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GEOLOGICAL AND ,330CI1EMICXL I>AESTIGATIONS ??EAR PAXSON, 

NORTHERY COPPER RIVER BASIN,  .YXASKA 

By .Arthur W. Rose and Robert H. Saunders 

INTRODUCTION 

The a rea  covered by t h i s  r epor t  i s  i n  sou thcen t ra l  Alaska along t h e  
Richardson and Denali  Bigl~rclays, which jo in  a t  Paxson ( f i g u r e  1). I n t e r e s t  
i n  the  area was generated by two copper showings near Paxson and o t h e r s  t o  
t h e  west i n  s i m i l a r  l i t h o i o g y ,  p lus  seve ra l  g r a n i t i c  i n t r u s i v e s  south and 
southwest of Pwson. The purpose of t h i s  p r o j e c t  w a s  t o  vlsit and desc r ibe  
the  known copper showings, map the geoloqy of the  a r e a  surrcunding t h e  
showings and the  granitic i n t r u s i v e s ,  and z g l l e c t  .:trcan. sediment sampins 
f o r  geochemical a n a l y s i s  from as much of the r e s l c n  as ?ossi>le.  

The mapping and sampling were ca r r i ed  o u t  maicly durlng June and 
Zuly 1964 by t h e  w r i t e r s  a s s i s t e d  by Walter P h i l l i p s .  Y ? .  Saunders is  
responsible  f o r  stream sediment sampling i n  t h e  Amphitheatre 14ountains 
northwest of the  Denali  Highway, along t h e  Richardson Highway, and i n  t h e  
western p a r t  of  t h e  Twelvemile Creek drainage. Most of t h e  remaining 
stream sediment sampling was done by P h i l l i p s ,  Gordon Herrei?,  g e o l o g i s t ,  
and a s s i s t a n t  Michael Mi tchel l  spent t h r e e  days mapping and sampling i n  t h e  
l~leier area along with Rose and P h i l l i p s .  

Rock outcrops a r e  very poor up t o  an e l e v a t i o n  of about 3500 f e e t ,  t h e  
upper l i m i t  of t h i c k  brush cover. Above 3500 f e e t ,  outcrops,  t a l u s ,  and 
f ros t - r iven  blocks c l o s e  t o  outcrop a re  r e l a t i v e l y  abundant, Sut  an almost 
compiete cover of l i c h e n s  obscures the cha rac te r  of the  rocks and s t r u c t u r a l  
r e l a t ionsh ips ,  so t h a t  very few determinat ions of con tac t  r e l a t i o n s ,  
a t t i t u d e s  and o t h e r  s t r u c t u r e s  and t e x t u r e s  have been made, 

Previous geologic  work i n  the  a rea  h a s  been done by Moffit (1912,  
1954). He recognized t h r e e  geologic u n i t s  i n  t h e  a rea ,  A u n i t  of greenston 
s c h i s t ,  and l imestone, p l u s  b a s i c  and d i o r i t i c  i n t r u s i v e s ,  was mapped 
extending westward from ~ h e  south end of Paxson Lake, An age of Carbonifero 
o r  o lder  was assigned t o  these  rocks. The second u n i t  of "arnygdaloidal lava 
flows, diabase,  and b a s a l t ,  " a l s o  t rending east-west,  was shown pass ing  
through the  north end of  Paxson Lake and t h e  south end of Summit Lake, Thes 
rocks were t e n t a t i v e l y  assigned t o  the  Permian and T r i a s s i c ,  H i s  t h i r d  
u n i t  consisted of g r a n i t i c  i n t r u s i v e s  of Mesozoic age, one i n  the  Meier 
a rea  and another on F l a t  Top Mountain. 



Andreasan and o t h e r s  (1964) ,  i n  a  r epor t  on an aeromagnetic and g r a v i t y  
;zr7Jey of the  C o ~ p e r  River Basin, recognize the  same geologic  u n i t s  a s  Moffi 
5x0 ;how a few add i t iona l  outcrops.  The magnetic map c l e a r l y  shows the  e a s t  
, t , ~ s t  t rend of the rocks v e s t  of t h e  Richardson Highway and suggests  t h a t  
z c l z t i v e l y  nonmagnetic rocks (sediment?) a re  p resen t  between the  bands of 
r o a e r a t e l y  t o  highly magnecic greenstone t h a t  a r e  e-xposed i n  t h e  t4eier and 
Flogan H i l l  a reas ,  

VOLCANIC AND SEDI1,ENTARY ROCKS 

This grow- includes much of  the  Carboniferous ( ?)  greenstone, s c h i s t ,  
anc5 limestone u n i t  of ! ?o f f i t  (1954). E.qosures of  t h i s  group were mapped i n  
khe ::eier, Hogan H i l l  and Twelvemile Creel: a reas  ( f i g u r e s  2 ,  3 ,  and 4).  The 
roc!:  i s  t y ~ ~ i c a l l y .  ~ e .  LO darlr r r een  o r  ~ r a y i s h  green, and has  f a i r  t o  goo 
f c l i - r l o n .  Yost s rec inens  a r c  fine-grained, but  a few a r e  medium-grained. 
12 the !.leier area,  nost c::rosures c o n s i s t  of g reensch i s t s ,  composed mainly o - 7 a ~ ~ i z e ,  chlori", er idote  and c a l c i t e  along with minor q u a r t z  and sphene. 
;m,-liibolites c r  cs ido te  a - r h i b o l i t e s  a re  e::yosed i n  t h e  Zogan 2511 and Twelv 
rnile Creek arcas .  These rocks conta in  sodic  andesine and green hornblende 
along with minor amounts cf e ~ i d o t c ,  carbonate, qua r t z ,  c h l o r i t e ,  magnetite, 
a d  c:-hene. In  the Hoqan H i l l  an6 :icier areas ,  a  few v e s i c u l a r  zones are 
v i s i b l e  i n  the rocks, and i n  a l l  t h ree  areas ,  t h e  c o m ~ o s i t i o n  and massive 
zaturc of nor;: c::yosurcs indicate:  t h a t  the  parent  rocks were mainly rnafic 
voicanic  f lows,  although some s i l l s  and dikes may 5e presen t .  However, qray 
wacl:e iz :-resent i n  ou~cro:-s  on the  highway near Meier, anc' t h i n  q u a r t z i t e  
bed, ??ere seen near :Icier and on Hogan H i l l .  Thinly interbanded l ight -color  
car3onate-r ic3 rocks and tiark-co1c::cd hornblende-rich rock were seen i o c a l l y  
c e n  1 These bandec rock:, ~l 'nich pay have o r i g i n a t e s  a s  limy t u f f s ,  
ccnzain a b u n < a ~ r  rnagnzii ~ 2 .  

The greencchis t  anG m < h i b o l i t e  a r e  e::;o::eci n a i n l y  i n  a reas  of high 
na?net ic  in tenx i ty  on t h e  aeromagnztic mar of F.nclreason e t  a 1  (1964). 
:Iagnerrite i s  - resent  i n  all the  greenschis t  anpj a m ~ h i b o l i t e  s-ecinens, mallin 
these rccks a  reasonable rource f o r  the  b e l t l i k e  p s i t i v e  magnetic anomalies 
The minor arr,ount: c5 scdinents  found i n  t h i s  study a r e  c o n s i s t e n t  with the 
sug2estion of Lnsreason c t  a1  (1964) t h a t  nonmagnetic sediments a re  ; resent  
i n  a t  l e a s t  zone of the  in tervening  covered zones of low magnetic i n t e n s i t y ,  
I-107,-ever, q r a n i t i c  t o  d i o r i t i c  igneous roc!:s nay a l s o  be r e s ~ o n s i b l e  f o r  some 
of t h e  mqgnetic lows. 

The age cf the r a r e n t  rocks 02 t he  g reensch i s t  and a m ~ h i b o l i t e  remains 
uncertain.  The l i fho logy  bea r s  Zome s i m i l a r i t y  t o  a n d e s i t i c  volcanics ,  gray 
eracl:es, and irnrure l imestones of  T:!iszissip~ian and Pennsylvanian age descr ik  
by Xanson (1963) i n  t h e  Alaska Range, bu t  t h i s  c o r r e l a t i o n  must be considere 
syecula t ive ,  as i s  the  age of metamorrhism. 



