnite (ZnA1204) can occur i n  
metamorphosed ore d e p o s i t s  and can r a r e l y  be found i n  ad jacent  stream 
sediments. Weathering of Kuroko massive s u l f i d e  d e p o s i t s  t y p i c a l l y  produces 
lead- and gold-bearing gossans which can be yellow, r ed ,  o r  brown. A halo  of  
magnesium and zinc enriclnnent and sodium d e p l e t i o n  may be p re sen t  around these  
d e p o s i t s .  

The geometry and a r e a s  o f  many Kuroko massive s u l f i d e  d e p o s i t s  a r e  
s u m a r i z e d  i n  nos i e r  and o t h e r s  (1983).  This type  o f  information i s  use fu l  i n  
both mineral  resource  assessment and the  search  f o r  undiscovered d e p o s i t s ,  
Length and width of d e p o s i t s  can be used t o  e s t ima te  t h e  a r ea  of a depos i t  
where the  shape i s  approximated by an  e l l i p s e .  About 90 percent  of t h e  110 
depos i t  f o r  which d a t a  I r e  repor ted  have an a rea  of 7,100 rn2 o r  g r e a t e r .  The 
median a rea  i s  36,000 rn and about 10 percent  of t he  d e p o s i t s  have a r e a s  of  a t  
l e a s t  310,000 m2. These a r e a s  a r e  app ropr i a t e  f o r  d e p o s i t s  which a r e  
ho r i zon ta l .  However, many d e p o s i t s  have been r o t a t e d  during tectonism so t h a t  
t he  p r o j e c t i o n  of t h e  depos i t  s i z e  onto  a ho r i zon ta l  plane (an  approximation 
of  t he  su r f ace )  w i l l  g i v e  t a r g e t s  with smal le r  a r eas .  About 90 percent  of t he  
Kuroko massive s u l f i d e  d e p o s i t s  which have been t e c t o n i c a l l y  r o t a t e d ,  and size 
pro jec t ed  t o  the  su r f ace  (Nosier  and o t h e r s ,  1983) heve an a rea  of a t  l e a s t  
700 m2. This i s  an  o rde r  of magnitude smaller  than  t h e  " t rue"  s i z e .  The 
median t a r g e t  s i z e  will have an a r e a s  of a t  l e a s t  20,000 m2. This is 55 
percent  of  t h e  " t rue"  a r ea  of t h e  median depos i t .  About 10 percent  of t h e  
t a r g e t s  have a r e a s  which a r e  310,000 m2 o r  g r e a t e r ;  t h i s  i s  i d e n t i c a l  t o  the 
" t r u e "  s i z e  given f o r  10 percent  of t h e  depos i t s .  This sugges ts  t h a t  most 
d e p o s i t s  of t h i s  t ype ,  p a r t i c u l a r l y  t h e  l a r g e r  d e p o s i t s ,  w i l l  provide l a r g e  
d r i l l i n g  t a r g e t s  approximately equal  t o  " t rue"  s i z e  d e s p i t e  t h e  e f f e c t  o f  
subsequent t e c  tonism. 

Grade and Tonnage Models 

The grade  and tonnage model f o r  432 Kuroko massive s u l f i d e  d e p o s i t s  was 
developed by Singer  and Mosier (1986b) f o r  those  d e p o s i t s  i n  f e l s i c  o r  
in te rmedia te  rocks (Nosier  and o t h e r s ,  1983).  Also given i s  the  c o r r e l a t i o n  
c o e f f i c i e n t  ( r )  and t h e  ntmber of d e p o s i t s  ( n )  used i n  c a l c u l a t i o n  of t h e  
c o r r e l a t i o n s .  There i s  s i g n i f i c a n t  nega t ive  c o r r e l a t i o n  present  between 
tonnage and copper g rade  (r=-0.17) and p o s i t i v e  c o r r e l a t i o n  between tonnage 
with gold grade  (r=0. 19, n=238). Cor re l a t ion  i s  a l s o  present  between zinc 
grade  and l e a d  grade  ( r t0 .55 ,  n=184) and with s i l v e r  grade  ( ~ 0 . 5 2 ,  n=249). 
S i g n i f i c a n t  c o r r e l a t i o n  i s  present  between l e a d  and s i l v e r  grades  (r=0.55, 
n-153) and lead and Au grades  (1-10.34, 111124). Cold and s i l v e r  grades  a r e  
a l s o  c o r r e l u t e d  ( r=0. 39, n=227 1 (Singer  and Hosier , 1986b) . J u s t  under 80 
percent  of  t h e  d e p o s i t s  used i n  t h e  model have repor ted  z inc ;  j u s t  under 70 
percent  of t h e  d e p o s i t s  used i n  the  model have repor ted  s i l v e r  and under 60 
percent  have r epor t ed  gold, Lead i s  repor ted  i n  over  40 percent  o f  t h e  



d e p o s i t s .  Grades and o r e  tonnages a r e  summarized i n  t a b l e  4 (S inger  and 
Nosier,  1986b). Analysis  of  publ ished and unpublished d a t a  f o r  d e p o s i t s  i n  
t h e  Ambler River d i s t r i c t  i n  t he  Brooks Range sugges ts  t h a t  t h e  median tonnage 
of d e p o s i t s  i s  canpa t i ab l e  with t h a t  g iven  i n  Table  4. 

Table 4. Est imate  of percentage of Koruko massive s u l f i d e  d e p o s i t s  which 
equa l  o r  exceed a g iven  grade  o r  tonnage (S inger  and Nosier ,  1986b).  
Floor va lues  a r e  approximate lowest  va lue  g iven  f o r  each v a r i a b l e  i n  the 
grade  and tonnage model (S inger  and Nosier ,  1986b). I--, grade  i s  not  
p r e sen t  o r  repor ted . ]  

Var iab le  Percentage 
Floor  90 50 

Tonnes ( l o 0 )  .025 0.12 1.5 1 8 .  
Copper ( percent  ) 0.1 0.45 . 1.3 3.5 
S i l v e r  (g/ tonne)  1.0 -- 13. 100 
Cold ( g/ tonne ) 0.25 --- 0.16 2 . 3  
Lead ( p e r c e n t )  . 01 -- -- - 1.9 
Zinc ( p e r c e n t )  -16 --- 2.0 8.7 

Iden t i  f i ed  Kuroko Ha s s i v e  S u l f i d e s  i n  t h e  Brooks Range 
Deposi ts  o f  this type  a r e  contained i n  t h e  Ambler metavolcanic  rocks 

( a l s o  found i n  t h e  Wiseman quadrengle) ,  i n  t he  Survey Pass lo x 3' quadrangle 
which is j u s t  west of t h e  Wisemen quadrangle.  These d e p o s i t s  inc lude  t h e  Sun 
d e p o s i t  ( a l s o  c a l l e d  Sun-Picnic Creek d e p o s i t ) ,  a l a r g e  copper-zinc depos i t  
hosted by f e l s i c  vo l can i c  rocks which a r e  p e r t  o f  a sequence of low-grade 
s c h i s t s  o f  t h e  Amber rock group (Grybeck and Nelson, 1981).  The d e p o s i t  i s  i n  
a l o c a l l y  minera l ized  a r ea  o f  about  78 km2 (Crybeck and Nelson, 1981) and, 

6 based on incomplete d r i l l i n g  d a t a ,  c o n t a i n s  over 12.5 x 10 tonnes with 1 , 8  
percent  copper ,  5.3 percent  zinc, and 1.8 percent  l e a d  ( H i t m a n  and o t h e r s ,  
1986).  A t  l e a s t  f i v e  o t h e r  s i tes i n  t he  Survey Pass quadrangle  have hos t ing  
l i t h o l o g i e s  and d e p o s i t i o n a l  s t y l e  s i m i l a r  t o  t h e  Sun d e p o s i t  (Grybeck and 
Nelson, 1981 1. 

Nine r epo r t ed  volcanogenic d e p o s i t s  o f  t h e  Kuroko massive s u l f i d e  
deposi t - type were r epo r t ed  i n  t h e  Ambler River quadrangle ,  ad jacent  t o  and 
west of t h e  Survey Pass  quadrangle  (Mayfield and Grybeck, 1978); by 1985 about 
1 7  d e p o s i t s  o r  p rospec ts  were i d e n t i f i e d  i n  the  Ambler River District 
(Nicholson and o t h e r s ,  1985) which s t r a d d l e s  t h e  Ambler River and Survey Pass 
quadrangles .  Massive s u l f i d e  d e p o s i t s  i n  t h e  the Ambler River d i s t r i c t  
i n c l u d e  Slnucker which c o n t a i n s  8 x lo6 tonnes with 0.8 pe rcen t  copper ,  6.8 
percent  z inc ,  2.3 percent  l ead .  The Smucker d e p o s i t  c o n s i s t s  o f  8 s i n g l e  
s u l f i d e  l a y e r  a t  l e a s t  2.2 km long and averaging 3 t o  4 ch ick  ( H i t m a n  and 
o t h e r s ,  1986). This d e p o s i t  i s  a s s o c i a t e d  with f e l s i c  s c h i s t  which probably 
r e s u l t e d  from t he  metamorphism of r h y o l i t i c  domes and v o l c a n o c l a s t i c  rocks 
(Wiltse, 1975; Mayfield and Crybeck, 1978). H i t m a n  and o t h e r s  (1986) noted 
t h a t  this deposit along v i t h  t h e  BT d e p o s i t  " a r e  a s soc i a t ed  with anomalous 
t h i c k n e s s  of t h y o l i t i c  vo l can i c  rocks which may r e p r e s e n t  vo l can i c  c e n t e r s  " 

*6 The Arc t i c  Camp depoa i t  i s  t h e  b e s t  documented and has  an es t imated  37 x 10 
tonnes of o r e  v i t h  4 percent  copper ,  5.5 percent  z inc ,  0.8 percent  l e a d ,  47 
g/tonne s i l v e r  and .62 &/tonne gold ( H i t m a n  and o t h e r s ,  1986). The d e p o s i t s  
i n  t h e  Ambler River  d i s t r i c t  a r e  thought  t o  c o n t a i n  more s i l v e r  than  i s  
c h a r a c t e r i s t i c  of t h e  d e p o s i t  t ype ,  bu t  publ ished da t a  a r e  incomplete f o r  



v e r i f i c a t i o n .  Arct ic  Camp's s i l v e r  grade i s  higher than the  median grade f o r  
Kuroko massive s u l f i d e  depos i t s  (Table 4). The Arctic  Camp deposi t  c o n s i s t s  
of su l f ide-r ich  l e n s e s  (914 x 1220 m ) ,  some as  much a s  1 4  m t h i ck ,  through a 
6- t o  80-m s t r a t i g r a p h i c  i n t e r v a l  (Hitzman and o the r s ,  1986). Minerals i n  the  
Arct ic  Camp deposi t  a r e  d m i n a n t l y  cha lcopyr i t e ,  s p h a l e r i t e  , and galena;  minor 
s u l f i d e  minerals  inc lude  cha lcoc i t e ,  bo rn i t e  and t e n n a n t i t e  ( Wiltse, 1975). 
A s  c o n t r a s t  to  Arctic Camp, o the r  depos i t s  (Sun-Picnic Creek, Smucker, BT, and 
Bud depos i t s )  a r e  dmina ted  by i ron  s u l f i d e  minerals  (Hitzman and o t h e r s ,  
1986). A t y p i c a l  mineral assemblage inc ludes  p y r i t e ,  cha lcopyr i t e ,  
s p h a l e r i t e ,  and galena with subordinate tennantite-tetrahedrite ,  and r a r e  
p y r r h o t i t s ,  bo rn i t e ,  and arsenopyr i te .  The Sunshine deposi t  has a t y p i c a l  
pyrite-magnetite and pyrite-magnetite-pyrrbtite  assembages (K. H i l l ,  i n  
prepara t ion ,  a s  c i t e d  by Hitpnan and o the r s ,  1986). Bari te  i s  prominent a t  
Arc t ic  Camp, Dead Creek, and Sunshine Creek deposi t s .  Other nonsulf ide gangue 
minerals  inc lude  quar t z ,  muscovite, phlogopite , c h l o r i t e ,  dolomite, anker i t e  , 
a l b i t e ,  t a l c  and ferroan and nonferroan c a l c i t e  (Hitzman and o the r s ,  1986). 
Weathering of the  mineralized zone a t  Arct ic  Csmp has crea ted  a small gossan 
cap which can be a s  much a s  4.6 m t h i c k  (Wiltse,  1975). Sane ore-grade 
cobbles and boulders a r e  found i n  f e r r i c r e t e - r i c h  t a l u s  belov the  mineralized 
zone (Wil tse ,  1975). Of  the  associa ted  gangue minerals ,  t a l c  appears only 
with the  deposi t  and not i n  the  country rock and has been in te rp re ted  a s  
g e n e t i c a l l y  r e l a t e d  (Wiltse,  1975); i t  a l s o  may be a useful  explora t ion  guide 
a s  the  t a l c  forms envelopes up t o  about 91 m t h i c k  about the  s u l f i d e  pods and 
l a y e r s  which a r e  usual ly  no more than 30 m thick.  C a l c i t e  can be an important 
gangue mineral when the o re  i s  massive. Wiltse (1975)  suggests t ha t  some 
layered o re  may r e f l e c t  o r i g i n a l  bedding, The deposi t  does not e x h i b i t  
stockwork veining (Wil tse ,  19751, which i s  prevalent  i n  Kuroko massive s u l f i d e  
depos i t s  i n  Japan. Vein has been observed both below and above some of t h e  
Japanese depos i t s  (Kouda and Koide, 1978; Ryoichi Kouda, June 13, 1986, o ra l  
corn. 1. H i t  man and o t h e r s  (1986) a l s o  reported nunerous minor mineralized 
zones i n  the Ambler River d i s t r ic t ,  t y p i c a l l y  cons i s t ing  of disseminated to  
semimassive p y r i t e ,  with l e s s e r  amounts of base metal s u l f i d e  minerals.  The 
zones a r e  highly s i l i c e o u s ;  quar t z ,  yellow muscovite, and l e s s e r  amounts of 
c h l o r i t e ,  c a l c i t e  and b a r i t e  may be present.  H i tman  and o t h e r s  (1986) 
suggested t h a t  these  weakly mineral ized zones a r e  b e t t e r  developed i n  l a y e r s  
above the  c r y s t a l  t u f f  and aphan i t i c  r h y o l i t e ,  Mineral izat ion i s  s u f f i c i e n t l y  
developed t h a t  a t  l e a s t  one deposi t  of this s t y l e  i s  i d e n t i f i e d :  the  BT 
deposi t  with 3-4 x106 tonne8 of 1.7 percent copper, 2.6 percent z inc ,  0.9 
percent l ead ,  and 1.3 o d t o n n e  s i l v e r  (Hi tman  and o t h e r s ,  1986). 

Arct ic  Camp has l o c a l  a l t e r a t i o n  e f f e c t s ,  p a r t i c u l a r l y  w e l l  developed 
southeast  of the  deposi t  i n  an area  about 450 by 760 rn and extending a t  l e a s t  
300 m both above and below the  deposi t .  A l l  sedimentary and volcanic t ex tu res  
a r e  destroyed i n  the  a l t e r e d  area. Similar  s trong a l t e r a t i o n  i s  found a t  the  
Sun-Picnic Creek deposi t .  Schnidt (1986) g ives  a  more canple tc  d iscuss ion o f  
a l t e r a t i o n  and o ther  aspects  of i t s  minera l iza t ion  a t  the  Arct ic  Csmp deposi t .  

Regional expression of minera l iza t ion  i n  the  Ambler River d i s t r i c t  i s  
r e s t r i c t e d  t o  a  s i n g l e  type of a l t e r a t i o n :  p e r s i s t e n t  a l t e r a t i o n  of K- 
fe ldspars  i n  t h e  c r y s t a l  t u f f  and aphani t ic  r h y o l i t e  u n i t s  (Hi tman  and 
others, 1986). However, this a l t e r a t i o n  i s  a l s o  present  i n  a reas  without 
minera l iza t ion .  I n  genera l ,  t he  v o l m e  a€  a l t e r e d  rocks i s  q u i t  small-it i s  
not even expressed i n  the  chemical da ta  (Hi tman  and o the r s  1986). 



T r a c t  Del inea t ion  f o r  Kuroko Massive S u l f i d e s  
The primary c r i t e r i a  used t o  d e l i n e a t e  t r a c t s  pe rmis s ib l e  f o r  Kuroko 

massive shl f i d e - d e p o s i t s  were t h e  presence of Amble; me t avo lcan ic  rocks ,  
s i g n i f i c a n t  felsic v o l c a n i c s ,  o r  mixed f e l s i c  and mafic vo l can i c  rocks ,  a l l  of 
Devonian age. 

S u b j e c t i v e  Estimate o f  Undiscovered Kuroko Hsssive S u l f i d e s  
P a r t i c i p a n t s  i n  t h e  minera l  r e sou rce  assessment es t imated  t h a t  t h e r e  i s  a 

90 percent  chance o f  one o r  more undiscovered d e p o s i t s ,  a 50 percent  chance o f  
3 o r  more undiscovered d e p o s i t s ,  and a 10 pe rcen t  chance o f  6 o r  more 
undiscovered Kuroko massive s u l f i d e s  d e p o s i t s  i n  t h e  Wiseman quadrangle.  
T r a c t s  rank i n  o rde r  o f  dec reas ing  p r o b a b i l i t y  of con ta in ing  undiscovered 
d e p o s i t s  a re :  KMS-fa and KMS-Ib, KMS-11, KHS-111, and KMS-IV. 

Descr ip t ion  o f  T r a c t s  f o r  Kuroko Massive S u l f i d e s  

T r a c t  No.: KMS-Ia 

a )  Geographic d e s c r i p t i o n :  T rac t  c o n s i s t s  o f  one l a r g e  i r r e g u l a r  bu t  c r u d e l y  
t r i a n g u l a r ,  a r e a  KHS-Ia(1) and t h r e e  small  o u t l i e r  (KMS-Ia( 2 1 - ( 4 )  . KMS-Ia( 1) 
extends from the  west edge o f  t h e  quadrangle t o  t h e  North Fork of t h e  Koyukuk 
River ( p l .  1). 
b)  Permiss ive  rocks and s t r u c t u r e s :  T rac t  d e l i n e a t i o n  was based on the  rocks 
shown on Di l lon  and o t h e r s  (1986): this t r a c t  i n c l u d e s  t h e  kabler metavolcanic  
rocks ,  which c o n t a i n s  in te rbedded  b lack  quar tzose  schist and q u a r t z i t e ,  
marbles ,  and ca l ca reous  s c h i s t  which a r e  Lower ( ? I ,  Middle, and Upper 
Devonian. Metamorphosed mafic and f e l s i c  vo lcan ic  rocks a r e  abundant and were 
o c c a s s i o n a l l y  mapped a s  (1) f e l  sic metvolcsn ics  , i nc lud ing  f lows ,  t u f f s ,  and 
b l a s t o p o r p h y r i t i c  i n t r u s i v e  rocks ,  ( 2 )  metamorphosed bimodel igneous rocks, 
i n c l u d i q  complex i n t e r l a y e r e d  f e l s i c  and mafic e x t r u s i v e  and i n t r u s i v e  rocks ,  
and ( 3 )  metabas i tes .  Host of  t h e s e  vo l can i c  u n i t s  a l s o  a r e  i n t e r l a y e r e d  with 
metasedimentary rocks. The Ambler metavolcanic  rocks  hos t  Kuroko massive 
s u l f i d e  d e p o s i t s  e lsewhere i n  t he  Brooks Range (Crybeck and Nelson, 1981; 
Mayfield and Grybeck, 1978; Wiltse, 1975).  Also included i n  t h e  t r a c t  a r e  
P ro t e rozo ic  and Lower Pa leozoic  schist, P ro t e rozo ic  o r  Paleozoic  ca l ca reous  
schist, Middle o r  Upper Devonian b lack  ca l ca reous  p h y l l i t e s  and poss ib ly  o t h e r  
u n i t s  which a r e  imbr ica ted  with t h e  Ambler metavolcanic rocks.  
C )  Known mine ra l i za t i on :  Nine sites with 13 samples have been descr ibed  i n  o r  
ad j acen t  t o  t h i s  t r a c t .  Host rock  a t  two sample si tes i s  i d e n t i f i e d  a s  a 
metavolcanic.  The sample host a t  s i x  s i t e s  i s  i d e n t i f i e d  a s  schist. Marble 
i s  found a t  two sample sites. Samples were taken from t h r e e  occur rences  
descr ibed  a s  d i ssemina ted ,  one a s  l aye red  o r  v e i n ,  one a s  massive o r  two as  
ve ins .  Gossans a r e  a l s o  p re sen t  i n  two sites. Copper i s  anomalous i n  four  
samples, ( a t  two l o c a l i t i e s :  a l l  c o l l e c t e d  i n  KMS-Ia(4) ( p l .  1)). 
Chalcopyr i te  i n  s i g n i f i c a n t  amounts i s  p re sen t  i n  s t o c  kwotk hosted by marble 
i n  one s i te  and i n  minor amounts a t  one o t h e r  site. The g e n e r a l  form, 
mineralogy,  and geochemistry of t h e  occur rences  do not correspond w e l l  t o  t h e  
d e p o s i t  model. The t r a c t  does no t  i n t e r s e c t  any b a s i n s  con ta in ing  known gold  
p l a c e r s .  
d )  Ceochemxstr About 80 pe rcen t  of  t h e  t r a c t  i s  loca t ed  i n  t he  S c h i s t  Belt 
g e ~ ~ ~ o l o g i f  s u M i v i  s i a n  (IT) ( f i g .  2 ) .  About 10 pe rcen t  of t h e  
t r a c t  i s  l o c a t e d  i n  both t he  Skagi t  geochemical l i t h o l o g i c  subd iv i s ion  ( I11 1 
and t h e  Beaucoup-White face geochemical l i t h o l o g i c  subdiv is ion  (IV) . This  
t r a c t  i n t e r s e c t s ,  wholey o r  p a r t l y ,  f ou r  geochemical anomalous a r e a s  i n  



subdivision 11, one i s  subdivision I11 and none i n  subdivision I V .  A summary 
of the  geochemical anomalous a reas  appl icable  t o  t h i s  t r a c t  a r e  a s  follows: 

Subdivision no. I1 
Anomaloua geochemical a rea  7 i s  wholly within t r a c t  (KMS-Ia( 1) . 

Anmalour elements : copper, a r  senic  , tungsten 
Locally anomalous : zinc , 1 ead , c o b a l t  , n icke l  

Ananalous geochemical a rea  6 i s  within the  t r a c t  (KMS-Ia(1)) 
Anomalous elements : copper, z inc ,  gold ,  a r sen ic  , t i n  
Locally anmalous : l ead ,  b a r i m ,  c o b a l t ,  bismuth, antimony 

Host of anomalous geochemical area i n t e r s e c t s  p a r t  of  KHS-Ia(2) 
Anmalous elements : l ead ,  gold,  s i l v e r ,  molybdenum, tungsten 
Locally snomalous : copper, c o b a l t  

Anomalous geochemical a rea  4 i n t e r s e c t s  the  t r a c t  i n  two areas  ( a l l  of 
KHS-Ia(4) and a small sec t ion  of KMS-Ia(1) e a s t  of Michigan Creek), 
Anomalous elements: copper, l e a d ,  z inc ,  gold ,  tungsten 
Locally ananalous : barium, c o b a l t ,  chromium, a r sen ic ,  tungsten 

Subdivision no. I11 
Anomalous geochemical a rea  6 i s  wholly contained i n  the  t r a c t  (KNS-fa( 1) 1 .  

Anomalous elements : gold,  s i l v e r ,  bismuth 
Locally anomalous : lead 

f )  Comments: Only about 5 percent  of the  t r a c t  a rea  c o n s i s t s  of outcrops of 
f e l s i c  and mafic volcanic rocks s u f f i c i e n t l y  l a rge  t o  be mapped a t  a sca le  of 

Tract No.: KMS-Ib 

a )  Geographic descr ip t ion:  The main pa r t  of the  t r a c t  (KMS-Ib(1)) e x t e n d s  
e a s t  fo r  about 40 krn and i s  between 4 and 5 km wide. The t r a c t  extends from 
the west margin of the  quadrangle t o  about t h e  John River. The t r a c t  inc ludes  
a small o u t l i e r  (KMS-Ib(2)) i n  the headwaters of the  Sixtymile Creek ( p l .  1). 
b) Permissive rocks and s t ruc tu res :  The main par t  of the  t r a c t  (KMS-Ib(1)) 
conta ins  sca t t e red  exposures of Ambler metavolcanic rocks l i k e  those found i n  
t r a c t  KHS-I8 ( a l s o  see for d e t a i l s  on l i tho logy) .  This t r a c t  l ikewise  
conta ins  metamorphosed biomodal volcanic rocks , f e l  s i c  metavolcanic rocks and 
metabasite.  Other rocks i n  the  t r a c t ,  not permissible for  t h i s  deposi t  t ype  
are imbricated with those t b t  a r e ,  including the S k a j i t  t imestone, 
conglomerate, and c h l o r i t i c  and carbonate rocks. The small o u t l i e r  (KMS- 
Ib( 2 1) cons i s t  a of Ambler metavolcanic rocks and metamorphosed f e l  sic rocks. 
C )  Known mineral izat ion:  Only one site i s  described i n  ;his  t r a c t .  The 
o u t l i e r  of the  t r a c t  (KUS-Ib(2)) inc ludes  a general  area i d e n t i f i e d  a s  being - 
enriched i n  copper and i ron .  The s i t e  i s  described a s  quar tz  stockwork i n  
dolomite and conta ins  malachite ,  a z u r i t e ,  ga lena ,  and possibly born i t e .  
Copper, antimony and zinc a r e  geochernically anmalous.  The occurrence does 
not c o r r e l a t e  w e l l  with the  deposi t  model. 
d)  Geochemistry: The e n t i r e  t r a c t  l i e s  within the S k a j i t  geochemical 
l i t h o l o g i c a l  subdivison (111). The t r a c t  does not  i n t e r s e c t  any of the  
anma1o;s geochemical a r  eas  i n  this subdivi  s ion . 
e)  Geophysicg: The main p a r t  of the t r a c t  (KMS-Ib(1)) p a r a l l e l s  the  same 
aeromagnetic low a s  Tract  KMS-Ia bu t  north of the  seramagnetic ax i s .  
f )  Comments: About 2 percent  of the  t r a c t  a rea  (KHS-Ib(1) c o n s i s t s  of 
outcrops of f e l s i c  and mafic volcanic rocks s u f f i c i e n t l y  l a r g e  t o  be mapped a t  



a s c a l e  of 1:250,000. 

Tract  No.: KMS-11 

a )  Gemraphic descr ip t ion:  The t r a c t  ha8 t h ree  p a r t s  a l l  i n  t h e  nor theas t  
quar ter  of the quadrangle. KHS-II(l) and KMS-II(2) a r e  para l l e l  t o  the 
southeast  s i d e  of the  Doonerak Fenster ,  whereas the  small KMS-II(3) l i e s  
within the southwest corner of  the  the Fenster ( p l .  1). 
b) Permissive rocks and s t ruc tu res :  The rocks i n  t h i s  t r a c t  a re  probably 
s t r a t i g r a p h i c a l l y  and l i t h o l ~ g i c a l l y  equivalent  t o  some rocks of the  Ambler 
metavolcanic sequence. However, these  rocks conta in  much fewer volcanic 
s t r a t a  and a r e  a t  a lower metamorphic grade than those found i n  the  KMS-I 
s e r i e s  of  t r a c t s .  

KHS-II(1) inc ludes  Hiddle o r  Upper Devonian ( 7 )  wacke containing volcanic 
c l a s t s ,  Hiddle Devonian ( I )  s i l i c e o u s  c l a s t i c  rocks with i n t e r s t r e  ti f i e d  
f e l s i c  vo lcan ic las t i c  rocks, metabasi te  l i k e  t h a t  associa ted  with the  bimodal 
Ambler metavolcanic rocks,  and Devonian o r  older  wacke and limestone 
containing f e l s i c  flows, plugs,  and t u f f s .  Other rocks i n  the t r e c t ,  and 
imbricated with these  presumably permissive u n i t s ,  a r e  Hiddle o r  Upper 
Devonian black calcareous phyllite , Devonian o r  o lder  Ska j i t  Limestone, and 
Upper Devonian Runt Fork Shale,  among others .  Volcanic rocks tend t o  be more 
abundant along the northwest margin. 

KHS-II(2 ) includes fewer u n i t s ,  They e r e  Paleozoic wacke and limestone 
with f e l s i c  flows, plugs,  and t u f f s  and Devonian f e l s i c  metavolcanic rocks 
imbricated with black calcareous p h y l l i t e ,  Exposure of f e l s i c  metavolcanic 
rocks are l a r g e  enough t o  appear on a 1:250,000 s c a l e  map, make up about 4 
percent of KMS-II(2). 

KNS-II(3) i s  a small area of Paleozoic metawacke and calcareous meta tuff 
with abundant c l e s t s  of epidote-bearing rock and intermediate plutonic rocks 
a l l  a r e  poss ib le  equivalent  t o  o lder  wacke and limestone exposed i n  o the r  
p a r t s  of the  t r a c t .  
C )  Known minera l iza t ion:  Two undescribed occurrences, a copper occurrence and 
a b a r i t e  occurence, a re  present  i n  KHS-II(1) and i n  an area  east  of the  
Hammond River.  No other  occurrences a r e  known. No gold p lacers  a r e  i n  o r  
adjacent  t o  the  t r a c t .  
d )  Geochemistry: Most of KHS-II(1) and ( 2 )  a r e  i n  geochemical l i t h o l o g i c  
subdivision ( V ) .  Nb par t  of the  t r a c t  includes anomalous geochemical a reas .  

Trac t  No.: KHS-XI1 

a )  Geographic descr ip t ion:  This t r a c t  c o n s i s t s  of four p a r t s  i n  the  southeast  
quar ter  of the  quadrangle. KNS-III(1) i s  a small a rea  i n  the headwaters of 
Nichigan Creek. - KHS-111(2) i s  a small a rea  betweeen Michigan Creek and the  
North Fork Koyukuk River. KHS-III(3) i s  the  l a r g e s t  part--a 50 km long t r a c t  
r u n n i q  f r a n  Wild River to  the  area  between the  North and Hiddle Forks of the 
Koyukuk. KWS-III(4) i s  located along, and west of the  North Fork of the  
Koyukuk River. 
b) -Permiss ive  rocks and s t ruc tu res :  The t r a c t  a s  a whole conta ins  sca t t e red  
areas with f e l s i c  rocks, usual ly  of uncertain a f f i l i a t i o n .  KMS-III(1) i s  
dominated by f e l s i c  and mafic vblcanic rocks suspected to  be pert the 
metamorphosed bimodal igneous rocks s imi la r  t o  those found i n  the  Ambler 
metavolcanic sequence ( D i l l o n  and o the r s ,  1986) a r e  present  i n  t r a c t s  KMS-I 
and KMS-11. KMS-III(2) conta in  rocks thought t o  belong to t h e  metabasite un i t  
and t o  c h l o r i t i c  and carbonate rocks. KMS-III(3 1 conta ins  severa l  units 



inc lud ing  s c a t t e r e d  vo lcanic  rocks thought t o  be s i m i l a r  t o  o t h e r  f e l s i c  
vo l can i c  rocks and b i m o d a l  vo l can i c  rocks found mapped elsewhere i n  t h e  
quadrangle.  The o t h e r  u n i t  common i n  t h i s  p a r t  of t h e  t r a c t  i s  a coa r se  mica- 
s c h i s t  which l o c a l l y  c o n t a i n s  black g r a p h i t i c  s c h i s t .  KHS-III(4) c o n t a i n s  
Devonian g r a n i t i c  g n e i s s  and t a c t i t e  i n  Pro tozoic  schist. Although t h e  
i d e n t i f i e d  geology f o r  t h i s  s e c t i o n  of  t h e  t r a c t  sounds unpramising, 
p a r t i c i p a n t s  i n  t he  assessment f e l t  t h a t  t h e  ere8 should be inc luded  a s  a 
permissible area .  An s r g m e n t  f o r  exc lus ion  i s  t h a t  t h e  presences o f  t a c t i t e  
and g r a n i t e  suggest  t h a t  t he  a r e a  may be too  deep ly  eroded t o  con ta in  t he  
e x t r u s i v e  vo l can i c  racks which t y p i c a l l y  hos t  Kuroko massive s u l f i d e  d e p o s i t s .  
C )  Known mine ra l i za t i on :  The t r a c t  c o n t a i n s  no known bedrock minera l  
occurrences.  GoM p l a c e r s  on Agnes Creek a r e  l oca t ed  southwest of KNS- 
III(1). The stream bas in  does n o t  i n t e r s e c t  t h e  t r a c t .  KNS-III(3) i nc ludes  
p a r t  of a  stream bas in  f o r  t h e  Bourbon Creek P lacer  a  poor ly  documented 
p l a c e r .  One bedrock occurrence i n  KMS-III(4 c o n s i s t s  o f  a  quartz v e i n l e t  
c o n t a i n i w  b o r n i t e  b l ebs  t h a t  i s  hosted by d o l a o i t e  and l imestone.  The south  
edge of  KHS-III(4) i s  inc luded  i n  t he  bas in  o f  Fmma Creek P lacer .  
d ) - ~ e o c h e m i s t r ~ :  KHS-III(1) and ( 2 )  are l oca t ed  i n  geochemical l i t h o l o g i c  
subd iv i s ion  I V :  KUS-fII(3) and ( 4 )  a r e  l oca t ed  i n  t he  S c h i s t  B e l t  ~ e o c h e m i c a l  
l i t h o l o g i c  subd iv i s ion  11. KMS-III(1) and (2)  of  the t r a c t  do n o t - i n t e r s e c t  
any geochemical ly  anomalous a r e a s  i n  subd iv i s ion  IV. The no r the rn  p a r t  o f  
KNS-III(3) i n t e r s e c t s  a  p a r t  o f  geochemical ly  anomalous a r e a  4 ,  subd iv i s ion  
1 1 Copper, l e a d ,  z i n c ,  g o l d ,  and tungsten a r e  anomalous; barium, c o b a l t ,  
ch ramim,  s i l v e r ,  a r s e n i c  and antimony less cornonly so. Most of KHS-III(4) 
i s  inc luded  i n  geochemically anomalous a r e a  4 ,  subd iv i s ion  11. Copper, l e a d ,  
zinc, go ld ,  s i l v e r ,  a r s e n i c ,  antimony and tungs ten  a r e  anomalous: barium, 
n i c k e l  and molybdenum l e s s  commonly so. 

