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GEOLOGICAL AND GEOCHEMICAL INVESTIGATIONS SOUTHWEST OF FAREWELL, ALASKA 

by Gordon H e r r e i d  

ABSTRACT 

The map area l i e s  a long t he  no r t he rn  edge o f  t h e  A laska Range southwest o f  
Farewe l l ,  i n  t h e  headwaters o f  t h e  Kuskokwim R i ve r .  Bedrock i s  m a i n l y  s t r o n g l y  
deformed, l o c a l l y  cross-bedded, medium g ray  s l a te - l imes tone  o f  e a r l y  Paleozoic  age. 
A l so  present  a r e  sma l l e r  areas o f  l i g h t  g ray  massive l imes tone  o f  m idd le (? )  Paleozoic  
age; g r a n i t o i d  s tocks;  numerous d ikes  o f  andes i te ,  keratophyre and r h y o l i t e ;  and 
r h y o l i t e  f l o w s ( ? ) .  About 100 square m i l e s  were mapped and 158 stream sediment samples 
were taken. The area was p r e v i o u s l y  unmapped. 

The mapping covers p a r t  o f  an up land b l o c k  bounded a long t h e  n o r t h  edge by t h e  
Farewel l  f a u l t .  Recurrent  movements along t h i s  g r e a t  break p robab ly  have had a  
s t r ong  i n f l u e n c e  on t h e  emplacement o f  igneous rocks  i n  the  area. A  swarm o f  steep, 
wes t - t rend ing ,  m a f i c  t o  a c i d i c  d i kes  extends eastward f o r  a  d i s t a n c e  exceeding f i v e  
m i l e s  f rom t h e  l a r g e  g r a n i  t o i d  s tock  a t  t he  head o f  t h e  M idd le  Fork o f  the  Kuskokwim. 
The swarm u n d e r l i e s  2% t o  50% o f  t h e  bedrock over a  w i d t h  o f  a t  l e a s t  f o u r  m i l e s .  The 
emplacement o f  these d i kes  was p robab ly  r e l a t e d  t o  movements a long t h e  Farewel l  f a u l t .  

Stream sediments c o n t a i n  s c a t t e r e d  n i c k e l ,  copper, molybdenum, and z i n c  anomalies 
i n  t h e  upper M idd le  Fork drainage. These a r e  assoc ia ted w i t h  diabase d i kes  and/or 
b l ack  s l a t e  w i t h i n  and marg ina l  t o  t he  s i l i c i f i e d  aureo le  around t h e  l a r g e  g r a n i t o i d  
s tock  a t  t he  head o f  the  M idd le  Fork .  One smal l  n i c ke l - bea r i ng  p y r r h o t i t e  d e p o s i t  
i s  assoc ia ted  w i t h  diabase i n  t h i s  area. 

INTRODUCTION 

The map area l i e s  a long t he  no r t he rn  marg in  o f  t he  Alaska Range j u s t  south o f  t h e  
rdajor Farewel l  f a u l t .  Dikes o f  v a r i e d  composi t ion and g r a n i t o i d  s tocks  a r e  present .  
The geology had n o t  been mapped p rev ious  t o  t h i s  i n v e s t i g a t i o n .  

The o n l y  known m ine ra l  depos i t  i n  t he  map area i s  t h e  Chip-Loy n i c k e l  p rospec t  
on t he  i ' l l iddle Fork o f  t h e  Kuskokwim. Twenty m i l e s  west, t h e  smal l  h igh-grade White 
>4ountain c innabar  depos i t  i s  p r e s e n t l y  be ing mined. Much f u r t h e r  west a long t h e  
Farewel l  f a u l t ,  t he  47 Creek g o l d  p l ace r  and t h e  Cinnabar Creek mercury d e p o s i t  have 
been n i ned  a t  va r i ous  t imes s i nce  t h e  Second World War. To t h e  eas t  a long t h e  Farewe l l  
f a u l t  a r e  l oca ted  t he  "J and K " ,  and Mespel t  l e a d - s i l v e r  prospects ,  t h e  S l i p p e r y  Creek 
copper, s i l v e r ,  lead,  z i n c ,  and mercury prospects ,  and t h e  M t .  E i e l son  s i l v e r - l e a d - z i n c  
depos i t s .  The l a t t e r  two a re  i n  l 4 t .  McKinley Na t i ona l  Park. 

The p resen t  r e p o r t  i s  based on 28 days i n  t he  f i e l d  between June 12 and J u l y  13, 
1966. 158 stream sediment samples were c o l l e c t e d  and approx imate ly  100 square m i l e s  
were mapped. Richard Reger most capably ac ted  as a s s i s t a n t  d u r i n g  t h i s  per iod .  

PHYSIOGRAPHY AND GEOGRAPHY 

The map area l i e s  i n  an up land b l o c k  bordered on t h e  n o r t h  by t h e  Farewe l l  f a u l t .  
M a t e r i a l  eroded f rom t h i s  b l ock  forms g l a c i a l  and r i v e r - b o r n e  fans, aprons, cones, 
moraines, and d r i f t  o f  Qua te rnary  age man t l i ng  t h e  lowland n o r t h  o f  t h e  f a u l t  (Ferna ld ,  
1960). Ridge summits and mountains o f  t h e  up land b l ock  d e f i n e  an o l d  l a n d  su r f ace  o f  
moderate, rounded r e l i e f  ( t h e  Sleetmute up land su r f ace  o f  Cady and o the rs ,  1955) which 



has been much d issected as a r e s u l t  of in tense f r o s t  a c t i o n  and eros ion by streams 
and g lac ie rs .  

The r idges ,  steeper slopes, and smal ler  creek va l l eys  above 3000 f e e t  e leva t i on  
conta in  many bedrock outcrops, bu t  a r e  main ly  mantled by f r o s t - r i v e d  bedrock rubb le  
( rubb ly  col luv ium o f  Fernald, 1960). On g e n t l e r  slopes the  rubb ly  col luv ium contains 
more f i nes ,  p a r t l y  windblown s i l t ,  and has a cover o f  tundra. A t  s t i l l  lower e leva t ions  
w i l l o w  and o ther  brush grows along the va l l eys .  On t h e  Middle Fork sca t te red  w i l lows 
extend as f a r  up as the Chip-Loy prospect. Along the Windy Fork spruce stands s u i t a b l e  
fo r  small cabin logs are  present. 

There are  no regu la r  i nhab i tan ts  i n  the  map area. Surface t r a v e l  dur ing  the  i n -  
ves t i ga t i ons  was by l i g h t  r i v e r  boat down the  Windy Fork and on foo t  elsewhere. Land- 
i ng  areas f o r  l i g h t  shor t - take-o f f  a i r c r a f t  are a v a i l a b l e  on the r i v e r  bars o f  t h e  
Windy and Middle Forks. F l y i n g  was done from McGrath by Hub A i r  Service. 

GENERAL GEOLOGY 

The rocks o f  the  map area inc lude a great  thickness of i n t r i c a t e l y  f o lded  e a r l y  
Paleozoic l imy  sediments, a g reat  swarm o f  maf ic  t o  a c i d i c  dikes, two Mesozoic(?) 
g r a n i t i c  i n t r u s i v e s ,  an area o f  r h y o l i t e  f lows, and patches o f  T e r t i a r y  conglomerate. 
The s t r u c t u r e  i s  dominated by the Farewell f a u l t ,  a  major f a u l t  t h a t  t raverses the  
nor thern border o f  the map area. 

