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GEOCtIEMISTRY AND GEOLOGY, BOUNDARY AREA, FORTYMILE DISTRICT 

EAGLE A-1 QUADRANGLE, ALASKA 

BY 

R. R. Asher 

A B S T R A C T  

Geological and geochemical field investigations were conducted in a 38 square mile 
area near Boundary, Alaska on the Taylor Highway. Rich placer deposits were formerly 
mined in the area, and reconnaissance geochemistry done in 1966 indicated lode 
mineralization. 

Metamorphic rocks in the area were referred to as Birch Creek Schist of Precambrian 
age by early workers. Recent work by the U. S. Geological Survey has shown that the 
rocks may in part be Paleozoic in age. Mapping for this report was done on the basis 
of lithology, and formal stratigraphic units are not used. There are ultramafic rocks 
in the area as well as metamorphic rocks. 

The area has been subjected to several episodes of metamorphism. At least three 
directional trends of fold axes can be recognized. Tight isoclinal folds and a left 
lateral fault are the main structural elements. 

Mapping, rock sampling, and geochemical sampling reveal a possible lead-zinc deposit 
between Brophy and Camp Creeks near Boundary. Some anomalous geochemical samples are 
related to lithology; however copper and nickel anomalies associated with an ultramafic 
plug may warrant further investigation. Sources of some anomalous samples are probably 
across the Canadian border. 



I N T R O D U C T I O N  

PURPOSE AND SCOPE 

T h i s  p r o j e c t  was under taken  t o  i n v e s t i g a t e  t h e  m i n e r a l  p o t e n t i a l  of p a r t  of t h e  F o r t y m i l e  
d i s t r i c t ,  Alaska.  The map a r e a  was s e l e c t e d  because  of e x t e n s i v e  p l a c e r  o p e r a t i o n s  t h e r e  
i n  p a s t  y e a r s  and because  Saunders  (1966) found s e v e r a l  geochemical  anomal ies  on some of 
t h e  c r e e k s  d r a i n i n g  t h e  a r e a .  I n  a d d i t i o n  t h e  a r e a  i s  w i t h i n  t h e  p r o j e c t e d  e x t e n s i o n  of 
Dawson Range copper  b e l t  i n  t h e  Yukon T e r r i t o r y .  

A  f i e l d  p a r t y  of two men s p e n t  21  days  i n  t h e  f i e l d .  During t h i s  p e r i o d  abou t  38 s q u a r e  
m i l e s  of geology were  mapped and 176 s t r e a m  sediment  geochemical  samples  were  c o l l e c t e d  
from approx imate ly  20 s t r e a m s .  

LOCATION, ACCESS, POPULATION 

The a r e a  s t u d i e d  i s  i n  t h e  s o u t h e a s t  p a r t  of t h e  Eag le  A-1 quadrang le  abou t  100 m i l e s  
e a s t  of T e t l i n  J u n c t i o n ,  which i s  on t h e  Alaska Highway ( f i g  1 ) .  The map a r e a  is  
l o c a t e d  on t h e  Tay lo r  Highway and i n c l u d e s  t h e  s m a l l  s e t t l e m e n t  of Boundary, Alaska .  
It i s  w i t h i n  t h e  r e g i o n  known g e n e r a l l y  a s  t h e  F o r t y m i l e  d i s t r i c t .  The e a s t e r n  edge 
of t h e  map a r e a  f o l l o w s  t h e  i n t e r n a t i o n a l  boundary between Canada and t h e  Uni ted  S t a t e s .  
D a w s c n ,  Yukon T e r r i t o r y ,  i s  located about 55 m i l e s  to t h e  east. The map a r e a  ex tends  
from 64' 00 '  t o  64' 06'  N l a t i t u d e  and from 141' 00 '  t o  141°  1 0 '  W l o n g i t u d e .  

Access  t o  t h e  a r e a  i s  by t h e  Alaska Highway t o  T e t l i n  J u n c t i o n ,  where t h e  Tay lo r  High- 
way b e g i n s  ( f i g  1 ) .  The r e g i o n  is a l s o  a c c e s s i b l e  from Canada by t h e  road t h a t  e x t e n d s  
wes t  from Dawson and j o i n s  t h e  Tay lo r  Highway n e a r  Boundary ( f i g  1). With in  t h e  a r e a  
t h e r e  a r e  a  few unimproved r o a d s  t h a t  can  b e  t r a v e l e d  i n  a  p ickup t r u c k  o r  f o u r  wheel  
d r i v e  v e h i c l e .  

The r e g i o n  i s  s p a r s e l y  p o p u l a t e d .  Two groups  of p l a c e r  m i n e r s  were i n  t h e  Canyon Creek 
d r a i n a g e  d u r i n g  t h e  summer of 1969,  and t h e r e  were  s i x  r e s i d e n t s  a t  Boundary. 

CLIMATE AND VEGETATION 

C l i m a t e  i n  t h e  r e g i o n  i s  t y p i c a l  of i n t e r i o r  Alaska .  Win te r s  a r e  s e v e r e  w i t h  deep 
snow, and s u b z e r o  t e m p e r a t u r e s  from November th rough  March. High winds c a u s e  deep 
snow d r i f t s  a l o n g  p a r t s  of t h e  Tay lo r  Highway. Summers a r e  warm and p l e a s a n t  w i t h  
few r a i n y  days .  

Spruce t r e e s  grow on t h e  h i g h e r  s l o p e s  and r i d g e  t o p s .  B i r c h ,  a l d e r  b r u s h ,  and wi l lows  
a r e  found a l o n g  t h e  lower s l o p e s  and s t r e a m  v a l l e y s .  Above a n  e l e v a t i o n  of a b o u t  3000 
f e e t ,  r i d g e  t o p s  a r e  g e n e r a l l y  f r e e  of dense  v e g e t a t i o n  and r o c k s  a r e  b e t t e r  exposed 
t h a n  at  lower  e l e v a t i o n s .  



Figure I Location map, 

Boundary area,  Eagle A - l  
Quadrangle, Fortymi le 
District, Alaska 



TOPOGRAPHY AND DRAINAGE 

The topography of t h e  map a r e a  is h i l l y  t o  mountainous. F o s t e r  (1969, p  26) s t a t e s  
t h a t  t h e  h i g h ,  benched, r i d g e  s u r f a c e s  which a r e  p r e s e n t  may b e  t h e  r e s u l t  of a l t i -  
p l a n a t i o n .  

The Taylor  Highway fo l lows  a  r i d g e  t h a t  forms a  d i v i d e  between Walker Fork and Canyon 
Creek t h e  p r i n c i p a l  streams i n  t h e  a r e a .  Both s t r e a m s  a r e  t r i b u t a r y  t o  t h e  F o r t y m i l e  
River  ( f ig  1 ) . 
Throughout t h e  Yukon-Tanana upland,  y o u t h f u l  s t reams  a r e  i n c i s e d  i n t o  a  mature  topog- 
raphy. The F o r t y m i l e  count ry  is p a r t  of t h i s  upland (Mer t ie ,  1937, p  32) .  Throughout 
much of i t s  l e n g t h  t h e  For tymi le  i s  deep ly  e n t r e n c h e d ,  and t h e r e  a r e  t e r r a c e s  above 
t h e  p r e s e n t  v a l l e y  f l o o r .  According t o  M e r t i e  (1937, p  30-31) t h e  For tymi le  is a re- 
juvenated s t ream t h a t  once was i n  ad jus tment  t o  t h e  topography,  b u t  because r e j u v e n a t i o n  
is  f a i r l y  r e c e n t  t h e  e f f e c t s  have n o t  y e t  p rogressed  i n t o  t h e  upper v a l l e y s  of t h e  
For tymi le .  I n  t h e  map a r e a  second and t h i r d  o r d e r  s t reams  f low i n  s t e e p  V-shaped 
v a l l e y s  w i t h  s t e e p  g r a d i e n t s .  The v a l l e y s  of pr imary s t reams  have lower g r a d i e n t s  and 
wider  v a l l e y  f l o o r s .  