T X ~ C  t NO, : KMS-IV 

a )  Geographic d e s c r i p t i o n :  T rac t  c o n s i s t s  of t h r e e  p a r t s  (KMS-IV(1) t o  ( 3 ) )  
and i s  found i n  t h e  n o r t h e a s t  co rne r  of t h e  quadrangle.  The largest p a r t  i s  
t r i a n g u l a r ,  roughly cen te red  on Midnight Mountain and found e a s t  of  the North 
Fork Koyukuk River .  This part  of  t h e  t r a c t  i n c l u d e s  t h e  headwaters of Clear  
River and Hamnond River  ( p l .  1). Two smal le r  o u t l i e r s  are a l s o  included:  a 
smel le r  a r e a  on Boreal Hountain e a s t  of t h e  North Fork Koyukuk River and a 
small  ares on the Fr ig id  Craigs  west o f  t h e  North Fork of  the Koyukuk River.  
b) Permiss ive  rocks  and s t r u c t u r e s :  Over h a l f  t h e  rocks i n  t he  t r a c t ,  which 
i s  i n  t h e  Doonerek Fens te r  a r e  a n d e s i t i c  t o  b a s a l t i c  with l o c a l  gabbro and 
d i abase .  These rocks l o c a l l y  con ta in  interbedded with t u f f aceous  g r e y  
p h y l l i t e  and black p h y l l i t e .  A l l  rocks i n  t h e  t r a c t  a r e  Cambrian ( 7 )  and 
Ordovician. The rocks have no t  been s t r o n g l y  metamorphosed. 
c)  Known mine ra l i za t i on :  An unclescribed copper occurrence may be p re sen t  i n  
t h e  no r theas t  s e c t i o n  o f  KMS-IV(1). 
d l  Geochemistry: The t r a c t  i s  loca t ed  e n t i r e l y  i n  t h e  geochemical l i t h o l o g i c  
subd iv i s ion  V.Ancmalous geochemical a r ea  2 i nc ludes  about 75 percent  of KMS- 
I V ( 1 )  and i s  almost t o t a l l y  wi th in  t h a t  part of the  t r a c t .  The fol lowing 
elements  a r e  anomalous i n  stream sediments and ( o r )  panned concen t r a t e s :  
copper ,  zinc, barium, go ld ,  s i l v e r ,  arsenic, and molybenun. Less commonly 
ananalous a r e  lead, c o b a l t ,  n i c k e l ,  chrome, antimony, mercury, t i n  and 
tungs ten .  - 



BESSHI MASSIVE SULFIDE (24B) 

In t roduct ion  
Besshi marsive s u l f i d e  depos i t s  a r e  one of  a t  l e a s t  f i v e  deposi t  types 

found predominantly i n  marine and ex t rus ive  mafic rocks and may a l s o  be 
included i n  oph io l i t ea  (Cox and Singer,  1986 1. These depos i t s  a r e  a l s o  c a l l e d  
"Kieslager" i n  Europe. Beashi massive s u l f i d e  depos i t s  a r e  s t r a t i f o m  bodies 
of iron- and copper-sulfide minerals  i n  t h i n l y  laminated sedimentary rocks and 
mafic to  andes i t i c  t u f f s  (Cox, 1986s). The primary commodity of these  
deposi t s  i s  copper : byproducts inc lude  s i l v e r ,  gold ,  and zinc (Singer ,  19866). 

Ceolqcic Se t t in& 
The following desc r ip t ion  i s  taken from Cox (1986a) unless noted 

o t h e r r i s e ,  This  deposi t  type probably forms near the  sea f l o o r  by 
hydrothermal f l u i d s ,  usual ly  but. not  exclus ively ,  i n  deep water. Lkposi ts are  
r o o t l e s s  (D. A. Singer,  o r a l  cominunication, 1986) , meani- they l ack  feeder 
veins and, the re fo re ,  l i k e l y  d i s t a l .  Deposits a r e  hosted by con t inen ta l ly  
derived c l a s t i c  rocks, such a s  d e l t a i c  sandstone, hemipelagic mudstone, and 
s i l t s t o n e  (Fox, 1984): and l o c a l l y  may inc lude  black sha le ,  oxide f a c i e s  of 
i ron  formation and red c h e r t ,  Such depos i t s  i n  Japan occur i n  rock sequences 
made up of  approximately equal p a r t s  of metasedimentary and metamorphosed 
mafic volcanic rocks (Laznicks, 1985). These depos i t s  a l s o  tend t o  occur i n  
the s t r a t i g r a p h i c  horizon, with the  most volcanic rocks (Kanehira and Tatsumi, 
1970) .  The t ec ton ics  s e t t i n g  most favorable fo r  these  depos i t s  i s  unclear: 
r i f t  bas ins  i n  i s l and  arcs or back a r c s  may be appropriate and spreading 
cen te r s  a t  con t inen ta l  s lopes may a l s o  be involved, Deposits appear t o  be 
predominantly Paleozoic o r  Mesozoic (Cox, 19868) . No other  deposi t  types are 
known t o  be associa ted  with Besshi massive s u l f i d e  depos i t s .  

Deposit P roper t i e s  
Besshi massive s u l f i d e  depos i t s  a r e  s t r a t i fo rm;  most depos i t s  of t h i s  

type i n  Japan, where they  have been extens ively  s tudied ,  a r e  metamorphosed and 
o re  bodies a r e  concordant with s c h i s t o s i t y  (Laznicka , 1985 1 .  P y r i t e ,  
py r rho t i t e  , chalcopyr i te ,  and s p h a l e r i t e  are t h e  daminant sulfide minerals  
(Cox, 1986a). Other au l f ide  minerals  that may be present  inc lude  magnetite,  
v a l l e r i i t e ,  ga lena ,  born i t e ,  t e t r a h e d r i t e ,  c o b a l t i t e ,  cubanite ,  s t a n n i t e ,  and 
molybdenite (Cox, 1986s) . Common gangue minerals  inc lude  quar tz ,  carbonate 
minerals ,  albite, white mica, c h l o r i t e ,  amphibole, and tourmaline, Deposits 
genera l ly  a r e  not zoned. Some depos i t s  a r e  underlain by what has been 
in te rp re ted  as  manganiferous e x h a l i t e  ( Fox, 1984 1. Other depos i t s  are 
associa ted  Ki th  a magnetite-bearing q u a r t z i t e ,  thought r e s u l t  from 
metamorphism of banded-chert formation (Laznicka, 1985). The Besshi o r e  
deposi t s  i n  Japan, a r e  among the  l a r g e s t  f o r  the deposi t  type. They extend 
d o m  plunge f o r  a t  l e a s t  2,500 m and a r e  between 0.3 t o  7 m t h i c k  ( l azn icks ,  
1985); the  average thickness i s  3 m (Fox, 1984). Host depos i t s  are massive, 
but they may a l s o  be t h i n l y  laminated, disseminated, o r  brecciated and contain 
cross-cutt ing s t r i n g e r  veins with chalcopyr i te ,  galena,  s h a l e r i t e ,  and c a l c i t e  
(Cox, 1986s). Tho veins  have been in te rp re ted  a s  the  r e s u l t  of remobil izat ion 
during metamorphism, not  a s  footwall  feeders  (Laznicka , 1985 1. Coasans may 
develop on depos i t s  during weathering (Cox, 1986a) . 

Geochemical expression of these depos i t s  may inc lude  copper, z inc ,  
coba l t ,  n ickkl ,  chrome, gold ( a s  much a s  4 ppm) and s i l v e r  ( a s  much a s  60 
ppm). The coppee/nickel r a t i o  i s  approximately 0.8 (Cox, 19864). 



Grade and Tonnnage Model 
The grade and tonnage model was developed using d a t a  from d e p o s i t s  i n  

Japan t h a t  each conta ined  more than  10,000 tonnes o f  o r e  (S inger ,  19866). No 
c o r r e l a t i o n  i s  r epo r t ed  among the  metal  g rades  or between any given g rade  and 
tonnage. About 30 percent  o f  t h e  44 d e p o s i t s  used f o r  t h e  grade and tonnage 
model have r epo r t ed  s i l v e r  and (or) gold grades .  Between 1 0  and 20 pe rcen t  of  
t h e  d e p o s i t s  have r epo r t ed  z i n c  g rades  (S inger ,  1986d). These grades  p lus  
copper g rade  and o r e  tonnage a r e  summarized i n  t a b l e  5 (from S inge r ,  1986d). 

Table 5. Estimate  of  percentage of Besshi massive s u l f i d e  d e p o s i t s  which 
equal or exceed a given grade  or tonnage (S inge r ,  1986d) . Floor va lues  
approximate lowest  va lue  g iven  f o r  each  v a r i a b l e  i n  t h e  grade and tonnage 
model (S inge r ,  1986d). I--, g rade  n o t  p r e s e n t ,  n o t  repor ted . ]  

Va r i ab l e  Percentage 
Floor 90 50 10 

Tonnes (lo0) 0.1' 0.12 0.22 3 . 8  
Copper ( pe rcen t )  0.4 0.64 1.5 3.3 
S i l v e r  (g/ tonne)  2.5 -- --- 9.5 
Cold (g/ tonne 1 0.1 --- --- 0.76 
Zinc ( pe rcen t )  0.2 -- -- - 0.4 

* Cutoff has  been set  by d e f i n i t i o n  

I d e n t i f i e d  Besshi Massive S u l f i d e s  i n  t h e  Brooks Range 
No Besshi massive s u l f i d e s  deposit have been found i n  t h e  Brooks Range. 

T r a c t  Del ineated 
One t r a c t  (KMS-IV) prev ious ly  d e l i n e a t e d  fo r  Kuroko messive s u l f i d e  

d e p o s i t  i s  a l s o  permiss ib le  f o r  Besshi massive s u l f i d e  d e p o s i t s ,  The t r a c t  i s  
descr ibed  i n  t h e  s e c t i o n  on Kuroko massive s u l f i d e s .  The assemblage o f  
vo l can i c  and sediment rocks i n  t h a t  t r a c t  a r e  a l s o  compatible with the 
geologic  s e t t i n g  f o r  Resshi massive s u l f i d e  d e p o s i t s .  A l l  elements commonly 
found i n  snanalous concen t r a t i ons  a t  Besshi d e p o s i t s  have been i d e n t i f i e d  i n  
s t ream sediments from the  t r a c t :  copper ,  z i n c ,  g o l d ,  and s i l v e r  and l e s s  
co~rnnonly c o b a l t ,  n i c k e l ,  and chrome. 

Sub jec t ive  Est imate  o f  t h e  Number o f  Undiscovered Besshi Massive s u l f i d e s  

P a r t i c i p a n t s  i n  t h e  minera l  resource  assessment d i d  no t  make a s u b j e c t i v e  
e s t i m a t e  t h e  number of undiscovered Besshi massive s u l f i d e s  i n  t he  Wisemen 
quadrangle.  

SEDIMERARY HOSTED ZINC-LEAD ( 3 1 A )  

In t r aduc  t i o n  
Sedimentary e x h a l a t i v e  zinc-lead d e p o s i t s  are one of a t  l e a s t  16 depos i t  

types  found predominant ly  i n  c l a s t i c  sediment rocks  (Cox and Singer, 1986) . 
Sedimentary e x h a l a t i v e  zinc-lead d e p o s i t s  c o n s i s t  of zinc and l ead  sulfide and 
s u l f a t e  mine ra l s  a s  l e n s e s  and s h e e t s  commonly hosted by b lack  s h a l e s  
( Briskey , 1986 b) . Zinc and lead are t h e  primary commodities : byproduc ts 



inc lude  s i l v e r  and copper ( Nenzie and Mosier , 1986 1. 

Geologic S e t t i n g  
This deposi t  type most l i k e l y  forms near the sea f l o o r ,  presumably 

deposited by ascending hydrothermal f l u i d s  along normal f a u l t s  t h a t  bound 
gt;ben c w p l e x e s  i n  which sediments t i o n  i s  occurring.  Deposi t e  a r e  commonly 
hosted by f e t i d ,  black sha les ;  however, a v a r i e t y  of  o the r  c l a s t i c  and 
nonclas t ic  sediments may dominate. Analysis of  49 deposi t s  of  this type 
(Henzie and Hosier, 1985) suggests  t h a t  c l a s t i c  sedimentary rocks include not 
only black sha le  but a l s o  s i l t s t o n e  and sandstone. These types of c l a s t i c  
rocks dominate i n  65 percent of t h e  depos i t s :  t h e  remaining depos i t s  occur i n  
hos ts  dominated by carbonate rocks such a s  dolostone and m i c t i t i c  limestone 
(Briskey, 1986b). Host rocks may, due t o  ac t ive  f a u l t i n g  during deposi t ion ,  
develop such fea tu res  a s  slump brecc ias ,  fan conglomerates, and changes i n  
bedding th ickness ,  a s  well a s  f a c i e s  changes (Briskey, 1986b). Epicratonic 
bas ins  o r  embayments a r e  the favored t ec ton ic  s e t t i n g s  f o r  deposi t ion  of 
sedimentary exhala t ive  zinc-lead depos i t s  ( Briskey, 1986b). Third order  
bas ins ,  those with a reas  on the order  of t e n s  of square ki lometers ,  a r e  
p a r t i c u l a r l y  favorable for deposi t ion  ( Briskey, 1986b). Deposits a r e  e i t h e r  
middle Proterozoic (1,700-1.400 Ha) or  Cambrian t o  Carboniferous (530-300 Ha) 
(Briskey,  1986b). Bedded-barite depos i t s  may be e i t h e r  in t ima te ly  associa ted  
or  a t  some d i s t ance  from these depos i t s ,  About ha l f  the recognized depos i t s  
of  this type have associa ted  b a r i t e  minera l iza t ion ,  sane of which i s  economic. 

Deposit Proper t ies  
Sedimentary exha la t ive  Zn-Pb depos i t s  are s t r a t i f o r m ,  zoned, and usual ly  

disseminated. Metamorphosed depos i t s ,  however, a r e  massive and coarse ly  , 
c r y s t a l l i n e  (Briskey, 1986b1, making mi l l ing  of the  o re  e a s i e r .  Deposits tend 
t o  be elongated; same have l eng ths  of severa l  k i l m e t e r s .  Several o re  bodies 
may be adjacent .  Deposits may cover a reas  a s  l a r g e  as 3.2 km2, The smaller 

2 2 depos i t s  cover 1,100 m . The median area  i s  estimated at 430,000 m based on 
20 deposi t s .  Ore horizons th icknesses  f o r  14 deposi t s  commonly ranged from 1 
t o  120 meters: thickness up t o  200 meters have been reported.  The median 
th ickness  was 7.8 m. 

Ore minerals  inc lude  p y r i t e ,  p y r r h o t i t e ,  s p h a l e r i t e ,  galena,  and 
chalcopyr i te .  Locally present  i n  small amounts a r e  marcasi te  , srsenopyr i te  , 
bismuthini te  , molybdeni te , e n a r g i t e  , m i l l e r i t e  , f r e i b e r g i t e  , c o b a l t i t e  , 
c a s s i t e r i t e ,  v s l l e r i i t e ,  and melnicovite  ( Briskey, 1986b). Some monomineralic 
layer ing  may be present .  

S t ra t i fo rm ore commonly rests on a stockvork zone--, feeder zone-- which 
may be 170 m deep (Briskey, 1986b). The s t r a t i f o r m  ore  i s  commonly zoned both 
l a t e r a l l y  and v e r t i c a l l y .  Latera l  zoning includes a core of chalcopyri te-  
p y r r h o t i t e  surrounded by s p h a l e r i t e  and galena. Peripheral  t o  t h i s  i s  p y r i t e  
followed by b a r i t e .  The same sequence can a l s o  be found v e r t i c a l l y  except 
galena i s  more abundant than s p h s l e r i t e  ( Briskey, 1986b). Hematiferous c h e r t s  
may extend l a t e r a l l y  away from the  o re  depos i t ,  

S ign i f i can t  amounts of  b a r i t e  occur w i t h  45 t o  50 percent of the  
c u r r e n t l y  recognized sedimentary exha la t ive  zinc-lead depos i t s  . Approximately 
25 percent of  t h e  depos i t s  will have econanic b a r i t e  deposi t  (G.J. Orris, o r a l  
communication, 1986 1. These associa ted  b a r i t e  depos i t s  have grades and 
tonnages which a r e  i n d i s t i w u i s h a b l e  f r a a  bedded b a r i t e  depos i t s  not  
associa ted  *;ith exha la t ive  zinc-lead depos i t s  (Orris, o r a l  communication, 
1986). See the sec t ion  on bedded b a r i t e  conta ins  f o r  grade and tonnage data  
(Orris, 1986b). 



B a r i t e  i s  u s e f u l  a s  an exp lo ra t i on  gu ide  f o r  sedimentary e x h a l a t i v e  zinc- 
l e ad  depos i t s .  These d e p o s i t s  appear  more l i k e l y  t o  have a s s o c i a t e d  b a r i t e  i f  
t he  d e p o s i t  hos t  i s  dominantly c l a s t i c .  However, s t a t i s t i c a l  a n a l y s i s  of 
t h e s e  d a t a  (u s ing  Chi-square test)  sugges t  t h a t  t h e r e  i s  no s i g n i f i c a n t  
a s s o c i a t i o n  between the  type o f  hos t  ( c l a s t i c  a s  opposed t o  carbonate )  and the  
presence o f  b a r i t e .  Of the  29, 17 have s i g n i f i c a n t  b a r i t e  and 12 do not have. 

Metamorphosed sedimentary e x h a l a t i v e  zinc-lead d e p o s i t s  appear  t o  have 
fewer d e p o s i t s  a s s o c i a t e d  with s i g n i f i c a n t  b a r i t e .  Eleven of t h e  16 
r e l a t i v e l y  unmetamorphosed d e p o s i t s  have s i g n i f i c a n t  b a r i t e  a s s o c i a t e d ,  o n l y  6 
o u t  o f  t h e  18 metamorphosed d e p o s i t s  have s i g n i f i c a n t  b a r i t e  a s soc i a t ed .  
S t a t i s t i c a l  a n e l y s i s  of  t h e s e  d a t a  (u s ing  Chi-square tes t )  sugges ts  t h a t  t h e  
a s s o c i a t i o n  o f  metamorphism and t h e  absence of b a r i t e  i s  marg ina l ly  
s i g n i f i c a n t  ( a t  t h e  5 pe rcen t  level) ,' Th i s  a n a l y s i s  may suggest  t h a t  b a r i t e  
is l o s t  du r ing  metamorphism and that it is a less e f f e c t i v e  e x p l o r a t i o n  guide  
f o r  sedimentary e x h n l a t i v e  zinc-lead d e p o s i t s  i n  rnetamorphised a r e a s .  

The stockwork o f  cha l copy i t e ,  p y r i t e ,  and p y r r h o t i t e  which may be beneath 
t h e  s t r a t i f o r m  o re  body i s  commonly hosted by sedimentary rocks which have 
undergone ex t ens ive  a l t e r a t i o n  by s i l i c i f i c a t i o n ,  t o u m a l i n i z a t i o n ,  carbonate  
d e p l e t i o n ,  a l b i t i z i a t o n ,  c h l o r i t i z a t i o n ,  and do lomi t i za t i on .  Some d e p o s i t s  , 
however, e x h i b i t  no a l t e r a t i o n  (Br i skey ,  1986b). Other a l t e r a t i o n  minera l s  
i n c l u d e  c e l a i a n ,  0a-muscovite and ammonium c l a y  mine ra l s  (Br i skey ,  1986b). 

Black s h a l e  hos t  rocks a r e  u s u a l l y  enr iched i n  me ta l s ,  inc lud ing  l e a d  
wi th  concen t r a t i ons  i n  t he  range of  500 ppm, z inc  (1,300 ppm) , copper (750 
ppm), and barium (1,300 pprn). Concentrat ion of  t h e s e  me ta l s  i n  carbonate  hos t  
rocks a r e  two o r d e r s  o f  magnitude l ove r :  l e a d  (9 ppm), z inc  (20 ppm), copper 
( 4  pmm) and barium (10  ppm) (Br i skey ,  1986b).  Halos of z i n c ,  l e a d ,  and 
manganese may extend f o r  2 km from the  d e p o s i t ,  Anomalous ammonia may a l s o  be 
presen t .  (Br i skey ,  1986b).  

Zinc and lead  a r e  u se fu l  i n d i c a t o r s  i n  t he  e x p l o r a t i o n  f o r  sedimentary 
exha l a t i ve  zinc-lead d e p o s i t s  i n  t h e  Selwyn Basin, Canada, where a t  l e a s t  s i x  
d e p o s i t s  o r  occur rences  have been found (Coodfel lov,  1983). A s tudy  by 
Goodfellow (1983) of  two of  t h e s e ,  t h e  Howard's Pass  (XY)  d e p o s i t  and t h e  Nor 
occur rence ,  found t h a t  z i n c ,  l e a d ,  and cadium were anomalous i n  stream 
sediments (minus-80 mesh) downstream from t h e  mine ra l i za t i on .  For t h e  
Howard's Pass d e p o s i t ,  barium was a l s o  anomalous, a long  with moderate t o  weak 
i n c r e a s e s  i n  n i c k e l ,  antimony, mercury, molybdenum, s i l v e r ,  and vanad im.  I n  
the Nor occur rence ,  copper ,  s i l v e r ,  and barium vere  a l s o  anomalous along w i t h  
moderate t o  weak i n c r e a s e s  i n  c o b a l t ,  n i c k e l ,  i r o n ,  manganese, molybdenum, and 
antimony (Goodfellow, 1983).  Water samples c o l l e c t e d  downstream from the  Nor 
occurrence contained both  anomalous z inc  and lead  whereas water samples 
c o l l e c t e d  downstream of  Howard's Pass d e p o s i t  showed anomalous zinc only.  
Both Howard's Pass and Nor have zinc- and l ead - su l f i de  mine ra l s  and p y r i t e .  A 
p o s s i b l e  cause for t h i s  geochemical d i f f e r e n c e  i s  t h a t  t h e  Howard's Pass 
d e p o s i t  i s  hosted by s h a l e s  con ta in i -  s u f f i c i e n t  carbonate  t o  i n s u r e  t h a t  
stream-water pH l e v e l s  a r e  h igh  d e s p i t e  a c i d s  genera ted  by the  o x i d a t i o n  of  
p y r i t e  i n  t h e  depos i t .  Under such c o n d i t i o n s ,  z i n c  con t inues  t o  be s o l u b l e ,  
l e a d  does no t .  A t  t h e  Nor occur rence ,  s t ream water i s  more a c i d i c  and 
carbonate  poor s o  both z inc  and l ead  are s o l u b l e  (Goodfellow, 1983). I f  a 

1. There i s  a 5 pe rcen t  chance t h a t  t h e  computed Chi-square va lue  i s  due t o  
chance . 



depost i s  bur ied ,  zinc and lead s o l u b i l i t y  i n  groundwater i s  an important 
cons idera t ion  i n  geochemical explora t ion  f o r  depos i t s  of t h i s  type. 
Conceivably, ground water enter ing  streams from buried deposi t s  s imi la r  t o  
Howard's Pass would have anomalous zinc,  without lead; water from depos i t s  
s imi la r  t o  the  Nor occurrence would have both anomalous zinc and lead 
(Goodfellow, 1983). Stream geochemical responses t o  both these depos i t s  a r e  
diluted by 3 o r  4 km of the  deposi t .  Lead returned t o  background l e v e l s  1 km 
downstream. Water samples showed a s imi la r  rapid d i l u t i o n  except f o r  zinc and 
cadium which remained st anomalous l e v e l s  a t  l e a s t  4 km downstream 
(Goodfellow, 1983). 

Weathering of these  deposi t  may product l a r g e  gossans r i c h  i n  lead, zinc ,  
and copper s i l i c a t e ,  sulfate and carbonate minerals  (Briskey, 1986b). Rivers 
commonly associa ted  with these depos i t s  a r e  s t a i n  red by periphyton ( a  mix of 
a lgae ,  f u ~ i ,  and b a c t e r i a )  on the  stream bed ( C a t h r a l l ,  1982). 

Grade and Tonnage Uodel 
The grade and tonnage model f o r  sedimentary exha la t ive  zinc-lead depos i t s  

was developed from 45 depos i t s  which a t e  commonly i d e n t i f i e d  a s  belonging i n  
t h i s  group (Wenzie and Mosier, 1986). Analysis of s i l v e r  grades suggests  t h a t  
the group i s  not homogeneous i n  terms of s i l v e r  and t h a t  t w o  subtypes may be 
present  (Henzie and Hosier,  1986). Lead and s i l v e r  grades a r e  s i g n i f i c a n t l y  
co r re la t ed  (r=0.77, nm39). S i l v e r  grades a r e  reported f o r  about 80 percent of 
the  depos i t s ,  copper grades f o r  about 25 percent of the  depos i t s  (Uenzie and 
Hosier, 1986). Grades and ore tonnage a r e  swmaarized i n  t a b l e  6 (Henzie and 
Uosier,  1986 1.  

Table 6. Estimate of percentage of sedimentary exha la t ive  Zinc-Lead deposi t s  
which equal  o r  exceed a given grade o r  tonnage (Henzie and nos ie r ,  
1986). Floor values a r e  approximate lowest value given f o r  each va r i ab le  
i n  t h e  grade and tonnage model (Menzie and Nosier, 1986). (--, grade not 
ava i l ab le ,  not repor ted ,  1 

Variable Percentage 
Floor 90 50 10 

Tonnes ( lo0)  .8 1.7 15 130. 
Zinc (pe rcen t )  1 .O 2.4 5.6 13. 
Lead ( percent 0.4 1 .O 2.8 7.7 
S i l v e r  (g/tonne) 3.0 --- 30. 160. 
Copper ( percent -04 -- -- 0.28 

Sedimentary exha la t ive  Zinc-Lead Deposits i n  the  Brooks Range 
Several  depos i t s  and prospects  for  the  sedimentary exha la t ive  zinc-lead 

deposi t  type a r e  a l s o  i d e n t i f i e d  i n  the  Brooks Range. The most important one 
recognized so f a r  i s  the  Red Dog deposi t .  Located i n  the  western Brooks 
Range, the Red Dog deposi t  i s  world c l a s s  i n  s i ze .  The deposi t  conta ins  and 
est imated 77 mi l l ion  tonnes of o r e  (Henzie and nos ie r ,  19851, which i s  i n  the  
upper 20 peqcent of the  tonnage f o r  a l l  depos i t s  of  the  type c u r r e n t l y  
recognized (Henzie and nos ier ,  1986). The deposi t  repor tedly  has 17.1 percent 
zinc, 5.0 percent l ead ,  and 82 g/tonne s i l v e r  (Giegerich, 1986). The cadmium 
content  has been reported t o  be a s  high as .25 percent  but t h i s  i s  unl ike ly  t o  
be an average grade. 



The Red Dog s i t e  was i n i t i a l l y  described by Ta i l l eu r  (1970). Located i n  
the  &Long Mountains lo by 3' quadrangle, i t  i s  hosted by the  Kuna Formation 
cons i s t ing  of W s s i  asippian and Pennsylvanian black g r a p h i t i c  shale ,  c h e r t  , 
and carbonate rocks. The o r e  body has two pa r t s :  the  Main deposi t  and a 
smaller H i l l t o p  deposi t  about one-half mile t o  the south ( M c f i c b e l  and 
o the r s ,  1984). Ore grade and tonnage f i g u r e s  c i t e d  above a r e  f o r  the  Main 
deposi t  only. The Main deposi t  i s  reported t o  be a t  l e a s t  1680 m long and 760 
m wide. Haximm thickness  i s  150 m (kMichae1 and o the r s ,  1984). The average 
thickness i s  30 m ( P r a t t ,  1984). The k i n  deposi t  i s  exposed over a t  l e a s t  
1.5 km2 (Moore and o t h e r r ,  1986). The smaller-sized H i l l t o p  deposi t  i s  850 rn 
long, 610 m wide and up t o  91 m t h i ck  (McUichael and o the r s ,  1984): i t  may 
contain a s  much a s  25 percent of the  tonnage of the  Main depos i t  (19 mi l l ion  
tonnes) but no s i z e  has been o f f i c i a l l y  reported.  The o re  i n  the  Main deposi t  
c o n s i s t s  of s p h a l e r i t e ,  galena,  p y r i t e ,  and marcasite.  Quartz i s  an abundant 
gangue mineral.  Bs r i t e  i s  aleo  present  with l enses  up t o  46 m th i ck  capping 
and occurring upsection from the  deposi t  ( McHichael and o t h e r s ,  1 9 8 4 )  and 
per iphera l  t o  the deposi t  (Moore and o t h e r s ,  1986). More  and o the r s  (1986) 
give d e t a i l  desc r ip t ion  of the  Red Dog Deposit. The deposi t  makes up pa r t  of  
the  Nolatak Zinc Be l t ,  which conta ins  a t  l e a s t  15 * s i g n i f i c a n t n  prospects  
(Alaska Off ice  of Mineral Development a s  reported i n  P r a t t ,  1984) of t h i s  
deposi t  type. 

Other sedimentary exha la t ive  zinc-lead depos i t s  i n  Brooks Range include 
the  Lik depos i t ,  which i s  20 ka~ southwest of Red Dog ( a l s o  i n  the  Delong 
Mountains quadrangle).  It repor tedly  conta ins  25 mi l l ion  tonnes with 8.8 
percent zinc,  3.0 percent  l ead ,  and 37 g/tonne s i l v e r  ( P r a t t ,  1984). The 
deposi t  conta ins  s p h a l e r i t e ,  galena,  and b a r i t e  and i s  hosted by an Upper ( ? I  
Niss iss ippian  black shale  and c h e r t  (Bundtzen and Henning, 1978). Adjacent t o  
t h e  Lik deposi t  i s  the  Su deposi t  f o r  which the re  i s  l i t t l e  information 
( P r a t t  , 1984 1. 

Two areas i n  the  Boward Pass lo by 3O quadrangle, Alaska may conta in  
sedimentary exhala t ive  zinc-lead deposits--the Drenchwater and the  Story Creek 
a reas .  The Drenchwater area has been extens ively  s tudied  by Lsnge and others 
(1985). and Nokleberg and Winkler (1982), among others .  Nokleberg and Winkler 
(1982) found minera l iza t ion  i n  a zone 1,830 q long and 6 and 45 rn wide. The 
minera l iza t ion  includes s p h a l e r i t e ,  galena,  p y r i t e ,  and mercasi te  associa ted  
with disseminated b a r i t e .  Rarely f l u o r i t e  i s  found. Selected samples contain 
a s  much a s  1 percent zinc,  2 percent l ead ,  150 g/tonne s i l v e r ,  500 g/tonne 
cadrnim, .OS percent  t i n  and .15 percent  barium, The minera l iza t ion  i s  hosted 
by Mississippian c h e r t s ,  sha le ,  t u f f s  and t u f  faceous sandstone containing 
minor keratophyre and andes i te  flows and a i l 1  s (Nokleberg and Winkler , 
1982). Lange and o t h e r s  (1985) described severa l  s t y l e s  of  minera l iza t ion  a t  
Drenchwater including disseminated s u l f i d e  minerals  and b a r i t e ,  p a r t i c u l a r l y  
i n  the sha le ,  c h e r t ,  t u f f ,  tuffaceous sandatone, and quar tz  exha l i t e ;  mineral 
aggregates i n  the quar tz  e x h a l i t e ;  and veins  c rosscu t t ing  the cleavage of the  
breccia ted  c h e r t  and ahale. 

e n e r a l i z a t i o n  a t  S tory  Creek i s  described (Uldis  Jansons, o r a l  
coarmunication t o  b y f i e l d  and o the r s ,  1979) a s  s p h a l e r i t e  and galena with ve in  
quar tz  hosted by lower ( 7 )  Hissippian t o  Upper ( ?) Devonian sandstone, 
s i l t a t o n e ,  and shale. Bundtzen and o t h e r s  (1986) descr ibe  the  deposi t  a s  an 
"epigenet ic  replacement deposi t  .. .hosted i n  breccia zone i n  Devonian Kanayut 
Conglomerate -or lower M s s i s s i p p i s n  Kayak Shale. * Fine-grained igneous d ikes  
a r e  present  west of the  deposi t  (Hayfield and o the r s ,  1979). 

A t  l e a s t  one sedimentary exhala t ive  zinc-lead deposi t  i s  recognized i n  
the  Hisheguk lo by 3O quadrangle (Hayfield and o ther$ ,  1979). The Ginny Creek 



d e p o s i t  occu r s  i n  t h e  lowest s t r u c t u r a l  sequence (Brook Range t h r u s t  sequence) 
which has  been recognized as t h e  s i te  o f  a l l  occur rences  of both sedimentary 
e x b l a t i v e  zinc-lead d e p o s i t s  and b a r i t e  d e p o s i t s  i n  the nor thwes te rn  Brooks 
Range ( T a i l l e u r  and o t h e r s ,  1977: Churkin and o t h e r s ,  1978; Mayfield and 
o t h e r s ,  1979). Churkin and o t h e r s  (1978) suggested t h a t  t h e  rocks o f  t h e  
Brook's Range t h r u s t  sequence a r e  from t h e  Lower Miss i ss ipp ian  and Upper 
Devonian Endicot t  Group i n t o  t h e  H i s s i s s ipp i an  Lisburne Group. The Ginny 
Creek d e p o s i t  i s  hosted predominantly by rocks near  t h e  t o p  of  t h e  Noatak 
Sandstone and i n  some p l aces  by a l imes tone  be l i eved  t o  be  a tongue of t h e  
Utukok Formation (Dutro,  1952; Mayfield and o t h e r s ,  19791, which i s  
in te rbedded  between t h e  underlying Noatak Sandstone and t h e  over ly ing  Ksyah 
s h a l e  (Mayfield and o t h e r s ,  1979).  Mine ra l i za t i on  a t  Cinny Creek a s  descr ibed  
by b y f i e l d  and o t h e r s  (1979) i s  d m i n a n t l y  s p h a l e r i t e ,  ga l ena ,  p y r i t e ,  and,  
l o c a l l y  cha l copyr i t e .  They recognized m i n e r a l i z a t i o n  over an a r e a  o f  900 m by 
600 m. Surface  exposures  a r e  veneered with gossan and sandstones a r e  i ron-  
s t a i n e d  (Mayfield and o t h e r s ,  1979). Grab samples of  f l o a t  c o l l e c t e d  a t  Ginny 
Creek con ta in  d e t e c t a b l e  l e v e l s  of  l e ad  and 0.3 t o  1 pe rcen t  z inc .  S u r f i c i a l  
m a t e r i a l  i a  r i c h  i n  s i d e r i t e ,  which may occur with s u l f i d e  mine ra l s  bu t  i t  i s  
those  mine ra l s  t h a t  weather t o  g i v e  t he  i r o n  s t a i n i n g  (Mayfield and o t h e r s ,  
1979) t h a t  i s  t y p i c a l  of  t h e s e  d e p o s i t s  i n  t h e  Brooks Range. The minera l ized  
a r e a  has  geochemical ly  anomalous z inc  and l ead  concen t r a t i ons  south  of t h e  
d e p o s i t  and anomalous z inc  n o r t h  o f  t h e  d e p o s i t  (Mayfield and o t h e r s ,  1979) .  

T r a c t  De l ina t ion  for Sedimentary e x b l a t i v e  Zinc-Lead 
The primary c r i t e r i o n  f o r  t r a c t  d e l i n e a t i o n  was t h e  presence of  

permissibie rocks,  p a r t i c u l a r l y  t h e  abundance of  b lack  sha l e s .  Other u n i t s  
were inc luded  i f  t hey  a r e  part o f  t he  same s t r a t i g r a p h i c  sequence known to 
hos t  d e p o s i t s  of  t h i s  type  elsewhere i n  t h e  Brooks Range ( f o r  example, t h e  
Lisburne Group). Host of  t h e  t r a c t s  on ly  cover  a r e a s  o f  Devonian rocks:  on ly  
Upper Devonian Rocks ( t h e  Endicot t  Group) have been i d e n t i f i e d  i n  known 
minera l  d e p o s i t s ;  however, H i s s i s s i p p i a n  age rocks appear t o  be p a r t i c u l a r l y  
favorab le ,  e s p e c i a l l y  those  found i n  t h e  Brooks Range t h r u s t  sequence. Ten 
t r a c t s  have been de l inea t ed .  

Sub jec t ive  Est imate  of  number o f  undiscovered Sedimentary Hosted Zinc-Lead 
P a r t i c i p a n t s  i n  the minera l  resource  assessment e s t i m a t e  t h a t  t h e r e  i s  a 90 
percent  chance of  1 o r  more undiscovered d e p o s i t ,  a 50 percent  chance of 3 o r  
more undiscovered d e p o s i t s ,  and a 10 pe rcen t  chance o f  5 o r  more undiscovered 
d e p o s i t s  of  this d e p o s i t  type  i n  t h e  Wiseman quadrangle.  Track rank i n  o r d e r  
of decreas ing  p r o b a b i l i t y  of con ta in ing  undiscovered d e p o s i t s  a r e :  SEDX-I, 
SEDX-IIa: SEDX-IXc and SEDX-1%; SEDX-IIb and SEDX-IV(a,b): SEDX-VI: and SEDX- 
111. 

