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The Rainy C r e e k  a rea ,  covering about 100 square mi les ,  i s  on t h e  
south s lope  02 t h e  Alas1:a Railye j u s t  west  of the  De l t a  River and t h e  
Richardson E-Iighwcy ( f i g u r e  1) .  I t  l i e s  i n  the  ilt, E;yes B-4 2nd 2-5 
quadrangles.  P7ithin the  a r e a ,  gold p l a c e r s  have been worked on Rainy 
Cree?; and i n  Groxson Gulch, and copper has been repor ted  i n  sl:arn and 
d ior i - le  a t  s e v e r a l  l o c a t i o n s  i n  t h e  Rainy Creel; dra inzge  (ILartin, 1920, 
p. 20, Erool.rs, 1918, p.  4 3 ) .  J u s t  e a s t  o f  t h e  map area, nic:<el and 
copper showings a s s o c i a t e d  wi th  u l t r a b a s i c  rocks have been prospected a t  
Rainbow i,;ountain on the  e a s t  s i d e  of t h e  Del ta  River near i.Lile 2 1 3  and 
t h e  Richaru'son Highway (Hanson, 1964). The a r e a  w a s  chosen f o r  geologic  
napping because of (1) t h e s e  known minera l  occurrences and ( 2 )  t he  presence 
of s e v c r a l  bodies  of g r a n i t i c  rock shown on the reconnaissance naps of 
I ' loff i t  (1354). 

A t o t a l  of about a  month was spen t  i n  the  a rea  dur ing  t h e  surnmer of 
1364. Tlalter P h i l l i p s  served ab ly  a s  f i e l d  a s s i s t a n t ,  and c a r r i e d  o u t  some 
of t h e  geologic  napping. Stream sediment samples were c o l l e c t e d  Sy 
P h i l l i p s  concur ren t ly  with t h e  geologic  mapping and analyzed i n  -the f i e l d  
f o r  r e a d i l y  e x t r a c t a b l e  heavy metals .  T o t a l  copper, l ead ,  z inc ,  molybdenum 
and niclcel va lues  were l a t e r  obtained i n  t h e  lab, Secause of  complexi t ies  
i n  t h e  s t r u c t u r e ,  s t r a t i g r a p h y ,  and pe t ro logy ,  some conclus ions  i n  t h i s  
r e p o r t  must be considered t e n t a t i v e .  Addi t ional  f i e l d  work i s  planned 
dur ing  1965, 

The a r e a  i s  a c c e s s i b l e  i n  s e v e r a l  ways. I n  t h e  p r e s e n t  p r o j e c t ,  
access  was by f l o a t  p lane  l and ing  on t h e  D e l t a  River j u s t  south  of t h e  a r e a  
shovm on f i g u r e  2 ,  followed by backpacking t o  t h e  Rainy Creek dra inage ,  
Considerable d i f f i c u l t y  was encountered i n  c ross ing  Eureka C r e e k  because 
of  h igh  water ,  L a t e r ,  s u p p l i e s  w e r e  flown i n t o  an a i r s t r i p  on t h e  Eas t  
Fork of Broxson Gulch. F l o a t  p lane  l and ings  a r e  p o s s i b l e  on Pioneer  L a k e  
a t  t h e  south edge o f  t h e  a rea ,  although t h e  small  s i z e  of t h e  lake n~7?es 
t z k e o f f s  marginal.  The D e l t a  River can be crossed by boa t  nea r  idlile 212% 
on t h e  Richardson Highway ( j u s t  below Phelan c r e e k ) ,  followed by back- 
pacliinq i n t o  t h e  a r e a ,  p r e f e r a b l y  on t h e  r e l a t i v e l y  b a r e  t e r r a c e s  a t  
about 3500 feet e l e v a t i o n ,  Dense t imber along some p o r t i o n s  of t h e  r i v e r  
makes t r a v e l  d i f f i c u l t .  

Some ambiguity e x i s t s  wi th  t h e  name "Broxson Gulch", The M t ,  Hayes B- 

quadrangle shows t h i s  a s  t h e  name of t h e  v a l l e y  below the l a r g e  g l a c i e r  
d r a i n i n g  southeastward i n t o  Eureka Creek j u s t  o f f  the west edge o f  f i g u r e  2 
Actual ly ,  t h e  name seems t o  be based on c~old  p lace r ing  by Archie  Broxson 
i n  t h e  easternmost  branch of  t h i s  group 02 dra inages  where t h e  a i r s t r i p  
i s  shown, so probably  t h i s  branch has a b e t t e r  claim t o  t h e  name, wi th  
Eurelca Creek applying t o  t h e  l a r g e  branches of t h e  group. Hov~ever, t o  
conform t o  t h e  pub l i shed  maps, t h e  names E a s t  Forlc and Middle Forlc of 
Bro::son Gulch a r e  used i n  t h i s  r e p o r t  as shown on f i g u r e  2. The names 



Specimen'. Creek and Pioneer Lake follo~v) loca l  usage. 

Elevations range from 2500 f e e t  on the Delta River t o  7000 f e e t  along 
the  north edge of the area,  Some timber e x i s t s  along the Delta River and 
i n  the  lower p a r t  of the  Rainy Creek valley. The upper l i m i t  of brush i s  
a t  ahout 4000 f e e t  e levat ion.  Above 4000 f e e t ,  t a l u s  forms the lower 
slopes, and outcrops are  usually r e s t r i c t ed  t o  the upper slopes and r idges .  
The l a rge r  drainages are  fed by glaciers ,  and many of the smaller drain- 
ages above 4500 f e e t  have semi-permanent snow i n  the  bottom. Due t o  high 
water during the e a r l y  a d  middle summer, Rainy Creek, Eureka Creel: and 
the l a rge r  forks of Broxson Gulch can be d i f f i c u l t  t o  cross on foot.  

REGIONAL SETTING AND PREVIOUS WORK 

The dominant geologic fea ture  of the cen t ra l  Alaska Range i s  the 
Denali f a u l t  (st .- Amand, 1957 ) . This regional f a u l t  t rends west-north- 
westerly along the Alaska Range, curving east-west and f i n a l l y  south- 
westward i n  western Alaska ( f igure  1). East of the  Delta River, the f a u l t  
separates  sch i s t s  and gneisses  of Precambrian ( ? )  age (Birch Creek s c h i s t )  
from a var ie ty  of rocks, most of which are  r e l a t i v e l y  unrnetamorphosed. 
S t ,  Amand (1957) suggested 150 miles of r i g h t  l a t e r a l  s t r ike - s l ip  movement, 

- but  evidence for  the  d i rec t ion  and amount of movement i s  poor, 

South of the map area,  b a s a l t i c  volcanics of Tr i a s s i c  ( ? )  age form 
an east-west b e l t  10-15 miles wide i n  the northern p a r t  of the  Copper 
River Basin ( f igure  1). Between the Tr iass ic  ( ? )  rocks and the Denali 
f a u l t ,  a var ie ty  of rocks a r e  present,  mostly i n  small f a u l t  blocks. In  
the  northwest p a r t  of the  Rainbow Mountain area e a s t  of the Delta River, 
Hanson (1964) mapped a pre-Mississippian sequence of phy l l i t e ,  greenschis t ,  
and marble, separated by f a u l t s  from Mississippian and Pennsylvanian grey- 
wacke, andesite, and limestone. These rocks were intruded by andesite, 
ul tramafic rocks, quar tz  d i o r i t e  t o  granodiori te,  dac i t e ,  and dikes of 
didbase, Close folding along northwest axes and minor thrust ing t o  the  
south i s  present loca l ly .  East  of Hanson's area i n  the  upper basin  of 
the  Gulkana g lac ier ,  Ragan and Hawkins (1964) r epor t  high grade metamorphi( 
rocks t o  which they assign a n  ear ly  Precambrian age. Farther t o  the e a s t ,  
along the south s ide  of the  Denali f a u l t  near the  headwaters of the upper 
Chistochina River, lwlendenhall (1905 ) and b b f f  it (1954) mapped Pennsylvania 
volcanics and sediments (Chisna formation) and Permian limestones, sand- 
stones and black shales  (Mankomen formation) i n  several  f a u l t  blocks. 
Ter t ia ry  nonmarine coal-besring sediments are  exposed a t  several  places  
along the south s ide  of the  range. 

West of the map area beyond the Maclaren River, T r i a s s i c  sediments 
l i e  north of the T r i a s s i c  b a s a l t i c  volcanics on the south slope on the  



range. Ultramafic rocks a re  a l so  reported i n  t h i s  area (~aufman, 1964) .  

During the sumner of 1964, the area between Rainy Creek and the  
Delta River, northward across the Denali f au l t ,  was napped by J i m  Stout, 
a graduate student a t  the University of Alaska. The r e s u l t s  of t h i s  
mapping are  not ye t  available,  but  discussions i n  the f i e l d  indica te  a 
continuation of the s t ruc tures  and l i thology discussed i n  this report .  

ROCK UNITS OF THE RAINY CREEK AREA 

Precambrian ( ? ) ,  sch i s t  and gneiss 

North of a l i n e  approximately coinciding with the  present  l i m i t s  of 
g l a c i e r s  i n  the Rainy Creek area,  the rocks consist  of s c h i s t  and gneiss. 
The contact  of these rocks with those t o  the south i s  a t h r u s t  f a u l t  
( f igure  2 ) . 

I n  hand specimens, the rocks are  mostly well-foliated medium-grained 
gray t o  dark gray schis t .  Some of the sch i s t  i s  fine-grained, and loca l ly  
medium-grained feldspathic gneiss  i s  present.  The s c h i s t  and gneiss  show 
compositional banding i n  l aye r s  a tenth of an inch t o  several  f e e t  i n  

. thickness. In  a few outcrops complex folding of these l aye r s  i s  evident. 
Several carbonate-rich u n i t s  a r e  present  i n  the s c h i s t  near t h e  thrust .  A 
zone a few hundred f e e t  wide j u s t  above the thrus t  has  reddish and greenish 
t i n t s  when viewed from a dis tance,  compared t o  dark gray co lors  of the 
rock f a r t h e r  from the th rus t .  Some iron-staining i s  present  throughout 
the  s c h i s t  and gneiss, but  appears t o  be most common near the  th rus t .  

The composition of s i x  s c h i s t  specimens i s  shown i n  T a b l e  1. Rocks 
from t h e  zone near the t h r u s t  f a u l t  (samples 400, 401, 505, 524) have a - 
mineralogy indicating the quartz-albite-muscovite-chlorite subfacies of the  
greenschist  f acies  (Turner and Verhoogen, 1960). Sample 507, from the 
gray s c h i s t  zone away from the  th rus t ,  appears t o  belong t o  the  quartz- 
albite-bioti te-epidote subf a c i e s  - i .e., a s l igh t ly  higher grade of 
metamorphism. Sample 333 has tex tures  and mineral assemblages suggesting 
contact  metamorphism. Large porphyroblasts of light colored euhedral 
andalusi te  ( ?)  and dark pr ismat ic  s t a u r o l i t e  (? )  are  post-kinematic, as  
i s  a considerable proportion of the  b i o t i t e .  These minerals may have 
developed during the emplacement of the g ran i t i c  mass j u s t  south of the 
Denali f a u l t  and west of the  Delta River, However, i n  the specimen 
studied, both minerals have suffered l a t e r  retrograde a l t e r a t i o n ,  the 
andalusi te  ( ? )  t o  s e r i c i t e ,  and the s t a u r o l i t e  (? )  t o  c h l o r i t e  and b i o t i t e .  



The s c h i s t s  seen most reasonably interpreted as a sequence of 
p e l i t i c  sediments i n  pa r t  calcareous, interlayered with intermediate t o  - 
basic volcanic roc?: (sa,raple 400) t i ~ a t  has undergone regional metamorphism 
of a t  l e a s t  upper cjreenschist f ac ie s  follo~red by local  contact  n~etamorphism~ 
Some retrograde metamorphism may have occurred adjacent t o  the Bro::son 
Gulch t h r u s t  f a u l t .  From the information now available, it appears 
reasonable t o  cor re la te  thesr; rac?:s with "Birch C r e e k  s c h i s t "  of re la t ive l !  
low metmorphic grzde (Ragan and Hawlcins, 1964)  north of tile Denali f a u l t ,  
An age 05 Precambrian ( ? )  is assigned from t h i s  correlat ion.  The query 
r e f l e c t s  recent radioactiv-3 age-dating and tectonic analyses ( ~ e r r e i d ,  
1964, r'7asserburg e t  al, 196%) which cas-k some doubt on the Precambrian 
age of the  Birch Creelc schir;t. 

Pre-Perxian ( ? )  sedimentary and volcanic roc1:s 

A th ick sequence of unrnetanioryhosed t o  wedcly metamorphosed 
sedimentary and volcanic rocks i s  present  i n  the Rainy Creek area. Un- 
doubtedly these roclcs cor re la te  i n  p a r t  with the rocks described by 
Hanson (1964) i n  h i s  Rainbow Mountain and I:IcCallum Creek sequences, but  
because of uncer ta in t ies  i n  cor re la t ing  with h i s  units ,  and between f a u l t  
bloclrs within the Rainy Creel: area, th ree  groups of rocks a re  described i n  
the following pages under the headings Group A, Group B, and Group C. 

Group A (Greenstone, Av; s l a t e ,  A s ;  and d io r i t e ,  Ad) 
These roclcs i n  sectors  C-5 and D-5 d i f f e r  from the surrounding rocks 

i n  being weakly t o  moderately fo l i a t ed  and metamorphosed, and i n  containing 
s l a t e  and d i o r i t e  t h a t  do not appear elsewhere i n  the area. The group i s  
bounded on the north side by a steep-dipping fau l t ,  and on the south by a 
moderately-dipping sheared zone t h a t  i s  interpreted a s  a thrus t - fau l t .  

The greenstone un i t  (Av) i s  the most abundant member of the  group. 
The rock i s  mostly fine-grained, l i g h t  to dark green i n  color,  and loca l ly  
shows weak f o l i a t i o n  but more commonly i s  highly shattered with weak 
f rac ture  cleavage. Thin sect ions  suggest t h a t  the o r ig ina l  roclrs were 
andesites, dac i tes ,  and t u f f s .  One specimen i s  an agglomerate o r  breccia. 
In several  outcrops the " fo l i a t ion"  could be or ientat ion and f l a t t e n i n g  
developed i n  t u f f s  o r  flows. The minerals present are  quartz,  a l b i t e  (?), 
ch lo r i t e ,  epidote, and c a l c i t e ,  which a re  diagnostic of the  quartz-albite-  
muscovite-chlorite subfacies of the  greenschist  facies.  F o 1 i a t i o n . i ~  
much poorer than i n  the ~recambr ian(?)  rocks despite the  s imi la r  grade of 
metamorphism, Pyr i t e  i s  common i n  the  greenstone, b u t  may have been formed 
by a l a t e r  episode of a l t e ra t ion ,  Iron s ta ining and bleaching have 
resul ted from the oxidation of the  pyr i t e ,  and obscure the  character  of the  
rock i n  many places. 

The slate ( A s )  i s  blaclc a d  very fine-grained with f a i r  s l a t y  cleavage 
Outcrops of the  s l a t e  are not common, b u t  abundant f l o a t  marks the  



l o c a t i o n  of tile u n i t .  I n  t h e  f c ~ a 7  o u t c r o ? ~ ,  t h e  s l a t e  i s  cru;:,?led 2nd 
conlor'icci, an6 tcncis t o  breal: U? i n t o  cll i2s an inch o r  t ~ i o  ac ross ,  I r o n  
s tainl ; l r j  and minor ~ i ~ ~ o u n t s  of ~ y r i  te are  p r e s e n t  a t  mmy l o c a t i o n s ,  and 
ve ins  o?  q u a r t z  znci c a l c i t e  a r e  cornrnon. P a r t s  02 4i1e s l a t e  a r e  ca lca reous .  
f ie  roc?: bcf o r e  rLecmorphi  sx >;as apparent ly  blzcl: shele and 1ir;l.y b lack  
sha le ,  

i Ic . ta-dior i te  (7.d) cro2s ou: ':he ridr,-cline bc-k?een S;;eei:,?cn 
Cree?: and Ero:.:son Gulcil. T h e  c i ior i te  i s  nediux-grained, g r e e n  t o  gray  
i n  co lo r ,  with .r.;eal: i ' o l i a t i o n .  1,iinerals present a r e  minor q u a r t z ,  
moderate ai0u.n ks  of a l b i t e ,  e ~ i d o t e ,  a c t i n o l i t e ,  and c h l o r i t e ,  anci sinall 
arnounts of c a l c i . t e  and p y x i t e .  Tllesc i ~ ~ i l r ~ ~ ~ - l s  i n d i c a t e  ; rile k m , o r ~ h i c  
grade s i m i l a r  t o  t h e  meta-volcanics descr ibed  above. F o l i a t i o n  o r  
deformation a r e  n o t  obvious i n  t h i n  s e c t i o n ,  and t h e  o r i g i n a l  t e x t u r e  
i s  p a r t l y  preserved .  

Other rock t y p e s  p r e s e n t  i n  the  group a r e  s e v e r a l  t h i n  h i g h l y  sheared  
l imestone u n i t s  i n  t h e  greens tone ,  and a mylonite near  the  nor th  edge 
of  t h e  formation. ' 

Tlle o r i g i n  and age of  t h e  s l a t e ,  vo lcan ic ,  and d i o r i t e  groups o f  r o c k s  
seem expla inable  i n  e i t h e r  of two ways, Hanson (1964) proposed a pre-  
Miss iss ippian  age f o r  a  group of p h y l l i t e s  and g reensch i s t  j u s t  east of  
t h e  De l t a  River and south of t h e  Denali  f a u l t  i n  t h e  Rainbow FIountain area- 
The greenstone and d i o r i t e  descr iked  above appear s i m i l a r  t o  t h o s e  a t  
Rainbow Nountain and t h e  s l a t e  could be c o r r e l a t e d  wi th  t h e  p h y l l i t e ,  
although t h e  l a t t e r  i s  n o t i c e a b l y  c o a r s e r  g ra ined ,  Under t h i s  hypo thes i s ,  
t h e  s l a t e ,  greens tone  and d i o r i t e  a r e  pre-fi1ississippian roclcs, p o s s i b l y  
e a r l y  Paleozoic,  which were wealrly metamorphosed b e f o r e  Miss i s s ipp ian  t i m e -  

The second p o s s i b l e  o r i g i n  assumes t h a t  t h e  volcanics  and slate  are 
p a r t  of t h e  Pennsylvanian o r  14ississ ippian sequence t h a t  h a s  been i n t r u d e d  
by d i o r i t e  and t h e n  metamorphosed and deformed, The deformation and 
metamorphism might be a t t r i b u t e d  t o  t h e i r  l o c a t i o n  along a  t h r u s t  zone, 
Poss ib ly  they have been f a u l t e d  up o r  c a r r i e d  i n  a s  a  l a r g e  i n c l u s i o n  i n  
t h e  u l t r m a f i c  rocks ,  t h u s  accounting f o r  d i f f e r e n c e s  from t h e  nearby 
rocks of t h e  Pennsylvanian sequence. The d i o r i t e  could be a s l i g h t l y  
deformed and a l t e r e d  e q u i v a l e n t  of d i o r i t e  and gabbro elsewhere i n  t h e  
area.  The main argument a g a i n s t  t h i s  viewpoint  is  t h e  presence o f  the 
s l a t e ,  which i s  n o t  known t o  occur i n  t h e  Pennsylvanian o r  I ~ I i s s i s s i p p i a n  
a t  Rainbow )$ountain o r  i n  t h e  Rainy Creel: a rea .  For t h i s  reason t h e  
w r i t e r  f avors  t h e  f i r s t  a l t e r n a t i v e ,  

G T O U ~  B ( s i l i c i c  vo lcan ics ,  Bv; and l imestone,  BI) 
Roclcs ass igned t o  t h i s  grou? were macped i n  s e v e r a l  p l a c e s  between 

Rainy Creek and t h e  E a s t  Forl: of Broxson Gulch, The most prominent 
exposures are i n  an east-west  5 e l t  between t h e  Kest  Fork and Rainy Creek 
and t h e  l a r g e  d u n i t e  body ( s e c t o r s  E-6, F-5, F-6, and G-6). Another bel t  



crosses the West Fork of Rainy Creek i n  about the middle of i t s  course. 
Other exposures are along the  north side of the North Fork of Rainy Creek, 
possibly forming an extension of the f i r s t  b e l t .  I n  the l a t t e r  two cases, 
the  rocks may be la rge  inclusions i n  "serpent ini tes" .  

