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C o p l a n d , Landye, B e n n e t t  and W o l f

The Honorable Cliff Davidson 
Page 2
J a n u ar y 29, 1990

Goodnews Bay and the of fs ho re  vicinity to be included as 
critical habitat under HS332 also m.aet the criteria for "essential 
habitat" under tne Cenallulrlit Coastal Management Program ("CCMP") 
as described at pages 16 ar.d 17 of my May 8, 1989 letter.
Moreover, the CCMP spec if ic al ly  describes the vicinity of Goodnews 
3ay ar.d Platinum as "special areas" requiring "careful planning and 
management." See CCMP at p. 7-5. A mong other things, the CCMP 
requires that:

Essential offshore habit at  will be managed as a fisheries 
conservation zone so as to m a i n t a i n  or enhance the state's 
sport, commercial , and subsistence fishery. 13. at 6-24.

That is precisely what HB 332 would require as a matter of 
state law. See A.S. 16.20.510 - .530. Moreover, HB 332 would 
close the proposed Goodnews Bay critical habitat to mineral entry, 
and thereb/ assure that the existing and growing sport, commercial 
and subsistence renewable resource economy will never again be 
jeopardize! by offshore m ining v..thin state waters. For the 
reasons stated in my M a y  8, 1389 letter, Kuitsarak, Inc. can
conceive cf r.c circumstances u n d e r  which offshore mining in the 
v icinity cf Goodnews Bay w ou ld  be compatible with the existing 
e conomy of the area. Moreover, the already established economy 
ought to be protected and supported as a matter of state law from 
future similar threats. KB 332 would further all of these goals.

Sincerely,

cc: Kuitsarak, Inc.
Cenaiiulriit
Lyman Hoffman (By Telefax)

OSC\1007\LReHB332.C2;c)«c
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PLATINUM MINING AT GOOONEXS BAY, ALASKA

Raymond A. Hanson 
P res iden t ,  Hanson P ropert ies

The Goodnews Bay Mine Is located a t  P la t inum , A laska. I t  Is 450 m i le s  west and 150 m iles  
south of Anchorage. I t  Is  a lso  150 m i le s  d i r e c t l y  south of ee the l .  Summers are q u i t e  p leasant 
and w in te rs  are not too co ld . The area rece ives on ly  a few feet of snow, which Is  extens ive ly  
dr I f ted  by the w Ind.

The discovery of p la t inum  In the Goodnews Bay area was made In 1926 when W a lte r  Smith , an 
Esk imo from  a smal I v l I l a g e  on Chaguan Bay led  Henry Wuya and C h a r i l e  Thorsen to  a p la c e  on 
P la t in u m  C reek . Sm ith  had e a r l l e r  panned some o f  the  heavy m e ta l ,  wh ich he termed "Biack 
Gold". Thorsen, who was a prospector , persuaded Joe Jean, a French Canadian Trader a t  Mum-'rak, 
A la s k a ,  to  send a samp le  o f  the meta l to  the Col le ge  o f  M ines a t  F a i rb a n k s  fo r  assay .  the 
w in te r  of 1927 a con f irm a t ion  was rece ived that the heavy gray metal was p lat inum .

Hand-m in in g  o p e r a t io n s  began In th e  summer o f  1927 In C la ra  Creek, S q u i r r e l  Creek , Fox 
Gulch and P lat inum Creek. A l l  o f these streams are r l g h t - l im l t  t r ib u t a r ie s  of the Salmon R iver 
and a l  I c u t  t h e  e as te rn  f l a n k  o f  Red M oun ta in .  Red M o un ta in ,  a r u s t  c o lo re d  r i d g e  o f  ro c k ,  
r is e s  2,000 feet from the Ber ing Sea.

From 1927 u n t i l  1933, hand-mining produced a scant 3,000 ounces of crude p la t inum  ( less 
than 500 ounces a ye a r )  w i t h  8 to  10 I n d i v i d u a l  m in e rs  In v o lv e d  In t h i s  p r o j e c t .  I t  became 
c le a r  thaT l i t t l e  p r o f i t  o r  progress cou ld  be made In deve lop ing t h i s  deposit .

In 1933, an Anchorage prospector , W a lte r  C u lve r  obta ined leases and opt ions on most of 
the m in ing  c la im s  In the area . In the f a l l ' o f  th a t  yea r . Cu lver turned these c la im s  and leases 
over to  a group of successful p ioneer go ldm iners  headed by Andrew Olson. Olson, together w ith 
h i s  p a r t n e r s ,  o pe ra ted  th e  N o r t h la n d  Deve lopment Company and O lson & Company In th e  F la t -  
Id l t a ro d  sect ion of I n t e r io r  A laska .

By 1934, the  N o r th la n d  Deve lopm ent Company had sh ip p e d  a d r a g l I n e  e xc a v a to r ,  t r e s t l e  
s l u i c e  box , c a t e r p i l l a r  t r a c t o r  and o t h e r  equ ipm en t  and s u p p l i e s  In to  Goodnews Bay, thus 
se t t in g  up a complete and s a l f - s u f f l c l e n t  modern m in ing  camp. The boat ca rry in g  t h i s  equipment 
a r r iv e d  a t  Goodnews Bay on July 10th and the shipment was hauled twenty- f ive  m i le s  around the 
western f la n k  of Red Mountain and up the Salmon R ive r to Squ ir re l  Creek, the m.lnlng campsite . 
Equipment wac then assembled, b u i l d in g s  constructed and on August I I  1934, m in ing  operat ions 
began. M in ing  continued w ithou t  In te r ru p t io n ,  except fo r  seasonal shutdowns u n t i l  the f a l l  of 
1975.

E a r ly  In 1935, the Goodnews Bay M in in g  Company, was In co rp o ra ted  In the  t e r r i t o r y  o f  
Alaska to  conso l id a te  the h o ld in g s  of the predecessor company In the Goodnews area. The f i r s t  
two years o f  m in ing  were l im i t e d  to  the d ra g l in e  opera t ions . Extensive e xp lo ra t ion  and d r i l ­
l i n g  Ind icated a subs tan t ia l  yardage of deeper ground on the Salmon R iver , which provided the 
b a s is  o f  a 1600 ,000 loan f o r  t h e  purchase o f  a b u c i . e t l l n e  d redge . In 1937, a Yuba d ie s e l  
e le c t r ic  dredge w i t h ' 8 cub ic  foot buckets were purchased and transported to the Salmon R iver , 
The Yuba Dredge 129 s t a r t e d  d i g g i n g  on November 10, 1937, p e r i  l o u s ly  c lo s e  to  the  freeze-up  
weather. A benign providence prov ided m i ld  weather making I t  not on ly  poss ib le  to  complete the 
30-day t r i a l  run, but as an added and most welcome bonus, a l lowed dredging to continue u n t i l  
December 22nd.

The t o t a l  c u b ic  y a rd s  dredged from  1938 to  1975 were 42 ,115 ,318 . The t o t a l  number o f  
ounces dredged f rom  38 t o  75 was 5 19 ,8 44 ,1 42 .  In th e  f i r s t  yea r o f  o p e r a t io n ,  th e  m ine p ro­
duced a p p r o x im a t e ly  2 ,575  t ro y  ounces o f  c rude  p l a t i n u m ;  I n c r e a s in g  In 1935 to  a lm o s t  8 ,000  
ounces. The f o l lo w in g  two years showed a production de c l in e ,  which was p a r t i a l l y  a t t r ib u t a b le  
to  t h o  p r e p a r a t io n  and e r e c t io n  o f  th e  d redge .  1938, the  f i r s t  f u l  I season o f  o p e r a t io n  fo r  
both the  d redge  and the d r a g l I n e ,  In c re ased  p ro d u c t io n  to  37 ,000 . In subsequent y e a r s ,  the 
o p c a t l n g  methods d id  not change m a t e r i a l l y ,  a lthough a number of m in ing  problems were encoun­
tered and so lved . Through the years , Ingen ious m od if ic a t io n s  and add it io n s  to the equipment 
have been Introduced. The successful s o lu t io n  of m in ing  and mechanical problems Is la rg e ly  

contr ibu ted  to the Invent ive  minds of the two Olson b ro the rs , Andrew and Edward.



One o f  the  f i r s t  t a sk s  each season Is  t h e  rem ova l o f  Ice from  the  d redge pond. The Ic e ,  
w h ich  ave rage s  abou t  3 fe e t  In  t h i c k n e s s ,  I s  f i r s t  c u t  i n t o  b lo c k s  w i t h  a power c h a in  saw . 
These b lo c k s  a re  a p p r o x im a t e ly  5 f e e t  w id e  and 10 f e e t  lo n g  and a re  h o is t e d  from the  pond by 
the  d r a g l  In e  and p i l e d  on the sho re . W i t h  an ave rage  dredge pond s u r fa c e  a rea  o f  2 t o  2-1/2 
acres , the we igh t  o f  ico to be removed is  fo rm id a b le  —  runn ing  from 8 , 000  to 10,000 tons.

The d r a g l in e  operat ions  u t i l i z e d  two 8 ucyrus-E r le  machines w ith  1-1/4 yard bucket capac i­
t y ,  b u l I  d o ze rs  and h y d r a u l I c  w a te r .  Somet imes an e le v a t e d  t r e s t l e  was used f o r  th e  s i u l c e  
boxes and o ther t imes , the boxes were p laced on bedrock. The d r a g l in e  season was sho rte r than 
the dredge season, runn ing from May 15 to October 15, in v o lv in g  the hand l in g  o f  about 200,000 
c u b ic  y a rd s  o f  g r a v e l  and bed rock .  O r a g l I n e  o p e r a t io n s  were d i s c o n t in u e d  In 1957 when the  
sha l low  g ra ve ls  s u i t a b le  fo r  t h i s  method o f  m in in g  were exhausted.

»
The Yuba Oredge was c a p ab le  o f  d i g g i n g  50 f e e t  be low  pond w a te r  le v e l  and In 1961 an 

a d d i t io n a l  10 feet was added to  the d ig g in g  ladder . The depth of the p lace r ground v a r ie s  from 
15 t o  60 f e e t .  The a c tu a l  t h ic k n e s s  o f  th e  pay g r a v e l  l y i n g  on a bedrock o f  a l t e r e d  d u n i t e ,  
serpent ine  and some extremely hard sed 'mentary rock , ranges from 2 to 6 feet.

The Yuba Oredge o r i g i n a l l y  weighed about 1,400 tons and now t o t a ls  nea r ly  2,000 tons as a 
r e s u l t  o f  added equipment. The added w e igh t  requ ired  the a d d l t 'o n  of 4 more pontoons to  the 
o r i g i n a l  33 that c on s t i tu te  the S T e e l  h u l l .

The d i g g i n g  l a d d e r  o f  th e  o r i g i n a l  d re d ge  c a r r i e d  a I I n e  o f  94 b u c ke ts ,  each o f  8 c u b ic  
f o o t  c a p a c i t y ,  r u n n in g  a t  a speed o f  31 b u cke ts  a m in u te .  W o rk in g  24 hours  a day , th e  d redge  
has averaged a l i t t l e  over one m i l l i o n  cub ic  yards each m in in g  season.

A Bucyrus E r i e  w a l k i n g  d r a g l  Ine (200W) w i t h  a 6 c u b ic  ya rd  bucke t  was used In th e  l a t e r  
years to s t r i p  up to 40 feet o f  overburden so th a t  the  dredge cou ld  reach bedrock.