The Paleozoic sediments are  a t h i c k  sequence o f  medium dark gray thin-bedded l ime- 
stone and calcareous s l  a t e  w i t h  a few prominent ly  outcropping massive 1 imestone horizons 
up t o  300 f e e t  t h i c k .  A few exposures o f  c l a s t i c  cross-bedded l imestone i n d i c a t e  these 
sediments were deposited i n  shallow water. This sequence o f  limy rocks i s  co r re la ted  
on the  basis  o f  l i t h o l o g y  w i t h  the Ord i v i c ian  and Devonian(?) sediments t h a t  have been 
mapped east  and west o f  t he  area. 

A t  White Mountain, 20 m i  1  es west, Sainsbury (1965) has described 4500-5000 f e e t  
o f  unmetamorphosed Midd le(?)  Ordovician marine miogeosyncl i n a l  dark gray thin-bedded 
l imestone w i t h  f a i r l y  common shale pa r t i ngs  and shale beds, o v e r l a i n  by 1500 f e e t  o f  
Devonian(?) 1 imestone and dolomite. 

Twenty-f ive m i les  east o f  the map area Brooks (191 1)  has described the  Tat ina  
group as thin-bedded s i l i c e o u s  l imestone and limy s l a t e  o f  Ordovic ian(?)  age o v e r l a i n  
by 200 f e e t  o f  Devonian(?) s i l i c e o u s  l imestone. 

Complex fo ld ing  i s  present i n  a l l  o f  these areas. 

EARLY PALEOZOIC ROCKS 

The Ordovician and Devonian(?) limy sediments have been mapped f o r  a d is tance 
o f  95 m i les  along the no r th  f l a n k  o f  the  Alaska Range and may extend f u r t h e r .  On 
Mindy Fork the bedrock i s  t h i  n-bedded, medium gray, f i ne-grai  ned 1 imestone w i  t h  s l a t e  
pa r t i ngs  interbedded w i t h  medium gray s l a t e  which i s  s l i g h t l y  t o  h i g h l y  calcareous. 
Black s l a t e  i s  present  i n  some areas up t o  a thickness o f  about 500 f e e t .  It i s  
genera l l y  noncalcareous. The t h i n  s l a t e  horizons have good s l a t y  cleavage, bu t  some 
o f  the  t h i c k  b lack s l a t e  bodies a re  massive. The l imestone and s l a t e  a re  commonly 
interbedded o r  color-banded on a sca le  o f  a few m i l l ime te rs .  They have s l i g h t l y  
crenulated l us t rous  bedding planes and undulat ing f o l i a t i o n  which may be p a r a l l e l  t o  
o r  crosscut  bedding planes. The l imestone i s  commonly f o l i a t e d  and i n  such l o c a l i t i e s  
rubb le  below outcrops i s  p l a t y  scree, o f t e n  paper th in .  



Massive medium g ray  t o  b l ack ,  f i ne -g ra ined ,  l imestone beds s i x  inches t o  t e n  
f ee t  t h i c k  a r e  s p o r a d i c a l l y  present  throughout t h e  area. These massive beds produce 
b locky  medium gray  weather ing t a l u s  w i t h  rough hack ly  sur faces which d i f f e r  d i s t i n c t l y  
f rom t h e  p reva lan t  smooth p l a t y  r ubb le  o f  t h e  color-banded o r  f o l i a t e d  s l a t e y  l imestone.  
Massive l imestone g e n e r a l l y  has f rom 1% t o  5% c r o s s c u t t i n g  w h i t e  c a l c i t e  v e i n l e t s  t o  
1-2 inches t h i c k .  Due t o  g rea te r  r es i s tance  t o  comminution, such m a t e r i a l  forms a 
d i s p r o p o r t i o n a t e l y  1  arge percentage o f  t he  creek g rave ls .  The t h i c k e r  (100-300 f e e t  t h i c  
massive s i l i c e o u s  l imestone u n i t s  shown on t h e  geo log ic  map may be of Devonian age, 
based on t he  conc lus ions o f  p rev ious  workers i n  ad jacen t  areas. 

From F l u o r i t e  Creek* t o  t he  major  eas te rn  t r i b u t a r y  t o  t h e  Windy Fork seven m i l e s  
n o r t h  (and p o s s i b l y  beyond), up t o  1% t i n y  g r a p h i t e  f l a k e s  a r e  commonly disseminated 
throughout t h e  l imestone. 

A prominent l i g h t  medium gray  outcrop o f  massive l imestone caps a r i d g e  t o p  1 112 
m i l e s  nor thwest  o f  the  conf luence o f  t h e  Windy Fork and i t s  major  t r i b u t a r y  i n  t he  eas t  
c e n t r a l  p a r t  o f  t he  map area. The l imestone i s  est imated t o  be 200-300 f e e t  t h i c k  and 
r e s t s  i n  probable con fo rmi ty  on noncalcareous b lack  s l a t e .  The l imestone i s  medium 
gray,  f i ne -g ra ined ,  w i t h  + 1/8 i n c h  composi t ion banding above t h e  basal  100 fee t .  The 
basal 100 f e e t  shows a fragmental + 1/4 i n c h  p a t t e r n  o f  dark  c h e r t  on weathered surfaces. 
I r r e g u l a r  patches o f  b l ack  c h e r t  up t o  1-2 f e e t  i n  d iameter  a re  present .  No f o s s i l s  
were found. Due t o  p r e c i p i t o u s  slopes o n l y  t h e  lower 150 f e e t  was examined. 

Other massive t o  bedded l imestone hor izons a r e  p resen t  i n  t h i s  area, b u t  because 
of poor exposures and f a u l t i n g  t h e  s e c t i o n  was n o t  determined. 

The sediments i n  t he  Midd le  Fork dra inage a re  s i m i l a r  t o  those on t h e  Windy Fork 
descr ibed above except t h a t  f o l i a t e d  l imestone which weathers t o  pape r - t h i n  r u b b l e  i s  
absent and t h i c k  b l ack  s l a t e  hor izons a r e  more common. There i s  l e s s  w h i t e  c a l c i t e  
ve in i ng  o f  competent l imestone beds and disseminated g r a p h i t e  i s  l e s s  commonly present .  

About 1  1/4 m i l e s  up t h e  major  eas te rn  t r i b u t a r y  t o  t h e  M idd le  Fork,  a  dark  g ray  
l imestone 100-150 f e e t  t h i c k  w i t h  1-2 f o o t  beds shows good c u r r e n t  cross-bedding o f  
t h e  t rough,  c r o s s - s t r a t i f i c a t i o n  type  (McKee and Wier , 1953). The bed i s  over turned.  

On t h e  eas te rn  t r i b u t a r y  o f  t h e  Midd le  Fork about 1  1/3 m i l e s  n o r t h  o f  t h e  g r a n i t e  
con tac t ,  l oad  cas ts  o f  sandy 1 imestone p ro t rud ing  i n t o  t h e  unde r l y i ng  1 imy b lack  s l a t e  
a re  present.  Th is  i s  thought  t o  represen t  tongues o f  unconsol idated c a l c i t e  sand which 
have sunk i n t o  an unde r l y i ng  l a y e r  o f  l i q u i f i e d  mud, and f u r t h e r  i n d i c a t e s  t h e  c l a s t i c  
na tu re  o f  t h e  l imestone beds. 