The group is  characterized by th in  l inestones,  limy t u f f s ,  and l i g h t  
colored s i l i c i c  t u f f s .  Bedding and banding i s  commonly v i s ib le ,  but most 
u n i t s  disappear i n  dis tances  of several hundred f e e t .  Some uni t s  appear 
t o  be impure quar tz i tes ,  and one dark shale containing a  few f o s s i l  
fragn~ents was found near the  West Fork of Rainy Creek. Other dark fine- 
grained uni t s  were thought t o  be volcanics i n  the f i e l d ,  but  th in  section 
study indicates  t h a t  s imi la r  rocks i n  other  p a r t s  of the  area are a l te red  
ultramafic rocks and it i s  possible tha t  some of the  dark aphanitic rocks 
within t h i s  group are  a l so  a l te red  ultramafics. Green agglomerate was 
a l so  noted i n  several  p laces ,  apparently near the base of the sequence. 
Pyr i te  and iron-staining a r e  comrnon throughout, and impart red, brown, and 
yellow colors t o  &e outcrop. 

Most of the limestone occurs as  th in  un i t s  t h a t  cannot be traced more 
than a few tens of f e e t ,  A few thicker un i t s  are  shown on the map. A 
t r iangular  f a u l t  block j u s t  north of the West Fork of Rainy Creek cons is t s  
l a rge ly  of medium-bedded gray limestone. In the same b e l t ,  jus t  south of 
the ul t rabas ic  body, a light-colored thin-5edded limy tu f f  can be followed 
f o r  about half  a  mile. The extent  of other limestones shovm on the map 
i s  inferred from very r e s t r i c t e d  ou-tcrops. Tac t i t e s  conposed of garnet, 
epidote, diopside and other  s i l i c a t e s  have developed from the limy rocks 
i n  many places. 

The age of these rocks i s  inferred t o  be upper Paleozoic from small 
s u i t e s  of brachiopods and bryozoans collected from the  t r iangular  block 
of limestone and from the limy tuf f  described above. Two brachiopods 
from the  tr iangular block of limestone were iden t i f i ed  by G. Arthur Cooper 
of the  U.S. National Pluseum a s  Neospirifer and a  Chonetid o r  Megousia 
( l e t t e r  of 3/17/65). The age significance of these f o s s i l s  i s  uncertain. 
The roclcs of Group B a re  t en ta t ive ly  considered a s  o lder  than group C 
and the Mankomen formation because of their grea ter  metamorphiss and 
deformation, although it i s  possible they are p a r t  of the  Permian Mankornen 
formation. 

G ~ O U D  C (Andesitic volcanics and greywacke, Cat limestone, Cl: and 
dac i te  and andesi te  int rusives ,  Ci) 

Tuffs, flows and greywackes of andesi t ic  t o  d a c i t i c  composition, p lus  
minor mounts of im2ure limestone, are extensively exposed i n  the northern 
hal f  of the nap area. The volcanics and most of the  greywacke are char- 



acter ized by l i g h t  green to  yellow-green colors r e su l t ing  from development 
of c h l o r i t e  and c p i o o t c .  Some zones consis t  of c l a s t i c  sediments and t u f f s  
with d i s t i n c t  bedding or  banding, but  re la t ive ly  massive andesites and 
andes i t ic  t u f f s  w i t h  only l o c a l  bedding are  more common, The limestones a r e  
usually c l a s t i c  w i t h  a considerable proportion of s i l i c a t e  mineral grains i n  
a calcareous cement. The general  charac ter i s t ics  of t h i s  volcanic-sedimentar 
u n i t  are  very similar  to  those of the Rainbow Mountain and M c C a l l u m  Creek 
sequences described by Hanson (1964),  b u t  no precise co r re la t ion  can be made. 

Roclcs of group C i n  sector B-6 a re  massive andesites, bu t  fu r the r  north i n  
sector  C-7 they are poorly t o  d i s t i n c t l y  bedded, A few th in  limy uni t s  a re  
present.  Across the val ley i n  sec tor  C-6 and D-6, many outcrops show 
bedding i n  the southern p a r t  of the  f a u l t  block ( j u s t  north of the  a i r s t r i p ) ,  
but  i n  the northern t h i r d  of sec to r  D-6 and E-6 bedding and sedimentary 
character i s  only loca l ly  v i s i b l e .  Once c l a s t i c  limestone u n i t  about 50 
f e e t  th ick  i s  present i n  this zone. The b e l t  of group C rocks jus t  south 
of the  Broxson Gulch th rus t  i n  sec tors  F-8, G-8, and H-7 t o  5-7 i s  mostly 
bedded, and nearly horizontal  beds of light-colored rock are  v i s ib le .  Along 
the west s ide of the Delta River In sector  L-6 and v i c i n i t y ,  andesite and 
dac i t e  t u f f s  and flows predominate. 

Hypabyssal in t rus ives  in to  group C are  present i n  severa l  locations.  A 
body of dac i t e  porphyry with quar tz  and plagioclase phenocrysts i n  a 
. s i l i c i c  aphanit ic groundmass in t rudes  band.ed t u f f s  and sediments i n  sector 
G-7. The peripheral  zones of t h i s  in t rus ive  are composed of fragments of 
dac i t e  porphyry i n  a matrix of s i l i ceous  aphanitic volcanic material ,  giving 
it the  character of a breccia.  I t  seems l ike ly  t h a t  t h i s  body was a feeder 
f o r  t u f f s  and flows higher i n  t h e  sect ion,  A second i n t r u s i v e ( ? )  body of 
porphyri t ic  dac i te  containing phenocrysts of plagioclase and hornblende 
i n  an aphani t ic  s i l iceous  groundmass outcrops northeast  of the  a i r s t r i p  
(sector D-6) on the East Fork of Broxson Gulch. In  many o ther  exposures, 
it i s  not c l ea r  whether the  rock i s  a flow or  a shallow intrusive.  This 
i s  t r u e  a l so  of the andesites south of group A and the  dac i t e  o r  quartz 
l a t i t e  on the low h i l l  i n  sec to r  K-5. 

The p r inc ipa l  a l t e ra t ion  products i n  group C rocks a r e  ch lo r i t e ,  epidote, 
saussur i te ,  and a lb i t e ,  with smaller amounts of c a l c i t e ,  s e r i c i t e ,  pyr i te ,  
and leucoxene. This a l t e r a t i o n  o r  metamorphism i s  probably b e s t  considered 
as  propyli . t ization.  The mineralogy of the  a l t e ra t ion  i s  s imi lar  t o  the 
mineralogy of group A rocks except that no a c t i n o l i t e  has been noted. The 
o r i g i n a l  character of group C rocks i n  hand specimens i s  usual ly  l e s s  
obscured by a l t e ra t ion  than i n  group A. 

Some of the  limestones i n  group C contain f o s s i l  fragments, b u t  no well- 
preserved f o s s i l s  were found, The t en ta t ive  l i t h o l o g i c  cor re la t ion  with 
Hansonis Rainbow Mountain and EIcCallum Creek sequences indica tes  a 
Pennsylvanian o r  Mississippian age. 



Permian Mankomen Formati-on 

A sequence composed dominantly of limestone and black shale i s  expose 
between Rainy Creek and Eureka Creek. The l i tho logic  character of these 
rocks i s  s imi lar  t o  the upper p a r t  of the Permian Mankomen formation des- 
cribed by blendenhall (1905) j.n the area north of Mankomen Lake-  Ploffit 
(1954, p.  104) r e f e r s  to  beds on the Delta River as Permian, and f o s s i l s  
discussed on a following page ind ica te  a Permian age, The thick sequence 
of limestone and black shale south of ~ a i n y  Creek i s  therefore correla ted 
with the  Mankomen formation. 

The rocks referred to  the Mankclmen formation dip moderately south, 
but it appears t h a t  one or  more f a u l t s  of unknown magnitude c u t  the  
exposures, so a t r u e  s t ra t igraphic  sec t ion  i s  not avai lable ,  The apparent 
lowest u n i t  i s  composed of fine-grained pyri t ized quartz-rich t u f f s  which 
are exposed j u s t  south of the mouth of Rainy Creek. A t h in  sec t ion  of 
t h i s  rock shows major amounts of quartz and plagioclase, i n  g ra in  s i z e s  
up t o  0.5 mm but  mostly about 0.01 mm, along w i t h  f ine  s e r i c i t e ,  clay,  
ch lo r i t e ,  pyr i te , '  and t races  of c a l c i t e .  Probable acidic  flow rocks were 
observed i n  a few outcrops. 

In  exposures along Rainy Creek and the Delta River, the t u f f  appears 
to  be fau l ted  against  the next higher un i t ,  which i s  black shale,  although 
the geometry and displacement of the f au l t ing  are not c l ea r ,  Thin lime- 

. stones and limy shale  beds occur within the black shale. The shale  must 
be a t  l e a s t  four hundred f e e t  thick.  Bedding shows loca l  crumples, and it 
seems l i k e l y  t h a t  addit ional  f a u l t s  a re  present,  

The t h i ckes t  un i t  of the  formation consis ts  of r e l a t i v e l y  pure lime- 
stone with some interbedded poorly outcropping black shale and shaly 
limestone. The shale  appears t o  be more abundant near the  bottom of the 
section,  Exposures on the top and north slope of the h i l l  in sec to r  5-2 
are composed of medium-bedded l i g h t  gray limestone. The thickness of t h i s  
p a r t  of the  sec t ion  i s  about 2000 f e e t  i f  no undetected f a u l t s  are present ,  
Several gabbro s i l l s  have bleached the  limestone f o r  a few t ens  of feet 
above and below them. Some zones contain abundant cr inoid stems, and 
brachiopods are common throughout the  limestone, Some dark gray che r t  
i s  present ,  

Above the limestone on the north s ide  of the h i l l  i n  sec tor  5-2, 
several  hundred f e e t  of poorly exposed thin-bedded gray shale  and impure 
poorly-sorted greywacke are  present ,  Above the shale and greywacke i s  
a very massive thick-bedded l i g h t  gray limestone with abundant brachiopods 
i n  some zones. Apparently the  same u n i t  i s  exposed i n  a box canyon on 
the next major drainage t o  the west. A small exposure of black shale  over- 
l i e s  a gabbro s i l l  a few hundred f e e t  f a r t h e r  south. 



Isles-tward i n  s e c t o r  G - 3 ,  Limestone, and che r t  conglomerate a r e  over- 
l a i n  by black sha l e  and intruded by qabbro along the  south s ide  of  the  
West Forlc of Xainy Creek. 

The upper h a l f  of the  sec t ion  of Permian rocks i n  the Mankomen L a k e  
area described by i.iendenhal1 (1905) and a l s o  14offit (1954, p. 107) matches 
i n  a general  way t h e  l i t ho logy  described above. 

The b e s t  f o s s i l  evidence concerning the  age of these  rocks i s  given by 
a co l l ec t ion  of f o s s i l s  i d e n t i f i e d  by J.T. Dutro and Helen Duncan of t he  
U.S. Geological Survey, These f o s s i l s  were co l lec ted  i n  1958 from "along 
the  Delta River between Rainy and Eureka Creeks" i n  the  M t .  Hayes B-4 
quadrangle (Shipment A-59-1, U.S. Geological Survey l o c a l i t y  18115 P C ) .  
M r .  Dutro has  k ind ly  allowed the  quota t ion of t h e i r  conclusions on the  
l o t  of f o s s i l s  ( l e t t e r  and repor t  of 3/12/65). 

"The c o l l e c t i o n  conta ins :  

cr inoid  columnals, ind t .  
Sche i ia  c f .  S. tuberosa Tschernyschew and Stepanow 
" ~ a n i n o ~ h ~ l l ~ "  sp . 
Her i t sch io ides  n. sp. 
bryozoan fragments, ind t .  
Yakovlevia a f f .  Y, t ransversa  (Cooper) 
Antiquatonia? sp, 
l inoproduct id  brachiopod, indet .  (probably ~ e g o u s i a )  
Neospir i fer?  sp, 
S p i r i f  e r e l l a  a f f .  S . saranae Verneuil  

"This s i n g l e  c o l l e c t i o n  contains f o s s i l s  t h a t  a r e  commonly found 
i n  rocks of Permian age i n  c e n t r a l  and eas t e rn  Alaska. The 
brachiopoda S p i r i f e r e l l a  and Yakovlevia a r e  of types  found i n  t h e  
nearby Mankomen formation (see  Moffi t ,  1938, Bu l l e t i n  904, p. 
28-26). The productoid now re fe r r ed  t o  t he  genus Yakovlevia was 
l i s t e d  e a r l i e r  a s  belonging t o  the  "group of Productus m u l t i s t r i a t u s " ,  
Similar  spec ies  a l s o  a r e  reported from the  Tahkandit l imestone 
i n  the  Eagle-Circle d i s t r i c t  (see B u l l e t i n  836-C, p. 431) where 
the  Yakovlevia was l i s t e d  a s  "Productus c f .  P. geniculatus".  A l l  
these roclcs a r e  genera l ly  considered t o  be of post-Wolfcamp age, 
poss ibly  l a t e  Leonard o r  Word equiva len ts ,  

" M i s s  Duncan makes t he  following statement concerning t h e  
sponge and co ra l s :  

"The sponge, Sche i ia ,  i s  comparable t o  a spec ies  described from 
the  Permian of King Oscar 's  land ( E l l e s m e r  l and ) .  The forms i d e n t i f i e d  - 
as  Hindia from t h e  Permian of Timor a r e  probably re la ted ."  



In  addition t o  t h i s  co l lec t ion ,  a f e w  f o s s i l s  collected by the wr i te r  
were ident i f ied  by G .  Arthur Cooper of the U.S. National Museum ( l e t t e r  of 
3/17/65). He has iden t i f i ed  the following f o s s i l s  from the limestone 
u n i t  of the Mankomen: 

Location AR263 Antiquatonia (possibly re la ted  t o  A. r e t i cu la t a  cooper) 
@I AR269 Crur i thyr i s  
tI AR768 Cleior thyr idina 
I@ AR769 lvlegousia 
#I AR252 Sponge l i k e  Hindia 

Cooper a lso concludes t h a t  the specimens belong i n  the Permian. 

Additional f o s s i l s  were collected but have not y e t  been ident i f ied.  

A somewhat problematical s e r i e s  of outcrops i s  present  on the west 
s ide  of the Delta River jus t  north of Rainy Creek, From south t o  north 
these are  as follows: fine-grained, nonfossil iferous limestone with one 
interlayered basic  flow; f i n e  c l a s t i c  sediments and che r t ;  a  diabase dike, 
and s i l iceous  acid volcanic t u f f s  w i t h  one un i t  of l i g h t  green rhyol i te  
containing f la t tened rock fragments. A gap of several  hundred yards separate! 
these exposures from outcrops of dense l i g h t  gray a r g i l l i t e  with some t h i n  
limestone and q u a r t z i t e  beds, a thick gabbro s i l l  (? ) ,  then th in  t o  medium 
bedded f ine  dense a r g i l l i t e ,  calcareni te ,  and limy sandstone, with a few 
bas ic  flows or t u f f s .  This sequence i s  ten ta t ive ly  considered t o  be a 
lower p a r t  of the Flankomen formation. 

Based on a e r i a l  observations and the reconnaissance mapping of Moffit, 
more limestone appears t o  be present  in  the gorge of lower Eureka Creek. 

T r i a s s i c ( ? )  b a s a l t i c  flows 

A sequence of mafic volcanic rocks i s  exposed along the southern edge 
of the  map area. These rocks a r e  dark brown t o  purplish,  loca l ly  contain 
amygdules and ves ic les ,  and a re  similar  t o  extensive exposures along the 
Denali Highway west of Paxson. Most uni ts  appear t o  be flows but a few 
agglomerates and t u f f s  may be present,  A t h i n  sect ion of a sample from 
near the  Delta River i s  an a l b i t i z e d  basa l t  composed of 30% augite, 35% 
ch lo r i t e ,  35% a l b i t e  and t r a c e s  of c a l c i t e  and i lmenite o r  magnetite. 
The o r ig in  of the c h l o r i t e ,  which occurs a s  i r r egu la r  patches, i s  not c lear .  
The texture  i s  subophitic, and the  grain s i z e  i s  0.1 t o  0.5 rnm. 

The flows are  t ena t ive ly  correla ted with the Tr ia s s i c  Nikolai green- 
stone of the southern Copper River Basin. 



Amphibole "ser2ent ini te  " 

The most abundant rock i n  the area seems bes t  described as  amphibole 
"serpent in i te" .  I t  i s  characterized by medium t o  dark gray colors and 
an aphani t ic  dense appearance i n  hand specimen. Many weathered exposures 
have the appearance of a f i n e  breccia of subrounded medium gray fragments : 
a s l i g h t l y  darker matrix. The fragments are 1/10 t o  1/4 inch i n  diameter. 
Usually a few small spots of f ine ly  c rys ta l l ine  mater ia l  a re  v i s i b l e  with 
a hand lens.  In some specimens from just  south of the  A i r s t r i p  f a u l t  
i n  sec tor  D-5 and E-5, remnants of o l iv ine  c rys ta l s  a re  recognizable. Fin( 
cracks and spa l l s  i n  the aphani t ic  material  show pa le  greenish t o  gray 
shades. The rock i s  q u i t e  hard and breaks in to  angular fragments an inch 
o r  l e s s  i n  size.  The high densi ty  (above 3.0) i s  a usefu l  identifying 
cha rac te r i s t i c .  

In  the f i e l d ,  these rocks were thought t o  be a volcanic flow or tuf f -  
breccia,  and consequently were not always distinguished from volcanics of 
groups B and C. However, study of 1 2  th in  sections and 9 X-ray pat terns  
ind ica tes  tha t  the composition i s  ultramafic, and t h a t  f i n e  a c t i n o l i t e  i s  
the main consti tuent.  The a c t i n o l i t e  i s  color less  t o  pa le  green and 
occurs i n  ragged grains  f r o m  0.1 mrn down t o  beyond the  l i m i t  of resolution 
of the  microscope. Patches of r e l a t i v e l y  coarse a c t i n o l i t e  a r e  separated 
from each other by nearly i s o t r o p i c  material  with only a few f i n e  grains 
of iden t i f i ab le  ac t ino l i t e .  In  some specimens, remnants of o l iv ine  crystal 
occur instead of the coarser  patches, and pseudomorphic ou t l ines  of ol ivint  
c r y s t a l s  can be recognized i n  many of the specimens. The o l iv ine  and 
o l iv ine  pseudomorphs, which make up 20  t o  40 percent of the  rock, average 
about 1 mm i n  diameter, although a few la rger  c r y s t a l s  w e r e  seen. In 
about half  the specimens, a few percent of serpentine and c h l o r i t e  are 
recognizable. Pyri te  i s  a common consti tuent and i s  disseminated through 
the  rock. Other minerals detected i n  amounts of a few percent  a re  plagio- 
c lase ,  epidote, and t a l c .  Prehnite i s  common as white v e i n l e t s  and coatins 
i n  sec tor  G-4. Analcite and s t i l b i t e  were t en ta t ive ly  i d e n t i f i e d  i n  
several  specimens. The samples with a fragmental appearance contain 
a c t i n o l i t e ,  but  adjacent fragments have d i f fe r ing  gra in  s i z e  and texture. 
and i n  two th in  sect ions  an appreciable proportion of aphani t ic  feldspathic 
volcanic fragments i s  present .  

