
STATE OF ALASKA 

William A. Egan - Governor 

DEPARTMENT OF NATURAL RESOURCES 

Phil R .  Holdsworth - Commissioner 

D I V I S I O N  OF MINES AND MINERALS 

James A. Williams - D i r e c t o r  

GEOLOGIC REPORT NO. 20 

Geological and Geockmical Investigations in the Eureka Creek 
and Rainy Creek A r e a s ,  M t .  Hayes Quadrangle, Alaska 

BY 
Arthur W. Rose 

Jnneau,  Alaska 

May 1966 



TABLE OF CONTENTS 

Page 

ABSTRACT 

INTRODUCTION 

REGIONAL GEOLOGY AND PREVIGUS WORK 

GEOLOGY OF THE AREA EAST OF BROXSON GUICH 

R a i n y  C r e e k  basalt 

GEOLOGY OF THE AREA WEST OF BROXSON GUICH 

Schist  and phyl l i te  

M i s s i s s i p p i a n  or Pennsylvanian dacite, andesite and 
graywacke 

Triassic (?) Amphitheatre basalt and dacite 

T r i a s s i c  (?) a rg i l l i t e  and l i m e s t o n e  

G r a n i t i c  and d io r i t i c  i n t ru s ive s  

L a n d s l i d e  C r e e k  granodiorite 
Q u a r t z  m o n z o n i t e  
C o m p a s s  C r e e k  i n t r u s i v e  
Q u a r t z  m o n z o n i t e ,  Sect ion 4, T 1 9 S ,  R 8 E  
D i o r i t e ,  Section 36, T 1 8 S ,  R 7 E  
Q u a r t z  d iori te ,  Section 6,  T 1 9 S ,  R7E 

D i a b a s e  

U l t r a m a f  i c  rocks 

Age of in t ru s ive  rocks 

T e r t i a r y  G a k o n a  formation 

Tertiary c o n g l o m e r a t e  

STRUCTURAL GEOLOGY 

GEOLOGIC HISTORY OF AREA 



Table of Contents ( ~ o n t ' d )  

ECONOMIC GEOLOGY 

STREAM SEDIMENT SAMPLING 

Discussion of anomalies 

Panning samples 

SUGGESTIONS FOR PROSPECTING 

BIBLIOGRAPHY 

ILLUSTRATIONS 

Figure 1 Geologic map of part of the central Alaska Range I n  Pocket 

Figure 2 Geologic map of the Rainy Creek area I n  Pocket 

Figure 3 Geologic map of the Eureka Creek area I n  Pocket 

Figure 4 Histograms of copper, zinc, lead, and molybdenum content 
i n  stream sediments 37 

TABLES 

Table 1 Analysis of Rainy Creek basalt sample 5 

Table 2 Mineralogical composition of granitic and d ior i t ic  rocks 11 

Table 3 Analyses of stream sediments 23 

Table 4 Analyses of black s la te  from west of Broxson Gulch 31 



GEOLOGICAL AND GEOCHEMICAL IMlESTIGATIONS I N  THE EUREKA CREEK 
AND RAINY CREEK AREAS, MT, HAYES QUADRANGLE, ALASXA 

by Arthur W, Rose 

ABSTRACT 

The Eureka Creek and Rainy Creek areas a r e  on the  south s lope of t he  
Central  Alaska Range j u s t  south of the  Denali f a u l t ,  a major s t r i ke - s l i p  
f a u l t .  The major rock types i n  both areas include s c h i s t ,  p h y l l i t e ,  s l a t e ,  
and gneiss  of  uncertain age; andes i t i c  t o  d a c i t i c  volcanics and sediments 
of Mississippian o r  Pennsylvanian age; Rainy Creek basalt and associa ted 
sediments of Mississippian o r  Pennsylvanian age; Permian Mankomen forma- 
t ion;  and Tr i a s s i c ( ? )  Amphitheatre b a s a l t ,  a r g i l l i t e ,  and limestone. These 
bedded rocks w e r e  intruded by severa l  g r a n i t i c  t o  d i o r i t i c  plutons and 
later by duni te ,  p e r i d o t i t e ,  and gabbro. Ter t i a ry  Gakona formation and 
g l a c i a l  depos i t s  cover the  o lder  rocks i n  p a r t s  of the area ,  Recurrent 
north-south regional  compression i n  late Mesozoic and Ter t i a ry  time resu l ted  
i n  east-west reverse  and t h r u s t  f a u l t s ,  and nor theas t  t e a r  f a u l t s .  These 
s tzuc tures  are modified by north-south and northwest f a u l t s ,  and c u t  by 
s teep  east-west f a u l t s  along which the Alaska Range! was up l i f t ed  during 
Ter t i a ry  time , 

A magnetite-bearing skarn deposi t  was found on t h e  east s i d e  of t h e  
Maclaren Glacier and appears t o  warrant a magnetometer survey. Numerous 
copper and copper-nickel shows a r e  present  i n  t he  a rea ,  as w e l l  a s  minor 
amounts of asbestos.  F i f teen  groups of stream sediment anomalies a r e  
recognized. The most s i g n i f i c a n t  s e e m  t o  be copper-lead anomalies from 
stxeams draining duni te  near Rainy Creek and copper-lead anomalies between 
B r a s o n  Gulch and Landslide Greek i n  a po~rly-exposed area bordered by 
s t rongly  pyr i t i zed  volcanics.  Numerous zinc-molybdenum anomalies are 
s p a t i a l l y  associated with p y r i t i c  black slate and a r g i l l i t e .  Samples of t h e  
a l a t e  do not  contain anomalous z inc  content ,  and fu r the r  work is needed t o  
explain the anomalies - 

This r epo r t  covers t h e  r e s u l t s  of geologic mapping and stream sedi- 
ment geochemical sampling during 1965 i n  the Eureka Creek drainage, and 
supplements a previous r epo r t  on mapping and sampling i n  t h e  adjacent  
Rainy Creek area  (Rose, 1965). These a reas  l i e  on the  south s lope of  
the c e n t r a l  Alaska Range between the  D e l t a  River and t h e  Maclaren River, 
w e s t  of t he  Richardson Highway and northwest of Paxson ( f igure  1). During 
m l y  and e a r l y  August 1965, about 3-1/2 weeks w e r e  spent  mapping and 



and sampling i n  the  Eureka Creek area  (between Broxson Gulch and the  
Maclaren ~ i v e r ) ,  p lus  2 weeks checking the  previous years  work i n  the  
Rainy Creek area  (between the  Delta River and Broxson Gulch). The wr i t e r  
was a s s i s t ed  by David 0.  Bary, who is responsible fo r  most of t he  stream 
sediment sampling. 

Access t o  t he  Rainy Creek area  w a s  by small boat  across  t he  Delta River 
at: M i l e  212-1/2 of. t he  Richardson Highway, and by l i g h t  p lane  t o  an a i r -  
s t r i p  on the  e a s t  s i de  of Broxson Gulch. In t he  ~ u r e k a ' c r e d k  a rea ,  na tura l  
l e v e l  spots  on the  w e s t  s i de  of Broxson Gulch and on outwash a t  the  base 
of the  East Maclaren Glacier w e r e  s l i g h t l y  improved t o  allow l i g h t  plane 
landings. W e  a r e  g r e a t l y  indebted t o  C.B. McMahon of Gakona, Alaska, fo r  
expert  and conscientious f ly ing ,  which g rea t ly  f a c i l i t a t e d  the  f i e l d  work. 

REGIONAL GEOIDGY AND PREVIOUS WORK 

The Denali f a u l t  is  the  dominant fea ture  of the  c e n t r a l  Alaska Range. 
This arcuate  s t r i ke - s l i p  f a u l t  extends t he  e n t i r e  length  of the  c e n t r a l  
and eas te rn  Alaska Range ( f igure  1). East of the  map a rea ,  the  f a u l t  s t r i k e s  
northwest and separa tes  Precambrian(?) s c h i s t  and gneiss  on the  north from 
Paleozoic and younger sedimentary and volcanic rocks on the  south. North 
of  the  map a rea  the  f a u l t  s t r i k e s  N70W t o  w e s t  and has s c h i s t ,  gneiss ,  
and g r a n i t i c  rocks on both sides.  Along the  north edge of the  Rainy Creek 
a rea ,  the  Broxson Gulch t h r u s t  f a u l t  s t r i k e s  approximately east-west  and 
forms the  boundary between s c h i s t  and less metamorphosed rocks. This north- 
dipping t h r u s t  f a u l t  has been traced from Broxson Gulch eastward t o  the  
Delta River, where it i n t e r s e c t s  o r  joins the  Denali f a u l t  (Rose, 1965: 
Stout ,  1965). 

A r e l a t i v e l y  complex geologic h i s t o r y  is evident from previous mapping 
of the  region. The s c h i s t  and gneiss  of the  high p a r t  of t he  Alaska Range 
have been general ly  considered as Precambrian i n  age and the  o l d e s t  rock 
u n i t  i n  t he  region. In  t he  Rainbow Mountain area  j u s t  e a s t  of t he  Delta 
River, Hanson (1964) dist inguished p r e - ~ i s s i s s i p p i a n  meta-sediments and 
metavolcanics  w h i c h  he considered younger than the schist and gneiss .  
Graywacke, andes i t i c  pyroc las t i cs  and flows, and minor limestone of 
Mississippian and Pennsylvanian age are widely exposed i n  the  Rainbow 
Mountain and Rainy Creek areas (Hanson, 1964; Rose, 1965; Stout ,  1965; 
Bond, 1965). The Permian Menkomen formation is w e l l  exposed near t he  
mouth of Eureka Creek and cons i s t s  mainly of limestone and black sha le  
with some graywacke and tu f f .  T r i a s s i c ( ? )  Amphitheatre b a s a l t  is  wide- 
spread i n  t he  lower h i l l s  south of the  Alaska Range. W e s t  of t he  Maclaren 
River, T r i a s s i c ( ? )  a r g i l l i t e  and other  c l a s t i c  sediments a r e  reported t o  
over l i e  the  basa l t .  Lenses of limestone occur near t he  contact  between 
the  b a s a l t  and the  a r g i l l i t e  (Ross, 1933; Kaufman, 1964). ~ e s o z o i c  
ul tramafic,  mafic, and g r a n i t i c  i n t ru s ives  a r e  widespread i n  the  region. 



The Ter t i a ry  Gakona formation, composed of sandstone, shale,  and conglo- 
merate derived from erosion of t h e  up l i f t ed  Alaska Range, i s  preserved i n  
severa l  f a u l t  blocks along the  south slope of t he  range. 