Descr ip t ion  o f  T r a c t s  f o r  Sedimentary Exhala t ive  Zinc-Lead 

T r a c t  No.: SEDX-I 

a )  Geographic d e s c r i p t i o n :  This i s  a l a r g e  e l o w a t e d  t r a c t  extending from 
northwest  o f  W l d  Lake t o  near  t he  no r theas t  corner  o f  t h e  quadrangle  ( p l .  2 ) .  
b) Permissive rocks and r t r u c t u r e s :  The rocks wi th in  this t rac t  aTs basement 
rock8 of t h e  Doonersk Fens t e r ,  l a r g e l y  o f  b lack  s i l t s t o n e  and p h y l l i t e ,  which 
e x h i b i t  low g reensch i s t -  and prehnite-pmpellyite-grade metamorphism. Also 
included a r e  minor q u s r t z i t i c  graywacke ; r e d ,  g r een ,  and purp le  p h y l l i t e s ;  



green c h e r t ;  and s i l i c e o u s  metatuff .  Dolomite and th in  limestone l enses  a r e  
found loca l ly .  Numerous mafic s i l ls  a r e  present  but  umapped. A l l  of  these  
rocks a r e  suspected t o  be Cambrian t o  S i lu r i an .  A small amount of probable 
Devonian cs lcareous  p h y l l i t e  and t h i n  dark limestone a r e  found along the  
routhweat margin of the  t r a c t .  Some a n d e s i t i c  t o  b a s a l t i c  vo lcan ic las t i c  
rocks containing l o c a l  t u f  faceous p h y l l i t r  , gabbro, and diabaas a r e  sca t t e red  
throughout the  t r a c t .  
Known mineral izat ion:  Thia t r a c t  conta ins  no described mineral occurrences. 
An area  of sca t t e red  copper minera l iza t ion  i s  found a l o w  the  southwest edge 
of the  t r a c t :  a  b a r i t e  vein occurs near the northwest edge of the  t r a c t  ( p l ,  
3 ) .  
d) Geochemistry: A l l  of the  t r a c t  i s  located i n  geochemical subdivision V. 
Anmalous geochemical area 1 i n t e r s e c t s  the  t r a c t  twice: one area i n  the  
cen te r  o f  the t r a c t  and a second between the  Tinayguk River and the  North Fork 
of the  Koyukuk River. Copper, z inc ,  barium, gold,  s i l v e r ,  a r sen ic ,  and 
molybdenum are anomalous ; l ead ,  c o b a l t ,  n i c k e l ,  chrome, antimony, bismuth, 
mercury, t i n  and tungsten l e s s  so. 

Anomalous geochemical a rea  2, w i l l  not be considered because it inc ludes  
only a very small area within this t r a c t .  

Trac t  No.: SEDX-IIa 

a )  Geo~raph ic  descr ip t ion:  This l a r g e  t r a c t  extends across the  northern p a r t  
of the  quadrangle with a branch extending southwest from the Allen River t o  
the  John River ( pl.  2 ) .  
b) Permissive rocks and s t ruc tu res :  Black s l a t e ,  p h y l l i t e s ,  and minor 
f o s a i l i f e r o u s  limestone of the  Upper Devonian Hunt Fork Shale make up most of 
the bedrock i n  t h i s  tract. The upper psrt l o c a l l y  conta ins  l i t h i c  wacke and 
t h e  basa l  p a r t  quartz-chert e l a s t i c  rocks. Also included i s  a small quar tz  
and cher t  pebble conglomerate along the southern boundary i n  the west-central 
p a r t  of the  t r a c t .  The Kanayut Conglanerate and Noatuk Sarrdstone crop out  i n  
the  nor theas t  p a r t  of  the  t r a c t .  S k a j i t  Limestone i s  l o c a l l y  present ,  
p a r t i c u l a r l y  between Allen River and John River. 
c )  Known minera l iza t ion:  The t r a c t  has only two described occurrences, both 
alorrg the  John River i n  the  northwest p a r t  of t h e  t r a c t .  Both occurrences 
a r e  described a s  quar tz  veins with galena.  Seven occurrences a r e  present  
ou t s ide  the  t r a c t  810% the southeas t  edge of l e g  of  the  t r a c t  between the  
Allen River and John River. (See t r a c t  SBB-I f o r  a desc r ip t ion  and d iscuss ion 
of these  occurrences.) 
d )  Geochemistry: About 90 percent  of the t r a c t  l ies  within subdivision V I  and 
10 percent of the t r a c t  i s  i n  subdivision I V .  Three geochemical anomalous 
a reas  a r e  in te r sec ted  by the t r a c t  i n  subdivision V I .  None of the  geochemical 
anmalous  a reas  i n  subdivision I V  i n t e r s e c t  the  t r a c t .  A summary of the  
geochemical anomalous a reas  appl icable  t o  this t r a c t  follows: 
Subdivision No. V I  

Anomalous geochemical a rea  no. 1 i s  i n  the northwest corner of the  t r a c t .  
Anomalous elements : lead, zinc, s i l v e r ,  bismuth, t i n  

Locally anomalous : copper, c o b a l t ,  chrome 
Anomalous geochemical a rea  no. 2 i s  mostly a l l  within the  t r a c t .  

Anomalous elements : l ead ,  z inc ,  a i l v e r  , a r sen ic  
Locally anmalous  : none i d e n t i f i e d  

Anomalo& geochemical a rea  no. 3 i s  mostly a l l  within the  t r a c t .  
Anmalous elements : l ead ,  gold,  s i l v e r ,  bismuth, tungsten 
Locally anomalous : z inc ,  antimony. mercury, molybdenwn 



Tract  No.: 

a )  Geographic descr ip t ion:  Tract  i s  separated i n t o  two p a r t s  and forms a long 
narrow s t r i p  running across the quadrangle from i t s  e a s t  edge t o  i t s  west edge 
across  the  Haamond and headwaters of the  Glacier  River, t h e  junct ions  of Clear 
Creek and Tinayguk River with the  North Fork of the  Koyukuk River,south of 
Wild b k e  a d  across t he  Allen and John Rivers (p l .  2 ) .  
b) Permissive rocks and s t ruc tu res :  Trac t  i s  del ineated  based on the  presence 
of the  Hunt Fork Shale (see desc r ip t ion  i n  t r a c t  SEDX-11s). Also included 
l o c a l l y  a r e  quar tz  and c h e r t  pebble conglomerate, s i l i c e o u s  c l a s t i c  rocks, 
c h l o r i t i c  a d  carbonate rocks and Skajit Limestone. 
C )  Known mineral izat ion:  I d e n t i f i e d  mineralized occurrences i n  the  t r a c t  a r e  
near Wild Lake. The main occurrences a r e  southeast  of Wild Lake, along the  
border with t r a c t  CHB-111. where a genera l  area of undescribed copper 
minera l iza t ion  3 Ian long conta ins  t h r e e  described s i t e s .  One occurrence i s  
described a s  s p h a l e r i t e  and p y r i t e  i n  a  coarse g ra in  dolomite l a y e r s  hosted by 
marble. Although this is a t y p i c a l ,  about 35 percent of t h e  depos i t s  of this 
type a r e  hosted by carbonate rocks ( s e e  Geologic S e t t i n g ) .  Abundant manganese 
(much l e s s  than 0.5 percent)  may i n d i c a t e  t h a t  t h i s  occurrence f o m s  p a r t  of a 
manganese halo ,  which can be present  around this deposi t  type. The t h i r d  
occurrence i s  described as a quar tz  vein with borni te .  Quartz ve ins  a r e  p a r t  
of the  feeder zone and this occurrence i s  compatible with the  deposi t  type;  
the presence of bornite i s  a t y p i c a l  of the  i d e a l  model. 

Disseminated chalcopyr i te  and t e t r a h e d r i t e  with anomalous s i l v e r ,  copper, 
and molybdenum occur i n  g reensch i s t  i n  an area  of  low grade copper and lead 
minera l iza t ion .  A scoriaceous f e r r i c r e t e  occurrence, r i c h  i n  i r o n ,  manganese, 
a r sen ic  and copper and a poorly described copper occurrence and area  of copper 
minera l iza t ion  a r e  inden t i f i ed  i n  the  western p a r t  of the  t r a c t  . 

Basins with gold p lacers  i n t e r s e c t  p a r t s  of the  t r a c t .  This includes 
most of the  bas in  f o r  Birch Creek and Agnes Creek and p a r t s  of the  bas ins  f o r  
Jay Creek, Lake Creek and Crevice Creek. 
d ) -  Geochemistry: About 90 percent: of the t r a c t  i s  i n  subdivision I V  and 10 
percent of the t r a c t  i s  i n  subdivision I11 The t r a c t  includes pa r t  of 
geochemically anomalous area  5, subdivision I V ,  along the west r i d e  of 
Michigan Creek. Cold, s i l v e r ,  a r sen ic ,  antimony, and bismuth a re  anmalous ; 
lead i s  l e s s  commonly so. Geochemically anomalous area  4 ,  subdivision 111, 
i n t e r s e c t s  the  t r a c t  along both s ides  of the  Allen River. Copper, l ead ,  z inc ,  
gold ,  s i l v e r ,  antimony and tungsten a r e  anomalous; barium and cobal t  a r e  l e s s  
comonly so. 
f )  Comments: See a l s o  sec t ion  on bedded b a r i t e .  

Tract  No.: SEDX-IIc 

a) Geographic descr ip t ion:  This t r a c t  i s  broken i n t o  f i v e  pa r t s .  SEDX IIc(1) 
i s  about 40 km l o w  and s t r e t c h e s  from the  ves t  edge of the quadrangle ac ross  
Mettenpherg Creek and Malamute Fork John River, almost t o  the John River. 
SEDX-IIc(2) inc ludes  a t r i angu la r  area  nor th  of Timber Creek and e a s t  of the  
John River. SEDX-IIc(31, the l a r g e s t  runs from e a s t  of Michigan Creek t o  the  
Middle Fork of  the Koyukuk River. SEDX-IIc(4) runs f r an  Bedrock Creek to  the  
west bank of  the  John River, SEDX-IIc(5) the  smal les t ,  include8 a t r i angu la r  
area  e a s t  of- the Middle Fork of the  Koyukuk River and t h a t  extends t o  the  e a s t  
edge of the  quadrangle ( p l .  2).  



b) Permissive rocks and s t ruc tu res :  This t r a c t  i s  del ineated  on the presence 
of the  Runt Fork Sch i s t ,  which cons i s t a  of Upper Devonian ( 7 )  black quar tz  
s c h i s t  and biot i te-garnet-quartz s c h i s t  and i s  probably a s t r a t i g r a p h i c  
equivalent  of the  Hunt Fork Shale used t o  d e l i n e a t e  o the r  t r a c t s  of the  SEDX- 
11 s e r i e s .  Also present  i n  emall amounts quartz- and chert-pebble 
conglomerate ; black s l a t e ,  p h y l l i t e  , and limestone ; and Proterozoic o r  lower 
Paleozoic schist. 
C )  Known mineral izat ion:  No mineral occurrences a r e  found within the  t r a c t .  
Only t w o  occurrences adjacent  t o  the  t r a c t  have fea tu res  that might be 
associa ted  with this deposi t  type. One i s  adjacent  t o  SEDX-IIc(1) and 
c o n s i s t s  of chalcopyr i te  associa ted  with a small goasan overlea a c h l o r i t i c  
quar t z  s c h i s t .  The o ther  occurrence i s  adjacent  SEDX-IIc(3) and c o n s i s t s  of 
chalcopyr i te  and chrysocolla  i n  a quartz-gypsum vein i n  mica s c h i s t .  
d)  Geochemistry: A l l  p a r t s  of the  t r a c t  a r e  found i n  subdivision 11. SEDX- 
I I c ( 1 )  i n t e r s e c t s  geochemicslly anomalous a rea  7. Copper, a r sen ic ,  and 
tungsten a r e  anomalous; z inc ,  l e a d ,  c o b a l t ,  and niobium a r e  l e s s  commonly - 

so. The middle of SEDX-IIc(3) i n t e r s e c t s  geochemically anomalous area  2. 
Copper, z inc ,  a r s e n i c ,  antimony, molybdenm and tungsten a r e  anomalous ; 
barium, coba l t  and t i n  are l e s s  comonly so. 

Tract  No.: SEDX-Iff 

8 )  Ceqraph ic  descr ip t ion:  The small and crudely rec tangular  t r a c t  i s  near 
the  nor th  edge of the  quadrangle b e t w e n  the  Tinsyguk River and John Rivers 
( p l .  2 ) .  
b j  Permissive rocks and s t ruc tu res :  The t r a c t  conta ins  Carboniferous through 
Upper Tr ias s i c  sedimentary rocks, the  same map un i t  used t o  de l inea te  t r a c t  
CHB-I, which i s  described l a t e r .  However, the  mix of l i t h o l o g i e s  i n  CHB-I was 
dominated by those with carbonate rocks: i n  c o n t r a s t  to this t r a c t  where t h e  
mix i s  dominated by sha le  and si l t .  In add i t ion ,  the  amount of carbonate 
rocks present  i n  and the  m a l l  s i z e  of this t r a c t  probeibly insures  t h a t ,  i f  a 
carbonate-hosted deposi t  were found i n  the t r a c t ,  i t  would not  l i k e l y  be 
cons i s t en t  with t h e  grade and tonnage model used t o  descr ibe  carbonate-hosted 
deposi t  of the type found i n  the CHB s e r i e s  of  t r a c t s .  The rocks in this 
t r a c t  t h a t  contain s i g n i f i c a n t  shale include: (1) the  Shublik and Otuk 
formations which c o n s i s t  of H d d l e  and Upper T r i a s s i c  black sha le ,  s i l t s t o n e  
and limestone: (2) t he  Siksikpuk formation which c o n s i s t s  of Permian black,  
r ed ,  and green sha les  and s i l t s t o n e  a s  w e l l  as buff-colored calcareous 
s i l t a t o n e :  and (3 )  t he  Lower Riss ias ippian  Kayak Shale, which c o n s i s t s  of 
black sha les  and minor limestone. Other rocks i n  this t r a c t  t h a t  con t r ibu te  
minor shale  include the  l4ississippian and l o c a l l y  Penns ylvania Lisburne Group, 
which c o n s i s t s  of grey  che r ty  limestone with black c h e r t  and shale ,  and the  
lower Mississippian Kekiktuk Conglomerate. 
C )  Known mineral izat ion:  Two undescribed b a r i t e  occurrences a r e  found i n  the  
t r a c t .  
d )  Ceochemistry: The t r a c t  i s  t o t a l l y  within subdivision VI. The t r a c t  does 
not i n t e r s e c t  any geochemically ananalour areas .  
e) Comments: The t r a c t  i s  a l s o  permissive for bedded b a r i t e  depos i t s  ( s e e  
sec t ion  on that deposi t  type).  

- Tract  NO. : SEDX-IVa 

a )  Geographic descr ip t ion:  The t r a c t  i s  centered near Crag Peak west of the 
John River. The tract  has f i v e  legs; t h r e e  extend t o  the west edge of the  
quadrangle, t h e  o ther  two ex tend northeast  toward the  Allen River ( p l  , 2  1 . 



b) Permissive rocke and s t ruc tu res :  Delineat ion based on Middle t o  Upper 
Devonian o r  parsibly o lde r  black s l a t e ,  p h y l l i t e  and limestone. About ha l f  of  
the  rocks is-made up of fine-grained black c l a s t i c  rocks. Also present  a r e  
p a r t l y  ca lcareous ,  c h l o r i t i c ,  and s i l i c e o u s  me tas i l t s tone ,  sandstone, 
p h y l l i t e s  , and conglomerates and calcareous c h l o r i t i c  wacke . 
C )  Known minets l iza t ion:  Three i d e n t i f i e d  occurrences a r e  genera l ly  located 
i n  the  southeast  p a r t  of the  t r a c t .  One occurrence near the boundary with 
t r a c t  CAB-11, i s  hosted by S k a j i t  Limestone end inc ludes  copper-sulfide 
minerals  and malachite.  A second described occurrence has a m r i t e ,  malachite ,  
and cha lcoc i t e  i n  a vein  hosted by metamorphosed sedimentary rocks including 
s l a t e .  Analysis of a sample from this occurrence gave h igh  concentra t ions  of 
copper and s i l v e r .  Veinr of this kind may be present  as feeder zones for  this 
deposi t  type,  The t h i r d  occurrence i s  described a s  containing copper. Basins  
with gold p lacers  a r e  not i d e n t i f i e d .  
d )  ~ e o c h e m i s t r ~ :  A small a rea  of the  t r a c t  is i n  subdivision I11 and the  r e s t  
of the  t r a c t  i s  i n  subdivision I V .  The t r a c t  i s  i n t e r s e c t s ,  wholly o r  p a r t l y ,  
seve ra l  geochemically anomalous a reas  i n  both subdivisions.  A summary of 
these  areas  follows : 
Subdivision 111 

Anomalous geochemical a rea  3 i n t e r s e c t s  a small area i n  the southeast  
corner of the  t r a c t .  
Anomalous elements : copper, lead,  z inc ,  gold, s i l v e r ,  antimony, a r sen ic  

tungsten 
Less commonly anomalous: barium, coba l t  

Subdivision I V  
Anomalous geochemical a rea  i n t e r s e c t s  p a r t  of the  northern l e g  of the  

th ree  l e g s  extend to the  west edge of  t h e  quadrangle. 
Anqmalous elements: l e a d ,  z inc ,  s i l v e r ,  a r s e n i c ,  bismuth, molybdenum 
Less commonly anomalous : bariun,  n icke l  

Anomalous geochemical a rea  2 i n t e r s e c t s  p a r t s  of  both the  south and middle 
legs of the t h r e e  l e g s  that extend t o  the  west edge of the  quadrangle. 
Anomalous elements : l e a d ,  z inc ,  s i l v e r ,  ar senic , bismuth, tungsten 
Occasionally anamalous : copper, coba l t  

Anomalous geochemical a rea  3 i n t e r s e c t s  parts of both l e g s  t h a t  extend 
northeaart toward the  Allen River. 
Anomalous elements : copper, z inc ,  s i l v e r  

Less commonly anmalous : s i l v e r ,  bismuth 
e )  Comments: The t r a c t  i s  a l s o  permissive f o r  bedded b a r i t e .  

Trac t  No. : SEDX-IVb 

a )  Geomraphic descr ip t ion:  The t r a c t  divided i n t o  three  p a r t s  : SEDX-IVb( 1 
i s  elongated, e x t e n d i q  southwest fran t he  e a s t  border of t h e  quadrangle t o  
near the  junction of  the  Tinayguk River and the North Fork of the  Koyukuk 
River; SEDX-IVb(2) south of SEDX-IVb(l), i s  a small ,  elongated area  extending 
from the e a s t  border of  the  quadrangle t o  the west s i d e  of  Glacier  River: 
SEDX-IVb(31, the l a r g e s t  p a r t ,  a s  well a s  most i r r e g u l a r  i n  shape, extends 
from the  east border of the  quadrangle across  Glacier  Creek nea t ly  t o  the e a s t  
bank of t h e  North Fork of the Koyukuk River ( p l .  2 ) .  
b) Permissive rockr and s t ruc tu res :  SEDX-IVb(1) and SEDX-IVb(3) cons i s t  of 
rocks t e n t a t i v e l y  co r re la t ed  with the Cambrian to  S i l u r i a n  black s i l t s t o n e  and 
p h y l l i t e  unit i n  the  Doonerak Fenster . About one-quarter of  SEDX-IVb( 1 
includes the Runt Fork Shale plus the  black s l a t e ,  p h y l l i t e  and limestone u n i t  
used t o  de l inea te  t r a c t  SEDX-IVa . SEDX-IVb(2) i s  s imi lar .  Small mounts  of 
calcareous c h l o r i t i c  wacke a re  a l s o  included. 



c) Known mineral izat ion:  Mnera l ized  occurrences i n  t h i s  t r a c t  a r e  
predominantly i n  SEDX-IV(3) ( p l .  2 ) .  One occurrence i n  western SEDX-IV(l), 
e o n s i r t s  of  galena i n  a cjuartz vein.  The four occurrences and depos i t s  i n  
SEDX-IV(3) and i m e d i a t e l y  e a s t  c o n s i s t  o f  simple s t i b n i t e  minera l i i za t ion  i n  
quar t z  ve ins  with sssocia ted  gold and s i l v e r .  The s i t e s  a r e  cons i s t en t  with 
the  d e s c r i p t i v e  model for the simple atibnite deposi t  type  (see) and represent  
a s t y l e  of  minera l iza t ion  not known to  be a f f i l i a t e d  with the  sedimentary 
exhs la t ive  zinc-lead deposi t  type. One occurrence c o n s i s t s  of copper and zinc 
s u l f i d e  s t a i n s  i n  quartz-vein f l o a t .  

Stream basins and a reas  with gold p lacers  i n  the  t r a c t  inc lude  nea r ly  a l l  
of the  bas ins  f o r  Nolan and Vermont Creeks. Basins or  areas  with gold p lace r s  
p a r t l y  i n  the t r a c t  inc lude  Bammond River, Washington Creek and b s c o t  Creek. 
d) Geochemistry: The t r a c t  i s  wholly included i n  subdivision I V .  Anomalous 
geochemical a rea  7 ,  i n t e r s e c t s  SEDX-fVb( 3 )  of the  t r a c t  i n  an area  west of 
Glacier  River. Copper, lead ,  s i l v e r ,  a r sen ic  and bismuth a r e  anmalous ,  
Anomalous geochemical area 6 i n t e r s e c t s  the  e a s t e r n  half of SEDX-IVb(3). 
Capper, l ead ,  gold,  s i l v e r ,  a r sen ic ,  antimony, bismuth, tin and t u q s t e n  a re  
snomalous; c o b a l t ,  n i cke l  and mercury a r e  l e s s  commonly so. 
e )  Comments: Tract  i s  permissive f o r  bedded b a r i t e  deposi t  type ( s e e ) ,  

Tract  No.: SEDX-V 

a )  Geographic descr ip t ion:  This l a r g e  t r a c t  c rosses  the southern pa r t  of the  
quadrangle from west t o  e a s t ,  c ross ing Mettenperg Creek, John River, and 
North Forks and Middle Fork of  the  Koyukuk River, and Middle Fork Koyukuk 
River ( p l .  2) .  
b) Permissive rocks and s t ruc tu res :  The t r a c t  conta ins  many map u n i t s ;  about 
ha l f  the area  c o n s i s t s  of metamorphosed sheles.  The u n i t s  cont r ibut ing  
s i g n i f i c a n t  amounts of metamorphosed shale  are widely exposed ~ r o t e r o z i c  or 
Lower Paleozoic s c h i s t  a s  well a s  black s l a t e ,  p h y l l i t e ,  and limestone. 
Igneous rocks a r e  genera l ly  more aboundant i n  the west part of the  t r a c t .  The 
Ambler metavolcanic rocks a l s o  include interbedded black q u a r t z i t e  s c h i s t .  
Other rocks included i n  the  t r a c t  a r e  metabasi te .  
C )  Known mineral izat ion:  Iden t i f i ed  s i t e s  with known minera l iza t ion  a r e  
few. Two s i t e s  occur within the t r a c t  and one i s  j u s t  t o  the  west. One 
occurrence i s  i n  the  c e n t r a l  p a r t  and one i s  i n  t h e  eas te rn  par t  of t h e  
t r a c t .  Only one occurrence e x h i b i t s  a deposi t ional  s t y l e  (disseminated) and 
hos t  (b lack s c h i s t )  t h a t  a r e  i s  p o t e n t i a l l y  cons i s t en t  with the  main 
mineralized bodies f o r  this deposi t  type. The batitnn concentrat ion a t  one 
s i t e  i s  a l s o  a favorable indica tor .  Veins and stockworks a r e  a l s o  present  and 
may represent  feeder zones. Generally, the minerals  i d e n t i f i e d  a r e  not  
p a r t i c u l a r l y  cons i s t en t  with those expected i n  the i d e a l  model. 

Stream basins a r e  t y p i c a l l y  devoid of gold p lacers .  Only i n  the  extreme 
e a s t  end of the t r a c t  a r e  gold p lace r s  c u r r e n t l y  recognized, inc luding most of 
the  bas in  of Clara Gulch and Porcupine Creek-Quartz Creek. Basins with gold 
p lacers  p a r t l y  i n  the t r a c t ,  include Minnie Creek, Mytle Creek-Slate Creek, 
Twelve Mile Creek and the poorly documented p lacers  of Bourbon Creek. 
d)  Geochemistry: The t r a c t  i s  wholly i n  subdivision 11. The t r a c t  
i n t e r s e c t s ,  wholley o r  p a r t l y ,  nix of the  seven geochemically anomalous a reas  
i n  this subdivision. A rummary of these  a reas  follows: 

Subdivision I1 
Anomalous geochemical area  1 i n t e r s e c t s  seve ra l  p a r t s  of the t r a c t  i n  the  

e a s t .  



Anomalous elements : copper, l e a d ,  z inc ,  gold,  s i l v e r ,  a r sen ic ,  antimony, 
tufigsten 
barbs commonly anamalous : barium, n i c k e l ,  molybdenm 

Anomalous geochemical s rea  2 i n t e r s e c t s  one pa r t  of  tk t r a c t .  
Anomalous elements : copper, zinc , a r  senic  , antimony, molybdenum, tungsten 

Less com~only  anamalous : barium, coba l t ,  t i n  
Anomalous geochemical area 3 i s  contained wholley within the t r a c t .  

Anomalous elements : copper, zinc, gold ,  s i l v e r  
Less commonly snomalous : l ead ,  a r  senic  

Ancrmalous geochemical a rea  4 i n t e r s e c t s  p a r t s  of two a reas  of the t r a c t .  
Anomalous elements : capper, l ead ,  zinc, gold ,  tungsten 

Less ctwnonly anomalous : barium, coba l t ,  c h r a n i m ,  a i  l v e t  , gold, antimony 
Anomalous geochemical a rea  5 i s  contained wholley within the t r a c t .  

Anmalous elements: l ead ,  zinc,  s i l v e r ,  a r sen ic ,  molybdenum, tungsten 
l e s s  commonly anomalous : copper, c o b a l t  

Anmalous geochemical a rea  6 i n t e r s e c t s  p a r t  of  the  t r a c t .  
Anomalous elements : copper, z inc ,  gold ,  s i l v e r ,  t i n  

Less commonly anomalous: l e a d ,  barium, coba l t ,  bismuth, antimony, 
tungsten 

e )  Comments: The t r a c t  i s  a l s o  permissible f o r  bedded b a r i t e .  

Tract No. : SEDX-VI 

a)  Geographic descr ip t ion:  The t r a c t  c o n s i s t s  of two par ts :  SEDX-VI(1) 
extends along both s i d e s  of  the  Ualamute Fork of the  Alatna River and eastward 
t o  a  point  between the Halamute Fork of t h e  John River and John Rive r .  SEDX- 
VI(2)-extends from a  point  on the e a s t  s i d e  of Timber Creek, a s  a long s t r i p ,  
c ross ing the  Wild River, North Fork of the  Koyukuk River and Middle Fork 
Koyukuk River t o  the  e a s t  edge of the quadrangle ( p l .  2) .  
b) Permissive rocks and s t ruc tu res :  The t r a c t  i s  del ineated  on the  presences 
of a  R o t e r o z o i c  t o  Paleozoic calcareous s c h i s t  unit, Over hal f  the  rocks i n  
the  t r a c t  a r e  bel ieved t o  have been der ived  frcm black shale .  
c )  Known mineral izat ion:  No mineralized occurrences a r e  c u r r e n t l y  recognized 
i n  this t r a c t ,  One occurrence, j u s t  ou t s ide  the  southeast  edge of SEDX-VI(l), 
c o n s i s t s  of  disseminated c h a l c o p ~ i t e  and a z u r i t e  hosted by a greenschis t .  
SEDX-VI(2) i n t e r s e c t s  p a r t s  of stream bas ins  o r  areas  with gold placers .  T h i s  
inc ludes  Twelve Mile Creek and Myrtle and S l a t e  Creeks. 
d) Geochemistry: The t r a c t  p a r a l l e l s  and includes p a r t s  of subdivisions I1 
and subdivisions I, The t r a c t  i n t e r s e c t s  a  small p a r t  of two geochemically 
snomalous a reas  i n  subdivision I. Geochemically anmalous  area  5 i n t e r s e c t s  a  
b i t  of the  south edge of SEDX-VI(1) and conta ins  anomalous copper and zinc: 
bariun i s  l o c a l l y  anomalous. Geochemically anomalous s rea  3 i n t e r s e c t s  a 
small a rea  of SEDX-VI(2) and conta ins  anomalous z inc ,  l ead ,  barium, and 
silver; gold molybdenm and tungsten a r e  l e s s  commonly anomalous. 
el Comments: The t r a c t  i s  slso permissible fo r  bedded b a r i t e .  

Tract  No. SEDX-VII 

a )  Ceagraphic descr ip t ion:  The t r a c t  c o n s i t s  of three  p a r t s  along t he  north 
edge of the Wiseman quadrangle. Two t r a c t 8  a r e  imbedded i n  the c e n t r a l  
part: SEDX-311. and CHB-I. The t r a c t  i s  bound on the  south by SEDX-114. 
L) Permissive rocks and s t ruc tu res :  The t r a c t  i s  del ineated  & the  presence 
of the  Upper Devonian and Ldwer Uiss iss ippian  ( ? I  Kanayut Conglanerate. In  



t h i s  case ,  the  Noatak sandstone has been included (Dillon and o the r s ,  1 9 8 6 ) .  
The Kanayut Conglcnnerate doea not f i t  p a r t i c u l a r l y  w e l l  t o  t h e  desc r ip t ive  
model f o r  the deposi t  type. However, this u n i t  has been i d e n t i f i e d  with 
minera l iza t ion  of poss ib le  this deposi t  type a t  Story Creek ( see 
previously) .  Two occurrences i n  this u n i t  nor th  of the  quadrangle i n  the  
Killik River quadrangle may be feeder veins which a r e  found i n  this deposi t  
type (Duttweiler  , 1987 1. 
C )  Known minera l iza t ion:  No described occurrences a r e  i d e n t i f i e d  i n  this 
t r a c t .  Bar i t e  occurrences a r e  i d e n t i f i e d  i n  the  adjacent  t r a c t  CHB-I. 
d )  Geochemistry: The t r a c t  i s  included i n  subdivision V I .  The t r a c t  
i n t e r s e c t s  small p a r t s  of two geochemically anomalous areas  1 and 2. Area 1 
i s  anomalous f o r  i n ,  Ag, and 6 and l e s s  cbmmonly f o r  Cu, Pb, Co and W. Axes 
2 i s  anomalous for  Pb, Zn, Ag, As, and B i  and l e s s  comnonly fo r  Cu. 
d) Comment: The t r a c t  i s  permissible for bedded b a r i t e  ( s e e ) .  

SEDIMENT-HOSTED COPPER ( 30B) 

In t roduct ion  
Sedimentary-hosted copper depos i t s  a r e  one of a t  l e a s t  16 deposi t  types 

found predominantly i n  c l a s t i c  sediments ( Cox and Singer,  1986 1. Sediment- 
hosted-copper depos i t s  a r e  s t r a t i fo rm and disseminated copper-sulfide depos i t s  
found i n  red-bed sequences (Cox, 1 9 8 6 ~ ) .  Copper i s  the  primary commodity; 
byproduct inc ludes  s i l v e r  and coba l t  ( Mosier and o t h e r s ,  1986 1. 

Geolwic  S e t t i q  
The f o l l o d n g  summary of the geologic s e t t i n g  f o r  sediment-hosted copper 

depos i t s  i s  taken-from cox (1986~) -un less  otherwise noted. This deposi t  
usual ly  occurs  i n  green or g ray  sha les ,  s i l t s t o n e s ,  and sandstones of red-bed 
sequences, Thin carbonate and evapor i te  beds may be present  and t h i n l y  
laminated s i l t y  dolomite a r e  l o c a l l y  present .  Sedimentary rocks a r e  usual ly  
highly permeable and may contain algal-mat s t r u c t u r e s ,  mudcracks, and 
crossbedding. Ssbkhes may be present .  Deposits seem t o  develop i n  bas ins  on 
platforms (Smirnov and o the r s ,  19831, in t r acon t inen ta l  r i f t s ,  and passive 
con t inen ta l  margins t h a t  were near a p l e o e q u a t o r  a t  the  time of  formation. 
Deposits a r e  e i t h e r  Middle Proterozoic o r  Permian t o  b w e r  Hesozoic . 
Associated depos i t s  a r e  t y p i c a l l y  evapori tes--hal i te ,  sy lvan i t e ,  gypsum, and 
anhydri te  . Other deposi t  types include sandstone uranium, basalt copper, and 
K i  pushi copper-lead-zinc . 
Deposit proper t ies  

The following summary of deposi t  p roper t i e s  i s  taken from Cox ( 1 9 8 6 ~ )  
unless  noted otherwise. Deposits of this type may be f i n e l y  disseminated, 
s tratabound,  o r  s t r a t i fo rm,  Deposits a r e  thought to  form a t  the  i n t e r f a c e  
between oxidized and reduced sediments where such items as f o s s i l  wood, algal 
mats, p y r i t i c  sediments and abundant biogenic su l fu r  may play  a con t ro l l ing  
r o l e .  

Ore minerals  inc lude  cholcoci te  ( a s  w e l l  a s  o the r  copper s u l f i d e  
minerals)  and p y r i t e ;  o the r  minerals  t h a t  may be present  include bo tn i t e  and 
na t ive  s i l v e r  a l l  of which i n  some depos i t s  form a core  o r e  zone surrounded by 
chalcopyr i te ,  which i n  tu rn  i s  surround by galena and r p h s l e r i t e .  Copper 
minerals  componly form c l u a t e r s  around carbonate fragments. A few depos i t s  of  
this type may conta in  cobalt-bearing p y r i t e ,  c a r r o l l i t e  ( c u ( c o , N I ) ~ S ~ ) ,  and 
germanim minerals  . 

Al te ra t ion  i s  w u a l l y  i s  green,  white o r  grey whereas unaltered beds a r e  



red o r  purple,  i f  the  area  i s  reg iona l ly  metamorphosed like p a r t s  of  the  
Wiseman quadrangle. Deposit8 exposed t o  weathering may be t o t a l l y  leached: 
secondary cha lcoc i t e  may be present  a t  depth. 

Grade and Tonnage Model 
The grade and tonnage model f o r  sediment-hosted copper depoai ts  was 

developed from 57 depos i t s  (Ilosier and o the r s ,  1986). In  some cases ,  these  
depos i t s  a r e  likely to  be d i s t r i c t s  (Russia):  i n  o ther  cases ,  deposi t  s i z e s  
a r e  approximate due t o  inadequate r e p o r t i w  o r  unknown ex ten t  of  
minera l iza t ion  between mines (Zambia, Zaire). No s i g n i f i c a n t  c o r r e l a t i o n  
e x i s t s  between grades and tonnage. S l i g h t l y  more than 20 percent of t h e  57 
depos i t s  used f o r  the grade and tonnage model b v e  reported s i l v e r  grades;  
s l i g h t l y  l e s s  than 20 percent reported coba l t  grades. Ore deposi t  grades and 
tonnage a r e  summarized i n  t a b l e  7 (Uosier and o the r s ,  1986). 

Table 7. Estimate of percenrege of sediment-hosted copper d e p a s i t s  which 
equal o r  exceed a given grade or tonnage. Floor values a r e  approximate 
lowest value given for  each va r i ab le  i n  t h e  grade and tonnage model 
(nos ier  and o the r s ,  1986). 1--, grade not  a v a i l a b l e ,  not  reported.] 

Variable Percentage 
Floor 90 50 10  

Tonnes ( loP) .1 1.5 22. 330. 
Copper ( percent)  .56 1.0 2.1 4.5 
Siver  (&/tonne) 1.0 -- --- 23. 
Cobalt (percent )  0.16 --- -- 0.24 

Iden t i f i ed  sediment-hosted copper depos i t s  i n  t h e  Brooks Range 
No deposi t  of this type i s  cur ren t  recognized i n  the Brooks Range. 