The m in in g  season extends from about May 1st to  November 15th each year. The f i r s t  crew , 
how eve r ,  s t a r t s  work a round  th e  1st o f  Ap I I  o v e r h a u l i n g  e qu ipm en t  and p r e p a r i n g  f o r  th e  
season . The ground  has l i t t l e  p e rm a f r o s t ,  a l t h o u g h  o c c a s io n a l  le n se s  o f f r o z e n  ground  do 
oc c u r .  T r a n s p o r t a t io n  t o  the  a rea  I s good . A i r  f r e i g h t  a r r i v e s  a l  most da 11 y ,  and W I9n has 
three scheduled f l i g h t s  per week. Barge se rv ic e  Is  a ls o  a v a i l a b le  s ince the mine Is located on 
the  ocean.

Our company a c q u l r :d  t h i s  property  In January o f 1980 from the Goodnews Bay M in ing  Compa­
ny . A f t e r  r e f u r b I s h I n g  the d re d ge ,  th e  f I r s t  o p e r a t io n  season was com p le ted  In 1980. Onca 
underway, the p lan  was to  move the dredge from the bench where the fcrmer owners had I t  parked, 
down to the Salmon R iver Paystreak. The dredge operated u n t i l  August o f  1980 when t t  was shut
down f o r  th e  season . O u r ln g  th e  p e r io d  between June and A ugus t ,  1980, we d redged  a t o t a l  o f
127,573 cub ic  yards . D ig g in g  m a in ly  f o r  f l o t a t io n ,  the area dredged was not an area o f  I n d i ­
ca ted  v a lu e s  f o r  any p la t i n u m  o r  g o l d .  Some o f th e  p ro b lem s  In v o lv e d  w i t h  t h e  f i r s t  season
were a lmost a complete rep lacement of the water p ipes  on the dredge, e le c t r ic a l  prob lems, a 
lower tumb le r  bear ing  change and the use of many un tra ined  bucke t l ln e  dredge personne l . We had 
the good f o r t u n e  o f  h a v in g  many o f  th e  fo rm e r  owners  and w o rke rs  a c t  as c o n s u l t a n t s  w h ich  
somewhat eased our problems.

The 1981 season sta rted  In May w ith  the dredge s t i l l  proceeding o f f  the bench toward the  
Sa lmon R iv e r .  The season ran  from  May th ro u g h  October 8 t h ,  1981, d u r i n g  w h ich  we d redged  
322 ,3 96 .1 66  cub ic  yards .

Our p r Im a ry  t h r u s t  i s  t o  r e m In e  t h e  t a l 1 1 n g s .  There  a re  many examp Ie s  o f  go Id  d red ges  
runn ing  through o ld  t a i l i n g s  and recove r ing  as much the second and t h i r d  r ime  as the f i r s t .  We 
hope to  produce a t le a s t  h a l f  as much as the  p rev ious  owners.

Fine p la t in um , we b e l ie v e ,  Is  e a s ie r  to  recover tha.: f i n e  go ld .  P lat inum  is  not m a l le a b le  
I l k a  go ld . F ine g ra in s  o f  p la t inum  re t a in  t h e i r  shape, uni I f l a t ,  f la k y  go ld .  I have p laced 
f in e  p la t inum  (-200 mesh) and f i n e  go ld  toge the r  In a v i a l  i t e r .  When the v i a l  Is  turned 
over tha p la t inum  drops In s t a n t ly  to the bottom. The go ld  co. -r down l i k e  a le a f  f a l l i n g  o f f  a 
t re e ,  by comparison. A lthough the p la t in um  Is  5S heav ie r  than g o ld .  I t s  p a r t ic le  shape makes 
I t  e a s ie r  to  recover. Of course, t h is  means *hat the f i r s t  dredg ing may have recovered most of 
the p la t in um , but our t e s t in g  Is  s t i l l  f a vo rab le  a t  t h i s  t ime .
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Tha r e c o rd s  kep t  by th e  p re v io u s  owners a r e  one o f  the  p ro p e r t y 's  most v a lu a b le  asse ts .  
We can rev iew these records and determ ine how much they recovered a t  any p lace on the property. 
They recorded a l l  o f t h e i r  cab le  too l d r i l l i n g  and compared the d r i l l  -esults w ith t h e i r  dredge 
recover ies . Every d r i l l  ho le  Is re la te d  to the subsequent dredging and both ara located on a 
map. They c a lc u la te d  and recorded the yardage dredged, area o f bedrock mined, and screened and 
c l a s s i f i e d  each recovery. The cleanup data Is Important because they recovered tvo- th lrd s  of 
f h e l r  metal from one-th ird  o f the ground. I do not want to spend the next 40 years go ing over 
the property a ga in .  We w l i l  cover the t h i r d  of the ground where they had t h e i r  best recover ies 
In about 15 years.

The o v e ra l l  va lues are not f a n t a s t ic ,  t o t a l i n g  about $250 m i l l i o n  a t $503 an ounce. This 
v a l ue, d Iv I ded by the  50 m 11 I Ion ya rds  o f  d redged ta  111ngs y l e i  ds an average  va l ue of $5 per 
c u b ic  y a rd .  The bes t  a reas  produced $20 to $30 per c u b ic  y a r d .  Our r e c o v e r ie s  to  date are 
app rox im at ing  those of the o r i g i n a l  owners, In $2 per cub ic  yard ground.

The d redge  has a c a p a c i t y  o f  6 ,000  ya rds  pe r  day , a v e r a g In g  j u s t  over one mi I I Ion c ub ic  
yards per year. Mater ia l dumped by the dredge buckets In to  the main hopper feeds through a 7- 
1/2 foot d iameter re vo lv in g  trommel screen 36 fee t  long w ith  pe rfo ra t ions  rang ing from 3/8 to 
5/8 inch  In d ia m e t e r .  The trommel Is  powered by a 75 ho rsepow e r m otor . U nde rs ize  m a t e r i a l  
p a s s in g  th ro u g h  the  screen f l o w s  onto  a bank o f  t a b l e s  f i t t e d  w i t h  ru bbe r  covered wooden 
r i f f l e s ,  from which the major part  of the p la t inum  concentrates are recovered. Overflow from 
the  t a b l e s  goes th rou gh  a s e r ie s  o f  Yuba j I g s ,  the  c o n c e n t ra te s  from  wh ich are c o l l e c t e d  on 
expanded m e ta l and coconut m a t t in g  In c le anup  s l u i c e s .  O ve rs iz e  m a t e r ia l  from the  trommel 
screen d ischarges on to a 140 foot long stacker b e l t  a t  the stern end of the dredge.

The on board  recove ry  system In c lu d e s  a c lo s e d  loop  t h a t  re c y c le s  the  t a i l s  from the 
f i n i s h i n g  j i g  back across the f i r s t  rough J ig .  The system Is  however, qu ite  labor In tens ive  to 
c lean up because h a l f  o r more of the metal remains In the s lu ic e s  ahead of the j i g s .  About a 
ton o f  m a t e r i a l ,  mostly rock . Is removed from the s lu ic e s  w ith  each c leanup, and must be worked 
down In the shore lab .

Dredge concentrates, c o n s is t in g  of crude p la t inum  and some go ld w ith cons iderab le  quan t i­
t ie s  o f  b lack sands o f magnetite , chrom ite , 11 men I te ,  chrom lferous s p in e l ,  etc. are processed 
f- i r th e r  In a c le a n u p  house on sho re  where they  o re  passed ove r a 4 x 8 foo t  w l f l e y  t a b le ,  
t u r th e r  concentrat ion  Is a f fected a f t e r  d ry in g  by screen ing and magnetic separat ion . F in a l l y ,  
a i r  Is  blown through the concentrates as they drop from a v ib r a t in g  hopper, the heav ie r p l a t i ­
num meta ls  f a l l i n g  through the a i r  In to  a sec t io n a l Iz e d  box, w h i le  the l i g h t e r  Im pu r it ie s  are 
blown away In to  d i f f e r e n t  sect ions . This method success fu l ly  y ie ld s  a 90S concentrate. Con­
c e n t r a t e s  from  ou r  l a s t  season were processed by e l u t r l a t l o n  tubes o f  ou r  own d e s ig n .  The 
e l u t r l a t l o n  y ie ld s  a much c leaner concentrate In f a r  less t im e  than b low ing  and hand p luck ing  
the p la t inum .

When we upgraded the dredge, h igh pressure pumps were added Ins ide  the trommel substan­
t i a l l y  Inc reas ing  the amount of water. A r e t a in in g  r i n g  keeps the c lay  b a l l s  In the trommel 
longer . L i f t e r s  are a lso  present In the trommel. However, the re  Is s t i l l  a s i g n i f i c a n t  amount 
o f  c la y  l e a v in g  the  trommel and g o in g  o u t  the s t a c k e r .  I t  may take m a jo r  des ign  changes to  
break up the c la y .

B re a k in g  up c la y  b a l l s  Is  pe rhaps th e  b i g g e s t  p ro b lem  on the  p ro p e r t y .  Many o f  the 
recoverab le  va lues  are trapped In the c lays . In the upper bench the values are a lmost e n t i r e ly  
In the  top  c I  a y .  We w i l l  p ro b a b Iy  no t  dredge  t h I s  a re a  a t  a I I ,  but w i l l  d eve lo p  some o th e r  
typo o f  machinery th a t  can s e le c t iv e ly  mine on ly  the top 10 o r  15 feet of m ate r ia l  ra ther than 
the  e n t i r e  60 fo o t  s e c t io n .  There Is  a l s o  a l o t  o f  c l a y  In t h e  upper c hanne l .  We a re  p re s ­
en t ly  m in in g  In the lower channel where there Is  less c la y .

We have tested many of the t a i l i n g s ,  and determ ined th a t  the va lues are In the top 10-15 
f e e t ,  Th I s I nd I c a te s  t h a t  the  p la t in u m  d id  In f a c t  go o u t  v I a the c l  ay. The ta  11 I ngs look 
c le a n  on th e  s u r f a c e ,  but one f i n d s  q u i t e  a b i t  o f  c l a y  and f i n e  m a t e r ia l  when you d i g  In to  
them. We hope there are s i g n i f i c a n t  va lues  rem a in in g  In t h i s  m a te r ia l .

Some o f  o u r  re c e n t  Ideas have In c lu d e d  p u t t i n g  In  r u b b e r  screen p la t e s  In s te ad  o f  the  
s te e l  punch p l a t e .  We have purchased some s p i r a l s  t o  I n s t a l  I In the c o n c e n t ra t io n  c i r c u i t ,  

h o p e fu l ly  to  reduce the labor of cleanup. We b e l ie v e  we can automate and upgrade the machinery



to  c u t  down on l a b o r  by a t h i r d ,  
day th a t  the dredg9 Is down.

At p re s e n t  I t  takes  ha l f a day to  c le a n  up —  th  Is I s ha l f a

Energy Is  a m a jo r  expense . S ince th e re  Is  a l o t  o f  w In d ,  we a re  g o in g  t o  c o n s id e r  the 
p o s s i b i l i t i e s  of us ing  w ind power to generate e l e c t r i c i t y .  There Is  a na tu ra l  w ind tunnel in 
the saddle between Red Mountain and tha mountain next to I t .