In t h e  Rainy Creek a rea ,  s c h i s t  and gneiss  form the  exposures nar th  
of the  Broxson Gulch t h r u s t  f a u l t .  Black s l a t e ,  meta-diorite and m e t a -  
volcanics i n  a s m a l l t k u s t  slice near Broxson Gulch were included i n  Group 
A of the  previous r epo r t  (Rose, 1965). Group B of the  previous r epo r t  
consisted of s i l ic ic  t u f f s ,  limy kuffs ,  and limestones, Group C was com- 
posed of graywacke and andes i t i c  volcanics s imi la r  t o  the  Mississippian and 
Pennsylvanian rocks described by Hanson (1964). A group of rocks ca l l ed  
"amphibole se rpen t in i tes"  was considered t o  in t rude the  older  rocks, The 
"amphibole se rpen t in i te"  and the  older  rocks a r e  intruded by one large body 
and severa l  smaller bodies of duni te ,  and by dikes and l a rge r  bodies of 
gabbro and mafic gabbro. In addi t ion t o  the  major Broxson Gulch t h r u s t  
f a u l t ,  t he  a rea  is  c u t  by two smaller t h r u s t  f a u l t s ,  two l a rge  east-west  
f a u l t s  ( the  A i r s t r i p  and Pioneer f a u l t s )  and numerous northwest and north- 
e a s t  cross-faults .  

GEOLOGY OF THE AREA EAST OF BROXSON GULCH 
(Rainy Creek Area, Figure 2 )  

F ie ld  work i n  the  Rainy Creek area  during 1965 consisted of mapping 
a reas  not  previously covered by Stout  (1965) o r  the  writer (Rose, 1965), 
remapping a reas  of uncertain s t ruc tu re ,  add i t iona l  study of  t he  puzzling 
"amphibole se rpen t in i tes"  , and co l l ec t ion  of  add i t iona l  stream sediment 
and rock samples i n  a reas  shown t o  be of i n t e r e s t  by the  previous work. 

Figure 2 shows the  r e s u l t s  of a l l  ava i lab le  mapping i n  t he  Rainy Creek 
area. The l a rge r  f a u l t s  mapped by Stout are shown, bu t  l i t h o l o g i c  and 
s t r a t i g raph ic  co r r e l a t i ons  with h i s  u n i t s  have not  y e t  been made. It i s  
hoped t h a t  co r r e l a t i ons  can be made during the  1966 season. 

Some minor changes i n  f a u l t  i n t e rp re t a t i on  are shown on Figure 2 ,  bu t  
no major changes w e r e  made from previous work by the writer. The t h r u s t  
f a u l t  cu t t i ng  Ter t i a ry  and Quaternary conglomerate mapped by Stout  (1965) 
on Ann Creek was examined and it was concluded t h a t  t he  conglomerate is 
Quaternary (based on s t r i a t e d  boulders) ,  bu t  t h e  presumed Paleozoic 
sediments a r e  probably l a rge  blocks t h a t  have s l i d  down t h e  h i l l  r a the r  
than being the  upper p l a t e  of a th rus t .  West of Broxson Gulch (sect ion 
32,  T18S, R8E) ,  the black s l a t e ,  meta-diorite,  and meta-volcanic rocks of 
Group A, mapped i n  1964, a r e  now considered a p a r t  of t h e  s c h i s t ,  p h y l l i t e ,  
and gneiss  sequence. 



Rainy Creek b a s a l t  

A s  a r e s u l t  of the  1965 f i e l d  work, t h e  rocks previously shown a s  
"amphibole se rpen t in i te"  a r e  now regarded a s  a mafic-rich b a s a l t  of un- 
usual texture ,  and w i l l  he reaf te r  be re fe r red  t o  a s  t h e  Rainy Creek 
b a s a l t  ("Cr" on f igure  2 ) .  The andesi te  flow u n i t  of Stout (1965) appears 
t o  c o r r e l a t e  i n  p a r t  with t he  Rainy Creek basa l t .  The volcanic nature  
of these  rocks i n  indicated by (1) t h e  fragmental t ex ture  of many exposures, 
now regarded a s  of pyroc las t i c  o r  flow breccia o r ig in ,  (2)  the  existence 
of d ikes  of s imi lar  composition, (3) t h e  aphani t ic  character  of most of 
the  rock, and (4) t he  presence of sediments in ter layered with t he  volcanic 
rock. As noted i n  the previous repor t ,  t he  b a s a l t  is  typ i ca l ly  dark gray, 
mostly aphani t ic ,  bu t  with sparse coarser  a reas  pseudonoqhic clfter o r i g i n a l  
mafic phenocrysts of e i t h e r  o l i v ine  o r  hypersthene- In t h i n  sect ion,  very 
fine-grained pa le  green a c t i n o l i t e  o r  hornblende makes up 75 t o  95% of 
t he  rock. Minor amounts of c h l o r i t e  and magnetite o r  p y r i t e  a r e  usually 
present ,  and up t o  15% of a mineral t h a t  may be plagioclase.  Small 
amounts of fine-grained epidote a r e  a l s o  present  i n  some specimens* Near 
gabbro and duni te  the  b a s a l t  is  metamorphosed t o  hornfe ls  containing brown 
hornblende, o l iv ine ,  orthopyroxene, and possibly plagioclase.  

A composition of mafic-rich b a s a l t  is  indicated by t h e  p a r t i a l  chemical 
ana lys i s  shown i n  Table 1. A norm ca lcu la t ion ,  assuming 2.0% Ti02  and 
2 *5% Fe2o3, ind ica tes  39% plagioclase  (An76), 22% hypersthene, 14% o l iv ine ,  
14% diopside,  and 7% opaque oxides. The mafic-rich character  of the  
b a s a l t  is indicated by nickel  content  of 300 t o  1200 ppm, averaging about 
600 ppm, which is d i s t i n c t l y  higher than most (but not  a l l )  ba sa l t s .  

The mode of o r ig in  of t he  Rainy Creek b a s a l t  remains puzzling. The 
combination of fragmental t ex ture  with l a rge  extent  (10 m i l e s  by 5 m i l e s )  

and thickness ( a t  l e a s t  1500 f e e t  and possibly severa l  t i m e s  t h i s ) ,  
lack of percept ib le  layering or  bedding (but with in ter layered o r  included 
sediments),  and aphani t ic  character  do not  seem t o  f i t  b a s a l t s  described 
elsewhere. 

Sediments in ter layered with t h e  Rainy Creek b a s a l t  w e r e  formerly 
considered inclusions i n  an in t ru s ive  (Rose, 1965) and w e r e  assigned t o  
Group B. The i n t e rp re t a t i on  of these  rocks a s  volcanic implies t h a t  t h e  
tuffaceous sediments and limestone may be the  same age a s  t he  b a s a l t ,  
although some might be l a rge  blocks r a f t e d  by flows. Several l i n e s  of 
evidence discussed i n  the  previous r epo r t  ind ica te  t h a t  the  basalt is 
younger than a t  l e a s t  some rocks of Group C ("Cvs" of t h i s  r epo r t ) .  

Rock and stream sediment sampling i n  t he  Rainy Creek area  a r e  d is-  
cussed under Economic Geology and Geochemistry. 



Table 1 
Analysis of Rainy Creek Basal t  Sample 

Si02 

A1203 

Fe (as FeO) 

MgO 

CaO 

Na20 

K2° 

Loss of Ign i t ion  

Sample 53314 

45.12% 

12.86 

13.95 

13.03 

9.50 

1.12 

(0.2 

1.50 

Olivine Basal t ,  Hawaii 

49.42 

11.83 

10.53 

12.04 

9.28 

2.35 

0.59 

0.16 

Analysis by J .G.  Smith, Coast Eldridge Engineers and Chemists Ltd. 
except K20 by semi-quantitative x-ray fluorescence. 

Location: 1.7 m i l e s  N l O E  from junction of W e s t  and North Forks and 
Rainy Creek, on h i l l  j u s t  south of duni te  exposure. The sample is 
r e l a t i v e l y  umtamorphosed and unaltered compared t o  o ther  specimens, 
fragmental i n  t ex ture  and l a rge ly  aphanit ic .  

An x-ray d i f f r a c t i o n  pa t t e rn  of t h i s  sample showed abundant horn- 
blende-act inoli te ,  some plagioclase,  minor c h l o r i t e ,  and a poss ible  trace 
of epidote.  Ac t ino l i t e  and c h l o r i t e  are t h e  only minerals recognized 
with c e r t a i n t y  i n  t he  t h i n  sect ion,  except f o r  p lagioclase  i n  a small 
fragment of andesi te .  

Hawaiian b a s a l t  ana lys i s  from Shepherd, American Journal of Science, 
V. 35A, p. 335, 1938. 



GEOLOGY OF THE AREA WEST OF BROXSON G U X H  
(Eureka Creek Area, Figure 3 )  

I n  t h i s  report ,  the  East Fork of the Maclaren River is abbreviated 
t o  East Maclaren River, and the large g lac ier  a t  the head of t h i s  r ive r  i s  

I referred to  a s  the East Maclaren glacier .  The la rge  g lac ier  i n  Broxson 
Gulch is  called the Eureka g lac ier ,  a f t e r  loca l  usage. Landslide Creek 
and Compass Creek are names adopted for  t h i s  report .  

Schist and p h y l l i t e  

The northern t h i r d  of the area shown on f igure  3 is composed of s c h i s t ,  
phyl l i te ,  and s l a t e .  In general, the metamorphic grade, the degree of 
fo l ia t ion ,  and the grain s i z e  of the rocks increase northward from the con- 
t a c t  with the unfoliated rocks. Four un i t s  a r e  recognized within the  m e t a -  
morphic rocks i n  the map area. 

The black s l a t e  un i t  (sl) crops out between Broxson Gulch and Land- 
s l i d e  Creek, and is l i tho logica l ly  ident ical  t o  the  black s l a t e  of Group A 
(Rose, 1965). Greenish and l i g h t  gray p h y l l i t e  a r e  present loca l ly  within 
the black s l a t e ,  and some black s l a t e  could be considered phyl l i te .  Some 
quartz veining and considerable iron-staining derived from oxidation of 

i fine-grained pyr i t e  a r e  evident. 

The graywacke s c h i s t  un i t  (gs) includes r e l a t i v e l y  fine-grained s c h i s t  
and phyl l i te  or iginat ing a s  poorly-sorted c l a s t i c  sediments, plus minor 
amounts of impure limestone a s  thin  beds. Fol ia t ion is d i s t i n c t  t o  w e l l -  
developed. The color is generally medium t o  l i g h t  gray, but  loca l ly  green, 
brown, and orange-brown colors a re  evident. Thin sections show t h a t  quartz,  
a b l i t e ,  ch lor i te ,  and muscovite a re  the major const i tuents ,  along with 
smaller amounts of a c t i n o l i t e ,  epidote, and c l inozo i s i t e ,  and t races  of 
graphite, pyr i te ,  and carbonate. This mineral asseniblage i s  indicat ive of 
greenschist fac ies  metamorphism. The angular gra ins  of quartz and plagio- 
c lase  a r e  enclosed i n  a fo l ia ted  matrix of f ine r  s e r i c i t e  and ch lo r i t e ,  or  
t h e  quartz and plagioclase a r e  i n  thin  layers  separated by layers r i c h  i n  
micaceous minerals. 