Pre -Tr iass i c (? )  greenstone and andes i t e  (g) 

A v a r i e t y  of f ine -  t o  medium-grained mafic igneous rocks form the  countr 
rock i n  t h e  .northern p a r t  of t h e  Heier: a rea ,  and poss ib ly  on t h e  northern s i d  
of Twelvemile Creek i n  the  P l a t  Top Nountain area  ( f i g u r e s  3 ,  4, and 5 ) .  
These rocks d i f f e r  from t h e  g r e e n s c h i s t  and arnphibolite mainly by a lack  of 
f o l i a t i o n ,  o r  by weak f o l i a t i o n .  They a l s o  tend t o  be coarser-grained than 
t h e  g reensch i s t  and m ~ h i b o l i t e ,  al though exceptions a r e  n o t  uncommon. The 
most common v a r i e t y  is  a dark green t o  gray-green rock t h a t  con ta ins  a  few 
percent  p lag ioc lase  phenocrysts a s  much a s  2 mrn i n  diameter i n  a  mat r ix  of 
f ine-grained ( l e s s  than 0.5 mm) ~ l a g i o c l a s e  and mafic minerals .  The pro- 
por t ion  of n a f i c  minerals i s  t y p i c a l l y  a t h i r d  t o  a h a l f .  Some specimens a r e  
a l t e r e d  t o  c h l o r i t e ,  epidote ,  a c t i n o l i t e ,  a l b i t e ,  and carbonate,  b u t  o t h e r s  
a r e  apparent ly  unal tered,  The o r i g i n  of these  rocks i s  n o t  c l e a r .  No 
v e s i c l e s ,  flow tops or  o the r  i n d i c a t i o n s  of an ex t rus ive  o r i g i n  were seen, 
b u t  t h e  g r a i n  s i z e  i s  f i n e r  than normal p lu ton ic  rocks. Poss ib ly  both t h i c k  
flows and hypabyssal i n t r u s i v e s  a r e  s r e s e n t .  I n  seve ra l  exposures,  these  
rocks have been intruded by coa r se r ,  l ighter-colored d i o r i t e  (group A ) .  

A n  exposure of d a c i t e  porphyry with an aphani t ic  green groundmass was 
found east o f  Meier. The d a c i t e  p o r ~ h y r y  i s  included wi th  t h i s  group because 
of i t s  l o c a t i o n  with o the r  rocks of  t h e  group, txRmay belong wi th  t h e  b a s a l t ,  
andes i t e ,  and d a c i t e  i n t r u s i v e s  of  F l a t  Top blountain. 

The age of  the greenstone and andes i t e  i s  not  c l e a r ,  They may be (1) 
p a r t  of  t h e  g reensch i s t - am~hibo l i t e  sequence t h a t  has  undergone l e s s  in- 
t e n s e  metamor~hism, ( 2 )  a  post-metamorphic bu t  pre-Tr iass ic  group of 
e x t r u s i v e s  and shallow i n t r u s i v e s ,  o r  ( 3 )  a  basa l  p a r t  of t h e  Amphitheatre 
b a s a l t  descr ibed below. 

Permian(?) s l a t e ,  q u a r t z i t e ,  r h y o l i t e  and andes i te  (Ps, Pv) 

Weakly t o  moderately f o l i a t e d  s l a t e ,  q u a r t z i t e ,  r h y o l i t e ,  andes i te ,  and 
minor l imestone a r e  e ~ o s e d  on Fish Creel; below Lower Fish  Lake ( f i g u r e  7 ) .  
These rocks a r e  intruded by a v a r i e t y  of andes i te  o r  b a s a l t  dikes, and a re  
o v e r l a i n  with a ~ r a r e n t  conformity by Arn~hi thea t re  b a s a l t  flows of  T r i a s s i c  
age. 

The  lowest rocks of t h i s  group are exposed i n  a  s m a l l  g u l l y  on t h e  north 
s i d e  of F ish  Creek. They c o n s i s t  o f  south-dipping q u a r t z i t e ,  sandstone and 
minor l imestone. The arenaceous rocks a r e  considerably i ron-stained and 
s e r i c i t i z e d ,  and as a r e s u l t  t h e  c h a r a c t e r i s t i c s  of the p a r e n t  rock a r e  not  
very c l e a r ,  One l imonite-stained shear  zone about 1G f e e t  wide was noted i n  
t h i s  i n t e r v a l ,  and it seems l i k e l y  t h a t  an i n t r u s i v e  body i s  p r e s e n t  nearby. 
In  t h e  lower p a r t  of the  g u l l y  and on t h e  opposi te  s lope  of F ish  Creek, a  
t h i c k  sequence of black s l a t y  a r g i l l i t e  and s l a t e  i s  exposed, Abundant f i n e  
p y r i t e  i s  p resen t  i n  some o f  t h e  s l a t e ,  and severa l  mafic d i k e s  were seen. A1 
l e a s t  2000 f e e t  of s l a t e  i s   resent. 

-3- 



About 1/3 mi le  south of Fish Creek, a u n i t  cf southerly-digping weakly- 
f o l i a t e d  c h l o r i t i z e d  r h y o l i t e  and massive dark andes i te  a r e  exposed i n  a 
s m a l l  drainage and i n  t h e  f l a t  a reas  a t  t h e  head of t h e  drainage,  F o l i a t i o n  
and banding i n  these  rocks a re  p a r a l l e l  r o  t h e  a t t i t u d e  of t h e  underlying 
s l a t e .  N e a r  the top  of  t h e  volcanics  i s  a zone about 50 f e e t  t h i c k  of th in -  
bedded l i n e s t o n e ,  separated from t h e  volcanics  by a d i o r i t e  s i l l .  

The rocks of  t h i s  grouF a re  t e n t a t i v e l y  considered as Permian, based 
mainly on c o r r e l a t i o n  of the  black s l a t e  wi th  s imi la r  black s h a l e s  i n  t h e  
Permian Mankomen formation (Mendenhall, 1905, Rose, 1965), p l u s  t h e  s t r a t i -  
graphic  r e l a t i o n  t o  mafic flows t e r t i t i v e l y  considered a s  T r i a s s i c ,  However, 
the  rocks i n  ques t ion  could a l so  be a b a s a l  p a r t  of the  T r i a s s i c  sequence, 
o r  an o l d e r   art of  t h e  Paleozoic, 

T r i a s s i c  Amphitheatre b a s a l t  (TRa) 

An east-west b e l t  of weakly a l t e r e d  mafic volcanic  rocks p l u s  minor 
amounts of o t h e r  rock types forms most of the Amphitheatre Mountains i n  t h e  
northwestern p a r t  of the  Copper River Basin (Moff it, 1912, Chapin, 1918 ) . 
This b e l t  of volcanics  i s  known t o  extend from t h e  Gakona River westward ' t o  
the Susi tna  River,  a d i s t ance  of nea r ly  100 miles ,  and t h e  rocks may be 
p resen t  f a r t h e r  t o  t h e  e a s t ,  The name h ~ h i t h e a t r e  b a s a l t  i s  h e r e  used f o r  
t h i s  grour: of rocks.  They have previous ly  been described a s  "undi f ferent ia tc  

. amygdaloidal l a v a  flows, diabase and b a s a l t ,  with i n t e r c a l a t e d  t u f  faceous ant 
shaly beds" (&Ioff it, 1954). 

I n  t h e  a r e a  mapsed, the  Amphitheatre b a s a l t  i s  exposed on Paxson Mounta 
and on h i l l s  t o  t h e  e a s t ,  nor theas t ,  and northwest ( f i g u r e s  6, 7, and 8 ) .  I 
was a l s o  examined i n  t h e  southern e art of t h e  Rainy Creek a r e a  about 20 m i l e  
north of Paxson Mountain (Rose, 1965). The rock i n  the  Paxson a r e a  i s  mostk 
a dark green massive f ine-grained basalt conta in ing  a few , - lag ioc lase  
shenocrysts .  Some of the b a s a l t  con ta ins  hornblende phenocrysts.  Sparse 
v e s i c l e s  and amygdules com~osed of ep ido te ,  c h l o r i t e ,  c a l c i t e ,  and o t h e r  
minerals are p resen t  i n  many l o c a l i t i e s .  Vesicular  zones, some of which a r e  
reddish-brown i n  co lo r ,  a r e  ?resumed t o  be f l o w  tops  and are most abundant 
on the  nor th  and northwestern s i d e s  of Paxson Mountain. Although ind iv idua l  
u n i t s  a r e  r a r e l y  d i s c e r n i b l e ,  most of t h e  b a s a l t  i s  bel ieved t o  occur  a s  
flows, Some flow-breccias and agglomerates, a s  wel l  a s  shallow i n t r u s i v e s ,  
are a l s o  probably :resent bu t  t h e  complete coa t ing  of l i c h e n s  on outcrops  
nakes d i s t i n c t i o n s  of t h i s  type very d i f f i c u l t ,  No sedimentary u n i t s  w e r e  
found , 

I n  t h i n  sec t ion ,  the  l e a s t  a l t e r e d  specimens c o n s i s t  of ~ o r p h y r i t i c  
b a s a l t  comrosed o f  sparse  p lagioc lase  phenocrysts  i n  a matr ix  of p l a g i o c l a s e  
and aug i t e  wi th  an in te rg ranu la r  te::ture. I n  a l l  s ~ e c i m e n s  examined micros- 
copica l ly ,  t h e  p lag ioc lase  i s  a l b i t e ,  even when t h e  aug i t e  i s  completely 
unalterec?. Most samples contain moderate amounts of e s i d o t e  and v a r i a b l e  



amounts of c a l c i t e  which may have formed from calcium re leased  y a l b i t i z a t i o  
C h l o r i t e  i s  t h e  most common rninerz.1 i n  the  amy~dules ,  b u t  c a l c i z e ,  epidote ,  
and quar t z  were a l s o  notsd, I n  t h e  more h ighly  a l t e r e d  s a m ~ l e s ,  t h e  aug i t e  
i s  a l t e r e d  t o  a c t i n o l i t e ,  c h l o r i t e ,  and/or epidote.  A few patches  of c h l o r i t  
may have developed from o l i v i n e .  