A d e s c r i p t i o n  of t h e  Walker Fork Val ley  from Mertie (1938, p  159) i s  g iven  below: 

I n  i t s  Upper V a l l e y ,  where t h e  c o u r s e  of t h e  s t ream is  wes t ,  Walker Fork 
h a s  an  e l e v a t i o n  above s e a  l e v e l  rang ing ' f rom 1,600 t o  2,200 f e e t .  (Author ' s  
no te :  r e c e n t  topographic  maps i n d i c a t e  t h a t  t h e  e l e v a t i o n s  c i t e d  by M e r t i e  
a r e  about  500 f e e t  t o o  low.) Eas t  of Cherry Creek, where mining o p e r a t i o n s  
a r e  i r ~  p r o g r e s s ,  t h s  e1eva:ion i s  about  2,000 f e e t  and t h e  g r a d i e n t  of t h e  
s t ream i s  about  100 f e e t  t o  t h e  m i l e .  I n  t h i s  s t r e t c h  t h e  v a l l e y  i s  asym- 
m e t r i c ,  w i t h  a  r a t h e r  s t e e p  s o u t h  w a l l  and g e n t l e  s l o p e s  and s p u r s  forming 
t h e  n o r t h  w a l l .  The v a l l e y  f l o o r  i n  g e n e r a l  is a  wide a l l u v i a l  f l a t ,  bu t  
i t  narrows c o n s i d e r a b l y  f o r  s h o r t  s t r e t c h e s .  A t e r r a c e  about 400 f e e t  above 
t h e  c r e e k  l e v e l  is  r e c o g n i z a b l e  on bo th  s i d e s  of t h e  Creek; and a  lower 
t e r r a c e ,  about  LOO f e e t  h igh ,  is  developed f a r t h e r  downstream, i n  t h e  v i c i n i t y  
of Twelvemile Creek. 

Some s t reams  i n  t h e  r e g i o n  such  a s  Canyon Creek ( f ig  2 )  a r e  remarkably s t r a i g h t .  
F o s t e r  (1969, p  26) s u g g e s t s  t h a t  t h i s  i s  t h e  r e s u l t  of s t r u c t u r a l  c o n t r o l ,  bu t  t h e  
ev idence  is  n o t  conc lus ive .  

H i s t o r i c a l l y ,  t h e  most impor tan t  s t reams  i n  t h e  a r e a  a r e  Davis  Creek, Poker Creek,  
and t h e  main Walker Fork where some of t h e  e a r l i e s t  mining i n  i n t e r i o r  Alaska took  
p l a c e .  Davis  and Poker Creeks a r e  i n  t h e  headwater p o r t i o n  of Walker Fork ( f ig  2 ) .  
On t h e  n o r t h ,  Canyon Creek and Squaw Gulch a r e  impor tan t  i n  regard  t o  p r e v i o u s  mining 
a c t i v i t y  ( f ig  I ) .  

HISTORY 

The For tymi le  count ry  is  t h e  o l d e s t  mining a r e a  i n  i n t e r i o r  Alaska.  Howard F r a n k l i n  
d i scovered  go ld  on g r a v e l  b a r s  of t h e  F o r t y m i l e  i n  1886. The r i v e r  was former ly  t h e  
Sh i tando  R i v e r ,  bu t  e a r l y  p r o s p e c t o r s  and t r a d e r s  gave i t  t h e  name For tymi le  because 
t h e  mouth of t h e  r i v e r  i s  40 m i l e s  downstream from t h e  o l d  Hudson Bay Trading Pos t  
a t  F o r t  R e l i a n c e  (Mer t ie ,  1938, p 157) .  About one y e a r  a f t e r  F r a n k l i n ' s  d i s c o v e r y ,  
go ld  was found i n  F r a n k l i n  Gulch on t h e  South Fork of t h e  For tymi le  n e a r  Chicken (Mer t ie ,  
1938, p  157) .  Mertie (1938, p  157)  remarks t h a t  mining h a s  cont inued i n  t h e  r e g i o n  from 
t h e  t ime of t h e  o r i g i n a l  d i s c o v e r y  u n t i l  t h e  p r e s e n t  (1938) wi thou t  i n t e r r u p t i o n .  That 
s t a tement  i s  probab ly  s t i l l  a c c u r a t e  today a l t h o u g h  mining i n  r e c e n t  y e a r s  h a s  been a t  a  
low l e v e l .  
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Figure 2 Geologic map, Boundary area, Eagle A-l Quadrangle, Alaska 



Within t h e  map a r e a  gold was d i scovered  on Davis  Creek i n  1888 and on Poker Creek and t h e  
main Walker Fork about  a  y e a r  1ate . r  (Mer t ie ,  1938, p  157) .  I n  1892 go ld  was d i scovered  
on t h e  Canadian s i d e  of t h e  border  on M i l l e r  and G l a c i e r  Creeks.  These c r e e k s  head 
a g a i n s t  t h e  Walker Fork and d r a i n  s o u t h e a s t  i n t o  t h e  S i x t y m i l e  R i v e r .  

I n  1893 a  stampede caused by t h e s e  go ld  s t r i k e s  brought  a  g r e a t  i n f l u x  of p r o s p e c t o r s  
i n t o  t h e  r e g i o n .  I n  t h e  n e x t  1 0  y e a r s  a g r e a t  many c l a i m s  were s t a k e d  and t h e  important  
pay s t r e a k s  were found (Mer t ie ,  1938, p  157) .  

Large-sca le ,  s u s t a i n e d  mining was c a r r i e d  o u t  on t h e  Walker Fork f o r  a  number of years .  
The g r a v e l  t h i c k n e s s  was moderate and e a r l y  mining was done by l lydrau l ic  open-cut 
methods. The h i g h e s t  g rade  m a t e r i a l  was mined f a i r l y  q u i c k l y ,  and mechanical  d e v i c e s  
were brought  t o  t h e  Walker Fork e a r l y  i n  i t s  mining h i s t o r y .  I n  1903 a  steam s c r a p e r  
and bucket  conveyor were be ing  used on one c la im.  I n  1907 a  dredge was i n s t a l l e d  on 
Walker Fork, about  one m i l e  above t h e  mouth of Twelvemile Creek, by Russe l  King. T h i s  
dredge opera ted  u n t i l  1909. During t h e  w i n t e r  of 1907-1908, a  second dredge was in -  
s t a l l e d  on Walker Fork between t h e  mouths of Davis and Poker Creeks by Robert  Mulvane. 
Th is  dredge opera ted  u n t i l  1912. (Mer t ie ,  1938, p  160) .  

A steam s h o v e l  w i t h  a  50 f o o t  boom and a 1 4  yard bucket  was opera ted  on Walker Fork 
from 1923 u n t i l  1934 when i t  was rep laced  by a  dredge.  Hydraul ic  g i a n t s  were used f o r  
s t r i p p i n g .  The dredge  opera ted  a t  l e a s t  through 1938 ( ~ e r t i s ,  1938,  p 1 6 0 ) .  It i s  no t  
known how many y e a r s  a f t e r  1938 t h e  dredge o p e r a t e d .  M e r t i e  (1938, p  158) remarks 
t h a t  t h e  l a n d i n g  s t r i p  on t h e  r i d g e  a t  t h e  p r e s e n t  s i d e  of Boundary was completed i n  
1938 and mining was s t i l l  i n  p r o g r e s s .  

Less  is  known concerning t h e  mining h i s t o r y  of Canyon Creek (fig 1 )  and o t h e r  d r a i n a g e s  
on t h e  n o r t h  s i d e  of t h e  Tay lor  Highway. According t o  M e r t i e  (1938, p  187)  t h e  most 
work was done i n  t h e  main v a l l e y  of Canyon Creek and i.n Squaw Gulch. I n  1938 very  
l i t t l e  work was i n  p r o g r e s s ,  bu t  a  h i g h  bench w i t h  a u r i f e r o u s  g r a v e l s  was be ing  pros-  
pec ted  on t h e  west  s i d e  of Canyon Creek. 

Mining h a s  con t inued  u n t i l  t h e  p r e s e n t  i n  t h e  p r o j e c t  a r e a .  For t h e  p a s t  15 t o  20 y e a r s ,  
mining o p e r a t i o n s  have been r e l a t i v e l y  s m a l l  under tak ings  u t i l i z i n g  b u l l d o z e r s  and s l u i c e  
boxes.  I n  t h e  summer of 1969, a  p l a c e r  d e p o s i t  was be ing  worked on Woods Creek n e a r  
t h e  mouth of Brophy Creek, and a n o t h e r  p l a c e r  mine was i n  operati .on on Canyon Creek 
s e v e r a l  m i l e s  n o r t h  of t h e  p r o j e c t  a r e a  (figs 2 and 2 ) .  There  is  no recorded  pro- 
d u c t i o n  from l o d e  d e p o s i t s  i n  t h e  reg ion .  
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(Mertie, 1938, p 135). After Spurr's work a number of investigations dealing with the 
Yukon-Tanana area were conducted by the federal government. Mertie (1938, p 135) in- 
cludes a list of the more important of these. Prindle (1905, 1909) and Mertie (1937, 
1938) did extensive work in the Fortymile country and their publications include studies 
of the map area. 

In 1966 Saunders made a geochemical study along the Taylor Highway that included part 
of the map area. In 1969 Foster published the first geologic study of the area since 
Mertie's 1937 work. 