In s te ad  o f  pum p ing  muddy w a te r  o u t  o f  the  pond f o r  the  w a s h in g  p l a n t ,  we wou ld  I Ike  to  
p ipe In fresh water. Water cou ld be p iped In under pressure w ith  about one m i le  o f  steel pipe.
This would a lso  save us the cost of the three o r  four 100 h.p. p v c s  now in use. We would not
recover the cost o f  the p ipe  In fue l sav ings , but we b e l ie v e  we cc .  d s i g n i f i c a n t l y  Improve our
recovery by washing w ith  c lean  water.

General Geology

Both bedded and In t ru s iv e  rocks a re  present In the  area. Outcrops a re  rare . 
In creek bottoms Is the best source ot geo lo g ic a l  In fo rm at ion .

The bedrock

XhS Sedimentary Rocks have been h i g h ly  Indurated . These rocks are gray to l i g h t  tan and 
y e l low  to green ish In c o lo r .  They are dense, very f i n e  g ra in e d ,  hard rocks w ith some epldote . 
They are thought to  be m a in ly  s i l i c e o u s  a r g i l l i t e s  and some q u a r t z l t e s .  The s t r 'k e  and d ip  of 
these bedded rocks vary cons ide rab ly .  H igh ly  a l te re d  and. weathered t u f f s  are located a t  the 
no r th  end o f  the  e a s t  uppe r  bench . These t h i n  bedded s t r a t a  a r e  tan  t o  b row n ish  b la c k  In 
c o lo r ,  broken and q u i t e  s o f t .  The dredge could d ig  6 fee t  o f t h is  s t ra ta  before I t  became too 
hard t o  d i g .

I n t r u s I v e  Rock. An u I t r a b a s i c  mass o f  dun I t e  fo rms th e  Red M oun ta In  R ld ge  west o f  the 
Salmon R iver .  The dun lte  weathers to a y e l lo w is h  brown In c o lo r  w ith  sma l l b lack c ry s ta ls  of 
magnet I te  and chrom I te  exposed on the  s u r f a c e .  The w ea the red  zone v a r  I e s ,  but Is  gene ra l  ly  
about 1/4 to  1/2 Inch t h i c k .  The unweathered  d u n l t e  Is  ve ry  f i n e  g r a in e d  and Is  b la c k  In 
c o l o r .  The d u n l t e  a ppea rs  to  have been c racked  and s h a t t e r e d  a t  some t im e  In t h e  p a s t ,  fo r  
these f in e  l i n e s  are now rehea led . Pyroxen lte f i l l e d  frac tu res  cut the dun lte .

P e r k n I t e  Is found  t o  the  e a s t  o f  Red M ounta in  d u n l t e .  
c ry s ta ls  of hornb lende Is found on upper S qu ir re l  Creek.

H o r n b le n d l t e  w i t h  coarse  b la .

Per I dot I t e . Dark c o lo red ,  medium g ra in ed ,  e q u lg r a n u la r ,  w ith  some mica (s found In Fox 
Gulch and on Dowry Creek.

A one foot d ike  of da rk ,  e q u lg ra n u la r ,  f in e  g ra ined  d l o r l t e  can be found c u t t in g  the meta 
sediments and the bleached serpent ine  zone a t  the head of Fox Gulch. There Is on ly  one place 
where the  p e r k n l t e  b o rd e r  roc k s  can be seen In  c o n ta c t  w i t h  th e  ma in  d u n l t e  mass o f  Red 
Mountain. Th is contact Is a t  the end o f the upper p lace r  work ings In Fox Gulch. Here a major 
f a u l t  s t r i k i n g  north 70° eas t  separates b lack dun lte  from the bleached l i g h t  green serpentine 
zone, 110 fee t  In w id th ,  t h a t  conta ins  b lack ish  c lo t s  o f  magnetic rock tha t  Is  considered to be 
a brecc ia . Coarse and medium gra ined  per I dot I t e  Is found southeast o f  the l i g h t  green serpen­
t in e  zone. On Ory Gulch a b lack pyroxen lte  Is found In contact w ith  metasediment brecc ia .

On S q u i r r e l  C reek , t h e  p e r k n l t e  rocks  appea r  to  be an I s l a n d  su rrounded  on a l  I s id e s  by 
meta sediments. On Dowry Creek, medium gra ined  e q u lg r a n u la r ,  una lte red per I dot I te  Is found 
surrounded by h ig h ly  f a u l t e d ,  se rpen t ln lzed  b lack dun lte .

On the c r e s t  o f  th e  h i l l  above McCann C reek ,  1/2 t o  3 Inch  w I de p y r o x e n l t e  f 11 led  f r a c ­
tures cut the dun lte .

Two complete chemical ana lyses o f  the dun lte  of Red Mountain were made by E.T. Erickson of 
the U.S. G e o lo g ic a l  S u rv e y :  one (A) o f a c om pos ite  sam p le  o f  f r e s h  u n a l t e r e d  d u n l t e  w i t h  a 
representa t ive  content o f m arg ina l p e r k n l t lc  rocks and one (B) o f the o x id iz e d  sh e l l  tha t  forms 
a veneer on these u l t r a b a s lc  rocks.
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UltrabasIc.Rocks. Chemical Analysis In weight percent

(A) (B)

SI o2 39.20 28.54

Al 2°3 1.50 .78

^ 2 ^ 3 3 .10 5.29

Mg 0 37 .79 42.29

Ca 0 5 .66 .34

Na20 N.D. N.0 .

k2o N.D.. N.D.

h2o + 5.81 5.53

t i o 2 .05 .14

Cr 20 j .27 .13

MmO .01 .01
NI0 .077 .053

CuO .007 .004

The presence o f  c h ro m it e  ( O 2 O3 ) shown by th e  chem ica l a n a l y s i s  Is s i g n i f i c a n t ,  as the 
p lace rs  conta in  p la t inum  nuggets th a t  are Intergrown w ith  or have adhering chrom ite . Chromite 
cons t itu tes  a small but s i g n i f i c a n t  pa rt  o f  the accessory m ine ra ls  recovered w ith  the p lat inum  
meta ls . In an a n a ly s is  of pebbles o f  chrom ite recovered from these p lacer concentrates made by 
E.T. E r ic k s o n ,  the  t e n o r  In  p la t in u m  m e ta ls  was found to  be 0 .05 t ro y  ounces pe r ton  of 
chrom ite . An In te re s t in g  c h a ra c te r is t ic  of the Goodnews P lat inum depos it  Is the w ide v a r ia t io n  
In the percentage of I r id iu m .  C lara Creek, which Is the northernmost o f the creeks c u t t in g  Red 
Mountain , y ie ld e d  a crude th a t  contained 45 I r id iu m .  The I r id iu m  percentage Increases progres­
s iv e ly  In each creek to  the south, reach ing a h igh  of 335 In Fox Gulch, the southernmost of the 
creeks c u t t in g  the m in e ra l iz e d  sect ion of Red Mountain. The Salmon River depos it ,  which Is  a 
m ix tu re  of m inera l from I t s  north r i g h t  l i m i t  t r i b u t a r ie s ,  has averaged an I r id iu m  content of 
1 OS over the years .

P lat inum Is  50 t imes as rare as go ld . A l l  the p lat inum  mined In the wor ld  would f i t  In to  
a 13 foot cube. There are 50 m i l l i o n  cub ic  yards of t a i l i n g s  a t  Goodnews Bay, from which 1 1/4 
cub ic  yards o f p la t inum  have been extracted In 40 years of m in ing . At the t im e  wo purchased 
the property , p la t in um  was s e l l i n g  fo r  5800 an ounce. Since then I t  has gone up to $1,100 and 
down t o  5300 an ounce . We conve rted  a l  I o f  ou r cost data  to  a p r ic e  o f 5500 an ounce , even 
though p la t inum  Is  now worth 5350.

We rece ived a l i t t l e  bad news recen t ly .  Our watchman c a l le d  and said th a t  the dredge was 
s i n k i n g .  What he meant was t h a t  I t  was a l r e a d y  on the bottom o f the  pond. F o r t u n a t e ly  the 
pond Is  no t  to o  deep. We hope to  be a b le  to  pump enough wate r ou t o f  the pond to  g e t  to  the  
pontoons . We w i l l  then  pump ou t  the  pontoons and r e f l o a t  the  d redge . I f  we a re  u nab Ie  to 
low e r  the  pond I eve I I t  w 11 I be a b I g Job f o r  unde rw a te r  d i v e r s .  There a re  now f i v e  o r  s i x  
f e e t  o f  Ice on the  pond and th re e  o r  fo u r  f e e t  o f  Ice I n s id e  the  d redge . We may be de la yed  a 
month t h i s  year .

Engelhard and Johnson-Mathey purchased la s t  season's p la t inum . Engelhard's new o f f i c e  In 
Anchorage w i l l  be a b ig  he lp  to us as they buy go ld  and a l l  precious metals .
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How much d id  you recover?

The l a s t  two yea rs  we have been d i g g i n g  t o  o b t a in  f l o t a t i o n .  We have m ined o n ly  one 
corner ot a known pay area . We recovered about $2 per cub ic  yard , which Is rough ly what 
the Goodneus Bay Company produced. We a lso  recovered app rox imate ly  the same graduat ion of 
p la t inum  from f in e  to  coarse In s ize .  Th is Is  encourag ing , but we do not pretend that we 
w i l l  a lso  have the same recovery In an area where the prev ious owners produced $20 to $30 
of p la t inum  per cub ic  yard .

We so ld  about $200,000 of p la t in um , which Is not much cons ide r in g  th a t  we spent about 
a m i l l i o n  and a h a l f  g e t t in g  i t .  We are not very s k i l l e d  yet . We are a lso  desperately in 
need o f  experienced wlnchmen. We have b u i l t  and t ra in e d  an e xc e l le n t  crew tha t  is  good a t  
every th ing  except w inch ing .

How do you break up the c lay?

In s ide  the trommel are h igh  pressure pumps and water je t s .  There are a lso  re ta ine rs  and
I I f t e r s ,  b u t  I t ' s  r e a l  ly hard  to  break  up one o f  those  c la y  bal I s once I t ' s  fo rmed . I t  
rem inds me of p low in g  on the farm , when a c rust  formed on the s o l i  we'd harrow to break I t  
up. I f  we j u s t  went out there w ith  a t i l l a g e  too l the c rust  r ipped Into c lods . We could 
then ha rrow  I t  ten  t im e s  ove r and neve r g e t  r i d  o f  the  c lo d s .  I t h i n k  the  same t h in g s  
a p p ly  he re .  The bes t  way to  s o lv e  the c la y  ba l  I p ro b lem  I s to  no t  make one. I haven 't
f ig u re d  out how to do t h a t  yet , but I t ' s  the end I'm go ing  to  work on.

How w i l l  you u t i l i z e  the s p i r a ls ?

They a re  p a r t  o f  th e  e f f o r t  to  reduce the  l a b o r  I n v o lv e d  In  c le a n u p .  I f  we can we 're
g o in g  to  pu t  them In  a c i r c u i t  In such a way as t o  c le a n  th e  c oncen t ra te  a l o t  b e t te r
b e fo r e  we ta ke  I t  a sh o re .  Exact l 'y  how we 're  g o in g  t o  do t h a t ,  I do n 't  know. | g o i n g  
to  ask Tom Ferae w h i le  I'm here and he's go ing to  g iv e  me a l l  the answers, I'm su .e .

Do you use your trommel to  p h y s ic a l ly  break up the c la y?

