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NOTE OF EXPWATION: 

This  geologic  r e p o r t  w a s  o r i g i n a l l y  publ ished i n  t h e  Annual 
Report of t h e  Divis ion of Mines and Minerals f o r  t h e  Year 1962. 
The Annual Reports cover t h e  s t a t u s  and progress  of  t h e  mineral  
i n d u s t r i e s  i n  Alaska, a c t i v i t i e s  of t h e  Divis ion,  e tc . ,  i n  addi t ion  
t o  va r ious  geologic  and o t h e r  r e p o r t s  by members of  t h e  Division. 

The Annual Report f o r  1962 i s  now o u t  of p r i n t ,  b u t  t h e  r eques t s  
f o r  Geologic Report No. 1 continue.  To f i l l .  t h e  demand, we  have 
adopted t h e  expedient  of " l i f t i n g "  it from t h e  Annual Report fox 
m u l t i l i t h i n g  "as isv without  re typing  o r  r e d r a f t i n g  except  f o r  
changed page numbers. The fol lowing pages a r e  t h e  r e s u l t .  

Since it i s  of i n t e r e s t  and i n  t h e  same axear we include a 
geochemi.ca1 r e p o r t  on Tracy and Endicot t  A r m s  by W i l l i a m  H. Race, 
Mining Engineer of t h e  Division. It w a s  published i n  t h e  same 
Annual Report . 

James A. W i l l i a m s  
May 25,  1965 
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P r e J  i minary  R e p o r t  on Gnologic  Mapping i n  tJhe Coas t  Range M i n e r a l  B e l t  

by Gordon I i e r r e i d  , Mining  G e o l o g i s t  

I n t r o d u c t i o n  

Sou.t,lieast A laska  i s  an  a r e a  o f  g r e a t  g e o l . o g i c a l  regul.ari . l ;y because  o f  t h e  
s-t;rong c o n - t r o l  by 1W t r e n d i n g  g e o s y n c l i n e s  o f  r o c k  t y p e s ,  f o l d s  and  o r e  d e p o s i t s .  
T h i s  r e g u l a r i t y  i s  pa.rticul.ar1.y we1.l shown a l o n g  . the SW ma.rgin of  t,he Coas t  Range 
b a t h o l i t h .  H e r e ,  d e f o r m a t i o n  and met;amorphisrn o f  NW t r e n d i n g  b e l t s  have t a k e n  
p l a c e  a t  g r e a t  d e p t h s  t o  produce  a n  e l o n g a t e d  b e l t  o f  metamorphic r o c k  whose s t y l e  
o f  s t r u c t u r e  shows l i t t l e  change alor ig t h e  b e l t ,  b u t  r e g u l a r  changes  a c r o s s  t h e  
b e l t .  'This m a r g i n a l  bel-t; i:; t h e  s i t e  o f  numerous o r e  showings  and a  f e w  p r o f i t a b l e  
mines .  The e l o n g a t j - o n  of  t h e  m i n e r a l  p r o v i n c e  p a . r a l l e l  -to th .e  s t r u c t u r a l  f e a t u r e s  
i n d i c a t e s  a c l o s e  r e l a t i o n  be tween t h e  r e g i o n a l .  geo logy  and o r e  d e p o s i t i o n .  It  
seems p r o b a b l e  t h a t  u n e x p l o i t e d  minera l .  d e p o s i t s  of  ec0nomi.c g r a d e  r ema in  t o  be  
f o u n d  a l o n g  t h i s  n a r r o w  b e l t ,  and t h a t  t h e s e  d e p o s i t s  a r e  r e l a . t e d  t o  t h e  s t r u c t u r a l  
and o t h e r  g e o l o g i c  f e a t u r e s  of' t h e  r e g i o n .  I t  i s  t h e  o b j e c t  of  t h e  DMscM program 
i n  -t,liis a r e a  t o  s t u d y  t h e  t l e p o s i t s ,  Lhc! r e g i o n a l .  g e o l o g y ,  and t h e i r  i n t e r r e l a t i o n s .  

The c l a s s i c a l  e x p l a n a t i - o n  f o r  t h e  c l o s e  s p a t i a l  r e l a t i o n s h i p  o f  t h e  o r e  de- 
p o s i t s  o f  t h e  Coas t  Range mi -ne ra l  b e l t  ( J u n e a u  g o l d  b e l t  and e x t e n s i o n s  NW and SE)  
i s  t h a t  t h e  o r e  i s  r e l a t e d  i n  some way t o  t h e  r a n i t i c  i n t , r u s i o n s  i n  o r  a l o n g  t h e  
Coas t  Range b a t h o l i t h .  R e c e n t l y ,  F o r b e s  (19597  h a s  shown t h a t  t h e  Coas t  Range 
m i n e r a l  b e l t  a t  J u n e a u  l . ies  i n  a b e l t  o f  p r o g r e s s i v e  metamorphism and t h a t  t h e  SW 
contac-1; o f  t h e  Coas-t Range b a t h o l i t h  i s  g r a d a t i o n a l  wit,h t h e s e  metamorphic r o c k s .  
F o r b e s  h a s  s u g g e s t e d  ( p e r s o n a l  commu.nication t,o t h e  a u t h o r )  t h a t  t h e  o r i g i n  o f  t h e  
o r e  d e p o s i t s  i n  t h e  a r e a  may be r e l a t e d  t o  t h e  development  o f  t h e  metamorphic b e l t  
i t s e l f ' .  A t  t h e  p r e s e n t  t i m e  tJhe ].ow g r a d e  go:Ld. d e p o s i t s  mined f o r m e r l y  a r e  no 
l o n g e r  p r o f ' i t a b l e  and t h e  main o r e  1 , a r g e t s  a l o n g  t h e  b e l t  a r e  b a s e  m e t a l  s u l f i d e  
d e p o s i t s  which  have  l o n g  been  known i n  t h e  a r e a .  

P r e v i o u s  I n v e s t i g a t i o n s  

The founda-Lion ,  and  s t i l l  t h e  most comple t e  r e p o r t  on t h e  geo logy  of  t h e  
J u n e a u  g o l d  b e l t ,  i s  A . C .  S p e n c e r ' s  "The J u n e a u  Gold B e l t ,  A l a s k a , "  U.S.G.S. B u l l .  
2g7, p u b l i s h e d  i n  1906 .  H e r e ,  Spence r  d e s c r i b e d  w i t h  a d m i r a b l e  s i m p l i c i t y  t h e  
metamorphic  and i g n e o u s  rock:.; and  t,lle m i n e r a l  d e p o s i t s . .  H i s  somewhat g e n e r a l i z e d  
g e o l o g i c  map of  t h e  J u n e a u  a r e a  i s  t~ l l e  o n l y  one p u b l i s h e d  t o  d a t e .  Spence r  de-  
s c r i b e d  t h e  r o c k  s u c c e s s i o n  SW a c r o s s  t h e  b e l t  a s  d i o r i t e ,  a  band o f  c r y s t a l l i n e  
s c h i s t ,  and a  band composed ma.i.nly of a l t , e r n a t i n g  s l a t e s  and g r e e n s t o n e s .  He 
r e c o g n i z e d  t h a t  t i l t i n g  a n d  developmr-,nt; of' t h e  : ;ch iStos i ' ty  t ook  p l a c e  b e f o r e  i n -  
t r u s i o n  o f  t h k  d i o r i t , e .  He n o t e d  t h a t  "wherever  obse rved"  d i o r i t e  c o n t a c t s ,  i n  
b o t h  t h e  main mass and  o u t l y i n g  "dli.liesu, a r e  n e a r l y  a lways  p a r a l l e l  t o  t h e  f f s t r i k e u  
o f  t h e  e n c l o s i n g  r o c k s .  He r e c o g n i z e d  no ma jo r  :Cold ing ,  b u t  s u g g e s t e d  t h a t  it  
might  be  p re sen t ; .  Conce rn ing  t h e  o r e  depos i t : ; ,  he n o t e s  s f t h e  l i n e a r  d i s t r i b u t i o n  
o f  t h e  mines  o f  t h i s  p a r t  of' s o u t h e a s t e r n  Alaska  h a s  been r e c o g n i z e d  f o r  many 
y e a r s .  He s u b d i v i d e d  t h e  o r e  clepos-i-L:; . i n to  v e i n s ,  s u l f i d e  d i s s e m i n a t i o n s  ( l f  i m -  
p r e g n a t e d  masses  o f  r o c k f ' ) ,  and g r a d a t i o n s  be tween t h e  two.  The d i s s e m i n a t e d  de- 
p o s i t s  c a r r y  I . i t t l e  g o l d ,  and S p e n c e r  d e v o t e d  l i1 ; t l . e  a t t e n t i o n  t o  them f o r  t h i s  



r e a s o n .  The v e i n s  f f q u a r t z , ,  c a l c i t e ,  one o r  b o t h " ,  c a r r y  -va ry ing  a m 0 u n . t ~  o f  s u l f i - -  
d e s  a l o n g  wi.th g o l d  and s i l v e r ,  a r e  di.sconl;:inuous; and i.n many a r e a s  a r e  a g g r e g a t e d  
a l o n g  c e r t a i n  I . i nes  " s o  t h a t  t h e  cornbi.nation of  many v e i n s ,  e a c h  u n i m p o r t a n t  i n  
i t s e l f ,  i s  t r a c e a b l - e  w i t h  cons ide rab1 .e  d i s t i n c t n e s s  f o r  l o n g  d i s t a n c e s " .  These  he 
t e rmed  " s t r i n g e r  l e a d s M .  The mines  on Gold and Sheep  Creeks  i n  t h e  J u n e a u  a r e a  
a r e  on e x t e n s i v e  v e i n  complexes  of t h i s  n a t u r e  and s i m i l a r  complexes "may be ob- 
s e r v e d  . . . . .  i n  t h e  Windham Bay and Sumdum d i s t r i c t s f 1 .  

Spence r  be l - i eved  t h a t  t h e  a n i p h i b o l i t e  b o d i e s  and  l a y e r s  wh ich  o c c u r  i n  t h e  
s l a t e  i.n t h e  Go1.d Creek  a r e a  a r e  i n t r u s i v e  " g a b b r o s Y f  which h a v e  been  metamorphosed. 
These  were  t e rmed  ' m e t a g a b b r o s '  by l a t e r  w r i t e r s .  The:;e me tagabbros  a r e  a n  impor- 
t a n t  o r e  c o n t r o l :  "one f i n d s  typi .ca1.  s k r i n g e r  Leads  composed o f  numerous n e a r l y  
p a r a ] - l e l  v e i - n l e t s  o c c u p y i n g i r r e g u l a r  opening:; i n  t h e  s l a t e s  a d j a c e n t  t o  t h e  con- 
t a c t n  o r  q f g a s h - l i . k e f f s t r i . n g e r  l e a d s  may :form fin 1,he mctagabbro  n e a r  the  c o n t a c t .  
S p e n c e r  b e l i e v e d  t h a t  t h e  v e i n  o p e n i n g s  were p r o b a b l y  due  t o  1 - a t e r  v e r t i c a l  move- 
ments  d u r i n g  u p l i f t  l o n g  a f t e r  t h e  p e r i o d  of' f o l d i n g .  n e c a u s e  d i o r i t e  i s  t h e  
c o u n t r y  r o c k  of  go ld  d e p o s i t s  a t  R e r n e r s  Ray and a t  t h e  T r e a d w e l l  d e p o s i t s , . a n d  
b e c a u s e  t h e  f i s s u r e  v e i n s  must have  b e e n  emp:l.aced i n  s o l i d  r o c k s ?  S p e n c e r  p l a c e s  
t h e  d a . t e  o f  m i n e r a l i z a t i o n  a s  1-ong a f t e l -  emplacement of 1;he d i o r l t e .  He b e l i e v e d  
t h a t  t h e  v e i n s  were d e p o s i t e d  f rom h o t  aqueous  s o l u t i o n s  g i v e n  o f f  d u r i n g  c r y s t a l -  
l i z a t i o n  o f  a  b u r i e d  body o f  magma. 

S p e n c e r ' s  i d e a s  on t h e  r e g i o n a l  geo logy  and o r e  d e p o s i t s  have been a c c e p t e d  
w i t h  s l i g h t  m o d i f i c a t i o n s  and a d d i t i o n s  by a l l  l a t e r  w o r k e r s  who p u b l i s h e d  r e p o r t s  
on t h e  a r e a  u n t i l .  1959  when F o r b e s '  work a p p e a r e d .  

Buddington  and Chapin ( 1 9 2 9 )  mapped t h e  r e g i o n a l  g e o l o g y  o f  Sfi; A la ska  on a  
1 : 5 0 0 , 0 0 0  s c a l e  and  summetl u p  much of t h e  e a r l y  work.  These a u t h o r s  recogni -zed  
t h a t  t h e  r o c k s  i n  t h e  J u n e a u  a r e a  arid a l l .  a l o n g  -Idhe SW marg in  o f  t h e  Coas t  Range 
b a t h o l i t h  have  been  i s o c l i n a l l y  o v e r t u r n e d  t Jo  t h e  SW. I n  g e n e r a l ,  t h e y  d i d  n o t  
a t t e m p t  t,o work o u t  t h e  d e t a i l s  o f  t h e  s t r u c t u r e ,  but; where t h e y  d i d ,  t h e y  r e p o r t -  
ed t h a t  minor  f o l d s  were  f ' t h e m s e l v e s  a c u t e l y  f o l d e d  and i n  p l a c e s  p i t c h  a l m o s t  
v e r t i c a l l y " .  They a l s o  no.ted t h e  i n c r e a s e  i.n i n t e n s i t y  o f  metamorphism f rom wes t  
t o  e a s t  a s  t h e  b a t h o l i t h  i s  a p p r o a c h e d .  

L i v i n g s t o n  Wernecke ,  c o n s u l t i n g  g e o l o g i s t  f o r  t h e  Alaska  J u n e a u  Gold Min ing  
Company, d e s c r i b e d  ( 1 9 3 2 )  some of t h e  o u t s t a n d i n g  f e a t u r e s  o f  t h e  n o r t h  and s o u t h  
o r e  b o d i e s  and p r e s e n t e d  a g e o l o g i c  map o f  t h e  n o r t h  o r e  body.  M i x e d ' i n  w i t h  a n  
a c c o u n t  of t h e  f o r m a t i o n  o f  t h e  d e p o s i t  i s  much d e s c r i p t i v e  i n f o r m a t i o n  on t h e  o r e  
and  w a l l  r o c k s .  He a c c e p t e d  S p e n c e r ' s  i n t r u s i v e  o r i g i n  f o r  t h e  me tagabbros  which 
h e  be l i eved .  a r e  sur rounder l  by c o n t a c t  metamorphic a u r e o l e s  of  s p o t t e d  s c h i s t .  He 
b e l i e v e d  t h a t  t h e  metamorphism h a s  o b l i t e r a t e d  t l i e  e v i d e n c e  o f  f o l d i n g  i n  t h e  w a l l  
r o c k s  and t h a t  t h e  o r e  was d e r i v e d  f rom a  c o o l i n g  magma a t  d e p t h  l o n g  a f t e r  t h e  
p e r i o d  of  metamorphism. 

R e c e n t l y ,  Wayland ( 1 9 6 0 )  h a s  p u b l i s h e d  a  p a p e r  on t h e  Alaska  J u n e a u  mine based  
on t h e s i s  work done i n  1937 .  T h i s  p a p e r  provide:;  a good summary of t h e  m i n e r a l o g i c  
and s t r u c t u r a l  f e a t u r e s  of  t h e  d e p o s i t .  Wayland men t ions  f o l d i n g  o f  t h e  r o c k s  and 
c o n s i d e r e d  t h a t  " f o l - d i n g  of  some e a r l y  q u a r t z  v e i n s  i n  p h y l l i t e s  i s  due  t o  s e l e c t -  
i v e  r e p l a c e m e n t  by q u a r t s  o f  s h e a r - f o l d e d  b e d s T f .  He n o t e s  t h a t  t h e  " l o n g e r  dimen-. 
s i o n s  o f  a  g r o u p  oft  u a r t z  s t r i n g e r s  seems a:? a  r u l e  t o  f o l l o w  t h e  r e g i o n a l  p lunge  
o f  ma jo r  s t r u c t u r e s  ? a p p a r e n t l y  metagabbro  i n t r u s i v e s  -GH) t o  t h e  s o u t h e a s t f f .  
Wayland f o l l o w s  Wernecke i n  d e s c r i b i n g  t h e  metagabbro  as i n t r u s i v e  because  o f  i t s  
" o c c a ~ i i o n a l  branchi.rigff b u t  n o t e s  t h a t  t h e  spot ,s  o:C t h e  s p o t t e d  s c h i s t s  a r e  augen  
formed d u r i n g  s h e a r i n g .  