G E O L O G Y  

REGIONAL SETTING 

The Fortymile country is in the Yukon-Tanana uplands section of the Northern Plateaus 
geomorphic province (fig 1). This province is part of the larger Intermontane Plateaus 
province, a major geomorphic subdivision (Wharhaftig, 1965, p 22). The Intermontane 
Plateaus are between the Rocky Mountain system on the north and the Pacific Mountain 
system on the south. In Alaska these mountain systems are represented by the Brooks 
Range and the Alaska Range respectively. The Yukon-Tanana uplands are bordered on the 
north by the Tintina valley and on the south by the Yukon-Tanacross lowland (Wharhaftig, 
1965). 

The north side of the Yukon-Tanana upland consists of highly deformed Paleozoic sedimen- 
ary and volcanic rocks with conspicuous limestone units. The rocks in the northern part 
are overturned and overthrust to the north. The remainder of the upland is mostly 
Precambrian(?) schist or gneiss with scattered granitic intrusions in the northwest 
part. Large irregular batholiths make up the southeast part (Wharhaftig, 1965, p 24). 
Wind blown silt mantles the lower slopes of the hills in the western part of the upland 
and deep accumulations of muck overlie stream gravels (Wharhaftig, 1965, p 24). 

The schists and gneisses that make up much of the bedrock in the upland were collectively 
called Birch Creek schist by Mertie and assigned a Precambrian age (Mertie, 1937, p 46). 
Foster (1969, p 3, 4) cites Roddick (1967) and points out that the original basis for 
assigning these rocks to the Precambrian may no longer be valid because of structural 
complications. The Tintina fault, which is north of the map area (fig I ) ,  separates 
unmetamorphosed rocks of known age on the north side of the fault from metamorphic rocks 
of unknown age on the south side. Green and Roddick (1962, p 18) state that in the 
vicinity of the Tintina fault age relationships based on differences in metamorphism 
cannot be considered valid. 

Foster (1969, p 4) cites several other reasons why the name Birch Creek schist is un- 
desirable. It includes many different lithologies of several origins and probably 
different ages so that workers in different areas have different concepts of the Birch 
Creek schist. 



Foster (1969) mapped the Eagle A-1 and A-2 quadrangles in reconnaissance fashion. The 
metamorphic rocks were broken down into a gneiss and schist unit, a quartz-graphite 
schist unit, and metamorphic rocks of the Chicken area, The first two units were what 
Mertie called the Birch Creek schist and are Precambrian or Paleozoic in age. The 
metamorphic rocks of the Chicken area are Paleozoic in age. Foster also mapped two 
sedimentary formations of Tertiary age, granitic intrusive rocks of Mesozoic age, and 
ultramafic rocks of Paleozoic or Mesozoic age. 

GEOLOGY OF THE MAP AREA 

Metamorphic Rocks 

Foster's gneiss and schist unit and the quartz-graphite schist unit are present in the 
map area. Foster grouped several rock types together in each of the above units. 
Because lithology may be an important ore control some of the rock types included in 
the quartz-graphite schist unit were mapped separately for this report. Table 1 is a 
comparison of the units established by Foster and the units used in this report. 

Table 1 - Comparison of Precambrian or Paleozoic rock units mapped by Foster (1969) 
and the rock units used in this report. Boundary Area, Eagle A-1 quad- 
rangle, Alaska. 

Units Mapped by Foster (1969) Units Used in This Report - 

Quartz-Graphite-Schist Unit: Quartzite-Graphite Schist Unit: (PzpCq) 

Quartz graphite schist, quartzite, Quartz-Chlorite-Muscovite Schist Unit: 
quartz muscovite and quartz sericite (pz@s> 
schists, phyllite and cataclastic 
gneiss. Biotite Schist and Gneiss Unit: (PzpCb) 

Gneiss and Schist Unit: 

Quartz-biotite gneiss, quartz-mica 
schist, amphibolite, hornblende 
gneiss, quartzite and marble 

Gneiss-Atnphibolite Unit: ( P Z ~ C ~ )  

Includes biotite gneiss with granitic 
phases, hornblende-biotite gneiss, 
amphibolite, quartzite, muscovite schist 
and recrystallized limestone 

~neiss-Amphibo Zite Unit  IPzpYg)  

The gneiss-amphibolite unit is present throughout the western half of the map area. 
According to ~oster's map (1969) the eastern contact swings easterly just north of 
Brophy Creek (fig 2), slightly beyond the north edge cf the map area, and the unit 
makes up almost all of the bedrock to the northern boundary of the Eagle A-1 quadrangle. 



Dark biotite gneiss and locally hornblende-biotite gneiss are the predominant rock 
types. Lenses and layers of quartz, aplite, alaskite, pegmatite, and granite are inter- 
bedded in the gneiss as dikes and sills. Many exposures are highly garnetiferous. Just 
north of the Taylor Highway near the head of the east fork of Baby Creek are good expo- 
sures of these rocks. 

The biotite gneiss is made up oi hornblende, biotite, quartz, and garnet. At places, 
as near the mouth of Camp Creek, magnetite and specular hematite are fairly abundant. 
Pyrite is common as disseminations along foliation planes. 

In general the gneisses are dark gray to black and weather dark green to black. At 
some places gneiss grades into muscovite schist and is lighter in color. Throughout 
the map area, gradational contacts are common. 

Lesser amphibolite, minor quartzite or chert, recrystallized limestone and muscovite 
schist are also included in this unit. Foster (1969, p 6) notes that mapping to date 
suggests that there may be only one main group of quartzites and marbles interbedded 
in the gneiss. 

The amphibolites are made up of hornblende, minor chlorite, quartz, and some muscovite 
or sericite. Locally magnetite and hematite are common. They are generally fine-grained 
schistose rocks, but may be massive to granular. The amphibnlites are dark grayish 
green rocks that weather light tan. 

The quartzite is composed mainly of quartz but minor sericite, limonite, and sparse 
pyrite are not uncommon. The quartzite is associated with the recrystallized limestone, 
and the two are gradational from quartzite through limy quartzite and siliceous recrys- 
tallized limestone to recrystallized limestone. The quartzites are granular fine- 
grained rocks. At places they are so fine-grained that they lose their granular appear- 
ance and they resemble chert. Commonly the quartzite is light gray to light tan and 
weathers silvery gray or light brown. 

The recrystallized limestones are present as complexly folded, discontinuous beds within 
the gneiss. Some layers are up to 50 feet thick. The limestones are white or light 
gray; they weather darker gray. Calcite and more or less quartz are the principal con- 
stituents. Flakes of graphite are present in some specimens. 

Muscovite schist makes up a minor part of the gneiss-amphibolite unit. It is composed 
essentially of quartz and muscovite or sericite, with sparsely disseminated pyrite. 
These are fine-grained, schistose, brown rocks that weather light gray. 

The biotite gneiss can be difficult to distinguish from the biotite schist and gneiss 
unit or the quartz-chlorite-muscovite schist unit. In general it is coarser grained 
and likely to be garnetiferous. Foster (1969, p 5-9) discusses the petrography and 
mineralogy of the unit in more detail. Foster (p 5) also points out that the metamorphic 
grade is, mostly middle or upper amphibolite facies and is higher than that of the other 
metamorphic rocks in the area. The rocks in the unit are polymetamorphic but details of 
the metamorphic history are unknown (Foster, 1969, p 5). 

B i o t i t e  S c h i s t  and Gneiss Uni t  IPzp5b) 

The biotite schist and gneiss unit forms a narrow belt that trends northerly across the 
area. It is bordered on the west by the gneiss-amphibolite unit and on the east by the 
quartz-chlorite-muscovite schist unit. Rocks in this unit are not well exposed except 
near the north end of the map area. Because its presence was determined mostly from 
float, contacts are mainly inferred. 



The biotite schist and gneiss unit is made up of dark brown to black quartz-biotite 
schist that is gneissic in part. There is also sparse greenish white, coarse-grained 
sillimanite schist. Foster (1969, p 5) cites the presence of sillimanite and abundant 
biotite as a distinguishing feature of the gneiss and schist unit, and the biotite 
schist and gneiss might more properly belong with the gneiss-amphibolite unit. However, 
the contact with the quartz-calcite-muscovite schist to the east appears to be grada- 
tional, therefore the biotite schist and gneiss unit is included as a member of Foster's 
quartz-graphite schist unit (table I). 

A typical specimen of quartz-biotite schist is a dark brown to black foliated rock with 
quartz, biotite, and minor sericite. Pyrite is fairly common as disseminations along 
foliation planes. 

Quartz-Chlorite-Musmite Schist Unit (Pzp9s) 

East of the biotite schist and gneiss unit is a belt made up of light colored quartz- 
chlorite-muscovite schist with minor actinolite. There is also minor gray to white or 
tan fine-grained, quartz-biotite-muscovite gneiss, minor phyllite and a gossan zone. 
Pyritization is common. Contacts within the unit are gradational as is the contact 
with the biotite schist and gneiss unit to the west. It is in contact with the quartzite- 
graphite schist unit to the east and south. On Davis Creek the contact between the two 
units is formed by a fault (fig 2). 