The s t r a t i g r a p h i c  r e l a t i o n s  a.nd ce t rographic  c h a r a c t e r  of t h e  Amphi- 
t h e a t r e  b a s a l t  suggest T r i a s s i c  age, I n  t h e  Valdez Creek a r e a  (Ross, 1933), 
the  b a s a l t  i s  over l a in  by T r i a s s i c  sediments and conta ins  interbedded lime- 
s tone  wi th  T r i a s s i c  f o s s i l s .  Near t h e  mouth of Eureka Creek t h e  b a s a l t  
o v e r l i e s  Permian roc1:s (Rose, 1965), and a s  mentioned ~ r e v i o u s l y ,  it a l s o  
o v e r l i e s  presumed Permian rocks on Fish  Creek, The petrography i s  very s i m i l  
t o  the  Yikolai  greenstone on t h e  southern s ide  of t h e  Wrangell Plountains 
(F4off it, 1938, MacKevett, 1964a), where a T r i a s s i c  age has been demonstrated. 
Assuning t h a t  t h e  few a t t i t u d e s  obtained a r e  r ep resen ta t ive ,  t h e  b a s a l t  i s  a t  
l e a s t  2000 f e e t  thicl: on the  n o r t h e a s t  s i d e  of Paxson Mountain. Sec t iorsof  
3500 f e e t  and r.ore. have been repor ted  i n  o the r  a reas  (Chapin, 1918) .  

P le i s tocene  and Recent depos i t s  - 

Severa l  hundred f e e t  of g rave l  and sand of  resumed P le i s tocene  age a re  
exposed along Paxson, S ~ m m i t ,  and F ie ld ing  Lakes and on t h e  Gulkana River 
above Paxson. Super f i c i a l  examination suggests t h a t  t h i s  g r a v e l  o r ig ina ted  
as outwash from g l a c i e r s  i n  t h e  Alaska Range during t h e  l a t e  P le is tocene .  
G l a c i a l  d r i f t  covers much of t h e  lower p a r t s  of the  area.  I n  genera l ,  out-  
crops on t h e  lower h i l l s  a r e  r e s t r i c t e d  t o  t h e  northern o r  nor theas te rn  s ides  
of t h e  h i l l s ,  with d r i f t  cover elsewhere. A d iscuss ion  of t h e  Ple is tocene  
h i s t o r y  of  t h e  a rea  i s  given by PAW& (1961). 

INTRUSIVE ROCKS 

Gabbro, d i o r i t e ,  and quar tz  d i o r i t e  i n  t h e  Meier and Twelvemile Creek Areas 
( A l .  A 2  1 

Medium-grainqd d i o r i t e  and q u a r t z  d i o r i t e  ( A l )  a r e  p r e s e n t  i n  t h e  Meier 
a r e a  and on t h e  north s i d e  of  Twelvemile Creek ( f i g u r e s  3 and 4 ) .  Sample 
4AR38 (Table 1) i s  t y p i c a l  of these  roclcs, Augite i s  t h e  dominant mafic 
mineral  i n  most samples, b u t  hornblende appears t o  be common i n  some. I n  t h e  
Neier a reas ,  t h e  d i o r i t e  i s  c l e a r l y  i n t r u s i v e  i n t o  g r e e n s c h i s t  and greenstone 
North of Tsvelvemile Creek, t h e  r e l a t i o n s  a r e  l e s s  c l e a r .  D i k e s  of andes i te  
(group F?) c u t  t h e  d i o r i t e ,  b u t  andes i t e  ( u n i t  g?)  a l s o  occurs  a s  inc lus ions  
i n  t h e  medium-grained d i o r i t e ,  The l a r g e  exposure of andes i t e  west of t h e  
d i o r i t e  i s  t e n t a t i v e l y  considered t o  be o l d e r  than t h e  d i o r i t e ,  b u t  t h e  
con tac t s  between the  two rocks could n o t  be i n t e r p r e t e d  wi th  c e r t a i n t y ,  and 
t h i s  andes i t e  Kay be ; a r t  of i n t r u s i v e  group F. 



Coarse-grained to  ~ e g m a t i e i c  d i o r i t e  o r  gabbro ( A 2 )  I s  c r e ~ e n t  i n  t h e  
Meier a rea ,  and some of t h e  d i o r i t e  nor th  o f  Twelvemiie Creek i s  l o c a l l y  
coarse-grained o r  has  d iabas ic  t e x t u r e  similar t o  the  coarse d i o r i t e .  The 
most ex tens ive  outcrops of t h i s  rock type a r e  on the  r idge a mi le  o r  two 
north-west of  Meier Lake, The coarse-grained d i o r i t e  i s  composed of euhedral 
t a b l e t s  of  ~ l a g i o c l a s e  separated by hornblende, o r  i n  some cases ,  coarse  
euhedral ~ r i s n s  of hornblende and subhedral p lagioc lase  separated by coarse  
i n t e r s t i &  g r a i n s  of hornblende and ~ l a g i o c l a s e ,  I n  the  specimen examined 
i n  t h i n  s e c t i o n  (4H16), p lagioc lase  i s  a l t e r e d  t o  a l b i t e  and ep ido te ,  and 
t he  hornblende is  p a r t l y  a l t e red  t o  a c t i n o l i t e ,  The stumpy o u t l i n e  of  t h e  
hornblende suggests  t h a t  it may have developed from augi te ,  b u t  no t r a c e  of  
augi te  can be seen. The coarse-grained d i o r i t e  in t rudes  both g r e e n s c h i s t  (ga 
and unfo l i a t ed  andes i t e  ( g )  near Neier. The coarse-grained d i o r i t e  is  n o t  
f o l i a t e d ,  except  i n  a few outcrops ad jacen t  t o  t h e  gne i s s i c  g r a n o d i o r i t e  a t  
Meier. The f o l i a t i o n  i n  t h i s  l o c a l i t y  is  bel ieved t o  be t h e  r e s u l t  of l o c a l  
deformation of t h e  country rock by i n t r u s i o n  of t h e  g ranod io r i t e .  

The gabbro, d i o r i t e ,  and quar t z  d i o r i t e  a r e  s imi la r  t o  gabbro and 
d i o r i t e  i n  t h e  Arnphitheatre Ivlountains (group C) and may have a T r i a s s i c  o r  
l a t e r  age, I f  t h i s  t e n t a t i v e  c o r r e l a t i o n  i s  incor rec t ,  group A may be 
Devonian t o  T r i a s s i c  i n  age a s  suggested by Moffit  (1954)- 

. Hornblende andes i t e  and coarse gabbro i n  t h e  Paxson Mountain a r e a  !B1, ~ 2 )  

Two small  plugs of coarse-grained gabbro ( ~ 1 )  were found on Paxson 
Mountain. A t h i n  sec t ion  shows coarse  a u g i t e  and a l b i t e ,  along wi th  s m a l l  
amounts o f  var ious  a l t e r a t i o n  products .  

Numerous narrow (1-10 f e e t  wide) d i k e s  of  l ight-colored andes i t e  (B2) 
containing long ~ r i s n a t i c  c r y s t a l s  of hornblende were rapped on Paxson Mountz 
( f i g u r e  7 and 8 ) .  A t h i n  sec t ion  of t h e  andes i t e  d i s c l o s e s  about 10% horn- 
blende i n  a matr ix  of f i n e  lath-shaped p l a g i o c l a s e  accompanied by 5% quar tz .  

The gabbro i s  considered as  an i n t r u s i v e  phase of the  Amphitheatre basa l  
and the  andez i t e  may be a r e l a t i v e l y  l e u c o c r a t i c  d i f f e r e n t i a t e ,  

Gabbro and d i o r i t e  of t h e  Amhi thea t re  14ountains (C) - 
The upper p a r t  of  the  h i l l  northwest o f  Mile 8 on t h e  ~ e n a l i  Highway 

and south of F ie ld ing  Lake i s  com~osed of  gabbro and d i o r i t e  of  v a r i a b l e  
t ex tu re  and composition ( f i g u r e  8). The t y p i c a l  rock i s  medium-grained and 
medium gray i n  c o l o r ,  Crys ta ls  of  ~ l a g i o c l a s e  and augi te  a r e  v i s i b l e ,  i n  
some cases  wi th  a d iabas ic  t e x t u r e  b u t  u s u a l l y  with g r a n i t i c  t e x t u r e .  Sample 
4AP.174 i n  Table 1 gives  t h e  mineralogical  composition of a r e l a t i v e l y  dark 
phase of t h i s  i n t r u s i v e .  The co lo r  index ranges from about 40 t o  60. I n  
addi t ion,  p ieces  of mafic-rich gabbro o r  pyroxeni te  containing small  amounts 



of chalcopyri te  were found a s  f l o a c  on t h e  sou theas t  s i d e  of the h i l l ,  b u t  
could not be found i n   lace and may have been c a r r i e d  i n  by z l a c i e r s  from t k  
north.  However, Mof Z i t  (1912 ) r e s o r t s  p e r i d o t i t e  " i n  the Tangle Lakes 
v i c i n i t y " .  