The Neg lec t ed  P r i z e ,  a  z i n c -  coppe r  d e p o s i t , ,  and t h e  : ;u r rounding  a r e a  a l o n g  
T r a c y  A r m ,  f i f t y  m i l e s  SF; o f  ,Juneau,  a ] - e  d e s c r i b ~ t l .  by G a u l t  and Fe l lows  ( 1 9 5 3 ) .  
They p r e s e n t  d e t a i l e d  maps o f  t h e  d e p o s i t  and t h e  s u r r o u n d i n g  r e g i o n  and a  s h o r t  
d e s c r i p t i v e  r e p o r t .  

These  r e p o r t s  arid a  number of u n p u b l i s h e d  r e p o r t s  w r i t t e n  d u r i n g  - the  same 
p e r i o d  provi .de a  good p i c t u r e  o f  t ' he  t l f i s t r i bu t io r i  o f  t h e  r o c k s  and o r e  d e p o s i t s  
al .ong t h e  J u n e a u  g o l d  be l t ,  and a  1'air:l.y coherent ,  rnass o.E d a t a  and s t r u c t u r e ,  m.in- 
e r a l - o g y ,  arid wall .  r o c k  a l t e r a t i o n  :i.n -[;he orc: clepo:;it:;, The p o s s i b i l . i t , y  o f  any  
g e n e t i c  r e l . aL ion  between Lhe w a l l  1-oclc and t,lie o r e  dtrpo:;iL:; ha:; been c o n s i d e r e d  
and d i s m i s s e d .  No s e r i o u s  a t t e n t i . o n  ].la:; been  g i v e n  t;o rninor s t r u c t u r e s  of t h e  
deformed r o c k s  a s  a  g u i d e  t,o t h e i r ,  h i s t o r y .  l'hi.:; ri.:; : ; u rp r i s i . ng ,  because  one o f  
t h e  most s t r i k i n g  f e a t u r e s  o f  t h e  whoIl-P d i s t , r i c t  , e:-;pt-!cia:l.l-y around 1;he Alaska  
J u n e a u  m i n e ,  i.s l,he p r e s e n c e  o f  numerous f o l d e d  q ~ x a r t z  vein:;, q u a r t z  r o d s ,  boud-in- 
ed:) q u a r t z  vein:;, and minor  . fo lds  :ind crenul.atior1:; i n  b l a c k  phyl - l i t r : .  Around t h e  
Alaska J u n e a u  Lhese f e a L u r e s  a r e  , w i t h  occa : . ; iona l  e ~ c c p t ~ i o n : ;  , a p p r o x i m a t e l y  p a r a -  
l l e l  t o  one a n o t h e r ,  pl-unging SE 25 t o  60 degree:; .  .In a d d i t i o n ,  t h e  o u t c r o p s  of  
metagabbro  , a s  mapped by W e r n e c k ~  (1.912 f i g .  -1. ) hnv-e a : ;yrlcl . inal p a t t e r n  except, 
f o r  i so1 .a ted  l e n s e s  and numerous :i.nter.C'ir~ge-r.ed con1,acLs w:it'n b l a c k  phyl l . . i . te .  T h i s  
s y n c l i n e ,  a s  exposed i n  mini-ng opc?.lqat;:i.ons, p.lunge:-3 a b o u t  I,.]. d e g r e e s  SI':. The minor 
c o m p l e x i t i e s  o:C s t , r u c t u r e  a r e  typ-i .ca1 of p l a s t i c a . L l i  tleformed r o c k s  mapped e l s e -  
where i n  t,he w o r l d .  'The mine are;) i:; a n  e x c e l l e n t  examplr: o f  p l a s t i c a l 1 . y  deformed 
ma;jor fo1.d:; w i t h  minor  s t r u c t u r e s  and o r e  paral.l.el:i.ng t h e  major  f o 1 . d ~ .  

I n  t h e  ext ;ension of  t,he <Juneau G o l ~ t l  Re1.t n o r t h  o f  J u n e a u  i n  t h e  Eagl-e Ri.ver 
d i s t r i c t ,  Knopf ( 1 9 1 2 )  i n  descr.i.b.j.r-ig [;he g n e i s s ,  which hc cons i t l e r ed  t o  be  a de-  
formed ignooms r o c k ,  :;?;ate:;: "On t;he c a s t  :;ride o:T Rerner:; Ray,  where t h e  expo- 
s u r e s  a r e  good and easi1.y acces:;ib:le,  t h e  gr1ei.s:; c-~riclo:<e:j, f o r  t,l-iousands of f e e t  
from t h e  conl,act; ,  v a s t  number:; o f  1,ock fr'agmen't:; and. tlet,ached masses o f  s t r a t i -  
fied  sediment,^, It, i : j  wor thy  o.f not ,e 1;hat a l l .  s u c h  dct ,ached masses  of  o r i g i n a l  
count,ry r o c k ,  whereve r  found :i.n t h c i  grle:iss, a r c  oriented para . l . l e l  t o  Lkie p r e v a i l -  
i n g  s t , r u c t , u r s ,  and LhaL where they show cu.umpli.ng, t h e  c rumpl ing  i s  conformable  t o  
i,he wrj.nk[l od . fol . ia t . ion o f  t h e  e n c l  o:;j.ril.; gnoi . ss l ' .  J~n:;l, norL1-1 o f  J u n e a u ,  F o r b e s  
( 1 9 5 9 )  ha:; mapped a s e c t i o n  acre:;:: Lhr: Co:l:;t, Rangi? which show:; p r o g r e s s i v e l y  
iricrca:;:i.ng g r a d e s  o f  met,atnorphi :;rn t:a:;Lwartl. 1,ayer.s o-i' gnei . : ;~ o c c u r  i n  t h e  medium 
g r a d e  :;ch~i-s t, arid i n c r e a s e  i n  amour~l, e:~:; t;warcl . Cornpo:; i t r i o n a l  :Layering and s c h i s t -  
o s i t y  i n  l,hc g~i r? i : i s  anil. c inc los ing  :;chi-st, arc3 para. l . la l . ,  and  contact,^ a r e  g r a d a t i o n a l .  
Forbe:; bel-ir:ve:; I,l-lab thi:; gnei:;:, -i :j :;cl-ii:;t wl-i i.ch Iia:; been branformed a s  a  r e s u l t  
o f  i.nl,roducLj.on o.f Na, :ii(I3 - and rnirlor I( durbinj; 1:lte 2nd p o s t - k i n e m a t i c  t i m e .  
F o r b ~ ~ : ;  :round Lwo d i r e c l , i o ~ ~ s  of .f'o:ltli.nf;. Thr: clomi.~.iant f o l c l s  t r e n d  NW ov. N ,  ove r -  
t u r n e d  l;o t,he SW arid t h e i r  ~ I . I I Y I ~ C  varil- . : ;  f rom I\JW t o  ST(: :i.n d i .TCere r~ t  area:; ,  i.ndi-- 
 cat^,  in^ ma ,jo.r cu l  minat,i on:; :~ntl tlopr*t,:;:; i ons  of Cllc: f'oi d  axe:; . 0ril.y minor  f ol.ds 
were sc2c:rl -in I,he :;r!cond : ; c i  t . l'l-lr:::c\ So-l (1:; a r e  ope11 ant1 u p r i  g h t  wi. th t , he i r  a x e s  
t , rer~dinj i ;  Nli; t,o 1;: down I,ho d j  p o.f i, t i i i  nlajor f'oI1.d::. F o J ' ~ c : : ~  cor re l .a te : ;  t h e s e  f o l d s  
wit;h l,hc: maijor cu?mlinaI,ion:j and c l ~ : ~ ) r * e : ; : ; i o r i : ;  of' t l l c i  NII: .L'old a.xes and f o r  t h i s  r e a s o n  
con:;icler:; thc NIT: J.'o l.0:; Lo br: t ,ho (:I lrlor. o f  t,he Lwo. 

:1: boutl in  - a :)au:;ago :,l-ropc7c.l ~ ; t , r u c i , ~ ~ r - o  ot'l,ori p r c s c r ~ t  i n  quar1,z and o t h e r  competent  
beds  cau:;ed by : ; t rc? ,ch ing .  I n  c r o ~  , : , cc t , ion ,  boudined  bcd r e s e m b l e s  a s t r i n g  of 
1erit)i cu l  a r  b e a d s .  
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Scope o f  T h i s  Report, 

Fie1.d work done d u r i n g  t h e  summer of  1.962 con:;i.sted of  t r a v e r s e s  a l o n g  t h e  
s h o r e  l i n e  i n  t h r e e  a c c e s s i b l e  a rea : ;  wh:ich c ros scu t ,  t h e  Coast, Range m i n e r a l  b e l t :  
T r a c y  A r m ,  E:ndicot t  A r m ,  a.nd t h e  n o r t h  s h o r e  of  'I'aku I n l e t .  I n  a d d i t i o n ,  a  
t r a v e r s e  was mapped i n  1.e~:;  d e t a i l  al-ong t h e  Gas t i .neau  Peak-Mt . R o b e r t s  r i d g e  and 
s e v e r a l  d a y s  were :;prtnl, i.n t h e  v i c i n i t y  of t h e  01.~1 P e r s e v e r a n c e  s h a f t  a t  t h e  head 
of Gold Creek .  The o b j e c t  of t h e s e  s c a t , t e r e d  t r a v e r s e s  was t o  i n v e s t i g a t e  and map 
t h e  s t , r u c t u r e  and met,amorphism of  t h e  marginal .  be1.t; a s  a. background f o r  mine and 
a r e a l  mapping. Two known but; unmapped p r o s p e c t s  i.n i;he R n d i c b t t  Arm-Tracy A r m  
a r e a  were  mapped and a s s a y e d .  The :;ornewhat s ca t , t , c r ed  o b s e r v a t i o n s  on t h e  Alaska  
J u n e a u  proper1;y were hampered by snow c o v e r  ~ x n t i l  l a t , e  i n  - the  s e a s o n  and  I.ack of 
a n  a d e q u a t e  b a s e  map, b u t  some c o n c l u s i o n s  were drawn.  Thi:; i s  a  p r e l i m i n a r y  
r e p o r t ; ,  ma in ly  on t h e  s t r u c t u r a l  a::pecl;:; o f  t h e  f'Fe1.d mapping. A l a t e r  r e p o r t  
w i l l  i n c o r p o r a t , e  Lhe re : ;u l t s  o f  ftir.l.he1- compi l .a t ion  arid mic roscope  work.  

1,arge f o l d  s t r u c t u r e s  can  on1.y o c c a s i o n a l l y  be mapped i n  t,he a r e a  due  t o  c o v e r ,  
l a c k  of d i s t i n c t i v e  r o c k  t y p e s ,  a.nd s h e a : r i n g  o f  t h e  f o l d  h i n g e s .  Fo r  t h i s  r e a s o n ,  
minor  f o l d s  assume a g r e a t  i m p o r t a n c e  when t h e y  p a r a l l - e l .  t h e  major  f o l d s  a s  t h e y  
do i n  t h e  Coas t  Range m i n e r a l  b e l t .  My emphas is  i n  a r e a l .  mapping h a s  been  on r o c k  
t y p e  and matamorphic g r a d e ,  minor  sLruc -Lures ,  t h e  b e h a v i o r  o f  q u a r t z  v e i n s ,  and  
a s s a y  o r  g e o c h e m i c a l  s a m p l i n g  f o r  Au, ? g ,  Cu, Pb and Zn. The l a t t e r  was ma in ly  
done by Wil-liam Race , S t a t e  Min ing  1l)ng:i.neer. 

E n d i c o t t  Arm-Tracy A r m  Area - 

G e n e r a l  S t a t e m e n t  

Rocks ~ x p o s e d  i n  t h e  t i d a l  zonr  wer-e mapped a l o n g  t h e  NE s h o r e  i n  E n d i c o t t  
A r m  and T r a c y  A r m .  (Map 1 and f i g .  2 nrtd 3 )  The t e r r a i n  c r o s s e d  by t h i s  t r a v e r s e  
i s  a  be1.t o f  metamorpho:;ed sediment: ,  whose metamorphism i n c r e a s e s  f rom p h y l l i t e  on 
t h e  SW Lo q u a r t z  b i o t i t e  g n e i s s  on I h e  NF, i n  con1,act w i t h  t h e  s l i g h t l y  f o l i a t e d  
q u a r t z  d i o r i t e  o f  t h e  Coas t  Range b : ~ t h o l i t h .  Thi:; a r e a  c o n t a i n s  two known coppe r -  
z i n c  s u l f i d e  o r e  b o d i e s :  t h e  N e g l ~ c t e t l  P r i  z c ,  which was v i s i t e d ,  and t h e  Smdum 
C h i e f ,  wh ich  was n o t  v i s i t e d .  The P o r t l a n d  Group p r o p e r t y  was v i s i ~ e d  and mapped, 
b u t  t u r n e d  o u t  t o  be devo id  of  economic meta l  v a l u e s .  

The r o c k s ,  a t  d i s t a n c e s  o f  a b o u t  one and o n e - q u a r t e r  m i l e s  SW o f  t h e  q u a r t z  
d i o r i t e ,  a r e  a l l  p h y l l i t i c  e x c e p t  f o r  l imy  a m p h i b o l i t e  on Tracy  A r m  and s c a t t e r e d  
beds  o f  r e c r y ~ t ~ a l l i z e d  l i m e s t o n e .  IJnori ent,ed ( i .  e .  p o s t - k i n e m a t i c )  p l a t e s  o f  
b io t , i t , e  a r e  p r e s e n t  i n  a  r e s t r i c t e d  a r e a  w e s t  of t h e  B ig  B i g h t  b u t  o t h e r w i s e  b i o -  
t i t e  o c c u r s  o n l y  a s  o r i c n t c d  ( s y n - k i n e m a t i c )  p l a t e s  which i n c r e a s e  i r r e g u l a r l y  i n  
amount a s  t h e  q u a r t z  d i o r i t e  i s  a p p r o a c h e d .  S i m i l a r l y ,  b a n d i n g  of' t h ~  r o c k  
g r a d u a l l y  becomes more p rominen t  d u r  t o  t,hc i n c r e a s e  i n  q u a r t z  l a y e r i n g  p a r a l l e l  
t o  t h e  f o l i a t i o n .  With t h i s  incre : l : ) ing  s e g r e g a t i o n  o f  t h e  m i n e r a l s  i n t o  d a r k ,  
b i o t i t e - r i c h  and  l i g h t ,  q u a r t z - r i c h  bancln, t h e  p h y l l i t e  g r a d e s ,  v i a  q u a r t z  b i o t i t e  
s c h i s t ,  i n t o - q u a r t z  b i o t i t e  g n e i s s .  Thc f o l i a t i o n  o f  t h e  g n e i s s  i s  p a r a l l e l  t o  
t h a t  o f  t h e  p h y l l i t e .  

The p h y l l i t i c  r o c k s  c o n t a i n  c r c m u l a t i o n n  and minor  f o l d s  ( L - 1 ) ,  w i t h  s h a l l o w  
t o  modera t e  p l u n g e s ,  which were  formed d u r i n g  t h e  major  d e f o r m a t i o n  i n  t h e  r e g i o n .  
I n  the b i o t i t e  zonc , p a r t i c u l a r l y  nc:lr t h e  i n t r u s i v e s  , t h e s e  m o d e r a t e l y  p l u n g i n g  
minor  f o l d s  a r e  m i s s i n g ,  and s t e e p l y  p l ~ ~ n g i n g ,  more h i g h l y  c o n t o r t e d ,  minor  f o l d s  
(L-2) a r e  p r e s e n t .  No f o l d e d  f o l d s  t h a t  would c o n c l u s i v e l y  d a t e  one o f  t h e  f o l d  
d i r e c t , i o n s  a s  e a r l i e r  t h a n  t h e  o t h ~ r  were f o u n d .  T h i s  s t e e p  L-2 f o l d  d i r e c t i o n  



usual1.y shows u p  a s  c r e n u l a t i o n s  o r  minor  f o l d s  o n l y ,  which  may be p r e s e n t  i n  t h e  
same o u t c r o p  w i t h  m0derat)el.y p l u n g i n g  f o l d s .  The L-2 f o l d s  ma in l~y  o c c u r  i n  t h e  
g n e i s s i c  a r e a s ,  and i n c r e a s e  i n  i n t e n s i t y  n e a r  t h e  g n e i s s - q u a r t z  d i o r i t e  c o n t a c t s .  
They a r e  c u t  of:f s h a r p l y  without;  d e f o r m a t i o n  a t  t h e  contac t ,  o f  t h e  f o l d e d  g n e i s s  
w i t h  t h e  m a s s i v ~ ?  m o r e - o r - l e s s  d i r ec t ion :Less  q u a r t z  d i o r i t e .  L-2 f o l d i n g  must be 
p r e - q u a r t z  d i o r : i t e  i n  a g e .  I c o n s i d e r  1;-2 fo l -ds  t,o have  d e v e l o p e d  d u r i n g  t h e  
f o r m a t i o n  of t h e  g n e i s s .  They a r e  o l d e r  t h a n  t h e  m o d e r a t e l y  p l u n g i n g  (1,-1.) f o l d s  
which formed d u r i n g  t h e  p r imary  f o l d i n g  o f  t h e  r e g i o n .  I n  t h e  p h y l l i t e ,  p a r t i c u -  
1ar l .y  a s  t h e  b i o t i t e  zone i s  a p p r o a c h e d ,  bot,h I,-:] fo l -ds  and L-2 c r e n u l a t i . o n s  may 
be  p r e s e n t  i n  t h e  same o u t c r o p .  