W e l l ,  I t h in k  I t 's  p h y s ic a l ,  but I a ls o  th in k  t h a t  there 's  g o t  to be some he .p  chem ica l ly .  
The m agn i tu d e  o f  th e  p rob lem  Is  d e t e rm in in g  how much w a te r  Is  needed t o  d i s s o lv e  the 
amount of f in e  c lay  present. There Is  a phys ica l l im i t a t i o n .  Even I f  solved mechan ica l ly , 
the  a b i l i t y  t o  d i s s o l v e  (rare c l a y ,  o r  to  s e t t l e  o u t  th e  c la y  In the  pond, m ig h t  be 
enhanced c hem ic a l ly ,  produc ing c leane r  water to  work w ith .

Is the  greenstone bedrock hard on your machinery?

No, most o f th e  t a i l i n g s  a re  le s s  than  a f o o t  In d ia m e t e r .  S c rap in g  bedrock I s ,  o f 
c o u r s e ,  haro  on I t .  Where th e  bed rock I s  d e t e r l o r a t e d ,  we d i g  I n t o  I t  as f a r  as we can , 
between two t o  f i v e  f e e t .  T h is  Is  where the  v a lu e s  a r e .  T ha t 's  the  o n ly  t im e  I t ' s  very  
hard on the equipment. In the upper channel , which was the re  10,000 years ago, before rhe 
g l a c ia t io n  o f  the area , the bedrock Is more deeply decomposed. I t  Is  y e l low is h  mater ia l 
th a t  looks l i k e  c la y .  The va lues may be from the  weathered bedrock and a l l  mixed up w ith 
the c la y .  Some c lay  b a l l s  assay up to $1,000 a cub ic  yard . On the other hand the next 100 
c lay  b a l l s  may have noth ing In them.

Have you t r i e d  methods t h a t  cut down the amount o f  water needed to break up the c la y ,  such 
as a s c ru b b e r  or t rommel a r ra n g em en t  w i t h  fe w e r  h o le s ?  T h is  m ig h t  save some wash ing  
water .

We h a v e n ' t  t r i e d  t h a t ,  bu t  I t  m I g h t  be a good a p p ro a c h .  M a jo r  changes I Ike  t h a t  a re  not 
easy to  accomplish In an e x i s t in g  machine.

Have you t r i e d  r e t a in in g  the  c lay  longer?

There Is  a r e t a in in g  r i n g  In the trommel and we cou ld  add more. This approach would work 
best, I f  the washing sect ion were la rg e r  and revo lved  a t  an r.p.m. s u i t a b le  for scrubbing 
and I f  the screen was a separate trommel tha t  revo lved  a t  the  r i g h t  speed fo r  screening.
I t h in k  tha t 's  a good Idea th a t  would work much be-tter than what we present ly  have, and I t



would be much more energy e f f i c i e n t .  Using h igh  pressure pumps Is not an energy e f f ic ie n t  
way to  break up the c la y .  I f  we could a lso  r e t a in ,  ra the r permanently , a few of the rocks 
In the scrubbing sect ion I t  would he lp . I t h in k  tha t 's  a good Idea and I thank you.

Q What about p h y s ic a l ly  break ing the c lay?

A We've thought about I t ,  but haven't r e a l l y  f ig u red  out how we cou ld make th a t  c lay In to  a
s lu r r y .  The former owners t r ie d  a spec ia l so rt  of Impact device , a pp rop r ia te ly  c a l le d  a 
'mudhog'. I t  worked l i k e  a t r a d i t io n a l  hammer m i l l  but the a n v i l  pa rts  were cont inuous ly 
mov ing  la r g e  bars mounted on a c ha in  r e v o l v i n g  very  s l o w ly  to  p re ven t  I t  from p lu g g in g  
up, no m a t te r  how much mud went th rough  I t ,  The hammers bea r  up th e  c la y  b a l l s .  Of 
c ou rs e ,  the  rocks  went th rou gh  a l s o ,  and I t  tu rn e d  ou t  to  have a h i g h  ma in tenance  cos t .
Bu t ,  I guess I t  worked q u i t e  wel I .  I t h o u gh t  more about m ash ing  those  c l ay bal Is  w ith
something l i k e  the o ld  wrl -er washing machine. I f  we had some huge r o l l e r s  that we could 
run everyth ing  through , the rocks would pass through w ithout harming the machine, but th6 
c lay  b a l l s  would be squeezed Into f l a t  pancakes which would break up In the trommel. The 
w o rs t  t h i n g  about t h e  c la y  is  t h a t  I t  o f t e n  comes ou t  o f  the bucket I Ine In a ba l I the 
s i z e  o f  the bucke t . I f  you s t a r t  ou t  w i t h  a b a l l ,  I t ' s  p r e t t y  hard  to  no t  have a b a l l  
come out the back end.

Q Joe Vog le r :  Have you considered using a r e v o lv in g  cu tte r  yheel l i k e  th a t  developed by the 
Germans?

A Yes , t h a t  goes back t o  my s to ry  about th e  f a rm e r .  The best way to  no t  have a c lo d  Is  to  
not make one. I f  we cou ld d ig  c lay so tha t  I t  was cut In to l i t t l e  shavings I t  would be a 
he lp . I don't th in k  l i t t l e  b a l l s  w i l l  grow In to  b ig  b a l l s .  I make tha t  k ind  o f  machinery, 
by the  way, so I c e r t a i n l y  have though t  o f  I t .  That k in d  o f  m ach ine ry  wou ld  a l s o  work 
w e l I  above w a te r  le v e l  where c la y  occu rs .  I 'm  no t  su re  I b e l l e v e  th e  s to ry  t h a t  a c la y  
b a l l  r o l l i n g  through the trommel and the s lu ic e  boxes Is p ic k in g  up the va lues. I th in k  
t h a t ,  I f  we f i n d  a c l  ay b a l l  w i t h  v a lu e s  In I t ,  t h e v a l u e s  were a lw a y s  I n s id e  o f  I t .  
Perhaps we c o u ld  no t  re c o ve r  the c la y  s h a v in g s  from deep u n d e rw a te r .  But th e re  e 
suct ion dredges being made now tha t  have a l i t t l e  wheel on them, very much l i k e  a German 
wheel, tha t  p ick up the m ate r ia l  and dump I t  In to  the suct ion of the dredge. That m ight 
a l so be an answer.
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with a section on mineralogy 

by C. L. Mardoc'<3, and a 

section on benefielation by 
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ABSTRACT

In 1981 and 1985-1986, the Bureau of Mines conducted orientation 
studies of marine placer platinum-group metals (PGM). PGM are derived 
from the Goodnews Bay ultramafic complex and magnetic surveys show that 
the complex extends offshore at least four ml. The present seafloor 
was an emergent foreland as recently as 8000 years ago. H1gh-energy 
ocean processes are transporting and depositing sediment such that 
PGM-bearing materials are reworked and later masked by barren littoral 
drift.
Exploration targets Include 1) placers formed since present 

transgression began, and 2) ancient marine and drowned fluvial 
deposits. Additionally, there 1s evidence of PGM solution transport 
and accretion. At least minor values of PGM In Recent lag-type placers 
and possible submarine strands are concentrated along an offshore scarp 
Incised through glacial deposits Into the pregladal surface between 
Flat Cape and Red Mountain. Other Recent PGM-bear1ng features Include 
Flat Cape shoal, Chagvan Bay, Salmon River delta, and modern beaches. 
Ancient placers Include possible N-S fluvial systems 2 to 3 ml 
offshore, a nearshoro scarp 50 ft below sea level, and strands adjacent 
to projected ultramafic bedrock slopes. The exlstance of ancient 
placers 1s dependent on depth of glacial erosion.

Supervisory Physical Scientist, Alaska Field Operation Center, 
Fairbanks, AK.2
3Geolog1st, Alaska Field Operation Center, Fairbanks, AK.
4M1neralog1st, Albany Research Center, Albany, OR.
Chemical Engineer, Salt Lake City Research Center, Salt Lake City, UT.



SEM s t u d i e s  s h e w  PGM a r e  p r i n c i p a l l y  1 s o f e r r o p l a t 1 n u m  a n d  o s m 1 r 1 d i u m ,  
w i t h  m i n o r  s p e r r y l l t e ,  m o n c h e l t e ,  a n d  p l a t 1 n 1 r 1 d 1 u m .  G o l d  1 s  a 
c o - p r o d u c t ,  a n d  c o n c e n t r a t e s  c o m p r i s e  c h r o m i t e ,  1 l m e n 1 t e ,  a n d  
m a g n e t i t e .  B e n e f l c l a t l o n  t e s t s  s u c c e s s f u l l y  c o n c e n t r a t e d  p r e c i o u s  
m e t a l s  f r o m  n a t u r a l  b l a c k s a n d  a c c u m u l a t i o n s ,  b u t  f a i l e d  t o  c o n c e n t r a t e  
l o w - g r a d e  l a g  g r a v e l s .

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

A s  p a r t  o f  a n  o n - g o 1 n g  a s s e s s m e n t  o f  s t r a t e g i c  a n d  c r i t i c a l  m i n e r a l s  
1 n  A l a s k a ,  t h e  B u r e a u  o f  M i n e s  I n v e s t i g a t e d  m a r i n e  p l a c e r  d e p o s i t s  n e a r  
t h e  v i l l a g e  o f  P l a t i n u m  1 n  s o u t h w e s t  A l a s k a  ( f i g .  1 ) .  T h e  v i l l a g e  1 s  
n a m e d  f o r  t h e  n e a r b y  S a l m o n  R i v e r  p l a t i n u m  m i n e  a n d  s e r v e s  a s  t h e  
l o g i s t i c a l  c e n t e r  f o r  t h e  r e g i o n .  P l a t i n u m  g r o u p  m e t a l s  ( P G M )  we r e  
f i r s t  m i n e d  f r o m  p l a c e r  d e p o s i t s  1 n  t h e  S a l m o n  R i v e r  d r a i n a g e  1 n  1 9 2 6  
wh en  p l a t i n u m  g r a i n s  we r e  I d e n t i f i e d  1 n  c r e e k s  d r a i n i n g  t h e  G o o d n e w s  
B a y  u l t r a m a f i c  c o m p l e x  a t  R e d  M o u n t a i n  5 ml  s o u t h  o f  P l a t i n u m  v i l l a g e .  
O v e r  t h e  s u b s e q u e n t  y e a r s  m o r e  t h a n  6 5 0 , 0 0 0  t  oz

F I G U R E  1 .  -  I n d e x  map  s h o w i n g  p r o j e c t  a r e a  1 n  s o u t h w e s t  A l a s k a .



o f  PGM h a v e  b e e n  r e c o v e r e d  b y  d r a g l i n e  a n d  b u c k e t - 1 1 n e  d r e d g e  
o p e r a t i o n s  a l o n g  t h e  S a l m o n  R i v e r  ( I - j l ) . 5

l u m b e r s  I n  p a r e n t h e s e s  r e f e r  t o  I t e m s  1 n  t h e  1 1 s t  o f  r e f e r e n c e s  a t  
t h e  e n d  o f  t h i s  r e p o r t . ______________________________________________ ___________ __________

