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GEOLOGY OF THE UPPER SLANA-MENTASTA PASS AREA 

By D.H. R i c h t e r  

ABSTRACT 

The upper Slana-Mentasta Pass area covers approx imate ly  275 square mi les  i n  the  
e a s t e r n  Alaska Range between t h e  Ch is toch ina  and Tok R i ve rs .  

The map area i nc l udes  a 30-mi le  long  segment o f  the  Dena l i  f a u l t  zone, a major 
s t r i k e - s l i p  f e a t u r e  ex tend ing  f r om the  Be r i ng  Sea through s o u t h c e n t r a l  Alaska i n t o  
no r thwes t  Canada. The t r e n d  o f  t he  Denal i  f a u l t  i n  t he  map a rea  i s  ~ 0 . 6 2 " ~ .  Evidence 
o f  r ecen t  r i g h t  l a t e r a l  and r e l a t i v e  south-side-up movement can be observed l o c a l l y  
a l o n g  t h e  t r a c e  o f  the f a u l t .  

South o f  the f a u l t  a  s e r i e s  o f  sedimentary and v o l c a n i c  rocks rang ing  i n  age from 
Permian t o  Lower Cretaceous d i p  a t  moderate angles t o  the  n o r t h e a s t .  Nor th  o f  the 
f a u l t  metasedirnents and metavo lcan ics ,  probably  o f  Devonian age o r  o l d e r ,  d i p  s teep l y ,  
p r i n c i p a l l y  t o  the southwest.  I n  the non-metamorphosed bedded rocks south o f  the f a u l t  
t he  f o l l o w i n g  f o u r  d i s t i n c t  s t r a t i g r a p h i c  u n i t s ,  i n  o r d e r  o f  decreas ing  age, have been 
recognized:  Permian Man~omen Formation, Slana b a s a l t ,  Jack l imes tone ,  and Mentasta 
a r g i l l i t e .  The Mentasta a r g i l l i t e  i s  be l i eved  t o  be o f  Upper Jurassic-Lower Cretaceous 
age. The metamorphic rocks  n o r t h  o f  the f a u l t  a r e  q u a r t z  mica s c h i s t ,  p h y l l i t e ,  s l a t e ,  
and greenstone w i t h  subo rd ina te  l imestone,  marble, and s e r p e n t i n i t e .  

Small s tocks o f  d i o r i t e ,  g r a n o d i o r i t e ,  and q u a r t z  monzonite i n t r u d e  a l l  the bedded 
and metamorphic rocks i n  t he  a rea  w i t h  the p o s s i b l e  e x c e p t i o n  o f  t he  Mentasta a r g i l l i t e .  
A l e n t i c u l a r  body o f  d u n i t e ,  assoc ia ted  w i t h  a  l a r g e r  mass o f  a m p h i b o l i t e  and amph ibo l i t e -  
p y r o x e n i t e  gneiss,  i s  exposed i n  the Denal i  f a u l t  zone. One s t o c k  o f  a n o r t h o s i t e  i s  
p resen t  i n  the Mankomen rocks  sou th  o f  the f a u l t .  

Copper n i i n e r a l i z a t i o n  occurs  i n  s c a t t e r e d  l o c a l i t i e s  g e n e r a l l y  near  the top  o f  
t he  Slana b a s a l t  and g o l d  has been p lace red  a lonq  one s t ream d r a i n i n g  the b a s a l t - d i o r i t e  
con tac t .  Bands o f  d issemina ted  chromi te  and smal l  segrega t ions  o f  massive chromi te  occu r  
i n  t he  d u n i t e  body. N e p h r i t e  has been found i n  a s s o c i a t i o n  w i t h  se rpen t i ne  and tremo- 
l i t e  i n  the metamorphic u n i t  n o r t h  o f  the f a u l t .  A green magnesi te marb le  has been 
q u a r r i e d  f o r  ornamental s tone.  

S t rong  geochemical anomal ies,  p r i n c i p a l l y  i n  z i n c ,  occur  i n  a number o f  dra inages 
n o r t h  o f  the Denal i  f a u l t .  

l NTRODUCT l ON 

The upper Slana-Mentasta Pass area covers approx imate ly  275 square m i  l e s  i n  t h e  
e a s t e r n  Alaska Range between t he  Ch is toch ina  and Tok R i ve rs .  I t  i nc l udes  most o f  t he  
d ra inage  area o f  t he  upper S lana R i ve r ,  west o f  Mentasta Pass, and a l i m i t e d  p a r t  o f  the 
d ra inage  o f  the L i t t l e  Tok R i v e r  e a s t  o f  Mentasta Pass ( f i g u r e  1 ) .  Th i s  r e p o r t  i s  t he  
t h i r d  o f  a  s e r i e s  d e s c r i b i n g  t h e  geology, minera l  depos i t s ,  and geochemistry i n  t h e  
e a s t e r n  Alaska Range s i n c e  s t u d i e s  were i n i t i a t e d  i n  t h a t  r e g i o n  i n  1963 by the  D l v i s i o n  
o f  Mines and Minera ls ,Ear l  i e r  r e p o r t s  cover t h e  Slana d i s t r i c t  (R i ch te r ,  1966) sou th  o f  
t h e  p resen t  r e p o r t  a rea  and t h e  upper Ch is toch ina  area (Rose, 1967) t o  the west. 



A c c e s s i b i l i t y  

The Tok c u t - o f f  o f  the Glenn Highway runs through the extrerne eastern p a r t  o f  t he  
area between m i lepos t  7b and 86. A wel l -mainta ined secondary road leaves the Glenn 
Highway a t  about m i l epos t  82 and cont inues wes te r l y  s i x  mi les  t o  Mentasta V i l l a g e  
(see f i g u r e  2 ) .  West o f  Mentasta V i l l a g e  a t r a c t o r  t r a i l  fo l lows the Slana R ive r  v a l l e y  
t o  beyond A l t e r a t i o n  Creek where i t  leaves the r i v e r  and heads over land t o  Mankomen Lake. 
I n  d ry  weather, o r d i n a r y  veh ic les  can d r i v e  on the t r a c t o r  t r a i l  as f a r  as the f i r s t  
Slana River  c ross ing  near Jack Creek about 1 1  m i l e s  northwest o f  Mentasta V i l l a g e .  Beyond 
tha t  p o i n t  and up t o  the  headwaters o f  the Slana R ive r ,  the t r a i l  and r i v e r  bottom can 
on ly  be t rave led  by swamp buggy o r  t racked veh ic le .  

No s u i t a b l e  l and ing  areas f o r  f i x e d  wing a i r c r a f t  have been c leared i n  the  area. 
F l o a t  planes can use Mentasta Lake bu t  the water i s  shal low and caut ion should be 
exerc ised on I and i ng and take-of f .  

Previous work 

The o n l y  p rev ious  geo log ica l  i n v e s t i g a t i o n s  i n  the  area are  those o f  the U.S. 
Geological Survey. ~ h e s e -  reconnai ssance s tud ies  were undertaken dur ing  the p e r i o d  1929- 
1942 and have been the  sub jec t  o f  three l o c a l  repo r t s  ( M o f f i  t ,  1932, 1933, 1938) and 
one comprehensive r e p o r t  on the eastern Alaska range ( b f f i t ,  1954).  

Present i n v e s t  i gat  ion  

The 275 square m i les  o f  the upper Slana-Mentasta Pass area were mapped i n  34 days 
du r ing  the p e r i o d  J u l y  14-August 31, 1966. F i e l d  mapping was done a t  a sca le  o f  1 i n c h  = 
1 m i  l e  a long t raverses  ranging from one t o  two m i  l e s  apar t .  A t o t a l  o f  98 stream sedi  - 
rnent samples were c o l  l e c t e d  from most o f  the l a r g e r  streams and many o f  the  smal l e r  
t r i b u t a r i e s ,  f o r  f i e l d  t e s t i n g  and l abo ra to ry  analyses. A l a rge  group o f  f o s s i l s  and 
f o s s i l - b e a r i n g  samples were c o l l e c t e d  from the l imestones throughout the area, however, 
the r e s u l t s  o f  the  f o s s i l  examinations were n o t  y e t  a v a i l a b l e  when t h i s  r e p o r t  was 
w r i t t e n .  

The w r i t e r  was ass i s ted  by Joe M. B r i t t o n  throughout the i nves t i ga t i on .  Special  
thanks are again due the  Duf fy  fami ly ,  owners and opera tors  o f  Du f f y ' s  Travern, m i  le- 
post  63 on the Glenn Highway f o r  t h e i r  generos i ty  i n  the  use o f  t h e i r  roadhouse f a c i l -  
i t i e s  as headquarters camp and t o  the Frey f a m i l y  o f  Slana f o r  use o f  t h e i r  cab in  on 
Lost  Creek. 

GEOLOGY 

S e t t i n g  

The upper Slana-Mentasta Pass area covers a 30-mile long segment o f  the Denal i  
f a u l t  zone, a major s t r i k e - s l i p  fea ture  i n  southcent ra l  Alaska. South o f  the f a u l t  a t  
l eas t  f ou r  d i s t i n c t  non-metamorphosed sedimentary and vo l can ic  rock uni  t s  ranging i n  
age from Permian t o  Lower Cretaceous d i p  a t  moderate angles t o  the nor theast .  Nor th  o f  
the f a u l t  the rocks a r e  a se r ies  o f  low grade r e g i o n a l l y  metamorphosed sediments and 
volcanics o f  Paleozoic age t h a t  d i p  s teep ly  t o  the southwest. 

The o l d e s t  o f  the rock u n i t s  south o f  the f a u l t  i s  the  Permian Mankomen Formation. 
Above the Mankomen Formation are a t h i c k  s e r i e s  o f  basal t i c  lava flows (Slana basal t i / )  



a t h i n  and l o c a l l y  d iscon t inuous  l imes tone  (Jack l imes tone) ,  and a t h i c k  assemblage of 
a r g i l l i t e ,  graywacke, conglomerate and minor  l imestone ( ~ e n t a s t a  a r g i l l i t e ) .  

The f o l l o w i n g  t a b l e  g ives  a b r i e f  l i t h o l o g i c  d e s c r i p t i o n  o f  t he  n o n - i n t r u s i v e  rocks 
i n  t h e  map area arranged i n  o r d e r  o f  s t r a t i g r a p h i c  p o s i t i o n .  

Age Format ion - o r  r ock  type L i t h o l o g i c  c h a r a c t e r  Thickness 

P l e i s t o c e n e  t o  Stream and g l a c i a l  depos i t s ,  Unconsol idated sand and 0-3007 
Recent l ands l i des ,  and r o c k  g l a c i e r s .  g rave l ,  b recc ias ,  unsor ted  

mora ina l  m a t e r i a l ,  e t c .  

Upper J u r a s s i c  Mentasta a r g i l l i t e  
t o  Lower Cre- 
taceous 

--- unconformi  t y  -- 

Jack l imestone 

Slana b a s a l t  

-- angu la r  ( ? )  unconformi t y  -- 

Permi an Mankomen Format ion 

-- Denal i f a u l t  - -  

Pa leozo i c .  pos- Metamorphic rocks 
s i b l y  Devm ian  

A r g i l l i t e  in te rbedded w i t h  9000 
graywacke, s i l t s t o n e ,  sha le  
conglomerate, and minor  l ime-  
stone. Inc ludes  s u b u n i t  o f  
massive conglomerate and con- 
g l omera t i c  sandstone. 

Massive t h i c k  bedded r e e f ( ? )  0-600 
l imestone w i t h  minor  t h i n -  
bedded l imestone,  l imy  s i l t -  
stone and sandstone. 

Dark qreen, oray i sh-green 
brown, maroon, and p u r p l e  
amygdaloidal  b a s a l t s .  TOD 
o f  u n i t  l o c a l l y  c o n s i s t s  o f  
b a s a l t  - l imes tone  b r e c c i a  
o r  conqlomerate. 

A r q i l l i t e ,  sha le ,  l imes tone ,  >2500 
c h e r t ,  and oo rce l  l a n i  te .  

Quar tz  mica s c h i s t ,  p h y l l i t e  Probably 
l imestone, marble,  s e r m n t i n -  >10,000 
i t e ,  s e r p e n t i n e - c h l o r i t e  s c h i s t ,  
and qreenstone. 

