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GZOLOGY A3JD EIII;TE?a DEPOSITS O F  
CENTRAL I(IJIGKT ISLAL\rD, 

PRINCE T7ILLIAT.I SOUND, ALASKA 

BY 

D.H. Richter  

INTRODUCTION 

Pr ince  William Sound h a s  been one of t h e  major copper mining a r e a s  i n  
Alaska, producing approximately 214,000,000 pounds of  copper during t h e  
per iod  between 1900 and 1930. Since 1930 no copper mines have produced 
and mineral  indus t ry  a c t i v i t y  has  been l a r g e l y  l i m i t e d  t o  minor annual 
assessment work and occas ional  explora t ion  p r o j e c t s ,  Knight I s l and ,  
( f i g u r e  I), i n  southwestern Pr ince  William Sound, h a s  over  40 known copper 
prospects  b u t  only a l i m i t e d  q u a n t i t y  of o r e  was ever  mined, A t  presen t ,  
only  one depos i t  on t h e  I s l a n d ,  t h e  Copper Bu l l ion  Mine a t  Rua Cover, is 
known t o  contain s i g n i f i c a n t  q u a n t i t i e s  of  copper o re .  Although a number 
o f  reconnaissance geo log ica l  i n v e s t i g a t i o n s  have been conducted i n  t h e  
P r ince  W i l l i a m  Sound a rea ,  t h e r e  i s  a dea r th  of d e t a i l e d  geologic  information 
i n  some a reas  of  promising copper minera l iza t ion .  

H i s t o r i c a l  Sketch 

Vigorous prospect ing  began i n  t h e  Pr ince  William Sound a rea  about 
1895, and by 1907 when exp lo ra t ion  a c t i v i t y  had reached i t s  veak n o s t  of 
t h e  copper r?ir,es-and p rosnec t s  '.-nown today had been discovered.  I n  1897 
both the  Beatscy-Bonanza mine, on Latouche I s l and  southwest ~f I'aight I s l a n d ,  
and t h e  Ellamar mine, near Valdez on t h e  mainland, were discovered. These 
two mines, which con t r ibu ted  more than 96% of  t h e  cooper mined f r c a  t h e  
a rea ,  began sus ta ined  product ion  about 1300, The Beatson-Bonanza mine, 
l a r g e s t  of  the two major producers, continued o n e r a t i o n  u n t i l  1930  hen 
commercial grade o r e  w a s  exhausted. The E l l a m a r  mine had a s h o r t e r  l i f e ,  
ending production i n  1919. 

On Knight i s l a n d ,  a g r e a t  number of  copper occurrences were found and 
prospected between 1895 and 1907, Some record is a v a i l a b l e  f o r  many of  t h e s e ,  
buL f o r  others the on ly  evidence remaining i s  a f e w  r o t t i n g  timbers, w h i c h  
mark t h e  s i t e  of a former cabin,  o r  t h e  obscure remains o f  a prospect  p i t .  
One of t h e  p r i n c i p a l  a r e a s  of a c t i v i t y  on Knight I s l a n d  w a s  i n  t h e  c e n t r a l  
p a r t  around Dr ier  Bay where poss ib ly  a f e w  thousand t o n s  of  o r e  were s h i ~ p e d  
from t h e  Jonssy and Pandora mines. Prospect ing a c t i v i t y  waned r a p i d l y  
a f t e r  1907 b u t  was again revived immediately preceding World War I .  S h o r t l y  



after 1315, however, prospecting and develorment work reached another low 
ebb and, with the exception of some exploration work at the Copper Bullion 
deposit, never recovered. 

Geologic studies in the Prince William Sound area have been largely 
limited to ref-onnaissance surveys and mineral, deposit investigations by 
the 3.S. CeologicaS Survey. In 1905, Grant (19061 made the first relatively 
detailed reccanaissance of the mineral resources of the area and described 
a number of prospects on Knight Island. Two years later Moffit (1908) 
reported briefly on the copper prospects in the Sound but did not visit 
the area. A comprehensive reconnaissance reporz by Grant and Higgins (1910) 
included some detailed mapping on Latouche Island and mine maps of some 
of the principal workings on Latouche and Knight Islands. In 1916 Johnson 
(1918) made another geological reconnaissance, principally of Latouche, 
Knight, Elrington, Hoodoo (Evans Island), and Bainbridge Islands. 

Concurrent with the rapid decrease in mining and mineral exploration 
after 1916 geologic investigations in the area also waned. In 1943, due to 
shortages of strategic minerals, interest revived and in that year Moffit 
and Fellows (1950) undertook another reconnaissance of the Sound area and 
Stefanson and Noxham 11946) conducted a detailed study of the Copper 
Bullion deposit. Most recent of the U.S, Geological Survey's investigations 
in the area is a map of western Prince William Sound (including Knight 
Island) which shows the linear geologic features as determined from aerial 
photographs (Condon and Cass, 1958). 

Present Investiqation 

The Division of Mines and Minerals began a program to investigate the 
areal geology, structure, and mode of-occurrence of the copper deposit of 
Knight Island in 1963. The Drier Bay-Bay of Isles a.rea was selected 
because $1) it contains a larger concentration of copper occurrences than 
elsewhere on the lsland and (2) has relatively sheltered waterways affording 
easy access to much of the area. 

Approximately 50 square miles in a belt 4 to 6 miles wide across the 
Island was mapped during the 1963 and 1964 field seasons. In 1963, 40 
days (May 20 - June 28) were spent in the Drier Bay-Johnson Bay area on 
=he west side of Faight Island and in 1964, 22 days (May 27 - June 17) 
were spent chiefly in the Bay of Isles area on the east side of the island. 
Mapping was done at a scale of 1 inch = 112 mile on enlarged U.S. Geological 
Survey quadrangle maps. In 1963 both shoreline and overland traverses were 
conducted, but in 1964 mapping was largely limited to the shoreline due to 
late heavy snow cover in the highlands. Sediments in all active streams 
draining into Bay of Isles and Marsha Bay were sam~led in 1964 and analyzed 
for trace heavy elements. 



The xritsr was  a s s i s t e d  i n  t h e  f i e l d  by Waltar T .  P h i l l i p s ,  Jr. i n  1363 
and David A.  ScWab i n  1964,  Ronne C, Rich te r  served as  camp hand and boa t  
handler 2~ring bozh fiel.3 seasons. The cooperatron of the Spor t  F ish  
Divis ion,  Alaska Zapartment of Fish and Game, :vho furnishes a b o a t  and motor 
f o r  the 1.963 ssason, is g r a t e f u l l y  acknawlzdged, 

X s tady of tke  d i s t r i b u t i o n  of  some se lec ted  t r a c e  heavy meta ls  i n  t h e  
Knight I s l and  rocks is p resen t ly  underway by David A. Schwab a s  a graduate  
t h e s l s  p r o j e c t  a t  t h e  New Mexico I n s t i t u t e  of  Mining and Technology. 

Geography 

Knight I s l and  i s  one of t h e  l a r g e r  i s l a n d s  i n  Prince William Sound, a 
major deep water  bay indent ing t h e  s o u t h c e n t r a l  coas t  l i n e  o f  Alaska 
( f i g u r e  1). The i s l a n d  i s  about 2 5  m i l e s  long and about 8 mi les  wide. The 
topography i s  extremely rugged with l a r g e  f i o r d s  and numerous bays p r o j e c t i n g  
.<asp i n t o  t h e  iela~d's i n t e r i o r ,  Maximum e l e v a t i o n  i n  t h e  map a r e a  i s  
about 2900 f e e t ,  Overland t r a v e r s e s  were genera l ly  r e s t r i c t e d  t o  t e r r a i n  
below 2000 f e e t  due t o  the  s teepness  of t h e  h igher  s lopes.  Timberline 
v a r i e s  between 500 and 900 f e e t ,  

Rock exposures a r e  exce l l en t  along t h e  shore l ine  and good above timber- 
l i n e ,  I n  t h e  dense r a i n  f o r e s t  b e l t  between t h e  upper high t i d e  l e v e l  
ar,d t imber l ine ,exposures  a r e  extremely poor and walking o f t e n  d i f f i c u l t .  

The i s l a n d  i s  e a s i l y  access ib le  by boa t  o r  f l o a t  plane,  The s h e l t e r e d  
f i o r d s  and bays provide r e l a t i v e l y  s a f e  boa t  anchorages and landing  areas. 

REGIONAL GEOLOGIC SETTING 

Most s f  rhw axposed rocks i n  t h e  P r ince  WklLiam Sound a r e a  a r e  w i t h i n  
the Chugach M o ~ n t a i n s  geosyncline and consis: of a g r e a t  th i ckness  of  gray- 
naeke and slats, with subordinate conglomerate, che r t ,  l imestone, and 
volcanic  rocks, One prominent band of  vo lcan ic  rocks,  a s  much a s  10 mi les  
wide, extends f-om El r ington  and Evans Island nor theas t  a c r o s s  most of  
Knight IsPar,d ad. pro%ably as  f a r  a s  P o r t  Valdez i n  the  n o r t h e a s t  p a r t  o f  t h e  
Sound. The rocks ace s t eep ly  dipping and rePat=veiy  t i g h t l y  folded p a r a l l e l  
t o  t h e  major s t r u c t u r a l  t rands  i n  s o u t h c e n t r a l  Alaska. Low grade reg iona l  
metamorphism has  imparted a crude f o l i a t i o n  t o  most of t h e  rocks  w i t h  
a t t endan t  development of  a t y p i c a l  g r e e n s c n i s t  mineral  assemblage. 

These eugeosyfielinai-l ike c l a s t i c  sedimenrs and minor v o l ~ a n i c s  were 
deposited i n  a r a p i d l y  subsiding trough along the unstable  kdge o f  t h e  con- 
t i n e n t  dur ing  Pa te  Mesozoic and p o s s i b l y  e a r i y  Cenozoic t i m e .  (Payne, 1955)-  
Source of most of t h e  sediments was apparen t ly  t o  t h e  nor th  i n  t h e  a r e a  of  
the w"c2stra; 'Zalkeetna Mountains whereas the volcanic  rocks w e r e  l o c a l l y  
der ived f r ~ m  a chain  of  volcanoes w i t h i n  t h e  geosyncline,  Invers ion  and 
u ~ l i f t  of t h e  geosyncline with concurrent  fo ld ing ,  f a u l t i n g ,  metamorphism, 
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and minor g r a n i t i c  i n t r u s i o n  probably began dur ing  t h e  e a r l y  T e r t i a r y  
(Paleocenz!. Deformation reazhed i t s  climax probably before  the  beginning 
of  t h e  E o c e ~ e ,  however, var ious  s t ages  and degrees of u p l i f t  have continued 
up t o  t h e  p resen t  t ime. 

