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GEOLOGY OF THE UPPER CH l STOCH l NA R l  VER AREA, 

MT. HAYES QUADRANGLE, ALASKA 

by Ar thur  W. Rose 

ABSTRACT 

The upper Ch is toch ina  R i ve r  map area cons i s t s  o f  75 square m i l es  on the  south 
s l ope  o f  the  Alaska Range between t he  Gakona R i ve r  and the  S l a t e  Creek p l a c e r  camp. The 
Denal i  f a u l t ,  a r e g i o n a l  s t r i k e - s l i p  f a u l t ,  crosses t h e  n o r t h  s i d e  o f  the map area. 
O f f s e t  o f  recen t  g l a c i a l  depos i t s  a long the f a u l t  i n d i c a t e s  smal l  amounts o f  r i g h t  l a t -  
e r a l  movement combined w i t h  minor  u p l i f t  o f  the n o r t h  s ide .  No r th  o f  the  f a u l t ,  p h y l l i t e s  
and graywackes o f  p o s s i b l e  e a r l y  Paleozoic  age a r e  i n t r u d e d  l o c a l l y  by g r a n i t i c  rocks. 
South o f  the  f a u l t ,  Pennsy lvanian and Permian andes i t e -dac i t e ,  b a s a l t ,  a r g i l l i t e ,  and 
o t h e r  sediments a r e  i n t r u d e d  by Mesozoic u l t r a m a f i c ,  maf i c ,  and g r a n i t i c  rocks,  a l l  
o v e r l a i n  by T e r t i a r y ( ? )  v o l c a n i c  rocks and nonmarine conglomerate, sandstone, and sha le  
o f  the  Eocene(?) Gakona fo rmat ion .  

The S l a t e  Creek f a u l t  zone p a r a l l e l s  the Denal i  f a u l t  and i s  i n f e r r e d  t o  be r i g h t  
l a t e r a l  s t r i k e - s l i p  i n  na tu re .  A l a rge  t h r u s t  f a u l t  which has t h r u s t  Permian a r g i l l i t e  
south over  Gakona Format ion, near  Gakona G lac ie r ,  a l s o  appears t o  have o f f s e t  and 

. d e f l e c t e d  the  S l a t e  Creek f a u l t  zone. 

The p l a c e r  g o l d  depos i t s  a t  S l a t e  Creek have produced ove r  th ree  m i l l i o n  d o l l a r s  
i n  go ld ,  and severa l  p o s s i b l e  ex tens ions  o f  t he  depos i t s  a r e  ind ica ted .  The go ld  may 
have been de r i ved  f rom n o r t h  o f  the  Denali f a u l t  and depos i ted  i n  c e r t a i n  p a r t s  o f  t h e  
Gakona format ion, f o l  lowed by reconcent ra t  i on  i n  the  p resen t  s t  reams. Stream sediment 
geochemistry has de tec ted  seve ra l  s t r ong  anomalies i n  copper, lead, and z i n c  a long  t h e  
S l a t e  Creek f a u l t  zone, as w e l l  as numerous moderate anomalies i n  these metals and 
molybdenum. A v a r i e t y  o f  sma l l  m inera l  occurrences were found du r i ng  the  mapping. 

l NTRODUCT l ON 

P lacer  go ld  depos i t s  on S l a t e  Creek and nearby l o c a l i t i e s  i n  the upper Ch is to -  
ch ina  R iver  dra inage were d iscovered  near the t u r n  o f  t h e  cen tu ry  and have been worked 
s p o r a d i c a l l y  s i nce  then. T o t a l  p roduc t i on  from the  d i s t r i c t  has probably  been about 
3.5 m i l l i o n  d o l l a r s .  The d i s t r i c t  was v i s i t e d  and mapped i n  reconnaissance by the 
U. S .  Geologica l  Survey i n  1902 (Mendenha I1 , 1905) . L a t e r  v i  s i t s  and reconnaissance 
geo log i c  mapping took  p l a c e  i n  1917 and 1941, b u t  no d e t a i l e d  geo log ic  work has eve r  
been pub l i shed  on t h e  d i s t r i c t  and i t s  surroundings. An area about 15 m i l es  long  
west o f  the West Fork o f  the  Ch is toch ina  has n o t  been mapped even i n  reconnaissance. 
I n  a d d i t i o n  t o  p l a c e r  go ld ,  t he  presence o f  p la t inum,  n a t i v e  copper, and o t h e r  m ine ra l s  
i n  the  p l ace r  concen t ra tes ,  and l a r g e  i r on -s ta i ned  zones i n  rocks o f  the d i s t r i c t  
suggested the p o s s i b i l i t y  o f  o t h e r  types o f  m inera l  depos i t s  i n  the  reg ion.  The p resen t  
p r o j e c t ,  c o n s i s t i n g  o f  g e o l o g i c  mapping a t  a s c a l e  o f  1 i n c h  t o  1/2 m i l e  and s t ream 
sediment geochemical sampl ing, i s  intended t o  fill t h i s  gap i n  in fo rmat ion  and thereby  
a s s i s t  e v a l u a t i o n  o f  t he  m ine ra l  p o s s i b i l i t i e s  o f  the  d i s t r i c t .  



The f i e l d  work was done between Ju ly  14 and August 17, 1966 by the w r i t e r  and 
ass i s tan t  L.J. Ker in.  Access t o  the area was by f l o a t  p lane t o  a lake j u s t  east o f  
the Gakona g l a c i e r  ( e l e v a t i o n  3,732') and by wheel p lane t o  the a i r s t r i p  a t  S l a t e  Creek. 
The w r i t e r  i s  indebted t o  Lewis Elmer f o r  permiss ion t o  use the a i r s t r i p  and f o r  l n -  
format ion and h o s p i t a l i t y  w h i l e  i n  the area. I n  view o f  t h e f t s  and equipment damage 
by unauthorized p i l o t s  us ing  t h i s  a i r s t r i p ,  i t  i s  wor th  n o t i n g  tha t  the a i r s t r i p  i s  on 
p r i v a t e  patented ground and should no t  be used w i t h o u t  permission o f  the owners. 

The 1966 f i e l d  work covered the area from the Gakona Glac ie r  t o  the S la te  Creek 
d i s t r i c t .  The remainder o f  the d i s t r i c t ,  as f a r  eas t  as Canyon Creek i s  planned f o r  
i n v e s t i g a t i o n  i n  1967. Some geologic  problems encountered i n  the work t o  date should 
be so lvab le  by mapping t h i s  a d d i t i o n a l  area and by r e v i s i t i n g  troublesome l o c a l i t i e s .  

For convenience i n  t h i s  repo r t  the West Fork o f  the  Chistochina River  i s  abbre- 
v i a t e d  West Fork, and the Chistochina River ( f l o w i n g  by S l a t e  Creek) i s  c a l l e d  the  
Hain Fork. The l a r g e  g l a c i e r s  a t  the head o f  these two streams are  termed the West 
Fork Glac ie r  and the Main Fork Glac ier .  Sp i re  Creek, Magneti te Creek, Mendenhall Creek, 
and Volcanic Creek a re  names adopted f o r  t h i s  r e p o r t ,  as shown on the map. 

REG1 ONAL GEOLOGY 

The map area l i e s  i n  the southern f o o t h i l l s  and slopes o f  the Alaska Range, on 
the nor thern  margin o f  the  Copper River basin. The Denal i  f a u l t ,  a major s t r i k e - s l i p  
f a u l t ,  crosses the  no r the rn  margin o f  the map area. P h y l l i t e  and s c h i s t  on the n o r t h  
s ide  o f  the f a u l t  a re  p a r t  o f  a la rge  region o f  metamorphic rocks o f  l i t t l e  known age 
and s t r u c t u r e  exposed throughout the Yukon-Tanana reg ion  and the n o r t h  s ide  o f  the 
Alaska Range. G r a n i t i c  and maf ic  i n t r u s i v e s  a r e  l o c a l l y  present i n  the region. On 
the south s ide  o f  the f a u l t ,  l a t e  Paleozoic t o  T r i a s s i c  sediments and volcanics a re  
in t ruded by Mesozoic g r a n i t i c ,  mafic,  and u l t r a m a f i c  rocks, and are  covered l o c a l l y  
by T e r t i a r y  sediments. The Ple is tocene and Recent have been character ized by piedmont 
and v a l l e y  g l a c i a t i o n  centered i n  the Alaska Range. 

The general ized s t r a t i g r a p h y  o f  the area i s  summarized i n  Table 1 .  

ROCK UNITS 

Phyl l i te ,  metagraywacke, and o ther  rocks n o r t h  o f  Denal i f a u l t  (mp) 

The rocks on the n o r t h  s ide  o f  the Denali f a u l t  were v i s i t e d  on on l y  two t raverses ,  
both between the West Fork and Main Fork g l a c i e r s ,  bu t  a d d i t i o n a l  in fo rmat ion  has been 
gained from d i s t a n t  views and examination o f  f l o a t  on the  g lac ie rs .  

Black s l a t y  p h y l l i t e  and dark schistose graywacke i s  the main rock type f o r  a 
m i l e  o r  more n o r t h  o f  the Denali f a u l t  i n  the area traversed. Dark l imestone and 
l imy sediments form beds up t o  20 fee t  t h i c k  i n  the  p h y l l i t e  but are subordinate i n  
amount. White qua r t z  ve ins and f i n e  disseminated p y r i t e  a re  t y p i c a l  o f  most b lack  
p h y l l i t e .  The c r e s t  of. the r i dge  no r th  o f  the f a u l t  i s  made up o f  more r e s i s t a n t  
layered rock, which, on the bas is  o f  f l o a t  and one outc rop  observat ion, i s  judged t o  be 



Table 1 .  

Summary o f  S t ra t i g raphy  

Age Symbol Thickness ( f e e t )  U n i t  and d e s c r i p t i o n  

P 1 e i s tocene 

Eocene (?)  

Eocene(?) o r  
Cretaceous (?)  

Perm i an 
(and T r  i ass i c?)  

Pennsylvanian 
and permi an (?)  

P m 
Pma 5000+ 
Pmb 2000+ 

5000+ 

p r e - ~ e n n s y l  vani  an ( 7 )  3000+ 
( n o r t h  o f  Denal i  f a u l t )  MP 

Moraine and g l a c i a l  outwash 
Bench g rave l s  

Gakona f o rma t i on  
Shale and sandstone u n i t  
S p i r e  Creek conglomerate u n i t  
"Round wash" 

Vo l can i c  rocks 
Andesi te ,  d a c i t e ,  and qua r t z  
l a t i t e  f l ows  and agglomerates 

Man komen f o  rma t i on 
A r g i l l i t e  u n i t  
Basa l t -d iabase  u n i t  
Lower un i t s  (not  exposed i n  
map area) 

Chisna f o rma t i on  
Andes i te  and d a c i t e  f lows,  
agglomerates, t u f f s ,  and 
t u f f aceous  sediments (see 
t a b l e  2) 

P h y l l i t e ,  metagraywacke and 
o t h e r  rocks 



sch i s tose  meta-graywacke. U n f o l i a t e d  greenstone and f i n e  maf ic  d i o r i t e  a r e  a l s o  
p resen t  l o c a l l y  as i n d i c a t e d  by f l o a t .  Homogeneous massive l i g h t - c o l o r e d  rock  p re -  
sumed t o  be d i o r i  t e  o r  g r a n i t e  forms cons ide rab le  areas nor thwest  o f  M t .  Kimbal l and 
near  M t .  Gakona. The meta-sediments s t r i k e  approx imate ly  east-west, a t  a s l i g h t  angle 
t o  the Denal i  f a u l t ,  and d i p  a t  low t o  moderate angles t o  the no r th .  

The metamorphic grade o f  most p h y l l i t e  and s c h i s t  observed i n  ou t c rop  appears low, 
probably  g reensch i s t  f a c i e s ,  and the o r i g i n a l  cha rac te r  o f  the rock i s  f a i r l y  e v i d e n t  i n  
most exposures, a l t hough  s l a t y  cleavage, s c h i s t o s i t y ,  and e f f e c t s  o f  shea r i ng  a r e  l o c a l l y  
s t r o n g l y  developed. W e l l - f o l i a t e d  coarser -g ra ined  s c h i s t  i s  e v i d e n t l y  p resen t  f a r t h e r  
n o r t h  j u d g i n g  f r om f l o a t  on the c e n t r a l  p a r t  o f  t he  Main Fork g l a c i e r .  The coarse- 
g ra ined  s c h i s t  i s  i n f e r r e d  t o  r e s u l t  f rom metamorphism near the g r a n i t i c  i n t r u s i v e s .  

The age o f  these meta-sedimentary rocks i s  unce r ta i n .  An e a r l y  Pa leozo ic  o r  Pre- 
cambrian age has genera l  l y  been assigned, b u t  Rose (1966) suggested a Mesozoic age f o r  
very s im i  l a r  meta-sediments near the Maclaren R iver .  

Chisna fo rmat ion  ( ~ennsy lvan ian-Permian?)  (PC) 

The m a j o r i t y  o f  exposures i n  the  southern ha1 f o f  t he  map area a r e  andesi t i c  and 
daci  t i c  vo l can i cs ,  and were mapped by Mendenhal l (1905) as the Chisna fo rmat ion .  
Mendenhall cons idered  conglomerate, q u a r t z i t e ,  and t u f f  t o  be the main components o f  the 
fo rmat ion ,  b u t  i n  t he  area mapped t o  da te ,  which i nc l udes  about a t h i r d  o f  t he  area 
shown as Chisna f o rma t i on  on Mendenhal l 's  map, t he  dominant rock types a r e  andes i t e  and 
d a c i t e  f lows ,  agglomerates, and t u f f s  o r  t u f f aceous  sediments. The c h a r a c t e r i s t i c  f ea tu res  
o f  the f o rma t i on  i n  t he  area mapped a r e  i t s  a n d e s i t i c  t o  d a c i t i c  composit ion, a low t o  
moderate con ten t  o f  maf i c  m inera ls  ( appa ren t l y  ma in l y  hornblende),  and extens i ve a1 t e ra -  
t i o n  t o  c h l o r i t e ,  ep ido te ,  p y r i t e  and o t h e r  m ine ra l s .  O f  a h a l f  dozen v o l c a n i c  rocks 
examined by x - ray  and t h i n  sec t ion ,  one con ta ins  enough potash f e l dspa r  t o  be c a l l e d  
qua r t z  l a t i  te .  

Along the  r i d g e  between the West Fork and the  Main Fork, severa l  u n i t s  s t r i k i n g  
no r th - sou th  have been mapped. Actua l  con tac t s  between the u n i t s  were g e n e r a l l y  
d i f f i c u l t  t o  f i n d  because o f  poor exposures and t he  v a r i a b l e  na tu re  o f  some u n i t s ;  how- 
ever ,  some o f  t he  u n i t s  a r e  r e l a t i v e l y  d i s t i n c t i v e  and cou ld  be recognized a t  numerous 
p laces a l ong  s t r i k e .  A b r i e f  d e s c r i p t i o n  o f  these u n i t s  i s  g iven i n  t a b l e  2. Based 
on an average d i p  o f  about 45" t o  the west, t h e  s e c t i o n  o f  rocks exposed on t h i s  r i d g e  
i s  about 3,000 f e e t  t h i c k ,  a l though the  t h i c k  m idd le  u n i t  (PCU) appears t o  t h i n  markedly 
t o  the south.  

South o f  S l a t e  Creek, p o r p h y r i t i c  andes i t e -dac i t e  f lows  w i t h  p l a g i o c l a s e  pheno- 
c r y s t s  a r e  i n  c o n t a c t  w i t h  agglomerates, t u f f s  and f lows  a long  a no r thwes t - t r end ing  
con tac t .  West o f  t he  West Fork, most o f  t he  Chisna fo rmat ion  i s  f l ows ,  t u f f s ,  and 
agglomerates o f  v a r i a b l e  charac te r ,  b u t  p o r p h y r i t i c  andes i te  s i m i l a r  t o  u n i t  Pcp i s  
exposed n o r t h  o f  Sandstone Creek, and t h i n  d i scon t i nuous  l imestone was found j u s t  south 
o f  Vo lcan ic  Creek. 

The Chisna f o rma t i on  i s  very  s im i  l a r  t o  p o r t i o n s  o f  the Rainbow Mountain sequence 
o f  Hanson (1964) and t o  the "Miss iss ipp ian  o r  Pennsylvanian" dac i te ,  andes i te ,  and 



Table 2 

Un i t s  i n  t l i e  Chisna fo rmat ion  

A. Be tween t he  West Fork and the Main Fork 

Uni t D e s c r i p t i o n  

P ca F ine-gra ined andes i t e  o r  d a c i t e ,  dark  p u r p l i s h  t o  g reen ish  g ray ,  and 
agglomerate and massive t u f f  o f  s i m i l a r  m a t e r i a l ;  bedded andes i t e  t u f f  
o r  graywacke p resen t  a t  west marg in  o f  outcrops. 

PCP P o r p h y r i t i c  andes i t e  w i t h  prominent  p l ag ioc lase  phenocrysts ,  p u r p l i s h -  
gray t o  greenish gray. 

Pcu A n d e s i t i c  t o  d a c i t i c  agglomerates w i t h  some t u f f s  and f l ows ,  q u i t e  v a r i a b l e  
i n  charac te r  b u t  g e n e r a l l y  l i g h t - c o l o r e d  and l a c k i n g  obv ious phenocrysts.  
Some agglomerates c o n t a i n  a  v a r i e t y  o f  fragments. 

Pc t  A n d e s i t i c  t u f f  and f i n e  agglomerate,  mos t l y  massive. 