1 /  The terms Slana b a s a l t ,  Jack l imes tone .  and Mentasta a r q i l l i t e  a r e  i n fo rma l  names, -- 
a f t e r  l o c a l  geographic f ea tu res .  



Small s tocks  o f  d i o r  i t e ,  g ranod io r  i te ,  and q u a r t z  monzon i t e ,  i n t r u d e  t he  bedded 
ano metdmorpiiic rocks w i t h  t h e  p o s s i b l e  excep t ion  o f  some o f  the  younger s t r a t a  o f  t h e  
Mentasta a r g i l l i t e .  A l e n t i c u l a r  body o f  d u n i t e  and a  l a r g e r  mass o f  amph ibo l i t e  and 
a m ~ h i b o l i t e - p y r o x e n i t e  r ock  occu r  i n  the Denal i  f a u l t  zone. One i n t r u s i v e  body o f  
a n o r t h o s i t e  i s  assoc ia ted  w i t h  d i o r i t e  south o f  the  f a u l t  zone. 

Metarnorph i c  rocks (msp, mg, m l  , msc, mm) 

No r th  o f  t he  Denal i f a u l t  throughout  the e n t i  r e  upper Slana-Mentasta Pass area, 
i s  a  t h i c k  s e r i e s  o f  low-grade r e g i o n a l l y  metamorphosed sediments w i t h  in terbedded v o l -  
c a n i c  rocks and l esse r  amounts o f  a  v a r i e t y  o f  s c h i s t s ,  s e r p e n t i n i t e s ,  and marbles o f  
ques t i onab le  o r i g i n .  

D e s c r i p t i o n  

The p r i n c i p a l  rocks i n  the  metamorpnic u n i t  a r e  b u f f ,  tan,  and gray qua r t z  mica 
s c h i s t s ,  dark  gray t o  b l a c k  p h y l l i t e s ,  dark s l a t e ,  brown t o  gray q u a r t z i t e ,  and green 
q u a r t z - m i c a - c h l o r i t e  s c h i s t s  (msp). Wi th  the p o s s i b l e  e x c e p t i o n  o f  some o f  the 
c h l o r i t e - b e a r i n g  s c n i s t s  a l l  a r e  o f  sedimentary o r i g i n .  The q u a r t z  mica s c h i s t s  appear 
t o  be mos t l y  sandstones-and/or  graywackes and pebble conglomerate c o n t a i n i n g  s l i g h t l y  
s t r e t c h e d  c l a s t s  o f  c h e r t ,  1 irnes tones, and o t h e r  sedimentary  rocks.  The p h y l l  i tes  and 
s l a t e s  represent  o r i g i n a l  carbonaceous a r g i l l i t e s ,  sha les ,  and s i l t s t o n e s .  Bedding i s  
g e n e r a l l y  d i s c e r n i b l e  i n  many o f  t he  rocks and a l  1 e x h i b i t  a  r e l a t i v e l y  s t r o n g  f o l i a t i o n .  
I n  t h i n  sec t i on ,  bands o f  f o l i a t e  w h i t e  mica and c a t a c l a s t i c  q u a r t z  a r e  the c h i e f  con- 
s t i t u e n t s  i n  most o f  t he  rocks.  Other  m inera ls ,  some o f  wh ich  a re  l o c a l l y  predominant, 
a r e  t r e m o l i t e - a c t i n o l i t e ,  c h l o r i t e ,  b i o t i t e ,  a l b i t e ,  carbonate,  and g r a p h i t e  (carbona- 
ceous m a t e r i a l ) .  

One l a rge  band o f  greenstone p robab ly  as much as 5,000 f e e t  t h i c k  and a  number o f  
t h i n n e r  and less  e x t e n s i v e  bands have been d e l i n e a t e d  on t he  geo log i c  map (mg). These 
rocks a r e  dense, g e n e r a l l y  massive dark  green o r  g reen i sh  g ray  v o l c a n i c  f lows,  and 
p robab ly  sha l low i n t r u s i v e s .  L o c a l l y  they a re  h i g h l y  f r a c t u r e d ,  w i t h  se rpen t i ne  o f t e n  
p resen t  as a  f r a c t u r e  f i l l i n g ,  b u t  nowhere a re  they f o l i a t e d  t o  t he  e x t e n t  shown by the  
rnetasediments. I n  t h i n  s e c t i o n  the  rocks c o n s i s t  c h i e f l y  o f  f i n e - g r a i n e d  f e l t y  tremo- 
l i t e - a c t i n o l  i t e  w i t h  i n t e r s t i t i a l  a l b i t e  and v a r y i n g  amounts o f  c h l o r i t e ,  ep ido te ,  and 
opaque minera ls .  A l b i t e  and e p i d o t e  o f t e n  appear seqregated i n  bands o r  ve ins .  A  few 
coarse-gra ined greenstones c o n s i s t  o f  l a t h s  o f  h i g h l y  s a u s s u r i t i z e d  p l ag ioc lase ,  
p a r t i a l l y  enclosed by f r e s h  t o  a l t e r e d  hornblende ( c h l o r i t e )  w i t h  minor i l m e n i t e ,  leu -  
coxene, and magnet i te .  The o r i g i ~ r a l  rocks p robab ly  ranged i n  composi t ion f rom a n d e s i t e  
t o  b a s a l t  w i t h  the former predominant.  Analyses o f  t h r e e  greenstones (see t a b l e  2) d i s -  
c l osed  o n l y  t r a c e  amounts o f  n i c k e l  ( l e s s  than 0.01%) and chromium ( l e s s  than 0.3% 
Cr203) suggest ing a  compos i t ion  l ess  bas i c  than b a s a l t .  

A  number o f  t h i n  bands o f  r e c r y s  t a  l l i zed l imes tone (mi ) occu r  throughout the 
metamorphic u n i t ,  e s p e c i a l l y  i n  t h e  eas te rn  p a r t  o f  t h e  map area. The l a r g e s t  1  ime- 
s tone  band i s  as much as 500 f e e t  t h i c k  and can be t r a c e d  f o r  over  seven m i l es .  The 
l imestones a r e  l i g h t  g ray  t o  gray i n  c o l o r  and weather t o  a  v e r y  l i g h t  gray. Bedding 
has g e n e r a l l y  been o b l i t e r a t e d  b u t  o c c a s i o n a l l y  a  crude banding, which may represen t  
o r i g i n a l  bedding can be observed. A t h i n  p l a t y  s t r u c t u r e ,  a p p a r e n t l y  due t o  metamorphic 
r e c r y s t a l l i z a t i o n ,  i s  a l s o  l o c a l l y  developed i n  the l imestone.  A few poor b r yozoan - l i ke  
remains were t he  o n l y  f o s s i l s  no ted  i n  the l imestones.  A long t he  r i d g e  west o f  S t a t i o n  
Creek the south con tac t  o f  t h e  l a r g e  l imestone band i s  complex ly  i n t e r l a y e r e d  w i t h  t h i n  
greenstone and p h y l l i t e  bands and con ta ins  a  v a r i e t y  o f  c o a r s e l y  c r y s t a l l i n e  metamorphic 



mine ra l s .  Nor thward f rom the main q u a r t z  mica s c h i s t ,  across approx imate ly  100 f e e t  
o f  c o n t a c t  zone, the  rocks a re  dark  p h y l l i t e ,  greenstone, q u a r t z  mica s c h i s t ,  serpent ine: 
magnesite, greenstone w i t h  f i b r o u s  a c t i n o l i t e - s e r p e n t i n e - t a l c ,  and r e c r y s t a l l i z e d  
l imestone. 

I n  t h e  same S t a t i o n  Creek-Mentasta Pass area,  a  100 t o  200 f o o t  t h i c k  band .  o f  
s e r p e n t i n e - c h l o r i t e  s c h i s t  and massive s e r p e n t i n i t e ,  w i t h  minor n e p h r i t e  and t r e m o l i t e -  
r i c h  zones (msc) occurs 400 t o  1,000 f e e t  s t r a t  i g r a p h i c a l  l y  above ( t o  the  south)  of  t he  
major  l imes tone  band discussed above. The r o c k  i s  gene ra l l y  s o f t  and weathers t o  a  
conspicuous l i g h t  green c o l o r .  The se rpen t i ne  ranges i n  c o l o r  f rom b l a c k  t o  y e l l o w  and 
i n  f o rm  f r o m  massive t o  p l a t y  o r  sch i s tose ,  e s p e c i a l l y  where c h l o r i t e  i s  p resen t .  Nep- 
h r i t e  was found i n  one l o c a l i t y  ( l o c a l i t y  7, f i g u r e  2)  where i t  occurs  assoc ia ted  w i t h  
w h i t e  f i b r o u s  t remol  i t e  and b l a c k  s e r p e n t i n i  t e .  The n e p h r i t e  i s  dark  green t o  app le  
green i n  c o l o r  and g e n e r a l l y  sch i s tose .  Analyses o f  the  n e p h r i t e  and o f  t he  s e r p e n t i n i t e  
f rom t h e  same band f a r t h e r  t o  the west show an abnormal l y  h i g h  n i c k e l  and chromium 
con ten t  (samples 12 and 13, t a b l e  2 )  sugges t i ng  an u l t r a r n a f i c  o r i g i n .  

Another  un ique and s t r i k i n g  rock  type  i n  t h e  metamorphic u n i t  i s  a  t h i n  band o f  
green, w h i t e ,  and cream magnesite marb le  (mm) 10 t o  30 f e e t  t h i c k  t h a t  i s  i n t e r m i t t e n t l y  
e!xposed f o r  a lmost  a m i l e  n o r t h  o f  t he  b i g  bend i n  Los t  Creek. The rock  c o n s i s t s  o f  
i r r e g u l a r  t h i n  laminae and lenses o f  magnesi te,  qua r t z ,  do lomi te ,  w h i t e  mica, and an 
u n i d e n t i f i e d  green n i c k e l - b e a r i n g ( ? )  m ine ra l ,  c u t  by numerous v e i n l e t s  o f  qua r t z ,  mag- 
nes i t e ,  and dolomi t e .  Blebs and s t r e a k s  o f  p y r r h o t i  t e  a re  s c a t t e r e d  throughout .  Local  l y  
the band i s  i n  c o n t a c t  w i t h  a  gray do lom i te  marb le  b u t  i n  general  i t  appears t o  be en- 
c losed  by s c h i s t  and p h y l l i t e .  L i k e  the  s e r p e n t i n e  rocks descr ibed-above ,  t h e  magnesi te 
marb le  a l s o  con ta ins  abnormal amounts o f  n i c k e l  (0.3%. sample 9, t a b l e  2)  and may 
rep resen t  an a l t e r e d  u l t r a m a f i c  rock.  

S t r u c t u r e  and t h i ckness  

Ttle f o l i a t i o n  i n  the metamorphic rocks s t r i k e s  no r thwes te r l y ,  p a r a l l e l  t o  t he  
Denal i  f a u i t ,  and gene ra l l y  d i ps  s t e e p l y  t o  t he  southwest. Where observed, t he  bedding 
appears t o  p a r a l l e l  the f o l i a t i o n .  L i n e a t i o n s ,  formed by c r i n k l e s  and minor  f o l d  axes, 
plunge a t  sha l  low angles (0-30") t o  t h e  sou theas t .  Most o f  the rocks a r e  a l s o  s t r o n g l y  
f r a c t u r e d  o r  j o i n t e d  w i t h  the f r a c t u r e s  and j o i n t s  f i l l e d  w i t h  w h i t e  q u a r t z  and q u a r t z -  
c a l c i t e  ve ins .  

The t t l i ckness  o f  the metamorphic u n i t  i s  p robab ly  g rea te r  than 10,000 f e e t .  The 
rocks c r o p  o u t  across t h e i r  s t r i k e  f o r  ove r  30 m i l e s  n o r t h  o f  the  Dena l i  f a u l t  b u t  
p robab ly  a r e  repeated by f o l d i n g  and f a u l t i n g .  

