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1NTP.ODUCTIOJ 

Purpose and Scope 

Seginning i n  June 1974, t h e  Alaska Giv is ion  of Geological  and Geo- 

phys i ca l  Surveys (DGGS) undertook a s tudy t o  determine t h e  genes i s  and 

geologic  cont ro ls  of t he  A r c t i c  Camp copper-lead-zinc d e p o s i t s ,  a s  w e l l  as 

s i d l a r  depos i t s  i n  t he  Ainbler X v e r  and Survey Pass quadrangles .  One pur- 

?ose of t h i s  work was t o  ob r a i n  d a t a  u se fu l  t o  t h e  p u b l i c  f o r  f u r t h e r  

minera l  explora t ion  i n  o t h e r  Pa leozoic(?)  rocks w i t h i n  Alaska. Of equal  

importance has been an a t tempt  t o  a r r i v e  a t  some sense  of t h e  magnitude of 

t h e  depos i t s  wi th  r e spec t  t o  t h e i r  impact on r eg iona l  land-use planning.  

Location 

The A r c t i c  Camp d e p o s i t  is  loca t ed  i n  the  n o r t h e a s t  co rne r  of  - t h e  'lirbler 

A-1 quadrangle (p l .  1) . It is 16.8 miles  away, on a  bea r ing  B 60' I3 f  ron  

Born i t e  i n  t he  Cosmos I f i l l s  t o  t h e  south .  Access t o  t h e  d e p o s i t  may be  

obta ined  v i a  h e l i c o p t e r  o r  by ground t r a n s p o r t a t i o n  along a 7.5-mile-long 

g r a v e l  road connecting A r c t i c  C a n p  t o  a  s h o r t  a i r  s t r i p  l o c a t e d  a t  t h e  mouth 

of A r c t i c  Canp va l ley .  The a i r s t r i p  is s u i t a b l e  f o r  only s m a l l  fixed-wing 

a i r c r a f t  . 
H i s  t o ry  

Minera l iza t ion  w a s  found on t h e  r idge  e a s t  of A r c t i c  Camp by Bear Creek 

>lining Co. geologis t s  i n  t h e  summer of 1965, Since then ,  e x t e n s i v e  ground has 

been claimed t o  t h e  west and e a s t .  Explorat ion work has  inc luded  geophysical 

induced-potent ial  surveys  and an ex tens ive  37-hole d r i l l i n g  program. To d a t e ,  

n e i t h e r  Dear Creek Mining Co. no r  i t s  parent  company, Kennecott  Copper Corp. , 

have pub l i c a l y  r e l ea sed  any f i g u r e s  regarding tonnage and grade. 



Method 

F i e l d  work i n  the  Arct ic  Camp a r e a  was conducted by the  author  and a 

f i e l d  a s s i s t a n t  from June 16 t o  June 27 ,  1974. Snow cover hampered work 

f o r  t h e  f i r s t  ha l f  of t h i s  period.  A map s c a l e  of 1:12,000 w a s  used t o  col- 

lect and compile f i e l d  da ta  r e l a t i n g  t o  t h e  l i t h o l o g i c  and s t r u c t u r a l  s e t t i n g  

of t h e  mineral  deposi t ,  and : a l l -  mve~nent within  the  a rea  was made on foot .  

In  a d d i t i o n  t o  the  f i e l d  work, a prel iminary study has been made of t h i n  

s e c t i o n s  of rock specimens c o l l e c t e d  a t  over 100 map s t a t i o n s .  Seven polished 

s e c t i o n s  of grab samples of Arc t i c  Camp minera l iza t ion  a l s o  were examined wi th  

r e f l e c t e d  ligkf microscopy. 

Previously Published Work 

Previously avai lable  da ta  on t h e  geology of the  Arct ic  Camp a r e a  a r e  

l imi ted .  The 1:63,360 s c a l e  map of Pesse l  and o thers  (1973) provides informa- 

t i o n  on t h e  regional  geologic s e t t i n g  of Arc t i c  Camp. The map of Brosge and 

o t h e r s  (1975) shows :the regional  geology pe r t inen t  t o  the  extens ion of t h e  

A r c t i c  Camp type of mineral occurrences t o  the  e a s t  i n  t h e  Survey Pass quad- 

rangle.  

F r i t t s  (1969, 1970b) repor ted  on the  geology and minera l iza t ion  of t h e  

Cosmos H i l l s ,  located southwest of Arc t i c  Camp. Runnells (1964) discussed 

some of t h e  geology of the  copper depos i t s  a t  Bornite i n  t h e  Cosmos H i l l s .  

The  geology of t h e  Cosmos H i l l s  must b e  considered i n  a r r i v i n g  a t  an under- 

s t and ing  of the  t ec ton ic  s e t t i n g  f o r  t h e  Arc t i c  Camp deposi ts .  

A b r i e f  summary of the  geology of the  Angayucham Mountains sou th  of t h e  

Survey Pass quadrangle is  given by F r i t t s  (1970a) and some of t h e  r e s u l t s  of 

t h e  Alaska DGGS f i e l d  s t u d i e s  i n  the  southwestern Survey Pass quadrangle a r e  

included on a s impl i f ied  map by F r i t t s  (1971). 

The 1972 Annual Report of the Alaska DGGS includes a s i m p l i f i e d  map and 

a b r i e f  summary of regional  geologic f e a t u r e s  i n  that por t ion  of the Brooks 
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Range loca ted  between Mauneluk River on t h e  e a s t  and the  Redstone River on 

the  west. .Turner (1973) reported on the  geochronology of some of t h e  meta- 

morphic rocks co l l ec ted  from the  s c h i s t  b e l t .  Forbes and others  (1973) 

summarized t h e i r  t r a v e r s e  along Ruby r idge  w e s t  of Arct ic  Camp and l i s t e d  

s e v e r a l  of t h e  metamorphic mineral assemblages encountered i n  the  s c h i s t s .  

BEDROCK GEOLOGY - REGIONAL GEOLOGIC SETTING 

A r c t i c  Camp i s  located within the  western Brooks Range s c h i s t  b e l t  a s  

defined by F r i t t s  (1971) , Pesse l  and o the r s  (1973) , and Brosge and o the r s  ( i n  

prepara t ion) .  The camp is about 2 miles south  of t h e  c r e s t  of the  proposed 

Kalurivik Arch of Pesse l  and o thers  (1972). The s c h i s t  b e l t  is separa ted  from 

the  extens ive  marble, calcareous s c h i s t ,  and Cretaceous i n t r u s i v e  t e r r a i n s  t o  

the  n o r t h  by t h e  Walker Lake f a u l t  (lineament) of F r i t t s  (1971) and P e s s e l  

and o t h e r s  (19724 1973) . 
The metamorphic h i s t o r y  of the  s c h i s t  b e l t  has not  been adequately 

documented. There a r e ,  however, ind ica t ions  of s e v e r a l  s i g n i f i c a n t  geologic 

events recorded i n  these  rocks. The work of Turner (1974) emphasizes t h e  

probable completion of two d i s t i n c t  periods of meaamorphism of the  southern  

Brooks Range rocks. In te rp re ta t ion  of an ac t inol i te -paragoni te  isochron 

derived from s c h i s t  b e l t  specimens i n d i c a t e s  t h e  culmination of an e a r l y  

metamorphic event  213 mi l l ion  years  ago. A second, younger. period of l o c a l  

thermal metamorphism is suggested by an age of 96 m.y .  derived from t h e  

Shishakshinovik p lu ton and a mica s c h i s t  wi th in  t h e  border zone of t h a t  pluton.  

The thermal event associa ted  with t h e  i n t r u s i o n  of the  96-m.y.-old Cretaceous 

plutons is  bel ieved t o  have l o c a l l y  reset t h e  4 0 ~ / 4 0 ~ r  of the  s c h i s t s  f o r  an 

undetermined d i s t a n c e  around the  in t rus ions .  The present  i n t e r p r e t a t i o n  thus  

i n f e r s  a reg iona l  metamorphism of Permo-Triassic age with a l a t e r ,  l o c a l  thermal 

overpr in t  occurring adjacent t o  approximately mid-Cretaceous g r a n i t e  plutonism. 



There is  some controversy concerning the  age of t h e  pa ren t  rocks in-  

volved i n  the 213-m. y .-old metamorphic event.  Considerat ion of 4 0 ~ / 4 0 ~ r  de- 

r ived  from s c h i s t - b e l t  glaucophane-bearing metamafics l e d  Turner (1974) t o  

suggest  t h a t  a l though t h e r e  i s  a poss ib le  argon-excess problem, s o r e  of the 

s c h i s t - b e l t  rocks may be Precambrian. Forbes and o t h e r s  (1973) have found 

j a d e i t e  i n  raetagraywackes exposed near  VAGM Ruby. The j a d e i t e  had under- 

gone cons iderable  replacement by a c t i n o l i t e .  I f  t h e  j a d e i t e  w a s  formed during 

the e a r l i e r  r e g i o n a l  metamorphism, the rep lac ing  a c t i n o l i t e  may s i n p l y  re- 

present  t he  waning r e t r o g r e s s i v e  s t ages  of t h a t  event .  However, Turner 's  

(1973) d a t a  sugges t  t h e  p o s s i b i l i t y  t h a t  t h e  j a d e i t e  may have developed during 

a much o lde r  Precambrian metamorphisril which subsequent ly was retrograded 213 

m.y. ago. 

Other g e o l o g i s t s  have been working wi th  t h e  hypothes is  t h a t  greenstones 

(metamafics) i n  t h e  southern  Brooks ? a g e  a r e  e q u i v a l e n t  t o  t h e  predominantly 

b a s a l t i c  t e r r a i n  of t h e  Angayucharn EIountains, t o  t h e  south .  Based i n  p a r t  on 

f o s s i l  evidence i n  t h e  Viseman quadrangle,  t h e  Angayucham b a s a l t s  have i n  t u r n  

been c o r r e l a t e d  by P a t t o n  and 1 , l i l l e r  (1973) w i t h  vo lcan ic s  of  Permian o r  

J u r a s s i c  age,  o r  bo th ,  i n  t h e  e a s t e r n  5rooks Range. F r i t t s  (1971) and Eakins 

(personal  communication) have co l l ec t ed  p o s s i b l e  Devonian(?) o r  ~ i l u r i a n ( ? )  

c o r a l  f o s s i l s  from carbonate  l enses  apparent ly conformable t o  the  volcanics  

and s c h i s t s  of t h e  Angayucham PIountains and Brooks Range, r e spec t ive ly .  How- 

eve r ,  t he  f o s s i l s  were poor ly  preserved,  and i d e n t i f i c a t i o n  is  tenuous. 

Proponents of a Permian age f o r  t h e  Angayucham Mountains (and by ex tens ion ,  

t he  metamafics of t h e  Brooks Range s c h i s t  b e l t )  have hypothesized t h a t  t he  

Ilevonian(?) o r  o l d e r  carbonates  of both a reas  have been emplaced t e c t o n i c a l l y  

e i t h e r  by t h r u s t  f a u l t i n g  o r  by enfolding.  

The au thor  v i s i t e d  s e v e r a l  of E'ritt's Angayucham and Ambler River low- 

lands f ~ s s i l  l o c a l i t i e s  i n  1974 and saw no compelling evidence t h a t  t h e  



carbonates were t ec ton ic  s l i v e r s .  On the contrary,  they appear t o  be con- 

formable and i n  s t ra t igrapi - l ic  cont inui ty  with the  surrounding rocks. I n  some 

cases they exhibi t  gradat ional  contacts  with what have been in te rp re ted  as  

primary vo lcan ic las t i c  breccias .  There is  l i t t l e  i f  any deformation of these 

s m a l l  ( sca le  of a few tens  t o  a few hundreds of f e e t )  carbonate lenses ,  a 

f a c t  d i f f i c u l t  t o  r econc i l e  with t ec ton ic  emplacement i n  an otherwise com- 

petent  volcanic p i l e .  

On the  bas is  of 1 )  213-m.y.-old ac t inol i te-paragoni te  isochron of Turner 

(19 74) and numerous Devonian(?) f o s s i l  l o c a l i t i e s  i n  the  Angayucham Flountains , 
Ambler River lowland, and Brooks Range s c h i s t  b e l t ;  and 2) t h e  probable cor- 

r e l a t i o n  of the Angayucham b a s a l t s  with the sch i s t -be l t  metamafics, the author 

be l i eves  the weight of evidence is i n  favor of t h e  s c h i s t  b e l t  in  t h e  v i c i n i t y  

of Arc t i c  Camp being composed of mid-Paleozoic rocks of probable Devonian age 

o r  o lder .  

Present  petrographic s t u d i e s  have not progressed s u f f i c i e n t l y  f o r  more 

than a crude del ineat ion of t h e  metamorphic environment of t h e  Brooks Range 

s c h i s t s .  Brown and green b i o t i t e  is a common occurrence i n  the  dominant 

quartz-chlorite-muscovite s c h i s t s  of the  b e l t .  A s  f i r s t  brought t o  the  

a t t e n t i o n  of the author by I.L. T a i l l e u r  of t h e  U.S. Geological Survey, there  

appears t o  be marked chemical con t ro l  t o  the  presence of brown b i o t i t e .  This 

b i o t i t e  is usually found i n  o r  near  f e l s i c  meta-igneous rocks. Its presence 

ind ica tes  a t  l e a s t  a l o c a l  at tainment of a quartz-albite-muscovite-biotite- 

c h l o r i t e  sub£ acies  of metamorphism. 

Garnet is found i n  var ious  degrees of abundance usual ly  associa ted  with 

metamafic rocks o r  compositionally banded s c h i s t s  i n f e r r e d  to represent  meta- 

a r g i l l i t e s .  Because i t  i s  not  y e t  known whether t h e  garnet  is a low- 

temperature spessa r t ine  v a r i e t y  o r  is predominantly almandine, the garnets can- 



n o t  y e t  b e  used t o  determine t h e  rank of metamorphism. 

A l b i t e  porphyroblasts  a r e  abundant i n  many of t he  s c h i s t s .  Th i s  minera l ,  

however, is  very l a t e  i n  t h e  pa ragenes i s  aud t h e r e  i s  some i n d i c a t i o n  t h a t  i t  

may b e  r e l a t e d  t o  t he  younger (Cretaceous age) metamorphism. I f  t h i s  is  t h e  

c a s e ,  t h e  a l b i t e  is  no t  of va lue  i n  determining t h e  metamorphic rank  of t h e  

A r c t i c  Camp rocks. 

Turner ,  Forbes, and G i l b e r t  (pe r sona l  communication) have c o l l e c t e d  

specimens of metasediments from j u s t  sou th  of VABM Ruby which conta ined  

j a d e i t e .  Glaucophane a l s o  has  been found t o  be  q u i t e  common i n  many of t h e  

s c h i s t - b e l t  greenstones s i n c e  i t  was f i r s t  repor ted  by F r i t t s  (1971). These 

two minera ls  a r e  i n d i c a t i v e  of a high-pressure metamorphic environment and, 

cons idered  w i t h  the  absence of recognizable  lawsonite  o r  a r n g o n i t e  and t h e  

presence  of b i o t i t e ,  would seem t o  narrow t h e  pressure-temperature cond i t i ons  

of metamorphism t o  an  environment i n d i c a t i v e  of a high-pressure Barrovian  

g r e e n s c h i s t  f a c i e s  t o  g iaucophani t ic  g reensch i s t  f ac i e s .  