Q u a r t z  v e i n s  a r e  f a i r l y  cornmon i n  tihe map a r e a ,  p a r t i c u l a r l y  i n  t h e  q u a r t z -  
b i o t i t e  s c h i s t  and  g n e i s s  a r e a s  n e a r  t h e  q - u a r t z  d i o r i t e .  Q u a r t z  v e i n s  o c c u r  
s p o r a d i c a l l y  i n  t h e  p h y l l i t e ,  ma in ly  p a r a l l e l  o r  n e a r l y  p a r a l l - e l  t o  t h e  f o l i a t i o n  
a s  l e n s e s ,  f o l d e d  v e i n s ,  and r o d s ,  whor,e l o n g  axe:; a r e  m o s t l y  p a r a . l l e 1  t o  L - 1  
f o l d s  and c r e n u l a t i o n s .  However,  i n  s e v e r a l  a r e a : ; ,  r a t h e r  s t e e p  q u a r t z  r o d s  o c c u r .  
A l l  o f  t h e  r o c k s  i n  tihe a r e a  a r e  c u t  by near1.y ver.t , ical.  NE s t r i k i n g  c r o s s  j o i n t s ,  
which  i n  many p . l aces  c a r r y  q u a r t z  v e i n s  u p  i;o a  f ~ b ?  1 . 0 ' s  o f  f e e t  l o n g  and a  f ew  
i n c h e s  w i d e .  S p a r s e  p y r i t e  was assoc.ia-l;ed w i t h  ::ome of  t h e  q u a r t z  v e i n s ,  b u t  f o r  
t h e  most p a r t  t h e y  a p p e a r  q u i t e  b a r r e n  o f  s u l f i d e : ;  , t o  t ,he e y e .  

Rock Types  

The metamo:rphic r o c k s  i n  t h e  a r e a  a r e  o f  s e d i m e n t a r y  o r i g i n  e x c e p t  f o r  a  few 
p r e - t e c t o n i c  b a s i c  d i k e s .  Most of  t h c  p h y l l i t e  i s  b l a c k  s l a t y ,  g r e e n  c h l o r i t i c ,  
o r  banded l i m y  .Tine g r a i n e d  r o c k  w i t h  lus t rou: ;  f o l - i a t i o n  s u r f a c e s ,  wh ich ,  i n  many 
l o c a l i t i e s  a r e  c r e n u l - a t e d .  The l imy  p h y l l f t e  commonly h a s  i n t r i c a t e  f o l d s  of a  
f e w  i n c h e s  a m p l i t u d e .  It i s  o f t e n  a s s o c i a t e d  w i t h  mass ive  l i m e s t o n e  l a y e r s  which 
may b e  u p  t o  50 f e e t  w i d e ,  b u t  due  t o  d e f o r m a t i o n ,  have  l i t t l e  c o n t i n u i t y  a l o n g  
t h e  s t r i k e .  On Tracy  Arm, a m p h i b o l i t  e a s s o c i a  tecl w i t h  f o l d e d  l i m e s t o n e  l a y e r s  
a p p e a r s  t o  be a met,amorphosed impure :L:irny r o c k .  1 ' ) - i y l l i t i c  q u a r t z i t e  i s  a l s o  i n t e r -  
bedded w i t h  t h e  p h y l l i t e  and amphibo1, i te  . 

The o r i g i n a l  sed iment , s  were alum inous  , t , u f f n c ~ e o u s ,  and 1 imy s h a l e  i n t e r b e d d e d  
w i t h  l i m e s t o n e  and a r g i l l a c e o u s  q u a r t z i t e .  RTg fo:,sil_:, were f o u n d ,  no r  c o u l d  t h e y  
bc  e x p e c t e d  i n  t h e s e  deformed rock: , .  l3uddington and Chapin (1727 pl  .l) mapped t h e  
a r e a  a s  f7probabLy O r d o v i c i a n  t o  J u r a s s i c  o r  l a t , c r n .  DuLro and P a i n e  ( 1 9 5 7 )  show 
i t  a s  T r i a s s i c  t o  Lower C r e t a c ~ o u s  on t h e  Geo log ic  map o f  A laska .  

Q u a r t z  b io1 , i te  s c h i s t  and g n e i s s  have  Formed by mcLamorp1iic s e g r e g a t i o n  o f  t h e  
1 ~ h y l l i t e  i n t o  q u a r t z o s e  and b i o i , i t ~  l a y e r s  up Lo 2 i n c h  t h i c k .  Garne t  i:, s p o r a d i -  

c a l l y  p r e s e n t  i n  L h i s  r o c k ,  i t s  f i r s t  a p p e a r a n c e  c o r r c ~ p o n d i n g  r o u g h l y  w i t h  t h a t  
o f  b i o t i t e .  Whcther t h e  f o r m a t i o n  of t h e  g n e i s s  was due  t o  a d d i t i o n s  and sub-  
t r a c t i o n s  o f  ma1,erial  on a  s i g n i f i c a n t  s c a l e  from a n  o r i g i n a l  p h y l l i t e  i s  unknown. 
L a y e r i n g  i s  more prominent  and t h e  g r a i n  s i z e  i s  l a r g e r  i n  t h e  g n e i s s  a l o n g  t h e  
borderc :  o f  the mass ive  q u a r t z  d j o r i t e ,  b u t  t h c  c o n t a c t s  bctween t h e  two r o c k s  a r e  
s h a r p  w i t h  no deformation o f  minor s t r u c t u r e s  i n  t h e  g n e i s s .  J k n t i c u l a r  i n c l u s i o n s  
and s c p t a  of metamorphic r o c k  a r e  common i n  t h e  q u a r t z  d i o r i t e .  T h e i r  o r i e n t a -  
t i o n s  a r e '  p a r a 1  Lei w i t h  t h e  r c g j - o n a l  t,rcnd o f  f o l i a t i o n  i n  t h e  g n e i s s .  

F o l d  S t r u c t u r e s  

The f o l i a t e d  me tascd i~men t s  which u n d e r l i e  t,he map a r e a  c o n t a i n  no e x t e n s i v e  
change:; i n  s t r i k e  and d i p  which  would j r i d i c a t e  c  Lear ly  t h a t  1-argc f o l d s  a r e  p r e s e n t .  
I n  most o f  t h c  rnap a r e a ,  t h e  f'ol i a t i o n ,  which i s  due  t o  Lhc nl igriment o f  p l a t y  



m i n e r a l s ,  p a r a l l e l s  t h e  componi. t i o n a l  1.ayeri.ng w l ~ i c h  r e p r e s e n t s  t h e  bedd ing  o f  t h e  
o r i - g i n a l  s e d i r n c n t , ~ .  The beds  s t r i k e  I\nd and d f p  : ? t e e p l y  NE o r  SW. S p o r a d i c a l l y  
t h r o u g h o u t  t h c  a r e a ,  i s o c l . i n a 1  f o l . d s ,  wi.t,h ampli.l;udes f rom a f ew i n c h e s  t o  a  f ew  
f e e t ,  a r e  p r e s e n t  i n  t h e  o t h e r w i s e  p lanar .  fol.iai,:i.on. Small. ' c r e n u l a t i o n s  i n  
p h y l l i t i c  s u r f a c e s  a r e  more wi.desp.rc?acl- These  f o l d s  on v a r i o u s  s c a l e s  a r e ,  f o r  
t h e  most p a r t ,  a p p r o x i m a t e l y  p a r a l l e l  t,o one a n o t h e r ,  o r  can  be s u b d i v i d e d  i n t o  
two mut,ually p a r a l l e l  g r o u p s .  Over a  cli:;t,ance 0.C' s e v e r a l  mil.es t h e  m o d e r a t e l y  
p l u n g i n g  f o l d s  ( L - 1 )  g r a d u a l l y  change t , h e i r  plunge:;. T h i s  i:; b e s t  i . l . lus t ra t ,ed  i n  
t h e  a r e a  f rom Farmer Creek  t o  F o r d s  l ' c r r o r .  Iln t h e  a r e a  on e i t , h e r  s i d e  of R i g  
B i g h t ,  t h e  s e n s e  o f  minor  f o l d i n g  i:-; S--:;llaped on NJ4:-dipping beds  f rom t h e  g reen -  
s t o n e  t o  j u s t  w e s t  of  t h e  B i g  I3ight c o n t , a c t ,  arid Z-::hapc?d f u r t h e r  wes t  on SW-dip- 
p i n g  b e d s  i n d i c a t i n g  uup-c:astT1 and "up-wesi;" movements.  The a r e a  o f  change f rom 
Z t o  S contain:;  bed.5 much fol .ded on a  srna1.l. s c a l e ,  who:;e o v e r a l l  a t t ; i t u d e  i s  
n e a r l y  f l a t  w i t h  a $1-ight  NW d i p .  The:;n r e l . a t i . 0~1 : ;  ind . ica l ;e  t h a t  t h e s e  a r e  " d r a g  
f o l d s q 1  on  t h e  f l a n k s  o f  a n  u p r i g h t , ,  appr~::;:;ed an t : i c l i n r : .  T h i s  i s  f u r t h e r  con f i rmed  
by t h e  p r e s e n c e  o f  g r a y  1ime:;tone on t,hc: NE l imb  i n  t h e  B i g  B i g h t  and on t h e  SW 
l i m b  on t h e  p o i n t  & m i l e  t o  t h e  w e s t .  A t  t h e  Pc r : ; cve rancc  mine on . the Alaska  
J u n e a u  p r o p e r t y ,  1;he l a r g e  f o l d  t h a t  i:: expo:;ecl i :; 1 i .kcwise  a mass o f  s m a l l  fol-ds  
i n  t h e  h i n g e  a r e a  and q u i t e  pl-anar  on  t,he f l a n k s .  

T h i s  c o n s i s t e n c y  o f  minor  s t r u c t u r e : ;  on t h e  s'Eiig R i g h t "  "Ant ic l . ine7 '  and t h e  
r e g i o n a l  c o n s i s t e n c y  o f  L-1 f o l d s  a r e  Lhr: o n l y  c v i d e n c c  i n  t h e  map a r e a  t h a t  
minor  f o l d i n g  m i r r o r s  major  s t r u c t u r e s .  The o n l y  d i r e c t ,  e v i d e n c e  t h a t  major  
s t r u c t u r e s  e x i s t  a t  a l l  i s  t h e  c l e a r  ou t , l i ne  ol '  ,a f o l d  v j : , j b l e  on t h e  a i r  pho to  
2 m i l e s  n o r t h  o f  R ig  B i g h t .  Thj s h a s  been b ra ( - ed  on t h c  map. 
h a s  n o t  been  v i s i t e d .  F o l d s  have  been  r e p o r t e d  by S a i n s b u r y  (1957 and l )  F o r b e s  The area 
( 1 9 5 9 )  i n  t h e  same b e l t  i n  t h e  Juneau  a r e a  a n d ,  a:, ment,ioned a b o v e ,  a  w e l l - e x -  
posed  f o l d  i s  v i s i b l e  on t h e  Alaska  J u n e a u  p r o p e r  t y  , wit,h wc l l - exposed  minor 
structures p a r a l l e l i n g  t h e  l a r g e  f o l d .  

The minor  f o l d s  i n  p h y l l i t i c  rock:; a r e  commonly 1ot:a.l " k i n k s T s  o f  a  f e w  i n c h e s  
a m p l i t u d e  i n  t h e  b e d s .  The micaceous  s u r f a c e s  o:t' t h e  p h y l l i t e  a r e  c r e n u l a t e d  w i t h  
s m a l l  w r i n k l e s  o f  a n  a m p l i t u d e  o f  l e s s  t h a n  1 mm. Th in  (1-ess  t h a n  1. mm. t h i c k )  
w h i t e  q u a r t z  l a y e r s ,  p a r a l l e l  t o  t h e  . fo l< iaL ion ,  ;are v e r y  o f t e n  p r e s e n t  i n  t h e  
f o l d e d  beds  and a r e  f o l d e d  a l o n g  wi.th them.  The q u a r t z  i:; r e c - r y s b a l - l i z e d  t o  a  
g r a n u l a r  a g g r e g a t e  and g e n e r a l l y  t,hickc?n:; i n  f o l d  hinge:;. Cleavage  u s u a l l y  d o e s  
n o t  c u t  t h r o u g h  t h e  h i n g e s ,  i n d i c a t i n g  t h a t  fol.d:i..ng i s  by  b e d d i n g  p l a n e  s l i p  
r a t h e r  t h a n  d i f f e r e n t i a l  s h e a r  a l o n g  c:l.eavage p l a n e s .  The h i n g e s  o f  major  f o l d s  
a r e  a r e a s  o f  much minor  f o l d i n g .  The p r i n c i p a l .  :;l;yle of' f o l d i n g  i n  t h e  p h y l l i t e  
zone a p p e a r s  t o  be a p p r e s s e d  f o l d s  accompanied by bedd ing  p l a n e  s l - i p s  which a r e  
u p r i g h t  o r  s l i g h t l y  o v e r t u r n e d  t o  t h e  SW. However, i n  some a r e a s  t h e  c l e a v a g e  
p a r a l l e l  t o  t h e  a x i a l  p l a n e s  o f  t h e  L-l f o l d s  d o e s  c u t  t h r o u g h  t h e  f o l d  h i n g e s ,  
c u t t i n g  t h e  c o m p o s i t i o n  ( b e d d i n g )  l a y e r s  i n t o  t h i n  s l i c e s .  It i s  p o s s i b l e  t h a t  
u n r e c o g n i z e d  s h e a r i n g  o f  f o l d  h i n g e s  has o b l i t e r a t e d  many o f  t h e  f o l d s  i n  t h e  
map a r e a .  

The s t e e p  (L-2) f o l d i n g  o c c u r s  most prominent1,y on e i t h e r  s i d e  o f  t h e  q u a r t z  
d i o r i t e  s i l l . o n  T r a c y  A r m .  The g n e i s s  i:; made u p  o f  a  mosa ic  o f  q u a r t z  g r a i n s  
w i t h  o n l y  s c a b t e r e d  o r i e n t e d  p l a t y  m i n e r a l s .  (:onti.nuou:; l a y e r s  o f  p l a t y . m i n e r a l s  
a r e  n o t  p r e s e n t  as i n  t h o  p h y l l i t e  and o r i e n t e d  t r a i n s  o f  b i o t i t e  t a k e  t h e  p l a c e  
o f  c r e n u l a t i o n s  a s  t h e  c h i e f  l i n e a r  el-ement where minor  f o l d s  a r e  a b s e n t .  T h i s  
L-2 l i n e a t i o n  i s  u b i q u j - t o u s  be tween t h e  b a t h o l i . t h  and  t h e  q u a r t z  d i o r i t e  s i l l  on 
T r a c y  A r m .  C leavage  h a s  n o t  p l a y e d  a  r o l e  i n  t h e  minor  f o l d i n g  p r e s e n t  i n  t h e s e  
r o c k s .  The L,-2 minor  f o l d s  p r e s e n t  i n  1;he g n e i s s  on T r a c y  A r m  and on Taku I n l e t  
g i v e  t h e  a p p e a r a n c e  o f  h a v i n g  formed unde r  more p: l .as t ic  c o n d i t i o n s  t h a n  t h e  L , - 1  



f o l d s  i n  t h e  p h y l l i t e .  K n t i r c  a r e a c  a r e   mad^ irp of  a  mas:; of t i g h t  s t e e p l y -  
p l u n g i n g  f o l d s  w i t h  no a x i a l  p l a n e  c  l e a v a g c  prc.:;ent. 

The o n l y  1,-2 f o l d s  found outs id^ t h e  gnci:;:; o c c u r  i n  r a t h e r  mass ive  p h y l l i t , i c  
q u a r t z i t e  on T r a c y  A r m .  These  f o l d s  p lunge  79 d c g r e e s  SE and havc  an  a m p l i t u d e  o f  
s e v e r a l  L O ' s  o f  f e e t .  I n  a n o t h e r  band o f  s j m i l a r  r o c k  I', m i l e  t o  t h e  s o u t h ,  I,-2 
l i n e a t i o n s  o c c u r .  T h i s  q u a r t , z i t e  o c c u r s  a:; laycr:; i n  s m p l ~ i . b o l i t e ,  and it i s  q u i h e  
p o s s i b l e  t,hat m i c r o s c o p i c  i - n v e s t i g a t i  on w i  11 i l l t l i  c a t ?  t h a t  t h i s  a r e a  i :, o f  hi.gher 
tnet,amorphic g r a d e  t h a n  t h e  p h ~ l l i t , ~ .  I n  o t l i c r  a r e a s  t h e  1,-2 f o l d i n g  occur:; n e a r e r  
t h e  q u a r t z  d i o r i t e  i n  rock:; o f  h i g h e r  metarnorpllic grade t ,han t h e  p h y l l i t e .  