Age and c o r r e l a t i o n  

Based on the presence o f  f o s s i  1s i n  the  l imestones, the youngest (southernmost)  
rocks i n  t he  metamorphic u n i t  a re  c e r t a i n l y  n o t  o l d e r  than Pa leozo ic  i n  age. Limestones 
i n  s  i mi l a r  rocks f r om the Cites 1 i na R i  ve r  area t o  t he  southeast have been dated by f o s s i  1  s  
as Devonian i n  age ( ~ o f f i  t ,  1954, p. 98-99).  Hence on the bas i s  o f  t he  ex t reme ly  thick 
s e c t i o n  p resen t  and the  general  appearance o f  h i g h e r  grade. metamorphism t o  t he  no r th ,  i t  
i s  l i k e l y  t h a t  t he  rocks represent  a  number o f  geo log i c  per iods  p o s s i b l y  as o l d  as. t he  
Precambrian. 



Mankomen Formation (Pm) 

Rocks o f  the  Mankomen Format ion, as o r i g i n a l l y  descr ibed  by Mendenhall (1905) a re  
exposed i n  two l o c a l  i t i e s  i n  the upper Slana-Mentasta Pass area. One o f  these i s  a long 
t h e  west  s i d e  o f  the Slana R i v e r ,  n o r t h  o f  Mankomen Lake (see f i g u r e  I), and i s  p a r t  
o f  an e x t e n s i v e  ou tc rop  o f  Mankomen Format ion t h a t  inc ludes  the  t ype  s e c t i o n .  The 
o t h e r  l o c a l i t y ,  which has n o t  been p r e v i o u s l y  mapped, i s  on t he  e a s t  s i d e  o f  the  Slana 
R i ve r ,  f i v e  m i l es  south o f  Mentasta Pass. 

D e s c r i p t i o n  

I n  the  area west o f  t he  Slana R i v e r  o n l y  a smal l  p a r t  o f  t he  t o p  o f  t he  Mankornen 
Format ion was examined. Here approx imate ly  850 f ee t  o f  in te rbedded a r g i l l i t e ,  shale, 
s i l t s t o n e ,  and minor l imestone f o rm  the  uppermost u n i t  i n  t he  Mankornen. The c l a s t i c  
rocks  a r e  dark  gray and t h i n l y  bedded; no  f o s s i l s  were observed. Massive , r e c r y s t a l l i z e d ,  
l i g h t  g ray  t o  w h i t e  l imestone a p p a r e n t l y  occurs as d iscon t inuous  lenses i n  the c l a s t i c  
r o c k  u n i t  and l o c a l l y  may be upwards o f  100 f e e t  t h i c k .  

The c l a s t i c  u n i t  o v e r l i e s  approx imate ly  800 t o  1,000 f e e t  o f  in terbedded r e c r y s t a l -  
l i z e d  l imestone,  s i l i c i f i e d  l imestone,  c h e r t ,  and p o r c e l l a n i t e ( ? ) .  The rocks a r e  a l l  
l i g h t  gray,  b u f f  o r  l i g h t  green i n  c o l o r  and ext remely  dense and hard.  I n d i v i d u a l  beds 
range i n  th ickness  f rom a few inches t o  more than t h ree  f e e t .  Foss i  I s ,  predominant ly  
brachiopods,  a r e  abundant i n  some beds. Most o f  the rocks i n  t h i s  u n i  t weather wh i t e  
o r  v e r y  l i g h t - c o l o r e d  and because o f  t h e i r  r es i s tance  t o  e ros ion ,  g e n e r a l l y  form pro -  
minent  and conspicuous c l i f f s .  I n  t h e  ve ry  i r r e g u l a r  con tac t  zone w i t h  t h e  smal l  d i o r i t e  
i n t r u s i v e  on the west band o f  t h e  Slana R i ve r  a megabreccia o f  r e c r y s t a l l i z e d  Mankomen 
l imes tone ,  greenstone ( a l t e r e d  b a s a l t )  and d i o r i t e  i s  exposed. B locks  i n  the  mega- 
b r e c c i a  a r e  as much as 20 f e e t  i n  d iameter  w i t h  sheared and b r e c c i a t e d  margins.  Large 
c r y s t a l s  o f  ye1 low-green t o  red-brown g r o s s u l a r i  te-andradi  t e  ga rne t  a r e  r e l a t i v e l y  
common throughout  the l imestone i n  the  b r e c c i a  and l o c a l l y  r a d i a t i n g  c r y s t a l  c l u s t e r s  
o f  w o l l a s t o n i t e  a r e  p resen t .  L imon i t e - s ta i ned  areas a r e  s c a t t e r e d  throughout  the con tac t  
a rea  and o c c a s i o n a l l y  smal l  ( l e s s  than 1 i nch)  masses o f  p y r i t e  a r e  observed on f r e s h l y  
broken su r f aces .  

The c a r b o n a t e - s i l i c a  u n i t  o v e r l i e s  a dark  a r g i l l i t e - s h a l e  u n i t  i n  the  Mankomen o f  
unknown t h  ickness . 

A t  t n e  o t h e r  l o c a l  i t y  o f  Mankomen rocks i n  the area, 27 m i  l e s  sou theas t  o f  the 
s e c t i o n  descr ibed  above on the  eas t  s i d e  o f  t he  Slana R i ve r ,  a minimum o f  2,500 f e e t  
o f  th in-bedded, cream t o  l i g h t  green f o s s i l i f e r o u s  l imestone,  s i l t y  l imes tone ,  c h e r t  
and p o r c e l  l a n i  te (7 )  a re  exposed. These rocks a re  s imi  l a r  t o  t he  upper carbonate-s i  l i c a  
u n i t  i n  t h e  Mankomen Format ion t o  t he  west.  However, the  o v e r l y i n g  d a r k  a r g i l l a c e o u s  
u n i t  appears t o  be absent. L o c a l l y  some o f  the  beds c o n s i s t  a lmos t  e n t i r e l y  o f  r a d i a t i n g  
c r y s t a l  c l u s t e r s  o f  w o l l a s t o n i t e  i n d i c a t i n g  c l ose  p r o x i m i t y  t o  an i n t r u s i v e  mass. The 
presence o f  w o l l a s t o n i t e  a l s o  suggests t h a t  t he  w o l l a s t o n i t e - b e a r i n g  gneisses and s c h i s t s  
exposed on the  i s o l a t e d  mountain 1 1/2 m i  l e s  across the  Slana R i v e r  t o  t he  west a re  
t h e r m a l l y  metamorphosed Mankomen rocks and n o t  pre-Permian as suggested by the  w r i t e r  
e a r l i e r  ( R i c h t e r ,  l yb6 ) .  

S t r u c t u r e  

I n  t he  area west o f  the  Slana R i v e r  t he  Mankomen rocks d i p  between 35" and 65" t o  
t he  n o r t h e a s t .  Fu r t he r  t o  the  west the  beds appear t o  d i p  more n o r t h e r l y  suggest ing 
a broad a n t i c l i n a l  f o l d  p l u n g i n g  g e n t l y  t o  the n o r t h  o r  no r t heas t .  A t  t he  l o c a l i t y  eas t  
o f  the  Slana R i ve r  the Mankomen rocks  a l s o  d i p  a t  moderate anqles t o  t h e  nor theas t .  



On the b a s i s  o f  e x t e n s i v e  meqafoss i l  s t u d i e s  t h e  Mankomen Format ion has l ong  been 
e s t a b l  i shed as Permi an i n  age (Mendenha 1 I , 1905; Mof f i t , 1354). 

Dur ing  t h i s  p resen t  s tudy  f o s s i l s  were o n l y  c o l l e c t e d  f r om the  r e l a t i v e l y  i s o l a t e d  
Mankomen exposure eas t  o f  t he  Slana R iver .  A 1  though these foss  i 1s have n o t  y e t  been 
s t u d i e d  i n  d e t a i l ,  the  s i m i l a r i t y  o f  macrofauna and l i t h o l o q y  between these rocks  and 
known Mankomen t o  the  west p l u s  t h e i r  qenera l  s t r a t i g r a p h i c  s e t t i n q  leaves l i t t l e  doubt 
as t o  t h e i r  assignment as Mankomen. Only the upper p a r t  o f  t he  Mankomen Format ion i s  
p resen t  i n  t he  map area.  The maximum o f  about 2,500 f e e t  exposed represents  about one- 
t h i r d  o f  the t o t a l  t h i c kness  ( 6 , 7 0 0  f e e t )  measured by Mendenhall (1905) i n  t he  t ype  
l o c a l i t y .  East o f  t he  map area i n  the Mabesna area,  the  Mankomen Format ion a p n a r e n t l y  
t h i n s  ( M o f f i t ,  1354). 

Slana b a s a l t  (sb) 

O v e r l y i n g  t n e  Mankomen Format ion, w i t h  a sugges t i on  o f  a  s l i q h t  anau la r  uncon- 
f o r m i t y ,  i s  a  t h i c k  s e r i e s  o f  da rk -co lo red  amygdalo ida l  b a s a l t .  The b a s a l t  ex tends 
i n  a  cont inuous be1 t, upwards o f  th ree  m i  l e s  w ide ,  throuqhout  t he  map area f r om t h e  
headwater r e g i o n  o f  t h e  Slana R i ve r  southeast  t o  beyond Mentasta Pass. I n  I l o f f i t ' s  
(1954) e a r l y  reconnaissance mappinq i n  the e a s t e r n  A laska Ranqe, the b a s a l t  was f o r  t h e  
m s t  p a r t  i n c l u ~ e a  i n  h i s  u n d i f f e r e n t i a t e d  Pa leozo i c  rocks  o r  u n d i f f e r e n t i a t e d  i qneous 
rocks and was n o t  r e c o g n i r e u  as a  d i s t i n c t  and seoa ra te  q e o l o q i c  u n i t .  

D e s c r i p t i o n  

The Slana b a s a l t  i n  the  map area c o n s i s t s  o f  a  s e r i e s  o f  many hundreds o f  b a s a l t i c  
lava f lows w i t h  i n d i v i d u a l  f l o w  u n i t s  r ang inq  f r o m  a few f e e t  t o  p robab ly  tens o f  f e e t  
i n  th i ckness .  

Flow l a y e r i n g  may n o t  be too  consoicuou; a t  c l o s e  ranqe, e s p e c i a l l y  i n  the  t h i c k e r  
and more massive u n i t s ,  b u t  when viewed f rom a d i s t a n c e  t he  i n d i v i d u a l  f l ows  become 
remarkably c l e a r .  I n  genera l  the  basal  t s  a r e  p redominan t l y  dark  qreen i n  c o l o r  b u t  
l o c a l l y ,  and i n  some areas e x c l u s i v e l y ,  they niay be v a r i o u s  shades o f  brown, maroon, 
red ,  pu rp l e ,  and I i g h t e r  green. Reddish-brown and maroon f l ows  a l s o  apoear t o  be more 
common i n  the  upper p a r t  o f  tne b a s a l t  u n i t  west o f  Mentasta Lake. Scor iaceous f l ow  
tops and bottoms rang inq  f rom a few inches t o  many f e e t  t h i c k  q e n e r a l l y  separa te  t h e  
i n d i v i d u a l  f lows .  P i l l o w  s t r u c t u r e s  were n o t  observed i n  t h e  f l ows  n o r  a r e  any i n t e r -  
bedded sediments p resen t .  sugges t ing  t h a t  the  lavas  f l owed  o u t  i n  a  subae r i a l  e n v i r o -  
ment. Amygdaloidal  v e s i c l e - f i l  l i n g s  a r e  a  c h a r a c t e r i s t i c  f e a t u r e  o f  the  b a s a l t s  b u t  
may be locally absent i n  some o f  the massive f l ows  e s p e c i a l l y  a t  the base o f  t h e  u n i t .  
The amygaules range i n  s i z e  from minute s p h e r i c a l  b l ebs  t o  l a r q e  i r r e g u l a r  masses as 
much as one i n c h  i n  d iamete r  and a re  f i l l e d  w i t h  a  v a r i e t y  of  low-temperature secondary 
m inera ls .  