Pcd P o r p h y r i t i c  d a c i t e ,  dark  green, w i t h  p o s s i b l y  some agglomzrate o f  
s i m i l a r  ma te r i a l .  

pcq D a c i t e  porphyry o r  f i n e  q u a r t z  d i o r i t e ,  l i g h t - c o l o r e d ,  abundant smal l  
q u a r t z  and fe ldspar  g ra i ns ;  may be i n t r u s i v e .  

B. South o f  S l a t e  Creek 

Pcad P o r p h y r i t i c  andes i t e  and d a c i t e  w i t h  obvious p l a g i o c l a s e  phenocrysts .  

Pcu Agglomerates, t u f f s ,  and f lows  o f  a n d e s i t i c  t o  d a c i t i c  compos i t ion  and 
v a r i a b l e  charac te r .  

C. West o f  t he  West Fork 

Pcl  Limestone up t o  10 f e e t  t h i c k ,  d iscon t inuous ,  mos t l y  c l a s t i c ,  l i g h t  
gray t o  reddish-brown. 

P cu As above, b u t  inc ludes  p o r p h y r i t i c  andes i te  l i k e  Pcp n o r t h  o f  Mendenhall 
Creek a long the West Fork. 



graywacke o f  Rose (1966, p. 8).  More recent  pa leonto log ica l  s tud ies  i n d i c a t e  t h a t  the 
rocks descr ibed by Hanson and Rose are Pennsylvanian and/or Permian i n  age and t h a t  
M iss i ss ipp ian  i s  no t  present. (R. Petrocz personal communication). Several brachiopods 
and co ra l s  were co l l ec ted  from the l imestone j u s t  south o f  Volcanic Creek and appear t o  
be o f  upper Paleozoic age but have no t  y e t  been i d e n t i f i e d  i n  d e t a i l .  A Pennsylvanian- 
permian(?) age i s  assigned from the above informat ion.  

Mankomen format ion  (permi an) ( ~ m )  

The name Mankornen formation was appl l ed  by Mendenhall (1905) t o  more than 7,000 
f e e t  o f  Permian sedimentary and vo lcan ic  rocks exposed no r th  o f  Mankomen Lake. I n  t h e i r  
reconnaissance mapping, Elendenhal l (1 905) and Moff i t (1954) inc luded the a r g i  l 1 i t e  and 
b a s a l t  n o r t h  o f  S la te  Creek and Boulder Creek i n  the present map area i n  the Mankomen 
format ion,  i n d i c a t i n g  t h a t  i t  was s i m i l a r  t o  shales i n  the upper p a r t  o f  the  type area. 
A re-examinat ion o f  the type area i s  needed f o r  proper use o f  the  name Mankomen, as i t  
seems t o  inc lude several u n i t s  o f  w ide ly  d i f f e r e n t  l i t h o l o g y ,  and the top i s  n o t  we l l -  
defined. For t h i s  repor t ,  Mankomen i s  used as a formation name t o  inc lude a r g i l l i t e ,  
basa l t ,  and associated rocks as informal  map un i t s .  

Basa l t - d  i abase un i t ( ~ m b )  

A b e l t  about a m i le  wide j u s t  south o f  the  Denali f a u l t  i s  composed l a r g e l y  o f  basa l t  
and diabase. Where r e l a t i v e l y  unmetamrphosed, the major rock types a re  very f i n e -  
gra ined dark gray t o  dark green b a s a l t  i n  which small fe ldspar phenocrysts can general ly  
be recognized, and moderate-size t o  la rge bodies o f  r e l a t i v e l y  f ine-gra ined diabase 
con ta in ing  p lag ioc lase tab le ts  about one mm i n  length i n  a maf ic  mat r ix .  The diabase 
bodies are  i n f e r r e d  t o  be t h i c k  f lows o r  s i l l s  i n  the basal t .  I n  a few outcrops between 
the West Fork and the Main Fork, and n o r t h  o f  the head o f  S la te  Creek, rounded masses 
o f  r e l a t i v e l y  coarse-grained basa l t  o r  diabase a f o o t  o r  two i n  diameter are separate from 
each o t h e r  by t h i n  zones o f  f ine-gra ined mate r ia l ,  and may be p i l l o w  basa l t .  No ves ic les  
were noted i n  the basa l t  uni t. Th in l y  banded t o  massive greenish to gray sediments o r  
t u f f s  a re  present  l o c a l l y  near the south contact .  

The age r e l a t i o n  o f  the b a s a l t  and diabase t o  the a r g i l l i t e  i s  no t  c lea r .  On the 
east  s ide  o f  the  West Fork g l a c i e r ,  the contac t  o f  the basa l t  and a r g i l l i t e  can be located 
w i t h i n  a few f e e t  and dips southward p a r a l l e l  t o  bedding i n  the a r g i l l i t e ,  suggesting 
t h a t  the two u n i t s  are conformable. S i m i l a r  r e l a t i o n s  were observed about two mi les  
east.  However, i t  i s  not  c l e a r  which u n i t  i s  o lder .  Based on the g rea te r  degree o f  
metamorphism o f  the basa l t ,  and the a t t i t u d e  o f  the contact,  i t  i s  t e n t a t i v e l y  concluded 
t h a t  the  b a s a l t  i s  o lder .  However, t h i s  does not  f i t  i n t o  the s t r a t i g r a p h i c  sec t ion  and 
r e l a t i o n s  descr ibed by Mendenhal l (1905) and M o f f i  t (1954) no r th  o f  Mankomen Lake, and i t  
i s  poss ib le  t h a t  the u n i t s  a re  overturned. I f  t h i s  i s  t rue,  the g rea te r  degree o f  meta- 
morphism i n  the basa l t  may be due t o  p r o x i m i t y  t o  the Denal i f a u l t .  In e i t h e r  case, 
a probable age o f  perhian can be assigned from c o r r e l a t i o n  o f  the a r g i l l i t e  w i t h  the 
upper p a r t  o f  the type sec t ion  n o r t h  o f  Mankomen Lake. 

Arg i  1 1 i t e  un i t (Pma) 

An approximately east-west b e l t  between the basalt-diabase and the Chisna formation 
i s  composed o f  dark a r g i l l i t e  and s i l t s t o n e ,  l o c a l l y  metamorphosed t o  ho rn fe l s ,  s la te ,  



and p h y l l i t e .  Some a r g i l l i t e ,  e s p e c i a l l y  i n  the  wes te rn  p a r t  o f  the d i s t r i c t ,  i s  massive 
and a p h a n i t i c  and may be o f  v o l c a n i c  o r i g i n .  However, the  l a r g e r  p a r t  o f  the u n i t ,  i n c l u d -  
i n g  some exposures i n  the  western p a r t  o f  the map area,  shows obscure t o  d i s t i n c t  banding 
o r  bedding. I n d i v i d u a l  bands o r  beds a r e  g e n e r a l l y  l ess  than an inch  t h i c k .  The sub- 
o r d i n a t e  l i g h t e r  c o l o r e d  bands a re  apparen t l y  composed o f  l imy  o r  more s i l i c e o u s  m a t e r i a l  
than the p r e v a i l i n g  dark  gray t o  b l ack  a r g i l l i t e .  Abundant g r a p h i t e  i s  v i s i b l e  i n  one 
t h i n  s e c t i o n ,  and i n  combinat ion w i t h  f i n e  m a f i c  m a t e r i a l ,  i s  probably  the  major  cause 
o f  the  dark  c o l o r .  P l a g i o c l a s e  i s  the most abundant d e t r i t a l  c o n s t i t u e n t  recogn izab le  i n  
t h i n  sec t i on .  Some a r g i l l i t e  has been metamorphosed t o  h o r n f e l s  and con ta ins  5-10% b i o -  
t i t e ,  i n d i c a t i n g  a moderate potash content  i n  t he  o r i g i n a l  sediment. Other a r g i l l i t e  has 
apparen t l y  been metamorphosed t o  amph ibo l i te ,  i n d i c a t i n g  a more ma f i c  composi t ion.  

I n  the S l a t e  Creek area, the  southernmost exposures a r e  d i s t i n c t l y  bedded a r g i l l i t e  
o r  shale.  Th i s  o b v i o u s l y  sedimentary m a t e r i a l  grades nor thward t o  good a r g i l l i t e ,  then 
t o  s l a t y  a r g i l l i t e  and p h y l l i t e ,  t o  w e l l - f o l i a t e d  f i n e - g r a i n e d  s c h i s t  a t  the  head o f  
S l a t e  Creek. A s i m i l a r  t r a n s i t i o n  appears t o  occu r  between the West Fork and the  Main 
Fork. Approx imate ly  5,000 f e e t  o f  a r g i l l i t e  i s  appa ren t l y  present  on the  west s i d e  o f  
t he  West Fork g l a c i e r ,  and 2,000 t o  4,000 f e e t  can be i n f e r r e d  elsewhere. The top  o f  
the  a r g i l i i t e  i s  n o t  exposed. 

These "sha les t '  were c o r r e l a t e d  by Mendenhall (1905, p. 41) w i t h  the upper beds o f  t he  
s e c t i o n  n o r t h  o f  Mankomen Lake. Permian f o s s i  1s were found i n  1 imestone near  t he  t op  o f  
t h a t  s e c t i o n ,  and the  a r g i l l i t e s  o f  the map a rea  a r e  t h e r e f o r e  presumed t o  be Permian. 
However, they a r e  a l s o  s i m i l a r  t o  a r g i l l i t e s  o f  p o s s i b l e  T r i a s s i c  age exposed a long  t he  
Slana R i v e r  (D.H. R i c h t e r ,  personal  communication) and the l o c a t i o n  o f  t he  Permian- 
T r i a s s i c  boundary t h e r e f o r e  requ i res  f u r t h e r  study. 

Limes tone (Pml) 

A th in-bedded f o s s i l i f e r o u s  che r t y  l imes tone  can be t raced  f o r  about a  m i l e  between 
Magnet i te  Creek and Mendenhall Creek. The f o s s i l s  c o n s i s t  o f  abundant bryozoa p reserved  
as molds i n  t he  c h e r t .  The l imestone i s  i d e n t i c a l  i n  l i t h o l o g y  and f o s s i l s  t o  rocks 
o f  u n i t  "B1"  i n  t h e  Rainy Creek area about 30 mi l e s  t o  the  west. ( ~ o s e ,  1965) . 

A l a r g e l y  r e c r y s t a l l i z e d  l imestone bed can be t r aced  across the r i d g e  on t he  n o r t h -  
west s i d e  o f  t he  S p i r e  Creek g l a c i e r .  Th i s  l imes tone  o r  marble i s  w h i t e  and r e l a t i v e l y  
pure. It i s  separated f rom r e l a t i v e l y  massive a r g i l l i t e  on the west by seve ra l  hundred 
f e e t  o f  "greenstone" which i s  presumed t o  be a l t e r e d  b a s a l t .  

An a d d i t i o n a l  marb le  bed i s  discussed below under amph ibo l i te .  

Amphi b o l  i te ,  s c h i s t ,  and gneiss (~mrn, Pms) 

A t  the  head o f  t he  v a l l e y s  o f  Magnet i te  Creek, Mendenhall Creek, and Vo l can i c  Creek, 
exposures a r e  p redominan t l y  amphibol i t e  (Pmm) . The amphibol i t e  i s  f i n e -  t o  medium- 
g ra ined  and composed l a r g e l y  o f  hornblende and p l a g i o c l a s e .  One specimen examined i n  
t h i n  s e c t i o n  con ta ined  cons iderab le  a u g i t e  i n  a d d i t i o n  t o  hornblende. Small t o  moderate 
amounts o f  p y r i t e ,  p y r r h o t i t e ,  and magnet i te  a r e  c o m n .  The amph ibo l i t e  i s  i n t e r p r e t e d  
as the p roduc t  o f  metamorphism and p o s s i b l y  metasomatism o f  b a s a l t  and o t h e r  rocks by t he  
ma f i c  and u l t r a m a f i c  i n t r u s i v e s  o f  the v i c i n i t y .  Assoc ia ted w i t h  some a m p h i b o l i t e  i s  
magnet i te-bear ing h o r n b l e n d i t e  which i s  d iscussed w i t h  the  u l t r a m a f i c  rocks. 



Smaller areas o f  banded s c h i s t  and gne iss ic  amphibol i te  (Pms) are i n te rp re ted  as 
metamorphosed equivalents o f  the banded a r g i  1 1  i te. Such rocks are  found a t  the terminus 
o f  the Magneti te Creek g l a c i e r  and as pendants w i t h i n  the gabbro and pyroxeni te between 
Magneti te Creek and Sp i re  Creek. 

Impure marble, banded s i l i c e o u s  s c h i s t ,  and gne iss ic  amphibo l i te  a re  a l so  found 
adjacent  t o  d i o r i t e  i n  Sect ion 6 northwest o f  Magnetite Creek. These metamorphic rocks 
are  a l s o  regarded as contact  metamorphosed por t ions  o f  the Mankomen sect ion,  though 
they cou ld  be considerably o l d e r .  

Greens tone b  recc i a (pmg) 

Jus t  n o r t h  o f  Boulder Creek, a  l aye r  o f  b recc ia ted  greenstone cu ts  through the 
a r g i l l i t e .  The greenstone appears t o  have been a  diabase o r  maf ic  d i o r i t e  before a l t e r a -  
t i o n .  As f a r  as cou ld  be determined, the rock i s  completely fragmented i n t o  subangular 
p ieces ranging from an inch  t o  more than a  f o o t  i n  diameter. The rock i s  t e n a t i v e l y  
i n t e r p r e t e d  as a  la rge  d i ke  o f  diabase t h a t  in t ruded the a r g i l l i t e  and was l a t e r  brec- 
c i a t e d ,  poss ib ly  because o f  i t s  massive nature compared t o  the enc los ing  incompetent 
a r g i  1 l i te. 

Very s i m i l a r  a l t e r e d  diabase i s  an abundant cons t i t uen t  o f  conglomerate i n  the 
T e r t i a r y  Gakona format ion a long Boulder Creek and l o c a l l y  a long S l a t e  Creek. An a l t e r -  
n a t i v e  i s  an o r i g i n  as a  "mono l i tho log ic  breccia" which now occupies a  narrow graben i n  
the a r g i l l i t e ;  i.e., i t  i s  a  p a r t  o f  the Gakona formation. 

Ma f i c -u l t ramaf i c  complex ( ~ e s o z o i c )  

A complex o f  maf ic  and u l t ra rna f i c  rocks i s  exposed d iscont inuous ly  along an eas t -  
west be1 t from the Spi re  Creek g l a c i e r  t o  j u s t  n o r t h  o f  S l a t e  Creek. These u l  tramaf i c  
rocks a re  p a r t  o f  a  l a rge r  b e l t  o f  u l t ramaf i cs  along the  south s ide  o f  the Denali f a u l t .  
The b e l t  i s  now recognizable f rom the  Maclaren River through the Eureka Creek, Rainy 
Creek, and Rainbow Mountain areas t o  S la te  Creek ( ~ o s e ,  1966, Hanson, 1964), a  d is tance 
o f  SO mi les.  A f u r t h e r  ex tens ion  t o  the east  i s  i nd i ca ted  by the recent  discovery o f  
d u n i t e  near G i l l e t t  Pass, 15 m i les  eas t  o f  S la te  Creek (D.H. R ich te r ,  personal 
commun i c a t  ion) . 

Wi th in  the map area, coarse-grained pyroxeni te i s  the most abundant rock type, i n  
c o n t r a s t  t o  the Eureka-Rainy Creek area where dun i te  i s  the most abundant type. The 
pyroxen i te  t y p i c a l l y  conta ins  smal l  t o  moderate amounts o f  b i o t i t e ,  hornblende, magnetite, 
and a p a t i t e  ( t a b l e  3 ) .  I n  some specimens the magneti te content  approaches tha t  of low 
grade i ron ore  perhaps s imi  l a r  t o  the occurrences i n  southeastern Alaska (U.S. Geological 
Survey, 1964, p. 108) and the Alaska Peninsula (Reed and Detterman, 1965). The pyroxene 
i s  aug i te ,  t y p i c a l l y  a  p a l e  green s l i g h t l y  p leochro ic  v a r i e t y .  No orthopyroxene was noted. 
Minor amounts o f  p e r i d o t i t e  and d u n i t e  were found between the West Fork and the Main Fork. 

Mafic gabbro i s  common n o r t h  o f  S la te  Creek and elsewhere a long the margins o f  the 
u l t r a m a f i c  bodies. The ma f i c  gabbro t y p i c a l l y  conta ins 10-20% p lag ioc lase  i n  combination 
w i t h  hornblende, pyroxene, and smal le r  amounts o f  b i o t i t e ,  magneti te,  and apa t i t e .  

Maf ic  d i o r i t e  t y p i f i e d  by samples 448 and 447 ( t a b l e  3) forms the southern p o r t i o n  
o f  the complex adjacent t o  the Magneti te Creek g l a c i e r .  A smal l  amount o f  i n t e r s t i t a l  
m i c r o c l i n e  i s  present,  and the p lag ioc lase  i s  sodic andesine. Some d i o r i t e  has d i s t i n c t  



Table 3 

Composition o f  ma f i c -u l t ramaf i c  rocks 

4 50 525 449A 46 1 416 635 448 447 

Plag ioc lase 2 6 56 6 3 

Saussur i t e  

Epi dote 

01 i v i n e  

Aug i t e  

Hornblende 

B i o t i t e  

C h l o r i t e  

Serpentine 

Ilagnet i t e  

A p a t i t e  

P y r i t e  

Cha l copyr i  t e  

Carbonate 

Sphene 

? 10 

98 . 78 72 

1 tr. 6 

tr. tr. 2 

I 

10 

tr. 2 15 

It 

t r .  

8 10 5 2 

1 1 

1 

tr. 