The gabbro a n d d i o r i t e  a r e  c l e a r l y  T r i a s s i c  o r  younger, and a r e  t e n t a -  
t i v e l y  considered a s  plutonic represen ta t ives  o f  t h e  sane magmatic episode 
t h a t  formed the  T r i a s s i c  Amphitheatre b a s a l t  flows. 

Gabbro, d i o r i t e  and g ranod io r i t e  of F l a t  Top Mountain (Dl, D2, D3, ~ 4 )  

A v a r i e t y  of b a s i c  and intermediate  rocks i s  exposed on F l a t  Top Mountz 
( f igure  5 ) .  Some of t h e s e  rocks have s i m i l a r i t i e s  t o  rocks discussed i n  otk 
grouys, bu t  o t h e r s  do no t ;  however, it seems s imples t  t o  d i scuss  a l l  a s  a 
geographic grouc . 

The most mafic-rich members ( D l )  were found along the  west s i d e  of  t h e  
southern p a r t  of F l a t  TOF Mountain. These rocks a r e  gabbros conta in ing  50 
t o  70 ~ e r c e n t  n a f i c  minerals ,  nos t ly  hornblende, along with p lag ioc lase .  
Grain s i z e  v a r i e s  from f i n e  t o  m e d i u m .  I n  s e v e r a l  cases ,  a Toor f o l i a t i o n  
was observed, 

The top of the southern ? a r t  of F l a t  Top Mountain and p a r t  of t h e  r i d s  
extending southeas t  from it are c o a ~ o s e d  of medium-grained quartz-bearing 
hornblende qabbro (D2) t y p i f i e d  by specimens 4AR223 and 4AR235, Plagioc lase  
and hornblende are t h e  major cons t i tuen t s ,  along with smaller amounts of  
quar tz  and b i o t i t e .  F o l i a t i o n  and banding were observed l o c a l l y  on t h e  r id5  
southeast  of t h e  ~ e a k ,  b u t  have no c o n s i s t e n t  a t t i t u d e .  Igneous b r e c c i a  
comyosed of dark f r a g m e n t s  i n  a l ight-colored d i o r i t i c  matrix was found i n  
severa l  l o c a t i o n s  i n  the saddle between t h e  two ~ e a k s  of F l a t  Top Mountain. 

The northern - a r t  of F l a t  Top Mountain i s  composed of b i o t i t e  grano- 
d i o r i t e  (D3, samsle 4AR231 i n  Table 1). T h i s  rock i s  l ight-colored and 
medium-grained and i s  shown on maps by Moff i t  (1912, 1954). I t  i s  s i m i l a r  
i n  composition t o  t h e  i n t r u s i v e s  a t  I4eier and Hogan H i l l ,  bu t  d i f f e r s  i n  
being f iner-grained and i n  lacking t h e  muscovite found i n  those two bodies ,  
This body was v i s i t e d  only  along i t s  southern margin b u t  appears q u i t e  
homogeneous i n  t h i s  area.  S l i g h t l y  coarser-grained granodior i te  was found 
southeast  of t h e  southern peak ( sec t ion  1 9 ) .  The g ranod io r i t e  l o c a l l y  
contains  o r thoc lase  phenocrysts as much a s  a h a l f  inch i n  length.  

Coarse-grained quar tz- r ich  g ranod io r i t e  (Dq) i s  p resen t  on t h e  southern 
most r idge  of F l a t  Top Mountain ( sec t ion  25). No t h i n  sec t ion  was made of  
t h i s  rock, b u t  an X-ray fluorescence a n a l y s i s  for K20 i n d i c a t e s  a potash 
fe ldspar  content  of about 10%. Numerous mafic  d i k e s  c u t  t h i s  body. 



Leucocrat ic  b i o t i t e  granoci ior i te  a t  Meier and Hogan H i l l  I E )  

Light-colored b i o t i t e  quar t z  d i o r i t e  and g r a n o d i o r i t e  i s  e q o s e d  i n  the 
Hogan H i l l  and 14eier a r e a s  ( f i g u r e s  2 and 3 ) .  Ninera logica l  c o m ~ o s i t i o n s  of  
t h e s e  rocks a r e  shown i n  Table 1 (samples 4AR19, 4AR44, and 4AR68). The 
margins of the b i o t i t e  g ranod io r i t e  a t  Meier a r e  s t r o n g l y  f o l i a t e d ,  b u t  the 
c e n t r a l  p a r t s  of t h e  body a r e  massive, and it i s  be l i eved  t h a t  t h e  f o l i a t i o ~  
i s  ~ r i m a r y  and developed by i n t r u s i o n  of t h e  c e n t r a l   art of t h e  mass while  
t h e  margins were l a r g e l y  ccnsol idated.  This  conclusion i s  a l s o  supported by 
t h e  f a c t  t h a t  narrow a p l i t e  d ikes  c u t  the  f o l i a t i o n  b u t  a r e  not  def lec ted  by 
it, The rocks i n  both a r e a s  a r e  medium t o  coarse-grained, and i n  add i t ion  
t o  t h e i r  s i m i l a r i t y  i n  genera l  composition, both con ta in  primary muscovite 
along with the  b i o t i t e .  The country rock adjacent  t o  both i n t r u s i v e s  h a s  
been not iceably metarrLor.chosed, and a t  Lleier cons iderable  c a t a c l a s t i c  deform- 
a t i o n  i s  evident near t h e  contac t .  

These i n t r u s f v e s  a r e  t e n t a t i v e l y  considered a s  J u r a s s i c  by c o r r e l a t i o n  
with muscovite-bioti te g ranod io r i t e  i n  the  e a s t e r n  Talkeetna Mountains 
(Grantz, e t  a l ,  1963). 

I n t r u s i v e  b a s a l t ,  andes i t e  and d a c i t e  of F l a t  Top Mountain a rea  (F) 

Porphyr i t ic  b a s a l t ,  andes i t e ,  and d a c i t e  a s  p lugs  and d ikes  in t rude  
gabbro and granodior i te  i n  t h e  southern p a r t  of t h e  F l a t  Top Mountain a r e a  
( f i g u r e  5 ) .  Some bodies  a r e  unal te red  and a r e  completely aphan i t i c  a t  
con tac t s  b u t  o ther  d i k e s  a r e  c h l o r i t i z e d  and sheared, The andes i te  
( labe led  g ? )  on the nor th  s i d e  of Twelvemile Creek, and t h e  d a c i t e  nor theas t  
of l ie ier  Lake nay be p a r t  of t h e  same group of rocl:s, b u t  a r e  included i n  thc 
o l d e r  group of andes i t e s  on a  geographic basis. 

The age of these  h y ~ a b y s s a l  i n t r u s i v e s  can be given only  a s  l a t e r  than 
t h e  gabbro and coarse g ranod io r i t e  of i n t r u s i v e  group D,  I f  grou? D is 
o l d e r  than A q h i t h e a t r e  basalt. the  h y ~ a b y s s a l  i n t r u s i v e s  may be co-magmatic 
with t h e  Am~hi thea t re  b a s a l t  magma, 

STRUCTURE 

F 7 e s t  of the Gulkana River,  t h e  aeromagnetic d a t a  p l u s  t h e  few observat ic  
of f o l i a t i o n  made i n  t h i s  p r o j e c t  suggest t h a t  l i t h o l i g i c  u n i t s  i n  t h e  groen- 
s c h i s t - a m ~ h i b o l i t e  group s t r i k e  approximately east-west.  However, i n  both 
t h e  Hog= H i l l  and Meier a reas ,  t h e  f o l i a t i o n  t r e n d s  sou theas t  o r  south. The 
most obvious i n t e r p r e t a t i o n  of  t h i s  change i n  t rend  i s  t h a t  t h e  f o l i a t i o n  
h a s  been deflected around t h e  b i o t i t e  g ranod io r i t e  p lu tons  a t  Hogan H i l l  
and Neier. No cont inuat ion  of t h e  b e l t l i k e  aeromagnetic highs and lows e a s t  
of t h e  plutons is  obvious, and it seems poss ib le  t h a t  t h e  gran3i.c rocks 



a r e  intruded i n  a zone cf more complex s t ruc tu re .  Unfortunately,  geologic 
d a t a  f o r  a s t r i p  about 2 5  mi les  wide on t h e  e a s t  s i d e  of t h e  Richardson 
Highway a r e  almost nonexis tent ,  

I n  t h e  Meier area,  t h e  plunge of minor fold axes i s  northwest t o  west 
a t  about 50 degrees. A t  Hogan H i l l  the axes plunge 50-75 degrees t o  the  ea: 
and nor theas t .  The si-ynificance of t h i s  d i f f e rence  i s  n o t  known. 