The base o f  tne  b a s a l t  u n i t  where observed i n  two l o c a l i t i e s  i n  the map area,  
i s  a  massive dense da rk  green f l o w  o r  f l ows  c o n t a i n i n g  angu la r  fragments o f  l i g h t -  
co l o rea  I4ankomen Format ion. Upwards f rom the  base, t he  f l ows  tend t o  become l ess  
massive. A t  t h e  t op  o f  t h e  u n i t  where the  Jack l imes tone  o v e r l i e s  the  uppermost b a s a l t  
f l ow ,  l imestone has f i l l e d  most o f  the a v a i l a b l e  open space i n  t he  b a s a l t s  such as t h e  
scor iaceous tops and bottoms o f '  the f l ows  and e a r l y  formed f r a c t u r e s .  Occasional  l y  t h e  
Jack l imes tone  i s  absent  o r  i s  in terbedded w i t h  f l o w s  i n  t he  upper o a r t  o f  t h e  S lana 
b a s a l t .  I n  these areas t he  b a s a l t s  c h a r a c t e r i s t i c a l l y  c o n t a i n  l imestone i n c l u s i o n s  
and l o c a l l y ,  such as southwest o f  VABM Tasta and i n  t he  headwater r eg ion  o f  t h e  Slana 



Rive r  west o f  G i l l e t t  Pass, the limestone i n c l u s i o n s  a re  more abundant than  t he  m a t r i x  
b a s a l t  and t h e  rock  has the apyearance o f  a  l imes tone -basa l t  conqlomerate o r  b recc i a .  
I n  t h e  l a t t e r  area,  a  n o n - s t r u c t u r a l  megabreccia w i t h  b locks  o f  l imes tone  and b a s a l t  
as much as 10 f e e t  i n  d iameter  ou t c rops  between two d i s t i n c t  Jack l imes tone  beds. 

Only  one rock  o f  n o n - b a s a l t i c  a f f i n i t y  was observed i n  the S lana b a s a l t  u n i t .  
Th i s  r o c k ,  a  p i n k - q r a y  banded v o l c a n i c  c o n s i s t i n q  o f  ex t reme ly  f i n e - q r a i n e d  q u a r t z ,  
a l b i t e ,  and minor  potash f e l d s p a r ,  i s  exposed i n  a  narrow band a t  t h e  head o f  A l t e r a -  
t i o n  Creek. 

The b a s a l t s  a r e  f i n e - g r a i n e d ,  l o c a l l y  p o r p h y r i t i c  o r  q l o m e r o - p o r p h y r i t i c  w i t h  
a1 t e r e d  phenocrys ts  o f  f e l d s p a r .  I n  t h i n  s e c t i o n  the  groundmass t e x t u r e  i s  i n t e r -  
g r a n u l a r  o r  p o s s i b l y  i n t e r s e r t a l .  I n  qene ra l ,  o n l y  smal l  l a t h s  o f  a l t e r e d  f e l d s p a r  
a r e  d i  s ce rn i  b l e  i n  the  qroundmass, t he  remainder be inq  a dark  c loudy  f i n e - g r a i n e d  mix -  
t u r e  o f  c h l o r  i t e  . i ron  o x i  des ( r edd i  sh i n t h e  maroon basal  t s )  and p robab l y  carbonate and 
e p i d o t c .  Equant pnenocrysts  o f  i ron-s  t a  ined  f i ne -g ra i ned  c h l o r i t e ,  o robab l  y  represen t  i n q  
o r i g i n a l  o l i v i n e  a re  o c c a s i o n a l l y  observed. V e s i c l e s  a re  f i l l e d  w i t h  f i n e -  and coarse- 
g r a i n e d  c h l o r i t e ,  coarse-g ra ined  e p i d o t e  and c a l c i t e ,  q u a r t z ,  n a t r o l i t e  and p u m o e l l y i t e  
i n  w i d c l v  v a r y i n g  p r o p o r t i o n s .  bhere  q u a r t z  and n a t r o l i t e  a re  p r e s e n t ,  they i n v a r i a b l y  
l i n e  t i l e  v e s i c l e  w a l l .  'Pumpel ly i te  was o n l y  observed i n  amygdules f r om  one sample 
o f  b a s a l t  f l o a t  c o l l e c t e d  on lower Jack Creek. West o f  Jack Creek near  t he  d i o r i t e  
i n t r u s i v e ,  t h e  amyqoules c o n s i s t  o f  c h l o r i t e ,  p l e o c h r o i c  b lue-qreen amphibo le ,  anti a 
p l e o c h r o i c  brown m i n e r a l .  

S t r u c t u r e  and t n i ckness  

Tile Slarla b a s a l t s  s t r i k e  no r t hwes t ,  e s s e n t i a l l y  p a r a l l e l  t he  s t r i k e  o f  t h e  under-  
l y i n g  blankomen rocks,  and have an averaqc d i p  o f  about 3 s 0  t o  t h e  n o r t h e a s t .  idear 
f a u l t s  t he  f l o w s  may be more s tee l> l y  d i p p i n g  bu t  i n  qeneral  i t  appears t h a t  they  a re  
s l i g h t l y  l e s s  i n c l i n e d  than t l i e  Mankomen s t r a t a .  

Tne Slana b a s a l t  i s  approximately 7,009 t o  6 , 0 0 0  f e e t  t h i c k .  Th i s  e s t i m a t e  i s  
based on c r o s s  s e c t i o n s  cons t ruc ted  w i t t i  a v a i l a b l e  f i e l d  data,  assuminq no r e ~ e t i t i o n  
o f  beds by f o l d i n g  o r  unobserved f a u l t s .  

Age and c o r r e l a t i o n  

The S l  ana basal  t i s  de f  i n i t e l  y younqer than the  Permi an Mankomen Format i o n  which 
i t  o v e r l i e s  w i t n  p o s s i b l e  s l i g h t  angu la r  uncon fo rm i t y .  A more d e f i n i t i v e  aqe assiqnment 
must a w a i t  the  r e s u l t s  o f  t he  s t u d i e s  o f  f o s s i l s  c o l l e c t e d  f rom t h e  o v e r l y i n g  and l o c a l l y  
in te rbeddeu  Jack l imestone.  

I t  i s  i n t e r e s t i n g  and impor tan t  t o  n o t e  here ,  however , t l~e s t r i k i n q  s i m i l a r i t y  i n  
p h y s i c a l  appearance, composi t ion,  a l t e r a t i o n ,  and th ickness  between t he  Slana b a s a l t  
and t he  N i k o l a i  greenstone o f  l a t e  M idd le  o r  e a r l y  L a t e  T r i a s s i c  ase ( ~ a c ~ e v e t t ,  19641, 
wh ich  o u t c r o p s  i n  the  southern Wrangel l Mountains sou th  o f  the  map area.  Mof f  i t (1954, 
p. l 1 5 ) ,  on t h e  o t h e r  hand, r e p o r t s  t h a t  t h e  N i k o l a i  greenstone has no t  been recognized 
i n  the  e a s t e r n  Alaska Range, and t he  amygdalo ida l  b a s a l t s  he observed i n  t he  a rea  were 
ass igned t o  t he  Permian. Th i s  assignment i s  based on M o f f i t ' s  (1954) i n t e r p r e t a t i o n  
t h a t  e a s t  o f  Mentasta Pass amygdalo ida l  b a s a l t s  undoubted ly  e q u i v a l e n t  t o  t h e  Slana 
b a s a l t  a p p a r e n t l y  a re  o v e r l a i n  by b o t h  T r i a s s i c  l imes tone  ( i n  the  T r a i l ,  Los t ,  and 
Chalk Creeks and Nabesna areas)  and Permian 1 imestone ( i n  the  Soda Creek a rea ) .  



The Slana b a s a l t  i s  a l s o  s i m i l a r  t o  a T r i a s s i c  b a s a i t - a n d e s i t e  u n i t  which i s  
l o c a l l y  o v e r l a i n  by a T r i a s s i c  l imestone i n  the  upper Sus i t na  R i v e r  area i n  the c e n t r a l  
A laska Range  off i t, 1912; Ross, 1933) and t o  the Amphi t h e a t r e  b a s a l t  o f  Rose and 
Saunders (1965) near Paxson between the upper Slana R i v e r  and Susi t na  R i ve r  areas. 

Jack l imestone ( j l )  

The Jack l imestone i s  a g ray ,  g e n e r a l l y  massive l imes tone  t h a t  o v e r l i e s ,  and i s  
l o c a l l y  in terbedded w i t h ,  t he  Slana b a s a l t .  I t  can be t r a c e d  t l i roughout  the l e n g t h  
o f  t h e  upper Slana-Mentasta Pass area b u t  appears t o  be absent o r  ve ry  t h i n  a t  a 
number o f  p laces a l ong  i t s  zone o f  expected exposure. I n  a few areas, d iscon t inuous  
beds o f  massive l imestone a l s o  occur  lower  i n  the Slana b a s a l t  s e c t i o n  and a r e  h e r e i n  
cons idered  as a p a r t  o f  the Jack l imestone.  

D e s c r i p t i o n  

The Jack l imestone i s  a f i n e -  t o  coarse-gra ined gray l imes tone  which weathers a 
v e r y  l i g h t  c o l o r ,  g e n e r a l l y  f o rm ing  conspicuous c l i f f s .  I t  i s  massive, seemingly 
devo id  o f  any p r imary  bedding o r  f o s s i l s  bu t  h i g h l y  f r a c t u r e d  and broken, w i t h  j o i n t s  
and f r a c t u r e s  f i l l e d  w i t h  w h i t e  c a l c i t e .  L o c a l l y ,  i t  i s  t h i n l y  bedded and r e l a t i v e l y  
f o s s i l i f e r o u s .  The s t r a t a  i n  t he  bedded u n i t s  c o n t a i n  abundant s i l t  and f i n e  sand and 
g e n e r a l l y  i s  b u f f  t o  l i g h t  t a n  i n  c o l o r .  The predominant l i f e  forms appears t o  be 
c o r a l s  and brachiopods, b u t  t he  f o s s i  I s  a r e  p o o r l y  preserved.  Small zones o r  lenses 
o f  s i l iceous m a t e r i a l  which i mpart  a hack ly  su r f ace  on weathered exposures, a r e  r e l a -  
t i v e l y  common throughout  t h e  l imes tone ,  and l o c a l i y  pods and lenses o f  gray t o  dark  
g ray  c h e r t  a re  p resen t .  These f ea tu res  suggest t h a t  most o f  t he  l imestone i s  o f  r e e f  
o r i g i n  w i t h  minor s t r a t i f o r m  back and f o r e - r e e f  c l a s t i c  depos i ts .  

Along the  con tac t  o f  t h e  e l onga te  i n t r u s i v e  d i o r i t e  between Jack Creek and Los t  
Creek t he  1 imestone has been metamorphosed t o  a c r y s t a l  l i n e  whi t e  marble. Elsewhere 
the Jack l imestone appears t o  be o n l y  I o c a l i y  r e c r y s t a l l i z e d .  

S t r u c t u r e  and th ickness  

Where bedding i s  observed i n  the  l imestone, the s t r a t a  appear t o  be conformable 
w i t h  t he  u n d e r l y i n g  Slana b a s a l t ,  d i p p i n g  a t  moderate angles t o  no r t heas t .  The massive 
r e e f - l i k e  u n i t s ,  on t he  o t h e r  hand, which do n o t  e x h i b i t  any obv ious  p r imary  l a y e r i n g ,  
have t he  appearance o f  unconformable pods l y i n g  on t he  b a s a l t .  Loca l  except ions to  the 
n o r t h e a s t  d i p  o f  the  l imes tone  occu r  near  the Denal i  f a u l t  west o f  G i l l e t t  Pass where 
the beds a r e  v e r t i c a l  and may be over tu rned ,  and a long  t h e  west o f  Jack Creek, i n  t he  
v i c i n i t y  o f  another  b u t  s m a l l e r  f a u l t ,  where the  beds a r e  v e r y  s t e e p l y  d ipp ing.  

No r th  o f  t he  west f o r k  o f  Jack Creek, the g e o l o g i c  s t r u c t u r e ,  as shown by t he  
l imes tone  exposure p a t t e r n ,  i s  p robab ly  more complex than i n d i c a t e d  on f i g u r e  2 and 
f u r t h e r  compl icated by t he  p robab le  presence o f  more than one l imes tone  u n i t ,  In terbedded 
w i t h  t he  Slana basa l t .  

The th ickness  o f  t he  Jack l imes tone  i s  ex t reme ly  v a r i a b l e  and es t imates  o f  an 
average th ickness  a r e  n o t  o n l y  u n r e l i a b l e  b u t  m is lead ing .  W i t h i n  a d i s tance  of a few 
hundred yards f rom where t h e  l imes tone  i s  appa ren t l y  absent,  i t  may be as much as 500 



fee t  o r  more t h i c k .  The t h i c k e s t  sec t i on  appears t o  be the massive u n i t s  south of  
Mentasta Pass and i n  the area south o f  G i l l e t t  Pass where approximately 600 f e e t  of  
l imestone i s  exposed. 