The amphibole "serpent in i te"  appears t o  have or ig ina ted  as a perido- 
t i t e  composed of o l iv ine  crystals i n  a matrix l a rge ly  of clinopyroxene 
and perhaps some anorthi te-r ich plagioclase . Uner appropria te  conditions 
of temperature and pressure,  a l t e r a t i o n  of the p e r i d o t i t e  i n  the presence c 
a  moderate amount of water i s  thought t o  have resul ted i n  the development 
of ac t ino l i t e .  Possibly the temperature of a l t e r a t i o n  was higher than 
t h a t  required for  'Lhe development of serpentine. This difference.  combinec 



with t h e  czlcium-rich cori~position, could lead t o  the  development of 
nctinoli-Le r a t h e r  thzn serpent ine .  Ac t ino l i t e  i n  s n a l l  q u a n t i t i e s  i s  not  
Lulcon.on i n  serpent ines ,  but tile w r i t e r  has fiot been ab le  t o  f i n d  any 
previously-described case 02 a c t i n o l i t e  developing almost t o  the ex- 
c lus ion  of serpentine.  Tile frac,men",l zgpearmce may r e s u l t  from 
b recc i z t i on  of so l id  mater ia l  during in t rus ion .  Incorporat ion of fragments 
of country rock o r  metasomatic a l t e r a t i o n  of fragmental vo lcan ics  adjacent 
t o  an  u l t r a n a f i c  i n t ru s ive  has apparent ly  occurred i n  some cases .  The 
presence of included "leaves" of country rock i s  typ i ca l  of serpent ines  
i n  Ca l i fo rn i a  (Ta l ia fe r ro ,  1943).  

What zippears t o  be a metamorphosed phase of the  " s e r p e n t i n i t e "  was 
detected i n  severa l  t h in  s ec t ions ,  In  hand specimens, these rocks  look 
very s i m i l a r  t o  the  s e r p e n t i n i t e  described above, b u t  a brotmish o r  
pu rp l i sh  cast i s  evident ,  and a larger proport ion of the  rock c o n s i s t s  of 
f i n e  c r y s t a l s  v i s i b l e  with t h e  hand lens .  In t h in  sec t ion ,  t he  main 
cons t i t uen t  of these  rocks i s  a l i g h t  brown hornblende (X-ray p a t t e r n  
s imi l a r  t o  the  a c t i n o l i t e ) ,  along with sixall amounts of f i n e  granular diop- 
s ide  and o l iv ine .  The ma::imum grai i ;  s i z e  i s  about 0.2 mm. The hornblende 
has formed from the  matrix of the  roclc, and the pyroxene and o l i v i n e  
apparently from the  areas of o r i g i n a l  o l i v i n e  gra ins ,  P y r i t e  and c h l o r i t e  
a re  p re sen t  t o  the  extent  of a  few percent ,  and small amounts of plagio- 
c l a se  a r e  p re sen t  i n  one saxple -  Four specimens which con ta in  brown 

- hornblende came from near gabbro bodies,  one from j u s t  nor th  of t h e  gabbro 
i n  s e c t o r  1-4, one from norkh of t he  l a r g e  gabbro body i n  s e c t o r  F-4, one 
from northwest of the  gabbro plug i n  s ec to r  F-5, and one from between gabbrc 
and dun i t e  i n  the m i d d l e  of sector C-7, A f i f t h  specimen was co l l ec t ed  
adjacent  t o  duni te  i n  sec tor  C-7. I n  a l l  cases an o r i g i n  of  t h e  hornblende. 
bear ing rock by contact  metamorphism of amphibole " s e r p e n t i n i t e "  seems 
probable. The mineral assemblages have some s i m i l a r i t i e s  t o  those  reported 
by Green (1964) adjacent  t o  h igh temperature p e r i d o t i t e s ,  b u t  more study 
of t h i s  t o p i c  i s  needed for f i rm  conclusions. 

Also p re sen t  wi thin  the " s e r p e n t i n i t e "  are  numerous occurrences of 
l ight -colored hornfe l s  and t a c t i t e .  Epidote, diopside, and ga rne t  a r e  
the  main cons t i t uen t s  of t h e  t a c t i t e s .  write and cha lcopyr i te  have been 
introduced i n t o  some t a c t i t e s ,  and the  add i t ion  of sodium i s  ind ica t ed  by 
the  presence of glaucophane i n  two l o c a l i t i e s  (mineral l o c a l i t i e s  15  and 16 ,  
Metasomatic add i t ion  of o the r  elements h a s  probably taken place .  Minerals 
p re sen t  i n  the  hornfe l s  a r e  d iopside ,  a l b i t e ,  quartz,  calcite, and epidote,  
based on two t h i n  sect ions  and severa l  X-ray pa t te rns ,  The f a c i e s  of 
metamorphism i s  no t  c l ea r ,  b u t  t h e  presence of diopside suggests  a r e l a -  
t i v e l y  high temperature. Some of t h e  light-colored. ho rn fe l s  shows bedding 
and apparently o r ig ina ted  by metamorphism of blocks of sediments caught 
up i n  t he  amphibole " se rpen t in i t e " .  It i s  no t  c l ea r  whether the horn fe l s  
developed before  o r  a f t e r  t h e  a c t i n o l i t e  i n  the  amphibole " se rpen t in i t e " ,  
It i s  a l s o  poss ib le  t h a t  some h o r n f e l s  and t a c t i t e  a r e  metasomatic e f f e c t s  
of t h e  l a t e r  p e r i d o t i t e  and gabbro. A few of these bodies occur near  
con tac t s  wi th  t he  l a t e r  rocks, but many do not. 



Per ido t i t e  

One l a rge  body of duni te  and numerous smaller  bodies of duni te  and 
p e r i d o t i t e  a re  exposed i n  the  area .  The l a r g e  mass of dunite  extends 
i n  a  vrest-nor-khtiest d i r e c t i o n  from sec to r  Z-7 eastward t o  a t  l e a s t  1-6, 
This body i s  composed almost e n t i r e l y  0 4  duni te  t h a t  weathers a  character-  
i s t i c  orange-brovm co lo r ,  From a d i s tance  the appearance i s  s i m i l a r  t o  
an osidized p y r i t i c  rocl:. Thin sect ions  show t h a t  the  rock i s  composed 
of o l i v ine  with a percen t  o r  two of chrome-bearing sp ine l ,  In  most p a r t s  
of the  mass, se rpen t ine  occurs only on widely-spaced f r ac tu re s ,  b u t  near  
the margins and i n  a  few l o c a l i t i e s  near t h e  cen te r  of the  body t h e  vein- 
l e t s  a r e  spaced a  few inches apa r t  o r  the  e n t i r e  rock i s  serpent in ized.  
Most of the  se rpen t ine  i s  a n t i g o r i t e ,  b u t  some v e i n l e t s  i n  the  i n t e r i o r  
of the duni te  a r e  c ross - f iber  chryso t i l e .  Secondary magnetite i s  p re sen t  
where the rocl; has  been serpentized.  The o l i v i n e  composition i s  Fogo, based 
on U-stage measurements of 2V i n  two samples. The o l iv ine  i s  s l i g h t l y  
t o  moderately granulated and shows some t r a n s l a t i o n  larnellae, pos s ib ly  
ind ica t ing  i n t r u s i o n  a s  a  so l id .  

A poss ib le  extension of t h i s  bodv i s  exposed i n  sec tor  C-7 and D-7, 
Apparently, the  exposures here  a r e  ne;l-r- t h e  top of the  duni te  mass, 
Small t o  moderate amounts of p y r i t e  a r e  disseminated through t h i s  duni te ,  
which i s  s imi l a r  t o  t h e  l a r g e r  mass i n  composition and tex ture ,  The 
pyr i t i zed  duni te  weathers t o  a  redder co lo r  than the  normal duni te .  
Similar b u t  smaller  bodies  of duni te  are exposed i n  s ec to r s  M-7 and K-4. 

The p e r i d o t i t e  i n  s ec to r  D-5 and westward along the  A i r s t r i p  f a u l t ,  
i n  sec tor  C-4, t h e  d i k e s  i n  s ec to r s  C-8 and D-8, and p a r t s  of t h e  l a r g e  
body i n  D-8, a r e  p a r t l y  t o  completely serpent in ized.  A banded appearance 
i n  shades of green i s  common i n  the  serpent in ized pe r ido t i t e .  No t h i n  
sect ions  of these  bodies  have been made, b u t  small amounts of pyroxene 
appear t o  be p re sen t  i n  hand specimens, 

The r idge  i n  s e c t o r  K-7 was not  mapped, b u t  f l o a t  suggests a  consi- 
derable amount of p e r i d o t i t e  may be present .  Dikes of p a r t l y  se rpen t in ized  
p e r i d o t i t e  crop o u t  at severa l  p laces  i n  t h e  g u l l i e s .  

The p e r i d o t i t e  c u t s  across  the  bedding and flows of group B and C 
rocks i n  a number of p laces ,  bu t  i s  no t  i n  con tac t  wi th  the Permian and 
T r i a s s i c ( ? )  rocks, Based on inc lus ions  of  duni te  i n  some gabbro, t h e  gabbro 
appears t o  be younger than the  p e r i d o t i t e ,  and i s  probably a  d i f f e r e n t i a t i o n  
product of t he  same magma. The gabbro i n t r u d e s  the Permian and it is  presume( 

- t h a t  t he  p e r i d o t i t e  i s  a l so  younger than Permian. 

Several  l i n e s  of evidence ind i ca t e  t h a t  t he  p e r i d o t i t e  and d u n i t e  a r e  
l a t e r  than t h e  amphibole "se rpen t in i te" .  Dikes of serpent in ized p e r i d o t i t e  



c u t  t h e  a iphibole  " s e r p c n k i n i t e "  i n  s e c t o r  C-7  and D-7.  Although t h e s e  
"d ikes"  could be zones of s e r p e n t i n i z a t i o n  along f a u l t s  o r  ve ins ,  some 
of them r e t a i n  a g r a n u l a r  t e x t u r e  s i m i l a r  t o  t h e  p e r i d o t i t e .  A g ranu la r  
t e x t u r e  i s  not  e v i d e n t  i n  t h e  amphibole " s e r p e n t i n i t e s " .  The con tac t s  
of t h e  d u n i t e  wi th  t h e  s e r p e n t i n i t e  can u s u a l l y  be l o c a t e d  wi th in  a  few 
f e e t  where exposures Ere good, and p a r t i a l  a l t e r a t i o n  o f  dun i t e  t o  amphi- 
b o l e  was no t  noted, I n s t e a d ,  a specimen of amphibole " s e r p e n t i n i t e "  n e a r  
t h e  c o n t a c t  i n  s e c t o r  C-7 and another  about 50 f e e t  from t h e  dun i t e  
c o n t a c t  i n  the  n o r t h e a s t  c o r n e r  of C-7 con ta in  abundant f i n e  brown horn- 
blende t h a t  appears t o  be a  metamorphic e f f e c t  of  t h e  d u n i t e ,  I t  i s  
t h e r e f o r e  concluded t h a t  t h e r e  were two episodes  of  u l t r a b a s i c  i n t r u s i o n  
i n  t h e  area .  The roc1:s of t l ~ e  f i r s t  episode were almost  completely a l t e r e d  
t o  a c t i n o l i t e  be fo re  t h e  second group of u l t r m a f i c  rocks  w a s  in t ruded.  

Dikes and i r r e g u l a r  masses of t r o c t o l i t e  and l i gh t -co lo red  hornblende 
gabbro occur l o c a l l y  i n  t i le d u n i t e ,  A b r i g h t  orange-brown a l t e r a t i o n  
of t t e d u n i t e  i n  s e c t o r s  H-5 and D-7 was found t o  c o n s i s t  mainly of a 
carbonate ,  probably magnesi te ,  along wi th  s m a l l  amounts o f  quar t z  and 
o t h e r  minexals - 
Gabbro and r e l a t e d  rock  

Dikes, s i l l s ,  p lugs ,  and l e n s e s  of yabbro a r e  common i n  t h e  southern  
-two-thirds of t h e  a r e a ,  The dilces and s i l l s  axe composed o f  r e l a t i v e l y  
uniform medium-grained gabbro conta in ing  about 50% maf ics. The l a r g e r  
bod ies  a r e  more v a r i a b l e  i n  composition, a d  grade from pyroxeni te  and 
mafic-rich o l i v i n e  gabbro t o  gabbro with o n l y  25-3076 mafics.  Textures  
a r e  u s u a l l y  o p h i t i c ,  T h e  l a r g e  bodies  i n  s e c t o r s  F-6 and F-4 vary from 
pyroxen i t e  and p e r i d o t i t e  t o  gabbro over  d i s t a n c e s  of  a few t e n s  of f e e t  
wi thou t  any apparent  p a t t e r n ,  This  l o c a l  v a r i a b i l i t y  probzbly r e s u l t s  
from r e a c t i o n  of  early-formed rocl: with r e s i d u a l  m a t e r i a l  and l a t e r  
d i f f e r e n t i a t e s ,  

F igure  3 summarizes t h e  composition of  t h e  rnafic and u l t r m a f i c  
roclcs o f  t h e  area. More complete d a t a  a r e  i n  Table 2.  The dun i t e s ,  
composed of n e a r l y  loo:& o l i v i n e ,  f  o m  one extreme, Augite-bearing 
p e r i d o t i t e s  with a few p e r c e n t  p l a g i o c l a s e  ( u s u a l l y  s a u s s u r i t i z e d )  f a l l  
n e x t  i n  sequence, and grade  i n t o  mafic-rich gabbros, A small amount o f  
hypersthene i s  p r e s e n t  i n  some of  t h e  p e r i d o t i t e s  . and mafic-r ich gabbros,  
b u t  a u g i t e  i s  t h e  dominant pyroxene, A f e w  p e r c e n t  red-brown hornblende 
and b i o t i t e  a r e  c h a r a c t e r i s t i c  of many o f  t h e  gabbros,  Chromite i s  the 
comiion opaque minera l  i n  t h e  p e r i d o t i t e s  and maf i c - r i c h  gabbros . P y r r h o t i t e  

, cha lcopyr i t e ,  and p y r i t e  are p r e s e n t  i n  some o f  the o l i v i n e  gabbros. The 
1ic-jt1t-c colored rocks  c o n t a i n  i l m e n i t e  md. magnetite.  The p l a g i o c l a s e  
h a s  a  composition of An GO-70 i n  una l t e red  samples, b u t  i s  s a u s s u r i t i z e d  
o r  a l b i t i z e d  i n  nany samples, 



Small bodies of gabbro i n  sectors  P-5 and G-5 were cal led d i o r i t e  i n  
tlls f i e l d  because of t h e i r  loor mafic content, but i n  th in  sections they 
are  composed mainly of l ab rador i t e  and clinopyro::ene, with some a l t e ra t ion  
of the l a t t e r  t o  a c t i n o l i t e ,  so t h e  term gabiiro seems more appropriate. 

Tine gabbro c l ea r ly  in t rudes  a l l  the sediinentary u n i t s  of the area, 
and i n  a few cases, as i n  sec tor  D-5, it intrudes f a u l t s  cu t t ing  the 
o ther  rocks. No in t rus ive  re la t ionships  to  the ~ r i a s s i c ( ? )  basic  volcanics 
a re  evident, but the gabl~ro zppears to  be cut off  by the  Pioneer f a u l t  
( i n  sec tor  F-3) which cu t s  the  ~ r i a s s i c ( ? )  rocks. It  i s  possible tha t  more 
than one age of gabbro e x i s t s ,  but  no d is t inc t ions  have y e t  been made 
e i t h e r  i n  the f i e l d  o r  i n  t h i n  sect ion,  A ~lesozo ic (? )  age seems the most 
reasonable tha t  can be assigned. 

Ter t ia ry  Gakona formation 

Poorly consolidated sandstones, shales,  and conglomerates with th in  
coaly layers  are exposed i n  lower Broxson Gulch and near the  junction 
of Eureka Creek and the Delta River ( j u s t  off the map south of sector K-1 ) .  
The bedding i n  these rocks ir. nearly horizontal.  Based on the l i tho logic  
character ,  these sediments . ,: correlated w i t h  Ter t ia ry  sediments i n  the 
southern p a r t  of the Rainbow I-Iountain area, and with the Gdlcona formation 

- near Gakona g lac ier   enden en hall, 1905). Exposures of Ter t ia ry  rock are  
a l so  reported by bloffit (1954) a few miles west of the  area. An age of 
Eocene o r  Miocene has been assigned t o  similar  rocks on the  north side of 
the  Alas1:a Range and near Gakona g lac ier .  

An in te res t ing  difference between the Tert iary sediments and the 
recent  gravels i n  the e,xposures along Broxson Gulch i s  the  lack of s c h i s t  
and gneiss  cobbles i n  the Ter t ia ry  rocks. Either they were derived from 
the south, o r  e l se  the s c h i s t  and gneiss did not have t h e i r  present 
pos i t ion  a few miles t o  the  north when the Tert iary sediments were deposited 

Pleistocene and Recent d e ~ o s i t s  

Sands and gravels of Pleistocene o r  Recent age a r e  extensively 
exposed along lower Rainy Creek, and along Eureka Creek i n  sec tors  E-2, 
F-2, and G-2, The gravels a r e  bedded and r e l a t i v e l y  f la t - ly ing ,  Their 

m upper surface forms benches several  hundred f e e t  above the present stream 
leve l s ,  The streams have c u t  through the gravels t o  expose lower uni t s  
i n  the  gravels. Apparently the  gravel was deposited a s  outwash i n  the 
l a t e  Pleistocene during an epoch of act ive g lac ia l  erosion i n  the head- 
waters of Rainy Creek and o ther  drainages. 

w o  uni t s  c w  be dist inguished i n  the sand and gravel  deposits ,  The 



lower u n i t  i s  present downstream from the junction of the North and West 
Forlts of Rainy Creel:. I t  i s  characterized by an orange t o  brotm color 
and z n  abundance of clay. Possibly t h i s  layer r e s u l t s  f ron erosion of 
well-weathered material  during an  i n t e r g l a c i a l  period, o r  from weathering 
during an i n t e r g l a c i a l  perio2. Some plzcer  gold apparently i s  derived fron 
t h i s  lovrer uni t .  The upper un i t  i s  gray i n  color and contains r e l a t i v e l y  
l i t t l e  clay. I t  extends fron sector G-5 downstream to  1-3, and i s  ex- 
tensively developed along the Delta River. 

l.:ore recent deposits cons is t  of alluvium in present stream valleys,  
terminal and l a t e r a l  moraines below some of the g lac iers ,  and widespread 
ground moraine and tulus. 

STRUCTURAL GEOLOGY 

Because of uncer ta int ies  i n  the strat igraphy, loca l  s t r u c t u r a l  
complexities, and extensive taulus  and g lac ia l  d r i f t  i n  some areas,  
the  s t ruc tu re  of .the area i s  not completely understood. In  t h i s  section,  
the  important s t ruc tures  w i l l  be discussed as they are  understood a t  
present ,  bu t  the  probabi l i ty  of revis ions from fur ther  work should be 
recognized. The s t ructures  w i l l  be discussed approximately from north t o  
south. 

Sch i s t  and gneiss north of ' ~ r o x s o n  Gulch thrus t  f a u l t  

The s c h i s t  and gneiss a re  separated from rocks t o  the south by the 
Broxson Gulch t h r u s t  f a u l t ,  They were mapped only near the  t h r u s t ,  but  i n  
t h i s  zone the f o l i a t i o n  s t r i k e s  approximately east-west and d ips  t o  the 
north a t  25-70'. The th rus t  f a u l t  has a dip of 35' i n  sec tor  F-8, and 
about the  same i n  H-8, based on observations made from across the valley. 
It appears t h a t  the  fo l i a t ion  of the  s c h i s t  and gneiss d ips  s l i g h t l y  mo;e 
s teeply than the f a u l t ,  Minor fold axes i n  the sch i s t  plunge 15-35O 
N6017, It seems possible t h a t  the  f o l i a t i o n  i n  the map area has  been 
control led i n  p a r t  by the t h r u s t .  No l a rge  change i n  s t r i k e  i s  evident 
f o r  a mile o r  so t o  the north based on observations from a dis tance,  
Some shearing and retrograde metamorphism of the s c h i s t  appear t o  have 
occurred near the thrust .  