Forbes l pe r sona l  communication) b e l i e v e s  t h a t  some of t h e  glaucophane- 

b e a r i n g  greenstones may r ep resen t  r e t r o g r e s s i v e l y  metamorphosed e c l o g i t e s .  

The e c l o g i t e s  could w e l l  have been developed from premetamorphic b a s a l t  flows 

and i n t r u s i o n s .  Primary p i l l ow s t r u c t u r e s  were observed a t  Horse Creek with- 

i n  t h e  s c h i s t  b e l t .  W.M. Cox of  Sunshine Mining Co. (pe r sona l  communication) 

a l s o  h a s  repor ted  pi l low s t r u c t u r e s  i n  greenstones near  P i c n i c  Creek i n  t h e  

Survey Pass  quadrangle,  t o  t h e  e a s t .  The au tho r  be l i eves  t h a t  t h e  p r e s e n t  

glaucophane-bearing greenstones e x h i b i t  a range of f i e l d  r e l a t i o n s h i p s  which 

i n d i c a t e  t h a t  t h e  parent  rocks  were emplaced a s  hypabyssal d i k e s ,  si l ls,  and 

p i l lowed submarine b a s a l t  f lows. The vo lcan ic  and subvolcanic  type  of f i e l d  

r e l a t i o n s  exh ib i t ed  by t h e s e  rocks is compatible wi th  t h e  t y p i c a l  f i e l d  

occurrence  of e c l o g i t e s  found i n  o t h e r  reg ions  of t h e  world. 

A succes s ive  south-to-north i n c r e a s e  i n  metamorphic r ank  has been 



pos tu l a t ed  by Forbes and o thers  (1974) from a t r a v e r s e  made on Shunpal: spu r  

i n  t he  h b l e r  U v e r  A-2 quadrangle,  northward across  VhS1.l 2uEy as  f a r  a s  t h e  

\Jalker Lake f a u l t  (Pes se l  and o t h e r s ,  19 72) . Only i n c i p i e n t  r e c r y s t a l l i z a t i o n  

i s  r epo r t ed  f o r  t h e  southern p a r t  of t h i s  t r a v e r s e ,  whereas b i o t i t e - s t a b l e  

condi t ions  a r e  a t t a i n e d  i n  t h e  p e l i t i c  s c h i s t s  j u s t  t o  t he  no r th  of t h e  west- 

ward p r o j  e c t i o n  of t he  f a u l t .  

The most pronounced s t r u c t u r e  n e a r  A r c t i c  Camp is  the  Ka lu r iv ik  Arch 

( P e s s e l  and o t h e r s ,  1972). This an t i fo rma l  f e a t u r e  has been hypothesized t o  

be e i t h e r  an an t i c l i no r ium (by Pesse l  and o t h e r s ,  1972) o r  p a r t  of t h e  fo lded  

roo t  zone of a nappe, which has been over turned  t o  the  north (Forbes and o t h e r s ,  

1973). T a i l l e u r  (personal  c o m u n i c a t i o n ) ,  however, has renarked on t h e  coin- 

c idence of g r a n i t i c  i n t r u s i o n s  and i n f e r r e d  r e g i o n a l  an t i formal  uywarps 

( P e s s e l  and o t h e r s ,  1973; F r i t t s ,  1970) which p e r s i s t  from the  Redstone and 

Shishakshinovich p lu tons  on t h e  n o r t h  t o  t h e  co re  of t h e  e a s t e r n  Cosmos B i l l s  

on t h e  south .  A reconnaissance t r a v e r s e  n o r t h  of A r c t i c  Camp near  t h e  c r e s t  

of t h e  K a l u r i v i k  Arch by T a i l l e u r  i n  1973 revea led  magnetite-garnet-epidote- 

and a c t i n o l i t e  skarns  developed i n  an  impure marble. These skarns  a r e  s i m i l a r  

t o  t hose  commonly seen around the  Redstone and Shishakshinovik p lu tons  t o  t h e  

nor th .  The ska rns  a t  t h e  head of A r c t i c  Camp Valley imply the  presence  of a 

sixnilar g r a n i t i c  i n t r u s i o n  i n  the  c o r e  of t h e  Ka lu r iv ik  Arch. A s  sugges ted  

by T a i l l e u r  (pe r sona l  communication) one has permissive evidence of s u b p a r a l l e l  

a n t i f o m  and synforms c rea t ed  i n  a p rev ious ly  metamorphosed t e r r a i n  by up- 

a rch ing  a s s o c i a t e d  wi th  the  emplacement of Cretaceous plutons.  The Ka lu r iv ik  

Arch could  r e p r e s e n t  such a f ea tu re .  

The i.lalker Lake t h r u s t  f a u l t  ( F r i t t s ,  1971; P e s s e l  and o t h e r s ,  1972, 1973) 

was i d e n t i f i e d  and named near  Walker Lake i n  t h e  Survey Pass quadrangle.  Sub- 

sequent  work i n  t h e  a r e a  has l e d  some i n v e s t i g a t o r s  t o  ques t ion  t h e  magnitude 

and s i g n i f i c a n c e  of t h i s  f ea tu re .  F r i t t s  (1971, p. 22) be l ieved  t h e  f a u l t  t o  



b e  r eg iona l  and t o  e f f e c t i v e l y  s e p a r a t e  t h e  s c h i s t  b e l t  on t h e  south  from t h e  

II c a r b o n a t e . r i c h  s t r a t a "  t o  t h e  north.  14ore r e c e n t l y  Forbes,  Pes se l ,  and 

T a i l l e u r  (pe r sona l  communication) have expressed doubt wi th  regard t o  t h e  

ex i s t ence  of t h e  Walker Lake f a u l t  no r th  of A r c t i c  Camp o r  VABM Ruby. Forbes 

and o t h e r s  (1973) mentioned t h a t  t he  i n f e r r e d  p r o j e c t i o n  of t h e  f a u l t  s e p a r a t e s  

b i o t i t e - s  t a b l e  s c h i s t s  on t h e  nor th  from b i o t i e - f r e e  s c h i s t s  t o  t he  south .  

This sugges t s  t h a t  t h e  Walker Lake f a u l t  may b e  r ep re sen ted  no r th  of VABM Ruby 

by a  metamorphic i sog rad .  Pes se l  (personal  communication) has  suggested t h a t  

t he  f a u l t  s e e n  a t  Walker Lake may d i e  out  t o  t h e  w e s t  i n  t h e  Ambler River quad- 

rangle  as an unconformity between t h e  s c h i s t - b e l t  l i t h o l o g i e s  and t h e  carbonate- 

dominated t e r r a i n  t o  t h e  nor th .  

The que r i ed  t h r u s t  f a u l t  of F r i t t s  (1971) , which p r o j e c t s  i n t o  t h e  

Ambler River lowland, w a s  n o t  accepted f o r  t h a t  l o c a l i t y  by Pesse l  and o t h e r s  

(1973). On t h e i r  map, t h e  lowland is t h e  locus  of a s y n c l i n a l  trough. To t h e  

east, t h i s  t h r u s t  f a u l t  would c o r r e l a t e  w i t h  t h e  i n f e r r e d  Malamute f a u l t  

shown on t h e  map of Pa t ton  and 1-li l ler (1973). Recent aeromagnetic d a t a  f o r  

t he  Ambler River  A3,  A 4 ,  B 3 ,  and B 4  quadrangles  ( t o  be  r e l ea sed )  tend t o  sup- 

po r t  t he  presence  of a  l i n e a r  d i scon t inu i ty  i n  t h e  Ambler River lowland, 

which s e p a r a t e s  t e r r a i n s  of d i s t i n c t l y  d i s s i m i l a r  magnetic s igna tu re .  The 

aeromagnetic anomaly is  loca t ed  approximately on t h e  westward p r o j e c t i o n  of 

t h e  f a u l t  p o s t u l a t e d  by F r i t t s  (1971). Add i t i ona l  aeromagnetic surveys planned 

f o r  t h e  summer of  1975 should be  of a i d  i n  r e s o l v i n g  t h e  s t r u c t u r a l  c h a r a c t e r  

of t he  lowland. 

ARCTIC CAMP GEOLOGY 

Location 

A r c t i c  Camp is loca t ed  on the  south f l a n k  of t h e  Kalur iv ik  Arch ap- 

proximately 3 miles from i ts  c r e s t  ( f i g ,  1 ) .  The gossan zone, a s soc i a t ed  



wi th  the  o re ,  crops ou t  on t h e  sca rp  s i d e  of t h e  r i d g e  e a s t  of A r c t i c  Camp 

1 1 )  This d e p o s i t  occupies  a c e n t r a l  p o s i t i o n  i n  a s c h i s t  b e l t  conta in ing  

known anomalous m i n e r a l i z a t i o n  t h a t  extends from VAEM S l e e t  on t h e  w e s t  t o  

Reed River on t h e  e a s t ,  a d i s t a n c e  of 60 miles.  To d a t e ,  A r c t i c  Camp i s  t h e  

l a r g e s t  proven d e p o s i t  of over  25 d i s t i n c t  prospec ts  w i t h  similar c h a r a c t e r i s t i c s .  

L i tho log ie s  

The rocks exposed a long  A r c t i c  Camp r idge  c o n s i s t  predominantly of 

porphyroblas t i c  micaceous qua r t zose  s c h i s t s ,  g r a p h i t i c  s c h i s t s  , metamaf i c s  

(greenstones)  and b l a s t o p o r p h y r i t i c  micaceous qua r t zo - f e ldspa th i c  s c h i s t s .  

Minor calcareous marbles ,  ca lcareous  micaceous s c h i s t s ,  and m e t a - a r g i l l i t e s  

a l s o  a r e  found i n  t h e  s e c t i o n .  Pe t rographic  d e s c r i p t i o n s  of  t hese  rocks a r e  

included as t h e  u n i t s  f i r s t  appear  on t h e  map exp lana t ion  ( p l .  1 ) .  

Piis : G r a ~ h i t i c  D e l i t i c  s c h i s t  

Brown-weathering g r a p h i t i c  p e l i t i c  s c h i s t  w i t h  minor ca lcareous  q u a r t z i t e s ,  

g r a p h i t i c  s c h i s t s  , and minor glaucophane-bearing greenschis  ts c o n s t i t u t e  t h e  

major volume of rocks under ly ing  t h e  a r e a  south  of A r c t i c  Camp t o  t h e  Ambler 

River  lowland. Fresh s u r f a c e s  of t h i s  rock a r e  l i g h t  gray t o  brown. I n  out- 

crop,  t h i s  u n i t  has  a s labby appearance and forms long,exposed d i p  s lopes .  

A well-developed s c h i s t o s i t y  i s  c h a r a c t e r i s t i c ,  a s  is a well-defined s e t  of 

0 
p e n e t r a t i v e  c r enu la t ions  w i t h  axes plunging 20-30 t o  t h e  sou theas t .  Localized 

a r e a s  of small-scale  complex fo ld ing  a r e  common. 

Anhedral po rphyrob la s t i c  a l b i t e  1 t o  2.5 m i n  t h e  l a r g e s t  dimension is 

o f t e n  p re sen t  b u t  is n o t  a s  abundant as i n  t he  p rophyrob la s t i c  s c h i s t  u n i t s  

t o  t h e  north.  Here, as always observed t o  d a t e ,  a l b i t e  is la te  i n  t h e  

paragenes is. 

Major minerals  which c o n s t i t u t e  t h e  groundmass are equant  qua r t z  gra ins  

(0.1-0.5 mm i n  d i ame te r ) ,  muscovite (0.3-0.7 mm i n  g r e a t e s t  dimension),  and 

epidote--occasionally i ts  v a r i e t y  a l l a n i t e  (0.1-1.6 mm, most 0.5 rn i n  



g r e a t e s t  dimension). C h l o r i t o i d  is found only occas iona l ly  i n  t r a c e  amounts 

w i t h i n  t h e  Pzs u n i t  on A r c t i c  Camp r idge .  Iiowever, t o  t h e  wes t  a t  Dead 

Creek, c h l o r i t o i d  is an abundant c h a r a c t e r i s t i c  mineral  i n  many of  t h e  s c h i s t s .  

Included i n  the  Pzs u n i t  a r e  l e n s e s  o r  l a y e r s  of g r a p h i t i c  s c h i s t  (Pzgs) ,  

the c o n t a c t s  of which appear t o  be  conformable with t h e  a t t i t u d e  of  s c h i s t o s i t y  

in t h e  surrounding rocks. Some of t h e s e  g r a p h i t i c  u n i t s  c o n t a i n  h e l i c i t i c  

a l b i t e  porphyrob l a s t s  p re se rv ing  t h e  previously c renula ted  s c h i s t o s e  t e x t u r e  

de f ined  by muscovite and g raph i t e .  

S i g n i f i c a n t  d i f f e r ences  between t h i s  u n i t  and t h e  l i t h o l o g i e s  exposed t o  

t h e  n o r t h  a r e :  1) a l ack  of f e l s i c  meta-igneous rock a s s o c i a t i o n s ;  2) t h e  

absence of abundant a l b i t e  porphyroblas t s ;  and 3) an  abundance of g r a p h i t e  

d i s t r i b u t e d  pervasively throughout t h e  u n i t  r a t h e r  than p r i m a r i l y  i n  i s o l a t e d  

l e n s e s  . 
Pzcq: Calcareous micaceous q u a r t z i t e  

Lenses o r  l aye r s  of ca l ca reous  micaceous q u a r t z i t e  c o n s t i t u t e  minor 

occurrences  w i th in  t h e  g r a p h i t i c  . p e l i t i c  s c h i s t  (Fzs) u n i t  s o u t h  of A r c t i c  

Camp. I n  outcrop,  t hese  rocks a r e  l i g h t - t a n  t o  brown weather ing  because of 

l i m o n i t i c  s t a i n i n g ,  and t h e i r  s u r f a c e s  a r e  o f t e n  porous because of  l each ing  

of  i n t e r s t i t i a l  c a l c i t e .  Although t h e  q u a r t z i t e s  e x h i b i t  a d i s t i n c t  f o l i a t i o n ,  

they a r e  n o t  sch is tose .  A f f e s h  s u r f a c e  shows a l i g h t  tan-gray co lo r .  I n  

t h i n  s e c t i o n  one can see well-developed t e rna ry  boundaries  among f ine -  t o  

very  f ine-grained q u a r t z  g ra ins .  Pa tches  of l imoni te ,  c a l c i t e ,  and muscovite 

are i n t e r s t i t i a l  t o  quar tz .  C h l o r i t e  is present  i n  t h e  rock b u t  is n o t  

abundant. The average modal composition of two t h i n  s e c t i o n s  is: q u a r t z ,  62 

p e r c e n t ;  c a l c i t e ,  15 pe rcen t ;  muscovite,  10 percent ;  c h l o r i t e ,  3 p e r c e n t ;  

and l i m o n i t e ,  10 percent .  