1 

tr. 

tr .  

tr. 

tr. 

t r .  

Pyroxenlte, near center  sec t ion  32, T19S, R14E. 
O l i v i n e  pyroxen i te ,  ~ ~ 1 / 4  sec t ion  6, T20S, R15E. 
Magnet i te- r ich pyroxen i te ,  near center o f  n o r t h  boundary, sec t ion  5, T20S, ~ 1 4 ~ .  
Hornblende pyroxeni te ,  near center,  sect ion 4, T20S, R14E. 
Magnet i te- r ich hornb lend i te ,  i n  f l o a t  on Sp i re  Creek. 
I4afic gabbro, near center  o f  west boundary, sec t i on  14, T20S, R 1 4 ~ .  
A u g i t e - b i o t i t e  d i o r i t e ,  j u s t  south o f  center  o f  n o r t h  boundary, sec t ion  5, T20S, 
R14E.  
D i o r i t e ,  NW 1/4, s e c t i o n  5, T Z O S ,  R14E. 
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pr imary f o l i a t i o n  and conta ins  numerous inc lus ions  o f  h o r n f e l s  and amphibol i te.  Assim- 
i l a t i o n  o f  a r g i l l i t e  may be p a r t l y  responsible f o r  the composit ion o f  the d i o r i t e .  

Along the n o r t h  rnargin o f  the Magnetite Creek u l t r a m a f i c  body, zones o f  magneti te- 
bear ing  hornb lend i te  and hornblende gabbro pagmati te have developed. Much o f  the horn- 
blende i s  coarse-grained t o  pegmat i t i c  i n  g r a i n  s ize .  S i m i l a r  hornb lend i te  a l so  occurs 
l o c a l l y  w i t h i n  the pyroxen i te .  Amphibol i te o f  v a r i a b l e  t e x t u r e  i s  a  common assoc ia te  o f  
the hornblendi te.  The ho rnb lend i te  i s  i n te rp re ted  as a  metasoinatic reac t ion  product  
between the u l  t r ama f i c  i n t r u s i v e  and the basal t -d iabase u n i t .  A s imi l a r  o r ' ig in  has been 
proposed f o r  magnet i te-bear ing hornblende-r i ch  rocks adjacent  t o  pyroxeni t e  i n  southeastern 
Alaska ( I r v i n e ,  1963). 

The u l t r a m a f i c  body n o r t h  o f  the Boulder Creek g r a n o d i o r i t e  grades from p e r i d o t i t e  
and pyroxeni t e  i n  the center  t o  "maf i c  d i o r i  te" on the contac ts .  The d i o r i  t e  i s  composed 
o f  hornblende and smal l  t o  moderate amounts o f  q u a r t z  and potash fe ldspar .  I t  i s  be l i eved  
t o  r e s u l t  from r e a c t i o n  between the u l  t ramaf ic  rock  and the g r a n i t i c  rock. 

Age r e l a t i o n s  o f  rock types w i t h i n  the ma f i c -u l t ramaf i c  complex are no t  c lea r .  Dike- 
l i k e  bodies o f  py roxen i te  occur w i t h i n  the maf ic  d i o r i t e  adjacent  t o  the Magneti te Creek 
g l a c i e r ,  but  t h i n  veins .of  f e l d s p a t h i c  mater ia l  c u t  the pyroxen i te .  

An una l te red  gabbro d i k e  cu ts  p y r i t i z e d  Chisna fo rmat ion  i n  sec t i on  21, TZOS, RI4E. 
The u l t ra rna f ic  rocks appear t o  be o l d e r  than a t  l e a s t  some o f  the g r a n i t i c  rocks o f  the 
area. I n  the southwest corner  o f  sec t ion  6, T20S, R15E, a d i k e  o f  g ranod io r i t e  w i t h  
l a rge  potash fe ldspa r  phenocrysts cuts through maf i c  hornblende gabbro gradat ional  t o  
pyroxeni te,  i n d i c a t i n g  t h a t  the  Boulder Creek g r a n o d i o r i t e  i s  probably younger than the 
pyroxeni te.  I n  the n o r t h c e n t r a l  p a r t  o f  sec t i on  3, T20S, R14E, l eucoc ra t i c  qua r t z  d i o r i t e  
o r  g ranod io r i t e  forms the m a t r i x  o f  a  b recc ia  composed o f  pyroxen i te  and gabbro fragments. 
Coarse-grained vuggy quar tz -ca lc i te -or thoc lase-ep ido te  rock a l s o  occurs l o c a l l y  between 
fragments i n  the breccia.  Pyroxeni te has reacted w i t h  bo th  types o f  l eucoc ra t i c  m a t e r i a l  
t o  form hornblende-orthoclase "gabbro" as a  r i m  up t o  an inch  wide around the fragments. 
The age r e l a t i o n s  o f  the u l  t ramaf ic  rocks thus c o n t r a s t  w i t h  the Maclaren River  area, 
where u l t ra rna f ic  d ikes c u t  through g r a n i t i c  rocks. 

Gakona d i o r i  t e  

Hornblende d i o r i  t e  and r e l a t e d  rocks are  exposed j u s t  eas t  o f  the Gakona River  
between Spire and Mendenhall Creeks. Sample 6E417, t a b l e  4, i s  a  t y p i c a l  specimen o f  
the  outcrops west o f  Magneti te Creek, and conta ins minor amounts o f  b i o t i t e ,  quar tz ,  and 
or thoc lase i n  a d d i t i o n  t o  hornblende and labrador i te-andesine.  The tex tu re  i s  g r a n i t i c  
t o  ser ia te -porphyr i  t i c ,  w i  t h  a  tendency toward c l u s t e r i n g  o f  maf i c  minerals.  The coarsest  
g ra ins  are  4-5 mm i n  length.  Local gabbroic phases a r e  present .  

On the eas t  s ide  o f  Magneti te Creek,most o f  the  d i o r i t e  i s  medium-grained and equ i -  
granular ,  and i t  i s  poss ib le  t h a t  t h i s  i s  a  separate i n t r u s i v e ,  bu t  loca l  phases a re  
very s i m i l a r  t o  the s l i g h t l y  coarser-grained d i o r i t e  descr ibed above. 

The d i o r i  t e  in t rudes  a r g i  i i i t e  o f  the tlankomen format ion ,  and metamorphosed rock o f  
the contact zone i s  o v e r l a i n  by a  small patch o f  T e r t i a r y  Gakona formation i n  s e c t i o n  .6 
(no t  shown on map). Dikes poss ib l y  re la ted  t o  the  d i o r i t e  c u t  the maf ic  d i o r i t e  and 
pyroxeni te. 



Table 4 

Cornpos i t i  on o f  gran i t i c  rocks 

41 7 2  545;' 0 1  A 51 8* 622;k 648 657 536A" 551f: 

Quar tz  6 25 3 1 3 7 10 15 10 20 

K - fe l  dspar 2 17 2  3 2  7 26 10 

P lag ioc lase 67 5 1 39 4 4 57 7 9 78 7 0  5 1 

B i o t i t e  4 4  1 1  4 

Hornblende 18 1 2 9 7 10 15 

C h l o r i t e  5 4  5  15 

S e r i c i  t e  

Ep i dote tr. 

Carbonate t r .  tr. 1 5 

Sphene tr. t r .  1 

Apat i  t e  tr. tr. tr. 1 tr. 

Magneti te 3 I tr. tr .  1 tr. 

P y r i t e  tr. tr. 

$:Cornposition by p o i n t  count o f  400-500 po in t s  i n  t h i n  sec t i on ,  o the r  samples by rnicro- 
scopic est imate only .  ---------------- 

6E-417 Gakona d i o r i t e ,  center  s e c t i o n  6, T20S, R14E.  
6E-545 West Fork g ranod io r i t e ,  head o f  Boulder Creek NE 1/4, s e c t i o n  18, T20S, R I S E .  
6E-601 West Fork granod ior i  t e ,  j u s t  NW o f  center,  sec t i on  36, TZOS, ~ 1 4 E .  
bE-518 Boulder Creek g r a n o d i o r i t e ,  west center  sec t i on  8, T20S, R15E. 
bE-622 S la te  Creek g r a n o d i o r i t e  porphyry, south center ,  s e c t i o n  13, T20S, R15E.  
6E-648 Hornblende qua r t z  d i o r i t e  d ike ,  SW 1/4 sec t ion  27, T20S, R 1 5 E .  
6E-657 P o r p h y r i t i c  qua r t z  d i o r i t e ,  j u s t  east of center ,  sec t i on  22, T20S, R15E. 
6E-536A Fine-grained qua r t z  d i o r i t e ,  NW 1/4,section 4, T20S, R I S E .  
6E-551 Fine-grained tgranodiori t e ,  NW 1 /4 ,  sec t ion  4, T20S, R14E.  



R e l a t i v e l y  maf ic  d i o r i  t e  o r  gabbro o f  s i r n i  l a r  t ex tu re  i s  exposed i n  a  f a u l t  
b lock on lower Volcanic Creek. 

West Fork g r a n o d i o r i t e  

Leucocrat i c  p i n k  granod ior i  te  and qua r t z  monzoni t e  in t rudes the Chi sna format i on  i n  
several  l o c a l  i t i e s  between the West Fork and the Main Fork. Samples 6E545 and 601 
( t a b l e  4) a r e  t y p i c a l  of  t h i s  rock type. The t e x t u r e  i s  medium-grained g r a n i t i c ,  and 
sample 601 conta ins  no tab le  amounts o f  myrmekite. Weak a l t e r a t i o n  o f  mafics t o  c h i o r i t e  
and limonite, and fe ldspa r  t o  c lay ,  i s  t y p i c a l .  

The best-exposed body i s  a  no r th - t rend ing  d i k e  o r  s i l l  w i t h  o f fshoots .  The re-  
main i ng  exposures probably represent two o r  th ree  stocks large1 y  covered by g l a c i a l  
deposi ts  and i c e  i n  the West Fork and Main Fork v a l l e y s .  Outcrops near the  mouth o f  the 
West Fork were n o t  v i s i t e d  because o f  d i f f i c u l t  access bu t  appear t o  be s i m i l a r  rock. 

Boulder Creek qua r t z  monzonite 

Rugged peaks n o r t h  o f  Boulder Creek are  made up o f  gray medium- t o  coarse-grained 
ho rnb lende-b io t i t e  qua r t z  monzonite, i n  p a r t  w i t h  l a r g e  potash fe ldspar  phenocrysts 
(sample 518, t a b l e  4). The g ranod io r i t e  occurs as a  p lu ton  a  l i t t l e  over a  m i l e  i n  
diameter, w i t h  a  "stem" extending o f f  t o  the east.  i t  in t rudes a r g i l l i t e  on the south 
s ide,  and i s  i n t e r p r e t e d  t o  in t rude py roxen i te  on the  no r th ,  as discussed p rev ious l y .  
Most of  the q u a r t z  monzonite i s  q u i t e  f resh  and una l te red .  

S la te  Creek g ranod io r i  t e  porphyry 

Specimens o f  a  d i o r i t i c  rock from the eas t  s i d e  o f  upper S la te  Creek I n  the  south- 
c e n t r a l  p a r t  o f  s e c t i o n  13 proved i n  t h i n  s e c t i o n  t o  be g ranod io r i t e  porphyry (sample 
622, t a b l e  3 ) .  Subhedral p lag ioc lase and hornblende phenocrysts up t o  f i v e  mm i n  length  
are  separated by a  groundmass of  anhedral quar tz ,  p lag ioc lase,  and o r thoc lase  w i t h  a g r a i n  
s i z e  o f  about 0.5 mm. The tex tu re  i s  s i m i l a r  t o  t h a t  o f  g r a n i t i c  i n t r u s i v e s  associated 
w i t h  porphyry copper and o the r  base metal depos i ts  i n  western United States.  The porphyry 
appears t o  occur  as d iscont inuous lenses and d ikes  i n  an east-west t rend ing  b recc ia ted  
zone i n  a r g i l l i t e ,  b u t  mapping i s  s t i l l  incomplete. i t  i s  poss ib le  t h a t  t h i s  i n t r u s i v e  
i s  r e l a t e d  t o  the go ld  p lacers ,  as gold i s  found o n l y  downstream from the i n t r u s i v e .  The 
g r a n o d i o r i t e  was n o t  noted west o f  S la te  Creek, bu t  the brecciated zone and an andes i te  
porphyry d i k e  were seen on s t r i k e .  

Miscel laneous g r a n i t i c  rocks 

A t h i c k  d i k e  o f  hornblende quar tz  d i o r i t e  cu ts  the Chisna format ion about a  m i l e  
south o f  S l a t e  Creek (sample 648, t ab le  4). 

An e longate  pod o f  p o r p h y r i t i c  qua r t z  d i o r i t e  w i t h  prominent qua r t z  phenocrysts was 
mapped i n  the Chisna format ion j u s t  south o f  S l a t e  Creek townsi te (sample 657, t a b l e  4 ) .  

F ine-gra ined d i o r i t e  and quar tz  d i o r i t e  occurs as small dikes and p lugs i n  the  
no r th  h a l f  o f  s e c t i o n  4, TZOS, R I S E ,  (sample 5 3 6 ~ ,  t a b l e  4).  

F i  ne-gra i  ned granod ior i  t e  (sample 451 , tab1 e  4)  and granodior i  t e  prophyry i n t rudes  
hornb lend i te  and pyroxen i te  a t  the terminus o f  the Magneti te Creek g l a c i e r .  S i m i l a r  



f i n e - g r a i n e d  g r a n i t i c  rock i n t r udes  p y r o x e n i t e  b r e c c i a  a t  the head o f  t h e  Mendenhal 1 Creek 
g l a c i e r ( a n d  elsewhere, judg ing  from f l o a t ) .  Some o f  the g r a n o d i o r i t e  has undergone 
a r g i l l i t i c  a l t e ra t i on .The  f i n e  g r a i n  s i z e ,  the  a l t e r a t i o n ,  and the  l o c a t i o n  i n  a  zone o f  
f i n e - g r a i n e d  d i kes  suggests t h a t  the  g r a n o d i o r i t e  may be a  hypabyssal r e p r e s e n t a t i v e  o f  
t he  T e r t i a r y  v o l c a n i c  rocks. 

~ e r t i a r y t ? )  v o l c a n i c  rocks (Tv, ~ i )  

Vo lcan ic  rocks and shal low i n t r u s i v e s  o f  in te rmed ia te  composi t ion a r e  exposed i n  
two main areas,  one on Sp i re  Creek and the  o t h e r  on Volcanic  Creek. On the  west s i d e  o f  
Sp i re  Creek the v o l c a n i c  rocks occur  as a  l aye red  sequence a t  l e a s t  1,500 f e e t  t h i c k ,  
d i p p i n g  nor thward  a t  a  low t o  moderate angle.  The lowest u n i t  i s  a  d a c i t e  t u f f - b r e c c i a  
seve ra l  hundred f e e t  t h i c k  composed o f  f ragments o f  b l ack  a p h a n i t i c  v o l c a n i c  rock  up t o  
t h r e e  inches i n  diameter i n  a l i g h t  g ray  m a t r i x  c o n t a i n i n g  qua r t z  and p l a g i o c l a s e  pheno- 
c r y s t s .  Th i s  i s  o v e r l a i n  by greenish-gray dac i  t e  agglomerate w i t h  obscure rounded f r a g -  
ments, f o l l o w e d  by a p e r s i s t e n t  s i l l  o r  f l o w  o f  p i n k i s h  q u a r t z  l a t i t e  porphyry .  Above 
the  q u a r t z  l a t i t e  i s  severa l  hundred more f e e t  o f  d a c i t e  t u f f  and agglomerate,  o v e r l a i n  
by b00-800 f e e t  o f  brownish-gray, f i ne -g ra ined ,  andes i te  b r e c c i a  and andes i te .  The 
T e r t i a r y  conglomerate o v e r l i e s  the  andes i t e  d isconformably  o r  w i t h  s l i g h t  angu la r  uncon- 
f o r m i t y .  The T e r t i a r y ( ? )  v o l c a n i c  rocks d i f f e r  f rom the Chisna f o rma t i on  i n  a  r e l a t i v e  
l a c k  o f  p r o p y l i t i c  a l t e r a t i o n  and a  l ess  m a f i c  composi t ion.  Where p resen t ,  a l t e r a t i o n  
has produced a  bleached chalky appearance. 

The above u n i t s  cou ld  n o t  be i d e n t i f i e d  on t he  south s i d e  o f  S p i r e  Creek. ins tead,  
a  v a r i e t y  o f  massive a r g i l l i z e d  andes i t e ,  d a c i t e ,  and l a t i t e  f lows  and agglomerates a re  
exposed. 

The second area o f  v o l c a n i c  rocks is on Volcanic  Creek and v i c i n i t y .  The c e n t r a l  
p a r t  o f  t h i s  v a l l e y  i s  unde r l a i n  by bedded tu f faceous  sediments and v o l c a n i c s  o f  d a c i t e  
t o  q u a r t z  l a t i t e  composit ion. The v o l c a n i c s  a r e  bordered on the  sou th  by a  narrow band 
o f  p o o r l y  conso l i da ted  conglomerate and mudstone, and on the n o r t h  by massive d a c i t e  
porphyry ,  g rad ing  eastward t o  abundant d i kes  i n  t h e  a r g i l l i t e .  The r e l a t i o n s  o f  these 
t h ree  rock  types a re  n o t  c l e a r ,  b u t  presumably can be accounted f o r  by a  combinat ion o f  
f a u l t i n g ,  e ros ion ,  t i l t i n g ,  and i n t r u s i o n .  