A-,A and c o r r e l a t i o n  

R e l a t i v e l y  abundant f o s s i l s ,  p r i n c i p a l l y  c o r a l s ,  brachiopods, and c r i n o i d s ,  occur  
i n  a number o f  the bedded s t r a t a  i n  the Jack l imestone.  Foss i l  c o l l e c t i o n s  f rom the  
Jack l imestone a r e  p r e s e n t l y  being studied.  As discussed prev ious ly  i n  the s e c t i o n  on 
age o f  the Slana b a s a l t ,  a d e f i n i t i v e  age assignment, should d iagnost ic  f o s s i l s  be 
present,  f o r  bo th  the b a s a l t  and l imestone must awai t  the r e s u l t s  o f  these s tud ies .  I f  
the l imestone proves t o  be o f  T r i a s s i c  age i t  would then be c o r r e l a t i v e  t o  the 
Ch i t i s tone  l imestone o f  the southern Wrangell Mountains and the Slana b a s a l t  c o r r e l a t i v e  
t o  the N i k o l a i  greenstone. 

Mentasta a r g i l l i t e  (ma) 

The youngest bedded rock group i n  the upper Slana-Mentasta Pass area i s  a t h i c k  
u n i t  o f  predominant ly  f ine-gra ined c l a s t i c  rocks t h a t  o v e r l i e s  the Jack l imestone o r ,  
where the l imestone i s  missing, the Slana b a s a l t ,  w i t h  apparent unconformity.  

These rocks a re  exposed i n  a continuous no r thwes te r l y  t rend ing  band ranging f rom 
1/2 m i l e  wide, i n  the extreme northwest end o f  the map area, t o  almost th ree  m i les  wide 
i n  the Mentasta Pass area. The top o f  the Mentasta a r g i  l l i t e  i s  n o t  exposed; throughout 
the e n t i r e  map area the a r g i l l i t e  i s  c u t  by the Denal i  f a u l t  which has brought o l d e r  
metamorphic rocks i n  contac t  w i t h  the non-metamorphosed a r g i l l i t e s .  

Descr ip t ion  

The Mentasta a r g i l l i t e  cons is ts  o f  thin-bedded dark gray a r g i l l i t e  and shale, 
l i g h t e r  gray t o  b u f f  s i l t s t o n e  and qraywacke, and minor conglomerate, l i m y  c l a s t i c  
rocks, and an occasional  l imestone. The f i n e r - g r a i n e d  beds genera l l y  average l ess  
than a few f e e t  t h i c k  whereas the coarser-gra ined c l a s t i c s  may be as much as 10 f e e t  
t h i c k  o r  more. Graded bedding i s  common i n  many o f  the a r g i  1 I i te-graywacke exposures 
w i t h  the a l t e r n a t i n g  beds genera l l y  less than a few inches t h i c k .  I n  the conglomerates, 
c l a s t s  o f  l imestone, d i o r i t e ,  and vo lcan ic  rocks predominate. No f o s s i l s  were recognized 
i n  any o f  the rocks. 

A d i s t i n c t  and r e l a t i v e l y  t h i c k  subun i t  o f  coarse-grained c l a s t i c  rocks (mac) 
has been de l  ineated on the geologic  map ( f i g u r e  2) i n  the area west o f  Mentasta Pass. 
The subuni t  i s  composed p r i n c i p a l l y  o f  massive conglomerate gradat ional  i n t o  coarse- 
grained conglomerat ic  sandstone. The conglomerate conta ins  rounded c l a s t s  o f  l i m e -  
stone, c r y s t a l l i n e  d i o r i t i c  rocks, and minor a r g i l l i t e ,  as much as one f o o t  i n  diameter,  
i n  a gray t o  greenish-gray coarse sandstone ma t r i x .  

S t ruc tu re  and th ickness 

With l o c a l  except ions,  the beds i n  the Mentasta d r g i l l i t e  d i p  moderately t o  s teep ly  
t o  the nor theas t .  East o f  Mentasta Pass, immediately south o f  the Denali f a u l t ,  move- 
ment a long the  f a u l t  has resu l ted  i n  a marked reve rsa l  i n  d i p  t o  the southwest forming 
a narrow s y n c l i n e  probab ly  p lung ing  gen t l y  t o  the southeast.  Smaller l o c a l  f o l d s  a r e  
commonly observed throughout the Mentasta a r g i  1 l i t e  and very l i k e l y  minor f a u l t s  a r e  
present.  



The apparent  t h i n n i n g  o f  the  u n i t  t o  the nor thwest  i s  s t r u c t u r a l  and due t o  the 
s l i g h t  ang le  between the s t r i k e  o f  the bedding i n  the a r g i l l i t e  and t he  s t r i k e  o f  the 
Dena l i  f a u l t .  Based on exposures sou th  and eas t  o f  Mentasta Pass and assuming n e g l i -  
g i b l e  r e p e t i t i o n  o f  beds by e i t h e r  f o l d i n g  o r  f a u l t s ,  the minimum th i ckness  o f  the 
Mentasta a r g i l l i t e  i s  approx imate ly  9,000 f e e t .  Minimum th i ckness  o f  t he  l o c a l  conglo- 
merate s u b u n i t  i s  approx imate ly  600 f e e t .  

Age and c q r r e l a t  ion  

The Mentasta a r g i l l i t e  i s  w i t h o u t  doubt the nor thwest  c o n t i n u a t i o n  o f  the a r g i l l i t e -  
graywacke sequence o f  Upper Jurass ic-Lower  Cretaceous age mapped by M o f f i t  (1954) f rom 
t h e  N u t z o t i n  i4ountains up t o  Sus lo ta  Pass two m i l es  southeast  o f  Mentasta Pass. From 
Sus lo ta  Pass northwestward, i f l o f f i t  u n f o r t u n a t e l y  inc luded  the  Mentasta a r g i l l i t e  i n  h i s  
u n d i f f e r e n t i a t e d  Paleozoic  u n i t ,  an assignment t h a t  u n t i l  now p rec luded  any understanding 
o r  s y n t h e s i s  o f  the s t r a t i g r a p h y  and s t r u c t u r e  i n  the Mentasta Pass area. 

The r e l a t i v e l y  young n a t u r e  o f  t he  Mentasta a r g i l l i t e  i s  a l s o  suppor ted by the 
presence o f  d i o r i t e  cobbles i n  the  conglomerate f ac i es  o f  t he  a r g i l l i t e .  These d i o r -  
i t i c  rocks  o f  presumed l lesozoic  age ( ~ l i a d l e  t o  Upper J u r a s s i c ? )  must have been a t  l e a s t  
i n  p a r t  i n t r u d e d  p r i o r  t o  the  beg inn inq  o f  d e p o s i t i o n  o f  the  Mentasta a r g i l l i t e .  

l n t rus i ve Rocks 

C r y s t a l l i n e  i n t r u s i v e  rocks,  ranq ing  i n  composi t ion f r om q u a r t z  monzonite t o  d u n i t e  
occu r  th roughout  tne area. The i n d i v i d u a l  bodies a re  r e l a t i v e l y  sma l l  and do n o t  
approach the  s i r e  nor  complexi t y  o f  t he  l a r g e  t e c t o n i c  d i o r i  t e - q u a r t z  d i o r i  t e  complex 
sou th  o f  t he  Slana K i ve r  ( ~ i c h t e r ,  IYbo) .  The age o f  the  i n t r u s i v e s  i s  n o t  we l l -de f ined .  
f b f f i t  (1354) cons iders  most o f  the q u a r t z  monzonite, g r a n o d i o r i t e ,  and d i o r i t e  rocks 
t o  have i n t r u a e d  du r i ng  the Mesozoic. I n  the  upper Slana-Mentasta Pass area the  i n -  
t r u s i v e ~  d e f i n i t e l y  a re  younger t l ian the  Jack l imestone,  b u t  based on t h e  presence o f  
o i o r i t e  c l a s t s  i n  the Mentasta a r g i l l i t e ,  a r e  o l d e r  than a t  l e a s t  some o f  t h i s  t h i c k  
s e r i e s  o f  sediments o f  p robao le  Uoper Jurassic-Lower Cretaceous age. No c r i t e r i a  
e x i s t s  t o  da te  the u l t r a m a f i c  o r  m a f i c  i n t r u s i v e s .  A l l  occur  n o r t h  o f  t he  Denal i  f a u l t  
i n  rocks  o f  Paleozoic  and p o s s i o l y  o l d e r  age. 

D i o r i  t e ,  g r a n o d i o r i  t?,  and q u a r t z  monzoni t e  ( d i )  

The p r i n c i p a l  i n t r u s i v e  rocks i n  the  area a r e  o f  d i o r i t e ,  g r a n o d i o r i t e ,  qua r t z  
monzoni te ,  and probably  q u a r t z  d i o r i t e  composi t ion.  Composi t ional  v a r i a t i o n  i s -  common 
even i n  the  same i n t r u s i v e  body. D i o r i  t e  and g ranod io r i  t e  types predominate;  the  
more s i l i c i c  v a r i e t i e s  g e n e r a l l y  o c c u r r i n g  as smal l  i r r e g u l a r  phases w i t h i n  a l a r g e r  
more bas i c body. The rocks range from meai um t o  coarse-gra ined,  a r e  l o c a l  l y po rphy r i  t i c  
and l o c a l l y  s t r o n g l y  f o l i a t e d  e s p e c i a l l y  those near the Denal i  f a u l t .  

d i n e  separate i n t r u s i v e  bodies a r e  shown on the  geo log i c  map ( f i g u r e  21, the 
l a r g e s t ,  between Lost  and Jack Creeks, i s  about 7 m i l es  long  and as much as 1 1/2 m i l e s  
wide.  S i x  o f  t h e  bodies occur  sou th  o f  the  Denal i  f a u l t ,  the  rema in ing  t h ree  a re  w i t h i n  
o r  j u s t  n o r t h  o f  the f a u l t  zone. 

I n  t h i n  sec t i on ,  the d i o r i t e s  and g r a n o d i o r i t e s  a r e  subhedra l  g r a n u l a r  and c o n t a i n  
more than 53% p l a g i o c l  ase ( ~ n ~ ~ - ~ ~ )  , between 8 and 23% po tash  f e l d s p a r ,  genera l  l y  l e ss  
than 10% qua r t z ,  b-20Z hornblende and minor  aug i t e ,  b i o t i t e ,  magnet i te ,  s p i n e l ,  and 



a p a t i t e .  Modal analyses f o r  t y p i c a l  rocks of  t h i s  group a r e  g i ven  i n  t a b l e  1 ,  (samples 
1, 2, and 4 ) .  The d i o r i t e  o f  sample 4, t a b l e  1 ,  i s  somewhat un ique w i t h  an unusua l l y  
h i g h  potash f e l dspa r  c o n t e n t  and a ve ry  iow Co lo r  index o f  1 1 .  I n  the  f i e l d  the e n t i r e  
i n t r u s i v e  body appears homogeneous. The qua r t z  monzonites a r e  g e n e r a l l y  p o r p h y r i t i c  
w i t h  some c o n t a i n i n g  phenocrysts  o f  potash f e l dspa r  up t o  two inches long. Quar tz  
monzoni t e  and g ranod io r i  t e  occu r  as an e ionga te  "core" t o  the  l a r g e  d i o r i  t e  mass between 
Los t  and Jack Creeks (sample 2, t a b l e  I ) ,  and q u a r t z  monzonite i s  a p r i n c i p a l  rock  type 
i n  t he  f o l i a t e d  d i o r i t e  body west o f  S t a t i o n  Creek (sample 6,  t a b l e  1 ) .  I n  the d i o r i t e  
body eas t  o f  Mentasta Pass, b i o t i t e  i s  abundant (5-10%) e s p e c i a l l y  i n  t he  f i n e - g r a i n e d  
extreme eas t  end o f  the i n t r u s i v e  where i t  i s  assoc ia ted  w i t h  p y r r h o t i t e  and quar tz .  