Broxson. Gul. ch t h r u s t  f a u l t  

The Broxson Gulch t h r u s t  has been mapped from sector  B-8 t o  
sec tor  F-0, and i t s  location and a t t i t u d e  are c lear ly  v i s i b l e  i n  sec tors  
G-8 and H - 8 .  Eastward from H-8, i t s  exact  location i s  not  known, but 
discussions with James Stout of the  University of Alaska and cursory . 

observations a t  a distance indica te  t h a t  i t  i s  present i n  approximately 
the loca t ion  shown, I f  projected,  it appears t o  i n t e r s e c t  the  Denali 
f a u l t  i n  the  Delta River va l ley ,  although it may be involved i n  complex 



s t r u c t u r e s  near  t h e  Denal i  f z u l t  i n  t h e  Rzinborv llountain area .  Observat ion 
from a d i s t a n c e  and photogeology sugges t  t h a t  t h e  f a u l t  i s  p r e s e n t  on t h e  
west side of Broxson Gulch, b u t  it may be c u t  by the A i r s t r i p  f a u l t  between 
Broxson Gulch and t h e  Bast Forl: of t h e  1,laclaren River .  The l a c k  o f  s c h i s t  
and gne i s s  pebbles  i n  t h e  T e r t i a r y  g r a v e l s  suggest  t h a t  t h e  f a u l t  may have 
developed i n  middle o r  l a t e  T e r t i a r y .  

Rocks between t he  Broxson Gulch t h r u s t  and t h e  A i r s t r i p  f a u l t  
~ - -  

I n  s e c t o r s  C-7 and D-7, dun i t e  and s e r p e n t i n i t e  a r e  t h r u s t  ove r  rocks  
of group C a long a f a u l t  s u b p a r a l l e l  t o  t h e  Broxson Gulch t h r u s t .  Th i s  
f a u l t  i s  i n f e r r e d  t o  become a nor theas t - t r end ing  t e a r  f a u l t  ex tending  
up the  E a s t  Fork o f  Broxson Gulch. 

The rocks  of group C j u s t  south of t h i s  small  t h r u s t ,  and the s i m i l a r  
rocks i n  s e c t o r s  F-3. G-8, H-7, and 1-7. a l l  are d i s t i n c t l y  bedded o r  
layered. mostly f ine-gra ined ,  and d i p  a t  shal low angles .  F a r t h e r  south  
i n  s e c t o r  B-6, C-6, and D-6, a sequence of  greyvracke and t u f f s  d i p s  
moderately southward, and may be separa ted  from rocks t o  the north by a 
f a u l t ,  

Group C rocks  i n  t h e  n o r t h  h a l f  of  s e c t o r s  D-6 and E-6 a r e  o n l y  
l o c a l l y  bedded b u t  show mostly shallow d i p s  where exposed. A northwest-  
t rending  f a u l t  i s  i n f e r r e d  t o  sepa ra te  t h e s e  rocks  from t h e  d u n i t e ,  b u t  

'more work i s  needed t o  confirm whether it i s  a f a u l t  o r  an i n t r u s i v e  
contact .  

The lens-shaped block of  group B r o c k s  i n  E-6, F-6, and v i c i n i t y  
appears t o  have complex i n t e r n a l  s t r u c t u r e s .  Even d i s t i n c t i v e  l imes tone  
u n i t s  cannot u s u a l l y  be t r aced  more t h a n  a few hundred f e e t .  Most d i p s  
a r e  a t  low t o  moderate angles  t o  t h e  n o r t h e a s t ,  b u t  t h e  t r i a n g u l a r  block 
of l imestone h a s  moderate t o  s t e e p  south  d i p s .  The south l i m i t  of the 
group B rocks  i s  r e l a t i v e l y  wel l-def ined,  and i s  observed a s  a s t e e p  f a u l t  
i n  seve ra l  p l a c e s  a long the t r a c e  of  the A i r s t r i p  f a u l t .  The nor thwest  
and west l i m i t  i s  less d e f i n i t e ,  

The A i r s t r i p  F a u l t  

The A i r s t r i p  f a u l t  i s  one o f  t h e  most cont inuous s t r u c t u r e s  i n  t h e  
area. It s e p a r a t e s  d i s t i n c t l y  d i f f e r e n t  rock t y p e s  along most o f  i t s  
course. From s e c t o r  B-6 t o  F-5 i t s  l o c a t i o n  i s  well-defined, and it i s  
exposed a s  a zone o f  shear ing  and b r e c c i a t i o n  a t  s e v e r a l  l o c a t i o n s  i n  
t h i s  d i s t ance .  Probably t h e  b e s t  exposures  are i n  t h e  upper p a r t  of t h e  
West Fork of  Rainy Creek. The f a u l t  s t r i k e s  about  N85W and d i p s  s t e e p l y  
t o  the  south.  It m a y  be o f f s e t  s l i g h t l y  by a northwest- t rending f a u l t  
along t h e  West Fork o f  Rainy Creek. E a s t  of  s e c t o r  F-5, t h e  l o c a t i o n  of 
t h e  f a u l t  i s  somewh~hat problemat ica l .  A f a u l t  s e p a r a t i n g  l imes tone  and 
other roc1:s from " s e r p e n t i n i t e "  was observed i n  s e c t o r  F-8 and G-8. b u t  



t h i s  f s u l - t  appears  t o  have a more n o r t h e a s t e r l y  s t r i jce .  On t h e  e a s t  
s i d e  of Rainy Creel:, tile south  s i d e  of t h e  d u n i t e  body i s  r e l a t i v e l y  
s t r z i g h t  and l i n e s  up wi th  t h e  A i r s t r i p  f a u l t .  There a r e  no exTosures 
of t h e  con tac t  b e t m e n  s e r p e n t i n i t e  and d u n i t e  i n  t h i s  zone, so a  f a u l t  
c o n t a c t  seems p o s s i b l e .  Hov~ever, mapping by James S t o u t  does no t  d i s c l o s e  
any i n d i c a t i o n  of  t h e  f a u l t  f a r t h e r  e a s t .  The n a t u r e  of displacement on 
t h e  A i r s t r i p  fault i s  n o t  known. I t  could be e i t h e r  v e r t i c a l  o r  s t r i k e  
s l i p ,  b u t  t h e  apparen t  movement i s  up on t h e  south.  A s  noted i n  t h e  
d i scuss ion  of t h e  Broxson Gulch thrus t ,  t h e r e  i s  photogeologic  evidence 
t h a t  t h e  A i r s t r i p  f a u l t  o f f s e t s  the  t h r u s t .  

Rocks between t h e  A i r s t r i p  f a u l t  and the  Pioneer  f a u l t  

The c e n t r a l  p a r t  of t h i s  zone i s  composed of a l a r g e  mass of  amphibole 
" s e r p e n t i n i t e "  c o n t a i n i n g  numerous s l i v e r s  of sediments,  and in t ruded by 
gabbro. Most sediments  i n  s e c t o r s  H-5 and 1-5 seem t o  d i p  g e n t l y  north-  
ward. The sediments i n  s e c t o r  F-4 d ip  more s t e e p l y ,  genera l ly  t o  t h e  
nor th .  Gabbro d i k e s  t r end  N 6 0 k J  i n  the  western p a r t  of  t h e  s e r p e n t i n i t e  
and M 2 5 P J  i n  t h e  e a s t e r n  p a r t  i n  sec to r  1-5, A d i k e  of  gabbro i n t r u d e s  
t h e  zone of sedimentary i n c l u s i o n s  i n  s e c t o r s  H-5, and 1-4, Gabbro p l u g s  
i n t r u d e  the  " s e r p e n t i n i t e "  i n  F-5, G-5 ,  and G-4. Copper m i n e r a l i z a t i o n  
i s  found i n  t h e  v i c i n i t y  o f  a l l  three  of t h e s e  p lugs .  

Group A rocks  i n  C-5 and v i c i n i t y  st..rike about east-west ,  and c o n t a c t s  
between u n i t s  i n d i c a t e  a  n o r t h  dip.  However, a t t i t u d e s  w i t h i n  t h e s e  
rocks a r e  e r r a t i c .  A f a u l t  w i t h  a  nor thwester ly  t r e n d  d e f i n e s  t h e  n o r t h  
l i m i t  of group A-  T h i s  i s  presumed t o  be a normal f a u l t  dipping s t e e p l y  
nor th .  I ts  ex tens ion  t o  t h e  e a s t  i s  unc lea r ,  and it may be c u t  o f f  by a 
n o r t h e a s t  f a u l t .  The south  c o n t a c t  of group A appears  t o  be a  north-  
d ipping  t h r u s t ,  as p r e v i o u s l y  discussed,  a l though i t  i s  p o s s i b l e  t h a t  it 
i s  only  a sheared zone and t h e  a n d e s i t i c  rocks  t o  t h e  south a r e  an unsheare  
p a r t  of t h e  same u n i t .  

A n o r t h e a s t  f a u l t  a long Specimen Creek i s  i n f e r r e d  t o  e x p l a i n  t h e  
o f f s e t s  of u n i t s  s o u t h  o f  t h e  t h r u s t .  A photogeologic  l ineament sugges t s  
it may c ross  t h e  f a u l t  on the northwest s i d e  o f  group A .  I r r e g u l a r  
i n t r u s i v e  " s e r p e n t i n i t e "  con ta in ing  bloclcs o f  sediments  i s  p r e s e n t  i n  
s e c t o r s  C-4, D-4, and E-4. This i n  t u r n  has been i n t r u d e d  by d u n i t e ,  
b a s i c  gabbro and gabbro as a l a r g e  e longate  body and smal le r  d i k e s  and 
l enses .  T e r t i a r y  sediments  unconformably o v e r l i e  t h e s e  rocks i n  lower 
Broxson Gulch. 

Pioneer f a u l t  

A major f a u l t  o f  east-west  t rend i s  i n f e r r e d  t o  s e p a r a t e  t h e  Permian 
sediments from rocks  t o  t h e  nor th .  This  f a u l t  i s  named f o r  Pioneer  Lake, 



which l i e s  along i t s  t r a c e .  The bend i n  t h e  East  Fork of  Broxson Gulch 
i n  s e c t o r  D-3 l i n e s  up wi th  t h i s  fault, aiid drainage alignments suggest 
i t s  1oca.tion a s  fzr castward a s  s e c t o r  Ii-4. The s i m p l e s t  i n t e r p r e t a t i o n  
of ra0veiLcnt j-7 normal with t h e  n o r t h  s i d e  up, but  s t r i k e  s l i p .  movement 
i s  p o s s i b l e .  

Rocks south of t h e  Pioneer F a u l t  

I n  genera l ,  t h e  permian(?)  rocks have moderate dips t o  t h e  southwest, 
b u t  l o c a l l y  t h e r e  a r e  numerous minor f l exures .  A number of  smal l  f a u l t s  
c u t  a c r o s s  the bedding, b u t  because of l imi ted  edxposures t h e  p i c t u r e  i s  
incomplete. 

I n  s e c t o r  L-3, t h e  d i p s  sugges t  t h e  presence of  a small  a n t i c l i n e  
i n  t h e  bedded rocks.  The l a r g e r  exposures of gabbro a r e  s i l l s ,  b u t  
dilces of  va r ious  o r i e n t a t i o n s  a r e  a l so  p resen t .  

The T r i a s s i c ( ? )  f lows seem t o  l i e  unconformably on t h e  Permian, 
a l though l o c a l  f a u l t i n g  along t h e  c o n t a c t  i s  no t  u n l i k e l y .  The flows 
d i p  southward a t  20-35 degrees ,  and apparent ly  t h e r e  was some f o l d i n g  
and e r o s i o n  of t h e  Permian rocks  before  t h e  T r i a s s i c  f lows w e r e  extruded. 

Summary of S t r u c t u r e  

The g r o s s  e f f e c t  of  s t r u c t u r a l  deformation i n  t h e  a r e a  h a s  been t o  
expose o l d e r  roclcs toward t h e  nor th .  The T r i a s s i c ( ? )  and permian(?)  
rocks  south of t h e  Pioneer f a u l t  have e s s e n t i a l l y  a monocl inal  d i p  t o  t h e  
south.  The  upper Paleozoic  v o l c a n i c s  snd sediments between t h e  Pioneer 
and Broxson Gulch f a u l t s  have been complexly f a u l t e d  and fo lded .  The 
most deep-seated rocks,  t h e  s c h i s t  and gne i s s ,  a r e  t h r u s t  up over  t h e  
younger roclcs a t  t h e  nor th .  

Undoubtedly some deformation accompanied t h e  emplacement of t h e  
u l t r a ina f i c  bodies ,  judging from t h e  s l i v e r s  of sediment i n  the "se rpen t i -  
n i t e " .  Some f a u l t s  must have e x i s t e d  p r i o r  t o  t h e  i n t r u s i o n  of t h e  
u l t r a m a f i c s .  For ins t ance ,  a p e r i d o t i t e  d ike  i n t r u d e s  t h e  A i r s t r i p  f a u l t  
i n  s e c t o r  F-5 and a gabtrro d i k e  occupies  t h e  norihwest- t rending f a u l t  
i n  C-5 and D-5. This  s u g g e s t s  t h a t  t h r u s t i n g  of  group A and i n i t i a t i o n  
of movement on t h e  A i r s t r i p  f a u l t  preceded i n t r u s i o n  o f  the u l t r a m a f i c  
and mafic  rocks.  

The  Broxson Gulch t h r u s t  and t h e  smal ler  t h r u s t  i n  C-7 c u t  t h e  
u l t r m a f i c  rocks. I f  t h e  f a u l t  a long t h e  East Fork o f  Broxson Gulch i s  
a t e a r  f a u l t ,  t h e  movement on t h e  small  t h r u s t  was southwestward. This 
i s  c o n s i s t e n t  wi th  s t r u c t u r e s  found by S t o u t  i n  t h e  n o r t h e a s t  p a r t  of 
t h e  map area .  The Bro::son Gulch t h r u s t  may be l a t e  T e r t i a r y  if t h e  l ack  
of  s c l l i s t  2nd g n e i s s  i n  t h e  T e r t i a r y  sediments i s  any i n d i c a t i o n .  The 
s l i g h t  changes i n  s t r i k e  of  t h e  Denal i  f a u l t  i n  t h e  r e g i o n  ( f i g u r e  1) 
a r e  such t h a t  l e f t  l a t e r a l  movement could cause t h e  observed t h r u s t i n g  
t o  t h c  sou t i~v~es t .  



If the  A i r s t r i p  f a u l t  cu t s  the Broxson Gulch th rus t ,  as  seems indicated 
by photogeologic work, then the l a s t  movement on  t h i s  f a u l t  has been 
r e l a t i v e l y  recent. Upward movement on the north side of the Ai r s t r ip  
f a u l t  and the Pioneer f a u l t  may be responsible f o r  much of the most recent 
u p l i f t  of the Alaska Range i n  t h i s  area. 

ECONObIIC GEOLOGY 

bietals of possible economic i n t e r e s t  i n  the area include copper, 
n ickel ,  gold, lead and zinc. Occurrences of asbestos a re  a l so  present.  
In addit ion,  there  are  numerous pyr i t i zed  zones tha t  could be indicat ive 
of me ta l l i c  mineralization. 

In the  following section the known mineral occurrences a re  discussed 
i n  turn.  Locali ty numbers preceding each of the occurrences r e f e r  t o  
f igures  2 and 4. 

Locali ty 1 - Rainbow blountain  m me rick) nickel-copper prospect 

The Rainbow blountain prospect i s  about 1 mile e a s t  of the  Richardson 
Highway a t  Mile 213$ (see f igure  4) .  A d i r t  road a t  t h i s  poin t  leads 
from the highway i n t o  the prospect area. The mineralization i n  t h i s  area 
was discovered and staked i n  the e a r l y  1950's by Roll ie Emerick of Delta 
Junction, About 40 claims cal led Red Rock Mining Company 1 t o  30 are  now 
held i n  the  area by Emerick and associates .  Trenching, mapping, and 
sampling were done a t  the prospect i n  1362 by Ne~mont Mining Company. 

Figure 4 shows the geology of the  prospect area, based on mapping 
by Hanson (1964) and the wr i t e r .  Rock types d i f f e r  somewhat from those 
i n  the Rainy Creek area, so w i l l  be described here, A dark gray phy l l i t e  
occurring along the Canwell Glacier i s  apparently the o ldes t  metasedi- 
mentary rock. It i s  s imilar  t o  the s l a t e  of group A previously discussed 
i n  the  Broxson Gulch area, but i s  d i s t i n c t l y  coarser grained. A few limy 
and quartz-rich beds occur within the phy l l i t e .  A d i o r i t i c  gneiss i s  
also thought t o  be among the o l d e s t  roclcs i n  the area. It v a r i e s  
considerably i n  texture  and appearance from unfoliated medium-grained 
d i o r i t e  through f o l i a t e d  d i o r i t e  t o  fine-grained banded mater ia l  which i n  
th in  sec t ion  shows some development of porphyroblasts. I n  some exposures 
the o r i g i n a l  rock seems t o  have been a layered volcanic o r  sediment. 

The age re l a t ions  of the rocks south of the ultrarnafic in t rus ive  t o  
those discussed above i s  not ce r t a in .  Hanson (1964) included these 
greywackes, s i l iceous  and intermediate t u f f s  and limy sediments with the 
p h y l l i t e s  i n  h i s  pre-fiIississippian group, and discusses them mainly under 
the heading of greenschists.  The p h y l l i t e  and d i o r i t e  show d i s t r i c t  
f o l i a t i o n  i n  most exposures, bu t  the  greywackes and t u f f s  exh ib i t  only 
loca l  f o l i a t i o n  and may be considerably younger. They have been dis-  
tinguished as  a separate u n i t  on the map. Crackling and dark coatings 
on f r ac tu res  a re  typica l  of the  greywackes and tu f f s ,  and they a r e  d i f f i c u l t  
to  iden t i fy  i n  the f i e l d .  I 



I n  the e a s t  cent ra l  p a r t  of f igure  4, andesit ic volcanics and 
greyw~c1:es of the Pennsylvanian rain boo^ llountain sequence are  e:rposed. 
They are loca l ly  intruded by porphyrit ic andesite. 

A large body of quartz d i o r i t e  occurs northeast of the Rainbow 
I4ountain exposures- According to  Hanson (1964) t h i s  in t rus ive  i s  
pre-l'.iississippian, and i s  faulted against  the  Pennsylvanian, but  the  
evidence f o r  pre-Mississippian age does not s e e m  very strong. The quartz  
d i o r i t e  i s  light-colored and characterized by c l o t s  of mafic minerals 
up t o  a centimeter o r  more i n  diameter. 

Based on re la t ionships  of the u l t ra i ia f ic  rocks t o  upper Paleozoic 
roclcs i n  the Rainy Creek area, the ultraraafic rock a t  the Rainbow Mountain 
prospect i s  considered t o  be Mesozoic. Hanson (1964, p. 76)  assigns a 
pre-Mississippian age t o  the ultramafics, apparently because they occur 
only i n  the pre-Mississippian rocks, b u t  t h i s  charac ter i s t ic  appears t o  
be only an accident of erosion, The ultramafic rocks are highly ser-  
pentinized i n  most exposures, but apparently were o r ig ina l ly  p e r i d o t i t e s  
composed of o l iv ine ,  clinopyrozene, some orthopyroxene, and minor plagio- 
clase (specimens 739 and 743, table  2, and Hanson, p .  18) .  A t  l e a s t  
three bodies a re  present  i n  the area of f igure  4, The l a r g e s t  body, 
which i s  covered i n  i t s  cent ra l  par t ,  i s  &out 1,800 f e e t  wide a t  i t s  
eas t  end where the copper-nickel showings are  located, and narrows t o  
the west-northwest. The other two bodies a re  much smaller and no elonga- 
t ion  i s  evident-  

Coarse hornblende-rich gabbro was observed a t  several  loca t ions  
i n  the southern p a r t  of the map area. The or ig ina l  hornblende and plagio- 
clase i n  these rocks a re  p a r t l y  a l te red  o r  metamorphosed t o  a c t i n o l i t e ,  
a lb i te ,  and. o ther  minerals. I t  i s  not c e r t a i n  t h a t  these rocks a r e  
associated with the  ultramafics, but  t h i s  seems the most reasonable 
c o r r e l a t i ~ ~ .  

Dikes of fine-grained diabase cons t i tu t e  the youngest consolidated 
rock i n  the v i c i n i t y  of the prospect. They cut  a l l  the other  roclcs, 
including the ultramafics,  Some a l t e r a t i o n  of the or ig ina l  pyroxene and 
plagioclase t o  a c t i n o l i t e ,  a l b i t e ,  epidote, ch lor i te ,  and o ther  minerals 
i s  evident i n  most specimens. 