Rocks included in this unit are variable in texture and composition. On the ridge 
between Camp and Brophy Creeks the rocks are fine-grained foliated schists composed of 
quartz and sericite that are light gray and weather tan or brown. Farther down the ridge 
the rocks are composed of quartz, muscovite, and sericite with abundant limonite. 
There are numerous sulfide casts that are lined with dark red limonite. 

At the head of Camp Creek quartz, muscovite, chlorite, and sparse biotite are the 
megascopic minerals. Quartz is present as small rounded pods or "eyes". The rocks are 
foliated and dark gray with a faint greenish cast. Disseminated pyrite is common. 

To the south the belt of quartz-muscovite schist narrows because a mass of ultramafic 
rocks is intruded into the sequence. The rocks on the ridge north of Minnesota Peak 
are made up of abundant quartz, biotite, and sericite. The rocks are fine-grained with 
a gneissic texture, and are grayish brown to light tan. 

Guartzite-Graphite Schist Unit PzpSql 

Except for a small part of the map area at the north end, quartzite and graphite schist 
were mapped along the Canadian boundary (fig 2). The unit is made up of white to gray 
quartzite, that is locally a banded gray quartzite or gray schistose, muscovite quartzite. 
The quartzite contains varying amounts of graphitic material and grades into graphitic 
quartzite and graphitic schist. There are sparse black biotite gneiss, dark, grayish- 
green, biotite gneiss, and siliceous muscovite schist. 

The quartzites form rugged cliffs like on the north side of the Taylor Highway near the 
customs station at the Canadian border and elsewhere. At Ptarmigan Peak they form a 
steep sided peak with elongated projecting ridges (fig 2). Long scree slopes of slabby 
graphitic quartzite are common on hillslopes in the southeastern part of the area. 



Age Relationships 

In regard to the age of the gneiss and schist unit Foster (1969, p 9) presents isotopic 
age dates for some of the rocks in the area and reaches the following conclusion: 

Although Mertie (1937, p 55) considered these rocks (his Birch Creek Schist) 
as Precambrian, a Paleozoic age is also a possibility for all or part of it. 

The quartz-graphite schist unit, of which the quartz-chlorite-muscovite schist unit, 
the quartzite-graphite schist unit, and possibly the biotite schist and gneiss unit 
are a part, is of unknown age. According to Foster (1969, p 11): 

Although of lower metamorphic grade, they could be part of the same sequence 
of metamorphosed rocks as is the gneiss and schist unit. However there are 
sufficient differences in lithology and mineralogy to suggest that they coulr 
be from an entirely different part of the stratigraphic section. 

Igneous Rocks 

In the south-central part of the map area there is a large body of ultramafic rocks. 
It is irregular in outline, and varies from about a mile to a mile and three-quarters 
in width east to west; it is about three miles long north to south. 

In hand specimen magnetite, serpentine, and minor magnesite were noted. The rock is 
fine-grained and compact; at places it is layered. Fresh surfaces are dark green to 
black; it weathers light tan to brown. 

According to Foster (1969, p 12, 13) magnetite occurs as large grains surrounded by 
alteration rims of brucite and chlorite in a matrix of antigorite with relicts of olivine. 
There are late veins of magnetite and magnesite and no evidence of pyroxene. Foster 
(1969, p 13) concludes that the rock is a metamorphosed serpentinized dunite. The age 
of the ultramaf ic body is probably Paleozoic or possibly Mesozoic. 

About two-tenths of a mile southeast of the confluence of Brophy and Camp Creeks there 
is probably a small ultramafic dike. At the locality mentioned the waters of both 
streams are rusty red. llinor serpentinite float in the vicinity leads to the conclusion 
that these streams intersect an iron-rich ultramafic body. 

SiZicic Intrusive Rocks 

Silicic intrusive rocks are abundant in the Eagle A-2 quadrangle to the west, and they 
are not uncommon in the western part of the Eagle A-1 quadrangle. In the remainder of 
the A-1 quadrangle silicic intrusive rocks are sparse. 

On Woods Creek, just above the mouth of Camp Creek, granitic rocks are abundant in old 
dredge tailings (fig 2). This probably indicates the presence of a small intrusive in 
the vicinity. At various localities throughout the area igneous rubble and a few out- 
crops indicate the presence of dikes of monzonite or aplite. In general these were 
too small to show on the map. 



Alluvial Deposits 

The valleys of larger streams in the region are floored by alluvial gravel deposits. 
In addition, high-level gravel-covered terraces border Walker Fork. These materials 
were not mapped for this report. 

STRUCTURAL GEOLOGY 

Regional Setting 

Foster (1969, p 24-26) discusses the regional structure of the Yukon-Tanana upland, 
The following is a brief summary of Foster's remarks. 

The Eagle A-1 quadrangle is a minor part of a structurally complex metamorphic terrain 
that i.s bounded on the north by the Tintina fault and on the south by the Denali fault 
(fig 1). Both of these faults are structures of regional extent. The Tintina fault 
or trench is a possible continuation of the Rocky Mountain trench, and it separates 
rneta~norphic rocks of the Yukon-Tanana upland from unmetamorphosed Precambrian and 
Paleozoic rocks. It is estimated that there.are 220 to 260 miles of right-lateral 
displacement along the Tintina fault (Roddick, 1967, p 29). The Denali fault (St. 
Amand, 1957, p 1351) separates metamorphosed and unmetamorphosed rocks in the Alaska 
Range. St. Amand (1957, p 1343) estimates over 150 miles of right lateral movement on 
the Denali fault. 

In the eastern part of the Yukon-Tanana upland are some of the highest grade metamorphic 
rocks recognized in this metamorphic terrain. These are the sillimanite-bearing amphi- 
biolite facies rocks of the Eagle A-1 and A-2 quadrangles. The amphibolite facies 
rocks are bordered on either side by lower metamorphic grade, greenschist facies rocks. 
Foster (1969, p 26) presents two possible explanations: 

1. The rocks in the eastern part of the metamorphic terrain between the 
Denali and Tintina faults are different metamorphic facies of the same 
general stratigraphic sequence, and the age of the rocks is not related 
to their degree of metamorphism. 

2. The area of the metamorphic terrain may be a geanticline with older 
higher grade metamorphic rocks near the center and younger lower grade 
metamorphic rocks on the flanks. 

Structure in the Map Area 

In the map area the structural pattern appears to be tight, small-scale isoclinal folds. 
There may be large-scale isoclinal folds as well because strong foliation is evident 
and bedding is generally obliterated. Tight minor folds and crinkles are common; in 
some outcrops multiple minor fold axes are developed. There are at least three sets 
of minor folds in the area. 

Figure 3 is a form contour map that was constructed to depict the locations of fold 
axes. Lack of outcrops necessitated generalizing the form contour lines in some portions 
of the map, but it gives a general idea of the structure. 
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Figure 3 Form line structure contour map,  Boundary area,  Eagle A- I Quadrangle, Alaska 



The southern part of the area shows folds that plunge north with minor folds on the 
limbs that are oriented west or northwest. These fold axes are offset near Davis 
Creek by a left-lateral fault that probably extends completely across the map area. 

On the north side of the Davis Creek fault, the fold axes continue north in the same 
manner, but the flanks are more crinkled by minor folds than on the south. 

The Davis Creek fault appears to be a fault that strikes N 30' to 50' E and dips 80' S, 
and has a left lateral movement of about a mile. The amount of vertical movement is not 
known. There are parallel faults and fractures in the map area that can be traced for 
short distances. Another prominent fault direction is N 40' to 50' W .  Fractures of 
this trend are not well exposed and can be traced for relatively short distances. 

The Davis Creek fault post-dates the major folding in the area. This folding was prob- 
ably caused by east-west compression and could be related to movement along the Tintina 
and Denali faults. After development of the Davis Creek fault a northwest-directed 
force caused minor folding on the flanks of the major folds and probably caused the 
flexure or bend in the Davis Creek fault. 

E C O N O M I C  G E O L O G Y  

In the project area mineral production has been derived from placer gold deposits. 
There is no recorded production from lode deposits nor are there any lode prospects. 
However, placer deposits must have bedrock sources and one objective of this project 
was to investigate the lode possibilities in the area. 

Thick brush in valley bottoms and on hillslopes hampers conventional methods of ore 
search in the map area, consequently a heavy reliance was placed on geochemical sampling 
techniques. Early in the study it became evident that pyritization of the rocks is a 
widespread feature. To determine its significance rock samples were taken from the 
various units for analysis. 

Rock samples were analyzed in the Division's laboratory for gold, copper, lead, and 
zinc by atomic absorption. Samples were also analyzed by semiquantitative emission 
spectrographic methods. Results of the atomic absorption analyses and selected elements 
from the emission spectrograph analyses are shown in table 2. Rock sample locations 
are shown in figure 4. 

