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GEOLOGY AND GEOCHEMISTRY OF THE SINUK AREA 

SEWARD PENINSULA, ALASKA 

BY 

Gordon Her re id  

A B S T R A C T  

The Sinuk d i s t r i c t  is  20 m i l e s  nor thwes t  of Nome. It c o n t a i n s  numerous m i n e r a l i z e d  
l o c a l i t i e s  i n d i c a t e d  by gossans ,  showings of s u l f i d e  m i n e r a l s ,  and geochemical  anom- 
a l i e s .  Some have been d e s c r i b e d  i n  Alaska D i v i s i o n  of Mines and Geology (ADMG) 
Geologic  Repor t s  24 and 29. Others  a r e  d i s c u s s e d  h e r e  f o r  t h e  f i r s t  t i m e .  I n  t h e  
a r e a ,  marble  s h e e t s  of P a l e o z o i c ( ? )  age  have been t h r u s t  eastward over  a  lower  p l a t e  
of Nome Group s c h i s t  of P a l e o z o i c  o r  Precambrian age.  The s t r o n g e r  gossans  c o n t a i n  
z inc- lead  anomalies  and a r e  l o c a l i z e d  n e a r  s t e e p  f a u l t s  i n  upper p l a t e  marble .  The 
Monarch gossan ,  t h e  l a r g e s t  i n  t h e  d i s t r i c t ,  i s  i n  marble  a long  a  s t e e p  f a u l t  about  
300 f e e t  above a  b a s a l  o v e r t h r u s t  f a u l t .  Three and one-half m i l e s  s o u t h ,  t h e  Quarry 
p r o s p e c t  i s  a long  t h e  b a s a l  t h r u s t  a t  i t s  i n t e r s e c t i o n  w i t h  t h e  same s t e e p  f a u l t .  
The s t e e p  f a u l t s  which c o n t r o l l e d  c i r c u l a t i o n  of m i n e r a l i z i n g  f l u i d s  p robab ly  formed 
n e a r  t h e  end of r e g i o n a l  metamorphism i n  Middle C r e t a c e o u s ( ? )  t i m e .  

Pre-Middle C r e t a c e o u s ( ? )  metad iabase  (g reens tone)  i s  t h e  apparen t  s o u r c e  of a  z inc-  
l e a d  d e p o s i t  i n  lower p l a t e  s c h i s t  on Aurora Creek. A s i m i l a r  d e p o s i t  n e a r  a  green- 
s t o n e  body on Oregon Creek i s  t h e  source  of a  s m a l l  go ld  p l a c e r .  

It  i s  s p e c u l a t e d  t h a t  r e m o b i l i z a t i o n  of pre-metamorphic d e p o s i t s  i n  t h e  lower p l a t e  
has  been t h e  s o u r c e  of l a t e  metamorphic d e p o s i t s  i n  t h e  upper p l a t e .  

Geochemical s o i l  sampling shows anomalies  f o r  z i n c ,  l e a d ,  and o t h e r  m e t a l s  a t  t h e  
Monarch, Cub Bear ,  American, Cleveland Creek,  and I r o n  Creek gossans  i n  t h e  upper 
p l a t e ;  a t  t h e  Quarry and Galena p r o s p e c t s  a long  t h e  t h r u s t ;  and a t  t h e  Aurora Creek,  
and Oregon Creek p r o s p e c t s  i n  t h e  lower p l a t e .  The Quarry p r o s p e c t  a l s o  c o n t a i n s  
f l u o r i t e  and b a r i t e ;  t h e  L a s t  Chance Creek p r o s p e c t  c o n t a i n s  antimony and gold.  

S t rong  s t ream sediment anomalies  a r e  p r e s e n t  below t h e  Aurora Creek and L a s t  Chance 
Creek p r o s p e c t s  which have s u l f i d e s  exposed a t  t h e  s u r f a c e .  Anomalies i n  s t ream 
sed iments  a r e  weak o r  l a c k i n g  below g o s s a n s ,  even though t h e  gossans  a r e  s t r o n g l y  
anomalous i n  l e a d  and z i n c .  



I N T R O D U C T I O N  

The Sinuk gossans have been known f o r  many y e a r s ,  bu t  s u r f a c e  showings have n o t  been 
r i c h  enough t o  mine o r  t o  encourage d r i l l i n g .  The d i s t r i c t  con t a in s  numerous miner- 
a l i z e d  l o c a l i t i e s  i nd i ca t ed  by gossans ,  showings of s u l f i d e  o r e  mine ra l s ,  and geochem- 
i c a l  anomalies.  The progress  of geo logic  and geochemical mapping done i n  t h e  Sinuk 
d i s t r i c t  by t h e  au thor  dur ing  1965 and 1966 were repor ted  i n  D iv i s ion  of Mines and 
Geology Geologic Reports  24 and 29. The p re sen t  r e p o r t  i nc ludes  t h a t  work and a l s o  
a d d i t i o n a l  mapping done i n  1968 and 1969. A t o t a l  of 140 square  mi l e s  were mapped 
during 122 days i n  t h e  f i e l d .  Geochemical anomalies of p o s s i b l e  economic s i g n i f i -  
cance found on Aurora Creek and nea r  t h e  Quarry and Galena p rospec t s  have been r e -  
por ted  (Herreid,  1966 and 1968). A minera l ized  zone exposed i n  o l d  prospec t  c u t s  
a t  t h e  head of t h e  p l a c e r  on Oregon Creek is r epo r t ed  h e r e  f o r  t h e  f i r s t  time. 

LOCATION AND ACCESS 

The map a r e a  l i e s  20 mi l e s  northwest  of Nome. It i s  r e a d i l y  a c c e s s i b l e  a long  
t h e  Nome-Teller highway. The a r e a  is  one of r o l l i n g  t o  s t e e p  rubble-covered marble  
h i l l s .  These r i s e  above s l o p e s  and lowlands unde r l a in  by s c h i s t  covered,  f o r  t h e  
most p a r t ,  by tundra  and muskeg. A few wil lows a long  c r eeks  a t  t h e  lower e l e v a t i o n s  
a r e  t h e  only prominent vege t a t i on .  T rave l  i n  t h e  a r e a  was by t racked  v e h i c l e  and on 
f o o t .  
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PREVIOUS WORK 

The a r e a  was s t ud i ed  b r i e f l y  by Eakin (1915, p .  361-365), Mer t ie  (1918, p. 444-447), 
and Ca thca r t  (1922, p. 258-261) of t h e  U .  S. Geologica l  Survey. The au tho r s  descr ibed  
t h e  gossans and concluded t h a t  they  might o v e r l i e  s u l f i d e  d e p o s i t s ,  but no geologic  
maps were included.  During t h e  Second World War, S h a l l i t  (1942) of t h e  T e r r i t o r i a l  
Department of Mines mapped t h e  e x t e n t  of t h e  gossans ,  es t imated  tonnage of i r o n  o r e  and 
concluded they were no t  t hen  economic f o r  i r o n .  Mull igan (1965, p. 5 )  descr ibed  t h e  



gossans  a g a i n  and concluded t h a t  t h e y  " o v e r l i e  d e p o s i t s  of l e a d  and z i n c  s u l f i d e s  w i t h  
some copper  and s i l v e r  and l i t t l e  o r  no gold.  The d e p o s i t s  occur  i n  l i m e s t o n e  and a r e  
roughly a l i g n e d  a long  c r e n u l a t e d  a n t i c l i n e s  t h a t  s t r i k e  N l O W .  No e s t i m a t e  of t h e  g rade  
and e x t e n t  of t h e  pr imary d e p o s i t s  was p o s s i b l e " .  Berg and Cobb (1967, p. 125-126) have 
summarized t h e  d a t a  recorded  by e a r l i e r  Survey w r i t e r s  and Mull igan.  An aeromagnet ic  
map cover ing  a  l a r g e  p a r t  of t h e  Seward P e n i n s u l a ,  i n c l u d i n g  t h e  Sinuk a r e a ,  has  been 
i s s u e d  by t h e  U .  S. Geolog ica l  Survey (anon., 1969) .  F l i g h t  l i n e s  have a  one m i l e  spac- 
i n g  and survey  a l t i t u d e  was 2500 f e e t .  

GLACIAL FEATURES 

I c e  of t h e  Nome River  g l a c i a t i o n  (Coul te r  and o t h e r s ,  1965) covered t h e  a r e a  d u r i n g  
I l l i n o i a n  time. G l a c i a l  landforms and d e p o s i t s  have s i n c e  been l a r g e l y  e f f a c e d  o r  
c a r r i e d  away. During p a r t  of t h i s  t i m e ,  t h e  c l i m a t e  was c o l d e r  t h a n  a t  p r e s e n t ,  and 
t h e  c o l d  c l i m a t e  p r o c e s s e s  of f r e e z e  and thaw and s o l i f l u c t i o n  were more e f f e c t i v e  
t h a n  they  a r e  now (Hopkins, and o t h e r s ,  1960) .  The p r e s e n t  topography i n c l u d e s  rounded, 
rubble-covered h i l l s ,  tundra-covered lower s l o p e s  w i t h  s o l i f l u c t i o n  l o b e s ,  and tundra -  
and muskeg-covered lowlands w i t h  few o u t c r o p s .  No U-shaped v a l l e y s  and no l a t e r a l  and 
end moraines  a r e  v i s i b l e .  A s m a l l  c i r q u e  on L a s t  Chance Creek h a s  had i t s  headwall  
g r e a t l y  modi f ied .  The c l e a r e s t  ev idence  of g l a c i a t i o n  i n  t h e  a r e a  c o n s i s t s  of e r r a t i c  
g r a n i t i c  cobbles  and b o u l d e r s  i n  many v a l l e y s  and low s a d d l e s .  One such boulder  on 
upper Washington Creek h a s  a  deep ly  weathered upper  s u r f a c e  t h a t  a p p e a r s  t o  b e  o l d e r  
t h a n  Wisconsin age.  I s o l a t e d  t o r s  a r e  p r e s e n t  on r i d g e s  and s l o p e s  i n  s c h i s t  a r e a s .  
These a r e  s teep-s ided  bedrock s t a c k s  10-20 f e e t  h i g h  and a  l i t t l e  l a r g e r  i n  h o r i z o n t a l  
dimensions t h a t  j u t  a b r u p t l y  o u t  of t h e  t u n d r a .  They a r e  r e s i s t a n t  s c h i s t  t h a t  by a c c i -  
d e n t s  of e r o s i o n  have been p r o t e c t e d  from s u r f a c e  wate r  and consequent  d i s r u p t i o n  by 
f r e e z e  and thaw. They have formed s i n c e  t h e  I l l i n o i a n  g l a c i a t i o n  and g i v e  a n  i n d i c a t i o n  
of t h e  amount of i n t e r s t r e a m  downcut t ing s i n c e  t h a t  t ime.  

The l o c a l i z a t i o n  of T e r t i a r y  conglomerate  t o  t h e  banks of some of t h e  p r e s e n t  c r e e k s  
(Coal, Washington, and Aurora Creeks)  i n d i c a t e s  t h a t  t h e  v a l l e y s  have n o t  been g r e a t l y  
modi f ied  by g l a c i a t i o n  and subsequent  e r o s i o n .  Upper Coa l  Creek is  choked w i t h  g r a n i t e  
b o u l d e r s  and c a r r i e s  l i t t l e  w a t e r .  It must have c a r r i e d  more wate r  b e f o r e  g l a c i a t i o n  
t h a n  a t  p r e s e n t .  Other  m i s f i t  c r e e k s  p r e s e n t  i n  t h e  Sinuk a r e a  s u g g e s t  t h a t  e r o s i o n  
was more v i g o r o u s  i n  t h e  p a s t  t h a n  a t  p r e s e n t .  



G E O L O G Y  

SUMMARY 

The Sinuk area is in the marble-schist belt that makes up the southern third of the 
Seward Peninsula. In the Nome area these rocks have been mapped as Paleozoic by 
Collier and others (1908), Moffit (1913), and Hummel (1962). Similar rocks covering 
much of the Seward Peninsula have been mapped by C. L. Sainsbury (1969) as lower 
Paleozoic marble, thrust during Early Cretaceous(?) time, over Precambrian schist 
which had been intensely metamorphosed in latest Precambrian. In the Sinuk district, 
the evidence suggests that during the Early Cretaceous(?) Paleozoic(?) marble was 
thrust at a low angle over rocks of Precambrian or early Paleozoic age. Greenstone 
dikes of middle Paleozoic to pre-Late Cretaceous(?) age intrude the schist and marble. 
These rocks were regionally metamorphosed during Late Cretaceous(?) time. The thrust 
plates are offset by steep faults that form a structural control for zinc-lead-fluorite- 
barite deposits. 

SCHIST (Sch) 

The lower plate is schist of varying composition. Areas mapped as schist are largely 
tundra covered and have only a little schist float. The schist is commonly medium dark 
gray, fine grained, quartz-muscovite-chlorite-albite schist with well crenulated mica- 
ceous foliation surfaces. The chlorite content (5-20%) in many places is sufficient 
to give the rock a greenish cast. In many areas, the rock is dark gray due to graphite(?). 
Most of the schist is not limy, but layers of limy schist and dark marble are present in 
some areas. Limy schist predominates in the northeast part of the area. 

The growth of dbitemetacrysts, late in the period of metamorphism, has resulted in the 
common occurrence of spotted albite-quartz-muscovite schist or albite-quartz-chlorite- 
muscovite schist. The albite grains are large (1-2 mm) and inclusion-filled with ragged 
borders. Other minerals occasionally seen in thin section are epidote, chloritoid (iden- 
tified by x-ray defraction), and accessory tourmaline. 

Crenulated phyllite is present in the schist unit just below the thrust west of the Mon- 
arch deposit, and on the east side of the south part of the Cub Bear prospect. Black 
slate is present near the thrust south of Wheel Creek. In a few areas greenschist and 
minor greenstone are interlayered with the schist (Coal Creek, Washington Creek). Layers 
of medium light gray marble up to a few tens of feet thick crop out prominently in an 
area mainly underlain by schist in the southwest portion of the map area. These probably 
are complexly faulted slivers of Paleozoic marble. 

Schist with Microfolded Quartz Veins (Sqv) 

Schist is not conspicuously quartz-rich in most areas, but two quartz-rich linear belts 
are present near the American Lode and on the ridge south of Hungry Creek. The muscovite- 
chlorite schist contains up to 60 per cent of boudined, rodded, and microfolded quartz 
layers up to 114 inch thick. The rock forms prominent jagged outcrops. In thin section, 
it appears that fine granular quartz has invaded folded muscovite-chlorite schist accom- 
panying minor deformation. This is shown by disorientation of muscovite laths in the 
quartz . 



The Hungry Creek placer gold deposit could have resulted from a concentration of material 
from one of these zones. A sample of this schist, taken northeast of Hungry Creek (Appen- 
dix I, #227), showed less than detectable limit for gold and sub-background copper, lead, 
and zinc. However, much more elaborate sampling would be necessary to properly test the 
gold content of this unit as a possible source for the placer gold on Hungry Creek. The 
deformed quartz veinlets in this unit are the equivalent of the older quartz veins des- 
cribed by Smith (1910, p. 90) in the Solomon area. 

Geologic Age 

The schist in the Sinuk area is correlated with Sainsbury's Nome Group (1969). He des- 
cribes this as chlorite-epidote-albite-actinolite (or g1aucophane)-garnet schist. On 
his map, he divides this into three units: (1) chlori te-hornblende-epidote schist includ- 
ing intensely deformed, locally graphitic, retrograded blue schist facies rocks; (2) in- 
tercalated dark schistose limestone; (3) dark schistose carbonate. He gives the age as 
probably Precambrian. Just east of the Sinuk area, Hummel (1962, a and b) has mapped 
graphitic calcareous quartz-chlorite-muscovite-graphite-calcite schist containing an inter- 
bedded black marble of lower to middle Paleozoic age. This unit correlates with the high 
percentage of dark limy units in the schist along the eastern border of the Sinuk map area. 

The parallelism of minor structures in the schist and overlying muscovite marble and marble 
indicate that these rocks were regionally metamorphosed after thrusting. No evidence was 
recagnized in the Sinuk area to indicate that the schist was metamorphosed before the marble 
was deposited. No glaucophane was found in the Sinuk area. I tentatively consider the 
schist to be late Precambrian or early Paleozoic age. However, it is possible that both 
the schist and the marble in the Sinuk district are Precambrian, as Sainsbury suggests(Pers. 
Communication, June 1970). 

MUSCOVITE MARBLE AND SCHIST (Ms) 

Brown-weathering tectonized muscovite marble to limy schist underlies the marble thrust 
sheet and ranges in thickness from zero to more than 200 feet. It is interbedded with the 
overlying marble in some areas. The rock is commonly muscovite-bearing marble but locally 
grades into schist with varying proportions of calcite, muscovite, chlorite, and quartz. 
It has much small scale folding and is sheared in places. 

Near the head of Daisy Swift Creek, the unit is mainly brown weathering marble with layers 
of sericite, but also includes greenish calcite-chlorite-%uartz schist with albite spots 
and silicified marble, A thin section of the latter shows sheared marble with rounded 
quartz grains (0.1 mm) and unrotated poikilitic albite (1-2 mm). 

In the vicinity of the Cub Bear prospect a thrust-faulted gradational contact of limy- 
schist with marble is suggested by presence of muscovite marble layers above the thrust 
and marble layers in the limy chlorite schist below the thrust. Near the south end of the 
prospect, beds of calcite-muscovite-chlorite-dolomite-quartz up to 5 feet thick are inter- 
bedded with gray weathering marble 10-20 feet above the thrust. Nearby, slightly brown- 
weathering marble with minor muscovite in the lower part of the upper thrust plate has been 
thrust over a thin-bedded folded sequence of gray-weathering marble and greenschist. The 
gently dipping thrust separates steeply dipping marble from the underlying limy schist unit. 

Brown-weathering marble also forms a layer about 20 feet thick on the lower slopes of the 
hill northeast of the Cub Bear prospect and an area on Snowshoe Gulch well above the base 
of the marble. 



Along t h e  marble  c o n t a c t  t h a t  e x t e n d s  from Aurora Creek s o u t h  t o  t h e  Penny R i v e r ,  t h e  
c o n t a c t  of t h e  s e r i c i t i c  marble  w i t h  t h e  under ly ing  s c h i s t  is  g r a d a t i o n a l .  The t h r u s t  
must l i e  w i t h i n  o r  a t  t h e  b a s e  of t h e  t h i n  l a y e r  of l imy s c h i s t .  

Geologic  Age 

The brown-weathering muscovi te  marble  occupies  t h e  same p o s i t i o n  below a marble  t h r u s t  
s h e e t  t h a t  " a r g i l l a c e o u s  l imes tone ,  l o c a l l y  s c h i s t o s e "  does  i n  t h e  Los t  River  a r e a  (Sains-  
bury,  1969a, p.  9 ) .  Sa insbury  d a t e s  t h e  l i m e s t o n e  a s  pre-Early  Ordovic ian ,  p o s s i b l y  
t r a n s i t i o n a l  w i t h  t h e  o v e r l y i n g  Ordovician marble .  

MARBLE (M) 

The b a r e ,  g r a y ,  r u b b l e  covered h i l l s  i n  t h e  c e n t r a l  p a r t  of t h e  Sinuk a r e a  a r e  u n d e r l a i n  
by a  t h r u s t  s h e e t  of P a l e o z o i c  marble  more t h a n  1000 f e e t  t h i c k .  The marble  i s  commonly 
medium l i g h t  g r a y  and c r y s t a l l i n e  w i t h  g r a i n s  114 t o  1 mm. Beds a r e  p l a n a r ,  u s u a l l y  118 
t o  4 i n c h e s  t h i c k ,  and break  up r e a d i l y  i n t o  p l a t y  r u b b l e .  The marble  wea thers  medium 
l i g h t  g ray  w i t h  a  hack ly  s u r f a c e .  C r o s s c u t t i n g  c a l c i t e  v e i n l e t s  a r e  o n l y  l o c a l l y  p r e s e n t .  
D o l o m i t i z a t i o n  due t o  s m a l l  i r r e g u l a r  masses of do lomi te  (up t o  4  i n c h e s  i n  d i a m e t e r )  i n  
a marble  m a t r i x  i s  f a i r l y  common. 

Both bedding and c l e a v a g e  ( s h e e t i n g )  a r e  p r e s e n t  i n  t h e  marb le  t h r u s t  s h e e t s  and i t  is  
impor tan t  t o  d i f f e r e n t i a t e  between them. Bedding, a s  mapped, i s  u s u a l l y  t h i n  w i t h  s l i g h t  
composi t ion banding o r  g r a i n  s i z e  v a r i a t i o n s  which o f t e n  show o n l y  on weathered s u r f a c e s .  
It has  p l a t y  s u r f a c e s ,  o f t e n  w i t h  a  l i t t l e  s e r i c i t e ,  and l i n e a t i o n  rang ing  from f i n e  cren-  
u l a t i o n s  (+ l m m )  t o  vague u n d u l a t i o n s .  Minor f o l d s  a r e  n o t  t o o  common. S h e e t i n g  c o n s i s t s  
of p l a n a r  c leavage  114 t o  2 i n c h e s  a p a r t  wi thou t  l i n e a t i o n  o r  compos i t ion  banding.  I n  f o l d  
h inge  zones s h e e t i n g  c u t s  bedding which may be on ly  o b s c u r e l y  v i s i b l e  on weathered s u r f a c e s .  
Bedding a t t i t u d e s  were on ly  t a k e n  on s u r f a c e s  w i t h  l i n e a t i o n  o r  banding,  o f t e n  w i t h  both.  

The r o l e  of wea ther ing  i n  emphasizing bedding was s e e n  i n  a  r a r e  exposure  of unweathered 
rock on t h e  upper s l o p e s  of Hungry Creek. The s u r f a c e  r u b b l e  and s c a t t e r e d  o u t c r o p s  a r e  
t y p i c a l  t h i n  platy-bedded marb le ,  b u t  n e a r  t h e  b a s e  of a  s c a r p  a t  a  d e p t h  of 10 f e e t  be- 
low t h e  g e n e r a l  s u r f a c e ,  t h e  rock  i s  f r e s h ,  r a t h e r  massive marble  w i t h  o n l y  a n  obscure  
c leavage .  The c l e a v a g e ,  which does  n o t  p a r t i c u l a r l y  look l i k e  bedding,  may b e  p a r a l l e l t o  
t h e  o r i g i n a l  s u r f a c e  of sed imenta t ion ,  b u t  t h i s  would b e  d i f f i c u l t  t o  prove i n  t h i s  ou tc rop .  

The marble  i s  i n  t h r u s t  c o n t a c t  w i t h  non-calcareous s c h i s t  i n  p a r t s  of t h e  map a r e a ,  b u t  i n  
o t h e r  a r e a s  where t h e  t h r u s t  i s  lower i n  t h e  s e c t i o n ,  t h e  marble  i s  i n  g r a d a t i o n a l  c o n t a c t  
w i t h  t h e  under ly ing  brown wea ther ing  marble .  The c o n t a c t  between marble  and t h e  u n d e r l y i n g  
limy s c h i s t  on t h e  r i d g e  between upper Oregon Creek and Penny River  i s  g r a d a t i o n a l ,  b u t  

sheared marble  and dolomite  zones con t a in ing  deformed marble  and do lomi te  c l a s t s  sugges t  
t h a t  t h r u s t i n g  i s  p r e s e n t  i n  t h e  rocks  a few t e n s  of f e e t  below t h e  b a s e  of t h e  massive 
marble  . 
The presence  of s e r i c i t i c  marble  l a y e r s  p a r a l l e l  t o  t h e  bedding n e a r  t h e  b a s e  of t h e  marble  
i s  a n o t h e r  i n d i c a t i o n  of a  g r a d a t i o n a l  c o n t a c t  w i t h  t h e  u n d e r l y i n g  u n i t .  Such l a y e r s ,  
r ang ing  from 5 t o  20 f e e t  t h i c k ,  a r e  p r e s e n t  a t  t h e  Cub Bear p rospec t  and on t h e  mountain 
j u s t  n o r t h e a s t .  Near t h r u s t s  t h e  marble  i s  o f t e n  b leached ,  and h a s  boudined do lomi te  lay-  
e r s .  Thin bedding may be o b l i t e r a t e d  by r e c r y s t a l l i z a t i o n .  