I t  h a s  l o n g  b e e n  s u s p e c t e d  t h a t  p l a c e r  PGM a r e  c o n c e n t r a t e d  1 n  
s e d i m e n t s  I n  G o o d n e w s  B a y  o r  o f f s h o r e  1 n  t h e  B e r i n g  S e a ,  w es t  o f  Red  
M o u n t a . n .  P a g e  a n d  o t h e r s  ( 4 )  c i t e  I d e n t i f i e d  PGM r e s o u r c e s  o f  5 
m i l l i o n  t  o z  c o n t a i n e d  i n  o f f s h o r e  d e p o s i t s  n e a r  R e d  M o u n t a i n  a n d  
v i c i n i t y :  e s t i m a t e s  b a s e d  o n  l i m i t e d  f i e l d  s t u d i e s  ( 5 ) 6 a n d  o n  
g e o l o g i c  I n f e r r e n c e  t o  d e p o s i t s  e l s e w h e r e .  A t  t h e  t i m e  o f  t h i s  r e p o r t ,  
h o w e v e r ,  n o  v i a b l e  d e p o s i t s  h a v e  b e e n  d e l i n e a t e d .  F o r e l a n d  a n d  o f f s h o r e

T h e  U . S .  G e o l .  S u r v .  p e r f o r m e d  r e c o n n a i s s a n c e  l e v e l  o f f s h o r e  s t u d i e s  
1 n  1 9 6 9 .  A  r e p o r t  o f  t h e i r  f i n d i n g s  i s  b e i n g  p r e p a r e d  c o n c u r r e n t l y  
w i t h  t h i s  r e p o r t ,  a n d  I n c l u d e s  a  m o r e  c o m p l e t e  l i s t i n g  o f  r e f e r e n c e s  t o  
t h e  G o o d n e w s  B a y  r e g i o n  ( B a r n e s ,  T a g g ,  a n d  C o o n r a d  [ 1 n  p r e s s ] ) . ___________

e x p l o r a t i o n  b y  i n d u s t r y  s i n c e  t h e  1 9 3 0 s  h a v e  b e e n  i n c o n c l u s i v e ,  a n d  
m o s t  a n a l y t i c a l  d a t a  f r o m  t h e s e  a c t i v i t i e s  a r e  n o t  a v a i l a b l e  ( 6 ) .  T h e  
m o s t  r e c e n t  e x p l o r a t i o n  t o o k  p l a c e  1 n  t h e  e a r l y  1 9 7 0 s  a n d  t h e r e  a r e  
r e p o r t s  t h a t  som e  d r i l l i n g  was u n d e r t a k e n .  E x p l o r a t i o n  b y  I n l e t  O i l  
C o r p .  m a y  h a v e  r e v e a l e d  r e c o v e r a b l e  c o n c e n t r a t i o n s  o f  f i n e - g r a i n e d  
p l a t i n u m  1 n  s e d i m e n t s  a t  a  s i t e  o f f s h o r e  o f  R e d  M o u n t a i n  ( 7 ) ,  ‘j u t  n o  
s p e c i f i c  l o c a t i o n  1 s  g i v e n  a n d  a n a l y t i c a l  t e c n l q u e s  a t  t h e  t i m e  l a c k e d  
t h e  a c c u r a c y  now a v a i l a b l e .  C o n c u r r e n t l y  w i t h  t h e  e x p l o r a t i o n  b y  I n l e t  
O i l ,  a s e r i e s  o f  a c a d e m i c  s t u d i e s  u n d e r  t h e  a u s p i c e s  o f  D r .  J .  R .
M o o r e ,  U n i v e r s i t y  o f  T e x a s ,  A u s t i n ,  f o c u s e d  o n  m a r i n e  s e d i m e n t  
t r a n s p o r t ,  s e d l m e n t o l o g y ,  a n d  t r a c e  e l e m e n t  d i s t r i b u t i o n  1 n  f i n e ­
g r a i n e d  s e d i m e n t s  i n  t h e  v i c i n i t y  o f  R e d  M o u n t a i n  ( 7 - 1 2 ) .  T h e  r e s u l t s  
o f  t h o s e  s t u d i e s ,  p a r t i c u l a r l y  t h e  s a m p l i n g  a n d  m a g n e t o m e t e r  work b y  
B o n d  (J_ l )  a n d  U l r i c h  ( 1 2 )  p r o v i d e d  d i r e c t i o n  f o r  t h e  1 9 8 1  s t a r t i n g  
p o i n t  f o r  i n v e s t i g a t i o n s  b y  t h e  B u r e a u  o f  M i n e s .

P a r t  o f  t h e  B u r e a u ' s  p r o g r a m  1 n  A l a s k a ,  I n c l u d i n g  t h e  E x c l u s i v e  
E c o n o m i c  Z o n e  ( E E Z ) ,  1 s  t o  a p p r a i s e  s u b - e c o n o m 1 c  a n d  u n c o n v e n t i o n a l  
m i n e r a l  r e s o u r c e s ,  p a r t i c u l a r l y  t h o s e  c o n t a i n i n g  s t r a t e g i c  a n d  c r i t i c a l  
c o m m o d i t i e s ,  a n d  t o  e n c o u r a g e  t h e i r  e x p l o r a t i o n  a n d  d e v e l o p m e n t  b y  
i n d u s t r y .  B u r e a u  I n v e s t i g a t i o n s  o f  c h r o m i u m  a n d  PGM 1 n  t h e  v i c i n i t y  o f  
P l a t i n u m ,  A l a s k a ,  a r e  d i v i d e d  I n t o  two  p a r t s .  T h e  f i r s t  was a s t u d y  o f  
t h e  l o d e  PGM 1 n  t h e  G o o d n e w s  B a y  u l t r a m a f i c  c o m p l e x  w h i c h  1 s  t h e  s o u r c e  
r o c k  f o r  p l a c e r  PGM i n  t h e  a r e a  ( 2 - 3 ) ;  t h e  r e p o r t  d e s c r i b e s  g e o l o g i c  
i n v e s t i g a t i o n s  a n d  I n c l u d e s  a s s a y  r e s u l t s  o f  a p p r o x i m a t e l y  1 , 0 0 0  c h u r n  
d r i l l  h o l e s  b y  t h e  G o o d n e w s  B a y  M i n i n g  C o .  1 n  t h e  S a l m o n  R i v e r  v a l l e y .  
T h e  s e c o n d  p a r t ,  w h i c h  I s  t h e  s u b j e c t  o f  t h i s  r e p o r t ,  1 s  a n  
o r 1 e n t a t 1 o n - t y p e  r e c o n n a i s s a n c e  o f  m a r i n e  p l a c e r  e x p l o r a t i o n  t a r g e t s  
a n d  t e s t s  o f  v a r i o u s  a s s e s s m e n t  t e c h n i q u e s .  T h e  a r e a  I n v e s t i g a t e d  1 n  
t h i s  s t u d y  I n c l u d e s  t h e  f o r e l a n d ,  b e a c h ,  a n d  s e a f l o o r  a s  f a r  a s  f o u r  
m i l e s  o f f s h o r e .  T h e  o f f s h o r e  I n v e s t i g a t i o n  I n c l u d e d  a  m a g n e t o m e t e r  
s u r v e y ,  l o w  f r e q u e n c y  a c o u s t i c  p r o f i l i n g ,  b a t h y m e t r i c  a n d  g e o l o g i c  
m a p p i n g ,  h e a v y  m i n e r a l  s a m p l i n g ,  a n d  m l n e r a l o g l c a l  a n d  b e n e f i c l a t l o n  
s t u d i e s .



I t  1 s  n o t  t h e  o b j e c t i v e  o f  t h e  B u r e a u  t o  m ake  t h e  a c t u a l  d i s c o v e r i e s  
o f  o r e  d e p o s i t s  b u t  r a t h e r  t o  I n v e s t i g a t e  known o c c u r e n c e s .  N e i t h e r  o f  
t h e  two p a r t s  o f  t h e  B u r e a u ' s  work were  I n t e n d e d  t o ,  n o r  f u n d e d  a t  a 
l e v e l  n e e d e d  t o  d e l i n e a t e  a d e p o s i t  o r  t o n n a g e  r e s e r v e .  T h i s  was an  
o r i e n t a t i o n  s t u d y  o n l y .  I t  was a l s o  n o t  p o s s i b l e  t o  p r o v i d e  f u l l  a r e a l  
c o v e r a g e  o f  t h e  p r o s p e c t i v e  f a v o r a b l e  g e o l o g i c  u n i t s  a t  t h i s  l e v e l  o f  
I n v e s t i g a t i o n .  A l t h o u g h  o c c u r r e n c e s  o f  PGM a n d  g o l d  were  d o c u m e n t e d  
d u r i n g  t h e  c o u r s e  o f  t h e s e  o r i e n t a t i o n  I n v e s t i g a t i o n s ,  n o  d i s c o v e r i e s  
o f  m i n e a b l e  o r  e v e n  s u b - e c o n o m i c  d e p o s i t s  were  f o u n d .

A C K N O W L E D G M E N T S

S e v e r a l  I n d i v i d u a l s  p r o v i d e d  h e l p f u l  a d v i c e  a n d  s u p p o r t  d u r i n g  t h e  
c o u r s e  o f  t h i s  I n v e s t i g a t i o n .  D r .  J .  R o b e r t  M o o r e ,  P r o f e s s o r ,  
U n i v e r s i t y  o f  T e x a s ,  A u s t i n ,  was a c o n t i n u o u s  s o u r c e  o f  a s s i s t a n c e  a n d  
e n c o u r a g e m e n t  s i n c e  1 9 7 9 .  H e l p f u l  d i s c u s s i o n ,  d a t a ,  a n d  m a n u s c r i p t  
r e v i e w  we r e  p r o v i d e d  b y  M r .  S t e v e  B o n d ,  f o r m e r  g r a d u a t e  s t u d e n t  a t  t h e  
U n i v e r s i t y  o f  T e x a s ,  A u s t i n .  M a n u s c r i p t  r e v i e w  was a l s o  p e r f o r m e d  b y  
D r .  W a r r e n  C o o n r a d ,  G e o l o g i s t ,  U . S .  G e o l o g i c a l  S u r v e y .  T e c h n i c a l  
a d v i c e ,  c o m p u t e r  p r o g r a m i n g ,  a n d  f i e l d  a s s i s t a n c e  we r e  g i v e n  b y  D r .  
S a t h y  N a i d u ,  P r o f e s s o r ,  a n d  h i s  a s s i s t a n t s  J o h n  S m i t h l s l e r  a n d  D a v e  
F o s t e r ,  I n s t i t u t e  o f  M a r i n e  S c i e n c e  ( I M S ) ,  U n i v e r s i t y  o f  A l a s k a ,  
F a i r b a n k s .  D u r i n g  1 9 8 5  f i e l d  s t u d i e s ,  IM S  a n d  t h e  B u r e a u  j o i n t l y  
p a r t i c i p a t e d  i n  c o o p e r a t i o n  w i t h  t h e  F r e n c h  o c e a n  I n s t i t u t e ,  I F R E M E R  
( I n s t i t u t  F r a n c a l s  d e  R e c h e r c h e  p o u r  1 1 E x p l o 1 1 1 o n  d e  l a  M e r ) ,  w h i c h  
p r o v i d e d  t h e  v e s s e l  K - W a y .  Work i n  1 9 8 6  was p a r t i a l l y  s u p p o r t e d  b y  t h e  
B u r e a u ' s  S a l t  L a k e  C i t y  R e s e a r c h  L a b o r a t o r y ,  O c e a n  M i n e r a l s  G r o u p .