Q u a r t z  Vcins  

The q u a r t z  v e i n c )  i n  a l l  o f  t h e  l tndicot , t  A1.m-'rracy A r m  a r e a  can he : ;ubdivjded 
i n t o  t h r e e  di:; t i n c t  c1a:;ses : 1. I < x s o l u t i  on ql lar ' tz  v e i n s :  :,ugar q u a r t z  v c i n l  et:; 
f rom a  f r a c t i o n  of  a n  i n c h  t o  a  f ew  i n c h e s  Lonj~; and ;i f r r ~ c t , i o n  of  an i n c h  wide 
~r ln ich  a r e  s t r i c t l y  p a r a l l c l  t,o t h e f o l i a t j o r l  arid p r o b a b l y  o r i g i n a t , e d  by e x s o l u t i o n  
f rom 1,he a d j a c e n l  c o u n t r y  r o c k .  2 .  T e c t o n i z e d  vclinc 131' :>i,lgar q u a r t z  cons i :> t i  rig 
o  C bunches  o  E q u a r t z  I c n : , ~ : ,  , roddecl and boutlinc%tl quar t ,  7 , ,  and f'ol dpd q u a r t z  v e i  n s  : 
most  o f  t h e s e  quar1,z b o c l i e ~ ~  c u t  t h e  f'oliat,j o n ,  o fLen ar, or11 y  a  :,l ight, a n g l e .  
3 .  Quar1,z v e i n s  occupyi  ne; cro:,,? j o i n t s .  

E x s o l u t i o n  Quar t ,z  Vcin:, . G l a s s y  cry, ; t ,a l  Li rlc. quarl ,z V P ~  ril e  t s  a r e  common i n  
t,he q u a r t z - b i o t i t e  gnci:;:; a r e a  on Tracy  A r m .  ' l lhc~ ,e  ve ill', a r p  len1 , j  c u l a r  , g e n e r a l  l y  
4 i n c h  o r  l e s s  wide  and f rom a  f r a c t , i  on o f  :in jncli  t o  : , c v f l r n l  f ee t ,  l o n g ,  and t h e y  
i n v a r i a b l y  p a r a l l e l  1,he b a n d i n g  o f  t,he r o c k .  'Cllcy mdy occ11r i n  e i t h e r  t h e  b i o -  
t i t i c  o r  t h e  q u a r t z - r i c h  l a y ~ r - : ~ .  I t  :;cttm:; l i k c \ l y  1,hat t,hc. q u a r t z  i n  t h e s e  v e i n s  
h a s  e x s o l v e d  from t h e  c o u n t r y  r o c k  i n 0 0  opcri : ; p n c c > : ~ .  

T c c t o n i z c d  Q u a r t z  Vcin:;. Tabu1 a r  cluart,z v r >  in., wh ~ c h  cro: ,scl~t ,  Lhc phyl l i t  c a t  
h i g h  angl  e:, may c o n t a i n  a  few o r  marly :;imp1 c f o l ( l c , .  Of ' t cn  much-dr~f ormcd q u a r t z  
vein:; which o c c u r  a:; c res t : ;  and t rough. ;  oT f o l d  I~ in i~c : ;  , wi1,ki L h e i r  l i m b s  s h e a r e d  

L - 
o u t ,  a r e  p re scn t ,  i n  t,he r o c l i ,  a l o n g  wit,h l a t , c r  l ~ ~ , ~ ; - f o  lded c r o s s c u t t i n g  v e i n s  i n  
t h e  c,ame h o r i z o n ,  indica! , ing d i  f ' f c r r . n t i a J  clefoiStnal, i o n  o f  q u a r t z  v e i n s  o f  d i f f e r e n t  
a g e s .  A t  one l o c a l i t y  on Tracy  A r m ,  a n  i : ;olati , t l  cluarl,:< l e n s  p a r a l l e l  t o  t h e  f o l i -  
a t i o n  o f  t h e  p h y l l i t e  i s  on s t , r j  kc. wi t,h a  I ' o ld~> i i  qua r t :<  v e i n ,  l i k e  n q u e s t i o n  mark 
w i t h  a  l e n t i c u l a r  p e r i o d .  I n  a  nc<ir.loy a r c n ,  a qi1:-1rt,z v ~ j n  t h a t  p a r a l l c l : ;  t h e  foli- 
a t i o n  o f  t h e  p h y l l i t , c  i s  p u l l p d  oul i n t o  a : , r , r . i c , ;  oE 1 i.n::es (boudln i ; )  l i k e  a s t r i n g  
of bcad:;. Mo.,t, of t h e  qua r t , z  v e i n s  i n  Lhcl '1'r.ac.y / \ r m  - J~:ntlicot t A r m  a r e a  a r e  
l e n t i c u l a r  ant1 p a r a l l e l  o r  nc:lr,ly p a r a l l c  l Lo t hr. f o l  i:il,ion of  t h e  count , ry r o c k .  
O f t e n  a  s c r i e : ;  of' s u c h  l e n s r ? s  a r c  arraangccl c>ri clsc. i l r .  lev , clach p a r a l l e l  t o  t h e  pl iyl l  i t e  
and  s l i g h t l y  o f f r , e t  from t h c  onc  bcyond a<; i f '  t , l l r )  groull  hntl o r i g i n a l l y  becn a  s i n g l e  
c r o s s c u t  t , i  ng v e i n  which had becri :iticar.ed i  rit o  1 i~n1 , icu l  a r  segment:, . T,ent icu lar  
q u a r t z  and f o l d c d  q u a r t z  vr.ins a r e  commorlly surr-oundcd by c r e n u l a t i o n s ,  and l e s s  
commonly minor  f o l d : ; ,  i n  t,lic a d j n c r ~ n t  p h y l l  i t ,c ,  w l ~ i c h  of t ,cn is p l a n a r  and d e v o i d  
o f  :,uch : , t r ~ x c t u r c i ~  a t  a d i s i , a n c c  f rom t h e  q u a r t z .  Thc:,c d~f ' o rmcd  quarLz  v e i n s ,  
where  :,een i n  t h r ~ . c  dirncn:,ion:, a r c  c longai ,c t l ,  w i l , l i  t lr icjr  long ax?:, g e n e r a l l y  
p a r a l l c l  t o  t h e  ac ; . )oc ia t ,ed  f o l d  s t ruc t ,urc : ;  i n  t i . 1 ~ 2  phyl l i t e .  The deformed a p p e a r -  
a n c e  o f  t h e  q u a r t z  and iL:, c lo : ;c  a c , : , o c i a t i o n  wil,ll mino-r f o l d  s t r u c t u r e s  i n  t h e  
p h y l l i t e  i:; t h c  r cqu l t ,  o f  poL , t -qua r l , z  v e i n  sl i p  o r  : i t r t . t c l ~ i n g  a l o n g  t h e  p h y l l i t e  
l a y c r s  . 

Another  i n d i c a t  ion  o f  Lhc t c c t o n i  c  o r i g i n  o  I' dcforsmed- looking  q u a r t z  i s  
g i v e n  by it:; mode of' o c c u r r e n c e  i n  r c l a t i v c l y  u r in i ine r ;~ l i zed  a r e a s .  Along t h e  
coa:;t o f  ICndicott A r m ,  s o u t h  o f  Powers C r e e k ,  thc3 p h y l l  i t e  mos t ly  c o n t a i n s  l i t t l e  



v i s i b l e   quart,^. A t  i n t e r v a l s  o f  a  f e w  hundred  f e e t ,  t h e r e  a r e  a r e a s  s e v e r a l  f e e t  
a c r o s s  whic11 c o n t a i n  v e i n s ,  l e n s e s ,  d i s c o n n e c t e d  h i n g e s  and i r r e g u l a r  c r o s s c u t -  
t i n g  b o d i e s  o f  w h i t e  q u a r t z .  T h i s  q u a r t z  d o e s  nob o c c u r  r a t h e r  c v e n l y  s c a t t e r e d  
i n  l a y e r s  a s  i n  t h e  g n e i s s  z o n e ,  n o r  i s  it r e s t r i c t e d  t o  f o l d  h i n g e s ,  where it 
c o u l d  be  d u e  t o  e x s o l u t i o n .  The q u a r t z  a p p e a r s  t o  be  due  t o  t h e  d e f o r m a t i o n  o f  
s c a t t e r e d  q u a r t z  v e i n s  which  were emplaced b e f o r e  o r  d u r i n g  f o l d i n g  o f  phyl -  
l i t c .  I n  many a r e a s ,  p a r t i c u l a r l y  a round  t h e  Alaska  Juneau  d e p o s i t ,  it w a s  n o t e d  
t h a t  q u a r t z  and d e f o r m a t i o n  a p p e a r  t o  be l i n k e d  i n  o r i g i n .  The v e i n  q u a r t z  b e a r -  
in[: a r e a s  have  been deformed w h i l e  o t h e r s  have  n o t ,  a s  j f  t h e  q u a r t z  a c t e d  as  a  
l u b r i c a n t .  P o s s i b l y ,  d e f o r m a t i o n  o f  t h e  v e j  n s  wan f a c i l  i t a t e d  by r e c r y s t a l l i z a -  
t i o n  i n t o  s u g a r  q u a r t z  a t  t h e  t i m e  o f  f o l d i n g .  

O f t e n  m o r e - o r - l e s s  t a b u l a r  q u a r t z  v e i n s  a r c  f o l d e d  back on t h e m s e l v e s  :;o a s  
t o  makc a  k n o t .  11:xamples o f  d i f f e r e n t ,  s t a g e s  o f  t h i s  t y p e  o f  t l e fo rmnt ion  show 
tha t ,  t h c  f o l d  becomes compre:;scd and  t h e  l i m b s  :,'c~eared oul, t o  form an i r r e g u l a r  
lan:; , o f t , ~ n  con1,a in ing  s w i r l s  o f  p h y l l  i t , e .  The I ong a x e s  o f  t,hr::;e qua r t  z  rod:,  
a r e  parallcl t o  t h e  o r i g i n a l  f o l d .  It  i s  n o t  alwny:, p o s s i b l e  Lo disc rim in at^ be- 
l,wccr~ t,he:;c : ; tructurc:;  nntl t h p  boudin:, ,  which a r ?  ( IUC Lo : ; t , r e t c h i n g ,  but, t h e y  a r e  
b o t h  :;yrit,cct,onic s t , r l l c t u r e s  w i t h  t h e i r  l o n g  axe:; *3pproximat,cly pa r .n l l c l  Lo t h e  
minor f 'old axe:: anti c r c r iu l a t ion : ;  i n  t h c  e n c l  o  , i n g  rock: ; .  Dot,h :;tr.ilctur.es i n d i c a t e  
dcf 'ormation a f ~ c r  v e i n  emplaccmenL. 

Study of' t,hc:;e structure; ic ,  hampered by t k ~ c  c l i f f i c u l t y  of' d c t e r r n i n i n g  t h e  
p l u r i g ~ , ~  of t h c  f o l d c ,  and l e n t j  cu l a r .  ' , t r u c t u r < . s  i n  [ ,he qu:irLz v ~ i n : : .  l'or t h e  most 
p ~ r t , ,  tkic l o n g  ax?:; o f   quart,^ s t ru t* t~ l r .c : ,  a r e  a p p r o x i m a t e l y  p a r a l l e l  t o  L - 1  f o l d s ,  
but, i n  a  f cw  phyl l i1,e arcn:; ,  s t ,cr>ply p l u n g i n g  qua r .1 ,~  rod:; ant1 l e n s e s  :ire p r e s e n t .  
'I'he.c,c s t , ccp  st,rllcLlxr.c:; a r c  i n t e r m e d i a t e  i n  pLuny;o b c t , w ~ e n  1,-1 f ' o l d i n g  o f  t h e  
p h y l l i L e  and 1,-2 f 'olt l ing of' t h e  f;ncis:;. 

' l ' l i c r ~ t ~  car1 bc li tt, Lr: doub t  l,hat, si  nuso  i d a l  f'i) ld:, i n  a  t , a b u l a r  c r o s s c u t  Ling  
v c i n  arc. dilr: t o  Eoldir ig  of prc-~1xi : ; t ing  v e i n , .  I n  t,htl more deformed q u a r t z  which 
o c c u r  a<; boudj  n:, , rod: )  , and comp L ~ x l  y  Yo l d ~ t l  vc j n ; , :;t: l e c i , i v ~  rcplaccment ,  o f  
e a r l y  Loci o n i c  s l ruct ,urc13,  by I a t ~ r .  q u a r t z  ha:; bccri : ;u~gest ,erJ .  Wayland ( 1  960, 
p .  2 r / 2 )  :,l,at,c:; (,hal, "'l7hc> app;rr8enl, I'oJding o f  sonic. e a r l y  q u a r t z  v e i n L ;  i n  p h y l l  i t e : ,  
i . 7  t3u(: t,o . ; c l c c t i v e  rc>placrment, of  s h c a r  Po ldcd  b c ~ l r ; . ~ ~  IJowcver, many of  t l i ~ s e  
fo l r i r~ t i  bed:, Lic i n  phy l 1 i t r .  who:,(. I 'olt l ing ]la:; b ( , c n  obl  il,erat,etJ. s o  t h a t  o n l y  a x i a l  
p l an ( .  c l  c a v a p  r e m a i n c , .  'T'hcracl h a b j  becn n o t h i n g  l c  C t  t o  gui t le  r ep l acemen t  i n t o  
t ,hec le  complrx  f o l d  form:,. In a d ~ l i t ~ i o n ,  Lhc axe:, o f  Lhp:,e f o l d e d  q u a r t z  v e i n s  a r c  
cornmori l y  p a r b a l l  e l  t o  t , ' r ~ f .  c rcnu-lat ,  i o n s  i n  1,1i(~ enc t o n i n g  phyl L i t e  and t o  t h e  ma,jor 
and minor  f'old?;.;. 

I n  any  oric: t lef 'ormed-looking q u a r t z  body rep lacement ,  may be r u l e d  o u t ,  bul, t h e  
gcncrct 1 r c l a t , i o n r ,  o f  f ol.ded, rodcled and boirtl ined q u a r t z  w i t h  fold:;  and  c r e n u l n t i o n s  
i n  adJa(3r . r~t  q i l a r t , ~  and w a l l  r o c k  i r i t l i c a t e s  a  l,ec.t,onic o r i g i n .  