U l t ramaf  i c and maf i c rocks  (d,  am, an) 

A l e n t i c u l a r  body o f  d u n i t e  (d) two mi les  long  and 1/2 m i l e  wide outcrops w i t h i n  
t h e  Denal i  f a u l t  zone j u s t  west o f  G i l l e t t  Pass. The d u n i t e  c o n s i s t s  o f  ext remely  
f r e s h ,  b u t  l o c a l l y  c a t a c l a s t i c  f i n e -  t o  coarse-gra ined,  medium-gray f o r s t e r i t e .  Bands 
o f  d isseminated chromi te  and sma l l  segregat ions o f  massive ch rom i te  a r e  conspicuous 
througnout  most o f  the  body. An a n a l y s i s  o f  a number o f  grab samples o f  the d u n i t e  
ran  1.2% CrZ03, and 0.4%.Ni (sample 2 ,  t a b l e  2). Veins o f  a c i c u l a r  t o  f i b r o u s  p a l e  
green t o  w h ~ t e  a n t i g o r i t e  w i t h  m inor  carbonate m ine ra l s  a r e  a l s o  p resen t  i n  the 
u l t r a m a f i c  mass. On exposed sur faces  the d u n i t e  i s  p a l e  tan  i n  c o l o r ,  t y p i c a l  o f  
weathered o l i v i n e - r i c h  rocks.  

P a r t l y  enc los ing  t he  d u n i t e  body, and ex tend ing  t o  t h e  eas t  w i t h i n  the Denal i  f a u l t  
zone, a r e  a group o f  a m p h i b o l i t e s  and banded a m p h i b o l i t e - p y r o x i n i t e  rocks (am) t h a t  
p robab ly  represen t  a complex o f  metamorphosed d i o r i  t e  o r  gabbro. The t y p i c a l  rock 
i s  coarse-gra ined,  da rk  green t o  green i n  c o l o r ,  and c o n s i s t s  o f  hornblende p a r t l y  
a l t e r e d  t o  green b i o t i t e  and f e l d s p a r  a l t e r e d  t o  r e l a t i v e l y  coarse  e p i d o t e  w i t h  minor  
a u g i t e  ana carbonate (sample 3, t a b l e  1) .  I n  the  l e s s  common banded gne i ss i c  v a r i e t y  
the  rock  i s  composed o f  dark  bands o f  aug i t e ,  hornblende, c h l o r i t e ,  and p y r r h o t i t e  
a l t e r n a t i n g  w i t h  l i g h t  bands o f  hornblende, ep ido te ,  and c h l o r i t e .  No anomalous amounts 
o f  chro'mium o r  n i c k e l  were de tec ted  by x- ray f luo rescence  a n a l y s i s  (sample 8, t a b l e  2 ) .  

A body o f  a n o r t h o s i t e  (an) o r  leucogabbro i s  exposed i n  t h e  extreme southeast  
co rner  o f  the area. I t  forms b o l d  l i g h t - c o l o r e d  ou tc rops  ove r  a t  l e a s t  one mountain 
and appears t o  con t i nue  t o  t he  southeast  f o r  p o s s i b l y  ano ther  m i l e  beyond the map area. 
The a n o r t h o s i t e  i s  i n  i n t r u s i v e ( ? )  con tac t  w i t h  normal d i o r i t i c  rocks b u t  i t s  c o n t a c t  
w i t h  the  bedded rocks i s  covered by s u r f i c i a l  depos i t s .  The rock  i s  l i g h t  gray, 
medium- t o  coarse-gra ined and massive w i t h  conspicuous bands and i r r e g u l a r  c l o t s  o f  
da rk  minera ls .  The bands range f r om less  than an i n c h  t o  ove r  a f o o t  i n  w id th .  I n  
t h i n  s e c t i o n  (sample 7, t a b l e  1) the  p i a g i o c l a s e  ( c a l c i c  l a b r a d o r i t e - s o d i c  bytowni t e )  
occurs  i n  very  f r e s h  anhedra l  c r y s t a l s  as much as 5 mm i n  d iameter .  The dark  bands 
and c l o t s  a r e  composed o f  a u g i t e  subord ina te  and i n t e r s t i t i a l  t o  t he  f e l d s p a r  b u t  i n  
o p t i c a l  c o n t i n u i t y  ove r  as much as 100 square m i l l i m e t e r s .  The a u g i t e  i s  l o c a l l y  
a l t e r e d  t o  b i o t i t e  around i t s  marg in  and t h i n  f i l m s  o f  hema t i t e  o f t e n  f i l l  c leavage and 
p a r t i n g  p lanes.  d 

S u r f i c i a l  depos i ts  (Qg, Q1, ~ r )  

Extens ive depos i t s  o f  r ecen t  stream-deposi ted sand and g rave l  f i l l  most o f  the 
l a r g e r  r i v e r  and s t ream v a l l e y s  i n  the area. A l  l u v i a l  fans,  some cove r i ng  as much as 
one square m i l e ,  have formed a t  t he  base o f  most o f  t h e  h i g h  g r a d i e n t  streams t r i b u t a r y  



Table 1 

Modal analyses o f  c r y s t a l l i n e  i n t r u s i v e  rocks i n  the upper Slana-Mentasta Pass area. 

Quar tz  
Rock Type IMonzonite Anorthosit1 

Map Number- --- - ------ 6 7 
F i e l d  Nurnoer S-66-4 S-66-5 - - - - - - - - -- - - - S-66-86 

Potash fe ldspa r  o 1 ij 

Quartz 4 I I 

Hornb 1 ende 13 d 

Augi t e  

O l i v i n e  

B i o t i t e  

B.ioti t e - c n l o r i  t e  

Epidote 

P lag ioc lase-ep ido tz  

tr .  

Ant i  gor i t e - c i ~  l o r  i t e  

Magnet i t e  4 3 

Chromi t e  

Sphene 2 tr. 

Apat i t e  t r .  tr .  

Carbonate 

Color Index 2u 12 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 /  Refers t o  geo log ic  map i n  f i g u r e  2. - 

2 

4 

tr. 

t r .  

tr. 

1 1  100 

tr .  

tr .  

2/ H igh l y  s a u s s u r i t i z e d  - 
j/ Minor i n t e r l a y e r e d  c h l o r i t e  - 



Tab le  2 .  Chromium and n i c k e l  con ten t  o f  u l t r a m a i i c  and b a s i c  rocks f rom the  
upper S l  ana-Mentas t a  Pass area. 

" F i e l d  No. Map No.- Rock Type -------- - - - --- - - - - . - . -- - - . --. . - . - - - 
We i gh t p e r c e n t  
~r---- --- - - - - -3--3-- Nicke l  

5 S-66-37 Dun i t e  1.2 0.4 

8 S-66-38 Gne i ss i c  amph ibo l i t e -py roxen i t e  
2 / 

t race-  3/ t race- 

9 S-66-43 Magnes i t e  ma rb  1 e t r a c e  0.3 

10 S - 66 - 44 S e r p e n t i n i z e d  greenstone t r a c e  t race 

1 1  S-b6-46 Greenstone t race t r ace  

12 S-66-57 Seroen t i n  i t e  t r a c e  0.5 

12 S-bG->7A C h l o r i  t e - se rpen t i ne  s c h i s t  t r a c e  t r ace  

13 S-b6-66 Neph r i t e  1 . 2  0.3 

14 S-bo-69 D i  abas i c  greens tonc t r a c e  t r ace  

I /  Refers  t o  geo log i c  map i n  f i g u r e  2. - 

2 / - t r a c e  C r  0 
2 5 '  

,0.3 we igh t  pe rcen t  

3 / -- t r a c e  I i i c k e l :  .:J.Ul we igh t  oercen t  

A n a l y s t :  Namk Cho, D i v i s i o n  o f  wines and H i n e r a l s ,  by x - ray  f luo rescence  



t o  the l a r g e r  low g r a d i e n t  wa te r  courses. A long the  n o r t h  s i d e  o f  thc  upper Slana 
R i ve r  a  number o f  these fans have coalesced t o  form an ex tens i ve  a l l u v i a l  fan p l a i n  a  
h a l f  m i l e  wide and f o u r  m i l e s  long. 

Remnant mora ina l  depos i t s  occur  l o c a l l y  on the  lower  s lopes o f  the  main v a l l e y  
w a l l s ,  b u t  i n  genera l  they  have been l a r g e l y  reworkedby recen t  stream a c t i o n .  

Two l a r g e  lands1 ides  ( ~ 1 )  have been mapped i n  t he  area. The l a r g e s t ,  c o v e r i n g  
s l m o s t  one square m i l e  occurs  i n  the v a l l e y  o f  Jack Creek and cons i s t s  a lmost  e n t i r e l y  
o f  d i o r i c e  b l ocks  d e r i v e d  f rom the top o f  the r i d g e  n o r t h e a s t  o f  the s l i d e .  The s m a l l e r  
s l i d e  occur red  on a s teep  h i l l s i d e  i n  a  sma l l  v a l l e y  near  t he  headwaters o f  t he  Slana 
R iver .  

Rock q l a c i e r s  ( ~ r )  a r e  p resen t  i n  the  h i g h e r  mountains south and southwest of  
G i l l e t t  Pass- The two westernmost rock g l a c i e r s  s t i l l  have smal l  i c e  g l a c i e r s  a t  t h e i r  
head. 

S t r u c t u r e  

The p r i n c i p a l  s t r u c t u r e  i n  the upper Slana-Mentasta Pass area i s  the Denal i f a u l t .  
Th is  major s t r i k e - s l i p  f a u l t  f o l l o w s  an a r cua te  p a t h  through southern Alaska f r om the  
Be r i ng  Sea t o  Canada. U n t i l  t h i s  present  i n v e s t i g a t i o n ,  the f a u l t  was n o t  recogn ized  
i n  the upper S lana-hentasta Pass area, a l though f r om even casual i nspec t i on  o f  sma l l  
s ca le  geo log i ca l  maps i t  was obvious t h a t  the f a u l t  must be present .  The problem was 
due l a r g e l y  t o  t h e  l a c k  o f  d e t a i l e d  geo log i c  mappil-ig and the  i n c l u s i o n  o f  a  number 
o f  rock  types o f  w i d e l y  d i v e r s e  ages i n t o  a s i n g l e  g e o l o g i c  o r  map u n i t .  

The Uenal i  f a u l t  i n  t he  map area f o l l o w s  a remarkably s t r a i g h t  course o f  N63OW 
w i t h  o n l y  minor d e v i a t i o n .  South and southeast  o f  G i l l e t t  Pass the f a u l t  i s  complex 
and appa ren t l y  c o n s i s t s  o f  a number o f  para1 l e l  branches fo rming  a f a u l t  zone as much 
as 1/2 m i l e  wide. F a r t h e r  t o  tne  southeast i n  t he  Mentasta Pass area o n l y  t he  t r a c e  
o f  a  s i n g l e  s t r u c t u r e  can be recognized. Movement on the  Denal i  f a u l t  has been p r i n -  
c i p a l l y  r i g h t  l a t e r a l  s t r i k e  s l i p  w i t h  t o t a l  o f f s e t  p robab ly  on the o r d e r  o f  150 m i l e s  
(St.  Amnd, 1967; Grantz,  1966). Sync l i na l  f o l d s  i n  t he  Mentasta a r g i l l i t e  immediate ly  
south o f  the f a u l t  a l s o  i n d i c a t e  a cons iderab le  v e r t i c a l  component o f  movement w i t h  
the n o r t h  s i d e  up r e l a t i v e  t o  the south. 