Schist with plagioclase porphyroblasts (ps) forms a third u n i t  
which was mapped only i n  the northwest corner of f igure  2 ,  but i s  abundant 
i n  the moraine of the l a rger  glaciers.  This s c h i s t  i s  similar  t o  the 
graywacke sch i s t  bu t  has coarser grain s i z e  and obvious porphyroblasts of 
a black mineral with good cleavage. Thin sect ion examination shows t h a t  
the  black porphyroblasts a r e  poorly-twinned a l b i t e  f i l l e d  with graphite 
i n  th in  bands. Graphite bands a re  a lso present i n  the  r e s t  of the rock, 
but  i n  most porphyroblasts the bands have been rotated up t o  30' from t h e i r  
or iginal  or ientat ion indicating tha t  movement occurred during growth of the  
porphyroblasts. Other minerals i n  the s c h i s t  a r e  quar tz ,  muscovite, and 
chlor i te ,  plus minor sphene, apathi te ,  pyr rhot i te  , tourmaline, and c a l c i t e .  



A higher grade equivalent of the plagioclase s c h i s t  i s  s t au ro l i t e  
s c h i s t  found local ly  i n  the moraine of the Eureka and East Maclaren 
glaciers .  The s t au ro l i t e  s c h i s t  was not seen i n  outcrop, but  i s  apparently 
present i n  the higher mountains north of the area. This sch i s t  is brownish 
gray and contains plagioclase (Ang ) ,  b i o t i t e ,  quartz,  s t au ro l i t e ,  and minor I garnet ,  muscovite, graphite tourrna h e ,  r u t i l e  (?) , and pyrrhot i te ,  indicative 
of almandine amphibolite fac ies  metamorphism. 

The fourth uni t ,  of meta-diorite and meta-volcanic rocks (mdv), is  
exposed adjacent t o  the East Maclaren glacier  i n  Section 27, T18S. R7E, 
and i n  section 19, T18S, R8E. The two  rock types a r e  s imilar  t o  the d i o r i t e  
and greenstone of Group A described previously (Rose, 1965) i n  a thrus t  
s l i c e  near Broxson Gulch. Where undeformed, the d i o r i t e  is medium-grained, 
poorly fol ia ted,  and composed of hornblende, saussuri t ized plagioclase, 
ch lo r i t e ,  quartz, and epidote. However, within a few f e e t  of such poorly 
fo l i a t ed  d io r i t e ,  the rock has commonly been highly sheared and local ly  
mylonitized. Nearby andesite a l so  varies from unfoliated t o  highly 
sheared over short distances.  Green chlor i te  s c h i s t  and phy l l i t e  i n  
Section 25,  T18S, R7E, adjacent t o  the Maclaren g lac ie r  a r e  included with 
the  meta-diorite and meta-volcanic rocks, although only a s m a l l  amount of 
d i o r i t e  was seen and a considerable amount of the  s c h i s t  and phyl l i te  
appears t o  be of sedimentary origin.  

The age of the fo l i a t ed  metamorphic rocks is uncertain,  and there is 
evidence for both a pre-Mississippian and a ~ e s o z o i c  age for  the or ig ina l  
sediments. The lack of f o l i a t i o n  i n  the adjacent rocks, the  regional extent  
of the metamorphism, and the  highly deformed and well-foliated nature of 
the  sch i s t  close to  the contact  with the unfoliated rocks suggest tha t  the  
schis t  and phyl l i te  a r e  pre-Mississippian, possibly Precambrian. This is  
the interpretat ion given by previous investigations i n  the region (Moffitt ,  
1954, Ragan and Hawkins, 1964). On the other hand, p h y l l i t e  i n  sections 
19 and 30, T18S, R7E appears ident ical  to  phy l l i t e  i n  Sections 26 and 27, 
T18S, R6E on the opposite s ide  of the Maclaren g lac ier .  Arg i l i i t e ,  s c h i s t ,  
and rela ted rocks between the  Maclaren glacier  and the  Susitna River have 
been consideredTriassic or younger on the bas is  of regional mapping and 
re l a t ions  to  foss i l i fe rous  limestone lenses i n  the upper p a r t  of the 
underlying greenstone ( Moffit, 1912; Ross, 1933, Kaufman, 1964). Litino- 
logic  descriptions by these wr i te rs  f i t  the p h y l l i t e  and lower grade sch i s t  
of the  Eureka Creek area ,  and t h e i r  description of loca l ly  more meta- 
morphosed patches and a general increase i n  metamorphic grade t o  the north 
a l s o  matches the Eureka Creek area. The in te rpre ta t ion  of the  schis t  
and phy l l i t e  a s  metamorphosed Mesozoic sediments appears understandable i f  
it is assumed tha t  the degree of deformation and metamorphism generally 
increased northward, and t h a t  the poorly sorted graywacke and shale were 
much more readily deformed and fol ia ted than the  massive volcanics t o  the 
south, causing the d i s t i n c t  break from fo l ia ted  t o  unfoliated rocks. Therc 
i s  l i t t l e  i f  any break i n  the  metamorphic grade, a s  indicated by the 
mineralogy, a t  the contact between fol ia ted and unfoliated rocks. According 



t o  t h i s  hypothesis, the Mesozoic sediments may have been analogous t o  the 
c l a s t i c  sediments of the Nutzotin Mountains of the eastern Alaska Range, 
but  have been more thoroughly metamorphosed. The present south contact of 
the metamorphic rocks would be an unconformity or  r e l a t i v e l y  small f a u l t  
according t o  t h i s  hypothesis. The age of metamorphism would be l a t e  Meso- 
zoic o r  ea r ly  Tertiary, possibly re la ted  t o  the g ran i t i c  in t rus ives  of 
the  region. 

The evidence does not seem adequate t o  decide between the  a l te rna t ives  
of pre-Mississippian and Mesozoic age, and both should be considered i n  any 
furthe'r mapping i n  the region. For convenience i n  t h i s  repor t ,  the m e t a -  
morphic rocks a r e  shown i n  legends and s t ruc tura l  in te rpre ta t ions  a s  pre- 
~ i s s i s s i p p i a n  (?) . 

~ i s s i s s i p p i a n  o r  Pennsylvanian dac i te ,  
andesite, and graywacke (Cvs, C 1 )  

Between Broxson Gulch and the East Maclaren g lac ie r ,  the most abundant 
rock u n i t  i s  composed of dac i te ,  andesite,  and graywacke of d a c i t i c  t o  
andes i t ic  composition, Many exposures a r e  daci te  agglomerate, and some 
dac i t e  tu f f  is undoubtedly present. The rocks a r e  moderately a l te red  t o  
ch lo r i t e ,  epidote, pyr i te ,  quartz,  and clay,  and a greenish bleached or 
iron-stained appearance is common. A porphyritic tex ture  i s  v i s i b l e  i n  
many exposures. Bedding is  present i n  some outcrops, A l l  seven samples 
examined i n  th in  section have the composition of dac i te  o r  quartz-bearing 
andesite,  

Limestone beds up t o  20 f e e t  thick were mapped i n  f i v e  l o c a l i t i e s  eas t  
of Landslide Creek, but none of the  limestone could be traced more than a 
few hundred f e e t ,  e i ther  because the beds were or ig ina l ly  lens-l ike,  or 
because of subsequent fault ing.  

The rocks of t h i s  un i t  a r e  s imilar  t o  Group C of the  Rainy Creek area 
and t o  the Rainbow Mountain sequence of Hanson(1964), except for  the  
grea ter  abundance of quartz, An age of Mississippian o r  Pennsylvanian is 
ten ta t ive ly  assigned on the bas is  of l i tho logic  cor re la t ion  with the above 
rocks plus the  presence of crinoid stems and a poorly-preserved brachiopod 
i n  one of the  limestone exposures. 

Tr iass ic  (?) Amphitheatre basa l t  (TRa) and d a c i t e  ( T R ~ )  

Dark green to  gray vesicular t o  massive basa l t  underl ies a large area 
between the East Maclaren and Maclaren glaciers.  This b a s a l t  is similar  
i n  a l l  respects to  the Amphitheatre basa l t  of probable Tr i a s s i c  age tha t  
i s  widespread t o  the south of the  Eureka Creek and Rainy Creek areas  
(Moffit, 1912; Rose and Saunders, 1965; Rose, 1966). Most of the  basa l t  
appears t o  have originated a s  flows, but  d i s t inc t ly  layered tu f f  and agglo- 



merate i s  present local ly  i n  Section 6 ,  T19S,  R7E, accompanied by la rger  
amounts of agglomerate with barely discernable layering and a fragmental 
appearance. Based on regional re la t ionships  described by Ross (1933) and 
Moffit (1912) ,  the  Amphitheatre basa l t  is presumedto dip northward beneath 
the Tr iass ic (?)  a r g i l l i t e .  However, the  one b a s a l t  a t t i t u d e  measured in- 
dicates a southward dip, and suggests c lose  a t tent ion t o  t h e  nature of t h i s  
contact and the r e l a t ive  ages of the b a s a l t  and a r g i l l i t e  in fu ture  mapping. 

porphyritic daci te  intrudes the  b a s a l t  i n  the lower p a r t  of Compass 
Creek. The dac i t e  contains phenocrysts of plagioclase and f i n e  hornblende 
needles, and is similar t o  hornblende andesi te  mapped near Paxson ( ~ o s e  
and Saunders, 1965). 

Tr iass ic (?)  a r g i l l i t e  (TRs)  and limestone ( T R ~ )  

Dark gray a r g i l l i t e  and s l a t e  a r g i l l i t e  underlie most of an east-west 
zone between the  East Maclaren and Maclaren glaciers .  The a r g i l l i t e  contains 
considerable f ine  pyr i te  and exposures of the  rock a re  typica l ly  iron-stained. 
Crumpled bedding and s t r i a t ions  along bedding indicate considerable deforma- 
t ion,  a s  does conversion of some a r g i l l i t e  t o  s c h i s t  near f a u l t s  i n  Section 
6 ,  T19S, R7E. 