Q u a r t z  F i l l e d  Cro:;:; Jo in t : ; .  'l'kre s k e t c h  :;how:; a  t y p i c a l  q u a r t z  f i l l e d  c r o s s  
j o in t , .  ' l ' h c c c ~  vcinc;  a rc  gcnc . r a l ly  n e a r  v e r t i c a l  and : ; t r i k e  NE, and t y p i c a l l y  
c r o s s c i ~ t ,  a relatively compr~lcr i t  bctl. The s l i g h t ,  " s u c k i n g  i n f 1  o f  t h e  bedd ing  at, 
t,hc. cntl:; i  c i  vc2r.y common and  i n d i c a t , c s  a  s t re1,chir ig  o f  t h e  c o u n t r y  r o c k  pe rpend icu -  
I a r  t o  the v c i n .  The , jo jn t : ,  ix:;uall_ly c x t e n d  beyclrid t h e  e n d s  o f  t h e  q u a r t z  f i l l i n g .  
O c c a ~ , i o n a l  l y  l,hoy changc  Lo k i n k  b:ind:, beyond t,l.~c end o f  t h e  q u a r t z .  These q u a r t z  
v e i n s  a r e  po ; L -  t ,ccl,onic anti younger  t,han t h c  tec1,oni  zed q u a r t z  l e n s e s  which t h e y  
c u t  wiLh ,harp c o n ( , n c t s .  Thc:;c cros: ;cut , t ing v e i  ri:; a r e  i n v a r i a b l y  f l a t - l e n t i c u l a r  
i n  shapr. :~nd. r a n g c  i n  l e n g t h  f rom l e s s  ' than  a n  i n c h  t o  20 o r  30 f e e t  i n  s t r i k e  
l e n g t h .  I n  one cxpo:iurc,  q u a r t z  veinlLerts 3/1+11 long x 3/16" wide  c r o s s c u t  a  3" 



q u a r t z i t e  l a y e r  w i t h  s t r e a k e d  p h y l l i t e  on e i t h e r  s i d e .  The q u a r t z  v e i n s  do  n o t  
e x t e n d  i n t o  t h e  p h y l l i t e ,  and a t  t h e i r  ends g r a d e  o u t  i n t o  t h e  q u a r t z i t e .  These 
v e i n l e t s  a p p e a r  t o  be e x s o l v e d  from t h e  q u a r t z i t e .  It seems l i k e l y  t h a t  t h e  l a r g e r  
c r o s s c u t t i n g  q u a r t z  v e i n s  have a s i m i l a r  o r i g i n .  
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S t r u c t u r a l  S y n t h e s i s  

Evidence  h a s  been g i v e n  t o  show t h a t  two g e n e r a l  o r i e n t a t i o n s  of minor f o l d s  
a r e  p r e s e n t - - e a r l y  m o d e r a t e l y  p l u n g i n  f o l d s  (L-1 ) which p a r a l l e l  t h e  major  f o l d s  
and l a t e r  s t e e p l y  p l u n g i n g  f o l d s  (I,-27. These r c  l a t i o n s  can  be g r a p h i c a l l y  shown 
by p l o t t i n g  t h e  s t r u c t u r a l  d a t a  on a  s t e r e o g r a p h i c  n e t .  The p l o t  o f  l i n e a t i o n s  
and t h e  p o l e s  of  f o l i a t i o n s  mapped i n  t h e  v i c i n i t y  o f  Big B igh t  on E n d i c o t t  A r m  
( F i g .  2 )  shows t h a t  f o l d  and c r e n u l a t i o n  a x e s  t r e n d  N4OW w i t h  p lunges  a v e r a g i n g  
a b o u t  h o r i z o n t a l .  F o l i a t i o n  a v e r a g e s  abou t  N4OW s t r i k e  w i t h  v e r t i c a l  d i p .  The 
p a t t e r n  of f o l d  o r i e n t a t i o n s  on t h e  g e o l o g i c  map (Map 1) s u g g e s t s  t h d t  t h e  s c a t t e r  
o f  f o l d  a x e s  a l o n g  t h e i r  l i n e  of  t r e n d  on t h e  p l o t  is  due  t o  c u l m i n a t i o n s  and 
d e p r e s s i o n s  o f  t h e  major  f o l d  a x e s  a l o n g  t h e i r  s C r i k e .  Because of  t h e  i s o c l i n a l  
n a t u r e  of t h e  f o l d i n g  most f o l i a t i o n  a t t i t u d e s  i n  t h e  map a r e a  a r e  s t e e p  and t h e  
f o l i a t i o n  p o l e s  a r e  c o n c e n t r a t e d  a t  t h e  edges  o f  t h e  p l o t ,  w i t h  o n l y  s l i g h t  s c a t t e r  
a c r o s s  t h e  p l o t .  The r a r e  f o l d  h i n g e  a r e a s  where f l a t  d i p s  o c c u r  c o n t a i n  numerous 
minor f o l d s  which  make m e a n i n g f u l  f o l i a t i o n  a t t i t u d e s  d i f f i c u l t  t o  measure .  

On F i g u r e  3 ,  a l l  t h e  s t r u c t u r a l  d a t a  t a k e n  i n  t h e  E n d i c o t t  Arm-Tra.cy A r m  a r e a  
a r e  p l o t t e d .  T h i s  p l o t  i s  much l i k e  F i g u r e  2  e x c e p t  f o r  t h e  s c a t t e r i n g  of  f o l d  
and c r e n u l a t i o n  a x e s  a c r o s s  t h e  c e n t e r  of  t h e  p l . o t , ; d u e  t o  t h e  L-2 and i n t e r m e d i a t e  
a x e s .  T h i s  p a t t e r n  c o u l d  be caused by f o l d i n g  o f  p r e - e x i s t i n g  NE-trending fo . ld  
a x e s  and q u a r t z  r o d s  and boud ins  ab0u.t a  l a t e r  r\W-trending a x i s .  O r  t h e  p a t t e r n  
c o u l d  be t h e  r e s u l t  of s t e e p  f o l d i n g  i n  t h e  n e a r  v e r t i c a l  l i m b s  of NW-trending 
f o l d s .  The second e x p l a n a t i o n  i s  f a v o r e d  because  t h e  s t e e p  f o l d i n g  o c c u r s  mainly  
i n  r o c k s  o f  h i g h e r  metamorphic g r a d e  and n o t  i n  t h e  e a s i l y  f o l d e d  p h y l l i t e .  
F i g u r e  3 i n d i c a t e s  t h a t  t h e  dominant  j o i n t  o r i e n t a t i o n  i s  N45E w i t h  a  s t e e p  JW 
d i p .  T h i s  i s  i n  agreement  w i t h  t h e  f i n d i n g  of Ciault and Fe l lows  (1953 ,  F i g .  2). 

T e c t o n i c  AnaZysis 

The NW t r e n d i n g  f o l d s  a r e  t h e  dominant  s t r l ~ c t u r e  i n  t h e  map a r e a .  T h i s  de-  
f o r m a t i o n  was t h e  r e s u l t  of  a  NE d i r e c t e d  s t r e s s  and was accompanied by metamor- 
phism a s  shown by t h e  p r e f e r r e d  o r i e n t a t i o n ,  r e l a t i v e  t o  t h e  f o l d  s t r u c t u r e ,  of 
syn- -k inemat i c  b i o t i t e  and o t h e r  m i n e r a l s .  These NW f o l d s  a r e  v e r t i c a l ,  i s o c l i n a l ,  
and a r e  accompanied by minor d r a g  f o l d s  w i t h  a x e s  p a r a l l e l  t o  t h e  major  f o l d  a x e s .  

Along t h e  ME: s i d e  of  t h e  metamorphic b e l t ,  a d j a c e n t  t o  t h e  n o t  y e t  i n t r u d e d  
q u a r t z  d i o r i t e ,  t h e  metamorphic g r a d e  was h i g h e r  and g n e i s s  formed and was f o l d e d  
on a s m a l l  s c a l e  a b o u t  s t e e p  a x e s .  There i s  no s i g n  of  l a r g e  s t e e p  f o l d s  and t h e  
minor f o l d s  and b i o t i t e  l i n e a t i o n s  may be t h e  ~ v u l t  o f  a  c o u p l e ,  s e n s e  unknown, 
a c t i n g  i n  a  h o r i z o n t a l  d i r e c t i o n  ( i . e .  wrench movement) t o  produce  a  zone o f  s h e a r  
movement when t h e  r o c k s  were p l a s t i c  due  t o  t h c i r  h i g h  t e m p e r a t u r e .  A f t e r  t h e  
f o r m a t i o n  of t h e s e  minor s t r u c t u r e s  t h e  q u a r t z  d i o r i t e  was emplaced i n  some manner 
t h a t  produced s h a r p  c o n t a c t s  w i t h o u t  d e f o r m a t i o n  o f  t h e  l i n e a t i o n  and l a m i n a t i o n  
o f  t h e  g n e i s s .  

S u b s e q u e n t l y ,  a  dominant  j o i n t  s e t  fo rmed ,  wh'ich i s  s t a t i s t i c a l l y  approximate-  
l y  p e r p e n d i c u l a r  t o  t h e  NW f o l d  a x e s  b u t  d o e s  n o t  change w i t h  t h e  o s c i l l a t i o n  of 
t h e  minor f o l d s ,  NW and SE. These j o i n t s  r e p r e s e n t  p l a n e s  o f  l o w  p r e s s u r e ,  a s  i s  
shown by t h e i r  q u a r t z  f i l l i n g s ,  and a c c o r d i n g  t o  t,he t h e o r y  of  t h e  s t r a i n  e l l i p -  
s o i d  s h o u l d  be p a r a l l e l  t o  t h e  d i r e c t i o n  o f  maximum s t r e s s .  Thus ,  t h e y  may be a  
p r o d u c t  of  s t r e s s  o r i e n t e d  i n  t h e  same d i r e c t i o n  a s  t h a t  r e s p o n s i b l e  f o r  t h e  NW 
f o l d i n g .  The change of s t r u c t u r e  f rom major  fo1.d:; t o  j o i n t s  would be caused by 
t h e  s t i f f e n i n g  o f  t h e  r o c k s  due  t o  s t e e p  f o l t l i n g  and l o w e r i n g  o f  t e m p e r a t u r e .  
These  j o i n t s  a r e  l a t e ,  a s  t h e y  c u t  q u a r t z  d i o r i t c ,  g n e i s s ,  and p h y l l i t e ,  bu t  t h e  



t e m p e r a t u r e  was s t i l l  h i g h  enough f o r  q u a r t z  m o b i l i t y  and consequent  v e i n  forma- 
t i o n .  

The s t e e p  p l u n g i n g  (L-2) minor f o l d s  formed a f t e r  t h e  main p e r i o d  of  f o l d i n g  
and b e f o r e  f o r m a t i o n  of  t h e  c r o s s  j o i n t s .  They may r e p r e s e n t  t h e  r e s p o n s e  of t h e  
s t e e p  d i p p i n g  p l a s t i c  g n e i s s  t o  t h e  same SW-directed s t r e s s  t h a t  formed t h e  major  
f o l d s .  Once t h e  f o l d e d  beds  of  t h e  metamorphic b e l t  beds  were n e a r l y  perpendicu-l  
l a r  t o  t h e  de fo rming  s t r e s s ,  t h e y  would r e s i s t  f u r t h e r  f o l d i n g .  I f  t h e  d i r e c t i o n  
o f  de fo rming  s t r e s s  were n o t  e x a c t l y  p e r p e n d i c u l a r  t o  t h e  n e a r  v e r t i c a l  h o t  p l a s t i c  
zone i n  t h e  i n t e r i o r  of  t h e  metamorphic b e l t ,  a  c o u p l e  might  r e s u l t  which cou ld  
f o l d  t h e  r o c k s  o f  t h e  p l a s t i c  zone abou t  s t e e p  a x e s .  O the r  l i n e a r  zones of weak- 
n e s s  a l o n g  t h e  Coas t  Range b e l t  c o u l d  behave i n  t,he same manner. P o i n t  A s t l e y  may 
r e p r e s e n t  such  a  zone .  

Copper Zinc  P r o s p e c t  a t  P o i n t  A s t l e y  

T h i s  p r o p e r t y  i s  t h e  same a s  d e s c r i b e d  by Spence r  ( 1 9 0 6 ,  p .  4 5 )  a s  t h e  
Oceanic  Group of  c l a i m s . ,  The p r o s p e c t  i s  shown on t h e  U.S.G.S. Sumdum C-5 
1 : 6 3  ,360 q u a d r a n g l e  map on t h e  beach one mi le  8E of  P o i n t  A s t l e y .  ( S e e  a l s o  
i n d e x  map on Map 1) Two a d i t s ,  two f l o o d e d  s h a f t s ,  somt: o l d  mining mach ine ry ,  
and a  h a b i t a b l e  b u i l d i n g  r emain  f rom t h e  e a r l y  work.. Concerning  t h e  g e o l o g y ,  
Spence r  s t a t e s  t h a t  " i r r e g u l a r l y  d i s t r i b u t e d  a l o n g  t h e  s c h i s t o s i t y  of  t h i s  c o u n t r y  
r o c k  t h e r e  h a s  been a n  i n t r o d u c t i o n  of s u l f i d e s , a c c o m p a n i e d  by  q u a r t z  and c a l c i t e ,  
w i t h  no a p p a r e n t  c h a n n e l s  t o  which t h e  m e t a l l i f e r o u s  s o l u t i o n s  were c o n f i n e d .  
T h i s  s o r t  of  f i l l i n g  h a s  produced a m i n e r a l  b e l t  a  few hundred f e e t  i n  w i d t h  and 
s e v e r a l  hundred f e e t  i n  l e n g t h ,  w i t h i n  which o c c a s i o n a l  seams r i c h  i n  s i l v e r  and 
copper  a r e  encoun te red . l l  

The m i n e r a l i z e d  zone was mapped and sampled i n  two a d i t s  and a l o n g  t h e  t i d a l  
zone where i t  i s  w e l l  exposed.  (Map 2 & F i g .  4 )  Wi l l i am Race ,  S t a t e  Mining En- 
g i n e e r ,  d i d  t h e  a s s a y  sampl ing  and t o o k  geochemical. samples  i n  t h e  a r e a .  (See  
f o l l o w i n g  r e p o r t )  The d e p o s i t s  o c c u r  i n  t h e  v i c i n i t y  o f  a  c o n t a c t  between g r e e n  
c h l o r i t i c  p h y l l i t e  and b l a c k  s l a t y  p h y l l i t e .  The c h l o r i t i c  p h y l l i t e  c o n t a i n s  
q u a r t z  and c a r b o n a t e  boud ins  and r o d s .  It i s  s t r o n g l y  l i n e a t e d  by t h i s  r o d d i n g  and 
by c r e n u l a t i o n s  on t h e  p h y l l i t i c  s u r f a c e .  The b l a c k  s l a t y  p h y l l i t e  c o n t a i n s  f a i n t ,  
m o d e r a t e l y  p l u n g i n g ,  c r e n u l a t i o n s  and numerous rodded and boudined q u a r t z  v e i n s .  
A l l  o r  a l m o s t  a l l  of  t h e  q u a r t z  v e i n i n g  i s  p r e - t e c t o n i c ,  a s  shown by l e n t i c u l a r  
o u t c r o p s .  Where e x p o s u r e s  a l l o w  a  l o o k  a t  t h e  t h i r d  d i m e n s i o n ,  this q u a r t z  proved 
t o  be e l o n g a t e d  i n t o  r o d s  and boud ins  whose l o n g  a x e s  a r e  p a r a l l e l  t o  one a n o t h e r  
and t o  many o f  t h e  c r e n u l a t i o n s  i n  t h e  w a l l  r o c k s .  The s u l f i d e s  a p p e a r  t o  t a k e  
p a r t  i n  t h e s e  s t r u c t u r e s  a n d ,  t h e r e f o r e ,  a r e  p r o b a b l y  p r e - t e c t o n i c  a l s o .  P y r i t e  
and o r e  m i n e r a l s  a r e  c o n c e n t r a t e d  i n  two l o c a l i t i e s .  The nor the rn -mos t  l i e s  i n  
t h e  h a n g i n g w a l l  o f  a  2 f o o t  wide zone c o n s i s t i n g  o f  abou t  70% i r r e g u l a r  masses 
and l e n s e s  o f  q u a r t z  i n  g r e e n s t o n e  s c h i s t .  F i b r o u s  amphibole s u b p a r a l l e l  w i t h  t h e  
l i n e a t i o n  of t h e  w a l l  r o c k  i s  d i s s e m i n a t e d  alone; t h i s  zone.  A c h i p  sample t a k e n  
o v e r  t h e  e n t i r e  w i d t h  (44  f e e t )  of  t h e  d i s s e m i n a t e d  p y r i t e  zone i n  t h e  hanging- 
w a l l  o f  t h e  q u a r t z  a s s a y e d  0.37% t o t a l  Cu, Pb ,  Zn. T h i s  i s  t h e  most m i n e r a l i z e d  
zone i n  t h e  n o r t h e r n  a r e a .  

The sou the rn -mos t  o r e  zone i s  exposed on t h e  s h o r e  and i n  two s h o r t  a d i t s .  
T h i s  a r e a  was s t r o n g l y  l i n e a t e d  w i t h  a n  a v e r a g e  e a s t e r l y  p lunge  of 59" .  Linea-  
t i o n s  c o n s i s t  mainly  of  prominent  c r e n u l a t i o n s ,  b u t  one i r r e g u l a r  f o l d ,  made up  of 
q u a r t z  and s u l f i d e ,  p lunges  SE 56". There  a r e  no c r o s s c u t t i n g  s u l f i d e  o r  q u a r t z  
v e i n s .  The whole s u l f i d e ~ q u a r t z  zone ( o u t l i n e d  on t h e  map) h a s  t h e  appea rance  of  
a  l a r g e  t e c t o n i c  l e n s .  It seems l i k e l y  t h a t  t h i s  l e n s  i.s a c t u a l l y  a  t e c t o n i c  
p r i s m  t h a t  p lunges  s t e e p l y  e a s t w a r d ,  p a r a l l e l  t o  i t s  minor s t r u c t u r e s .  
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A l a r g e  amount o f  deformed q u a r t z  i s  v i s i b l e  i n  t h e  c o u n t r y  r o c k  exposed  
a l o n g  t h e  s h o r e  j u s t  e a s t  o f  t h e  o l d  b u i l d i n g ,  b u t  l i t t l e  s u l f i d e  i s  p r e s e n t .  
Wi th  t h i s  e x c e p t i o n ,  t h e  a r e a  mapped c o n t a i n s  t h e  o n l y  o b s e r v e d  s i g n i f i c a n t  
amount o f  q u a r t z  and i n d i c a t i o n s  o f  m i n e r a l i z a t i o n  be tween P o i n t  A s t l e y  ( p r o p e r )  
and t h e  n e x t  p o i n t ,  a b o u t  a  m i l e  t o  t h e  e a s t .  At V .  P . Bench Mark "Holk" shown on 
t h e  q u a d r a n g l e  map $ m i l e  e a s t  o f  P o i n t  A s t l e y ,  a s h e a r e d  c o n g l o m e r a t e  w i t h  e l -  
l i p s o i d a l  c l a s t s  o c c u r s .  The l o n g  dimension:;  o f  t h e  e l l i p s o i d s  p lunge  s t e e p l y .  