Addi t i o n a l  exposures o f  a r g i  1  I i zed v o l c a n i c ( ? )  rock and poo r l y - conso l  i dated sediments 
a r e  found i n  the  klendenhall Creek d ra inage  west  o f  the above ou tc rops .  The more n o r t h e r l y  
exposure i s  i n t e r p r e t e d  as a  shal  low i n t r u s i v e  t h a t  has a1 te red  t he  ad jacen t  diabase so 
t h a t  t h e  c o n t a c t  i s  no longer r e a d i l y  l o c a t a b l e ,  bu t  i t  i s  p o s s i b l e  t h a t  the  a l t e r e d  rock 
I s  e n t i r e l y  diabase. 

A swarm o f  f i ne -g ra ined  and p o r p h y r i t i c  d i kes  o f  in te rmed ia te  compos i t ion  i s  found 
i n  the  area between the  vo l can i c  ou tc rops  on S p i r e  Creek and the West Fork g l a c i e r .  
A r g i l l i t i c  a l t e r a t i o n  i s  t y p i c a l  o f  many o f  these d ikes.  The d i kes  a r e  presumed t o  be 
r e l a t e d  t o  t he  T e r t i a r y  vo lcan ics ,  a l though some cou ld  be r e l a t e d  t o  the e a r l i e r  i n t r u s i v e  
pe r i ods .  

A ~ e r t i a r y ( ? )  age i s  assigned on the bas i s  o f  the near con fo rm i t y  o f  t he  vo l can i cs  
w i t h  the o v e r l y i n g  conglomerate. A c o r r e l a t i o n  w i t h  the Chisna f o rma t i on  i s  prec luded 
by t he  d i k e  swarm c u t t i n g  the a r g i l l i t e  and m a f i c  u l t r a rna f i c  complex, assuming t h a t  the 



d i kes  and t he  vo l can i cs  a re  r e l a t e d .  A l a t e  Cretaceous(?)  age has been suggested f o r  
p o s s i b l y  c o r r e l a t i v e  d a c i t e  t u f f  i n  the  Gulkana g l a c i e r  area ( ~ o n d ,  1965). 

Gakona format  i o n  ( T ~ )  (Eocene) 

The name "Gakona format ion"  was g i ven  by Mendenhal l (1905) t o  a sequence o f  shales,  
sandstones, and conglomerates exposed between the  Gakona g l a c i e r  and t h e  West Fork. As 
desc r i bed  by Mendenhall,  the f o rma t i on  cons i s ted  o f  a w e l l - i n d u r a t e d  basal  conglomerate 
member o v e r l a i n  by moderately t o  p o o r l y - c o n s o l i d a t e d  coa l -bea r i ng  sha le ,  sands, and c lays .  
An Eocene age was assigned on t he  bas i s  o f  p l a n t  f o s s i l s .  

Cong l omera t e  un i t (Tgc) 

About 1,000 f e e t  o f  cobble and bou lde r  conglomerate beds a r e  exposed on the  n o r t h  
s i d e  o f  S p i r e  Creek above the T e r t i a r y  v o l c a n i c s  and below a t h r u s t  f a u l t .  The conglo- 
merate extends across t o  the sou th  s i d e  o f  S p i r e  Creek, and s im i  l a r  r o c k  i s  p resen t  
near  the  mouth o f  Volcanic  Creek. Cobbles o f  a n d e s i t i c  v o l c a n i c  r ock  a r e  t he  most 
abundant t ype  o f  c l a s t ,  bu t  we l l - rounded w h i t e  q u a r t z  cobbles and bou lders  a r e  a more 
d i s t i n c t i v e  f ea tu re .  C las ts  o f  metamorphic and g r a n i t i c  rocks a re  sparse and were noted 
o n l y  a t  the  t op  o f  the u n i t .  

Conglomerate i s  common i n  o t h e r  exposures o f  the  Gakona f o rma t i on  and i s  discussed 
below, b u t  i t  i s  n o t  c l e a r  whether they represen t  the same basal  u n i t .  

The conglomerate u n i t  i s  grouped w i t h  t he  f o s s i l i f e r o u s  sha le  and-sandstone u n i t  
, o n  t he  b a s i s  o f  degree o f  c o n s o l i d a t i o n  and t he  c l o s e  a s s o c i a t i o n  o f  q u a r t z  cobble 

conglomerate w i t h  sandstone and sha le  on Vo lcan ic  Creek and elsewhere. However, i n  the  
l a c k  o f  an exposed s e c t i o n  o f  t he  upper c o n t a c t  o f  the  conglomerate a d i s t i n c t l y  o l d e r  
age i s  n o t  prec luded.  

Shale and sandstone u n i t  ( T ~ s )  

The s h a l e  and sandstone u n i t  i s  b e s t  exposed on the south s i d e  o f  Mendenhall Creek 
and on t h e  n o r t h  s lopes o f  h i l l  "Ona" about a m i l e  t o  the west. The f o rma t i on  probably  
u n d e r l i e s  a west-northwest b e l t  about one and one h a l f  m i l es  w ide  between the  West 
Fork  and Magnet i te  Creek. A few smal l  exposures a r e  a l s o  found between Magnet i te  and 
Sp i r e  Creeks, apparent 1 y depos i t e d  unconformab l y  on a very  uneven su r f ace .  Another 
group o f  exposures i s  between S p i r e  Creek and Magnet i te  Creek, i n  a sma l l  f a u l t  b lock.  
A t h i r d  s e t  o f  occurrences i s  i n  t he  narrow graben ex tend ing  f rom Vo l can i c  Creek 
through S l a t e  Creek. I n  most o f  these areas, the  t y p i c a l  f ea tu res  o f  poor  c o n s o l i d a t i o n  
and t he  presence o f  coa ly  ma t te r  can be found. 

Along Boulder  Creek, the  h i g h e r  and more e a s t e r l y  outcrops a r e  p redominan t l y  
conglomerate composed l a r g e l y  o f  greenstone-diabase c l a s t s  p l u s  minor  dun i t e .  On the 
West Fork s i d e  o f  the d i v i d e ,  cons ide rab le  c o n t o r t e d  sha le  w i t h  coa l  beds up t o  two 
f e e t  t h i c k  i s  present .  There i s  a complete l a c k  o f  c l a s t s  o f  the  ad jacen t  g r a n o d i o r i t e ,  
a r g i l l i t e ,  and Chisna format ion,  i n d i c a t i n g  t h a t  the  Gakonaformation has been f a u l t e d  
down i n t o  i t s  p resen t  p o s i t i o n  r a t h e r  than be ing  deposi ted i n  a narrow v a l l e y .  

Cobble conglomerate composed o f  greenstone-diabase c l a s t s  makes up most o f  the 
Gakona exposures a long S l a t e  Creek v a l l e y .  The conglomerate i s  t y p i c a l l y  s t a i n e d  red 



f rom o x i d a t i o n  by me teo r i c  waters .  Coa l -bear ing  s h a l e  o r  mudstone i s  p resen t  i n  
a s s o c i a t i o n  w i t h  t h e  conglomerate on a smal l  h i l l  oppos i t e  M i l l e r  Gulch. 

Along Hendenhal l  Creek, the sha le  and sandstone u n i t  appears t o  l i e  unconformably 
on the Chisna f o rma t i on ,  i n d i c a t i n g  t h a t  a basal  conglomerate i s  n o t  p resen t  everywhere. 

"Round wash" ( ~ r w )  

The t e rm  "round wash" o r  "wash" has been appl  i e d  by miners o f  t he  a rea  t o  a 
conglomerate d e p o s i t  a t  the headwaters o f  M i l l e r  Gulch (Chapin, 1919). The name i s  
de r i ved  f r om the  presence o f  rounded r e s i d u a l  bou lde rs  o f  g r a n i t i c  and o t h e r  rocks o v e r  
most o f  t h e  o u t c r o p  area. The exposures a t  t he  head o f  M i l l e r  Gulch c o n s i s t  o f  weak ly  
conso l i da ted  sandstone and conglonierate, d i s t i n c t l y  bedded and d i p p i n g  about  20" n o r t h .  
D i o r i t e  and gabbro a r e  the *most abundant c l a s t s ,  w i t h  l e s s e r  amounts o f  g r a n o d i o r i t e ,  
graywacke, s l a t e ,  w h i t e  qua r t z ,  and p e r i d o t i t e .  F i ne  p a r t i c l e s  o f  s c h i s t  and s l a t e  
a re  the major  c o n s t i t u e n t s  o f  the sandstone and t h e  m a t r i x  o f  the  conglomerate.  A 
n o t i c e a b l e  amourit o f  f i n e  w h i t e  q u a r t z  i s  a l s o  p resen t .  The s c h i s t ,  s l a t e ,  and g ray -  
wacke a r e  c l e a r l y  d e r i v e d  f rom n o r t h  o f  t he  Dena l i  f a u l t ,  and the g r a n i t i c  rocks and 
wh i t e  q u a r t z  have no obv ious l o c a l  source. L i t t l e  i f  any a r g i l l i t e  c o u l d  be recogn ized  
i n  the  conglomerate,  a l though  the depos i t  unconformably  o v e r l i e s  a r g i l l i t e .  Based on 
i t s  l o c a t i o n  and t h e  presence o f  smal l  amounts o f  g o l d  i n  t he  conglomerate, i t  has 
been suggested as a source o f  the  g o l d  i n  the  d i s t r i c t  by miners (Chapin, 1919). 

The genera l  s i m i l a r i t y  between the  "round wash" and t he  conglomerate u n i t  o f  t he  
Gakona f o r m a t i o n  i n d i c a t e s  t h a t  t t ie two may be c o r r e l a t i v e  i n  a genera l  way, a l t h o u g h  

- g r a n i t i c  bou lde rs  were n o t  noted elsewhere i n  t h e  Gakona fo rmat ion .  An o r i g i n  as 
piedmont a l l u v i a l  accumulat ions a t  the f o o t  o f  t h e  u p l i f t e d  ances t ra l  A laska  Range i s  
suggested by t h e  n a t u r e o f  the  depos i t s .  E ros i on  o r  nondepos i t i on  o f  t h e  T e r t i a r y  
vo l can i cs  i s  i n d i c a t e d  by t h e i r  absence below the  conglomerate.  

P l e i s t ocene  d e p o s i t s  

No a t t emp t  was made t o  systemat i  c a l  l y  map these  depos i t s ,  bu t  some obse rva t i ons  
a re  recorded be low. 

1 .  Th i ck  d e p o s i t s  o f  outwash g r a v e l  were formed ad jacen t  t o  the  Gakona g l a c i e r ,  
as on h i l l  "Ona". These depos i t s  appear c o r r e l a t i v e  w i t h  s i m i l a r  m a t e r i a l  near  
Paxson. 

2. A t  l e a s t  two r e l a t i v e l y  recen t  s e t s  o f  l a t e r a l  and te rmina l  moraines a r e  
ev i den t  i n  t h e  Main Fork  and West Fork v a l l e y s .  On t h e  Main Fork, the  o l d e r  o f  these  
crosses t he  v a l l e y  about  a m i l e  abovethe West Fork.  The i c e  o f  t h i s  s tage  extended 
about a t h i r d  o f  a m i l e  up the S l a t e  Creek v a l l e y ,  w i t h  consequences d iscussed  under  
p l a c e r  depos i t s .  

3 .  /,lore than a hundred f e e t  o f  g r a v e l s  ( ~ b )  d e r i v e d  f rom the h i g h e r  s lopes form 
a prorninant bench on the  n o r t h  s i d e  o f  S l a t e  Creek. These g rave ls  a re  r e p o r t e d l y  
go ld -bear ing  and may have developed w h i l e  S l a t e  Creek was b locked by t he  Main Fork  
g l a c i e r ,  as no ted  above. 



4. When blendenhall v i s i t e d  the  d i s t r i c t  i n  1902, the Main Fork g l a c i e r  extended 
down t o  w i t h i n  a few hundred f e e t  o f  the mouth o f  S l a t e  Creek. I t  has r e t r e a t e d  over  
a  m i l e  i n  the i n t e r v e n i n g  50 years ,  and has melted back about a  h a l f  m i l e  s i nce  1954 
when ava i  l a b l e  a i  r photos were taken. The West Fork g l a c i e r  has r e t r e a t e d  about a  
t h i r d  o f  a m i l e  s i nce  1954. 

STRUCTURAL GEOLOGY 

The s t r u c t u r a l  f ea tu res  o f  t he  area a r e  discussed i n  f o u r  subareas, as f o l l o w s :  

1. Area n o r t h  o f  Denal i f a u l t  
2. Spi r e  Creek area 
3. Magnet i te  Creek area 
4. West Fork-Main Fork area 

Area n o r t h  o f  Denal i  f a u l t  

On the  bas is  o f  l i m i t e d  o b s e r v a t i o n  n o r t h  o f  the  f a u l t ,  t he  b l a c k  p h y l l i t e  and 
graywacke d i p  nor thward a t  low t o  moderate angles. Th i s  r ock  sequence and s t r u c t u r a l  
p a t t e r n  appears t o  p e r s i s t  f r om the  head o f  the  Gakona g l a c i e r  eastward t o  the Ch is to -  
ch ina  g l a c i e r .  Many minor  c o m p l e x i t i e s  a re  ev iden t  where the  rocks a r e  examined i n  
d e t a i l ,  e s p e c i a l l y  i n  the  p h y l l i t e ,  and doubt less t he re  has been cons ide rab le  bedding, 
p l ane  shear ing  and crumpl ing.  

Near the  Oenali f a u l t ,  the  p h y l l i t e s  a re  h i g h l y  c o n t o r t e d  and broken, and some 
f a u l t  movement has appa ren t l y  been taken up i n  t he  incompetent p h y l l i t e s .  The zone o f  
h i g h l y  d i s t u r b e d  rocks extends a t  l e a s t  a  t h i r d  o f  a  m i l e  n o r t h  o f  t he  f a u l t .  More 
competent diabase and a m p h i b o l i t e  sou th  o f  the f a u l t  do n o t  appear t o  have been deformed 
i n  t h i s  manner, a l though they a r e  cons iderab ly  f r ac tu red .  

For  most o f  i t s  l e n g t h  through the area, the  Dena l i  f a u l t  t r a c e  i s  covered e i t h e r  
by g l a c i e r s  o r  by very  recen t  g l a c i a l  depos i ts   r rob ably n o t  o l d e r  than 50 years,  
c o n s i d e r i n g  the r e t r e a t  o f  t h e  Ch is toch ina  g l a c i e r  i n  t h i s  ~ e r i o d ) .  However, i n  
s e c t i o n  32, TIgS, R ISE ,  a  poor ly -deve loped  scarp suggests t h a t  t h e  n o r t h  s i d e  has moved 
20-50 f e e t  up. I n  s e c t i o n  2, T20S, R I S E ,  the f a u l t  t r a c e  i s  e v i d e n t  as a  l i n e  o f  
anomalous topography and vege ta t i on .  Several  smal l  streams appear t o  have undergone 
50-100 f e e t  o f  r i g h t  l a t e r a l  o f f s e t .  No v e r t i c a l  movement i s  e v i d e n t  here. R igh t  
l a t e r a l  o f f s e t  and u p l i f t  o f  t he  n o r t h  s i d e  i s  c o n s i s t e n t  w i t h  obse rva t i ons  o f  Stout  
(1965) a long  the De l t a  R i ve r  and S t .  Amand (1957) f o r  t he  f a u l t  as a  whole. 

S p i r e  Creek area 

Th i s  area extends f r om the  Gakona g l a c i e r  eastward t o  t he  r i d g e  sepa ra t i ng  the 
Magnet i te  and Sp i re  Creek dra inages.  The major s t r u c t u r e  o f  t h i s  area i s  i n t e r p r e t e d  
as a  n o r t h - d i p p i n g  t h r u s t  f a u l t  ( f a u l t  B )  a long which a r g i  I l i te ,  greenstone, and marb le  
o f  t h e  Mankomen fo rmat ion  and t h e  ma f i c -u l t r ama f i c  complex have been t h r u s t  over  the  
T e r t i a r y  vo l can i cs  and conglomerate,  as shown on c ross -sec t i on  A-A '  o f  f i g u r e  2. 

Two s teep l y  d i p p i n g  f a u l t s ,  A and C ,  d i sp lace  u n i t s  i n  t he  f o o t w a l l  b l ock  o f  the  
t h r u s t .  I f  movement has been d i p  s l i p ,  f a u l t  A must have a  d isp lacement  o f  severa l  
thousand f e e t  i n  o rde r  t o  c u t  o u t  the  vo l can i cs  and conglomerate i n  the  eas t  end of  
s e c t i o n  b. F a u l t  C ,  i n  combinat ion w i t h  f a u l t  A, forms a  graben occupied by the T e r t i a r y  
sandstone and shale,  and thus bears s i m i l a r i t i e s  t o  t he  S l a t e  Creek f a u l t  zone descr ibed  
below. 



The g rea t  e x t e n t  o f  the  maf ic -u l t ra rna f i c  complex on the  eas t  s i d e  o f  the  Sp i re  
Creek g l a c i e r  and i t s  absence on the west s i d e  seems most s imp ly  exp la ined  as an 
abrup t  t e r m i n a t i o n  o f  t he  m a f i c - u l t r a m a f i c  body. However, no r t h - sou th  c r o s s - f a u l t i n g  
i n  the upper p l a t e  o f  t he  t h r u s t  i s  a l s o  a  p o s s i b i l i t y .  Un fo r t una te l y ,  the c r i t i c a l  
evidence i s  h idden under the g l a c i e r  and i n  i naccess ib l e  areas a t  the head o f  the  
g l a c i e r .  