M e s s r s .  D e n n i s  S o u t h w o r t h  a n d  J e f f  F o l e y ,  a u t h o r s  o f  t h e  c o m p a n i o n  
r e p o r t  d e s c r i b i n g  t h e  B u r e a u ' s  o n s h o r e  w o r k ,  c o n t r i b u t e d  m o s t  h e l p f u l  
a d v i c e  a n d  f i e l d  a s s i s t a n c e  t o w a r d  u n d e r s t a n d i n g  t h e  o f f s h o r e  r e s o u r c e  
p o t e n t i a l .

M E T H O D S

F i e l d  s t u d i e s  w e r e  c o n d u c t e d  d u r i n g  p o r t i o n s  o f  t h e  1 9 8 1  a n d  
1 9 8 5 - 1 9 8 6  s e a s o n s ,  a n d  w e r e  v a r i o u s l y  b a s e d  o n s h o r e  f r o m  t h e  camp  o f  
t h e  G o o d n e w s  B a y  M i n i n g  C o . ,  f r o m  f a c i l i t i e s  a t  t h e  v i l l a g e  o f  
P l a t i n u m ,  a n d  f r o m  a t e n t  c am p  l o c a t e d  a b o v e  t h e  b e a c h  i n  a  s e m i ­
s h e l t e r e d  r a v i n e  s o u t h  o f  C a b i n  C r e e k  ( f i g .  2 ) .  A c c e s s  a l o n g  t h e  
s h o r e l i n e  f o r  s a m p l i n g ,  a u g e r  d r i l l i n g ,  a n d  g e o l o g i c a l  m a p p i n g  was 
g a i n e d  b y  4 - w h e e l  A T V s .

L i m i t e d  work o f f s h o r e  was u n d e r t a k e n  u s i n g  m o t o r i z e d  I n f l a t a b l e  r a f t s  
t h a t  were  l a u n c h e d ,  w e a t h e r  p e r m i t t i n g ,  t h r o u g h  t h e  s u r f  a t  t h e  t e n t  
ca m p  s i t e .  S e a f l o o r - m a p p l n g  a n d  u n d e r w a t e r  o b s e r v a t i o n  we r e  d o n e  w i t h  
u s e  o f  S C U B A  e q u i p m e n t .

M o s t  o f f s h o r e  s u r v e y s  w e r e  c o n d u c t e d  f r o m  s h a l l o w  d r a f t  v e s s e l s  t h a t  
p r o v i d e d  l i v i n g  q u a r t e r s  a s  w e l l  a s  work a r e a .  I n  1 9 8 5 ,  t h e  F r e n c h  
r e s e a r c h  v e s s e l  K - W a y  was u s e d ,  a n d  1 n  1 9 8 6 ,  t h e  F a t  Emma was 
c o n t r a c t e d  o u t  o f  D i l l i n g h a m ,  A K .  I t  s h o u l d  b e  n o t e d  f o r  t h e  b e n e f i t  
o f  f u t u r e  I n v e s t i g a t i o n s  1 n  t h e  a r e a ,  t h a t  s u p p o r t  v e s s e l s  m u s t  h a v e  
s h a l l o w  d r a f t ,  p r e f e r r a b l y  n o  m o r e  t h a n  f o u r  f e e t ,  a n d  b e  s u i t a b l e  f o r  
work  d u r i n g  p e r i o d s  o f  p r o l o n g e d  f o u l  w e a t h e r .  T h e  l e e  o f  t h e  S o u t h  
S p i t  o f  G o o d n e w s  B a y  o f f e r s  e x c e l l e n t  a n c h o r a g e  a n d  a c c e s s  t o  t e l e p h o n e  
a n d  s u p p l i e s  a t  t h e  v i l l a g e .  S h e l t e r e d  a n c h o r a g e  1 s  a l s o  a v a i l a b l e





a l o n g  t h e  s o u t h  s i d e  o f  C h a g v a n  B a y ,  h o w e v e r  t h e  e n t r a n c e  I n t o  t h e  b a y  
1 s  d i f f i c u l t  t o  n e g o t i a t e .  P e r s o n n e l  w o r k i n g  o f f s h o r e  m u s t  c o n s t a n t l y  
b e  aw a r e  o f  t h e  s t r o n g  l o n g s h o r e  c u r r e n t s  t h a t  a f f e c t  n a v i g a t i o n ,  
p o s i t i o n i n g ,  a n d  u n d e r w a t e r  a c t i v i t i e s ,  a n d  t h e  I n c i d e n c e  o f  s u d d e n  
s t o r m s .

N A V I G A T I O N

A l l  s a m p l e  s i t e s  a n d  d a t e  r e c o r d i n g s  we r e  l o c a t e d  b y  l a t i t u d e  a n d  
l o n g i t u d e  u s i n g  L o r a n - C  n a v i g a t i o n  ( K i n g  M a r i n e  8 0 0 1  L o r a n - C  R e c e i v e r ) 7 
w i t h  m u l t i - p o s i t i o n  w a y p o i n t  m e m o r y  a n d  i n s t a n t a n e o u s  p o s i t i o n  p r i n t o u t  
( K i n g  M a r i n e  1 0 6 0 )  c a p a c i t y .  P o s i t i o n s  we r e  l o c a t e d  t o  t h e  n e a r e s t  
0 . 0 1  m i n u t e .  D u r i n g  g e o p h y s i c a l  s u r v e y  t r a n s e c t s ,  t h e  g e n e r a l  c o u r s e  
was h e l d  b y  p r e d e t e r m i n e d  w a y p o i n t s  a n d  v e r i f i e d  b y  r a d a r .  P o s i t i o n i n g  
was r e c o r d e d  s i m u l t a n e o u s l y  w i t h  d a t a  c o l l e c t i o n .  P o s i t i o n  a n d  
g e o p h y s i c a l  d a t a  were  l a t e r  c o r r e l a t e d  b y  c o m p u t e r .

7 U s e  o f  t r a d e  a n d  m a n u f a c t u r e r  n a m e s  1 n  t h i s  r e p o r t  d o e s  n o t  
c o n s t i t u t e  e n d o r s e m e n t  b y  t h e  B u r e a u  o f  M i n e s . ___________________________________

B A T H Y M E T R Y

P r e v i o u s l y  a v a i l a b l e  b a t h y m e t r y ,  e x c e p t  f o r  t h e  e n t r a n c e  t o  G o o d n e w s  
B a y ,  was l i m i t e d  t o  w i d e l y  ( a p p r o x i m a t e l y  1 , 0 0 0  f t )  s p a c e d  s o u n d i n g s  
m o s t  o f  w h i c h  were  l o c a t e d  f u r t h e r  o f f s h o r e  t h a n  t h e  a r e a  u n d e r  
I n v e s t i g a t i o n .  F o r  t h i s  p r o j e c t ,  b a t h y m e t r i c  d a t a  was c o m p i l e d  f o r  t h e  
a r e a  b e t w e e n  t h e  e n t r a n c e  o f  G o o d n e w s  B a y  a n d  t h e  m o u t h  o f  t h e  S a l m o n  
R i v e r  a n d  e x t e n d e d  o f f s h o r e  f o r  a b o u t  3  t o  4 m l  ( 6 . 5  km;  f 1 g .  2 ) .  
S o u n d i n g s  were  p r o f i l e d  a l o n g  s u r v e y  l i n e s  w i t h  a c h a r t  r e c o r d i n g  d e p t h  
f i n d e r  ( K i n g  M a r i n e  1 0 6 0 )  a n d  a  l o c a t i o n  was f i x e d  e v e r y  20  s e c  
a c c o r d i n g  t o  t h e  a b o v e  d e s c r i p t i o n .  T i d a l  v a r i a t i o n  c o r r e c t i o n s  were  
s i m u l t a n e o u s l y  r e c o r d e d  a t  a  p r e - e s t a b l i s h e d  t i d e  g a u g e  s t a t i o n  l o c a t e d  
o n  t h e  s e a f l o o r  a t  c u r r e n t  m e t e r  s t a t i o n  C M - 1 .  T h e  g a u g e  ( A a n d e r a  
W L R - 5 )  h a d  a p r e s s u r e  r a n g e  o f  0 t o  40 0  p s 1  w i t h  a r e s o l u t i o n  o f  
0 . 0 0 1  %  a t  f u l l  s c a l e .  T i d e  g a u g e  r e a d i n g s  we r e  a u t o m a t i c a l l y  r e c o r d e d  
e v e r y  1 5  m l n  f o r  f i v e  d a y s  w h i l e  s u r v e y s  were  b e i n g  c o n d u c t e d ,  a n d  t h e  
s t o r e d  d a t a  c o m p u t e r i z e d  w i t h  t h e  d e p t h  s o u n d i n g s  t o  c o r r e c t  t o  m ea n  
l o w  t i d e .  A  m a x im u m  t i d e  r a n g e  o f  8 . 4 3  f t  ( 2 . 5 7  m) was r e c o r d e d .  D a t a  
wer e  p l o t t e d  b y  c o m p u t e r  a n d  m a n u a l l y  c o n t o u r e d  u s i n g  1 . 6 4  f t  ( 0 . 5  m) 
c o n t o u r  I n t e r v a l s .

C U R R E N T  M E T E R  S T A T I O N S

C u r r e n t  m e t e r  d a t a  we r e  c o l l e c t e d  a t  two  s t a t i o n s ,  b o t h  o f  w h i c h  were  
s e v e r a l  m i l e s  f r o m  R e d  M o u n t a i n  ( f i g .  2 ) .  T h e  s t a t i o n s  were  l o c a t e d  t o  
d e t e r m i n e  t h e  d i f f e r e n t i a l  1 n  l o n g s h o r e  c j : r e n t s  b e t w e e n  t h o s e  t h a t  
f l o w  a c r o s s  t h e  t o p  o f  t h e  F l a t  C a p e  s h o a l  a n d  t h o s e  a c r o s s  a d e e p e r ,  
p r e s u m a b l y  d e p o s i t l o n a l  a r e a  3 . 9  m l  ( 6 . 3 2  km) t o  t h e  n o r t h .  D a t a  were  
c o l l e c t e d  o n l y  f o r  t h e  p e r i o d  o f  A u g u s t  1 - 7 ,  1 9 8 5 ,  a n d  a r e  p r e s e n t e d  o n  
f i g u r e  2  a s  v e c t o r s  r e p r e s e n t i n g  t h e  a v e r a g e  n o r t h e r l y  a n d  s o u t h e r l y  
c o m p o n e n t s .  T h e  a p p r o x i m a t e l y  o p p o s i t e  d i r e c t e d  v e c t o r s  r e f l e c t  t h e  
p e r i o d i c  r e v e r s a l  o f  l o n g s h o r e  c u r r e n t s  d u e  t o  t h e  r e v e r s i n g  t i d a l  
c u r r e n t .  T h e  m a g n i t u d e  a n d  d i f f e r e n t i a l  v e l o c i t y  b e t w e e n  t h e  s t a t i o n s



we r e  c a l c u l a t e d  a n d  a r e  d i s c u s s e d  a n d  c o m p a r e d  1 n  t h e  I n t e r p r e t a t i o n  
s e c t i o n .

C u r r e n t  m e t e r s  ( A a n d e r a  R C M - 4 )  were  a n c h o r e d  a p p r o x i m a t e l y  3  f t  ( 1  m) 
o f f  o f  t h e  s e a f l o o r  a n d  h a v e  a s p e c i f i e d  a c c u r a c y  o f  + 5 °  a t  v e l o c i t i e s  
o f  2  t o  39  i n  ( 5  t o  1 0 0  c m ) / s e c .  R e a d i n g s  w e r e  t a k e n  e v e r y , 1 5  m 1 n  a n d  
s t o r e d  I n t e r n a l l y  o n  m a g n e t i c  t a p e .