S l i g h t l y  s c h i s t o s e  b a s i c  t u f f ( ? )  was found i n  t h e  marble  a t  two l o c a l i t i e s .  On American 
Creek a  g r e e n s c h i s t  l a y e r  40 f e e t  t h i c k  and approx imate ly  20 f e e t  above t h e  b a s e  of t h e  



marble  is made up of c h l o r i t e ,  a l b i t e ,  sphene,  c a l c i t e ,  and p y r i t e .  On upper Nugget 
Gulch a  s i m i l a r  look ing  g r e e n s c h i s t  l a y e r  c r o p s  ou t  f o r  80 f e e t  a long  t h e  creek.. It  
c o n t a i n s  s e r i c i t e ,  q u a r t z ,  c h l o r i t e ,  and a l b i t e .  The b a s e  of t h e  marble  is  a n  unknown 
d i s t a n c e  below t h i s  l a y e r .  It could b e  j u s t  below, a s  on American Creek. 

Geol.ogic Age 

The marble  i s  s i m i l a r  t o  marble  i n  t h r u s t  s h e e t s  mapped by Sa insbury  and o t h e r s  (1969) 
f a r t h e r  n o r t h  on t h e  Seward Pen insu la .  These r o c k s  a r e  d a t e d  by them a s  Ordovician t o  
M i s s i s s i p p i a n .  

Recen t ly  Sa insbury  (Pers .  Comm. June 1970) h a s  sugges ted  t h a t  t h e  p resence  of metagabbro 
(g reens tone)  i n  t h e  marb le ,  i t s  r e c r y s t a l l i z e d  s t a t e  r e l a t i v e  t o  P a l e o z o i c  l i m e s t o n e  
e l sewhere  on t h e  Seward P e n i n s u l a ,  and t h e  l a c k  of any s i g n  of f o s s i l s  i n d i c a t e s  t h a t  
t h e  marble  is  Precambrian i n  age.  

A s  s t a t e d  e l sewhere  (Greenstone)  I t e n t a t i v e l y  c o n s i d e r  t h e  g r e e n s t o n e  t o  b e  of Middle 
Pa leozo ic  t o  Pre-Middle Cre taceous  i n  age .  T h i s  means t h a t  t h e  marble  of t h e  upper 
p l a t e  i n  t h e  Sinuk d i s t r i c t  is  cons idered  t o  be probably P a l e o z o i c ,  c o r r e l a t i v e  w i t h  
t h e  t h r u s t  s h e e t s  of Sainsbury and o t h e r s  (1969).  

GREENSTONE ( G )  

E longa tedgreens tone  bodies  a r e  p r e s e n t  a long  t h e  Oregon Creek 1.ineament and s m a l l  bod ies  
occur  l o c a l l y  i n  marble  and s c h i s t  bedrock. Outcrops a r e  prominent i n  a  few p l a c e s ,  bu t  
a r e  mainly s c a t t e r i n g s  of g r e e n s t o n e  r u b b l e .  Greenstone i s  p r e s e n t  n e a r  a t h r u s t  o n l y  
on Aurora. Creek, and t h e r e  i t  e x t e n d s  a long  below t h e  f a u l t  (fig I ) .  It h a s  no t  been 
p o s s i b l e  t o  de te rmine  on t h e  b a s i s  of f i e l d  ev idence  whether i n t r u s i o n  of t h e  g r e e n s t o n e  
was b e f o r e  o r  a f t e r  t h r u s t i n g .  

The g r e e n s t o n e  is non- fo l ia ted  t o  moderately  f o l i a t e d  and f i n e  t o  medium g r a i n e d ,  a l t e r e d  
b a s i c  i n t r u s i v e  ( d i a b a s e ? )  w i t h  equant  g r a i n s  of g e n e r a l l y  untwinned p o i k i l i t i c  a l b i t e  
and c h l o r i t e ,  p l u s  e p i d o t e ,  a c t i n o l i t e ,  c a l c i t e ,  sphene,  and p y r i t e .  The g r a i n s  have 
ragged b o r d e r s ,  and t h e  i n c l u s i o n - f i l l e d  a l b i t e  and c h l o r i t e  forms t h e  groundmass f o r  t h e  
o t h e r  g r a i n s .  The o r i g i n a l  t e x t u r e  h a s  been comple te ly  o b l i t e r a t e d .  Glaucophane was not  
s e e n  i n  t h i n  s e c t i o n s ,  but  i s  r e p o r t e d  by M o f f i t  (1913) i n  s i m i l a r  r o c k s  i n  t h e  Nome quad- 
r a n g l e .  

The two g r e e n s t o n e  p l u g s  a t  Greenstone Gulch a r e  non- fo l ia ted  i n  t h e i r  c e n t r a l  p o r t i o n s ,  
b u t  a n  o f f s h o o t  in te rbedded  w i t h  non-limy s c h i s t  on t h e  e a s t  s i d e  of Greenstone Creek is 
f o l i a t e d  g r e e n s c h i s t .  

Mapping shows an  a p p a r e n t  p o s t - t h r u s t i n g  age  f o r  t h e  g r e e n s t o n e  dike on Aurora Creek des- 
p i t e  t h e  f a c t  t h a t  t h e  d i k e  i s  prcbab ly  much o l d e r .  A  c r o s s  f a u l t  o f f s e t s  t h e  o v e r t h r u s t ,  
b u t  n o t  t h e  d i k e .  T h i s  is  probably due t o  a  n e a r l y  v e r t i c a l  d i r e c t i o n  of movement on t h e  
f a u l t  and a n e a r l y  v e r t i c a l  d i k e .  Dike o u t c r o p s  a r e  r u b b l e  and a  s m a l l  o f f s e t  may be pre-  
s e n t .  

Except f o r  p y r i t e ,  t h e r e  is  no s i g n  of m i n e r a l i z a t i o n  i n  any of t h e  g r e e n s t o n e  bodies  
(Appendiz 1, 244*-2, 244*-4). However, a  c l o s e  connec t ion  between g r e e n s t o n e  and miner- 
a l i z a t i o n  i s  sugges ted  by s i l i c i f i c a t i o n  and quar tz -spha le r i te -ga lena  f l o a t  n e a r  green- 
s t o n e  bod ies  on Aurora and Greenstone Creeks.  



Geologic Age 

The greens tone  is  a metamorphosed b a s i c  i n t r u s i v e  rock and must have been emplaced be- 
f o r e  t h e  most r e c e n t  per iod  of metamorphism which i s  probably of Middle Cretaceous age. 
I t  i n t r u d e s  t h e  marble of t h e  upper p l a t e  i n  s e v e r a l  p l ace s .  

Greenstone probably equiva len t  t o  t h a t  a t  Sinuk has been mapped i n  t h e  Nome a r e a .  Mof f i t  
(1913) shows "Greenstone, a l t e r e d  bas i c  i n t r u s i v e  c u t t i n g  rocks  of Nome group" of "Pal- 
eozoic o r  Mesozoic1' age.  These a r e  a l t e r e d  d iabase  o r  d i o r i t e  t h a t  c u t  s c h i s t  and mar- 
b l e  and l o c a l l y  con t a in  ga rne t  and glaucophane, according t o  Mof f i t .  Hunmel (1962a, 
1962b) shows t h e  sa.me rocks a s  greens tone ,  of Mesozoic o r  Cenozoic age .  

Sainsbury and o t h e r s  (1969) on t h e i r  maps of p a r t s  of t h e  T e l l e r  and Bendeleben quad- 
r ang l e s ,  shoh- "Cabbro: i nc ludes  coarse-grained gabbro, d i abase  and a l t e r e d  e q u i v a l e n t s  
which 1ocal.ly a r e  garnet-glaucophane rocks". "Age: Pre-Ordovician." This  d e s c r i p t i o n  
f i t s  t h e  greens tone  i n  t he  Nome and Sinuk a r e a s .  Sainsbury (Pers .  Comni., June 1970) be- 
l i e v e s  t h a t  t h e  greens tone  i n  t h i s  p a r t  of t h e  Seward Peninsu la  probably belongs t o  t h i s  
metagabbro u n i t  and t h a t  i t s  presence i n  marble d a t e s  it a s  Precambrian(?) .  

I n  t h e  Southern Brooks Range near  Born i te  t h i c k  t h r u s t  p l a t e s  of Devonian l imes tone  a r e  
in t ruded  by Kiddle Devonian o r  younger metagabbro (Pers .  Conlrn. C .  E.  F r i t t s ,  June 1970). 

I n  due course  r eg iona l  mapping on t h e  Seward Peninsu la  w i l l  probably r e s o l v e  t h i s  prob- 
lem. I n  t h i s  r e p o r t  I assume t h e  greens tone  a t  Sinuk f a l l s  i n  t h e  range of middle Paleo- 
zo i c  t o  pre-Middle Cretaceous.  

DOLOMITE 

Dolomite i s  a l o c a l  replacement of marble r e l a t e d  t o  s t r u c t u r a l  f e a t u r e s  and o r e  de- 
p o s i t s .  It i s  e a s i l y  i d e n t i f i e d  i n  t he  f i e l d  by i t s  d i s t i n c t i v e  co lo r .  It is very l i g h t  
gray and weathers  medium l i g h t  gray t o  g r a y i s h  orange p ink .  Rounded, i r r e g u l a r ,  r a t h e r  
smooth s u r f a c e s  a r e  common. This  rock i s  d i s t i n c t  from t h e  hackly-surfaced medium-gray- 
weathering marble. Dolomite replacements  of marble t a k e  fou r  main f o r n ~ s :  

(i) DoZomite l ayer s  a few i r c h e s  t o  a feu f e e t  t h i c k  i r ,  marble not  far  above t h e  t h r u s t .  
These a r e  t y p i c a l l y  boudined, a r e  c r ack l ed  i n t o  sma l l e r  than  6-inch b locks  by i n t e r s e c t i n g  
f r a c t u r e s ,  and con t a in  c r o s s  c u t t i n g  qua r t z  ve in s .  The marble beds curve around t h e  bou- 
dined dolomite .  Boudinage of t h e s e  l a y e r s  i n d i c a t e s  t h a t  dolomite  replacement took p l ace  
be fo re  o r  during t h r u s t i n g .  Dolomi t iza t icn  along t h e  t h r u s t  is  cormon enough t o  be ,  a long 
w i th  bleaching of marble and s i l i c i f i c a t i o n ,  a  f a i r l y  good i n d i c a t o r  of t h r u s t i n g  along a  
con t ac t .  Dolomi t iza t ion  was probably syn t ec ton i c .  S p o r l i  (1968) r e p o r t s  t h a t  minor syn- 
t e c t o n i c  do lomi t i za t i on  i s  a s soc i a t ed  w i th  t h r u s t s  i n  t h e  Alps. Sainsbury (1969a) be- 
l i e v e s  t h a t  d o l o m i t i z a t i o n  a long  and above t h r u s t s  on t h e  Seward P e c i n s u l a  is  due t o  l eak-  
age of f l u i d s  from t h e  under ly ing  t h r u s t  f a u l t s .  

(2) Crackled dolomite  m v a s  a few f e e t  t o  100 's  o f  f e e t  across  i n  marble. A few a r e  
a s soc i a t ed  w i th  mafic  rocks ,  bu t  most a r e  no t .  An example i s  t h e  do lomi te  zone around 
t h e  greens tone  p lug ,  40 f e e t  i n  d iameter ,  e a s t  of Daisy Swif t  Creek, j u s t  above t h e  
p l a c e r  d i t c h .  Here, t h e  marble is  rep laced  by i r r e g u l a r  bodies  and t a b u l a r  v e i n s  of 
much c rack led  dolomite .  Crackled dolomite  elsewhere i n  t h e  map a r e a  is  s i m i l a r  i n  appear- 
ance, but t h e  o r i g i n ,  a s  v e i n s ,  i s  not  s o  ev iden t .  Along some s t e e p  f a u l t s  pods o r  l e n s e s  
of c rack led  dolomite  a r e  p r e sen t .  



( 3 )  Patchy dolomite ar2eas, after‘ hzmci!reds of f ee t  across,  conlposed of much fractures 
r o ~ r d e d  t o  sub-angu lar  bodies 114 t o  6 inches across i n  a rriatr?ix cf fine-grained marble. 
The dolomite  pa tches  s tand  out  on weathered s u r f a c e s  t o  form a  p e c u i i a r  e lephant-hide 
s u r f a c e  . that  is  conur~on throughout t h e  a r e a .  

( 4 )  Discontinuoz~s envelopes 03' doloniits s i n i l a r  t o  2 ard 3 (above) a r o ~ n d  9OSSaYiS arzd 
s u l f i d e  nfirer*a7 Leposits  ir '  both rna2~LZe (Monarch, Quarry, Cub A ~ u r )  axd s c h i s t  (Aurora 
Creek, Greenstone Creek) aueas. A t  t h e  Quarry and Cub Bear,  t h e s e  envelopes appear  t o  
have beer. deformed during t he  pos t - t h rus t  per iod  of minor f o l d i c g  and s t e e p  f a u l t i n g .  

Older and Ycunger Dolomite 

Older dolomite  -- The boudined dolomite  l a y e r s  i n  t h e  marble along t h e  t h r u s t s  were in -  
troduced and deformed before  th rus t i .ng  ceased.  

Younger dolomite  -- Large boa ies  of dolomite  a r e  p r e sen t  l o c a l l y  along e a r l y  and l a t e  
s t e e p  f a u l t s ,  around mafic  bodies ,  i n  g r anu l a r  q u a r t z - d o l o m i t e - s p h a l e r i t e  o r e ,  and i n  
ha lo s  around mine ra l  depos i t s .  The a s s o c i a t i o n  of dolomite  wi th  grcenatone cou1.d be 
kene t i c  o r  on ly  s t r u c t u r a l .  The presence of dolomite  ha lo s  around t h e  Monarch and Cub 
Bear p rospec t s ,  and of dolomite  bodies  near  t h e  Q ~ a r r y  p rospec t ,  and of dolomite  a s  a  
c o n s t i t u e n t  of t h e  g r anu l a r  o r e  on Oregon and Aurora Creeks i n d i c a t e s  t h a t  t h e  o r i g i n  
of t h e  o r e  d e p o s i t s  i n  t h e  d i s t r i c t  i s  c l o s e l y  r e l a t e d  t o  t h a t  of t h e  dolomite .  

JASPEBOID ( S i l i c i f i e d  Marble and S c h i s t )  (J) 

S i l i c i f i e d  bedrock ( j a spe ro id )  is  found s p o r a d i c a l l y  along t h r u s t s ,  s t e e p  f a u l t s ,  and 
near  greens tone  i c t r u s i v e s .  It commonly is  a s soc i a t ed  with do lomi te ,  but  i s  much l e s s  
widespread. Pa tches  of t o t a l l y  s i l i c i f i e d  rock up t o  200 f e e t  a c ros s  and o t h e r  p a r t i a l l y  
s i l i c i f i e d  pa tches  a r e  found near  greens tones  on Greenstone Creek and a t  t h e  head of t h e  
west f o r k  of Nugget Gulch. The t e x t u r e s  of t h e  o r i g i n a l  rocks  a r e  w e l l  p reserved ,  t h e r e  
is  no l imon i t e ,  and they  appear  completely ba r r en  of s u l f i d e s .  Analyses of t y p i c a l  s i l i -  
c i f  i e d  marble and s c h i s t  from both  t h e  a r e a s  ( i i ~ p e d i l c  1, scvr;p?t-'s 2.3.5B, 253% 255L-1, and 
2E5*-2) s h ~ w  l e s s  than t h e  d e t e c t j ~ n  l i x i t  of gold and sub-background ccpper ,  l e a d ,  and 
z inc .  

S i l i f i c a t i o n  is  a s soc i a t ed  with s u l f i d e  mine ra l s  a t  s e v e r a l  l o c a l i t i e s .  On Greenstone 
and Aurora Creeks s u l f i d e  f l o a t  c l o s e l y  a s soc i a t ed  w i th  greens tone  d i k e s  i s  p a r t i a l l y  
s i l i c i f i e d  marble conta in ing  s p h a l e r i t e  and ga lena .  At t h e  Quarry d e p o s i t ,  t h e  showings 
a r e  i n  s i l i c i f i e d  marble. Assoc ia t icn  of b a r i t e  and f l u o r i t e  he r e  w i t h  s i l i c i f i c a t i o n  
i n d i c a t e s  t h e  p o s s i b i l i t y  t h a t  j a spe rc id  zones elsewhere may carxy t he se  minera l s .  A l -  
most completely s i l i c i f i e d  s c h i s t  a long t h e  c o r t h  edge of t h e  minera l ized  a r e a  a t  t h e  
Arr~erican l ode  c a r r i e d  0.06 ppm gold .  

BASALT (B) 

Basa l t  d i k e s  occur on Coal Creek, near  t h e  mouth of I r o n  Creek, and near  t h e  Cub Bear 
prospec t  (fig 6 ) .  The rock on Coal Creek is f ine-gra ined ,  da rk ,  d e v i t r i f i e d  g l a s s  w i th  
amygdules. Near I r o n  c reek  a  v e r t i c a l  d i k e  two f e e t  wide has s e rpen t in i zed  o l i v i n e  pheno- 
c r y s t s  i n  a f ine-gra ined ,  f e l t e d ,  plagioclase-clinopyroxene matr ix .  These d ikes  a r e  of 
post-metamorphic, probably T e r t i a r y  age. 



TERTIARY CONGLOMEUTE (Tc) 

Conglomerate i s  p re sen t  a long t h e  banks of Coal Creek, a t  two l o c a l i t i e s  a long  Washing- 
ton  Creek, and above t he  o r e  zone on Aurora Creek. On Coal Creek, t h e  coriglomerate i s  
a w e l l  indura ted  s t ream g r a v e l  made up of 2-8 inch  cobbles  i n  E nor.-limy ma t r i x  of f i n e  
grained s c h i s t  f ragments .  There a r e  no g r a n i t e  c l a s t s .  Coa l i f i ed  p l a n t  f ragments  a r e  
a s soc i a t ed  wi th  beds of f ragmenta l  s c h i s t .  A s h a f t  and a d i t ,  both caved, t e s t i f y  t o  a n  
e a r l y  a t tempt  t o  mine the c o a l .  The l a c k  of g r a n i t e  c l a s t s  d i s t i n g u i s h e s  t h i s  conglom- 
e r a t e  from P l e i s t o c e n e  t i l l ,  which does have g r a n i t e  boulders  and i s  poor ly  indura ted .  
The l i m i t a t i o n  of t h e  congloritrrate t o  p r e sen t  c reek  v a l l e y s  i n d i c a t e s  t h a t  i t  i s  a 
younger format ion ,  r e l a t e d  i n  o r i g i n  t o  t h e  presen t  d ra inage .  Therefore ,  it is of Ter- 
t i a r y  age. 

STRUCTURE 

Thrust  F a u l t s  

A low-angle o v e r t h r u s t  f a u l t  u n d e r l i e s  t h e  l a r g e  a r e a s  of marble bordered by s c h i s t  
between t h e  Sinuk River  and Aurora Creek. I n  g e n e r a l ,  t h e  marble beds a r e  no t  p a r a l l e l  
t o  t h e  b a s a l  con t ac t  of t h e  marble. The c l e a r e s t  l a rge - sca l e  evidence f o r  t h r u s t i n g  i s  
i n  t h e  h i l l s  around t h e  Mocarch d e p o s i t .  Bedding i n  t h e  marble t h e r e  d i p s  15O - 20° W, 
f o r  a  d i s t a n c e  of 1-112 m i l e s  a c r o s s  s t r i k e ,  but  t h e  b a s a l  con t ac t  between marble and 
underlying s c h i s t  d i p s  only about 3' west .  

This  t h r u s t  shee t  i s  w e l l  exposed on upper Snowshoe Gulch where marble w i t h  d i p s  s t e e p e r  
t han  t h e  con t ac t  l i e s  on muscovite marble under1ai.n t y  s c h i s t .  Beds a t  t h e  west margin 
of t h e  marble d i p  moderately wes t ,  a s  do those  i n  k l i ppen  f u r t h e r  west .  These k l ippen  
i.n t h e  lowland probably rest cn s c h i s t ,  bu t  tundra  masks t he  evidence.  The s t r u c t u r e  
i n  t h e  Snowshoe Gulch a r e a  is  i n t e r p r e t e d  a s  a  moderately folded t h r u s t  shee t  w i th  beds 
no t  p a r a l l e l  t o  t h e  base .  D e t a i l s  of a n  a r e a  wi th  beds no t  p a r a l l e l  t o  t h e  base of a  
t h r u s t  s h e e t  areshown by t h e  map of t he  Cub Bear a r e a  (fig 6) .  I n  t h a t  a r e a ,  s t e e p  
f a u l t s  c f f s e t  t h e  t h r u s t  shee t  and c ~ n i p l i c a t e  t h e  s t r u c t u r e .  

I n  many p l ace s  a  t h r u s t  i s  p re sen t  a t  t h e  ba se  of a  marble h i l l  t h a t  r i s e s  a b r u p t l y  above 
a g e n t l e  tundra-covered s lope .  Typ ica l l y ,  a s  a t  t h e  k l i ppen  west of Snowshoe Gulch, ex- 
posures  of bedrock a r e  t oo  poor t o  determine wi.th c e r t a i n t y  whether a  marble-schis t  is 
a c t u a l l y  p r e sen t .  An example of a  w e l l  exposed t h r u s t  a t  t h e  base  of a  marble  h i l l  is 
j u s t  west of t h e  Quarry prospec t  where s i l i c i f i e d  s c h i s t  f l o a t  extexds f o r  114 mi l e  west 
of t h e  Quarry prospec t .  

I n  the  Cub Bear area, many S-shaped drag fo lds  have a sense of shear ind ica t ing  eastwerd 
movement of t h e  upper t h r u s t  p l a t e .  These f o l d s  a r e  cornLon along t h e  top  of a  muscovite  
marble l a y e r  about 20 f e e t  t h i ck  near  t h e  ba se  of t h e  h i l l  n o r t h e a s t  of t h e  Cub Bear pros-  
pec t .  The l a y e r  i t s e l f  i s  d rag  fo lded  near  the nor tb  end of t h e  h i l l .  D e t a i l s  of two of 
t h e  S-folds  a r e  shown i n  f i g u r e  6. Minor f o l d s  sugges t ing  westward t h r u s t i n g  were seen  
i n  only t h r e e  p l ace s  i n  t h e  map a r e a .  The preva lence  of unfolded p l a t y  rubble  cjn most 
h i l l s l o p e s  i n d i c a t e s  t h a t  drag f o l d s  a r e  p r e sen t  on ly  l c c a l l y  i n  t h e  t h r u s t  shee t s .  



Colori i te  l a y e r s  up t o  a  few f e e t  t h i c k  n e a r  t h e  base  of t h e  t h r u s t  s h e e t  a r e  conimonly 
boudined. The presence  of t h e s e  boudins  and drag  f o l d s  n e a r  t h e  t h r u s t  s u g g e s t s  t h a t  
t h e  b a s e  of t h e  t h r u s t  s h e e t  was deep enough t o  have undergone c o n s i d e r a b l e  f l o x a g e  
dur ing  t h r u s t i n g .  