Accompanying the a r g i l l i t e  a r e  a t  l e a s t  four beds of limestone. The 
most continuous bed extends along most of the  contact between the a r g i l l i t e -  
limestone un i t  and the  intrusive rocks t o  the  north. This limestone bed 
is  20 t o  50 f e e t  thick and i n  most exposures exhibits  a streaky banded 
appearance apparently result ing from deformation. The grain s i z e  in most 
exposures is f ine ,  and no ca lc-s i l ica te  minerals were recognized, suggesting 
tha t  the contact with the g ran i t i c  rocks i s  a fau l t .  A s imilar  but  thinner 
limestone bed is loca l ly  present a few hundred f e e t  south. The most 
southerly exposure of sedimentary rock on the  western fork of Compass Creek 
is  a massive l i g h t  gray dolomite, which is  a l s o  poorly exposed on the main 
fork of Compass Creek, The fourth and th ickes t  limestone bed is exposed i n  
the northwest p a r t  of Section 6 ,  T19S, R7E. This limestone i s  intruded by 
gabbro and loca l ly  replaced by magnetite and various ca lc - s i l i ca te  minerals 
(see Economic Geology). 

Minor amounts of arkose and conglomeratic graywacke a r e  interbedded 
with the a r g i l l i t e  i n  places. 

The a r g i l l i t e  and limestone a r e  s imilar  t o  sediments f a r the r  w e s t  
assigned an age of Triassic or younger by Moffit (1912) and Ross (1933), 
and a t en ta t ive  correlat ion with these sediments i s  made. A s  discussed 
previously, the  sch i s t  and phy l l i t e  may be a more metamorphosed equivalent 
of the a r g i l l i t e .  



Granitic and dior i t i c  intrusives 

Intrusives of grani t ic  t o  d i o r i t i c  composftion.utslerlie a considerable 
proportion of the Eureka Creek map area, in  contrast t o  the Rainy Creek 
area, where the only plutonic intrusives are  mafic and ultramafic i n  
composition. Three relat ively large grani t ic  intrusives a re  present in  the 
Eureka Creek area, plus three smaller bodies, two of which are  d io r i t i c ,  

Landslide Creek granodiorite 

The Landslide Creek granodiorite occupies about two square miles between 
the East Maclaren Glacier and the headwaters of Landslide Creek, Two dikes 
of similar composition and texture crop out a short distance t o  the south 
of the main body, and a large inclusion of the granodiorite was found i n  
peridot i te  i n  the southwest par t  of Section 27, T18S, R8E. The granodiorite 
is medium-grained, leucocratic, and l i gh t  gray t o  buff i n  color. Biot i te  is 
the only mafic mineral. Sample 53434 in table 2 indicates the typical 
composition, Most of the body is relat ively uniform in  character, but 
a more mafic-rich phase of quartz d io r i t e  composition is present near the 
southwest contact (sample 53451, table 2 ) .  In  the western par t  of the 
main body, the granodiorite is cut by numerous dikes ranging from d ior i t e  
t o  quartz d io r i t e  and by a few diabase or dabbro dikes. It is a lso  cut  
by two relat ively large dikes and several smaller bodies of mafic gabbro 
and peridotite,  Adjacent t o  these bodies of mafic gabbro and peridot i te ,  
the granodiorite is  highly iron-stained and i s  par t ly  t o  completely 
altered t o  quartz and an iron-bearing carbonate mineral ( silica-carbonate 
a l tera t ion) .  The southwest contact with dacite and andesite is  intrusive 
and irregular,  but no metamorphic effects  were noted in  the adjacent 
volcanics other than the widespread pyri t izat ion and propylit ic al terat ion,  
A t  the northwest corner, the granodiorite appears t o  intrude the meta- 
d io r i t e  and meta-volcanic uni t ,  but interpretation is complicated by a 
peridot i te  dike and a zone of d i o r i t i c  hybrid rock, plus an apparent 
necessity for a f au l t  t o  account for  the structure on opposite sides 
of the East Maclaren glacier,  

Quartz monzonite 

A very leucocratic pink t o  orange quartz monzonite crops out i n  about 
half a square mile just  east  of the terminus of the East Maclaren glacier. 
The composition is indicated by sample 53461, table  2. Exposures a t  the 
southeastern end a r e  more mafic-rich granodiorite with a porphyritic 
texture (sample 53462). Most of the! quartz monzonite i s  highly shattered 
and crumbly, and is exposed only on steep slopes and i n  gullies.  A small 
amount of pyri te  is present i n  some par ts  of the intrusive and is apparently 
responsible for some of the weak iron-staining tha t  gives the orange color. 



Table 2. IJdneralogical composition of g ran i t i c  and d i o r i t i c  rocks 

Quartz 
Feldspar 
Plagioclase 
4 
Bio t i t e  
Hornblende 
Clinopyroxene 
Chlcri te 
Epidote 
Se r i c i t e  
Limonite 
bhgnetite 
Le ucoxene 
Shrene 
Apatite 

I Zircon 
L ~ y r r h o t i t e  
I 

Grain s ize 
(m* 1 
Name Qtz. Granodi. Qtz. Diorite Qtz. Granodi. Qtz. Qtz. Diori te Dlorite Soda Granodi. Qtz. 

Monz . Dior. Monz . Dior. Dior* Granite Dior, 

* Composition based on point  count of 450 t o  500 points. 

z Zoned 

a Alteration product, assigned t o  or ig ina l  mineral if no percentage shown 



Tabe 2 (continued) 

Quartz monzonite of Section 4, T ~ ~ s - R ~ E .  

Landslide Creek quanodiorite , typ ica l  specimen, SE 1/4 Section 30, T ~ & - R ~ E .  

More mafic phase of Landslide Creek intrusive,  SW 1/4 Section 5, T ~ & - R ~ E .  

Diorite of SW 1/4 Section 36, T I ~ S - R ~ E ,  a common type. 

Quartz monzonite, N'W 1/4 Section 1, Tl9S-R7E. 

More msf i c  phase of above, NW 1/4 Section 6, T ~ ~ S - R ~ E .  

Compass Creek intrusive granodiorite and quartz d io r i t e  phase, on the west fork 

of Compass Creek. 

Compass Creek intrusive,  d io r i t e  and quartz d io r i t e  phase, SW 1/4 Section 33, 

T ~ & - R ~ E .  

Diorite inclursion i n  d io r i t e  phase of Compass Creek intrusive,  MJ 1/4 Section 

32, T ~ ~ S - R ~ E .  

Compass Creek intrusive,  d io r i t e  phase, NW 1/4 Section 32, T ~ ~ s - R ~ E .  

Compass Creek intrusive,  soda granite phase, SW 1/4 Section 34, T ~ ~ S - R ~ E .  

Compass Creek intrusive,  granodiori t e  phase, S1.J 1/4 Section 34, T ~ & - R ~ E .  

Quartz d io r i t e  of Section 6, TlgS-RYE. 



The adjacent andesite and dac i te  a r e  strowly pyrit ized and a l t e red  t o  
ch lo r i t e  and epidote, but  a r e  not otherwise metamorphosed. On the south 
s ide,  sediments of the  Gakona formation a r e  faulted against  the  quartz 
monzonite. 

Compass Creek intrusive 

The Compass Creek intrusive is composed of a zoned sequence of g ran i t i c  
t o  d i o r i t i c  int rusives  i n  an eastiwest b e l t  between the Maclaren and 
East Maclaren glaciers .  The southernmost exposures a r e  a leucocratic,  
medium-grained pink g r a n i t i c  rock shown by a th in  section t o  be a soda 
grani te  containing abundant sodic oligoclase but  very l i t t l e  potash feld- 
spar (sample 53485, tab le  2 ) .  The or ig ina l  maf iC mineral was apparently 
b i o t i t e ,  now almost completely a l te red  t o  ch lor i te .  

A narrow s t r i p  north of the  soda grani te  is composed of medium gray, 
medium-grained quartz d i o r i t e  and granodiorite, typif ied by samples 5E 
469 and 53486. The grain s i z e  is f iner  than the grani te ,  and the  mafic 
mineral is hornblende. 

The main northern p a r t  of the in t rus ive  is composed of d i o r i t e  and 
quartz d i o r i t e ,  with var iable  texture  and composition. Samples 53470 
and 53473 are typical .  Hornblende is the  main mafic consti tuent,  and in 
most of t h i s  phase, only a small amount of quartz is present. The feld- 
spars are saussuri t ized and the  mafic minerals mainly a l te red  t o  ac t ino l i t e .  
Inclusions of fine-grained d i o r i t e  and andesite a r e  common. 

Exposures a r e  not good enough t o  determine the  nature of the  contacts 
between the  major phases of the  pluton, but  within the d i o r i t e  phase 
there  are abrupt changes, apparently in t rus ive  i n  nature, between 
v a r i e t i e s  d i f fe r ing  i n  texture  and mafic content. The contacts between 
grani te  and quartz d i o r i t e  and between quartz d i o r i t e  and d i o r i t e  can 
be located within 20 o r  30 f e e t  and appear t o  be r e l a t ive ly  planar and 
d ip  moderately t o  the north. These contacts could be e i the r  in t rus ive  
or  faulted. 

The south contact of the in t rus ive  with the  country rock is believed 
t o  be a f a u l t ,  based on the lack of metamorphism of adjacent limestone 
and the  sheared character of the  limestone, plus  a zone of brecciated 
conglomeratic graywacke adjacent t o  the East Maclaren glacier .  Several 
f a u l t s  o f f s e t  the  south contact. 

The north contact,  with the  metamorphic rocks, was not examined i n  
d e t a i l  . 



Quartz monzonite, Section 4, T19S, R8E 

A small area  of b i o t i t e  quartz monzonite crops ou t  near the center  of  
t h i s  sect ion,  Much of t h i s  body is  moderately a l t e r e d  and pyr i t i zed ,  bu t  
t he  composition of a r e l a t i v e l y  unaltered specimen is shown i n  table 2 
(sample 53407). This quartz monzonite in t rudes  highly pyr i t i zed  d a c i t e  
and andesi te  on the  north, and is fau l ted  aga ins t  Ter t i a ry  sediments on 
t h e  south. 

Dior i t e ,  Section 36, T18S, R7E 

Dark fine-grained d i o r i t e  and r e l a t ed  rocks are exposed j u s t  nor th  
of  the quartz monzonite i n  t h i s  area. The in t ru s ive  is  q u i t e  var iab le  
i n  composition- Pyroxenite was seen i n  one a rea ,  and very fine-grained 
gabbro c u t  by coarser  gabbro or  d i o r i t e ' i n  another. Sample 5E454, t a b l e  2 ,  
is a r e l a t i v e l y  widespread phase. The contact  of t h e  quar tz  monzonite 
extends without in te r rup t ion  across  t h e  trend of t h e  d i o r i t e ,  suggesting 
t h a t  t he  quartz monzonite is younger than t h e  d i o r i t e .  