M A G N E T I C S

A n  o f f s h o r e  t o t a l  f i e l d  m a g n e t o m e t e r  s u r v e y  was c o n d u c t e d  t o  
d e t e r m i n e  t h e  e x t e n t ,  1 f  a n y ,  o f  t h e  G o o d n e w s  B a y  u l t r a m a f l c  c o m p l e x  
u n d e r  t h e  s e a f l o o r .  D u e  t o  t h e  m a g n e t i c  s i g n a t u r e  o f  t h e  m a g n e t i t e -  
b e a r i n g  u l t r a m a f l c  c o m p l e x ,  a r e a s  u n d e r l a i n  b y  t h e s e  r o c k s  c a n  
g e n e r a l l y  b e  d i s t i n g u i s h e d  f r o m  a r e a s  u n d e r l a i n  b y  n o n m a g n e t i c  c o u n t r y  
r o c k .

T h e  m a g n e t i c  s u r v e y  i n c l u d e s  o f f s h o r e  t r a n s e c t s  a n d  s e v e r a l  o n s h o r e  
l i n e s  ( f i g .  3 )  t h a t  t i e  t h e  s u r v e y  t o  t h e  known o u t c r o p  o f  t h e  
u l t r a m a f l c  c o m p l e x  ( f i g .  2 ) .  T h e  o f f s h o r e  s u r v e y  was c o n d u c t e d  a l o n g  
l i n e s  p a r a l l e l  t o  t h e  c o a s t  a n d  s p a c e d  a b o u t  0 . 2 5  m l  ( 4 0 5  m)  a p a r t .  
M a g n e t i c  d a t a  p o i n t s  were  s i m u l t a n e o u s l y  l o c a t e d  b y  l a t i t u d e  a n d  
l o n g i t u d e  a s  p r e v i o u s l y  d e s c r i b e d .  T o  a v o i d  m a g n e t i c  I n t e r f e r e n c e  f r o m  
t h e  v e s s e l ,  t h e  s e n s o r  u n i t  ( E D A  O m n i m a g  PPM 3 5 0 )  was m o u n t e d  o n  a 4 - f t  
( 1 . 3 - m ) -  v e r t i c a l  s t a f f  a n d  t o w e d  1 5 0  f t  ( 4 6  m)  b e h i n d  1 n  a n o n m a g n e t i c  
i n f l a t a b l e  r a f t  ( f i g .  4 ) .  A c o r r e c t i o n  f o r  t h i s  1 5 0 - f t - d 1 s t a n c e  was 
m a d e  p r i o r  t o  p l o t t i n g  t h e  d a t a .  T h e  s u r v e y  was c o n d u c t e d  a t  a s p e e d  
o f  a b o u t  2 t o  3 k n o t s  ( 2 . 3  t o  3 . 5  m p h ) .  T h e  o n s h o r e  d a t a  were 
c o l l e c t e d  w i t h  t h e  same  I n s t r u m e n t  m o u n t e d  o n  a 1 0 - f t  ( 3 . 3 - m ) - v e r t 1 c a l  
s t a f f  a n d  p o s i t i o n s  were l o c a t e d  o n  e x i s t i n g  1 : 6 3 , 3 6 0  s c a l e  t o p o g r a p h i c  
m a p s  b y  h i p  c h a i n  a n d  c o m p a s s  m e a s u r e m e n t  f r o m  known map  p o i n t s .
D u r i n g  a l l  d a t a  c o l l e c t i o n ,  a s e l f - r e c o r d i n g  b a s e  s t a t i o n  ( E D A  O m n i m a g  
PPM 4 0 0 )  was e s t a b l i s h e d  o n s h o r e  t o  m o n i t o r  d i u r n a l  m a g n e t i c  v a r i a t i o n  
w h i c h  d i d  n o t  e x c e e d  1 0  gamma d u r i n g  t h e  s u r v e y .  B o t h  t h e  f i e l d  a n d  
b a s e  s t a t i o n  d a t a  were  r e c o r d e d  a u t o m a t i c a l l y  a n d  a f i e l d  c o m p u t e r  ( E D A  
D C U  400  t h e r m a l  p r i n t e r )  was u s e d  t o  c o r r e l a t e  t h e  two  s e n s o r s  a n d  
p r o v i d e  p r i n t o u t s  o f  t h e  c o r r e c t e d  d a t a .  T h e  c o r r e c t e d  d a t a  f o r  e a c h  
l i n e  was t h e n  p r o f 1 l e d . °

Q

C o r r e c t e d  m a g n e t i c  f i e l d  d a t a  a n d  p r o f i l e s  a r e  a v a i l a b l e  u p o n  
r e q u e s t  f r o m  U . S .  B u  M i n e s ,  2 0 6  O ' N e i l l  B l d g . ,  F a i r b a n k s ,  A K  
9 9 7 7 5 .

F o l l o w i n g  t h e  s u r v e y ,  m a g n e t i c  a n d  l o c a t i o n  d a t a  w e r e  c o m p u t e r i z e d  
a n d  g r a d i e n t s  o f  2 5 0  gamma a b o v e  a n d  b e l o w  t h e  d e t e r m i n e d  mea n  v a l u e  
( 53 » 1 6 2  gamma)  o f  t h e  e n t i r e  d a t a  s e t  we r e  d e t e r m i n e d .  T h e  d a t a  s e t  
was p l o t t e d  b y  c o m p u t e r  a n d  m a n u a l l y  c o n t o u r e d  a t  t h e s e  g r a d i e n t s .  
R e s u l t s  a r e  d i s c u s s e d  i n  t h e  I n t e r p r e t a t i o n  s e c t i o n .

L O W - F R E Q U E N C Y  A C O U S T I C S

S i m u l t a n e o u s  w i t h  t h e  c o l l e c t i o n  o f  t h e  m a g n e t o m e t e r  d a t a ,  s e a f l o o r  
p r o f i l i n g  was d o n e  w i t h  a t r a n s c e i v e r  u s i n g  a  l o w  f r e q u e n c y  t r a n s d u c e r  
o p e r a t i n g  a t  7 kHz  ( R a y t h e o n  R T T - 1 0 0 0 A ) .  T h e  o b j e c t i v e  was t o  
a s c e r t a i n  t h e  e x t e n t  o f  l o o s e ,  h i g h - e n e r g y  s a n d  a n d  f i n e  g r a v e l
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F IG U R E  3. -  M ap showing lo ca t io n  o l o ffsh o re  su rv e y  lines.



F I G U R E  4 .  -  T o t a l  m a g n e t i c  f i e l d  s e n s o r  u n i t  o n  s t a f f  b e i n g  to w ed  i n  
n o n m a g n e t i c  r a f t  o n  t r a c k l i n e  p a r a l l e l  t o  s h o r e .  R e d  M o u n t a i n  c a n  b e  
s e e n  i n  d i s t a n c e .

d e p o s i t s .  D a t a  were  c o l l e c t e d  o n  c h a r t  s t r i p s  a n d  v i s u a l l y  
i n t e r p r e t e d .  O c c u r r e n c e s  o f  m u l t i p l e  r e f l e c t o r s  were  s p o t  c h e c k e d  b y  
v i s u a l  e x a m i n a t i o n  o f  t h e  s e a f l o o r  b y  d i v e r s .  I s o p a c h s  o f  s e d i m e n t  
d e p t h  t o  t h e  s e c o n d  r e f l e c t o r  were c o n s t r u c t e d  f r o m  t h e  d a t a  a n d  
p l o t t e d  a t  c o n t o u r  i n t e r v a l s  o f  3 . 2 8  f t  ( 1  m) ( s e e  d i s c u s s i o n  i n  
I n t e r p r e t a t i o n  s e c t i o n ) .

M A P P I N G ,  S A M P L I N G ,  A N D  A U G E R  D R I L L I N G

U n c o n s o l i d a t e d  s e d i m e n t s  f o r m i n g  t h e  c o a s t a l  b l u f f s ,  b e a c h e s ,  a n d  
s e a f l o o r  were  s a m p l e d  ( f i g .  5 )  a n d  m a p p e d .  S e d i m e n t s  were  c l a s s i f i e d  
a c c o r d i n g  t o  t h e i r  o r i g i n ,  l i t h o l o g y ,  a n d  m o d e  o f  t r a n s p o r t .  A e r i a l  
p h o t o g r a p h y  u s e d  t o  a s s i s t  i n t e r p r e t a t i o n  a n d  i n c l u d e d  h i g h - a l t i t u d e





f a l s e - c o l o r  p h o t o s  f l o w n  I n  J u l y ,  1 9 8 0 . 9  G e o l o g i c  c r o s s - s e c t i o n s  were 
p r e p a r e d  wh er e  s u f f i c i e n t  I n f o r m a t i o n  was a v a i l a b l e .  S a m p l i n g  was n o t

^ A v a i l a b l e  f r o m  A l a s k a  P h o t o  L a b ,  U n i v .  o f  A K ,  G e o p h y s i c a l  i . . ^ .

c o n f i n e d  t o  o n l y  a r e a s  o r  f e a t u r e s  e s t i m a t e d  t o  c o n t a i n  P G M ,  b u t  a l s o  
I n c l u d e d  b a r r e n  g e o l o g i c  f e a t u r e s  p e r t i n e n t  t o  t h e  I n t e r p r e t a t i o n  o f  
t h e  s t u d y  a r e a .

S e v e r a l  p r o c e d u r e s  were  u s e d  t o  c o l l e c t  s a m p l e s .  O n s h o r e ,  s e d i m e n t s  
we r e  d i r e c t l y  s h o v e l e d  I n t o  b u c k e t s  f r o m  t h e  s e l e c t e d  f e a t u r e  a n d  
w e i g h e d .  A t t e m p t s  t o  c o l l e c t  o f f s h o r e  s a m p l e s  u s i n g  s t a n d a r d  g r a b  
s a m p l e  d e v i c e s  ( V a n  V e e n  a n d  S h i p e x  s a m p l e r s )  h a d  l i m i t e d  s u c c e s s  d u e  
t o  ( 1 )  t h e  l i m i t e d  a m o u n t  o f  s e d i m e n t  o b t a i n e d  f r o m  e a c h  d r o p  a n d  
( 2 )  t h e  p r o b l e m  o f  p e b b l e s  i n v a r i a b l y  j a m m i n g  t h e  d e v i c e s  p a r t i a l l y  
o p e n ,  r e s u l t i n g  1 n  l o s s  o f  f i n e  s e d i m e n t  w h i l e  t h e  d e v i c e  was b e i n g  
h o i s t e d  f r o m  t h e  b o t t o m .  S a m p l e  v a l u e s  n o t e d  I n  a p p e n d i x  A a s  h a v i n g  
b e e n  c o l l e c t e d  w i t h  V an  V e e n  o r  S h i p e x  s a m p l e r s ,  s h o u l d  b e  c o n s i d e r e d  
a s  m i n i m u m  v a l u e s .  M o s t  s e a f l o o r  s a m p l e s  were  c o l l e c t e d  b y  s h o v e l i n g  
i n t o  b u c k e t s  w h i l e  u s i n g  S C U B A .  S e a f l o o r  f e a t u r e s  a n d  d e p t h  f r o m  w h i c h  
t h e  s a m p l e s  were  c o l l e c t e d  were a l s o  n o t e d  d u r i n g  t h e  c o u r s e  o f  
s a m p l i n g .