O v e r t h r u s t i n g  is  p a r t  of t h e  vas t  C o l l i e r  t h r u s t  b e l t  f i r s t  r ecognized  and d e s c r i b e d  
by Sa insbury  (1965) i r ,  Western Seward P e n i n s u l a ,  and found by hjnl and h i s  CG-workers 
(Sainsbury 1969) t o  b e  p r e s e n t  over  much of t h e  Seward Pen insu la .  I n  h i s  most r e c e n t  
p u b l i c a t i o n s ,  Sa insbury  (1969a, p 2595) z t a t e s :  

T h r u s t i n g  p robab ly  occur red  i n  t h e  E a r l y  Cre taceous ,  f o r  t h e  t h r u s t  s h e e t s  
a r e  i n t r u d e d  by s t o c k s  and b a t h o l i t h s  of g r a n i t i c  rocks  which r a n g e  i n  a g e  
between 100 and YO m.y. ( M i l l e r  and o t h e r s ,  1966) .  A s  rocks  of E a r l y  Cre- 
t a c e o u s  age  a r e  invo lved  i n  t h r u s t i n g ,  t h e  d a t i n g  of t h e  t h r u s t i n g  i s  rea-  
sonab l y  s e c u r e .  

Fo ld ing  of t h e  Thrus t  S u r f a c e  

The l a r g e  s c a l e  ou tc rop  p a t t e r n  of t h e  t h r u s t  s h e e t  j c d i c a t e s  t h a t  t h e  b a s a l  t h r u s t  is 
n o t  a  p l a n e  and must b e  m ~ d e r a t e l y  f o l d e d .  The f o l d e d  t h r u s t  572s o n l y  s e e n  i n  w e l l  
exposed c u t c r o p  a t  t h e  Quarry prc)apect.  T h i s  a r e a  of r e c e n t  b u l l d o z e r  s t r i ~ ~ p i n g  
c r o s s e s  a t y p i c a l  example of a  t h r u s t  t h a t  would b e  rilapp~d wi th  conf idence  cn t h e  
b a s i s  of l a r g e  s c a l e  c r i t e r i a  (Thrus t  F a u l t s ) .  The t h r u s t  hks been f c l d e d  i n t o  open 
f o l d s  of a s  m ~ ~ c h  a s  40 f e e t  i n  ampl i tude  w i t h  f o l d  a x e s  plunging g e n t l y  s o u t h  ( f ' i g  5 ) .  
This  exposure  i s  d e s c r i b e d  i n  t h e  s e c t i o n  on t h e  Qilarry p r o s p e c t .  I h c  p a r a l l e l i s n  of 
t h e s e  f o l d  a x e s  w i t h  c r e n ~ i l a t i o n s  i n  t h e  under ly ing  s c h i s t  i r i d i c a t e s  t h a t  t h e  c h r u s t  
s u r f a c e  was f o l d e d  a t  t h e  same time t h a t  t h e  s c h i s t  was f c l d e d  and c r r n u l a t e d  ( i . e .  
whi le  metamorphism was i n  p r o g r e s s ) .  The e a r l y  s t e c p  f a u l t s  nay Inr1.e formed a t  t h e  
same t i m e  o r  s h o r t l y  a f t e r  f o l d i n g  of t h e  t h r u s t .  

E a r l y  S t e e p  F a u l t s  

The t h r u s t  s h e e t  is c u t  by many s t e e p  f a u l t s  t h a t  t r e n d  p a r a l l e l  t o  t h e  r e g i c n a l  t r e n d  
c f  minor f o l d s  and have much minor f o l d i n g  a l o n g  them i n  t h e  marble .  These f a u l t s  make 
conspicuous b i f u r c a t i r ~  l i n e a r  t r a c e s  a c r o s s  the  r u b b l e  covered h i l l s i d e s ,  d i p  40" tc 
65' b o t h  t o  t h e  e a s t  and t o  t h e  wes t ,  and a r e  r e s p o n s i b l e  f c r  much of t h e  minor f o l d i n g  
i n  t h e  marble.  Marble beds a l c n g  t h e  hanging w a l l s  of t h e  f a u l t s  t e n d  t o  have w e l l  
l i n e a t e d  f o l d s  3-10 f e e t  i n  r a d i u s  which make conspicuous m u l l i c n s .  The f a u l t  t r a c e  
i t s e l f  i s  o f t e n  covered by a  l i n e a r  topographic  t r e n c h ,  1 0  t o  50 l ~ e t  a c r o s s ,  covered 
by s m a l l  r u b b l e  o r  s o i l ,  I n  t h e  f o o t w a l l ,  beds a r e  c o n t c r t e d  w i t h  low d i p s .  Axes of 
s m a l l  f o l d s  and c r e n u l a t i o n s  a long  t h e  s t e e p  f a u l t s  tend t c  p a r a l l e l  t h o s e  i n  marble  
and s c h i s t  i n  the g e n e r a l  l o c a l i t y .  Vague f a u l t  t r a c e s  a c r o s s  r u b b l e  covered a r e a s  
a r e  commonly ~ a r k e d  by conspicuous f l u t e d  m u l l i o n  f l o a t  b l o c k s  up t o  5 f e e t  a c r o s s .  
F a u l t  l ineaments  a r e  a l s o  marked by s c a t t e r e d  r u b b l e  p a t c h e s  of b l - e a c h ~ d  marb le ,  dolo-  
mite, and greens tone .  

No~ntal  and r e v e r s e  f a u l t s  o f f s e t  t h e  marble  t h r u s t  s h e e t s  up t~ a  few hundred f e e t  a t  
t h e  Cub Bear p r o s p e c t  (Cub Bear p r o s p e c t ) .  Other  s t e e p  E a ~ t l t s  w i t h  s i g n i f i c a n t  d i s -  
placement bound t h e  west margins  of the two u ~ a j o r  cor th -nor thwes t  t r e f id ing  bands cf 
nla rb le  t h a t  exterid from Tub Mountain t c  t h e  P ~ n n y  River .  



The p a r a l l e l i s m  of minor f o l d s  and c r e n u l a t i o n s  i n  t h e  marble near  and away from t h e  
e a r l y  s t e e p  f a u l t s  and i n  nearby s c h i s t  sugges t s  t h a t  s t e e p  f a u l t i n g  and development 
of s c h i s t o s i t y  i n  t h e  s c h i s t  took p l a c e  dur ing  a  s i n g l e  per iod  of deformation and 
metamorphism. The r a t h e r  i n t e n s e  n a t u r e  of t h e  f o l d i n g  along t h e  e a r l y  s t e e p  f a u l t s  
sugges t s  t h a t  they  were formed l a t e  i n  t h e  per iod  of metamorphism whi le  t h e  rocks  
were s t i l l  a t  a  r e l a t i v e l y  h igh  temperature.  

L a t e r  Steep F a u l t s  

Steep f a u l t s  t h a t  o f f s e t  t n e  t h r u s t  s h e e t s ,  but  a r e  no t  p a r a l l e l  t o  t h e  minor f o l d s  
and c r e n u l a t i o n s  of t h e  marble and s c h i s t  a r e  thought t o  have formed somewhat l a t e r ,  
when t h e  s t r e s s  f i e l d  was d i f f e r e n t .  Examples a r e  s e v e r a l  f a u l t s  near  t h e  American 
gossan inc luding  t h e  minera l ized  f a u l t ,  and t h r e e  f a u l t s  t h a t  c r o s s  Ashland Creek. 
The most i n t e r e s t i n g  one i s  t h e  o r e  c o n t r o l l i n g  f a u l t  t h a t  ex tends  from t h e  Quarry 
prospec t  t o  t h e  Monarch prospec t .  

METAMORPHISM 

The f o l i a t e d  t e x t u r e  and mine ra l  conten t  of t h e  s c h i s t  i n d i c a t e s  t h a t  i t  belongs t o  
t h e  qua r t z - a lb i t e - ch lo r i t e  s u b f a c i e s  of t h e  g r eensch i s t  f a c i e s  of r e g i o n a l  metamor- 
phism. The metamorphism took p l ace  a f t e r  t h e  b a s i c  rocks  were i n t ruded .  Greenstone 
t h a t  i n t r u d e s  both t h e  s c h i s t  and t h e  marble has  t h e  same mineralogy a s  t h e  s c h i s t  
( p lu s  a c t i n o l i t e ) .  This  metamorphism probably took p l ace  a t  t h e  same time t h a t  t h e  
t h r u s t  s u r f a c e  was deformed by moderate s c a l e  open fo ld ing .  This  i s  shown by t h e  
p a r a l l e l i s m  of t h e  axes  of t h e s e  f o l d s  w i th  t h e  c r e n u l a t i o n s  formed i n  t h e  under ly ing  
s c h i s t  during metamorphism. This  open fo ld ing  of t h e  t h r u s t  s u r f a c e  took p l ace  a f t e r  
t h e  Ear ly  Cre taceous(?)  t h r u s t i n g .  The metamorphism is  probably of about t h e  same age  
a s  t h e  g r a n i t e s  t h a t  e lsewhere on t h e  Seward Peninsu la  c u t  t h e  t h r u s t  s h e e t s  dur ing  
Middle Cretaceous time. These range i n  age  from 98-102 m.y. (Mi l l e r  and o t h e r s ,  1966) 

Spotted s c h i s t  w i th  a l b i t e  porphyroblas t s  up t o  1-2 m i l l i m e t e r s  i n  diameter  a r e  f a i r l y  
common i n  t h e  map a r e a .  The a l b i t e s  a r e  i n c l u s i o n - f i l l e d  g r a i n s  wi th  ragged borders .  
I n  some p a r t s  of t h e  map a r e a ,  f o l i a t i o n  bands of ep ido t e  and g r a p h i t e  extend unde- 
f l e c t e d  through a l b i t e  g r a i n s ,  showing t h a t  they  grew a s  a  replacement of p r e - ex i s t i ng  
minera l s  a f t e r  shear ing  i n  t h e  rock had ceased i n  t h a t  a r e a .  I n  o t h e r  p a r t s  of t h e  
map a r e a ,  a l b i t e  g r a i n s  conta in ing  i n c l u s i o n  bands have been r o l l e d .  Some i n c l u s i o n s  
form S-shaped curves  showing r o t a t i o n  up t o  90 degrees  dur ing  growth. These g r a i n s  
were formed be fo re  shea r ing  w i t h i n  t h e  rock had s topped ,  bu t  l a t e  enough s o  t h a t  t h e  
l a r g e  c r y s t a l s  were no t  destroyed.  The growth of r o t a t e d  and nonro ta ted  a l b i t e  g r a i n s  
i n  va r ious  p a r t s  of t h e  map a r e a  (R and UR, f ig 1 )  i s  i n t e r p r e t e d  a s  having t aken  
p l a c e  when a  wave of soda-bearing s o l u t i o n s  passed through t h e  rock l a t e  i n  t h e  per-  
iod  of r e g i o n a l  metamorphism when shear ing  movements were on ly  l o c a l l y  p r e s e n t  i n  t h e  
rock. 

Strong evidence t h a t  soda-metasomatism took p l ace  a f t e r  t h r u s t i n g  is g iven  by t h e  pre- 
sence  of un-rol led a l b i t e  porphyroblas t s  i n  muscovite marble a t  t h e  ba se  of t h e  t h r u s t .  
These a r e  p r e sen t  on upper Greenstone Creek and on Aurora Creek. 

A p o s s i b l e  source  of soda would be a bur ied  g r a n i t e .  I n  t h e  Cosmos H i l l s  near  Born i te ,  
a l b i t e  porphyroblas t s  a r e  l a r g e s t  and most p l e n t i f u l  c l o s e  t o  i n t r u s i v e  g r a n i t e .  The 
r ecen t  areomagnetic d a t a  (Anon. 1969) f o r  t h e  southern  Seward Peninsu la  shows a  mag- 
n e t i c  low t h a t  could pos s ib ly  i n d i c a t e  a  bur ied  g r a n i t e  under t h e  Sinuk d i s t r i c t .  



The Middle Cretaceous(?) metamorphism that has been described above has apparently 
obliterated, or at least obscured, the late Precambrian blueschist metamorphism re- 
ported by Sainsbury and others (1969) from elsewhere on the Seward Peninsula. No 
relict blueschist minerals were seen in any of the thin sections of schist from the 
Sinuk area. 



G E O C H E M I S T R Y  

Analyses of s t ream sediments i n  t h e  Sinuk d i s t r i c t  ( f ig  2, Append& 11, 111, and N )  
a i d  i n  t h e  s ea r ch  f o r  undiscovered mine ra l  depos i t s .  Analyses of s o i l  and rock samples 
a t  gossans and o t h e r  p rospec t s  g i v e  a n  i dea  of t h e  s i z e  and me ta l  conten t  of t h e  known 
depos i t s .  

S o i l  sampling shows geochemical anomalies  a t  t h e  Monarch and Cub Bear gossans and a t  t h e  
Quarry, Aurora Creek, and Oregon Creek prospec ts .  Stream sediment sampling is  i n e f f e c -  
t i v e  i n  l o c a t i n g  gossans but  t h e  Aurora Creek prospec t  w i th  i t s  s u r f i c i a l  s u l f i d e  f l o a t  
has  a s t rong  sediment anomaly i n  Aurora Creek. The Las t  Chance s t i b n i t e - g o l d  prospec t  
has  a good sediment anomaly f o r  antimony and a r s e n i c  i n  t h e  c r eek  below i t .  An a n t i -  
mony anomaly i n  t h e  head waters  of Las t  Chance Creek may i n d i c a t e  an  undiscovered a n t i -  
mony depos i t .  Anomalies f o r  v a r i o u s  meta l s  n o r t h  of t h e  American gossan may i n d i c a t e  
an  undiscovered depos i t  n o r t h  of t h e  mapped a r e a .  

Stream sediment samples were taken  mainly from mud below water  l e v e l .  S o i l  samples were 
taken a t  a depth of 2 t o  6 inches .  The t h r e sho ld  ( t h e  lowest concen t r a t i on  considered 
anomalous) f o r  each element ha s  been noted on t h e  his tograms f o r  copper ,  l e a d ,  and z i n c  
( S i g  2) and f o r  o t h e r  meta l s  on Appendix I11 and I V .  Emphasis on sampling i n  mine ra l i z a  
a r e a s  has  skewed t h e  d i s t r i b u t i o n  of concen t r a t i ons  towards h igh  va lues .  The t h r e sho lds  
have been determined i n t u i t i v e l y  r a t h e r  than  by s t a t i s t i c a l  methods. 

SOIL AND ROCK GEOCHEMISTRY 

Monarch and Aurora Creek Prospec ts  

Monarch-type gossans may r e f l e c t  a re -mobi l iza t ion  of Aurora Creek-type s u l f i d e  d e p o s i t s  
a t  depth.  The comparison of t r a c e  element compositions of t h e s e  two d e p o s i t s ,  t h e r e f o r e  
i s  of s p e c i a l  i n t e r e s t .  Concentrat ions of t h e  elements  ( tab le  I) sugges t ,  bu t  do not  
prove, t h a t  t h e s e  d e p o s i t s  a r e  r e l a t e d  i n  o r i g i n .  Analyses of minera l ized  and unminer- 
a l i z e d  s o i l  samples a t  and near  t h e  Monarch and Aurora Creek d e p o s i t s  a r e  shown i n  t a b l e  
1. Both d e p o s i t s  con t a in  twice  l o c a l  background, o r  more, of z i n c ,  l e a d ,  c o b a l t ,  and 
lanthanum, bu t  t h e  s o i l  over  t h e  Aurora Creek d e p o s i t s  has  s e v e r a l  me ta l s  w i th  anomalous 
concen t r a t i ons  t h a t  a r e  no t  abundant i n  t h e  Monarch gossan. The me ta l s  no t  anomalous i n  
t h e  Monarch gossan may have p r e c i p i t a t e d  when they  encountered t h e  marble ,  may have been 
removed by s u r f i c i a l  l each ing ,  o r  may not  have been p re sen t  a t  depth a t  t h a t  l o c a l i t y .  

Oregon Creek 

A hidden depos i t  i n  t h i s  v i c i n i t y  is i n d i c a t e d  by t h e  presence of a l i t t l e  o r e  f l o a t  i n  
two o ld  open c u t s  near  a g reens tone  plug. The l a r g e  open c u t  on t h e  sou th  s i d e  of Oregon 
Creek, above i t s  junc t i on  w i th  Greenstone Gulch, con t a in s  a few rounded gossan f l o a t  boo 
d e r s  w i th  s p h a l e r i t e  and ga lena ,  some rounded whi te  qua r t z  boulders  1-2 f e e t  i n  diamete* 
and angular  do lomi t e - s e r i c i t e  s c h i s t  f l o a t  t h a t  probably r e p r e s e n t s  bedrock ( f i g  3 ) .  Ttl 
wa l l s  a r e  g l a c i a l  t ill  probably about 10  f e e t  deep composed of gray weathering marble co. 
b l e s  and boulders  i n  a f i n e  limy mat r ix .  A g r i d  of geochemical samples t aken  on t h e  s u r  
f a c e  of t h e  t i l l  sou th  of t h e  cu t  shows anomalous concen t r a t i ons  of l e a d ,  z i n c ,  and b a r i  
a r s e n i c ,  boron, and beryl l ium. These va lues  could r ep re sen t  seepage from a bu r i ed  depos4 
up t h e  h i l l  t o  t h e  south  o r  syngenet ic  g l a c i a l  f i n e s  brought i n  from t h e  nor th .  The l a c  
of an anomaly i n  t h e  lower p a r t  of Greenstone Gulch i n d i c a t e s  t h a t  no d e p o s i t  is  p re sen t  



FIGURE 2 HISTOGRAMS FOR COPPER, LEAD, AND ZINC BY ATOMIC 
ABSORPTION AND COLOR l METRIC ANALYSES, SlNUK AREA 



T a b l e  I 

Anomalous Elements  i n  M i n e r a l i z e d  Rock a t  t h e  
Aurora Creek and Monarch P r o s p e c t s  

C o n c e n t r a t i o n s  of t h e  f o l l o w i n g  e l e m e n t s  a r e  a t  l e a s t  t w i c e  t h o s e  i n  nea rby  unminera l i zed  
rock  : 

Monarch Gossan 

Fe La 
B Pb 
C o  Bn 
C u  

Aurora Creek 

Mg N i  Note: Cu and A s  a r e  
Ag Pb h i g h  i n  s e v e r a l  
Ba Sb samples  n o t  con- 
Co Y s i d e r e d  h e r e .  
La Zn 

Data  ( a )  

Samples Fe% Mg% Ca% T i %  Mn Ag A s  B Ba Be Co G r  Cu (b)  

Monarch Gossan 

M i n e r a l i z e d  ( c )  - 1 0  .7 7 .1 3375 N L 42 300 L - 6 50 - 2 0  
Unmineral ized (d)  3  1 .2  4 .8  3000 N N 20 250 L 3  60 1 0  

Aurora  Creek 

M i n e r a l i z e d  ( e )  5  1 .18 .5 900 . 5  N 120 3200 2  30 1 7 5  - - 90 
Unrnineralized ( f )  3  .7 .3  . 5  300 N N 100 300 1 . 5  100 50 

Monarch Gossan 

M i n e r a l i z e d  ( c )  50 L 1 5  50 N 5  300 40 30 525 70 - - 
Unmineral ized (d)  25 L 1 8  25 N 1 0  750 50 35 50 45 

Aurora Creek 

M i n e r a l i z e d  (e )  60 1 0  33 60 140 60 400 150 - 90 - 120 - 4 0  - - - 
Unmineral ized (£1 20 1 0  2 0  1 5  N 20 100 150 30 50 150 

E x p l a n a t i o n  

( a )  Values  i n  p a r t s  p e r  m i l l i o n  u n l e s s  i n d i c a t e d  o t h e r w i s e  
(b) Value by a tomic  a b s o r p t i o n ,  o t h e r s  by e m i s s i o n  s p e c t o g r a p h .  Samples ana lyzed  by t h e  

U .  S. G e o l o g i c a l  Survey,  Anchorage mobi le  l a b o r a t o r y  ( t a b l e  3 ,  t h i s  r e p o r t ) .  
( c )  4 h i g h  z i n c  samples  (123-126) (d) 2  low z i n c  samples  (112, 113) 
( e )  7  h i g h  z i n c  samples  (308-314) ( f )  1 low z i n c  sample (305) 

Samples 2X o r  more t h e  unminera l i zed  v a l u e s  a r e  u n d e r l i n e d  

Fe I r o n  Ag S i l v e r  Co Coba l t  N i  N i c k e l  V Vanadium 
Mg Magnesium A s  A r s e n i c  C r  Chromium Pb Lead Y Y t t r i u m  
Ca Calcium B Boron Cu Copper Sb Antimony ?n Z i n c  
T i  T i t an ium Ba Barium La Lanthanum Sc Scandium ?r Zirconium 
Mn Manganese Be Bery l l ium Nb Niobium S r  S t r o n t i u m  
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SOlL SAMPLES 
2 4 3  A thru 0 
LEAD VALUES 

A 70 
B 30 
C 60 
D 80 
E 50 
F 425 
G 70 
ti 7 0  

1 60 
J 5 0  
k 4 5  
L 70 
M 60 Till 
N 40 
0 50 0 5 0 0  Feet 

FIGURE 3 SKETCH MAP SHOWING GEOCHEMICAL VALUES NEAR 

GREENSTONE GULCH 

0 GEOCHEMICAL SOlL AND S T R E A M  SEDIMENT SAMPLES (BACKGROUND, 
ANOMALOUS) VALUES I N  TABLE I 



immediately t o  t h e  nor th .  The l a c k  of a n  anomaly downstream i n  Oregon Creek i n d i c a t e s  
t h a t  any depos i t  t o  t h e  south  i s  e i t h e r  w e l l  masked by t i l l  o r  smal l .  

Quarry Prospect  

An ex t ens ive  s o i l  anomaly f o r  l e a d ,  z i n c ,  barium, and bery l l ium is  p re sen t  around t h e  
Quarry showing. The d iscovery  of z inc-lead d e p o s i t s  i n  s c h i s t  a t  Aurora and Oregon 
Creeks makes t h i s  ex t ens ive  anomaly (9000 X 3000 f e e t )  more i n t e r e s t i n g .  A bedrock 
depos i t  must be p r e sen t  i n  t h e  anomalous a r e a ,  but  i t s  grade may be low. It may repre-  
s e n t  on ly  disseminated m i n e r a l i z a t i o n  below t h e  upper p l a t e  of t h e  t h r u s t .  

S ign i f i cance  of Lead and Zinc Anomalies i n  t h e  Gossans 

Zinc and lead  anomalies a r e  p r e sen t  a t  t h e  Monarch, American, Cub Bear,  Upper I r o n  Creek, 
and Cleveland Creek gossans.  I n  a  weathered ca l ca r eous  s u l f i d e  environment such a s  t h e s e ,  
i r o n ,  l e a d ,  and copper a r e  r e l a t i v e l y  immobile, and z inc  is  moderately mobile (Hawkes and 
Webb, 1962, p  18) .  The presence of t h e  moderately mobile z inc  i n  t h e  weathered zone sug- 
g e s t s  t h a t  cons ide rab l e  z i n c  is  p re sen t  a t  dep th ,  whereas, where l e ad  and copper a r e  low 
t h e r e  a r e  probably on ly  minor amounts of t h e s e  immobile elements  a t  depth.  

STREAM SEDIMENT GEOCH'EMISTRY 

The d a t a  g iven  i n  d e t a i l  below shows t h a t  s t ream sediment sampling i s  no t  e f f e c t i v e  i n  
l o c a t i n g  gossans,  even though t h e  s u r f a c e  rubb l e  i s  s t r o n g l y  anomalous i n  z i n c  and l ead .  
Stream sediment sampling on t h e  l a r g e r  c r eeks  would have found only  t h e  Aurora Creek de- 
p o s i t .  

Aurora Creek Prospect  

The s t r o n g e s t  and most ex t ens ive  s t ream sediment anomaly i n  t h e  map a r e a  i s  i n  Aurora 
Creek, which is moderate-sized and has  optimum cond i t i ons  f o r  forming a n  anomaly. The 
depos i t  c u t s  a c r o s s  t h e  c r eek  and t hen  runs  along t h e  h i l l  above i t  f o r  1-1/2 m i l e s .  A t  
t h e  mouth of t h e  c reek ,  s t ream sediment con t a in s  340 ppm z i n c .  This  i s  one m i l e  o r  l e s s  
beyond t h e  end of t h e  depos i t .  