SILICIFIED LIMESTONE AND SLATE 

The Midd le  Fork g r a n i t e  i s  surrounded by an aureo le  o f  banded s i l i c i f i e d  l imestone 
and s l a t e .  A t  t he  ou te r  con tac t  o f  t h i s  r o c k  t h e  thin-banded l imes tone -s l a te  g r a d u a l l y  
becomes more s i l i c i f i e d ;  t he  limy l a y e r s  change f rom medium dark  g ray  t o  a  creamy w h i t e  
s l i g h t l y  l i m y  che r t y - l ook ing  r o c k  and then  t o  creamy noncalcareous che r t y - l ook ing  
s i l i c i f i e d  l imestone w i t h i n  a  d i s tance  o f  100-200 f e e t .  Over t h e  same i n t e r v a l  t h e  
s l a t e  l a y e r s  change f rom medium dark g ray  t o  dark,  sometimes p u r p l i s h ,  g ray  s i l i c i f i e d  
s l a t e .  

On t h e  Windy Fork two m i l e s  south o f  Brecc ia  Creek* a  s e r i e s  o f  r a t h e r  f l a t - l y i n g  
c l i f f - f o r m i n g  beds form prominent outcrops. The r o c k  grades f rom s l i g h t l y  l i m y  t h i n -  
banded s i l i c i f i e d  l imestone a t  t h e  base t o  thin-banded, l i g h t  g reen ish  gray,  p a r t l y  

* In fo rma l  name used i n  t h i s  r e p o r t  



s i l i c i f i e d  l imestone a t  t he  top  over a s t r a t i g r a p h i c  d is tance o f  about 150 fee t .  
Banded s i l i c i f i e d  l imestone-s late i s  a l so  exposed i n  the  creek t h a t  p a r a l l e l s  t h e  
cross f a u l t  i n  t h i s  area. Such rock  i s  uncommon away from the  g r a n i t e  contact,  and 
these two exposures a re  thought t o  represent  s i l i c i f i c a t i o n  along cross and t h r u s t  
f a u l t s .  

DIKES 

A conspicuous swarm o f  west-trending s teep ly  d ipping d ikes  extends from the  
nor thern  slopes o f  F l u o r i t e  Creek south beyond the mapped area fo r  a d is tance o f  a t  
l e a s t  4 mi les.  Dikes range from maf ic  types t o  t rachy te  and r h y o l i t e .  They a re  
genera l l y  3 t o  30 f e e t  wide and have sharp, usua l l y  p lanar  contacts w i t h  the  country  
rock. Dikes make up 10% t o  50% o f  the rock  over wide areas on Breccia Creek* and 
gradua l ly  d imin ish  i n  frequency northward t o  a "background" d i k e  frequency est imated 
t o  be l ess  than 1% n o r t h  o f  F l u o r i t e  Creek. The southward ex ten t  o f  the d i k e  swarm i s  
unknown. 

The r h y o l i t e  d ikes are  ye l lowish-wh i te  aphan i t i c  rocks speckled w i t h  about 5% 
corroded quar tz  phenocrysts (1 mm diameter).  The ground mass i s  a f ine-gra ined 
aggregate o f  K-feldspar,  s e r i c i t e  and quartz.  This  i s  t h e  o ldes t  and l e a s t  abundant 
d i  ke type. 

The maf ic  d ikes are  most abundant. They a re  most ly  f ine-gra ined t o  aphani t i c ,  
greenish gray t o  dark greenish gray rocks w i t h  p lag ioc lase feldspar and/or maf ic  
phenocrysts. Under the  microscope the  rock  i s  a f e l t y  mass o f  f r e s h  a l b i t e  m i c r o l i t e s  
w i t h  i n t e r s t i t i a l  maf ic  and o ther  minerals.  The p r i n c i p a l  maf ic  minera l  i s  augi te,  
and i n  some specimens, hornblende and b i o t i t e  as w e l l .  Other i n t e r s t i t i a l  minera ls  
a re  c h l o r i t e ,  carbonate, and minor quartz.  A p a t i t e  needles a re  abundant i n  the f e l d -  
spars. Phenocrysts a re  e i t h e r  l ack ing  o r  a re  the  same minerals  as i n  the  groundmass. 

A1 1 t h e  maf ic  d ikes examined t o  date a r e  andesites, b u t  more complete petrographic 
data would probably show many o f  the  darker maf ic  d ikes t o  be basa l t .  

The keratophyre d ikes a re  common and o f  d i s t i n c t  appearance. They a re  genera l l y  
f ine-gra ined gray ish  orange, p ink,  l i g h t  brown, o r  l i g h t  o l i v e  gray, f r e e  o f  quar tz  
phenocryats, and have prominent, s t o u t  K-feldspar, and occasional ly ,  c l inopyroxene 
(2V 2 60 ) phenocrysts. The groundmass i s  a f e l  ty mass o f  cloudy m i c r o l i t e s  w i t h  
f l u i d a l  t o  random tex ture .  The m i c r o l i t e s  (2 7.1 mm long)  a re  a1 b i t e  and (minor) 
magnetite. Some specimens a l s o  conta in  b l u i s h  soda-amphibile, c l  inopyroxene (2V 2 60°), 
o r  basal t i c  hornblende micro1 i tes.  I n t e r s t i t i a l  minera ls  inc lude c h l o r i t e ,  quar tz  
(up t o  5%), carbonate, and l imon i te .  A p a t i t e  qeedles a r e  ub iqu i tous  i n  t h e  fe ldspar .  
The rock  i s  much a l t e red - fe ldspa r  t o  c l a y  and ~ h l o r i t e  and cl inopyroxene t o  carbonate. 

A composite d i k e  w i t h  a l i g h t  brownish gray keratophyrecore exposed f o r  a w id th  
o f  5 f e e t  and bounded by a 1-2 f o o t  selvage o f  dark greenish gray andesi te i nd i ca ted  
t h e  p r o b a b i l i t y  t h a t  the  keratophyre i s  an a l t e r a t i o n  product of andesite. The selvage 
i s  f r e s h  microdiabase w i t h  una l te red  sodic andesine m i c r o l i t e s  and about 10% carbonate 
gra ins.  The core has cloudy a1 b i  t e  micro1 i tes w i  t h  a s l i g h t l y  more r a d i a t i n g  t e x t u r e  
than the  microdiabasic  selvage. Carbonate (1%) i s  much l ess  abundant i n  t h e  core than 
i n  t he  selvage. 

GRAN IT0 I D  ROCKS 

A considerable v a r i a t i o n  i n  composit ion o f  the  g r a n i t o i d  rocks i s  i nd i ca ted  by t h e  



t h i n  sec t i on  data. The i n t r u s i v e  i n  the southwest p o r t i o n  o f  t he  map area i s  p e r t h i t e  
leuco-grani te a t  the head o f  Breccia Creek* and syen i te  a t  the head o f  S t r a i g h t  Creek*. 
The i n t r u s i v e  west o f  t he  a i r  s t r i p  on the Middle Fork i s  quar tz  monzonite. 