I n  g ross  form, t h e  Amphitheatre b a s a l t  appears t o  occur  i n  a broad 
syncl ine  with older  rocks exposed both north and south,  W e s t  of t h e  a rea  
shown on f i g u r e  1, the  syncl ine  t r e n d s  approximately east-west with i t s  axis 
near  t h e  Denali Highway. Near Paxson it curves southeastward, The synclinz 
na tu re  of the  north s i d e  i s  c l e a r l y  indica ted  by southward d i p s  of  flows on 
Fish Creek ( f i g u r e  7 )  and t o  t h e  northwest near Eureka Creek (Rose, 1965). 
Flows on Paxson Mountain tend t o  s t r i k e  northwest and d i p  g e n t l y  both t o  the 
n o r t h e a s t  and southwest, I t  i s  t h e r e f o r e  concluded t h a t  t h e  a x i s  of t h e  
syncl ine  i s  i n  t h i s  v i c i n i t y .  The south l i m i t  of t h e  b a s a l t  i s   resumed t o  
be sync l ina l ,  but  could equa l ly  w e l l  be faul ted .  

I n  t h e  few exposures n o t  covered by l ichens ,  t h e  Amphitheatre b a s a l t  
w a s  seen t o  be c u t  by numerous f r a c t u r e s ,  f a u l t s ,  and quartz-epidote  veins.  
The a t t i t u d e s  of flows a l s o  appear t o  change abrupt ly  i n  two l o c a l i t i e s ,  

. and v e s i c u l a r  zones could be follotved only s h o r t  d i s t ances .  Based on t h i s  
meager evidence, it i s  concluded t h a t  t h e  b a s a l t  i s  broken i n t o  numerous 
small  f a u l t  blocks, perhaps a s  a r e s u l t  of fo ld ing  t h i s  b r i t t l e  rock i n t o  a 
broad syncl ine.  

Taken as  a whole, j o i n t s  i n  t h e  Paxson f4ountain a r e a  s t r i k e  northwest 
and d i p  s t eep ly  southwest, The s t r i k e  of the  j o i n t s  p a r a l l e l s  the  trend of 
t h e  in fe r red  syncl ine and may have developed during fo ld ing .  East-west and 
north-south t rends  of j o i n t s  a r e   resent on the lower s lopes  near Paxson 
and near the north end of t h e  mountain. A s e r i e s  of l ight -colored  hornblend 
andes i t e  d ikes  (B2 ) t r ends  northeastward across  t h e  mountain near Paxson 
and a r e  accompanied by s e v e r a l  coarse  gabbro o r  d i o r i t e  bodies  (B~). Dikes 
are a l s o  common near the  nor th  end of t h e  mountain. A s  discussed under 
economic geology, small copFer ~ r o s p e c t s  a re  concentrated i n  both a reas  of 
d ikes  and anomalous jo in t ing .  

From a regional  view, t h e  fol lowing t e c t o n i c  and geologic  u n i t s  can be 
d is t inguished (from south t o  n o r t h ) :  

1. Well-foliated g r e e n s c h i s t  and a m ~ h i b o l i t e ,  

2.  Unfoliated greenstone, and andes i te ,  intruded by gabbroic  and 
d i o r i t i c  rocks which may be p l u t o n i c  equiva lents  of t h e  Amphitheatre 
b a s a l t .  



3 .  Amphitheatre b a s a l t ,  i n  t h e  c e n t r a l  p a r t  of a broad syncl ine ,  c u t  
by gabbroic  and d i o r i t i c  i n t r u s i v e s .  

4. Permian(?) sediments and vo lcan ics  dipping northward under t h e  Arnph: 
t h e a t r e  basalt. 

Units  1, 3 ,  and 4 can be t raced  westward from the  map a r e a  f o r  many 
miles,  based on t h e  aeromagretic data and reconnaissance mapping, b u t  do not  
apFear t o  cont inue t o  t h e  e a s t  i n  such simple form ( f i g u r e  1). This  f e a t u r e ,  
p l u s  t h e  change i n  f o l i a t i o n  and a t t i t u d e  of t h e  rock u n i t s  near  t h e  
Richardson Highway suggests  t h a t  an i m ~ o r t a n t  north-south s t r u c t u r a l  dis- 
con t inu i ty  may l i e  between the  Richerdson Highway and the  Gakona River.  

ECONOMIC GEOLOGY 

Paxson i~lountain Area 

The occurrence of coFper i n  t h e  Paxson a r e a  was noted by Martin (1960, 
F 2 0 )  a s  follows: "There i s  a l s o  a low-grade copper d e p o s i t  i n  t h e  gulch 
1-1/2 o r  2 mi les  west of  Paxson's roadhouse". During c o n s t r u c t i c n  of  t h e  
Denali Highway, two claims were s taked on o t h e r  copFer shows a t  Mile 7, and 
the  prospect  w a s  v i s i t e d  and reporked on by Saunders (1962) of t h e  Divis ion 
of Mines and Minerals. A dozen o r  more copper showings are known farther 
west i n  t h e  Amphitheatre b a s a l t  (Kaufman, 1964, Saunders, 1961, MacKevett 
1964b). Mineralized rock a t  these  p rospec t s  t y ~ i c a l l y  c o n s i s t  o f  cha lcopyr i t  
bo rn i t e ,  and c h a l c o c i t e  accorn~anied by e ~ i d o t e  and quar tz  i n  v e s i c u l a r  zones, 
volcanic  b recc ias ,  and ve ins  o r  pods. The Kathleen-Margaret r ~ r o s p e c t  
(Chapman and Saunders, 1954, MacKevett, 1964a) and l o c a l i t y  8 of Kaufman (19E 
which h a s  s ince  been trenched and d r i l l e d ,  a r e  the  l a r g e s t  ]<notun copper 
occurrences of t h i s  type. The K-M prospect  i s  on a quar t z  ve in  i n  greenstone 
c u t  by d iabase  and l ight-colored yorlhyry.  Local i ty  8 of Kaufman (1964) 
c o n s i s t s  of cozFer s u l f i d e s  and oxides i n  a vo lcan ic (? )  b r e c c i a  zone. Lime- 
s tone and a r g i l l i t e  occur nearby, and a gabbro dike c u t s  t h e  b recc ia .  

About a dozen occurrences of cowrer were found on Paxson Mountain and 
a re  descr ibed below. Local i ty  numbers refer t o  figure 7. 

Loca l i ty  1 

A t  t h i s  loca t ion ,  severa l  narrow ( l e s s  than 1 inch)  borni te -chalcopyr i te  
ve ins  c u t  ep idot ized  ves icu la rbasa l t .  The ve ins  s t r i k e  N851 and d i p  7S0N. 
Asbes t i fom a c t i n o l i t e  occurs i n  one vein.  A few f e e t  away from t h e  copper- 
bearing ve ins ,  chrysocol la  occurs i n  v e s i c l e s  i n  ep idot ized  basalt. A t h i n  
sec t ion  shows t h a t  qua r t z  accompanies the epidote ,  bu t  t h a t  some pyroxene 
from t h e  b a s a l t  remains unaltered.  



Local i ty  2 

A 1/4 inch ve in  of epidote  and q u a r t z  s t r i k i n g  N30W, v e r t i c a l ,  c o n t a i n s  
born i t e  p a r t l y  oxidized t o  chrysocolla.  The ve in  occurs i n  a l t e r e d  and 
highly f r ac tu red  rock t h a t  was probably b a s a l t .  A dark aphan i t i c  d i k e  c u t s  
the  outcrop. A l t e r a t i o n  c o n s i s t s  of ep ido te  a d  c h l o r i t e ,  bu t  does no t  appe 
any stronger  near t h e  mineralized vein.  

Local i ty  3 

This l o c a l i t y  h a s  been prospected by a  p i t ,  and may be t h e  p rospec t  re- 
fer red  t o  by I~ lar t in  (1920) .  The exposure i s  on t h e  s t eep  e a s t  s lope  o f  an 
abandoned g l a c i a l  stream channel c u t  i n  t h e  b a s a l t .  Chrysocolla and chal-  
coc i t e  occur i n  a  h igh ly  ves icular  pur~ l i sh -b rown b a s a l t  flow. The r e l a t i o n  
a re  sketched i n  f i g u r e  10. The chrysocol la  and cha lcoc i t e  a r e  most abundant 
near a  f r a c t u r e  o r  f a u l t  a t  the  north s i d e  of t h e  exposure, and appear t o  
d i e  out  near t h e  south s i d e  of the  v e s i c u l a r  zone. Faul t ing  apparent ly  o f f -  
sets the mineralized u n i t  a t  both t h e  nor th  and south s i d e s  of t h e  exposure. 
The mineralized v e s i c u l a r  zone s t r i l r e s  N 7 5 2  and dips about 35' NW. A c h i p  
sam~lle across  a  thiclcness of 10 f e e t  of t h e  mineral ized zone assayed 6.9% 
coyFer with no gold o r  s i l v e r .  Although t h e  grade i s  very encouraging, t h e  
minera l iza t ion  appears t o  be l imi ted  i n  every d i r e c t i o n  except i n t o  t h e  h i l l  
s ide .  Addit ional  geologic  study combined wi th  s o i l  sampling may be e f f e c t i v  - i n  f inding  extens ions  of the  minerulized zone t h a t  have been o f f s e t  by 
f a u l t s  . 