The f o l  l o w i n g  s t a t e m e n t  i s  made by Buddington  and Chapin ( 1929 p .  291)  : " A  
h i g h l y  mashed ove r t , h rus t  f a u l t  zone i:; i n d i c a t e d  by t h e  c a t a c l a : , t i c  t e x t u r e  o f  
t h e  r o c k s  i n  a  b e l t  011 t h e  main land  ad jacent ,  t o  S t e p h e n s  Passage  f rom P o i n t  
Houghton n o r t h  t o  P o i n t  A s t l e y  and t o  t h e  n o r t h w ~ > s t .  . . . . l l .  The a u t h o r s  may be 
r e f e r r i n g  t o  t h i s  c o n g l o m e r a t e  o r  t o  t h e  P o i n t  A s t l e y  p r o s p e c t .  

It seems l i k e l y  t h a t  t h e  s t r u c t u i - e  a t  t h e  P o i n t  h s t l e y  prospecl ;  tnay b e  t h e  
r e s u l t  o f  s u b - h o r i z o n t a l  s h e a r  movements s i m i l a r  t o  t h o s e  t h a t  formed t h e  s t e e p  
l i n e a t i o n  a l o n g  t h e  edge  o f  t h e  b a t h o l i t h  i n  t h e  T r a c y  Arm-Endicot t  A r m  a r e a .  
The e x t e n s i o n s  o f  t h i s  zone a l o n g  t h e  s t r i k e  may be a s t r u c t u r e  .fnvora.blc? f o r  o r e  
depo : ; i t s  . 
P o r t  l a n d  Group P r o s p e c t  

E a r l y  work on t h e  P o r t l a n d  Group i s  b r i e f l y  mentionet i  by Spence r  ( 1 9 0 6 ,  p.45;) 
as f ol.lows : 

" C l o s e  t o  t h e  s h o r e  o n  t,he n o r t h  s i d e  o f  E n d i c o t t  A r m  o p p o s i t e  Sumdum, numer- 
o u s  c l a i m s  have  been  l o c a t e d  upon a  wide  b e l t  o f  m i n e r a l i z e d  r o c k  b e l o n g i n g  t o  t h e  
s c h i s t ,  b e l t  which  l i e s  a d j a c e n t  t o  t h e  Coas t  Range d i o r i t e .  The o r e  b o d i e s  c o n s i s t  
o f  s i l i c e o u s  s c h i s t s  c a r r y i n g  d i s s e m i n a t e d  s u l f i d e s  and s t r i n g e r s  o f  q u a r t z  and 
c a l c i t e  which  f i l l  o p e n i n g s  a l o n g  t h e  s c h i s t o s i t , y .  The zone oC m i n e r a l i z a t i o n  
f o l l o w s  t h e  s t r i k e  of t h e  s c h i s t s  and w i t h  a n  a v e r a g c  w i d t h  of  n e a r l y  1 , 0 0 0  f e e t  
i s  tractable f o r  n m i l e  o r  more a l o n g  t h e i r  o u t c r o p .  Thc o r c s  a r e  g o l d - b e a r i n g  
p y r i t e ,  g a l e n a ,  and s p h a l e r i t c  and  are r e p o r t e d  t o  a s s a y  f rom 450.50 t o  $3 p e r  t o n .  
A c r o s s c u t  t u n n e l  1 8 0  f e e t  i n  l c n g t h  and  a few open c u t s  expose  t h e  m i n e r a l i z e d  
r o c k ,  b u t  how much o f  t h i s  w i l l  event , l l a l ly  p rove  t o  bc minab le  c a n  be d e t e r m i n e d  
o n l y  by more development  work and  c n r ~ b f u l  s a m p l i n g . "  

Two a d i t s  of  t h e  P o r t l a n d  Group were mapped ( ~ a p  3 )  and  c h i p  samples  were 
t a k e n  f o r  t h e  f u l l  l e n g t h  o f  t h e  work ings  by W i l l i a m  Race ,  S t a t e  Mining  E n g i n e e r .  
Thc r e s u l t s  o f  t h i s  e x a m i n a t i o n  a r e  shown on t h e  acconpany ing  map. The bed rock  
i n  t h o  a d i t s  c o n s i s t e d  o f  d a r k  s l a t y  p h y l l i t e  w i t h  numerous l e n t i c u l a r  q u a r t z  
v e i n s  and l i g h t  c o l o r e d  q u a r t z o s e  p h y l l i t e  w i t h  q u a r t z  l a y e r s .  No c r o s s c u t t i n g  
q u a r t z  v e i n s  a r e  p r e s e n t  and  v i s i b l c  m i n e r a l i z a t i o n  i s  r e s t r i c t e d  t o  s p o r a d i c  
c u b e s  and  a  f e w  seams o f  p y r i t e .  A l l  o f  t h e  q u a r t z  is p r c - t e c t o n i c  and i t  seems 
l i k e l y  t h a t ,  t h i , ~  a r e a  h a s  l i t t l e  more m i n e r a l i z a t i o n  t h a n  t h e  a v e r a g e  bed rock  i n  
t h e  r e g i o n .  The a: ,says g i v e  a u s e f u l  sample  of  t,he t r a c e  m e t a l  c o n t e n t  o f  un- 
weathered c o u n t r y  r o c k .  

N e g l e c t e d  P r i z e  P r o s p e c t  - 
A U.S. G e o l o g i c a l  Su rvey  r e p o r t  on t h i s  p r o p e r t y  by G a u l t  and F e l l o w s  (1.953) 

give:; d e t a i l e d  and r e g i o n a l  g e o l o g i c  maps and a s s a y s .  'rtlese a u t h o r s  e s t i m a t e  t h e  
reserve: :  t o  be  400 t o n s  p e r  v e r t i c a l  f o o t  f o r  a v e i n  f e e t  wide and $30 f e e t  
l o n g  c a r r y i n g  3 .2% Zn,  1..5% Cu, 0.013 o z .  Au and 0 . 7 5  o z .  Ag. O t h e r  l ower  g r a d e  
v e i n s  a r e  r e p o r t e d  i n  t h e  v i c i n i t y .  The d e p o s i t  was v i s i t e d  f o r  one d a y ,  b u t  n o t  
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remapped. It  i s  e v i d e n t  f rom t h e  maps and f rom o u t c r o p s  a l o n g  t h e  v e i n  t h a t  
s t e e p  l i n e a t i o n s  p redomina te  i n  t h i s  a r e a ,  j u s t  a s  t h e y  do a l o n g  t h e  s h o r e l i n e  on 
s t r i k e  t o  t h e  NW. The d e p o s i t  a p p e a r s  t o  have  formed d u r i n g  t h e  p e r i o d  o f  L-2 
f o l d i n g  and s h e a r i n g  of  t h e  g n e i s s ,  a s  t h e  s u l f i d e s  a p p e a r  t o  conform t o  t h e  r o c k  
s t r u c t u r e s .  I t  seems l i k e l y  t h a t  t h e  l o n g  a x e s  o f  t h i s  d e p o s i t  i s  s t e e p ,  p a r a l l e l  
t o  t h e  minor s t r u c t u r e s .  

Taku I n l e t  

A s e c t i o n  a c r o s s  t h e  metamorphic b e l t  was mapped a l o n g  t h e  n o r t h  s h o r e  of  
Taku I n l e t  (Map 4. & F i g .  5 ) . T h i s  work w i l l  be d e s c r i b e d  o n l y  b r i e f l y  a s  t h e  main 
f e a t u r e s  o f  t h e  geo logy  a r e  s i m i l a r  t o  t h o s e  i n  t h e  E n d i c o t t  Arm-Tracy A r m  a r e a .  
The r o c k s  a t  P o i n t  Bishop a r e  a n d e s i t i c  v o l c a n i c s  w i t h  amygda lo ida l  f l o w  t o p s  
f a c i n g  NE. These  a r e  i n t e r b e d d e d  w i t h  t h e  o v e r l y i n g  d a r k  p h y l l i t e s  o f  t h e  Pe r se -  
v e r a n c e  s l a t e .  No l a r g e  s t r u c t u r e s  have been d e t e c t e d  i n  t h i s  s l a t e ,  b u t  moderate-  
l y  p l u n g i n g  L-1 minor f o l d s  and c r e n u l a t i o n s  a r e  common. These  a r e  more e r r a t i c  
t h a n  i n  t h e  E n d i c o t t - T r a c y  A r m  a r e a ,  bu t  ma ip ly  p lunge  SE. I n  some r o c k s ,  minor 
s t r u c t u r e s  p lunge  b o t h  SE and NW i n  t h e  same o u t c r o p ,  A s  t h e  q u a r t z  d i o r i t e  i s  
approached a c r o s s  t h e  p h y l l i t e ,  f i r s t  b i o t i t e  and t h e n  r e d  g a r n e t , o c c u r s ,  i n d i c a t -  
i n g  a n  i n c r e a s e  i n  t h e  metamorphic g r a d e .  Some of t h e s e  g a r n e t s  have been  r o l l e d ,  
i n d i c a t i n g  t h a t  f o l d i n g  w i t h  consequen t  bedd ing  p l a h e  s l i p  h a s  c o n t i n u e d  a f t e r  t h e  
f o r m a t i o n  o f  t h e  g a r n e t .  The b i o t i t e  i s  o r i e n t e d  p a r a l l e l .  t o  t h e  f o l i a t i o n  o f  t h e  
s c h i s t  and i s  t h e r e f o r e  s y n - t e c t o n i c  a l s o .  

Toward t h e  NE, t h e  b i o t i t e  s c h i s t  g r a d e s  i n t o  g n e i s s  w i t h  t h e  g r a d u a l  i n c r e a s e  
i n  metamorphic d i f f e r e n t i a t i o n  of  t h e  r o c k s  i n t o  q u a r t z  and b i o t i t e  r i c h  l a y e r s .  
S t e e p  p l u n g i n g  (L-2 )  minor f o i d s  pred.ominate i n  t h e  g n e i s s ,  b u t  a r e  a l s o  found 
l o c a l l y  i n  t h e  b i o t i t e  s c h i s t .  The q u a r t z  d i o r i t e  c o n t a i n s  q u a r t z  h i n g e s ,  b a s i c  
i n c l u s i o n s  and l i n e a t i o n s  formed o f  t r a i n s  of b i o t i t e  c r y s t a l s  t h a t  p a r a l l e l  t h e  
s t r u c t u r e s  o f  t h e  metamorphic r o c k s .  I n  some a r e a s  i n  t h e  q u a r t z  d i o r i t e ,  l e n t i c -  
u l a r  q u a r t z  augen c o n t a i n s  r e d  g a r n e t s .  

F o l d e d ,  boud ined ,  and rodded q u a r t z  v e i n s  s i m i l a r  t o  t h o s e  d e s c r i b e d  i n  t h e  
E n d i c o t t - T r a c y  A r m  a r e a  o c c u r  i n  t h e  p h y l l i t e ,  s c h i s t ,  gneis!s and l o c a l l y  a s  
r e l i c t  s t r u c t u r e s  i n  t h e  q u a r t z  d i o r i t e .  In a d d i t i o n  two q u a r t z  s t r i n g e r  z o n e s ,  
abou t  150  f e e t  a p a r t ,  o c c u r  i n  t h e  p h y l l i t e ;  t h e s e  v e i n s  are:surrounded by b i o t i t e  
h o r n f e l s .  A t  one o f  t h e  l o c a l i t i e s ,  t h e  zone i s  about  20 f e e ?  wide;  t h e  main 
s t r i n g e r s  s t r i k e  abou t  p a r a l l e l  t o  t h e  f o l i a t i o n  o f  t h e  p h y l l i t e  b u t  d i p  60" SE, 
a c r o s s  i t ;  between t h e  main s t r i n g e r s ,  t h e  h o r n f e l s  i s  c u t  by numerous i r r e g u l a r  
q u a r t z  v e i n l e t s ,  many of which a r e  b o r d e r e d  by b i o t i t e .  A c h i p  sample a c r o s s  t h e  
zone gave  n i l  Au and Ag. C r e n u l a t i o n s  i n  t h e  w a l l  r o c k s  p lunge  modera te ly  S E .  
T y p i c a l  s t e e p  NE s t r i k i n g  j o i n t s  c u t  t h e  v e i n s  and d o  n o t  c o n t a i n  q u a r t z .  The 
s t r i n g e r  zones  r e p r e s e n t  q u a r t z  emplaced a f t e r  f o l d i t l g  and b e f o r e  f o r m a t i o n  of 
j o i n t s ,  

Three  c o n s p i c u o u s l y  r u s t y  s t a i n e d  z o n e s ,  t o t a l i n g  o v e r  5 m i l e  i n  w i d t h  o c c u r  
a t  and on e i t h e r  s i d e  of  Cooper P o i n t .  The bedrock i n  t h e s e  a r e a s  i s  p y r r h o t i t e -  
b e a r i n g  q u a r t z o s e  s c h i s t .  O n e - f i f t h  o f  a  m i l e  n o r t h  of Cooper P o i n t ,  t h e  s c h i s t  
i s  c u t  by p a r a l l e l  and c r o s s c u t t i n g  q u a r t z  v e i n s  w i t h  g r e a t e r  t h a n  a v e r a g e  m o u n t s  
O f  d i s s e m i n a t e d  p y r r h o t i t e  i n  t h e  a d j a c e n t  c o u n t r y  r o c k .  A sample  of t h e  s u l f i d e -  
b e a r i n g  r o c k  r a n  0 . 0 2  o z .  Au, n i l  Ag, p e r  t o n .  T h i s  r o c k  a p p e a r s  t o  be a  metamor- 
phosed impure q u a r t z  s a n d s t o n e ,  s i rn i l - a r  i n  o r i g i n a l  :rock t y p e  t o  t h e  q u a r t z -  
b i o t i t e  r o c k  l2 m i l e s  SW of  Cooper P o i n t  and t o  t h e  p h y l l i t i c  q u a r t z i t e  i n  t h e  
c o r e  of' t h e  fo1.d n e a r  t h e  o l d  P e r s e v e r a n c e  s h a f t  a t  t h e  Alaska Juneau mine.  The 
r o c k  between t h e s e  q u a r t a o s e  a r e a s  i s  d e r i v e d  from b l a c k  s l a t e .  
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Alaska  Juneau  Mine 

The Alaska  Juneau  mine o f f e r s  t,he most f a v o r a b l e  o p p o r t u n i t y  t o  s t u d y  t h e  
r e l a t i o n  between m i n e r a l i z a t i o n  and t h e  geology o f  t h e  Coast  Range r e g i o n .  The 
s u r f a c e  a r e a  of  t h e  o l d  P e r s e v e r a n c e  Mine i s  wel l  exposed ,  f a i r l y  a c c e s s i b l e ,  
and c o n t a i n s  what i s  by Alaska  Juneau s t , anda rds ,  f a i r l y  good o r e .  T h i s  ground i s  
now p a r t  o f  t h e  Alaska  Juneau p r o p e r t y .  About 1.0 d a y s  was s p e n t  i n  t h e  a r e a  i n  
mapping and r e c o p n a i s s a n c e .  Because of  ik s h o r t  t i m e  s p e n t  i n  t h e  a r e a ,  t h e  
complex i ty  of  t h e  g e o l o g y ,  and l a c k  of  a  s a t i s f a c t ; o r y  base  map, no map i s  i n c l u d e d  
i n  t h i s  p r e l i m i n a r y  r e p o r t .  P o s s i b l y  f o r  s i m i l a r -  r e a s o n s ,  no comprehensive r e -  
p o r t  h a s  e v e r  t e e n  p u b l i s h e d  on t h e  mine.  

Thanks a r e  due  t o  M r .  Gene Ne l son ,  Juneau manager of  t h e  Alaska  Juneau Gold 
Mining Company, f o r  f u r n i s h i n g  maps, r e p o r t s  and s u r v e y  d a t a  and some of  t h e  f l a v o r  
o f  t h e  o l d  AJ. 