West Fork-Main Fork area 

The eas te rn  two - th i  rds o f  the  map area, f rom S l a t e  Creek t o  the west s i d e  o f  t he  
West Fork, has fundamental s t r u c t u r a l  fea tu res  i n  common and i s  t he re fo re  d iscussed as 
a  u n i t ,  Th is  s t r u c t u r a l  b l o c k  apparen t l y  extends eastward t o  the Middle Fork, j u d g i n g  
from the reconnaissance maps ( b f f  i t ,  1954) and thus has a  l e n g t h  o f  about 15 m i  l es .  
The western l i m i t  i s  f a u l t  F. 

The major s t r u c t u r a l  f e a t u r e  o f  t h i s  b l o c k  i s  a  l a r g e  f a u l t  zone ex tend ing  f r om 
S l a t e  Creek through Boulder  Creek t o  Volcanic Creek, and sepa ra t i ng  the Chisna forma- 
t i o n  f rom the  Mankornen fo rmat ion .  Th is  f a u l t  i s  he re  termed the S l a t e  Creek f a u l t  
zone. A narrow g r a b e n - l i k e  s l i v e r  o f  T e r t i a r y  sediments occurs w i t h i n  the zone ( s e c t i o n s  
B - B '  and C - C ' ,  figure. 2 ) .  As no ted  p rev ious l y ,  conglomerates i n  the T e r t i a r y  rocks 
con ta in  few, i f  any, c l a s t s  o f  t he  ad jacent  rock  types,  i n d i c a t i n g  t h a t  the T e r t i a r y  
rocks were f a u l t e d  i n  f r om a  h i g h e r  l e v e l  r a t h e r  than accumulat ing i n  an o l d e r  v a l l e y  
a long  the f a l t l t .  Bedding i s  n o t  w e l l  developed i n  t he  T e r t i a r y  sediments o f  the  f a u l t  
zone, bu t  where e v i d e n t ,  i s  h i g h l y  con to r ted  and f a u l t e d .  

Two types o f  f a u l t  movement might  be cons idered t o  e x p l a i n  the charac te r  o f  the  
S l a t e  Creek f a u l t  zone. 

1. The south f a u l t  o f  the  zone i s  a  normal f a u l t ,  p o s s i b l y  f l a t t e n i n g  w i t h  
depth. The graben o f  T e r t i a r y  rocks has been down-dropped by a n t i t h e t i c  normal f a u l t s  
d i pp ing  i n t o  the main f a u l t .  

2. The movement a l ong  the  zone has been s t r i k e - s l i p ,  and t h i n  s l i c e s  o f  T e r t i a r y  
sediments have been dropped i n t o  the f a u l t  zone a t  l o c a t i o n s  o f  smal l  bends i n  t h e  
f a u l t .  

According t o  Chapin (19191, the f a u l t s  o f  t he  zone d i p  nor thward a t  65-70°. How- 
ever,  a t  the o n l y  exposures o f  the f a u l t  seen by t he  w r i t e r ,  on S l a t e  Creek j u s t  below 
M i l l e r  Gulch, the  n o r t h  f a u l t  has a  nea r l y  v e r t i c a l  d i p .  A very  steep d i p  i s  a l s o  
i n d i c a t e d  by the t r a c e  o f  the  f a u l t  i n  the headwaters o f  Boulder  Creek. 

The second hypo thes is ,  o f  s t r i k e - s l i p  movement, i s  more appeal ing i n  v iew o f  
the p a r a l l e l i s m  w i t h  the Denal i  f a u l t  and the  l a r g e  v e r t i c a l  d isplacement o f  t he  s l i v e r s  
o f  T e r t i a r y  sediment ( a t  l e a s t  1,000 f e e t  a long  Boulder  Creek and S l a t e  c reek) .  R i g h t  
l a t e r a l  movement i s  i n f e r r e d  f rom f a u l t  o f f s e t s  on Vo l can i c  Creek, and by analogy w i t h  
the Denal i  f a u l t .  

A nor th -sou th  f a u l t  zone down the West Fork g l a c i e r  i s  i n f e r r e d  t o  account f o r  
o f f s e t  o f  the con tac t  between b a s a l t  ( ~ r n b )  and a r g i l l i t e    ma). This  f a u l t  i s  i n f e r r e d  
t o  be c u t  o f f  by t he  S l a t e  Creek f a u l t  zone. An a l t e r n a t e  exp lana t i on  i s  t h a t  i t  
cont inues down the  West Fork and i s  respons ib le  f o r  the  "bend" i n  the S l a t e  Creek f a u l t  
zone across the  West Fork.  



L i t h o l o g i c  u n i t s  i n  the Chisna fo rmat ion  sou th  o f  the  S l a t e  Creek f a u l t  zone 
s t r i k e  no r th - sou th  t o  n o r t h w e s t e r l y  and d i p  westward, fo rming  the west l imb o f  a  l a r g e  
a n t i c l i n e .  No r th  o f  t he  f a u l t  zone, the Mankomen fo rma t i on  s t r i k e s  nmre o r  l ess  p a r a l -  
l e l  t o  the zone and d i p s  moderate ly  t o  s t e e p l y  i n  b o t h  d i r e c t i o n s .  Assuming the 
a r g i l l i t e  i s  younger than b a s a l t ,  a  cons iderab le  amount o f  o v e r t u r n i n g  t o  the sou th  
has occurred,  p robab l y  r e l a t e d  i n  o r i g i n  t o  the southward t h r u s t i n g  o f  the S p i r e  Creek 
area. Nor th  o f  S l a t e  Creek, the  wel l -developed f o l i a t i o n  i n  p h y l l i t e  and s c h i s t  o f  
s e c t i o n  13 near t he  Denal i  f a u l t  a l s o  suggests compression normal t o  the Denal i  f a u l t  
w i t h  accompanying southward t h r u s t  movements. 

An east-west zone i n  a r g i l l i t e  o f  the south h a l f  o f  s e c t i o n  13, T20S, R15E, i s  
cha rac te r i zed  by b r e c c i a t i o n ,  i n t r u s i o n ,  and a l t e r a t i o n  t h a t  has hardened the  rock. The 
b r e c c i a t e d  zone i s  on t he  s t r i k e  o f  the u l t r a m a f i c  body and i s  i n t r uded  by d ikes  and 
pods o f  the S l a t e  Creek g r a n o d i o r i  t e  porphyry.  The b r e c c i a t  i o n  i s  e v i  dent l y  younger 
than development o f  f o l i a t i o n  i n  rocks t o  the n o r t h ,  and some g r a n o d i o r i t e  appears 
b recc  i a ted  . 

I n  good exposures a l ong  lower  M i l l e r  Gulch, numerous sma l l  f o l d s  and f a u l t s  a r e  
p resen t  i n  t he  a r g i l l i t e ,  i n d i c a t i n g  t h a t  i n d i v i d u a l  a t t i t u d e s  i n  t h i s  v i c i n i t y  a r e  o f  
doub t f u l  s i g n i f i c a n c e . .  The a t t i t u d e s  o f  bedding recorded on the  map suggest a l a r g e  
s y n c l i n e  pass ing through the  upper p a r t  o f  M i l l e r  Gulch s u b p a r a l l e l  t o  the S l a t e  
Creek f a u l t  zone. An a n t i c l i n e  may e x i s t  i n  the v i c i n i t y  o f  the  b recc ia  zone. These 
s t r u c t u r e s  need more d e t a i l e d  mapping f o r  con f i rma t i on .  

Magnet i t e  Creek a rea  

The s t r u c t u r e  o f  t h i s  area, ex tend ing  f rom the  Magnet i te  Creek g l a c i e r  t o  f a u l t  F  
i s  n o t  c l e a r .  The main problems a r e  the i n a b i l i t y  t o  ex tend  f a u l t s  A and B o f  t h e  
Sp i re  Creek area i n t o  t h i s  area,  and the g r e a t e r  southward e x t e n t  o f  the Mankomen 
format ion,  as compared t o  t he  West Fork-Main Fork area. The observed r e l a t i o n s  migh t  
be exp la ined  by two b a s i c a l l y  d i f f e r e n t  types o f  s t r u c t u r e s :  

1 .  A system o f  s teep  east -west  and no r th - sou th  f a u l t s .  

2. A f l a t  t h r u s t ,  p o s s i b l y  r e l a t e d  t o  f a u l t  0 ,  l o c a l l y  c u t  by no r th - sou th  f a u l t s ,  
combined w i t h  movement on t he  S l a t e  Creek f a u l t  zone. 

The second a l t e r n a t i v e  seems more i n  keeping w i t h  the  s t r u c t u r a l  f ea tu res  o f  t he  
ad jacen t  areas, b u t  t he  d e t a i l s  o f  f a u l t  i n t e r r e l a t i o n s h i p s  a r e  n o t  apparent. I n  the  
i n t e r p r e t a t i o n  shown on t he  map, f a u l t  F i s  cons idered  as a s t r i k e - s l i p  f a u l t ,  wh ich  
o f f s e t s  the S l a t e  Creek f a u l t  zone, bu t  has been o f f s e t  i t s e l f  by renewed s t r i k e - s l i p  
movement on the  S l a t e  Creek f a u l t .  The complex r e l a t i o n s  i n  s e c t i o n  10 cou ld  i n v o l v e  
smal l  g r a v i t y  s l i d e s  o r  l a r g e  t a l u s  b locks.  

GEOLOGIC HISTORY OF THE AREA 

Th is  h i s t o r y  o f  t he  area i s  summarized as f o l l o w s :  

1 .  Depos i t ion  o f  graywacke and shale o f  area n o r t h  o f  Denal i  
f a u l t  E a r l y  ~ a l e o z o i c ( ? )  



2. Poss ib le  low t o  moderate grade metamorphism (a l t hough  t h i s  
cou 1 d  be blesozoi c  and ~e  r t i a  r y )  Pa 1 eozo i c j? )  

3. Accumulation o f  andes i t e  and d a c i t e  f lows ,  agglomerates, 
t u f f s ,  and sediments o f  the  Chisna fo rmat ion  Pennsylvanian- 

Permian(?) 

4. Depos i t ion  o f  a r g i l l i t e ,  b a s a l t ,  l imestone, and v o l c a n i c s  
o f  the Mankomen format  i o n  Permi an 

5. Fo ld ing  and i n t r u s i o n  o f  u l t r a m a f i c  rocks Mesozo i c  

6. I n t r u s i o n  o f  g r a n i t i c  rocks (some g r a n i t i c  rocks c o u l d  be Mesozoic o r  e a r l y  
o l d e r  than u l t r a m a f i c s )  T e r t i a r y  

7. Eros ion,  and e x t r u s i o n  o f  T e r t i a r y ( ? )  v o l c a n i c  rocks E a r l y  T e r t i a r y  
o r  Cretaceous 

8. Eros ion  and -depos i t i on  of Gakona fo rmat ion  ~ o c e n e  ( ? )  

9. Probable no r th - sou th  v e r t i c a l  f a u l t i n g  T e r t i a r y  o r  o l d e r  

10. S t r i k e - s l i p  and v e r t i c a l  movement o f  S l a t e  Creek f a u l t  
zone (and Denal i f a u l t ;  may have had e a r l  i e r  movement) T e r t i a r y  

1 1 .  Thrus t ing ,  f o l d i n g ,  and c r o s s - f a u l t i n g  T e r t i a r y  

12. Renewed s t r i k e - s l i p  movement on the  S l a t e  Creek f a u l t  T e r t i a r y  

14. G l a c i a t i o n  P le is tocene 

14. Continued u p l i f t  o f  t h e  Alaska Range and movement on t h e  
Uenal i  f a u l t .  P le is tocene and 

Recent 

ECONOMl C GEOLOGY 

The l o c a l i t y  numbers below r e f e r  t o  numbers shown on t he  g e o l o g i c  map. Most o f  
t he  l o c a l i t i e s  do n o t  appear t o  be o f  economic i n t e r e s t  i n  themselves, b u t  a re  mentioned 
t o  i n d i c a t e  the l o c a t i o n  and t ype  o f  m i n e r a l i z a t i o n  encountered. 

L o c a l i t y  1 

I r on -s ta i ned  amph ibo l i te ,  ho rnb lend i t e ,  and hornblende-augite-plagioclase rock 
o f  t h i s  l o c a l i t y  con ta in  5-10% disseminated p y r r h o t i t e ,  p y r i t e ,  magnetite, and t races  
o f  c h a l c o p y r i t e .  The zone, as exposed on the r i dge ,  i s  about  50 f e e t  wide and a  hundred 
o r  more f e e t  long. A soecimen c o n t a i n i n g  abundant s u l f i d e s  and v i s i b l e  c h a l c o p y r i t e  
assayed l ess  than o.(yj%copper (sample 6E429, t a b l e  5 ) .  Th i s  specimen was t y p i c a l  of  
t he  b e t t e r  m a t e r i a l  i n  t he  access ib l e  outcrops,  b u t  a  l a r g e  p a r t  o f  t he  zone i s  
i naccess ib l e .  



L o c a l i t y  2 

A h o r n b l e n d i t e  bou lder  from g l a c i a l  depos i t s  a t  t h i s  l o c a l i t y  con ta ins  about 10% 
magnet i te  and i s  s i m i l a r  t o  o the rs  no ted  i n  the g l a c i a l  debr is .  Small amounts o f  
c h l o r i t e ,  p y r i t e ,  c h a l c o p y r i t e ,  and c a l c i t e  accompany the  hornblende and magnet i te .  
A copper assay showed less  than 0.05% (sample 6E416, t a b l e  5 ) .  The presence o f  magne- 
t i t e  i n  h o r n b i e n d i t e  assoc ia ted w i t h  u l t r a m a f i c  rocks i s  s i m i l a r  t o  the magnet i te  
occurrence a t  Duke I s l a n d  i n  Southeastern Alaska ( I r v i n e ,  1363). 

L o c a l i t y  3 

Coal f ragments,  t h i n  coal  beds, and c o a l i f i e d  logs a r e  common i n  the Gakona forma- 
t i o n  here  b u t  those examined have been a l t e r e d  t o  c o n t a i n  a  h i gh  con ten t  o f  s i l i c a  and 
do n o t  burn  w e l l .  

Local  i t y  4 

Magnet i te  i s  v e r y  abundant i n  the s t ream sediments here,  and magnet i te -bear ing  
h o r n b l e n d i t e  bou lders  a r e  sca t t e red  through t h e  s t ream grave l  and moraines. 

L o c a l i t y  5 

P y r i t i z a t i o n  and t races  o f  copper s t a i n  were no ted  i n  amph ibo l i t e  and marb le  a long  
the  d i o r i  t e  con tac t .  

L o c a l i t y  6 

A s i l v e r - b e a r i n g  galena-quartz-carbonate v e i n  has been repor ted  i n  t h i s  v i c i n i t y  
s i nce  t he  f i e l d  work was done. 

Local  i t y  7 

A t r a c e  o f  copper s t a i n  was found i n  a r g i l l i t e  a t  t h i s  l oca t i on .  

L o c a l i t y  8 

A q u a r t z - p y r i t e - c h a l c o p y r i t e  v e i n  s t r i k i n g  N l O W  and d i p p i n g  BOONE i s  exposed he re  
and has been prospected by a  smal l  p i t .  The s u l f i d e - b e a r i n g  p a r t  o f  t h e  v e i n  i s  about 
s i x  inches wide, and i s  accompanied by a  s i m i l a r  th ickness  o f  quar tz .  A sample across 
the  s i x  i n c h  s u l f i d e - b e a r i n g  w i d t h  con ta ined  2.2% copper, and t races  o f  go ld ,  s i l v e r ,  
and lead (sample 6E555, t a b l e  5) .  Several  o t h e r  q u a r t z  ve ins  crop o u t  i n  t he  immediate 
v i c i n i t y  and p y r i t i z a t i o n  and minor copper s t a i n i n g  were found a t  severa l  l o c a l i t i e s  
w i r n i n  200 yards.  

Local  i t y  9 

Several  pods o f  p y r i t e - c h a l c o p y r i t e - m a g n e t i t e  m i n e r a l i z a t i o n  a r e  exposed here  a long  
an abandoned s t ream channel c l ose  t o  the c o n t a c t  o f  the  qua r t z  m n z o n i t e .  Quar tz ,  
ep ido te  c h l o r i t e ,  and carbonate accompany t he  s u l f i d e s  and magnet i te.  The pods have 
developed by replacement o f  andesi te ,  and have a  w i d t h  o f  up t o  f i v e  f e e t .  They a r e  
exposed f o r  about 15 f e e t ,  and pass under cover  a t  t he  t o p  o f  the bank b u t  a r e  n o t  
exposed i n  ou t c rops  about 25 f e e t  up the  h i l l .  



A nearby bou lder  con ta ins  rhodochros i te ,  rhodon i te ,  and abundant qua r t z ,  b u t  may 
be g l a c i a l  l y  t ranspor ted .  

L o c a l i t y  10 

Traces o f  copper s t a i n  were found i n  andes i t e -dac i t e  f l o a t  near  t h e  g r a n o d i o r i t e  
d i ke  a t  t h i s  l o c a l i t y .  

L o c a l i t y  1 1  

Pieces o f  coarse specular  hema t i t e  and q u a r t z  w i t h  some magnet i te  a r e  s c a t t e r e d  
through f l o a t  a long  a  zone t r e n d i n g  about no r t h - sou th  f o r  approx imate ly  100 yards. A t  
t h e  o n l y  exposure, the hemat i te  occurs  as a  banded zone about 15 f e e t  t h i c k  w i t h  a  
sha l l ow  d i p .  The hemat i te  appears t o  have rep laced  the vo lcan ics .  The zone seems 
wor thy  o f  a few p i t s  and sarnples t o  determine whether o the r  elements accompany the i r on ,  
and t o  o b t a i n  a  b e t t e r  idea o f  i t s  s i z e .  