GEOLOGY 

The rocks of c e n t r a l  Knight I s land  c o n s i s t  p r i n c i p a l l y  of b a s a l t i c  
and a n d e s i t i c  vo lcan ics  t h a t  a r e  -01 lec t ive ly  r e f e r r e d  t o  a s  greenstone,  
Minor s l a t e ,  with some graywacAe and c h e r t ,  occurs  interbedded wi th  t h e  
volcanics  b u t  probably c o n s t i t u t e s  l e s s  than  5% of t h e  t o t a l  rock exposed. 
The bedded rocks have been intruded by hundreds o f  greenstone d ikes  ani 
s i l l s ( ? )  and by a few l a r g e r  bodies of  coarse-grained rocks ranging i n  
composition from d i o r i t e  t o  gabbro. Bands of  s t r o n g l y  s c h i s t o s e  and 
myloni t ic  rocks,  as much as 1000 f e e t  wide, mark t h e  major shear  zones t h a t  
t r a n s e c t  t h e  area .  

The age of t h e  vo lcan ic  rocks and interbedded sediments is  not  w e l l  
known. Moffit  (1954) summarizes t h e  va r ious  l i n e s  of  f o s s i l  and f i e l d  
evidence of p a s t  and p r e s e n t  i n v e s t i g a t i o n s  and suppor ts  a l a t e  Cretaceous 
age f o r  most of  t h e  rocks  i n  t h e  Sound a r e a ,  Recently,  however, t h e  U . S .  
Geological Survey, on t h e  b a s i s  of new p a l e o n t o l o g i c a l  evidence, appears  
to favor an e a r l y  T e r t i a r y  age f o r  a t  l e a s t  some o f  t h e  sedimentary rocks 
(Chapman 1965 1.  

i3edded rocks 

Greenstones 

The greenstone volcanics  a r e  sepa rab le  i n t o  two r e l a t i v e l y  
d i s t i n c t  map c n i t s :  a p i l l o w  greenstsne u n i t  and a massive t o  semischis tose  
greenstone u n i t ,  P i l low greenstones occur p r i n c i p a l l y  along t h e  e a s t  and 
w e s t  s i d e s  of Knight I s l a n d ,  whereas massive t o  semischis tose greenstone 
appears t o  be r e s t r i c t e d  t o  t h e  core o r  c e n t r a l  p o r t i o n  of t h e  i s l a n d  
( f i g u r e  2 ;  see a l s o  geologic  map). 

The p i l low greenstone u n i t  c o n s i s t s  a lmost  e n t i r e l y  of a heterogeneous 
accumulation of p i l l o w  l a v a s  and p i l low l a v a  b r e c c i a s .  A few massive green- 
s tones  t h a t  may r e p r e s e n t  e i t h e r  flows o r  nonsortec wate:-laid t u f f s  were 
observed, b a t  a r e  n o t  common. An a r g i l l a c e o u s  ma t r ix  i s  occas ional ly  p r e s e n t  
between the  p i l lows  b u t  i n  general  they a r e  c h a r a c t e r i z e d  by a lack  o f  
included sedimentary ma te r i a l .  S ize  of t h e  p i l l o w s  ranges from l e s s  than  
a f o o t  t o  more than  f o u r  f e e t  across  t h e i r  g r e a t e s t  dimension. Most o f  t h e  
p i l lows  have r e t a i n e d  t h e i r  o r i g i n a l  shape al though i n  and near zones of  
shearing,  they have been not iceably  f r a c t u r e d  and deformed. S t r a t i f i c a t i o n  
i s  not  ev ident  i n  t h e  p i l l o w  greenstones and on ly  where interbedded s e d i m e d  
a r e  p resen t  i s  t h e r e  any ind ica t ion  of t h e  g e n e r a l  a t t i t u d e  of t h e  u n i t .  
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P, t t . anpts  to deternine stratigraphic tops on the basis sf the shape and form 
of i K b i v i b u a P  pillows aid not prove useful, Ike deposition of the piflow 
g ~ e e ~ s t o n e  u ~ i t  evidently was not orderly or ~nifcrm but very sporadic 
uc'itrs great masses of pillows accumula-Ling from Rime to time on a very 
i r x e g d a r  surface and accompanied by eonsiderab%e post-solidification 
r~.zdjvstment. 

T n  3(sn5 specimez the pillow greenstones are typically fine-grained dark 
green to gray, nonporphyritic to porphyritic, and of ten amygdaloidal . Quartz 
epidote veinlets are common but not abundant, 'il'nder the microscope thc 
groundmass of the pillow greenstones generally zsnaists of a dark ill-derined 
mixture of albite, aetinolite, chlorite, and opaque minerals. Vestiges of 
:%n original intersertal to intergranular texture are sometimes discernible 
ia the more coarse-grained varieties, and in the porphyritic rocks relict 
plagioclase (An55) and clinopyroxene phenocrysts are often present. In- 
variably, however, the plagioclase is strongly saussuritized and largely 
replaced by albite the clinopyroxene replaced by actinolite (ural- 
i t  yJesicles, where present, are f ilPed with chlorite. Spherulitic 
sggregates 3f bladed albite with epidote cores are occasionally observed 
32x3 may represent a different type of vesicle filling. 

The massive m:d semischistose greenstons unit in the central part of 
t3.e map area consists of a monotonous group of porphyritic and nonpor- 
phyritic, fine- to medium-grained rocks that generally lack any discernible 
prinary structures, Crude ellipsoidal structu:r;,&s were recognized at a few 
2ozal.ities an2 i banding tha% might be interpreted as flow banding is 
eviaent in a number of exposures, Xenolithic nodules  of gabbro and peri- 
datite were observed in some of the massive roc'ks, especially along the 
e?.st sad southeast shores of Dries Baye The more massive rocks typically 
exl* i b i t  a blseky fracture pattern and all rocks 3re cut by abundant 
yuartz-epidote veinlets, Disseminated pyrite i s  common throughout the 
q::nf t i3n6, bvhere plentiful, results in a eons~ic::sus limonite stain, Color 
cf the rocks is quite variable ranging from Light greenish gray to almost 
Ll ack , 

A possible volcanic ven% is present on the high southwest flank sf 
k h e  2125-footppeak between Port Audrey and Johaisorrr. Bay (see geolsgie 
map). Bere, massive jointed greenstones crop O C , ~  over a vertical 
3is$ance of awmu%t 109.0 feet in a roughly c i r ~ t :  Ar area approximately 1080 
feet ia diameter, Pillow greenstones apparently coarcpletely surround the 
body o f  massive greenstone, 

In thin section the massive and semischistcse greenstones are not too 
rrr-like the pillow greenstones, They range f r e m  in te rgranuPar  basalt and 
andesite with relict saussuritized playiaclasa (zoned Ans5 to An40) in a 
groundmzss of plagioclase, aetinolite, epidote, c%$orite, and carbonate 
to ackinsPite-chlsrits-albite semischists, N c s t  o f  the medim-grained 
rotks prsbzbly represen% thick flows but some may zetaally be intrusive, 



One porphyritic variety contains saussuritized plagioclase phenocrysts 
as much as $" long, zoned from AnG0 

to An2? 
in a medium-grained 4-2 mm) 

groundmass of uralitized clinopyroxene, re atively fresh plagioclase 
( A n d ,  minor interstitial alkali feldspar, and serpentine. 

The available evidence suggests that the massive and semischistose 
greenstones were laid down on a subaerial volcanic pile and that the 
pillow greenstones are their submarine equivalents, The irregular nature 
of the massive-pillow greenstone contact, plus the presence of minor in- 
terbedded sediments and possibly some pillow lavas in the massive green- 
stone unit further suggests that the subaerial volcanic eminences were 
extremely transitory, This simple picture of the volcanic activity on 
Knight Island, howe7rer, is complicated by post-depositional folding 
and shearing. As discussed in more detail later, the attitude of bedding 
and minor fold structures indicate that the core of the volcanic pile (and 
probably the entire volcanic chain) has been uplifted and preserved in a 
large, complex anticline. 

Thin beds of slate, with subordinate graywacke and chert, are 
present in minor amounts throughout most of the map area. Although the 
sedimentary rocks occur chiefly in the pillow greenstone unit, they are 
also found interbedded in the massive and semischistose greenstone unit. 
The greatest concentration of sedimentary rocks in the area is exposed 
along the south side of the Bay of Isles from its mouth to the entrance 
of West Arm (see geologic map). Except for - few beds of slate on the 
north side of West Arm, none of these sedimentary bands project across 
to the north side of the Bay of Isles. 

The sedimentary beds rarely exceed a few hundred feet in width and 
in general average less than 50 feet wide. They are very discontinuous 
due both to primary depositional features and post-depositional shearing 
and folding. The bedding strikes between N and N50°E and dips steeply to 
the east with the exception of the few sediments on the west side of 
the island which apparently dip steeply to the west. Prominent slaty 
cleavage and the axial planes of folds parallel the bedding except at the 
noses f folds or where the slate cleavage wraps around boudins of 
zon~petent greenstone, chert, or oacasionally graywacke . 

In thin section the slate consists principally of quartz, muscovite, 
and carbonaceous material. The graywackes exhibit the same metamorphic 
mineral assemblage as the greenstones (albite-epidote-chlorite-actinolite) 
but generally also contain some muscovite. 

The field and structural data suggest that the many sedimentary 
beds exposed between West Arm and Cape Poi in the Bav of Isles may 
belong to the same general stratigraphic horizon, depetition of the 
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3 e c s  23s m e n  eLreczec: L;:,J~L. : f n l r i ,  9.;. _?nc.. ro ;erne ex ten t  by a l s ~ l a c e -  
Tent 3iong cne shear  zones. Elsewnere i n  che a r e a  t h e  s c a ~ t e r e a  sed l -  
mentary beds zrobably r e f l e c t  l o c a l  a reas  of depos i t ion  throughout a  
c:>rslderabie range of t lme.  