ROCK SAMPLES, GNEISS-AMPHIBOILITE UNIT 

Rock samples from the gneiss-amphibolite unit include quartzite, gneiss, limestone, 
and schist. All of the twenty-two selected samples taken from this unit showed some 
feature suggesting the presence of ore minerals, such as pyritization or limonite, 
silicification, brecciation, or other alteration. 



T a b l e  2 - Rock sample  a n a l y s e s ,  Boundary a r e a ,  E a g l e  A-1 q u a d r a n g l e ,  A laska  

Remarks Map F i e l d  
No. No. 

GNEISS-AMPHIBOLITE UNIT 

NA(4) 5 ND 2 0 Gossan w i t h  q u a r t z ,  l i m o n i t e ,  
manganese 

Limestone w i t h  manganese ,  l i m o n i t e  

A l t e r e d  m u s c o v i t e  s c h i s t  w i t h  
l i m o n i t e ,  c a l c i t e ,  f i n e  d i s s e m i n a t e d  
p y r i t e  

G r a n u l a r  q u a r t z i t e ,  r e d  l i m o n i t e ,  
p y r i t e  

B r e c c i a t e d  q u a r t z i t e ,  minor  l i m o n i t e  

A l t e r e d  q u a r t z i t e ,  d i s s e m i n a t e d  
p y r i t e  

A l t e r e d  q u a r t z i t e  w i t h  f i n e  spongy 
l i m o n i t e  

Q u a r t z i t e  w i t h  s p a r s e  p y r i t e ,  minor  
l i m o n i t e  

Q u a r t z  b i o t i t e  g n e i s s ,  p y r i t e  a i o n g  
f o l i a  

Quar t z  b i o t i t e  g n e i s s ,  p y r i t e  a l o n g  
f o l i a ,  from d e b r i s  a l o n g  c r e e k  

C h e r t y  b r e c c i a t e d  q u a r t z i t e ,  
d i s s e m i n a t e d  p y r i t e  

Amphibo l i t e  

B i o t i t e  g n e i s s  w i t h  p y r i t e  a l o n g  
f o l i a  

A l t e r e d  f e l s i c  d i k e ,  s p a r s e  p y r i t e  
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Map Field 
No. No. 

Quartz muscovite schist with 
indigenous limonite 

Grab sample, gossan in quartz 
muscovite schist 

Composite grab sample, gossan in 
quartz muscovite schist 

Quartz muscovite schist, disseminated 
pyrite crystals 

Biotite gneiss, disseminated pyrite 

Silicified quartz sericite schist, 
disseminated pyrite 

Quartz sericite schist, limonite 
pseudomorphs after pyrite 

Quartz sericite schist, spongy 
yellow limonite 

Quartz muscovite schist, sulphide 
casts, limonite 

Vein quartz 

Fine grain biotite gneiss, sparse 
pyrite 

Biotite gneiss with pyrite, calcite 

Altered biotite gneiss with 
muscovite, pyrite 

QUARTZITE-GRAPHITE SCHIST UNIT 

N A 10 ND 20 10 Banded gray quartzite with pyrite 
veinlets up to 118 inch, calcite 

20 Biotite gneiss, sparse pyrite 

20 Biotite gneiss, sparse pyrite 

5 Vein quartz very sparse stibnite 

20 Brecciated quartzite, yellow 
limonite 





lvletal values are generally low. Xany samples show a trace of gold, but hardly in amounts 
sufficient to yield the rich placers on some of the creeks in the area. Sample 9 con- 
tains 170 ppni (parts per million) copper and 10 pprn molybdenum. These are relatively low 
values, but are significantly higher than the values for copper and molybdenum in most of 
the other rock samples from the unit. Sample 9 consisted of scattered fragments of float 
littering a moss-covered area near a small draw about a half mile north of Boundary (fig 4) 
Because of the limited exposure and lack of outcrop its full significance is not known. 

Samples 16 and 18 are from Woods Creek about a mile and a half northwest of Boundary 
(fig 4). Sample 16 shows 122 pprn zinc and 10 pprn molybdenum. Sample 18 contains 110 pprn 
copper and 20 ppm molybdenum. Again these values are relatively low for rock samples but 
are higher than most other samples from the unit. 

Samples 16 and 18 were collected from an outcrop in Woods Creek just upstream from an 
abandoned cabin and are about 500 feet apart. The outcrop shows quartz-biotite gneiss 
with sulfides along foliation planes through 3 feet. A small stringer of granitic rock 
about 2 inches wide is exposed in the outcrop. It is thought that the values in these 
samples are related to local enrichment associated with the minor granitic intrusive and 
are of little significance. There is a possibility that other granitic stringers cut the 
gneiss below surface and the zone may be extensive vertically. Values would also be 
higher below the zone of surface leaching. 

In the map area the biotite schist and gneiss is the most poorly exposed rack upit. 
Consequently only six samples were collected. Along lower Camp Creek near the point 
where Camp and Brophy Creeks join (fig 4) the biotite schist and gneiss unit is in fault 
contact with the quartz-chlorite-muscovite schist unit. Rock samples 27, 28, and 29 
were collected near this contact. Sample 27 contains 125 ppm (parts per million) copper 
and 50 pprn molybdenum. Samples 28 and 29 show 180 and 170 pprn zinc respectively. These 
values are probably related to weak mineralization along the fault zone and do not rep- 
resent an important ore occurrence. Stream sediment samples from this general area are 
anomalous in lead and zinc, but the anomalies are thought to be related to a gossan zone 
in quartz sericite schist in the vicinity of sample 32 through 36 (fig 4). The fault 
however may have exerted some control on the localization of any ore associated with the 
gossan zone. 

ROCIC SAMPLES, QUARTZ-CHLORITE-MUSCOVITE SCHIST UNIT 

On the ridge between Camp and Brophy Creeks (sampZes 33 through 36, fig 4) a gossan is 
developed in quartz-muscovite schist. Outcrops are sparse and most of the sampling was 
done by collecting float fragments that litter the surface. 

In this gossan zone the rocks show isolated cubical pseudomorphs filled by black limonite 
with a vitreous luster. In some of these, vertical striations are present, and it ap- 
pears that the limonite replaces pyrite. The surface of the rock between the crystal 
psuedomorphs is stained by light tan to red smeary limonite. Some sulfide casts are 
present that are lined by a thin hair-like fibrous mineral that was not identified. 



Sample 33 is a  composi te  sample of r o c k  f ragments  t a k e n  a c r o s s  t h e  gossan  zone.  The 
sample c o n t a i n s  290 ppm ( p a r t s  p e r  m i l l i o n )  copper ,  720 ppm l e a d ,  130 pprn z i n c ,  and 2  
ppm s i l v e r ,  Samples 34 th rough  36 r e p r e s e n t  g r a b  samples  from s e v e r a l  p l a c e s  w i t h i n  
t h e  gossan  zone. Values  r a n g e  from 63-290 ppm copper ,  26-80 pprn l e a d ,  110-210 pprn z i n c ,  
and l e s s  t h a n  1 (ND) t o  2  pprn s i l v e r .  T h i s  gossan  zone may be a  l e a c h e d  cap o v e r l y i n g  
a  l e a d - z i n c  d e p o s i t .  

Lead i s  l e s s  mobi le  i n  a  w e a t h e r i n g  environment  t h a n  e i t h e r  copper  o r  z i n c ,  and copper  
i s  l e s s  mobi le  t h a n  z i n c .  Thus i f  t h e  gossan  o v e r l i e s  a  l e a d - z i n c  d e p o s i t  a  h i g h e r  
c o n c e n t r a t i o n  of l e a d  i n  t h e  l e a c h e d  zone i s  e x p e c t e d .  F u r t h e r  t e s t i n g  of t h i s  zone 
i s  w a r r a n t e d .  

Outc rops  i n  t h e  v i c i n i t y  a r e  t o o  s p a r s e  t o  de te rmine  any s t r u c t u r a l  c o n t r o l  f o r  t h e  
d e p o s i t .  There  is  f a u l t i n g  i n  t h e  v i c i n i t y  and a t  l e a s t  two f a u l t s  t r e n d  i n  t h e  g e n e r a l  
d i r e c t i o n  of t h e  g o s s a n  zone. One of t h e s e  f a u l t s  (samples  27,  28,  and 29) i s  known t o  
be weakly m i n e r a l i z e d .  It  i s  a l s o  p o s s i b l e  t h a t  a  f a v o r a b l e  h o r i z o n  i n  t h e  u n i t  c a r r i e s  
l e a d  and z i n c  m i n e r a l s  r a t h e r  t h a n  t h e  u s u a l  p y r i t e  and t h e  d e p o s i t  i s  n o t  r e l a t e d  t o  
f a u l t i n g .  