Tract  de l inea t ion  f o r  sediment-hosted copper deposi t  
Two primary t r a c t s  are del ineated  as permissive for  this deposi t  types 

Subjec t ive  Estimate of Number of Undiscovered Deposits f o r  Sediment-hosted 
copper 

P a r t i c i p a n t s  i n  the mineral resource assessment estimated t h a t  there i s  a 
50 percent chanee of 2 o r  more undiscovered depos i t s ,  and a 10 percent chance 
of 4 o r  more undiscovered deposits of this deposi t  type i n  the  quadrangle. 
Both t r a c t s  a r e  equal ly  l i k e l y  of c o n t a i n i w  undiscovered deposi t s .  

Descript ion of t r a c t s  f o r  sediment-hosted copper depos i t s  

Tract  No,: mB-I 

a )  Gewraphic description: This i s  a h o r s e s h o e  shaped tract with the a broad 
c e n t r a l  a rea  and two l o w  tappered prongs running along the northwest and 
southeast  edges of the Doonerak Fenster -  ( pl. 2) .- - 

b) Permissive rocks and s t ruc tu res :  The dominant rock u n i t s  i n  t h i s  t r a c t  
c o n s i s t s  of near ly  equal p a r t s  of :  (1) c h l o r i t i c  e l a s t i c  rocks: (2) 
ssndstoner , conglomerates and q u a r t z i t e  ; and ( 3 )  sha le  and s i l t s t o n e  of 



poss ib ly  Middle Devonian age. Other u n i t s  are much less extens ive  but may be 
l o c a l l y  important. This includes black shales  and r i l t s t o n e s  and calcareous 
S k a j i t  Limestone which o v e r l i e s  the  sha les  and s i l t s t o n e s .  - 
c) Known mineral izat ion:  This t r a c t  conta ins  t h e  l a r g e s t  nmber  o f  reported 
occurrences of  s u l f i d e  mineral r , pr imar i ly  copper-sulfide mineral a ,  i n  the  
Wiseman quadrangle. Host of the occurrences a r e  found i n  t w o  areas-along t h e  
west margin of  the  t r a c t  and i n  the  e a s t e r n  quar ter  of the  t r a c t  ( p l s .  2) .  

The l a r g e a t  exposed bedrock occurrence of s u l f i d e  minera l iza t ion  i n  the  
quadrangle occurs along the west margin of the  t r a c t  where s t r a t i fo rm copper 
s u l f i d e  minerals  i n t e r m i t t e n t l y  crop ou t  a l o w  s t r i k e  f o r  about 25 km. The 
s t r a t i  form s u l f i d e  bodies occur i n  a mineralized horizon which can be a s  thick 
a s  1.5 rn and usual ly  a r e  continuous f o r  6 o r  10 m. Hinera l iza t ion  appears t o  
have been con t ro l l ed  by a change i n  rock permeabli l i ty.  Pescr ip t ions  of the  
mineralized horizon commonly i d e n t i f y  the  hos t  as  being a c l a s t i c  sedimentary 
rock with various grades of metamorphism. On only one loca t ion  i s  the  host 
described as a carbonate,  one Kith reefoid  fea tures .  A t  a l l  o the r  occurrences 
minera l iza t ion  i s  described as below the  carbonate o r  does not  speci fy  a - 
carbonate associa t ion .  The horizon l ies  s t r a t i g r a p h i c a l l y  below the S k a j i t  
Limestone. I n  four places the  mineralized e l a s t i c  rocks a r e  i n  p lacers  
separated from t h e  carbonate rocks by a t h r u s t  f a u l t .  A t  one s i te ,  
minera l iza t ion  occurs i n  a f a c i e s  change from e l a s t i c s  t o  carbonates. The 
hosting rock has a l s o  been described a t  two s i t e s  each a s  conglomerate; 
calcareous s c h i s t  : and a metasandstone, me tas i l t s tone ,  and c h l o r i t i c  s c h i s t .  
Two loca t ions  a l s o  have copper minera l iza t ion  i n  quar tz  veins. Copper s u l f i d e  
minerals  a r e  common and include four s i t e s  with born i t e ,  two with c u p r i t e ,  
t w o  with c o v e l l i t e ,  and two with chalcopyri te .  Malachite i s  coarnon and 
associa ted  with almost a l l  occurrences a s  compared t o  a z u r i t e ,  which has been 
reported only a t  one locat ion.  Four s i t e s  have unspecified copper s u l f i d e  
minerals.  Other s u l f i d e s  a r e  not  commonly reported.  Galena has been reported 
near t h e  northern end o f  the  horizon a t  two s i t e s  and a t  one loca t ion  a t  the 
southern end of the  horizon. Sphaler i te  has been reported a t  th ree  loca t ions  
i n  the  northern end. A t  one s i t e ,  s p h a l e r i t e  i s  associa ted  with abundant 
hematite.  A crude zonation i s  suggested by t h i s  incomplete da ta  s e t .  Copper 
s u l f i d e  minerals  c l e a r l y  a r e  dominant a t  seven loca t ions  i n  t h e  c e n t r a l  
sec t ion  of  the  horizon. In the  northern sec t ion ,  copper i s  joined by lead  and 
zinc and by j u s t  zinc only a t  the  extreme north end of the  horizon, A t  one 
loca t ion  i n  the southern p a r t  of the  horizon, copper i s  a l s o  joined by lead.  
This pa t t e rn  i s  cons i s t en t  with zoning i n  the  sediment-host copper deposi t  
type . 

Chemical ana lys i s  of various samples co l l ec ted  along the horizon usual ly  
show between 0.5 and 2 percent copper. The median value i s  about 0.15 percent 
copper. This i s  less than the  f loor  value f o r  copper grade present  i n  the 
grade and tonnage model f o r  rediment-host copper d e p s i t s  ( t a b l e  7 ) .  
blybdenum was found a t  concentret ione between 10 and 100 ppm i n  samples from 
th ree  sites. These higher concentra t ions  tend t o  be a t  e i t h e r  the  north end 
o r  south end of the  mineralized horizon, Several  o ther  elements were detec ted  
i n  s i g n i f i c a n t  amounts (Dil lon and o t h e r s ,  1981b1, including a r sen ic ,  boron, 
bismuth,iron, antimony, t i n ,  tungsten,  and vsnadim and a r e  described a t  t h e  
ind iv idua l  sites. Antimony st g r e a t e r  than 100 ppm was found a t  t h e  north end 
of  the  horizon and may be r e l a t e d  t o  the zoning noted previously. S i l v e r ,  
which i s  produced frm about 20 percent of the  sediment-hosted copper depos i t s  
used i n  cons t ruct ion  of the  grade and tonnage model, was detec ted  a t  only one 
s i t e  and a t  a concentrat ion of 10 ppm. This t r a c t  i s  not i n  a geochemically 
anomalous a rea  (see next sec t ion) .  Lack of geochemical anomalies may be due 



t o  high pH values o f  surface  water because of the  presence of the  S k a j i t  
Limestone, about t h e  mineralized horizon. Pyr i t e  i s  a l s o  absent i n  the  
mineralized horizon which t y p i c a l l y  c r e a t e s  ac id  condi t ions  t h a t  increase  
geochemical mobi l i ty  of metals. No gold p lacers  a r e  present  downstream from 
the  mineralized horizon. 

Other copper-mineralized areas  thst have a s t r a t i g r a p h i c  and s t r u c t u r a l  
set t i r i  s imi la r  t o  t h a t  along the t r a c t ' s  western boundary include two 
undescribed ares8  along the southern boundary southwest of  Wild Lake. Here 
the  S b a j i t  Limestone l i e s  above the  u n i t  host ing t h e  mineral izat ion.  Two 
described occurrences a r e  a l s o  found i n  t h i s  p a r t  o f  the  t r a c t .  One i s  
described a s  a copper-sulf ide-beariq quar t z  ve in  i n  dolomite: a  grab sample 
yielded 0.21 percent  copper. The o ther  loca t ion  i s  copper-sulfide minerals  
hosted by p h y l l i t e  and s i l t s t o n e .  No gold p lace r s  occur downstream from the  
mineralized a reas  nor a r e  they p a r t  of  a  geochemical anomalous a rea  ( see  
geochemistry sec t ion  which fol lows).  

Six o ther  mineral occurrences u i t h i n  the  t r a c t  a r e  p redminan t ly  e a s t  of  
and adjacent  t o  Wild Lake ( p l .  2).  Two sites have copper minera l iza t ion  i n  
schist. One s i t e ,  which conta ins  1 percent  copper, a l s o  conta ins  antimony 
(1.0 percent ) ,  z inc (0.1 percent ) ,  and s i l v e r  (31 ppm). Four o ther  s i t e s  have 
s u l f i d e  minerals  i n  quar t z  ve ins .  Two quar tz  ve ins  ate s p a t i a l l y  associa ted  
with the  s t r a t i fo rm copper horizon along the  w e s t  boundary of  the  t r a c t  and 
may be associa ted  with s t r a t i  Eom copper minera l iza t ion  elsewhere i n  the  
t r a c t .  Quartz ve ins  may conta in  borni te ,  t e t r a h e d r i t e ,  o r  galena and a r e  
enriched i n  copper (0.24-0.27 pe rcen t ) ,  s i l v e r  (3.1-13 ppm), and gold (0.4-6.5 
ppm) . One s i t e  con ta in  68 ppra lead.  An undescribed area with copper 
occurrences i s  e a s t  of  Wild Lake; t w o  s i t e s  described as copper-bearing a r e  
aft30 present.  Cold placering takes place i n  o r  adjacent  t o  most o f  these  
occurrences. These inc lude  the  Lake Creek, Spring Creek, S i r r  Creek, and 
Surpr ise  Creek Placers. Occurrences e a s t  of Wild Lake a r e  included i n  a  
geochemically anomalous a r e s  ( see next sec t ion) .  

An area  of undescribed copper occurrences i s  found along and cross ing the 
nor theas t  t r a c t  boundary i n  the  c e n t r a l  p a r t  of S i r r  Mountains. The 
occurrences p a r a l l e l  a  f a u l t  zone where s i l i c e o u s  e l a s t i c  rocks a re  t h r u s t  
over black calcareous p h y l l i t e s  and t h i n  dark limestone, which a r e  not 
included i n  the  tract. 
d )  Geochemistry: About 75 percent  of the  t r a c t  i s  located  i n  subdivision 
I V .  About 20 percent i n  subdivision 111, and the  remaining 5 percent i n  
subdivision V I .  Two geochemically anomalous a rea  a r e  present ,  one i n  
subdivision I V  and one i s  subdivision V I .  

Anomalous geochemistry area  4 ,  subdivision I V ,  l i e s  wholly within t h i s  
t r a c t  and inc ludes  an area  e a s t  of Wild Lake. Gold. s i l v e r ,  a r sen ic ,  
antimony, and bismuth a r e  anomalous; lead i s  l e s s  commonly so. 

A very emall part o f  the  t r a c t  i n t e r s e c t s  anomalous geochemical a rea  3, 
subdivision V I .  b a d ,  z inc ,  s i l v e r ,  a r sen ic  and bismuth a r e  anomalous. 
e) Carmnents: The l i t h o l o g i e s  i n  the t r a c t  do not s t rongly  conform t o  the  
types i d e n t i f i e d  i n  the  i d e a l  deposi t  desc r ip t ion  f o r  sediment-hosted 
copper. However, the  type and s t y l e  of  minera l iza t ion  observed i n  the t r a c t  
suggest t h a t  a s s i g m e n t  t o  th is  deposi t  type i s  appropr ia te .  

Tract  No.: SHB-I1 

a) Cemraphic dercr ip t ion:  The long t r a c t  t rends  frm e a s t  t o  west almost 



completely across  the  quadrangle, expanding t o  a broad area  i n  the e a s t .  
b) Permissive rocks and ntructures:  The dominant sedimentary rock u n i t s  i n  
this t r a c t  a re :  Upper o r  Middle Devonian green and gray p h y l l i t e  and 
do lan i t e ;  c h l o r i t i c ,  ca lcareous  metasardgtone and marble and c a r b o n a t e c l a s t  
coqlomerate  . Also present  a r e  Devonian ( and poss ib ly  o lder  marble, 
dol tmi te ,  and conglomerate with minor quartz, and g r a p h i t i c  and calcareous 
schist of the  S t a j i t  Limestone. 
c )  Known minera l iza t ion:  M the  s i x  mineral occurrences i n  and adjacent  t o  
this t r a c t ,  t h t e e  may possibly be of the type associa ted  with o r  i n d i c a t i v e  of 
sediment-hosted copper. Two occurrences e a s t  of  the  John River, involve 
copper-sulfide minera l iza t ion  o f  c h l o r i t e  o r  quar tz  schist. A sample fram one 
of these  occurrences conta ins  malachite ,  a z u r i t e ,  chalcopyr i te ,  and spha le r i t e  
and yielded 0.5 percent copper, 200 p p  n icke l ,  and 320 p p  zinc. A ssmple of 
chulcopyr i te  and malachite ma te r i a l  from another s i t e  yielded 300 ppm coba l t ,  
0.2 percent copper, 200m p p  l ead ,  0.1 percent vanadim,  and 320 p p  
zirconitnn. Sediment-hosted copper depos i t s  may produce coba l t  ( t a b l e  7 ; 
zinc ,  l ead ,  end vanadim can a l s o  be considered t o  be favorable gewhemical  
i n d i c a t o r s  (Cox, 1986). An undescribed lead occurrence and gold p lace r s  a r e  
found i n  the  same stream basin. These occurrences a r e  a l s o  par t  of a 
geochemically anomalous area  ( see next see t i o n )  . 

Halachite ,  a z u r i t e ,  galena,  and poss ib le  b o r n i t e  occur i n  a quartz-vein 
stockwork i n  dolamite adjacent  to  green schist west of the  Nalsmute Fork of 
the  John River. One sample yielded 0.15 percent copper, 0.1 percent antimony, 
and 500 ppm zinc. Mineralogy and geochemistry suggest t h a t  the  occurrence has 
sane fea tu res  s imi lar  t o  the  ou te r  zone of a sediment hosted copper depos i t ,  
ignoring the deposi t ional  s t y l e .  No gold p lace r s  o r  geochemical anomalous 
a reas  a r e  associa ted  with this occurrence. 
d )  Geochemistry: About 60 percent  of the  t r a c t  i s  located  i n  subdivision 
I V .  The remaining 40 percent of the  t r a c t  i s  located  i n  subdivision 111, 

Anomalous geochemical a rea  4, subdivision 111, crosses  the  t r a c t  from 
north t o  south a s  a s t r i p  about 6 h wide on the  e a s t  s ide  of the  John 
River. Copper, l ead ,  z inc ,  gold ,  s i l v e r ,  antimony, a r s e n i c ,  and bismuth a r e  
anamslous: coba l t ,  t i n  and tungsten less so. The presence of ancmalous 
copper, s i l v e r ,  l e a d ,  z inc ,  and coba l t  a r e  favorable geochemical i n d i c a t o r s  
fo r  this deposi t  type  (Cox, 1 9 8 6 ~ ) .  Antimony may be an important l o c a l  
geochemical i n d i c a t o r  f o r  minera l iza t ion  associa ted  with the  outer  zones of 
sediment-hosted copper deposi t s .  

Anomalour geochemical a rea  5, subdivision 111, i s  wholly contained i n  
this t r a c t  i n  an small area between the  John and Wild Rivers. Copper, l e a d ,  
a r sen ic  and tungsten a r e  anomslous; c o b a l t  and t i n  less so. Copper, lead  and 
coba l t  a r e  favorable geochemical ind ica to r s  fo r  sediment-hosted copper ( C o x ,  
1 9 8 6 ~ ) .  

Anomalous geochemical a rea  6 ,  subdivision 111, wholly contained i n  this 
t r a c t  i n  a small a rea  e a s t  of  the  Wild River. Cold, s i l v e r ,  and bismuth a r e  
anomalous; lead l e s s  so. S i l v e r  and lead a r e  favorable geochemical i n d i c a t o r s  
f o r  this deposi t  type  (Cox, 1 9 8 6 ~ ) .  

Anomalous geochemical a rea  5, subdivision I V ,  i r  almost completely 
contained i n  C h i 8  t r a c t  and i s  located along both s i d e s  of upper Hichigan 
Creek. Lead, gold,  s i l v e r ,  bismuth and tungsten a r e  anomalous; z inc  and 
a r sen ic  l e s s  no. Lead, s i l v e r  and zinc a r e  favorable geochemical s igna l s  f o r  
t h i s  deposit, type (Cox, 1 9 8 6 ~ ) .  
e )  Conments: The tract lacks  the  nmber  of mineralized occurrences found i n  
the  t r a c t  SBB-I, but severa l  of t h e  mineral occurrences a r e  encouraging. 
Also, i t  i s  large and has severa l  geochemically anomalous areas .  In both this 



and the  highly mineralized t r a c t  SHB-I, t h e  host rockr do not  f i t  the  idea 
model very well. 

CARBONATE-HOSTED BASE-XETAL DEPOSITS ( lead  ( z i n c ) )  (32A. 328) 

In t roduct ion  
Carbonate-hosted base-metal depos i t s  a r e  addressed i n  Cox and Singer 

(1986) using two d e s c r i p t i v e  models (Southeast Missouri lead-zinc (32s) .  and 
Appalachian zinc (32b)) .  which a t e  considered a s  end members of a continuum of 
carbonate-hosted stratabound d e p s i t s  with va r i ab le  grades of lead and ( o r )  
zinc ( M s i e r  and Briskey, 1986). Southeast Hissouri lead-zinc depos i t s  and 
Appalachian zinc d e p s i t s  a r e  t m  of a t  l e a s t  s i x  recognized deposi t- types 

+ hosted by carbonate rocks which do not have an associa ted  igneous rocks nearby 
(Cox and Singer, 1986). Southeast Hissouri lead-zinc depos i t s  a r e  
s tretabound,  replacement, and open-space f i l l i n g  bodies of  galena,  a h a l e r i t e ,  
a d  chalcopyr i te  i n  carbonate rocks (Briskey, 1 9 8 6 ~ ) .  Lead and zinc a r e  t h e  
primary commodities and s i l v e r  i s  a byproduct (Hosier and Briskey, 1986). 
App~lachian  z inc  depos i t s  a r e  s tratabound,  replacement and operkspace f i l l i n g  
bodies of s p h a l e r i t e  with minor galena i n  carbonate rocks (Briskey,  1986a). 
Zinc i s  the primary coznnodity with s i l v e r  and lead  a r e  common byproducts. 
Because the  two d e s c r i p t i v e  models have combined grade and tonnage model 
(nos ie r  and Briskey, 19861, t r a c t s  de l ineated  f o r  the  Wiseman quadrangle a r e  
cons i s t en t  with e i t h e r  d e s c r i p t i v e  models. 

Geologic Se t t ing  
The Southeast Missouri lead-zinc deposi t  occurs i n  carbonate rocks 

associa ted  with r e e f s  i n  shallow-water ad j scent  t o  paleogeographic highs 
(Briskey, 1 9 6 8 ~ ) .  C las t i c  basin rocks may occur along one margin of the  
deposi t s .  The h o s t i w  rocks a re  usual ly  dolomite but  may also include 
sandstone, conglomerate and calclrreous sha les  ( Briskey, 1 9 8 6 ~ )  . 

Appalachian zinc depos i t s  occur i n  l imestones,  which commonly a re  
m i c r i t i c  and i n  dolostones,  which commonly a r e  highly porous and exh ib i t  
s u b t i d a l ,  i n t r a t i d a l ,  and supra t ida l  t ex tu res  (Briskey, 1986a). For both 
deposi t  types ,  t h i c k  s t r a t i g r a p h i c  sec t ions  of carbonate rocks seem t o  be more 
favorable (Smirnov and o the r s ,  1983). Deposits of these  t y v s  are q u i t e  
widespread, and the 'only sure  lead" t o  discovery a r e  t h e i r  carbonate host- 
rock (Leznicka, 1985). Briskey (1986a,c) i d e n t i f i e d  s t a b l e  c ra ton ic  platforms 
as the  favorable t ec ton ic  s e t t i n g  fo r  the  Southeast Missouri lead-zinc 
deposit-type a d  the s t a b l e  c o n t i n e n t i a l  she l f  a s  the  favorable t ec ton ic  
s e t t i n g  f o r  the  Appalachian zinc deposi t  type. Although Lemicka (1985) 
suggested t h a t  orogenic areas  a r e  a l s o  favorable for  the  Appalachian deposi t  
type ,  t h i s  may be due t o  his i nc lus ion  of  a d i f f e r e n t  set of depos i t s  for this 
deposi t  type. 

Southeast Hissout i  lead-zinc depos i t s  tend t o  be hosted by c a l c a r e n i t e s :  
f ea tu res  t h a t  may be present  include t i d a l i t e s ,  s t romato l i t e s ,  finger r e e f s ,  
reef  b recc ias ,  slmp brecc ia ,  o o l i t e s ,  c ross  bedding, and m i c r i t e s  (Briskey, 
1 9 8 6 ~ ) .  The deposit-type has been found i n  Cambrian t o  b w e r  Ordovician 
rockr.  The Appalachian zinc deposi t  type appears t o  be common i n  the same 
time i n t e r v a l  but  can a l s o  be found f r a n  the  Proterozoic t o  the  T r i a s s i c  
(Briekey, 1 9 8 6 8 , ~ ) .  D t p s i t s  associa ted  with the  southeast Hissouri deposit -  
typ? include. Precambrian volcanic-hos ted magnetite and Cambrian age ba r i t e -  
lead deposi t s  (Briekey, 1 9 8 6 ~ ) ;  those arsocia ted  with the  Appalachian deposi t  
type include s t r a t i f o w  barite-fluorite-sphalerite depos i t s  hosted by 
carbonate rockr (Briakry,  1986s). 



Deposit Proper t ies  
Both deposi t  types assume many forms bared on the  wide range and types of 

depos i t iona l -  s i t e s  that a r c  su i t ab le .  Deposits a r e  crudely s t r a t i  form and 
l e n t i c u l a r  and may extend "from hundreds of meters to  a few kilometers* along 
s t r i k e  and "up t o  800 - 1,000 meters along d ip"  (Smirnov and o the r s ,  1983). 
Deposits may occur e i t h e r  as open-space f i l l i n g s  (partly dependent on 
poros i ty)  and (or)  as  replacements ( p a r t l y  dependent on host  r e a c t i v i t y ) .  
Depoaits and d i s t r i c t s  exh ib i t  a v a r i e t y  of  l o c a l  f ea tu res ;  the  only two t h a t  
a re  p e r s i s t e n t  and well developed for a11 a reas  a r e  dolomit izat ion presumably 
associa ted  with minera l iza t ion ,  and b recc ia t ion  r e s u l t i n g  from so lu t ion  
co l l apse  (Laznicka, 1985). 

Ore minerals  commonly found i n  Southeast E s s o u r i  lead-zinc deposi t  
inc lude  galena,  s p h s l e r i t e ,  chalcopyr i te ,  p y r i t e ,  and marcasi te;  minor 
minerals  inc lude  s i egen i t e  , born i t e  , t ennan t i t e  , b a r i t e ,  bravoi te  , d igen i t e  , 
c o v e l l i t e  , and a r s e m p y r i t e ,  among o t h e r s  (Briskey, 1 9 6 8 ~ ) .  Deposits more 
l i k e  the  Appalachian zinc deposi t  type have many fewer o r e  minerals.  
Spha le r i t e  i s  dominant with l e s s e r  amounts of p y r i t e ,  marcas i te ,  and local 
galena (Briskey, 19868). Gangue minerals  can inc lude  minor b a r i t e ,  f l u o r i t e ,  
gypsun, and anhydri te  (Briskey, 19868). 

Grade and Tonnage Hodel 
The grade and t o n n a ~ e  model f o r  carbonate-hosted base metal depos i t s  i s  

based on one developed by b r i e r  and Briskey (1986). Participants i n  the  
mineral resource assessment used a tonnage cutoff  of 500,000 tonnes f o r  
undiscovered depos i t s  of this type i n  the  Wiseman quadrangle. This i s  l e s s  
than the  mi l l ion  tonnes used a s  the  cutoff  i n  b s i e r  and Briskey (1986 
model. In addi t ion ,  Hosier and Briskey (1986) excluded small d i s t r i c t s  from 
the grade and tonnage model, these  a r e  more l i k e l y  the  type of d i s t r i c t  t h a t  
can be expected i n  the Wiseman quadrangle, Many of t h e  depos i t s  i n  t h e  grade 
and tonnage model w e d  by b s i e r  and Briskey (1986) represent  d i s t r i c t s  ( i . e .  
Central  Hissouri ,  Kentucky-Illinois,  Central  Tennessee), each i s  s u b s t a n t i a l l y  
l a r g e r  than the  t o t a l  area of  the  Wiseman quadrangle of which l e s s  than hal f  
the  area  can be considered permissible fo r  this deposi t  type  ( p l .  2 ) .  It i s  
unl ike ly  t h a t  a l a r g e  d i s t r i c t  can e x i s t  i n  the quadrangle without having been 
discovered already. Therefore, t h e  model was modified using data  from 42 
depos i t s  i n  order  t o  be more appropriate f o r  this assessment. In the  modified 
grade and tonnage model, s i l v e r  i s  inver se ly  co r re la t ed  with tonnage ( r  = 
-0.64, n = 15) .  The modified model has smaller tonnages but s l i g h t l y  higher 
z inc ,  l ead ,  and s i l v e r  grades ( t a b l e  8) .  J u s t  under 90 percent of t h e  
depos i t s  have reported lead grades,  c o n t r a s t  t o  about 80 percent  of the  
depos i t s  i n  the  k s i e r  and Briskey (1986) model. S i lve r  i s  l e s s  f requent ly  
reported i n  the depos i t s  used i n  the modified model, down from 50 percent  t o  
40 percent.  Other inf requent ly  reported c o m o d i t i e s  i n  these  deposits include 
copper, gold ,  cadi-, and vanadium. Nonmetallic minerals  which may be 
recovered inc lude  b a r i t e ,  w i the r i t e ,  and f l u o r i t e .  



Table 8. Estimate of percentage of 42 carbonate hosted base metal despos i t s  
( inc ludes  both Southeast Missouri lead-zinc, Appalachian zinc d e p s i t s )  
equal o r  exceed a given grade and tonnage ( b r i e r  and Briskey, 1986). 
Tonnage modified t o  confom t o  procedures and assumption8 used i n  this 
assesrment ( see t e x t )  . Floor values a r e  approximate lowest value given 
fo r  each va r i ab le  i n  the  grade and tonnage model; tonnage value s e t  by 
d e f i n i t i o n .  C--, grade not repor ted ,  unavailable.  1 

Variable Percentage 
Floor 90 50 10 

Tonnes ( lo0)  0.5 2.4 16. 120. 
Zinc ( percent 1.0 2.4 5.7 12. 
Lead [ percent 0.00 -- 1.5 5.8 
Ag (g/tonne) 0.4 -- --- 25. 

Iden t i f i ed  carbonate-hosted base-metal depos i t s  i n  the  Brooks Range 
To t h e  best of our knowledge, no deposi t  of  this type i s  c u r r e n t l y  

recognized i n  the  Brooks Range. 

Tract  de l ina t ion  f o r  carbonate-hosted base metal depos i t s  
The primary c r i t e r i o n  used f o r  t r a c t  de l inea t ion  was the  presence af  

s i g n i f i c a n t  amounts of  carbonate rocks. Four t r a c t s  vere de l ineated .  

Subject ive es t jmate  of undiscovered carbonate-hosted base-metal depos i t s  
Pa r t i c ipan t s  i n  the  mineral resource assessment es t imate  t h a t  there i s  a 

50 percent  chance of  one o r  more undiscovered depos i t s  and a 10 percent  chance 
of  th ree  o r  more undiscovered carbonate-hosted base-metal depos i t s  i n  the  
Wiseman quadrangle. Tract  ranks i n  order  of  decreasing p robab i l i ty  of  
c o n t a i n i w  undiscovered depos i t s  are: CBB-IV, CEB-11, CBB-111, and CHB-I. 

Description of t r a c t s  f o r  carbonate-hosted base-metal depos i t s  

Tr ac t No. : CHB-I 

4 )  Geographic descr ip t ion:  The crudely rec tangular  t r a c t  i s  along the  
northern boundary of the  quadrangle, on both the  nor th  and south s i d e s  of  the  
upper end of the Tina yguk River ( p l  . 2 . 
bj  - Permissive rocks and s t ruc tu res :  Umestone comprises about th ree  four ths  
of t h e  rocks i n  t h i s  t r a c t .  Most of these  l imestones a re  p a r t  o f  t h e  Lisburne 
Croup which a l s o  may inc lude  c h e r t  and shale. The map u n i t  used fo r  
de l inea t ion ,  Carboniferous t o  Upper T r i a s s i c  s e d h e n t a r y  rocks, a l s o  inc ludes  
varying amounts o f  limestone and dolamite. These include: the  Shublik and 
Otuk formations with black shale ,  s i l t s t o n e ,  and l imestone; the  Kayuk Shale 
with black sha le  and minor amounts of  limestone; and the Siksikpuk formation, 
4 u n i t  of black, red ,  and green shs le r  and s i l t s t o n e .  
c) Known mineral izat ion:  There a r e  no i d e n t i f i e d  mineralized occurrences i n  
the  t r a c t .  
d )  Geochemistry: The t r a c t  i s  wholly included i n  subdivision IV.  No 
geochemically anmalous  a reas  include this t r s c t .  
e) Comments: The mix of rock types i n  this t r a c t  i s  a l s o  psrmissible f o r  
host ing sedimentary-hosted, exhala t ive  zinc-lead deposi ts .  Some mapped u n i t s  



i n  t h i s  t r a c t  host depos i t s  of  this type elsewhere i n  the  Brooks hinge. 
Bedded b a r i t e  depos i t s ,  associa ted  with this deposi t  t y p ,  may be present  a s  
w e l l .  

a1 Geographic descr ip t ion:  This small,  irregularly-shaped t r a c t  i s  i n  t h e  
northwest quadrant of  the  quadrangle between the  Allen and the  John Rivers 

bj  Permissive rocks and s t ruc tu res :  The t r a c t  i s  del ineated  baaed on the 
presence of the  Skaj i t  Limestone, which c o n s i s t s  of Devonian and poss ib ly  
o lde r  marble, dolomite, and carbonate conglomerate interbedded with minor 
mounts  of q w t z i t e  and g r a p h i t i c  end calcareous schist. Also included i n  t h e  
t r a c t  i s  a m a l l  amount of black calcareous p h y l l i t e ,  c h l o r i t i c  and 
carbonaceous rocks and me t a b a s i t e  . 
C )  Known mineral izat ion:  There a r e  no i d e n t i f i e d  mineralized occurrences i n  
the t r a c t .  
d )  Geochemistry: The t r a c t  i s  t o t a l l y  within subdivision I V .  Copper, zinc 
and s i l v e r  a t e  anmalous  ( predominantly i n  panned concentra tes)  : arsenic  and 
bismuth l e s s  commonly so (panned concentra tes)  (Ca th ra l l  and o the r s ,  1987, 
t a b l e  6 ) .  Copper, z i n :  and s i l v e r  are p a r t  of t h e  regional  geochemical 
s ignature  f o r  the Southeast Efissouri lead-zinc deposi t  type ; zinc i s  a 1  so 
appl icable  a s  well to  Appalachian zinc deposi t  type  ( Briskey , 1986a , c )  . 

Tract  No. : CBB-111 

a)  Ge-rephic descr ip t ion:  This l a r g e ,  irregularly-shaped t r a c t  extends from 
an area  along and nor theas t  of Sixtymile Creek, and crosses  both the  John and 
Allen Rivers,  t o  a point  south of Wild Lake ( pl .  2)  . 
b) Permissive rocks and s t ruc tu res :  The t r a c t  i s  del ineated  on the  presence 
of the  S k a j i t  Limestone (see desc r ip t ion  fo r  t r a c t  CHB-11). Also included i n  
t h i s  t r a c t  a r e  a small mount of metabasi te ,  p a r t i c u l a r l y  south of Wild h k e ;  
quar tz  and c h e r t  pebble conglomerate, which i s  copper bearing,  e spec ia l ly  
along the nor theas t  edge of the  t r a c t ;  and Hunt Fork Shale. 
c 1 Known mineral ize t ion:  Only one mineralized occurrence i s  reported within 
the t r a c t .  Seven a r e  found on the edges (usua l ly  j u s t  ou t s ide  the t r a c t ) ;  
this i s  p a r t i c u l a r l y  t r u e  fo r  a genera l  a rea  of copper minera l iza t ion  along 
the  nor theas t  border and usual ly  i n  t r a c t  SHB-I ( P l a t e  2)  Most of these 
occurrences e r e  i n  e l a s t i c  sedimentary rocks s t r a t i g r a p h i c a l l y  below the  
S k a j i t  Limestone. The contac t  between the  host rock and S k a j i t  Limestone can 
be i n t t e p r e t e d  a s  e i t h e r  a t h r u s t  f a u l t  o r  a f a c i e s  change. One site, 
however, i s  an exception,  with minere l iza t ion  i n  reefoid  Sksj i t  timestone 
above the  contact .  One of  th ree  occurrences i n  a copper mineralized area  
south of Wild Lake was described a s  replacement l a y e r s  and veins  bearing 
s p h a l e r i t e  and p y r i t e  i n  coarse  g r a i n  dolamite i n  marble. A sample co l l ec ted  
from the  s i t e  i s  enriched i n  l ead ,  z inc ,  manganese and magnesium. One 
occurrence found j u s t  northwest o f  the  t r a c t  inc ludes  s u l f i d e s  and malachite  
i n  the  Skajit Limestone. Within the  same a r e s ,  but along the northwest t r a c t  
boundary, i s  a mineralized occurrence with e z u r i t e  , malachite ,  and cha lcoc i t e  
ve ins  i n  c l a a t i c  sediments below marble. A sample co l l ec ted  here i s  enriched 
i n  l ead ,  copper and s i l v e r .  The occurrence i n  the  west- c e n t r a l  p a r t  of  the 
t r a c t  conta ins  1 percent  disseminated arsenopyri te  or galena with chalcopyr i te  
and pyr i t e .  Analysis of a sample gave high l e v e l s  of  l ead ,  n icke l ,  c h r u u i m  



and arsenic .  An area of undescribed copper minera l iza t ion  occurs along the 
west border of the  t r a c t .  
d )  Geochemistry: , The t r a c t  i s  l a r g e l y  i n  subdivision 111, a small segment of 
t h e  eas te rn  p a r t  of  the t r a c t  i s  i n  subdivi r ion  I V .  Ananalous geochemical 
a rea  3, subdivision 111, inc ludes  the  northwest p a r t  of the  t r a c t  between 
Sixtymile Creek and John River. Copper, l ead ,  zinc,  gold,  s i l v e r ,  antimony, 
a r sen ic  and tungsten,  a r e  anomalous; barium and cobal t  less commonly so. 
Anmaslous geochemical area 4 ,  subdivision 111, inc ludes  a reas  a l o w  both r ides  
o f  the  Allen River. Copper, l ead ,  s i l v e r ,  gold,  antimony, a r s e n i c ,  and 
bismuth a r e  anmalous;  coba l t ,  t i n  and tungsten l e s s  commonly so. No 
geochemically anomalous a reas  aa  a r e  present  i n  a s  the  t r a c t  located i n  
subdivision I V .  
f) Comments: Although minera l iza t ion  i s  r a r e  i n  the  i n t e r i o r  of the  t r a c t ,  
minera l iza t ion  extending i n t o  t h e  base of the  S k a j i t  Limestone a t  the  t r a c t  
boundaries, and the presence of  dolomite associa ted  v i t h  s t r a t i fo rm s u l f i d e  
minerals ,  suggest the  s t y l e  of minera l iza t ion  appropr ia te  for t h e  depos i t  
type . 