Monarch Gossan 

This  depos i t  has  no express ion  i n  Washington Creek. I n  Monarch Creek, which c u t s  t h e  de- 
p o s i t ,  t h e  anomaly ex tends  f o r  about 114 mi l e  from t h e  gossan. 



Quarry Prospect  

This  l a r g e  s o i l  anomaly has l i t t l e  express ion  i n  t h e  c r eeks  below i t .  It would never  
be found sampling t r i b u t a r y  c r eek  mouths along Cr ipp l e  River .  Sample /I183 on Willow 
Creek j u s t  above t h e  highway i s  s t r o n g l y  anomalous (Pb 200, Zn +1000), but  may l i e  
w i t h i n  t h e  depos i t  o r  t h e  zone of s o i l  c reep  below i t .  The sma l l  anomaly dokn Willow 
Creek is  probably r e l a t e d  t o  a depos i t  a t  t h e  p l a c e r  showing. 

Oregon Creek 

The f l o a t  z inc- lead o r e  found i n  prospec t  p i t s  a long Oregon Creek is  not  expressed i n  
Oregon Creek except  by a r s e n i c  and antimony anomalies .  The r e l a t i o n  of t h e s e  t o  t h e  
depos i t  i s  no t  c l e a r .  The s t ream sediment i s  not  anomalous 0.4 m i l e s  downstream i n  
Oregon Creek. 

American Gossan 

Only sample 28 d e t e c t s  t h i s  depos i t ,  and 1 / 2  mi l e  downstream t h e  sediments  a r e  no t  
anomalous. 

Galena Prospect  

This  r a t h e r  sma l l  l ode  d e p o s i t  shows up i n  t h e  sma l l  c reek  a t  sample l o c a l i t y  98. It 
was not  sampled downstream, but probably does no t  extend t o  t h e  Sinuk River .  

Other Anomalies 

Steep f a u l t s  c o n t r o l  t h e  Monarch, Cub Bear,  American, Quarry, and probably o t h e r  de- 
p o s i t s  i n  t h e  d i s t r i c t .  It is  l i k e l y  t h a t  t h e  s c a t t e r i n g  of anomalies  i n  t h e  d i s t r i c t  
a r e  due t o  o t h e r  s t e e p  f a u l t s .  This  i s  ev ident  f o r  t h e  barium anomaly on Wheel Creek. 
It is  probably t r u e  a l s o  f o r  t h e  s t r i n g  of anomalies along t h e  Penny River .  The z i r -  
conium, barium, and bery&m anomalies on Hungry Creek sugges t  t h a t  its mine ra l i z a t i on  
is  f a u l t  c o n t r o l l e d  a l s o .  

The c l e a r  p a t t e r n  of anomalous samples along t h e  Penny River  and elsewhere would no t  
be p r e sen t  without  t h e  multi-element ana ly se s  of s t ream sediments.  



O R E  D E P O S I T S  

The d e p o s i t s  i n  t h e  Sinuk a r e a  f a l l  i n t o  fou r  groups: 

1. Quartz-dolomite-sphalerite-galena replacements  of ca lcareous  l a y e r s  i n  s c h i s t  
of t h e  lower p l a t e  near  greens tone  i n t r u s i v e s  on Aurora and Oregon Creeks. Anomalous 
amounts of z inc ,  l e a d ,  copper ,  barium, antimony, a r s e n i c ,  boron, s i l v e r ,  z i rconium, 
chromium, and n i c k e l  a r e  p r e sen t  i n  rocks and s o i l  samples from t h i s  d e p o s i t .  

2. ~ ~ a r t z - d o l o r n i t e - ~ a l e n a - s p h a l e r i t e - f l u o r i t e - b a r i t e  replacements  of ca lcareous  
rocks  a t  o r  near  t h e  base  of t h e  marble t h r u s t  s h e e t  a t  t h e  Galena and Quarry d e p o s i t s .  
A s t e e p  f a u l t  o f f s e t s  t he  t h r u s t  a long one s i d e  of t h e  Quarry d e p o s i t .  Anomalous 
amounts of l e ad ,  z inc ,  barium, f l u o r i n e ,  bery l l ium,  s i l v e r ,  and copper are p re sen t  i n  
rocks and s o i l  samples. 

3. Gossans i n  upper p l a t e  marble along s t e e p  f a u l t s  of l a t e  o r  pos t  metamorphic age  
a t  t h e  Monarch, American, and Cub Bear d e p o s i t s .  Probably a l s o  t h e  Cleveland Creek gossan. 
Anomalous amounts of z i n c ,  l e a d ,  s t ron t ium,  bery l l ium,  zirconium, and gold a r e  p r e sen t  i n  
s o i l  samples. 

4. Minor leakages  i n  t h e  marble above t h e  t h r u s t  not  v i s i b l y  a s s o c i a t e d  w i th  s t e e p  
f a u l t s  a t  t h e  upper and lower I r o n  Creek gossans and t h e  Mogul gossans.  

Monarch-type d e p o s i t s  (3 ,  above) i n  che upper p l a t e  may r ep re sen t  remobil ized me ta l s  from 
Aurora-type d e p o s i t s  (1, above) i n  t h e  lower p l a t e .  Aurora-type d e p o s i t s  a r e  i n  s c h i s t  
of t h e  lower p l a t e  near  greens tone  i n t r u s i v e .  Boudinage of t h e  Aurora-type o r e  sugges t s  
t h a t  it i s  pre-metamorphic, i n  agreement w i th  t h e  pre-metamorphic age  of t h e  greenstone.  
The Aurora-type d e p o s i t s  a r e  probably r e l a t e d  i n  o r i g i n  t o  t h e  greens tone .  Monarch-type 
d e p o s i t s  a r e  l o c a l i z e d  along s t e e p  f a u l t s  i n  upper p l a t e  marble and a r e  of l a t e -  o r  post-  
metamorphic age. The s i m i l a r i t y  of assemblages of e lements  anomalously abundant i n  t h e  
two types  and t h e i r  proximity sugges t s  t h a t  they  a r e  r e l a t e d  i n  o r i g i n ,  d e s p i t e  t h e i r  
d i f f e r e n c e  i n  age. De r iva t i on  of t h e  upper p l a t e  d e p o s i t s  from these  i n  t h e  lower p l a t e  
would e x p l a i n  t h e s e  r e l a t i o n s .  S teep  f a u l t s  t h a t  cu t  through t h e  marble i n t o  t h e  lower 
p l a t e  formed dur ing  t h e  waning s t a g e s  of metamorphism. It is suggested t h a t  me ta l s  mobil- 
i z e d  from t h e  d e p o s i t s  i n  t h e  lower p l a t e  dur ing  metamorphism came up a long  t h e s e  f a u l t s .  

The Sinuk d e p o s i t s  may be  s i m i l a r  i n  o r i g i n  t o  fluorite-barite-zinc-lead o r e  d e p o s i t s  i n  
t h e  I l l ino is -Kentucky  f l u o r i t e  d i s t r i c t  which a r e  considered t o  be r e l a t e d  t o  mafic  (and 
u l t r amaf i c )  d ike s  and s t e e p  f a u l t s .  (Hey1 and o t h e r s ,  1961; Erickson,  1965). 

On t h e  o t h e r  hand, i t  is  p o s s i b l e  t h a t  a  g r a n i t e  p lu ton  u n d e r l i e s  t h e  d i s t r i c t .  This  could 
be i n d i c a t e d  by t h e  magnetic low i n  t h e  a r e a ,  i nd i ca t ed  by t h e  aeromagnetic survey (Anon. 
1969),  and by t h e  presence of bery l l ium anomalies and f l u o r i t e  i n  some of t h e  d e p o s i t s .  
This  is not  s t r o n g  evidence and t h e  l a c k  of t i n  and t ungs t en  anomalies i s  counter  t o  i t .  

P l ace r  d e p o s i t s  have been mined on Oregon and Willow Creeks below known minera l ized  a r e a s  
t h a t  a r e  descr ibed  i n  t h i s  r e p o r t .  The p l a c e r  d e p o s i t s  on Hungry Gulch may be  r e l a t e d  t o  
a  p o s s i b l e  minor gold conten t  i n  t h e  s c h i s t  w i th  qua r t z  v e i n s  (Sqv) u n i t  o r  t o  a  mine ra l  
depos i t  a long t h e  f a u l t  t h a t  o f f s e t s  t h e  marble a t  t h e  head of Hungry Gulch. The minor 
p l a c e r  workings on A r c t i c  Creek may i n d i c a t e  a n  unknown minera l ized  zone i n  t h a t  d ra inage .  

OREGON CREEK LINEAMENT AND THE OREGON CREEK PROSPECT 

This  l ineament  ex tends  a c r o s s  t h e  e n t i r e  marble a r e a  from Penny River  t o  Tub Mountain a s  
a  b e l t  of r e v e r s e  f a u l t s  wi th  a s soc i a t ed  l e n t i c u l a r  g reens tone  i n t r u s i v e s ,  s c a t t e r e d  pa tches  



of s i l i c i f i e d  marble  and s c h i s t ,  v e i n  q u a r t z  f l o a t ,  and minor spha le r i t e -ga lena-go ld  
m i n e r a l i z a t i o n .  The count ry  rock  is l imy s c h i s t  and qua r t z - se r i c i t e -g raph i t e  s c h i s t .  
These g r a d e  i n t o  one a n o t h e r  a long  Greenstone Creek. A s c a t t e r i n g  of b a r r e n  v e i n  q u a r t z  
b o u l d e r s  up t o  4  f e e t  i n  d iamete r  e x t e n d s  up Oregon Creek t o  t h e  g r e e n s t o n e  (Appendix I, 
247* 2 and 2 ) .  Large b a r r e n  v e i n  q u a r t z  f l o a t  i s  p r e s e n t  on t h e  h i l l  s l o p e s  around t h e  
g r e e n s t o n e  (Appendix I, 244*-1). The g r e e n s t o n e  i t s e l f  c o n t a i n s  a  l i t t l e  d i ssemina ted  
p y r i t e ,  bu t  i s  not  o t h e r w i s e  m i n e r a l i z e d  (Appendix I, 244*-2, 2 4 4 L 4 ) .  Numerous gossan  
cobbles  and b o u l d e r s  of p a r t i a l l y  s i l i c i f i e d  marble  c o n t a i n i n g  quartz-sphalerite-galena 
o r e  a r e  p r e s e n t  i n  a n  opencut  s o u t h  of Oregon Creek ( f ig  3 ) ,  w i t h i n  150 f e e t  of t h e  i n -  
t r u s i v e  (Append& I, 243R-1 t h r u  7 ) .  F a r t h e r  e a s t  minor s i m i l a r  f l o a t  i s  p r e s e n t  i n  a n  
opencut a long  t h e  c o n t a c t  of marble  w i t h  l imy s c h i s t  (Appendix I, 248*). 

The go ld  p l a c e r  on Oregon Creek heads i n t o  t h e  g r e e n s t o n e  i n t r u s i v e .  

Geochemical s t ream sediment samples and s o i l  samples t a k e n  i n  t h e  g l a c i a l  t i l l  cover  
s o u t h  of t h e  g r e e n s t o n e  exposures  a r e  d i s c u s s e d  under Geochemistry. 

I n  summary, f l o a t  c a r r y i n g  d i ssemina ted  zinc-lead-gold o r e  i n d i c a t e s  a  d e p o s i t  of un- 
known s i z e ,  b u t  p robab ly  s m a l l ,  a s s o c i a t e d  w i t h  g reens tone .  It is  p o s s i b l e  t h a t  t h i s  
is j u s t  t h e  n o r t h  end of a  d e p o s i t  b u r i e d  benea th  g l a c i a l  t i l l .  

MONARCH GOSSAN 

The l a r g e s t  and most s t r o n g l y  l i m o n i t i z e d  gossan  i n  t h e  Sinuk d i s t r i c t  is t h e  Monarch 
 o ode" ( f i g  4 ) .  It l i e s  on a  rounded marble  r i d g e  over look ing  t h e  Sinuk River  and con- 
sists of one main and one s u b s i d i a r y  gossan l y i n g  i n  two s a d d l e s  t h a t  c r o s s  t h e  r i d g e .  
Exposures i n  t h e  gossan  a r e a s  a r e  a lmos t  e n t i r e l y  r u b b l e  and coverabout  85 a c r e s .  The 
i n t e r v e n i n g  a r e a  is do lomi t ized  marble .  There h a s  been no d r i l l i n g  o r  r e c e n t  t r e n c h i n g ,  
bu t  s e v e r a l  o l d  hand dug t r e n c h e s  a r e  p r e s e n t .  The d e p o s i t  h a s  been p a t e n t e d  f o r  many 
y e a r s .  It has  been v i s i t e d  and d e s c r i b e d  by Eakins  (1915a) and Mertie (1918a) and men- 
t i o n e d  by C a t h c a r t  (1922),  Mul l igan  (1965) ,  Berg and Cobb (1967) ,  and Cobb (1968).  Shal- 
lit (1942) mapped t h e  s u r f a c e  d i s t r i b u t i o n  of i r o n  i n  some d e t a i l  and e s t i m a t e d  t h a t  t h e  
gossan c o n t a i n s  50,000 long t o n s  of 30-45% i r o n  o r e  and 500,000 long t o n s  of 15-25% i r o n  
o r e .  An e a r l i e r  v e r s i o n  of t h i s  r e p o r t  (Her re id ,  1966) i s  supplemented h e r e  by a d d i t i o n -  
a l  geochemical d a t a  and f u r t h e r  c o n s i d e r a t i o n  of f a u l t s .  

The main gossan a t  t h e  Monarch d e p o s i t  i s  l o c a l i z e d  a long  t h e  s t e e p  Monarch f a u l t .  There  
i s  a  z inc- lead  anomaly a long  t h i s  f a u l t  r inged  by a  d i s c o n t i n u o u s  do lomi te  a l t e r a t i o n  zone. 
The Monarch f a u l t  can  be t r a c e d  on a i r  pho tos  t o  t h e  Quarry d e p o s i t  which i t  a l s o  a p p e a r s  
t o  c o n t r o l .  S u b s i d i a r y  f a u l t s  p a r a l l e l  t o  t h e  Monarch F a u l t  a r e  a l s o  m i n e r a l i z e d  t o  some 
e x t e n t  (fzy 4 ) .  The prominenr gossan,  west of t h e  main Monarch gossan,  i s  t h e  r i c h e s t  of 
t h e s e  s u b s i d i a r y  f a u l t  gossans.  

I n  t h e  a r e a s  of r i c h e r  gossan ,  no bedrock i s  exposed. The gossan i s  f i n e  f e r r u g i n o u s  s o i l  
c o n t a i n i n g  a n g u l a r  f ragments ,  up t o  a  few i n c h e s  a c r o s s ,  of l i m o n i t i c  marb le ,  e a r t h y  li- 
monite ,  g o e t h i t e ,  c r a c k l e d  d o l o m i t e ,  and i n  p l a c e s ,  u n l i m o n i t i z e d  marb le .  The u n d e r l y i n g  
bedrock i s  exposed i n  some of t h e  o l d  t r e n c h e s  a t  t h e  west  gossan.  Gray wea ther ing  mar- 
b l e  t h e r e  is  c u t  by g r a y i s h  r e d  l i m o n i t e  v e i n l e t s ,  g e n e r a l l y  l e s s  t h a n  118-inch t h i c k ,  
which a r e  bounded by l i m o n i t i z e d  marble  w i t h  d i f f u s e  o u t e r  c o n t a c t s .  E v i d e n t l y  t h e  f e r r u -  
g inous  marb le ,  which forms t h e  b u l k  of t h e  gossan r u b b l e ,  i s  from a l t e r a t i o n  h a l o s  around 
l i m o n i t e  o r  g o e t h i t e  v e i n l e t s .  T h i s  accounts  f o r  t h e  u b i q u i t o u s  m i x t u r e  of g o e t h i t e  w i t h  
f e r r u g i n o u s  marble  i n  t h e  r u b b l e .  The e a r t h y  l i m o n i t e  of t h e  v e i n s  g r a d e s  i n t o  v i t e r o u s  
g o e t h i t e ,  o f t e n  of b o t r y o i d a l  o r  c e l l u l a r  h a b i t .  C e l l u l a r  g o e t h i t e  box works form from 
d i s s o l u t i o n  of t h e  l i m o n i t i z e d  marble  between i r r e g u l a r  g o e t h i t e  v e i n l e t s .  The impress ion  
i n  t h e  f i e l d  was t h a t  t h e  g o e t h i t e  r e s u l t s  from s u r f i c i a l  reworking of t h e  l i m o n i t e  v e i n s .  
No t h i c k  l i m o n i t e  v e i n s  were s e e n  h e r e  o r  e l sewhere  a t  t h e  Monarch d e p o s i t .  Some j o i n t  
s u r f a c e s  have a  l i t t l e  s o o t y  b l a c k ,  f i n e l y  b ranch ing  p y r o l u s i t e ,  and some samples c o n t a i n  
up t o  10% manganese. 
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,MONARCH LEGEND 

Dolomite; fine-grained, Zight gray, crackzed. Weathers moderate 
orange pink. Where peripheral t o  gossan, contains 
scattered l/8-inch limonite v e i n l e t s .  A t  north end o f  
dolomite zone, s treaks  of  c a l c i t e  i n  dolomite due t o  
incomplete repkcement of originaZ marb l e  

Dolomite; surface rubble contains Zess than 5% goethi te .  
Transit ion u n i t  

Gossan; surface rubble contains greater than 5% goethi te ,  along 
wi th  Zimonitized marble. Goethite i s  dense, non- 
ca lcareous, and loca l Zy botryoida 2 

Gossan; surface rubble contains Zess than 5% goethi te ,  along u i t h  
Zimonitized marble, medium-gray-weathering marble, and up 
t o  20% dolomite 

Marble; Zight t o  medium Zight gray, i Z m grains. Weathers 
medium l i g h t  gray. Bedding i s  generally th in ,  p k t y  t o  
s l i g h t l y  unduk t ing .  Map pattern shows area of outcrop 

Schis t ;  sericite-chlorite-quartz; Zight greenish gray wi th  deformed 
quartz v e i n l e t s ,  LocaZZy, along thrus t  southwest of  Monarch 
Creek, s i l very  gray t o  b h c k  sZate and crenuhted  brown 
phy Z l i t e  

.t 'C Att i tude o f  bedding, foZiation. Arrou shows creauzations or minor folds 

---- Contact, approximate 

-_- . . . .  Steep fau Z t  (defined,  approximate, assumed) 

A -me.. Thrust fau Z t  (de f ined, approximate, asswned) 

0 0  GeochemicaZ sample (background, anomaZous) anaZyses on tables  1 and 3 

o FZoat 

\\I I t  - ,,,,, Trench or p i t  

Bass map i s  verticaZ asria2 photograph (SEW78-V-124); scaZe i s  
nei ther  exact nor constant 



G o e t h i t e  was s e e n  i n  p l a c e  i n  one exposure .  It r e p l a c e s  a l t e r e d  marble  n e a r  t h e  f a u l t  
t h a t  bounds t h e  west gossan  on t h e  west  s i d e .  A f o o t  o r  two from t h e  f a u l t ,  c e l l u l a r  t o  
f i n e  b o t r y o i d a l  g o e t h i t e  nodules  about  8- inches  i n  d iamete r  r e p l a c e  t h i n  bedded bleached 
marble  c o n t a i n i n g  h a i r l i n e  l i m o n i t e  v e i n l e t s .  The b o t r y o i d a l  s u r f a c e  sur rounds  t h e  nod- 
u l e s  and cou ld  n o t  have formed by d r i p p i n g  o n t o  t h e  f l o o r  of a  c a v i t y .  

I n  t h e  h i l l s  around t h e  Monarch Lode (fig 4 )  t h e  d i s c o r d a n c e  between t h e  bedding of t h e  
marble  and t h e  c o n t a c t  w i t h  t h e  under ly ing  s c h i s t  i n d i c a t e s  t h e  p resence  of a  b a s a l  
t h r u s t .  The beds d i p  roughly 20"-30" west  and t h e  under ly ing  t h r u s t  f a u l t  d i p s  3" west .  
Nowhere is t h e  t h r u s t  exposed,  b u t  i n  t h e  c r e e k  d r a i n i n g  t h e  Monarch Lode t o  t h e  n o r t h  
a  covered i n t e r v a l  on ly  40 f e e t  wide s e p a r a t e s  c r e n u l a t e d  s c h i s t  c o n t a i n i n g  deformed 
q u a r t z  v e i n s  from bleached-looking marble  w i t h  p l a n a r  beds .  The d i scordance  of a t t i t u d e  
between t h e  two o u t c r o p s  is 28'. The s c h i s t  benea th  t h e  main t h r u s t  i s  c r e n u l a t e d  brown 
p h y l l i t e  and b l a c k  s l a t e  nor thwes t  of t h e  Monarch, b u t  changes t o  l igh t -g reen ish-gray  
se r i c i t e - ch lo r i t e -qua r t z  s c h i s t  i n  t h e  c r e e k  n o r t h  of t h e  Monarch and i n  f l o a t  f u r t h e r  
e a s t .  

The on ly  t h r u s t  f a u l t  t h a t  was a c t u a l l y  s e e n  i n  t h e  a r e a  is  i n  marble  n e a r  t h e  e a s t e r n  
end of t h e  Monarch h i l l s .  It d i p s  24" west and has  d rag  f o l d i n g  i n d i c a t i n g  eastward 
o v e r t h r u s t i n g .  Nearby marble  is  c r a c k l e d ,  w i t h  f i l m s  of r e d  l i m o n i t i c  marble  on t h e  
s u r f a c e s .  

The Monarch d e p o s i t  is  l o c a l i z e d  a long  s t e e p  N l O W  t r e n d i n g  f a u l t s  t h a t  sugges t  a  s h a l -  
low graben  cen"red under  t h e  main gossan.  These f a u l t s ,  where m i n e r a l i z e d ,  a r e  marked 
by s a d d l e s ,  t r e n c h e s  up t o  20 f e e t  deep,  and escarpments .  E a s t  of t h e  main gossan  move- 
ments were west-s ide down. O f f s e t  of t h e  b a s a l  t h r u s t  a t  t h e  Monarch f a u l t ,  and o f f s e t s  
of prominent marble  beds f u r t h e r  e a s t ,  show throws of up t o  about  50 f e e t .  West of t h e  
main gossan,  t h e  on ly  s t e e p  f a u l t  r ecognized  i n  t h e  f i e l d  i s  t h e  one bounding t h e  wes t  
gossan on t h e  west s i d e .  Along t h i s  f a u l t ,  a i r  pho tos  show a n  o f f s e t  of t h e  b a s a l  t h r u s t  
a  few f e e t  down on t h e  e a s t  s i d e .  Between t h i s  f a u l t  and t h e  Monarch f a u l t  i n t e r p r e t a -  
t i o n  of t h e  a i r  pho tos  s u g g e s t s  two o t h e r  s t e e p  f a u l t s  w i t h  east-side-down movement. 
These t h r e e  f a u l t s  drop t h e  b a s a l  c o n t a c t  about  50 f e e t .  

F a u l t  c o n t r o l  of t h e  two l a r g e  Monarch gossans  i s  sugges ted  by t h e  s m a l l  gossan a long  a  
s t e e p  f a u l t  a t  1/131A, 131B, and 131C (fig 1 ) .  T h i s  f a u l t  i s  one of many w e l l  exposed 
s t e e p  f a u l t s  e a s t  of t h e  main gossan.  It  has  about  50 f e e t  of movement, down on t h e  west 
s i d e .  Along t h e  f a u l t  t h e r e  is  g o e t h i t e  and f e r r u g i n o u s  marb le ,  bordered by dolomite .  
The g o e t h i t e  c a r r i e s  0 .2  ppm gold  and 249 ppm z i n c ,  b u t  t h e  a d j a c e n t  do lomi te  and marb le  
a r e  n o t  anomalous. T h i s  is  s i m i l a r  t o  t h e  d e p o s i t  a long  t h e  Monarch F a u l t ,  w i t h  its h i g h  
z i n c  and p e r i p h e r a l  dolomite .  T h i s  minor f a u l t  c o n t r o l l e d  showing is  a  d u p l i c a t i o n  of 
t h e  Monarch gossan  on a  s m a l l  s c a l e .  