Local i ty  4 

Several  ~ i e c e s  o f  c o ~ ~ e r - s t a i n e d  f l o a t  conta in ing  minor c h a l c o c i t e  were 
note9 i n  a  f r o s t  b o i l  a t  t h i s  locat ion.  

Local i ty  5 

This cojzper show occurs  i n  a zone o f  l imonite-s tained rock about 30 
f e e t  wide and extending along the  w a l l  of  a  gorge f o r  250 f e e t .  The zone 
appears t o  d i p  nor th  a t  about 20 aiegrees. The copper s t a i n i n g  i s  a t  t h e  
southern end o f  t h e  gorge. Pyr i t e ,  cha lco-yr i te ,  and b o r n i t e  a r e  a s soc ia ted  
with quartz-e?idote v e i n l e t s  and vuggy pods up t o  a f o o t  long and 6 inches  
wide. The country rock i s  highly f r a c t u r e d  and c h l o r i t i z e d  b a s a l t .  

Local i ty  6 

Copper occurs  as chrysocol la  i n  a  pod of  h i g h l y  a l t e r e d  v e s i c u l a r  
b a s a l t .  The pod is  about 3 X 2 f e e t  i n  s i z e .  Vesicular  b a s a l t  i s  common 
i n  t h i s  v i c i n i t y ,  b u t  massive non-vesicular b a s a l t  o r  andes i te  wi th  abundant 
hornblende r r i s m s  is exposed 3 f e e t  above t h e  copper-stained zone. Alera t io i  
minerals a r e  quar tz ,  ep idote  and p rehn i t e ,  



Local i ty  7 

Several  1 / 2  inch v e i n i e t s  02 b c r n i t e  c u t  v e s i c u l a r  1 - u r ~ l i s h  l ava  a t  t h i  
loca t ion .  The v e i n l e t s  s t r i k e  N3W and d i p  80° W. Minor amounts of cha lcoc i  
accompany the b o r n i t e  and both minerals a r e  p a r t l y  oxidized t o  malachite and 
chrysocol la .  Amygdules i n  t h e  lava  are composed of opal .  F loa t  from t h e  
mineralized zone could be t r acedfor  about 100 f e e t  a long t h e  s t r i k e  of  t h e  
zone. 

Local i ty  8 

An area  about 2 0  f e e t  long and 2-3 f e e t  high on a  c l i f f  face  i n  a  gorge 
i s  coated with chrysocol la  and malachite. The source of the  copper appears 
t o  be a near ly  f l a t  zone of v e s i c u l a r  b a s a l t  conta in ing  minor amounts of  
born i t e .  Copper-bearing f l o a t  was found i n  a g u l l y  a  few t e n s  of f e e t  
nor th ,  and an o ld  claim rest and severa l  s t a k e s  were found a t  t h e  top  of the 
c l i f f ,  Traces of c o ~ ~ e r  were a l s o  found on t h e  o p ~ o s i t e  s i d e  of t h e  gorge. 
A l ight-colored hornblende andes i t e  ailre c u t s  t h e  f lows a few hundred f e e t  
w e s t .  The dike and t h e  minera l i za t ion  a t  l o c a l i t y  8 a r e  i n  l i n e  with t h e  
s t r i k e  of the  b o r n i t e  v e i n l e t s  a t  l o c a l i t y  7 ,  

Local i ty  3 

Bornite and q u a r t z  occur i n  a  1/2 inch ve in  t rending  N35E. Several  
p ieces  of f l o a t  showing good coFycr s t a i n  were found downslore from t h e  
vein.  

Local i ty  10 

IJ ineral izat ion a t  Mile 7 on t h e  i3enali Highway was staked i n  1962 by 
Jack Tril--7 of Fairbanks, A s  can be seen on f i g u r e  11, coy?-er n i n e r a l s  
occur i n  the  roadcut near  t h e  m i l e ~ o s t ,  and a l s o  i n  sits and outcrocs  a  few 
hundred f e e t  southwest. The c o r r e r  n i n e r a l s  a r e  cha lcocyr i t e ,  b o r n i t e  
and chalcoci te  o r  d i g e n i t e ,  -1us chrysocol la  and poss ib ly  o the r  o::idation 
croducts .  Pyr i t e  i s  ;:resent i n  a  f e w  ; laces ,  e s p e c i a l l y  i n  the  road c u t  
northwest of n i l e ~ o s t  7 b u t  i s  very s2arse i n  t h e  main p a r t  of the  prospect  
and is not  genera l ly  a s soc ia ted  with the  coFcer minerals .  The coyyer 
n i n e r a l s  occur both i n  and adjacent  t o  ve ins ,  pods and amygdules of q u a r t z  
and epidote.  Prehni te  w a s  i d e n t i f i e d  i n  one well-mineralized sampls, The 
h o s t  rock i s  v e s i c u l a r  b a s a l t ,  mostly a l t e r e d  t o  c h l o r i t e  and some epidote .  
The ve ins  and ~ o d s  a r e  genera l ly  l e s s  than o s i n c h  wide, and can be t r aced  
only  a few f e e t .  A grab sample of quar tz  ve ins  bea r ing  c h a l c o r y r i t e  and 
b o r n i t e  contained 1.38% copper, a  t r a c e  of gold,  and 0.30 ounces per  ton  o f  
s i l v e r  (Saunders, 1962).  The exposed mineral ized rock aFpears t o  be t o o  
s p o t t y  and low grade t o  mine, b u t  the re  i s  extens ive  cover t o  the  nor th  and 
east of the claims and i t  i s  poss ib le  t h a t  b e t t e r  minera l i za t ion  may e x i s t  
i n  t h e  v i c i n i t y ,  



Other cop,-er occurrences i n  the  Paxsan Area 

Traces of copper minerals  were noted a t  severa l  o t h e r  l o c a t i o n s  on 
Paxson Mountain, These a r e  s i m i l a r  t o  those discussed sbove, and genera l ly  
mounted t o  only a few g r a i n s  o r  mygdules  f i l l e d  with c h a l c o ~ y r i t e .  Small 
amounts were a l so  found i n  b a s a l t  on t h e  e a s t  s ide  of Paxson Lake, north of 
t h e  microwave r e l a y  tower. 

Or iq in  of coprer  i n  Fa.;-son Flountain a rea  

The geology, mineralogy, and h o s t  rock of the  copFer 1;rospects on 
Paxzon Mountain exh i5 i t  many s i m i l a r i t i e s  t o  the  copFer d e p o s i t s  of northern 
I,lichigan, I n  both areas ,  t h e  h o s t  rock i s  amygdaloidal b a s a l t  i n  which 
~ l a g i o c l a s e  has  been a l b i t i z e d .  I n  northern Michigan, ep idote ,  quartz .  
c a l c i t e ,  and r r e h n i t e  a r e  t h e  main c o n s t i t u e n t s  of amygdules, and copper o c c ~  
i n  amygdule zones a t  the  top  of  flows; yumpellyite, microc l ine ,  and laurnontit 
a r e  a l s o  l o c a l l y   resent. An obvious mineralogical  d i f f e r e n c e  i s  t h a t  t h e  
copper i n  northern' Michigan occurs  a s  na t ive  copper, whi le  In t h e  Paxson are; 
it i s  i n  the  form o f  chalcopyr i te ,  b o r n i t e  and cha lcoc i t e .  This  d i f f e rence  
may no t  be important i n  cons ider ing  t h e  o r i g i n  of t h e  c o ~ g e r ,  because minor 
amounts of  cha lcoci te  a r e   resent i n  Michigan. and t h e  formation of t h e  
s u l f i d e s  a t  Paxson nay r e s u l t  from a g r e a t e r  abundance o f  s u l f u r  i n  t h e  rock: 
of  t h e  area.  