L o c a l i t y  12 

Severa l  magnet i te -quar tz  bou lders  were found as f l o a t  i n  t h i s  v i c i n i t y .  

L o c a l i t y  13 

Coal beds a t  l e a s t  two f e e t  t h i c k  a r e  p o o r l y  exposed i n  c l a y s  and shales o f  the 
Cakona f o rma t i on  o f  t h i s  v i c i n i  t y .  I4egascopical l y  the coal  appears t o  be o f  moderate 
qua1 i t y ,  b u t  i s  h i g h l y  f o l ded  arid deformed. 

L o c a l i t y  14 

A r g i l l i t e  a long  the con tac t  w i t h  the  b a s a l t  i s  h i g h l y  i r o n - s t a i n e d  f rom o x i d a t i o n  
o f  p y r i t e .  A grab sample o f  p y r i t i c  a r g i l l i t e  w i t h  t races o f  c h a l c o p y r i t e  con ta ined  
t r aces  o f  g o l d  and s i  l v e r  (sample 6E531, t a b l e  5 ) .  

L o c a l i t y  15 

A grab sample o f  p y r i t i c  d iabase-basa l t  w i t h  qua r t z  ve ins f rom t h i s  area conta ined 
t r aces  o f  go ld ,  s i l v e r ,  and copper (sample 6E534, t a b l e  5 ) .  

L o c a l i t y  16 

Amph ibo l i t e  con ta in i ng  p y r r h o t i t e ,  p y r i t e ,  and qua r t z  ve ins  and a  t r a c e  o f  c h a l -  
c o p y r i t e  showsd t races  o f  go ld ,  s i l v e r ,  and copper (sample 6 ~ 5 3 7 ,  t a b l e  5 ) .  

L o c a l i t y  17 

A grab sample o f  h i g h l y  s t a i n e d  and p y r i t i z e d  a r g i l l i t e  f rom t h i s  l o c a l i t y  con- 
t a i n e d  t r aces  o f  go ld ,  s i  l v e r ,  and z i n c  (sample 6E584, t a b l e  5 ) .  

L o c a l i t y  18 

A bou lde r  o f  J u n i t e  from the g l a c i a l  moraine bea r i ng  abundant p y r i t e  con ta ined  0.75% 
copper and t r aces  o f  go ld ,  s i l v e r ,  p l a t i num,  and n i c k e l  (sample 6E583, t a b l e  5 ) .  



L o c a l i t y  19 

Narrow spo rad i c  ve ins o f  c r o s s - f i b e r  c h r y s o t i l e  asbestos occur  i n  d u n i t e  i n  t h i s  
v i c i n i t y ,  b u t  no  concent ra t ions  approaching economic grade were noted.  

Up t o  10% magnet i te  occurs i n  some h o r n b l e n d i t e  i n  a  l i m i t e d  area on t h i s  spur. 

L o c a l i t y  20 

A h i g h l y  p y r i t i z e d  area about 50 f e e t  i n  d iameter  occurs a t  the  c o n t a c t  o f  pe r i do -  
t i t e  and monzonite here. A grab sample con ta ined  t races  o f  go ld  and s i l v e r ,  and 0.2% 
copper (sample GESd1, t a b l e  5 ) .  

L o c a l i t y  21 

A smal l  copper occurrence i s  r e p o r t e d  i n  t h i s  v i c i n i t y  b u t  was n o t  encountered i n  
mapp i ng . 

L o c a l i t y  22 

A sample o f  p y r i t i c  s l a t y  a r g i l l i t e  f rom t h i s  l o c a l i t y  con ta ined  a  t r a c e  o f  g o l d  and 
s i l v e r  (sample 6E615, t a b l e  5 ) .  

L o c a l i t y  23 

Minor  c h a l c o p y r i t e  and copper s t a i n  were no ted  i n  an e p i d o t e - f i l l e d  segrega t ion  
- o r  v e i n  i n  t he  ma f i c  gabbro. 

L o c a l i t y  24 

A grab sample o f  h i g h l y  p y r i t i z e d  andes ine-dac i te  f rom t h i s  l o c a l i t y  con ta ined  
sma l l  amounts o f  go ld ,  s i  l v e r ,  and copper (sample 6E656, t a b l e  5 ) .  

L o c a l i t y  25 

A grab sample o f  p y r i t i z e d  and a l t e r e d  andes i te  c u t  by smal l  q u a r t z  v e i n l e t s  
con ta ined  a  t r a c e  o f  go ld  (sample 6E658, t a b l e  5 ) .  

L o c a l i t y  26 

Boulders o f  m a g n e t i t e - h e m a t i t e - p y r i t e - c h l o r i t e  rock  a re  p resen t  i n  t a l u s  o f  t h i s  
area, b u t  no ou tc rops  were found. The m i n e r a l i z e d  body does n o t  appear l a rge ,  b u t  may 
wa r ran t  f u r t h e r  p rospec t ing .  

L o c a l i t y  27 

A number o f  boulders  a long  the  r i d g e l i n e  a t  t h i s  p o i n t  c o n t a i n  c h a l c o p y r i t e  and 
hemat i te  w i t h  qua r t z ,  c h l o r i t e ,  and ep ido te .  An assay o f  p a r t  o f  a  c h a l c o p y r i t e -  
bea r i ng  bou lde r  showed 1.14% copper and a  smal l  amount o f  s i  l v e r  (sample 6E646, t a b l e  5 ) .  
There i s  l i t t l e  r e a l  ou tc rop  near t h i s  l o c a l i t y ,  b u t  f l o a t  i n d i c a t e s  a  p robab le  w i d t h  
o f  5-15 f e e t  f o r  the m ine ra l i zed  zone. Country rock  i s  p o r p h y r i t i c  andes i te ,  p o s s i b l y  
an agglomerate,  and i s  e p i d o t i z e d  near  t he  m i n e r a l i z e d  zone. The occurrence d e f i n i t e l y  
war ran ts  f u r t h e r  prospect ing.  



L o c a l i t i e s  28 and 29 

Hemat i te  and hema t i t e -py r i t e  boulders  a r e  p resen t  l o c a l l y  i n  t a l u s  a t  these 
l o c a l  i t i e s .  

L o c a l i t y  30 

Approx imate ly  85 c la ims  were s taked i n  t h i s  area d u r i n g  1366 by Norman Moore and 
o the rs  o f  Fa i rbanks.  The e i g h t  Daisy c la ims  l i e  a l ong  the ou tc rop  on the  sou th  s i d e  o f  
the West Fork.  Judging f rom the maps w i t h  the  l o c a t i o n  no t i ces ,  the remain ing c l a ims  
a r e  ma in l y  t o  t he  east .  The qua r t z  monzonite o f  t h i s  area i s  weakly i r o n - s t a i n e d ,  b u t  
no o t h e r  ev idence o f  m i n e r a l i z a t i o n  was noted.  

L o c a l i t y  31 

A copper occurrence i n  t h i s  general  v i , c i n i t y  has been staked and p rospec ted  by 
C.W. Monroe f o r  Nor th land  Mines. The mapping was n o t  extended t o  t h i s  area,  b u t  specimens 
i n d i c a t e  t h a t  the copper occurs as c h a l c o p y r i t e  r e p l a c i n g  s i l i c a t e d  l imestone.  

L o c a l i t y  32 

A sample o f  f e r rug inous  b recc ia  f rom t h i s  l o c a l i t y  conta ined n o , d e t e c t a b l e  base 
meta ls .  

S l a t e  Creek and M i l l e r  Gulch p l a c e r  depos i ts  

The p l a c e r  depos i t s  o f  the S l a t e  Creek area have been p r e v i o u s l y  r e p o r t e d  on by 
blendenhall (1905), M o f f i t  (1912), Chapin (1919),  b l o f f i t  (1944), and M o f f i t  (1954), p l u s  
a  recen t  summary by Jasper (1957).  No a t tempt  w i l l  be made i n  t h i s  r e p o r t  t o  comple te ly  
d iscuss  t h i s  o l d e r  in fo rmat ion .  The f o l l o w i n g  m a t e r i a l  deals  ma in ly  w i t h  t he  o r i g i n  o f  
the  go ld ,  and a  p o s s i b l e  b u r i e d  channel o f  S l a t e  Creek. 

The t o t a l  g o l d  p roduc t i on  from the Ch i s toch ina  d i s t r i c t  i s  es t imated  t o  be between 
3 and 3.5 ini l l  i o n  do1 l a r s .  O f  t h i s  p roduc t i on ,  about 1.2 m i l l  i on  was recovered between 
189L and 1907. Probably  908 o r  more of  t h i s  p roduc t  i on  came f rom the S l a t e  Creek and 
M i l l e r  Gulch work ings.  The r i c h e s t  ground was on M i l l e r  Gulch and a t  i t s  i n t e r s e c t i o n  
w i t h  S l a t e  Creek. Produc t ion  has been Iiampered by s h o r t  seasons and c o s t l y  t r a n s p o r t a -  
t i o n .  Severa l  hundred thousand d o l l a r s  were recovered by Hobb En te rp r i ses  and Monte 
C r i s t o  M in ing  Company between 1956 and about 1962, b u t  s i nce  then o n l y  sma l l  shove l - i n  
ope ra t i ons  have been a c t i v e .  The pa ten ted  c l a ims  on S l a t e  Creek a r e  understood t o  be 
owned by Lewis Elmer and o the rs  o f  the Elmer f a m i l y  s i nce  l i q u i d a t i o n  o f  the  S l a t e  
Creek Min ing  Company a  few years ago. The Elmer f a m i l y  a l s o  has p a r t  ownership o f  
unpatented c la ims  on upper S l a t e  Creek on t h e  Chisna d i v i d e  area. Claims on M i l l e r  
Gulch a r e  r e p o r t e d l y  h e l d  by a  M r .  Howard Hayes o f  Juneau. 

O r i g i n  o f  g o l d  

This  q u e s t i o n  has p r e v i o u s l y  been d iscussed  by Mendenhall (1905) and Chapin 
(1919). As d iscussed by Chapin (1919), g o l d  occurs  a t  S l a t e  Creek i n  t h r e e  ages o f  
g rave ls :  (1 )  the p resen t  stream g rave l s ,  (2)  bench g rave l s  on the n o r t h  s i d e  o f  lower  
S l a t e  Creek, and (3) T e r t i a r y  "round wash" conglomerate. E s s e n t i a l l y  a l l  t he  p r o d u c t i o n  
has been f r om the present-day stream g rave l s ,  b u t  economical l y  i n t e r e s t i n g  va lues a r e  
repor ted  l o c a l l y  i n  the  bench g rave ls .  



Tl i ree p o s s i b l e  source t e r ranes  can be env is ioned  f o r  t h e  g o l d  o f  the d i s t r i c t .  
These a r e :  

1 .  The ~~ le tamorph ics  and i n t r u s i v e s  n o r t h  o f  the  Denal i f a u l t ,  p o s s i b l y  i n  the 
v i c i n i t y  o f  bit. Kimbal I. 

2 .  The blankomen a r g i l l i t e  and s l a t e  i n  the  immediate v i c i n i t y  o f  the  depos i t ,  
w i t h  a p o s s i b l e  r e l a t i o n  t o  t he  S l a t e  Creek g r a n o d i o r i t e  po rphy ry  i n t r u s i v e ,  o r  
t o  eroded equ i va l en t s  o f  the  a r g i l l i t e  and g r a n o d i o r i t e .  

3. S t r o n g l y  p y r i t i z e d  and a l t e r e d  Chisna fo rmat ion .  

The bes t  evidence a g a i n s t  t h e  t h i r d  a l t e r n a t i v e  i s  t he  l a r g e  amount o f  go l d  i n  
E I i l l e r  Gulch combined w i t h  the  l a c k  o f  g o l d  i n  streams d r a i n i n g  s o l e l y  t he  Chisna 
f o rma t i on .  I n  a d d i t i o n ,  the presence o f  g o l d  i n  the bench g r a v e l s  and the  "round 
wasn" i s  n o t  e x p l i c a b l e  i f  t h e  source i s  i n  the  Chisna f o rma t i on ,  as these format ions 
c o n t a i n  few o r  no c l a s t s  o f  Chisna fo rmat ion .  

The f i r s t  two a l t e r n a t i v e s  have been a b l y  d iscussed by Mendenhall (1905, p. 114 -  
I l S ) ,  wno favored the second a l t e r n a t i v e .  I n  the w r i t e r ' s  o p i n i o n ,  more evidence i s  
needed t o  reach a f i r m  c o n c l u s i o n ,  bu t  t he  f i r s t  a l t e r n a t i v e  seems more l i l t e l y .  

I f  the  source i s  n o r t h  o f  t h e  Dena l i  f a u l t ,  the g o l d  m igh t  have been assoc ia ted  
w i t h  t he  g r a n i t i c  i n t r u s i v e  i n t e r p r e t e d  t o  c rop  o u t  a few m i l e s  west o f  M t .  K imbal l  
near  the  head o f  the g l a c i e r  f e e d i n g  the  East Fork o f  t h e  Robertson R i ve r .  Th is  
area migh t  a l s o  be the source o f  the  g r a n i t e  and q u a r t z  bou lde rs  i n  t he  "round wash". 
A l t e r n a t i v e l y  i f  l a t e r a l  movement on t he  Denal i  f a u l t  has been more than  a few m i l es ,  
the  source may now be some d i s t a n c e  t o  t he  eas t .  The g o l d  would have been eroded f r om 
the  source area du r i ng  t he  T e r t i a r y  and depos i ted  i n  the  Gakona f o r m a t i o n  a t  the f o o t  
o f  t h e  scarp formed by up1 i f t .  The "round wash" i s  c l e a r l y  a  basa l  conglomerate, and 
migh t  be expected t o  c o n t a i n  a  concen t ra te  o f  any g o l d  eroded f r om t h e  u p l i f t e d  area. 
Under t h i s  theory ,  the g o l d  has s i n c e  been r e d i s t r i b u t e d  t o  t he  bench g rave l s  and p re -  
sen t  streams by e ros i on  o f  most o f  t h e  "round wash". Other  patches o f  "round wash" 
appear t o  e x i s t  i n  unmapped areas west  o f  upper S l a t e  Creek and elsewhere, and may thus 
I ~ a v e  f u rn i shed  a source o f  t he  g o l d  on the  Cllisna R i ve r  and the  Pl iddle Fork.  

An a d d i t i o n a l  l i n e  o f  ev idence  f a v o r i n g  o r i g i n  o f  t he  g o l d  f r om  n o r t h  o f  the 
Denal i  f a u l t  i s  the  r epo r t ed  occur rence  o f  go ld  i n  r ecen t  g l a c i a l  g r a v e l s  o f  the  
i4ain Fork  about a h a l f  m i l e  n o r t h  o f  S l a t e  Creek (see be low) .  A l though  i t  i s  conce i -  
vao le  t h a t  t h i s  g o l d  c o u l d  be d e r i v e d  f rom t l ie  llankomen f o rma t i on  a l ong  the south 
s i d e  o f  the  g l a c i e r ,  i t  seems much more l i k e l y  t h a t  t he  source i s  n o r t h  o f  the f a u l t .  

Evidence f a v o r i n g  t h e  o r i g i n  o f  g o l d  f rom the a r g i l l i t e  and s l a t e  o f  the immediate 
v i c i n i t y  i s  t l ie  coarse s i z e  and abundance o f  go l d  i n  M i l l e r  Gulch, the  increased rneta- 
morphism i n  t h i s  area, and t h e  presence o f  a  g ranod io r i  t e  porphyry  i n t r u s i v e  j u s t  
n o r t h  o f  the l i m i  t s  o f  p r o d u c t i v e  p l a c e r  depos i t s .  However, metamorphism increases 
nor tn iqard throughout the  map area.  One ounce nuggets were "not  r a re "  i n  14i 1 l e r  Gulch, 
and a f o u r  ounce nugget was found,  sugges t ing  ( bu t  n o t  p r o v i n g )  a  l o c a l  source. The 
l a c k  o f  coarse go ld  on B i g  Four Creek was a l s o  c i t e d  by Mendenhall (1 905) as evidence 
a g a i n s t  o r i g i n  i n  the "round wash". A1 though a few sma l l  q u a r t z  ve i ns  a r e  present  
i n  the a r g i l l i t e  and s l a t e ,  they  a r e  n o t  abundant, and no  r e p o r t s  o f  g o l d  i n  the  bed- 
rock  have come t o  the w r i t e r ' s  a t t e n t i o n .  



A rnuch f i r m e r  conc lus i on  on the o r i g i n  m igh t  be reached by a  proqram o f  sampl ing 
and panning, w i t h  s p e c i a l  a t t e n t i o n  t o  the "round wash" and t he  a r g i l l i t e .  I f  t h e  
source o f  the  g o l d  i s  i n  t he  Mankon~en fo rmat ion ,  t he  g o l d  i n  the  "round wash" shou ld  
be h i g h l y  concen t ra ted  as a  r e s i d u a l  depos i t  a t  t he  base o f  t h e  conglomerate. A lso,  
i t  snould  be p o s s i b l e  t o  f i n d  a t  l e a s t  a  minor amount o f  g o l d  i n  the  present ly -exposed 
a r g i l l i t e ,  even i f  the  main source has been eroded away. I f  the qo ld  was c a r r i e d  i n  
f rom n o r t h  o f  t he  f a u l t ,  the  g o l d  would p robab ly  be p resen t  throuqhout  the basal  
conglonlerate. I n  a d d i t i o n ,  a  h e l i c o p t e r  t r a v e r s e  i n  the  v i c i n i t y  o f  M t .  K imba l l  m igh t  
g i v e  con f i rma to r y  ev idence o f  m i n e r a l i z a t i o n ,  p o s s i b l y  o f  economic value. 