QUARRY PROSPECT 

The Quarry f l u o r i t e - l e a d - z i n c  d e p o s i t  i s  w e l l  exposed i n  one of t h e  many road m e t a l  quar- 
ries along t h e  Nome-Teller Highway (fig 5 ) .  It i s  l oca t ed  on t h e  rounded d i v i d e  between 
C r i p p l e  River  and Washington Creek a t  t h e  b a s e  of a marble  h i l l .  An o l d  s h a f t ,  p i t s ,  and 
o l d  c l a i m  p o s t s  mark e a r l y  work, which a p p a r e n t l y  was done b e f o r e  World War I. S e v e r a l  
a n a l y s e s  from t h i s  a r e a ,  i n c l u d i n g  two w i t h  "abundant" f l u o r i t e  (Mull igan,  1965) a r e  t h e  
o n l y  r e f e r e n c e s  t o  t h i s  d e p o s l t  i n  t h e  l i t e r a t u r e .  The p r e s e n t  map was f i r s t  pub l i shed  
i n  a p r o g r e s s  r e p o r t  by Her re id  (1966).  The nearby l a r g e  z inc- lead  s o i l  anomaly shown on 
f i g u r e  1 (2000 X 6000 f e e t )  was announced a t  t h a t  t ime.  

The m i n e r a l  d e p o s i t  c o n s i s t s  mainly of pods and masses of f l u o r i t e  and b a r i t e  i r r e g u l a r l y  
d i s t r i b u t e d  below t h e  base  of a  marble  (M) t h r u s t  s h e e t  i n  a  s i l i c i f i e d  zone. Minor d i s -  
seminated ga lena  and s p h a l e r i t e  a r e  a l s o  p resen t  i n  t h e  zone. 



The d e p o s i t  is l o c a t e d  n e a r  a  s t e e p  f a u l t  t h a t  o f f s e t s  t h e  main t h r u s t .  The s i l i c i f i e d  
zone is t h i c k e r  n e a r  t h e  s t e e p  f a u l t  and p inches  o u t  westiward. The s t e e p  f a u l t  e x t e n d s  
n o r t h  f o r  t h r e e  m i l e s  t o  t h e  tfonarch Gossan w i t h  a b r a i d e d  t r a c e  v i s i b l e  on a i r  photos .  
There i t  forms t h e  main m i n e r a l i z i n g  f a u l t .  It is a l s o  a p p a r e n t l y  r e s p o n s i b l e  f o r  t h e  
Quarry d e p o s i t .  

The l a r g e - s c a l e  f e a t u r e s  of t h e  t h r u s t  a r e  t y p i c a l  of such  c o n t a c t s  i n  t h e  d i s t r i c t .  A 
s i l i c i f i e d  zone e x t e n d s  a long  t h e  sch i s t -marb le  c o n t a c t  a t  t h e  b a s e  of a  marble  h i l l .  
P a t c h e s  of do lomi te  a r e  a s s o c i a t e d  w i t h  i t  i n  t h e  Quarry. The p a t c h  of marb le  1500 f e e t  
s o u t h  of t h e  t h r u s t  i n  t h e  p i t  i s  a  k l i p p e .  A g e n t l y  d ipp ing  t h r u s t  p l a n e  c a n  b e  i n f e r -  
r e d  t h a t  would p a s s  through a l l  of t h e s e  marb le - sch i s t  c o n t a c t s .  There  i s  no m i n e r a l i -  
z a t i o n  i n  t h e  g r a y  wea ther ing  marble  above t h e  t h r u s t  i n  t h e  p i t  o r  h i g h e r  up t h e  h i l l ,  
b u t  a  l i t t l e  m i n e r a l i z e d  gossan (sample 179)  w i t h  2.1% z i n c  is p r e s e n t  i n  a n  o l d  pros-  
p e c t  p i t  i n  t h e  k l i p p e .  An e x c e p t i o n  i s  t h e  l i m o n i t i z e d  marble  s e e n  up t h e  h i l l  from 
t h e  q u a r r y  a long  t h e  s t e e p  f a u l t  j u s t  t o  t h e  east. 

The t h r u s t ,  i n f e r r e d  from l a r g e - s c a l e  r e l a t i o n s h i p s ,  is  w e l l  exposed i n  t h e  s t r i p p e d  
a r e a  of t h e  Quarry p r o s p e c t .  The a c t u a l  t h r u s t  s u r f a c e  is  n o t  a n  obvious s h e a r  zone 
s e p a r a t i n g  marble  from t h e  under ly ing  s c h i s t .  The brown wea ther ing  muscovi te  marble- 
l imy c h l o r i t i c  s c h i s t  u n i t  of t h e  lower p l a t e  i s  t r u n c a t e d  and o v e r l a i n  by g r a y  wea- 
t h e r i n g  marble  of t h e  upper p l a t e .  A f l a t  l y i n g  s t r u c t u r a l l y  complex s i l i c i f i e d  t r a n s i -  
t i o n  zone l ies  between t h e  two. I n  p l a c e s  t h i s  zone i s  i n  s h a r p  c o n t a c t  w i t h  t h e  over-  
l y i n g  marble .  T h i s  c o n t a c t  d i p s  g e n t l y  s o u t h  and is  f o l d e d  on a  s c a l e  rang ing  from 
c r e n u l a t i o n s  up t o  a  few t e n s  of f e e t .  These f o l d s  a r e  n o t  o v e r t u r n e d ,  and t h e i r  a x e s  
a r e  p a r a l l e l  t o  c r e n u l a t i o n s  and f o l d  a x e s  i n  t h e  s c h i s t  and marble .  The c o n t a c t  ap-  
p e a r s  t o  be a  metamorphosed t h r u s t  p l a n e  t h a t  was f o l d e d  a t  t h e  same t i m e  a s  i n  t h e  
marble  and s c h i s t .  It  can b e  i d e n t i f i e d  a s  a  t h r u s t  on t h e  b a s i s  of l a r g e  s t r u c t u r a l  
r e l a t i o n s h i p s  and, on a  s m a l l e r  s c a l e  by t h e  f a c t  t h a t  l i n e a t i o n s  i n  t h e  upper and lower 
p l a t e s  and t r a n s i t i o n  zone a r e  s t e e p e r  t h a n  t h e  t h r u s t .  

I n  some p a r t s  of t h e  Quarry exposure  t h e  marble  a p p e a r s  t o  d i p  under  t h e  s i l i c i f i e d  zone,  
p o s s i b l y  due t o  minor i n t e r f i n g e r i n g  a long  t h e  c o n t a c t .  Such r e l a t i o n s h i p s  a r e  numerous 
enough t h a t  t h e  m a r b l e - s i l i c i f i e d  zone c o n t a c t  is on ly  mapped a s  a  p robab ly  t h r u s t  p l a n e ,  
w i t h  t h e  p o s s i b i l i t y  t h a t  t h e  a c t u a l  t h r u s t  movement h a s  t a k e n  p l a c e  l a r g e l y  w i t h i n  t h e  
t r a n s i t i o n  zone. 

The s i l i c i f i e d  t r a n s i t i o n  zone has  a  banded t e x t u r e  w i t h  i r r e g u l a r  l a y e r s ,  r o d s ,  and f o l d  
h inges  of w h i t e  q u a r t z ,  mos t ly  narrower  t h a n  ; / 4  i n c h ,  s e p a r a t e d  by quartz-mica s c h i s t  
l a y e r s  which a r e  l o c a l l y  l i m o n i t i z e d .  Limonite  is  most abundant a l o n g  t h e  marble  c o n t a c t s  
and around t h e  f l u o r i t e - b a r i t e  masses.  L o c a l l y  i n  t h e s e  a r e a s ,  low-grade d i ssemina ted  
ga lena  o c c u r s  i n  q u a r t z  v e i n l e t s .  S i l i c i f i c a t i o n  is  r e s t r i c t e d  t o  a  f a i r l y  w e l l  d e f i n e d  
zone a  few t e n s  of f e e t  t h i c k  below t h e  marble  c o n t a c t  and i s  mainly a  replacement  of l a y -  
ers i n  t h e  s c h i s t  by q u a r t z .  There h a s  been no s i l i c i f i c a t i o n  of t h e  marble  above t h e  
t h r u s t ( ? )  p lane .  I r r e g u l a r  w h i t e  p a t c h e s  of marble  i n  t h e  normal ly  l i g h t  g r a y  marble  a r e  
a p p a r e n t l y  due t o  a l t e r a t i o n .  

I n  t h e  s i l i c i f i e d  t r a n s i t i o n  zone i r r e g u l a r  masses of do lomi te  and do lomi te  b r e c c i a  (dolo-  
m i t e  f ragments  up t o  an  i n c h  a c r o s s  i n  d iamete r  i n  a  c a l c i t e  and q u a r t z  m a t r i x )  f u r n i s h  a  
l i n k  w i t h  t h e  Monarch and Cub Bear occur rences ,  which a l s o  have a s s o c i a t e d  do lomi te .  

B a r i t e  and f l u o r i t e ,  a p p a r e n t l y  of hydrothermal  o r i g i n  i s  p r e s e n t  mainly i n  t h e  s i l i c i f i e d  
zone beiow t h e  marb le ,  b u t  a l s o  i n  a  few s m a l l  pods i n  t h e  lower p l a t e .  These m i n e r a l s  
form a g e n t l y  s o u t h  d ipp ing  l a y e r  1-2 f e e t  t h i c k  n e a r  t h e  c o l l a r  of t h e  caved s h a f t .  They 
a r e  in te rgrown and in te rbanded  and form i r r e g u l a r  l a y e r s ,  pods,  and d i s s e m i n a t i o n s  i n  a l l  
of t h e  showings i n  t h e  p i t .  I n  t h e  lower p l a t e ,  s o u t h  of t h e  a r e a  of f i g u r e  5 ,  l e n s e s  of 
bleached muscovi te  marble  a  few f e e t  long c o n t a i n  minor b a r i t e  and f l u o r i t e .  

Low-grade f l u o r i t e  a  few f e e t  s o u t h  of sample B ( tab le  I I ) i s  a s s o c i a t e d  w i t h  l i m o n i t e  
lumps 1/4-inch i n  d iamete r  i n  a  q u a r t z - f l u o r i t e  v e i n .  The q u a r t z - f l u o r i t e  v e i n  and t h e  
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QUARRY PROSPECT LEGEND 

Gossan (dark brown, l i g h t  brown) 

Do Zomite, do lomit e breccia 

Gray weathering marble, bleached marble. Upper plate 

Lirnonitized s i l i c i f i e d  scn i s t  with muscovite partings, maay quartz 
veins; Zimonitized granular s i l i c i f i e d  marble without mica 
partings, quartz veins; minor u n s i l i c i f i e d  sch i s t  and marble, 
Transit ion zone between upper and lower pZates 

Brown weathering muscovite marble; limy xuscovite-chlorite sch i s t ;  
medium gray marble. Strong Zy crenulated. Lower plate 

Fluorite-barite (massive, disseminated) 

Contact (defined,  assumed, gradational) 

Probable thrust ,  arrows toward upper plate 

Foliation,  arrow shows crenuZations and minor folds 

Grab sample of bedrock rubble, table  6 

Geochemical s o i l  sample, table  6 

Approximate contours, 10 foot in terva l  



ad j acen t  s c h i s t  l a y e r s  s w i r l  around t h e  lumps of l imon i t e ,  which appear  t o  have been 
r o t a t e d .  The s u l f i d e ( ? )  minera l  which has  been r ep l aced  by l imon i t e  was e i t h e r  pre- 
s e n t  a t  t h e  t ime of movement o r  ha s  rep laced  an  e a r l i e r  synkinematic  minera l .  Seve ra l  
p i e c e s  of f l o a t  w i th  t h e s e  l i m o n i t e - f i l l e d  augen were seen  i n  t h e  a r e a ,  and some a r e  
c l o s e l y  a s s o c i a t e d  w i th  quartz-galena v e i n l e t s  i n  t h e  v i c i n i t y .  These augen appear  t o  
have been formed during t h e  r e g i o n a l  deformation and metamorphism of t h e  country rock. 
It is p o s s i b l e  t h a t  t h e  a s s o c i a t e d  o r e  mine ra l s  a r e  l a t e r ,  due t o  replacement by solu-  
t i o n s  t h a t  came up along t h e  s t e e p  f a u l t .  

The b a r i t e - f l u o r i t e  depos i t  exposed i n  t h e  p i t  is no t  of o r e  grade o r  s i z e .  However, 
i t  probably ex tends  west a long t h e  con t ac t  and no r th  beneath t h e  upper p l a t e ,  where 
r i c h e r  o r e  could be  p r e sen t .  

A s t r o n g  geochemical s o i l  anomaly f o r  z i n c  and l ead  over  an  a r e a  about  2000 X 6000 f e e t  
i s  p r e s e n t  i n  t h e  s c h i s t  t h a t  surrounds t h e  marble ( f i g  1). The t h r e e  geochemical sam- 
p l e s  shown on f i g u r e  5 a r e  a l s o  s t r o n g l y  anomalous i n  z inc  and l ead .  These samples in -  
d i c a t e  t h a t  low-grade d e p o s i t s  such a s  a r e  exposed i n  t h e  quar ry  can produce s t r o n g  s o i l  
anomalies.  A d i s t i n c t  p o s s i b i l i t y  remains, however, t h a t  o r e  grade m a t e r i a l  u n d e r l i e s  
p a r t s  of t h e  l a r g e  s o i l  anomaly. 

CUB BEAR PROSPECT 

The Cub Bear prospec t  l i e s  j u s t  west of a tundra-covered s add l e  i n  t h e  d i v i d e  between 
Ashland Creek and Cr ipp l e  River .  Exposures c o n s i s t  of l i m o n i t i c  r ubb l e  wi th  a few o l d  
prospec t  p i t s .  It has been v i s i t e d  and descr ibed  by Eakins (1915, p 365) ,  Ca thcar t  
(1922, p 261), and Mulligan (1965, p 16-17). S h a l l i t  (1942) es t imated  t h e  i r o n  o r e  
rubb l e  r e s e r v e s  t o  b e  100 t ons  of 30-45% i r o n  and 10,000 t ons  of 10-20% i r o n .  Along t h e  
margins of t h e  d e p o s i t  bedrock i s  exposed i n  numerous p l ace s .  The depos i t  is  a s s o c i a t e d  
w i th  h igh  ang l e  f a u l t s  t h a t  o f f s e t  t he  marble t h r u s t  s h e e t .  

The depos i t  is  a f e r rug inous  zone 4000 f e e t  long and up t o  200 f e e t  wide (fig 6) .  The 
s u r f a c e  rubb l e  over ly ing  t h e  d e p o s i t  c o n s i s t s  o f :  (1) g o e t h i t e ,  (2) dark-yellowish- 
orange c e l l u l a r  f e r rug inous  marble ,  ( 3 )  crackled  medium-light-gray dolomi te ,  w i th  a 
l i g h t  t o  heavy coa t i ng  of l imon i t e ,  and i r r e g u l a r  g o e t h i t e  v e i n l e t s ,  which i n  p l a c e s  a r e  
pseudomorphic a f t e r  p y r i t e ,  (4) medium g ray  marble, and (5)  f e r rug inous  f i n e s .  At t h e  
n o r t h  end g o e t h i t e  is most abundant on t h e  e a s t  s i d e .  On t h e  west s i d e ,  t h e  d e p o s i t  
grades i n t o  unmineral ized marble. I n  t h e  r i c h e s t  s e c t i o n s  g o e t h i t e  is  e s t ima ted  t o  make 
up 40% of t h e  s u r f a c e  m a t e r i a l .  An a s say  of t h i s  m a t e r i a l  t aken  near  sample 4 showed 16% 
i r o n ,  wi th  copper,  l e ad ,  and z inc  l e s s  than  t h e  l i m i t  of d e t e c t i o n  (0.05%). 

Samples of gossan rubb l e  ( f i g  6, Appendix 111 & t a b Z e I ~ I )  show moderate t o  h igh  z inc  anoma- 
l i e s ,  and moderate l e ad  anomalies.  The moderate l e ad  anomaly (sample 94, Her re id ,  1966) 
i n  unmineral ized marble  100 f e e t  west of t h e  gossan was no t  confirmed by l a t e r  sampling. 

Dolomite b r e c c i a  is  p r e s e n t  a s  rubb l e  i n  t h e  f e r rug inous  zone and a s  a d i scont inuous  bar-  
r e n  envelope around i t .  I n  p l ace s ,  g r a y i s h  weathering dolomite  c o n t a i n s  5-10% of sma l l  
angular  pa tches  of l ight-gray-weathering, f ine-gra ined  marble. This  appears  t o  be a f r ac -  
t u r ed  marble almost completely rep laced  by dolomite. Elsewhere, replacement by dolomite  
has  been complete.  This  r e l a t i o n s h i p  of dolomite  t o  o r e  is s i m i l a r  t o  t h a t  a t  t h e  Monarch 
d e p o s i t .  

S teep  f a u l t s  a r e  common throughout t h e  Sinuk a r e a ,  bu t  on ly  nea r  t h e  Cub Bear a r e  t h e r e  
good exposures  where t h e s e  o f f s e t  t h e  marble t h r u s t  s h e e t .  The t r a c e s  of some of t h e s e  
f a u l t s  a c r o s s  t h e  h i l l s  i n d i c a t e  s t e e p  e a s t  d i p s .  The e l e v a t i o n s  of t h e  marb le -sch is t  
con t ac t  a t  t h e  ends of t h e  f a u l t  s l i v e r s  show both normal and r e v e r s e  movements of up t o  
about 250 f e e t .  S teep  d i p s  i n  t h e  marble a r e  u s u a l l y  near  t h e  s t e e p  f a u l t s ,  bu t  on ly  some 



Table  11. Assay and Geochemical Ana lyses  from t h e  Quarry P r o s p e c t  ( a )  

Sample No. F i e l d  No. Type of Sample Copper Lead - Zinc  Molybdenum Gold S i l v e r  

A  5C-293-6 6 '  g r a b  ND 
(b)  1.1% 1.1% N i l  0.40 oz/T 

B 5c-293-14 50 ' g r a b  ND 4.0% 0.34 T r a c e  2.0 

C  5C-29 3-15 83' g r a b  ND 0.63 0 .30  T r a c e  Tr 

D 5C-293-18 2" g r a b  ND 25. 0 .12 0.02 5.30 

E 5L-200 geochem s o i l  50 ppm(c) 1180 +lo00 2  PPm 
PPm PPm 

F 5L-201 geochem s o i l  85  ppm +lo00 +lo00 2  PPm 
PPm PPm 

G 5L-202 geochem s o i l  30 PPm +lo00 +lo00 2 PPm 
PPm PPm 

H 5C-293-8 rock 30 e lement  s p e c t r o s c o p i c  a n a l y s i s ,  T a b l e  2  

I 5C-293-5 rock 30 e lement  s p e c t r o s c o p i c  a n a l y s i s ,  Tab le  2  

J 5C-293-12 rock 30 e lement  s p e c t r o s c o p i c  a n a l y s i s ,  Tab le  2  

K 5C-293-1 rock 30 e lement  s p e c t r o s c o p i c  a n a l y s i s ,  Tab le  2  

( a )  Sample l o c a t i o n s  shown on F i g u r e  5 .  Gold and s i l v e r  a n a l y s i s  f i r e  a s s a y  by Donald S t e i n ,  b a s e  m e t a l s  X-ray 
f l u o r e s c e n c e  by M i c h a e l  M i t c h e l l ,  Jr., Alaska D i v i s i o n  of Mines and Geology 

(b) ND - Sought b u t  n o t  d e t e c t e d  
(c )  p a r t s  p e r  m i l l i o n  

D e s c r i p t i o n  of Samples 

Dark brown s u r f a c e  r u b b l e ,  some l i g h t  brown q u a r t z ,  banded g r a y  s c h i s t  w i t h  moderate  l i m o n i t e  s t a i n .  R e p r e s e n t a t i v e  
of d a r k  brown m a t e r i a l  a t  m a r b l e - s i l i c i f i e d  s c h i s t  c o n t a c t s .  A  6- inch f l u o r i t e - b a r i t e  zone was excluded from t h e  
sample .  
Limoni te-quar tz  r o c k  makes up 20-30% of sample,  remainder  i s  banded s i l i c i f i e d  s c h i s t .  
Brown banded s i l i c i f i e d  s c h i s t  w i t h o u t  l i m o n i t e  lumps, such a s  are p r e s e n t  i n  B. 
S u l f i d e  w i t h  yel low-green o x i d a t i o n  s t a i n ,  1-2 i n c h e s  wide a l o n g  a  q u a r t z  v e i n  i n  d o l o m i t e ,  p a r a l l e l  t o  d o l o m i t e  
s c h i s t  c o n t a c t .  
S i l i c i f i e d  s c h i s t ,  moderate ly  l i m o n i t i z e d ,  d o l o m i t i c ,  w i t h  g a l e n a  a long  q u a r t z  l a y e r s .  
S i l i c i f i e d  s c h i s t ,  s l i g h t l y  c a l c a r e o u s ,  deformed q u a r t z  l a y e r s  w i t h  d i f f u s e  b o r d e r s .  
Dolomite-quar tz  b r e c c i a ,  l i g h t  brown. 

h) S i l i c i f i e d  s c h i s t ,  moderate ly  l i m o n i t i z e d ,  porous ,  non-calcareous ,  a  banded w h i t e  q u a r t z - l i g h t  brown l i m o n i t e  rock.  



Table III. Analyses of Ferruginous Rubble from the Cub Bear ~ros~ect'~) 

Goethite rubble. 
Rubble; limonitized marble and dolomite. 
Goethite rubble. 
Rubble, limonitized marble and dolomite. 
Goethite rubble. 
Rubble; limonitized marble and dolomite 
Rubble; limonitized marble; crackled dolomite; about 5% goethite. partly pseudo- 
morphic after pyrite 
Rubble, limonitized marble; crackled dolomite; about 1% goethite. 
Goethite rubble. 
Dolomite rubble 
Medium gray weathering marble rubble, 
Rubble, medium gray weathering marble with dolomite patches. 
Rubble. medium gray weathering marble with ferruginous soil 
Rubble medium gray weathering marble with ferruginous soil. 
Rubble, light gray and dark yellow crackled dolomite, limonitized marble. 3% goethite. 
Rubble in old hand-dug trench; dolomite (limonitized surfaces), ferruginous soil, 
2% goethite 
Rubble; medium/light gray weathering marble, ferruginous soil. 
Dump of old trench: limonitized schist, limy schist, marble. 
Limonitized marble zone (15' wide) in contact with schist. Scattered limonite 
veinlets in marble further west 

(a) Locaticn shown on figure 6. All samples are grab samples of surface rubble. 
(b) Atomic absorption by Alaska Division of Mines and Geology, Namok Cho, analyst. Reports in parts per million. 
( c )  ND - below limit of detection. 



a r e  i n  accord  w i t h  t h e  expected s e n s e  of d rag  f o l d i n g  a l o n g  t h e  s t e e p  f a u l t s .  Evi- 
d e n t l y  t h e  o v e r t h r u s t  f a u l t i n g  a t  t h e  b a s e  of t h e  marble  h a s  had more e f f e c t  on t h e  
bedding i n  t h e  marble  t h a n  t h e  s t e e p  f a u l t s  ( d ~ t a i Z  A, cross section A ,  f ig  6 ) .  