Pzmp : Blastoporphyritic-microcline muscovite s c h i s t  

Th i s  is the  southernmost of two s t r a t i g r a p h i c a l l y  d i s t i n c t  b l a s t o p o r p h y r i t i c  



u n i t s  found on Arct ic  Camp ridge. I n  mineralogy, these  rocks a r e  nea r ly  

i d e n t i c a l  t o  those designated Pzrp. This  southern b las toporphyr i t i c  u n i t  

is w e l l  f o l i a t e d  and moderately s c h i s t o s e ,  and l i k e  Pzrp, the  l o c a l  exposures 

have a more blocky appearance than many of t h e  surrounding s c h i s t s .  Out- 

crops have a grayish-green weathering s u r f a c e ,  and f resh  surfaces  a r e  d i s -  

t i n c t l y  green, a colora t ion  derived pr imar i ly  from the  presence of green 

b i o t i t e  and an apple-green mica of unknown composition. Common c o l o r l e s s  

muscovite is a l s o  present.  Large (1-2 cm) megacrysts of microcline a r e  

abundant throughout the  rock. These c r y s t a l s  e x h i b i t  embayments i n t e r p r e t e d  

t o  be  r e l i c t  resorbt ion  channels i n h e r i t e d  from premetamorphic sanadine 

c r y s t a l s  of hypabyssal o r  volcanic o r ig in .  Some microcline and dark-green 

b i o t i t e  a l s o  a r e  present  with t h e  abundant quar t z  of the  groundmass. Petro-  

g raph ica l ly ,  t h i s  blastoporphyritic-microcline muscovite s c h i s t  is d i s t i n c t  

from Pzrp i n  having smaller  euhedral  microcl ine blastophenocrysts ,  wi th  an 

apparent  absence of b las toporphyr i t i c  quar tz .  It a l s o  has a d i f f e r e n t  

s t r a t i g r a p h i c  s e t t i n g  than Pzrp i n  t h a t  i t  i s  enclosed by a g r a p h i t i c  p e l i t i c  

s c h i s t  r a t h e r  than the  quartzo-feldspathic s c h i s t s  t o  the  nor th ,  mariy af which 

may represen t  f e l s i c  vo lcan ic las t i c  ma te r i a l .  

Pzmv: Predominant Metamaf i c s  

O f  t h e  t h r e e  occurrences of metamafic rocks shown on p l a t e  1, t h e  two 

nor thern  a reas  cons i s t  almost wholely of metamafic rock (greenstone). The 

l a r g e  u n i t  t o  the  south is an in te r l aye red  mixture of greenstone, marble, and 

meta-argi l l i tes .  

The nletamafics a r e  greenish gray t o  o l i v e  gray weathering and gray on 

f r e s h  su r faces .  They form massive rounded t o  b locki ly  jointed outcrops which 

show no f o l i a t i o n  o r  a r e  somewhat s c h i s t o s e  only near  t h e i r  contac ts .  Some out- 

crops e x h i b i t  concentrat ions of equant subrounded t o  subangular blocks of green- 

s t o n e  up t o  1 foo t  i n  diameter. These masses a r e  commonly set in  a matrix of 



green a c r i n o l i t e  and look l i k e  broken-pillow b recc i a  fragments i n  a meta- 

morphosed h y a l o c l a s t i c  mat r ix .  Garnet ranging from 0 .1  t o  1.0 mm i n  diameter 

is c h a r a c t e r i s  t i c a l l y  p re sen t .  A c t i n o l i t e  , c l i n o z o i s i t e  e p i d o t e ,  and pennine 

c h l o r i t e  a r e  major c o n s t i t u e n t s .  C a l c i t e ,  qua r t z ,  and porphyroblas t s  of 

a l b i t e  have been observed as minor c o n s t i t u e n t s  i n  some of t h e s e  greenstones.  

Sphene is p re sen t  a s  an  accessory  mineral.  illthough glaucophane is  a common 

minor mineral  i n  s i m i l a r  rocks a few miles t o  t h e  wes t ,  a t  Dead Creek and a t  

Ruby Eeak, none has  been seen  i n  t h e  metamafics a t  A r c t i c  Camp. The com- 

p o s i t i o n  of the  ga rne t s  i s  now being examined t o  r e f i n e  t h e  p r e s e n t  e s t ima te  of 

l o c a l  metamorphic rank. 

The marbles and m e t a - a r g i l l i t e s  included i n  t h e  sou the rn  preenstone oc- 

cur rence  a r e  present  as t h i n  l a y e r s  and l enses  i n t e r s p e r s e d  w i t h  s e p a r a t e  meta- 

mafic  u n i t s .  The marbles ,  r a r e l y  more than 18 inches t h i c k ,  are e a s i l y  re- 

cognized by their l igh t -gray  a b r a s i v e  and p i t t e d  s u r f  ace. C lose r  examination 

commonly revea ls  t h e  presence  of l a r g e  (1- by 0.5-crn) l i gh t -g ray  euhedral  

c l i nozo i s i t e - ep ido te  c r y s t a l s  i n  a medium-grained g r a n o b l a s t i c  groundmass of 

c a l c i t e .  These ep ido te  c r y s t a l s  occur  s ing ly  and i n  s l i g h t l y  r a d i a t i n g  c l u s t e r s .  

Other  minerals  occurr ing  i n  minor t o  t r a c e  amounts i nc lude  pa t ches  of smal l  

(0.1 t o  1.5 mm) equant  q u a r t z  g r a i n s  and t r a c e  amounts of f ine-grained c h l o r i t e  

and muscovite a s soc i a t ed  w i t h  t h e  qua r t z .  

The d i f f e r e n t  m e t a - a r g i l l i t e s  form c h a r a c t e r i s t i c  l i m o n i t i c  brcwn t o  b lack  

weather ing  l aye r s  w i t h i n  t h i s  mixed un i t .  The outcrops vary  from t h i n  ( 1  t o  6 

f e e t )  , dense, massive b l o c k i l y  j o i n t e d  u n i t s  t o  t h i n ,  s l a t y ,  o r  semischis tose  

occurrences having a somewhat s l abby  appearance. Compositional and t e x t u r a l  

banding i n  some of t h e  u n i t s  is  sugges t ive  of r e l i c t  graded bedding. qua r t z  is 

a dominant mineral  i n  a l l  of t h e s e  rocks b u t  is very f i n e  gra ined  (0.04 t o  0.07 

mm). The dense, massive v a r i e t i e s  a l s o  conta in  abundant e p i d o t e ,  c h l o r i t e ,  and 

t r e m o l i t e  in  a d d i t i o n  t o  t h e  qua r t z .  The more f o l i a t e d  types  con ta in  muscovite 



i n  major amounts, with minor b i o t i t e  and pennine c h l o r i t e  i n  small ovoid 

patches up t o  1.5 mm long; c h l o r i t e  and b i o t i t e  cons t i tu te  l e s s  than 5 per- 

cen t  o f  these  rocks by volunle. Minute anhedral sphene is sparse  but  present  

i n  t h e  f o l i a t e d  meta -a rg i l l i t e s ,  a s  a r e  i n c i p i e n t  a l b i t e  porphyroblasts up 

t o  2 mm i n  diameter. Disseminated specks of opaque mater ia l  (graphi te?)  a r e  

abundant i n  both the  f o l i a t e d  and massive a r g i l l i t e s .  P y r r h o t i t e  and p y r i t e  

a r e  common i n  t r ace  amounts disseminated throughout the dense, massive un i t s .  

Pzrp : Blastoporphyritic-microcline biotite-muscovite s c h i s t  

There a r e  two d i s t i n c t  b las toporphyr i t i c  un i t s  exposed on Arc t i c  Camp 

r idge ,  Pzrp and Pzmp. These u n i t s  a r e  loca l ly  refer red  to  a s  "button s c h i s t s "  

i n  a l l u s i o n  t o  t h e i r  la rge  (1 t o  4 cm) euhedral microcline megacrysts. The 

microcline megacrysts of both  u n i t s  a r e  b las toporphyr i t ic  as evidenced by 

t h e i r  l a c k  of inc lus ions ,  euhedral  shapes r e l a t i v e  t o  t h e i r  p o s i t i o n  i n  t h e  

normal c r y s t a l l o b l a s t i c  series, and occasional  fragmental h a b i t .  The microcline 

c r y s t a l s  contain marginal embayments f i l l e d  with fine-grained groundmass minerals,  

usual ly  muscovite and quartz.  These t ex tu res  strongly resemble resorb  t i o n  

channels commonly seen i n  K-feldspar phenocrysts of volcanic and hypabyssal rocks 

(formed because of disequil ibrium condit ions prevail ing i n  t h e  magma p r i o r  t o  

and during emplacement). By inference.: from t h e  above observat ions ,  microcline 

probably represents  pseudoaorphs of parent  sanadine which w a s  developed i n  a 

near-surface o r  in t rus ive  environment and was l a t e r  r e c r y s t a l l i z e d  during 

metamorphism. 

I n  outcrop,  the  two u n i t s  a r e  somewhat more r e s i s t a n t  t o  weathering and 

have a more blocky appearance than o the r  s c h i s t s  i n  the  sec t ion.  Pzrp,  however, 

tends t o  become progressively more s c h i s t o s e  away from the  mineral deposi t .  A s  

shown i n  cross-section A-A' on p l a t e  1, u n i t  Pzrp thickens markedly t o  t h e  west 

and t o  some ex ten t  increases i n  thickness t o  the  north over t h e  gossan zone 

outcrop of Pztc. A s  indica ted  by l a t e  f i e l d  work i n  1974 and r e p o r t s  from 



o the r  workers i n  the  area  (R. Walters,  personal  communication), t h i s  u n i t  i s  

probably a. p a r t  of a l a rge  meta-igneous body located  on the  northwest end of 

Kiley r idge .  I t  is  believed t h a t  t h i s  b las toporphyr i t i c  s c h i s t  occurs a t  

d i f f e r e n t  l e v e l s  wi th in  the  sec t ion .  It is no t  known d e f i n i t e l y ,  however, 

whether t h i s  r e l a t i v e  change i n  pos i t ion  r e f l e c t s  an i n t r u s i v e  cha rac te r  o r  is 

the  r e s u l t  of primary deposi t ion on an i r r e g u l a r  surface .  I n  support  of a 

hypothesized ex t rus ive  genesis ,  a t h i n  porphyroblastic-graphiticlschist u n i t  

has been observed a t  seve ra l  loca t ions  t o  d i r e c t l y  o v e r l i e  the  b l a s t o p o r p h y r i t i c  

s c h i s t .  I f  t h i s  u n i t  is continuous over Pzrp a s  indica ted ,  one might i n f e r  t h a t  

the  g r a p h i t i c  s c h i s t  represents  a carbonaceous s h a l e  deposited on submerged 

volcanic  r h y o l i t e  porphyry flow. 

I n  outcrop,  these  rocks a r e  l igh t -o l ive  green t o  gray. The outcrops a r e  

massive wi th  some accumulation of blocky t a l u s  a t  t h e i r  base. Metamorphically 

induced s c h i s  t o s i t y  is expressed by t h e  alignment of muscovite. F o l i a t i o n  is  

f u r t h e r  evidenced i n  t h i n  sec t ion  by t r a i n s  of what appear t o  b e  c a t a c l a s i z e d  

quar t z  gra ins .  However, i t  is poss ib le  t h a t  t h i s  apparent c a t a c l a s i s  is i n  

p a r t  an i n h e r i t e d  fea tu re  derived from metamorphic modification of a parent  

volcanic  rock which had a f l u i d a l  t ex tu re .  

In t h i n  s e c t i o n ,  the microcline blastophenocrysts  display c h a r a c t e r i s t i c  

g r i d  twinning. Their  modal abundance may b e  a s  much a s  20 percent  i n  some 

p a r t s  of t h e  u n i t  and a few peraent  i n  o t h e r  p a r t s .  Muscovite always is pre- 

s e n t  i n  amounts from 10 t o  25 percent .  Its gra in  s i z e  ranges from 0.02 t o  0.4 

mm i n  g r e a t e s t  dimension. The muscovite occurs both a s  poorly f o l i a t e d  f i n e r  

grained masses and a s  l a r g e r  c r y s t a l s  i n  we l l - fo l i a t ed  inc ip ien t ly  segregated  

bands. 

Quartz a l s o  has two d i s t i n c t  modes of occurrence i n  t h i s  rock. The most 

no t i ceab le  appearance i n  hand specimen is  as p a r t i a l l y  resorbed subequant 

blastophenocrysts  approximately 0.5 t o  1 cm i n  diameter. The groundmass con- 



t a ins  abundant quar tz  which exhibi ts  the mutual te rnary  gra in  j unctions 

c h a r a c t e r i s t i c  of e q u i l i b r a t e d  rec rys ta l l i zed  quar tz  i n  metamorphic rocks. 

Quartz c o n s t i t u t e s  about 50 percent of the  rock and ranges i n  s i z e  from 0.03 t o  

6 mm. 

1bo v a r i e t i e s  of b i o t i t e  a r e  present.  The predominant type is brown t o  

l i g h t  yellow-brown and poikioblas t ic .  The second v a r i e t y ,  seen i n  t h i n  

sec t ion ,  is p a l e  green. B i o t i t e  is  not equally d i s t r i b u t e d  i n  the  u n i t ,  and 

some specimens l ack  b i o t i t e  al together.  Its g r e a t e s t  modal abundance is ap- 

proximately 3 t o  5 percent .  Individual gra ins  a t t a i n  0.3 m i n  l a r g e s t  

dimension. The f a b r i c  exhibi ted  by b i o t i t e  i n d i c a t e s  it  is not  a r e l i c t  

igneous mineral b u t  is of metamorphic or ig in .  B i o t i t e  occurs p a r a l l e l  t o ,  

and t ransect ing fo l iabfon,  suggesting a l a t e  t o  post-synkinematic development. 

The reason t h a t  b i o t i t e  a t  Arct ic  Camp is r e s t r i c t e d  t o  meta-igneous rocks 

and t o  wi th in  a few f e e t  of t h e i r  contacts  is no t  f u l l y  understood. It is 

believed t h a t  rocks of igneous parentage were a b l e  t o  provide the  necessary 

chemical environment wi th in  t h e  prevail ing metamorphic pressure-temperature 

conditions f o r  t h e  formation of t h i s  mineral. There have probably been two 

periods of metamorphism a f fec t ing  these rocks (Turner, 1973) and t h i s  may w e l l  

account f o r  the  presence of the unusual coexistence of brown b i o t i t e ,  apple- 

green mica, and muscovite. 

Pztc  : Talc-muscovite-chlorite s c h i s t  

The sulf ide-bearing u n i t ,  Pztc ,  s t r u c t u r a l l y  under l ies  the b las toporphyr i t i c  

s c h i s t  Pzrp and a t  t h e  su r face  is  separated from i t  by a varying thickness of 

porphyroblas t i c  s c h i s t ,  Pzps. It is not  c e r t a i n  whether t h e  porphyroblast ic  

s c h i s t  is always interposed between the s u l f i d e  zone and t h e  overlying Pzrp un i t .  

I n  t h e  f i e l d ,  t h e  mineralized uni t  is dis t inguished by extensive brown 

l imoni t i c  t o  red hemat i t i c  s t a in ing ,  It is l i g h t  gray on a f resh  su r face ,  and 

exh ib i t s  slabby outcrops mantled by flaggy t a l u s .  The t a l u s  is  qu i t e  f i s s i l e  



and s l ippery  to  the  touch because of s i g n i f i c a n t  amounts of  t a l c  i n  the  rock. 

Application of d i l u t e  H C 1  shows t h e  presence of c a l c i t e .  The rock is  

'extremely schis tose  with g ra in  s i z e s  varying from f i n e  t o  medium. 

Quartz commonly c o n s t i t u t e s  over 50 percent of t h e  mode and has a well-developed 

g ranob las t i c  t ex tu re  wi th  t h e  te rnary  junctions common t o  metamorphically re- 

c r y s t a l l i z e d  quartz. Locally,  however, specimens of nea r ly  pure t a l c  may be 

found. The combined talc-muscovite content of the  u n i t  is q u i t e  v a r i a b l e  

(from t r a c e  amounts t o  37%) and is inversely r e l a t e d  t o  t h e  amount of c h l o r i t e  

present .  Both the  t a l c  and t h e  c h l o r i t e  have well-developed p l a t y  h a b i t s ,  and 

have grains ranging from 0.2 t o  0.8 mm i n  t h e i r  longes t  dimension ( t h i n  sec t ion)  . 
Chlor i t e  is an extremely low-iron , color less  v a r i e t y ,  probably c l inochlore .  