The go ld  p l a c e r s  c a r r y  p l a t i n u m  meta ls  t o  an e x t e n t  o f  about 1 %  o f  the go ld ,  
accord ing  t o  Chapin (1313) .  I n  seems most l i k e l y  t h a t  t he  p l a t i n u m  i s  r e l a t e d  t o  t he  
p e r i d o t i t e  and ~ n a f i c  gabbro, a l though  no s p e c i f i c  source can be p in -po in ted .  The o n l y  
i n f o rma t i on  i n  disagreement w i t h  t h i s  i n t e r p r e t a t i o n  i s  t he  r epo r t ed  presence o f  
p l a t i n u m  w i t h  the  g o l d  i n  the  r ecen t  g l a c i a l  g r a v e l s  on the  Main Fork above S l a t e  Creek 
(see below). However, i t  i s  p o s s i b l e  t h a t  a d d i t i o n a l  u l t r a m f i c  rocks a re  p resen t  
n o r t i i  o f  t i le  f a u l t .  

Bur ied  former channel 

As shown on t he  g e o l o g i c  map, the p resen t  channel  o f  S l a t e  Creek does n o t  
e x a c t l y  f o l l o w  the  S l a t e  Creek f a u l t  zone near t he  mouth o f  t he  creek. Chisna forma- 
t i o n  i s  exposed on t he  n o r t h  w a l l  o f  the  v a l l e y  f o r  seve ra l  hundred f e e t  above t he  
mouth. Examinat ion o f  berich q rave l s  a t  approx imate ly  t h e  l o c a t i o n  o f  "St '  i n  S l a t e  
Creek on the  g e o l o g i c  map d i s c l o s e d  an i n t e r v a l  o f  angu la r  g r a v e l s  o r  conso l i da ted  

- t a l u s  d i p p i n g  nor thward  toward the f l a t - l y i n g  bench g r a v e l s  and c l a y  a  few f e e t  away 
as siiown on f i g u r e  2. Th i s  u n i t  o f  no r thward-d ipp ing  g r a v e l s  i s  composed ma in l y  o f  
Chisna f o rma t i on  c l a s t s ,  and l i e s  on top o f  r ed - s ta i ned  d iabase conglomerate o f  t h e  
Gakona fo rmat ion .  The bench g rave l s  con ta i n  l i t t l e  o r  no Chisna fo rmat ion .  The n o r t h -  
ward-d ipp ing g rave l s  a r e  i n t e r p r e t e d  as a  d e p o s i t  on t he  sou th  bank o f  a n c e s t r a l  
S l a t e  Creek a t  a t ime  when i t s  channel l a y  seve ra l  hundred f e e t  n o r t h  o f  i t s  p resen t  
l o c a t i o n .  I t  seems l i k e l y  t h a t  t h i s  o l d  channel f o l l o w e d  t h e  zone o f  s o f t  T e r t i a r y  
sediments i n  the  f a u l t  zolie. The n o r t h - d i p p i n g  u n i t  (and t he  channel)  must be o l d e r  
than a t  l e a s t  p a r t  o f  the  bench g rave ls .  

On thebas is  o f  t h i s  data,  i t  i s  i n f e r r e d  t h a t  a  former  channel o f  S l a t e  Creek i s  
p resen t  under the  bench g r a v e l s  f o r  a  q u a r t e r  t o  a  t h i r d  o f  a  m i l e  upstream f r om the  
iimuth. The change i n  course i s  probably  the  r e s u l t  o f  g l a c i a l  b lockage o f  a n c e s t r a l  
S l a t e  Creek, f o l l o w e d  by s u p e r p o s i t i o n  o f  the  p resen t  channel on to  Chisna f o rma t i on  
a f t e r  e ros i on  o f  bench g r a v e l s  accumulated d u r i n g  t he  p e r i o d  o f  blockage. I t  seems 
l i k e l y  t h a t  t h i s  p o s s i b l e  b u r i e d  channel con ta i ns  as much g o l d  as the p resen t  channel ,  
and i t  cou ld  c o n t a i n  much more i f  i t  was i n  e x i s t e n c e  longer .  

B i g  Four p l a c e r  d e p o s i t  

Gold-bear ing g r a v e l s  were d iscovered on B i g  Four Creek e a r l y  i n  the  h i s t o r y  o f  
the  d i s t r i c t ,  and have produced smal l  amounts o f  g o l d  a t  i n t e r v a l s  over  t he  succeeding 
65 years.  Th i s  s h o r t  c reek  heads i n  the "round wash and f lows  ma in ly  over  gabbro 
be fo re  emptying i n t o  t he  s i d e  o f  the  Ch is toch ina  g l a c i e r .  P l a c e r  opera t ions  have 
worked the g rave l  o f  t h e  present -day s t ream f rom about  4,300 f e e t  e l e v a t i o n  where t he  
p resen t  camp i s  l o c a t e d  up t o  about 4,600 f e e t .  A cab in  a t  4,300 f e e t  i s  a c c e s s i b l e  
by a  jeep t r a i l  from the  S l a t e  Creek a i r s t r i p .  A  l a r g e  t r a c t o r ,  a  smal l  t r a c t o r ,  and 
a  s e c t i o n  o f  s l u i c e s  f e d  through a  g r i z z l y  were t h e  main i tems o f  equipment a t  t h e  
s i t e  I n  1966. Some g rave l  had e v i d e n t l v  been run  through the  s l u i c e s  i n  the p a s t  few 



years.  Recent work has appa ren t l y  been 1 i m i  t ed  t o  the  g r a v e l s  w i t h i n  a few hundred 
f e e t  above the cabin,  b u t  h i g h e r  sec t ions  o f  the s t ream show evidence o f  o l d e r  work, a t  
l e a s t  p a r t l y  by hand methods. Water i s  supp l i ed  by B i g  Four Creek and severa l  o t h e r  
smal l  creeks w h i c l ~  have been d i v e r t e d  i n t o  a smal l  dam n o r t h  o f  the cabin.  A t  p resen t  
t h e  unpatented c la ims a r e  h e l d  by a group headed by W.J. Beerman o f  Yakima, Washington. 

G lac ie r  c la ims  

Approximately 12 c l a ims  have been staked on g r a v e l s  o f  t he  Main Fork o f  the 
Ch is toch ina  R iver  n o r t h  o f  S l a t e  Creek and a m i l e  o r  so sou th  o f  the  Main Fork g l a c i e r  
by Lewis Elmer. He r e p o r t s  t he  recovery o f  i n t e r e s t i n g  amounts o f  go ld  from g rave l s  
a few f e e t  above the l e v e l  o f  t he  present  r i v e r .  Th i s  a rea  was apparen t l y  covered 
by the g l a c i e r  i n  1900, so t he  g o l d  must be coming f r om v e r y  recen t  g l a c i a l  m a t e r i a l .  
Elmer repo r t s  t h a t  minor  amounts o f  p l a t i num occur  w i t h  t h i s  go ld .  

These c la ims seems t o  be s i g n i f i c a n t  ma in ly  i n  sugges t ing  the  p o s s i b i l i t y  o f  
dredge ground i n  the  broad v a l l e y  o f  the Main Fork. 

Other p l a c e r  depos i t s  

Ruby Gulch and Qua r t z  Creek - Ten patented c l a ims  f rom which there  has been a 
smal l  p roduc t ion .  

Chisna R iver  - An undetermined number o f  unpatented c l a ims  ex tend ing  f rom Red 
I h u n t a i n  Creek approx imate ly  t o  the Ruby Gulch pa ten ted  c la ims .  Very l i t t l e  p r o d u c t i o n  
. i s  i n d i c a t e d  f rom these c la ims .  

H a z e l e t t  c la ims,  lower Chisna R iver  - Two pa ten ted  p l a c e r  c la ims  i n  the area o f  
the  o r i g i n a l  d iscovery  i n  t he  d i s t r i c t ,  j u s t  o f f  t h e  sou th  sdge o f  the  map. The 
p roduc t  i on  has appa ren t l y  been smal l  t o  moderate. 

bi iddle Fork c la ims  - An i n d e f i n i t e  number o f  unpatented c la ims  on Bedrock, Lime- 
s tone,  Kraemer, Ptarmigan, and Russian John Creeks ad jacen t  t o  the Middle Fork o f  the 
Ch i s toc l~ i na .  Produc t ion  has p robab ly  been a few thousand d o l l a r s ,  a l though cons iderab le  
development Has done i n  t he  l a t e  40 's .  

GEOCHEMISTRY OF STREAM SEDIMENTS 

A t o t a l  o f  about 120 s t ream sediment samples were c o l l e c t e d  f rom the map area 
and a r e  p l o t t e d  on the  g e o l o g i c  map. A n a l y t i c a l  da ta  a r e  l i s t e d  i n  t a b l e  6. 

Sediments were c o l l e c t e d  f r om a c t i v e  stream channels and analyzed i n  the f i e l d  
by the  heavy metal procedure descr ibed  by Hawkes (1963). I n  the  lab ,  samples were 
d r i e d ,  screened t o  -GO mesh, and analyzed f o r  t o t a l  copper, z i nc ,  lead, molybdenum, 
n i c k e l ,  and a r s e n i c  by Rocky Mountain Geochemical L a b o r a t o r i e s  u s i n g  atomic abso rp t i on  
and c o l o r i m e t r i c  methods. 

Values used f o r  t h e  t h resho ld  o f  anomalies a r e  150 p a r t s  p e r  m i l l i o n  f o r  copper, 
220 ppm f o r  z i nc ,  30 ppm f o r  lead, and 6 ppm f o r  molybdenum. No n i c k e l  anomalies 
a r e  recognized. These va lues were se lec ted  a7 the bas i s  o f  h is tograms f o r  the v a r i o u s  



Table 5 

Assays o f  samples 

Au A P t  Cu Pb Zn N  i As 
( o z / T )  (oz/T) ( o z / T )  ( % I  ( % I  ( % I  ( % I  (%) Local i t y  

t r .  

0.02 

tr. 

0.18 

0.44 

0.46 

0.18 

0.12 tr. 

tr. 

0.12* 

0.52;: 

0.12;: 

N. D. 

tr. 

tr .  

H . D .  N . D .  

N .  D .  N.D. 

tr. N .  D. 

t r .  N.D. 

2.2 tr. 

0.2 N . D .  

0.75 N . D .  

N . D .  N. D. 

N. D .  N . D .  

1.143t N . D .  

0. I 5  N . D .  

N. D .  t.1. D. 

N.D. 

N . D .  

N. D .  

N . D .  tr. 

N . D .  

N . D .  t r .  

N . D .  0 .2  N . D .  

N.D. 

N . D .  

tr. 

N . D .  

N . D .  

;:Assayed by Coast E l d r i d g e ,  Inc .  A l  1 o t h e r  assays by D i v i s i o n  o f  Mines and Minera ls .  

N . D .  - Not detected,  g e n e r a l l y  l ess  than 0.05% 

tr.  - Trace, p resen t  b u t  l ess  than 0.05% f o r  Cu, Pb, Zn, and N i  





Table 6 (Continued) 

Ma P 
No. 

Concen t r a  t ion  (ppm) Samp 1 e F i e l d  Test 
No. Cu Zn Pb MF N i As ( r n l  . o f  dye) 



Table 6 (Continued) 

Samp 1 e 
140. 

Concen t r a  t i on (ppm) F i e l d  Test 
Cu Zn P b  Wo N i As (ml. o f  dye) 

Ma P 
No. 



Tab le  6 (Continued) 

Concen t r a t  i on (ppm) 
Map Sample F i e l d  Tes t  
No. No. Cu Z n Pb Mo N i As (ml . o f  dye) 



lements, p l u s  analyses o f  rocks f rom the 1 ;  t e r a t u r e  and f rom the Rainy Creek area 
g ~ o s e ,  I Y D J ) .  Values above 400 p a r t s  per  m i  1 1  i on  copper, 500 ppm z i n c ,  and 100 ppm 
lead  a r e  cons idered s t r o n g l y  anomalous. 

Discuss io i i  o f  anonial i es  

Samples 2, 5, and 22 

These a r e  weak t o  ques t i onab le  copper anomalies o f  unknown source. A l l  a re  i n  
strearns d r a i n i n g  a r g i l l i t e  o f  the  Mankomen format ion.  

Sample 3y 

A weak lead anomaly i n  t he  Chisna format ion.  The source i s  unknown, bu t  many 
comments under samples 60-63 p robab l y  apply  here a lso.  

Sample 143 

A weak t o  moaerate anomaly i n  copper, lead, and s i l v e r ,  a long  w i t h  h i g h  a rsen ic .  
Traces o f  copper were no ted  i n  rocks j u s t  upstream f rom the sample, and a l e a d - s i l v e r  
si lowing i s  repor ted  i n  the ad jacen t  dra inage o f  sample 42 (see l o c a l i t i e s  6 and 7 
under tconomic Geology). Amph ibo l i t e  i n  the headwaters o f  t he  d ra inage  i s  h i g n l y  
p y r i t i z e d .  Fur ther  p rospec t i ng  o f  t h i s  area seems warranted.  

Samples 4b-4&, 50-52, 65-89, and 100 

A l l  these samples show moderate anomalies i n  z inc ,  and most a r e  anomalous i n  
molybdenum and i n  the f i e l d  t e s t .  A l l  t he  anomalous streams d r a i n  b l a c k  p h y l l i t e  on 
the  n o r t h  s i d e  o f  the Oenal i  f a u l t .  

I n  v iew o f  the h i g h  r e s u l t s  on the  f i e l d  t e s t ,  t h ree  samples o f  b l a c k  p h y l l i t e  
were c o l l e c t e d  a long the r i d g e  between the drainages o f  samples 65 and 86. These 
samples cons i s ted  o f  about t h r e e  pounds o f  b l a c k  p h y l l i t e  c o l l e c t e d  as ch ips  across 
about 130 f e e t  o f  sec t i on .  The analyses a r e  l i s t e d  i n  t a b l e  7. A l l  t h ree  rock samples 
a r e  "anomalous" i n  molybdenum, and two a r e  "anomalous" i n  z i n c .  From these r e s u l t s ,  
i t  appears t h a t  z i n c  and molybdenum a r e  w ide l y  d i s t r i b u t e d  through t h e  b l a c k  p h y l l i t e ,  
b u t  t h e i r  exact  mode o f  occurrence ( i . e .  d isseminated throughout ,  v e i n l e t s ,  m e t a l - r i c h  
beds) remains unknown. I b s t  l i k e l y  the  metal i s  syngenet ic  and was p r e c i p i t a t e d  w i t h  
i r o n  s u l f i d e s  du r i ng  d e p o s i t i o n  i n  a  reduc ing  environment.  However, l o c a l  beds i n  
the  sequence might con ta in  cons ide rab l y  g rea te r  amounts o f  z i n c  and molybdenum than the 
average, and cou ld  thus be o f  economic i n t e r e s t .  

Very s i m i l a r  z i n c  and molybdenum anomalies were ob ta i ned  f r om b l a c k  s l a t e  and 
phy l  1 i t e  te r ranes  i n  the Eureka Creek area (Rose, 1965) and n o r t h  o f  the  Slana R iver  
(D.H. R i c h t e r ,  personal communication), and the phenomenon thus appears widespread 
i n  t he  eas te rn  and c e n t r a l  A laska Range. Fu r the r  sampl i n g  t o  o b t a i n  a  more accurate 
idea o f  the upper l i m i t s  o f  z i n c  and molybdenum con ten t  seems wor thwh i le .  

Samples b0-63, 65, and 69 

These moderate t o  s t r o n g  l ead  and z i n c  anomalies a r e  f r om streams d r a i n i n g  a l t e r e d  
and l o c a l l y  p y r i t i z e d  Chisna f o rma t i on  i n t r uded  by q u a r t z  monzonite!  and d e f i n i t e l y  
seem wor th  f u r t h e r  p rospec t i ng  and sampl ing o f  rocks and s t ream sediments. 



Tab le  7 

Analyses o f  b l a c k  p h y l l i t e  samples 

Samp 1 e  Copper Z inc Lead - - -------- M o l y  -- bden urn A rsen i c  

6E-627 130 440 10 8 10 

6E-627 Limy b l a c k  p h y l l i t e  w i t h  some i r o n  s t a i n i n g  and qua r t z  ve ins a t  c r e s t  o f  
r i dge .  Sec t ion  27, TI%, R15E, a t  l o c a t i o n  A. 

6E-628 S o f t  b l a c k  p h y l l i t e ,  i n c l u d i n g  some i r o n - s t a i n e d  ch ips and a few q u a r t z  
ve ins .  Sec t i on  27, T19S, K15E, a t  l o c a t i o n  B. 

6E-629 Weakly t o  moderately i r o n - s t a i n e d  b l a c k  p h y l l i t e  w i t h  minor q u a r t z  ve ins .  
Sec t i on  34, T19S, R15E, a t  l o c a t i o n  C. 

Analyses by Rocky t lounta in  Geochemical Labo ra to r i es  i n  p a r t s  per  mi I 1  i o n  



Sample 64 

A weak copper anomaly, p robab ly  r e l a t e d  t o  the  copper showings descr ibed under 
L o c a l i t y  8. 

Samples 81 and 82 

Weak t o  ques t ionab le  copper anomalies o f  unknown source. 

Sample b4 

A weak z i n c  anomaly d e r i v e d  f rom a  s t r o n g l y  p y r i t i z e d  pa t ch  a t  the con tac t  o f  
a r g i l l i t e  and b a s a l t .  A r o c k  sample f rom t h i s  area con ta ined  o n l y  t races  o f  base and 
p rec ious  metals ( ~ o c a l  i t y  17).  