Sample 37 i n  t h e  same g e n e r a l  a r e a  b u t  f a r t h e r  wes t  c a r r i e s  140 ppm copper  and 20 pprn 
molybdenum. It i s  on t h e  t r e n d  of t h e  f a u l t  mentioned i n  c o n n e c t i o n  w i t h  samples  27, 
28,  and 29 and p robab ly  r e p r e s e n t s  a  s o u t h e r n  e x t e n s i o n  of t h e  same f r a c t u r e  zone.  

Sample 4 1  was c o l l e c t e d  on t h e  c r e s t  of t h e  r i d g e  t h a t  forms t h e  main d r a i n a g e  d i v i d e  
i n  t h e  a r e a  ( f i g  4 ) .  It c o n t a i n s  115 ppm copper  and 1 0  ppm molybdenum. Loose r u b b l e  
a t  t h e  l o c a l i t y  i s  co~nposed of r o c k s  t h a t  a r e  t r a n s i t i o n a l  from q u a r t z  muscov i t e  s c h i s t  
t o  g r a p h i t i c  s c h i s t .  The r o c k s  a r e  s t a i n e d  by l i m o n i t e  and t h e y  c o n t a i n  c a s t s  f o r m e r l y  
occup ied  by s u l p h i d e  m i n e r a l s ,  p robab ly  p y r i t e .  T h i s  p robab ly  r e p r e s e n t s  a  l o c a l  en- 
r ict iment of bedrock and i s  n o t  s i g n i f i c a n t .  

ROCK SAMPLES, QUARTZITE-GRAPHITE SCHIST UNIT 

Sample 47 ( f i g  4 )  was c o l l e c t e d  from a  l o c a l  o c c u r r e n c e  of p y r i t i z e d ,  c h l o r i t i c ,  s i l i -  
ceous  b i o t i t e  g n e i s s  ( q u a r t z i t e - g r a p h i t e  s c h i s t  u n i t )  on Poker Creek. Sample 47 con- 
t a i n s  20 ppm molybdenum. Sample 47A, t a k e n  i n  t h e  same g e n e r a l  l o c a l i t y ,  c o n t a i n s  o n l y  
5 pprn molybdenum. I t  is  concluded t h a t  t h e  r o c k s  a t  t h i s  l o c a l i t y  a r e  o n l y  weakly 
m i n e r a l i z e d .  

ROCK SAMPLES, U1,TRAMAFIC D I K E S  AND PLUGS 

Chromium and n i c k e l  a r e  c o n c e n t r a t e d  t o  a  much g r e a t e r  d e g r e e  i n  t h e  u l t r a m a f i c  r o c k s  
i n  t h e  a r e a  t h a n  i n  t h e  metamorphic r o c k s ,  Samples 50 and 5 1  a r e  from t h e  u l t r a m a f i c  
body i n  t h e  s o u t h e r n  p a r t  of t h e  map a r e a  ( f i g  4 ) .  Both samples i n d i c a t e d  c o n t a i n  5000 
pprn chromium and 5000 pprn n i c k e l .  According t o  t h e  a tomic  a b s o r p t i o n  r e s u l t s  t h e  n i c k e l  
v a l u e  f o r  sample 5 1  i s  1900 ppm, and t h i s  i s  p robab ly  t h e  more a c c u r a t e  v a l u e .  I r o n ,  
i n  t h e  form of m a g n e t i t e ,  i s  a l s o  a n  abundant  c o n s t i t u e n t  of t h e s e  samples ,  These sam- 
p l e s  do n o t  i n d i c a t e  o r e  g r a d e  c o n c e n t r a t i o n s  of m e t a l l i c  m i n e r a l s .  However sample 50 
was t a k e n  a t  t h e  c o n t a c t  of t h e  u l t r a m a f i c  b0d.y and b i o t i t e  s c h i s t  ( q u a r t z - c h l o r i t e -  
muscov i t e  s c h i s t  u n i t ) .  



There a r e  v i s i b l e  s u l f i d e s  i n  t h e  sample and i t  c o n t a i n s  360 ppm copper i n  a d d i t i o n  t o  
r e l a t i v e l y  h i g h  n i c k e l ,  chromium, and i r o n .  F u r t h e r  p r o s p e c t i n g  i n  t h e  v i c i n i t y  of t h e  
c o n t a c t  might be worthwhile .  

CONCLUSIONS, ECONOMIC GEOLOGY 

1. Lode d e p o s i t s  of gold i n  bedrock of s u f f i c i e n t  s i z e  t o  y i e l d  t h e  p l a c e r  d e p o s i t s  
formed i n  t h e  c r e e k s  of t h e  v i c i n i t y  were no t  recognized .  The source  of t h e  p l a c e r  
d e p o s i t s  i s  unknown. 

2 .  P y r i t i z a t i o n  of t h e  roclcs i n  t h e  a r e a  i s  common, and a t  a  few p l a c e s  b a s e  m e t a l s  
a r e  a s s o c i a t e d  wi th  t h e  p y r i t e .  Such l o c a l i t i e s  may be f a u l t  zones ,  a r e a s  where 
t h e r e  a r e  s m a l l  g r a n i t i c  s t r i n g e r s ,  o r  a r e a s  where t h e r e  i s  no obvious connec t ion  
between m i n e r a l i z a t i o n  and s t r u c t u r e  o r  between m i n e r a l i z a t i o n  and i n t r u s i v e  r o c k s .  

3 .  Based on rock  samples,  on ly  t h e  gossan zone between Brophy and Camp Creeks i s  
thought  t o  be s i g n i f i c a n t .  Stream sediment  sampling i n d i c a t e d  s e v e r a l  a d d i t i o n a l  
a r e a s  however, and t h e s e  a r e  d i s c u s s e d  i n  t h e  c h a p t e r  on geochemistry .  

4 ,  U l t r a m a f i c  rocks  i n  t h e  v i c i n i t y  a r e  enr iched  i n  chromium, n i c k e l ,  and i r o n ,  b u t  
no o r e  g rade  c o n c e n t r a t i o n s  were found,  Copper may be concen t ra ted  a t  u l t r a m a f i c  
c o n t a c t s .  

G E O C H E M I S T R Y  

SAMPLING METHOD, FIELD ANALYSES 

A t o t a l  of 170 s t ream sediment samples were ga thered  i n  t h e  map a r e a  from t h e  a c t i v e  
beds of most s t reams .  Samples were t aken  a t  one-quar te r  m i l e  i n t e r v a l s ,  Sample loca-  
t i o n s  a r e  shown on f i g u r e  5. 

A t  each s i t e  a  composite sample was t aken  from an  a r e a  about  50 f e e t  i n  l e n g t h  on both 
s i d e s  of t h e  s t ream.  Where p o s s i b l e  f i n e  sand o r  s i l t  was t aken  and o r g a n i c  m a t e r i a l  
avoided.  Samples were c o l l e c t e d  i n  c l o t h  bags which i n  t u r n  were p laced  i n  p l a s t i c  
sandwich bags t o  p r e v e n t  con tamina t ion  from o t h e r  samples dur ing  t r a n s p o r t a t i o n .  

A l l  samples were t e s t e d  by a  c o l o r i m e t r i c  d i t h i z o n e  f i e l d  t e s t  d e s c r i b e d  by Hawkes (1963). 
I f  a  sample r e q u i r e d  6 o r  more m i l l i l i t e r s  of dye t o  reach  a n  end p o i n t ,  i t  was t e s t e d  
a t  l e a s t  t h r e e  more t imes f o r  c e r t a i n t y .  Subsequent l a b o r a t o r y  a n a l y s e s  show a  good 
c o r r e l a t i o n  of t h e  f i e l d  t e s t  and samples w i t h  a  h i g h  z i n c  c o n t e n t ,  The f i e l d  t e s t  i s  
l e s s  s e n s i t i v e  t o  copper and l e a d .  



LABORATORY ANALYSES 

Samples were analyzed by atomic absorption techniques for copper, lead, and zinc in the 
Division laboratory at College. They were then run for 30 elements by emission spectro- 
graph at the University of Alaska Mineral Industry Research Laboratory. L. E. Heiner, 
i4IKL mining engineer, supervised the work; Larry Shafford and Jane Bryant performed the 
analyses. Laboratory analytical results were not available to the field party until the 
field season was over. 

Appendix I shows the limits of detection and estimating intervals for the emission spec- 
trograph. Appendix I1 is a computer printout that shows the analytical results, results 
of field tests, and field notes. There are two sets of values for copper, lead, and 
zinc. One set is atomic absorption data; the other is emission spectrograph data. 

COMPUTER PROGRAM AND CALCULATION OF ANOMALOUS VALUES 

All analytical and field results including field tests and notes taken at the sample 
site were punched on PBI,I cards for computer data processing. The computer program was 
written and managed by L. E. Ileiner, :.lining Engineer, University of Alaska. The computer 
tabulated the printout shown in Appendix 11. 