Epidote is  occasionally p resen t  i n  t r a c e  amounts a s  i n  b i o t i t e .  Abundant calf 

ci te is associated wi th  ore-grade s u l f i d e  mineral accumulations. Sphene i n  

anhedral  t o  euhedral c r y s t a l s  (0.4 toi1.5 mm) is a common accessory mineral i n  

t h i s  u n i t  (as i t  is i n  a l l  t h e  noncarbonate u n i t s  s tud ied) .  A few deep-red- 

brown r u t i l e  c r y s t a l s  have been observed i n  t h i n  s e c t i o n s  of P z t c  rocks. A l -  

b i t e  porphyroblasts a r e  l o c a l l y  absent i n  t h i s  u n i t  and i n  genera l  a r e  l e s s  

abundant i n  these rocks and i n  o ther  s c h i s t s  a t  Arc t i c  Camp. When p resen t ,  

they range from 1 t o  3 mm i n  g r e a t e s t  d imns ion  and have an anhedral  t o  sub- 

h e d r a l  po ik iob las t i c  h a b i t .  The po ik iob las t i c  inc lus ions  c o n s i s t  of quar tz ,  

talc, and muscovite. A s  i n  the  o the r  sch i s tose  u n i t s ,  t h e  a l b i t e  i s  very l a t e  

i n  t h e  paragenesis of these  rocks. 

The thickness of t h i s  u n i t  shown on the  map is approximate, and may be  too 

grea t .  Contacts of t h e  t a l c o s e  rocks a r e  t r a n s i t i o n a l  wi th  t h e  obviously 

porphyroblas t i c  underlying and overlying s c h i s t s  . Within t h e  u n i t  there  a r e  

i n t e r c a l a t e d  l i t h o l o g i c  v a r i a t i o n s  among l e n s l i k e  l a y e r s  of quar t z - t a l c  s c h i s t ,  

quartz-muscovite s c h i s t ,  and quartz-talc-muscovite-chlorite s c h i s t .  Albi te  

porphyroblasts , i f  p resen t ,  a r e  usually associated wi th  e i t h e r  t h e  muscovite- 



o r  c h l o r i t e - r i c h  l i t h o l o g i e s .  T l~e  o r e  minerals  exposed i n  t h e  p rospec t  p i t s  

(p l .  1 )  appear  t o  be concent ra ted  i n  f ine-grained,  r e l a t i v e l y  qua r t zose  lenses  

s c a t t e r e d  throughout t h e  u n i t .  The dominant s u l f i d e  i n  most ou tcrops  i s  p y r i t e .  

Ore-grade m a t e r i a l  from t h e  prospec t  p i t s ,  however, conta ins  s p h a l e r i t e ,  chal- 

c o p y r i t e ,  ga lena ,  and p y r r h o t i t e .  I n  po l i shed  s e c t i o n s ,  one can s e e  t h a t  minor 

t e n n a n t i t e  is  p r e f e r e n t i a l l y  a s s o c i a t e d  wi th  t h e  galena. Fu r the r  s t u d i e s  may 

w e l l  reveal a d d i t i o n a l  s u l f i d e  minera ls .  The o r e  zone, recognized s u r f i c i a l l y  

by l i m o n i t e  s t a i n i n g ,  is n o t  confined s p a t i a l l y  t o  the  c e n t e r  of t h e  Pz t c  u n i t  

b u t  appears  t o  c ros s  s e c t i o n  s o  t h a t  i t  is l o c a l l y  found nea r  e i t h e r  t h e  top 

o r  bot tom of t h e  uni t .  

The a s s o c i a t i o n  of t a l c  w i th  t h e  o r e  must have been c r e a t e d  p r i o r  t o  t h e  

t e rmina t ion  of metamorphism i n  t h e  area because c a l c i t e  and t h e  l a te  porphyro- 

b l a s t i c  a l b i t e  r ep l ace  talc. Except f o r  talc, which is wholely o r  p a r t i a l l y  

s u b s t i t u t e d  f o r  muscovite i n  t h e  mode and ca lc i te ,which  is a s s o c i a t e d  w i t h  t h e  

o r e ,  t h e  non-ore-bearing p a r t s  of t h i s  u n i t  c lo se ly  resemble t h e  common 

porphyrob la s t i c  s c h i s t s  of t h e  Pzps u n i t s .  

Some geo log i s t s  sugges t  t h e  s u l f i d e  mine ra l i za t ion  is g e n e t i c a l l y  r e l a t e d  

t o  t h e  96-m.y. i n t r u s i v e  ep isode ,  when- s e v e r a l  of t he  g r a n i t i c  p lu tons  found 

t o  t h e  n o r t h  were emplaced. With regard  t o  t h i s  hypothes is ,  t h o s e  p lu tons  

tended t o  produce magnet i t ic  garnet-amphibole-epidote skarns  i n  s p a t i a l l y  as- 

s o c i a t e d  carbonate-bearing l i t h o l o g i e s .  However, although t h e r e  is  s i g n i f i c a n t  

calcite i n  t h e  mineral ized ho r i zon  a t  A r c t i c  Camp, no ska rn  of any k ind  can be  

seen w i t h i n  t h e  uni t .  

There is  a l s o  a l a c k  of c l a s s i c a l  hydrothermal type of  ve in ing  and 

p r o g r e s s i v e  hydrothermal a l t e r a t i o n  ha loes  around t h e  ore.  Also, t h e  o r e  does 

n o t  appear  t o  b e  d iscordant  w i t h  t h e  h o s t  rocks a s  one might expect  i f  i t  had 

been emplaced e p i g e n e t i c a l l y  i n  a s s o c i a t i o n  wi th  plutonism. Rather ,  t h e  o r e  



occurrences a r e  lensoid ,  a r e  conformable wi th  the  hos t  rocks, and appear t o  

have much t h e  same metamorphic charac ter  a s  do t h e  enclosing s c h i s t s .  

Pzqm: Porphyroblas t i c - a l b i t e  chlorite-quartz-muscovite s c h i s t  

Rocks of the  Pzqm uni t  a r e  l i g h t  gray t o  greenish gray weathering and 

l ight -greenish  white on a f reshly  broken su r face .  Outcrops a r e  f laggy t o  

massive i n  appearance, well  f o l i a t e d ,  and usual ly  schis tose .  Glorneroporphyro- 

b l a s t s  of whi te  untwinned a l b i t e  from 1 t o  4 m i n  g rea tes t  dimension a r e  

almost un ive r sa l ly  present .  These vary from gra ins  having a euhedral  h a b i t  

t o  vaguely augen shaped. Occasionally, quarz augen a r e  a l s o  present .  

Quar tz  and muscovite dominate the  mineralogy of t h i s  un i t .  The quar t z  

e x h i b i t s  .well-formed ternary junctions c h a r a c t e r i s t i c  of equ i l ib ra ted  meta- 

morphic r e c r y s t a l l i z a t i o n .  The muscovite is  w e l l  formed i n  books up t o  0.5 

nun long i n  c ross  sec t ion .  Much of t h i s  mica is phengite. 

I n  t h i n  s e c t i o n ,  individual  a l b i t e  porphyroblasts  a r e  commonly 0.5 t o  

0.75 mm i n  diameter. These a r e  late i n  the  paragenesis  and rep lace  t h e  

dominant quar t z  of t h e  groundmass and crosscut  the  wel l - fo l ia ted  muscovite. 

The a l b i t e  conta ins  abundant inc lus ions  of quar t z  and muscovite gra ins .  

C h l o r i t e  is  sporadica l ly  present  i n  t h e  u n i t  both as  i r r e g u l a r  greenish- 

gray concentra t ions  up t o  1.2 cm i n  diameter and a s  well-formed l a t h s  

a s soc ia ted  wi th  the  muscovite which it is apparently replacing. Many of t h e  

patches of c h l o r i t e  a r e  a l s o  associa ted  wi th  l a t e  carbonate and small gra ins  

of epidote.  Graphite is present  l o c a l l y  a s  b lack specks dusted throughout t h e  

sock. Trace amounts of zircon and sphene can b e  observed i n  t h i n  sec t ion .  

The mode of these  rocks is highly va r i ab le .  The b a s i c  mineral assemblage 

and charac te r  of occurrence of the  minera ls ,  however, gives the  unit a re- 

l a t i v e l y  cons i s t en t  appearance i n  both hand specimen and t h i n  sec t ions .  This 

s c h i s t  does no t  d i f f e r  markedly from o t h e r  a l b i t e  porphyroblast ic  u n i t s  i n  t h e  

mapped a r e a ,  b u t  does have less c h l o r i t e  than Pzps s c h i s t s  and less a l b i t e  



than Pzms rocks.  

P zps : Porphyroblas t i c - c h l o r i t e  muscovite-quartz s c h i s t  

Porphyroblastic-chlorite muscovite-quartz s c h i s t s  occur  a t  s e v e r a l  

s t r a t i g r a p h i c  l e v e l s  i n  t h e  Arc t i c  Camp area .  They inc lude  many l o c a l  

v a r i a t i o n s  and a t  least four  d i s t i n c t  subun i t s :  Pzbm, Pzc,  Pzcb, and Pzgs. 

A l l  of t h e  rocks i n  t h i s  group except Pzc a r e  c h a r a c t e r i z e d  by a prominent 

development of a l b i t e  porphyroblasts .  In g e n e r a l ,  t h e  porphyroblastic-chlorite 

muscovite s c h i s t  is greenish  gray t o  l i m o n i t i c  ye l low brown weathering and 

very l i g h t  gray t o  greenish  gray on a f r e s h  s u r f a c e .  I n  outcrop ,  t he  rock 

appears s labby w i t h  d i s t i n c t  s c h i s t o s i t y  which becomes l e s s  pronounced a s  

t he  a l b i t e  porphyroblas t s  become more numerous. The groundmass of t he  s c h i s t  

is  medium gra ined ,  w i t h  moderate t o  poor s e g r e g a t i o n  of muscovite from quar tz .  

The a l b i t e  porphyroblas t s  a r e  somewhat p r e f e r e n t i a l l y  l oca t ed  wi th in  t h e  

muscovite-rich l a y e r s  as anhedral  t o  subhedra l  glomeroporphyroblasts up t o  

2 mm i n  g r e a t e s t  dimension. Epidote-c i inozois i te  i s  a common minor c o n s t i t u e n t  

and is gene ra l ly  p r e s e n t  i n  amounts ranging from 1 t o  2 percent .  Sphene is 

present  a s  an accessory  mineral  i n  t r a c e  amombts. 

A l b i t e  i n  t h i s  u n i t  is l a t e  i n  t he  paragenes is  of minerals .  Where pennine 

c h l o r i t e  is p r e s e n t ,  i t s  f o m a t i o n  was appa ren t ly  contemporaneous wi th  t h a t  

of a l b i t e .  To d a t e ,  no microcl ine has been found i n  t h i s  u n i t .  I n  s p e c u l a t i n g  

on t h e  p a r e n t  material g iv ing  r i s e  t o  u n i t  Pzps,  one m u s t  dec ide  whether t h e  

a l b i t e  and c h l o r i t e  are products  of metamorphic remobi l iza t ion  of c o n s t i t u e n t s  

w i t h i n  t h e  o r i g i n a l  rocks.  The p o s s i b i l i t y  exists  t h a t  they might have been 

introduced by a later metamorphic event  a s s o c i a t e d  w i t h  t h e  emplacement of  t h e  

96-m.y.-old p lu tons  found t o  t h e  no r th  of A r c t i c  Camp. I f  t h e  components f o r  

the  abundant a l b i t e  were derived from t h e  o r i g i n a l  pa ren t  rock ,  one might ex- 

pec t  t h a t  t h e  b u l k  chemical composition of t h i s  u n i t  would c lose ly  approach 

t h a t  of a quartz-kerotophyre,  I f ,  however, t h e  a l b i t e -  and chlori te-producing 
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components were in t roduced  t o  what would otherwise b e  a micaceous q u a r t z i t e ,  

such a correspondence in composition would be  h ighly  f o r t u i t o u s  . Ana ly t i ca l  

s t u d i e s  a r e  planned t o  provide  d a t a  f o r  t e s t i n g  t h e s e  hypotheses.  

Pzbm: Porphyrob la s t i c - a lb i t e  biot i te-muscovite-quartz  s c h i s t  

Bio t i te -bear ing  s c h i s t s  i n  t h e  A r c t i c  Camp a r e a  are be l i eved  t o  be 

a s soc i a t ed  wi th ,  o r  a c t u a l l y  c o n s t i t u t e ,  premetamorphic igneous rocks. Unit 

Pzbm is  s i m i l a r  t o  Pzps except  t h a t  it lacks  c h l o r i t e  and con ta ins  minor 

amounts (2  t o  3 pe rcen t )  of  b i o t i t e .  In  the  f i e l d ,  Pzbm is  found ad jacent  t o  

outcrops mapped a s  meta-igneous rocks (Pzr) ( p l .  1 ) .  

These b io t i t e -bea r ing  s c h i s t s  a r e  green weathering and l igh t -gray  green on 

a f r e s h  sur face .  The outcrops  have a somewhat massive appearance,  a r e  d i s t i n c t l y  

f o l i a t e d ,  and a r e  only  weakly s c h i s t o s e .  Glomeroporphyroblasts of a l b i t e  compose 

up t o  30 percent  of t h e  rock. The porphyroblasts  a r e  conta ined  in a f ine-grained 

groundmass of q u a r t z ,  muscovite,  and accessory ol ive-green b i o t i t e .  The a l b i t e  

porphyroblasts  a r e  p o i k i o b l a s t i c  w i th  inc lus ion  of q u a r t z  and a r e  late i n  t h e  

mineral  paragenesis .  

Pzc: Ch lo r i t e  s c h i s t  

The c h l o r i t e  s c h i s t  found i n  u n i t  Pzps appears  t o  b e  a con tac t  phenomenon 

r e l a t e d  t o  t h e  formation of t h e  abundant qua r t z  pods, l e n s e s ,  and d ikes  found 

i n  t h e  A r c t i c  C a m p  area. Adjacent t o  many of t h e s e  b a r r e n  q u a r t z  masses, the  

concent ra t ion  of c h l o r i t e  in t h e  rock increases  t o  form a n e a r l y  pure c h l o r i t e  

se lvage .  Because t h e  b a r r e n  q u a r t z  masses a r e  o f t e n  d i sco rdan t  w i t h  t h e  

metamorphically induced f o l i a t i o n ,  t he  a s soc i a t ed  c h l o r i t e  s e l v a g e  was probably 

formed l a t e  i n  t h e  metamorphic h i s t o r y  a l so .  

These c h l c r i t i c  rocks a r e  dark-greenish gray weather ing ,  and l i g h t  green 

on a f r e s h  su r f ace .  'Although s c h i s t o s i t y  is w e l l  developed, t h e  outcrops a r e  

blocky. The rock is composed of up t o  97 percent  c h l o r i t e  w i t h  t r a c e  amounts 

of s c a t t e r e d  muscovite. A g rada t ion  e x i s t s  between t h i s  u n i t  and t h e  more wide- 



sp read  porphyroblas t ic  s c h i s t s ,  Pzps. 