Tract  No.: CAB-IV 

a )  Geographic descr ip t ion:  The l a r g e ,  irregularly-shaped t r a c t  extends 
genera l ly  from Sixtymile Creek, ac ross  Mettenpherg Creek, t o  the west edge of 
the quadrangle ( p l .  2 ) .  
b) Permissive rocks and s t ruc tu res :  The t r a c t  i s  del ineated  on the  presence 
of the S k a j i t  Limestone and Proterozoic banded s c h i s t ,  which inc ludes  
i n t e r l a y e r i d  coarse quartz-mica schist, q u a r t z i t e ,  ca lcsreous  schist, marble, 
g r a p h i t i c  p h y l l i t e ,  and metabasite.  The j o i n t  occurrence of the two u n i t s  
d i s t ingu i shes  this t r a c t  from t r a c t  CHB-111. About three-fourths of the  tocks 
i n  the  t r a c t  a r e  calcareous. Several small outcrops of Proterozoic ( 7 )  
g r a n i t i c  gne i s s  a r e  a l s o  included i n  the  t r a c t .  Larger outcrop of gne i s s  
embedded i n  this t r a c t  have been excluded. Also included i n  the  t r a c t  a r e  
small amounts of Proterozoic( ? I  metabasite , and Anbler metsvolcanic tocks. 
c )  Knom mineral izat ion:  Nearly a l l  mineralized occurrences i n  t h i s  t rac t  a r e  
associa ted  r i t h  the  banded-schist, not  the  Skajit Wmestone, Of the  t h i r t e e n  
occurrences described only one occurrence e x p l i c i t l y  i d e n t i f i e s  carbonate a s  a  
host .  Two occurrences appear t o  be a rkarn, another a t a c t i t e ;  f i v e  a r e  
hosted by s c h i s t ,  four by g ran i t i c - re l a t ed  rocks, and one by quar t z i t e .  Three 
occurrences appear t o  be s i t e s  of t i n  minera l iza t ion .  Some s i t e s  contain 
minerals  appropriate f o r  ca rbona tchoe ted  deposi t s :  two with chalcopyr i te ,  
one with b o r n i t e ,  t h r e e  with s p h a l e r i t e ,  t h ree  w i t h  galena,  one with 
arsenopyr i te  and tro with pyr i t e .  These minerals  tend t o  be disseminated a t  
f i v e  l o c a l i t i e s ,  a t  l i t h o l o g i c a l  changes a t  one and l e n t i c u l a r  a t  one. In  
only one occurrence i s  t h e  minera l iza t ion  descr ibe  a s  massive and hosted by a 
q u a r t z i t e  l a y e r  t h a t  i s  interbedded with marble. Several a reas  of undescribed 
minera l iza t ions  a r e  present  includitlg an i rowcopper  mineralized zone which 
appears t o  be p redminan t ly  hosted by the  S k a j i t  Wmestone along the nor th  
edge of  th tract. Three o t h e r  mineralized a reas  a r e  i n  the  n o r t k c e n t r a l  
p a r t  of the  t r a c t .  u sua l ly  i n  the banded-schist . The Skaj i t  t imertone i s  a l s o  
a host  t o  l ead- r i lve t  mineral izat ion.  One o ther  si te conta ins  l e a d , s i l v e r ,  
and copper. 
d )  ~eochemia t ry :  The t r a c t  i s  included wholly i n  subdivision I11 and includes 
l a rge  p a r t s  of two geochemically anomalous a reas  and a m a l l  par t  of a 
t h i r d .  Anomalour geochemical a rea  1, i s  found i n  the northwest p a r t  of  the 
t r a c t .  b a d ,  zinc, s i l v e r ,  a r sen ic ,  bismuth, t i n  and tungsten a r e  anomalous 



i n  stream-sediment samples ; copper, barium, and coba l t  a r e  l e s s  commonly so.  
Anmalous geochemical a rea  2 i s  found i n  the  southeast  p a r t  of the  t r a c t .  
Lead, gold ,  s i l v e r ,  antimony, s r s e n i c ,  tungsten and t i n  a r e  anomalous i n  
stream-sediment samples; copper, z inc ,  and bismuth a r e  l e s s  comonly  so. 
Anomalous geochemical a rea  i s  found i n  a m a l l  l e g  of the  t r a c t  extending t o  
t h e  northeast .  Copper, l ead ,  z inc ,  gold,  s i l v e r ,  antimony, a r sen ic ,  and 
tungsten a r e  anomalous i n  stream-sediment samples: barium and coba l t  a r e  l e s s  
commonly so. 
a) Comments: Only one of the  t h i r t e e n  mineralized occurrences suggests  the  
style of minera l iza t ion  (massive, and adjacent  t o  carbonate rocks) f o r  
carbonate-hosted base-metal deposit-types . The broad area  of  i r o n  
minera l iza t ion  i n  th@ S k a j i t  Limestone along t h e  north edge of t h e  t r a c t  might 
be in te rp re ted  a s  i ron-sul f ide  minera l iza t ion  found up sec t ion  from Southeast 
Missouri lead-zinc deposi t  types  (Briskey, 1 9 8 6 ~ ) .  Occurrences i n  the  banded 
s c h i s t  a r e  not t o t a l l y  cons i s t en t  i n  deposi t ion  s t y l e ,  mineralogy o r  
geochemietry with those expected i n  these  deposi t  types. The lack of reported 
b recc ia t ion  a t  any of the occurrences i s  discouraging. Geochemistry of 
s treamsediment samples is b e s t  matched fo r  anmalous  area  1 where l e a d ,  z inc ,  
s i l v e r  and coba l t  a r e  anomaloua . 

BEDDED BARITE DEPOSITS (31B) 
In toduc t i o n  

Bedded b a r i t e  depos i t s  a r e  one of a t  l e a s t  16 deposi t  types found 
prrdcminantly i n  c l a s t i c  sedimentary rocks a s  a r e  described i n  Cox and Singer 
(1986). Bedded b a r i t e  depos i t s  cons i s t  o f  s t r a t i f o r m  b a r i t e  hosted by dark- 
colored c h e r t  and calcareous rocks (Orris, 1986a). Bar i te  i s  the  primary 
commodity; no byproduct i s  i d e n t i f i e d  (Orris, 1986b). 

Geolwic  Se t t ing  
Bedded b a r i t e  depos i t s  a r e  thought t o  form near the sea f l o o r  where 

bariun i s  supplied by hydrothermal f l u i d s  and s u l f a t e  i s  supplied by see water 
(Harben and Bates, 1984). Host of these  depos i t s  occur i n  the  same geologic 
s e t t i r g  a s  sedimentary exhale1 t i v e  zinc-lead deposi t s .  Bedded b a r i t e  depas i t  s 
associa ted  wi th  Japanese Kuroko depos i t s  (Harben and Bates, 1984) seem too 
small t o  be included with those used t o  cons t ruct  t h e  grade and tonnage model 
(C. J. O r r i s ,  o r a l  commun., 1986: Orris, 1986b). Bedded b a r i t e  occurs with 
about 25 percent of sedimentary exhala t ive  zinc-lead depos i t s  (G. J. Orris, 
personal commun., 1986). Such bedded b a r i t e  depos i t s  genera l ly  a r e  e i t h e r  
l a t e r a l l y  per iphera l  to or capping the base metal ore body ( Briskey, 1986b) . 
Deposit P roper t i e s  

Bedded b a r i t e  depos i t s  a r e  s t r a t i fo rm and may be a s  t h i c k  a s  15 m (Harben 
and Bates, 1984). Ore can be massive, laminated, o r  l e n t i c u l a r  and may 
e x h i b i t  a v a r i e t y  o f  primary sedimentary s t r u c t u r e s  (Orris, 1986s). 
Associated b a r i t e  r o s e t t e s  and nodules can be associa ted  and may be found i n  
weathered outcrops of  depos i t s ,  Some replacement i s  r e f l e c t e d  by small 
country-rock i nc lus ions  (Orris, 1986s). S e r i c i t i c  a l t e r a t i o n  may be weakly t o  
moderately developed ( p a r t i c u l a r l y  evident  i n  Nevadan depos i t s )  ; secondary 
b a r i t e  veining may be present  a l s o  (Orris, 1986a). 

Bstite $8 the pr inc ipa l  ore  mineral;  witherite, pyrite, galena,  and 
s p h a l e r i t e  may occur l o c a l l y  (Orris, 1986a). Bar im i s  t h e  bes t  geochemical 
explora t ion  guide, Those geochemical guides  associa ted  with sedimentary 
exhalat ive zinc-lead depos i t s  a re  useful  vhen s e a r c h i w  f o r  j o i n t  occurrences, 



Grade and Tonnage Model 
The grade and tonnage model f o r  the bedded b a r i t e  deposi t  type was 

developed from 25 depos i t s ,  which occur both with and without sedimentary 
exha la t ive  zinc-lead depos i t s  (Orris, 1986b) . Grade and tonnage of bedded 
b a r i t e  depos i t s  associa ted  with sedimentary exhalat ive zinc-lead depos i t s  a r e  
ind i s t ingu i shab le  from bedded b a r i t e  depos i t s  not  associa ted  with them (C.J. 
Orris, o r a l  cornpun., 1986). No s i g n i f i c a n t  c o r r e l a t i o n  i s  present  between 
b a r i t e  grade and tonnage summarized i n  t a b l e  9 from (Orris, 1986b) 

Table 9. Estimate of percentage of bedded b a r i t e  depos i t s  which equal  o r  
exceed a given grade o r  tonnage (Orris, 1986b). Floor values a r e  
approximately lowest values given fo r  each va r i ab le  i n  the  grade and 
tonnage model (Orris, 1986b). 

Variable Percentage 
Floor 90 50 10 

Tonnes (10') .025 0.12 1.8 28. 
Bar i t e  ( percent  50. 64. 88. 96 . 
Bedded b a r i t e  deposi t  i n  the  Brooks Range 

Bedded b a r i t e  i s  recognized i n  the  Brooks Range, e i t h e r  a s  i s o l a t e d  
s t r a t i f o r m  deposi t s  o r  associated with sedimentary exha la t ive  zinc-lead 
deposi t s .  S ign i f i can t  amounts of b a r i t e  a r e  reported a t  the  sedimentary 
exhe la t ive  zinc-lead Red Dog deposi t :  b a r i t e  l e n s e s  th icker  than 46 m cap the 
b a s e m e t a l  ore. Bar i t e  reoccurs throughout the sec t ion  above t h e  deposi t  
( McHichael and o t h e r s ,  1984 1, Other zinc-lead depos i t s  have associa ted  
b a r i t e ,  but  i t  i s  unclear whether the  b a r i t e  i s  econmic.  Bari te  has been 
reported a t  Likl ( P r a t t ,  1984) and Drenchwater Creek (Lange and o the r s ,  1985) 
i n  the western Brooks Range. Lenses and pods of bedded b a r i t e ,  a s  much a s  10 
m t h i c k  cropping out f o r  1,600 m,  a r e  hosted by Elississippian( 7) dolomite a t  
Lik (Bundtzen and Benning, 1978). 

Two poss ib le  bedded b a r i t e  depos i t s  have been i d e n t i f i e d  i n  the  c e n t r a l  
and eas te rn  Brooks Range. Uassive b a r i t e  l enses ,  beds and nodules, same a s  
much a s  6 m t h i ck  and 30 m,  long have been found northwest of the  Sheenjak 
River in t he  Coleen quadrangle (Bundtzen and Henn iq ,  1978; Brosgb and Reiser ,  
1969). The host rocks inc lude  c h e r t ,  sha le ,  and i n t r u s i v e  rocks and may be 
equivalent  t o  rocks i n  the  Angayucham te r rane  i n  the Wiseman quadrangle. 
Buri te  nodules and l aye r s  have been reported i n  the Siksikpuk Formation i n  
Atigun Canyon, P h i l l i p  Smith Hountains quadrangle, which i s  adjacent  to  the  
pipeline cor r idor  i n  the  c e n t r a l  Brooks Range. The b a r i t e  i s  hosted by 
s i d e r i t i c  shale of the  Permian and tower T r a i s s i c  Sadlerochit  Croup (Bundtzen 
and Henning, 1978; P a r i s ,  1977; Menzie and o the r s ,  1985). Rocks belonging t o  
this group crop o u t  i n  the northern edge of the  Wiseman quadrangle. Menzie 
and o the te ,  (1985 1 described the  b a r i t e  outcrop as a zone 5 m t h i c k  containing 
an est imated 10 t o  15 percent b a r i t e .  They r epor t  the  host rock a s  sediments. 

- '. The deposi t  a t  Lik was i n i t i a l l y  c a l l e d  Wulik i n  the o lder  l i t e r a t u r e .  



The Nimiuktuk b a r i t e  deposi t  was found i n  the Misheguk quadrangle i n  1978 
(Hayfield and o t h e r s ,  1979). A t  the  su r face  i s  a 40 m by 60 m area  covered 
with b a r i t e  cobbles and boulders ( M y f i e l d  and o the r s ,  1979). Bsrnes and 
o thes  (1982) used g r a v i t y  measurements t o  es t imate  t h a t  t h e  depos i t  conta ins  
1.5 mi l l ion tonne8 o f  'l-cigbgrade ore." The s p e c i f i c  g r a v i t y  of seven b a r i t e  
ore  samples varied from 4.36 t o  4.40, average was 4.37 (Barnes and o the r s ,  
1982). The deposi t  i s  believed t o  be i n  the lowest of the  f i v e  t o  seven 
t h r u s t  sequences which make up the  western Brooks Range ( T a i l l e u r  and Brosgb, 
1970: E l l e r s i e c h  and o the r s ,  1979). There a r e  no bedrock exposures a r e  a t  
sane d i s t ance  f ran  t h e  deposi t .  Upper f i s s i s s i p p i a n  balck c h e r t  and shale  and 
lower Cretaceous sha le  and wacke a r e  500 m northeast  of t h e  deposi t  and Upper 
k i s s i e s ipp ian  volcanics  and Lower Hiss iss ippian  sandy l imes tone a r e  600 m 
southwest of  the  deposi t  ( b y f i e l d  and o the r s ,  1979 1,  

Tract  Delineation for Bedded Bar i te  

Trac t s  de l ineated  for sedimentary exha la t ive  zinc-lead depos i t s  (Trac t s  
SEDX-I t o  SEDX-VI) and mixed sedimentary deposi t  types  ( M - 1  t o  H-2) a r e  
permissible f o r  bedded b a r i t e  deposi t s .  The primary c r i t e r i o n  used t o  
d e l i n e a t e  the  t r a c t s  was the  presence of  appropr ia te  host  rocks f o r  
sedimentary exha la t ive  zinc-lead depos i t s ,  because bedded b a r i t e  depos i t s  can 
be in t ima te ly  associa ted  with sedimentary exhala t ive  zinc-lead d e p s i t s .  In  
such a s e t t i n g  there  i s  a 0.25 p r o b a b i l i t y  t h a t  a bedded b a r i t e  deposi t  i s  
present.  The same rocks and, the re fo re ,  the  same t r a c t s  a re  permissible for 
those bedded b a r i t e  depos i t s  not  associa ted  with o the r  depos i t s ,  

Subject ive Estimate of Undiscovered Deposits 

A sub jec t ive  es t imate  o f  the  nunber of undiscovered bedded b a r i t e  
deposits was not  made. However, the  nmber o f  bedded b a r i t e  depos i t s  can be 
estimated usiw the  p robab i l i ty  of 0.25 t h a t  an associa ted  bedded b a r i t e  
deposi t  will be present  with a sedimentary hosted zinc-lead deposit and the 
sub jec t ive  e s t ima te  of the  nuaber of t h e r e  deposi t s .  

HISCELLANEOUS TRACTS FOR EREVIOUSLY IDENTIFIED DEPOSIT TYPES 

Introduction 
Two t r a c t s  conta in  a mix of sedimentary rocks were del ineated  and 

permissible fo r  severa l  deposi t  types. Two o r  mote deposi t  types f r m  t h e  
following a r e  u r w l l y  involved : sedimentary hosted zinc-lead , sedimentary 
hosted copper. and carbonate-hosted base-metal deposi t  types. Each type has 
been described previously. Bedded b a r i t e  depos i t s  a s soc ia t ion  with 
sedimentary hosted zinc-lead deposi t  types may be present .  Subject ive 
es t imates  of nmber  of  undiscovered depos i t s  i s  not  provided fo r  these 
tracts.The desc r ip t ion  of  the  t r a c t 8  and deposi t  types t h a t  a re  permissible 
follows : 

Tract  No.: M-1 

a )  Geographic descr ip t ion:  This t r a c t  extends f r an  the  e a s t  edge of the  
quadrangle, a c r o s s  both the  Hammond and the Glacier Rivers t o  a p i n t  e a s t  of  
t h e  junct ion  of Tinayguk and North Fork of  the  Koyukuk Rivers ( p l .  2 ) .  
b) Permissive rocks and s t ruc tu res :  The dominant rocks cons i s t  of black 
slate, p h y l l i t e  and limestones of Middle o r  Upper Devonian o r  possibly o lder  



age. There rocks a r e  black,  ca lcareous ,  p h y l l i t i c  s i l t s t o n e ,  s l a t e  and 
q u a r t z i t e  with l e n r e s  of  brown dolamite and black calcareous p h y l l i t e  and 
s c h i s t  with interbedded limestone. Also included i n  the  t r a c t  i s  a small a rea  
with black calcareous p h y l l i t e  and t h i n  dark limestone. Although t h e  
desc r ip t ions  suggest t h a t  carbonate rocks a r e  a minor component, a s  much as a 
o n e t h i r d  of t h e  rocks i n  this t r a c t  may be limestone and o the r  carbonate 
rocks . 
c) Known mineral izat ion:  No s i g n i f i c a n t  mineral occurrence i n  recognized i n  
t h e  t r a c t .  
d )  Geochemistry: The t r a c t  i s  t o t a l l y  within subdivision V I .  The t r a c t  does 
not i n t e r s e c t  any geochemical ananalous areas .  
e )  Comments: The t r a c t  conta ins  rocks which a r e  permissible f o r  the  
occurrence of sedimentary hosted zinc-lead depos i t s  and carbonate-hosted base- 
metal deposi t s .  

Tract  No.: U-2 

a )  Geographic descr ip t ion:  The t r a c t  i s  i n  two par ts .  M-2a extends f r m  the  
North Fork of  the  Koyukuk River, t o  B point  south of i t s  junction with Glacier 
River, across t h e  junction of Wild River with Michigan Creek, t o  a pa in t  about 
midway between Wild and John Rivers. M-2b i s  a t r i angu la r  a ree  along and 
predominantly wert of the Middle Fork of the  Koyukuk River ( p l .  2 ) .  
b) ~ e r m i s s i v e r  rocks and s t ruc tu res :  The dominant rocks i n  both p a r t s  of the 
t r a c t  a re  Proterozoic o r  Paleozoic calcareous schist w i t h  l a y e r s  of  marble. 
Interbedded and l o c a l l y  found i n  s i g n i f i c a n t  amounts a r e  coarse mica s c h i s t  
and paragneiss with l enses  and bands of black, g r a p h i t i c  schiat and r a r e  
l a y e r s  o f  marble and calcareour s c h i s t .  About one-third of the  rocks i n  the 
t r a c t  a r e  carbon8 t e  rocks. 
C )  Known minera l iza t ion:  No s i g n i f i c a n t  mineral occurrence i s  recognized i n  
H-28. One described occurrence i s  recognized i n  N-2b. It consists of 
bornits-bearing ve in le ta  with de tec tab le  l e v e l s  of copper and z inc ,  and hosted 
by dolomite and limestone. 

Stream basin with gold p lace r s  a r e  more numerous i n  H-2b than i n  M-2a. 
M-2a inc ludes ,  however, a p a r t  of  t h e  basin f o r  the poorly documented gold 
p lace r s  of  Bourbon Creek. M-2b inc ludes  n e a t l y  a l l  the basin f o r  Enma Creek 
and Kelley Gulch and p a r t s  of  t h e  bas ins  f o r  Hinnie Creek, and Porcupine 
Creek-Quartz Creek. 
d )  Geochemistry: The t r a c t  i s  t o t a l l y  within subdivision 11. H-2a includes a 
l a r g e  p a r t  of  anomalous geochemical area 4 and much o f  the  smaller anomalous 
geochemical a rea  5: H-2b inc ludes  much of anomalous geochemical a ree  1. These 
a r e  described a s  follows: 
Subdivision No. I1 

Anomalous geochemical area 1 over l a p s  wi th  most of k 2 a .  
Ananalous elements : copper, l ead ,  z inc ,  gold,  s i l v e r ,  a r sen ic ,  antimony 
Less commonly anomalous : barium, n icke l ,  molybdenm 

Anomalous geochemical a rea  4 inc ludes  a l a r g e  of  t h e  c e n t r a l  a rea  of M-2a. 
Anomalous elements : copper, l ead ,  z inc ,  gold, tungsten 

Less comnonly anomalous: barium, coba l t ,  chromium, s i l v e r ,  a r sen ic ,  
antimony 

Anomalous geochemical a rea  5 inc ludes  a small a rea  i n  the  wert end of H- 
28. A 

Anomaloua elements: l ead ,  z inc ,  s i l v e r ,  antimony, molybdenm, tungsten 
Less cornonly ananalous: copper, coba l t  



f Comments: The t r a c t  conta ins  rocks with a r e  permissible f o r  the  occurrence 
of sedimentary hosted zinc-lead depos i t s  and carbonat*hoeted base-metal 
depos i t s  

SKARNS 
In t roduct ion  

Skarns a r e  "coarse-grained Ca-Fe-Hg-Hn s i l i c a t e s  formed by replacement of 
carbonate-beariilg rocks a c c a n p s n y i ~  regional  o r  con t rac t  metamorphism" 
(Einaudi and o the r s ,  1981). Skarna a r e  formed by the  in t roduc t ion  of  s i l i c a ,  
a l u n i n m ,  i r o n  end marrganese i n t o  carbonate rocks. Typical skarn minerals  
inc lude  i r o ~ g a r n e t s ,  iron-pyroxenes, and epidote.  Skarns r e s u l t i n g  from 
regional  metamorphism a r e  not known t o  host  metals  of econamic i n t e r e s t  (D.P. 
Cox, 1986, o r a l  commun.) : those r e s u l t i n g  from contac t  metamorphism may do 
so. This does not preclude mineralized skarns f r m  occurring i n  a reas  of 
regional  metamorphism. However, these  skarns represent  contac t  metasomatism 
e i t h e r  p r i o r  t o  or a f t e r  the  regional  event.  

Copper skarns and zinc-lead skarns a r e  two of a t  l e a s t  f i v e  deposi t  types 
found i n  calcareous rocks near t h e  contac t  with porphyroaphanitic ( inc luding 
f e l s i c ,  mafic, and a l k a l i c )  i n t r u s i o n s  (Cox and Singer,  1986). Among these 
f i v e  types  a r e  skarns r e l a t ed  t o  porphyry copper which a r e  s imi la r  i n  
depos i t iona l  s t y l e  to the type of copper skarns considered here. These t w o  
types of copper akarns have d i f f e r e n t  grade and tonnage models. The median 
tonnage f o r  copper skarns r e l a t e d  t o  porphyry copper depos i t s  i s  two orders  of  
magnitude l a r g e r  than f o r  copper skarns not associa ted  with porphyry copper 
deposi t s .  Grades of the  commodities d i f f e r  a s  well (Singer ,  1 9 8 6 ~ :  Jones and 
Henzie, 1986). 

Copper skarns c o n s i s t  of chalcopyr i te  hosted by contac t  metasomatic calc-  
s i l i c a t e  rocks (Cox and Theodore, 1986). These skarns a re  t y p i c a l l y  
associa ted  with barren in t rus ions .  Copper i s  the  primary commodity: s i l v e r  
and gold a re  poss ib le  byproduct cormrrodities (Jones and Henzie, 1986). 

Zinc-lead skarns c o n s i s t  of s p h a l e r i t e  and galena hosted by c a l c - s i l i c a t e  
rocks formed by contac t  metasomatism (Cox, 1986d). Zinc and, i n  most cases ,  
l e sd  a r e  the  primary corrm~odities: s i l v e r ,  copper, and gold a r e  poss ib le  
byproduct cmmodi t ies  ( k s i e r  , 1986 1. 

Ceolmic  Se t t ing  
The following desc r ip t ion  of geologic s e t t i n g  f o r  copper skarns i s  taken 

mostly from Cox and Theodore (1986): i s  e s s e n t i a l l y  i d e n t i c a l  t o  t h a t  fo r  
zinc-lead skarns ( C o x ,  1986d). These skarn deposit types form i n  
miogeosynclinsl sedimentary rocks intruded by f e l s i c  plutons, Continental 
margins during l a t e  orogenic magmatism appear t o  be par t i c u l a r l y  favorable. 
The canposi t ion  of  the  i n t r u d i w  igneous rocks associa ted  with these  two skarn 
types  i8 quite var iab le ;  t o n a l i t e  t o  monzograni t e  i n t r u s i v e s  may be present  
f o r  copper skarns and g ranod io r i t e  t o  g r a n i t e ,  d i o r i t e  and ryen i t e  f o r  zinc- 
lead  skarns. The host  rocks are e i t h e r  carbonate o r  calcareous c l e r t i c  
rocks. Rocks of Mesozoic age a r e  comonly  i d e n t i f i e d  with these  r k a m  types ,  
but  deposits may be expected in rocks of  any age. Associated deposit types 
include p o l e e t a l l i c  replacements and i ron  s karns . Copper skarns and zinc- 
l e s d  skarns may be associa ted  with each o ther  a s  well. 



The d i s c r i p t i o n  o f  t i n  skarna i s  taken from Reed and Cox (1986) unless 
noted otherwise. Tin skarns form i n  carbonate t e r r a i n s  intruded by l eucocra t i c  
b i o t i t e  and (or) muscovite g r a n i t e  which commonly e x h i b i t  specia l ized  
phases. F e l s i c  d ikes  may a l s o  be found. Einaudi and o t h e r s  (1981) suggest 
t h a t  the  associa ted  with t i n  skarns g r a n i t e s  have "no genera l ly  app l i cab le  
d i r t i n c t i v e  c r i t e r i a . *  They a l s o  suggest i f  this i e  a common element among 
these  g r a n i t e s ,  it i s  the  prerences of  i r o n ,  rhubidiun, lithium, t i n ,  
be ry l l i tm,  tungsten,  and molybdenm, r e l a t i v e l y  reduced nature ,  low s u l f u r  and 
o r e s  o f  high oxide content .  In add i t ion ,  Reed and Cox (1986 a l s o  inc lude  
l ead ,  boron, nobium, c e s i m ,  u r a n i m ,  t h o r i m ,  hnfnium, t a n t a l m  and most 
r h e n i m  a s  being enriched. They note t h a t  these  g r a n i t e s  a r e  depleted i n  
n ick le  , copper, chromim, c o b a l t ,  vanadium, scand im,  s t ron t iuu ,  lanthanum and 
barium. These g r a n i t e s  have Si02 g r e a t e r  than 73 percent ,  K20 g r e a t e r  than 4 
percent and depleted i n  CaO. TiOZ WgO, and t o t a l  i ron.  Granite  emplacement 
i s  pastorogenic . Carbonate rocks hosting depos i t s  a r e  mainly Mesozoic but 
rocks of a l l  ages e r e  involved. Associated deposi t  types include tungsten 
skarn,  tin gnei rsen ,  and quar tz -cass i t e r i t e - su l f ide  veins.  Also associa ted  a t  
g r e a t e r  d i s t ances  a r e  intrusive-carbonate contac t  t i n  replacement and f i s s u r e  
lodes. 
Deposit R o p e r t i e s  

The follolring desc r ip t ion  of  deposi t  p roper t i e s  f o r  Cu skarns i s  taken 
mostly fran Cox and Theodore (1986). Copper skarn depos i t s  a re  i r r e g u l a r  t o  
tabular  bodies cons i s t ing  of chalcopyr i te  and p y r i t e .  Hematite, magnetite,  
bo rn i t e ,  and p y r r h o t i t e  may a l s o  be present.  Deposits occur along, o r  
adjacent  t o ,  the con tac t s  of  i n t r u s i o n s  which may have a wide range of 
canposi t ions  and textures .  For this purpose of the  assessment, depos i t s  
within 500 m of the contac t  were considered. Al tera t ion  i n  carbonate rocks 
around the  i n t r u s i o n  associa ted  with t h e  copper skarns may occur i n  th ree  
zones: an outer  zone of marble, an intermediate zone of  wol las toni te ,  and an 
inner zone of  garnet-pyroxene inunediately adjacent  t o  the  in t rus ion .  Host of 
of the  copper minera l iza t ion  i s  found i n  the  garnet-pyroxene zone although a l l  
zones may be involved. The i n t r u s i o n  may be a l t e r e d  t o  pyroxene-epidote and 
usua l ly  does not host  mineral izat ion.  Ac t ino l i t e ,  c h l o r i t e ,  and c lays  may 
a l s o  be present ,  the r e s u l t  of  re t rograde  metamorphism. Deposits a r e  coarse- 
gra ined,  with i n t e r s t i t i a l  su l f ides .  Copper skarn depos i t s  weather t o  form 
ire-rich gossans which conta in  copper carbonates and s i l i c a t e s .  The 
geochemical signal f o r  this deposi t  type may inc lude  an inner  zone of  copper- 
gold-si lver  followed by gold-si lver  , followed by enriched gold with l e s s e r  
s i l v e r  surrounded by an outer  halo of  lead-zinc-silver.  Other poss ib le  
geochemical s ignatures  for  this deposi t  t y p  inc lude  c o b a l t ,  a r sen ic ,  antimony 
and bismuth. Capper skarns associa ted  with porphyry Cu but have a d i f f e r e n t  
grade ard tonnage model. These Cu skarns a t e  not addressed here ,  s ince ,  by 

1 d e f i n i t i o n ,  on ly  those with barren i n t r u s i o n s  a r e  considered . 
The following desc r ip t ion  of deposi t  proper t ies  fo r  zinc-lead skarns i s  

taken from Cox (1986d). Zinc-lead skarns c o n s i s t  of  s p h a l e r i t e  and galena a t ,  

1. At l e a s t  one Cu porphyry deposit i s  suspected t o  be present  i n  the 
Chandalar quadrangle (DeYourq, 1978). Some skarnr  t h e r e i n  should be cataloged 
a s  members qf the Cu skarn deposi t  type associa ted  with Cu porphyry. However 
no porphyry Cu depos i t s  a r e  expect i n  the  Wiseman quadrangle and t he re fo re  we 
have treated the  Cu depos i t s  i n  a fashion cons i s t en t  with s deposi t  type 
associa ted  with barren in t rus ions .  



or  adjacent  t o ,  i n t r u s i o n s  i n  carbonate-bearing rocks. Other minerals  may 
include p y r r h o t i t e  , p y r i t e ,  magneti te ,  chalcopyr i te ,  bo rn i t e  , arsenopyri te  , 
s c h e e l i t e ,  b ismuthini te ,  s t a n n i t e ,  and f l u o r i t e .  l k p o s i t s  may be found 
severa l  ki lometers  f r an  the  i n t r u s i o n  o r  f a i l  t o  e x h i b i t  my assoc ia t ion  with 
an i n t r u s i o n  (Einrudi  and o t h e r s ,  1981 1 It i s  suspected that zinc-lead skarns 
unrelated t o  obvious i n t r u s i o n  represent  from 30 t o  poss ib ly  l ane  than 10  
percent  of  a l l  zinc-lead skarns. For this, only zinc-lead skarns within 500 m 
of a mapped i n t r u s i v e  contac t  were conaidered. Zinc-lead skarns a r e  l e s s  
l i k e l y  t o  exh ib i t  metamorphic aureoles ,  but  t h e r e  i s  a g r e a t e r  l ike l ihood of 
s t r u c t u r a l  o r  l i t h o l o g i c a l  con t ro l  on deposi t ion  than f o r  copper skarns 
(Einaudi and o the r s ,  1981 1. Zinc-lead skarns tend to  be more manganese-rich: 
they con ta in  manganese-hedenbergite p lus  andradi te ,  g r o s a u l a r i t e ,  spessa r t ine ,  
bustamite,  and rhodonite . Retrograde minerals  may inc lude  manganese- 
a c t i n o l i  t en  i l v a i  te , c h l o r i t e ,  dsnnemorite , and rhodochrosite.  Cossans 
developed on these skarns e x h i b i t  s trong manganese-oxide s t a i n s .  Anomalous 
elements useful  i n  geochemical explora t ion  may include z inc ,  l ead ,  manganese, 
copper, c o b a l t ,  gold ,  s i l v e r ,  a r s e n i c ,  tungsten,  t i n ,  f l u o r i n e ,  and poss ib le  
b e r y l l i m .  Copper skarns may be associated.  Zinc-lead skarns a r e  l e s s  common 
than copper skarns. 

The desc r ip t ion  of  deposi t  p roper t i e s  f o r  t i n  akarns is taken from Reed 
and Cox (1986) unless  noted otherwise. Tin skarn bodies  may be concordant- 
sheet- l ike and len  ticular--or cross-cut t ing  a s  pipes o r  ve ins  (Smirnov and 
o the r s ,  1983). Deposits may develop a s  f a r  a s  300 m from the  i n t r u s i v e  
contac t  and apparently a r e  con t ro l l ed  by i n t r u s i v e  re l a t ed  f rac tu res .  Tin i s  
o f t e n  i n  s i l i c a t e s  and d i f f i c u l t  t o  e x t r a c t  using standard meta l lu rg ica l  
techniques. The inc ludes  t in-garnets  ( g r o s s u l a r i t e  o r  andrad i t e ,  up to  5.8 
percent Sn02), t i n  amphibole ( u p  t o  3 percent sno2) 9 sphene, malayaite ,  
epidote ,  and i l v a i t e  (Laznicka, 1985; Kwak, 1987). f a t e  s t age  stockwork o f  
v e i n l e t s  and veins  may develop and c u t  both skarn and associa ted  host rocks. 
Vein minerals  inc lude  f l u o r i t e ,  qua r t z ,  tourmaline, a x i n i t e  , and d a t o l i t e  
(Laznicka, 1985). Greisenizet ion may develop near g r a n i t e  margins and i n  
cusps. Weathered depos i t s  may generate t i n  p lacers .  Anomalous elements 
usef u l  i n  geochemicsl explora t ion  may include t i n ,  tungsten,  i r o n ,  beryllium, 
z inc ,  l e a d ,  copper, s i l v e r ,  l i t h ium,  rubidium, cesium, rhenium and boron. 
Grade and Tonnage Models 

The grade and tonnage model f o r  copper skarns was developed from 64 
depos i t s  and a few d i s t r i c t s  (Jones and Uenzie, 1986) associa ted  with barren 
s tocks ,  using the c l a s s i f i c a t i o n  c r i t e r i a  of Einaudi and o t h e r s  (1981). No 
c o r r e l a t i o n  i s  found between grades o r  between tonnage and grades. The grade 
and tonnage model was t e s t ed  t o  determine whether it  was appropiate f o r  the 
e i g h t  copper skarn depos i t s  found i n  the  Brooks Ra-e ( s e e  next sec t ion  
Newberty, 1986a). Brooks Range copper skarns have s t a t i s t i c a l l y  d i f f e r e n t  
grades and tonnages ( t - t e s t ,  variance not assmed t o  be equal ) .  The test was 
run using HINITAB, (Ryan and o the r s ,  1976). The copper and s i l v e r  grades and 
tonnage for Brooks Range rkarn depos i t s  a t e  s t a t i s t i c a l l y  undis t ingui  shable 
from those use i n  the  grade and tonnage model developed by Jones and Menzie 
(1986). However, nea r ly  a l l  Brooks Range skarns depos i t s  have reported s i l v e r  
grades i n  c o n t r a s t  t o  only about 25 percent  of those found i n  the  Jones and 
Henzir (1986). model. The s i l v e r  grades have been adjusted t o  conform t o  t h e  
l ike l ihood t h a t  a l l  undiscovered copper skarna i n  the Brooks Range w i l l  have a 
s i l v e r  grade. Cold grader  a r e  not reported fo r  the  Brooks range depos i t s ,  but  
they a r e  found i n  30 percent  of the  deposi t8  used i n  the model (Jones and 
Henzie, 1986). Thin may be do t o  an a n a l y t i c a l  c u t o f f ,  because t h e  reported 
gold grades i n  the grade and tonnage model a r e  q u i t e  low. The gold grades a r e  



unmodified f o r  use i n  t h i s  assessment. Both grades (with adjustment i n  s i l v e r  
grade) and tonnmges a r e  given i n  t a b l e  10. 