The computer program was also designed to compute the average value, the standard 
deviation, the threshold value, and the anomalous value for each element. For computing 
the average, values below the detection limit of the spectrograph (ND) were taken as the 
crustal average for the element or one half of the lower detection limit, whichever was 
smaller. Threshold or the possibly anomalous value was taken as the average plus two 
standard deviations. The highly anomalous value was talcen as the average plus three 
standard deviations. This technique i s  described in Hawkes and Webb (1962, p 30). The 
average, standard deviation, threshold, and highly anomalous value were calculated using 
the given concentration of an element and also using the logarithm of the concentration. 

The computer plotted frequency histograms for atomic absorption values of copper, lead, 
and zinc, The histograms were plotted using the numerical data and the logarithmic data, 
Through study of these histograms it was possible to determine if the sample population 
was normally or lognormally distributed for a given element. Histograms were not plotted 
for elements determined by emission spectrograph because the reading intervals increase 
geometrically. 

Because the data for copper, lead, and zinc by atomic absorption were neither normally 
nor lognormally distributed a cumulative frequency diagram was constructed to determine 
the threshold and anomalous value for each of these elements (figs 6, 7, and 8). For 
elements determined by emission spectrograph the threshold and anomalous values used are 
tilose calculated by the Hawkes and Webb (1962, p 30) method, using numerical rather than 
logarithmic data. The average, standard deviation, threshold, and anomalous values for 
each element are given in table 3. The locations of threshold and anomalous samples are 
shown on figure 5. 

DISCUSSION OF ANOMALIES 

The geochemistry of the area can be discussed in terms of anomalous samples related to 
variations in lithology and anomalous samples related to ore mineral occurrences, 



Table 3, Threshold and anomalous values, stream sediment samples, Boundary 
area, Eagle A-1 quadrangle, Alaska (all values in parts per 
million unless indicated otherwise; for discussion of methods of 
calculating threshold and anomalous value see text). 

Average Standard Threshold Anomalous 
Element Value Deviation Value Value 

ATOMIC ABSORPTION DATA 

Copper 
Lead 
Zinc 

Copper 
Lead 
Zinc 
i4olybdenum 
Silver 
Cobalt 
Chromium 
Nickel 
Manganese 
Titanium 
Iron % 
i.Iagnesium % 
Calcium % 
Barium 
Strontium 
Boron 
Beryllium 
Tin 
Tungsten 
Zirconium 
Lanthanum 
Niobium 
Scandium 
Yttrium 
Vanadium 
Arsenic 
Antimony 
Bismuth 
Cadmium 

EI.IISSION SPECTROGRAPH DATA 
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Figure 6 Cumulative frequency curve for copper. Plotted on 5 cycle X 10 divis ions sem i - l o~ r i t hm ic  

g r id .  Shows threshold and anomalous values. Atomic absorption data, stream sediment samples, 

Boundary area, Eagle A - l  Quadrangle, Alaska. 
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Figure 7 Cumulative frequency curve for lead. Plot ted on 5 cycle X 10 divisions semi-logrithmic 

gr id .  Shows threshold and anomalous values. Atomic absorption data, stream sediment samples, 

Boundary area, Eagle A - l Quadrangle,  Alaska. 
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ANOMALOUS STREAM SEDIMENT SAMPLES RELATED TO LITHOLOGY 

Metamorphic rocks 

Sediment samples from streams flowing across the metamorphic rocks of the Boundary area 
tend to be anomalous in elements such as vanadium, titanium, iron, magnesium, and man- 
ganese (fig 5) unless they are influenced by probable ore mineral occurrences or bodies 
of ul.tramafic rocks. Less commonly samples are anomalous in tin, bismuth, zirconii~m, 
calci.um, barium, and rare earth elements. Lead, molybdenum, and chromium are present 
as anomalous elements in a very few samples, 

Most of these anomalies are related to variations in lithology of the metamorphic rock 
units. Granitic and pegmatitic phases in the gneiss are not uncommon and local occur- 
rences of these rock types are probably reflected by anomalous titanium, tin, zirconium, 
and rare earths in stream sediment samples. Vanadium may be related to the amount of 
organic matter in stream sediment samples; the mobility of vanadium is limited by organ- 
ic material, and its dispersion thus prevented. Calcium and magnesium reflect local 
beds of limestone and dolomite; magnesium is also derived from ultramafic rocks. 

IYIolybdenum may be related to igneous intrusions, and chromium is almost certainly 
related to unexposed ultramafic dikes or small plugs. Samples anomalous in lead are 
isolated and do not persist from one sample to the next, Consequently local isolated 
lead anomalies are not considered important, 

Ultramafic rocks 

Turk and Cherry Creeks drain the west side of the ultramafic intrusive body exposed in 
the southern part of the area, and samples from these streams are enriched in nickel, 
chromium, and lesser cobalt. No sulfides were noted in association with the ultramafic 
body, and the nickel is probably derived from the decomposition of rock silicates, Lack 
of associated copper adds strength to this conclusion. Chromium is probably derived 
from chromite in the ultramafic body. 

Sample 140 is at the head of Cherry Creek near the east contact of the ultramafic body 
with a gneissic phase of the quartz-chlorite muscovite schist unit, The sample is 
anomalous in copper, zinc, lead, and silver. No sulfides were noted at the sample 
site, but a rock sample from this contact contained an uncommonly high copper value. 
Further checking might be justified. 

Samples 149 and 150 on the north fork of Cherry Creek and several samples on Turk Creek 
are anomalous in antimony. No stibnite was found when the area was mapped, but accord- 
ing to Hawkes and Webb (1962, p 363) antimony is associated with nickel and cobalt in 
sulfide deposits. Thus the possibility of a sulfide deposit in the vicinity based on an 
association of nickel, cobalt, and antimony, cannot be completely discounted. 



ANOMALOUS SAlQ'LES ASSOCIATED WITH POSSIBLE ORE OCCURRENCES 

Camp and Brophy Creeks 

From t h e  mouth of Camp Creek t o  t h e  head of Brophy Creek samples a r e  anomalous i n  l e a d  
and z i n c .  Sample 28 a t  t h e  mouth of Camp Creek c o n t a i n s  220 pa.r ts  p e r  m i l l i o n  (ppm) 
z i n c ,  The c o n c e n t r a t i o n  of z i n c  i n c r e a s e s  g r a d u a l l y  upstream t o  600 ppm i n  sample 34 
a t  t h e  conf luence  of Camp and Brophy Creeks.  The z i n c  v a l u e  d e c r e a s e s  t o  230 ppm on 
upper Brophy Creek. Sample 44 ,  which i s  on Camp Creek about  a  q u a r t e r  of a  m i l e  above 
i t s  conf luence  w i t h  Brophy Creek, shows 530 ppm z i n c .  

Lead has  a  d i s t r i b u t i o n  p a t t e r n  s i m i l a r  t o  t h a t  of z i n c .  Lead v a l u e s  range  from 30 ppm 
a t  t h e  mouth of Camp Creek t o  a  h igh  of 55 ppm a t  t h e  head of Brophy Creek, Values 
c i t e d  above were determined by atomic a b s o r p t i o n .  These v a l u e s  a r e  most l i k e l y  der ived  
from t h e  gossan on t h e  r i d g e  between Camp and Brophy Creeks,  

Some of t h e  anomalous samples no ted  above show h igh  v a l u e s  i n  chromium and c o b a l t  t h a t  
is r e l a t e d  t o  a  small u l t r a m a f i c  d i k e  t h a t  i s  i n t e r s e c t e d  by bo th  c r e e k s .  Other anom- 
a l o u s  e lements  i n  t h e s e  samples a r e  a l s o  r e l a t e d  t o  l i t h o l o g y .  

Pokei  Creek, Davis Creek, Younger Creek 

Samples from Poker Creek, Davis Creek, and t h e  e a s t  branch of upper Younger Creek a r e  
anomalous i n  copper ,  l e a d ,  and z i n c ,  A t  t h e  head of Younger Creek molybdenum and 
s i l v e r  a r e  anomalous, These c r e e k s  head i n  t h e  Yukon T e r r i t o r y ,  Canada and mapping d i d  
n o t  extend a c r o s s  t h e  boundary. The s o u r c e  of t h e  samples i s  probab ly  on t h e  r i d g e  j u s t  
e a s t  of t h e  border .  

CONCLUSIONS, GEOCHEMISTRY 

Geochemical sampling i n  t h e  a r e a  l e a d s  t o  t h e  f o l l o w i n g  c o n c l u s i o n s i  

1. There is  probably an  occur rence  of l e a d  and z i n c  m i n e r a l s  on t h e  r i d g e  between Camp 
and Brophy Creeks,  

2. The s o u r c e  of t h e  anomalies  on Davis ,  Poker ,  and Younger Creeks i s  probably i n  
Canada. 

3 .  The geochemical samples d i f f e r e n t i a t e  t h e  metamorphic rocks  from t h e  u l t r a m a f i c  
r o c k s .  Nicke l  i s  p r e s e n t  i n  samples i n f l u e n c e d  by t h e  u l t r a m a f i c  body, b u t  i t  i s  
probably d e r i v e d  from rock  s i l i c a t e s  r a t h e r  than  s u l f i d e  m i n e r a l s .  