I n  a recent p a ~ e r ,  S t o i b e r  and Davieson (1959) demonstrate a mineralo- 
g i c a l  zoning i n  the  amygdules and show t h a t  concent ra t ions  of  copper occur 
mozt c~mmonly near boundaries between a l t e r a t i o n  types ,  p r i n c i p a l l y  near t h e  
boundary between eyidote  and quar t z .  These w r i t e r s  f i n d  t h a t  t h e  zoning is  
reg iona l  i n  ex ten t ,  and a t t r i b u t e  it t o  "hydrothermal" s o l u t i o n s  generated bq 
low grade matamor~hism of more d e e ~ l y - b u r i e d  p a r t s  o f  t h e  lavas .  This 
t h e o q  seems reasonable f o r  t h e  Paxaon area ,  i n  view of  t h e  lack  of any 
obvious igneous source r e l a t e d  t o  t h e  minera l iza t ion .  p l u s  t h e  presence of 
s i m i l a r  mineral  occurrences throughout t h e  Amphitheatre b a s a l t .  

A s  discussed under s t r u c t u r e ,  t h e  co;)per prospects  a r e  concentrated i n  
a r e a s  of anomalous j o i n t i n g  and d ike  in t rus ion .  The Fresence of s t r u c t u r e s  
c u t t i n g  through the  flows, ~ l u o  a higher-than-average abundance of ves icular  
zones along the  nor theas t  side of Paxson Mountain may have allowed r e l a t i v e  
f r e e  c i r c u l a t i o n  of c o ~ ~ e r - b e a r i n g  so lu t ions .  

Areas south of  Paxson Lake 

Minor t o  t r a c e  amounts of copper were found i n  t h e  fol lowing loca t ions :  

1. Traces of cha lcopyr i te  occur  with magnetite i n  g r e e n s c h i s t  and 
sheared d i o r i t e  about 1/4 mile  northwest of Meier Lake. The magnetite 
occurs  i n  i r r e g u l a r  pods u_c t o  an inch wide and a few inches long. 



2. P y r i t e  and t r a c e s  of cha lcopyr i t e  occur gn f r a c t u r e s  i n  b i o t i t e  
g r a n o d i o r i t e  i n  a quarry near t h e  north end of the  Hogan H i l l  outcrop 
area .  Rock adjacent  t o  the  f r a c t u r e s  i s  party/  a i t e r e a  t o  o r thoc lase  
and c h l o r i t e .  

3 .  I n  a quarry  near the  nor th  end of t h e  amphibolite exposures on 
Hogan H i l l ,  small chalcopyri te-quartz  ve ins  a re  l o c a l l y  Eresent  along 
f o l i a t i o n .  Minor copper s t a i n  was a l s o  noted near t h e  southern end 
of Hogan H i l l .  

Severa l  magnetic anomalies of  1500-2500 gammas a r e  shown on t h e  map of 
Andreason and o t h e r s  (1964). These anomalies probably r e s u l t  from magnetitc 
i n  the  g reensch i s t .  However, some mobi l iza t ion  of magnetite may have taken 
p lace  t o  cause the  s t ronges t  p a r t s  of  t h e  anomalies. If so,  base  metals  
might a l s o  be concentrated i n  t h e s e  a reas .  

GEOCEEMICAL DATA 

Locations of stream sediment samples a r e  shown on f i g u r e s  2 t o  9 
and d a t a  a r e  i n  Table 2. The f i e l d  r e s u l t s  represent  r e a d i l y  e x t r a c t a b l e  
coFper, lead ,  and z inc  by t h e  Unive r s i ty  of Alaska cold e x t r a c t i o n  f i e l d  
procedure (blukherjee and Mark Anthony, 1957). The analyses  f o r  copper, 
lead,  z inc ,  molybdenum, and n i c k e l  were done by the  Divis ion o f  Mines and 
Minerals l a b o r a t o r i e s  and Rocky Mountain Geochemical Labora tor ies  using 
co lo r ime t r i c  methods designed t o  measure t o t a l  metal content .  These 
methods have been more completely discussed elsewhere (Rose, 1965).  

For copFer, the  background averages about 50  arts p e r  m i l l i o n  (pprn) 
i n  stream sediments from the  area ,  and a value of 100 ppm is  taken as the  
lower l i m i t  o r  threshold of anomalous values.  For z inc ,  background i s  
mostly i n  t h e  range 40-100 pFm, and 125 pprn i s  taken a s  threshold .  For 
lead,  most va lues  a r e  5-15 pprn and 30 pprn i s  taken as  threshold .  For molyb. 
denum, a va lue  of 5 pFm is  taken as threshold .  For n icke l ,  it is l i k e l y  
t h a t  background d i f f e r s  appreciably f o r  d i f f e r e n t  rock types ,  b u t  t o o  few 
samples w e r e  analyzed f o r  n icke l  t o  determine probable threshold  values.  
Samples 530  and 532 may be anomalous. 

Of t h e  known copper occurrences on Paxson Mountain, anomalous r e s u l t s  
were obtained only  below l o c a l i t y  1 (sample R116). Sample 4WP41, just be101 
l o c a l i t y  10, i s  no t  anomalous d e s ~ i t e  t h e  presence of spa r se  p i e c e s  of 
c o r ~ e r - b e a r i n g  f l o a t  i n  the  stream. It thus  appears t h a t  weakly anomalous 
copper va lues  i n  s a m ~ l e s  4WP68, 4WP11C0 and 4AR196 may be der ived  from 
l a r g e r  o r  more s t rongly  mineralized a r e a s  than l o c a l i t y  10. However, these  
anomalies a r e  s t i l l  q u i t e  weak t o  be caused by an o r e  depos i t .  



The anomalies shown by samples 5 7 6 ,  79, 80, 81, 52, 83, 84, 85, 86, 87  
and 88 deserve more follow-uc work, The l i t h o l o g y  I n  t h i s  ~ r z a  i s  apparent:  
mainly b a s a l t  o r  o t h e r  mafic rocks, based on observat ions while c o l l e c t i n g  
stream sediments. Contamination dur ing  processing i s  another a l t e r n a t i v e ,  
but  o the r  than t h e  f a c t  t h a t  every sample i n  t h i s  sequence i s  anomalous, 
the re  i s  nothing t o  suggest t h i s ,  

The anomalies i n  t o t a l  metal i n  t h e  southern p a r t  of t h e  a r e a  are re -  
l a t i v e l y  weak, with t h e  lead content  of sample W239 i n  the  Twelvemile Creek 
area  being t h e  on ly  s t rong  anomaly. I n  a d d i t i o n  t o  t h e  t o t a l  metal  anomalie: 
i n  samples H2, S69, W9, and W239, anomalies i n  readi ly-ext rac table  meta l  
were found i n  samples S62, S64, W250, and W251, These could r e s u l t  from an 
oxidizing s u l f i d e  body not  e q o s e d  t o  phys ica l  erosion.  

The following minerals  were i d e n t i f i e d  by Donald S te in ,  Assayer, 
Division of Mines and Minerals, i n  a panned concentrate  from l o c a t i o n  S56: 
magnetite, chromite, i lmen t i t e ,  o l i v i n e ,  z i rcon,  s c h e e l i t e ,  gold and sphal-  
e r i t e ,  p l u s  a n u d e r  of s i l i c a t e s ,  A t r a c e  of l i th ium was de tec ted  i n  
spectroscopic examination, Glac ia l  till may be t h e  source of some of  t h e s e  
minerals,  b u t  g r a n i t e  has  been repor ted  i n  t h i s  v i c i n i t y .  

SUMMARY 

The o l d e s t  rocks map~ed i n  t h i s  p r o j e c t  a r e  pre-Tr iass ic  g r e e n s c h i s t s  
and amphibolites i n  t h e  Meier and Hogan H i l l  a r eas ,  The g reensch i s t  and 
amphibolite underwent reg ional  metamorphism accom~anied by fo ld ing  along 
east-west t o  sou theas t  axes, r robably i n  l a t e  Paleozoic time, be fo re  
erupt ion  o r  i n t r u s i o n  of greenstone and a n d e s i t e  i n  the Meier and Twelvemilc 
Creek areas .  Permian sha le ,  limestone, and volcanic  rocks were depos i ted  
on the  nor th  side of t h e  area,  bu t  are not  recognized i n  the  southern p a r t ,  
Eru_r,tion of a t h i c k  sequence of mafic vo lcan ics  i n  T r i a s s i c  t i m e  produced 
the  Amphitheatre b a s a l t .  Gabbro and d i o r i t e  in t rude  the  Amphitheatre b a s a l  
and may have formed a s  p a r t  of the  same magmatic epoch. Two l e u c o c r a t i c  
b i o t i t e  g ranod io r i t e  ~ l u t o n s  of J u r a s s i c ( ? )  age in t rude  t h e   re-Triassic 
rocks i n  the  southern p a r t  of the  area ,  and gabbro, d i o r i t e  and granodiori tc  
of uncer ta in  age a r e  x resen t  i n  the  F l a t  Top Mountain, Meier and Twelvemile 
Creek areas .  The l o c a t i o n  of the  g r a n o d i o r i t e  i n t r u s i v e s ,  combined wi th  
a p ~ a r e n t  d e f l e c t i o n  and termination of well-defined t e c t o n i c  t r e n d s  suggest .  
t h a t  a major change i n  s t r u c t u r a l  p a t t e r n  occurs  approximately along t h e  
Richardson Highway. A broad syncl ine wi th  i t s  a x i s  along t h e  b e l t  of Am~hi .  
t h e a t r e  b a s a l t  may have d e v e l o ~ e d  sometime between J u r a s s i c  and Middle 
Ter t ia ry .  