Quartz d i o r i t e ,  Section 6, T19S, R7E 

An elongate body of mafic-rich quartz d i o r i t e ,  t yp i f i ed  by sample 5E 
498, has intruded pyr i t i zed  a rg i l l i t e  a t  t h i s  locat ion.  

Diabase (g) 

A t  least two dikes of diabase o r  gabbro have intruded limestone and 
s l a t y  a r g i l l i t e  i n  Section 6 ,  T19S, R7E. The limestone near the northern 
dike  is metamorphosed t o  clinopyroxene, garnet ,  magnetite, and coarse cal- 
c i t e ,  and the  dike  is highly a l t e r e d -  The age of the diabase r e l a t i v e  t o  
o ther  i n t ru s ive  rocks is  not  known. 

ultramafic rocks (d, p )  

Dunite, p e r i d o t i t e ,  and mafic gabbro s imi la r  t o  t h a t  reported from 
the  Rainy Creek area  occur as dikes up t o  l /4 m i l e  wide i n  an east-west 
trending zone approximately through t h e  center  of t he  map area. Within 
t h i s  bel t  t he  ul tramafic rocks a r e  most abundant i n  t h e  eas te rn  p a r t  of 
t he  a rea ,  between Broxson Gulch and the  E a s t  Maclaren g l ac i e r ,  and seem 
t o  f inger  o u t  and become less abundant i n  t he  western p a r t  of t he  map 
area.  The th ree  rock types grade i n t o  each o the r  and a l s o  occur a s  narrow 
dikes  of gabbro o r  mafic gabbro i n  p e r i d o t i t e  o r  duni te ,  s o  it was not  
poss ible  t o  completely separa te  them on t h e  map. In  general ,  dun i te  is 
the  predominant type i n  t he  eas te rn  p a r t  of t h e  map a rea ,  b u t  was not  
found w e s t  of the  East  Maclaren g l ac i e r .  Between Broxson Gulch and Land- 
s l i d e  Creek, dunite ,  p e r i d o t i t e ,  and minor mafic gabbro separa te  the  s l a t e  



and p h y l l i t e  of t he  metamorphic sequence from t h e  daci te-andesi te  sequence, 
The ul tramafic rocks were evidently intruded along a f a u l t  o r  unconformity. 
Farther  w e s t ,  ul t ramafic rocks occur mainly within t he  g r a n i t i c  in t rus ives .  
However, one th ick  dike  of duni te  and p e r i d o t i t e  almost coincides with 
t h e  contact  between the  Landslide Creek granodior i te  and the  mekZmorphic 
rocks. 

Dunite a l s o  forms a l a r g e  area j u s t  nor th  of Eureka Creek, and was ob- 
served from the  a i r  t o  form the  north slopes of a l a rge  h i l l  i n  Sections 21, 
22, and 26, T19S, R8E. 

The l a rge r  bodies of  duni te  a r e  r e l a t i v e l y  unaltered,  buk t h e  smaller 
bodies and most of t he  p e r i d o t i t e  and mafic gabbro a r e  moderately t o  
severely a l t e r e d  t o  serpentine,  a c t i n o l i t e ,  and saussur i te .  

Age of i n t ru s ive  rocks 

The age of the in t ru s ive  rocks can be given only a s  ~ e s o z o i c  (?) . 
Among t h e  i n t ru s ive  types, t h e  ul tramafic rocks c l e a r l y  in t rude  t h e  Land- 
s l i d e  Creek and Compass Creek plutons. The d i o r i t e  of Section 36 appears 
t o  be younger than the quartz monzonite. The in t ru s ives  of  t h e  eas te rn  
p a r t  of t h e  map a rea  in t rude t h e  ~ississippian-Pennsylvanian andesi te-  
dac i t a  sequence, and diabase and quartz d i o r i t e  of Section 6 are younger 
than ~ r i a s s i c ( 3 )  a r g i l l i t e  and limestone. The Compass Creek pluton is 
probably younger than the  Tr iass ic (? )  sediments. In the Rainy Creek a rea ,  
gabbro s i l ls  and dikes  in t rude t h e  Permian limestones and shale.  From 
regional  evidence, the  in t rus ives  appear t o  be older  than t h e  Te r t i a ry  
sediments. Based on t h i s  information, the g r a n i t i c  and ul t ramafic  i n t ru s ives  
are concluded t o  be Jurass ic ,  Cretaceous, o r  e a r l y  Ter t i a ry  i n  age, wi th  
t h e  ul tramafic i n t ru s ives  being younger than the  g r a n i t i c  in t rus ives .  A 
Ju ra s s i c  o r  Cretaceous age is i n  agreement w i t h  reconnaissance mapping of 
t h e  U. S, Geological Survey (Capps , 1940) . 

Ter t ia ry  Gakona formation (Tg) 

Coal-bearing sandstones, shales ,  and conglomerates of t he  Ter t i a ry  
Gakona formation (Mendenhall, 1905) a r e  poorly exposed along lower Land- 
s l i d e  Creek and some of i ts  t r i b u t a r i e s .  Careful search would probably 
d i sc lo se  add i t iona l  exposures. Similar  sediments w e r e  a l s o  found i n  t he  
lower p a r t  of Broxson Gulch. Although carbonaceous material was found i n  
almost every exposure of the Gakona formation, the  t h i ckes t  coa l  beds 
noted w e r e  only about s i x  inches th ick,  

Te r t i a ry  conglomerate (TC ) 

Two exposures of conglomerate between Landslide Creek and the  East  
Maclaren g l a c i e r  may be facies of t h e  Gakona formation, b u t  a r e  unusual 
enough t o  m e r i t  s pec i a l  a t t en t ion ,  The more southerly of these  ( j u s t  



south of H i l l  5460) is composed of about 95% duni te  and 5% gabbro a s  boulders 
and cobbles. The fragments show very l i t t l e  evidence of weathering before 
deposition. The conglomerate appears t o  occur as a bed about 100 feet th i ck  
dipping t o  the south of about 10 degrees. However, t he  duni te  conglomerate 
bed has subsequently broken up i n t o  blocks up t o  25 f e e t  i n  diameter t h a t  
have s l i d  eastward down the  slope toward Landslide Creek, and the  e n t i r e  
s lope is  now covered by these  huge blocks of conglomerate (see p i c tu re  by 
Moffit ,  1912, p l a t e  Iv  A, p. 32). The present  stream has c u t  a sharp 
va l ley  about 100 f e e t  deep i n t o  a l l u v i a l  fans  which extend from t h e  opposi te  
s i d e  of the  va l ley ,  and the  layer  of duni te  conglomerate blocks can be seen 
t o  extend beneath t he  fans,  indicat ing t h a t  t he  s l j d i n g  occurred before 
the present  erosional  epoch, possibly during the waning s tages  of Ple is to-  
cene g lac ia t ion .  

The nor ther ly  conglomerate body l ies  j u s t  south of t he  granodior i te  
s tock,  and is composed of duni te  and granodior i te  boulders,  cobbles, and 
sand. Crude bedding is l o c a l l y  v i s i b l e ,  dipping moderately southwest. 
This body of conglomerate appears t o  be th icker  than t h e  duni te  conglomerate, 
bu t  exposures a r e  too poor t o  determine i ts base. 

Both conglomerates are in te rpre ted  t o  have formed by rapid  erosion of 
newly-exposed rocks along the  f a u l t  scarp,  possibly the  f a u l t  j u s t  nor th  
of t h e  more nor ther ly  conglomerate exposure. The abundance of  duni te  i n  
t h e  more southerly block may be explained by a g rea t e r  abundance of dunf te  
i n  the eroded por t ion of the  f a u l t  block. The proposed o r i g i n  is thus 
analogous t o  t h e  "mega-breecfas" s f  Longwell. (1951) and the  debris-f low 
accumulations of Noble and Wright (1954). 

STRUCTURAL GEOLOGY 

In the  unfoliated rocks of the  a rea ,  f au l t i ng  i s  the  most important 
kind of deformation recognized. The f a u l t s  of the  area  appear t o  f a l l  
i n t o  f i v e  main groups. These are: east-west  f a u l t s  with moderate d ips  t o  
t he  north, east-west f a u l t s  with s teep or  v e r t i c a l  d ips ,  northwest f a u l t s ,  
nor theas t  f a u l t s ,  and north-south f a u l t s .  

East-west f a u l t s  with moderate d ips  t o  the  north a r e  probably of t h r u s t  
o r  reverse nature  and a r e  found along the  contacts  of and wi thin  the  
T r i a s s i c ( ? )  argi lbi te- l imestone sequence, They a r e  probably a l s o  present  
within t he  s c h i s t  and p h y l l i t e  bu t  a r e  not  obvious because they a r e  paral-  
l e l  t o  the  fo l i a t i on .  Fau l t s  of t h i s  nature may form the  north contacts  
of t h e  two l a r g e s t  g r a n i t i c  plutons,  o r  a l t e r n a t i v e l y ,  t he  g r a n i t i c  rocks 
may have been intruded along pre-existing f a u l t s  of t h i s  type. 

An east-west f a u l t  of s teep  d i p  separates the  Ter t i a ry  Gakona formation 
from older  rocks t o  the  north. A t  l e a s t  one and probably two smaller f a u l t s  



of t h i s  type are  present between Landslide Creek and the East Maclaren 
glacier,  forming a graben occupied by the northerly body of Tertiary 
conglomerate. Movement on the fau l t  forming the north side of t h i s  graben 
and on the large fau l t  forming the north contact of the Gakona formation 
has been north side up, A t  l eas t  par t  of the Tertiary up l i f t  of the Alaska 
Range has probably taken place on these faul ts ,  Movement on the second 
small f au l t ,  which is  inferred t o  account for the restr icted area occupied 
by the conglomerate, would be opposite i n  direction. 