4 .  On t h e  wes t  s i d e  of t h e  u l t r a m a f i c  body t h e r e  i s  an  a s s o c i a t i o n  of n i c k e l  and 
antimony w i t h  minor c o b a l t  t h a t  could b e  i n d i c a t i v e  of a  s u l f i d e  orebody. 

5.  Minor copper o c c u r s  a t  t h e  e a s t e r n  c o n t a c t  of t h e  u l t r a m a f i c  body, b u t  i t s  s i g n i f -  
i c a n c e  i s  n o t  known. 



C O N C L U S I O N S  A N D  E X P L O R A T I O N  S U G G E S T I O N S  

A s  a  r e s u l t  of t h i s  s t u d y  t h e  f o l l o w i n g  c o n c l u s i o n s  a r e  reached :  

1. The mapping of more r e s t r i c t e d  rock  u n i t s  than  has  been done p r e v i o u s l y  makes 
f a u l t s  and o t h e r  s t r u c t u r e s  more a p p a r e n t .  However, r econna issance-sca le  mapping 
such a s  t h a t  done by F o s t e r  (1969) i s  t h e  most e f f i c i e n t  f o r  i n t e r p r e t a t i o n  of 
r e g i o n a l  geology.  

2. The a r e a  is  a  polymetamorphic t e r r a i n  w i t h  a t  l e a s t  t h r e e  f o l d i n g  d i r e c t i o n s .  East-  
west  compression was fol lowed by a  s t r e s s  t h a t  caused f a u l t i n g  and a  n o r t h  o r  nor th -  
wes t  d i r e c t e d  f o r c e  caused f u r t h e r  f o l d i n g .  

3 .  A gossan zone between Camp and Brophy Creeks probably o v e r l i e s  a  d e p o s i t  of l e a d  and 
z i n c ,  b u t  t h e  economic p o t e n t i a l  cannot  be p r e d i c t e d  wi thou t  f u r t h e r  work. The o r e  
c o n t r o l s  a r e  n o t  known, b u t  t h e  quar tz-muscovi te  s c h i s t  u n i t  i s  probab ly  t h e  most 
f a v o r a b l e  l i t h o l o g y  f o r  p r o s p e c t i n g  i n  t h i s  a r e a .  

4 .  Nicke l  i s  a s s o c i a t e d  w i t h  an  u l t r a m a f i c  plug i n  t h e  a r e a ,  b u t  t h e  n i c k e l  i s  probably 
n o t  p r e s e n t  i n  economic c o n c e n t r a t i o n s .  There a r e  i n d i c a t i o n s  of copper mineral-  
i z a t i o n  n e a r  t h e  e a s t e r n  c o n t a c t  of t h e  u l t r a m a f i c  body, 

5. Broad s c a l e  reconna issance  geochemical sampling such a s  t h a t  done by Saunders (1966) 
is  an  e f f e c t i v e  e x p l o r a t i o n  t echn ique  i f  more d e t a i l e d  work i s  done where anomalies  
a r e  i n d i c a t e d ,  

6 .  I n  geochemical sampling too  heavy a  r e l i a n c e  must n o t  be p laced  on f i e l d  t e s t s .  
Laboratory a n a l y s e s  awe e s s e n t i a l  t o  e x t r a c t  maximum informat ion  from t h e  samples ,  
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PRELIMINARY REPORT ON A GEOCHEMICAL INVESTIGATION 

I N  THE EAGLE A-1 QUADRANGLE, 

FORTYMILE DISTRICT, U A S K A  

INTRODUCTION 

The fol lowing i s  a b r i e f  summary of a  geo log ica l  and geochenlical inves- 
t i g a t i o n  i n  t h e  Southeast  q u a r t e r  of t h e  Eagle A-1 Quadrangle, Alaska. 
This  pre l iminary  r e p o r t  was prepared because a geochemical anomaly w a s  
found i n  t h e  a r e a ,  and i t  i s  des i r ed  t o  g e t  t h i s  information t o  the  
p u b l i c  before  t h e  beginning of t h e  1970 prospec t ing  season. A r e g u l a r  
Div is ion  r e p o r t  is  I n  p repa ra t ion  which w i l l  be publ ished i n  due course.  
F igure  1 i s  a ske tch  map showing sample l o c a t i o n s  and the  l o c a t i o n  of 
anomalous samples; i t  does not  conform to  Div is ion  e d i t i n g  s tandards .  

GEOLOGY 

Quar t z i t e ,  p h y l l i t e ,  g r a p h i t e  s c h i s t ,  muscovite s c h i s t ,  b i o t i t e  s c h i s t ,  
b i o t i t e  gne i s s  and amphibol i te  a r e  t h e  main rock types  i n  t h e  region.  
The rocks a r e  crumpled and d i s t o r t e d  and f a u l t i n g  i s  common. P y r i t e  i s  
a common c o n s t i t u e n t  of t h e  rocks throughout t h e  a r ea .  In  t h e  south- 
e a s t e r n  p a r t  of t h e  a r e a  a n  u l t r a m a f i c  body i n t r u d e s  t h e s e  metamorphic 
rocks. The geologic  s e t t i n g  and l i t h o l o g y  a r e  s i m i l a r  t o  those  a t  
Anvil i n  the Yukon Terr i tory , .  

On t h e  r i d g e  sepa ra t ing  Camp Creek and Brophy Creek ( f i g u r e  1) a gossan 
i s  developed i n  quartz-muscovite s c h i s t .  Sulphide c a s t s  and l imon i t e  
a r e  abundant i n  t h e  d e b r i s  t h a t  mantles t h e  s lope .  The gossan covers  
an  a r e a  about 2500 f e e t  by 1500 f e e t .  



GEOCHEMISTRY 

Stream sediment samples a r e  anomalous i n  lead  and z i n c  i n  both Camp Creek 
and Brophy Creek downstream from the  gossan zone. Because of t h e  gossan 
and t h e  anomalous samples i t  i s  thought t h a t  the a r e a  should be  examined 
c a r e f u l l y .  

Samples were analyzed by atomic abso rp t ion  and by emission spectrograph,  
The emission spec t rog rap l~  gave r e s u l t s  f o r  30 elements bu t  on ly  atomic 
absorp t ion  copper,  l e a d  and z inc  a r e  presented i n  t h i s  pre l iminary  re-  
p o r t .  I n  gene ra l  t h e  r e c u l t s  fro111 t h e  s z p a r a t e  methods c o r r e l a t e  we l l .  

Anomalous and threshold  va lues  f o r  s t ream sediment samples were ca l cu la t ed  
by methods d e s c r i t e d  i n  Hawkes and Webb, (1962, p. 30) .  The threshold  
i s  taken as t h e  average p l u s  two s tandard  dev ia t ions  and t h e  anomalous 
va lue  as t h e  average p l u s  t h r e e  s tandard  dev ia t ions .  Table I shows t h e  
c a l c u l a t e d  threshold  and anomaLo11s va lues  f o r  copper,  l ead  and zinc.  
Table I1 shows t h e  va lue  i n  p a r t s  per  m i l l i o n  f o r  i nd iv idua l  anomalous 
o r  th reshold  samples, 





Table I 

Calculated Threshold and Anomalous Values f o r  Copper, Lead 
and Zinc i.n P a r t s  Per  Mi l l ion .  Southeast  Quar te r ,  Eagle 
A-1 Quadrangle, Alaska. 

Atorrlic Absorption 1 

Table 11 

. *. 

Copper 30.65 16.58 63.83. 

Lead 18-75  7 .92  34.59 

Zinc 116,70 287.62 
- -- 

L i s t  of Anomalous and Threshold Samples, Copper, Lead and 
Zinc i n  P a r t s  P e r  Fl i l l ion.  Southeast  Quar te r ,  Eagle A-1 
Quadrangle , Alaska, 

Anomalous - 

80.39 

42.51 

373.08 
J 

/ Atomic Absorption 

Sample 

--- 
2 2 49 9 5 
23 4 5 4 5 250 
3 2 3 C 30 335 
3 4 3 5 4 5 600 
35 285 
3 6 
3 7 
3 8 
4 0 
4 3  
44 
45 

106 
107 
1.10 
111 
11 2 
116 
140 

370 
195 
230 
180 
150 
530 

45 
35 
35 
4 5 
30 
4 0 

40 
40 
4 0 
5 5 
3 5 
4 0 

30 
7 5 

4 5 9 5 
15 140 

190 
550 
450 
365 
150 
270 

7 5 2 0 
5 0 30 

?,8 0 
7 5 
65 
8 5 

30 
20 
3 0 
35 