The o r e  b o d i e s  of  t h e  Al-aska Juneau mine a r e  mere ly  t h e  r i c h e s t  y o r t i o n s  of  
a l a r g e r  a r e a  d e s c r i b e d  by Wernecke( l932)  a s  1 - 2 , 0 0 0  f e e t  wide and j2 m i l e s  l o n g .  
' In  t h i s  a r e a ,  v e i n  q u a r t z  o c c u r s  i n  abundance g r e a t e r  t h a n  a v e r a g e  f o r  t h e  r e g i o n .  
Most of  t h i s  v e i n  q u a r t z  o c c u r s  i n  f o l d e d ,  boudinc?d.and rodded v e i n s ,  u s u a l l y  a  
f r a c t i o n  of  a n  i n c h  i n  w i d t h  w h i c h ,  because  t h e y  c a r r y  l i t t l e  o r  no g o l d ,  have 
been g i v e n  1 - i t t l e  s t u d y .  These v e i n s  a r e  s i m i l a r  i n  s t r u c t u r e  t o  t h e  deformed 
q u a r t z  v e i n s  e l s e w h e r e  i n  t h e  Coas t  Range minera l  b e l t .  They were deformed a l o n g  
w i t h  t h e  e n c l o s i n g  w a l l  r o c k s .  The e v i d e n c e  f o r  t,he p re -  o r  s y n - t e c t o n i c  age of  
t h e s e  deformed q u a r t z  v e i n s  i s  s i m i l a r  t o  t h a t  g i v e n  e a r l i e r  i n  t h e  d e s c r i p t i o n  
o f  s t r u c t u r e s  i n  t h e  E n d i c o t t - T r a c y  A r m  a r e a .  I n  a d d i t i o n ,  t h e r e  a r e  many v e i n s  
o f  s e v e r a l  i n c h e s  t o  a  f ew f e e t  i n  w i d t h  which c r o s s c u t  t h e  f o l i a t i o n  of  t h e  
c o u n t r y  r o c k ,  u s u a l l y  a t  s m a l l  a n g l e s .  These arc! t h e  o r e - b e a r i n g  v e i n s .  These 
a r e  n o t  of  g r e a t  s t r i k e  l e n g t h ,  a r e  i r r e g u l a r  i n  c r o s s  s e c t i o n ,  o c c a s i o n a l l y  
b o u d i n e d ,  o f t e n  end b l u n t l y  w i t h  t h e  f o l i a t i o n  wrapped around t h e  end o f  t h e  v e i n ,  
and may hook around a t  t h e  end a s  though f o l d e d .  See F i  u r e  by Wernecke ( 1 9 3 2 ,  
F i g .  7) . T h i s  i s  a l s o  shown by Bateman (1950 ,  F i g .  12-67. No g r e a t  amount of  
s l i p  h a s  o c c u r r e d  on  t h e  f o l i a t i o n  s u r f a c e s  of  t h e  e n c l o s i n g  p h y l l i t e  s i n c e  t h e s e  
v e i n s  were emplaced ,  b u t  t h e i r  i r r e g u l a r i t i e s  seen? to be i n d i c a t i v e  of  some p o s t -  
v e i n  d e f o r m a t i o n .  I would t e n t a t i v e l y  p l a c e  them a s  l a t e  t e c t o n i c .  T h i s  i s  con- 
t r a r y  t o  t h e  o p i n i o n  of e a r l - i e r  w o r k e r s ,  a l l  who have c o n s i d e r e d  them t o  be much 
l a t e r  t h a n  t h e  p e r i o d  o f  f o l d i n g .  

E a r l i e r  worke r s  have r e g a r d e d  t h e  a m p h i b o l i t ~ s  a s  i n t r u s i v e .  I found t h a t  
t h e  c o n t a c t s  between a m p h i b o l i t e  and q u a r t z o s e  p h y l l i t e  a r e  g r a d a t i o n a l ,  and it 
h p p e a r s  t h a t  t h e  a m p h i b o l i t e  r e p r e s e n t s  t u f f  l a y e r s  i n  t h e  o r i g i n a l  s e d i m e n t s .  
It seems l i k e l y  t h a t  c r o s s c u t t i n g  r e l a t i o n s h i p s  which have  l e d  t o  t h e  c o n c l u s i o n  
o f  a n  i n t r u s i v e  r e l a t i o n s h i p  were due  t o  m i s t a k i n g  a x i a l  p l a n e  c l e a v a g e  i n  b l a c k  
s l a t e  f o r  bedd ing  where i t  s t r i k e s  i n t o  f o l d  hingc3s of  a m p h i b o l i t e .  T h i s  same 
r e l a t i o n s h i p  i s  p r e s e n t  on a  s m a l l  s c a l e  i n  many of t h e  q u a r t z  v e i n l e t s  where 
f o l d e d  v e i n s  c r o s s c u t  t h e  c l e a v a g e  o f  t h e  e n c l o s i n g  s l a t e .  

Whatever t h e i r  o r i g i n ,  t h e  a m p h i b o l i t e s  were emplaced b e f o r e  f o l d i n g  and 
metamorphism, a p p a r e n t l y  p a r a l l e l  t o  t h e  bedd ing  o f  t h e  s e d i m e n t s .  They have 
a n  i m p o r t a n t  r o l e  i n  t h e  f o r m a t i o n  o f  t h e  o r e  s t r u c t u r e s  a s  t h e  open ings  a r e  
l o c a l i z e d  a l o n g  c o n t a c t s  of  a m p h i b o l i t e  w i t h  b l a c k  p h y l l i t e .  The deformed condi -  
t i o n  o f  some, o r  p o s s i b l y  a l l ,  of t h e  v e i n s  i n d i c a t e s  t h a t  a t  l e a s t  some of  t h e s e  
o p e n i n g s  were formed and f i l l e d  w i t h  q u a ~ t z  b e f o r ?  t h e  end of f o l d i n g .  Mining 
h a s  shown t h a t  t h e  l a t e  v e i n s ,  which c a r r y  t h e  o r e ,  a r e  c l o s e l y  c o n t r o l l e d  by t h e s e  
f o l d s  and p lunge  abou t  40° SE, p a r a l l e l  to t h e  major  a m p h i b o l i t e  f o l d  h i n g e s .  



Wernecke ( 1 9 3 2 ,  p .  495) s t a t e s  t h a t  t h e  o r e - b e a r i n g  q a r t z  s t r i n g e r s  o c c u r  " i n  
more o r  l e s s  c o n t i n u o u s  p i p e - t i n e  g r o u p s  a l o n g  f r ac t , t t r e  r i d g e s  o r  t o n g u e s  o f  brown 
g a b b r o " .  These  r i d g e s  and t o n g u e s  a r e  i r r e g u l a r  f o l d s  i n  t h e  h i n g e  a r e a s  o f  a l t e r -  
ed a m p h i b o l i t e  (brown g a b b r o ) .  The o r e  zones  o c c u r  ma in ly  a l o n g  t h e  a x i a l  p l a n e  
zone o f  t h e  ma jo r  f o l d ,  l o c a l i z e d  a l o n g  favorable c o n t a c t s .  

T h u s ,  t h e  a n a l y s i s  o f  minor  and major  s t r u c C u r e s  shows t h a t  t h e  ear l -y  q u a r t z  
v e i n l e t s  were  emplaced and  deformed b e f o r e  t h e  end o f  t h e  p e r i o d  o f  f o l d i n g ,  and 
t h a t  t h e  l o c a t i o n  o f  t h e  l a t e r ,  o r e - b e a r i n g  q u a r t z  v e i n s  was c l o s e l y  c o n t r o l l e d  
by t h e  f o l d  s t r u c t u r e s .  The v e i n  s t r u c t u r e s  i n d i c a t e  t h a t  t h e s e  a r e  n o t  s i m p l e ,  
undeformed f i s s u r e  v e i n s .  T h i s  o r e  c o n t r o l  may t ) e  t h e  r e s u l t  o f  more b r i t t l e  
b e h a v i o r  o f  t h e  r o c k s  n e a r  t h e  end o f  f o l d i n g .  

The Alaska  J u n e a u  d e p o s i t  o c c u r s  a p p r o x i m a t c ~ l y  a  m i l e  SW o f  t h e  b i o t i t e  zone 
o f  metamorphism, b u t  brown b i o t i t e  i s  c l o s e l y  a s : , o c i a t e d  w i t h  t h e  o r e  zone and 
commonly o c c u r s  a l o n g  t h e  marg ins  of' t h e  a m p h i b o l i t e  b o d i e s  i n  t h e  a r e a .  E l s e -  
where  a l o n g  t h e  Coas t  Range m i n e r a l  b e l t ,  i s o 1 a t f . d  a r e a s  of' b i o t i t e  b e a r i n g  phyl -  
l i t e  h a v e  been  found  SW o f  t h e  main b i o t i t e  zone .  

The a m p h i b o l i t e  b o d i e s  were  d e p o s i t e d  o r  emplaced b e f o r e  f o l d i n g  and metamor- 
phism and  have  been  f o l d e d  w i t h  t h e  e n c l o s i n g  p h y l l i t e  i n t o  major  f o l d s .  Minor  
f o l d s  p a r a l l e l  t h e s e  major  f o l d s .  Minor  q u a r t z  v c i n s  were emplaced b e f o r e  o r  
d u r i n g  metamorphism and f o l d i n g ,  and  have  been much tleformetl . L a r g e r ,  o r e - b e a r i n g  , 
q u a r t z  v e i n s  were  emplaced l a t e r ,  a p p a r e n t l y  nearv t h e  end o f  t h e  p e r i o d  o f  f o l d i n g .  
The o r e  s h o o t s ,  made u p  o f  l a r g e  numbers o f  thesc :  q u a r t z  v e i n s ,  o c c u r  n e a r  b l a c k  
s l a t e - a m p h i b o l i t e  c o n t a c t s  a l o n g  t h e  a x i a l  p l a n e  zone of  t h c  major  f o l d .  Openings 
formed d u r i n g  f o l d i n g  a l o n g  t h e  c o n t a c t s  localized t h e  o r e .  L o c a l i z a t i o n  of  miner-  
a l i z a t i o n  a l o n g  t h e  h i n g e s  o f  f o l d s  p l u n g i n g  downward a t  40' p r o v i d e d  a c c e s s  t o  
d e e p e r  l e v e l s .  The o r e  was d e p o s i t e d  d u r i n g  t h e  p e r i o d  of  metamorphism a b o u t  a  
m i l e  o u t s i d e  t h e  b i o t i t e  zone .  

It i s  s u g g e s t e d  t h a t  w a t e r  and o t h e r  v o l a t i  l e s  b o i l e d  o f f  f rom t h e  meta-  
morph ic  zone be low t h e  d e p o s i t  and t r a v e l e d  u p  t h e  p l u n g i n g  s t r u c t u r e s  b r i n g i n g  
i n  q u a r t z ,  o r e  m i n e r a l s  and t h e  h e a t  n e c e s s a r y  l,o r a i s c  t l i e  o r e  zone t o  b i o t i t e  
g r a d e  t e m p e r a t u r e .  The f o r m a t i o n  o f  t h e  d e p o s i t  was a f u n c t i o n  o f  s t r u c t u r e ,  
metamorphism, t r a c e  e l e m e n t  c o n t e n t  o f  t h e  r o c k  and t i m i n g - - a l l  e l e m e n t s  t h a t  can  
be  mapped. 

G e n e r a l  Summary 

G e o l o g i c  mapping was done  i n  s e l e c t e d  c r o s s  s e c t i o n s  of  t h e  metamorphic b e l t  
SW of t h e  margin  of t h e  Coas t  Range b a t h o l i t h ,  o v e r  a  w i d t h  o f  up  t o  4 m i l e s  i n  t h e  
E n d i c o t t - T r a c y  A r m  and Juneau-Taku I n l e t  a r e a s .  

The r o c k  t y p e s ,  metamorphism, and  s t r u c t u r e  i n  t h e  two a r e a s  a r e  s imilar.  
The metamorphic  r o c k s  c o n s i s t  o f  p h y l l i t e  on t h e  SW s i d e ,  g r a d i n g  i n t o  b i o t i t e  
s c h i s t  and t h e n  q u a r t z  b i o t i t e  g n e i s s  a s  a  resu1.L ,of t h e  a p p e a r a n c e  and growth  o f  
b i o t i t e  a n d ' t h e  i n c r e a s i n g  d i f f e r e n t i a t i o n  o f  t h c  r o c k s  i n t o  b i o t i t e - r i c h  and 
q u a r t z - r i c h  l a y e r s  as t h e  metamorphic g r a d e  i n c r c a s e s  w i t h  t h e  a p p r o a c h , t o  t h e  
b a t h o l i t h .  The c o n t a c t  o f  t h e  q u a r t z  d i o r i t e  o f  t h e  b a t h o l i t h  w i t h  t h e  g n e i s s  
i s  g r a d a t i o n a l  t o  s h a r p ,  and o r i e n t e d  i n c l u s i o n s  o f  metamorphic r o c k s  a r e  p r e s e n t  
i n  t h e  q u a r t z  d i o r i t e .  The q u a r t z  d i o r i t e  p o s t - d a t e s  t h e  f o r m a t i o n  of  g n e i s s  and  
a p p e a r s  t o  be o f  r e p l a c e m e n t  o r i g i n .  

NW t r e n d i n g  f o l d s  d o m i n a t e  t h e  s t r u c t u r e  o f  t h e  r e g i o n .  These  ' f o l d s  a r e  b e s t  



p r e s e r v e d  i n  t h e  p h y l l i t e s  as swarms of p a r a l l e l  NW-trending minor  f o l d s  p l u n g i n g  
m o d e r a t e l y  NW and SE. I n  f a v o r a b l e  l o c a l i t i e s ,  l a r g e  NW-trending f o l d s  a r e  d e t e c t -  
a b l e  p a r a l l e l  t o  t h e  NW-trending minor  f o l d s .  The m a j o r  f o l d s  a r e  i s o c l i n a l ,  
b e d d i n g  p l a n e  s l i p  f o l d s  which  a r e  e i t h e r  v e r t i c a l  o r  o v e r t u r n e d  s l i g h t l y  t o  t h e  
SW. 

Along t h e  NE s i d e  o f  t h e  metamorphic b e l t ,  main1.y i n  t h e  g n e i s s ,  minor  f o l d s  
and  l i n e a t i o n s  p lunge  s t e e p l y  down t h e  n e a r  v e r t i c a l .  b e d s .  T h i s  s e c o n d  d i r e c t i o n  
o f  f o l d i n g  i s  l a t e r  t h a n  t h e  f i r s t ,  and i s  t h o u g h t  t o  r e p r e s e n t  h o r i z o n t a l  ( w r e n c h )  
movements a l o n g  a  p l a s t i c  h e a t e d  zone p r e - d a t i n g  t h e  q u a r t z  d i o r i t e ,  which  a p p e a r s  
t o  be  r e s t r i c t e d  t o  t h e  same zone .  

L a t e r  M E - s t r i k i n g ,  n e a r - v e r t i c a l  c r o s s  joint:;  c u t  p h y l l i t e ,  g n e i s s  and  
q u a r t z  d i o r i t e .  

Q u a r t z  v e i n s  i n  t h e  map a r e a  c4-ln be c a t e g o r i z e d  a : ; :  I .  V e i n l e t s  p a r a l l e l  t o  
t h e  f o l i a t i o n  wh ich  e x s o l v e d  f rom t h e  c o u n t r y  r o c k ;  2 .  P rc -  o r  s y n - t e c t o n i c  
q u a r t z  v e i n s  which  have  b e e n  deformcxd by l a t e r  s L j  p  a l o n g  j l o l i a t i o n s  o f  t h e  en-  
c l o s i n g  r o c k  a n d ,  3 .  T a b u l a r  v e i n s  i n  c r o s s  j o i n [ , ~  which  p o s t  d a t e  f o l d i n g .  The 
q u a r t z  v e i n s  a t  tMe Alaska  Juneau  mine a r e  thought, t o  be p r e -  o r  s y n - t e c t o n i c  i n  
a g e .  

The NW-trending fold: ;  and NE-s t , r ik ing  c r o s s  joint : ;  r e s u l t e d  f rom a  SW d i r e c t -  
ed s t r e s s .  Pos: i ibly t h e  s t e e p  fo ld : ; ,  wh ich  a r e  int,ermr:diat,e between t h e  two i n  
a g e ,  r e p r e s e n t  a  r e s p o n s e  unde r  d i f j ' e r e n t  condi t ion: ;  t o  st,r'l?ss f rom t h e  same 
d i r e c t i o n .  

M i n e r a l  d e p o s i t s  i n  t h e  a r e a  a r c  c o n t r o l l e d  11y o p ~ > n i n g , ;  a s s o c i a t e d  w i t h  NW- 
t r e n d i n g  f o l d s  and  w i t h  NW-st r ik ing  zones  o f  wreric:h movemei~t.  The d e p o s i t s  a p p e a r  
t o  d a t e  f rom t h e  t i m e  o f  d e f o r m a t i o r ~  and  metamorplli s m  and nlay be r e l a t e d  t o  met- 
amorph ic  t e m p e r a t u r e  g r a d i e n t s .  
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P r e l i m i n a r y  Geochemical. I n v e s t i g a t i o n  
Tracy  and  E n d i c o t t  A r m  Area 

by W i l l i a m  H .  R a c e ,  Mining  E n g i n e e r  

I n t r o d u c t i o n  - 
The T r a c y  and E n d i c o t t  A r m  a r e a  was chosen  f o r  g e o l o g i c a l  and geochemica l  

i n v e s t i g a t i o n  b e c a u s e  i t  i s  a  c o n t i n u a t i o n  of  t h e  famous J u n e a u  g o l d  b e l t ,  c o n t a i n s  
s e v e r a l  b a s e  m e t a l  p r o s p e c t s ,  and i s  readi1.y a c c e s s i b l e  t o  ocean  t r a n s p o r t a t i o n .  
I t  t h e r e f o r e  a p p e a r e d  t o  b e  a  good a r e a  t o  i n v e s t i g a t e  t h e  r e g i o n a l  g e o l o g y  o f  t h e  
Coas t  Range m i n e r a l  b e l t .  