Northwest-striking fau l t s  are  mapped in  Broxson Gulch and near Land- 
s l ide  and Compass Creeks. A f au l t  in  Broxson Gulch is required by the 
large discontinuity between the geology eas t  and west of Broxson Gulch 
(figure 1). In the Rainy Creek area, unfoliated rocks extend north t o  the 
Broxson Gulch thrust  faul t .  However, west of Broxson Gulch in  the Eureka 
Creek area, the contact between foliated and unfoliated rocks, although 
st i l l  trending east-west, is  about two miles far ther  south, The exposures 
i n  Broxson Gulch allow two possible locations for the fau l t  evidently 
responsible for t h i s  discontinuity. One al ternat ive is an approximately 
north-south fau l t ,  possibly extending from Landmark Gap (about 7 miles 
south of the map area) through Broxson Gulch and up the glacier i n  Section 
13, T18S, R8E. A second alternative,  and the one favored here, is a 
northwest-str iking faul t  forming the contact between the Gakona formation 
and older rocks i n  the East Fork of Broxson Gulch, and extending up the 
lower part  of the Eureka Glacier, This al ternat ive is  favored because 
of the presence of several small f au l t s  of northwest s t r ike  both east  and 
west of Broxson Gulch, and because the exposures of Gakona formation along 
the East Fork seem more reasonably placed with other exposures of Gakona 
formation on the west side of the faul t .  This large northwest f au l t  w i l l  
be called the Eureka Fault. It appears l ikely that  the Broxson Gulch 
thrust  is l a t e r  than the Eureka Fault, and tha t  it cuts off the Eureka Fault 
and passes into the fol iat ion of the schis t  west of the i r  intersection under 
the Eureka glacier.  

Movement on the small northwest f a u l t  near Compass Creek appears t o  be 
either r igh t  l a t e r a l  s t r i ke  s l i p  or up on the southwest. The northwest 
f au l t  near Landslide Creek may have had similar movement, but is postulated 
to  have moved up on the northeast during Tertiary movement on the steep 
east-west faul ts .  The direction of movement on the Eureka f au l t  is un- 
certain because the a t t i tude  of the contact between foliated and unfoliated 
rocks is uncertain. 

A northeast-striking fau l t  of fse ts  the contact of the Compass Creek 
intrusive adjacent t o  the East Maclaren glacier. This f au l t  may be related 
t o  several northeast-striking fau l t s  in  the Rainy Creek area, Faults 
of t h i s  trend previously mapped by Stout (1965) and the writer are  l e f t  
l a t e r a l  tear  faul ts  related t o  thrusting. 



A north-south f a u l t  may e x i s t  down the  East Maclaren glacier .  A 
f a u l t  of t h i s  type appears t o  be required by the discontinuity of pre-in- 
t rus ive  rock types across the glacier .  The apparent continuity of un i t s  
i n  the metamorphic sequence indicates t h a t  t h i s  f a u l t  is c u t  off by an 
east-west f au l t .  

In the area between Broxson Gulch and Landslide Creek, the  wide ul t ra-  
mafic dike separating fo l ia ted  and unfoliated rocks apparently intruded 
a pre-existing f a u l t  (or an unconformity i f  the  fo l ia ted  rocks a r e  Mesozoic). 
The dike has a steep o r  v e r t i c a l  dip  and an east-west trend for  abaut two 
miles w e s t  from Broxson Gulch, suggesting t h a t  the  controll ing s t ruc ture  
was a normal fau l t .  Farther west, the  dike dips  northeast a t  a moderate 
angle and s t r i k e s  about N60W, suggesting a th rus t  f a u l t  o r  an unconformity 
for  the  controll ing structure.  The moderate northward dip of most of the 
ultramafic dikes cut t ing the Landslide Creek and Compass Creek intrusives  
suggests t h a t  s t ructures  of this a t t i t u d e  existed pr ior  t o  ultramafic 
intrusion. 

In the Rainy Creek area, bedding dips south i n  most f a u l t  blocks. 
Bedding i n  the  Triass ic  sediments near the  Maclaren g lac ier  and t o  the  
vest dips northward. The s t ruc tu ra l  feature  responsible for  t h i s  change 
i n  dip has not been identif ied.  

GEOLOGIC HISTORY OF THE AREA 

A s  discussed previously, the age of the  parent rocks of the  sch i s t  
and phy l l i t e  i s  uncertain. Assuming they a r e  pre-Mississippian, they w e r e  
a l s o  metamorphosed pr ior  t o  Mississippian time. The Mississippian and 
Pennsylvanh sediments and volcanics were deposited next, followed by 
Permian Mankomen formation, Triass ic  (?) Amphitheatre b a s a l t  and inter-  
calated sediments, and Triass ic  a r g i l l i t e ,  limestone, and other sediments. 
Taken overal l ,  the  deposition was under eugeosynclinal conditions, bu t  
the  ~ r i a s s i c ( ? )  a r g i l l i t e  and re la ted  sediments may be c l a s t i c  wedge 
deposits i n  basins marginal t o  areas of Mesozoic up l i f t .  The moderately- 
dipping east-west f a u l t s  apparently w e r e  formed by north-south compression 
during the Mesozoic, and were the s t ruc tu ra l  control  for  intrusion of 
g ran i t i c  and d i o r i t i c  rocks. Some folding probably took place during t h i s  
period, accounting f o r  the  northward dip of the  Triass ic  rocks near the 
Maclaren g lac ier  and the  southward dip of most Mississippian through 
Triass ic  rocks i n  the  Rainy Creek area. Intrusion of the g ran i t i c  t o  
d i o r i t i c  rocks w a s  followed by fur ther  development of the moderately- 
dipping east-west f a u l t s  and intrusion of the  ultramafic rocks. The area 
was then cu t  i n t o  blocks by the northwest and north-south fau l t s .  The 
r e l a t i v e  age of these two sets of f a u l t s  i s  uncertain. Thrusting was the 
next major event, and may have included some renewed movement on the 
moderately dipping east-west f a u l t s  i n  addition t o  the thrusting i n  the 



Rainy Creek area  and the  movement on t h e  associa ted nor theas t  t e a r  f a u l t s .  
The e ra  of north-south compression apparently ended with the  thrus t ing,  
and was followed by predominantly v e r t i c a l  movements which up l i f t ed  the  
Range along the  s teep east-west  fau l t s .  The Gakona formation was deposited 
adjacent  t o  the  range during t h i s  period, followed by fu r the r  u p l i f t  which 
may st i l l  be  continuing. 

The above sequence f i ts the  Eureka Creek area and most re la t ionsh ips  
i n  t he  Rainy Creek area.  The main e fcept ion is  t h e  A i r s t r i p  f a u l t ,  which 
is  a s teep eastwest f a u l t  and according t o  t h e  above in t e rp re t a t i on  should 
be l a t e r  than f a u l t s  of o ther  t rends ,  y e t  it is  c u t  off  by the  Eureka f a u l t .  
An o lder  period of movement on the  s teep east-west f a u l t s  is  necessary t o  
account f o r  t h i s ,  o r  movement on the  Eureka f a u l t  during Ter t i a ry  u p l i f t .  

ECONOMIC GEOLOGY 

Although severa l  of the  l o c a l i t i e s  discussed below a r e  probably no t  of 
commercial i n t e r e s t ,  they a r e  included i n  t h i s  r epo r t  t o  show the type of 
mineral izat ion occuring i n  the  area. 

Locali ty 1 (Figure 2 )  

A sample co l lec ted  i n  1964 from iron-stained black slate i n  the small 
t h r u s t  block e a s t  of the E a s t  Fork of Broxson Gulch contained 0.1 ounce 
per  ton gold and small-amounts of s i l v e r  and nickel ,  according t o  an assay 
made a t  t h a t  t h e *  An assay of $3.50 per ton seemed in t e r e s t i ng  enough t o  
encourage fu r the r  work. However, re-assay of t he  sample during 1965 
showed no gold and s i l v e r ,  and nine add i t iona l  samples of s l a t e ,  some of 
which w e r e  high-graded f o r  quartz veins  and iron-staining, contained n i l  
t o  0.01 ounce per ton gold and n i l  o r  t r a c e  s i l v e r .  The slate samples w e r e  
a l s o  analyzed f o r  various base metals by geochemical methods with the  
following r e su l t s :  5 t o  75 p a r t s  per mi l l ion  copper, 60 t o  135 p a r t s  
per mi l l ion zinc,  0 t o  5 p a r t s  per mi l l ion lead,  2 t o  2 1  p a r t s  per  mi l l ion  
molybdenum, 20 t o  90 p a r t s  per mi l l ion nickel  and 5 t o  45 p a r t s  per  mi l l ion 
arsenic .  The slate no longer appears of any i n t e r e s t  f o r  i ts  mineral 
content.  

Locali ty 2 (Figure 2)  

A smaple of gossan from t h i s  l o c a l i t y  in the Rainy Creek drainage 
co l lec ted  i n  1964 w a s  analyzed i n  1965 and found t o  contain 2350 ppm 
copper, 50 ppm zinc,  215 ppm lead,  and 7 ppm molybdenum, The gossan has 
developed from pods of sulf ide-r ich material replacing limestone adjacent  
t o  a gabbro dike. A moderate s i z e  f a u l t  c u t s  the  rocks a f e w  t e n s  of 
feet t o  t h e  south and some limestone has been a l t e r e d  t o  skarn. The 
l o c a l i t y  may be of i n t e r e s t  f o r  the  high copper content  of the  gossan, 
although the observed gossan zone was only about t en  feet wide, and d id  
not  appear t o  be present  i n  outcrops a few tens  of f e e t  away. Other 



sul f ide-r ich  replacements w e r e  found a few hundred f e e t  away and described 
previously (Rose, 1965, Locali ty 4) . 

Locali ty 3 (Figure 3) 

Occasional small veins of ch ryso t i l e  asbestos up t o  1/4 inch wide a r e  
present  i n  duni te  of this v i c i n i t y ,  and samples of coarser  asbestos w e r e  
found i n  thenearby abandoned camp of a prospector. Although not  a l l  out- 
crops w e r e  v i s i t e d ,  it seems unl ikely  t h a t  any appreciable tonnage of 
asbestos o re  is present  i n  this v i c in i ty .  

Locali ty 4 (Figure 3) 

A deposi t  of limonite-cemented t a l u s  crops ou t  a t  t h i s  l o c a l i t y .  An 
old  p i t  i n t o  t he  mater ia l  does not  appear t o  have reached bedrock, which is 
in fe r red  t o  be black s l a t e .  The limonite-rich material contains 1,000 ppm 
zinc,  375 ppm lead,  1 2  ppm mol~denum,  and 115 ppm copper. Transported 
l imonite commonly or ig ina tes  by oxidat ion of pyr i te- r ich  rocks, and the  
anomalous content  of z inc  and other  metals both i n  t he  gossan and i n  nearby 
stream sediments suggests t h a t  some base metal su l f i des  probably accompany 
the  pyr i t e .  Further prospecting i s  necessary t o  determine the  locat ion,  
grade, and character  of t he  source material .  

Locali ty 5 (Figure 3)  

A sheared zone i n  d a c i t e  agglomerate contains p y r i t e ,  chalcopyri te ,  
and malachite. The sheared zone s t r i k e s  N85W and d ips  35SW. It has  been 
prospected by a shallow trench and severa l  small p i t s ,  and was staked i n  
1964 by a prospector fo r  Moneta-Porcupine bu t  apparently never recorded. 
A sample across  a width of one foo t  contained 2.95% copper, 2.2 ounce per 
ton s i l v e r ,  and no gold. The shear zone and sporadic iron-staining can be 
tracexl up the  h i l l  f o r  severa l  hundred f ee t .  