- 1 2  i 1 L C  . , , a  J h a  L ~ranSccC thc  area a r c  ;or ehe 
nasr . art t h e  shearcd t ? ! ~ L  c ;c ; l l .~csc  c c f u l 7 : ~ l c n t s  of t h e  masslve and plllo17 
yrcecs tones.  I le tasedrnents ,  however, arc r e l a t i v e l y  common ~ r l t h l n  t h e  
shear zones, suggesting t h a t  the shear zones fo l low,  a t  l e a s t  In  part, 
L O C X L  ~ ~ c i l r n ~ n t a r y  bands or l enses  I n  t h e  vo lcan ics .  

P r i n c i p a l  shear  zone rocks a re  dark green  c h l o r i t e  s c h i s t s  and 
zh io r i t c -quar t z  s c h i s i s  containing v a r i a b l e  and subordinate  amounts of  
~ p l i i o t e .  a c t i n o l l t c ,  and a l b i t e .  With a dec rease  i n  s c h i s t o s i t y  these  
rocks grade into t h e  chlorite-quartz-actinolite-albite semischis t s  of t h c  
rnassrvc greenstone u n i t .  I n  one t h i n  s e c t i o n  of a c h l o r l t e  s c h i s t  from 
::':..(.: :yoncsy mine, ghos t s  of elongated fragments wi th  c h l o r i t e / q u a r t z  2nd 
~;1 ;0~? . ic /ac i - . inoi l te  r a t i o s  d i f f e r e n t  than  t h e  ma t r ix  were observed. I n  
anoi::-,,r t h i n  s e c t i o n  of a  sch i s tose  b r e c c i a  ( N e l l i e  shear zone) ,  with 
f l a t ' i cned  f r aqn~en t s  as much a s  6 inches long,  shard-shaped forms of ch lo r i - i e -  
qusr .-cz r.rcre observed i n  a matr ix  of q u a r t z ,  a l b i t e ,  and a c i n t o l i t e .  Thcr,c 
~ c k s  ry,rcbably r e p r e s e n t  depos i t s  of s u b a e r i a l  p y r o c l a s t i c  o r i g i n .  

Tiler c ;:ylonitcs, although uncommon, occur a s  conspicuous l i g h t -  
eolorcc icnses  t h a t  are genera l ly  l e s s  than  100 f e e t  long and 10 f e e t  
e v i ~ e .  I n  t h e  f i e i d  they  form boudins o f  massive, t h i n l y  banded rocl-, and 
un2er the  rnlcroscope show the  e f f e c t s  of  pronounced c a t a c l a s t i c  deformation.  
The q u a r t z  g r a m s  are very f ine-grained and occur i n  bands which f l o w  around 
zaaii Xcr,ses of ansheared quar t z -ep ido tc -a lb i t e  ( ? )  . 

Soudins of competent massive greens tone  a r e  a common f e a t u r e  of 
the  shear zoncs. The boudins r a n g c  Z.n s i z e  from small  microscope £rag- 
!:,env.s to bLocks a s  much as s : . - ~ 7  ;-.;-.us u ? f e e t  wide and poss ib ly  as much 
as  a fe:d hundred fecr, long (see Licjurc  5 ) .  Un1il;c t h e  chcr-i; l~c iuc i ins  
the cjrcenstone boudins do not  e x h i b i t  any pronounced obvious mylon i t i za t ion  
fea.turcs aLthough t h e  rocks havc been e n t i r e l y  r ec rys ta l l - i zcd .  

Quar tz-cyidotc  v c i n l c t s  and disseminated p y r i t e  a r c  coru~lon i n  t h e  
shca: roncs. In  many exFosures t h e  quar t z -ep ido te  v e i n l e t s  appear t o  
uancio!rily c r o s s c u t  t h e  s c h i s t o s l t y  i n d i c a t ~ n g  a post-shearing age f o r  a t  

- :oi.~,. oL c h c  v e i n l c t s .  



Intxusive rocks 

Greenstone dikes and s i l l s ( ? )  

Greenstone dikes and possible sills which evidently represent 
feeders for  the volcanic flows are  common throughout the en t i r e  mapped 
area, The dikes range from a few inches t c  mo -e than 100 f e e t  wide and 
average about 4 to  5 f e e t  wide. A s  a group the  dikes s t r i k e  northwesterly 
with steep dips (see f igure 3 )  across the s t ruc tura l  grain of the country. 
I n  the f i e l d  three va r i e t i e s  of dikes have been recognized. In order of 
abundance these are : (1 ) f ine-to medium-grained, dark gray-green dikes : 
<29 porphyritic  dike^ and ( 3 )  ' gray, aplitic-textured dikes. In general 
appearance the dike rocks show l e s s  mineralogical and s t ruc tura l  changes 
k h a n  the greenstone c o ~ n t r y  rock, 

The f i r s t  two va r i e t i e s  are basa l t i c  i n  composition. Under the micro- 
smpe -tsextures are usually discernible and vary from intergranular t o  
opki t ic  with i n t e r s e r t a l  t o  hyalophitic margins, The rocks typical ly  
consist  of 40 t o  50 percent clinopyroxene p a r t i a l l y  a l tered t o  ac t ino l i t e  
a 9  a l i k e  amount of plagioclase (Ans5) p a r t i a l l y  replaced by a lb i te .  In- 
t e r s t i t i a l  g lass  where or iginal ly  present has been metamorphosed t o  a fine- 
gra.ined mixture of ch lor i te  with minor epidote, ac t inol i te ,  and a l b i t e ( ? ) .  
1:;. %he porphyritic var ie t ies ,  phenocrysts of plagioclase as  much as  1 inch 
ion$ are present,  

Although no th in  sections were cut  of the lighter-colored gray dikes, 
L%ey appear t o  be more andesi t ic  i n  composition than the darker dikes. 
I n  haxd specimenp the rock consjsts of grains of cloudy feldspar and 
ceeasional quartz, with probably l e s s  than 30 percent a l tered mafic min- 
srafs ,  In a few places where both the dark and l i g h t  dikes were observed 
?.oge&her, the light-colored dikes were younger, 

Coarse-grained gabbro and d i o r i t e  

A number of re la t ive ly  large elongate bodies of gabbro and two 
Le.u_s--like bodies of d i o r i t e  have been mapped i n  the area. The la rger  
g&bro bodies seem t o  be re s t r i c t ed  t o  the massive-semischistose green- 
stcne uni t  and are  concentrated chief ly  i n  the v ic in i ty  of the Nellie and 
So2k'il Arm shear zones, The bodies apparently parallel &tihe regional 
~ - ~ r + ~ c t u ~ e ,  however, there i s  some evidence tha t  some are crosscut a t  very 
s l i g h t  angles by the shear zones, Smaller gabbroic bodies are  found 
thr~ughout  the area, The two d i o r i t e  bodies crop out a t  an elevation of 
almea$ 1000 feek on the northeast flank of the 2125 foot mountain west  of 
Port Audrey, Bodies of quartz d i o r i t e  have also been mapped underground 
ir: the vic in i ty  of the Copper Bullion mine (Stefansson and Moxham, 1946) 
bat are not shown on the accompanying geologic map, 

Modal analyses sf the two rock types, including a magnetite-rich 
var ie ty  of the gabbro, are  given i n  Table 1, The gabbros are  dark rocks 



TABLE 1 

Modes of Coarse-grained Intrusive Bocks 
from Central Knight Island 

K-63 K-120 K-64-20 
Diori te Gabbro Magnetite-bearing 

gabbro 

Primary minerals 
plagioclase feldspar 
a l k a l i  feldspar 
myrmeki te 
clinopyroxene 
hornblende 
magfietite 

Me tmorphic  minerals 
a c t i n o l i t e  
ch lo r i t e  
epidote 
carbonate 

1/ largely saussuri t ized - 
2/ replaced by epidote 

probably after b i o t i t e  
4/ a£ ter clinopyroxene - 

Locali t ies:  

K-63 West of Monarch prospect ( l o c a l i t y  1) 
K-120 3/4 mile northeast of Jonesy mine ( loca l i ty  3 )  
K-64-20 North shore of Bay of I s l e s  near entrance to  West Arm, 



Figure 3. Lmer hemisphere projection of  poles of 
dikes in central Knight Island area. 



~onei3kLng of' a caarss-.grained o p h i t i e  interg~owth of clinapyroxene, 
variably al terad to actinolite, and locally s . ~ c s s ~ l p i t i z e d  basic plagio- 
clase, Magn$ti$e i s  3 common accessory mineral and i s  present i n  amounts 
3s much a s  1,s v s l - a s  percent  i n  some of the gddbrs bodies along the nor th  
ahore sf the  B q  GZ I S ~ E S ,  The d i o r i t a  is  l i g h t  greenish gray i n  color 
a d  esnta i r i s  a more %-aried mineral  assemblage, I n t e r s t i c ' - 1  a l k a l i  fe ld-  
spar i s  p e - e s s ~ t  i n  minor mounts and is  generaP3.y septirated rom t h e  
saussuritisad p$agioelass  by myrrnekite, B i o t n t s  was apparent ly  the prin- 
c i p a l  primary rnafic m i n e r a l  b u t  i s  now alter%-, e;.ltirsPy t o  chlorite. 
Minor primary(?) clizopyroxena and h~rnblende ara  also presen t ,  

V a f i r , ~ ,  pods, sa3 i rsaplar  masses of guzr~ophyre are common w i t h i n  
some of tha gabbrs h e i e s  and are also inirusivs i n k s  t h e  massive green- 
s tone unit, espeeiaPly along the north side s f  the Bay of I s l e s ,  The 
granophyre is a conspicuous l i g h t  gray t o  w h i t e  color a d  c o n s i s t s  pre- 
donin~nkiy sf a coarse-grained mixture of  potas2 feldspar, and graphic 
albite -quartz I r ~ t e r g z ~ ~ w t h s .  The graphic in&s.w:groweha are genera l ly  cored 
with a euk~edral  crystal of a l b i t e .  Minor epidote i s  present i n  small 
ve inke t s  and i r r e g u l a r  patches s c a t t e r e d  through the rock. 