Minor f o l d s  developed a long  s t e e p  f a u l t s  plunge p a r a l l e l  t o  f o l d s  e l sewhere  i n  t h e  mar- 
b l e  and under ly ing  s c h i s t .  T h i s  r e l a t i o n s h i p  can  b e  s e e n  i n  c r e n u l a t e d  do lomi te  a long  
t h e  w e s t  s i d e  of t h e  s o u t h  gossan.  The f o l d i n g  h e r e  i n d i c a t e s  t h a t  d o l o m i t i z a t i o n  took 
p l a c e  d u r i n g  o r  b e f o r e  deformat ion  a long  t h e  s t e e p  f a u l t s .  

Drag f o l d i n g  w i t h  ampl i tudes  rang ing  from a  few i n c h e s  t o  50 f e e t  show t h a t  t h r u s t  move- 
ment of t h e  marble  h a s  been towards t h e  e a s t .  D e t a i l s  showing two of t h e s e  d r a g  f o l d s  
a r e  shown on f i g u r e  6. Axes of t h e s e  d rag  f o l d s  and of t h e  f o l d s  a l o n g  s t e e p  f a u l t s  a r e  
p a r a l l e l .  T h i s  s u g g e s t s  t h a t  o v e r t h r u s t i n g  was c l o s e l y  fol lowad by s t e e p  f a u l t i n g .  
The s t r i p s  of s c h i s t  a long  s t e e p  f a u l t s  a r e  due t o  upward drag  of s c h i s t  a long  t h e  f a u l t  
p l a n e s .  The presence  of t h e s e  s c h i s t  bands a long  t h e  s i d e  of t h e  gossan i n d i c a t e s  t h e  
p rox imi ty  of t h e  under ly ing  t h r u s t .  

The muscovi te  marble  is  a  t e c t o n i z e d  u n i t  and no t  a normal s t r a t i g r a p h i c  member. It is  
on ly  s p o r a d i c a l l y  p r e s e n t  even i n  t h i s  r e s t r i c t e d  a r e a  and t e n d s  t o  confuse  t h e  s t r u c -  
t u r a l  i n t e r p r e t a t i o n .  It may r e p r e s e n t  m a t e r i a l  from t h e  b a s e  of t h e  marble  squeezed 
i n t o  lower p r e s s u r e  a r e a s .  The p r e s e n c e  of s e r i c i t i c  bands and s l i g h t l y  brown weather-  
i n g  marble  n e a r  t h e  b a s e  of t h e  marble  i n d i c a t e s  t h a t  i n  t h i s  a r e a  t h e  b a s a l  t h r u s t  i s  
n e a r  t h e  s t r a t i g r a p h i c  b a s e  of t h e  marble .  

A t  t h e  Cub Bear t h e r e  i s  a  s t r o n g  s t r u c t u r e  combined w i t h  geochemical  anomalies  i n  z i n c ,  
l e a d ,  and s i l v e r ,  some of them q u i t e  h igh .  The s t e e p  f a u l t s  ex tend  i n t o  t h e  lower p l a t e  
rocks  which, a s  t h e  Aurora Creek p r o s p e c t  shows, a r e  m i n e r a l i z e d  i n  p l a c e s .  T h i s  pros- 
p e c t  is a  worthwhile  long s h o t  d r i l l i n g  t a r g e t .  

AMERICAN GOSSAN 

The American gossan l ies  nor thwes t  of t h e  Sinuk River  on t h e  west  s i d e  of a b ~ l d  marble  
knob, which is  one of t h e  more s t r i k i n g  f e a t u r e s  of t h e  l o c a l  l andscape .  A p a t c h  of gos- 
s a n  r u b b l e  up t o  300 f e e t  wide ex tends  a long  a -marb le - sch i s t  c o n t a c t  f o r  1800 f e e t  ( f i g  7 )  
A few o l d  hand-dug p i t s  and t r e n c h e s  t e s t i f y  t o  e a r l y  e x p l o r a t i o n  e f f o r t s  (Eak ins ,  1915).  
The a r e a  was mapped i n  a  g e n e r a l  way by S h a l l i t  (1942) ,  who e s t i m a t e d  t h e  o r e  r e s e r v e s  t o  
b e  40,000 long  t o n s  of 20-40% i r o n  o r e .  

Between American Creek and t h e  Sinuk River  r o l l i n g  tundra-covered h i l l s  w i t h  a  few s c h i s t  
o u t c r o p s  a r e  dominated by r i d g e s  of massive marb le ,  which a r e  p a r t  of a  t h r u s t  s h e e t  t h a t  
o v e r l i e s  t h e  s c h i s t .  The marble  rests on t h e  s c h i s t  w i t h  a  b a s a l  c o n t a c t  d i p p i n g  about  
5' s o u t h ,  whereas t h e  bedding i n  t h e  marble  d i p s  l o 0  t o  40° sou th .  

The American Lode o c c u r s  a long  t h e  n o r t h  s i d e  of a  g raben  about  one m i l e  l ong  and one- 
q u a r t e r  m i l e  wide. Numerous s t e e p  f a u l t s  have c u t  t h e  marble  t h r u s t  s h e e t  i n t o  many 
f a u l t  blocks. Here and there, along these f a u l t s ,  t he  s u r f a c e  r u b b l e  c o n t a i n s  concen t ra -  

t i o n  of do lomi te ,  l i m o n i t e ,  ve in  q u a r t z ,  and s i l i c i f i e d  marble .  T h e  r i c h e s t  of t h e s e  
m i n e r a l i z e d  f a u l t  zones by f a r  is t h e  American Lode. The s t e e p  d i p s  of t h e s e  f a u l t s  a r e  
i n f e r r e d  from t h e i r  s t r a i g h t  t r a c e s  and probably v e r t i c a l  o f f s e t s .  A t  t h e  American Lode, 
t h e  shape  of t h e  magnet ic  p r o f i l e  a c r o s s  t h e  m i n e r a l i z e d  sch i s t -marb le  c o n t a c t  (fig 8) 
s u g g e s t s  t h e  p resence  of a  nor th -d ipp ing  t a b u l a r  magnet ic  body such a s  m a g n e t i t e  dissem- 
i n a t e d  a long  a  f a u l t  o r  a  mafic  d i k e .  

Geochemical t r a v e r s e s  a c r o s s  t h e  gossan zone (Appendix  II and I V )  show low l e a d  and mod- 
e r a t e  z i n c  anomal ies ,  p l u s  t h e  hi .ghest  go ld  a n a l y s i s  from a l l  t h e  gossans  i n  t h e  Sinuk 
d i s t r i c t  ($Z. lO/ton) .  
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AMERICAN GOSSAN LEGEND 

Gossan: surface rubble contains more than 30% goethi te ,  plus 
Zimonitized marble, dolomite, Zimonitized s c h i s t  and 
bleached marble. Limonitized marble weathers Zight 
brown t o  dark yeZlow orange, e f fervesces  strongly with 
HCI, and o f t e n  has reticuZated goethite ve in le t s ;  

laaching produces irregu Zar goe th i t s  box works. DoZomits 
i s  crackzed and may contain earthy Limonite and goe th i t s  
veins wi th  disseminated pyri te  arid green ch2orite.  
Bleached marble i s  very l i g h t  gray and weathers Zight 
gray t o  brown; Zimonitized sch i s t  i s  dark gray s e r i c i t e -  
ch lor i t e  sch i s t ,  which i s  local ly  caZcareous. Contains 
scattered specks (2  2 ~ m )  of dark green c h l o r i t e .  

Gossan: surface rubble contains Zess than 30% goethi te ,  plus 
Zimonitized niarb Ze, do Zomite, sch i s t ,  and bZeached marb Ze. 

Dolomite: uery Zight gray, fine-grained wi th  fa int  color banding 
paralZeZ t o  planar parting. Somewhat f i ss iZe,  4 inch 
layers weather out.  Outcrop i s  mostly rubble, weathers 
grayish yellow orange. Contains sorile remnants of  
or iginal  marb Ze. 

MarbZe: l i g h t  mediwii, gray, t h i n  bedded (tf9 - 3 " ) .  

Sch is t :  dark greenish gray ser ic i t e -ch lor i t e  schis t :  locaZZy 
ca Zcareous. ir,mediately north of marb l e ,  u n i t  i s  ZocalZy 
l i m y  or contains white marble layers interbedded wi th  non- 
limy sch i s t ;  farther north s c h i s t ,  i s  non-limy. Schis t  
areas mainly covered by tundra wi th  only sparce f loat .  

Patterns show areas of outcrop. In  gossan areas outcrop i s  mainly 
rubble (5" - 3 " )  i n  a f ine l imoni t ic  brown s o i l .  Frost rubble runs 
are present on steeper slopes and on shallower slopes these  grade 
i n t o  fros t  b o i l s  and tundra. 

At t i tude of  bedding, fo Ziation, Arrow shows Lineation. 

Bedrock contact 

Steep fau l t  (defined, approximate, assumed) 

Thrust fault, assumed 

Escarpment 

Geochemica Z samp Ze (background, anomalous ) 

F Zoa t 

Base map i s  v e r t i c a l  aer ia l  photograph (SEW 78-V-105); scale  i s  
nei ther  exact nor constant. 



This  i s  a  depos i t  c o n t r o l l e d  by s t e e p  f a u l t s ,  r a t h e r  s i m i l a r  t o  t h e  Cub Bear i n  t h a t  i t  
is near  t h e  b a s a l  t h r u s t .  Because of i ts  r e l a t i v e l y  sma l l  s i z e  and i ts  moderate geochem- 
i c a l  anomalies t h i s  d e p o s i t  is of l e s s  i n t e r e s t  than  some of t h e  o t h e r  gossans i n  t h e  d i s -  
t r i c t .  

AURORA CREEK PROSPECT 

On Aurora Creek quartz-dolomite-sulf ide f l o a t  occurs  near  a  c r o s s c u t t i n g  greens tone  d i k e  
and ex tends  outward a long  a f avo rab l e  hor izon  i n  t h e  s c h i s t  of t h e  lower p l a t e  Cfig 1 ) .  
There a r e  no bedrock exposures  of t h e  depos i t ,  bu t  s c a t t e r e d  su l f ide-bear ing  f l o a t  and a  
geochemical s o i l  anomaly extend f o r  a t  l e a s t  7000 f e e t ,  most ly along t h e  e a s t  s i d e  of 
Aurora Creek. Prominent s o l i f l u c t i o n  l obes  c r o s s  t h e  d e p o s i t  and c a r r y  f l o a t  down i n t o  
t h e  creek.  There is a s t rong  s tream sediment anomaly 2 m i l e s  long i n  Aurora Creek. 

The depos i t  was discovered by t h e  Alaska D iv i s ion  of Mines and Geology i n  1967 (Herre id ,  
1968). It was f i r s t  de t ec t ed  i n  Aurora Creek sediments ,  u s ing  t h e  co ld  e x t r a c t a b l e  heavy 
meta l s  f i e l d  t e s t .  The t e s t s  r equ i r ed  from 10  t o  over  20 m i . l l i l i t e r s  of d i t h i z o n e  f o r  a  
d i s t a n c e  of 2 m i l e s  below t h e  i n t e ~ s e c t i o n  of t h e  d e p o s i t  w i th  t h e  c r eek .  T o t a l  z i n c  con- 
t e n t s  of t h e s e  samples range from 310 t o  2600 p a r t s  per  m i l l i o n ,  but  on ly  background amounts 
of l e ad  and copper a r e  p r e sen t  i n  a l l  bu t  one of t h e s e  samples. 

The su l f ide-bear ing  rock occurs  along a  boudined ca l ca r eous  zone i n  t h e  s c h i s t .  It c o n s i s t s  
of g ranular  quartz-dolomite-sphalerite-pyrite-(galena)-(chalcopyrite), which i n  p l a c e s  oc- 
cu r s  a s  dolomite-quartz boudins w i th  bands of d i f f e r i n g  mine ra l s ,  i nc lud ing  s u l f i d e s .  NoCh- 
irag of o r e  grade and s i z e  is exposed, and none i s  i n  p l ace .  The zone is  b e s t  exposed on 
t h e  south  bank of Aurora Creek where a  zone w i th  su l f ide-bear ing  f l o a t  n e a r l y  i n  p l a c e  ex- 
tends  f o r  200 f e e t  e a s t  of #291. It is bleached q u a r t z - s e r i c i t e  s c h i s t  con t a in ing  dolomite- 
qua r t z - su l f i de  l a y e r s  o r  pods, j a spe ro id  ( s i l i c i f i e d  s c h i s t o s e  marb le ) ,  and s i l i c i f i e d  zones 
i n  t h e  s c h i s t .  A specimen of highgrade f l o a t  from t h i s  zone, found i n  Aurora Creek ( table  
17/,#291-I), con t a in s  10% z inc  and 0 .01  oz. pe r  t o n  gold.  Under t h e  microscope i t  is a 
g r anu l a r  aggrega te  of dolomite  w i th  i r r e g u l a r  clumps of g r anu l a r  q u a r t z  and s p h a l e r i t e  and 
a  s c a t t e r i n g  of muscovite and c h l o r i t e  f l a k e s .  F l o a t  i n  t h e  c r eek ,  below t h e  zone i nc ludes  
gossan boulders  (weathering l i g h t  brown t o  yel low orange) ,  j a s p e r o i d ,  and s e v e r a l  l a r g e  
whi te  v e i n  qua r t z  boulders .  

A c r o s s  f a u l t  o f f s e t s  t h e  minera l ized  zone near  Aurora Creek. To t h e  w e s t ,  t h i s  same f a u l t  
o f f s e t s  t h e  marble-schis t  t h r u s t  con t ac t  bu t  does no t  o f f s e t  t h e  greens tone  d i k e  i n  Aurora 
Creek. The d i k e  is  of middle Pa leozoic  t o  pre-Middle Cre taceous(?)  and t h e  o v e r t h r u s t  is 
Early Cre t aceous (? ) .  I f  t h e s e  ages  a r e  c o r r e c t ,  t h e  s t r u c t u r a l  r e l a t i o n s h i p s  of t h e  f a u l t s  
and d i k e  i n d i c a t e  t h a t  t h e  movement d i r e c t i o n  on t h e  f a u l t  i s  about p a r a l l e l  t o  t h e  d i k e  
so t h a t  t h e r e  has been movement but  no apparen t  o f f s e t .  

The presence of minera l ized  boudins i n d i c a t e s  t h a t  t h e  o r e  was in t roduced  be fo re  metamor- 
phism, pos s ib ly  g e n e t i c a l l y  r e l a t e d  t o  d i k e  emplacement. The l a r g e  boulders  of o r e  near  
t h e  d i k e  along Aurora Creek a r e  merely f l o a t  from t h e  o r e  zone upstream. 

The southern  ex t ens ion  of t h e  minera l ized  zone on Aurora Creek is p re sen t  on t h e  h i l l s i d e  
e a s t  of t h e  Aurora Creek-Oregon Creek d i v i d e  (fig 1, #340 and # 3 4 1 ) .  The zone c o n t a i n s  
s i l i c i f i e d - d o l o m i t i z e d  s c h i s t  b locks  mixed w i th  unmineral ized s c h i s t  over  a  width of 400 
f e e t .  Along t h e  u p h i l l  s i d e  of t h i s  zone, l a r g e  f l o a t  b locks  c o n t a i n  c r ack l ed  dolomi te  
boudins bordered by g ranu l a r  quartz-dolomite rock w i th  prominent pyrite-leucoxene-sphal- 
e r i t e  bands somewhat s i m i l a r  t o  o r e  s een  f a r t h e r  n o r t h .  F r a c t u r e s  i n  t h e  dolomite  a r e  

9 
f i l l e d  w i th  narrow (k 118 inch)  qua r t z  s t r i n g e r s .  Mud from a seepage near  t h e  upper s i d e  
of t h e  zone c a r r i e s  860 ppm z i n c  and 370 ppm l ead  (342). The g r e a t  width of t h e  zone h e r e  
may be due t o  down s l o p e  c reep  from a narrower zone. 



Table IV 

Assay Data from the Aurora Creek Prospect* 

Sample Gold Silver Copper Lead Zinc Antimony Arsenic 0 ther 
oz/ton ozlton % % % 

C - - 0.06 0.3 0.7 Trace barium, 
manganese, 
chromium. 

F - - ND 0.3 2.3 - Trace Trace chromium. 
G Trace Ni 1 ND ND 3.7 ND Trace 

291-1** 0.01 Nil NR ND 10 ND ND 
291-2** Trace 0.1 .003 0.3 13 
340** Ni 1 0.40 ND 0.3 3.4 ND Trace 

*All samples shown on Figure 1. All have less than 0.0002% molybdenum, except F, which 
was not run. 

**Location keyed to this geochemical sample site 

nd - below limit of determination 

Sample Field No. 

C 6C673 Float in tundra, muscovite schist with disseminated pyrite, 
chalcopyrite, and galena, northernmost ore seen on Aurora 
Creek. 

Float in tundra, silicified muscovite schist with dissem- 
inated pyrite and pale yellow sphalerite. 

Float in tundra, silicified schist, sphalerite vein bor- 
dered by pyrite and sphalerite. 

Float in Aurora Creek, granular dolomite-quartz-sphalerite 
rock with disseminated muscovite and chlorite flakes. 

Large float blocks in Aurora Creek. Light brown to yellow 
orange weathering silicified rock with sphalerite. Location 
200 feet WNW of #291. 

Large float blocks, crackled dolomite boudins in a matrix 
of banded dolomite-quartzite rock with prominent pyrite- 
leucoxene-sphalerite bands. 



The geology between 340 and t h e  o ld  p l ace r  d i t c h  on Aurora Creek is obscured by w e l l  
developed s o l i f l u c t i o n  lobes .  

Three thousand f e e t  south of sample l o c a l i t y  340 on t h e  r idge  between Oregon Creek and 
Penny River ,  s l i g h t l y  mineral ized rock is exposed i n  s e v e r a l  o ld  prospect  p i t s  f o r  a  
d i s t a n c e  of 500 f e e t .  This  i s  on t h e  o ld  Christophosen claim (Mertie, 1918, p 447). The 
dump a t  t h e  northern-most p i t  con ta ins  dolomite boudins ( lenses)  veined by qua r t z ;  and 
banded porous s i l i c e o u s  rock conta in ing  s p a r s e  s p h a l e r i t e ,  ga lena ,  and chalcopyr i te .  This  
mineral ized rock is an  i s o l a t e d  pod i n  s c h i s t .  There is no f l o a t  o r e  i n  t h e  rubble  ex- 
posures surrounding t h e  p i t .  The mineral ized rock is s t r i k i n g l y  similar t o  t h a t  i n  t he  
zone a t  11340-341. 

For 500 f e e t  south  along t h e  r idge ,  most of t h e  exposed rock i s  unmineralized s c h i s t ,  
but  i n  s e v e r a l  smal l  p i t s  s i l i c i f i e d  muscovite s c h i s t  and some quartz-veined dolomite is 
present .  No o r e  minera ls  were seen. The mine ra l i za t ion  on t h e  r idge  may be r e l a t e d  i n  
o r i g i n  t o  t h r e e  west t o  west-northwest t rending  f a u l t s  marked by 1i.near g u l l i e s ,  which 
cut  ac ros s  t h e  s t r i k e  of t h e  s c h i s t  i n  t h i s  a r e a .  

LAST CHANCE CREEK PROSPECT 

Two caved a d i t s  and s e v e r a l  prospect  p i t s  a r e  present  on t h e  upper p a r t  of Last  Chance 
Creek. These a r e  on a zone of l imoni t ized  sericite-graphite-quartz s c h i s t ,  much sheared 
over a width of about 400 f e e t  (fig 9). I n  one p i t ,  a  qua r t z  v e i n  a t  least 1-1/2 f e e t  
wide conta ins  s t i b n i t e  c r y s t a l s  up t o  114 inch  long. These make up less than 1% of t h e  
vein.  S t rongly  l imoni t ized  gossan from another  p i t  was sampled (#559*-1, Appendix I) t o  
determine t h e  p o s s i b i l i t i e s  of t h e  gossan f o r  a  l a r g e  low-grade depos i t .  The r e s u l t s  of 
0.2% antimony and a t r a c e  of gold a r e  not encouraging. About 900 f e e t  n o r t h e a s t ,  a long 
t h e  shear  zone, a  sample (#359-2) ac ross  a  30 f o o t  s i l i c i f i e d  zone ( +  1 m  quar tz  g r a i n s  
i n  a  black s i l i c i f i e d  matr ix)  con ta ins  0.1 oz l ton  gold. 

According t o  Cathcart  (1922, p 231) who v i s i t e d  t h i s  prospect  i n  1920, "development work 
c o n s i s t s  of two tunnels  and s e v e r a l  open cu t s .  The upper t unne l ,  now caved and unacces- 
s i b l e ,  is s a i d  t o  be 105 f e e t  long;  t h e  lower tunne l  is 270 f e e t  long and d r iven  N25W. 
According t o  Mert ie ,  

'The tunnels  a r e  s a i d  t o  i n t e r s e c t  a  stockwork of i ron-stained s c h i s t  and 
quar tz  i n  which t h e  s t i b n i t e  occurs a s  l e n t i c u l a r  masses. None of t h e  antimony 
s t r i n g e r s  a r e  over 12  inches  i n  thickness.  

I n  t h e  open c u t s  i t  is apparent t h a t  a  shear  zoue s t r i k i n g  about N20E runs  
through the property, The attitude of the faults is about vertical.  This zone 
is about 100 f e e t  t h i c k  and i s  heavi ly  i ron-stained and mineral ized by p y r i t e ,  
p y r r h o t i t e ,  s t i b n i t e ,  and gold. '  

L i t t l e  is exposed i n  t h e  one tunnel  which is access ib l e .  About 60 f e e t  from t h e  p o r t a l  
a  quar tz  v e i n ,  apparent ly  a  l e n s ,  is i n t e r s e c t e d  which s t r i k e s  N50E and d i p s  80' S. It 
is followed f o r  12 f e e t  along i ts  s t r i k e  and apparent ly  s tops .  No evidence of minera l i -  
za t ion  is seen. A t  70 f e e t  from t h e  e n t r y  a  3-foot quar tz  v e i n  s t r i k e s  N70W and d i p s  
nor th .  The tunnel  is  d r iven  i n  g r a p h i t i c  s c h i s t  and exposes l i t t l e  qua r t z ,  o t h e r  than  
t h a t  mentioned. On t h e  dump quar tz  of t h e  l a t e r -ve in  type conta ins  cons iderable  pyr i te . ' '  

This  prospect  l i e s  on t h e  Penny River f a u l t .  A c a r e f u l  geochemical survey (north and 
south)  along t h e  f a u l t  should be made t o  d e t e c t  any o the r  depos i t s  o r  t h e  extens ion  of 
t h i s  one. 



LAST CHANCE CREEK SILVER-LEAD PROSPECT 

According t o  M e r t i e  (i918, p 4 4 6 ) ,  "A s i l v e r - l e a d  l o d e  owned by G .  C h r i s t o p h o s e n  i s  on 
t h e  n o r t h  s i d e  c f  L a s t  Chance Creek,  a  t r i b u t a r y  of  Snake R i v e r ,  a b o u t  h a l f  a  m i l e  above 
t h e  mouth of W a t e r f a l l  Creek.  The p r o s p e c t  c o n s i s t s  o f  two l o d e  c l a i m s .  A t u n n e l  70 
f e e t  long  has been  d r i v e n  t o  p r o s p e c t  t h e  l o d e .  The o r e  body i s  s a i d  t o  be  4 f e e t  t h i c k  
and c o n s i s t s  of  g a l e n a ,  w i t h  some p y r i t e ,  i.n a  gangue of q u a r t z .  The l e a d  o r e  c a r r i e s  
g o l d  and s i l v e r .  S t i b c i t e  i s  a l s o  r e p o r t e d  t o  b e  p r e s e n t " .  