The s t ruc tu re  of the  area near the  Rainbow Mountain nickel-copper 
prospect appears t o  be complex, as  might be expected from the loca t ion  
within a mile of the  Denali f a u l t ,  The  most important s t ruc tu re  i s  a 
northeast-trending f a u l t  which passes j u s t  e a s t  of the ultrarnaf i c  in- 
trusive.  This f a u l t  i s  exposed near the southeast corner of the  u l t r a -  
mafic in t rus ive  a s  a zone of sheared rock with abundant white coat ings  
on f rac tures ,  The f a u l t  extends southwest a t  l e a s t  as f a r  a s  t h e  Delta 



River  zl'cilough i t  rtlc7y be o f f s e t  ~ l i r r ; , ~ l y  by cross- f  a u l t s .  I t  s e p a r a t e s  
rocl:s of the  prc-i,iississip;3ian s c r i c  Lron the Pennr:ylvanian rocl:s , and 
probably hzs moved many hundreds,  and p o s s i b l y  thousznGs of f e e t  up on 
t h e  nor'ihorest s i d e -  The l a r g e  movement on this f a u l t  i s  probably r e s -  
p o n s i b l e  for t h e  f a c t  t h a t  t h e  u l t r a n a f i c  does n o t  i n t r u d e  the Rainbow 
I.iountain sequence. The s - t r i k e  of t h i s  f a u l t  i s  s i m i l a r  t o  tear  f a u l t s  
a s s o c i a  Led with  t h e  t h r u s t s  f a r t h e r  west,  and some s t r i k e - s l i p  movement 
may have occurred-  

A nmher  of s n a l l e r  f a u l t s  must be p r e s e n t  i n  t h e  p re - l~ l i s s i s s ipp ian  
roclcs, b u t  t h e i r  e x a c t  l o c a t i o n  and r e l a t i o n s h i p s  a r e  n o t  c l e a r .  A 
l a r g e  northwest- t rending f a u l t  sepa ra t ing  d a c i t e  and r h y o l i t e  from 
d i o r i t i c  gne i s s  i s  necessary  j u s t  e a s t  o f  t h e  l a r g e s t  u l t r amaf ic  outcrop ,  
b u t  it i s  no t  known whether t h i s  f a u l t  c u t s  t h e  f a u l t  mentioned zbove, 
o r  i s  c u t  by it. Another f a u l t  i s  i n f e r r e d  between t h e  p h y l l i t e  and 
t h e  d i o r i t i c  g n e i s s .  It i s  p o s s i b l e  t h a t  t h i s  f a u l t  i s  a t h r u s t  f a u l t ,  
e i t h e r  an ex tens ion  of  t h e  Broxson Gulch t h r u s t  o r  one p a r a l l e l  t o  it, 
s h e a r i n g  and small f a u l t s  i n  t h e  p h y l l i t e  j u s t  n o r t h  of  the  u l t r a m a f i c  
outcrop  d ip  55 degrees  t o  t h e  nor theas t ,  and f i t  t h i s  i n t e r p r e t ? t i o n ,  
Shearing of  approximately this trend a l s o  occurs  i n  t h e  u l t r m a f i c  body, 
A f a u l t  t rending  approximately north-south probably s e p a r a t e s  t h e  
d i o r i t i c  gne i s s  from t h e  wes tern  outcrop o f  t h e  l a r g e  u l t r amaf ic  body, 

The greywackes and t u f f s  j u s t  south of  t h e  u l t r u n a f i c  s t r i k e  nor th-  
west,  b u t  d i p  southv7est i n  t h e  more w e s t e r l y  e:posures and n o r t h e a s t  i n  
t h e  more e a s t e r l y  exposures .  The same u n i t  along t h e  highway h a s  n o r t h e r l y  
s t r i k e s ,  b u t  v a r i a b l e  dips, 

Two types  of nickel-copper  occurrences e x i s t  i n  t h e  area .  Massive 
s u l f i d e  ve ins  o r  l e n s e s  have been exposed i n  sheared p e r i d o t i t e  i n  the 
most e a s t e r l y  exposures  of t h e  l a r g e  p e r i d o t i t e  body, Nine s u l f i d e  
l e n s e s  a r e  known i n  t h i s  a r e a  (Saunders, 1361)-  The l e n s e s  g e n e r a l l y  
s t r i k e  approximately p a r a l l e l  t o  t h e  northwest  t r e n d  o f  t h e  p e r i d o t i t e  
i n t r u s i v e .  Extreme shea r ing  and b r e c c i a t i o n  a r e  e v i d e n t  i n  t h e  coun t ry  
rock around most o f  t h e  l e n s e s ,  and l o c a l l y  t h e  rock  h a s  t h e  appearance 
of a  f a u l t  gouge. Poss ib ly ,  t h i s  r e s u l t s  from t h r u s t i n g  i n  t h e  ultra- 
mafic, as  noted above. The t renching  and p i t t i n g  done t o  d a t e  i n d i c a t e  
t h a t  t h e  s u l f i d e  l e n s e s  are s h o r t  and. d i scon t inuous ,  and do n o t  p e r s i s t  
more than 10-20 f e e t  a long t h e  s t r i k e ,  The maximum width observed i s  
about 10  f e e t .  Tab le  3 sho~vs t h e  grade o f  t h e  l e n s e s  based on sampling 
by Saunders (1961 ) . P y r r h o t i t e ,  p e n t l a n d i t e ,  c h a l c o p y r i t e ,  a d  p y r i t e  
a r c  the  major c o n s t i t u e n t s .  A pol ished  s e c t i o n  from t h e  most n o r t h e r l y  
l e n s  shows g r a n u l a r  p y r r h o t i t e  and p e n t l a l d i t e  i n  g r a i n s  about a m i l l i -  
meter i n  s i z e ,  The p y r r h o t i t e  shows much twinning, and some h a s  a 
d i s t i n c t l y  l a ~ ~ e l l a r  h a b i t .  



T;le second type of  occurrence  c o n s i s t s  of chalco?y,:ite, p y r r h o t i t e ,  
and ?c!ltlandii;e disserilinated i n  o l i v i n e  g2-1hro (sm?le 104, t a b l e  2 ) .  
The cjobbro cppears t o  Se  a (like a t  l e a s t  8 f e e t  w i d e  near  t l ~ e  norirh edge 
of  t h e  p e r i d o t i t e  body. The t r e n d  0 2  the dike i s  n o t  obvious; t;le one 
e:rposcd c o n t a c t  appears t o  be  a f a u l t ,  b u t  the  amount of  movcr,~ent inay be 
small .  Eased on one assay  (ssrxple 7 ,  t*le 3 ) ,  t'ne grade  of  t h e  disseminated 
m i n e r a l i z a t i o n  m o u n t s  t o  over  27; coiabiner! niclcel and copper.  i,;uch of 
t h e  s u l f i d e  occurs  a s  c lur ,~ps &out  1 rrn i n  d i m e t e r  i n  s i z e ,  wit11 numerous 
conczve su r faces  a g a i n s t  t h e  subhedral  mafics,  sugges t ing  t h a t  t h e  su l -  
f i d e s  a r e  l a t e r  than  t h e  s i l i c a t e  minerals .  Some s u l f i d e  a l s o  occurs 
a s  f i n e  in tergrowths  o r  replacements  of t h e  mafic minera l s ,  

Itiost of  the  s u l f i d e  occur rences  e x h i b i t  some oxid a t i o n .  Limonite 
and malachi te  a re  t h e  most cornrnol~ ox ida t ion  products ,  b u t  a b r i g h t  green 
m a t e r i a l  ( g a r n i e r i t e ? )  that c o n t a i n s  n i c k e l  as  a major c o n s t i t u e n t  i s  
p r e s e n t  l o c a l l y .  Th i s  m a t e r i a l  g i v e s  an X-ray p a t t e r n  of  se rpen t ine  o r  
g a r n i e r i k e ,  p l u s  l i n e s  a t  11.8A, 5.9A, and 4.9A, which nay come from a 
mixed-layer c l ay  mineral .  

Niclcel con ten t s  of  0-2 t o  0.376 a r e  repor ted  f o r  p e r i d o t i t e  i n  
t h e  a r e a  of  the  prospeck, It i s  be l ieved t h a t  t h i s  n i c k e l  i s  p r e s e n t  
mainly a s  a minor c o n s t i t u e n t  o f  t h e  mafic s i l i c a t e s ,  and t h e r e f o r e  
could. n o t  be  concent ra ted  by  any conventional benef i c a t i o n  proc, edure. 
Nickel con ten t s  of t h i s  magnitude a r e  common i n  u l t r a m a f i c  rocks.  

Minor amounts of p y r r h o t i t e ,  p y r i t e ,  and c h a l c o p y r i t e  a r e  e;-posed 
i n  a p i t  on t h e  small  u l t r a m a f i c  body 1,500 f e e t  southwest  o f  t h e  l a r g e  
one. 

Gold, copper, and l e a d  m i n e r a l i z a t i o n ,  p l u s  cons ide rab le  p y r i t i z a t i o n ,  
occur  i n  t h e  greywackes o f  t h e  Rainbow Iblountain sequence n e a r  t h e  nic1:el- 
copper prospect .  The road t o  t h e  main prospect  p a s s e s  through a narrow 
canyon about th ree -quar t e r s  o f  a mi le  south of t h e  p rospec t .  Roc!: f o r  r i p -  
r a p  has been taken from t h i s  canyon by t h e  Higl~way Department. Copper 
s t a i n i n g  and f i n e  c h a l c o p y r i t e  v e i n s  c u t  t h e  greywacke a t  s e v e r a l  p l a c e s  
i n  this canyon. A sample of p y r i t i z e d  conglomerate from t h e  canyon 
conta ined  0.12 oz/T go ld  (Hanson, 1964, p. 71).  S m a l l  amounts o f  l e a d  
were de tec ted  i n  t h e  p y r i t i z e d  and i ron-s ta ined  knob nea r  t h e  n o r t h  end 
of t h e  canyon, and a f l a t - l y i n g  q u a r t z  ve in  on the s i d e  of  t h e  v a l l e y  
o p p o s i t e  t h e  i ron-s ta ined  knob assayed 0-46 oz/T gold.  A l e n s  of  
ga lena  i s  repor ted  t o  have been  found i n  an outcrop o f  p y r i t i z e d  grey- 
wacl:e on the  e a s t  s i d e  of  the v a l l e y  oppos i te  t h e  u l t r a m a f i c  body, A 
sample o f  p y r i t i z e d  v o l c a n i c  o r  greywaclce from t h e  south  s i d e  of  t h e  
u l t r m a f i c  body contained 0.02 oz/T gold, 0.09 o z / ~  s i l v e r ,  and less 
than  0.1% copper and niclcel ,  

blone of t h e  presently-known minera l i za t ion  a t  t h e  Rainbow Mountain 



p r o s p e c t  m p e a r s  t o  be economic, mainly because of s m a l l  tonnage. However, 
the  var ie ' iy  and e::tent of s u l f i d e s  i n  t h e  area,  combined wi th  complex 
s t r u c t u r c  and g rave l  cover i n  much of t h e  arez,  suggest  t h a t  more p rospec t i r  
i s  v;ortht?hile, Geophysical methods, such as s e l f - p o t e n t i a l  o r  some o'cher 
e l e c t r i c a l  method, seen t h e  n o s t  e f f e c t i v e  rileans of further prospect ing .  
Ibiore de - t a i l ed  geo log ica l  napping would be d e s i r a b l e  t o  d i r e c t  and i n t e r -  
p r e  t t h e  geopilysical  worl: . 

L o c a l i t y  2 - Glac ie r  Lake c la ims (see f igure  4 )  

About 7,000 f e e t  e a s t  o f  t h e  u l t r a n a f i c  i n t r u s i v e  a t  t h e  Rainbow 
~ i o u n t a i n  p r o s p e c t  and 1,200 f e e t  south  of  t h e  Canwell g l a c i e r  a copper- 
n i c k e l  show was discovered by R.B. Forbes of tine Univers i ty  of  Alaslca 
i n  1962. The G l a c i e r  Lalce c l a ims  of Ernerick and a s s o c i a t e s  cover  t h i s  
prospec-L. Geological  r e l a t i o n s h i p s  a t  t h e  prospect  a r e  shown on f i g u r e s  4 
and 5. The se rpen t in ized  p e r i d o t i t e  o r  raafic gabbro (sample 763, t a b l e  2 )  
apparen t ly  occurs  a s  an i r r e g u l a r  i n t r u s i v e  i n t o  t h e  q u a r t z  d i o r i t e .  A 
f a u l t  nay s e p a r a t e  these  two rock types  f r o n  the d i o r i t i c  g n e i s s ,  

F l ine ra l i za t ion  a t  p o i n t  A ( f i g u r e  5 )  had been exposed by t h e  U.S. 
Bureau o f  blines a t  t h e  time t h e  w r i t e r  v i s i t e d  the  p rospec t .  P y r r h o t i t e ,  
c n a l c o ~ y r i t e ,  and p e n t l a n d i t e  occur  a s  a l e n s  of massive s u l f i d e  on t h e  
c o n t a c t  between q u a r t z  d i o r i t e  and p e r i d o t i t e ,  and a s  s u l f i d e s  r e p l a c i n g  
t h e  q u a r t z  d i o r i t e .  I n  a d d i t i o n ,  smal l  amounts of s u l f i d e s  a r e  disseminate(  
i n  t l lc p e r i d o t i t e  away from t h e  c o n t a c t .  The s u l f i d e s  show cons ide rab le  
o:rid a t i o n  t o  orange-brown l i m o n i t e ,  a long with some copper s t a i n i n g  . The 
most s t r o n g l y  mineral ized zone i s  about  a  f o o t  wide, w i t h  lesser m o u n t s  
f o r  another  f o o t  o r  so. A sample o f  t h e  massive s u l f i d e  m a t e r i a l  assayed 
8.1% n i c k e l ,  Chips of t h e  d isseminated  r i l ineral izat ion c o l l e c t e d  a c r o s s  
t h e  c o n t a c t  f o r  about 3 f e e t  assayed 2 -10% copper, 0.05% niclcel ,  a  t r a c e  
of gold ,  and 0.35 o z / ~  s i l v e r .  Hanson r e p o r t s  an as say  of  6,635 n i c k e l ,  
1.1% copper, and 0.04 ounces p e r  t o n  of  gold  from t h i s  l o c a t i o n .  Tne 
m i n e r a l i z a t i o n  i s  n o t  ev iden t  where t h e  same contac t  i s  exposed f a r t h e r  
up t h e  h i l l .  

L o c a l i t y  3 - Bee Mining Company c l a i m s  ( s e c t o r s  L-7 and M-7, f i g .  2 )  

These claims a r e  on t h e  w e s t  s i d e  o f  t h e  Delta River  a l i t t l e  over  
one m i l e  west of  t h e  junct ion  o f  the Del-La River and Pheland Creek, They 
a r e  owned by R o l l i e  Emericl: and A s s o c i a t e s  of  Del ta  Junc t ion ,  A zone 
of u l t r m a f i c  and gabbroic  r o c k s  c rops  o u t  along t h e  n o r t h  s i d e  o f  a  
v a l l e y  c u t  by a  smal l  t r i b u t a r y  o f  t h e  D e l t a  River, The zone appears  t o  
t r e n d  about  east-west.  North of t h e  u l t ra inaf ic  roc'lcs, t h e  exposures  a r e  

- mainly dark  s i l i c e o u s  sediments and l ight -colored  t u f f s ,  Limestone i s  
p r e s e n t  i n  the n e x t  v a l l e y  t o  t h e  nor th .  The sediments and t u f f s  a r e  
t e n a t i v e l y  included i n  group C,  b u t  it i s  p o s s i b l e  t h a t  t h e y  a r e  p a r t  of 
E-Ianson's p r e - I ~ I i s s i s s ~ p i m  sequence which i s  exposed d i r e c t l y  .=cross t h e  



r i v c r .  South of t h e  u l t r a m a f i c  zone, a n d e s i t i c  and d a c i t i c  v o l c a n i c s  
predominate and a r e  d e f i n i t e l y  included wi th  group C.  

T h e  d i f f e r e n c e  i n  l i t h o l o g y  nor th  and south of t h e  u l t r a m a f i c  rocks  
suggests  t h a t  they  were in t ruded along zn east-west f a u l t  zone. The 
most w e s t e r l y  exposures  of t h e  u l t r a m a f i c s  c o n s i s t  of orange-broivn 
weathering d u n i t e  showing r e l a t i v e l y  l i t t l e  s e r p e n t i n i z a t i o n  excep t  n e a r  
the  con tac t s .  F a r t h e r  w e s t  along t h e  canyon, t h e  outcrops a r e  p e r i d o t i t e  
o r  mafic-r ich gabbro conta in ing  about 10% p l a g i o c l a s e  a l t e r e d  t o  sau- 
s s u r i t e  . Both orthopyro:cene and clinopyroxene a r e  p r e s e n t  i n  t h i s  rock,  
i n  a d d i t i o n  t o  o l i v i n e  ( t a b l e  2 ,  sample 437).  For convenience, t h i s  rock  
w i l l  be  c a l l e d  maf ic  gabbro. A d ike  o f  se rpen t in ized  p e r i d o t i t e  ex tends  
southcastward from t h e  mafic gabbro. The u l t r amaf ic  rocks appear t o  be 
c u t  o f f  by a f a u l t  i n  t h i s  v i c i n i t y ,  b u t  poor exposures of mafic  gabbro 
a r e  p r e s e n t  about  a thousand f e e t  f u r t h e r  west. 

Near t h e  s t ream a t  t h e  e a s t  end o f  t h e  u l t r a m a f i c  zone, s h a t t e r e d  
d i o r i t e  o r  q u a r t z  d i o r i t e  i s  i n  c o n t a c t  w i t h  t h e  dun i t e .  The c o n t a c t  
of t h e  d u n i t e  w i t h  t h e  d i o r i t e  i s  sheared and se rpen t in ized ,  and t h e  
r e l a t i v e  ages a r e  n o t  c l e a r .  This  d i o r i t e  could be  e i t h e r  a phase  o f  t h e  
d i o r i t i c  g n e i s s  o f  t h e  Rainbow Mountain p r o s p e c t  a rea ,  o r  a d i o r i t i c  
d i f f e r e n t i a t e  o f  t h e  ultramafic-gabbro sequence. 

Minera l i za t ion  a t  t h e  p rospec t  i s  s i m i l a r  t o  t h a t  a t  the Rainbow 
Mountain prospect .  One l e n s  of s u l f i d e  about  18 inches wide occurs  
i n  t h e  mafic gabbro a t  l o c a l i t y  3. A sanp le  c o l l e c t e d  by Saunders (1962, 
sample 31)  conta ined  2.01% n i c k e l  and 0.61% copper. A po l i shed  s e c t i o n  
of t h e  massive s u l f i d e  shows abundant p y r r h o t i t e ,  some p e n t l a n d i t e  and 
cha lcopyr i t e ,  and t r a c e s  of  galena.  

I n  a d d i t i o n  t o  t h e  massive s u l f i d e  l e n s ,  s u l f i d e s  a r e  d isseminated  
through some o f  the rnafic gabSro near  the l e n s .  A ch ip  sample c o l l e c t e d  
by t h e  writer a c r o s s  25 f e e t  of  t h e  best disseminated m i n e r a l i z a t i o n  
contained 0.20% n i c k e l ,  0.17% copper, a t r a c e  of gold,  and 0.2 ounces 
p e r  t o n  of s i l v e r .  It seems l i k e l y  that most of  t h e  n i c k e l  o c c u r s  i n  
t h e  s i l i c a t e s .  A sample c o l l e c t e d  by Saunders (1962, sample 2 9 )  from 
approximately t h e  same l o c a t i o n  conta ined  0.46% n i c k e l  and 0.32% copper 
ac ross  50 feet. 

Other samples c o l l e c t e d  by Saunders from var ious  l o c a t i o n s  i n  the 
ul t rarnaf ic  roclcs contained from 0.17 t o  0.30% n i c k e l  and 0.11 t o  0.32% 
copper- One sample of mafic gabbro Zrom t h e  poor exposures a t  t h e  w e s t  
end of t h e  u l t r a m a f i c  zone contained 0.57% n i c k e l  and 0.32% copper. A 
s a q l e  of s u l f i d e s  c o l l e c t e d  from a 1 - foo t  v e i n  s e v e r a l  hundred feet  south-  
west of l o c a l i t y  3 c o n t a i n ~ d  0.1% copper,  0.20 OZ/T Au, and 0.32 o z / ~  Ag. 