Many sf t.";ae stream courses  i n  the mapped area conta in  s c a t t e r e d  
d e p o s i t s  sf zcl.laeial n-aterial s f  Eecent o r  ]Pkrs,l~t,~cene age. Most o f  
these d e p ~ s i t s  are &%in and discontinaous, but i n  thzee v a l l e y s  r e l a t i v e l y  
extens ive  moraines as much as 100 f e e t  t h i c k  zze pxesent and are shown 
on the geologic  map, 

All t k s  corsoliZsted rocks i n  t h s  8rAa sFaow t h e  effects of low grade 
regianaZ ~ieLa~iorp?iis-, ':he absecce of bio t l l s  is %he bedded rocks and the 
apparsct aktb-ration of b i o t i t e  t o  c h l o r i t e  ; *- t h e  d ior i te  i n t r u s i v e s  
suggests t ha t  the gz?:c:e of me%amorphisr ,was iroz hiqker thm the quartz- 
albite-w2scovifr!-ch?Forite sukf acies of the  qresrtschist fasies ,  The &- 
sarv&d mir.eraS asssx>l%gss i n  tlae various rook,; types  are as fo1Pows: 

Black seats: c ~ ~ : a r t ~ - m u s % o v i t e w a ~ b k k e  
Gr i.%y~a ck~? e y~~a~t,z-ehPorite-epido~~e-actin~~Ei te-albite-muscovite 
Chert: y:xartz-muscovi te-epi.3at.ss-albite 
Basic voiaanics: albite-chlorite-aetirFg:II~te-epid0te 
D i s r  i t e  : epiQiste-eh%oriteea1bite%X!-hyd,-o~s lrrsrs oxides 
Ga3bro :: aetino9ite-albite-c%n~o?~:ik1~,-seji:per:tine(3~ 

No eon tac t  metamorphic effects w e r e  observed, 11; khe shear zones tks 
sans mineral assnmblagae are presen t  bat w i t 3  a ps . '~ ;~ . ,ou~~ce~5 f o l i a t i o n .  



T3a fo ld ing ,  shearing,  and metamorphism of t h e  Knight Is land rocks 
ev iden t ly  occurred contemporaneously. Axial p lanes  of fo lds ,  and the  
a t t i t u d e  of shear  zones, f o l i a t i o n ,  s l a t y  cleavage, and most of t h e  bedding 
are p a r a l l e l ,  o r  nea r ly  so, and form t h e  reg iona l  s t r u c t u r a l  g r a i n  o f  
the areas The s t r i k e  of these  f e a t u r e s  ranges from a few degrees west of 
north t o  nor theas t  wi th  probably more than 80% f a l l i n g  between NSOE and 
N2aaE, Dips are s t e e p  and genera l ly  t o  t h e  e a s t ,  

Folding i s  no t  obvious i n  t h e  greenstone u n i t s  b u t  i s  well-displayed 
i n  t h e  t h i n  interbedded sedimentary beds ( f i g u r e  2 ) .  The f o l d s  are over- 
turned and asymmetric t o  i s o c l i n a l .  Along t h e  south shore of t h e  Bay of  
PsPca a number of fo ld  noses were observed with limb-to-limb dimensions i n  
t h e  tans of f e e t .  Minor drag f o l d s  i n  t h i s  a rea  a r e  r e l a t i v e l y  common. 
Most plunge s t e e p l y  south and together  with t h e  l a r g e r  f o l d s  suggest  a 
rnajoz %:atiePinal s t r a c t u r e  t o  t h e  west. On S q u i r r e l  and Aguliak I s l ands  
acJ along t h e  west s i d e  of Knight I s l and  t h e  s l a t y  cleavage d i p s  v e r t i c a l l y  
t o  wes ter ly ,  and t h e  few drag  f o l d s  observed i n d i c a t e  an a n t i c l i n a l  s t r u c t u r e  
t o  tke east. Hence it appears t h a t  the axis of a l a r g e  complex a n t i c l i n a l  
structure, plunging t o  t h e  south,  fol lows the  approximate c e n t e r  l i n e  of 
Knight I s land .  

A t  l e a s t  seven major shear  zones t r a n s e e t  the map a r e a  ( f i g u r e  2 
=rl geologic  map). S i x  of these  occur I n  t h e  rnassive-semischistose green- 
storre u n i t  and only  one i n  t h e  p i l l o w  greenetorle u n i t .  The shear  zones 
a r e  U F W ~ ~ ~ S  t o  1000 f e e t  wide and a t  l e a s t  two (Jonesy and South A r m  
sI?ear zones) extend both nor th  and south o u t  of t h e  mapped area .  Along 
t h ~  south shore of  t h e  Bay of I s l e s  i n  t h e  r e l a t i v e l y  sediment-rich sec t ion ,  
the n23os shear  zones a r e  d i f f i c u l t  t o  t r a c e  as ev iden t ly  a l a r g e  p o r t i o n  
of t r ie regional stress may have been r e l i e v e 3  by s l ippage  i n  t h e  s l a t e ,  
T'here i s  hs good evidence t o  i n d i c a t e  t h e  sense o r  magnitude of  motion 
~ > . o n g  xhe shear  zones, The Johnson Bay &ear zone, which appears t o  fol low 
a c u r v i l i n e a r  pa th ,nar th  of Johnson Bay through t h e  West A r m  of  Bay of 
Isles, may b r i n g  t h e  p i l low greenstone u n i t  i n  f a u l t  con tac t  wi th  t h e  nas- 
sive greenslone un.i.t, However, on t h e  o t h e r  hand, t h e  shear  zone ma- 
lecal ly  fol low a normal depos i t iona l  con tac t  between these  two u n i t s -  Left- 
hand s t r ike  slip rno~~errient as g r e a t  a s  3.12 mile  f s weakly suggested by t h e  
szppssed d i sLssa t ion  of t h e  coarse-grained gabbro body along t h e  N e l l i e  shear  
Zale 0 

Minor shear  zones, from a few inches t o  a few t e n s  o f  f e e t  wide, a r e  
cornon throughout the area ,  Most s t r i k e  para1  P e l  t o  t h e  major shear  zones, 
although a number t rend  northwest and d i p  s t e e p l y  t o  t h e  southwest. 

The greenstone d i k e s  a l s o  show a p re fe r red  northwest o r i e n t a t i o n ,  A 
s t e reo-p lo t  of over 108 d ike  a t t i t u d e s  is shown i n  f i g u r e  3 .  These d a t a  
inG%cate a netm s t r i k e  of  N50W and a d i p  of  75"SW. 
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Figure 4 .  Paragenesis o f  ore and gangue minerals. 



(13 i z  axezs of s*~br, lo changes in di rec t ion  05 sehi.stosity; (2) in warped 
schist at the contzct of large bodies of comp%tez% rocks; and (3) in 
strongly wzrped schist  at the apices of srntaP% Isnass or hudins of competent 
E O C ~ .  The latter t m l o  are similar m d  gradational, however, in (2) the 
csnpekezt rack m s s s  3x4s remained relatively static, whereas in (3) the 
~azrrpeeer~t rock mass hss been rotated (figare 8, ioeag; tv 13) Although (2) 
arP3 ( :: appe&z to bs rhc most common ore eontroPs (donesy mine, figure 5; 
Far-dara mice, figure 6; and locality 13 ,  figure €3) ?:hey are also the most 
obv-kaas ;",~d ~ ; x y  n?ot be zesponsible for esnkroflimr,g the deposition of the 
fesgsr massive sulfide bodies, such as the Copper Bullion mine. 

Crass-skaaring or cross-joinring, such as observed at localities 9 
zaLd 15 :Elgaze 81, appaxsn.t,,%y has exercise3 some eon-krol  in localizing 
a~.kf i<:s  rnPr:e..;.aSIza-t"ko~., In both of these i o c s k i k i e a ,  however, pyrite is 
preser-t azkl tS,:e deposits may represent a stsge of mineralization inter- 
Eec3iake betwee2 t h e  .passive sulfide deposits and th s  pyrite-bearing vein 
f! YFQ s5 es , 

The czigiwai s9;l~;llfce of the metal elements and sulfur in the massive 
saLfi2e deposits is believed to be the volcanic csu~~bry rock, Evidently 
9d'i,7tg Fa t %~,c=asphism t%ess elements were SC&~~GL:~;CI;Q from the greenstone, 
"Uxr~~.spor~zbld ~ 2 3 .  ~~zcl.s&r,at'.ed by hot rnetmo.rph;c a.tq,sraous solutions, and 
2lr:rn;ly deposited ir.% 2,ress of reduced pressure wi th in  the shear zones, 
' T h ~ x 6  appears to be no need, nor is there ariy sabatmkial evidence, to call 
Lpsm a b~2ris9 ig:u?o;s irrtrusive body as a soxrca for the sulfide ores, 

I" . ,+scr$.~tis~, osE ariF~.as and prospects 
u~u-~---CLua- - 

~ ' Z S ~ Z  !4s,rarcB prospect (Knight Islan.9 Coz~aa3iBdatepr;I Copper Co,, 
F2bka~,i=-F 2.2: El:8.t.% Cs." i s at, an elevatisc of ~.p~r~ximaC,ePy 7CO feet on the 
3r,e Sip : ,s:A,>,G;,?~:,. . . . Q , ~ A ~ P ,  .,,-. ma9~ntsin slope 314  sf 1% m i l e  northwest of the tidal 
:_~:,~'r: dil$ ::. s ?,,ezc? af c"ort Audrey in Dries Bky, The u~derground workings 
3:t.e zeportsd t z ~  L ~ : - ~ . H . ~  2 Ler~gth of about 3 2 3  -Ea,+t IEnoffS-t and Fellows, 1950) 
k-2% 5% 2 - 2  t.:-n;e sf B;LI visik in 1963 the a3it wsa e;iuy&d at the portalo 

T2.e p = ~ ~ , s p e c t  2% i:% the Mararch a'5keas gone a~l3  t k . 3  countxy rock 
c .  co,,sista a2 bnrrr-i s:i-irs%ew aid massive g%@eulsropF, 3t the  portal a b a d  

~ of sti.lx~qZ,s 32-~..1~-t-:,a.;a ~ze^r;s.fbsaa is expose2 .P?aG:;?& sks' ikes  N7" - 15"W and 
i p s  t i ,  , Eccagme~..:ts of' cI3lsrl.:a s~ckis.t: containing veins 
&:ad irregular masses of quartz and epidota w i t h  3bun.darx.t pyrite and minor 
cX? ql~&bi?yri%a &re ~~l",tJC.ered throughout the a-uq, 

3n t2.c; 35ene: sheax zone, apprsximatsLy 112 m J s l e  s;orCh of the Monarch 
p-rcspt~(?% rt ;;r &e%.~ation of &out 1250 fe,$?t, a ~~?-fsot-dsep prospect 
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shaft  has been suzk i p s  an area of in tense  shearing and s t rong l imoni te  
" ~ t a i n i n g .  The rack i s  a c h l o r i t e  s c h i s t  containing i r r e g u l a r  masses of 
quar t z  and :,yrite an3 :2 isseminated p y r i t e  ; no coFper s u l f i d e s  were observed. 