Pzcb : Porphyroblas t ic -a lb i te  c a l c i t e - b i o t i t e  s c h i s t  

Only minor occurrences of a l b i t e  c a l c i t e - b i o t i t e  s c h i s t  have been found. 

These are c h a r a c t e r i s t i c a l l y  s m a l l ,  olive-green, massive-weathering knobs 

which are somewhat more r e s i s t a n t  than  t h e  surrounding s c h i s t s .  F o l i a t i o n  i s  

poor ly  developed, and i n  t h e  f i e l d  t h e  knobs resemble exposures of mafic  d ikes  

o r  l enses .  Thei r  mineralogy, however, is un l ike  the  metamafic rocks of u n i t  

Pzmv. The con tac t s  between Pzcb and t h e  enc los ing  s c h i s t  are sharp .  

Porphyroblasts  of a l b i t e  up t o  1 mm i n  l a r g e s t  dimension a r e  enclosed i n  

a  f i ne -  t o  medium-grained ma t r ix  of olive-green t o  greenish-brown b i o t i t e ,  

c h l o r i t e ,  and c a l c i t e .  A s  much as 15 percent  c a l c i t e  has been observed i n  

specimens of t h i s  rock. The surrounding s c h i s t s  appear t o  b e  en r i ched  i n  bio- 

t i t e ,  c a l c i t e ,  and c h l o r i t e ,  and appear  t o  have r e l a t i v e l y  l e s s  q u a r t z  than  t h e  

normal Pzsp un i t .  The percentages  of b i o t i t e  and c h l o r i t e  w i t h i n  Pzcb v a r i e s  

i n v e r s e l y  from 61 t o  18 percent  and from 22 t o  37 pe rcen t ,  r e s p e c t i v e l y .  The 

presence  of qua r t z  i n  t h i s  minor u n i t  sugges ts  t h a t  t h e s e  s m a l l  i s o l a t e d  

masses may represent  t he  metamorphic equiva len t  of l o c a l  accumulat ions of 

a r g i l l a c e o u s  c l a s t i c  d e t r i t u s .  

Pzgs : Graph i t i c  quartz-muscovite s c h i s t  

G r a p h i t i c  quartz-muscbvite s c h i s t  appears a t  many l o c a l i t i e s  w i t h i n  t h e  

s c h i s t  b e l t .  A t  Arc t i c  Camp, a band of  g r a p h i t i c  s c h i s t s  forms a d i s t i n c t  

l o c a l  marker u n i t  on the  n o r t h  end of t h e  a rea .  It a l s o  is  found as l e n s e s  i n  

many of t h e  o t h e r  major l i t h o l b g i c  u n i t s .  Only those  occurrences  of moderately 

well-es t a b l i s h e d  con t inu i ty  have been included Qn p l a t e  1. One g r a p h i t i c  s c h i s t  

band t r a c e d  wi th in  the  sou the rn  metamaf i c  a r g i l l i t e  sequence appears  t o  t r a n s e c t  

t h e  s e c t i o n .  This map p a t t e r n  sugges t s  a l o c a l  unconformity w i t h i n  t h a t  u n i t .  

G r a p h i t i c  s c h i s t  f o r m  i r r e g u l a r  l e n s e s  w i t h i n  u n i t  Pzsp and e x h i b i t s  t r a n s i t i o n a l  

c o n t a c t s  w i t h  those rocks. 



The g r a p h i t i c  s c h i s t s  commonly a r e  heavi ly  l imonite s t a ined  on weathered 

exposures b u t  medium t o  dark gray on f r e s h  surfaces .  Their s c h i s t o s i t y  is  

marked, g iv ing r i s e  t o  a slabby appearance i n  outcrop. The t a l u s  produced is 

sometimes n e a r l y  f i s s i l e .  There i s  a moderate segregation of fine-grained 

quar t z  from t h e  graphi te  and muscovite. Quartz is present  both as  an ordinary  

groundmass mineral  and a s  augen up t o  5 mm long and 2 mm thick.  About 3 per- 

cent  of t h e  rock su r face  appear is  covered by square ,  limonnite-coated vugs up 

t o  3 mm i n  c ross  sec t ion .  These imply t h e  former presence of p y r i t e .  A few 

a l b i t e  porphyroblasts  up t o  1 mm i n  g r e a t e s t  dimension a r e  c h a r a c t e r i s t i c  of 

these  g r a p h i t i c  s c h i s t s .  Minor c h l o r i t e  o f t e n  accompanies the  presenee of a l b i t e .  

It is  bel ieved t h a t  the  g raph i t i c  s c h i s t s  represent  prernetamorphic carbonaceous 

p e l i t i c  sediments. 

Pzpc: Porphyroblas t ic -a lb i te  c h l o r i t e  s c h i s t  

I n  ou t  crop, the  porphyrob l a s  t i c - a l b i  te-chlori te-schis  t c lose ly  resembles 

Pzcb (porphyroblas t ic -a lb i te  c a l c i t e - b i o t i t e  s c h i s t ) .  The fundamental d i f -  

ference  between these two rocks is  the  complete s u b s t i t u t i o n  of c h l o r i t e  f o r  

b i o t i t e  i n  t h e  mode of Pzpc. Outcrops a r e  dark green t o  greenish gray 

weathering whi le  f r e sh  surfaces  a r e  dark green and have abundant whi te  porphyro- 

b l a s t s  of a l b i t e .  The rocks a r e  poorly f o l i a t e d ,  massive, and crop out  as small 

knobs o r  ledges. Their  contacts  appear t o  b e  gradat ional  t o  the  s c h i s t s  of 

Pzps. A nea r ly  b iminera l ic  a l b i t e - c h l o r i t e  composition with t r a c e  amounts of 

c a l c i t e  and epidote  i s  c h a r a c t e r i s t i c .  There is, however, some minor quar t z  

and muscovite which is  c l e a r l y  earlier i n  t h e  paragenesis than a l b i t e  and 

c h l o r i t e .  A lb i t e  porphyroblasts c o n s t f t u t e  up t o  50 percent o r  more of t h e  

rock and range i n  s i z e  from 0.5 t o  2.5 m! The c h l o r i t e  is  a green v a r i e t y  of 

pennine and c o n s t i t u t e s  from 5 t o  35 percent  of the  rock by volume. Sphene is  

p resen t  as an accessory mineral. 



Pzms : Muscovite-quartz s c h i s t .  

The muscovite-quartz s c h i s t  a t  A r c t i c  Camp somewhat resembles u n i t  Pzps. 

However, i t  con ta ins  l e s s  c h l o r i t e  and t h e  amount of a l b i t e  seen  a s  porphyro- 

b l a s t s  is h igh ly  v a r i a b l e .  Weathered s u r f a c e s  have a brownish gray t o  t a n  

co lor .  Fresh rock is  greenish  gray. Outcrops are massive and somewhat blocky 

wi th  d i s t i n c t  f o l i a t i o n  b u t  only rode ra t e ly  developed s c h i s t o s i t y  . The 

abundance of a l b i t e  porphyroblasts  ranges from a t r a c e  t o  34 percent  by volume. 

When p r e s e n t ,  a l b i t e  porphyroblasts  a r e  anhedra l  and range from 0.5 t o  2.5 mm. 

Glomerophorphyroblasts of a l b i t e  1 cm i n  g r e a t e s t  dimension a r e  occas iona l ly  

seen. A l b i t e  is l a t e  i n  t h e  mineral paragenes is  and t r a n s c e c t s  f o l i a t i o n .  

The f o l i a t i o n  of t h e  rock i s  def ined  by muscovite and segrega t ion  bands of  

g r a n o b l a s t i c  qua r t z .  The groundmass of q u a r t z  and muscovite is f i n e  t o  medium 

grained.  The q u a r t z  i s  about 0:2 mm i n  diameter  and has  well-developed t e r n a r y  

g ra in  boundar ies ,  whereas muscovite provides  t h e  l i p i d o b l a s  t i c  t e x t u r e  of t h i s  

un i t .  The muscovite i s  subhedral  and from 0.5 t o  1.5 mm i n  longes t  dimension. 

Olive-green b i o t i t e  i s  spo rad ica l ly  p r e s e n t  i n  t r a c e  amounts. Pennine 

c h l o r i t e  a l s o  is occas iona l ly  seen i n  a s s o c i a t i o n  wi th  muscovite. Its modal 

abundance is v a r i a b l e  b u t  is  usual ly l e s s  t han  5 percent .  Brown ep ido te ,  

a l l a n i t e ( ? ) ,  is  p r e s e n t  as an accessory mine ra l ,  as i s  c o l o r l e s s  c l i n o z o i s i t e .  

The c l i n o z o i s i t e  o f t e n  e x h i b i t s  a c e n t r a l  brown co re ,  sugges t ing  its d e r i v a t i o n  

from p r e e x i s t i n g  a l l a n i t e ( ? ) .  Sphene is a ubigui tous  accessory,  p re sen t  a s  

equant anhedra l  c r y s t a l s  up t o  0.4 mm i n  diameter .  Trace amounts of c a l c i t e  

were observed i n  some t h i n  sec t ions .  Numerous l imoni te -s ta ined  p i t s  1 t o  2 m 

i n  diameter  on weathered su r f aces  suggest  t h e  former presence of t r a c e  amounts 

of p y r i t e .  

Pzr:  Biotite-muscovite-metarhyolite porphyry 

Small l e n s e s  of dense,  banded, a p h a n i t i c  qua r t zose  rock a r e  abundant 

throughout t h e  Pzms u n i t  and form an i n t e r g r a l  s u b u n i t  w i t h i n  those rocks. I n  



t h e  f i e l d ,  t hese  l enses  resemble q u a r t z i t e s  i n  t h e i r  r e s i s t a n c e  t o  weathering 

and t h e i r  blocky, j o i n t e d  outcrops.  They a r e  gray t o  t a n  on exposed su r f aces  

b u t  a r e  l i g h t  gray where f r e s h l y  broken. A well-developed f o l i a t i o n  i s  

made evident  by subdued c o l o r  banding, bu t  s c h i s t o s i t y  is n o t  apparent .  In- 

d iv idua l  l enses  a t t a i n  th icknesses  of s e v e r a l  f e e t  t o  s e v e r a l  t ens  of f e e t .  

The t e x t u r e  of t h e s e  rocks is e x t r e ~ e l y  f ine-grained b l a s t o p o r p h y r i t i c  with 

broken anehedral  and euhedra l  c r y s t a l s  of microc l ine .  Quar tz ,  muscovite, and 

fragments of microc l ine  c o n s t i t u t e  t he  major minera ls  i n  t h e  groundmass. F l a s e r  

t e x t u r e s  (as  a d e s c r i p t i v e  term only) a r e  w e l l  de f ined  by o r i e n t e d  muscovite 

and medium- t o  f ine-grained t r a i n s  of quartz .  These s inuous  t e x t u r e s  commonly 

enc lose  rounded mic roc l ine  blastophenocrysts .  Enlarged g r a n o b l a s t i c  quar tz  

g ra ins  a r e  commonly seen  i n  t h e  i n t e r i o r  of t h e  f l a s e r  t e x t u r e s  surrounding 

microcl ine.  Although t h e s e  t e x t u r e s  resemble those  produced by c a t a c l a s i s  i n  

some metamorphic t e r r a i n s ,  they may equal ly w e l l  have been i n h e r i t e d  from re- 

c r y s t a l l i z e d  f l u i d a l  t e x t u r e s  of vo lcanic  o r i g i n .  

Brawn b i o t i t e  0.2 t o  0.5 mm i n  diameter is p r e s e n t  and can b e  observed t o  

be  o r i en t ed  ob l ique ly  t o  t h e  prominent f o l i a t i o n  of t h e  rocks  a s  w e l l  a s  

p a r a l l e l  t o  it. This  obse rva t ion  provides a b a s i s  f o r  t h e  in fe rence  t h a t  

b i o t i t e  i s  somewhat l a t e r  i n  t he  paragenesis  than  is muscovite.  However, t h e  

brown b i o t i t e  may be  a r e l i c t  primary mineral  r a t h e r r t h a n  one of metamorphic 

o r i g i n .  Trace amounts of c h l o r i t e  rep lace  some b i o t i t e .  

A lb i t e  is p r e s e n t  s p o r a d i c a l l y  and c ros scu t s  t h e  f l a s e r  t e x t u r e  a t  random, 

i n d i c a t i n g  t h a t  i t  is la te  i n  t h e  mineral paragenes is .  C l i n o z o i s i t e  is common 

i n  t r a c e  amounts and sphene i s  nea r ly  ubiqui tous a s  an accessory mineral.  Oc- 

cas iona l ly  s m a l l  ( 1  nun) anhedra l  g ra ins  of p y r i t e  a r e  p r e s e n t  a t  l e s s  than 1 

percent  of t he  rock volume. 

- -.- 



The presence  of brown b i o t i t e  and t h e  occurrence of microc l ine  as both 

b las tophenocrys ts  and i n  the  groundmass imp l i e s  t h a t  t h e  Pzr  rocks were 

o r i g i n a l l y  of igneous o r ig in .  The r e l i c t  p o r p h y r i t i c  rock t e x t u r e s  f u r t h e r  

i n d i c a t e  a hypabyssal  o r  vo lcanic  environnent  f o r  t h e  parent  m a t e r i a l .  

Pzlrn: C a l c i t e  marble 

A t h i n ,  apparent ly  continuous u n i t  of gray c a l c i t e  marble i s  in t e rposed  

between t h e  metamafic rocks and ca lcareous  s c h i s t s  seen i n  the nor th  end of 

t h e  a r e a  mapped and t h e  predominantly qua r t zose  s c h i s t s  t o  t h e  south .  On 

c l o s e r  i n s p e c t i o n ,  t h e  d i s t i n c t i v e l y  shee t ed  outcrop c h a r a c t e r i s t i c  of  t h e  

marble e x h i b i t s  i s o c l i n a l  i n t r a fo rma t iona l  f o l d i n g  of 1-2 f e e t .  The rock i s  

e s s e n t i a l l y  monomineralic wi th  c r y s t a l l o b l a s t i c  f ine-  t o  medium-grained ca l -  

c i t e  forming d i s t i n c t  l a y e r s  enclosed by t h i n  s u r f a c e s  of more carbonaceous 

and p e l i t i c  marble. Minor amounts of g r a n o b l a s t i c  fine-grained q u a r t z  a l s o  a r e  

p re sen t  i n  some of t h e  marble l a y e r s .  

Very f ine-grained i s o l a t e d  g ra ins  of t r e m o l i t e  and muscovite have been 

seen  i n  t r a c e  amounts and c o n s t i t u t e  less than  1 percent  of t h e  rock by volume. 

S c a t t e r e d  minute specks of p y r i t e  (0.01 nun) a r e  s p a r s e  bu t  can be observed. 

A b r i e f  h e l i c o p t e r  reconnaissance t o  t h e  west of Arc t i c  Camp i n d i c a t e s  

t h a t  t h i s  marble u n i t  may terminate  i n  some f a sh ion  near  t h e  v i c i n i t y  of 

i n f e r r e d  metavolcanic  p i l e  i nd ica t ed  on p l a t e  1. 

Pzcm: Calcareous s c h i s t  

On bo th  A r c t i c  Camp and Riley r idges  ca lcareous  s c h i s t  has  been observed 

t o  conformably u n d e r l i e  the  ca lcareous  marble u n i t  (Pzlm) . The th i ckness  of 

t h e  ca lcareous  s c h i s t  u n i t  is unknown, and al though it is shown on t h e  map a s  

ove r ly ing  t h e  metamafics exposed a t  t h e  head of Arc t i c  Camp v a l l e y ,  i t  is 

p o s s i b l e  t h a t  t hose  rocks a r e  enclosed w i t h i n  t h e  u n i t .  Mapping planned f o r  

t h e  summer of  1975 should resolve t h i s  ques t ion .  