Small cocper dejposits on Paxson Mountain occur mainly i n  v e s i c u l a r  
zones i n  A m ~ h i t h e a t r e  b a s a l t .  The coFcer occurrences a re  c l u s t e r e d  i n  a rea ;  
of dikes  and anomalous j o i n t  t rends.  Chalcopyri te ,  bo rn i t e ,  and c h a l c o c i t e  
i n  the  depos i t s  a r e  associated with ep ido te ,  qua r t z ,  c a l c i t e ,  c h l o r i t e ,  and 
~ r e h n i t e  a s  ve ins ,  1-ods, amygdules, and replacements of rock minerals.  The 



depos i t s  a re  s i m i l a r  i n  geologic  s e t t i n g ,  gangue minerals ,  and l o c a l  s t r u c t .  
u r a l  cont ro l  t o  t h e  copper depos i t s  of nor thern  Michigan, bu t  d i f f e r  i n  
containing copper s u l f i d e s  r a t h e r  than dominantly n a t i v e  copper. 

Numerous stream sediment samples from an a r e a  i n  t h e  Amphitheatre 
Mountains a re  weakly t o  moderately anomalous i n  copper, z inc,  and lead. 
Sca t te red  samples elsewhere a r e  weakly anomalous i n  one of  these  metals. 

SUGGESTIONS FOR PROSPECTING 

The geochemical anomalies i n  the  Amphitheatre Mountains north of t h e  
Denali  Highway deserve follow-up by a d d i t i o n a l  sampling and prospect ing,  
Because of the  v a r i e t y  o f  metals  present ,  t h e  source does no t  apFear t o  be 
a copper depos i t  of  t h e  type found on Paxson Mountain, The lead  and z i n c  
anomalies i n  t h e  .Twelvemile Creek a rea  (W239, S69) and Meier a rea  (H2) m e r i l  

resampling and f u r t h e r  work, 

Assuming t h a t  t h e  analogy with t h e  copper d e p o s i t s  of northern Michigiu 
i s  c o r r e c t ,  a more thorough s t r u c t u r a l  and minera logica l  study of t h e  e n t i r t  
b e l t  of Amphitheatre b a s a l t ,  using t h e  c r i t e r i a  descr ibed  by Sto iber  and 
Davidson (1959), might a l low s e l e c t i o n  of p re fe r red  p a r t s  of the  belt f o r  
mineral  depos i t s ,  However, i n  view of t h e  r e l a t i v e l y  s m a l l  amount of  pros- 
pec t ing  done t o  d a t e  i n  t h e  area,  it i s  probable t h a t  stream sediment 
sampling and ord inary  prospect ing  a r e  a cheaper and f a s t e r  method of findinc 
t h e  more obvious d e p o s i t s  i n  t h e  b e l t ,  

A rapid examination of t h e  s t ronger  magnetic anomalies i n  the  southern 
p a r t  of the  a rea  seems j u s t i f i e d  t o  evalua te  t h e m  f o r  i r o n  and o the r  m e t a l s .  
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Table 1 - Mineralogical  Composition - 

of  I n t r u s i v e  Rocks 
4H16 4AR19 4AR38 4AR44 4AR68 4AR174 4AR223 4AR231 4AR235 

Q u a r t z  
K- f e l d s p a r  
P l ag ioc l a se  
Augi te 
Hornblende 
A c t i n o l i t e  
B i o t i t e  
C h l o r i t e  
Epidote  
Muscovi te-ser ic i te  
Carbonate 
Opaque ox ides  
P y r i t e  
A p a t i t e  

I Sphene 
$ Name 
I 

t r  
tr 

Grano- Grano- Gabbro 
d i o r i t e  d i o r i t e  

t r  
2 t r  

Q u a r t z  Grano- 
D i o r i t e  d i o r i t e  

D i o r i t e  Grano- 
o r  d i o r i t e  

Gabbro 

A2 E 

Q u a r t z  
D i o r i t e  

Quartz 
Gabbro 

I n t r u s i v e  Group 

Coarse d i o r i t e  o r  gabbro from r i d g e  nor thwest  of  Meier. 
Gne i s s i c  biot i te  g r a n o d i o r i t e  from road c u t  a t  Meier Lake, 
Q u a r t z  d i o r i t e  i n t r u d i n g  greenstone i n  NW corner ,  Sec t ion  9,  T12N-R1W. (Meier a r e a )  
B i o t i t e  q u a r t z  d i o r i t e  o r  g r a n o d i o r i t e ,  SW Sec t ion  24, T12N-R2W (Meier a r e a )  
B i o t i t e  q u a r t z  d i o r i t e  o r  g r a n o d i o r i t e ,  qua r ry  a t  no r th  end of  Hogan H i l l  ou tc rop .  
Gabbro, Amphitheatre Mountain about 1% mi les  NW of M i l e  8 ,  Denali  Highway. 
Moderately f o l i a t e d  q u a r t z  d i o r i t e  o r  g r a n o d i o r i t e ,  SW Sec t ion  18, T13NIR2W ( F l a t  Top A r e a )  
B i o t i t e  g r a n o d i o r i t e ,  w e s t  s i d e  Sec t ion  1, T13N-R3W, ( F l a t  Top a r e a ) .  
Quar tz-bear ing gabbro, c e n t e r  Sec t ion  13, T13N-R3W ( F l a t  Top a r e a ) .  



T a b l e  2 

G e o c h e m i c a l  Data on Stream Sediments 

Sample No. F i e l d  Test Copper Zinc Lead Moly. N i c k e l  ~ i q .  NO, 
( P P ~  ) (ppm)  ( p p m )  ( P P ~ )  (PP~) 



Sample No. F i e l d  T e s t  Copper Zinc Lead Moly. Nickel ~ i g .  NO- 
( m l  ) ( P P ~ )  ( p p m )  (ppm) (ppm) ( P P ~ )  



s a m p l e  No ,  F i e l d  T e s t  Copper Zinc Lead N o l y .  N i c k e l  Fig, NO. 
(ml) (ppm) (ppm) ( P P ~ )  ( P P ~ )  ( P P ~  ) 



Sample NO, Field Test Copper Zinc Lead Moly- Nickel Fig* No* 

( m l )  ( p p m )  (ppm) ( p p m )  ( P P ~ )  ( P P ~ )  





LEGEND FOR FIGURES 2 THROUGH 9 

INTRUSIVE ROCKS 

Mesozoic ( ? )  B a s a l t ,  a n d e s i t e  and d a c i t e  ( F l a t  Top Mountain a r e a )  

J u r a s s i c ( ? )  F F ]  I n u c o c r a t i c  b i o t i t e  g r a n o d i o r i t e  (Meier and Hogan H i l l  
a r e a s )  

Mesozoic ( ?  ) 

Coarse  g r a n o d i o r i t e  ( F l a t  Top Mountain a r e a )  
B i o t i t e  g r a n o d i o r i t e  ( F l a t  Top Mountain a r e a )  
Quar tz  gabbro ( F l a t  Top Mountain a r e a )  
Gabbro ( F l a t  Top Mountain a r e a )  

1-3 Gabbro and d i o r i t e  (Amphi theat re  Mountains)  

Hornblende a n d e s i t e  (Paxson Mountain) 
Gabbro (Paxson Mountain) 

Coarse  d i o r i t e  o r  gabbro (Meier a r e a )  
D i o r i t e  and q u a r t z  d i o r i t e  (Meier  and Twelvemile Creek 

a r e a s )  

VOLCANIC, SEDIMENTARY AND METAMORPHIC ROCKS 

T r i a s s i c  Amphitheat  r e  b a s a l t  

Permian(?)  R h y o l i t e ,  a n d e s i t e  and l i m e s t o n e  
S l a t e  and q u a r t z i t e  

P r e - T r i a s s i c ( ? ) I m l  Greens tone  and a n d e s i t e  

P r e - T r i a s s i c  6\xd G r e e n s c h i s t  and a m p h i b o l i t e  

32 
Y S t r i k e  and d i p  o f  f lows  o r  bedding 

50 
25y S t r i k e  and d i p  o f  f o l i a t i o n ,  and plunge o f  minor  f o l d s  and o t h e r  l i n e a t i o n s  

89. S t r i k e  and d i p  of  j o i n t s  

' Geologic c o n t a c t  (dashed where i n f e r r e d )  

we 
0 Stream sediment  sample and number 

Cu 
Anomalous s t r e a m  sed iment  sample,  and anomalous m e t a l  

3 X Minera l i zed  l o c a l i t y  and number 

... . Geologic  t r a v e r s e  ( f i g u r e s  2-5 o n l y )  
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FIGURE 10 
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