RHYOLITE 

Rhyo l i t e  was seen as abundant f l o a t  a t  the  mouth o f  a smal l  creek d ra in ing  i n t o  
the  Windy Fork from the west. This  f l o a t  probably represents a l a r g e  area o f  l i g h t  
co lored rock v i s i b l e  i n  the h i l l s  west o f  the  Windy Fork and south o f  t he  Farewell 
f a u l t .  

The f l o a t  i s  a very l i g h t  greenish-gray aphan i t i c  rock w i t h  o rb i cu les  2-4 mm i n  
diameter around which s w i r l  the  f l ow  bands of an aphan i t i c  mat r ix .  The orb icu les  occur 
as separate l i g h t  gray masses o r  as connected s t r i n g s  o f  beads. They have a rude 
concentr ic  s t r u c t u r e  o f  m i c r o c r y s t a l l i n e  quar tz  cored by c h l o r i t e ,  b i o t i t e ,  and/or 
feldspar gra ins.  The m a t r i x  between o r b i c u l  es i s  g lass and f i n e  gra ined c r y p t o c r y s t a l l  
K-feldspar. Flow l i n e s  i n  t h e  ma t r i x  are green c h l o r i t e .  

The rock flowed a f t e r  the orb icu les  formed and probably o r i g ina ted  as lava.  

This  format ion was examined on ly  i n  t he  prominent cutbank on the  west s ide  o f  the  
Windy Fork immediately no r th  o f  t he  Farewell f a u l t .  The rock  i s  a l i g h t  gray, c l i f f -  
forming conglomerate. I t  i s  made up main ly  o f  rounded pebbles l ess  than 2 inches i n  
diameter w i t h  sca t te red  subangular 6 i nch  boulders. Bedding i n  the  outcrop i s  i nd i ca te  
by a few 1-2 f o o t  sandstone beds and a 2-6 inch  brown weathering mudstone bed under la i r  
by b lack  bituminous l a y e r  conta in ing a l i t t l e  l i g n i t e .  The rock f r a c t u r e s  around g r a i r  
ra the r  than through them, b u t  i s  f a i r l y  w e l l  indurated. C las ts  a re  q u a r t z i t e ,  78%; 
s i l i c i f i e d  b lack s la te ,  10%; cher t ,  5%; l imestone, 5%; and q u a r t z i t e  sch i s t ,  2%. The 
q u a r t z i t e  i s  made up o f  rounded, s t ra ined  quar tz  g ra ins  w i t h  sutured borders. The matr 
i s  composed o f  s i l t - s a n d  s ized quar tz  g ra ins  w i t h  sca t te red  shreds o f  wh i te  mica p lus  
minor c lay.  Grains a re  angular and some have secondary quar tz  overgrowths. 

Grantz (1967) g ives the age o f  the Nenana gravel as mid-Pliocene o r  poss ib ly  
Miocene. 

PEBBLE CONGLOMERATE 

A massively-bedded gray brown pebble conglomerate i s  located on the  slopes west 
o f  the Windy Fork near the  south edge o f  the  map. C las ts  a re  pebble-size t o  3 inches 
and cons i s t  o f  l imestone, s l a t e ,  and dike-rocks o f  the  types seen i n  the d i s t r i c t  
cemented by l i m y  graywacke. The format ion i s  l i g h t  brown w i t h  spheroidal weathering. 
I t  was on l y  seen i n  the  one l o c a l i t y  (Reger notes).  

The r e s t r i c t e d  occurrence i n  a v a l l e y  wa l l  and the  presence o f  c l a s t s  represent ins 
a l l  the bedrock types except g r a n i t e  i n d i c a t e  a probable T e r t i a r y  age f o r  t h i s  u n i t .  

PLEISTOCENE GEOLOGY 

G lac ia l  moraines a re  present i n  many o f  the  l a r g e r  va l leys .  These have n o t  been - 
ves t iga ted  i n  d e t a i l  and a re  n o t  shown on the geologic  map. F igure  2 shows a P le i s toc t  
sec t i on  examined on the cutbank along t h e  east s ide  o f  the  Windy Fork, opposi te the  
mouth o f  F l u o r i t e  Creek by Reger. He concluded the fo l low ing:  

* Informal  name used i n  t h i s  r e p o r t  



1. There have been two g l a c i a t i o n s  represented by separate t i 1  1s ( u n i t s  A 
and C, f i g u r e  2). 

2. The middle u n i t  (B) represents v a l l e y  t r a i n  deposi ts  which were cemented 
t i g h t l y  by ground-water-bearing calcium carbonate. 

3.  Because o f  the freshness of the f i l l s  the ages o f  the  g l a c i a t i o n s  
a r e  probably Ea r l y  and Late  Wisconsin. 

4. Lakes were developed l o c a l l y  i n  f r o n t  o f  the g l a c i e r  which occupied t h e  
Windy Fork (C1 , u n i t  C) . These lakes were over-r idden by 1 a t e r  advances 
and may i n d i c a t e  several Ea r l y  Wisconsin advances and r e t r e a t s .  

5 .  The t i 1  1s were n o t  cemented extensively ,  probably because o f  t h e i r  low 
permeabi 1 i t y  . 

STRUCTURE 

The l o c a t i o n  and shape o f  any major f o l d s  i n  t he  area a re  n o t  r e a d i l y  apparent 
from v i s u a l  observat ion, a i r  photo i n t e r p r e t a t i o n ,  o r  outcrop observat ions. This  
i s  due main ly  t o  the  dear th o f  outcrops and prominent s t r a t i g r a p h i c  marker horizons, 
and the  l ack  o f  s u f f i c i e n t  d e t a i l e d  mapping i n  c r i t i c a l  areas. 

The s t r u c t u r a l  fea tures  present i n  i n d i v i d u a l  outcrops are  o f  s i m i l a r  s t y l e  
throughout t h e  area. I n  most outcrops the  bedding i s  roughly planar,  b u t  w i t h  minor 
B-1 i n e a t i o n  type s t ruc tu res  (e.g . ) , crenu la t ions  , hand specimen-sized fo lds ,  and bedding- 
f o l i a t i o n  i n te rsec t i ons )  such as are  usual l y  associated w i  t h  major f o l d i n g .  The 
p r e v a i l i n g  thin-bedded s l a t e  t o  s la ty - l imestone bedrock has s l i g h t l y  crenulated l us t rous  
bedding planes and undu la t ing  f o l i a t i o n .  The s l a t e  u s u a l l y  has good cleavage. White 
c a l c i t e  v e i n l e t s  which cross t h e  f 8 l  i ah ion  a t  small angles are  o f t e n  boudined (sheared). 
F o l i a t i o n  o f t e n  cu ts  bedding a t  20 -30 angles o r  g rea ter .  Occasionall'y bedding i s  
o f f s e t  as much as a few m i l l i m e t e r s  by movement along f o l i a t i o n  planes. Kink-band 
f o l d s  a r e  f a i r l y  common i n  the  g r a p h i t i c  l imestone-s late along the Windy Fork. I n  a 
few l o c a l i t i e s  massive l i g h t  gray l imestone beds a f o o t  o r  more t h i c k  interbedded w i t h  
sheared s l a t e  show contor ted p l a s t i c  f l ow  f o l d s .  

A s i g n i f i c a n t  number o f  exposures show f o l d  hinges w i t h  r a d i i  up t o  several  f ee t .  