T h i s  prospec- t  was n o t  seen d u r i c g  t r a v e r s e s  i n  t h e  a r e a ,  b u t  was n o t  s e a r c h e d  f o r .  Cath- 
c a r t  (1922,  p  253) w a s  i n  t h e  a r e a ,  b u t  d i d  n o t  ment ion the p r o s p e c t .  
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FIGURE 9 SKETCH MAP OF THE LAST CHANCE PROSPECT 



9 ul 
r l h  OOLnNrlLnNdOcl 
UbC Nrl 
rl- 
m 

d d d d  
0 

-0 
4 6  o o o o o o c l  
0 a OoomLWd 
u a - c u d  

e o o o o o o o o c l  
0 6  OOOOOulNrl 

a 0 0 - m ~ r l  

3 "  ,", 



C O N C L U S I O N S  A N D  S U G G E S T I O N S  

T O  P R O S P E C T O R S  

I n  t l ie S icuk  d i s t r i c f  P a l e o z o i c ( ? )  marb le  h a s  been t h r u s t  over  s c h i s t  d u r i n g  E a r l y  Cre- 
t a c e o u s ( ? )  t i m e  and b o t h  have undergone r e g i o n a l  metamorphisrr,, p robab iy  i n  t h e  Middle  
Cre taceous .  Diabase  o r  gabbro  d i k e s  and p l u g s  (now g r e e n s t o n e )  were  i n t r u d e d  b e f o r e  
metamorphisni, p robab ly  b e f o r e  t h r u s t i n g .  P o s s i b l y  a s  e a r l y  a s  t h e  Devonian. S t e e p  
f a u l t i n g  h a s  t a k e n  p l a c e ,  p e r h a p s  d u r i n g  t h e  waning s t a g e s  of metamorphism. 

The s t e e p  f a u l t s  f u r n i s h  a  c o n t r o l  f o r  z inc - l ead  f l u o r i t e - b a r i t e  d e p o s i t s  i n  marb le  
(upper  p l a t e ) .  These  d e p o s i t s  may b e  a r e s u l t  c f  r e m o b i l i z a t i o c  of  somswhat s i m i l a r  
d e p o s i t s  p r e s e n t  n e a r  i n t r u s i v e  g r e e n s t o n e  i n  s c h i s t  of t h e  lower p l a t e .  

S o i l  sampl ing shows i n t e r e s t i r i y  geochemical  anoriialies a t  t h e  Monarch and Cub Bear gos- 
s a n s  and a t  t h e  Quar ry ,  Aurora  Creek,  and Oregon Creek p r o s p e c t s .  St ream sediment  anom- 
a l i e s  a r e  p r e s e n t  f o r  a t  l e a s t  cne  m i l e  below t h e  Aurora Creek and L a s t  Chance p r o s p e c t s .  
An antimony anonlaly i n  t h e  head w a t e r s  of L a s t  Chance Creek may i n e i c s t e  all u n d i s c o v e r r d  
antimony p r o s p e c t .  Anomalies f o r  s e v e r a l  m e t a l s  on American Creek may i n d i c a t e  a n  und i s -  
covered d e p o s i t  n o r t h  of t h e  mapped a r e a .  

Stream sediment  sampl ing i s  i n e f f e c t i v e  i n  d e t e c t i n g  g o s s a n s ,  even t h o s e  s t r c n g l y  anoma- 
l o u s  i n  z i n c  and l e a d .  
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APPENDIX I 

Atomic A b s o r p t i o n  Ana lyses  of Rock Samples from t h e  Sinuk 

C o n c e n t r a t i o n  (ppm) ( b )  

8  X 3 9 2  ND 1.0 4  32 32 American l o d e ,  e a r t h y  l i m o n i t e .  
14A 8C383 ND 0.8 9  34 5  F a u l t  zone ( n e a r  American l o d e ) ,  s i d e r i t e  and b leached  marb le .  
148 8C383-1 ND 0.4 5 2  7  20 Gray marb le ,  30 f e e t  SW of 14A. 
14C 8C383-2 ND 0.5 5  31 20 Gray marb le ,  30 f e e t  NW of  14A. 
22* 8C396-1 0.06 0 . 2  10 30 6  4  American l o d e ,  s i l i c i f i e d  s c h i s t  r u b b l e .  
4  4A 8C593 ND 13 8  38 S c h i s t  q u a r t z  v e i n  from e a s t  s i d e  S inuk  R i v e r .  
5 1  8C317 ND 14 4  14 Vein q u a r t z  b o u l d e r s  i n  c r e e k  n o r t h  of Coal  Creek 

131A bC568 0.24 54 1 2  249 G o e t h i t e  a l o n g  f a u l t  0 . 3  m i l e s  NE of Monarch d e p o s i t .  
131B 8C568-1 ND 2  6  ND Dolomite  a l o n g  f a u l t  0  3  m i l e s  NE of Monarch d e p o s i t  (nea r  A ) .  
131C 8C568-2 ND 2  3  ND Marble  a l o n g  f a u l t  0 . 3  m i l e s  NE of  Monarch d e p o s i t  ( w i t h i n  6" of -B). 
227" 8C558 ND 20 8  66 S c h i s t  q u a r t z  v e i n  NE of Hungry Creek (800 f e e t  SSW of 227) .  
237* 8C545 ND 12 15  11 B u l l  q u a r t z  b o u l d e r ,  f i v e  f e e t  d i a m e t e r ,  Nugget Gulch. 300 f e e t  west of 237. 
239A 8C531 ND 6  4  24 S i l i c a t e  s e r i c i t e  g r a p h i t e  s c h i s t  n e a r  p y r o x e n i t e  i n t r u s i o n  n e a r  s a d d l e  between 

Penny Rive r  and Nugget Gulch 
239B 8C533 ND 8  6  11 S i l i c i f i e d  s c h i s t ,  head s o u t h  f o r k  Nugget Gulch. 
241*-1 81396-1 ND 10 ND 9  White q u a r t z  b o u l d e r s  from Oregon Creek ,  200 f e e t  upstream from 241. 
241*-2 8L396-2 ND 17 ND 47 White q u a r t z  b o u l d e r s  from Oregon Creek ,  200 f e e t  upstream from 241. 
242* 6C606 ND 9  3  230 Limy s c h i s t  wes t  3f g r e e n s t o n e  body Oregon Creek ,  500 f e e t  NE of 242. 
243R-1 8C538-1 ND 13 3  20 24000 S i l i c i f i e d  gossan  f l o a t  i n  l a r g e  c u t  s o u t h  of Oregon Creek.  
243R- 2  8C538-2 ND 4  15  178 S i l i c i f i e d  gossan  f l o a t  i n  l a r g e  c u t  s o u t h  of Oregon Creek 
243R-3 8C538-3 0.64 7 11 61248 S i l i c i f i e d  g o s s a n  f l o a t  i n  l a r g e  c u t  s o u t h  of Oregon Creek.  
243R-4 8C538-4 ND 24 1260 9248 S i l i c i f i e d  gossan  f l o a t  i n  l a r g e  c u t  s o u t h  of Oregon Creek.  
243R-5 8C538-5 920 21 13 50748 S i l i c i f i e d  gossan  f l o a t  i n  l a r g e  c u t  s o u t h  of Oregon Creek.  
243R-6 8C538-6 ND 7  3  5  102 Silicified g o s s a n  f l o a t  i n  l a r g e  c u t  s o u t h  of Oregon Creek.  
2438-7 8C538-7 ND 1 6  220 S i l i c i f i e d  gossan  f l o a t  i n  l a r g e  c u t  s o u t h  of Oregon Creek 
244"-1 8C421 ND 3  1 9  22 Vein q u a r t z  f l o a t  between 2  g r e e n s t o n e  b o d i e s  t a k e n  600 f e e t  s o u t h  of 244 Oregon 

R i v e r ,  compos i t e  sample .  
244*- 2  8C537-1 ND 12 8 5 1  Greens tone  w i t h  s u l f i d e s ,  Oregon Creek ,  500 f e e t  WSW of 244. 
244*-3 8C537-3 ND 14 4  4  2 P y r i t e  b e a r i n g  one i n c h  q u a r t z  v e i n ,  10  f e e t  from g r e e n s t o n e  body, 500 f e e t  SSW 

of 244 
244"-4 8C542 ND 16 4  6  Greens tone ,  450 f e e t  SSW of  244 between Oregon and Greens tone  Creeks.  
248* 8C424-1 0.09 252 87500 50500 Gossan f l o a t  i n  c u t  a c r o s s  limy s c h i s t ,  marb le  c o n t a c t ,  200 f e e t  n o r t h  of  Oregon 

Creek.  
250A 8C480 ND 3  28 20 Gossan a l o n g  s t e e p  f a u l t  zone ,  e a s t  of S h o r t  Gulch.  
250A 8C480-1 ND 16 12 16 Vein q u a r t z  a l o n g  s t e e p  f a u l t  zone. 
253* 8C425 ND 3  3  1 S i l i c i f i e d  marb le  a l o n g  d i t c h  west  of Greens tone  Creek ,  800 f e e t  e a s t  of 253. 
255*- 1 8'2543 ND 7 2  2  S i l i c i f i e d  l imy s c h i s t  f l o a t  n e a r  Greens tone  Creek ,  i n t r u s i v e ,  400 f e e t  west  o f  

255. 
255*-2 8C544 ND 3  6  6  S i l i c i f i e d  limy s c h i s t  f l o a t  n e a r  g r e e n s t o n e  i n t r u s i v e ,  west of Greens tone  C r e e k .  
259 8C419 ND 13 4  1 6  Vein q u a r t z  i n  f r o s t  b o i l s  a l o n g  t h r u s t ,  Snowshoe Gulch. 
359*-1 6C915 Trace  N i  1 ND Trace  Trace  Antimony-0 2%. Antimony p r o s p e c t  on L a s t  Chance Creek d r a i n a g e .  Gossan from 

p r o s p e c t  p i t  a b o u t  300 f e e t  n o r t h  of upper  a d i t .  
359*-2 6C662 3.5 N i l  ND Trace  Trace  Antimony-ND. S a d d l e  abou t  900 f e e t  NE of 359*. S i l i c i f i e d  zone 30 f e e t  wide.  

ppm - p a r t s  p e r  m i l l i o n  

( a )  Sample l o c a t i o n s  shown on  f i g u r e  1. 
(b)  T o t a l  m e t a l  c o n t e n t s  i n  p a r t s  p e r  m i l l i o n  e x c e p t i n g  gold which is i n  p a r t s  p e r  b i l l i o n .  T race  e l emen t  a n a l y s i s  by a tomic  a b s o r p t i o n  by t h e  Alaska 

D i v i s i o n  of Mines and Geology l a b o r a t o r y ,  Namok Cho, a n a l y s t .  Accuracy f 5% a t  65% c o n f i d e n c e  l e v e l .  Major e lement  a n a l y s i s  by X-ray f l u o r e s c e n c e ,  - -  - -  -- 
Michael  M i t c h e l l ,  J r . ,  a n a l y s t .  Accuracy "0% of r e p o r t e d  v a l u e  

ND Sought bu t  n o t  d e t e c t e d .  
* Near geochemica l  sample  s i t e .  



APPENDIX I1 

Atomic A b s o r p t i o n  and C o l o r i m e t r i c  A n a l y s e s  o f  S t r eam Sediment  and S o i l  Samples  f rom t h e  S inuk  ~ r e a ( ~ )  

  on cent ration'^) 

S ,  G r ,  L g r a v  
S, GI, M .  
Am. Lode S ,  C. 
Am. Lode S .  
Am. Lode 
Am. Lode S .  
Am. Lode S .  
Am, Lode S . 
Am Lode Goe. 
Am. Lode P.P. 
Am. Lode 
Am. Lode 
Am. Lode 
Am Lode G r ,  l imy  s o i l  

Rock a n a l y s e s .  s e e  t a b l e  4 .  
8L361 ( e l  10 
8L360 (.Oh) (10)  
8C396-1 . s ( h )  1 0  
8L359 ( . 0 2 )  (10)  
8L358 (.02) 1 5  
8L3.57 C.02) 30  
81356 ( . 0 4 )  (10)  
EL355 ( e )  20 
8L350 c .1)  20 
8L351 ( . I )  20 

D-2" 
D-5" 
S i l .  S. f l o a t  
D-2" 
D-2" 
D-2" 
D-2" 
D-2" 
D-2" 
D-4" 
D-4' 
D-4' 
D-4" 
c-14 7 

C-4' 
C-2' 

Am Lode p e a t  
Am. Lode Org 
Am.  Lode 
Am. Lode S .  
Am Lode S .  
Am. Lode 
Am. Lode Goe, Org 
Am. Lode Goe. Org.  
Am. Lode LM. Goe. 
Am. Lode M ,  O r g  
Am Lode Org.  
Am Lode 
Am. Lode M .  
M ,  0 ,  G r .  S ,  Q .  
S 8 0 ,  M 1 0 ,  Gr 5 ,  Goe 4 ,  Q 1, BR, S .  
S 50 ,  Gr 40, M 7 .  Goe 2 ,  Q 1 ,  L g r a v .  
S.  L 

C 
C 
C-5' d r y  c r .  
c- ' 

Gr 8 0 ,  S 20 ,  L g r a v .  
M ,  S ,  G r .  
M 60  S i l  S 20 ,  S 1 0 ,  Gr 1 0  
Gr 5C, S 5 0 .  
M ,  S. 
M ,  S ,  Gr .  
S ,  M ,  Gr ,  Congl .  
S 9 0 ,  Gr 1 0 ,  L g r a v .  
S 1 0 0 .  
S 5  D 5 , G r 9 0 .  
S 1 0 ,  M 40 ,  Gr 50.  
Gr 50 ,  S 45,  Q 5 ,  L g r a v  

S 98 ,  Gr 2.  
Gr 95 ,  Q 5 .  
None 
Sqv & Y1 bn s o i l  
M ,  bn s o i l  
M & S ,  t h r u s t  f a u l t  
S 
S 80 ,  CS 5 .  Gr 1 0 ,  Q 5 .  
S 80 ,  Gr 15, M 5. 
S 90 ,  M 8 ,  Gr 2. 
S 8 0 ,  Sqv 10 .  Gr 10.  
S 65,  Gr 30,  Q 5 .  
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56 3 8L311 ( - 0 2 ) ' ~ )  ( 1 0 ) ' ~ )  ( ~ 5 ) ' ~ )  30 C-1' None 
57 3 8L312 ( 02) (10)  (25)  40 C-1' D, L g r a v  
58 5C307 20 10 110 3 6 C-60' S 2 M 1 ,  G 1, Q 1, Gr 95.  

59 3 8L304 (.02) 15  (25)  65 c M .  G r .  Q 
60 3 8L305 ( 02) 1 0  (25) 55 C CS, S ,  Gr ,  S i 1  M, Q. 

6 1  3 8L307 (.02) (10) (25)  40 C-3' CS. S ,  M, Gr.  

62 3 8L306 ( .1 )  20 30 7 0 C-6 ' CS, S ,  Gr ,  S i l  M, Q. 

63 5L150 10 5 40 2 8 C-50 ' S 6 0 ,  M 5 ,  Gr 35. 

64 2 5L151 20 10 6 5 2 C-6 ' 
65 5C295 1 0  5 15  2 5 C-2'-8' 
66 5C294 25 20 85 1 5 C-8'-20' S 1 0 ,  Gr 80 ,  Congl 10.  

67 5C297 20 1 0  90 1 12 C-8'-20' Gr 100.  
68 5L183 20 15  100 6 2 W  C 2 ' - 8 '  S 40,  G 10 ,  Q 10 ,  Gr 40 

69 5C306 25 5 100  1 5 U M, S .  

70 5C298 20 1 0  90 2 5 C 5 95 Q 2 ,  Gr 3. 
7 1 2 5L182 20 20 130 4 7 C-2'-8' S 30,  G 2 0 ,  Cr 50 
7 2 5C299 20 1 0  95 2 7 C- 2'-8' Q 1 0  
7 3 5C302 6 5 15  100  2 7 C 5 30, M 1 0 ,  Gr 60 

74 2 5L184 20 15  115  2 1 8  C Dry s 7 ,  G 1, Gr 90 
75 2 5L181 20 15  90 7 6 C-2'-8' S 50,  Gr 50 
76 2 5L180 25 25 135  8 C-2' 8 '  S 20 M 2 ,  Gr 78 
7 7 5L152 30 35 265(h) 1 3  C-8' 20 '  S 1 0 ,  Gr 90 

78 5L267 50 35 195 2 2 D 
79 2 5L266 30 20 110  3 6 D 
80  2 5L265 35 20 35 2 5 D-1" 
8 1  5L264 25 30 80  2 3 D-1" 
82  2 5L263 40 25 135  2 D 
8 3  2 5L262 40 15  65 3 7 D 
84 2 51.261 1 0  5 35 3 3 D 
85 5L282 55 30 185 g ( h )  1 3  D 
86 2 5L281 55 6 1 3  D 
8 7 5L280 s h )  50 120  5 4 D 
8 8  2 5L271 45 - 1 5 0 ' ~ )  ClOOO 7 .L20 D 
89  5L270 30 105 2 +20 D 
90 5L269 25 275 850 2 11 D 
9 1 5L274 25 - 405 - + l Z 0  3 +20 D 
9 2 5L275 20 22 205 2 1 2  D 
9 3 5L279 40 .- 125  830 6 1 0  D 
9 4 5L278 220 6 +20 45 - D 

9 5 5L276 1 11 D 170 500 20 - - 
96 5L277 +20 D 
97 5C399 25 45 5 2 1 D 
98 2 5L155 35 - 140 980 7 +20 C-1' 
99 2 5 ~ 1 5 6  15  5 65 2 6 C-1' 

100 3 8 ~ 4 1 8  1 0  (25) 130 C-5 ' 
101  3 5L154 25 30 155 2 1 0  C 
102 5L153 30 15  105 3 5 C-6' 
103  2 6L510 20 1 5  115 2 3 Dry 
104A 2 9C517 ND 1 5  35 3 7 D-1" 
104 2 9C518 ND 20 45 95 D-4" 
105 2 6L511 25 15  85 2 1 Dry 
106 2 6L512 20 15  70 1 1 Dry 
107 2 6L513 20 15  60 1 1 C-4 ' 
108 6L514 20 20 110 7 1 D-12" 
109 3 8L420 30 60 220 3-2" 

110  5C370 25 3 ~ " )  1 20+ 2 
111 5C382 lo x+f) -- i?z 1 3 5 
112  3 8L411 10 (25) ( 2 ~ ) ' ~ )  3-2" 

Gr 95. G 5 ,  l a r g e  spring 

S 2. M 5 0 ,  Gr 48. 
M 98 ,  Q 1. Gr 1. 
S i l v e r  1.1 ppm f a u l t  t r a c e  M .  
S i l v e r  0 . 7  ppm f a u l t  t r a c e  M .  

Monarch l o d e ,  f r o s t  b o i l  n e a r  lowes t  M o u t c r o p  
Monarch l o d e ,  LM 5 0 ,  Goe 50 .  
Monarch l o d e ,  M 20,  LM 60,  Goe 1 0 ,  e a r t h y  lim. 10.  
Monarch l o d e ,  M 9 9 . 9 ,  LM 0 . 1 .  
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- 
.c m 
Y - 
v s .A U 

3 b  2 
e o n  
01 3 I4 4 U 0 ffl V) 

D- 2" 
D-2" 
D-2" 
0-2" 
n-2" 
D-2" 
0-2" 
D-2" 
D-2" 
D.. 2" 
0-2" 
D-2" 
D-2" 
D-2" 
D-2" 
D- 2" 
D-2" 
D-2" 
D. 2" 

D 
D-2' 
D-2" 
C-2' 
D 
D 
Dry Creek 
C-2' 
D-3" 
C-4' 
D-2" 
C-2' 
D-4" 
D-4" 
D 
c--17-21 

Dry 
Dry 
D 
D 
C-1' 
D 
D 
D-1" 
D 

Monarch l o d e ,  M 99.5,  Goo 0 . 5 .  
Monarch l o d e ,  M 80 ,  LM 1 0 ,  Goe 1 0 .  
Monarch l o d e ,  M 93,  LM 2 ,  Goe 5 .  
Monarch l o d e ,  M 100.  
Monarch l o d e ,  M 100.  
Monarch l o d e ,  M 95,  Goe 0 . 1  LM 5 .  
Monarch l o d e ,  M 2 ,  LM 93,  Goe 5 ,  
Monarch l o d e ,  D 99.5:  Goe 0 . 5 .  
Monarch l o d e ,  LM 92,  Goe 8 .  
Monarch l o d e ,  M 20,  LM 5 5 ,  Goe 25.  
Monarch l o d e ,  M 50 ,  LM 49 ,  Goe 1. 
Monarch l o d e ,  LM 93,  Goe 7 .  
Monarch l o d e ,  M 1 5 ,  LM 78. Goe 7.  
Monarch l o d e  M 100 ,  Y1 bn s o i l  
Monarch l o d e  M 99 .5  LM 0 . 5 ,  Yl bn s o i l  
Monarch l o d e ,  M 100 ,  Y1 bn s o i l  
Monarch l o d e ,  M 99 .5 ,  LM 0 . 5 ,  Y1 bn s o i l  
Monarch l o d e ,  M 100 ,  Y1 bn s o i l  
Monarch l o d e ,  U4 94,  Goe 5 ,  Cc 1. 

Rock samples ,  s e e  
5C387 
6L517 
8L421 
6L515 
5C391 
5C384 
8C581 
8C580 
8C579 
EL422 
6L521 
8C596 
8C600 
8C599 
5C337 
5L199 
5C334 
5C332 
5L231 
5C319 
5C318 
5C317 
5L232 
5L233 
5L230 

t a b l e  4. 
35 
35 
20 
20 
1 0  
15  
30 
25 
25 
15  
20 
25 
25 
30 
1 0  
35 
35 
25 
20 
30 
15  
25 
30 
1 5  
25 

Monarch l o d e ,  LM, Goe, Cc v e i n s  
Monarch l o d e ,  LM 70: Goe 30, E end Zr .  
Monarch l o d e ,  M 1 0 ,  LM 50 ,  Goe 40. 
Monarch l o d e ,  M 35, D 20 ,  Goe 45. 
Monarch l o d e .  LM 95 ,  Goe 5. 
Monarch l a d e ,  D 9 9 ,  Goe 1. 
Monarch l o d e .  S 100.  
Monarch l o d e ,  B 1. S 1, p h y l l i t e  
Monarch l o d e ,  Bn p h y l l i t e ,  D. 
Monarch l o d e ,  M 40,  Gr 40,  Goe 1 0 ,  S 10 .  
Monarch l o d e ,  S 50 ,  LM 25,  Goe 20,  Gr 5 .  
Monarch l o d e .  S 100.  
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51215 
5L214 
5L213 
5L212 

No sample  
5L206 

2 5L209 
5L210 

2 5L211 
5L221 
5L223 
5L224 
5L225 

2 5L229 
2 5L239 
2 5L240 

5 5  900 2 D - +LO??? +20 
30 950 2 i) - 9% S i l v e r  0 . 3  ppm, s p r i n g  below Gos ' 
25  900 + lo00  D - 2 M 9 9 ,  Gr 1 .  
8 0  - 465 51% 2 +20 D M 50 Gos 5 0 .  
40 950 2 D - +=0 M 50 ,  Gas 50.  
30  30 800 2 D 
20 -~ 3 4 0 ( ~ ,  c E  3 D 
20 980 130 2 +20 D M 1 0 0 .  

- 
1800  - 

900 . - -. 
125 -- 
LOO - 
200 - 

50 
(a )  
30 

(25)  
8 0  - 
40 
20 
1 0  
1 5  
15 

5 
10 
15 

5 
10 
1 0  
10 
1 5  
10 
10 
10 
10 
1 0  

5 
1 0  
1 5  
1 0  
1 0  
20 
1 5  
1 5  
1 5  

(25)  
1 5  

209 
5 

20 
1 5  
1 5  

Old p i t  S i l v e r  1 . 8  ppm. 
D 
D 
D 

S ' ,0, D 5 ,  Gr 5 .  
C-  3 S 50,  Gr 50.  