The o l d  known p r o s p e c t s  and  mines i n  t h e  a r e a  were  i n v e s t i g a t e d  a s  t i m e  p e r m i t -  
t e d .  The s t r e a m  s e d i m e n t s  and w a t e r - s h e d  s o i l s  were  sampled  i n  t h e  c o u r s e  o f  t h e  
i n v e s t i g a t i o n .  

Mines and  P r o s p e c t s  i n  t h e  Area - 
The J i n g l e - J a n g l e ,  o r  o l d  Ne l e c t e d  P r i z e  d e p o s i t  on T r a c y  A r m  h a s  been p ros -  

p e c t e d  by t r e n c h i n g  and  a  s h a f t  1 d f e e t  d e e p .  The U .  S .  G e o l o g i c a l  Su rvey  B u l l e t i n  
998-A e s t i m a t e s  4 0 , 0 0 0  t o n s  o f  o r e  p r e s e n t  f o r  eve ry  1 0 0  f e e t  of  d e p t h .  Assays 
t a k e n  by v a r i o u s  e n g i n e e r s  a v e r a g e  3 . 2  p e r c e n t  z i n c ,  1 . 5  p e r c e n t  c o p p e r ,  0 .013  
ounces  o f  g o l d ,  and 0.75 ounces  o f  s i l v e r  p e r  t o n .  

The Sumdum D e p o s i t  on  E n d i c o t t  A r m  h a s  been  d r i l l e d  and mapped by one o f  t h e  
l a r g e  min ing  companies .  T h e i r  r e p o r t  i s  s t i l l  c o n f i d e n t i a l  b u t  it i s  u n d e r s t o o d  
t h a t  t h i s  d e p o s i t  i s  s i m i l a r  t o  t h e  J i n g l e - J a n g l e  b u t  somewhat l a r g e r  and o f  l ower  
g r a d e .  

The P o r t l a n d  Group on E n d i c o t t  A r m  w a s  e v i d e n t l y  an o l d  go ld  p r o s p e c t .  

The Sumdum Chie f  mine produced  a b o u t  $500,000 w o r t h  o f  g o l d  b e f o r e  t h e  d e p o s i t  
wa.s e x h a u s t e d  . 

The P t .  A s t l e y  d e p o s i t  h a s  been  p r o s p e c t e d  f o r  g o l d ,  l e a d ,  and z i n c  by two 
t u n n e l s  and  two s h a f t s .  The d e p o s i t  i s  a t  h i g h  t i d e  l e v e l  s o  t h e  s h a f t s  a r e  f l o o d -  
e d .  The e x t e n t  o f  unde rg round  development  i s  unknown. 

P h y s i c a l  F e a t u r e s  - 
The moun ta ins  of T r a c y  and  E n d i c o t t  A r m s  r i s e  a b r u p t l y  f rom s e a  l e v e l  i n  

most p l a c e s .  T i m b e r l i n e  a t t a i n s  a n  a l t i t u d e  o f  a b o u t  2500 f e e t  and g l a c i e r s  occupy 
most o f  t h e  v a l l e y s  above  4500 f e e t .  The v a l l e y s  and s t r e a m s  a r e  f e d  by m e l t i n g  
snow,  g l a c i e r s ,  o r  r a i n .  The s t r e a m  f l o w  f l u c t u a t e s  w i d e l y  w i t h  v a r i a n c e s  of r a i n -  
f a l l  and  t e m p e r a t u r e s  t h a t  a f f e c t  t h e  r a t e  of  m e l t .  

The o v e r b u r d e n  c o n s i s t s  o f  s and  o r  s andy  c l a y , , o n  b e d r o c k ,  v e r y  l i t t l e  g r a v e l ,  
s a n d y  s o i l ,  and t o p  s o i l .  It was found t h a t  t h e  s o i l  c o v e r  i n  E n d i c o t t  A r m  was 
t h i c k e r  t h a n ' t h a t  i n  T r a c y  A r m  where i n  p l a c e s  it was d i f f i c u l t  t o  f i n d  a sample  
a d j a c e n t  t o  a  s t r e a m .  

Method 

Geochemica l  s amples  were dug  by s h o v e l ,  p l a c e d  i n  marked p l a s t i c  f r e e z e r  bags  
and  s e n t  t o  M r .  Denny, Assaye r  a t  t h e  D i v i s i o n  of Mines and M i n e r a l s  o f f i c e  i n  
K e t c h i k a n .  M r .  Denny d e t e r m i n e d  t h e  amount o f  m e t a l  by two methods .  He used  t h e  



c o l d  e x t r a c t i o n  method deve loped  by t l i ~ )  I i r i i  i r e r s i t y  of Alaska and t h e  f u s i o n  method 
p e r f e c t e d  by t h e  G e o l o g i c a l  Survey of Ca t~ada .  The r ~ s u l t s  compared f a v o r a b l y ,  
t hough  t h e  fu : ; ion  method seemed t o  show wide r  v a r i a t i o n s .  However, e i t h e r  method 
would d e t e c t  t h e  p r e s e n c e  of  a n  anomaly.  

U.S.G.S. B u l l e t i n  1000-F d e s i g n a t e s  t h e  sequence  of s o i l  h o r i z o n s  a s  f o l l o w s :  

" A T 1  - t h e  uppermost  h o r i z o n  o r  t o p s o i l  c o n t a i n i r l g  t h e  humus. 
l7BfT - t h e  middle  l a y e r  o r  s u b s o i l  c o n t a i n i n g  no humus. 
l f C T 1  - t h e  lower  1-ayer composed o f  r e s i d u a l  wea the red  bedrock .  

The l1Bl1 zone was used  i n  t h i s  i n v e s t i g a t i o n  because  i n  some p l a c e s  t h e r e  were 
o n l y  t h e  l l A 1 s  and l1Bl1 zones  a v a i l a b l e ,  s o  it was concluded t h a t  t h e  samples  would be 
more c o n s i s t e n t  by t a k i n g  them a l l  f rom t h e  same h o r i z o n .  

Samples were t a k e n  o f  t h e  sandy 'lBl1 zone a d j a c e n t  t o  s t r e a m s .  I n  some i n s t a n -  
c e s  samples  were dug f rom a  d e p t h  o f  3 o r  more f e e t  i n  o r d e r  t o  r e a c h  t h e  "B" zone 
u n d e r l y i n g  muskeg. Some s t r e a m  sediment  samples  were dug a d j a c e n t  t o  "B" zone 
samples  and compared. 

Because o f  t h e  l a r g e  f l u c t u a t i o n  i n  s t r e a m  f l o w ,  no a t t e m p t  was made t o  
d e t e r m i n e  t h e  m e t a l  c o n t e n t  of  w a t e r  samples .  

The r e s u l t s  of  t h e  a s s a y s  were p l o t t e d  on a n  o v e r l a y  of  a e r i a l  p h o t o s  of  t h e  
a r e a  t h a t  were p i n p o i n t e d  a t  t h e  t i m e  o f  s a m p l i n g .  I n  t h i s  manner,  a l l  sample 
p o i n t s  c o u l d  be  r e t u r n e d  t o  f o r  f u r t h e r  i n v e s t i g a t i o n .  

A t o t a l  of  139  s o i l .  samples  were t a k e n  and a n a l y z e d .  These  a r e  p r e s e n t e d  i n  
t h e  Appendix w i t h  sample maps o f  t h e  a r e a  i n v e s t i g a t e d .  

O b s e r v a t i o n s  - 
1. The J i n g l e - J a n g l e  and Sumdum d e p o s i t s  were n o t  d i s c e r n i b l e  from samples  

t a k e n  n e a r  s e a  l e v e l .  

2 .  The Sumdum d e p o s i t  was n o t  d i s c e r n i b l e  f rom samples  t a k e n  a  m i l e  f rom t h e  
beach .  

3 .  The J i n g l e - J a n g l e  d e p o s i t  was d i s c e r n i b l e  when sampled w i t h i n  a  few 
hundred  f e e t  of  t h e  o u t c r o p .  

4. The h i g h e s t  z i n c  v a l u e s ,  o t h e r  t h a n  on t h e  J i n g l e - J a n g l e ,  were found on 
t h e  wes t  s i d e  o f  Tracy  A r m  o p p o s i t e  t h e  J i n g l e - J a n g l e ;  on t h e - w e s t  s i d e  
of  E n d i c o t t  A r m  n e a r  t h e  Sumdum C h i e f ;  and n e a r  P t .  A s t l e y .  

5 .  The h i g h e s t  copper  v a l u e s  were found on t h e  w e s t  s i d e  of  Tracy  A r m .  

6 .  The h i g h e s t  l e a d  v a l u e s  were found s o u t h  of  t h e  P o r t l a n d  Group. 

C o n c l u s i o n s  - 

1. The J i n g l e - J a n g l e  d e p o s i t  l i k e l y  e x t e n d s  s e v e r a l  hundred f e e t  f u r t h e r  s o u t h  
t h a n  i s  i n d i c a t e d  by t r e n c h i n g .  

2 .  It i s  a p p a r a n t  t h a t  o r e b o d i e s  canno t  be d e t e c t e d  a t  any g r e a t  d i s t a n c e  by 
geochemica l  sampl ing  i n  t h i s  p a r t i c u l a r  a r e a .  An i n t e r v a l  of  more t h a n  800 f e e t  i s  
u n r e l i a b l e  f o r  s y s t e m a t i c  p r o s p e c t i n g  i n  t h i s  a r e a .  



3 .  S t r e a m  sed imen t  s a m p l e s  d i d  n o t  v a r y  g r e a t l y  f rom "B" zone samples  t a k e n  
a d j a c e n t  t o  s t r e a m s .  

E x p l a n a t i o n  o f  Appendix - 
The l i s t  o f  s a m p l e s  i s  p r e s e n t e d  f o r  t h o s e  r e a d e r s  who may w i s h  t o  compare 

them w i t h  o t h e r  g e o c h e m i c a l  s a m p l e s .  Sample numbers p r e f i x e d  w i t h  C 1 ,  C 2 ,  and C3 
were  t a k e n  i n  t h e  E n d i c o t t  A r m  a r e a .  C4. p r e f i x e d  samples  were f rom P t .  A s t l e y ,  C 5  
and  C6 f rom T r a c y  A r m  and t h e  J i n g l e - J a n g l e  depo : ; i t .  C7 samples  were t a k e n  i n  t h e  
S a n f o r d  Cove a r e a .  

Sample Number C2-2& was t a k e n  n e a r  t h e  P o r t l a n d  Group and assumed t o  be con- 
t a m i n a t e d  s i n c e  r o c k  samples  d i d  n o t  i n d i c a t e  t h e  p r e s e n c e  o f  a  g r e a t  d e a l  of 
m i n e r a l i z a t i o n .  

Sample C5-5 was t a k e n  a b o u t  t h r e e  hundred  f e e t  be low t h e  o u t c r o p  o f  t,he 
J i n g l e - J a n g l e  and i s  i n d i c a t i v e  of  r e s u l t s  o b t a i n a b l e  n e a r  a  d e p o s i t  o f  t h i s  t y p e .  
It  i s  i n t c r c s t i n g  t o  n o t e  t h a t  Sample 1 0  i s  q u a n t i t a t i v e l y  n e a r l y  t h e  same a s  
Sample 9 which  was t a k e n  f rom on t o p  o f  t h e  d e p o : ; i t ,  and  b o t h  a r c  h i g h e r  i n  pprn 
t h a n  Sample 1 2  which  was a l s o  t a k e n  on t o p  o f  t h e  d e p o s i t .  

Sample C6-1.1 may h a v e  been c ~ n t ~ a m i n a t e d  b u t  more s a m p l i n g  s h o u l d  be  done i n  
t h e  immedia te  v i c i n i t y .  

The background m i n e r a l  c o n t e n t  a p p a r e n t l y  v a r i e d  f rom 0 t o  50 p a r t s  p e r  
m i l l i o n  f o r  c o p p e r ,  0  t o  20 ppm f o r  l e a d ,  and 1 0  t o  90 pprn f o r  z i n c .  Background 
d e t e r m i n e d  by Chapman and  S h a c k l e t t e ,  U.S.G.S. P r o f e s s i o n a l .  Pape r  Lt.00-R, v a r i e d  
f rom 20 t o  1 0 0  pprn f o r  c o p p e r ,  20 t o  50 pprn f o r  I . ead ,  and 20 t o  50 pprn f o r  z i n c  on 
samp1.e:; t a k e n  o f  t h e  " C "  h o r i z o n  a t  Mahoney Creek  and Yakobi I s l a n d .  That  back- 
ground i s  e a s i l y  d i s c e r n i b 1 . e  f rom a n  anomaly a:; a p p a r e n t  f rom sample  C5-5, i . e . ,  
1 5 0  pprn c o p p e r ,  L O  ppm l e a d ,  and 1300 pprn z i n c .  

Map I i n d i c a t e s  g r a p h i c a l l y  t h e  a p p r o x i m a t e  amounts  (ppm) o r  c o p p e r ,  l e a d ,  
and  z i n c  found  d u r i n g  t h e  c o u r s e  o f  t h i s  i n v e s t i g a t i o n .  Not a l l  t h e  s amples  a r e  
.;hewn b e c a u s e  o f  l a c k  o f  ; p a c e .  

Map I1 i s  a  copy o f  a  U.S. G e o l o g i c a l  Survey  map o f  t h e  J i n g l e - J a n g l e  d e p o s i t  
on  which  some o f  t h e  geochemica l  s amples  a r e  shown. Samples p r e f i x e d  w i t h  a  6 
a r e  C6 sample:; and tho:,e without ,  p r ~ E i x c : ,  a r e  C 5  s a m p l e s .  Many more samples  would 
be n e c e s s a r y  1,o d e l i n e a t e  Lhe orebot ly.  Thi:, i n v c ? s t , i g a t i o n  wa:; p r i m a r i l y  done t o  
d e t e r m i n e  what cou ld  be accompl i shed  a e r i a l l y  by geochemica l  s amples  and no a t t e m p t  
wa:; made t o  delineate t h e  o r e b o d y .  



S o i l  Samples 

C 1 - 1  
C 1 -  2  
Cl-3 
C1-4 
C l -  5  
C2-1 
C 2- 2  
C2-3 
C2-4 
C2- 5  
c2-6  
C2-7 
c2-8  
C2-9 
C2-10 
C2-11 
C2-12 
C2-13 
C2-14 
C2-15 
CZ-16 
c2- 18 
C2-19 

3 
27 

7  
n i l  

1 
n i l  

1 
n i l  

5  
n i l  
n i l  
n i l  

3  
n i l  
n i l  
n i l  

2  
n i l  

2  
n i l  

1 
1 
2 
2  
1 

n i l  

n i l  
64 

2  
n i l  

1 
1 

47 
n i l  

2  
n i l  
n i l  

1 
n i  1 
n i l  

2  
1 
5 
2 

24 
6 

n i l  
5 

1 4  
1 3  

n i l  
1 0  
1 2  

9 
1 2  
4 0 
10 
17 
1 3  
2 1  
2  2  

c j -  j 
C5-6 
c 5 - 7 
c5-8  
c5-9 
C5-10 
C 5 - 1 1  
'25-12 

2  
n i l  
n i l  
n i  1 

2  
2  
1 

n i  1 
n i l  

3 
2  

n i l  
1 

n i l  
2  
1 

16 
1 5  

5  

1 4  
185 
n i  1 

2  
5  
9 
3  
2  
1 
2  

n i l  
2  
1 

n i l  
n i l  

6 
1 
8 
6 

2  1 
18 
1 2  
1 3  
1 

n i l  
n i l  

2  
n i  1 
n i l  
n i l  
n i  1 
n i l  
n i l  
n i  1 
n i  1 

6 
n i l  

2  
n i l  
n i l  



C5-3'5 
c5-3'7 
c5-38 
c5-39 
c5-40 
Ch- 1 
Ch- 2 
cr;- 3 
cG-1, 
(; 0 - 5 
Ch-6 
c 0 - '7 
c6- 8 
ch-9 
co- I o 
(; 0 - 1 1 
CG-12 

n i l  1.1 t2 
nil 52 
n i l  5 0 

2 1,. 5 
1- 0 5 0  
I6 1.2 5 

ni. I~ 60 
n i. :I. 6 5 
n i l  5 5 
n i  1 '/ 5 
r i j  1 '/ 5 

n i l  
n i l  
n i .1  
8 

I 14. 
1- 
14- 

l+.O 
20 
2 il 
0 
d 
r3 

1.2 
1 c 
6 
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