The bedding, f o l i a t i o n ,  and minor f o l d  ax is  determinat ions taken along the  Windy 
Fork have been p l o t t e d  on f i g u r e  3. These s tereo n e t  p l o t s  show t h a t  bedding d ips 
are  genera l l y  gen t l e  t o  moderate and t h a t  f o l d s  and other  B - l i n e a t i o n  fea tures  plunge 
gen t l y ,  w i t h  a rude p re fe r red  o r i e n t a t i o n  t rend ing  south and east-southeast. The 
s i m i l a r i t y  o f  the p l o t  from the  Middle Fork drainage i n  the  v i c i n i t y  o f  the  g r a n i t e  
i n t r u s i v e s  t o  the p l o t s  from the  Windy Fork suggests a permissive emplacement o f  g r a n i t e  
w i thou t  much bending o f  the wa l l  rocks. 

Gently-dipping most ly-p lanar  beds together w i  t h  the  smal l  s t r u c t u r a l  fea tures  i n -  
d i c a t i n g  f o l d i n g  and the shallow plunges of B- l ineat ions  i n d i c a t e  t h a t  major recumbent 
f o l d s  are  probably present  throughout the  area. The two r a t h e r  d i f f u s e  t rends o f  
B- l ineat ions  and the  presence o f  two such l i n e a t i o n s  i n  a few exposures i n d i c a t e  t h a t  
two per iods of f o l d i n g  have probably taken p lace about souther ly - t rend ing  and east- 
nor theas t - t rend i  ng axes. 



Fau 1 t s  

The Farewel l  f a u l t  t rends  ~ 6 5 ' ~  across t he  Windy Fork. I t s  d i p  i s  unknown. 
Th i s  f a u l t  has rough l y  100 k i l ome te rs  o f  apparent r i g h t - l a t e r a l  sepa ra t i on  o f  
Cretaceous rocks  west o f  the  map area and movement has cont inued u n t i l  r ecen t  t ime  
(Grantz 1967). Long cont inued movements o f  such magnitude must have s t r o n g l y  i n -  
f luenced f a u l t i n g  i n  ad jacen t  b locks  such as t h e  map area. 

The two f a u l t s  mapped between Brecc ia  and F l u o r i t e  Creeks a r e  n e a r l y  p a r a l l e l  
t o  t he  Farewe l l  f a u l t ,  and s i m i l a r l y ,  have apparent r i g h t  l a t e r a l  o f f s e t  movement. 
They a r e  marked by s i  1  i c i f i e d ,  bleached, and l imon i  t i z e d  areas i n  t h e  1 imestone-s la te .  

The S t r a i g h t  Creek f a u l t  i s  a t  a  h i gh  angle t o  t he  Farewel l  f a u l t .  It i s  marked 
by l imon i t e -depos i t i ng  spr ings ,  copper, z inc ,  molybdenum, and n i c k e l  anomalies, and an 
o f f s e t  o f  the s i l i c i f i e d  aureo le  around t he  upper M idd le  Fork g r a n i t e  p l u t o n .  

Several smal l  l e f t  l a t e r a l  f a u l t s  o f f s e t  t h e  ou te r  edge o f  the  s i l i c i f i e d  aureo le  
on Brecc ia  and F l u o r i t e  Creeks*. These may be assoc ia ted  w i t h  emplacement o f  t he  
i n t r u s i v e .  No m i n e r a l i z a t i o n  i s  known t o  be assoc ia ted w i t h  these of fsets .  

GEOCHEMISTRY 

Throughout t h e  map area stream sediment samples o f  mud o r  f i n e  g rave l  were taken 
f rom creek beds, below water  l e v e l  wherever poss ib le .  These were analyzed i n  the  f i e l d  
f o r  r e a d i l y  e x t r a c t a b l e  heavy meta ls  by the Hawkes (1963) ammonium c i t r a t e  f i e l d  method 
The d r i e d  minus 80-mesh f r a c t i o n  was analyzed f o r  t o t a l  copper, lead,  z i nc ,  molybdenum, 
and n i c k e l  by t he  Rocky Mountain Geochemical Labo ra to r i es  o f  S a l t  Lake City, Utah. 
Resu l ts  have been t abu la ted  ( t a b l e  1 )  and frequency vs.  concen t ra t i on  p l o t t e d  f o r  the 
var ious  meta ls  ( f i g u r e s  4,5). 

Threshold va lues f o r  anomalies were determined by i n s p e c t i o n  f rom the  frequency 
concen t ra t i on  p l o t s  as f o l l o w s :  Copper, 100 ppm; z i nc ,  200 ppm; molybdenum, 6 ppm; 
n i c k e l ,  90 ppm. 

Anomalies a r e  conspicuously concentrated i n  t he  western p a r t  o f  the area. Several  
o f  these appear t o  be d i r e c t l y  de r i ved  f rom eros ion  o f  the  Chip-Loy depos i t ,  b u t  a  
number o f  o thers  must come from o the r  depos i ts  o r  disseminated bedrock sources i n  t he  
v i c i n i t y .  

F i e l d - t e s t  anomalies vs.  t o t a l  meta l  anomalies 

There i s  a r a t h e r  impe r fec t  correspondence between the  d i t h i z o n e  f i e l d - t e s t s  and 
t h e  t o t a l  contents  o f  t h e  var ious  analyzed meta ls .  Many samples con ta in i ng  anomalous 
amounts o f  one o r  more meta ls  g i v e  o n l y  background d i t h i z o n e  f i e l d - t e s t s .  A few sample! 
w i t h  anomalous f i e l d - t e s t s  have o n l y  background meta l  contents .  

Desp i te  t he  l a c k  o f  d e t a i l e d  correspondence o f  f i e l d - t e s t  r e s u l t s  w i t h  meta l  con- 
t en t s ,  most o f  t he  f i e l d  anomalies a r e  c l u s t e r e d  i n  t h e  western p a r t  o f  t h e  map area 
where m i n e r a l i z a t i o n  occurs. The samples w i t h  o n l y  r e a d i l y  e x t r a c t a b l e  heavy meta l  
anomalies may r e f l e c t  anomalies assoc ia ted w i t h  somewhat d i s t a n t  meta l  concen t ra t ions .  
Th i s  i s  shown by Sample #41 a t  t h e  mouth o f  S t r a i g h t  Creek*, which g i ves  a low f i e l d -  
t e s t  anomaly b u t  does n o t  c o n t a i n  anomalous amounts o f  an analyzed meta l .  Several  

* In fo rma l  name used i n  t h i s  r e p o r t  



s i n l i l a r  f i e l d - t e s t  anomalies i n  the  map area warrant  sampling f u r t h e r  up t h e i r  drainages. 

ORE DEPOSITS 

Chip-Loy prospect 

Th is  n icke l -bear ing  ore  depos i t  i s  an i r r e g u l a r  steep-dipping l a y e r  o f  massive t o  
disseminated p y r r h o t i t e  along the  northwest s i de  o f  a  diabase p ipe (? )  loca ted  on the  
steep s lope south o f  S t r a i g h t  Creek ( f i g u r e  6) .  The country  rogk i s  banded s i l i c i f i e d  
l imestone-s la te  w i t h  recumbent f o l d s  whose axes plunge about 20 i n  a ~ 6 0 ' ~  d i r e c t i o n .  