Local i ty  3, Jm?esy mine 

T?le Jeinesy ~ i r * s  ";aaYd Eagle claim, Knight I s land  Consolidated 
Carper Co., Hubbare-EJPiott Co,) i s  a t  an e l eva t ion  of  about 1000 f e e t  
i n  a north-facing eliff, s l a j h t l y  more than 112 m i l e  east of  t h e  t i d a l  
i n l e t  a t  t h e  head af P o r t  Audrey* The mine workings a r e  s t i l l  open b u t  
all su r f  ace facilities, including ar aerial tract, power p l a n t ,  and s e v e r a l  
bui ld ings ,  have either been removed o r  destroyed by decay. I n  1908 t h e  
mine w a s  mapped by Gxank an3 Higgins (1910) and a t  that time t h e  underground 
'~?1~3x'I~ings t o t a l e d  ap2roxirnatsl.y 350 f e e t ,  Since then, b u t  probably before  
2.916, an a d d i t i o n a l  50 Sce t  of d r i f t i n g  was completed and considerable  
s t o ~ . i n g  underta3r;an G.. .e%r-e m a i n  o r e  zone, 

A ?9an o: the xine  workings and sketch of the  su r face  geology i n  the  
v i c i n i t y  s f  t h e  rnbe portal  i s  shown i n  f i g u r e  5. Because of  t h e  t h i c k  
accumulation of dirt and secondary minerals  on t h e  wa l l s  o f  t h e  workings 
co at tempt  w a s  mate to  map the  mine geology. The mine i s  i n  a band of 
moderately to s t r o n g l y  sheared greenstone, conta in ing  boudins of  massive 
greenstone and n o n f ~ l i a t e d  greenstone d ikes ,  wi th in  t h e  Jonesy shear zone. 
The sheared racks axe p r i n e i ~ a l l y  dark green c h l o r i t e  s c h i s t s  wi th  subor- 
d i n a t e  and v a r i a b l e  zu~ocnts of q u a r t z  and a e t i n o l i t e .  The massive, non- 
fo l ia ted  roclcs cs-i.,aist of mixtures of sauissuri.(-,ized p lag ioc lase  and 
ural-ii;ized cline:-?yroxe,ne with v a r i a b l e  m o u n t s  of c h l o r i t e ,  a l b i t e ,  and 
opaque minerals.  HI? general, the s c h i s t o s i t y  t r ends  between N l O E  and 
N25E and di:?s be-ktvi;ge- 3Q0 and 75OE, Locally,  however, t h e  s c h i s t o s i t y  may 
13s ~ x t r e m e l y  varEabPa, especially where it evraps around boudins of massive 
c o m ~ e t e n t  greenstone, I r r e g u l a r  pods and l enses  of massive s u l f i d e s ,  
c :msis t ing  :>rFceipaSEy of p y r r h o t i t e  and chalcopyr i te ,  appear t o  be 
.Jcoc.a%ized wTl9re F X G ~ K ~ ~ ~  fiexure of the s c 3 i s t o s i t y  has  occurred. In  t h e  
expsurcs; an tba c l i S F  face massive s u l f i d e s  are present :  (1) along a zone 
o f  f l exure  i n  a 2- to 4-foot wide bmd af s t rong ly  s c h i s t o s e  rock between 
7- bocdin of r::assi.ve yre+..xraixone and a 3-foot-thick nonfol ia ted  d i k e  and 
1 2 )  at the ;??e:c of 2n e?,Pliptical-chaaped . ~ o d  of massive greenstone encased 
i n  sckrsstorse c g x e e n r l i s ~ 1 ~ ~  

T h e  mine 2.di.r was d r i ven  approximately S5"E on the s u l f i d e - r i c h  zone 
i n  t h e  band o f  stsong2-y s c h i s t o s e  rock, b u t  as indica ted  by t h e  p lan  of  
the underground workings t h i s  zone w a s  followed f o r  only a l i t t l e  over 100 
f e e t .  The a d i t  was then directed more t o  t h e  e a s t  where a t  about 150 f e e t  
from the p o r t a l  it sp-jarantSy i n t e r s e c t e d  a r e l a t i v e l y  l a r g e  concent ra t ion  
of s u l f i d e  minerals  2recding N20°E and d i p ~ i n g  56"SE. From t h e  length  of 
t h e  drift and e x t e n t  of %he sto:>ing it appears that as ruch a s  1000 t ons  
of" ore may have ke%n mized ,  
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The N e l L i ~  prospect is ln, a steep-walked r~vine ;I4 a£ a m i l e  east 
Audrey i n  3riz+ 3ay. Aecoding  to  M f f i t  ana Fellows (1950) it 
.osed by Open-cLts, a 6-foot s h a f t ,  arid a 36-foot a d i t .  However, 

by t h e  t i m e  of t h e  w r i t e . r s 3  v i s i t  i n  1963 l a n d s l i d e s  and avalanching 
i n  t h e  ravine  had eauer(ed or destroyed al l  of the workings. 

Although no evidence sf prospect ing  activity remains at t h e  N e l l i e  
prospect ,  the rniraerakized area is relatively we81 -def ined,  A t  an e l e v a t i o n  
of approximately 282  f e e t  a  25-foot band of i n t e n s e l y  shared and limonite- 
s t a i n e d  rock i n  Nellie shear  zone i s  exposed i n  the bottom of t h e  
ravine .  The rocks w e  d ~ k  qreen chlori te  schists w i t h  minor b lack  p h y l l i t c  
l a y e r s  and an sc.casih,s ;; Sct~3  Lsl-Like lenses or pods of massive greenstone.  
Quar tz  v e i n s  p a r a l l c l ~ n g  t h e  s e h r s t s s i t y  are common i n  the phyllites. The 
s c h i s t o s i t y  i s  i r r e q u l a r  and averages M'S4g%, %5"SB or  virtually wn£orrnable 
w i t h  the trend of t3e Eeliie shear zon%, Massive s u l f i d e s  were n o t  
observ3d in place, b ~ t  are presen t  I n  t d ~ s  Eraqments thoughout the pros- 
p e c t  a r e a ,  TypicaL specmen8 consist of massive p y r r h o t i t e  and m i n o r  
cha lcopyr i t e  t~i-cl-i f ncIei3ed fragments sf chlorite schist and rounded aggre- 
gates of . c x & i t e  q w n r t a ,  

Loca l i ty  5 ,  

T h e  20th C ~ l r > t $ - n n ~ y  prospect  [Twentieth Century Knight I s l and  Copper 
!+T.i.inir~g Co,) i s  i n  a .;call raxrine, at aa?, elsvatlon of approximately 650 
fcc'c, south of thc o:Gt~.L.ncls t o  the Eortheest Cove, Moffi t  and Fellows 
( 1950 .l r ~ e ~ t i o n  t l l a k  c ? ~ _ '  ; ) ' P O S J \ C C ~  V J ~ S  explored by "'several o l d  tunne l s  . . . 
t h e  j o  ~ g e s t ,  , , yrok~j':b y ~-r~~e/era% h~ridrecd feet  t o r ~ g ' ~  but t h e  only evidence 
of workinqs ~ b o c r ~ , - : ~ h ; r -  '963 was  a curving 90-foot a d i t ,  heading south a t  
the por t a l  and 5.22' 1"; ;t rkc f a c e o  

The a d i t  WS,S c : L ' ~ v s ~ ~  011 a PO-foot w i d e  srrongly sheared and highly 
limonite-stalncd 3sr9s of chlori te  schist I n  the N e l l i e  shea r  zone. At 
t?le porkal  the s c h i : + ~ ~ ~ s L z y  t r e n d s  K 5 " E  and d i p s  82OE. No s u l f i d e  miner- 
aiizathon was ocisc:r\, ,cl ~n the a d i t  bu t  frag~ncants of  massive p y r r h o t i t e  
and cbaleopyri  b e  ~ r c  zommon iE t.he anline dump, 

At the h e a ~  ot 3asLas C o i r e ,  man;. ruined bu i ld ings  and l a r g e  piles 
of r u s t i n g  pipe, mxne r a s l s ,  ~ n d  other mining equipment of  the Knights 
I s land  Copper Minirg  Ea7apsarejr suggest an explcaratkon venturn of r a t h e r  
l a r g e  propor t ion ,  H s w ~ v e r ,  n e i t h e r  the workings descr ibed  by Moffi t  and 
Fellows (1350)  -or s d L , t  1~::s observed i n  A363 zppear commensurate with t h e  
mount  of  equiprnesrt: a::.;-] fdcillCSes in the area, Moffit and Fellows desc r ibe  
two a d i t s  -- an5 15. kcc'.- l o n g  and the other busied in snow b u t  "evident ly  

- P a r!~uch Eongcr'L- -,.//I ?l..,z ~ i i ~ h c a s t  of the  Cove at an e l e v a t i o n  of 300 f e e t ,  
In 1363 only on2 2 5 - 2 ~ s ~ .  &dlt was found a t  approximately t h e  same e l e v a t i o n  
b u t  P / 4  mile d u c  ais.c sf t7:e hczd of the Cove and i n  an a r e a  f r e e  of snow. 