D 2" 
Dry  c r e e k  
D 5 '  
C 5 '  
C 2 8 '  
C-2 ' -8 '  
C 2 ' - 8 '  
C-2 '  8 '  
C 1 ' - 2 '  
C - 6 '  
I n t e r m i t t e n t  
C-4 ' 
C-3' 
C-3 ' 
C-10' 
C- 1 0  ' 

r a u l t  zone  I n  M 
Gr 60 ,  S 40,  L g r a v  
b i n  sandy  bn s o i l ,  w a l l  o f  p l a z r  
S 6 9 ,  Gr 30 ,  Q 1. 
S 88 ,  N 2 ,  Q 5 ,  Gr 5 .  
S 75 ,  M 2 ,  Q 23.  
S 1 0 ,  M 5 ,  G 2 ,  Gr 78. 
S 8 0 ,  M 5 ,  G 1, Q 4 Gr 10.  
S 45 ,  M 5 ,  Q 50.  
S 1 5 , M 2 0  D 2 7 ,  Q 3 ,  Gr 35. 
S 4 5 ,  G 3 ,  D 1 ,  Q 1, Gr 50 .  
S 95 ,  Q 5 .  
S 1 0 ,  D 2 ,  Q 2 ,  Gr 86.  
S 4 ,  G 1, Q 2 ,  Gos 1 ,  Gr 92.  
S 8 3 ,  Q 2 ,  Gr 15 .  
S 35. M 52 G 1. Q 2. Gr 1 0  

M 1 0 ,  S 8 9 ,  Q 1. 
S 9 5 ,  Q 5 .  Same l o c a t i o n  
M, S i d ,  Goe, Gos a l o n g  fault? 
GO5 
S 95 ,  Q 5 .  
S 9 9 ,  Q 1. 
s 9 9 ,  Q 1. 
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L. 
ffl P 

E 
9 
ffl 71 

h 
3 0 

Z 

- - 
U 

ffl C 

w 
ffl 

ir 

- 
C M 
U - 
m C -rl 

U 3 a 
L. al E 0 P 

ffl 3 * 
-3 u 
0 V) "7 

u 
ffl 

C-6" 
C  3 '  
C-6' 
C  1' 
L-6' 
C  4 '  
D-2' S11  CS 
Dry c r e e k  
Dry c r e e k  
C-2' 
L 6 '  CS 
C-2'-8' 
D 
D 
D  
D 
D 
D 
C-1' 2  
D  
C-2' 8  
C  2'-8' 

Dry 
C  1 
C 2'-8' 
C-2' 8 '  
D 
D 
C 1 ' - 2 '  
D 
D  
C-1' 2 ,  
D 
C-1' 2 '  
C  1 ' -2 '  
C  2 ' -8 '  
C-20 ' -60 '  
C-6 ' 
C-4 ' 
C 15 '  
C-10' 
C-2' 
C-5 ' 
C 6 '  
D-2" 
D-3" 
D-6" 
C  6" 
C-6" 
C-6" 
C-6" 
C-6" 
C-6" 

S p r i n g  from s i l i c i f i e d  zone n e a r  s u l f i d e  o r e  f l o a t  showing 
M 9 8 ,  D 2 .  
S  25 M 75. 
M 100.  
M 15 ,  CS 40 ,  S  40 ,  Q 5 .  
H, CS, G, (Q t o  3 '  d i a m e t e r )  
CS, S i l .  

M 9 0 ,  CS 1 0 ,  D 1, M m u l l i o n s  
CS 100 
S  100 .  

S  1 0 ,  M 88 ,  G 2 .  
S i l v e r  1 . 0 ,  M 60 ,  CS 30,  S  2 ,  Q 3 .  
M 100 .  

11 8 0 ,  Gos 20 
M 99.9,  Gos 0 . 1 .  
S  90,  M 10.  

S  5 0 ,  M 50.  
S  1 0 ,  M 8 0 ,  G  1 0 .  
S  80 :  M 1 0 ,  G 10 .  
S 4 5 ,  M 5 0 ,  Q  5 .  
S 80,  M 15 ,  G 5. 
S  40 ,  M 5 2 ,  G 5 ,  Q 3 .  
S 49 ,  M 30 ,  G  20,  Q  1. 
S 60,  M 30 ,  G 10 .  
S 43 ,  G  50 ,  Q 2 ,  Gos 5.  
S 23, G  75, Q 2 .  
Aurora Creek p r o s p e c t  s o i l  t r a v e r s e  t a k e n  i n  d i t c h  S  100  
Aurora Creek p r o s p e c t  s o i l  t r a v e r s e  S  100 .  
Aurora Creek p r o s p e c t  s o i l  t r a v e r s e  S  100.  
Aurora Creek p r o s p e c t  s o i l  t r a v e r s e  S  100.  
Aurora Creek p r o s p e c t  s o i l  t r a v e r s e  S 100.  
Aurora Creek p r o s p e c t  s o i l  t r a v e r s e  S 90 ,  Q 1 0 .  
Aurora Creek p r o s p e c t  s o i l  t r a v e r s e  S 9 5 ,  Q 5 ,  p e a t y  
Aurora Creek p r o s p e c t  s o i l  t r a v e r s e  S 100 .  
Aurora Creek p r o s p e c t  s o i l  t r a v e r s e  S 100 ,  p e a t y  
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C -  6" 
C-6" 
D-6" 
D-6" 
D-6" 
D-6" 
D-6" 
D- 6" 
D-6" 
D-6" 
D-6" 
D- 6" 
D-6" 
D-6" 
D-6" 
D-6" 
0-6" 
s e e p  3" 
Seep  6" 
D-4" 
0-4" 
D-4" 
D-4" 
D  4" 
D-4" 
D..4" 

D-4" 
D-4" 
D- 10" 
D-8 
D-8'' 
D-10" 
D-10" 
D-10 
D- 8" 
D- 2" 
D-6" 
Seep 
Dolorn t o  q u a r t z i t e  

s u f f i d e  f l o a t  
s e e p  3" 
Dry 
C-4' 
Dry 

Aurora Creek p r o s p e c t  s o i l  
Aurora Creek p r o s p e c t  s o i l  
Aurora Creek p r o s p e c t  s o i l  
Aurora Creek p r o s p e c t  s o i l  
Aurora Creek p r o s p e c t  s o i l  
Aurora Creek p r o s p e c t  s o i l  
Aurora Creek p r o s p e c t  s o i l  
Aurora Creek p r o s p e c t  s o i l  
Aurora Creek p r o s p e c t  s o i l  
Aurora Creek p r o s p e c t  s o i l  
Aurora Creek p r o s p e c t  s o i l  
Aurora Creek p r o s p e c t  s o i l  
Aurora Creek p r o s p e c t  s o i l  
Aurora Creek p r o s p e c t  s o i l  
Aurora Creek p r o s p e c t  s o i l  
Aurora Creek p r o s p e c t  s o i l  
Aurora Creek p r o s p e c t  s o i l  

S  100  l a r g e  Q b o u l d e r s  
S  100,  f r o s t  b o i l  
S 100 ,  f r o s t  b o i l  
S 100 ,  swampy 
S 100. p e a t y  
S  1 0 0 "  
S 100'  
S 100 
S 100 .  

S  83 ,  M 5 ,  D  10 ,  Gos I 
S 1 0 ,  M 90. 
S 68,  M 40,  Q 1 
S 20,  M 59,  G 1, D 20. 
S 93 ,  G 5 ,  Q 2 .  
S 94 ,  G 5,  Q 1. 
S 8 9 ,  G 1 ,  Q 1 0 .  
S  97,  Q 2 .  
S 9 4 ,  M 1 ,  Q 5. 
Gr 100.  
Gr 100 .  

t r a v e r s e  
t r a v e r s e  
t r a v e r s e  
t r a v e r s e  
t r a v e r s e  
t r a v e r s e  
t r a v e r s e  
t r a v e r s e  
t r a v e r s e  
t r a v e r s e  
t r a v e r s e  
t r a v e r s e  
t r a v e r s e  
t r a v e r s e  
t r a v e r s e  
t r a v e r s e  
t r a v e r s e  

100.  
100.  
100.  
100 ( r i d g e  t o p )  
100.  
90 ,  Q 1 0 .  
100"  
100 
100 
100 
100 .  
100.  

: a ty  
100 b l u e b e r r i e s  
50 ,  r u s t y  S 50 .  
40,  r u s t y  S 60 .  
100.  
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Ernission Spectrographic A n b l y s e s  o f  Geochemical Stream Sediment,  S o i l ,  and Rock Samples f r o m  tlre Sinuk Area (analyzed by MIRI.) 
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10  xi! 2 0 
10 SD 5 0 
10 !iD 2 0 
10 IiD 20 
5 ND 10 
5 NC' 1 0 
10 NE 50 
5 NU 20 
10 NU 20 
5 ND 20 
LO XD 50 
10 ND 50 
10 ND 50 
10 ND 50 
20 ND 20 
10 NU 50 
10 ND 20 
ND ND 10 
10 NU 20 
20 ND 20 
1C ND 2C 
? C  ND 2C 
3 NU 10 
2C ND 20 
1 U NU 2 0 
1 C N3 5 0 
20 XD 5 0 
5 SD 20 
10 xu 20 
5 SD 20 
10 KD 50 
10 SD 2 0 
20 L 5 0 
20 ND 5 0 
20 ND 5 0 
10 ND 20 
10 ND 20 
10 ND 20 
10 ND 20 
5 ND 20 
20 50 
10 ND 20 
20 ND 50 
10 1 20 
10 ND 20 

10 1 50 
10 ND 20 
20 ND 20 
10 NU 20 
10 .VD 20 
20 xu 5 0 
20 XD 5 0 
10 KD 2 0 
10 PjD 2 0 
20 ND 20 
10 ND 20 
20 ND 2 0 
10 ND 20 
10 NU 20 
20 ND 5 0 
5 ND 20 
10 ND 20 
20 ND 20 
10 ND 50 
5 ND 50 
20 ND 50 
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APPENDIX 111 - con t inued  

362 661578 
363 66L5i6 
364 661574 
365 661570 
366 661569 
367 661563 
368 661562 
369 661561 
370 661559 
371 66L558 
372 66L557 
373 661556 
374 661555 
375 661548 
376 661553 
377 66C889 
378 661550 
379 651256 
380 65L255 
351 65L257 
382 66C709 
384 65L253 
385 66C623 
386 65L251 
387 651250 
388 65L249 
389 66L373 
390 66L372 
391 66L375 
392 6613?4 
393 661376 
394 66L480 
395 661481 
396 66L483 
179 2 9C516 
243R 4 8C538-7 
244 4 8C537-1 
244-4 4 8C542 
H 6 5C293-8 
I 6 5C293-5 
J & 5C293-12 
i( 6 5C293-1 
1 ; 9C5-60A 
1 '' 9C5-6OB 
2 7 9C5-60C 
2 7 9C5-60D 
10 7 9C5-143B 
291-2 5 8C625 
Thresho ld  

( a )  Sample l o c a t i o n s  on f i g u r e  1. Values i n  p a r t s  per  m i l l i o n ,  u n l e s s  i n d i c a t e d  o t h e r w i s e .  
I n t e r v a l s  of  e s t i m a t i o n  shown on t a b l e  V. Emission spec t rography  under  d i r e c t i o n  of 
Lawrence He ine r ,  # i n e r a 1  I n d u s t r i e s  Research L a b o r a t o r y ,  U n i v e r s i t y  of Alaska .  
NA - i n d i c a t e s  not  ana lyzed  
ND - i n d i c a t e s  sough t  bu t  n o t  d e t e c t e d  
* - p e r c e n t  
U d e r l i n e d  v a l u e s  a r e  anomalous. 
I t a l i c i z e d  numbers f o l l o w i n g  map numbers refer t o  t a b l e .  



100 50 2 10 ND 200 50 20 20 50 100 50 ND iiD 362 
100 50 2 10 ND 200 100 20 20 100 100 50 XD ND ND 363 
100 100 2 10 ND 200 100 20 20 50 100 2000 100 ND ND ND 364 
100 50 2 10 ND 200 100 20 20 50 100 ND 50 ND ND ND 365 
100 500 2 10 ND 200 30 20 20 50 100 ND ND ND ND 366 
loo 5~ 2 10 ND 200 5 0 20 20 20 100 hn 50 ND ND ND 367 
100 100 2 10 ND 200 5 0 20 20 50 100 ND 100 ND ND ND 368 
100 50 2 10 ND 200 100 20 20 20 100 ND 50 ND ND ND 369 
100 100 2 10 h i  200 50 20 20 50 100 ND 5 0 ND ND NO 370 
100 50 2 10 NE 200 100 20 20 100 100 ND 100 ND ND ND 371 
100 50 2 ND ND 200 100 20 20 50 100 ND 50 ND hQ ND 372 
100 100 1 10 ND 200 50 20 20 50 200 ND 100 ND ND ND 373 
100 50 2 ND ND 200 50 20 20 50 100 ND 50 ND ND ND 374 
100 100 2 10 NU 200 50 50 20 50 200 NO 50 ND ND ND 375 
100 100 1 ND ND 200 50 10 10 50 100 ND ND ND ND ND 376 
100 100 1 NO NO 200 50 50 50 100 200 ND 100 ND ND h i  377 
100 50 2 ND ND 200 50 20 20 50 100 ND 50 XD h?) h?) 378 
100 50 2 ND ND 200 50 20 20 50 100 ND ND W NU ND 379 
100 100 2 10 ND 200 50 20 20 20 100 ND 50 IiD ND ND 380 
100 100 1 10 iW 200 20 20 20 20 200 ND 100 NU ND ND 381 
100 100 1 10 ND 200 50 50 20 20 200 NU 50 ND ND ND 382 
100 50 1 ND ND 200 SO 20 10 20 100 ND 100 ND ND ND 384 
100 50 1 10 ND 200 50 50 20 20 100 ND ND ND ND ND 385 
100 100 2 ND ND 200 50 20 20 20 100 NU 50 ND ND M) 386 
100 100 2 10 NU 200 50 20 20 20 100 ND 100 ND ND ND 387 
100 loo 1 ND ND 200 50 20 20 20 loo ND loo ND ND m 388 
100 50 1 10 NU 200 20 20 20 20 100 ND 50 ND ND ND 389 
50 50 2 ND ND 200 50 20 20 20 100 ND 50 ND ND h i  390 
100 50 2 ND ND 200 50 20 20 50 100 ND 50 ND ND ND 391 
100 50 2 ND ND 200 50 20 20 50 100 ND 50 ND h i  ND 392 
100 50 2 ND ND 200 50 20 20 20 100 ND 50 ND ND ND 393 
100 100 1 10 ND 200 50 20 20 50 100 ND 100 ND ND ND 394 
100 50 1 ND ND 200 20 20 20 20 100 ND ND ND ND h% 395 
100 50 1 ND ND 200 50 20 20 20 100 ND 50 NE ND ND 396 
100 ND 1 ND hn ND 20 50 ND ND ND ND ND ND ND - 179 
200 - 1 - 10 5 10 20 - - N D -  2438 
100 20 2 200 2 0 - 20 5 0 - 244 100 loOD 500 
200 20 2 200 50 50 50 500 - - 241-4 
50 - 1 20 10 - - 10 100 - H 
50 1 - 10 - 10 50 - I 
100 - 1 - 10 10 - 20 50 - J 
100 10 2 - 20 10 - 10 - 200 - K 
50 100 1 50 20 50 10 50 100 - 100 1 0 - 1  
50 10 1 20 20 20 5 20 100 - - 1 
50 5 0 1 20 50 50 10 50 200 - 100 - 10 - 2 
200 - 1 20 5 20 50 2 
200 20 1 - 50 - 10 20 - 10 
500 10 1 20 5 20 10 - - - 291-2 

500 200 5 500 - - 500 200 - 100 - Threshold 



APPENDIX IV 

Emission Spec t rograph ic  Analyses of Geochemical Stream Sediment and S o i l  Samples from t h e  Sinuk ~ r e a ' ~ )  



(Analyzed by U. S. Geological  Su rvey)  

1.5 700 L 500 
-- 

1 
2 700 L 50 1 5  

3 L N 5 0 N 
. 3  700 150 7 0 - 3 

1 500 100 5 0 1.5 
1 500 100 5 0 5 - 

5 3 00 100 20 - 3 
1 300 100 15 1.5 
2 700 300 3 15 - 

20 150 700 15 N 
20 200 - 700 L N 
20 150 - 700 L N 
20 100 - 700 L N 
15 70 700 N N - 
1 150 L 10 N 

' 3  200 L 15 2 
. 3  500 100 50 - 3 

2 500 150 30 N 
3 700 L 200 - N 
1 500 100 50 N 
3 300 100 150 1 
1.5 700 150 20 1 
3 500 150 30 - 3 
1 500 200 30 1 
2 700 L 30 N 

10 500 300 5 0 N 
2 5 L 5 0 3 - 
2 700 L 200 - L 
2 1000 L 200 - -- 1.5 
2 700 150 100 2 
2 1000 100 - 200 2 - 
3 700 200 200 -- 2 
3 500 L 100 1 

.5 500 L 50 1 
3 1000 200 30 3 - - 
1 700 200 20 2 
3 500 200 5 30 - 
1 5  700 100 15 3 - 

3 500 L 5 0 2 
. 3  500 100 100 1 . 5  

7 300 L 15 3 - 
2 300 L 20 L 
2 700 500 10 L 

10 500 200 5 0 1 
. 5  500 L 7 0 1 . 5  

1 500 100 100 1.5 
.2 200 L 100 1 
.3 300 L 15 L 
.3 300 L 50 N 

1 300 150 150 1 
1 300 200 50 1 
1 300 200 30 1.5 
1.5 300 200 20 1 .5  

.7 300 L 20 N 
. 5  300 L 50 L 
"7 300 L 20 N 
.7 500 L LOO 1 .5  

1 700 100 150 1.5 
1 700 100 100 1 

G(20) 300 700 20 L 

20 200 g 20 L 
G(20) 200 300 15 L 

20 100 100 L L 
20 100 L L L 

G(20) 100 L L L 
G(20) 100 100 10 L 

20 200 100 20 L 
5 500 L 30 1 
7 150 100 10 L 

10 500 100 50 1 
10 300 200 20 L 

"1 200 N 30 L 







APPENDIX I V  - continued 

300 8L443 70 3 0 N N N 5 0 200 150 2000 7 7 1 
301 8L444 20 15 N N N N 70 30 300 2 2 " 5  
302 EL445 7 0 5 0 N N N 7 0 200 100 2000 5 7 1 - 
303 8L446 50 50 N N N 30 150 7 0 700 3 5 1 
304 8L447 20 15 N N N 5 70 20 200 2 2 . 7  
305 8L448 20 20 N N N 10 100 20 300 5 3 .7 
306 8L449 30 5 0 300 N L 20 200 7 0 500 5 5 1 
307 8L450 30 50 200 N N 20 200 7 0 700 .7  5 1 
308 8L451 70 - 70 - 5UO .5 30 300 100 1000 " 7  7 1 N -- 
309 8L452 50 - 100 300 N L 20 150 7 0 700 5 5 1 
310 8L453 - 100 500 700 N .7 30 200 100 700 - 5  5 1 - - - 
311 8L454 70 200 N .5  50 150 100 700 .5 5 1 - 5"O - - 
312 8L455 50 - 300 I4 1 1 5  100 7 0 500 5 3 7 
313 8L456 70 2UO - N 7  5 0 200 100 1000 .7 5 1 - 500 
314 8L457 50 100 700 N L 20 150 7 0 1500 .5 3 1 - 
315 8L458 7 0 100 200 N L 5 0 200 100 1500 .5 5 1 - 
316 8L459 70 30 L N N 3 0 200 100 1500 - 7  7 1 
317 8L460 70 30 N N N 30 200 100 1000 .5 5 1 
318 8L461 20 20 N N L 15 100 7 0 500 " 5  3 .7 
321 8L462 7 0 20 - 300 N L 20 150 100 1500 .7 5 1 
322 8L463 50 5 0 200 ,v - . 5  30 200 100 1000 .7 7 1 
323 8L464 7 0 5 0 L N - . S  50 200 100 2000 . 7  7 1 
324 8L465 20 1E 520 N 1 20 100 50 1000 . 5  5 7 
325 8L466 15 15 N N .5 - L 7 0 20 500 2 1 .5  . 3  
326 8L467 100 30 N N L - 70 200 100 2000 5 7 1 - 
327 8L468 15 10 N N N 5 7 0 30 200 . 3  1 . 5  . 5  
328 EL469 50 20 N N N 15 100 50 500 .5  2 7 
329 8L470 7 0 50 N N N 50 150 100 1500 . 5  5 1 
356 8L352 7 L L N N 15 7 3 50 700 .7 5 1.5 
Threshold 100 7 0 300 . 5  70 300 150 5000 

( a )  Sample l o c a t i o n s  on f i g u r e  1. 
Values i n  p a r t s  p e r  m i l l i o n ,  u n l e s s  i n d i c a t e d  o t h e r w i s e .  
I n t e r v a l s  of e s t i m a t i o n s  shown on t a b l e  V .  
A l l  samples were below d e t e c t i o n  l i m i t  f o r  t i n ,  bismuth.  and cadmium. 
Analyses were done i n  t h e  Anchorage mobile  l a b o r a t o r y  of t h e  U .  S .  Geo log ica l  Survey i n  1968. 
Underl ined v a l u e s  a r e  ancmalous. 

L - lowest  l i m i t  of d e t e c t i o n  
N - below d e t e c t i o n  l i m i t  
G - g r e a t e r  t h a n  v a l u e  shown 
H - i n t e r f e r e n c e  

(500) - Less t h a n  v a l u e  shown 



2 7 00 100 100 1 200 50 L 30 7 0 200 L N 300 
.1 200 L 70 1 100 20 L 15 30 100 N N 301 
1 700 150 200 1 - 5  150 100 L 5 0 100 200 N L 302 

-07 500 100 150 1 . 5  150 50 10 30 50 200 N L 303 
05  200 L 100 1 100 20 L 20 20 100 N & 304 

. 3  300 100 100 1.5 150 20 10 20 3 0 150 N N 305 
2 1000 L 100 2 150 3 0 1 5  30 50 150 N L 306 

-- 

1500 1 5  - 100 100 2 150 5 0 15 5 0 100 150 N L 307 
-15  2000 100 150 2 150 100 10 5 0 7 0 200 N - 100 308 

15 1500 L 100 2 200 3 0 10 3 0 50 150 L L 309 -- 
-15  5000 100 150 2 150 7 0 10 30 5 0 150 N L 310 -- 
1 3000 100 100 2 150 5 0 10 30 70 150 N 100 311 - - 
2 5CGO L 100 2 150 5 0 10 20 50 100 L L 312 -- 
3 - 5000 100 150 2 200 100 15 50 7 0 150 N - 100 313 
2 1000 L 100 2 100 5 0 10 20 50 100 L L 314 - 
05 1500 L 100 2 150 100 20 50 50 200 N L 315 -- 

-1 - 1000 L 100 2 150 7 0 20 5 0 100 200 N L 316 
.07 500 L 100 1.5 150 30 20 30 5 0 20') L L 317 
2 300 L 50 1 150 50 10 20 30 100 L L 318 
1 1000 L 150 2 150 50 20 20 7 0 15') 200 00 321 - 
15 1500 100 150 2 150 70 20 5 0 7 0 150 300 1 0 0  322 

-07 700 L 100 1.5 100 50 L 5 0 7 0 200 500 1 .  323 
2 5000 100 100 2 200 50 L 20 5 0 100 21)0 L 324 
5 300 N 20 1 50 30 L 7 20 7 0 N N 325 
07 700 100 7 0 2 150 7 0 10 5 0 70 150 l4 - 100 326 

-1 300 L 50 1.5 100 20 10 1 5  20 100 N N 327 
- 2  500 L 7 0 1 . 5  150 30 L 20 50 100 N N 328 
- 2  700 100 7 0 2 150 5 0 10 30 7 0 100 N L 329 
.7 300 L 7 0 2 303 L L 10 1 0  150 N N 356 

1000 700 200 3 50.3 150 150 200 100 Threshold 