Table 10. E a t i r a t e  of percentage of copper skarns which equal o r  exceed a 
given grade or tonnage (Jones and Henzie, 1986) with modificat ions a s  
described i n  t e x t .  Floor values a r e  approximately lowest va lues  used f o r  
each va r i ab le  i n  the  grade and tonnage model. I--, grade not a v a i l a b l e ,  
unreported. I 

Variable Percentage 
Floor 90 !50 10 

Tonner (10") 0 005 0.034 0.56 9.2 
Copper ( percent  0.32 
S i lve r  ( g/ tonne) 1.0 
Gold ( g/ tonne) .04 

The grade and tonnage model fo r  zinc-lead skarns was developed from 34 
depos i t s  ( b s i e r  , 1986 1. Zinc and lead grades a r e  s i g n i f i c a n t l y  co r re la t ed  
(r=0.66. n=30) and zinc and copper grades are s i g n i f i c a n t l y  co r re la t ed  
(m0.61, n=17). Information on skarns of this type i n  the Brooks Range i s  too  
inccmplete t o  j u s t i f y  modificat ions of t h e  grade and tonnage model ( b s i e r ,  
1986). About 90 percent  of  the  depos i t s  used the re in  r e p o r t s  lead grades;  
s l i g h t l y  fewer than 70 percent of  the  depos i t s  have reported copper grades and 
s l i g h t l y  more than 20 percent  of the depos i t s  have reported gold grades.  
Grades and tonnage a r e  sunmnarized i n  t a b l e  11 (Mosier, 1986). 

Table 11. Estimate of percentage of zinc-lead skarn depos i t s  which equal o r  
exceed a given grade o r  tonnage ( M s i e r ,  1986). Floor values a r e  
approximate lowest value given f o r  each v a r i a b l e  i n  the  grade and tonnage 
model (Mosier, 1986b). 

Variable Percentage 
Floor 90 50 

Tonnes ( lo0)  .09 0.16 1.4 12. 
Zinc ( percent)  2.4 2.7 5.9 13. 
b a d  (percent )  87 .87 2.8 7.6 
S i l v e r  ( g/ tonne) 15. --- 58. 290. 
Copper (percent )  09 -- 0.09 1 3 
Gold ( g/  tonne 0.06 --- -- 0.46 

The grade and tonnage model fo r  t i n  skarn depos i t s  was developed from 
four  deposi t8  (Henzie and Reed, 1986). This i s  a very small sampling of 
depos i t s  of this type a d  l i k e l y  s t rongly  s i z e  biased ( i . e .  conta ins  j u s t  the  , 

l a r g e s t  d e p o s i t s ) ,  p a r t i c u l a r l y  for tonnage. Tin grades a r e  l i k e l y  l e s s  s ized  
biased. Henzie and Reed (1986) suggest t h a t  p o t e n t i a l  by-products from t i n  
ukarne inc lude  tungsten,  f l u o r i n e  , beryll ium, z inc ,  and gold. Grades and 
tonnage a r e  summarized i n  table 12 (Henzie and Reed. 19861. 



Table 12. Estimate of  percentage of  t i n  skarn depos i t s  which equal or  exceed 
a given grade o r  tonnage (Henzie and Reed, 1986). Floor values a r e  not 
given do to  the small sample s i ze .  

Variable Percentage 
90 50 10  

Tonnes ( lou )  1.6 9.4 58. 
Tin ( percent 1 0.13 0.31 0.76 

Iden t i f i ed  skarns i n  the  Brooks Range 
Skarns with and without s i g n i f i c a n t  economic minera l iza t ion  have been 

canpiled f o r  Alaska (Newberry, i986a). Barren skarns a r e  recognized by t h e i r  
small tonnage, low grades ,  o r  both. Based on reported base-metal grades ,  four 
types of skarn occurrences a r e  recognized and used i n  this assessment for t h e  
Brooks Range. They a r e  (1) barren skarns,  ( 2 )  copper skarns,  ( 3 )  t i n  skarns,  
and (4)  zinc-lead skarns. Cold i s  a l s o  found i n  skarns,  with and without 
economic grades of copper, l ead ,  z inc ,  and i r o n  (Orris and o t h e r s ,  1987 1. 
Nearly a l l  skarn occurrences and depos i t s  fo r  the  Brooks Ra%e i n  Newberry's 
compilation (1986s) a r e  i n  the  Chsndalar and Survey Pass quadrangles, 
r e spec t ive ly  located e a s t  and west of the  Wiseman quadrangle. 

Two kinds of skarns a r e  prominent i n  the Brooks Rsnge, based on Newberry 
and o t h e r s ,  (1986) ; they  a re  t i n  and copper skarns. Also described a r e  
severa l  occurrences t h a t  match the  desc r ip t ion  f o r  zinc-lead skarns; one of 
these  may be a deposi t .  Comparison of the t i n  grades fo r  proposed Brooks 
Range t i n  skarns (Newberry, 1986a) with those t i n  skarna used by Menzie and 
Reed (1986) suggest t h a t  the  Brooks Raqe tin skarn a r e  below deposi t  grade. 
F i f t een  skarn occurrences a r e  i d e n t i f i e d  i n  the  Chandalar quadrangle and 18 i n  
the  Survey Pass quadrangle. The reso lu t ion  of occurrences a s  defined by 
Newberry (1986a) i s  a t  a f i n e r  s c a l e  than used f o r  developing the grade and 
tonnage model (Jones and Henzie, 1986). They i d e n t i f y  d i s t r i c t s  among t h e  
types of  copper sksrn depos i t s  used. DeYoung (1978) descr ibes  copper skarn 
deposits i n  the  Chsndalar quadrangle i n  which severa l  occurrence defined by 
Nevberry (1986a) a r e  combined. Adjacent skarn bodies w i l l  be t r ea ted  a s  p a r t  
of  the  same occurrence o r  deposi t  i f  within 0.5 kilometers.  I n  conformance 
with t h i s  r u l e ,  the  following copper skarna depos i t s  a r e  recognized i n  
Chandalar: Hurricane-tuna, Eva-Venus-Victor, Evelyn Lee, Pilgrim, and 
k i m o s .  In  the  Survey Pars quadrangle, t h r e e  copper skarn depos i t s  a r e  
recognized: Arrigetch Creek East, East Contact (Saddle Creek), and North Reed 
River. The s i n g l e  zinc-lead skarn,  named 10, i s  i n  the  Chsndalar quadrangle. 

The f o l l o w i x  sumnaries a re  taken f r a n  Newberry (1986a) unless noted 
otherwise. References t o  o the r  published sources for s p e c i f i c  occurrences can 
s l ro  be found i n  Newberry's (1986a) compilation. Tonnages of these  d e p o s i t s  
have been estimated by using the midrange of maximm and minimum estimated 
tonnage, adjusted to  conform t o  reported deposi t  geanetry. Also included i n  
the  compilation, a t  various degrees of  completeness a r e  reported assay value$; 
host c h a r a c t e r i s t i c s  and chemistry; i n t r u r i v e  rocks c h a r a c t e r i r t i c s  including 
l i tho logy ,  a l t e r a t i o n ,  t e x t u r e ,  and msfic and accessory mineralr ;  morphology; 
composition ( inc luding normative minerals) :  skarn minerals;  paragenesis; 
assemblage; zoning; and rkarn ore minerals  ( and composition the reof ) .  



Mineralized skarns i n  the Survey Pass quadrangle a r e  associa ted  with 
g ranod io r i t e  and a l k a l i  g r e n i t e  in t rus ions .  Host of the  exposures a r e  found 
i n  two adjacent  area8 that have an ap roximate a rea  of  140 km2. This i s  g b a t h o l i t h i c  i n  s c a l e  ( g r e a t e r  than km ) . I n  c o n t r a s t ,  t h e  mineralized skarns 
i n  the  Chandalar quadrangle a t e  associa ted  with g ranod io r i t e  d ikes  and stocks 
t h a t  have an approximate area  of 52 km2. In addi t ion ,  11 km2 of c a l c - s i l i c a t e  
hornfe ls  a r e  shown adjacent  t o  these in t rus ions .  Similar rocks a r e  e i t h e r  not 
present  o r  not mapped i n  the  Survey Pass quadrangle. 

The S k a j i t  Wmestone i s  the  only host  i d e n t i f i e d  f o r  occurrences and 
depoei ts  i n  the Chandalar quadrangle. In the  Survey Pass quadrangle, two 
o t h e r s  u n i t s  a r e  i d e n t i f i e d :  s Devonian gray p h y l l i t e  which l o c a l l y  has 
limestone beds up t o  20 m t h i ck ;  and a low- t o  mediumgrade s c h i s t  and gne i s s  
in te r l aye red  with orange-weathering marble (Nelson and Grybeck, 1980 1. 
However, a11 but  one of  these  depos i t s  a r e  i d e n t i f i e d  a s  being hosted by the  
S k a j i t  Wmestone i n  Newberry (1906s). Deposit desc r ip t ions  follow: 
( 1 ) The Hurricane-Luna depos i t  ( a1 so Hurricane-Diane-Luna depos i t )  was 
described a s  an a c t i v e  prospect by &Young (1978, no. 33). The deposi t  i s  
estimated t o  conta in  250,000 tonnes a t  1.7 percent copper and 104 g/tonne 
s i l v e r .  The deposi t  i s  hosted by the  Devonian S k e j i t  Wmestone. A t  this 
loca t ion ,  the S k a j i t  i s  estimated t o  be 20 percent limestone and 5 percent 
dolomite; t h e  balance i s  sha le ,  in termedia te  volcanic rocks and marl. The 
deposi t  c o n s i s t s  of  magnetite,  p y r i t e ,  chalcopyr i te ,  and s p h a l e r i t e  with skarn 
minerals  such a s  ga rne t ,  ep idote ,  and a c t i n o l i t e :  some o r e  bodies have 
pyroxene a s  well. The skarn i s  associa ted  with a g ranod io r i t e  in t rus ion .  
Al tera t ion  of the  i n t r u s i o n  i s  s e r i c i t i c  and p r o p y l i t i c .  
( 2 )  The Eva-Venus-Victor deposi t  was described a s  an ac t ive  prospect by 
DeYoung (1978, no. 72). The deposi t  i s  estimated t o  conta in  1,500,000 tonnes 
with 1.65 percent copper and 11 g/tonne s i l v e r .  Mineral izat ion i s  associa ted  
with a porphyry copper d e p s i t  i n  granodior i te .  The deposi t  i s  hosted by the 
S k a j i t  Limestone with the  same l i t h o l o g i c  p r o f i l e  a s  a t  Hurricane-Luna. Ore 
minerals  c o n s i s t  of p y r i t e  and chalcopyr i te ,  joined by skarn minerals  ga rne t ,  
epidote and ac t i n o l i t e .  Aim found l o c a l l y  a r e  c h l o r i t e ,  pyroxene, quar tz ,  
and serpentine.  Al tera t ion  of  the  i n t r u r i o n  i s  genera l ly  s e r i e i t i c ,  but 
l o c a l l y ,  p r o p y l i t i c  and potass ic  a l t e r a t i o n  occurs and same endoskarn i s  
present .  
( 3 )  The Evelyn Lee deposi t  i s  described a s  an a c t i v e  prospect by DeYoung 
(1978, no. 24). The deposi t  i s  estimated t o  contain 1,200,000 tonnes with 1.0 
percent copper and 30 g/tonne s i l v e r .  Mineral izat ion i s  i n  an i s o l a t e d  
t a c t i t e  body a t  l e a s t  100 m 10% and about 10 m wide (DeYoung, 1978). The 
deposi t  i s  hosted by t h e  S k a j i t  Limestone with the  same l i t h o l o g i c  p r o f i l e  as  
given previously. Ore minerals  include magnetite,  p y r i t e ,  cha lcopyr i t e ,  
ba rn i t e  , cha lcoc i t e  , and t e t r a h e d r i t e  associa ted  v i t h  skarn minerals  ga rne t ,  
pyroxene, epidote ,  a c t i n o l i t e ,  c h l o r i t e ,  sphene, and quartz.  The skarn i s  
associa ted  with a granodior i te .  A l t e ra t ion  t o  the  i n t r u s i o n  i s  s e r i c i t i c  and 
p r o p y l i t i c  ; some endoskarn i s  a1 so present .  
(4) The Pilgrsm deposi t  war descr ibed,  along with loca t ion  Cindy, Mike, and 
Vicki,  a s  an ac t ive  prospect (DeYou*, 1978, no. 17) .  The deposi t  i s  
estimated to . con ta in  5,900 tonnes with 3.0 percent  copper and 1 7  g/tonne 
s i l v e r .  The deposi t  i s  hosted by the  S k a j i t  Wmestone with the  same 
l i t h o l o g i c  p r o f i l e  a s  given previously. Ore minerals  inc lude  p y r i t e ,  
chalcopyr i te ,  and r p h a l e r i t e  associa ted  with skarn minerals  ga rne t ,  epidote , 
and a c t i n o l i t e .  The skarn i s  assoc i s t ed  with a granodior i te .  Al tera t ion  t o  
t h e  i n t r u s i o n  is s s r i c i t i c  and propy l i t i c .  



( 5 )  The Deimos deposi t  i s  estimated t o  contain 79.00 tonnes with 1.9 percent  
copper and 60 g/tonne s i l v e r .  The deposi t  i s  hosted by the  S k a j i t  Limestone 
v i t h  the  same l i t h o l o g i c  p r o f i l e  a s  given previously,  Ore minerals  inc lude  
magnetite,  p y r i t e ,  and chalcopyr i te  associa ted  with skarn minerals  ga rne t ,  
epidote,  s c t i n o l i t e ,  and c h l o r i t e .  The skarn i s  aasocis ted  with a 
granodior i  te. Altera t ion  t o  the i n t r u s i v e  i s  s e r i c i t i c  and p r o p y l i t i c  . 

Three copper eksrn depos i t s  i n  the  Survey Pass quadrangle a r e  described 
next. Description f rm Newberry (19868) unlesa noted o t h e r w i ~ t .  
( 6 )  The Arrigetch Creek East deposi t  which i s  described by Nelson and Grybeck 
(1980, no. 33) a s  severa l  t s c t i t e  bodies, sane a s  much a s  700 m long and 70 m 
t h i ck ,  a t  4 granite-carbonate contac t .  The deposi t  i s  est imated t o  conta in  
450 tonnes with 2.0 percent copper and 1 g/tonne s i l v e r .  The deposi t  i s  
hosted by t h e  S k s j i t  Limestone with sha le  with the  balance cons i s t ing  of black 
shale.  graywscko, marl,  and intermediate t o  mafic volcanic racks. Ore 
minerals  inc lude  magneti te ,  cha lcopyr i t e ,  c a s s i t e r i t e ,  and f l u o r i t e  associa ted  
with skarn minerals  garnet .  pyroxene, hornblende, b i o t i t e ,  a x i n i t e ,  and 
quar tz .  The sksrn i s  associa ted  with an i n t r u s i o n  estimated t o  be 90 percent  
granodior i te  and 10 percent a l k a l i  g ran i t e .  Al tera t ion  t o  the i n t r u s i o n  i s  
s e r i c i t i c  . 
( 7  The East Contact (Skaddle Creek) deposi t  i s  estimated t o  conta in  
1,200,000 tonnes with 1 .O percent copper and 6.5 g/tonne s i l v e r .  The deposi t  
i s  hosted by the  S k a j i t  Limestone and has the  same l i t h o l o g i c  p r o f i l e  a s  for 
the  Arrigetch Creek East deposi t .  Ore minerals  include magnetite,  p y r i t e  . 
p y r r h o t i t e ,  cha lcopyr i t e ,  and s p h a l e r i t e  associa ted  u i t h  skarn minerals  
ga rne t ,  a c t i n o l i t e ,  and hornblende. The s k a m  i s  associa ted  with an i n t r u s i o n  
estimated t o  be 90 percent  granodior i te  and 10 percent  a l k a l i  g r a n i t e .  
Al tera t ion  t o  the  i n t r u s i o n  i s  r e r i c i t i c .  
( 8 )  The North Reed River deposi t  i s  estimated t o  conta in  230 tonnes with 0.6 
percent copper and 4 &tonne s i l v e r .  The deposi t  is hosted by a u n i t  
estimated t o  be 10 percent  limestone. More then half of the  un i t  i s  sha le  
with t h e  balance cons i s t ing  o f  marl,  graywacke, and mafic volcanic rocks. The 
only  i d e n t i f i e d  ore  minerals  i s  pyr i t e  with the  skarn minerals  hornblende and 
b i o t i t e .  The associa ted  i n t r u s i o n s  are estimated to  be 80 percent  
g r snod io r i t e  and 20 percent  a l k a l i  g r a n i t e .  Al t e ra t ion  t o  the i n t r u s i o n  i s  
s e r i c i t i c .  

The occurrence i d e n t i f i e d  a s  a poss ib le  zinc-lead skarn depos i t ,  the  10, 
i s  the  Chandalar quadrangle. It i s  estimated t o  conta in  47,000 tonnes with 
12.6 percent  lead  . 8.5 percent  zinc1, 0.04 percent  copper and 83 g/tonne 
s i l v e r .  This deposi t  i s  too m a l l  t o  be described by t h e  grade and tonnage 
model for  this deposi t  type. The lead grade i s  probably too  high. Iden t i f i ed  
o r e  minerals  inc lude  magnetite.  p y r i t e ,  chalcopyr i te .  s p h a l e r i t e ,  and galena 
associa ted  with skarn minerals  such 8s garne t ,  ep idote  . a c t i n o l i t e  , and 
c h l o r i t e .  The deposi t  i s  hosted by the  S k a j i t  Limestone estimated t o  be made 
up of  20 percent  limestone, 5 percent  dolomite, and 15  percent  marl. The 
balance i s  shale  a d  intermediate volcanic rocks. The associa ted  i n t r u s i o n  i s  
granodior i te .  The a l t e r a t i o n  t o  the i n t r u s i o n  i s  s e r i c i t i c .  

Several  o the r  mall occurrences for copper skarnr and zinc-lead sksrna 
are l i s t e d  f o r  Chandalsr quadrangle (DeYoung, 1978; Newberry, 19868) and f o r  
t h e  Survey Pass quadrawle  (Nelson and Crybeck, 1980; Newberry, 1986s). 

1. This value i e  e i t h e r  the  maximm o r  the  only  one a v s i l s b l e  and may not be 
a r ep resen ta t ive  grade f o r  t h e  deposi t .  



Tin bearing skarns a r e  formed i n  the  Survey Pass lo by 3O quadrangle 
which i s  adjacent  t o  the  Wiseman quadrangle t o  the  west. Known skarns a r e  
small--usually much less than 100,000 s h o r t  tons  ( Newberry and o t h e r s ,  
1986). Tin tonnages a r e  smaller than those used i n  the  grade-tonnage model by 
Henzie and Reed (1986). Comparison of  the  t i n  grades f o r  proposed Brooka 
Rarrges t i n  skarns (0.1 t o  0.25 percent)  (Newberry, 1986s) with those t i n  
rks rns  used by k n z i e  and Reed (1986) suggest tb t  the Brooks Range t i n  skarns 
a r e  below mineral deposi t  grade. Einaudi and o t h e r s  (1981) a l s o  suggested t i n  
gades f o r  t i n  skarns t o  be i n  the  same range a s  k n z i e  and Reed (1986).  

Tin skarn occurrences ate found around the  Arrigetch Peacks and Mt. 
Igikpak plu tons  i n  Survey Pass (Crybeck and Nelson, 1981; Newberry and o the r s ,  
1986). Six of these  24 skarns had maximm t i n  concentra t ions  exceeding 1000 
ppm (0.1 percent )  i n  grab samples (Newberry and o the r ,  1986). The minerals  
they descr ibe  i n  these  highest  t i n  bearing skarns include b i o t i e ,  horn blende, 
pyroxene, epidote and magnetite. Newberry and o t h e r s  (1986) suggest t h a t  t i n  
skarns a r e  unl ike ly  t o  be found s ince  (1) erosion has proceeded t o  a depth t o  
remove the  pluton roof and ( 2 )  re t rograde  a l t e r a t i o n  i s  not i n  evidence vhich 
r e l e a s e  t i n  f r m  garne t  and magnetite f o r  reconcentrat ion.  

Tract  de l inea t ion  f o r  copper skarns and zinc-lead skarns and t i n  skarns 
T r a c t r  were m t  del ineated  i n  the  Wiseman quadrangle f o r  skarns copper 

and zinc-lead d e p s i t s .  One t r a c t  which was permissible f o r  carbonate host  
base metal (CHB-IV) was a l s o  determined t o  be permissible f o r  t i n  skarn. 
Otherwise, w e  considered a l l  contac t  zones ( a s  much a s  1 km wide) between 
carbonate rocks and i n t r u s i v e s ,  p a r t i c u l a r l y  g r a n i t i c  ones, a s  permissive f o r  
t h e  occurrence of skerns. Devonian g r a n i t i c  i n t r u s i o n s  appear t o  be loca l i zed  
i n  o r  along the  boundary of t r a c t s  de l ineated  f o r  Kuroko massive s u l f i d e s  and 
may be p a r t  of  the  plutonic package represented by bimodal volcanism of t h e  
Ambler volcanics.  Grani t ic  i n t r u s i v e s  a r e  pr imar i ly  i n  t r a e  t KMS-Ia( 11, 
KHS(4); and t r a c t  KWS-III(4). In the  l a t t e r  t r a c t ,  a t a c t i t e  and skarn i s  
a l s o  recogized. Skarn and t a c t i t e s  are a l s o  recognized i n  the Wiseman 
quadrangle i n  the absence of associa ted  in t rus ion .  These include an 
occurrence i n  t r a c t  KHS-I11(2), and an occurrence nor theas t  of Wild take i n  an 
area  not recognized a s  associa ted  with major i n t r u s i o n  o r  volcanic a c t i v i t y .  
Descript ion of Tract  f o r  Tin Skarn 

Tract  No.: CHB-IV 

a)Geographic descr ip t ion:  See t r s c  t desc r ip t ion  under corbonatehosted  base- 
metal deposi t s .  
blpermissive rocks and s t ruc tu res :  One of  the  th ree  u n i t s  de l ineated  
ispermissinve fo r  t i n  skarns. The Devonian S k a j i t  Limestone i s  included but  
probably should be excluded by explora t ions  i n  t a r g e t  a r e a s ,  s ince  i t  i s  
you-er than the  plutonism which i s  believed t o  be Proterozoic. The 
Proterozoic banded s c h i s t  together  with R o t e r o z o i c  ( ? )  g r a n i t e  gne i s s  a r e  the 
lemits which make this tract permissive for t i n  skarns. The schist inc ludes  
in te r l aye red  coarse quartz-mica s c h i s t ,  q u a r t z i t e ,  calcareour s c h i s t ,  marble, 
g r a p h i t i c  p h y l l i t e  , and me t a b a r i  te. Smsll l  outcrops of Proterozoic ( ?) 
g r a n i t i c  gne i s r  a r e  a l s o  included i n  the t r a c t .  The gne i s s  inc ludes  
b l a r t o p h y r i t i c ,  f o l i a t e d ,  c o a r ~ e - g r a i n e d ,  b i o t i e  g r a n i t e  orthogneiss. Large 
outcrops o f  the  g r a n i t i c  gneiss  embedded i n  the  t r e c t  have been excluded. 
c)Knom minera l iza t ion:  Esssen t i a l ly  a l l  mineralized occurrences (Bliss and 
o the r s ,  1988) i n  this t r a c t  a r e  associated with the  R o t e r o m z i c  banded 
s c h i s t ,  not the S k a j i t  Limestone. Occurrences a l s o  tend t o  be per iphera l  t o  a 



large Proterozoic ( ? I  g r a n i t i c  gne i s s  body c e n t r a l l y  located i n  the t r a c t  
( p l a t e  2) .  

All1 but one of the  t h i r t e e n  described mineral occurrences (Bliss and 
o the r s ,  1988) i n  the t r a c t  a r e  associa ted  with the  Proterozoic banded s c h i s t  
o r  metagranitea,  not the S k a j i t  Limestone. Eight of  the  occurrences a r e  
perpheral t o  a l a r g e  Proterozoic ( 1 )  g r a n i t i c  gneiss body c e n t r a l  t o  the t r a c t  
but  not included i n  the  t r a c t  ( p l a t e  2) .  Three occurrences a r e  described a s  
h a v i q  c a s s i t e r i t e  o r  migmatite. One occurrence was described a s  containing 
dirseminated c a s s i  t e r i t e  i n  a orthogneiss  a d j  ec t t o  country rocks. The highest 
content  (0.1 percent)  was found i n  an occurrence described a s  a coarse-grained 
gnrnet-epidote rkarn with copper oxides and spha le r i t e  . Other occurrence 
involve base metals ,  one which was described a s  a tactite. 
d)Ceochemistry: See t r a c t  desc r ip t ion  under carbonate-hosted mase-metal 
deposi t s .  
e)Comment: The geochemistry o f  anomalous area  1 i s  p a r t i c u l a r l y  well located 
fo r  i d e n t i f i c a t i o n  of t i n  skarns. Of  the  ten  elements noted, a s  e i t h e r  
anomalous or l e s s  commonly s o ,  s i x  ( lead ,  z inc ,  s i l v e r ,  t i n ,  tugnsten,  and 
copper) a r e  given i n  t h e  d e s c r i p t i v e  model (Reed end Cox, 1986) as  a 
geochemical s ignature  f o r  this deposi t  type. 

The desc r ip t ions  o f  a ntrmber of the  t i n  occurrences i d e n t i f y  magmatic 
rocks a s  hos t .  This may suggest t h a t  t i n  ve ins  (Reed, 1986) o r  t i n  gneissen 
depos i t s  may need t o  be considered permissible i n  a l l  outcrops of t h e  
Proterozoic ( ?) g r a n i t i c  gneiss .  
Estimate of  nmber  of undiscovered depos i t s  

Pa r t i c ipan t s  i n  the  mineral resource assessment did not sub jec t ive ly  
es t imate  the* nmber of undiscovered skarn deposi t s .  Several o ther  methods 
were used: 

(1) A modificat ion o f  Newberry's (1986b) d i s t ance  along contac t  r u l e  t h a t  8 

skarn occurrence can be expected fo r  approximately each 4.8 hu of 
i n t r u s i v c c a r b o n a t e  contac t .  When aggregating occurrences so a s  we have 
i n  this r e p o r t ,  one copper skarn deposi t  i s  expected f o r  each 1 4 5  kin of 
i n t r u s i v e  contac t  based on observed depos i t s  and i n t r u s i v e  con tac t s  i n  the 
Chandalar quadrangle (where the re  i s  one deposi t  per 150 km of con tac t )  
and i n  the Survey Pass quadrangles (where the re  ir one deposi t  per 130 km 
of con tac t ) .  The nmber  of zinc-lead skarn depos i t s ,  based on t h e  
Chandalar quadranle only,  i s  one deposi t  per 770 km of contac t .  Contacts 
between Devonian and Devonian( ?) g r a n i t i c  gne i s ses  and a l l  o the r  rocks 
measured on the  1:250,000 s c a l e  geologic map f o r  the Wiseman quadrangle 
(Dil lon and o the r s ,  1986) t o t a l  about 21 km. Even essuni?g t h a t  a l l  t h e  
i n t r u s i o n s  a r e  hosted by favorably t o  the development o f  rock skarns,  no 
undiscovered copper skarn depos i t s  o r  zinc-lead skarn depos i t s  a r e  
expected, using this rule. 

( 2 )  Area of  con tac t  hornfe ls  and t a c t i t e .  In the  adjacent  Chsndalar 
quadrangle, 11 km2 of c a l c - s i l i c a t e  hornfe ls  a r e  associa ted  with 
in t rus ions .  The quadrangle a l s o  conta ins  f i v e  i d e n t i f i e d  copper skarns. 
Aeoming that a l l  copper skarns t h a t  are present  have been found, one 
copper akarn is expected f o r  each 2.2 km2 of hornfe ls .  Using s imi lar  
arsuoptionr f o r  zinc-lead okarns, the re  a r e  11 km2 f o r  each deposit. Only 

2 0.44 km of con tac t  rkarn m d  t s c t i t r  are present  i n  the  Wiseman 
quadrangle, a s  measured on Dillon and o t h e r s  (1986). This suggests  t h a t  
no copper skarn depos i t s  o r  zinc-lead skarn depos i t s  can be expected. 



( 3 )  Area of  exposed in t rus ions .  The i n t r u s i o n s  considered t o  be appropriate 
i n  the  Wiseman quadrangle a r e  more s imi lar  i n  s i z e  to those i n  the  
Chsndalar quadrangle than those i n  the  Survey Pass quedrangle. The 
Chandalu  quadrangle has 52 km2 of e x p o a d  i n t r u s i v e  rock; i t  a l s o  
con ta ins  e igh t  copper skarn  deposit^. This suggests  t h a t  f o r  each copper 

2 skatn  the re  a r e  6.5 km of  exposed i n t r u s i v e  rocks f o r  each zinc-lead 
2 skarn the re  a r e  a t  l e a s t  52 km of exposed i n t r u s i v e  rock. In the  Wireman 

quadrangle, only 0.5 km2 of i n t r u s i v e  rock i s  exposed. Thi. sugpests  m 
undiscovered copper skarn depos i t s  or zinc-lead depos i t s  can be expected. 

These l a s t  two methods of  obtaining es t imates  may have a low b i a s  because 
mineralized skarns may be present  where the associa ted  i n t r u s i o n  has yet  t o  be 
exposed by erosion. The es t imates  made by the  f i r s t  method may have a high 
b i a s  because a l l  copper skarn depos i t s  recognized t o  d a t e  i n  the Brooks Range 
have been found i n  the S k s j i t  Limestone, which i s  not p a r t  of the! i n t r u s i v e  
con tac t s  measured i n  the  Wiseman quadrangle. Bused on these e s t ima tes ,  
f i n d i ~  an undiscovered copper skarn deposi t  o r  a zinc-lead skarn deposi t  i n  
the  Wi seman quadrangle seems unlikely.  

SIMPLE AmIMONY DEPOSIT (27D 

Simple antimony depos i t s  a r e  one of st least four deposi t  types usual ly  
found i n  o lder  c l a s t i c  rocks t h a t  occur with subaer i a l  f elsic-ma€ i c  ex t r u s i v e  
rocks (Cox and Singer,  1986). Deposits a r e  dominantly quar t z  and s t i b n i t e  
o c c u r r i q  a s  veins,  pods, or disseminated g r a i n s  i n  o r  adjacent  t o  breccia ted  
o r  shear zones; deposi t ion i s  thought t o  occur a t  shallow t o  intermediate 
depths (Bliss and Orris, 1986a). Antimony i s  the  primary commodity: byproduct 
commodites inc lude  gold and s i l v e r  (Bliss and O r r i s ,  1986b) . 
G e o l ~ i c  Se t t ing  

The following summary of  the  geologic s e t t i n g  f o r  simple antimony 
depos i t s  i s  taken from B l i s s  and O r r i s  (1986s). This  deposi t  type can be 
found i n  any orogenic area  and has been i d e n t i f i e d  i n  rocks of  Paleozoic t o  
T e r t i a r y  age. Faul ts  and shear zones are cammonly recognized fea tu res  of t h e  
depos i t iona l  envi roment .  Deposits occur i n  a wide range of rock types ,  
However, i n  more than half  t h e  cases ,  t h e  depos i t s  a re  hosted by limestone, 
sha le  (commonly calcareous)  , sandstone or quar t z i t e .  Other rocks t h a t  may 
host simple antimony depos i t s  include s l a t e ,  r h y o l i t i c  flows and t u f f s  , 
a r g i l l i t e  , granodior i  t e  , g r a n i t e ,  p h y l l i t e  , s i l  t s tone  , quar tz-mica and 
c h l o r i t i c  s c h i s t s ,  gne i s s ,  quar tz  porphyry, c h e r t ,  diabaae,  conglanerate , 
andes i te ,  gabbro, d i o r i t e ,  and basa l t ,  This deposi t  type can be associa ted  
with many o t h e r  deposi t  types  i n c l u d i q  c w p l e x  base-metal depos i t s  with 
antimony and base meta ls  thut a l s o  msy conta in  cinnabar,  s i l v e r ,  gold ,  and 
scheelite-they a r e  mined pr imar i ly  f o r  l e a d ,  gold,  s i l v e r ,  z inc ,  and 
tungsten: low s u l f i d e  gold-quartz ve ins  ; epithermal gold and gold-si lver  
depos i t s ;  hot-springs gold;  ca rbona tbhos ted  gold;  t i r e t u q s t e n  veins:  hot- 
epring s and disseminated mercury; gold-si lver  placer  s ; and i n  some l o c a l i t i e s  
polymetal l ic  ve ins  and tungsten sksrns. The range o f  d i f f e r e n t  deposi t  types 
t h a t  can be found with simple antimony depos i t s  suggest t h a t  the deposi t  type 
i s  equif inal-several  d i f f e r e n t  t y p s  of m i n e r a l i z i m  system may be equal ly  
l i k e l y .  



Depasit R o p e r t i e s  
The following desc r ip t ion  of  deposi t  p roper t i e s  for simple antimony 

depos i t s  i s  taken from Bliss and orris (1986aj. Deposits contain s t i b n i t e  and 
quar tz ,  commonly accompanied by p y r i t e  and c a l c i t e .  Other minor r u l f i d e s ,  
commonly l e s s  than 1 percent of  t h e  depos i t ,  may include arsenopyr i te ,  
s p h s l e r i t a  , t e t r a h e d r i t e  , cha lcopyr i t e ,  r c h e e l i t c ,  and f r e e  gold.  Other 
inf requent ly  feud s u l f i d e s  include na t ive  antimony, marcsuite ,  malachite ,  
azur i te ,  c a l a v e r i t e ,  b e r f h i e r i t e  , and a r g e n t i t e .  Inf requent ly  observed gangue 
minerals  include : l imoni te  , chalcedony, opa l  ( usual ly  i d e n t i f i e d  a s  be ta  
c r i s t o b a l i t e )  , s i d e r i t e ,  f l u o r i t e ,  b a r i t e ,  and graphi te .  Peposi ts  a r e  found 
i n  f i s s u r e s  and shear zones with breccia ;  same a s  replacement i n  associa ted  
host  rocks ; occas ional ly  as opn-space f i l l i n g  in porous sedimentary rocks. 

Deposits a s s m e  severa l  forms. Vein depos i t s  with s t i b n i t e  pods, l enses ,  
o r  kidneys a r e  common; s t i b n i t e  s t r e a k s ,  g r a i n s ,  and bladed aggregates i n  
shear o r  breccia  zones a r e  a l s o  observed. Some depos i t s  a r e  disseminated i n  
which s t i b n i t e  s t r eaks  o r  g r a i n s  occur i n  the host rocks with o r  without 
s t i b n i t e  ve in  deposi t s .  Deposits a r e  considered t o  be e i t h e r  members of  the  
vein o r  disseminated deposi t  types f o r  the  purposes of  grade and tonnage 
modeling. Al te ra t ion  of simple antimony depos i t s  includes s i l i c i f i c a t i o n ,  
s e r i c i t i z a t i o n ,  and a r g i l l i z a t i o n ,  Occasionally c h l o r i t i z a t i o n  and 
re rpen t i za t ion  a r e  observed when depos i t s  a re  hosted by mafic o r  ul t ramafic 
roc ks . 

Deposits develop s o i l s  t h a t  a r e  enriched i n  antimony. Yellow t o  reddish 
kermesite and white c e r r a n t i t e  o r  s t i b i c o n t i e  ( antimony-oxide minerals)  may be 
use fu l  i n  explorat ion.  Useful geochemical i n d i c a t o r s  from simple antimony 
depos i t s  may include one o r  more o f :  antimony, i r o n ,  a r sen ic ,  gold,  and 
s i l v e r ;  i n  some places mercury, tungsten,  l e a d ,  and zinc may be useful .  