In  outcrop ,  t he  rocks have a banded brownish-gray and gray weathering 

su r f ace  r e f l e c t i n g  smal l - sca le  compositional l a y e r i n g  w i t h i n  t h e  rock. On 

a f r e s h  s u r f a c e ,  t h e  c o l o r  v a r i a t i o n  is one of l igh t -and  dark-gray tones.  

The outcrops have a s labby cha rac t e r  wi th  complex i n t e r n a l  fo ld ing  on s c a l e s  

ranging from a few cent imeters  t o  about 1 meter .  S c h i s t o s i t y  is imparted by 

fine-grained muscovite i n  t he  tan l aye r s  and by g r a p h i t e  and muscovite i n  t h e  

l ight-gray l a y e r s .  To d a t e ,  no d e t a i l e d  pe t rog raph ic  s tudy  has been made of 

t h i s  u n i t .  

A lb i t e  

Untwinned a l b i t e  porphyroblasts  a r e  n e a r l y  ubiqui tous  throughout t h e  

Arc t i c  Camp s c h i s t s  and a r e  seen a t  l e a s t  i n  t h e  con tac t  margins of even t h e  

d i s t i n c t l y  meta-igneous u n i t s .  A lb i t e  porphyroblas t s  have a l s o  been r epor t ed  

i n  the  marbles of t h e  Cosmos H i l l s  t o  the  sou th  ( F r i t t s  , 1971) and i n  t h e  

s c h i s t s  exposed i n  t h e  v i c i n i t y  of t h e  gold mine ra l i za t ion  i n  t h e  Chandalar 

quadrangle t o  t h e  east (Chipp, 1970). The a l b i t e  observed i n  t h e  p re sen t  s tudy  

is very l a t e  i n  t he  paragenes is  and is usua l ly  accompanied by some of c h l o r i t e  

(pennine o r  p r o c h l o r i t e ) .  Clinochlore appears  t o  b e  a s soc i a t ed  more o f t e n  w i t h  

the  p re -a lb i t e  rock f a b r i c .  Many t h i n  s e c t i o n s  show t h a t  bo th  aLbi te  and Fe- 

c h l o r i t e  have developed at t h e  expense of t h e  o l d e r  dominant quar tz  and muscovite.  

A modal abundance of 30 percent  a l b i k i s  common. Only t h e  marble u n i t s  a t  

A r c t i c  Camp (Pzlm) seem t o  l a c k  a l b i t e  porphyroblas t s .  

A lb i t e  a l s o  is found i n  nearby a reas  as a major c o n s t i t u e n t  of a l b i t e -  

ch lor i te -carbonate  d i k e s ,  These d ikes  range i n  t h i ckness  from 1 t o  18  inches.  

They a r e  markedly d i sco rdan t  t o  t h e  composi t ional  c o n t a c t s  of t h e  s c h i s t s  and 

the  dominant f o l i a t i o n .  There i s  o f t e n  a s p a t i a l  a s s o c i a t i o n  between t h e  

dikes and metamafic rocks which the  a l b i t e  d ikes  o f t e n  t r a n s e c t .  The a l b i t e  

wi th in  t h e s e  pegmat i t i c  occurrences ranges i n  s i z e  from a fine-grained border  



f a c i e s  t o  euhedral  medial ly  l oca t ed  c r y s t a l s  up t o  2 inches  i n  t h e  longes t  

dimension. . Within t h e s e  d i k e s ,  green c h l o r i t e  i s  p r e s e n t  a s  a fine-grained 

groundmass. C a l c i t e  pods a r e  found somewhat randomly d i s t r i b u t e d  i n  t he  

gene ra l  t r a n s i t i o n  zone between t h e  fine-grained margin and t h e  pegmat i t ic  

medial zone. The t o t a l  l e n g t h  of any s i n g l e  d ike  is  unknown b u t  one occur- 

rence was observed t o  ex tend  f o r  approximately 100 f e e t .  

Quartz Pods and Dikes 

Barren qua r t z  d ikes  and l enses  may be  observed throughout t h e  s e c t i o n  a t  

A r c t i c  Camp. There is  some sugges t ion  of a  g r e a t e r  abundance of t hese  occur- 

rences i n  the  d i s t i n c t l y  porphyroblas t ic  quar tzo- fe ldspa th ic  s c h i s t s .  The 

l enses  range i n  s i z e  from s m a l l  pods a  few inches i n  l e n g t h  t o  conformable and 

d iscordant  l enses  s e v e r a l  t e n s  of f e e t  long and s e v e r a l  f e e t  t h i ck .  The l a r g e r  

pods tend t o  be  d i sco rdan t  w i t h  t h e  f o l i a t i o n  of t h e  enc los ing  s c h i s t s ,  t h e  

d ikes  markedly so. Some of t h e  d ikes  a r e  exposed f o r  over  100 f e e t  and a r e  

20 f e e t  o r  more i n  t h i ckness .  

It is c h a r a c t e r i s t i c  of t h e  qua r t z  bodies  t h a t  they  a r e  enclosed i n  a  

ch lo r i t e - r i ch  marginal  zone which is  t r a n s i t i o n a l  t o  t h e  normal h o s t  rock over 

a d i s t ance  of a  few inches  t o  a  few f e e t .  Hinor copper oxide can be observed 

i n  t h e  c h l o r i t e  envelope surrounding some of t h e  q u a r t z  bodies  l oca t ed  c lose  

t o  t h e  massive s u l f i d e  hor izon .  

Skarns 

North of A r c t i c  Camp near t h e  c r e s t  of t h e  K a l u r i v i k  Arch, skarn  type of 

mineral  assemblages have developed i n  an impure marble ( p l .  1). These skarns 

conta in  abundant oc tahedra  of  magnet i t&,  pink t o  r e d  g a r n e t ,  a c t i n o l i t e ,  and 
I 

ep idote .  There is some evidence t o  suggest  t h e  l o c a t i o n  of t h e  skarns  has 

been l o c a l l y  c o n t r o l l e d  by s t e e p l y  dipping f r a c t u r e s .  Observat ions which sup- 

- . - p o r t  t h i s  hypothesis  i n c l u d e  t h e  s p a t i a l  d i s t r i b u t i o n  of t h e  skarn  mine ra l i za t ion  



and p rog res s ive ly  zoned mineral  assemblages c ros scu t t i ng  t h e  host-rock 

f o l i a t i o n  a t  a s t e e p  angle.  

I.L. T a i l l e u r  of t he  U.S. Geological  Survey has suggested (pe r sona l  

communication) t h a t  t he  Kalurivilc Arch may be  under la in  by a Cretaceous 

g r a n i t i c  p lu ton  l i k e  those  exposed t o  t h e  nor th .  This hypothes is  is  based on 

t h e  s i m i l a r i t y  of t he  ska rns  j u s t  n o r t h  of Arc t i c  Camp and those found as- 

s o c i a t e d  wi th  the  Shishakshinovik and Redstone p lu tons .  I f  t h i s  i n f e r e n c e  

is  c o r r e c t ,  t he  skarns are much younger than  the  213-m.y.-old metamorphism 

a£ f e c t i n g  t h e  Arc t i c  Camp s c h i s t s .  



STRUCTURE 

Ka lu r iv ik  Arch 

The a x i s  of t h e  Kalur iv ik  Arch passes  approximately 3 miles  n o r t h  of 

A r c t i c  Camp. The a f f e c t  of t h i s  r e g i o n a l  an t i fo rm is r e f l e c t e d  i n  t h e  a t t i t u d e  

of t h e  dominant f o l i a t i o n  exh ib i t ed  by t h e  A r c t i c  Camp s c h i s t s  ( p l .  1 ) .  A s  

s t a t e d  earlier, i t  has been suggested t h a t  t h e  a rch  may owe i ts  o r i g i n  t o  an 

i n t r u s i v e  co re  of g r a n i t e  ( I .L .  T a i l l e u r ,  pe r sona l  communication). Skarns 

observed n e a r  t he  c r e s t  of t he  a rch  tend t o  suppor t  t h i s  hypothesis .  The 

au tho r  b e l i e v e s  t h a t  there  i s  no g e n e t i c  a s s o c i a t i o n  between t h e  proximity of 

t h e  K a l u r i v i k  Arch and the  mineral  d e p o s i t s  of A r c t i c  Camp. The a r c h  may, 

however, b e  r e spons ib l e  f o r  up ra i s ing  t h e  s i g n i f i c a n t  s u l f  ide-bearing s c h i s t s  

w i t h i n  t h e  s e c t i o n  and thus prepar ing  them f o r  exposure by subsequent  e ros ion .  

Observat ions t o  d a t e  i n d i c a t e d  t h a t  t h e  Kalur iv ik  Arch n o r t h  of  A r c t i c  

Camp can b e  r e a d i l y  i n t e r p r e t e d  as a s imple  ant i form. This i n t e r p r e t a t i o n ,  

however, is based on mapping i n  a  very r e s t r i c t e d  a r e a  and is n o t  conclus ive .  

A test of t h e  nappe-root hypothes is  proposed by Forbes and o t h e r s  (1973) can 

only  b e  made by a d d i t i o n a l  d e t a i l e d  mapping 06 t h e  rocks exposed n o r t h  of A r c t i c  

Camp and a long  s t r i k e  t o  t h e  west.  

Minor Folds and Crenula t ions  

Minor f o l d s  occur a t  s e v e r a l  s c a l e s  w i t h i n  t h e  mapped a rea .  These range 

from mesoscopic f o l d s ,  a few inches  t o  a few t e n s  of f e e t  i n  wavelength and 

ampli tude,  t o  t h e  s i n g l e  an t i form shown on p l a t e  1, which has a wavelength of  

about  1 mile. The l a r g e  an t i form is a g e n t l e  f l e x u r e  which appears  t o  have 

only l o c a l  ex t en t .  However, i t  involves  t h e  ore-bearing u n i t  P z t c  along w i t h  

o t h e r  A r c t i c  Camp s c h i s t s .  It is  p o s s i b l e  t h a t  t h e  presence and o r i e n t a t i o n  of 

t h i s  f o l d  is  i n  some way c o n t r o l l e d  by t h e  cons iderable  th ickness  of competent 

b l a s t o p o r p h y r i t i c  s c h i s t  (Pzrp) occupying p a r t  of A r c t i c  Camp v a l l e y  and perhaps 



t he  northwest  end of Ri ley  r idge  t o  the  w e s t .  The a x i s  of t h i s  f o l d  i s  n e a r l y  

perpendicular  t o  t h a t  of t h e  Kalurivik Arch. 

Host of t h e  minor fo lds  a t  A r c t i c  Camp plunge t o  t he  west o r  southwest.  

?lost of t h e s e  appear  t o  be  in t r a fo rma t iona l  and have l i t t l e  e f f e c t  on u n i t s  

l y ing  above o r  below t h e  contac t  of t h e  u n i t .  They a r e  usua l ly  i s o c l i n a l  t o  

rucumbently i s o c l i n a l .  The fo lds  a r e  de f ined  by t h e  a t t i t u d e  of t h e  prominent 

s c h i s t o s i t y  of t h e  r eg ion  and the re fo re  p o s t d a t e  t h e  formation of  t h a t  s t r u c t u r a l  

element . 
Crenula t ions  of t h e  s c h i s t o s i t y  a r e  commonly seen .  To d a t e ,  no d e t a i l e d  

s t u d i e s  have been made t o  r e l a t e  the  o r i e n t a t i o n  of t h e s e  c r enu la t ions  wi th  

those  of t h e  minor f o l d  axes. X cursory examination of t h e  map ( p l .  l), however, 

i n d i c a t e s  t h a t  t h e  minor-£ o l d  axes.. and the c renu la t ions  w i t h i n  t h e  s c h i s  t o s i t y  

may c o n s t i t u t e  s u b p a r a l l e l  s t r u c t u r a l  elements.  

F o l i a t i o n  

The f o l i a t i o n  exh ib i t ed  by t h e  s c h i s t s  a t  A r c t i c  Camp is approximately 

p a r a l l e l  t o  con tac t s  between l i t h o l o g i c  u n i t s .  Where t h e  rocks a r e  t i g h t l y  

fo lded ,  a s  i n  t h e  noses of smal l  i s o c l i n e s ,  t h e  s c h i s t o s i t y  s t i l l  r e t a i n s  its 

p a r a l l e l i s n  t o  t h e  compositional banding. For t h e  most p a r t ,  i t  appears  per- 

missable  t o  assume t h a t  t h e  f o l i a t i o n  is n e a r l y  co inc ident  wi th  o r i g i n a l  

bedding p l anes  (So). This assumption should n o t  b e  uncondi t iona l ly  accepted ,  

however, because i n  t h i s  metamorphic t e r r a i n  t h e r e  remains t h e  p o s s i b i l i t y  

t h a t  bedding has  been transposed. Espec ia l ly  f o r  more d e t a i l e d  mapping, t h i s  

assumption should  b e  c a r e f u l l y  t e s t ed .  For  example, i t  is knmn t h a t  some of  

t h e  l a r g e  massive greenstone bodies a t  Dead Creek, t o  t h e  w e s t  of A r c t i c  Camp, 

have l o c a l l y  inf luenced  the  o r i e n t a t i o n  of  f o l i a t i o n  i n  t h e  immediately a d j a c e n t  

s c h i s t s .  There,  t h e  s c h i s t o s i t y  of rocks w i t h i n  approximately 15 t o  20 f e e t  

of greens tone  con tac t s  is o f t e n  d i s t o r t e d  s o  t h a t  i t  c l o s e l y  conforms t o  t h e  



i r r e g u l a r  s u r f a c e  of t hose  masses. Outside of t h i s  l o c a l  zone of in f luence  

the  s c h i s t o s i t y  r e t a i n s  i t s  nore  normal r e l a t i o n s h i p  t o  composi t ional  

layer ing .  

Faul t s  

Only two (apparent ly  minor) f a u l t s  have been observed a t  A r c t i c  Camp i n  

t h i s  s tudy.  These both occur  a t  t he  southern edge of t h e  a r e a  mapped. From 

the  l i n e a r  c h a r a c t e r  t h e i r  s u r f i c i a l  t r a c e s ,  they a r e  both i n f e r r e d  t o  be 

s t e e p l y  dipping. The f a u l t s  a l s o  a r e  cha rac t e r i zed  by t h e  presence  of small 

b u t  well-developed l i m o n i t i c  gossans along t h e i r  p r o j e c t e d  t r a c e .  The eas te rn-  

most of these  two f a u l t s  shows a c l e a r l y  def ined  o f f s e t  w i t h  t h e  south  s i d e  

be ing  downthrown. \&ere observed, displacement was on t h e  o r d e r  of a few f e e t  

t o  a few tens of f e e t .  

METAMORPHISM 

Geochronologic d a t a  (Turner and o t h e r s ,  1973) i n d i c a t e s  t h a t  t h e  rocks of 

t h e  Brooks Range s c h i s t  b e l t ,  inc luding  those  a t  A r c t i c  Camp, have undergone a t  

l e a s t  two s e p a r a t e  pe r iods  of metamorphism. Data sugges t s  t h a t  t h e  two meta- 

morphic thermal even t s  occurred  a t  about 213 and 96 m i l l i o n  yea r s  ago. I f  t h i s  

hypothesis  i s  t r u e  f o r  A r c t i c  Camp, i t  may he lp  t o  exp la in  some of pe t ropraphic  

observat ions made of t h e s e  rocks. 