Locali ty 6 ,  (Figure 3)  

Dunite of t h i s v i c i n i t y  is c u t  by sporadic veins and lenses  of opal ,  
c a l c i t e ,  b r i t t l e  ch ryso t i l e ,  magnetite, chromite, and an unident i f ied  
green glassy  mineral. No concentrations of economic grade w e r e  noted. 

Locali ty 7 (Figure 3)  

This small g u l l y  draining westward i n t o  t he  Maclaren g l ac i e r  follows 
a f a u l t .  On the  south s ide  of t h e  f a u l t ,  T r i a s s i c ( ? )  limestone i s  c u t  by 
a diabase dike  and a l t e r e d  t o  skarn. Magnetite is present  i n  amounts of 
10 t o  20 percent i n  some exposures of skarn. Other minerals include 
diopside, garnet ,  and coarse c a l c i t e .  The exposures a r e  l a rge ly  covered 
by gravel ,  so  t he  extent  of the magnetite could not  be determined. Skarn 



w a s  found over a length of about 1/2 mile, b u t  magnetite was noted only i n  
t he  eas te rn  ha l f  of t h i s  distance.  A magnetic survey should allow an 
appra i sa l  of the  s i z e  of the  magnetite-bearing a r ea ,  and possibly give  an 
idea of i ts grade. 

Locali ty 8 (K-M prospect,  Figure 3) 

The K-M prospect has been described by severa l  previous workers 
(Chapman and Saunders, 1954; MacKevett, 1964; Kaufman, 1964). The pros- 

pec t  is on a north-str iking quar tz  vein containing chalcopyri te  and 
born i te  which c u t s  Amphitheatre basa l t .  A t  the discovery po in t ,  a sample 
across  10.75 f e e t  contained 10.9% copper. The vein  has  been explored by 
800 f e e t  of underground workings, and by trenches on the surface ,  both of 
which ind ica te  t h a t  the  width of the  vein and the  copper content  of t h e  
vein decrease northward. L i t t l e  o r  no work has been done s ince  t he  v i s i t  
of MacKevett i n  1960. MacKevett states thak t h e  fau l ted  southern ex- 
temsjcn of the  vein had not been found, bu t  severa l  quartzveins,  one of them 
several  f e e t  wide, are now exposed j u s t  above the  p o r t a l  of t he  a d i t .  These 
veins (shown on the  sketch map of-man) may represent  t he  southern 
extension. Very l i t t l e  copper is evident i n  these  veins.  

Other copper occurrences 

Minor occurrences of copper w e r e  noted i n  the  following locat ions:  

1. Headwaters of Ann Creek, f igure  2. Copper s t a in ing  i n  meta- 
morphosed limestone c u t  by numerous dikes  and adjacent  t o  a th rus t .  

2.  Section 35, T18S, R8E. Copper s t a i n  and quar tz  veining i n  gray- 
wacke adjacent  t o  an andesi te  dike. 

3 .  Section 33, T18S, R8E. Fine chalcopyri te  disseminated near 
f r ac tu re s  i n  graywacke. Estimated grade 0.2% copper across  5 feet. 

4. Section 31, T18S, R8E. Local copper s ta in ing  i n  a highly f rac tured 
zone i n  pyr i t i zed  andesi te .  

5. Section 25, T18S, R7E. A vein  of l imonite about 6 inches wide with 
an adjacent  zone of copper s ta in ing  i n  a mafic gabbro dike. 

6. Section 4, T18S, R7E. Vesicles i n  b a s a l t  f i l l e d  by opal ,  c h l o r i t e ,  
p y r i t e  and minor chalcopyrite.  



Silica-carbonate veins and a l t e r a t i o n  

Throughout the  area ,  veins and patches of rock containing quartz and 
an iron-bearing carbonate mineral have weathered t o  obvious s ta ined patches. 
No valuable minerals w e r e  noted i n  any of these,  bu t  they a r e  s imi la r  t o  
gold-bearing veins of the Valdez Creek d i s t r i c t  and t o  lead-si lver  veins 
of t he  Slana area ,  and m y  be worthy of some a t t e n t i o n  i n  any fu tu re  pros- 
pect ing of the area .  

STREAM SEDIMENT SAMPLING 

A t o t a l  of 227 stream sediment samples w e r e  co l lec ted  i n  the Rainy 
Creek and Eureka Creek a reas  during 1964 and 1965 and are p lo t ted  on 
f igures2 and 3. The ana ly t i ca l  da t a  f o r  these samples are l i s t e d  i n  table 
3. The samples cons i s t  of f i n s  sediments from below tho water l eve l ,  and 
w e r e  screened t o  -80 mesh before t he  laboratory  analyses f o r  t o t a l  copper, 
zinc,  lead,  molybdenum and nickel  w e r e  done. Analyses f o r  r ead i ly  ox- 
t r a c t a b l e  heavy m e t a l s  and copper were done i n  the f i e l d  before  screening. 

Background f o r  copper is mainly i n  t he  range of 50 t o  150 p a r t s  per 
mi l l ion  ( f igure  4 ) ,  b u t  because c e r t a i n  rock types appear t o  have s l i g h t l y  
higher background, a value of 200 pprn is se lected as a threshold f o r  ano- 
malies (see Rose, 1965, fo r  fu r the r  da t a  on copper content  of  rocks i n  t he  
a r ea ) .  For zinc,  a threshold of 220 ppm is used, fo r  lead 30 ppm, and f o r  
molybdenum 6 pprn (bit values below 10 are regarded a s  questionable ano- 
malies). Sediments containing more than 400 pprn copper, 500 pprn z inc  and 
100 pprn lead a r e  considered strong anomalies, The nickel  background f o r  
most rocks i n  the area  is less than 100 ppm: however, t h e  ul tramafic and 
mafic rocks contain severa l  hundred t o  severa l  thousand ppm nickel ,  and 
streams draining these rocks give  correspondingly higher values. Nickel 
values over 200 pprn a r e  considered anomalous only i f  no ul tramafic rocks, 
dun i te  conglomerate o r  Rainy Creek b a s a l t  a r e  present  i n  t he  drainage. 

Discussion of anomalies 

Samples 4 through 12, 23, and 24. 

Discussed i n  t he  previous r epo r t  (Rose, 1965). If S tou t ' s  andes i te  
flow u n i t  co r r e l a t e s  w i t h  Rainy Creek b a s a l t ,  t he  n ickel  anomalies 
can be discounted. A moderate copper anomaly and two weak z inc  anomalies 
remain. 

Discussed i n  the previous repor t ,  A half-day reconnaissance i n  t h i s  



Table 3 

Analyses of Stream Sediments 

Field 
No. 

4WP134* 
4WP13 5* 
4WP259* 
4WP260 
4WP261 
4WP2 58 
4WP262 
4WP2 57 * 
4WP263 
4WP264 
4WP2 56* 
4WP26 5 
4WP136* 
5N7 9 
4WP2 5 5 
4WP267 
4WP268 
4AR457 
4AR4 58 
4WP271 
4WP269 
4WP2 70 
4AR4 59 
4-460 
4AR4 5 5 
4AR461 
4AR462 
4AR463 
a 4 6 4  
4AR467 
4-46 9 
4AR466 
4AR470 
4AR471 
4WP272 
4AR4 54 
4WP266 
4WP137* 
4WP138 
587 8 

Readily Extractable 
H. M. Cu 
ml. m l  . 



Readily Extractable 
H. M. Cu 
ml. m l .  



Map 
No. 

Field 
No. 

Readily Extractable 
H. M. Cu 
ml . ml. 



F i e l d  
No 0 

Readily Extractable 
Pb Mo Ni H. M. Cu 
PPI" PPI" PPm m l .  ml . 



Readily Extractable 
m P  
No. 

Field 
No. 



Readily Extractable 
MaP Fie ld  N Cu Zn Pb Mo N i  H. M. Cu 
No. No. PPm PPm PPm, PPm PPm m l  . m l  . 

* Analysis fo r  Cu, Zn, Pb, and Mo by ~ i v i s i o n  of Mines and Minerals. 
A l l  o ther  Cu, Zn, Pb, and Mo analyses and a l l  N i  analyses by Rocky 
Mountain Geochemical Laboratories. 

# Cu and N i  ana lys i s  by Rocky Mountain Geochemical Laboratories. 
Zn, Pb, and Mo analyses by Division of Mines and Minerals. 

( 1 C r  in te r fe rence  w i t h  Mo determination r e su l t i ng  i n  higher values. 

-5 Less than 5 ppm. 

+lo00 Greater than 1000 ppm 

Analyses f o r  r ead i ly  ex t rac tab le  heavy m e t a l s  on samples prefixed 
4WP and 4AR by University of Alaska method 1 (Mukherjee and Mark Anthony, 
1957). Analyses f o r  r ead i ly  ex t rac tab le  heavy m e t a l  and r ead i ly  ex t rac tab le  
copper on samples prefixed 5N and 5E by procedures of Hawkes (1963). The 
Hawkes procedure fo r  heavy metals is very similar t o  the USGS procedure 
described by Mukher jee and Mark Anthony (1957) . 



area  during 1965 did  not  t u rn  up any obvious source of these  copper-zinc 
anomalies, bu t  snow cover was s t i l l  extensive. Pyr i t i za t ion  is moderate 
t o  in tense  i n  many p a r t s  of t he  drainage, and fur ther  prospecting and geo- 
chemical sampling i s  suggested. 

Samples 63 through 69. 

Discussed i n  the  previous repor t .  Snow cover i n  l a t e  June, 1965, was 
too extensive t o  allow geologic work, bu t  stream sediments i n  t he  lower 
p a r t  of the area  w e r e  recol lec ted and g ive  a higher copper value on one 
stream, and ind ica te  moderately t o  s t rongly  anomalous lead values i n  
severa l  samples. Other copper-iron s u l f i d e  occurrences i n  t h e  a rea  are 
near the borders of duni te  and gabbro bodies,  and these  anomalies may be 
derived from a similar b u t  l a rge r  source. Further qeochemical sampling, 
mapping and prospecting of these  drainages is s t rongly  recommended. 

Samples 75 and 81. 

Discussed i n  the previous repor t .  Sample 75 is a strong copper ano- 
maly derived from a known copper prospect. Sample 81 is a moderate z inc  
anomaly of unknown source. Both a r e  i n  r e l a t i v e l y  small drainages. 

Samples 87, 90, 91, and 96. 