Grade and Tonnage Hodel 
Two grade and tonnage models f o r  simple antimony depos i t s  were developed, 

one f o r  vein-dominated simple antimony depos i t s  and a second f o r  disseminated 
deposi t s .  In t h e  case of vein-type d e p s i t s ,  the  model was developed from 
d a t a ,  mostly derived fran hand-sorted ore. There i s  no s i g n i f i c a n t  
c o r r e l a t i o n  b e t e e n  grades and tonnage o r  among grades. Retween 10 and 20 
percent of t h e  81 depos i t s  used f o r  t h e  grade and tonnage model have reported 
s i l v e r  and gold grades. A t  l e a s t  30 percent  and poss ib ly  more of the depos i t s  
are suspected of  c o n t a i n i q  gold and ( o r )  s i l v e r .  Grades and o re  deposi t  
tonnage a r e  summarized i n  t a b l e  13 f o r  simple antimony depos i t s  dominated by 
veins  (Bliss and Orris, 1 9 8 6 ~ ) .  A t  l e a s t  15 percent of the  simple antimony 
veins  a r e  accompanied by disseminated antimony minera l iza t ion  but disseminated 
depos i t s  are a l s o  present  without accampanying vein  d e p s i t s .  Their grade and 
tonnage model rummsrized i n  table 1 4  (Bliss and Orris, 1986b). 



Table 13. Estimate of  percentage of  vein-type simple antimony d e p s i t s  which 
equal  o r  exceed a given grade or tonnage (Bliss and Orris, 1 9 8 6 ~ ) .  Floor 
values a r e  approximately the  loweat value given f o r  each va r i ab le  i n  the  
grade and tonnage model (Bliss and Orris, 1 9 8 6 ~ ) .  t---, grade not 
ava i l ab le ,  not  reported] 

Variable Percentage 
Floor 90 50 10 

Tonnes 1.0 6.7 180 4 900 
Antimony ( percent)  8.0 
S i lve r  (g l tonne)  16. 
Gold ( g/ tonne 0.3 

Table 14. Estimate of percentage of  disseminated simple antimony depos i t s  
which equal o r  exceed a given grade o r  tonnage (Bliss and O r r i s ,  1986b). 
Floor values a r e  approximately the  lowest value given f o r  each va r i ab le  i n  
the  grade and tonnage model ( B l i s s  and O r r i s ,  1986b). (---, grade not 
ava i l ab le ,  not repor tedl  

Variable Percentage 
Floor 90 50 10 

Tonnes ( loJ)  5 . 7.8 88. 990. 
Antimony ( percent)  1 .O 1.8 3.6 7 . 0  

I d e n t i f i e d  Simple Antimony Deposits i n  the  Brooks R a ~ e  

Several simple antimony depos i t s  have been i d e n t i f i e d  i n  the Brooks Range 
i n  the Wiseman quadrangle (Ebbley and Wright, 1948) and one deposi t  i n  the  
Chandalar quadrangle ( M l l o n ,  1982). No other simple antimony depos i t s  a re  
c u r r e n t l y  i d e n t i f i e d  i n  the Brooks Range. Deposits may be pa r t  o f  the  
mineral izing systems involving the  porphyry copper depoa i t s ,  severa l  copper 
skarns , and possibly a zinc-lead skarns i n  the  adjacent  Chanadalar 
quadrangle, This a s soc ia t ion  i s  an uncomnon event ,  as  it has not been 
commonly reported elsewhere. 

A l l  the simple antimony depos i t s  a r e  near Smith Dome-Hidnight Dome i n  the 
Hiseman quadrangle. The deposi t  i n  the  Chandalar quadrangle i s  found near 
Sukakpak Mountain (Di l lon ,  1982, no. 211, which i s  about 22 km northeast  of 
the  Smith Dame-Midnight Dane area.  A l l  the  simple antimony depos i t s  i n  the  
Wiseman quadrangle a r e  hosted by s c h i s t s .  The Sukakpak deposi t  i s  hosted by 
marble and s c h i s t  a t  a f a u l t  contac t  between the  two ( M l l o n ,  1982). A l l  
except the Sukakpak deposi t  which a l s o  has cinnabar and t e t r a h e d r i t e  contain 
s t i b n i t e  with no other  s u l f i d e s  i d e n t i f i e d .  Analysis of a sample from t h e  
Sukakpak deposi t  a l s o  gave s i g n i f i c a n t  molybdenum ( a s  much a s  1.7 percent ,  
Mllon, 1982). Reported antimony o re  grades f o r  depos i t s  i n  the  Wiseman 
quadrangle a r e  compatible with grades used i n  the grade and tonnage model. 
The o r e  grade i s  q u i t e  l i k e l y  thmt f o r  ma te r i a l  that ha8 been previously hand 
s o r t e d ,  a r  i s  the  the  ca re  f o r  most depos i t s  used f o r  the grade and tonnage 
model ( E l i n s  and Orris, 1 9 8 6 ~ ) .  Analyses of samples co l l ec ted  fram these  
depos i t s  a much lower values--from 60 ppm t o  g r e a t e r  than 1 percent  
antimony. Analyses a r e  a l so  ava i l ab le  fo r  the  hos t  rocks of some of these  



vein deposi t s .  In genera l ,  ve ins  tend to be s l i g h t l y  enriched i n  antimony 
over t h e  country rocks. A t  some depos i t s  the  aurroundiw s c h i s t  appear t o  
have more antimony then the  vein mater ia l .  Gold concentrat ions i n  these  
depos i t s  i a  q u i t e  low (0.01 ppm), only one sample has a s i g n i f i c a n t  amount 
(9.2 ppm). 

All known simple antimony depos i t s  a r e  located  i n  stream bas ins  with gold 
placers .  Those i n  the  Wiseman quadrangle a re  i n  the  Nolan Creek basin which 
conta ins  the  l a r g e s t  placer  ( i n  terms of  contained gold)  known i n  the  Brooks 
Range. Sukakpak deposi t  i s  a l s o  associa ted  with a gold p lace r  depos i t  
(Discovery Creek) of unknown extent  (Di l lon ,  1982). S t i b n i t e  i s  present  i n  
panned concentrates f o r  Nolan and, Vermount Creeks, and i s  highly l i k e l y  b u t  
not  reported i n  p lace r s  of  Union Gulch and p a r t s  of t he  area  f o r  Bammond River 
placers. Other gold p lacers  with s t i b n i t e  reported i n  concentra tes  include 
Crevice and Lake Creeks. 

Tract Delinea t i o n  

Trac t s  have not  been del ineated  f o r  the  simple antimony deposi t  type i n  
the  Wiseman quadrawle.  Previous ana lys i s  of  simple antimony depos i t s  
i d e n t i f i e d  elsewhere i n  the  world during the  preparat ion o f  t h e  d e s c r i p t i v e  
model (Bliss and Orris, 1986a) suggests  t h a t  s wide range of geologica l  
s i t u a t i o n  a r e  involved and a set of genera l ly  app l i cab le  f a c t o r s  can not  be 
i d e n t i f i e d .  Inspection of the geologica l  env i toment  i n  the  Chandalar and 
Wiseman quadrangles suggest th ree  guidel ines  that can be used i n  
explorat ion.  They a r e  : 
(1) Known simple antimony depos i t s  a r e  located i n  stream basins with gold 

placers .  f f  a l l  simple antimony depos i t s  a r e  sssocia ted  wi th  gold p lacer  
deposits i n  the  Wiseman quadrangle, all bas ins  with gold p lace r s  must be 
considered a s  poss ib le  host for antimony depos i t s  ( p l .  3 ) .  

( 2 )  The Sukakpak deposi t  i n  the  Chandalar quadrangle appears t o  be a d i s t a l  
camponent of a mineral izing system associa ted  with p lu tonic  rocks having 
a t  least: one p r p h y r y  copper depos i t ,  s eve ra l  copper skarn depos i t s ,  one 
zinc-lead skarn depos i t ,  and a t  l e a s t  one simple antimony depos i t  
(DeYoung, 1978; Newberry, 1986a: Di l lon ,  1982). The plutonic rocks have 
been in te rp re ted  a s  a plungi% to  the  southwest such t h a t  p lu tonic  rocks 
which a t e  par t  of this igneous complex should be present  i n  the  Wiseman 
quadrangle beneath the  area  a l o m ,  o r  e a s t  o f ,  the  Middle Fork of t h e  
Koyukuk River. A small outcrop of g r a n i t i c  gne i s s  and associa ted  tactite 
s l o w  the  west s ide  of the  Hiddle Fork of the  Koyukuk River may represent  
these  plutonic rocks. If the  i d e n t i f i e d  simple antimony depos i t s  i n  
Wiseman q u a d r a q l e  a re  p a r t  of the  same mineral izing system, undiscovered 
depos i t s  a r e  l i k e l y  t o  occur a t  s imi la r  d i s t ances  from plutonic rocks,  
exposed and buried,  a s  observed i n  both the  Chandalar and Wiseman 
quadrangles. Using this c r i t e r i o n ,  undiscovered simple antimony depoasi ts 
may be more l i k e l y  i n  the  the  eas te rn  p a r t  of  the  Wiseman quadrangle, 
above and adjacent  t o  the buried plutonic rocks t h a t  ere p a r t  of the  same 
plutonic syrtfm as t h a t  i n  the Chandalar qusdrswle .  Other buried 
p lu tonic  rocks i n  the  Wiseman quadrangle may a l s o  have undiscovered d i s t a l  
simple antimony deposi t s .  

( 3 )  A l l  identified simple antimony depos i t s  a r e  found i n  a 10 km wide zone 
which extends S 54O W fram t h e  Chandalar quadrangle i n t o  the Wiseman 
quadrangle. The zone has the  bearing of and inc ludes  a t r a c t  i n  the  
Chandlar quadrangle (DeYouw, 19781, t h a t  conta ins  near ly  a l l  i t s  copper 



skarn d e p o s i t s  and occurrences a s  w e l l  a s  t h e  Sukakpak s imple antimony 
d e p o s i t  (D i l l on ,  1982) i n  t h e  extreme southwest end of  t h e  t r a c t .  A 
southwest ex tens ion  of t h e  zone i n t o  t h e  Wiseman quadrangle i nc ludes  a l l  
t h e  i d e n t i f i e d  s imple antimony d e p o s i t s  i n  t h e  Wiseman quadrangle ,  Using 
this c r i t e r i o n ,  undiscovered s imple antimony d e p o s i t s  a t e  l i k e l y  t o  be 
found i n  this zone between t h e  i d e n t i f i e d  d e p o s i t s  i n  t h e  Wiseman 
quadrangle  and t h e  boundary with t h e  Chandalar quadrangle ,  Other 
undiscovered d e p o s i t s  may occur  a long a p o s s i b l e  ex tens ion  of  t h e  zone 
southwest of t h e  i d e n t i f i e d  d e p o s i t s  i n  t h e  Uiseman quadrangle.  

These g u i d e l i n e s  provide some r u l e s  which may be l o c a l l y  app l i cab l e :  they  a r e  
no t  exhaus t ive  but  may provide some a s s i s t a n c e  t o  those  explor ing  f o r  
undiscovered simple antimony d e p o s i t s  i n  t h e  Wiseman quadrangle.  

Sub jec t ive  Est imate  of  Number of Undiscovered Deposi ts  

P a r t i c i p a n t s  i n  t h e  minera l  resource  assessment es t imated  t h a t  t h e r e  i s  a 
90 percent  chance of  two o r  more undiscovered d e p o s i t s ,  a 50 percent  chance o f  
f i v e  o r  more undiscovered d e p o s i t s  and a 10 percent  chance of  e i g h t  o r  more 
undiscovered simple antimony d e p o s i t s  i n  t h e  Wiseman quadrangle.  There i s  a 
p r o b a b i l i t y  o f  0.15 t h a t  t h e  simple antimony d e p o s i t  w i l l  have an a s s o c i a t e d  
disseminated simple antimony d e p o s i t ,  based on d e p o s i t s  i n  t h e  grade and 
tonnage model (Bliss and Orris, 1986b). As noted i n  t h e  d i s cus s ion  of  
i d e n t i f i e d  d e p o s i t s ,  s e v e r a l  have antimony i n  t h e  ad j acen t  count ry  racks .  

LOW-SULFIDE AU-QUARTZ VEIN ( 3 6 A )  

In t roduc t ion  

Low-sulfide gold-quartz  ve in  d e p o s i t s  a r e  one of  a t  l e a s t  f ou r  depos i t  
types  found predominantly i n  eugeosyncl ina l  rocks which have been r e g i o n a l l y  
metamorphased (Cox and S inge r ,  1986). b w  s u l f i d e  gold-quartz ve in  d e p o s i t s  
a r e  massive q u a r t z  ve ins  bear ing  gold and hosted by metamorphosed vo lcan i c  and 
vo lcan i c  sedimentary rocks (Berger ,  19861, 

G e o l o ~ i c  S e t t i n g  

The fol lowing summary of  t h e  geologic  s e t t i n g  f o r  low-sulfide gold-quartz  
ve ins  d e p o s i t s  i s  taken from Berger (1986).  This  depos i t  t ype  occurs  i n  
greens tone  b e l t s  a s s o c i a t e d  with l a t e r  g r a n i t i c  b a t h o l i t h s .  Host rocks  a r e  
q u i t e  d i v e r s e  and may inc lude  r e g i o n a l l y  metamorphosed vo lcan i c  rocks ,  
graywacke, chert, s h a l e ,  and q u a r t z i t e  and conmonly has a l p i n e  gabbro and 
se rpen t ine ,  These Precambrian t o  T e r t i a r y  age rocks a r e  p a r t  of  con t inen ta l -  
margin mobile b e l t s ,  and acc re t ed  margins.  Veins a r e  l o c a l i z e d  i n  f a u l t s  and 
j o i n t s  and probably develop a f t e r  metamorphism: t hey  may be found l o c a l l y  i n  
g r a n i t e s ,  Associated depos i t  types  i n c l u d e  gold p l a c e r s  (some with platinum 
group e lements ) ,  Kuroko massive s u l f i d e  d e p o s i t s ,  and Homestake-type gold  
d e p o s i t s  , 

Deposit  P r o p e r t i e s  

The fol lowing summary of t h e  depos i t  p r o p e r t i e s  f o r  low-sulf ide gold- 
q u a r t z  ve ins  d e p o s i t s  i s  taken from Berger (19861, This  d e p o s i t  type  i s  
u s u a l l y  found a s  q u a r t z  ve ins  with r ibbon  t e x t u r e  and some open-space f i l l i n g s  



i n  many p l aces  d i s rupu ted  by subsequent movement. Some d e p o s i t s  occur  as 
sadd le  r e e f s  concordant with t h e  hos t .  Deposi ts  a r e  found i n  high-angle f a u l t  
zones,  some r e g i o n a l  i n  ex t en t :  o the r  d e p o s i t s  a r e  found i n  j o i n t s .  
Serpentine-metasediment c o n t a c t s  a r e  a f avo rab l e  l o c a l  s e t t i n g  f o r  t h e  
occurrence of  low-sulf ide gold-quartz  ve in  d e p o s i t s ,  Some disseminated gold 
i s  found i n  count ry  rocks ad j acen t  t o  ve ins .  

The common minera l s  i n  t h e s e  d e p o s i t s  a r e  q u a r t z  with n a t i v e  go ld ,  
p y r i t e ,  ga lena ,  s p h a l e r i t e ,  c h a l c o p y r i t e ,  a r s enopyr i t e  and occas iona l  
p y r r h o t i t e .  Local ly  observed a r e  t e l l u r i d e  mine ra l s ,  s c h e e l i t e ,  bismuth, 
t e t r a h e d r i t e ,  s t i b n i t e ,  molybdenite,  and f l u o r i t e .  Mineralized q u a r t z  may be 
g r a y i s h  o r  b l u i s h  due i n  p a r t  t o  disseminated f ine-grained s u l f i d e  mine ra l s ,  

A l t e r a t i o n  can be ex tens ive .  It may inc lude  q u a r t z  and s i d e r i t e  and ( o r )  
a n k e r i t e  with a l b i t e ;  ve in s  can have carbonate  ha loes .  H i n e r a l i z a t i o n  
ad j acen t  t o  u l t r a m a f i c  rocks can g i v e  chromium mica, dolomite ,  t a l c ,  and 
s i d e r i t e .  Some g r a n i t i c  h o s t s  have s e r i c i t i c  a l t e r a t i o n  and disseminated 
a r senopyr i t e  and r u t i l e .  

Gold i s  t h e  b e s t  guide t o  weathered d e p o s i t s .  Other geochemical 
i n d i c a t o r s  i nc lude  a r s e n i c ,  which i s  t h e  b e s t  gene ra l  i n d i c a t o r  e lement ,  bu t  
s i l v e r ,  l e a d ,  z inc  and copper may be u s e f u l  a s  wel l .  

Grade and Tonnage node1 
The grade  and tonnage model f o r  low-sulfide gold-quartz  ve in  d e p o s i t s  was 

developed from 313 d e p o s i t s  ( B l i s s ,  1986).  Deposi ts  were def ined  t o  i nc lude  
ad j acen t  mines wi th in  1.6 km and con ta in ing  more than 99 tonnes of  o r e .  Gold 
grade  i s  i n v e r s e l y  c o r r e l a t e d  wi th  tonnage ( r  = -0.30) and p o s i t i v e l y  
c o r r e l a t e d  wi th  s i l v e r  g rade  ( r  = 0.45, 11x39). S l i g h t l y  more than 10  pe rcen t  
of t h e  d e p o s i t s  repor ted  s i l v e r  grades.  Grades and tonnage a r e  summarized i n  
t a b l e  1 5  ( B l i s s ,  1986 1. 

Table 15. Est imate  of  percentage of low-sulfide gold-quartz  ve in  d e p o s i t s  
which equa l  o r  exceed a g iven  grade  o r  tonnage ( B l i s s ,  1986). Floor 
va lues  a r e  approximately t h e  lowest  va lue  g iven  f o r  each v a r i a b l e  i n  t h e  
grade and tonnage model (Bliss, 1986).  1---, grades  not  p r e sen t ,  not  
r epo r t ed ]  

Var iab le  Percentage 
Floor 90 50 10 

Tonnes ( lo0)  0.0001 0.001 0.03 0.91 
Gold ( g/tonne 2.5 6 00 16. 43. 
S i l v e r  (g / tonne)  0.4 --- --- 2.5 

I d e n t i f i e d  Low S u l f i d e  Gold-Quartz ve ins  i n  t h e  Brooks Ranne 

Only two d e p o s i t s  compat iable  with this depos i t  d e s c r i p t i o n  a r e  known i n  
t h e  Brooks Range. The Mikado (DeYoung, 1978, no, 48) and t h e  L i t t l e  Squaw- 
Summit (DeYoung, 1978, no. 421, a r e  l oca t ed  i n  t h e  Chandalat quadrangle 9 t o  
11 l a  e a s t  of Chandalar Iake,  The d e p o s i t s  a r e  a s s o c i a t e d  with s e v e r a l  gold 
occurrences (DeYoung, 1978, nos. 8, 23, 36, 68, and 81) a s  wel l  as with 
s e v e r a l  gold p l a c e r s  (DeYoung, 1978, nos. 7 ,  9 ,  43, and 70). Both low-sulfide 
gold-quartz  d e p o s i t s  a r e  hosted by rock of upper g reensch i s t  facies. 
Deposition was appa ren t ly  c o n t r o l l e d  by p a r a l l e l ,  nothwest-trending, high- 
angle  f a u l t s  (Lamal, 1983).  Spacing between t h e  f a u l t s  i s  about 1 t o  1.5 



km. Deposits and some occur rences  have two gene ra t i ons  of q u a r t z  ve in  
m a t e r i a l :  an e a r l y ,  ba r r en ,  whi te ,  milky q u a r t z ,  c o a r s e l y  c r y s t a l l i n e  wi th  
minor s u l f i d e  mine ra l s  and go ld ,  and t h e  main s t a g e  q u a r t z  with minor s u l f i d e  
minera l s  and gold (Lamal, 19831, The main s t a g e  qua r t z  i s  f i n e  g ra ined ,  
white ,  vuggy, and c o n t a i n s  a r s e n o p y r i t e ,  ga l ena ,  s p h a l e r i t e ,  s t i b n i t e ,  and 
p y r i t e .  Free gold i s  u s u a l l y  a s  f l a k e s  i n  t h e  qua r t z :  some gold i s  a l s o  
ad j acen t  t o  galena o r  a r senopyr i t e .  Less commonly, gold i s  a s s o c i a t e d  with 
s p h a l e r i t e  o r  s t i b n i t e  (Lamal, 1983).  U i n e r a l i z a t i o n  and fault movement were 
contemporaneous, a s  ev ident  from smeared s u l f i d e  minera l s  and f a u l t  gouge. 

The Hikado i s  both t h e  l a r g e r  ( a t  l e a s t  11,000 tonnes)  and r i c h e r  ( 7 5  
&/tonne go ld )  of t he  two d e p o s i t s .  Two gene ra t i ons  o f  q u a r t z  a r e  p re sen t  a t  
t h e  Uikado. Also p re sen t  i s  an e a r l i e r  gene ra t i on  of  q u a r t z  pods and l e n s e s  
s i m i l a r  t o  q u a r t z  s eg rega t ions  found i n  the  hos t ing  g r a p h i t i c  s c h i s t .  The 
Mikado i s  on a 40-ft-wide f a u l t  zone wi th  normal displacement  of 500 f t  down 
on t h e  southwest s i d e  (Lamal, 1983; Chipp, 1970). The h igh ly  incompetent 
s c h i s t  hos t  rock,  has  con t r ibu t ed  t o  t h e  complexity of  t h e  ve in  system. 

The L i t t l e  Squaw-Summit depos i t  i s  loca t ed  on a f a u l t ,  with a bear ing  of 
N 80' W and d i p  75-80' N ,  between s c h i s t  and s c h i s t - p h y l l i t e .  This  mine a l s o  
has  two gene ra t i ons  of  qua r t z .  I r o n  s t a i n i n g  and s c o r o d i t e  a r e  p re sen t  and 
g r a p h i t e  and a r senopyr i t e  a r e  smeared along q u a r t z  banding. Gold i s  found as 
b lebs  i n  t h e  qua r t z  and i n  vugs. F lu id  i n c l u s i o n s  i n  t he se  d e p o s i t s  sugges ts  
t h a t  mine ra l i za t i on  occurred between 160-330' C. Gold mine ra l i za t i on  i s  
commonly found i n  q u a r t z  which probably formed a t  275O C and a t  p r e s su re s  of 
825 bars .  Boi l ing i s  thought t o  have occurred dur ing  q u a r t z  c r y s t a l l i z a t i o n  
(Lamal, 1983). This i s  comparable t o ,  or s l i g h t y  coo le r  t han ,  t empera tures  of  
320°+600 C found i n  t h e  gold lode  d e p o s i t s  of the  S i e r r a  Nevada f o o t h i l l s  
( ~ o h i k e  and Kistler , 1986 1. 

The gold  grades  and gold f i n e n e s s  from t h e  Mikado and t h e  Little Squaw- 
Summit d e p o s i t s  a r e  s i m i l a r  t o  those  found i n  o t h e r  low-sulfide gold-quartz  
d e p o s i t s .  Although t h e  L i t t l e  Squaw-Summit and Mikado d e p o s i t s  have higher  
gold g rades  (49 g/tonne and 75 g/tonne, r e s p e c t i v e l y )  than many low-sulf ide 
gold-quartz  ve in  d e p o s i t s ,  t h e  d i f f e r e n c e  i s  not  s i g n i f i c a n t .  Twenty samples 
c o l l e c t e d  from t h e  Hikado d e p o s i t ,  t h e  L i t t l e  Squaw-Summit d e p o s i t ,  and t h e  
occur rences  on St. Mary's Creek (Mosier and Lewis, 1986) have gold f i nenes s  
between 700 and 927; t h e  mean f i n e n e s s  i s  815. These va lues  a r e  no t  
s t a t i s t i c a l l y  d i f f e r e n t  from t h e  f i nenes s  of 153 samples of  gold de l ive red  t o  
t h e  U.S. Uint i n  San Francisco from low-sulf ide gold-quartz  ve in  d e p o s i t s  i n  
C a l i f o r n i a  ( i .e .  i n  t h e  S i e r r a  Nevada f o o t h i l l s  and t h e  Klamath Mountains) 
which va r i ed  from 700 t o  927 i n  f i n e n e s s ;  t h e  mean f i n e n e s s  was 803 (Leach, 
1899 1. 

T r a c t  Del inea t ion  

Although t r a c t s  have not been d e l i n e a t e d  f o r  t h i s  d e p o s i t  t ype ,  i n  t h e  
Wiseman quadrangle ,  some g e n e r a l  g u i d e l i n e s  fo l low t h a t  w i l l  a s s i s t  i n  
i d e n t i f y i n g  a r e a s  which may c o n t a i n  t h e s e  d e p o s i t s .  

(1) Host deposits of t h i s  t ype  a r e  a s s o c i a t e d  wi th  gold p l a c e r  d e p o s i t s  and 
occur i n  rocks metamorphised t o  greenschist f a c i e s ;  higher-grade 
metamorphic rocks appear unfavorable  f o r  this d e p o s i t  type. A l l  rocks i n  
t h e  quadrangle  with t h i s  metamorphic grade  may be considered 
permiss ib le .  Although t h e  presence of  gold p l a c e r s  may be favorab le  f o r  
low-sulf ide gold-quartz  d e p o s i t s ,  t h e i r  absence i s  no t  unfavorab le ,  



because ex t ens ive  g l a c i a t i o n  may have removed a s soc i a t ed  p l ace r s .  The 
d e p o s i t s  may not  y e t  ou t c rop  s u f f i c i e n t l y  t o  develop p l ace r s .  

( 2 )  Low-sulfide gold-quartz  d e p o s i t s  develop wi th in  20 km t o  less commonly, 
40 km of  a s soc i a t ed  l u t o n i c  complexes, u sua l ly  b a t h o l i t h i c  i n  s i z e  5' ( g r e a t e r  than 100 km 1. The presence o f  two d e p o s i t s  sou theas t  o f  t h e  
p lu ton i c  rocks i n  t h e  Chandalar quadrangle ,  assuming they  a r e  c o r r e c t l y  
c l a s s i f i e d  with t h i s  d e p o s i t  type ,  sugges t s  t h a t  d e p o s i t s  may be p re sen t  
near  small  exposures of p lu tons  i n  this a r e a ,  These d e p o s i t s  a r e  numerous 
i n  some a r e a s  ( S i e r r a  Nevada f o o t h i l l s ,  C a l i f o r n i a ;  Nova S c o t i a ;  V i c t o r i a ,  
A u s t r a l i a )  which appears  not t o  be t h e  c a s e  i n  t h e  Chandalar quadrangle.  
The worldwide median d e n s i t y  of  d e p o s i t s  f o r  a r e a s  i n  which t h e s e  d e p o s i t s  
occur i s  4.3 x lod3 depoaits/km2. Assuming t h a t  d e p o s i t s  i n  the Wiseman 
quadrangle  a r e  a s soc i a t ed  with t h e  p lu ton i c  complex exposed i n  t h e  
Chandalar quadrangle and t h a t  d e p o s i t s  must occur w i th in  40  Ian of  t h a t  

2 p l u t o n i c  complex, about 140 km of  a r e a  along t h e  e a s t  edge o f  t h e  Hiseman 
quadrangle  would be included.  The a r e a  i s  e a s t  of  a l i n e  from t h e  
headwaters of Clara  Creek t o  Vermont Dome, then  e a s t  t o  Jenne t  Creek Lake 
along t h e  e a s t  edge of  t h e  quadrangle.  The a r e a  a l s o  meets t h e  
metamorphic grade  cond i t i on  noted prev ious ly .  Using median d e p o s i t  
d e n s i t y ,  1 d e p o s i t  might be expected i n  this t r i a n g l e  a r e a  of t h e  Wiseman 
quadrangle.  

Sub jec t ive  Est imate  of  t h e  Number of  Undiscovered Deposits 

P a r t i c i p a n t s  i n  t h e  minera l  resource  assessment es t imated  t h a t  t h e r e  i s  a 
50 percent  chance of one o r  more undiscovered d e p o s i t s  and 10 percent  chance 
of  two o r  more undiscovered depos i t  o f  this type i n  t h e  Wiseman quadrangle.  
These e s t i m a t e s  a r e  s i m i l a r  t o  t h e  one from using t h e  worldwide median d e p o s i t  
d e n s i t y  va lues  used above. 

COLD PLACmS (398) 
In t roduc t ion  

Gold p l a c e r s  a r e  t h e  on ly  deposi t - type t h a t  has con t r ibu t ed  s i g n i f i c a n t l y  
t o  t h e  meta l  product ion from t h e  Wiseman quadrangle.  The most p roduct ive  
p l a c e r s  are in t h e  Koyukuk Mining District which i s ,  wholly or p a r t l y ,  i n  t h e  
Wiseman quadrangle.  

An i n i t i a l  g rade  end tonnage model o f  gold p l a c e r s  was developed by Orris 
and Bliss (1986) t o  provide an i dea  of  what t h e  gold grades  and volumes i n  an 
undiscovered p l ace r  might be.  A p l a c e r  depos i t  as def ined  by them and used i n  
this assessment ,  i nc ludes  p l a c e r s  less than  1.6 bn a p a r t ,  and, i n  most ca se s ,  
i n c l u d e s  on ly  d a t a  on p a s t  product ion.  Gold p l ace r  da t a  were c o l l e c t e d  from 
d e p o s i t s  s o  def ined  throughout t h e  world (Orris and Bliss, 1985). Subsequent 
ana lyses  of  t h e s e  d a t a  suggest  t h a t  gold grade and depos i t  volume a r e  more 
dependent on t h e  mining method than  on t r a d i t i o n a l  p l a c e r s  c l a s s i f i c a t i o n s  ( 
T e r t i a r y ,  bench, g l a c i a l - f l u v i a l ) ( B l i s s  and o t h e r s ,  1987). A l l u v i a l  p l a i n  and 
f a n  p l a c e r s  found along mountain-val ley boundaries ,  however, appear  d i f f e r e n t  
from a l l  o the r  types  with s i g n i f i c a n t l y  lower gold grades  and l a r g e r  volumes. 

Geologic S e t t i n g  
Cold p l a c e r s  may deve lop  i n  a wide range of  geologic  and c l i m a t i c  

s e t t i n g s .  Cold p l a c e r s ,  a long with o t h e r  t ypes  of p l ace r  d e p o s i t s ,  share  t h e  
proper ty  t h a t  economic mine ra l s  a r e  both r e s i s t e n t  t o  decomposition and a r e  
u s u a l l y  denser  t han  the accompanying rocks  (Lindgren, 1933).  I f  gold p l a c e r s  



a r e  t o  form, a s u i t a b l e  bedrock source  must be presen t .  Lode d e p o s i t s  
conta in ing  gold a r e  one t ype  of  bedrock source  and may inc lude  vein-type 
d e p o s i t s  such as low s u l f i d e  gold-quartz  v e i n ,  porphyry copper ,  copper skarn ,  
and po lyme ta l l i c  replacement d e p o s i t s  (Yeend, 1986). Areas without  obvious 
gold-bearing lodes  can also develop gold p l a c e r s .  Wojcik ( 1984 )  no te s  t h a t  17 
worldwide p l a c e r  gold d i s t r i c t s  con ta in  s l a t e ,  p h y l l i t e ,  o r  s c h i s t  which a r e  
thought  t o  have been i n i t i a l l y  gold-enriched sha le .  However, t h e  gold i n  
s h a l e  i s  i n  p y r i t e  o r  o t h e r  s u l f i d e s  o r  v e r y  f i n e  g r a i n ,  less than  50 
micrometers ( less than  270 mesh), (Wojcik, 1984).  Gold of t h i s  g r a i n  s i z e  
cannot  be e f f e c t i v e l y  concent ra ted  by su r f ace  processes ;  Boyle (1979) 
suggested it w i l l  e i t h e r  be d i r e c t l y  d i spe red  o r  d i s so lved .  However, i f  t h e  
s h a l e  i s  metamorphosed, go ld  changes bo th  l o c a t i o n  and g r a i n  s i z e ;  t h i s  
i n c r e a s e s  t h e  chance t h a t  gold p l a c e r s  may subsequent ly  develop (Wojcik, 
1984).  The gold  wi th in  s u l f i d e  minera l s  forms g r a i n s  i n  mic ro f r ac tu re s  and 
some gold migra tes  t o  q u a r t z  v e i n l e t s .  Gold g r a i n  s i z e  i n c r e a s e s  with 
metamorphism t o  a s i z e  t h a t  can be concent ra ted  by weathering and e ros ion .  

Given a s u i t a b l e  source  rock ,  gold p l a c e r s  may develop dur ing  phys i ca l  
and chemical weathering t o  form r e s i d u a l  ( e l u v i a l )  depos i t s .  Cold i n  t h e s e  
d e p o s i t s  may e v e n t u a l l y  be t r anspo r t ed  i n t o  s t reams where a l l u v i a l  gold 
p l a c e r s  may develop. The s t e p s  i n  gold-placer  developaent  can be very  complex 
and may invo lve  s p e c i a l  c l i m a t i c  c o n t r o l s  such as a t r o p i c a l  c l ima te ,  m u l t i p l e  
ep isodes  of weathering, e ros ion ,  and d e p o s i t i o n ,  and i n t e r a c t i o n  wi th  
groundwater (Wojcik, 1984). A l l u v i a l  gold d e p o s i t s  tend t o  be a s soc i a t ed  with 
white q u a r t z  e l a s t s  (Yeend, 1986). P l a c e r s  t h a t  develop i n  high-energy 
f l u v i a l  environments t y p i c a l l y  form where stream g r a d i e n t s  f l a t t e n  a t  s i t e s  of 
f low-veloci ty  r educ t ion  r e l a t e d  t o  stream meanders, water f a l l s ,  r a p i d s ,  
bou lde r s ,  and v e g e t a t i v e  mats (Yeend, 1986).  Most gold p l a c e r s  a r e  Cenozoic 
(Yeend, 1986) ;  t h e  anc i en t  gold p l a c e r s  of  t h e  Witwatersrand, South Afr i ca ,  
a r e  an important  except ion .  Gold p l a c e r s  a r e  a s soc i a t ed  w i t h  o t h e r  p lacer  
d e p o s i t s  i nc lud ing  black sands (magnet i te ,  i l m e n i t e  , chromite)  and yellow 
sands ( z i r con ,  monazite ( Yeend, 1986 1. 

Deposit P r o p e r t i e s  
Gold p l a c e r s  con ta in  n a t i v e  gold i n  numerous forms inc luding  gold dus t  

( less than-0.1 - 2 m m ) ,  small  s c a i e s ,  c r y s t a l s ,  wires, l e a v e s ,  t u f t s ,  and 
nuggets ,  Gold may be spongy, mossy, f i l i f o r m ,  o r  d e n d r i t i c  (Boyle ,  1979).  
Extremely f i n e l y  d iv ided  g o l d ,  gold f l o u r ,  i s  p a r t i c u l a r l y  d i f f i c u l t  t o  
recover  dur ing  mining. Nuggets can be q u i t e  l a r g e  (2516 t r o y  ounces,  
V i c t o r i a ,  A u s t r a l i a ) ,  p a r t i c u l a r l y  i n  r e s i d u a l  d e p o s i t s  (Boyle,  1979) ;  r a r e l y  
nuggets a r e  equidimensional  (Yeend, 1986).  Gold i n  p l a c e r s  may be a t t ached  t o  
o t h e r  minera l s  i nc lud ing  q u a r t z ,  magnet i te ,  or i l m e n i t e  (Yeend, 1986). Other 
mine ra l s  and a l l o y s  may be p re sen t  i n  gold-placer  depos i t s :  t h e  fol lowing 
breakdown from Boyle (1979) g i v e s  minera l s  i n  two gene ra l  s p e c i f i c - g r a v i t y  
(S.C.) c l a s s e s :  



S p e c i f i c  Gravi ty  Miner a 1  s 
From low t o  medium: q u a r t z  (S.G.=2.65), muscovite,  amphiboles,  

pyroxenes,  tourmaiine , g a r n e t ,  diamond, 
chromite ,  r u t i l e ,  b a r i t e ,  chorundum, manganese-oxide mine ra l s ,  
l i m o n i t e ,  and z i r c o n  (S.G.34.5). 