Sample 91 

A weak copper anomaly, p o s s i b l y  r e l a t e d  t o  a  r e p o r t e d  copper show i n  t h i s  v i c i n i t y  
( L o c a l i t y  21) .  

Samples 96,  9G, 102, 112, 113, and 1 1 4  

St rong t o  moderate anomal ies i n  copper a r e  c h a r a c t e r i s t i c  o f  a l l  these samples, 
a long  w i t h  anomalous amounts o f  z i nc ,  lead, and molybdenum i n  most cases. A l l  these 
streams d r a i n  the  Chisna f o rma t i on ,  and a t  l e a s t  i n  t h e  case o f  samples 96 and 98, 
t he  andes i t e -dac i t e  i s  s t r o n g l y  p y r i t i z e d .  A  rock  sample ( L o c a l i t y  24)  conta ined 0.15% 

'copper .  Fu r the r  p r o s p e c t i n g  and sampl ing i s  d e f i n i t e l y  i nd i ca ted .  The presence o f  
smal l  c h a l c o p y r i t e  and hema t i t e  showings w i t h i n  a  m i l e  t o  the  south i s  encouraging, 
as i s  the presence o f  a  p o r p h y r i t i c  qua r t z  d i o r i t e  near  L o c a l i t y  24. The a l ignment  o f  
these samples and samples 60 and 61 j u s t  south o f  t h e  S l a t e  Creek f a u l t  zone suggests 
a  reg iona l  s t r u c t u r a l  c o n t r o l ,  a l though the  f a u l t  has c l e a r l y  moved s ince  the p y r i t i -  
z a t i o n  o f  the Chisna fo rmat ion .  

Samples 103, 104, and 105 

These t h ree  samples a r e  anomalous i n  lead, z i n c ,  and molybdenum, and a re  t r e a t e d  
separa te ly  because a l l  t h r e e  a r e  s o i l s  r a the r  than s t ream sediments. Exposures o f  
Chisna format ion u p h i l l  f r om these samples a r e  moderate ly  t o  s t r o n g l y  i r on -s ta i ned ,  and 
i n  the l ack  o f  streams, s o i l s  developed from t a l u s  were c o l l e c t e d .  The anomalous va lues  
i n d i c a t e  t h a t  some f u r t h e r  a t t e n t i o n  t o  t h i s  area may be j u s t i f i e d .  

Sample 123 

A  weak t o  ques t i onab le  copper anomaly. A d d i t i o n a l  s t ream sediment sampl ing i s  
needed i n  t h i s  p a r t  o f  t he  area. 

Arsenic  

Arsenic  has been s u c c e s s f u l l y  used as a  p a t h f i n d e r  f o r  g o l d  i n  ep i thermal  depos i t s  
i n  western Un i ted  S ta tes  (Cavender, 1964; Er i ckson  e t  a l ,  1964; Miesch and Nolan, 1958) 
and a t  Kant ishna by Chapman (1358).  I n  hopes o f  d e t e c t i n g  p o s s i b l e  sources o f  the  
p l a c e r  gold,  most o f  t he  s t ream sediment samples were analyzed f o r  a rsen ic ,  w i t h  r e s u l t s  
l i s t e d  i n  t a b l e  6. 



Assignment o f  background and t t ~ r e s l \ o l d  va lues f o r  t he  a r s e n i c  analyses i s  r a t h e r  
unce r t a i n .  Accord ing  t o  the  l i t e r a t u r e ,  background i n  igneous rocks i s  1-3 ppm, i n  
sha les 5-10 ppm, and i n  o t h e r  sediments much l e s s .  A r sen i c  values i n  the Ch i s toch ina  
s t ream sediments average a t  l e a s t  20 ppm, and i t  i s  p o s s i b l e  t h a t  some a n a l y t i c a l  
b i as  i s  p resen t  i n  t h e  da ta .  A l l  samples d r a i n i n g  the  b l a c k  p h y l l i t e  n o r t h  o f  the  
Denal i  f a u l t  c o n t a i n  45-60 ppm. A s  i n d i c a t e d  i n  t a b l e  7, the  b l ack  p h y l l i t e  con ta i ns  
unusua l l y  h i g h  amounts o f  a r s e n i c  a long w i t h  the  h i g h  z i n c  and molybdenum va lues.  For 
the  remain ing samples, i t  i s  t e n t a t i v e l y  concluded t h a t  a  t h resho ld  o f  50 ppm can be 
used t o  d i s t i n g u i s h  anomal ies.  Samples 2 and 33 (1160 and over  1000 ppm) a re  c l e a r l y  
s t r o n g l y  anomalous, and b o t h  a r e  anomalous i n  o t h e r  meta ls ,  suggest ing i n t r oduced  
s u l f i d e s  as t he  source. A s i m i l a r  conc lus ion  seems j u s t i f i e d  f o r  sample 1 1 3 .  The 
anomalies i n  samples 24,  30, 5 3 ,  73, b 0 ,  and 93 may r e s u l t  e i t h e r  f rom i n t r oduced  
s u l f i d e s  o r  f rom an unusua l l y  h i g h  a r sen i c  con ten t  o f  some a r g i l  1 i t e  i n  the  llankomen 
fo rmat ion .  

Analyses o f  a d d i t i o n a l  rocks f rom the area would be v e r y  u s e f u l  i n  de te rm in i ng  t he  
background l e v e l  t o  be expected. A t  the moment, no source f o r  the  p l a c e r  g o l d  i s  
ev i den t  i n  the  a r s e n i c  va lues.  

S i l v e r  

I n  o rde r  t o  check on t he  p o s s i b i l i t y  o f  s i l v e r  accompanying the  l ead -z i nc  i n  t he  
source o f  anomalous samples 60, 61, and 63, these samples and samples 38, 41, 42, 43, 
51,  and 57 were analyzed f o r  s i l v e r  by Rocky Mountain Geochemical Labo ra to r i es .  Sample 

. 43 con ta ined  1 ppm s i l v e r ;  t he  o the rs  con ta ined  l ess  than the  d e t e c t i o n  l i m i t  o f  1 ppm. 
These r e s u l t s  i n d i c a t e  t h a t  l a r g e  amounts o f  s i l v e r  p robab l y  do no t  accompany t h e  l ead  
and z i n c ,  bu t  t h a t  t h e  source o f  the copper, l ead  and a r s e n i c  i n  samples 43 may a l s o  
con ta i n  some s i l v e r .  

Pann i ng Concent ra tes 

Sediments f rom o r  near  t h e  su r f ace  o f  32 s e l e c t e d  streams were panned i n  t he  f i e l d  
and the concen t ra tes  examined i n  the l ab  w i t h  a  b i n o c u l a r  miscroscope. Resu l t s  a r e  
l i s t e d  i n  t a b l e  2.  A 12- inch pan o f  sediment was panned t o  1 / 4  t o  1/2 cup, bu t  i n  
many cases the concen t ra te  s t i l l  cons is ted  l a r g e l y  o f  q u a r t z ,  f e l dspa r ,  and rock  f r a g -  
ments, p a r t i c u l a r l y  f rom streams d r a i n i n g  the  area n o r t h  o f  the  Denal i  f a u l t .  To 
o b t a i n  a  b e t t e r  idea  o f  t h e  heavy minera ls  i n  c e r t a i n  samples, e i g h t  samples were p r o -  
cessed through methylene i od i de ,  as shown i n  t h e  t a b l e .  

Concentrates f rom streams d r a i n i n g  the u l t r a m a f i c  complex con ta i n  l a r g e  amounts 
o f  pyroxene accompanied by moderate amounts o f  magne t i t e  and hornblende, and s m a l l  
anmunts o f  ep i do te ,  p y r i t e ,  and o t h e r  m inera ls .  Streams d r a i n i n g  the b l a c k  p h y l l i t e  
n o r t h  o f  the  dena l i  f a u l t  c o n t a i n  p y r i t e  as t h e i r  dominant heavy m ine ra l ,  b u t  t he  
concen t ra te  i s  r e l a t i v e l y  sma l l .  Drainages f rom the  Chisna fo rmat ion  c o n t a i n  cons ide rab le  
ap ido te .  Garnet i s  p resen t  i n  M i  l l e r  Gulch, the  Ch i s toch ina  R i ve r ,  and severa l  o t h e r  
l o c a l i t i e s ,  and p robab l y  i s  de r i ved  from n o r t h  o f  t he  Denal i  f a u l t  o r  from the  T e r t i a r y  
sediments. 

Small amounts o f  s c h e e l i t e  were de tec ted  i n  s i x  samnles. The l a r g e s t  amounts a r e  
i n  the \ l es t  Fork  and the  Plain f o r k  o f  the Ch is toch ina .  A l though the con ten t  i s  n o t  
l a rge  enougn t o  be o f  i n t e r e s t  i n  i t s e l f ,  d e t e c t i o n  o f  s c h e e l i t e  i n  these l a r g e  streams 
suggests t he  poss i b i  1 i t y  o f  i n t e r e s t i n g  amounts i n  bedrock i n  the  dra inages.  



Table 8  

Mineralogy of  panned stream sediments 

Map F i e l d  Magneti te P y r i  t e O  Scheel i t e  Malach i te  
No. No. ( % )  ( (g ra ins)  (g ra ins )  Others (M, major; m, minor) 

I 0  6 ~ 1 4 3  10 0 
19 6Nl53 20 2 
20 6N152 10 0  
27 6N136 70 tr. 
36 6N164 3 0  0  

46 6N208 0 3 
48 6N207 tr. 3 
50 6N202 0  3 
51 6N203* 1 9 0 
52 6 ~ 2 0 4  1 3 

53 6N201 2  1 
* 56 6N210 0  1 

57 6N211 1 1 
58 6N199 15 tr. 
60 6N2121 3 0  10 

89 6N225 1 10 
94 6 ~ 2 6 0  o tr. 
95 6N263 1  tr. 
97 6 ~ 2 5 8 *  30 5 

100 6N258* 5 7 0  7 

107 6N231* 30 tr. 1 
112 6N239 10 tr. ...................................... 

M: px, hb; m: 0 1  
M: px, hb; m: ep 
M: px; m: hb, b i o t ,  ep 
M: px 
M: px, hb; m: ep, ap 

M: px; m: hb, ep, ap 
M: px; m: hb 
M: hb, ep; m: px, gar,  ap, z i r c  
M: px; m: ep, hb 
M: h b ,  qfa; m: ep, gar 

M: phy l ,  q f a  
M: phyl , q fa  
M: phy l ,  q f a  
m: q fa,  l i m  
M: phy l ,  q f a  

M: px, qfa;  m: hb 
M: q fa,  s l a t e  E s c h i s t  
M: phy l ,  q fa :  m: px 
M: hb, px, ep; m: z i r c ,  ap? 
M: ep, px; m: hb, z i r c  

M: qfa, 01; m: hb 
M: phy l ,  q f a  
M: phy l ,  q fa  
M: phyl , qfa; m: 1 i m  
M: qfa, phyl 

M: phy l ,  q f a  
M: phyl ,  q f a  
M: phyl ,  q f a ;  m: ep, l i m  
M: i I, ep; m: gar 
rn: hb, ep, gar 

M: ep; m: r u t ,  px, gar 
M: qfa, c h l ;  m: ep, hb, z i r c  

*Separated w i t h  methylene iod ide  i n  lab. Remaining samples may conta in considerable 
l i g h t  f r a c t i o n .  

O"Pyritel' may inc lude p y r r h o t i  t e  and cha lcopyr i te .  

Abbreviat ions:  

aP a p a t i t e  i 1 i lmeni t e  phyl  p h y l l i t e  
chi c h l o r i t e  l i m  l imon i te  px pyroxene 
eP ep ido te  M Major cons t i tuents ,  g rea te r  than 10% qfa  quar tz ,  fe ldspar ,  
gar garnet m minor cons t i tuent ,  less  than 10% a p a t i t e  o r  o the r  
hb hornblende 01 o l i v i n e  c o l o r l e s s  minera l  

r u t  r u t i  l e  
-36- z i r c  z i r con  



Traces o f  m a l a c h i t e  were n o t e d  i n  f o u r  c o n c e n t r a t e s .  One o f  t hese  streams 
(sample 43)  g ives  a  copper  anomaly i n  t h e  t o t a l  sediment and a n o t h e r  (samples 212) shows 
s t r o n g  z i n c  and lead  anoma l ies .  

Go ld  was n o t  d e t e c t e d  i n  any o f  t h e  samples, b u t  i t s  l a c k  i s  n o t  s u r p r i s i n g  i n  
v i e w  o f  t l i c  f a c t  t h a t  o n l y  t h e  s u r f a c e  s t ream sediment was used,  r a t h e r  than g r a v e l  
f rorn bed rock .  

SUGGESTIONS FOR PROSPECTING 

The s t r o n g  copper anomal i e s  i n  s t ream sediments j u s t  s o u t h  o f  t h e  S l a t e  Creek 
f a u l t  zone seem the  most a t t r a c t i v e  i n d i c a t i o n s  f o r  immediate f o l l o w - u p  i n  the  map 
a r e a .  A l though  o u t c r o p p i n g  h i g h - g r a d e  copper d e p o s i t s  p r o b a b l y  wou ld  have been d i s -  
cove red  l o n g  ago, t h e r e  seerns a d i s t i n c t  p o s s i b i l i t y  o f  low-grade d e p o s i t s  o f  moderate 
t o  l a r g e  s i z e ,  e i t h e r  exposed o r  v e r t i c a l  l y  zoned f rom low-grade capp ings  d t  t h e  s u r -  
f a c e  t o  b e t t e r  grades a t  dep th .  Tile presence o f  g r a n o d i o r i  t e  p o r p h y r y  i n t r u s i v e s  and 
r lunirrous snial 1 copper o c c u r r c n c e s  i n  t h e  area f u r n i s h e s  a d d i  t i o n a l  f a v o r a b l e  f e a t u r e s .  

Tile s t r o n g  l e a d - z i n c  anomal i e s  i n  s t ream sediment samples 63-63 a l s o  seen1 a t t r a c t i v e  
t a r g e t s  f o r  immediate f o l  low-up. 

The m i n e r a l i z a t i o n  d e s c r i b e d  under  l o c a l i t i e s  6, 8, 1 1 ,  and 2 7  a l s o  seems w o r t h y  
o f  some p r o s p e c t i n ?  and s a m p l i n c ~ ,  a l t h o u g h  minab le  d e p o s i t s  i n  these  a reas  seem l i k e l y  
t o  be o f  t h c  smal l  h i g h - g r a d e  t y p e .  

Some r ~ o l  d  undoubted1 y  remai ris t o  be recovered f r o m  t h e  p r e s e n t  channel  o f  S l a t e  
Creek, e s p e c i a l l y  a t  i t s  upper  and lower  ends. The b u r i e d  channe l  d e s c r i b e d  i n  t h i s  
r e p o r t  arid p r o b a b l e  b u r i e d  f o r m e r  channe ls  i n  t h e  S l a t e  Creek-Chisna d i v i d e  area 
f u r n i s h  l i k e l y  e x t e n s i o n s  o f  t h e  p l a c e r  d e p o s i t s ,  a l t h o u g h  i n  b o t h  a reas  a  c o n s i d e r a b l e  
amount o f  overburden i s  p r e s e n t .  The p o s s i b i l i t y  o f  p l a c e r s  amenable t o  d r e d q i n q  i n  
t h e  C h i s t o c t i i n a  v a l l e y  seems w o r t h  i n v e s t i g a t i o n  i n  v i e w  o f  t h e  o c c u r r e n c e  o f  q o l d  
i n  t h e  r e c c n t  g l a c i a l  sed iments .  I f  t h e  g o l d  a t  S l a t e  Creek i s  d e r i v e d  f r o m  n o r t h  o f  
t h e  D e n a l i  f a u l t ,  a  more s p e c u l a t i v e  p o s s i b i l i t y  i s  t h a t  t h e  Gakona cong lomerate  on 
S p i r e  Crecl; anu e lsewl ie re  m i q h t  c o n t a i n  g o l d  (ana logous t o  t h a t  i n  t h e  "round wasti") 
whi  ct l  has ncve r  been r e c o g n i  zed because t h e  d r a i n a g e  o f  most s t  reams i n  t h e  area i s  
g l a c i a l  and has n o t  formed e a s i l y - t e s t e d  p l a c e r  d e p o s i t s .  

The widespread o c c u r r e n c e  o f  anomalous amounts o f  z i n c  and molybdenum i n  b l a c k  
s l a t e s  and p h y l l  i t e s  n o r t h  o f  t h e  Denal i f a u l t  i n v i t e s  a  f o l  low-up s t u d y  t o  de te rm ine  
i f  o re -g rade  c o n c e n t r a t i o n s  e x i s t  anywhere i n  t h i s  t e r r a n e .  A r cconna issance  o f  t h e  
M t .  I t imbal  1 a rea f o r  m i n e r a l  i z a t i o n  f r o m  which t h e  S l a t e  Creek p l a c e r s  m iqh t  have beeti 
d e r i v e d  i s  a l s o  suggested.  

Tlie West Fork g r a r i o d i o r i  t e  c r o p s  o u t  i n  a  number o f  a reas  on t h e  marg ins  o f  
b o t h  t h e  PJest Fork  and l.tair~ F o r k  v a l  l e y s .  I t  thus  appears  1 i k e l y  t h a t  g r a n i  t i c  rocks ,  
and consequen t l y  f a v o r a b l e  a reas  f o r  m i n e r a l  d e p o s i t s ,  may u n d e r l i e  l a r g e  p a r t s  o f  t h e  
v a l l e y  areas under a  r e l a t i v e l y  t h i n  cove r  o f  mora ine ~ n d  outwash.  
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Figure 4. Frequency distribution of arsenic in  s t ream sediments. 