The diabase body has many o f fshoots  t h a t  nea r l y  p a r a l l e l  t h e  bedding o f  t h e  surround- 
i ng  rock ,  b u t  elsewhere i t  cuts  t he  bedding sharp ly .  Most o f  i t  i s  q u i t e  barren of 
s u l f i d e s .  Steep d ipp ing  massive p y r r h o t i t e  up t o  11 f e e t  wide and disseminated ore  
up t o  100 f e e t  wide a re  present.  S t r i k e  l eng th  o f  t he  minera l i zed  zone i s  more than 
1100 fee t .  

Samples taken a t  t he  depos i t  were l o s t .  The n i cke l  grade i s  no t  h igh  f o r  any 
amount o f  ore. 

The i n t r u s i v e  has d iabas ic  t ex tu re .  Unal tered l a b r a d o r i t e  l a t h s  t o  0.5 mm 
long make up about 50% o f  t h e  rock. I n t e r s t i t i a l  minera ls  a re  c l inopyroxene (2V =54'), 
25% o f  the  rock; t remol i te ,  20%; b i o t i t e ,  1%; magnet i te,  3%; a p a t i t e  (needles i n  f e ldspa r ) ,  
1%. 

Reger p y r r h o t i t e  showing 

This  minera l i zed  area i s  loca ted  i n  t he  s i l i c i f i e d  l imestone-s la te  aureole 2500 
f e e t  n o r t h  o f  the g r a n i t e  con tac t  on the  west s i de  o f  S t r a i g h t  Creek . Here a t  an 
e l e v a t i o n  o f  3460 f e e t  a steep west- t rending maf ic  d i k e  i s  covered by a t h i n  coa t  o f  
l i m o n i t e  s t a i n  and conta ins disseminated p y r r h o t i t e .  A t  an e l e v a t i o n  o f  3750 f e e t  
the  same d i k e  conta ins pods o f  p y r r h o t i t e  which make up 1% o f  t h e  rock.  

Geochemical s t a t i o n  #21 showing 

This  i s  a narrow gossan-capped v e i n  o f  p y r r h o t i  t e ( ? )  and cha l copy r i t e  i n  s i l i c i f i e d  
l imestone-s la te  bedrock. M i n e r a l i z a t i o n  a l s o  inc ludes malach i te  and a z u r i t e .  

L imoni te-deposi t ing spr ings 

A l i n e  o f  more than a dozen spr ings,  marked by conspicuous orange sur face deposi ts  
o f  l imon i te ,  i s  present along S t r a i g h t  Creek j u s t  downstream from t h e  Chip-Loy prospect.  
There i s  much l i m o n i t e  s t a i n  i n  t he  bed o f  S t r a i g h t  Creek below these spr ings.  These 
spr ings may mark the  f a u l t  p a r a l l e l i n g  the  creek, o r  t h e i r  p o s i t i o n  and i r o n  content  
may be due t o  ground water f l ow ing  from the  b lack  s l a t e  loca ted  up the  h i l l  t o  t he  
west. Geochemical sediment sample #23, from a smal l  creek f e d  by one o f  these spr ings, 
i s  anomalous i n  z i n c  and molybdenum. 

A l imon i te -depos i t ing  sp r i ng  i s  a l s o  present i n  py r i t e -bea r ing  b lack  s l a t e  up t h e  
h i l l ,  about 600 f e e t  west o f  geochemical sample #18, i n  t he  same drainage. Sample #18 
i s  anomalous i n  copper, molybdenum, and n i c k e l .  

The sporadic d i s t r i b u t i o n  o f  geochemical anomalies i n  t h e  t i r b u t a r i e s  o f  S t r a i g h t  
Creek supports the conclus ion t h a t  the  anomalies a re  r e l a t e d  t o  sca t te red  s u l f i d e  ve ins 



ra ther  than a general high metal content in  the black s l a t e .  

Fluori te Creek f l o a t  

A s ingle  5-inch cobble of green f l u o r i t e  was found in the gravel of Fluor i te  
Creek near geochemical s t a t i on  126. No other f l u o r i t e  f l o a t  was found along the 
creek or elsewhere i n  the  map area. 

Gossan f l o a t  was a l so  found in the Fluori te Creek gravel ,  ranging in  amount 
from very sparse and d i f f i c u l t  t o  find a t  the mouth t o  common, b u t  much l e s s  than 
1 percent, i n  the moraine a t  the head of the  creek. A small b u t  prominent gossan 
zone seen on a c l i f f  0.3 miles southwest of geochemical sample s i t e  129 may represent 
a t  l e a s t  a par t i a l  source of the  gossan f l o a t .  Apparently representative gossan 
f l oa t  contains gold 0.06 ounces per ton*, s i l v e r  0.16 ounces per ton*, copper 0.75% 
t o  I%**, lead 0.01% t o  0.1%**, zinc 0.1% t o  0.2%**, molybdenum not detected**, nickel 
not detected**. I t  i s  not probable t ha t  a large amount of material of t h i s  grade 
i s  present i n  the drainage. 

CONCLUSIONS 

The mineral showings and geochemical anomalies i n  the Straight  Creek area a r e  
spa t i a l l y  associated with a f a u l t  which of f se t s  the  contact aureole around the 
granitoid in t rus ive  a t  the  head of Stra ight  Creek. This sequence of igneous in- 
t rus ion,  fau l t ing ,  and introduction of ore may be present elsewhere around the in- 
t rus ive .  Further prospecting fo r  lode deposits i s  warranted on Stra ight  Creek and 
elsewhere around t h i s  in t rus ive  and other intrusives i n  the  region, par t icular ly  
where faul t ing is present. 

The diabase dike on Stra ight  Creek shows commercial pos s ib i l i t i e s .  No signs of 
economic mineralization were seen in the  other dikes i n  the map area.  

Analysis of stream sediments fo r  spec i f i c  metals or fo r  readily extractable heavy 
metals i s  e f fec t ive  in indicating the presence of mineral deposits in the  area.  The 
maximum interval  fo r  effect ive  sampling along the creeks i s  not c lea r ly  indicated by 
the data ,  b u t  appears t o  be a t  l eas t  one mile. 

* Fire  assay by Don Ste in ,  Division of Mines and Minerals 
** Semi-quantitative spectroscopic analysis  by Don Ste in ,  Division of Mines 

and Minerals 
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Figure 2. Diagramatic cross-section 

of Pleistocene deposits  , Windy Fork 

of the  Kuskokwim River 

A. Sandy t i 1  1 , unconsolidated, medium gray to  grayish brown, blocks t o  12 f e e t  
in diameter, some limy cement, frost disintegration o f  granite and basalt boulders 
t o  10 inches i n  diameter 

B. Glacial outwash gravel , we1 1 cemented (with calcium carbonate) t o  unconsolidated, 
l i g h t  reddish t o  yellowish brown, crude bedding dips gently downstream, weathering 
rinds t o  1/8 inch thick on basal t  cobbles 

C. S a n d y t i l l ,  unconsol idated,mediumgrayish brown,with local l a k e s i l t s ,  blocks 
t o  20 f e e t  i n  diameter, most c l a s t s  unweathered 