Loca l i ty  4 - ( s e c t o r  G - 5 )  

Severa l  s u l f i d e  l e n s e s  were found on t h e  south s i d e  of a  g u l l y  a t  an 
e l e v a t i o n  of about 4 ,800  f e e t  on t h e  west s i d e  of t h e  North Fork of 
Rainy Creek. The l a r g e s t  l e n s  i s  about 10  f e e t  long and up t o  3 f e e t  wide, 
The l e n s e s  occur along a zone t rending  N8SE i n  a l t e r e d  amphibole " s e r p e n t i n i t e '  
A pol ished  s e c t i o n  shows t h a t  p y r r h o t i t e  p a r t l y  a l t e r e d  t o  marcas i te  i s  t h e  
main c o n s t i t u e n t  a long wi th  smal l  amounts of  p y r i t e  and chalcopyr i te .  A n  
assay  i n d i c a t e s  l e s s  t h a n  0.1% copper and n i c k e l ,  0.02 o z / ~  gold and 0.4 
o z / ~  s i l v e r .  

The country rock i s  e p i d o t i z e d  and appears  s i l i c i f i e d ,  bu t  judging 
from s i m i l a r  rocks examined i n  t h i n  s e c t i o n ,  it i s  probably a  h o r n f e l s  
con ta in ing  pyroxene. A l igh t -co lo red  gabbro p lug  ( t a b l e  2 ,  sample 295) 
i s  exposed a  few hundred f e e t  south  of t h e  minera l  occurrence,  and a major 
f a u l t  passes  a  few hundred f e e t  nor th .  Talus  covers  t h e  bedrock downhill  
from t h e  s u l f i d e s .  - 

Local i ty  5 - Rainbow, E a s t e r n  S t a r  and Pioneer  c la ims ( s e c t o r  F-5) 

Th i s  group of c l a ims  i s  centered  on copper occurrences  e'xposed on the 
end of a  small  r i d g e  about  1 m i l e  southwest o f  L o c a l i t y  4. The c la ims have 
been s taked and prospected  by Alfred Ghezzi o f  Fairbanks.  

Figure 6 shows the geology of  t h e  minera l ized  area .  The amphibole 
" s e r p e n t i n i t e "  h a s  been i n t r u d e d  by s e v e r a l  v a r i e t i e s  of gabbro, A dark  
f ine-grained gabbro i s  n o t  minera l ized ,  b u t  l igh te r -co lo red  gabbro 
occur r ing  a s  small  d i k e s  o r  pods and a s  a l a r g e r  p lug  con ta ins  disseminated 
chalcopyr i te .  I n  t h e  minera l i zed  rock ( t a b l e  2,  sample 353)  p l a g i o c l a s e  h a s  
been a l b i t i z e d  and s a u s s u r i t i z e d ,  and mafic minera l s  a l t e r e d  t o  a c t i n o l i t e .  
The cha lcopyr i t e  occurs  a s  g r a i n s  l e s s  than  1 mm i n  diameter  disseminated 
through t h e  rock. A s h e a r  zone mineral ized wi th  c h a l c o p y r i t e  h a s  been 
exposed i n  a  p i t  on the w e s t  s i d e  of t h e  a rea .  A n  assay  of 1.13% copper 
a c r o s s  5 f e e t  i s  r e p o r t e d  f o r  t h i s  zone. The a r e a  of  disseminated miner- 
a l i z a t i o n  i n  t h e  n o r t h e r n  p a r t  of t h e  a r e a  i s  poor ly  exposed, b u t  a l l  t h e  
smal l  p i t s  i n  t h e  a r e a  show the same type o f  disseminated minera l i za t ion .  
A composite of p i e c e s  of f l o a t  and chips  from t h e  p i t s  c o l l e c t e d  a t  random 
from t h i s  a r e a  assayed 1.0% copper,  no n i c k e l ,  no l ead ,  no z inc ,  0.01 OZ/T 

gold,  and 0.22 o z / ~  s i l v e r .  The minera l ized  rock goes under t a l u s  and 
g l a c i a l  depos i t s  t o  t h e  nor th .  The next  exposure,  s e v e r a l  hundred f e e t  t o  
t h e  nor th ,  i s  f ine-gra ined  d a r k  unmineralized gabbro. Rock t o  t h e  sou th  of  
o f  t h e  prospect  i s  amphibole " s e r p e n t i n i t e  " c u t  by a  northwest- t rending 
gabbro d ike  . 

Loca l i ty  6 - ( s e c t o r  F-5) 

cha lcopyr i t e  and some b o r n i t e  occurs  i n  a f i n e  grained t a c t i t e  o r  
h o r n f e l s  composed mainly of d iops ide .  The showing is on a r i d g e  north-  



west of l o c a l i t y  5. The country rock i s  black meta-serpentinite composed 
mainly of pale  brown hornblende and diopside. The l i g h t  yellow diopside- 
bearing t a c t i t e  i s  about 3 f e e t  thick and appears t o  s t r i k e  N55E. Copper 
minerals a re  found only a t  a f e w  spots i n  the t a c t i t e .  The occurrence was 
staked i n  1964 by Mark Rogers f o r  Moneta-Porcupine. 

Locali ty 7 - (sector  F-4) 

This showing i s  i n  the va l ley  of the West Fork of Rainy Creek south of 
l o c a l i t y  5 .  Copper occurs i n  a t a c t i t e  of epidote, pyroxene and quartz 
which has replaced a zone severa l  f e e t  wide i n  a cherty limestone unit .  
The limestone s t r i k e s  N75E and d ips  68' SE. Some p i t t i n g  and trenching was 
evident ly  done a t  one time on the  showing, but exposures a t  present are 
poor, Iron stained f l o a t  i s  present  adjacent t o  the t a c t i t e  i n  a zone 10-15 
f e e t  wide, A sample of the  t a c t i t e  contained 0.42% copper, 0.01 OZ/T gold 
and 0.40 o z / ~  s i lve r .  

About 150 f e e t  downstream, pieces of pyrite-magnetite mineralization 
with minor chalcopyrite have been excavated from a small sloughed p i t ,  
There a re  a lso pieces of garnet-bearing t a c t i t e  containing some pyr i t e  
and chalcopyrite . 

Locali ty 8 - ( sec tor  F-4) 

The mineralized rock of t h i s  l o c a l i t y  protrudes from an extensive t a l u s  
slope a t  an elevation of about 5200 f e e t  near the top of a small valley,  
A l e n s  of su l f ides  2-3 f e e t  th ick  and exposed f o r  10 f e e t  of s t r i k e  length 
l i e s  j u s t  above a f a u l t  t rending N85W dipping 40° SW. The su l f ides  cons is t  
of lamellar  marcasite, chalcopyrite,  and minor p y r i t e  a s  determined i n  a 
polished section, The marcasite i s  probably an a l t e r a t i o n  product of 
pyr rhot i te .  Rock from j u s t  above the lens  consis ts  mainly of brown garnet,  
o l iv ine  ( ? )  and pyroxene. Rock f o r  about 20 f e e t  f a r t h e r  from the  sulf ide i s  
a l t e red  t o  a white rock containing plagioclase(?) and a zeo l i t e .  The 
country rock i s  amphibole "serpentenite".  An assay of the  su l f ide  lens  
shows 0.37% copper, 0.50% nickel ,  0.03 o z / ~  of gold and 0.33 o z / ~  of s i l v e r ,  

Locali ty 9 - ( sec tor  G-3) 

Minor copper s ta in ing  occurs i n  t a c t i t e  composed of amphibole, epidote 
and c a l c i t e  with l oca l  pods of p y r i t e ,  The t a c t i t e  i s  adjacent t o  a gabbro 
dike,  

Locali ty 10 - ( sec tor  E-4) 

A bleached and mineralized zone outcrops a t  the  top of a t a l u s  slope 
a t  about 58200 f e e t  elevation.  The lowest outcrops appear t o  have been 
limestone, now a l te red  t o  brown garnet  and greenish pyroxene, Above the 



limestone i s  a few f e e t  of highly pyr i t ized  rock, followed by a four foot  
r e l a t i v e l y  unaltered limestone bed. A polished section of f l o a t  from jus t  
below the outcrops contains pyr rho t i t e ,  p y r i t e ,  and minor chalcopyrite and 
marcasite i n  a gangue of c a l c - s i l i c a t e  minerals. The limestone appears t o  
occur as  an inclusion i n  the amphibole "serpent ini te" ,  

Locali ty 11 - (sector  C-4)  

F loa t  showing copper s t a in ing  and strong iron s ta in ing  was found at t h i s  
l o c a l i t y  at about elevation 4,300. The f l o a t  i s  amphibole "serpent in i te"  
but recrys ta l l ized  limestone is  exposed a few f e e t  up the h i l l ,  and l igh t -  
colored hornfe ls ic  amphibole " se rpen t in i t e"  above the limestone. A n  old 
claim monument w a s  found a t  t h i s  locat ion.  

Locali ty 1 2  - (sector C-4) 

Copper-stained al tered limestone, and chalcopyrite i n  a f ive-foot 
iron-stained zone i n  serpent in i te  were observed here, The iron-stained 
zone t rends N60W. The limestone appears t o  be a block o r  inclusion i n  the 
"serpent in i te  " . 

Locali ty 13 - (sector C - 4 )  

This showing was staked a s  the  Green Wonder claim and minor trenching 
was done by Moneta-Porcupine during the summer of 1964. The country rock 
i s  dark grey t o  black amphibole "serpent in i te"  but i n  the  v i c i n i t y  of the 
prospect t h i s  i s  a l te red  t o  a white rock composed of garnet ,  quar tz ,  and 
diopside, The mineralized rock i s  b r igh t  green and l e s s  than a foo t  wide. 
It cons i s t s  of sphaler i te  ( i d e n t i f i e d  by X-ray) and uvarovi te (?) ,  a  chrome 
garnet, p lus  minor amounts of p y r i t e .  X-ray analysis of the  garnet-sphaleri te 
rock shows: 10% zinc, 4% chrome, 2% nickel ,  and l e s s  than 0 -1% lead and 
arsenic. No nickel  minerals were observed i n  the sample. 

Locali ty 14 - (sector  D-5) 

Minor amounts of copper s t a in ing  occur i n  highly f ractured dark 
andesites i n  a t  l e a s t  two p laces  on the west bank of Specimen Creek, 

Locali ty 15 - (sector  E-5) 

Chalcopyrite and copper-staining occur on the south s ide  of a r idge 
composed of amphibole "serpent in i te"  , The most obvious shows a re  along a 
zone a few f e e t  wide trending about N35E. I r regular  pods of dark and l i g h t  
colored rock are  present along the  zone, and some rock i s  rec rys ta l l i zed ,  
A t h i n  sect ion of dark r ec rys ta l l i zed  rock discloses major o l iv ine  and 



amphibole, and s n a l l  mounts of epidote, p y r i t e ,  and chalcopyrite, Some 
of the mphibole is  pale  green a c t i n o l i t e ,  but  a large proportion i s  a 
pleochroic blue amphibole thaz m u s t  be r i c h  i n  the glaucophane molecule, 
The glaucophane probably indicates  some addit ion of sodium. Quar tz  i s  
present i n  the lighter-colored rock. 

A chip sample across four f e e t  contained 0,7576 copper, t r ace  nickel ,  
0.09 oz/T gold, 1.18 oz/T s i l v e r  and l e s s  than 0.1% lead and zinc. 

Locality 16 - (sector  E-6) 

The north end of a  limestone un i t  i n  a gully a t  5,000 f e e t  e levat ion 
i s  a l tered t o  t a c t i t e  containing chalcopyrite, magnetite, and p y r i t e ,  A 
t h in  section of dark green mineralized t a c t i t e  contains major aiiounts of 
clinopyroxene , garnet ,  and magnetite , and s n a l l  amounts of glaucophane , 
b i o t i t e ,  c a l c i t e ,  p y r i t e ,  and chalcopyrite,  Pyrrhoti te i s  present  i n  
other specimens of t h e  dark green t a c t i t e ,  The mineralized mater ia l   replace^ 
several beds i n  thitlcnesses of a  foot  o r  so, and i s  exposed along s t r i k e  f o r  
only a  few fee t .  

Locali ty 1 7  - ( sec tor  G-7)  

Chalcopyrite and copper s ta ining occur i n  a  sheared zone about s i x  
inches wide i n  d a c i t e  porphyry and dac i t e  porphyry breccia. The zone 
s t r ikes  N70E, and i s  exposed f o r  &out 10 f e e t .  The dac i te  porphyry and 
adjacent rocks a re  moderately pyr i t ized ,  

Locality 18 - ( sec tor  D-7) 

Several copper showings were found along the contact between p e r i d o t i t e  
and amphibole "serpent in i te"  i n  t h i s  v i c i n i t y .  Some gabbro i s  present  
with the pe r ido t i t e ,  The showings a re  a t  an elevation of about 4,800 
fee t .  Some p e r i d o t i t e  i s  serpentinized, b u t  most, especial ly  away from the 
contact, i s  r e l a t i v e l y  unaltered dunite,  The bes t  area of exposed minerali- 
zation contains s i x  lenses  of massive s u l f i d e s  i n  a radius of about 100 
fee t .  The l a r g e s t  lens i s  about three f e e t  wide and s ix  f e e t  long, A 
polished sect ion of the su l f ide  shows mainly marcasite with minor chal- 
copyrite and pyrrhot i te ,  but other  pieces  from the lenses contain l a r g e r  
amounts of chalcopyrite,  mainly along f r a c t u r e s  i n  the i ron su l f ides ,  Some 
p a r t s  of the lenses  are moderately magnetic and may contain magnetite, 

Several other  small copper shows occur over a distance of seve ra l  
hundred f e e t  along t h e  pe r ido t i t e  contact ,  This v i c i n i t y  has more wide- 
spread mineralization than most of the  l o c a l i t i e s  discussed above, and seems 
deserving of more thorough prospecting. 

I 

Locality 19 - ( sec to r  C-7) 

Massive su l f ide  boulders were found a t  and below t h i s  l o c a l i t y .  A 



zone 20 f e e t  wide on the  h i l l s i d e  contained numerous boulders of p y r i t e ,  
chalcopyri te ,  and p y r r h o t i t e ,  Several p ieces  of t h i s  mineralized rock 
assayed 0.3% copper, l e s s  than 0,156 nickel  and t r a c e  zinc. About 50 f e e t  
south t he re  i s  a pod of p y r r h o t i t e  a few inches wide and severa l  f e e t  long. 
Amphibole " se rpen t in i t e "  i n  the  area i s  considerably pyr i t i zed  and sheared. 
A t h r u s t  f a u l t  i s  i n fe r r ed  t o  pass beneath t he  l o c a l i t y .  Further prospect ing 
i n  t h i s  v i c i n i t y  seems worthwhile. 

Local i ty  2 0  - ( s e c t o r  G-7) 

An outcrop of i ron-s ta ined,  s i l i c i f i e d  and ho rn fe l s i c  sandstone a t  
t h i s  loca t ion  contained disseminated py r rho t i t e ,  Chips from the  outcrop 
assayed 0.2% n icke l ,  t r a c e  copper, t r ace  gold, and 0.18 o z / ~  s i l v e r .  The 
presence of n ickel ,  p l u s  t he  existence of a stream sediment geochemical 
anomaly below the  a rea ,  suggests  t h a t  f u r t h e r  prospecting may be worthwhile, 

Other copper occurrences 

Minor amounts of copper s t a in ing  were seen i n  t he  s c h i s t  i n  s e c t o r s  
B-8 and F-8, i n  both cases  along with some py r i t e .  A few spots  of malachite  
were observed i n  t h e  p y r i t i z e d  group A roclcs i n  s ec to r  C-5. 

P y r i t i z a t i o n  

Py r i t i za t i on  i s  widespread i n  the  a.rea, a s  i s  shown on f igu re  2. The 
most in tense  p y r i t i z a t i o n  forms an east-west t rending zone i n  the  
d i o r i t e  and volcanics  of groups A i n  s ec to r s  C-5 and D-5. The p y r i t i z e d  rock 
forms a prominent s t a i n e d  zone, and there  has  been considerable bleaching 
a t  the  surf  ace. This  a l t e r a t i o n ,  which apparent ly  cons i s t s  of weak a r g i l l i -  
zat ion,  appears t o  r e s u l t  e n t i r e l y  from weathering and the  p y r i t e  c o e x i s t s  
with c h l o r i t e ,  epidote ,  and a l b i t e  i n  the  unweathered rock, 

The s l a t e  u n i t  j u s t  t o  the north of t h i s  pyri te-bearing zone shows 
sporadic i ron-s ta in ing ~ p y r i t i z a t i o n .  A sample of t h e  py r i t i zed  s l a t e  
contained 0.10 o z / ~  gold, 0.15 OZ/T s i l v e r ,  0.11% nickel ,  and no copper, 
lead,  o r  zinc. Apparently t h e  n icke l  and gold have been introduced, although 
some p y r i t e  could be  syngenetic.  

The l a r g e s t  p y r i t i z e d  zone extends along the  A i r s t r i p  f a u l t ,  a f f e c t i n g  
the  s i l i c i c  volcanics (Bv) and some .adjacent amphibole " se rpen t in i t e "  
and volcanics.  The amphibole " se rpen t in i t e "  shows no obvious d i f f e r ence  
i n  a l t e r a t i o n  where it i s  py r i t i zed .  The o t h e r  rocks appear considerably 
hornfelsed.  

Pyr i t ized amphibole "se rpen t in i te"  a l s o  occurs i n  s ec to r s  D-5 and E-4 
t o  F-4. The p y r i t i c  zone i n  E-4 and F-5 may conta in  considerable horn- 
f e l s i c  sediment, 



Origin of su l f ide  mineralization 

A t  l e a s t  s i x  types of copper and nickel su l f ide  mineralization can be 
distinquished i n  the Rainy Creek and Rainbow Mountain areas.  These are  as  
follows : 

I. Copper, i ron,  and nickel  su l f ides  disseminated i n  gabbro o r  feld- 
spar-bearing per idot i te .  

2 .  Lenses and pods of i ron ,  copper, and nickel s u l f i d e  i n  o r  on the 
contact  of per idot i te .  

3 .  Lenses, pods, and veins  of copper and i ron su l f ides ,  mainly i n  
"serpent ini te" .  

4. Copper and i ron s u l f i d e s  i n  t a c t i t e s  developed from limestone. 

5. Disseminated nickel i ferous pyrrhot i te  i n  hornfe ls ic  sediments. 

6. Thin chalcopyrite and chalcopyrite-galena veins  i n  grey~~acke ,  
andesite and daci te ,  

The f i r s t  type of mineralization,  consist ing of copper, i ron,  and 
nickel  su l f ides  i n  gabbro, i s  found i n  l o c a l i t i e s  1 (Rainbow Mountain 
'prospect),  2 (Glacier Lake cla ims) ,  3 (Bee Mining claims) and 5 (Rainbow 
claims).  A t  the f i r s t  th ree  l o c a l i t i e s ,  the host  rock i s  a  pe r ido t i t e  o r  
mafic-rich gabbro containing about 10% plagioclase. The su l f ides  cons is t  of 
pyr rhot i te ,  pentlandite and chalcopyrite disseminated through the  rock. 
Textures suggest t h a t  the  s u l f i d e s  crysta l l ized from an i n t e r s t i t i a l  l i q u i d  
late i n  the so l id i f i ca t ion  period of the rock. It  seems l i k e l y  t h a t  the  
mafic gabbro i s  a  d i f f e r e n t i a t i o n  product of the p e r i d o t i t e .  Presumably 
the nickel ,  copper, and i ron  were concentrated i n  t h i s  l a t e  f rac t ion ,  along 
with some sulfur ,  and separated from the gabbro a s  immiscible l iqu id  droplet  
during c rys ta l l i za t ion  of the  rocks. 