A cons idera t ion  of t h e  mineral  assemblages p r e s e n t  i n  t h e  s c h i s t  u n i t s  

emphasizes t he  importance of muscovite-phengite, c h l o r i t e ,  q u a r t z ,  a l b i t e  

(porphyroblasts)  , b i o t i t e ,  and ep idote .  I f  t h e s e  mine ra l s  had a l l  formed a t  

t h e  same t i m e  and i n  mutura l  equi l ibr ium, they would c l e a r l y  i n d i c a t e  a meta- 

morphic rank w i t h i n  t h e  quartz-azbite-epidote-biotite s u b f a c i e s  of t h e  Bar- 

rovian  greenschis  t f a c i e s  (TJinkler , 1967) . With c e r t a i n  q u a l i f i c a t i o n s  , the  

r eg iona l  metamorphism a t  A r c t i c  Camp probably does approach a c l a s s i f i c a t i o n  t o  



t h i s  sub fac i e s ,  iiowever, t h e  a l b i t e  and much of t he  pennine c h l o r i t e  which 

commonly accompanies i t  probably d id  n o t  form s inu l t aneous ly  w i t h  t h e  Mg- 

c h l o r i t e ,  muscovite-phengite, b i o t i t e ,  and t h e  r e c r y s t a l l i z a t i o n  of qua r t z .  

Pe t rog raph ic  and f i e l d  evidence i n d i c a t e s  t h a t  a l b i t e  and pennine c h l o r i t e  

were introduced i n t o  the  rocks a f t e r  p r i o r  metamorphism had c r e a t e d  t h e  

dominant s c h i s t o s i t y  (S ) and those  minerals  which d e f i n e  i t .  
1 

It is bel ieved t h a t  t h e  mode of genes is  of t he  a l b i t e  and c h l o r i t e  w i th in  

A r c t i c  Camp rocks is i n  some way a s s o c i a t e d  with t h e  presence  of t h e  l a t e  dis-  

cordant  a l b i t e - c h l o r i t e  d ikes  found i n  nearby areas  and commonly throughout t h e  

s c h i s t  b e l t .  The o r i g i n  of t h e  sodium necessary t o  form t h e  a l b i t e  porphyroblasts  

i n  t h e  s c h i s t ,  and t h e  pegmat i t i c  a l b i t e  i n  the  d ikes ,  is h igh ly  c o n j e c t u r a l .  

One p o s s i b l e  hypothesis is t h a t  both occurrences of a l b i t e  were f  o m e d  by a  l a t e  

metamorphically der ived i n t e r g r a n u l a r  f l u i d  migrating through t h e  rocks t o  zones 

of low PH O. It might b e  i n f e r r e d  t h a t  w i th in  the  s c h i s t s ,  porphyroblas t s  were 
2 

formed a t  mul t ip l e  n u c l e a t i o n  sites,  wh i l e  pegmati t ic  a l b i t e  d ikes  were formed 

i n  d i sco rdan t  f r a c t u r e s  which provided t h e  primary l o c i  f o r  t h e  low PH O. An 
2 

ex tens ion  of t h i s  hypothes is  might exp la in  t h e  presence of t h e  b a r r e n  qua r t z  

bod ie s  as t h e  f i n a l  r e p r e s e n t a t i v e s  of t h i s  metamorphic f l u i d  from which a l l  

sodium had been removed by t h e  c r y s t a l l i z a t i o n  of a l b i t e .  The more common as- 

s o c i a t i o n  of t h e  pegmat i t ic  a l b i t e  d ikes  wi th  greenstones might b e  i n t e r p r e t e d  

as r e s u l t i n g  from an o r i g i n a l  s p i l i t i c  composition f o r  t hose  rocks. The more 

common a s s o c i a t i o n  of t h e  q u a r t z  bodies  wi th  t h e  f e l s i c  s c h i s t s  might ,  i n  turn,  

b e  i n f e r r e d  t o  r e s u l t  from t h e  abundance of s i l i c a  i n  t h e i r  hos t s .  

I f  t h e  above hypotheses a r e  t r u e ,  then they must exp la in  t h e  presence  of 

similar paragenet ica l ly  l a t e  a l b i t e  and qua r t z  occurrences throughout t h e  

s c h i s t  b e l t  and poss ib ly  t h e  Cosmos H i l l s  a s  w e l l .  The occurrence  of porphyro- 

b l a s t i c  a l b i t e  s c h i s t s  has been r epor t ed  from a s  f a r  away a s  t h e  Chandalar 



quadrangle t o  t h e  e a s t  (Chipp, 1970) . F r i t t s  ( f i e l d  samples) found 

pegmat i t i c  a l b i t e ,  and barren qua r t z  d i k e s  i n  t h e  Survey Pass  quadrangle 

e a s t  of A r c t i c  Camp, and porphyroblas t s  of a l b i t e  i n  t h e  marbles of t h e  Cosmos 

H i l l s  t o  t h e  south  ( F r i t t s ,  1970). 

An a l t e r n a t i v e  hypothesis  c o n s i s t e n t  w i t h  t h e  pa ragene t i ca l ly  l a t e  

p o s i t i o n  of t h e  a l b i t e  and qua r t z  bod ie s  has  been suggested by 1.L T a i l l e u r  

(pe r sona l  communication) , who cons ide r s  t h e  presence of f e l s i c  Cretaceous 

i n t r u s i o n s  found throughout t h e  r e g i o n  from w e s t  of Arc t i c  Camp t o  Chandalar 

quadrangle on t h e  e a s t ;  f e l s i c  s t o c k  is  a l s o  present  i n  t h e  c o r e  of t h e  

Cosmos H i l l s .  According t o  h i s  hypo thes i s  t h e  a l b i t e  pegmati te  would be  

g e n e t i c a l l y  r e l a t e d  t o  t h e  Cretaceous p l u t o n s  a s  s a t e l l i t e  d i k e s ,  and t h e  

a l b i t e  porphyroblas t s  would r e p r e s e n t  t h e  mineralogic  o v e r p r i n t  of a 96-m.y.- 

o l d  metamorphic event a s soc i a t ed  w i t h  t h e  emplacement of t h e  i n t r u s i o n s .  

Seve ra l  l ines of evidence tend t o  suppor t  t h i s  hypothesis.  For example, 

t h e r e  are Cretaceous i n t r u s i o n s  throughout  t h e  s c h i s t  b e l t  and i n  t h e  Cosmos 

H i l l s  t o  t h e  south ,  and similar a l b i t e  pegmati tes  have been observed i n  g r e a t  

abundance w i t h i n  t h e  recognizable  c o n t a c t  metamorphic zone surrounding some of 

t h e s e  p lu tnns .  The hypothesis  is weakened by t h e  f a c t  t h a t  t h e  Cretaceous 

i n t r u s i o n s  do no t  appear t o  be  p a r t i c u l a r l y  r i c h  i n  sodium ( P e s s e l  and o t h e r s ,  

1973),  and t h e  common, c l e a r l y  r e l a t e d  metasomatic a l t e r a t i o n  a s s o c i a t e d  w i t h  

t h e  p l u t o n s  commonly man i f e s t s  i t s e l f  by t h e  formation of g a r n e t ,  a c t i n o l i t e ,  

ep ido te ,  and magnet i te  skarns.  

A hypothes is  which perhaps b e s t  accoun t s  f o r  t h e  s e v e r a l  obse rva t ions  

bear ing  on  t h i s  problem would i n f e r  t h a t  a metamorphic event  a s s o c i a t e d  w i t h  

t h e  emplacement of t he  96-m,y.-old p l u t o n s  provided t h e  hea t ,  and perhaps some 

of t h e  f l u i d s  necessary,  t o  mob i l i ze  sodium and s i l i c o n  from w i t h i n  t h e  o l d e r  

s c h i s t s .  The fundamental source  of t h e  chemical components would be  t h e  s c h i s t s  

themselves.  A p o s i t i v e  s p a t i a l  a s s o c i a t i o n  of porphyroblas t ic  s c h i s t ,  pegmat i t ic  



d i k e s ,  and b a r r e n  q u a r t z  bodies  w i th  t h e  v i c i n i t y  of t h e  plutons would r e s u l t  

from t h e  c l o s e  proximity of t h e  a p p r o p r i a t e  h o s t  rocks  and a l a t e  hea t  source .  

I n  terms of metamorphic rank, t he re fo re ,  t h e  a l b i t e  p re sen t  i n  t h e  s e c t i o n  may 

not  be s i g n i f i c a n t  f o r  def in ing  t h e  rank  of t h e  213-m.y.-old metamorphism. 

It is be l ieved  t h a t  t h e  massive g a r n e t  found i n  t h e  skarn  n o r t h  of A r c t i c  

Camp a l s o  is a s s o c i a t e d  wi th  t h e  96-m.y.-old i n t r u s i v e s ,  and t h e r e f o r e  has  no 

bearing on t h e  metamorphic rank a t t a i n e d  du r ing  t h e  o lde r  r eg iona l  metamorphism. 

The small g a r n e t s  found disseminated i n  t h e  metamorphic rocks ,  however, w i l l  b e  

of a i d  i n  d e f i n i n g  t h e  degree of metamorphism a t t a i n e d .  It is  expected t h a t  

t hese  w i l l  prove t o  be  s p e s s a r t i n e ,  a lower temperature garne t  compatable w i t h  

t h e  b i o t i t e - s t a b l e  sub fac i e s  of Barrovian g r e e n s c h i s t  metamorphism, 

Glaucophane and ch lo r  i t o i d ,  a l though seldom observed i n  specimens s o  f a r  

c o l l e c t e d  from t h e  area mapped a t  A r c t i c  Camp, a r e  common minera ls  i n  meta- 

sediments and metamaf i c  rocks  only a few miles . ,dbstantz .  J a d e i t e = a l i a .  baa -been- 

r epo r t ed  as a c o n s t i t u e n t  of some metasediments found w i t h i n  a few m i l e s  of 

A r c t i c  Camp (Forbes and o the r s ,  1973). The a u t h o r ,  t h e r e f o r e ,  b e l i e v e s  t h a t  

t h e s e  mine ra l s  must b e  considered when d e f i n i n g  t h e  metamorphism h i s t o r y  of 

t h e  l o c a l  area. Forbes and o t h e r s  (1973) s t a t e d  t h a t  j a d e i t e  found near  VABM 

Ruby occu r s  " i n  a r e l i c t  f a b r i c  c u t  by a later f o l i a t i o n  defined by p a t a g o n i t e  

and a c t i n ~ l i t e . ' ~  If t h i s  f o l i a t i o n  is t h e  dominant s c h i s t o s i t y  (S1) s een  i n  

t h e  A r c t i c  Camp a r e a ,  it would mean t h a t  i n  g e n e r a l  t h e  Brooks Range rocks  have 

been sub jec t ed  t o  t h r e e  d i s t i n c t  metamorphic events .  These would be 1)  a n  

i n i t i a l  high-pressure metamorphism, of unknown temperature maxinum, necessary  

t o  form j a d e i t e ;  2) a higher temperature high-pressure glaucophane g r e e n s c h i s t  

metamorphism which p a r t i a l l y  replaced t h e  j a d i t e  and induced a gene ra l  

s c h i s t o s i t y  i n  t h e  rocks;  and 3) a l a t e  and somewhat l oca l i zed  metamorphism 

as soc ia t ed  w i t h  Cretaceous plutonism. 

Only t h e  las t  two events  a r e  ev iden t  a t  A r c t i c  Camp. One must a l s o  



consider  t h a t  a l t hough  t h e  development of glaucophane-gr eensch i s t  t o  

Barrovian-type g r e e n s c h i s t  i s  a  d i s t i n g u i s h a b l e  metamorphic event  i n  t h e  a r e a ,  

i t  may r ep resen t  a r e t r o g r e s s i v e  event which is a c o n t i n u a t i o n  of t h e  meta- 

morphic pu l se  which formed t h e  j a d e i t e  o r i g i n a l l y .  There is  a p e r s i s t e n t  and 

i n t r i g u i n g  sugges t ion ,  however, t h a t  t h e  t h r e e  d i s t i n g u i s h a b l e  metamorphic 

events  co inc ide  w i t h  t h e  t h r e e  d i s t i n c t  groups of a g e  d a t e s  obtained t o  d a t e  

from Brooks Range rocks.  That is ,  j a d e i t e  forming metamorphism i n  t h e  

Precambrian; g r e e n s c h i s t  metamorphism i n  L a t e  Pa leozoic  t o  T r i a s s i c  t ime, and 

thermal metamorphism i n  Cretaceous time. 

SULFIDE MINERALIZATION 

Charac ter  of Arc t i c  Camp Mine ra l i za t ion  

Because of a  l a c k  of pub l i c  d r i l l i n g  and l i m i t e d  ore-grade exposures,  

on ly  a  per func tory  s ta tement  can be made a t  t h i s  t ime concerning t h e  

c h a r a c t e r i s t i c s  of t h e  m i n e r a l i z a t i o n  a t  A r c t i c  Camp. The fol lowing informat ion  

is  based on a n  examination of s u l f i d e  m i n e r a l i z a t i o n  exposed i n  t h e  p r o j e c t  

p i t s  shown on p l a t e  1. I n  genera l ,  t h e  s u l f i d e s  observed a r e  f i n e  t o  medium 

grained.  They c o n s i s t  of abundant amounts of p y r i t e ,  s p h a l e r i t e ,  cha l copyr i t e ,  

and minor p y r r h o t i t e  c h a l c o c i t e ,  bo rn i t e ,  and ga lena  w i t h  t r a c e s  of t e n n a n t i t e .  

Very minor copper ox ide  s t a i n i n g  is v i s i b l e  on some of t h e  p lanes  of s c h i s t o s i t y  

i n  near-surface r o c k s  a d j a c e n t  t o  t h e  s u l f i d e  concen t r a t ions .  A small  gossan cap  

is present  over massive s u l f i d e  occurrences and may be as t h i c k  a s  10  t o  15  f e e t .  

Loca l ly  t h i s  cap  has been removed by t renching  o r  p i t t i n g .  Downslope from t h e , * - -  

s u l f i d e  zone, one  can  f i n d  abundant f  e r r i c r e t e  i n  t h e  t a l u s ,  and some boulders  

and cobbles  of ore-grade  s u l f i d e  mine ra l i za t ion .  

The o r e  mine ra l s  a r e  found i n  ca lcareous  t a l c o s e  t o  quar tzose  l enses  

which a r e  conformable w i t h  t h e  f o l i a t i o n  of t h e  enc los ing  s c h i s t s .  Much of 

t h e  ore-grade m a t e r i a l  c o n t a i n s  app rec i ab le  c a l c i t e  a long  wi th  t h e  abundant 

t a l c ,  a s  does some of t h e  surrounding t a l c  s c h i s t  of u n i t  P z t c ,  There is n o t  



a d e f i n i t e  s i n g l e  l a y e r  of s u l f i d e s ,  r a t h e r  t h e r e  a r e  l e n s e s  of massive s u l f i d e s  

arranged en-echelon through a  zone s e v e r a l  t e n s  of f e e t  t h i c k .  Th i s  e n t i r e  zone 

of mine ra l i za t ion  is surrounded t o  a  t a l c  and carbonate-r ich s c h i s t .  I n  many 

r e s p e c t s ,  including t h e  presence  of a l b i t e  porphyroblasts ,  t h e  t a l c o s e  s c h i s t  

resembles  o the r  rocks  i n  t h e  A r c t i c  Camp s e c t i o n ,  However, t h e  presence of 

t a l c  appears  t o  be uniquely  c h a r a c t e r i s t i c  of proximity t o  m i n e r a l i z a t i o n .  