Windy Fork drainage, 
no r th  o f  F l u o r i t e  Creek 

Windy Fork drainage, 
F l u o r i t e  Creek south 

F igure  3. Lower hemisphere equal area p ro jec t i ons  o f  poles o f  bedding (open c i r c l e s ) ,  
axes o f  minor f o l d s  (dots) ,  and a x i a l  planes o f  minor f o l d s  ( rectangles)  i n  
the Windy Fork - Middle Fork drainages 
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TABLE I 

Copper, zinc, lead, molybdenum, and n i c k e l  contents o f  stream sediments 
i n  the  Windy Fork-Middle Fork Region 

Map Sample Concentrat ion (ppm)* Field** Stream Minera l -  
No. No. Cu Zn Pb Mo N i  Test Width F l o a t  a t  sample si te*** Bedrock i z a t i o n  Remarks 

1 6L 326 20 50 5 1 3 0 2  5 '  C-1, g-99 g 

4 6L 328 20 60 5 1 1 0 2  2 '  c-2, con tac t  breccia-2,  9 
g-93, an-3 

5 6L329  15 65 5 1 2 0 1  3 '  c-1 , contac t  brecc ia-1 , 9 
9-97, an-1 

8 6L 317 40 135 10 2 30  2 3 '  c-29, 7s-1 contact  brecc ia  g(?) Py & Po 
--I (gy. c veined w/grani te)  
cn 

( ? ) f l o a t  
g-40, an-5 

11 6 L 3 1 4  25 60 10 1 45 1 3 '  C-71, 1s-28, g-1 C W/ 
marble 

15 6C480 10 65 10 2 30  7 8 ' d i - c  

1s: massive gray-25, 
brown weath-3 

M gY 1s 



No. 
18 

Sample Concentration (pprn)* Fie1 d** Stream Mineral - 
No. Cu Z n  Pb Mo Ni Test Width Float  a t  sample site*** Bedrock iza t ion  Remarks 

61 278 125 130 30 5 - 400 1 3 '  c-46, 1s-5, s-8, 9-20, c Po & 1 im Creek fed by l imonite  
an-4, b-2 gos-15 depositing springs 

an dikes 

gos-20 strong lim coating 
of c r .  12" cr.grave1 

6L 274 230 110 25 2 600 5 dry c-65, 1s-5, 9-15 c-1s gos-1 5 vein wi t h  Po 81 Cp 
capped by gos w/lim, 
malachite,  & azur i t e .  

creek be1 ow Chi p-Loy 
prospect 

stream from lim- 
depositing spring 

gos-20 lim s t a i n  r e s t r i c t e d  
t o  w/in 24" of pre- 
sent  c r .  level 

6C437 35 105 20 3 80 3 4 '  1s-50, s-49, an-1 1s-s mi nor bl . 1s:slaty-30, M gy 20 
s l a t e  gos 

gos-20 lim s t a i n  r e s t r i c t e d  
t o  within 8" of pre- 
s en t  c r .  level 

6L 270 50 130 15 5 80 14 3 '  c-66, 1s-15, dolo-8, 9-5, c-1s gos-2 an dikes 
an-4 

6L 269 55 165 25 1 50 4 dry 1s-91, s-5,  dolo-1, an-2 1s gos-1 s l a t y  1 s  w/an dikes 

6L 268 25 80 10 2 50 2 8 '  c-15, 1s-56, 9-25> an-2 1 s-s  gos-2 an dikes 

14 140 4 6L 298 80 245 25 - - dry 1s-20, blk s-65, dolo-15 1s 

6L 299 30 125 10 3 60 6 10' c-10, 1s-58, s-25, g-5, s l a t y  1s 
an-2 

6L 300 - 105 - 505 25 20 435 18 2 '  1s-35, blk S-64, dolo-1 s t a i n  on gravel t o  
$2" ahnvn c f  rr 



Map 
No. 
3 4 

Sam~l e Concentration (ppm)* Fi el d**Stream Mineral - 
i za t ion  Remarks No. Cu Zn ~ b "  MO Ni Test Width Float a t  sample site*** Bedrock 

6L266 40 100 15 3 55 2 2 ls-92, dolo-1 , g-1,' an-'5, 1s  
Cc- 1 

f e  s t a i n  bright  reddish-orange 
iron s t a i n .  S t r a igh t  
Cr. 

6L301 70 195 15 5 65 2 3" ls-67, s-20, dolo-1, g-5, s l a t y  1s 
an-5, Cc-2 

6L 263 75 135 20 2 50 1 dry ls-97, dolo-1, an-1 1 s dikes 

an dikes 

6L302 50 135 15 2 55 4 dry ls-68,s-30,dolo-1,Cc-1 s l a t y l s  

6L 303 40 95 10 2 45 5 15' c-4, ls-57, s-15, dolo-15, s l a t y  1s 
9-5, an-1, b-1, Cc-2 

no gos 

6C427 20 145 20 2 5 3 dry g - 1 0 0 , m i n o r i r o n s t a i n  m i  nor gos 

6C 426 45 300 20 4 35 7 dry c-10, 9-89> limoni tizeci 
hornf e l  s-1 

m i  nor gos f . gr .  g ran i t e  w/iron 
s t a i n  

6C 423 100 140 15 5 255 3 5 '  I s ,  9-5, an-1, b-5 s l a t y  Is maf i c (gossan) 
boulders t o  l o f t .  d i a .  

an dike 12'  wide 

an dikes 

I s :  s l a t y  36, M dy 



Map Sample Concentration (ppm)* Field**Stream Mineral- 
No. No. Cu Zn Pb Mo Ni Test Width Float a t  sample site*** Bedrock iza t ion  Remarks 
52 6L336 35 75 10 3 25 3 25 ' C-3, 1s-72, S-5, 9-3 CC-15 

53 6C 456 80 280 20 - -  14 195 5 dry 

54 6L 306 55 115 20 3 65  1 dry 

56 6L307 55 125 20 3 35  1 dry 

59 6L 308 50 125 25 4 35 4 dry 

Is-1 , bl k slate-98+ vein q t z  graptol i t e s  i n  s l a t e  
w/dissem. f l o a t  
Py- 1 

1s-59, s-30, dolo-8, d-1, s l a t y  1s 
Cc- 2 

1s-70, s-25, dolo-3, d-1, s l a t y  1s 
an-1 

1s-60, vein Cc-5, g ,  di , 
breccia,  an 

1 s - 8 5 , s - 1 0 , g - 1 , a n - 2 ,  s l a t y l s  
b-1 , CC-1 

c-30, 1s-63, 9-5 and 1 ,  
Cc- 1 

I s-s 

c-25, 1s-2, 6-72, an-1 s l a t y  1s 

C-81, IS-10, S-1, dolo-3, C 
an- 5 

1s-83, s-15, dolo-2 s l a t y  1s 

1 s-sl  a ty  marble 

I s :  s l a t y  58, M gy-25 

1s: s laty-44,  M dy 
gy 10 M bn weath-40 
I s ;  slaty-76 M gy-15 



Sample Concentration (ppm)* Field**Stream Mineral - 
No. Cu Zn Pb Mo Ni Test Width Float at sample site*** Bedrock ization 
6L359 40 95 15 3 20 1 15' ls-95, Cc-3, an-2 slaty 1s 

Remarks 
'Is'; slaty 58', M dk 

No. - 
7 0 

slaty 1s 1s: slaty-18 s M gy 
blk 20, M gy bn 60 

1s: slaty-70, M gy 
blk 8 

6L 346 55 75 20 2 35 1 2' 1s-92, S-5, dolo-2, MC-1 

6L 357 50 115 20 2 30 1 14' ls-95, Cc-5 slaty 1s 

slaty 1s 

Is: slaty 25, M gy 
bl k-35 

6L 348 45 100 20 3 30 4 2' slaty ls-100 red gossan on hi1 1 
side at head of Cr. 