The 25-foot aI=4ii; %:*Jls 9rlv+,,z 6_13'E in s e ~ i ~ ~ ~ i s t o s e  fine-grained to 
porphyritic greets t3: .*, "CG o23y e sideace of mineralization is minor 
limonite staining 3t tFe p ~ r ~ ? i L .  Mof-fit and r " e P 1 ~ w s  (1950) mention that 
samples of ore coxealn ircrA a-d copper sulfi6es but further state that 
their source in -t::-*e ;2r:::_z~22L~ was n o t  ibe.rl,tifiG2, Although the available 
evidence poi ::s jab:! ; pc~n~stiossal senku,s,e the prospect area lies within 
the Nehiie sP.~,,r a?. .I* iac5 I???? possibls, pres~zce of mineral deposits should 
not be discountse 

The F Z E ~ ~ O Z ~  : 7 ! - ~ . [ : 2  i3 at 2;i~ e b e ~ a t l o n  o f  ketween 450 and 475 feet, 
about Eb2 mile sa i.(I:::;t.-b.C~ of the ksad sf  SOL^^ Arm in the Bay of Isles, 
The undergroand td~r~i;Y..,-js, $hick: ere r o w  2naccsssibPe, lie on the west bank 
of the main strewn flctidPrag into South Arx and consist of an adit about 10 
feet above s"kxear, :a,& 3,aJ A *mr-ifSe,icaL ahzf t  :.boat: 25 feet higher on the 
stream bank f f i g ~ a  3 ':' : , "ia ,916, ~ ~ ~ ~ k f  l211 pz1es;.rtna.b2y was the last year the 
mine operated, t 2 r  ~ r s p s r k ~ .  was exmined Oy 20krs0n 11918). At that time 
the shaft was 95 f e a k  '"eep, w i E :  same crosscutting at the 65 foot level 
and 110 feet of E r i f t ~ ~ ? g  at the 66-foot level, On the adit level there 
was about 155 fe ; t  or &rLfring erosseetting, 

The mine is i-9 P:w Sauth Arm shear Z O ~ C  and the rocks are principally 
cklloxite an6 cpcdart~_.-=ri".,:.or ite-rncscovita s ck i s t  s enclosing at least two large 
lenses of massive, :C :.f"~;Listed CJZXX+YASTO~B~ The general trend of the 
schistosity is %act;~~%f;,.:: 51597 R-.% v;Y.;itlSz dips ranging from vertical to - .  
'9gQE, Extreme va%ia%=it:rua or: .k,::. ~.a,ie+iom attitude occur where the 
schistose rocks c ~ ; . : . ~ ~ ' ; ~  $2 I- t'ls s r~~are coingeten t grser~stone,  From the limited 
evidence seen k:;L-s s ; r jez~~% .t:hesz ~~zc ; j l s  af D I Z X ~ ~ U I M  foliation flexure also 
appear to have sb*z;r-> ;.a n skse~~ctura l  co~_tra?i  in the kocalization of the 
sulfide deposits, ':d::r_hc shs f t  was sur:'k ora a Large pod of massive sulfides, 
as much as 5 fea t  rSb, i  ,k, zk &he cop-t,scc bek~senm massive and schistose 
greenstone, J~k .~so ; .  . 9La 3 alsa nok.ed %%a& a Eqmber of smaller sulfide 
lenses, up to 15 i: c31.,15% ~;hicidr, csi5 8~93Ef3e fi.8~ure-fiJlings were encountered 
in the mine, Tn* ic,tr -, nJrs , -a l s  et2;rr?" pyr~%ztit%, chalcopyrite, and cubanite; . 1 gangue eonsistad C.L -. F;. ; af q';aaaezz a zd  sr,c?_:-eteze sock fragments, 

Loca1lit.y 8, X.x&f ,=,. 7 ::a Ts',as~,ii Alaska ?oppar 20, Mine 

The KnigkSs 2,5.1*;:,2 Ajbaaka C2oppa- CQ, ;xplored a sulfide-bearing 
band in the Bauth ,%:cIP~)z s % F Q . ~  rarbe 242  mile no%&heast of the head of North- 
east Cove, At a? e'c.~,/rtian of approximately 1260 feet, three prospect 
pits were dug on sic~~fqri,r_ 8 ~ 0 s u r e s  of t:he s u l f i d e  zone, and from an 
elevation of about 9iJ fr~[?t  a ru.?raL ;.v,G.s driven to intersect this zone 
at depth ( f i g u r e  3' 9 . 2hs t:~sar,sP i s 7'653 Zse t long on a heading averaging 
S 3 0 ° E ,  Three smai'ii ,  2 ~ ; r d f  ta, aggr??ga$.ing 165 fel2t in length, and a short 

& 6 xaiae and wines  <#SL--* - Z ~ ~ S Y ~ T : : ~  from k:e eastb"-i~n ee7d of the tunnel ., 
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'"ke roc;;s I n  t h e  v l c l n l t y  of the  su r face  worl<?-ngs a re  ~ r n c l p a l l y  
q~~artz-chlorite and c h i o r ~ t e  s c h i s t s  w l t h  an average t renc  of NL5'E m 1  

a seczep e a s t e r l y  d ip .  The degree of s c h l s t c s i t y  exhibited by t h e  rocks 
1s q u i t e  v a r i a b l e  and imparts a banded appearance t o  the  ou tc rocs .  ;ulfi.de 
mirierals appear t o  be restricted t o  a s l n g l e  band of extremely s c h i s t o s e  
and b r e c c i a t e d ( ? )  rock chat  IS i n t e r m l c t e n t l y  ~ x p o s e d  along a  s t r i k e  length  
of about 300 f e e t .  This band a t c a i n s  a maximum t l l d t h  of about 6 f e e t  
and c o n s i s t s  of dark green chlorite schist ,  l e n s e s  =d blocks  of  massive 
nonfol ia ted  qreenstone,  ve ins  of q u a r t z  w i t L  minor epidote ,  and s c a t t e r e d  
l enses  and , r r e g d a r  patches ~f massive ~ y r r h o t i t e ,  cha lcopyr i t e ,  and 
minor quar t z .  I n  t h e  northernmost p i t  a  3 inch wide, f r a c t u r e d  b u t  non- 
f o l i a t e d ,  greenstone dike c u t s  through t h e  middle of t h e  sheared and 
mineral ized band. I n  the  tunnel  s t rong  s c h i s t o s i t y  was observed a t  d i s t a n c e s  
of 350, 440, 580-610, and 65G-720 f e e t  from the p o r t a l  b u t  no s u l f i d e  
minerals  were observed. 

L o c a l i t y  9 

A s m a l l  b u t  conspicuous i ron-s ta ined  ou tc rou , in  which a  shallow 
p i t  has  been dug, i s  exposed a  few f e e t  above sea  l e v e l  on t h e  e a s t  s i d e  
of Marsha i3ay. The a rea  i s  wi th in  t h e  Marsha Bay shear zone and t h e  rocks 
consist of  a l t e r n a t i n g  zore s of s c h i s t o s e  and massive p i l low greenstone.  
A t  t h e  p rospec t  a  l e n s  of l i g h t  gray  dense c h e r t  about 4 f e e t  t h i c k  i s  
uordered by s c h i s t o s e  greenstone ( f i g u r e  8). The f o l i a t i o n  of  t h e  s c h i s t  
s t r i k e s  N20°E and d i p s  between v e r t i c a l  and 8 G D E .  The che;.t i s  massive, 
b u t  f r a c t u r e d ,  wi th  the  prominent f r a c t u r e s  s t r i k i n g  N2U0E and d ipping  
5°-20*NV?. Local ly the  f r a c t u r e s  a r e  f i l l e d  with smaller i r r e g u l a r  masses 
of p y r r h o t i t e ,  q u a r t z ,  and minor cha lcopyr i t e  and p y r i t e .  Boulders 
containing q u a r t z  and massive s u l f i d e s  a r e  p resen t  i n  t h e  l a r g e  stream bed 
100 f e e t  e a s t  of  t h e  prospect ,  and i n d i c a t e  add i t iona l  minera l ized  a r e a s  
i n  t h e  Marsha Bay shear zone t o  t h e  nor th .  

L o c a l i t y  10 

South of l o c a l i t y  9 i n  t h e  Marsha Bay shear  zone on t h e  west s i d e  
of Marsha Bay another  conspicuous i ron-s t a ined  outcrop i s  p r e s e n t .  The 
outcrop extends from sea l e v e l  up t o  an e l e v a t i o n  of about 50 f e e t  and shows 
the scars of  very o l d  s u p e r f i c i a l  p i t s  and trenches.  The p r i n c i p a l  rock 
i n  t h e  mineral ized a rea  i s  a  l ight -colored  b r e c c i a  containing fraqments of 
sch i s tose  rock and gray c h e r t  i n  a  quar t zose  matr ix .  T o  the w e s t  i n  the 
shear zone t h e  rocks are dominantly q u a r t z - c h l o r i t e  s c h i s t s  i n t e r l a y e r e d  
with quartz-muscovite s c h i s t s .  The s c h i s t o s i t y  s t r i k e s  N I O O E  and d i p s  
80°-85OE. Unlike t h e  t y p i c a l  mineral  occurrences elsewhere i n  t h e  map 
a r e a  t h e  s u l f i d e  minerals  he re  a r e  p y r i t e  with very minor c h a l c o p y r i t e  
and s p h a l e r i t e  s c a t t e r e d  i n  small i r r e g u l a r  masses through t h e  b r e c c i a .  
Well-developel cubes of ~ y r i t e  a s  l a r g e  a s  1 inch square a r e  common. 
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Locali ty 3.1, Copper Bullion m i n e  

The Copper Bullion mine ( ~ 2 s  Cove n ice ]  i s  %he largest and bes t  
known copper deposi t  on Knight Island, and is the snky property within the 
map area  on which annual assessmen-t work has Seen kept ~ ~ r r e s t .  The deposi t  
i s  i n  a r e l a t i v e l y  small shear zone on the  s teep mc,+cg.tairlsiZe on the  e a s t  
s ide  of Knight Is land between the  Bay of X s E e s  and P.~.arsha Eay [ f igure  95, 
The deposi t  has been explored by about 2850 feet.  of r;c,dezgrcl?xnd workings, 
3200 feet sf diamond d r i l l i n g ,  a ? d  a number of surface c a t s  a ~ d  trenches. 