Ftam mediun t o  high: monazite (S.G,=5) , magnet i te ,  i l m e n i t e ,  
c a s s i t e r i t e ,  wolframite ,  s c h e e l i t e ,  
c innabar ,  and p l a t i n m  (S.G.=22). 

Platinum i s  r a r e l y  pure and s e v e r a l  a l l o y s  may be  presen t  i nc lud ing  p l e t i n m -  
i r o n  a l l o y s ,  and osmiua+iridiun a l l o y s  (Yeend, 1986).  Boyle (1979) i d e n t i f i e s  
the fo l lowing  mine ra l s  i n  gold p lacers :  t h i s  l i s t  i s  not  exhaus t ive :  

n a t i v e  s i l v e r  ( r a r e )  
a l l a n i  te  
a p a t i t e  
a r q u e r i t e  ( s i l v e r  
-murcury amalgam) 
n a t i v e  a r s e n i c  ( r a r e )  
n a t i v e  bismuth 
bou lange r i t e  
carbonate  mine ra l s  

c h a l c o p y r i t e  
c innabar  
n a t i v e  copper 

emeralds 
ep ido te  
f e l d s p a r s  
galena 

ga rne t  
heme t i  t e  
n a t i v e  mercury 
j ame s o n i t e  

kyan i t e  
mol ybdeni t e  
n a t i v e  lead 

p y r i t e  
r e a l g a r  
r u b i e s  
s apph i r e s  

s p e r r y l i t e  
sphene 
s p i n e l  
t a n t a l i t e -  
columbite  
topaz  
n a t i v e  z inc  

D i s t r i b u t i o n  of  gold i n  a p l ace r  can be complex; however concen t r a t i on  
tend to  i n c r e a s e  toward t h e  g r a v e l  base (Yeend, 1986). Gold grades  i n  d r i f t  
mines,  which u s u a l l y  work t h e  g r a v e l  base ,  a r e  h igh  ( see next  s e c t i o n )  . Other 
t ypes  of  t r a p s  ope ra t e  i n  s t reams t h a t  c o l l e c t  gold i nc lude  n a t u r a l  r i f f l e ,  
rock f r a c t u r e ,  and bedding p lane ,  and o the r  bedrock f e a t u r e s  which c r o s s  t h e  
stream channel  (Yeend, 1986).  The b e s t  geochemical s i g n a t u r e  i n  explor ing  f o r  
gold p l a c e r s  i s  gold.  General ly  nuggets  con ta in  l e s s  s i l v e r  downstream. 
Other elements t h a t  may be u s e f u l  i nc lude  s i l v e r ,  a r s e n i c  , mercury, antimony, 
copper ,  iron, and s u l f u r ,  as i s  t h e  presence of heavy mine ra l s  (Yeend, 1986 1. 

Gold Grade and Volume Models 
The development o f  a grade  and volume model f o r  gold p l a c e r s  has been 

complicated by t h e  overwhelming importance o f  mining methods i n  d e f i n i n g  both 
grades  and volumes; s e v e r a l  mining methods are commonly app l i ed  t o  t h e  same 
types  of gold p lacer .  The grade  snd tonnage model developed by Orris and 
Bliss (1986) aggregated p l ace r  grade  and tonnage d a t a  without regard to  mining 
method but  excluded p l ace r  t ypes  ca ta loged  a s  d e s e r t  p l a c e r s ,  p re -Ter t ia ry  or 
T e r t i a r y  p l a c e r s ,  beach p l a c e r s ,  residual p l a c e r s ,  e l u v i a l  p l a c e r s ,  and 
grave l -p la in  placers. P l ace r s  worked e x c l u s i v e l y  j u s t  by d r i f t  mining were 
excluded a s  they have very  high gold grades  c l e a r l y  not compatable with 
p l a c e r s  worked by o t h e r  methods. However, t h e  grade and tonnage model of go ld  
p l a c e r s  developed by Orris and B l i s s  (1986 1 i s  likely adequate f o r  many 
minera l  resource assessments.  A l t e r n a t i v e l y ,  i n  a r ea s  with a previous h i s t o r y  
of  gold p l ace r  mining, p a r t i c u l a r l y  dominated by small-volume mining methods, 
where d a t a  on gold product ion f r m  this mining i s  a v a i l a b l e ,  another  method 
f o r  assessment can be used (Bliss and o t h e r s ,  1987) which focuses  on the  



mining-l i fe  c y c l e  o f  go ld  p l ace r s .  As part of t h i s  mod i f i ca t i on ,  new grade  
and volume models us ing  groupings by mining techniques was developed. I n  t h i s  
method, gold p l ace r  d e p o s i t s  a r e  c l a s s i f i e d  i n t o  two groups: small-volume 
mining inc lud ing  panning, us ing  a rocker ,  d r i f t  mining, s l u i c i n g ,  and 
drywashing: and large-volume mining inc lud ing  dredging,  d r a g l i n i n g ,  and 
hydraul icking.  Small-volume mining can be f u r t h e r  d iv ided  i n t o  s u r f a c e  
methods and subsur face ,  or d r i f t  mining, methods. Some gold p l a c e r s  have been 
worked with a mix o f  l a r g e -  and small-volume methods where n e i t h e r  was 
dominant. When recognized,  t h e s e  p l a c e r s  have been d e l e t e d  from t h e  d a t a  
used. For this assessment ,  small-volume s u r f a c e  mining methods i nc lude  those  
p l a c e r s  working less than  1,000.000 m3 of  m a t e r i a l .  prge-volume mining 
inc ludes  t hose  p l a c e r s  t h a t  worked a t  l e a s t  100,000 m and had gold g rades  
between 0.1 and 1.0 g/m . Although volumes of  m a t e r i a l  worked by t h e  two 
c l a s e s  of mining methods over lap ,  t h e  lower g rades  o f  large-volume mining 
prec lude  using small-volume methods. The 50 p l a c e r  d e p o s i t s  used t o  c o n s t r u c t  
t h e  g radevo lume  model for small-volume s u r f a c e  mining have volumes t h a t  a r e  
s t a t i s t i c a l l y  i n d i s t i n g u i s h a b l e  from t h e  27 p l a c e r  d e p o s i t s  used t o  c o n s t r u c t  
a grade-volume model f o r  d r i f t  mines ( t a b l e  16). The 80 p l a c e r  d e p o s i t s  used 
t o  c o n s t r u c t  a grade-volume model f o r  large-volume mining have volumes two t o  
t h r e e  o r d e r s  o f  magnitude l a r g e r  than  e i t h e r  small-volume su r f ace  mining o r  
d r i f t  mining ( t a b l e  16). Nearly a l l  p l a c e r s  that have undergone large-volume 
mining were i n i t i a l l y  worked by small-volume mining methods. Gold grades  are 
h ighes t  f o r  d r i f t  mining, lowest  f o r  large-volume mining methods, and 
in t e rmed ia t e  f o r  small-volume s u r f a c e  mining methods ( t a b l e  17). 

Table 16-Estimate of  percentage of p l a c e r s  which K i l l  equa l  or exceed a g iven  
volume (m3) ( B l i s s  and o t h e r s ,  1987). 

Mining H e  thod Percentage 
( volumes 1 90 50 10 

D r i f t  mining ( m 3 )  130 4,200 300,000 
C n=27 ) 

Small-volume 
3 s u r f a c e  methods (m 1 4 50 48,000 410,000 

( n=50) 
Large-volume 
methods (m3) 400,000 4,400,000 45,000,000 

( n=80 1 



Table 17--Estimate of percentage of p l a c e r s  which will equal  o r  exceed a g iven  
gold g rade  (g/m3) (Bliss and o t h e r s ,  1987).  

Mining Method Percentage 
( gold grades)  90 50 10 

D r i f t  mining ( g /mJ)  11. 19. 62. 
( nr27 1 

Small-volume 
3 s u r f a c e  methods (g/m ) .58 4 . 2  22.  

( n = M )  
Large-volume 
methods (g/m3) .17 .30 ,68 

( n=80 

The mix o f  mining methods may account f o r  t h e  s i g n i f i c a n t  c o r r e l a t i o n  ( a t  
t h e  1 pe rcen t  l e v e l )  between gold grade  and volume and f o r  small-volume 
s u r f a c e  mining methods ( r  r - .43) and large-volume mining methods ( r  = -.39), 
r e s p e c t i v e l y ,  D r i f t  mining has a small  but marg ina l ly  s i g n i f i c a n t  nega t ive  
c o r r e l a t i o n  ( a t  t h e  5 percent  l e v e l )  between gold  grade and volume ( r  = - ,37) .  

T r a c t s  d e l i n e a t e d  ( f o r  gold p l a c e r s )  
Three t r a c t s  are d e l i n e a t e d  f o r  gold p l a c e r s  i n  t h e  Wiseman quadrangle: 

t r a c t s  r ep re sen t  a r e a s  where gold p l a c e r s  a r e  more l i k e l y  t o  occur ,  assuming 
t h a t  t h e  c o r r e c t  c r i t e r i a  f o r  d e l i n e a t i o n  have been used ( p l .  3 ) .  Stream 
bas in s  o r  a r e a s  with s i g n i f i c a n t  gold product ion a r e  o u t l i n e d  on and 
d e s c r i p t i o n  i n  Bliss and o t h e r s  (1988). A l l  gold p l a c e r s  with s i g n i f i c a n t  
s u r f a c e  enrichment a r e  probably included,  However, buried p lace r  d e p o s i t s  may 
have been overlooked,  Reed (1988) noted t h a t  bur ied  g r a v e l s  produced by 
f l u v i a l  aggrada t ion  a r e  common i n  many s t reams i n  t h e  quadrangle.  G l a c i a t i o n ,  
which has  s i g n i f i c a n t l y  modified the  su r f ace  (Hamilton, 1978). u s u a l l y  
d e s t r o y s  gold p l a c e r s ;  however, i t  can l o c a l l y  bury them by c ros s ing  s t ream 
v a l l e y s  con ta in ing  d e p o s i t s  a t  an ob l ique  angle .  For example, l a c u s t r i n e  s i l t  
b u r i e s  t h e  lower end of  t h e  Nolan Creek P lacer  and appears  to  have been 
depos i ted  i n  a l a k e  on the  margin o f  a g l a c i e r  i n  the valley of the  Middle 
Fork of the Koyukuk River  (Maddren, 1913). 

Some p l a c e r s  may no t  be worked because of s e v e r a l  f a c t o r s :  l a c k  of 
water ,  l a r g e  boulders ,  t o o  much water l e ad ing  t o  f looding  i n  d r i f t  mining o r  
o t h e r  f a c t o r s  no t  s p e c i f i c a l l y  i d e n t i f i e d  ( a c c e s s i b i l i t y ,  e t c .  

Bourbon Creek Place r  i s  not  wi th in  any d e l i n e a t e d  t r a c t  ( p l .  31,  The 
p l a c e r  i s  i s o l a t e d  from o the r  d e p o s i t s  and occurs  i n  an a r e a  which g e n e r a l l y  
does not  appear  g e o l o g i c a l l y  favorab le .  Pos s ib l e  exp lana t ions  a r e  t h a t  t h e  
p l ace r  l o c a t i o n  may be i n  e r r o r ,  t h e  r e p o r t  of e x t e n s i v e  mining may be 
i n v a l i d ,  o r  t h e  p l a c e r  may r e s u l t  fram o t h e r  geologic  c o n d i t i o n s  ( e . g .  t h e  
weathering of  a l o d e  d e p o s i t )  not used i n  t h e  d e l i n e a t i o n  c r i t e r i a .  It is 
important  t o  remember t h a t  gold p l a c e r s  may r e s u l t  f r a n  combinations o f  
s e v e r a l  f a c t o r s ;  t h e s e  can i n c l u d e  s e v e r a l  d i f f e r e n t  types of  weathering and 
e r o s i o n a l  regimes over a v a r i e t y  of  bedrock cond i t i ons .  

Sub jec t ive  e s t i m a t e  of undiscovered gold p l a c e r s  
There a r e  25 gold p l ace r  deposits i d e n t i f i e d  i n  t h e  Wisemsn quadrangle - 

for the purposes of t h i s  resource  assessment.  Three have been e i t h e r  
exhausted o r  have some h i s t o r y  of  large-volune mining, Sub jec t ive  e s t ima te s  
of t h e  number of undiscovered gold p l a c e r s  suggest  t h a t  t h e r e  i s  a 90 percent  



chance t h a t  t h e r e  a r e  two o r  more d e p o s i t s ,  a 50 pe rcen t  chance of  fou r  o r  
more d e p o s i t s  and a 10 percent  chance of s i x  o r  more deposits. Undiscovered 
gold p l a c e r s  a r e  expected t o  have gold grades  and volumes compatible  with t h e  
va lues  g iven  i n  t a b l e s  15  and 16. 

Descr ip t ion  o f  t r a c t s  f o r  gold p l a c e r s  

T r a c t  NO. : PLC-I 

Trac t  PLC-I i s  t h e  l a r g e s t  of  t h e  t h r e e  p l ace r  t r a c t s  d e l i n e a t e d  i n  t h e  
Wiseman quadrangle  ( p l .  3 ) .  The t r a c t  boundaries  are roughly p a r a l l e l  t o  t h e  
r eg iona l  geo l ag i c  f a b r i c  and i n c l u d e  rocks which a r e  s l i g h t l y  metamorphosed 
( p h y l l i t i c  t o  green s c h i s t ) .  Though q u a r t z  ve ins  a r e  most o f t e n  c i t e d  a s  t h e  
source  of p l a c e r  go ld ,  o t h e r  vein-types suggested are quartz-carbonate ,  
quartz- tourmaline,  s t i b n i t e  with o r  without q u a r t z ,  and qua r t z - su l f i de  (Orris 
and Bliss, 1985). 

Quartz  ve ins  a r e  t he  p o s s i b l e  source of gold i n  four of t h e  17 s t reams 
with gold p l a c e r s  (Bi rch  Creek, Mascot Creek, Lake Creek, and Rye-Jay 
Creeks) . Other bas in s  for which gold sources  a r e  no t  given but  which a r e  
ad j acen t  t o  one of t h e s e  four  bas in s  include: Kay Creek, Agnes Creek, Spring 
Creek, Su rp r i s e  Creek, and t h e  somewhat d i s t a n t  S i t r  Creek. S t ibn i t e -qua r t z  
v e i n s  a r e  the proposed source  of p l a c e r  gold for Nolan Creek and may be a 
c o n t r i b u t o r  a t  Rye Creek-Jay Creek. Basins a s s o c i a t e d  with Nolan Creek, f o r  
which s t i b n i t e - q u a r t z  v e i n s  may be t h e  source  of p l ace r  go ld ,  i nc lude  Hamond 
River ,  Union Gulch, Vermont Creek and, pos s ib ly ,  Washington Creek. Colorado 
Creek, near  the west edge of the quadrangle, has an undefined gold source.  
The gold source fo r  Crevice Creek i s  thought t o  be mine ra l i za t i on  a s soc i a t ed  
with t h e  S k a j i t  Limestone. 

P lacer  p r o d u c t i v i t y  i n  t r a c t  PLC-I g e n e r a l l y  d e c l i n e s  from e a s t  t o  
west. While t r a c t  d e l i n e a t i o n  i s  based on rough metamorphic g rade ,  o t h e r  
f a c t o r s  may be important .  T rac t  A cross -cu ts  s e v e r a l  t r a c t s  ( p l .  1, 2)  f o r  
o t h e r  d e p o s i t  types, which may have generated gold p l a c e r s  dur ing  
weathering. 

Claim-staking f o r  p l a c e r s  o r  l i k e l y  p l a c e r s  i n  PLC-I accounted f o r  60 
percent  of t h e  a c t i v i t y  i n  t h e  Wiseman quadrangle i n  1980 (U.S. Bureau of 
Hines , 1980 1. Claim-staking f o r  p l a c e r s  between January 1980 and December 
1982, was es t imated  t o  have decreased t o  33 percent  o f  a l l  s t ak ing  a c t i v i t y  i n  
the quadrangle  (Alaska Div is ion  of Geological  & Geophysical Surveys Mining- 
Claim Location Map, 1982). 

T r a c t  No. : PLC-If 

PLC-I1 i s  loca t ed  on both s i d e s  of t h e  Hiddle Fork of t h e  Koyukuk River ,  
a long  the  e a s t  edge of  t h e  quadrangle  ( p l .  3 ) .  The t r a c t  ex tends  from Mnnie  
Creek i n  the , no r th  t o  Cathedra l  Nountains i n  t h e  south. Unlike PLC-I, PLC-I1 
c u t s  a c r o s s  the geologic  f a b r i c  and i s  not  r e l a t e d  t o  metamorphic grade .  S ix  
b a s i n s  o r  a r e a s  are i d e n t i f i e d  i n  PLC-11. Myrtle Creek end S l a t e  Creek P l ace r  
i s  p a r t l y  l o c a t e d  i n  t h e  Chandalar quadrangle  t o  t he  e a s t .  Two p lace r  
d e p o s i t s ,  h a  Creek, and Myrtle Creek and S l a t s  Creeks account f o r  95 percent  
of t h e  recorded gold product ion i n  t h e  t r a c t .  In  both a r e a s ,  many q u a r t z  
v e i n s  are r epo r t ed  i n  t h e  atream bas ins ;  t h e s e  a r e  thought t o  be t h e  source of  
t h e  go ld .  The q u a r t z  v e i n s  may be  a s soc i a t ed  with sha l lowly  eroded p lu tons  



exposed within and just e a s t  of  the  t r a c t  i n  the  Chandalar quadrangle (Brosgb 
and Reiser,  1964; 1972: Dillon and o t h e r s ,  1986). We suggest t h a t  modern 
sediments of  the  Mddle  Fork of the  Koyukuk River do not have gold grades 
which a r e  cons i s t en t  with t h e  grade models for  placers .  Claim s taking fo r  
p lace r s  o r  l i k e l y  p lace r s  i n  PLC-11 accounted f o r  13 percent  of the  staking 
a c t i v i t y  i n  the Wiseman quadrangle i n  1980 (U.S. Bureeu of Mines, 1980.) 
Claim s taking fo r  p lace r s  between January 1980 and December 1982 war est imated 
t o  have increased t o  20 percent of  a l l  s taking a c t i v i t y  i n  the  quadrangle 
(Alaska Division of Geological & Ceophysical Surveys Wning-Claim Location 
Map, 1982). 

Tract  No: PLC-I11 

PLC-I11 includes areas  adjacent  t o  the  f iddle  Fork and South Fork of the  
Koyukuk River i n  the southeast  corner of the  quadrangle, Host of the area  i s  
a g l a c i a l  outwash p la in ,  predominantly d r i f t  of the  I t k i l l i k  g l a c i a t i o n  
(Hamilton, 1978). Or ienta t ion  of morainal r idges  suggests ,  t h a t  most d r i f t  
and outwssh mate r i a l  was derived fraa g l a c i e r s  passing through t h e  v a l l e y  of 
the  Hiddle Fork of the  Koyukuk River i n  PCL-111. Gold p lacers  tend t o  be i n  
two groups, those along the  Middle Fork ( Mailbox Creek, Tramway Bar-Chapman 
Creek p lace r s ,  and Hamil Bar placer and those along the  South Fork of the  
Koyukuk River ( Eagle C l i f f ,  Grubstake Bar-Hanshaw Bar p lace r s ,  and Smally 
Creek Placer) .  The gold i s  probably reworked from placers  i n  PLC-I and PLC-11 
and from Cretaceous cong lmera tes  (Di l lon  and o the r s ,  1986). 

Claim s taking f o r  p lacers  o r  l i k e l y  placers i n  PLC-111 accounted f o r  
about 18 percent of the staking a c t i v i t y  i n  the Wiseman quadrangle i n  1980 
(U.S. Bureau of Mines, 1980). Claim staking for placers  between January 1980 
and December 1982 increased t o  41 percent of a11 staking a c t i v i t y  i n  t h e  
quadrangle (Alaska Division of Geological & Geophysical Surveys Mining-Claim 
Location Hap, 1982). 

Placer s taking a c t i v i t y  beyond of PLC-I, PLC-11, and PLC-111 

Claim staking fo r  p lacers  o r  l i k e l y  p lace r s  beyond del ineated  t r a c t s  
genera l ly  took place near the  south boundary of PLC-I and accounted f o r  about 
10 percent of the  s taking a c t i v i t y  i n  the  Wiseman quadrangle i n  1980 (U.S. 
Bureau of n ines ,  1980). Streams with a c t i v i t y  include East Creek (T. 29 N. ,  
R. 16 W.) :  F a l l  Creek (p lus  t r i b u t a r i e s )  (T. 28 N. ,  T. 29 N.: R. 16 W , ) ;  an 
unnamed creek dra in ing west of Ipnek Hountain i n t o  Michigan Creek (T. 26 N . ,  
T, 29 N. ;  R. 16 W . ) ,  and one unnamed creek d ra in ing  north i n t o  Michigan Creek 
(T. 28 N., T. 29 N.;  R. 17 W . ) ;  Suckik Creek (T. 26 N., T, 27 N . ;  R. 19  H.), 
a t  the  junction of  North Fork Koyukuk River and Glacier  River (T, 29 N. ,  R. 14 
W.): Horse Creek (T. 29 N., R. 14 W . ) ;  and LBSalle Creek (T, 30 N. ;  R ,  13 W . ,  
R, 14 W.). Claim s taking between January 1980 and December 1982 beyond 
del ineated  t r a c t s  decreased t o  6 percent of the  a l l  s taking a c t i v i t y  i n  the  
Wiseman quadrangle (Alaska Division of  Geological & Ceophysical Surveys 
Mining-Claim Location Hap, 1982). Act iv i ty  continued on Suckik Creek and 
t h e r e  was new a c t i v i t y  a t  t w o  l oca t ions  on Wild River (T. 27 N., T. 28 N., R. 
18 W.: T. 28 N., R. 17 W . ) ,  and on Michigan Creek (T. 29 N , ,  R. 30 W . ) .  

General scheme for working gold p lace r s  
We will assess  add i t iona l  gold production from gold p lacers  i n  the 

Wiseman quadrangle using a genera l  l i f e -cyc le  scheme of working gold p lacers  
a s  developed by Bliss and o the r s  (1987). The h i s t o r y  of gold placer mining 



suggests  a genera l  p a t t e r n  which i s  useful  fo r  mineral resource assessment. 
A l l  p lacers  a r e  i n i t i a l l y  worked by small-volme methods: e i t h e r  surface  
mining o r  d r i f t  mining can be dominant. Analysis of da ta  from Austral ia  with 
b e t t e r  than normal repor t ing  suggests  t h a t  the  r a t i o  between the number of  
d r i f t  mines and small-volwne surface  mines i s  on the  order  of 3 t o  5 
ind ica t ing  t h a t  d r i f t  mining comprises about 38 percent of a11 small-volume 
mining i n  Aust ra l ia .  A review of Wiseman placer  da ta  suggests t h a t  the  r a t i o  
between the  number of  d r i f t  mines and surface  mines i s  about 1 t o  8, o r  t h a t ,  
d r i f t  mining cons t i tu ted  about 10 percent  of a l l  smell-volume mining i n  the  
Wiseman quadrangle. Small-volme mining may exhaust t h e  o re  o r  can lead  t o  
subsequent large-volme mining. The t y p i c a l  odds agains t  subsequent large-  
volume mining a r e  4 t o  1. H i s t o r i c a l  da ta  from p lace r s  i n  the  Wiseman 
quadrangle suggest t h a t  the odds agains t  subsequent l a rgevo lume  mining a r e  
more l i k e  5 t o  1. A t  Hascot Creek, large-volune mining has e s s e n t i a l l y  
exhausted the  deposi t .  Large-volume mining probably began on Washington Creek 
since a dredge and o the r  equipnent on Mascot Creek were t o  be moved there .  
Large-volune mining appears t o  have been opera t ional  (d rag l ines )  on Hytle 
Creek-Slate Creek although reported grade and volume data  i s  more t y p i c a l  of  
small-volme mining. Additional gold production from these three  depos i t s  
w i l l  not be addressed because they a r e  e s s e n t i a l l y  exhausted o r  have already 
entered the large-volume production phase. Additional gold will l i k e l y  be 
gained but an objec t ive  assessment method i s  unavailable. The gold produced 
during small-volume mining can be used t o  g ive  an approximate estimate of gold 
production f rm l a r g e  v o l m e  mining. This genera l  scheme f o r  working gold 
p lace r s  i s  useful  i n  the  systematic evaluat ion  of f u t u r e  gold production of 
both discovered and predicted gold p lacers .  

Prospectors search f o r  the  gold-rich g rave l s  e a s i l y  worked by small- 
volume methods. Favorably located p lacer  depos i t s  with s u f f i c i e n t  reserves ,  
under s u i t a b l e  economic condit ions w i l l  be worked with large-volume mining. 

The proport ion of a gold-placer deposi t  t h a t  can be worked by large-  
volume metholds i s  d i f f i c u l t  t o  est imate because many p lace r s  worked only by 
the  small-volume methods a r e  not reported i n  t h e  l i t e r a t u r e .  We have already 
indica ted  t h a t  the odds agains t  a placer  being s u i t a b l e  fo r  large-volume 
mining a r e  4 t o  1. If  a placer  deposi t  i s  s u i t a b l e  f o r  l a r g e  volume-mining 
( L W )  and the  amount of gold produced from small-volume mining (SVH) i s  
repor ted ,  an approximate es t imate  of the  remaining gold ( logl0 kg) can be made 
using the following re la t ionsh ip :  

l & l O ( ~ ~ l d L w ) =  1.76 + 0.46 l ~ l O ( G ~ l d S w )  
This empirical  r e l a t ionsh ip  was developed using da ta  f r m  both small-volume 
surface-and d r i f t  mining a id  subsequent 1arge-~olmne mining ( B l i s s  and o the r s ,  
1987). 

The grade-volume model and the  equation a r e  appl icable  t o  a l l  placer  
types except a l luvia l -p la in  and fan-placers t h a t  develop when l a r g e  volumes of  
gold-bearing mater ia l  a r e  deposited by r i v e r s  o r  streams descending from 
mountains i n t o  a va l l ey  o r  plain.  Only a few of these  gold p lacers  have 
grade-volume d a t a ,  but ava i l ab le  da ta  suggest they a r e  world c l a s s  i n  s i z e .  
S t a t i s t i c a l l y ,  they have s l i g h t l y  lower gold grades ( t a b l e  19) .  

Predicted M d i t i o n a l  Cold f o r  Future Production from Gold Placers  

Hethod of Computer Simulation: What gold remains i n  discovered and 
undiscovered gold p lacers  i n  the  Wiseman quadrangle? Computer s imulat ion can 
provide an est imate using the sequence of -events-and associated p robab i l i t e s  
of the  mining l i f e c y c l e  model of gold p lacers  (Bliss and o the r s ,  1987). Also 



needed i s  the  nmber  of gold p lace r s  with small-volume mining, the  gald 
produced f r m  each, and and an es t imate  of the  number of undiscovered 
p lacers .  Simulation addresses the  e f f e c t s  of uncer ta in ty  i n  the  number of 
undiscovered p lacers ,  f ram v a r i a b i l i t y  i n  gold production f ram small-volume 
mining, and the  v a r i a b i l i t y  associa ted  with with the  est imate gold-production 
fram large-volrwe mining based on the  equation developed previously. 
Spec i f i ca l ly ,  such uncer t a in t i e s  can be appraised using a Uonte Carlo 
simulat ion (Barbaugh and Bonham-Carter, 1970). Two kinds of fu tu re  p r d u c t i o n  
can be predicted;  production from small-volume mining of undiscovered p lacers ,  
and production of large-voluoe a d  m a 1  volume mining from both discovered and 
undiscovered gold p lacers .  Simulation was conducted i n  MINITAB, a s t a t i s t i c a l  
software package (Ryan, and o the r s ,  1976) i n  which one thousand i t e r a t i o n s  
were run. 

Predicted Gold Production from Future Small-Volume Hininp: of Gold Placers:  

Uuch of the  past  gold production i n  the Wiseman quadrangle has been from 
small-volume mining. With improved mining technology, a c c e s s i b i l i t y ,  and 
economics, small-volme mining w i l l  continue t o  be important,  In t h i s  
precedure, predic t ion  of add i t iona l  gold production f ran  small-volume mining 
can be made f o r  undiscovered p lacers  only. Available techniques do not show 
predic t ion  of add i t iona l  production by continued small-volme mining of 
discovered p lacers ,  but the  amount of gold produced this way can be expected 
t o  be small when compared t o  pas t  gold production. Subject ive es t imates  of  
the number of undiscovered p lace r s  i s  approximated with the binomial 
d i s t r i b u t i o n  with the  parameters: n=26, pe.17. The parameter n i s  t h e  number 
of independent Bernoull i  t r i a l s  and p i s  the  p robab i l i ty  of success (Hastingo 
and Peacock, 1975). Also needed i s  the  p robab i l i ty  t h a t  small-volume mining 
w i l l  be by d r i f t  mining (p=0.10). This probab i l i ty  may be low because 
undiscovered p lacers  a r e  l i k e l y  t o  be buried: on t h e  o ther  hand, i t  may be 
h igh because drift-mining i s  c u r r e n t l y  unpopular and surfece mining may be 
used d e s p i t e  cover. Cold production ( loglOkg) from small-volume su r f  ace 
mining (mean=1.73, standard deviation=0.902) and d r i f t  mining (mean=1,96, 
standard deviation=1.18) was assumed t o  be appropriate fo r  undiscovered gold 
p lacers .  The r e s u l t s  of s imulat ion suggests t h a t  the re  a r e  3 chances i n  4 of 
290 kg o r  more of gold,  a 50 percent chance of 850 kg o r  more of  gold,  and a 
10 percent  chance of 2,100 kg o r  more of gold produced from undiscovered gold 
p lacers  i n  the  quadrangle. 

Predicted Cold Production from Future Large-Volume Mining: Large-volume 
mining, as defined here, has l i k e l y  occurred i n  two gold placer  depos i t s  i n  
the ~ l s e m a n  quadrangle ; one o ther  deposi t  i s  e r s e n t i s l l  exhausted, The 
remaining 22 known placer  depos i t s  plus predicted undiscovered p lacers  are 
s i t e s  f o r  f u t u r e  larg%-volume mining i f  the  genera l  l i fe -cycle  i s  followed. 
Some of these  gold placers  w i l l  be amenable t o  large-volume mining ( p  s 
0.20). Calculat ion of f u t u r e  large-volllme production i s  poss ib le ,  using the 
equation and previous small-volme production data .  Gold produc t i o n  f ran 
p lace r s  (Table 17) includes four which l ack  small-volume production data :  
consequently, t h e i r  production was simulated. This information, along with 
estimated gold production from undiscovered p lace r s ,  was used i n  the 
simulation t o  predic t  subsequent gold production Etm large-volume mining. 
The r e s u l t s  of simulat ion suggest t h a t  the re  a t e  3 chances i n  4 of 0.90 tonnes 
o r  more gold,  a 50 percent chance of 1.9 tonnes o r  more gold,  and 1 chance i n  



4 of 3.1 tonnes or more gold being produced from subsequent large-volume 
mini% of gold placers .  

Table 18. Estimate of placer  production from the Wiseman 

NAn E Gold (kg12 N M E  Gold (kg) 

Birch Creek 38. 
Clara Gulch 6 9 
Crevice Creek 3.8 
Eagle C l i f f  .12 
Erama Creek 240. 
Grubstake-Hanshaw 6. 
Hammond River 1800. 
Kelley Gulch 75 
Lake Creek 39 
Mascot Creek 3 27. 
Minnie Creek 2. 3 

Hytle Creek and S l a t e  Creek 
Nolan 
Porcupine Creek-Quar t z Creek 
Rye Creek-Jay Creek 
Spring Creek 
Tramway Bar-Chapan Creek 
Twelve Mille  Creek 
Union Culch 
Vermont Creek 
Washington Creek 3 

1. Production data  was unavailable fo r  four p lacer  depos i t s  ; t he re fo re ,  four 
contained gold values were se lec ted  a t  random from d i s t r i b u t i o n s  descr ib ing 
gold f r m  small-volume surface  workings and d r i f t  mines (p= .11) t o  insure  
t h a t  each i t e r a t i o n  contained 22 i d e n t i f i e d  placer  depos i t s  with production. 
2. 1 kg = 1,000 g; 1,000 kg = 1 metric  ton or  tonne. 
3. S ign i f i can t  gold production of unknown amount from these p lace r s  i s  l i k e l y  
and may include both small-volme and l a rge -vo lme  mining. 

Tota l  Future Gold Production from Cold Placers: Total  median gold production 
from both small-volume and large-volume mining i s  predicted t o  be around 2,750 
kg. About 76 percent  of the  predicted production i s  from large-volume mining 
of  discovered and undiscovered placers .  Reported production ( t a b l e  18) i s  
4,800 kg. Predicted gold production i s  j u s t  over one-half of previously 
reported gold production. This i s  somewhat l e s s ,  but probably compereble t o  
the  es t imates  of DeYoung ( 1 9 7 8 )  t h a t  add i t iona l  gold production from gold 
p lacers  i n  the  adjacent  Chandalar quadrangle would be equal t o  o r  l e s s  t han  
previously reported production (2,000 t o  3,000 kg gold) .  This est imate of 
f u t u r e  gold production i n  Wiseman quadrangle i s  based on a mining l i f e  cycle  
of most gold p lacers  and probably g ives  es t imates  accurate t o  within an order  
of magnitude. 
Alluvial  p la in  and fan gold placer-types 

Aluvial plain- and fan-gold p lacers  d i f f e r  from a l l  other  types i n  terms 
of gold grades and volrrmes. Because only a ma11 number of p lacers  of this 
kind a r e  c u r r e n t l y  recognized, we can only guess what the  t y p i c a l  s i z e  and 
grades might be ( t a b l e  18) .  



Table 19. Preliminary es t imates  of miniam,  median, and maximum of conteined 
gold,  volrrme, and gold grades fo r  10 a l luv ia l -p la in  and fan-gold p lacers .  

Variable Minimuo Hedian Hsx i m  um 

Contained gold ( m t )  2.2 18 
 re ( m 3 )  ( lo6)  7.9 110 
Gold Grade ( g/m3) 0.089 0.20 

In the  Wiseman quadrangle, Cretsceous c l a s t i c  rocks including conglomerates 
crop out  along the southern edge of t h e  quadrangle. These rocks were 
deposited d u r i w  the i n i t i a l  u n r o o f i w  of the  Brooks Rarrge i n  the  e a r l y  
Cretaceous (Di l lon  and Smiley, 1985; Dil lon and o the r s ,  1986) and may be one 
poss ib le  source of gold i n  p lace r s  i n  PLC-Iff .  These rocks were deposited by 
streams dra in ing the e a r l y  Brooks Rsnge; t h i s  s i t u a t i o n  i s  favorable f o r  
development of a l luv ia l -p la in  and fa r tp lace r s .  I f  the  bedrock source fo r  such 
p lace r s  was s imi la r  t o  modern p lace r s  i n  PLC-I1 and PLC-111, Cretaceous rocks 
i n  and adjacent  t o  PLC-I11 may be most favorable. However, a l l  occurrences of 
Cretaceous conglomerates can be considered as permissible placer hosts .  If an 
a l l u v i a l  p la in  o r  fan gold placer  i s  present ,  i t  i s  most l i k e l y  buried and not 
amenable f o r  working by dredges. Deposits used for cons t ruct ing  table 19 were 
a l l  worked by dredges. Grades may need t o  be s u b s t a n t i a l l y  higher t o  permit 
o the r  types of  mining. In any case ,  l a r g e  uncer ta in ty  i s  involved a s  t o  
whether such a deposi t  i s  present:  however, i f  one were found t o  be amenable 
f o r  exp lo i t a t ion ,  a l a r g e  r e t u r n  on investment i s  possible.  
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KILOMETERS 

Figure 1. Alaska, showing approximate location of the Wiseman l o  
by 30 quadrangle, Brooks Range. 