The f a u l t  has been a c t i v e  over  a  long p e r i o d  o f  geo log i c  t ime, probably  f r om as 
e a r l y  as m idd le  Mesozoic t o  Recent. Most o f  t h e  movement, however, p robab ly  occu r red  
d u r i n g  t he  e a r l y  T e r t i a r y .  Evidence o f  Recent a c t i v i t y  on the  f a u l t  has been observed 
a t  a number o f  l o c a l i t i e s  i n  the upper Slana-Mentasta Pass area. R igh t  l a t e r a l  o f f s e t s  
o f  p resen t  1 y  a c t  i v e  s t  reams o f  as much as 500 f e e t ,  a  r e  we I 1  -d isp layed  on some o f  the  
t r i b u t a r i e s  t o  t he  west  f o r k  o f  Lost  Creek and t h e  e a s t  f o r k  o f  Jack Creek. Recent 
v e r t i c a l  movement appears t o  be p r i n c i p a l l y  south-s ide-up,  oppos i te  t o  t he  l ong  t e rm  
sense o f  v e r t i c a l  movement on the f a u l t .  Two mi l e s  nor thwes t  o f  Mentasta Lake a 
recen t  a l l u v i a l  fan on t he  south s i d e  o f  t he  f a u l t  has been u p l i f t e d  20 t o  30 f e e t  
a l t e r i n g  t h e  course o f  t he  stream. Elsewhere, e s p e c i a l l y  eas t  o f  Mentasta Pass and 
nor thwest  o f  G i l l e t t  Pass a s u b t l e ,  n o r t h - f a c i n g  sca rp  marks the t r a c e  o f  t h e  f a u l t .  

A number o f  s m a l l e r  f a u l t s  roughly  p a r a l l e l  t he  Dena l i  f a u l t  west o f  Jack Creek. 
These f a u l t s  a r e  a l s o  appa ren t l y  o f  s t r i k e - s l i p  h a b i t  and compl i ca te  the  a l r e a d y  
complex s t r u c t u r e  e x h i b i t e d  by the  bedded rocks i n  t h a t  area. 



I n  t he  bedded rocks south o f  the  Denal i  f a u l t ,  f o l d i n g  (and s t e e p l y  d i p p i n g  
s t r a t a )  i s  o n l y  pronounced c lose  t o  the  f a u l t .  Elsewhere these beds d i p  a t  moderate 
angles t o  t he  no r theas t .  S l i g h t  d i f f e r e n c e s  i n  d i p  between the  Mankomen Format ion 
and o v e r l y i n g  Slana b a s a l t  suggest the presence o f  a  s l i g h t  angu la r  uncon fo rm i t y  
between these two geo log i c  u n i t s .  

N o r t h  o f  the f a u l t ,  the metamorphic rocks a r e  s teep l y  d i p p i n g  g e n e r a l l y  t o  the 
sou thw ts t .  The presence o f  minor f o l d s  i n  t n e  rocks,  w i t h  axes p l u n g i n q  a t  sha l low 
ang les  t c  t he  sou theas t ,  i s  evidence f o r  l a r g e - s c a l e  f o l d i n g .  

ECONOMl C GEOLOGY 

There a r e  no o p e r a t i n g  mines o r  m ine ra l  depos i t s  under development i n  the  upper 
lana-Mentasta Pass area. Prospec t ing  a c t i v i t y ,  however, has been h i g h  f o r  a  number 
~f years,  and d u r i n g  the summer o f  19b6 a t  l e a s t  t h ree  p rospec t i nq  p a r t i e s  spent  most 

o f  t he  f i e l d  season i n  the area. Moreover, t he  presence o f  deep s t r u c t u r e s ,  abundant 
i n t r u s i v e  bod ies  o f  v a r i e d  composi t ion.  and h o s t  rocks such as l imes tones  and b a s a l t s ,  
a t t e s t  t o  t h e  f a v o r a b l e  c o n d i t i o n s  f o r  the  d e p o s i t i o n  and c o n c e n t r a t i o n  o f  economic 
m ine ra l s  i n  t he  area.  

Desc r i p t i ons  o f  m ine ra l  occurrences 

Gold 

L o c a l i t y  1 .  H smal l  amount o f  p l a c e r  g o l d  has r e p o r t e d l y  ( o r a l  communication, 
J, Frey,  Slana, A laska)  been mined by kr.  Newt Peterson o f  Tok J u n c t i o n  on a  sma l l  
t r i b u t a r y  o f  t h e  Slana R iver  between A l t e r a t i o n  and Jack Creeks. Th i s  s t ream d r a i n s  
t he  c o n t a c t  area between the Slana b a s a l t  and i n t r u s i v e  d i o r i t e  j u s t  e a s t  o f  a  s t r o n g l y  
a l t e r e d  area.  The g o l d  i s  anqu la r  and presumably i t s  source i s  v e r y  l o c a l .  

The l o c a l i t y  was n o t  v i s i t e d  d u r i n g  t h i s  i n v e s t i g a t i o n .  

Copper 

L o c a l i t y  2 .  Cha lcopy r i t e  and o x i d e  copper m ine ra l s  have been found i n  one 
l o c a l i t y  i n  a l a r g e  conspicuous a l t e r e d  area i n  the dra inage o f  A l t e r a t i o n  Creek, a  
t r i b u t a r y  o f  t he  Slana R iver .  The rocks i n  t he  a l t e r e d  area a r e  s i l i c i f i e d ,  p y r i t i z e d ,  
and l o c a l l y  b r e c c i a t e d  vo l can i c  rocks o f  t he  Slana b a s a l t  u n i t  and p robab l y  some i n -  
t r u s  i ve d  i o r  i t e .  Mos t  o f  the  rocks have been so thorougn l y  rep1 aced by secondary 
m ine ra l s  t h a t  no pr imary  tex tures  can be seen. Ox ida t ion  o f  the p y r i t e ,  p r i n c i p a l l y  
by weather ing ,  has r e s u l t e d  i n  the f o r m a t i o n o f  b r i g h t  va r i ega ted  hydrous i r o n  ox ides  
on most o f  the outcrops. 

The c h a l c o p y r i t e  occurs as a  minor  c o n s t i t u e n t  i n  a  number o f  t h i n  q u a r t z  ve ins  
i n  a v e r y  r e s t r i c t e d  area o f  > by 10 f e e t  on t he  west bank o f  A l t e r a t i o n  Creek a t  an 
e l e v a t i o n  o f  3,500 f e e t .  Ma lach i te  and a z u r i t e  occur  as l o c a l  o x i d a t i o n  p roduc ts .  
Grab samples o f  rock  c o n t a i n i n g  c h a l c o p y r i t e  and/or  copper o x i d e  m i n e r a l s  f r om through-  
o u t  t i l e  m i n e r a l i z e d  zone assayed 1.5% copper,  0.02 ounces o f  g o l d  and 0.54 ounces o f  
s i l v e r  (sample 16, t a b l e  3 ) .  Three o t h e r  samples o f  rocks f rom t h e  a l t e r e d  area down- 
s t ream f rom the copper l o c a l  i t y  con ta ined  o n l y  a  t r a c e  o f  go ld  and no d e t e c t a b l e  
copper ( saqp le  15,  t a b l e  3 ) .  





Two stream sediment geochemical samples co l l ec ted  from A l t e r a t i o n  Creek where i t  
leaves the a l t e r e d  area con ta in  150 and 160 pprn copper and hence may be considered 
weakly anomalous (samples 12 and 13, t a b l e  4 ) .  A l i m o n i t e - r i c h  sediment from a small 
s tagnant  pond w i t h i n  the a l t e r e d  area, on the o ther  hand, d i d  n o t  show any anomalous 
metal content  (sample 19, t a b l e  4 ) .  

L o c a l i t y  3. Bo rn i t e  occurs as a v e s i c l e  f i l l i n g  and i n  i r r e g u l a r  segregations 
s c a t t e r e d  througnout a zone 400 f e e t  t h i c k  i n  the upper p a r t  o f  the Slana basa l t ,  0.7 
m i l es  S.70°E o f  Mentasta Lodge on the Glenn Highway. The b o r n i t e  does n o t  appear t o  
approach o re  grade ma te r ia l  where sampled, bu t  the o n l y  exposures a r e  i n  a small rav ine  
and the  l i m i t s  o f  the m ine ra l i zed  zone a re  n o t  known. The rocks a r e  h i g h l y  ep ido t ized 
and l o c a l l y  cu t  by v e i n l e t s  o f  red jasper .  The b o r n i t e  i s  genera l l y  associated w i t h  
c a l c i t e  and epidote;  c h a l c o p y r i t e i s  s p a r i n g l y  present.  An ana lys i s  o f  grab samples 
c o n t a i n i n g  obvious copper minera ls  showed 1 . 1 %  copper and minor amounts o f  gold and 
s i l v e r  (sample l a ,  t ab le  3 ) .  Sediments c o l l e c t e d  from the smal l  r av ine  below the 
copper m i n e r a l i z a t i o n  conta ined 140 ppm copper (sample 98, t a b l e  4) .  

L o c a l i t y  4. A p iece  o f  massive cha lcoc i te ,  two inches by two inches, was found 
i n  a t a l u s  s l i d e  a t  a n ' e l e v a t i o n  o f  4,500 fee t  on the west s i d e  o f  the  Slana River 
two m i l e s  south o f  G i l l e t t  Pass. The t a l u s  i s  composed o f  fragments o f  Slana basa l t  
and Jack l imestone, the contac t  between the two u n i t s  o c c u r r i n g  a few hundred f e e t  
above where the chalcoci  t e  was found. Sediments from the stream d r a i n i n g  the general 
area d i d  n o t  show any anomalous concent ra t ion  o f  copper o r  o t h e r  metals (sample 33, 
t a b l e  4) .  

L o c a l i t y  5. A band o r  pod o f  massive p y r r h o t i t e  w i t h  minor c h a l c o p y r i t e  occurs 
w i t h i n  the Slana basa l t  a t  an e l e v a t i o n  o f  3,950 f e e t  west o f  the  Slana River.  The 
massive s u l f i d e s  are exposed on a steep no r th - fac ing  c l i f f  and were n o t  examined i n  
p lace ,  bu t  from below the band appeared t o  be a maximum o f  10 f e e t  t h i c k  and poss ib l y  
as much as 150 fee t  long. Ana lys is  o f  massive p y r r h o t i t e  f l o a t  showed 0.6% copper 
and 0.04% n i c k e l  w i t h  very minor amounts o f  gold and s i l v e r  (sample 17, t a b l e  3) .  

Chromi r e  

L o c a l i t y  6. The two-mile long dun i te  body w i t h i n  the Denal i  f a u l t  zone near 
G i l l e t t  Pass contains bands o f  disseminated chromite and occasional  segregat ions o f  
massive chromite. The l a r g e s t  chromite segregat ion observed was l e s s  than two inches 
t h i c k  and about one f o o t  long. L i m i t e d  examination o f  the d u n i t e  body ind ica tes  an 
o v e r a l l  grade o f  no t  more than 4% chromite; however, the body i s  n o t  well-exposed and 
i t  i s  poss ib le  tha t  much l a r g e r  segregat ions o f  chromite a re  present .  

Nephr i te  ( jade)  

L o c a l i t y  7. A number o f  smal l  prospect p i t s  have been dug i n t o  a serpent ine- 
r i c h  band i n  the metamorphic rock  u n i t  n o r t h  o f  the Denal i  f a u l t  on the  steep mountain 
s lope near the Mentasta V i l l a g e  road j unc t i on .  The p i t s  a re  200 f e e t  above (nor th)  
o f  the  f i r s t  house on the road (Ruth John residence) and were dug by L.L. Patten o f  
S a l t  Lake C i t y  i n  1956 apparent ly  i n  the search f o r  asbestos. From the  appearance o f  
the prospect ,  no work has been done s ince  t h a t  time. I n  one p i t  a sample o f  dense, 
s l i g h t l y  schis tose,  green rock, much harder  than the associated serpent ine  was c o l l e c t e d  
and l a t e r  i d e n t i f i e d  i n  t he  l abo ra to ry  as nephr i te ,  a v a r i e t y  o f  jade. 



The n e p h r i t e  ranges i n  c o l o r  from dark t o  l i g h t  green w i t h  occasional  zones o f  
apple green co lo r .  Lenses o f  b lack  serpent ine occur sca t te red  through the rock and 
i n  the  sample co l l ec ted ,  serpent ine  i s  probably more abundant than nephr i t e .  

Although the sample c o l l e c t e d  was o f  poor q u a l i t y  due t o  i t s  sch is tose s t r u c t u r e  
and abundant inc lus ions  o f  serpent ine,  search i n  the area may reveal  massive serpen- 
t i n e - f r e e  mater ia l  t ha t  might be s u i t a b l e  f o r  the semi-precious gem t rade.  