1s: slaty-10, M dk gy- 
15, M bn weath-71 

6L 349 40 65 15 2 20 2 3' 1s-30, dolo-69, CC-1 

6L 350 55 140 20 2 60 1 1 ' 1s-60, CC-40 

6L355 45 100 15 1 65 1 6' ls-87, s-5, an-3, Cc-5 1 s-s 

Is: slaty-10, M gy-20 

Is: slaty-47, M blk-20 
beds to 3' thick, M bn 
gy - 20 
Is: slaty bn weath-71, 
M gy to gy bn-25 

blk s 
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Map Sarnpl e Concentration (ppm)* Field** Stream Mineral - 
No. No. Cu Zn Pb Mo N i  Test Width F l o a t  a t  sample site*** Bedrock i z a t i o n  Rernsrks 
104 61 139 50 130 20 2 3 5  2 3 '  c-45, 9-2,  r-8, d-20, c d i k e s  & s i l l s :  r ,  d a y  

a n ,  b 

d ikes  & s i l l s  

d ikes  & s i l l s  

c-30, l s - 5 ,  9-40> r -1 ,  banded 
d-10, an-10, b-4 c 

d i k e s  & s i l l s  

c-20, l s - 4 ,  9-45, r - 1 ,  banded 
d-10, an-10, b-10 

base of a b l a t i o n  
moraine d ikes  & s i l l s  

d ikes :  an-b mud only  1 s-s 

c-3,  l s -85 ,  s -5 ,  9-3, an-4 l s - s  

base  of f a n  

d i k e s :  an & d 1s-40,  S-6,  9-43, d-3, 1 S-s 
an-7, b-1 

c-5,  l s -30 ,  s-35,  g-10,  1 s-s 
d-10, an-8, b-2 

d i k e s  & s i l l s  

d i k e s  & s i l l s  l s - 5 ,  s -2 ,  d-30, an-60, 1 s  & s 
d i o r i t e  3 

c-30, l s -10 ,  r -15,  d-5,  banded 
an-20, b-20 r hy 

Py i n  b-di kes 

d ikes :  an ,  d ,  b 



Map Sample Concentration (ppm)* Field** Stream Mi nera 1 - 
NO.. NO.  Cu Zn  ~ b "  MO N i  Test Width Float a t  sample site*** Bedrock iza t ion  Remarks 
121 6L190 40 100 15 2 3 5  1 dry c-3, 1s-45, s-20, d-10, s-1s-c di'kes 

an- 20 

122 6L191 35 125 15 2 45 1 dry c-10, 1s-10, s-8,  r-15, s-1s-c 
d-20, an-32, b-5 

123 6C356 30 115 20 3 20 2 12 '  1s-33, r -7,  d-22, an-22, 1s  w/c 
b-16 ve in le t s  

dikes & s i l l s ,  
a l luv ia l  fan 

Is:  blk w/ Cc 
vei ns-22 s l  aty-1 1 

1s: s l a t y  bl k 75 M 
bl k-5 

126 6C368 40 105 15 3 25 2 15 '  c-20, 1s-17, g-10, di-3, 1s 1 piece 
r-1,  d-3, an-40, b-6 f l u o r i t e  

5" d i a .  

Py i n  r & dikes 
d 

130 6L193 50 120 15 1 55 2 8 '  c-15, 1s-30, s-45, 9-2, Is-c-s 5% vein 
an-3 quartz 

131 6L198 50 110 20 2 40 1 3 '  c-20, 1s-35, 9-5, an-5 1 s-c-s 

132 6L207 50 115 20 2 55 5 '  g-2, an-1, b-2, 1s-66, 1 s-s  
S-30 

133 6C 389 50 105 20 2 40 5 6 '  1s-95, 9-5, di-1 1s s c h i s t  
w/graphi t e  
specks 

134 6C394 70 110 20 2 45 5 4 '  1s w/ c veins,  an-5, b-5 1s s c h i s t  

135 6L208 50 105 15 1 55 4 '  1s-68, S-20, 9-8, d-1, 1 S-s 
an- 2 

136 6L214 60 120 20 2 50 2 2 '  m-91, s -8 ,  an-1 m-s 

dikes: an & d 

most 1s has (up to  
90%) Cc veins (1/8- 
2") 

Is :  schis tose ;  M 
med-gy w/Cc ve'ins ; 
M tan weath 

85% of marble has Cc 
veins t o  4" wide 



M ~ P  Sam~le Concentration (ppm)* Field** Stream Mi neral- 
No. No. Cu Z n  ~ b "  MO Ni Test Width Float a t  samplesite*** Bedrock ization Remarks 
138 6L216 50 126 20 3 50 2 2' 1s-14, s-1, 9-85 1s-s g concentrated from 

t i l l  

1 s-s g concentrated from 
t i l l  

1 s 

1 s-s 

1s: fol iated med. gy; 
M bl k w/Cc veins 

1s s l a ty  tan weath-79, 
M blk-20 w/2% Cc veins 

1 s-s dikes 

volcanics w/Py & Po(?) 1 s-s g 0s 
f 1 oat  

1 s-s 

1 s dikes and s i l l s  

1s: fo l ia ted  68, M 
dk gy 20 

di kes 



Map Sample Concentration (ppm)* Field** Stream Mineral- 
No. No. Cu Z n  Pb Mo Ni Test Width Float a t  sample site*** Bedrock iza t ion  Remarks 
154 ' 5L 246' 50 170 1 5 '  3' 55 2 5'  c - 4 , l s - 8 0 , g - 2 , d - 3 , a n - 1 0 ,  1s dikes % si'l Is 

rhyo l i t e  tuf f  

s l a t e  

1s & 
Nenana 
gravel 

* Total metal contents analyzed by Rocky Mountain Geochemical Laboratories,  S a l t  Lake City,  Utah 
Reported i n  parts  per mi l l ion  

** M i l l i l i t e r s  di thizone, co ld  extractabie heavy metals t e s t  (Hawkes, 1963). 

*** Rock types i n  the stream beds or sediments a t  sample s i t e s .  

Symbols f o r  rock types or  cha rac te r i s t i c s  a r e  a s  follows: 

an - andesite 
b - basa l t  

blk - black 
bn - brown 
c - chert  

Cc - c a l c i t e  
cg - conglomerate 
d - t rachyte 

d i  - d i o r i t e  
dk - dark  

dolo - dolomite 
g - grani te  

gos - gossan 
gY - gray 

lim - limonite 

1s - limestone 
M - massive 

med - medium 
Po - Pyrrhoti te  
Py - pyr i te  

Percentages of rock types a t  each sample point shown i n  f igures a f t e r  the symbols. 

Small Cr . draining 
Farewell f au 1 t 

r - rhyo l i t e  
s - s l a t e  
w - with 

weath - weathered 