Due t o  inclement weather and hazardous access by s m a l l .  boat, only a 
few hours w e r e  spent i n  the  area during thz  present inves t igs t ion,  However, 
the  deposi t  has been examined a i d  mapped by severa l  L7.S. SeologicaP Survey 
p a r t i e s  (including Johnson, 1918 and Stefansson m d  Eloxham, 2946) and ex- 
plored by the U . S .  Bureau of Mines ir. 1948-1949 [Rutledge, 1953) and 1964; 
I n  t h i s  repor t  a b r ie f  sketch of 53s geology a-d ore depcsi-ts and a resiime 
of the  U.S, Bureau of Y4irres 1964 e:cy,?-oratiec i s  pzesa~-zi--ad. - I/ For more 
de ta i led  geologic information th? reader i s  ref erred t o  -ST@ comprehensive 
and r e l a t i v e l y  recent  repor t  by Stefansson and Moxham, 

The deposit cons i s t s  of l a rye  bodies of massive s u l f i d e s  i n  a shear 
zone trending northeast  and dipping between 8GQE asd 6 0 Q W .  Three p r inc ipa l  
rock types have been recognized z31E mapped i n  the arez: sheared f ine-  
grained greenstone, blocky porphyr i t i c  pi l low g r e s n s t o ~ e ,  and a l t e r ed  
quartz c?iorite,  A t  the  t i m e  of t he  U , S ,  Geolcgieal S~rrvey's  arid the U . S .  
Bureau of Mines' s tud izs  i n  the L940Qs, ak l e a s t  zwo mmsive s u l f i d e  bodies 
were known t o  occur within the  shear zone, The laxsest  of t5ese bodies 
03 t h s  west s ide  of the  shear zone is 500 f e e t  Bocg rg.4 25  -to 50 feet wide 
as exposed i n  t3e  370 foo t  eleva%'on a d i t  ( f i g ~ r e  91. On the  surface this 
body crops o u t  a s  a l ens  200 fee5 long by about 50 feat  wide. The second 
body occurs along the  e a s t  s ide  of the shear zone; it i s  less explored than 
the other snd does not  appear to cc:-i-i:inue th roug3  to khe s ~ r f a c e ,  Both 
su l f ide  bodies terminate a t  an east-wese f au;t orz Z?.e 370 Soot Level, Hn 
general,  the  contact  between rnassr'='$e sr;"fi.de and ~ ~ ~ ~ F ~ ~ r z e d  greenstone 
i s  gradat isnal ,  r e su l t i ng  i n  a th ick e n - z e l ~ p ~  cf di~sexinatzd su l f ides  
around the ore bodies, Pyrrhotike is the p r i n e i p ~ l  sulfide minera l  present;  
chalcopyrite and minor sphalerite c.cr:;:r as vei;<l,ecs arid s m a l l  i r r egu la r  
~ a t c h e s  i n  the p y r r h s t i t e ,  Stef.a~-ssor? and f 4 0 : & ~  Cl.9451 SePiave that the  
su l f i de  minerals replaced sheared greenstone chief11 i r r  areas adjacent t r ~  

f a u l t s  and f r ac tu re  planes wi th in  t h e  shear zcne, L-olicssn (193.81, on the  
other  hand, suggested t h a t  the "ore body ,,,,, i s  a linked system of 

l/ Bureau of Mines da t a  i s  pwblislqed i n  aecordanee with an agreement with - 
the  Alaska Division of Mines =id Minerals pro'aiding f o r  cooperation 
8nd collaborat ion i n  c e r t a i n  invest igat ions  of mineral resources within 
the State of Alaska, 
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Figure 9. Copper Bullion mine, Rua Cove, showing electro-magnet ic 
and magnetic anomalies detected by U.S. Bureau of Mines in 1964. 
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mineralized shear  zones inc los ing  l a r g e  horses  of unsheared, unmineralized 
country rock",  

O r e  reserves ,  ca lcu la ted  by Stefansson and Moxham (3.9461, a r e  1,125,000 
tons  o f  ind ica ted  o r e  and 260,800 tons  of in fe r red  o r e  wlth a minimum grade 
of 1.25% copper. These f i g u r e s  a r e  conservat ive and do not  include any 
o r e  below t h e  l e v e l  of  t h e  d r i l l  ho les ,  Also, s e v e r a l  m i l l i o n  tons  of 
ma te r i a l  with a grade between 0.6% and 1,25% copper a r e  p resen t  i n  t h e  
known ore bod ies . 

I n  August 1964, a Bureau of Mines f i e l d  p a r t y  2/ v i s i t e d  t h e  Copper 
Bul l ion  property t o  s tudy t h e  app l i ca t ion  of magnetic and electromagnet ic  
surveys a s  guides t o  f u r t h e r  development of  t h e  massive s u l f i d e  depos i t s .  
T e s t  surveys over known o r e  bodies  gave p o s i t i v e  r e s u l t s  by both methods 
and prompted a b r i e f  i n v e s t i g a t i o n  of  t h e  p o s s i b i l i t y  of  using such surveys 
t o  t r a c e  extens ions  o r  t o  d e t e c t  o t h e r  d e p o s i t s  i n  t h e  shear  zone both 
nor th  and south o f  t h e  mine a r e a  ( f i g u r e  9 ) .  The magnetic t r a v e r s e s  were 
run with a hand-held f lux-gate  magnetometer having a s e n s i t i v i t y  of 10  
gammas pe r  scale d i v i s i o n ,  and t h e  electromagnet ic  (E.M.) s t u d i e s  w e r e  
made with induct ion equipment of  t h e  sl ingram type, 

A massive s u l f i d e  body, a t  Peast 300 f e e t  long and as much as 40 f e e t  
wide, i s  indica ted  by t h e  magnetic t r a v e r s e s  a t  an e l e v a t i o n  of between 
1150 and 9300 f e e t  nor th  of thc known o r e  bodies  ( f i g u r e  1 0 ) .  Wallace 
McGregor of S a l t  Lake Cicy, Utah, who p resen t ly  c o n t r o l s  t h e  property,  
cleaned o u t  t h e  o l d  t renches  and prepared t h e  topographic and geologic  
base map f o r  f i g u r e  10, Sampling of two t renches  c u t  across  t h e  s t r i k e  
of t h e  shear  zone shows 40 f e e t  of 1.37% copper i n  t rench N o .  1 and 22 f e e t  
of  1,35% copper I n  t rench No. 2 .  

An e lectromagnet ic  anomaly was o u t l i n e d  begsnning 25 t o  170 f e e t  e a s t  
of t h e  370 f o o t  elevation a d i t  p o r t a l  and extending sou the r ly  300 f e e t  
t o  l i n e  E.M, 3 ( f ~ g u r e  91. The a r e a  of h ~ g h e s t  r e a d ~ n g s  l ies  about 300 
f e e t  f r o m  the  p o r t a l  on a bearing of S353E, The e a s t  edge of this anomaly 
l i e s  ap~rox i rna te ly  along the upward pro j e c t i o n  of t h e  e a s t  edge of a body 
of greenstone conta in ing  disseminated s u l f i d e s  that is exposed I n  t h e  170 
f o o t  e l e v a t i o n  a d i t ,  The dump of  a small ,  caved a d i t  rn t h i s  a rea ,  which 
i s  not shotvn on any a v a i l a b l e  maps, i s  composed of groenstone, brecc la ,  
and gossan, The anomaly a rea  i s  overgrown with brush and t r e e s  and covered 
by t a l u s .  Magnetic i n t e n s i t ~ e s  along t h e  E.M. l i n e s  a r e  generd l ly  low. 
A magnetic high of  up t o  230 gammas l i e s  from 65 t o  90 f e e t  w e s t  of t h e  
p o r t a l  on l i n e  E.M.-3, A small 300 gamma high near t h e  p o r t a l  of t h e  caved 
a d i t  on l i n e  E.M,-2 may be due t o  buried m e t a l l i c  o b j e c t s .  No e l e c t r o -  
magnetic conductors were found along l i n e s  E.M, 4, 5 ,  6, o r  7 .  

2/ Under t h e  leadership of Tom L, Pittman, Supervising ~ h y s i a a i  ~ c l e n t i s t ,  - 
Bureau of Mines, A r e a  VIII Mineral Resource Office,  Juneau, Alaska. 
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Locality 1 2  

This d e ~ o s i t ,  i n  a small i n l e t  on the north side of the Bay of I s l e s ,  
is  the only cccurrence observed i n  the map area t h a t  does not appear t o  be 
associated with a prominent shear zone. The deposit has been explored by 
a 30-foot a d i t  heading N2Q0W from a por ta l  a few f e e t  above sea level .  

The deposit consists  of pyrrhot i te  with minor chalcopyrite disseminated 
through a magnetite-bearing coarse-grained gabbro intrusive. The gabbro 
mass is about 30 f e e t  thick and trends roughly N20°E. Country rock i s  fine- 
t o  medium-grained massive greenstone. The patches of sulf ide minerals 
appear t o  be generally Less than 1/2 inch i n  diameter, although some larger  
masses were observed i n  gabbro fragments on the mine dump. 

Locality 13 

Disseminated pyrrhot i te  and minor chalcopyrite are  present i n  a 
band of black s l a t e  on the west side of South Arm,  Bay of Isles. The 
su l f ide  minerals are  concentrated i n  the s l a t e  where it wraps around the 
nose of a boudin-like inclusion of massive gray chert  ( f igure  8). The 
deposit does not appear t o  have any economic significance; however, it is 
an excellent  exavple s f  the s t ruc tura l  control of these synkinernatic 
deposits. 

Locality 124 

Lenses of massive pyr i te  with minor pyrrhoti te as much as 2 inches 
thick and veinlets of cyr i te ,  quartz, and epidcie occur i n  a small iron- 
stained area a t  ac elevation s f  about 1750 f e e t  i n  the Jonesy shear zone. 
The principal  host  rock i s  a semischis to~e gseenstope, apparently enclosed 
i n  a band of ch lor i te  and quartz-chlorite sch is t .  ~ h 6 .  su l f ide  lenses, 1 
inch w i d e ,  are conformable with the schis tos i ty  (N-S, 74OE), whereas the 
ve in le t s  are very isregular and crosscut the schis tosi ty .  

Locality 15 

Another small pyrite-bearing area crops out a t  an elevation of 1600 
feet one m i l e  northwest of Port Audrey on the extreme e a s t  side of the  
Johnson Bay shear zone, The pyr i te  occurs with quartz, epidote, and very 
minor chalcopyrite i n  lenses and ve in le t s  apparently r e s t r i c t ed  t o  a 
narrow-band of strongly sehistose greenstone enclosed i n  l e s s  schistose 
greenstone (f igure 81, The fo l i a t ion  a t t i tude  i n  the two rock types i s  
not conformable, I n  the sehistose country rock the fo l i a t ion  is  N I O O E ,  
65E, whereas i n  the sulfide-bearing band the fo l i a t ion  has the appearance 
of cross shears with a N-S s t r i k e  and a ve r t i ca l  dip. 