Bui ld ing-ornamental  stone 

L o c a l i t y  8. A body o f  magnesite marble i n  the metamorphic rocks n o r t h  o f  Lost  
Creek (descr ibed i n  geology sec t i on )  has been qua r r i ed  and a l i m i t e d  amount so ld  by 
M r .  James Frey o f  Slana. The marble occurs i n  a band 10 t o  30 fee t  t h i c k  and probably 
as much as a m i l e  long and cons i s t s  o f  t h i n  laminae, lenses, and veins o f  magnesite, 
do lomi te ,  and quar tz  i n  a m u l t i c o l o r  o f  var ious  shades o f  apple green, cream, and whi te.  
Po l ished surfaces o f  the marble have a very s t r i k i n g  appearance. 

Geochemical anomalies 

A t o t a l  o f  98 stream sediment samples were c o l l e c t e d  du r ing  the course o f  the 
f i e l d  study. A l l  samples were tes ted  i n  the f i e l d  f o r  c o l d  e x t r a c t a b l e  heavy metals 
by the  procedure described by Hawkes (1963). The -80 mesh f r a c t i o n  was analyzed by 
Rocky Mountain Geocnemi c a l  Labora tor ies  f o r  t o t a l  copper, z inc ,  lead, and m lybdenurn, 
us ing  a h o t  ac id  leach method. 

The geochemical data a re  presented i n  t ab le  4 and i n  the frequency d i s t r i b u t i o n  
graphs i n  f i g u r e  3. Inspect ion  o f  the graphs shows a lognormal, s i n g l e  mode d i s t r i -  
b u t i o n  f o r  a l l  the elements except z inc .  Zinc i s  s t r o n g l y  bimodal w i t h  modes a t  100 
and 165 ppm, both h igher  than the c r u s t a l  averageof 70 ppm. Th is  bimodal d i s t r i b u t i o n  
f o r  z i n c  i s  apparent ly due t o  the two d i f f e r e n t  p r i n c i p a l  rock  types i n  the  area. The 
metamorphic rocks no r th  o f  the Denal i  f a u l t  e s p e c i a l l y  the  p h y l l i t e s ,  s la tes ,  and 
o t h e r  dark arg i l laceous rocks, a re  a l l  r e l a t i v e l y  enr iched i n  z inc .  Hence, sediments 
f rom streams d ra in ing  t h i s  area a r e  p r i m a r i l y  responsib le f o r  t he  165 ppm z i n c  mode. 
South o f  the Denali f a u l t  the  sedimentary rocks conta in  much less  z i n c  as compared t o  
those n o r t h  o f  the f a u l t ,  bu t  taken as a whole, they are  enr iched r e l a t i v e  t o  the c r u s t a l  
average because o f  the l o c a l l y  abundant a r g i l l i t e s .  

Background o r  th resho ld  values f o r  the fou r  elements, based on the  frequency d i s -  
t r i b u t i o n  graphs, are: copper, 150 ppm; z inc ,  300 ppm; lead, 50 ppm; and molybdenum, 
7 ppm. For copper, lead, and molybdenum, the r i g h t  hand o r  h i g h  concent ra t ion  base of  
the s i n g l e  mode curve i s  used f o r  a thresh01 d value which, i n  general ,  i s  between two 
t o  th ree  times the concent ra t ion  o f  the mode. I n  the case o f  z inc ,  poss ib l y  two th res-  
h o l d  values should be used, one f o r  the  area no r th  o f  the Denal i  f a u l t ,  and the o the r  
f o r  the area south o f  the f a u l t ,  bu t  f o r  the sake o f  s i m p l i c i t y ,  o n l y  the  h igher  z i n c  
value o f  300 ppm i s  considered. I t  should be kept i n  mind, however, t h a t  some o f  the 
z i n c  values i n  the range o f  150 t o  300 ppm i n  the area south o f  the f a u l t ,  may represent 
moderate anomalies. 

One o f  the st rongest  geochemical anomalies i n  the map area i s  n o r t h  o f  the Denali 
f a u l t  i n  an area drained by two t r i b u t a r i e s  o f  Lost Creek. Sediments from these streams 
(samples 54 and 55,  t ab le  4) show as much as a ten - fo ld  enrichment i n  z i n c  (3,200 ppm) 
together  w i t h  moderately anomalous copper and molybdenum. Four m i l e s  downstream i n  Lost 



Table 4. Copper, z i n c ,  lead,  and molybdenum content o f  stream sediments I n  the upper 
Slana-Mentasta Pass area.  

Concen t r a  t l on (ppm) F i e l d  Test 
Map No. F i e l d  - No. Copper Zinc Lead Mo l ~bdenum .- ---- - (ml o f  dye) 



Tab le  4. Continued 

Concen t ra t ion (ppm) F i e l d  Tes t  
Map No. F i e l d  No. Copper Z i n c  Lead Mo1 ybdenum (mi of dye) 



Table 4 .  Continued 

Concen t ra  t ion (ppm) -- F i e l d  Test  
Map No. F i e l d  No. Copper Zinc Lead Molybdenum l m l  o f  dye) 

1 /  Underl ined map number indicates anomalous sample. - 
A l l  analyses on d r i e d  -80 mesh f r a c t i o n  by Rocky Mountain Geochemical Laborator ies 
S a l t  Lake C i t y ,  Utah. 



Creek the sediments a r e  s t i  l l anomaious w i t h  375 ppm z i n c  (sample 57, t a b l e  4). The 
two anomalous t r i b u t a r i e s  a r e  f as t - r unn ing  streams, 3-5 f e e t  wide and up t o  1 f o o t  deep, 
w i t h  a t o t a l  d ra inage  area o f  about 1 square mi l e .  The wate r  i n  the streams has a 
ye l lowish-murky appearance and the stream bed i s  coated w i t h  conspicuous reddish-brown 
i r o n  ox ides .  T h i s  anomaly, a l thouqh exceeding ly  s t r ong ,  cou ld  be due t o  a r e l a t i v e l y  
h i g h  z i n c  background i n  t he  p h y l l i t i c  and s l a t e y  hos t  rocks i n  the dra inage area. 

Other anomalies o f  t h i s  same type and o f  ques t i onab le  s i g n i f i c a n c e  occur  n o r t h  o f  
G i l l e t t  Pass (samples 29 and 30, t a b l e  4 ) ,  on upper S t a t i o n  Creek (sample 68 and 74, 
t a b l e  4 ) ,  and on Snowshoe Creek (sample 81, t a b l e  4 ) .  A1  1 o f  these a re  c h a r a c t e r i z e d  
by moderate t o  s t r o n g  z i n c  enr ichment.  Saniple 30, which i s  f rom a seep i n  t he  g l a c i a l  
stream f l a t s  below sample 29, i s  a l so  h i g h  i n  molybdenum. Copper i n  moderate amounts i s  
present  i n  samples 29 and 74. 

None o f  the  copper anomalies detected sou th  o f  the  Denal i  f a u l t  c o n t a i n  more than 
215 ppm copper. Most o f  these weak t o  moderate anomalies appear t o  d r a i n  a l t e r e d  areas 
(samples 12, 13) o r  t he  Slana b a s a l t  (samples 5, 43,  46, and 98) .  Anomalous samples 12, 
13, and 98 have been d iscussed p r e v i o u s l y  i n  the s e c t i o n  on d e s c r i p t i o n  o f  depos i t s  
( l o c a l i t i e s  2 and 3) :  

Only one s t ream c o n t a i n i n g  anomalous lead  (sample 6,  100 ppm) was de tec ted  i n  t h e  
area. The stream, a smal l  t r i b u t a r y  o f  Jack Creek, d r a i n s  the Slana basa l t - Jack  l ime -  
s tone con tac t .  Th i s  cou ld  p o s s i b l y  i n d i c a t e  l ead  m i n e r a l i z a t i o n  a long the con tac t .  

ECONOMIC CONCLUSIONS AND RECOMMENDATIONS 

The upper Slana-Mentasta Pass area war ran ts  e x p l o r a t i o n  and p rospec t i ng  f o r  a 
v a r i e t y  o f  m e t a l l i c  and n o n m e t a l l i c  minera ls .  Th i s  o p t i m i s t i c  ou t l ook  f o r  the  a rea  i s  
based on the  presence o f  (1)  f avo rab le  hos t  rocks f o r  the  d e p o s i t i o n o f  economic m ine ra l s ,  
(2)  a number of  i n t r u s i v e s  ranging i n  compos i t ion  f rom a c i d  t o  u l t r a m a f i c ,  ( 3 )  s t r o n g  
s t r u c t u r e s ,  and (4)  s c a t t e r e d  rninera I occurrences and hydrotherma 1 a l t e r a t i o n  area. 

The. two most p rom is i ng  f ea tu res  o f  p o s s i b l e  economic s i gni f icance i n  the  area a r e  
the s c a t t e r e d  copper occurrences i n  the upper p a r t  of the  Slana b a s a l t  and the  l o c a l  
h i gh  z i n c  s t ream sediment anomalies n o r t h  o f  the  Denal i  f a u l t .  The s i m i l a r i t y  i n  h o s t  
rock, rock  a l t e r a t i o n ,  and type and h a b i t  o f  m inera logy  between the copper occurrences 
i n  the Slana b a s a l t  and the no r the rn  Michigan copper depos i t s  j u s t i f i e s  con t i nued  search 
f o r  concen t ra t i ons  o f  copper m inera ls  i n  the  area. P a r t i c u l a r  a t t e n t i o n  should be g i ven  
the area o f  s c a t t e r e d  copper m i n e r a l i z a t i o n  eas t  o f  Mentasta Lodge ( l o c a l i t y  3 ) ,  weak 
anomalies 5, 12, and 13, and areas where the Slana b a s a l t  i s  poo r l y  exposed. 

The c o n t a c t  between the  Slana b a s a l t  and o v e r l y i n q  Jack l imestone, e s p e c i a l l y  i n  
the neighborhood o f  i n t r u s i v e  rocks, should be t ho rough l y  prospected. Th is  c o n t a c t  may 
prove t o  be c o r r e l a t i v e  t o  the N i k o l a i  g reens tone-Ch i t i s tone  l imestone con tac t ,  wh ich  
i n  the sou thern  Wrangel 1 Mountains has been a f a v o r a b l e  zone f o r  the depos i t i o n  o f  r i c h  
massive copper s u l f i d e  minera ls .  I n  the map area, a suggest ion o f  t h i s  type o f  m i n e r a l i -  
z a t i o n  was seen i n  a p i e c e  o f  s u l f i d e  f l o a t  found below the basa l t - l imes tone  c o n t a c t  a t  
l o c a l i t y  4.  

The ex t reme ly  h i g h  s t ream sediment z i n c  anomalies a t  the headwaters o f  L o s t  Creek 
(samples 54 and 55) and on the n o r t h  s i d e  o f  G i l  l e t t  Pass (samples 29 and 30) shou ld  
be i n v e s t i g a t e d  f u r t h e r .  As mentioned e a r l i e r  these anomalies may be due e n t i r e l y  t o  
a h i g h  z i n c  con ten t  i n  the p h y l l i t e  and s l a t e  coun t r y  rock  and n o t  s i g n i f i c a n t ,  b u t  t he  



p o s s i b i l i t y  o f  a mineral deposi t  should not be ru l ed  out. With the zinc, which runs as 
h igh as 0.32% i n  the stream sediments i n  sample 54, are anomalous amounts o f  copper and 
molybdenum. The drainages o f  a l l  these anomalous streams are r e l a t i v e l y  small and above 
timber l i n e  and should be e a s i l y  prospected. 

Also o f  i n t e res t  I n  the area i s  the chromite-bearing dun i te  body i n  G i l l e t t  Pass 
and the  nephr i te  occurrence i n  Mentasta Pass. Although no massive chromite was observed 
i n  the duni te dur ing t h i s  invest igat ion,  the p o s s i b i l l t y  o f  economic concentrations o f  
t h i s  mineral should not  be overlooked and a careful  examination o f  the duni te i s  rec- 
ommended. The nephr i te  occurrence may prove t o  contain mater ia l  su i tab le  f o r  the semi- 
precious gem and stone industry.  
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F i g u r e  3, Frequency  d~sfr ibut ion g r a p h s  f o r  c o p p e r ,  lead z inc and molybdenum in  the 
upper S lana -  Mentasta Pass area,  Alaska.  ~ e r t t c a / o r r o w  denotes crustolaveroge 
after Taylor ( 1 9 6 4 ) .  