The disseminated chalcopyrite a t  l o c a l i t y  5 i s  associated with a  
r e l a t i v e l y  light-colored gabbro, and apparently no n icke l  remained i n  the  
parent  magma. A n  o r ig in  by l i q u i d  immiscibility seems l e s s  c e r t a i n  here 
but  the  even dissemination of chalcopyrite through only one phase of the  
gabbro suggests t h a t  the  copper was a  cons t i tu ten t  of the light-colored 

- gabbro magma and migrated very l i t t l e  a f t e r  emplacement of the gabbro. I t  
i s  not c l ea r  why mafic gabbro a t  l o c a l i t i e s  1, 2 ,  and 3 contains d isseminat~  
copper and nickel su l f ides ,  bu t  gabbro fa r the r  west i n  the  Rainy Creek 
area does not. Possibly the  p e r i d o t i t e  a t  Rainbow Mountain had a  d i f f e r e n t  



chemical composition from p e r i d o t i t e  elsewhere, o r  tec tonic  movement there 
occurred a t  jus t  the r igh t  times to  separate t h e  sulf ide-r ich d i f fe rent ia t r  
from the per ido t i t e .  LZore study of t h i s  question i s  needed, 

The second type of mineralization,  consisting of lenses  and pods of 
i ron,  copper, and nickel s u l f i d e s  i s  present a t  l o c a l i t i e s  1, 2 ,  3 ,  and 
possibly 18 and 19. The s u l f i d e s  occur i n  pe r ido t i t e  o r  a t  the  contact 
of p e r i d o t i t e  t h a t  i s  presumed t o  be the source. Al te ra t ion  associated wit 
the lenses  i s  not obvious, although there  may be some serpent inizat ion,  
and a t  l o c a l i t y  2 ,  some development of pyroxene. These su l f ides  seem 
reasonably interpreted as  the  r e s u l t  of immiscible s u l f i d e  separation from 
the pe r ido t i t e ,  followed by migration of the l iqu ids  i n t o  r e l a t i v e l y  open 
f r a c t u r e s  and shears, perhaps under the influence of tec tonic  forces. 
Sul f ide  minerals present a r e  pyr rhot i te ,  pentlandite,  and chalcopyrite. 

The t h i r d  type of mineralization consis ts  of veins,  lenses,  and pods 
of copper and i ron su l f ides  occuring mainly i n  amphibole "serpent ini te" ,  
This type of mineralization was found a t  l o c a l i t i e s  4, 6 ,  8, 9,  10 ,  11, 1 2 ,  
and 15. The host  rock i s  e i t h e r  amphibole "serpent in i te"  o r  inclusions i n  
the "serpent ini te" .  Al terat ion t o  light-colored hornfe ls  o r  t a c t i t e  compos 
of diopside, garnet,  epidote, and quartz i s  cha rac te r i s t i c .  Pyrrhot i te  
(Usually p a r t l y  a l te red  t o  marcasite)  and minor chalcopyrite,  containing 
only t r a c e s  of nickel ,  a re  the  su l f ide  consti tuents,  

The a l t e ra t ion ,  and the addit ion of s i l i c a ,  soda, and probably other 
elements, suggest t h a t  a r e l a t i v e l y  l a rge r  amount of water may have been 
present  i n  the ore f l u i d  as  compared t o  type 2 mineralization,  Most of the 
occurrences are  near gabbro o r  p e r i d o t i t e  bodies, bu t  not  i n  them, The 
s u l f i d e s  may have originated by normal hydrothermal processes, with the 
source f o r  both the metals and the  su l fur  i n  the p e r i d o t i t e  and gabbro. 
However, the amphibole "serpent in i te"  hos t  rock i s  r e l a t i v e l y  high i n  coppe 
and it seems possible t h a t  fluids-emanating from the  gabbro and per ido t i t e  
(or  perhaps from the "serpent in i te"  i t s e l f )  leached some o r  a l l  the  copper 
from the  amphibole "serpent in i te"  and redeposited it a t  grea ter  distances 
from the  intrusives .  

The limestone replacement occurrences ( l o c a l i t i e s  7 and 16)  appear 
similar i n  or ig in  t o  the veins  described above, except t h a t  t h e  ore  has 
replaced a  highly react ive limestone ra ther  than a  "serpent in i te" .  The 
l o s s  of calcium, carbon dioxide, and probably other  cons t i tuents  i n  the 
process of replacement suggests the  existence of an aqueous o r e  f l u i d  t o  
car ry  away the replaced const i tuents .  

Disseminated nickel i ferous pyr rho t i t e  i n  a l te red  sediments occurs 
only a t  l o c a l i t y  20,  This mineralization may be a  disseminated version 
of t h e  second type, o r  a  halo around higher-grade s u l f i d e  mineralization,  



Tlie chromium-nickel-zinc mineralization a t  loca l i ty  1 3  appears t o  
be unique. 

Hanson (1964) indicates  t h a t  quartz-chalcopyrite-galena veins a t  
Rainbow PIountain c u t  daci te  dikes and f i l l .  northwest f rac tures  developed 
during a lvlesozoic(?) orogeny. He sugcfests t h a t  the veins may be re la ted  
t o  the hornblende granodiori te i n  the northeast  p a r t  of t h a t  area. There 
i s  no such granodior i te  present i n  the Rainy Creek area near l o c a l i t y  17 ,  
Possibly these copper occnrrences or iginated from minor hydrothermal 
ac t iv i ty  associated with hypabyssal andesite and daci te  in t rus ives  of 
Pennsylvanian age. 

The amphibole "serpent ini te"  i n  pyr i t i zed  areas shows no mineralogical 
differences from other  amphibole "serpent in i te"  except f o r  the presence of 
f ine  disseminated pyr i t e .  Very l i t t l e  s t r u c t u r a l  control  f o r  the  p y r i t i -  
zation i s  evident. Minor amounts of p y r i t e  a re  widespread i n  the  amphibole 
"serpentinite".  For these reasons, the p y r i t i z a t i o n  i n  these rocks i s  
believed t o  have occurred a t  the same time a s  the development of the  a c t i n o l i  
and i s  probably a deuter ic  product. Pyr i t i za t ion  of sediments and volcanics 
probably resul ted la rge ly  from f l u i d s  given off  by the amphibole "serpenti- 
n i t e " ,  although some may be re la ted  t o  the  l a t e r  pe r ido t i t e  and gabbro. In  
some areas, i n  p a r t i c u l a r  the pyr i t ized  grey~vackes e a s t  of the  Rainbow 
Mountain prospect,  the  pyr i t i za t ion  and minor copper-lead mineralization 
may be near-surface manifestations of the  a l t e r a t i o n  and nickel-copper 
mineralization associated with p e r i d o t i t e s  a t  depth, 

Gold Placers 

Gold p lacers  on Rainy Creek were worked sporadically from 1900 
t o  a t  l e a s t  1930. I n  general, the placer  mining was apparently not  very 
prof i table .  It i s  reported t h a t  a t  l e a s t  some of the  gold occurred i n  a 
st icky clay which would not break down t o  re lease  the gold, and t h a t  la rge  
boulders a l so  caused d i f f i c u l t i e s ,  Evidence of placer work, cons is t ing  of 
ditches, cuts ,  p i l e s  of boulders, and remnants of camps and cabins, were 
noted f o r  about a m i l e  and a half  downstream from the junction of the  
North and West Forks of Rainy Creek. A collapsed cabin, a t r a i l ,  and a 
cu t  through the  timber were seen near the  mouth of Rainy Creek. 

The reported occurrence of gold i n  c lay  suggests t h a t  it may have been 
concentrated i n  the  orange-brown older  g l a c i a l  d r i f t ,  perhaps with some 
l a t e r  re-concentration i n  the present drainage. Bedrock i s  not exposed 
along the present  stream, and may be severa l  tens  of f e e t  deep, The 
or ig in  of the gold i s  probably i n  the copper-iron sulf ide depos i t s  previously 

- discussed, although some gold may be present  i n  the pyr i t ized  rocks. No 
placer workings were noted on the North Fork, but  some were seen near 
l o c a l i t y  7 on the West Fork, so it seems l i k e l y  t h a t  the  source of the  gold 
i s  mainly i n  the l a t t e r  drainage. 



Several p lacer  claims and r e m n a t s  of s l u i c e s  were found on the  upper 
p a r t  of Specimen Creel:. It seems l i k e l y  t h a t  the  gold i s  derived from 
pyr i t i zed  group A rocks,  although a source i n  the  u l t r a b a s i c  roclcs t o  t he  
nortllwest o r  i n  t he  high g rave l s  t o  the nor th  i s  a l so  possible.  

The most r ecen t  p l a c e r  mining has been a t  the  mouth of the  creek j u s t  
nortln of the  a i r s t r i p  on t h e  East  Fork of Broxson Gulch ( sec tor  C-6). The 
oper,ator i s  reported t o  have been Archie Eroxson. A wanigan, a shed, a 
small c a t e r p i l l e r  t r a c t o r ,  and numerous o t h e r  p ieces  of machinery and 
equipment a re  s c a t t e r e d  around the  north end of the  a i r s t r i p .  Gravel 
i n  the  mouth of t h e  small creek has been dozed o u t  and run through a 
screening p l a n t  and s l u i c e .  A d i t c h  a t  l e a s t  2 m i l e s  i n  length along t h e  
East  Fork, p lus  smal ler  d i t c h e s  from streams south of t he  workings, supplied 
water. The type of machinery suggests t h a t  these  workings were ac t ive  about 
25 years  ago, although some more recent  work may have been done. Bedrock 
i s  no t  exposed i n  t h e  dozed area ,  but  may be  presen t  a t  a shallow depth. 

The r e s t r i c t i o n  of opera t ions  t o  the  one s m a l l  drainage suggests  t h a t  
t he  source of the  gold i s  probably i n  t h a t  drainage. Pans from within  a 
foo t  o r  two of the  sur face  i n  t h i s  area contained 4-7 colors  per  pan along 
with considerable magneti te ,  pink garnet ,  and epidote.  The headwaters of 
the  drainage, above 4500 f e e t ,  cons i s t  mostly of g rave l  deposited during 
an e a r l i e r  g l a c i a l  epoch. The gold may be coming from t h i s  gravel ,  b u t  t h e  
u l t imate  source i s  probably t h e  py r i t i zed  group A rocks. However, some 
admixture of mate r ia l  from t h e  s c h i s t  and gne iss  seems necessary t o  expla in  
i he  garnet .  

Chromite and Asbestos - 
Chromite is t h e  main accessory mineral i n  the  dun i t e  and p e r i d o t i t e  

of the  area,  bu t  no concentra t ions  above the  accessory mineral l e v e l  were 
seen. Chromite i s  an important cons t i tuen t  of stream sediments i n  t he  area .  

Veinlets  of c ross - f iber  ch ryso t i l e  asbes tos  were noted i n  the  duni te ,  
bu t  i n  no loca t ion  d i d  the  content  appear t o  approach economic propor t ions ,  
However, the  duni te  was no t  thoroughly examined f o r  asbestos,  and a s  t he  
asbestos would probably be poor ly  exposed, f u r t h e r  search of t he  a r ea  could 
prove worthwhile. 

No platinum has  ever.  'been reported from Rainy Creek, bu t  some may be 
present .  Minor amounts of platinum a re  p re sen t  with p l ace r  gold a t  S l a t e  
Creek about 35 mi les  e a s t  of Rainy Creek. Small bodies of orange-brown 
weathering p e r i d o t i t e  a r e  repor ted i n  t h a t  d i s t r i c t  by Martin W. Jasper ,  
and are ,the probzble source of  the  platinum. I t  s e e m s  poss ib le  t h a t  some 
platinum i s  presen t  i n  t he  p e r i d o t i t e s  of Rainy Creek and has been con- 
centra ted  with t he  gold,  b u t  perhaps no one has  looked f o r  it. Platinum 
has been recovered from a smal l  p lacer  opera t ion a t  t h e  head of a s h o r t  
creek i n  the  extreme southwest por t ion of  the a rea  shown i n  f i g u r e  4, 



I n  t h e  C a l i f o r n i a  Coast Range, mercury commonly occurs  with t h e  b r i g h t  
orange s i l i ca -ca rbona te  a l t e r a t i o n  of p e r i d o t i t e .  No mercury w a s  noted i n  
t h e  Rainy Creek area ,  b u t  no s p e c i a l  searches  were made around t h e  s i l i c a -  
carbonate  rock, which was noted i n  dun i t e  on t h e  south  s i d e  of  sector H-6 
and. a long t h e  t h r u s t  i n  t h e  e a s t  p a r t  of s e c t o r  C-7. Thin red coa t ings  i n  
s e c t o r  G - 4  contained no mercury. 

One hundred twenty-five s t ream sediment samples were c o l l e c t e d  i n  t h e  
a rea .  The l o c a t i o n s  a r e  shovm on f i g u r e  2 and ana lyses  i n  t a b l e  4. The 
samples (with one excep t ion)  cons i s t ed  of s i l t  and sand from beneath t h e  
water  s u r f a c e  of s t r e w s .  They were analyzed i n  t h e  f i e l d  f o r  r e a d i l y  
e x t r a c t a b l e  heavy meta l s  by t h e  Unive r s i ty  of  A l a s l c a  procedure,  Method I 
f o r  s o i l s  (Mukher jee  and Mark Anthony, 1957 ) , This  method uses  a  water 
s o l u t i o n  of sodium c h l o r i d e  t o  d i s s o l v e  r e a d i l y  e x t r a c t a b l e  metal ,  and 
d i t h i z o n e  dissolved i n  whi te  g a s o l i n e  a s  a means of  e s t i m a t i o n ,  F ie ld  
ana lyses  a r e  recorded i n  m i l l i l i t e r s  of d i t h i z o n e  s o l u t i o n  requ i red  t o  o b t a i n  
t h e  g reen  co lo r  of unreacted d i t h i z o n e .  The amount o f  d i t h i z o n e  d i s so lved  
i n  t h e  gaso l ine  was checked f o r  each ba tch  of s o l u t i o n  by t e s t s  wi th  a  
s t andard  z i n c  s o l u t i o n .  A f i e l d  r e s u l t  of  t h r e e  m i l l i l i t e r s  i s  approximately 
e q u i v a l e n t  t o  one microgram of  z i n c ,  and l a r g e r  amounts o f  l e a d  and copper. 

The samples a l s o  were b rough t  back t o  t h e  l a b ,  s i eved  t o  minus 80 mesh, 
and analyzed by c o l o r i m e t r i c  methods f o r  t o t a l  copper,  l e a d ,  z inc ,  molybdenum 
and n i c k e l .  A 1 1  n i c k e l  ana lyses  were done by Rocky Mountain Geochemical 
Labora to r i e s ,  a s  were copper, l e a d ,  z inc ,  and molybdenum ana lyses  of  samples 
4Tn7P260-321 and 4AR356-471, Most o f  the remaining a n a l y s e s  a r e  by t h e  
D i v i s i o n  of  Mines and Minera ls  l a b o r a t o r i e s .  Numerous checks between labs 
i n d i c a t e  f a i r  t o  good agreement between l a b s ,  except  f o r  z i n c  i n  a  few 
samples, 

The background f o r  copper v a r i e s  moderately depending on t h e  rock type ,  
Analyses of  n ine  rock samples ( t a b l e  41, d a t a  from t h e  l i t e r a t u r e  (Turekian 
and Wedepohl, 19611, and t h e  observed values f o r  s t ream sediments i n d i c a t e  
that background i s  a few t e n s  of p a r t s  p e r  m i l l i o n  f o r  d u n i t e ,  40-80 pprn 
f o r  s c h i s t  and gne i s s ,  50-100 pprn f o r  gabbro, 100-150 ppm i n  amphibole 
s e r p e n t i n i t e ,  50-150 pprn i n  greywacke and. and.esi te  o f  group C, and 40-60 
pprn i n  t h e  o t h e r  sedimentary rocks .  For s i m p l i f i c a t i o n ,  a v a l u e  o f  200 pprn 
i s  t aken  as t h e  t h r e s h o l d  o f  copper  anomalies i n  t h e  area, although lower 
v a l u e s  might be a p p r o p r i a t e  l o c a l l y .  Values over  500 pprn a r e  considered 
s t r o n g l y  anomalous. 

There i s  no zipparent l a r g e  v a r i a t i o n  of  z i n c  background w i t h  rock 
type.  Vzlues of 100-150 ppn a r e  common f o r  streams d r a i n i n g  s c h i s t  and 



gne i s s ,  d u n i t e ,  gab'uro, s e r p e n t i n i t e ,  a n d e s i t e ,  greywaclre, and most o t h e r  
rocks of  t h e  area .  A value of 200 ppm i s  the re fo re  s e l e c t e d  a s  a th res -  
hold,  w i t h  more than 500 ppn as s t r o n g l y  anomalous. 

For l e a d ,  most samples c o n t a i n  0 t o  10  ppm, and o n l y  t h r e e  samples 
c o n t a i n  more than 15 ppm. These t h r e e  samples a re  considered as moderately 
anomalous. 

PIost molybdenum values  a r e  0-4 ppm, and no anomalous v a l u e s  are recog- 
nized.  

V a r i a t i o n s  i n  background f o r  n i c k e l  a r e  extreme. Based on analyses  of  
rock samples, d u n i t e  con ta ins  2500-2900 pprn niclcel, s e r p e n t i n i t e  1100-1200 
pprn and gabbro 80-450, vary ing  w i t h  amount of n a f i c s ,  According t o  d a t a  
i n  t h e  l i t e r a t u r e  (Turelcian and Wedepohl, 1961) ,  t h e  niclcel c o n t e n t  of 
sedimentary roclcs v a r i e s  from a f e w  ppm i n  l imestones and pure  q u a r t z i t e s  
t o  more than 100 pprn i n  some s h a l e s .  Andesi tes  probably c o n t a i n  50-200 ppm, 
al though no s p e c i f i c  d a t a  are a v a i l a b l e .  Because t h e  v a r i a t i o n s  are so 
l a r g e ,  no s i n g l e  va lue  can be used f o r  a threshold .  The n i c k e l  anomalies 
on f i g u r e  1 have been s e l e c t e d  by comparison wit11 t h e  v a l u e s  g iven  above, 
and w i t h  v a l u e s  i n  nearby samples d r a i n i n g  s i m i l a r  rock types .  Because 
of t h e  ve ry  h igh  niclcel c o n t e n t  o f  d u n i t e ,  none of t h e  s t reams d r a i n i n g  
d u n i t e  o r  p e r i d o t i t e  i s  shown a s  anomalous, although niclcel  d e p o s i t s  
could be p r e s e n t  i n  t h e s e  d r a i n a g e s ,  I n  s t reams n o t  d r a i n i n g  d u n i t e ,  
p e r i d o t i t e  o r  amphibole " s e r p e n t i n i t e " ,  va lues  g r e a t e r  t h a n  a few hundred 
pprn a r e  shown a s  moderately anomalous. Some of t h e s e  "anomalies" may 
r e s u l t  from unmapped bodies  o f  p e r i d o t i t e  b u t  no b e t t e r  c r i t e r i o n  f o r  
anomalies i s  apparent.  

Discuss ion  of  Anomalies 

S e c t o r  M-7 (samples 260,261,256, 257,  263 and 264).  Two weak z inc  
anomalies and four  p o s s i b l e  n i c k e l  anomalies a r e  p r e s e n t  i n  smal l  streams 
here .  The n i c k e l  anomalies may be de r ived  from an unmapped e x t e n s i o n  of 
the p e r i d o t i t e  and mafic gab'bro o f '  l o c a l i t y  3; t h e  o r i g i n  of  the z i n c  anomaly 
i s  unknown. 

S e c t o r  M-6 (Sample 266) .  A p o s s i b l e  n i c k e l  anomaly o f  unknotm o r i g i n  
i s  found he re .  

S e c t o r  K-6, J-6, and J-7 (Samples 272, 455,  460, 4 6 2 ,  463, 464 ,  470,  
471). Numerous anomalies f o r  copper and z i n c  are p r e s e n t  i n  t h i s  v i c i n i t y .  
A s t r o n g  f i e l d  anomaly was a l s o  obta ined .  The source i s  b e l i e v e d  t o  be 
m i n e r a l i z a t i o n  assoc ia ted  w i t h  an unmapped p e r i d o t i t e  body i n  s e c t o r  5-7 
and K-7, Fur ther  p rospec t ing  and mapping i s  suggested f o r  t h i s  a rea .  