The massive su l f ide-bear ing  horizon is contained between two u n i t s  of b las to-  

p o r p h y r i t i c  s c h i s t ,  a s  shown d iag rama t i ca l ly  i n  c ros s - sec t ion  A-A' on p l a t e  1. 

No v e i n  formation has been noted i n  a s s o c i a t i o n  wi th  t h e  m i n e r a l i z a t i o n  a t  

A r c t i c  Camp. Any s u r f i c i a l  evidence of progress ive  hydrothermal a l t e r a t i o n  

zonat ion  around t h e  s u l f i d e  l e n s e s  a l s o  is  lacking .  Although t h e r e  is  con- 

s i d e r a b l e  c a l c i t e  i n  t h e  h o s t  rocks  of t h e  su l f ides ,no  s k a r n  m i n e r a l i z a t i o n  

l i k e  t h a t  seen on t h e  n o r t h  end of A r c t i c  Camp r i d g e  has  been found i n  t h e  c l o s e  

v i c i n i t y  of t he  ore-grade m a t e r i a l .  

Because t a l c  is n o t  found elsewhere i n  t h e  s e c t i o n ,  i t  is  be l ieved  that 

its presence is g e n e t i c a l l y  r e l a t e d  t o  t h e  occurrence of s u l f i d e  mine ra l i za t ion .  

The development of t a l c  p reda te s  t h e  formation of a l b i t e  porphyroblas t s .  The 

in fe rence  is thus  made t h a t  s u l f i d e  mine ra l i za t ion  a s s o c i a t e d  w i t h  t h e  t a l c  

a l s o  formed p r i o r  t o  t h e  a l b i t e .  No c r i t e r i a  have been observed which would 

sugges t  t h a t  t a l c  developed i n  t h e  s c h i s t s  by pos t r eg iona l  metamorphism hydro- 

thermal  o r  metasomatic replacement of p reex i s t i ng  muscovite o r  c h l o r i t e .  

Rather ,  t h e  t a l c  has  t h e  same t e x t u r a l  r e l a t i o n s h i p s  t o  t h e  o t h e r  mine ra l s  

w i t h i n  t h e  hos t  rock as does  muscovite i n  t h e  surrounding po rphyrob la s t i c  s c h i s t s .  

Th i s  implies ,  a l though it does not  prove, that t h e  t a l c  has developed from t h e  

r e g i o n a l  213-m.y.-old g r e e n s c h i s t  metamorphism a c t i n g  upon a  p a r e n t  m a t e r i a l  

of d i f f e r e n t  composition than  t h a t  of t h e  surrounding s c h i s t s .  Th i s  l o c a l  

d i f f e r e n c e  i n  composition may w e l l  have r e s u l t e d  from a premetamorphic rock 

a l t e r a t i o n  g e n e t i c a l l y  a s s o c i a t e d  wi th  t h e  s u l f i d e  mine ra l  emplacement. 



Genesis of A r c t i c  Camp Ore Minerals 

A hypothesis  f o r  t h e  genes i s  of t h e  mine ra l i za t ion  a t  A r c t i c  Camp inc ludes  

obse rva t ions  made throughout t h e  60-mile-long mineral ized s c h i s t  b e l t .  Some 

of t h e  more p e r t i n e n t  of t h e s e  c o l l e c t i v e  observa t ions  a r e  d i scussed  below. 

B la s toporphyr i t i c  qua r t z  m i c r o c l i n e  s c h i s t s  have been observed near  most 

of t h e  appa ren t ly  economically s i g n i f i c a n t  minera l  depos i t s .  An examination 

of t h e  t e x t u r e  and f i e l d  occurrence  of t h e s e  s c h i s t s  s t rong ly  sugges t s  t h a t  

t h e  pa ren t  rocks  had a  hypabyssal t o  v o l c a n i c  o r i g i n .  R e l i c t  p a r t i a l l y  resorbed 

b l u e  q u a r t z  and K-feldspar phenocrysts  a r e  abundant. Mapping of t h e s e  rocks  

i n d i c a t e  t h a t  t hese  u n i t s  have a  l enso id  shape and t h a t  m u l t i p l e  l e v e l s  of t h e  

b l a s t o p o r p h y r i t i c  s c h i s t s  may occur a t  a  g iven  l o c a l i t y .  F e l s i c  s c h i s t s ,  which 

u s u a l l y  a r e  found i n  t hose  s t r a t i g r a p h i c  s e c t i o n s  having b l a s t o p o r p h y r i t i c  

u n i t s ,  occassional1yr:havebeen observed t o  c o n t a i n  both fragments  of K-feldspar 

and i n t a c t  b las tophenocrys ts  of q u a r t z .  These f e l s i c  s c h i s t s  occur  a s  shee t -  

l i k e  o r  l enso id  bodies.  I n  some c a s e s  they  can  be  followed through a  t r a n s i t i o n  

i n  r o c k  t e x t u r e  t o  what appears  t o  be a s tock - l ike  source.  Other f e l s i c  

s c h i s t s  found near t h e  d e p o s i t s  a r e  extremely f i n e  grained t o  a p h a n i t i c  and 

c o n s i s t  predominantly of muscovite and qua r t z .  Examination of t h e s e  rocks  wi th  

a  pe t rographic  microscope, however, o f t e n  r e v e a l s  t h e  presence of cons ide rab le  

amounts of v e r y  fine-grained K-feldspar.  One l o c a t i o n  on t h e  n o r t h  end of 

R i l e y  Fidge, northwest of A r c t i c  Camp, provided specimens of what appea r s  t o  be 

a metamorphosed volcanic  b recc i a ,  o r  a l a h a r .  From these  obse rva t ions  i t  is  

i n f e r r e d  t h a t  many of t h e  f  e l s i c  and b l a s t o p o r p h y r i t i c  s c h i s t  u n i t s  i n  t h e  s e c t i o n  

near  the minera l  d e p o s i t s  were o r i g i n a l l y  rnetavolcanic domes,volcanoclast ic  

p i l e s ,  and f lows  of q u a r t z - l a t i t e  or  r h y o l i t e  composition. The i r r e g u l a r i t i e s  

i n  t h i c k n e s s  and apparent  changes i n  s t r a t i g r a p h i c  l e v e l  exh ib i t ed  by s i n g l e  

cont inuous  u n i t s  a r e  in£ e r r ed  t o  b e  a  f u n c t i o n  of proximity t o  source ,  d e p o s i t i o n  

on a n  i r r e g u l a r  su r f ace ,  and perhaps i n  some cases ,  hypabyssal i n t r u s i o n .  



The greens tone  and glaucophane-bearing greens tones  found i n  t h e  mine ra l i zed  

po r t ion  of t h e  s c h i s t  b e l t  occur i n  a  v a r i e t y  of forms. Record has been made 

of p lug- l ike  bodies ,  d i scordant  and concordant  p lanar  bodies ,  l a r g e  a p p a r e n t l y  

detached l e n s e s  up t o  s e v e r a l  hundred f e e t  i n  g r e a t e s t  dimension, and some 

r e l i c t  pi l lowed s t r u c t u r e s .  The i n f e r e n c e  made from these  observa t ions  is  t h a t  

t h e  metamafic rocks  seen  i n  t h e  s e c t i o n  are of bo th  hypabyssal and vo lcan ic  

o r i g i n ,  w i t h  t h e  p i l l ow s t r u c t u r e s  i n d i c a t i n g  a  submarine s e t t i n g  f o r  a t  l e a s t  

some o r i g i n a l  b a s a l t  d i k e s  and flows. 

Both of t h e  above types  of i n f e r r e d  metavolcanic  rocks  have undergone 

g r e e n s c h i s t  f a c i e s  metamorphism t o  a t  least t h e  quar tz -a lb i te -epidote-b io t i te  

sub£ a c i e s  (Winkler , 1967) . They d i s p l a y ,  t o  va ry ing  degrees,  f o l i a t i o n  and 

s c h i s t o s i t y  which is conformable w i t h  t h a t  of t h e  surrounding s c h i s t s  and w i t h  

t h e  r e g i o n a l  s t r u c t u r a l  t rends.  They a l s o  c o n t a i n  porphyroblasts  of a l b i t e .  

Because i t  is be l ieved  t h a t  t h e  prominent f o l i a t i o n ,  s c h i s t o s i t y ,  and green- 

s c h i s t  r ank  mine ra l  assemblages w i t h i n  t h e  s c h i s t  b e l t  were developed du r ing  

t h e  o l d e r  213-m.y.-old metamorphism, t h e s e  obse rva t ions  suggest  t h a t  t h e  meta- 

vo lcan ic  rocks  a r e  more than  213 m i l l i o n  y e a r s  o l d .  

The su l f ide-bear ing  horizons a t  six o u t  of seven prospec ts  v i s i t e d  i n  

1974 were s p a t i a l l y  a s soc i a t ed  wi th  f e l s i c  s c h i s t s  o r  b l a s toporphyr i t i c  f e l s i c  

s c h i s t s  (metavolcanics  ? )  . A t  Arc t i c  Camp, t h e  o r e  horizon is found between 

two l a y e r s  of b l a s t o p o r p h y r i t i c  s c h i s t  ( p l .  1 ) .  The P icn ic  Creeksun c l a ims  

i n  t h e  Survey Pass  quadrangle a r e  found j u s t  beyond t h e  sou theas t e rn  margin of 

a n  e x t e n s i v e  f e l s i c  s c h i s t  u n i t .  The s u l f i d e  m i n e r a l i z a t i o n  exposed a t  Dead 

Creek and Ruby Peak t o  t h e  west of A r c t i c  Camp is not  f a r  removed from b l a s t o -  

p o r p h y r i t i c  o r  f  e l s i c  s c h i s t s .  The Smucker and Ambler c laim groups over3ookdng 

t h e  Kaluriwik River  both  enclose b l a s t o p o r p h y r i t i c  s c h i s t s  and ex tens ive  a s s o c i a t e d  

f  e l s i c  s c h i s t s .  Fu r the r  mapping w i l l  h e lp  t o  c l a r i f y  t h e  exact  d i s t r i b u t i o n  of 

t h e  in£ e r r e d  metavolcanics  wi th  r e s p e c t  t o  t h e  mine ra l  occurrences,  A t  p r e s e n t ,  



however, i t  appears  t h a t  t h e  s u l f i d e  m i n e r a l i z a t i o n  is p r e f e r e n t i a l l y  l oca t ed  

on t h e  f l a n k s  o r  j u s t  o f f  t h e  edges of smal l  pre-metamorphic f e l s i c  vo lcan ic  

domes o r  v o l c a n i c l a s t i c  p i l e s .  

The m i n e r a l i z a t i o n  exposed a t  Dead Creek i s  e x t e n s i v e l y  folded i n  a  s t y l e  

c o n s i s t e n t  w i t h  t h e  surrounding hos t  rocks .  A t  A r c t i c  Camp, gangue minera l  

assemblages of q u a r t z ,  muscovite,  c h l o r i t e ,  c a l c i t e ,  and porphyroblas t ic  a l b i t e  

a r e  c o n s i s t e n t  (except  f o r  t a l c )  wi th  t h e  mineralogy of t h e  surrounding s c h i s t s  

and marbles. The deformation of t h e  o r e  and t h e  s i m i l a r i t y  between t h e  mineralogy 

of t h e  gangue and h o s t  r o c k s  a r e  i n t e r p r e t e d  t o  mean t h a t  t h e  o r e  was subjec ted  

t o  t h e  same 213-m.y.-old dynamothermal metamorphism a s  were t h e  surrounding 

s c h i s t s .  The t a l c  and poss ib ly  some of t h e  ca rbona te  c h a r a c t e r i s t i c a l l y  a s s o c i a t e d  

wi th  t h e  o r e s  are be l ieved  t o  r ep re sen t  t h e  metamorphic end product of pre- 

metamorphic a l t e r a t i o n  accompanying t h e  o r i g i n a l  emplacement of t h e  s u l f i d e s .  

S u l f i d e  m i n e r a l i z a t i o n  has been found i n  a v a r i e t y  of host-rock types,  

inc luding  ca l ca reous  t a l c o s e  t o  q u a r t z i t i c  u n i t s  a t  A r c t i c  Camp, g r a p h i t i c  

micaceous s c h i s t s  a t  Horse Creek, and t h e  P i c n i c  Creeksun c la ims ,  and ca l ca reous  

q u a r t z i t i c  l e n s e s  east of VABM Ruby. A t  p r e s e n t ,  it does no t  appear t h a t  

t h e  o r i g i n a l  parentage  of t h e  hos t  rocks  was c r i t i c a l  (o ther  than  having been 

some form of c l a s t i c  o r  v o l c a n i c l a s t i c  sediment).  

I n  s p i t e  of t h e  ca l ca reous  na tu re  of some of t h e  h o s t  rocks ,  inc luding  

those  a t  A r c t i c  Camp, none of t h e  minera l  occurrences  known t o  t h e  au thor  

d i s p l a y  any of t h e  s k a r n  development c h a r a c t e r i s t i c a l l y  produced by t h e  Brooks 

Range Cretaceous i n t r u s i v e s .  Massive ga rne t ,  magnet i te ,  ep ido te ,  and a c t i n o l i t e  

a r e  a l l  absent .  The p o r t i o n s  of t h e  d e p o s i t s  observed l a c k  well-defined 

systems of v e i n s .  I n  f a c t ,  no veining was seen  i n  t h e  exposed mine ra l i za t ion .  

Except f o r  t h e  common enc los ing  halo of t a l c o s e  rocks ,  no evidence of hydrothermal 

a l t e r a t i o n  has been found. Noticeably absen t  i s  a l a c k  of any p o s t f o l i a t i o n  

hydrothermal a l t e r a t i o n .  



The s u l f i d e  n i n e r a l s  t a d  t o  occur i n  l enso id  bodies  of varying 

dimension. These a r e  con£ ormable wi th  the f o l i a t i o n  of t h e  h o s t  rocks. Xo 

apparent  s y r m e t r i c a l  zonat ion  has  been observed w i t h i n  t h e s e  l enses  as mipht 

be  e-xpected i f  they owed t h e i r  o r i g i n  t o  ep igene t i c  ve in  fo rna t ion .  Assay 

d a t a  from sys t ema t i ca l ly  sampled diamond-drill cores  w i l l  b e  necessary  t o  

determine whether t h e r e  is assymmetrical zonation of n e t a l s  w i t h i n  the  

depos i t s  . 
Cased on the  above observa t ions  and i n t e r p r e t a t i o n s  nade t o  d a t e ,  t he  

au thor  be l ieves  t h a t  t h e  genes is  of t he  s u l f i d e  m i n e r a l i z a t i o n  a t  Arc t i c  Can? 

can b e s t  be  a t t r i b u t e d  t o  submarine f e l s i c  volcanism. This genes is  would apply 

as w e l l  t o  the  o t h e r  confom,able mineral  depos i t s  w i t h i n  t h e  60-nlilc b e l t  from 

VABM S l e e t  on t h e  wes t  t o  Reed River  i n  t he  Survey Pass  quadrangle.  This b e l t ,  

t h e r e f o r e ,  i s  be l i eved  t o  c o n s t i t u t e  a volcanogenic massive s u l f i d e  province of 

a t  l e a s t  a s  o ld  as Paleozoic  age. 
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