Copper Coin prospect 

This prospect on the southeast side of Drier Bay between Barnes 
Cove and Mallard Bay was not found during the present study. I t  has been 
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410 
35 - l/ 
90 
2 5  
360 - 2/ 
955 
sur face  work on ly  
sur face  work only  
2850 3/ - 
30 

Other unprospected a reas  of s u l f i d e  minera l i za t ion  

13  South A r m  
14 Jonesy 
15 Johnson Bay ( ? )  

Copper Coin prospect  no t  found Por t  Audrey(?) 
dur ing  p r e s e n t  study 

1/  offit, it, F.E., and Fellows, R.E., 1950, Copper d e p o s i t s  of t h e  pr ince  - 
W i l l i a m  Sound d i s t r i c t ,  Alaska: U . S .  Geological  Survey B u l l e t i n  963-B, 

Johnson, 3.L.. 1918, Copper d e p ~ s i t s  of t h e  Latouche and Knight I s l and  
d i s t r i c t s ,  Pr ince  t J i l l iam Sound, i n  Mineral Resources of Alaska, 1916: 
U.S. Geological Survey B u l l e t i n  662, p. 193-220, 

3/ Stefansson, K., and Moxham, R.EI., 1946, Copper ~ u l l i o n  claims, Rua Cove, - 
IUight  I s l and ,  Alaska: U.S. Geological Survey B u l l e t i n  947-E. 



described by Grant and Higgins %1910), Johnson (1918) and Moffi t  and Fellows 
(1950) who remark t h a t  i n  1943 a l l  bu i ld ings  and su r face  f a c i l i t i e s  had 
disappeared. The proper ty  was explored by 60 f e e t  of a d i t  and c r o s s c u t s  
a t  an e l e v a t i o n  of 550 f e e t  and severa l  o the r  openings a t  lower e l eva t ions .  

From t h e  d e s c r i p t i o n s  by t h e  e a r l i e r  i n v e s t i g a t o r s  it is poss ib le  t h a t  
t h e  prospect  is  i n  t h e  P o r t  Audrey zone, Host rock is a sheared greenstone 
s t r i k i n g  N I O B W  and dipping 70°E- Lenses of  massive p y r r h o t i t e ,  cha lcopyr i te ,  
and cubani te ,  as much as 12 inches th ick ,  w e r e  encountered i n  t h e  workings, 

GEOCHEMICAL STUDIES 

Stream sediment sampling f o r  t r a c e  heavy metal  a n a l y s i s  was undertaken 
during t h e  1964 f i e l d  season i n  t h e  Bay of  Isles-Marshal Bay a rea ,  A 
t o t a l  of  33  samples, represent ing  a t 1  streams i n  the area,  were co l l ec ted .  
The samples were t e s t e d  i n  t h e  f i e l d  f o r  cold e x t r a c t a b l e  metals  using 
t h e  Univers i ty  of Alaska method (Mukher-jee and Mark Anthony, 1957) and 
i n  t h e  l abora to ry  f o r  t o t a l  copper, z inc ,  and lead  by t h e  pyrosu l fa te  fus ion  
technique. 

The q u a n t i t a t i v e  l abora to ry  data are l i s t e d  i n  T a b l e  3 and are a l s o  
shown on t h e  geochemical map i n  f i g u r e  11. No f i e l d  test  d a t a  a r e  given 
a s  a l l  r e s u l t s  w e r e  negat ive.  Threshold values (upper background l i m i t )  
f o r  t h e  t h r e e  elements are considered t o  be: copper, 90 ppm; z inc ,  80 ppm; 
and lead ,  30 ppm, 

Most s f  the de tec ted  anomalies a r e  on streams d ra in ing  o r  flowing 
ac ross  t e r r a i n  under la in  by major shear  zones, However, n o t  a l l  streams 
i n  shear  zone areas were anomalous. The  s t r o n g e s t  anomaly (sample 102) 
with 500 ppm copper is  on the l a r g e  stream dra in ing  i n t o  South Arm.  This  
stream flows ac ross  t h e  South A r m  shear  zone i n  t h e  immediate v i c i n i t y  o f  
t h e  Pandora mine about 314 of a mi le  above the sample si te.  Copper-zinc 
anomalies occur i n  t h r e e  streams on t h e  nor th  shore of  t h e  Bay of  Isles 
(sampPes 121, 122, 1 2 3 )  which apparent ly d ra in  t h e  Jonesy shear  zone beyond 
t h e  map a rea ,  In Marsha Bay both streams (samples 127 and 131) which 
fol low the course of the  Marsha Bay shear  zone a r e  s l i g h t l y  enriched i n  zinc.  

Based e n t i r e l y  on a comparison between t h e  one s t rong anomaly whose 
source i s  known (sample 102) and t h e  l e s s e r  anomalies whose source is  
unknown, it does no t  appear t h a t  any of  t h e  anomalies a r e  s i g n i f i c a n t .  
However, i t  does seem advisable  t o  i n v e s t i g a t e  f u r t h e r  t h e  nor thern  
extension of the Jonesy shear  zone, t h e  apparent source of  anomalous 
samples 121,  122, and 1239 



TABLE 3 

Concentration of copper, zinc, and lead i n  
stream sediment samples from Bay of  Isles-Marsha Bay area 

Sample ppm 
No Copper Zinc Le ad 

Analyst: A.  Gooch, State Division of Mines and Minerals, Ketchikan, Alaska. 
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Knight Is.l.zlrd, i n  Prince W i l l i a m  Sou~d, is  underlain by a thick 
assemblage s f  basaltic to andesitkc * ~ ~ l e a n i c  flows and tu f f s  w i t h  minor 
interbedded c l a s t l e  sediments sf probable Late Cretaceous age. Massive 
to  semisc"r1istsse volcanics, the predominant rock type throughout the 
central  past of the islandb w e r e  probably deposited on the exposed summits 
and flanks of active ~ s k e a ~ s e s  I c  the Chugach Mountains geosyncline. 
Pillow volcaaics, the scubmarf  ne equivalents s f  the massive volcanics crop 
out on both sides of the island, Thin bands of s l a t e  with subordinate 
graywacke an9 ~s?~er.k, occur interbedded with bath ~rolcanic types but are not 
commonly associated w i t h  the submarine rocks, Thin dikes of basal t  and 
andesdte occur tkiroizghont %he f skand, Less abundant are larger, coarse- 
grained s i l l - l i ke  intrusive bodies ranging in  composition from d ior i t e  
t o  gabbrs, Low grade regional matamsrphism of the greenschist facies has 
af feeted a l l  the rocks i n  the area, 

The rocks are steeply t o  isacEina1Py folded para l le l  t o  the regional 
NNE strue%ure, Ivbreover, the beclding, sclhistosity, sf aty cleavage, and 
axial fold planes are a l l  vistuaLbly para l le l  except a t  the noses of folds, 
Drag fol8s a d  other minay struc!tuaes suggest that  the cres t  of a large 
and complex zuxtielir,a eolneides w i t 5  the l inear be l t  of massive subaerial 
volcanics exposed i n  the core of the island, 

A nmiber o f  skesr zsnes OP zones of strong sehistosity are present i n  
the massive a ~ d  p ikLo~ greenstozes. These zones, which also trend para l le l  
the fold axis, are dpb~7ards of 1 Q G O  f ee t  wide and tens of miles long. 
Where slate bands axe ecmmsn, the shear zones are d i f f i c u l t  t o  recognize as 
evidently a;PP deforx~akio~ai  strsss has been relieved by movement within 
the sLata, Die racks within the shear zones are predominantly chlori te  
and chlorite-quartz schists, 

Deposits of massick-<e su l f  idef; (pysrhotite, chalcopyrite, and cubanite ) 
i n  the f o r m  of 6 i s ~ ~ ~ t i n v o u s  pods, lenses, and irregular dissemination, 
w i t h  only  o m  ki:ow exception, arb? Pocalized in  the shear zones, These 
sulf idea wers appara--kly deposited i n  the shear zones by metamorphic 
solutions where 3 8 2 3 1  co~x3ff,ior?,~ proe~ee.;3 areas of reduced pressure, The 
source s f  the m e t a l  eXemezks anti s u l f u r  i s  believed t o  be the volcanic 
ceouantxy r;acls, Mi-.~r:xa.;l bzat f on svi,:a:~tly occurred concarrentPy with the 
folding,  reax ax in9 and ~t?r~.et~..orph i a L a t e  uneconomic veins and veinlets 
of pyriteo quartz, and epidote w i t h  minor  sphalerite and occasional chal- 
copyrite are preseree, both within assd outside the shear zones, 

Although the m a p  area a d  probably most sf  Knight Island has been 
heavily prospected, the psssibiLfty sf disesvering massive sulfide deposits 
a t  least as l a ~ g s  as the Coppes Bullion deposit appear good, A ease in 
point i s  the recent explorarian kty %'rat? 3 - S ,  Bureau of Mines, which d i s -  
closed the possibility a f  %ws a.:le.itianal massive sulfide bodies i n  the 
v ic in i ty  of tbe Capper Bullion ~ts:ine, 



Spec i f ic  recommendations f o r  exploration on Knight Is land are: 

1, Trace and prospect the  Por t  Audrey, Jonesy, Nel l ie ,  and South A r m  
shear zones i n to  the  rugged a lp ine  country south of t he  map area,  

2.  Trace and prospect the  Jonesy shear zone, anu orher  siiear zones, 
if found, north of the map area  i n t o  the  area drained by the  geochemically 
anomalous streams 121, 122, and 123. 

3 .  Magnetic and electro-magnetic geophysical explora t ion should be 
conducted over the  known major shear zones. A t  a minimum, it appears t h a t  
geophysical exploration of t h i s  type would be highly  des i rab le  along the  shear  
zones i n  areas of known s u l f i d e  mineralization. 

4. A stream drainage geochemical survey, u t i l i z i n g  ho t  ex t rac t ion  
techniques ( laboratory analyses ) , may be he lpfu l  i n  de l inea t ing  zones of 
anomalous metal concentration and guiding explorat ion.  
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