S e c t o r  G-6 (Samples 157 and ,158) -  Sediments from t h e s e  two moderate- 
I 



s i zed  strearas c o n t a i n  374 and 220 ppm copper. The streams d r a i n  d u n i t e  and 
t h e  s t ream sediments a l s o  conta in  l a r g e  amounts of n i c k e l ,  which i s  presumed 
t o  be de r ived  from t h e  duni te .  Fur ther  s t ream sediment sampling, p r o s p e c t i n g  
and mapping i n  t h e s e  dra inages  i s  suggested.  

Sec to r  G-5 (Sample 356). This  sample i s  from a small  g u l l y  d r a i n i n g  t h e  
disseminated copper m i n e r a l i z a t i o n  a t  l o c a l i t y  5. The sample i s  s t r o n g l y  - - 
anomalous i n  copper (750 ppm). P ieces  of co2per-stained f l o a t  were p r e s e n t  
i n  the stream. Note that  sample 147 about 1/2 m i l e  down t h e  l a r g e r  stream 
i s  n o t  anomalous. T h i s  suggests  t h a t  anomalies on t h e  l a r g e r  s t reams a r e  
caused by s t r o n g e r  sources  of metal  than  l o c a l i t y  5. 

S e c t o r  E-5 (Samples 212 and 214). Sample 212 contained 750 ppm z i n c  
( s t r o n g l y  anomalous) and a weakly anomalous amount of lead. Sample 214 
i s  weakly anomalous i n  z inc .  I r o n  s t a i n i n g  i s  abundant i n  t h e  d r a i n a g e  
represented  by sample 212, b u t  no z i n c  minera l s  were noted. 

S e c t o r s  0-4 and.D-5 ( Samples 210, 219, 220, 223, 237, and 238) .  Most 
of  t h e s e  samples are moderately anomalous i n  copper and t h r e e  are weakly 
anomalous i n  z inc .  Samples 210 and 220 may b e  anomalous i n  n i c k e l .  Severa l  
of these  samples gave f i e l d  anomalies. Sample 220 d i f f e r s  from t h e  rest  
i n  being a sample of  a white  i n c r u s t a t i o n  from next  t o  a very smal l  stream. 
The incrustation is noncalcareous and had a s l i g h t l y  b i t t e r  t a s t e .  I t  may 
be  formed from material dissolved by o x i d a t i o n  of  s t rong ly  p y r i t i z e d  d i o r i t e  
and d i o r i t e  t a l u s  up t h e  s lope t o  t h e  west.  Th i s  sample c o n t a i n s  2500 
ppm copper and 400 ppm niclcel. The copper could be der ived  from t r a c e  amounts 
i n  t h e  p y r i t i z e d  d i o r i t e ,  b u t  t h i s  source i s  less reasonable f o r  the n i c k e l .  
Severa l  f a u l t s  i n t e r s e c t  i n  t h e  area of sample 219 and 220, and t h i s  seems 
a favorable  l o c a t i o n  f o r  minera l i za t ion .  The source of copper and z i n c  
in samples 210, 237, and 238 appears  t o  be t h e  p y r i t i z e d  d i o r i t e  and v o l c a n i c  
t o  t h e  south,  b u t  no s p e c i f i c  source  i s  ev iden t .  Fiedc anomalies i n  r e a d i l y  
e x t r a c t z b l e  heavy m e t a l s  were obta ined  on sample 220 and 238. 

S e c t o r s  C-6 and D-7 (Samples 182, 1 9 2 ,  and 193) .  These t h r e e  samples 
a r e  p o s s i b l y  anomalous i n  n icke l ,  sample 193 g iv ing  t h e  s t r o n g e s t  anomaly. 
The cause of  t h e  anomalies may be an unmapped body of u l t r s m a f i c  rock ,  t a l u s  
o r  moraine o f  u l t r a m a f i c  rock, an unusual ly  h igh  n icke l  c o n t e n t  i n  a n d e s i t e  
of group C, o r  an o r e  body. Fur the r  mapping and sampling i s  needed t o  
eva lua te  t h e s e  anomalies. 

Sec to r  C-7 (Sample 289). The sample i s  weakly anomalous i n  copper  
(245 pprn). I n  a d d i t i o n ,  samples 284 and 288 downstream from 289 gave we& 
t o  moderate f i e l d  anomalies, and low-grade n i c k e l  m i n e r a l i z a t i o n  w a s  d e t e c t e d  
a t  l o c a l i t y  20. Th i s  seems a f avorab le  a r e a  f o r  f u r t h e r  p rospec t ing .  

S e c t o r  5-6 and C-7 (Samples 2 8 1  and 282).  These samples are weakly 
anomalous i n  l e a d  and zinc .  The source of  "Aese anomalies i s  n o t  known. 



Sector C-8 and B-3 (Numerous samples). 1.lany samples from the streams 
draining the g lac ie r s  a t  the head of the l.Iiddle Fork of Broxson Gulch gave 
moderate to  strong f i e l d  anomalies, I n  addit ion,  sample 321 from the 
smaller g l a c i a l  drainage about a  mile west of the  Middle Fork, and sample 
324 from the l a r g e s t  g l ac ie r  i n  Broxson Gulch gave f i e l d  anomalies, The 
anomalous r e s u l t s  orere obtained from three separate batches of solution,  
b r igh t  pink colors were obtained, and checks on blanlcs and samples from 
other  areas gave normal r e s u l t s ,  so there  i s  l i t t l e  question t h a t  the  
measurements are  va l id ,  However, none of these samples are  anomalous i n  
t o t a l  metal content, and the cause of the f i e l d  anomalies i s  tuiknovm. A 
percent o r  so of p y r i t e  i s  present i n  sbme s c h i s t  i n  t h e  moraines, bu t  
a  specimen of t h i s  pyr i t i zed  s c h i s t  contained only 7 5  ppm copper, Further 
work i s  needed t o  determine the cause of these f i e l d  anomalies, 

Cormnents on Field Method 

Of 3 3  samples considered anomalous i n  t o t a l  metal, only 18 gave 
anomalies by the f i e l d  method, assuming t h a t  5 m l .  o r  greater  i s  anomalous, 
Among the samples not giving a  f i e l d  anomaly were sample 158 and 356, 
which contained 370 and 750 pprn copper, respect ively,  Seventeen samples 
gave f i e l d  anomalies b u t  not  Iab anomalies. Most of the l a t t e r  samples were 
from streams draining the  g lac ie r  i n  the Middle Forlc. of Broxson Gulch, 

The f i e l d  and l a b  r e s u l t s  may d i f f e r  f o r  the  following reasons: 

1, The f i e l d  t e s t  de tec t s  only metal t h a t  i s  loosely adsorbed t o  
grain  surfaces o r  t h a t  i s  present  as  minerals soluble i n  nearly neut ra l  
solution. I f  chemical breakdown of su l f ides  i s  proceding rapidly bu t  the  
mineralized rock i s  not  being physically weathered a s  f a s t  as unmineralized 
p a r t s  of the  drainage, the  metal absorbed from solut ion onto stream sediment 
would give a  f i e l d  anomaly without contributing a  l a b  anomaly. This i s  
possible  because using a 0.2 gram sample, a  strong f i e l d  anomaly of 20 m l  
represents the ex t rac t ion  of about 35 ppm zinc from the  sample. Larger 
amounts of lead and copper would be needed, I f  the zinc background i s  100- 
150 ppm, an increase of 35 ppm might not be recognized a s  an anomaly, The 
behavior of sample 270 i s  believed t o  be a  good example of th i s .  This sample 
i s  not anomalous i n  t o t a l  metal (150 ppm z inc) ,  but gave a reading of 13 m l  
by the f i e l d  t e s t .  Sample 455 about 3/4 miles upstream was a t  t h e  z inc  thres-  
hold of 200 ppm. Samples fu r the r  up the drainage a re  increasingly anomalous, 
The f i e l d  anomaly can thus  be recognized f a r t h e r  downstream than t h e  t o t a l  
zinc anomaly. 

2. If  physical erosion i s  going more rapidly than chemical decom- 
posi t ion,  the heavy metals may be present i n  the  sediment as  su l f ides  o r  
o ther  diff icult3y soluble  minerals t h a t  do not  dissolve under the weak 
a t tack  of the f i e l d  solut ion,  



3 .  The s e n s i t i v i t y  of the  f i e l d  t e s t  for  copper and lead i s  much 
lower than for  z i n c ,  so t h a t  vrealc anomalies i n  copper and lead mzy be missed 
by the t e s t .  

The lacl: of f i e l d  anomalies i n  samples showing t o t a l  metal ailozalies 
i s  probably due to  a combination of reasons 2 and 3 ,  As s t a t ed  before, the 
cause oE f i e l d  anomalies below the  I>:idr?le Forl: Glacier i s  not understood. 

Recent t e s t s  using the  f i e l d  method of H a w k e s  (1963) f o r  hezvy r .etal  
show b e t t e r  agreement with Iab r e s u l t s  for  samples 158 an6 3 5 6 .  

SUGGESTIONS FOR PROSPECTING 

A s  was described i n  the sect ion on economic geology, a variery of 
mineral showings are  present  i n  the  Rainy Creek and Rainbow Nountain areas. 
Copper, nickel ,  lead, zinc,  gold, s i l v e r ,  and  asbestos a r e  known i n  a t  
l e a s t  minor amounts, -and platinum, chromite, and mercury could be present,  
Of these,  copper and nickel-copper deposits associated with the ultramafic 
and mafic rocks seem the  most l i k e l y  t o  occur as deposi ts  of economic grade 
and tonnage. Two types of nickel-copper su l f ide  deposits  a re  recognized i n  
o ther  areas ( Internat ional  Niclcel Company, 1959), I n  t h e  Sudbury type, the 
nickel  and copper su l f ides  occur i n  roughly equal proportions e i t h e r  disse- 
mknated i n  gabbroic rocks near the base of d i f f e ren t i a t ed  lopol i ths  o r  other  
l a rge  f loored intrusives ,  or  as massive sulf ide bodies a t  and near the  base 
of f loored intrusives.  The depos i t s  a t  Sudbury, Ontario, and Yakobi Island, 
Alaska, are t h i s  type. The second type consis ts  of nickel-copper su l f ide  
bodies associated with ultramafic rocks, These bodies cha rac te r i s t i ca l ly  
contain considerably g rea te r  amounts of nickel  than copper, and a re  usually 
massive su l f ide  bodies of magmatic o r  replacement or igin.  Ores of t h i s  type 
a re  mined a t  Thompson, Manitoba, and the Giant Nickel Mine, Br i t i sh  Columbia, 
Nickel showings associated with ultramafic rocks have been prospected near 
Lake Kluane i n  the Yukon, a few miles south of the Denali f a u l t  (Campbell, 
1960) . 

The known nickel-copper prospects of the  Rainy Creek area are mainly 
of the second type, although the  disseminated su l f ides  i n  gabbro a t  
l o c a l i t i e s  1 and 3 have some aspects of the f i r s t  type. Prospecting f o r  
t h i s  type of deposit should concentrate on the p e r i d o t i t e  in t rus ives  and t h e i r  
contact  zones, espec ia l ly  any pre-per idot i te  f a u l t s  and o ther  s t ructures .  
Loca l i t i e s  18, 19, and 20 seem t h e  b e s t  p a r t  of the mapped area f o r  deposi ts  
of t h i s  type, but severa l  of the  stream sediment copper anomalies, espec ia l ly  
sample 158, may have t h i s  source. 

It i s  clear  from the  mapping presented here t h a t  the ultramafic rocks 
a re  not r e s t r i c t ed  t o  the  map area. Present da ta  indica tes  t h a t  this zone 



of u l t r m a f i c  in t rus ives  extends a t  l e a s t  from GuUcana g a l c i e r  about 10 
miles e a s t  of the  Delta River (Hawkins and R a g a n ,  1964) ,  t o  Bro:cson Gulch, 
a dis tance of about 2 2  miles. "Dior i te"  int rusives  mapped by b b f f i t  (1912) 
f a r the r  west may be addit ional  bodies of gahbro. Dunite i s  reported about 
2 0  miles west of Broxson Gulch i n  the West Fork of the Maclaren River 
(Kaufr~an, 1964). The type of mineralization discussed i n  t h i s  repor t  may 
therefore  occur i n  a much l a rge r  zone. I n  addition, it seems possible  t h a t  
ultramafic rocks occur near the Denali f a u l t  i n  a number of o ther  l o c a l i t i e s .  
Pe r ido t i t e  and associated niclcel prospects are  known i n  Yukon Terr i tory  near 
Kluane Lake j u s t  south of the  Denali f a u l t ,  and pe r ido t i t e  o r  pyroxenite is 
reported close t o  the Denali f a u l t  on the upper Chistochina River, where 
platinum i s  present i n  minor amounts i n  the gold placers.  Small amounts 
of platinum are  reported from Platinum Creek north of Nabesna, a l so  near 
the Denali f a u l t  (P.R. Holdsworth, personal communication). I t  therefore 
seems l i k e l y  t h a t  zones of ul t ramafic  rocks, possibly with associated nickel,  
copper, platinum, and other minerals,  are  present i n  many l o c a l i t i e s  
jus t  south of the Denali f a u l t .  Some of the  geologic concepts and types 
of depos i t s  discussed i n  t h i s  r epor t  probably apply i n  these o ther  areas. 

A second type of ore  t h a t  may e x i s t  i n  the area i s  copper ore ,  occurring 
e i t h e r  disseminated i n  gabbro a s  a t  l o c a l i t y  5, or  as  veins  and replacements 
as a t  l o c a l i t i e s  4, 7,  8, 15, 16, and o thers ,  From the d a t a  avai lable  a t  
present,  none of the l a t t e r  occurrences seem t o  contain much copper, and a l l  
are  apparently ra ther  small. However, higher-grade extensions of these 
sfiowings, o r  higher-grade and l a r g e r  bodies of similar  type, would be of 
i n t e r e s t .  The r e l a t i v e l y  common limestone un i t s  seem a favorable h o s t  fo r  
replacement ore. A t  l o c a l i t i e s  7 and 16, su l f ides  and magnetite replace 
limestone, No prospecting was evident  a t  l o c a l i t y  16. A t  l o c a l i t y  5, 
addi t ional  invest igat ion of the  grade of the  disseminated mineralization 
and i t s  extent  under cover t o  the  northwest might be rewarding, although 
a considerable increase i n  e i t h e r  tonnage o r  grade would be necessary t o  
make ore ,  Disseminated chalcopyrite i n  gabbro bodies elsewhere i n  the region 
cons t i tu t e s  a possible exploration t a rge t ,  

Because of the la rge  amount of ultramafic rock i n  the area, and the 
presence of platinum with ul t ramafics  i n  the upper Chistochina area,  an 
inves t iga t ion  of the  placers  i n  Rainy Creek fo r  platinium should be under- 
taken, An appreciable amount of platinum might make the  gold p lace r s  
prof i tdble ,  

A s  noted i n  the discussion of stream sediments, follow-up work on the 
anomalies i s  recommended. Anomalies i n  sectors  K-6 and v i c i n i t y ,  G-6, D-4, 
D-5 and C-7 seem the most i n t e r e s t i n g ,  
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TABLE 2 

MLNERALOGICAL CCWOSI!L'ION OF ULTRAMAFIC AND WBBROIC ROCKS 

Sample NO. 265 

Plegioclase 

Saussurite 
Olivine 
Clinopyroxene 
Orthopyroxene 
Hornblende 
Actinolite 
Biot i te  
Chlorite 
Serpentine 
Quartz 
Opaque Oxides 
Calcite 
Ser ic i te  -talc 
Pyrite 
Pyrrhotite 
Chalcopyrite 
Sphene 
Apatite 
Linlonite 

Rock Name Gabbro Gabbro Gabbro Gabbro Dunite Gabbro Gabbro Dunite Gabbro Gabbro Gabbro Gabbro 
dike 

Under Location, K2 (NC) indicates North-central par t  of sector  K 2  on Figure 2; "1" indicates loca l i ty  1 under economic 
geology. 

* Brownish-green lamellar a l t e r a t i o n  of pyroxene 





TABLE 3 

ASSAYS ON WIPLES FROM I3UFTBCX.J MOIJiTFADT PROSPECT 

Sample No. Type sample Cu IX AU i ~ ;  Location 

4 1 2  inch channel 0 3.0% N i l  IJil  Northernmost showing and p i t  

6 inch channel 

24 inch channel 

8 foot channel 

Grab 

4 inch channel 

8 inch channel 

6 inch channel 

6 inch channel 

24 inch channel 

5 foo t  channel 

5 foo t  channel 

2 foo t  channel 

N i l  F T i l  

Nil Nil 

I \ J i l  Nil 

N i l  Nil 

Nil l l i l  

N i l  > T i 1  

N i l  N i l  

N i l  N i l  

N i l  Nil 

Northernmost sharing and p i t  

Northernmost showing and p i t  

About 100' south of sample 4 

About 100' south of sample 4 

Abmt 330' south of sample 4 

About 100' north of sample 33' 

Sauthernmost p i t  (1W1 scnrth of sample 

Southernmost p i t  (1000' south of sample 

Southernmost p i t  (1000' south of sample 

Sauthernmost p i t  (1000' south of sample 

Southenunost p i t  (1000' south of sample 

Sauthernmost p i t  (10001 south of sanrple 

Samples co l lec ted  by R.H. Sauiders (1961) and assayed by Doaald Stein .  



GEOCHEMICAL ANALYSES OF STREW1 SEDIIJIELWS AND ROCI<S 

Sample No. 
Field Resu l t s  

( m l  of dye)  
Copper 

( P P ~ )  
Lead 
(ppn 

5 
5 

10 
0 
5 
5 
0 
5 

10 
10 

0 
5 
0 
0 
0 
0 
0 

25 
5 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
5 
5 
0 
0 
0 
0 
0 
0 

35 
0 

Zinc Molybdenum Nicke 

( P P ~ )  ( P P ~ )  ( P P ~ )  

1 2 0  
125 
125 
125 
85 

145 
150 
105 
140 
130 
110 

95 
90 

100 
100 
110 
120 
145 
110 
145 

90 
190 

85 
105 

90 
105 
135 
135 
110 
170 
115 

60 
145 
105 
125 
125 
120 
150 
150 
200 

65 
750 
210 



Sample No. 
Field Results 

( m l  of dye) 
Copper 
( P P ~  

Lead 

( P P ~  
Zinc 

( P P ~  ) 

Molybdenum Nickel. 

( P P ~ )  ( P P ~ )  

70 
615 
400 whit 

encrustatio: 
435 
2 40 

4 0 
530 
330 
2 60 
3 40 
260 
615 
3 7 5 
250 

45 
2 7 0 
270 
280 
290 



Table 4 - Continued 

F ie ld  Resul ts  Copper Lead Zinc Molybdenum Nickel 
Sample No. ( m l  of dye) ( P P ~  ) ( P P ~ )  ( P P ~ )  ( P P ~ )  ( P P ~ )  

* 
Sample No. 

ROCK SAMPLES 

Copper 

( P P ~  f 

i 
5 

Nickel 

( P P ~  

180 Gabbro ! 

1100 .Imphihole " serpent in-  
i t e m  

80 Gab:rl)ro 



Table 4 - Continued 

Sample No. Copper 
( P P ~ )  

Nickel 
( P P ~ )  

115 Volcanic inc lus ion  i n  
"serpent in i te"  

450 Mafic Gabbro 
1200 Amphibole " serpent in i t  
2700 Serpentinized duni te  
2600 Dunite 

Schis t  
2900 Per ido t i t e  

15  Pyr i t ized  t u f f  

* Copper, lead ,  zinc,  molybdenum analyses by Rocky Mountain Geochemical 
Laboratories 

# Copper ana lys i s  by Rocky Mountain Geochemical Laboratories 
All Nickel analyses by Rocky Pbuntain Geochemical Laboratories 
Remaining analyses by Alaska Division of Mines and Minerals 



Plagioclose 

Pyroxene 

Figure 3. Mineralogical composition of mafic and ultramofic rocks from the 
Rainy Creek and Rainbow Mountain areas. 





L O C A L I T Y  2 
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Figure 5 

L O C A L I T Y  5 

Lighl gabbro 

Dark  gabbro 

Amphibole "serpentinite" 

Disseminaled chalcopyrite 
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Figure 6 
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