Discussed i n  the  previous repor t .  A nickel  anomaly i n  Sample 91 is 
now discounted owing t o  the presence of gabbro and Rainy Creek b a s a l t  i n  
t h e  drainage, No source is known for the  o ther  anomalies, bu t  p y r i t i z a t i o n  
is widespread i n  the  area.  Note t h a t  Sample 90 is a white encrus ta t ion 
from around a s m l h  spring,  not  a stream sediment. Further prospecting 
is  suggested. 

Samples 105, 107, and 108. 

Discussed i n  the previous repor t ,  A reconnaissance through this  area 
during 1965 f a i l e d  t o  t u rn  up any ul tramafic or mafic rocks a s  a source 
of these nickel  anomalies. The lack of associated copper anomalies 
d e t r a c t s  from the  likelihood of important n ickel  mineralization. 

Samples 1 2 8  and 135. 

These lead-zinc and copper anomalies were discussed i n  t h e  previous 
repor t .  The copper anomaly (128) combined with other  indicat ions  of 
mineral izat ion make t h i s  a favorable a rea  fo r  fu r ther  prospecting. 



Samples 153, 154, 157, 162, 163,. 164, and 167. 

These samples a r e  weakly t o  moderately anomalous i n  zinc and l i e  
along the outcrop of the black s l a t e  unit .  Weak molybdenum anomalies 
a r e  present i n  two samples and a zinc-rich gossan is present i n  t h i s  area 
(see Economic Geology). Field anomalies were obtained on many of these 
samples, and because the black s l a t e  contained considerable syngenetic 
pyr i t e  and w a s  loca l ly  highly iron-stained two samples of black s l a t e  were 
collected and analyzed. The analyses a r e  shown i n  tab le  4. The molybdenum 
and arsenic contents a r e  somewhat higher than background for  most rocks, 
bu t  a r e  probably not unusual for  black shales. On the bas i s  of these 
analyses, the normal black s l a t e  does not appear t o  be the source of the  
zinc anomalies. However, several other groups of stream sediment samples 
i n  o r  near black s l a t e  outcrops a l so  show zinc and molybdenum anomalies, 
so  it seems l ike ly  t h a t  the anomalies a r e  somehow re la ted  t o  the s l a t e .  
Possibly r e s t r i c t ed  uni t s  i n  the s l a t e  contain abundant zinc, o r  there  a r e  
epigenetic concentxations of zinc-rich su l f ides  loca l ly  within the uni t .  
Further investigation is needed t o  determine the source of these anomalies. 

Saaples 140, 146, 147, and 148. 

These samples a r e  weakly t o  moderately anomalous i n  zinc, and possibly 
anomalous in molybdenum. Some dark gray s l a t e  and phy l l i t e  a r e  present 
i n  the v ic in i ty  of samples 146, 148, and sample 140 is a r e l a t ive ly  small 
stream, probably derived largely from the  small streams draining in to  the 
west s ide  of the  Eureka Glacier, which include 146-148. The anomalies may 
be re la ted  t o  the dark s l a t e  and phy l l i t e  i n  a manner similar  t o  samples 
153, 154, etc.  I f  so, the  lack of anomalies i n  samples 149, 150, 151, 
152, 158, and 159 is perplexing because dark s l a t e  and phy l l i t e  a r e  a l so  
present i n  these drainages. 

Sample 170. 

A weak lead anomaly of unknown origin.  

Samples 172 t o  176. 

Weak t o  moderate copper and lead anomalies a r e  present i n  t h i s  group 
of samples from streams draining an area covered by g lac ia l  gravels. 
Adjacent dac i te  and andesite a r e  moderately t o  highly pyri t ized and a l te red ,  
and a quartz monzonite int rusive crops out jus t  t o  the  south. Several 
exposures of brecciated dac i te  cemented by pyr i t e  were noted i n  the v ic in i ty .  
A l l  these features  recommend the area for  fur ther  prospecting. Additional 
stream sediment samples should be collected below the  quartz monzonite, and 
&-sl.Puld be careful ly  prospected, possibly including geochemical s o i l  
sampling i n  the  covered areas. 



Table 4 

Analyses of black s l a t e  from w e s t  of Broxson Gulch 

iz5WQLS Comer Zinc LRaa Molvbdenum Nickel 2us.l& 

53387 10 95 5 1 2  30 20 

53388 30 120 5 6 30 25  

Values i n  p a r t s  per million (ppm) 

Analyses by Rocky Mountain Geochemical Laboratories. 

Sample 53387. Chip sample across 100 feet of typical  black s l a t e  with 

moderate iron-staining and some quartz veining. Location 

near sample 159. 

Sample 53388. Grab sample of highly pyri t ized and iron-stained black 

s l a t e  from selected points across several  hundred feet 

of black s l a t e  near sample. 159. 



Samples 181, 190, and 191. 

Weakly anomalous i n  zinc. These samples drain  areas of black s l a t e  
and the discussion under samples 153, 154, e tc .  probably applies. 

Samples 192, 194, 195, and 196. 

Weak t o  moderate anomalies i n  copper and molybdenum, including one 
value of 1 7  ppm molybdenum. These samples are i n  o r  near the  quartz 
monzonite intrusive.  Further sampling and prospecting i n  t h i s  area may 
be jus t i f ied ,  although the drainages a r e  qu i t e  s m a l l a n d ' i t  is  doubtful 
t h a t  any large deposit e x i s t s  here. 

Samples 210, 211, 222, and 223. 

Weakly anomalous i n  zinc and possibly molybdenum. The streams drain 
p y r i t i c  s l a t y  a r g i l l i t e  and an explanation similar t o  t h a t  for smaplts 
153, 154, e tc . ,  may apply. 

Samples 226 and 227, 

Sample 227 is from Discovery Creek on which the  K-M prospect is  
located (Chapman and Saunders, 1953; MacKevett, 1964) , and probably provides 
the bes t  avai lable  evidence of the strength of anomaly t h a t  is  interest ing.  
The value of 220 ppm copper is only s l i g h t l y  above the threshold value 
selected for  t h i s  report ,  and a number of samples from elsewhere i n  the 
area show stronger anomalies. The f a c t  t h a t  the  dump of the underground 
workings extends in to  the  stream bed and is being eroded by the stream 
probably has accentuated the anomaly, These considerations must be 
tempered by the f a c t  t h a t  Discovery Creek is a moderate-size stream, with 
a drainage basin somewhat over one square mile, and has a small g lac ier  
i n  i ts headwaters. Nevertheless, stronger anomalies elsewhere i n  the area 
a r e  believed t o  be of some i n t e r s s t  by comparison. 

Spray Creek, from which sample 226 was taken, is s l i g h t l y  smaller 
than Discovery Creek in discharge. The copper content of the sediment 
sample is slightly higher than Discovery Creek. One or two small copper 
showings a r e  known on Spray Creek, b u t  the  strength of the anomaly suggests 
t h a t  fur ther  prospecting and sediment sampling a r e  jus t i f i ed  i n  the  
drainage. 



Panning samples 

Samples of  sand from near the  surface  of the stream bed were panned 
a t  sites 45, 52, 81, 182, 185, 187, 188, and the  main eas te rn  branch of 
Zonxpass Creek. Samples 45 and 52 contained some magnetite and chromite 
along with abundant o l iv ine ,  some pyroxene, and small amounts of  o ther  
igneous and metamorphic minerals. Samples from s i te  81, 182, 187, and 
Compass Creek contained moderate t o  abundant py r i t e ,  along with some 
magnetite and other  minerals. Samples 185 and 188 contained small amounts 
of p y r i t e ,  moderate magnetite, and silicates. Semi-quantitative analyses 
for copper, zinc,  lead,  and molybdenum showed only t r aces  (a f e w  hundred 
parts per mil l ion) of copper and z inc  i n  sample 81, t r a c e  copper i n  
Sample 187, and none of these elements i n  t h e  others.  The presence of 
readily-oxidized p y r i t e  i n  these  samples ind ica tes  both the  abundance of 
p y r i t e  i n  the  bedrock of these  drainages and the  dominance of physical  
erosion over chemical weathering i n  the  a lp ine  environment. 

SUGGESTIONS FOR PROSPECTING 

The moderate copper and lead anomalies of samples 63 through 69 should 
be invest igated by fur ther  stream sediment sampling, prospecting, and 
geologic mapping of these drainages, The anomalies occur i n  two moderate- 
s ized streams draining a l a rge  duni te  body and i ts contacts ,  Smal l  magnetite- 
pyri te-chalcopyri te  replacement deposi ts  w e r e  found elsewhere i n  the  Rainy 
Creek area  near t h e  contacts  of duni te  ( l o c a l i t i e s  11, 12, 18, and 20 of 
Rose, 1%5) and gabbro ( l o c a l i t i e s  4 and 19) .  The r e l a t i v e l y  strong stream 
sediment anomalies i n  these  samples may ind ica te  s i m i l a r  b u t  considerably 
la rger  bodies of mineralized rock. 

The s i z e  and grade of the  magnetite mineral izat ion a t  l o c a l i t y  7 of 
t h i s  r epo r t  a r e  not  known because of poor exposure. A ground magnetic 
survey of t he  l o c a l i t y  i s  suggested as an inexpensive means of deciding 
whether fu r ther  work on the  occurrence is ju s t i f i ed .  Note t h a t  severa l  
o ther  magnetite occuqrences have been reported i n  the  region by Kaufrnan 
(1964) and Rose (1966)- 

Prospecting and sampling of exposed mineral izat ion i s  suggested t o  
inves t iga te  stream sediment anomalies i n  samples 27 through 35, 87, 90, 
96, 128, 172 through 176, and 226. Further  stream sediment sampling and 
some s o i l  geochemical sampling may be useful  i n  severa l  of these  areas ,  
Simple electrical methods such as se l f -po ten t ia l  may be usefu l  t o  explore 
i n  t he  area  of samples 81 and 128, b u t  a t  t he  o ther  l o c a l i t i e s  disseminated 
p y r i t e  is probably too  extensive f o r  geophysical methods t o  be de f in i t i ve .  

Further work on the  zinc-molybdenum anomalies of samples 153, 154, etc. 
might cons i s t  of add i t iona l  sampling of exposed black s l a t e  t o  determine 



i f  certain parts  of the s l a t e  contain unusual amounts of zinc, and s o i l  
sampling t o  further localize the source of the anomalies. Conclusions 
reached on th i s  group of anomalies w i l l  probably apply t o  the other zinc 
anomalies associated with black slates.  

The reader is also referred to  the previous report on the Rainy Creek 
area (Rose, 1965) for a discussion of the numerous mineral occurrences 
in  tha t  area. 
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Figure 4. Histograms of copper, zinc, lead and 
molybdenum content of stream sediments. 