S h a l l o w  a u g e r  d r i l l i n g  was p e r f o r m e d  a t  s e v e r a l  b e a c h  s i t e s  
( f i g .  x 6 ) .  A p o r t a b l e  a u g e r ,  u s i n g  1 . 7 5 - i n  ( 4 . 4  c m ) - d i a m e t e r  a u g e r  
f l i g h t s ,  a n d  p o w e r e d  w i t h  a c h a i n s a w  e n g i n e ,  was u s e d .  T h e  a u g e r  s t e m  
r e q u i r e d  a t r i p o d  t o  r e m o v e  i t  f r o m  t h e  d r i l l  h o l e  t o  r e c o v e r  t h e  
c u t t i n g s .  D u e  t o  t h e  c l a y  c o n t e n t  o f  t h e  s e d i m e n t s ,  t h e  h o l e s  g e n e r a l l y

F I G U R E  6 .  -  A u g e r  d r i l l  s i t e  l o c a t e d  o n  m a g n e t i c  a n o m a l y  a b o u t  0 . 7  m i  
s o u t h  o f  C a b i n  C r e e k  ( s a m p l e  n o .  7 7 ) .  W e s t  s l o p e  o f  R e d  
M o u n t a i n  i s  i n  r i g h t  b a c k g r o u n d ,  B e r i n g  S e a  t o  l e f t .



r e m a i n e d  o p e n  s o  t h a t  d r i l l i n g  c o u l d  b e  r e s u m e d .  H o l e s  were  d r i l l e d  t o  
d e p t h s  o f  4 t o  1 8  f t  ( 1 . 3  t o  5 . 5  m) a n d  s a m p l e s  were  c o l l e c t e d  f r o m  
s e v e r a l  I n t e r v a l s .

SA M P L E  P R O C E S S I N G  AND  A N A L Y T I C A L  P R O C E D U R E S

S a m p l e s  g e n e r a l l y  c o n s i s t e d  o f  50 t o  2 0 0  l b s  ( 2 3  t o  90  k g )  o f  
m a t e r i a l  p r i o r  t o  s c r e e n i n g  i n  t h e  f i e l d .  S i t e  d e s c r i p t i o n s  a n d  o t h e r  
d e t a i l s  a r e  l i s t e d  1 n  a p p e n d i x e s  A e n d  B .  S a m p l e s  were  s c r e e n e d  a t  
2 0 - m e s h  a n d  t h e  o v e r s i z e  f r a c t i o n  was e x a m i n e d ,  d e s c r i b e d ,  a n d  s p l i t  
f o r  s a m p l e  a r c h i v a l .  T h e  u n d e r s i z e  f r a c t i o n  was t a b l e d  t o  r e c o v e r  t h e  
h e a v y  m i n e r a l  f r a c t i o n  a n d  t a b l e  t a i l i n g s  we r e  f u r t h e r  p r o c e s s e d  b y  
f l o t a t i o n  u s i n g  a  p r e c i o u s  m e t a l ,  x a n t h a t e  c o l l e c t o r .  S p l i t s  o f  t h e  
m i n u s  2 0 - m e s h  t a i l i n g s  were  a l s o  r e t a i n e d  f o r  a r c h i v a l .  T h e  h e a v y  
m i n e r a l  t a b l e  c o n c e n t r a t e  was p a n n e d  b y  h a n d  t o  a t t e m p t  r e c o v e r y  o f  
n a t i v e  PGM a n d  g o l d  1 n  a f i n a l  p a n  c o n c e n t r a t e  o f  0 . 0 6 6  l b  ( 3 0  g )  o r  
l e s s .  P a n  c o n c e n t r a t e s  we r e  e x a m i n e d  u n d e r  a b i n o c u l a r  m i c r o s c o p e  a n d  
s e l e c t e d  g r a i n s  were  r e m o v e d  f o r  m l n e r a l o g l c a l  c h a r a c t e r i z a t i o n .
G r a i n s  t h u s  r e m o v e d  we r e  l a t e r  r e c o m b i n e d  p r i o r  t o  f l r e - a s s a y  a n a l y s i s  
u n l e s s  o t h e r w i s e  i n d i c a t e d .

C o n c e n t r a t e s  f r o m  t h e  f l o t a t i o n  c e l l  a n d  t h e  p a n  c o n c e n t r a t e s  were  
w e i g h e d  a o d  p r e c o n c e n t r a t e d  b y  f 1 r e - a s s a y  ( 1  a s s a y - t o n  u n i t )  u s i n g  a 
n i c k e l  s u l f i d e  c o l l e c t o r  b e f o r e  p l a t i n u m  a n d  g o l d  a n a l y s i s  b y  d i r e c t  
c o u p l e d  p l a s m a  ( D C P ) . 1 0  I n  t h i s  m a n n e r ,  t h e  e n t i r e  r e c o v e r a b l e  
p l a t i n u m  a n d  g o l d  c o n c e n t r a t e  f r o m  t h e  o r i g i n a l  s e d i m e n t  s a m p l e  was

1 0 A n a l y s e s  b y  N u c l e a r  A c t i v a t i o n  S e r v i c e s ,  I n c . ,  A n n  A r b o r ,  M I .

a n a l y z e d  a n d  t h e  r e s u l t s  r e p o r t e d  1 n  m i l l i g r a m s  o f  m e t a l  p r e s e n t , ,  
p r o v i d e d  n o  l o s s e s  o c c u r r e d  d u r i n g  s a m p l e  r e d u c t i o n .  T h e  f o r e g o i n g  
p r o c e d u r e  a t t e m p t s  t o  m i n i m i z e  t h e  w i d e  v a r i a n c e  I n h e r e n t  t o  s a m p l i n g  
m a t e r i a l  w i t h  r a n d o m ,  p a r t i c u l a t e ,  h i g h - v a l u e  m e t a l  g r a i n s .

A l l  p a r t i c u l a t e  PGM a n d  g o l d  c o u l d  n o t  b e  c o m p l e t e l y  r e c o v e r e d  b y  
p a n n i n g  a n d  some  r e m a i n e d  i n  t h e  r e s i d u a l  h e a v y  m i n e r a l  f r a c t i o n .  
T h e r e f o r e ,  a G . 0 6 6 - l b  ( 3 0 - g ) - s p l 1 t  o f  t h e  h e a v y  m i n e r a l  f r a c t i o n  was 
a n a l y z e d  f o r  p l a t i n u m  b y  f l r e - a s s a y  f o l l o w e d  b y  a t o m i c  a b s o r p t i o n  
p r o c e d u r e ,  a n d  f o r  g o l d  b y  d i r e c t  i r r a d i a t i o n  o n  a  f l r e - a s s a y  b e a d . * *  
F o r  s a m p l e s  1 n  w h i c h  p l a t i n u m  a n d  g o l d  were  d e t e c t e d ,  t h e s e

^ A n a l y s e s  b y  B o n d a r - C l e g g ,  I n c . ,  L a k e w o o d ,  C O .

v a l u e s  w e r e  I n c l u d e d  1 n  t h e  c u m u l a t i v e  f i n a l  a s s a y  v a l u e  o f  t h e  
o r i g i n a l  s a m p l e  s i t e  b y  d i v i d i n g  t h e  a n a l y t i c a l  v a l u e  ( 1 n  p p m )  b y  o n e  
m i l l i o n  a n d  m u l t i p l y i n g  b y  t h e  w e i g h t  ( 1 n  m i l l i g r a m s )  o f  t h e  h e a v y  
m i n e r a l  f r a c t i o n  r e c o v e r e d  b y  t a b l i n g .

P l a c e r  d e p o s i t s  n e a r  R e d  M o u n t a i n ,  1 f  p r e s e n t  i n  t h e  m a r i n e  
e n v i r o n m e n t ,  m a y  a d d i t i o n a l l y  c o n t a i n  b y - p r o d u c t  a m o u n t s  o f  c h r o m i t e ,  
l l m c n l t e ,  a n d  m a g n e t i t e .  A n a l y s e s  b y  X - r a y  f l u o r e s c e n c e  t e c h n i q u e s  f o r  
C r ,  T 1 ,  a n d  F e  were  p e r f o r m e d  a n d  r e p o r t e d  a s  w e i g h t  p e r c e n t  o f  t h e  
h e a v y  m i n e r a l  f r a c t i o n .

V o l u m e t r i c  w e i g h t  t e s t s  o f  w et  s e d i m e n t  were  m a d e  1 n  t h e  f i e l d .  
S u b s e q u e n t l y  1 t  was d e t e r m i n e d  t h a t  a  y d 3 o f  t y p i c a l  s e a f l o o r  s e d i m e n t  
w e i g h s  a p p r o x i m a t e l y  3 , 7 0 0  l b s  ( 1 , 6 8 0  k g ) .  T h i s  w e i g h t  was u s e d  t o



d e t e r m i n e  t h e  e s t i m a t e d  a s s a y  v a l u e  p e r  y d 3 b y  d i v i d i n g  3 , 7 0 0  l b  b y  t h e  
w e i g h t  o f  t h e  o r i g i n a l  s a m p l e  a n d  m u l t i p l y i n g  t h e  r e s u l t  b y  t h e  c u m u l a ­
t i v e  a s s a y  t o t a l  o f  r e c o v e r e d  m e t a l  w e i g h t s  ( p r e s e n t e d  1 n  
m 1 l l 1 g r a m s / y d 3  f o r  p l a t i n u m  a n d  g o l d  1 n  a p p e n d i x e s  A a n d  B ) .

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

C o n c e n t r a t e s  f r o m  1 6  s a m p l e  s i t e s  were  e x a m i n e d  b y  b i n o c u l a r  
m i c r o s c o p e  f o r  c o l o r ,  r e f l e c t i v i t y ,  h a r d n e s s ,  s t r u c t u r e ,  I n c l u s i o n s ,  
s i z e ,  a n d  a l t e r a t i o n  p r o d u c t s .  G r a i n s  w e r e  s e l e c t e d  f o r  f u r t h e r  s t u d y  
a n d  m o u n t e d  o n  s t u b s .  T h e s e  s p e c i m e n s  w e r e  c o a t e d  w i t h  c a r b o n  i n  a 
v a c u u m  e v a p o r a t o r ,  a n d  e x a m i n e d  1 n  a n  AMA 1 0 0 0  w i t h  a  K e v e x  8 0 0 5  e n e r g y  
d i s p e r s i v e  X - r a y  ( E D X )  s p e c t r o m e t r y  s y s t e m ,  e q u i p p e d  w i t h  a s c a n n i n g  
e l e c t r o n  m i c r o s c o p e  ( S E M ) ,  a n d  r u n  a t  20  k v  w o r k i n g  v o l t a g e  t o  
f a c i l i t a t e  e x c i t a t i o n  o f  P G M .  E x a m i n a t i o n s  w e r e  d o n e  i n  t h e  b a c k -  
s c a t t e r  m o d e  t o  s i m p l i f y  c o n t r a s t  b e t w e e n  m i n e r a l  p h a s e s  b y  u t i l i z i n g  
b r i g h t n e s s ,  w h i c h  1 s  a f u n c t i o n  o f  a t o m i c  w e i g h t .  T h e  a t t a i n a b l e  
r e s o l u t i o n  1 s  l e s s  t h a n  1 0 0  a n g s t r o m  a n d  P o l a r o i d  p h o t o g r a p h s  we r e  m a de  
t o  r e c o r d  t h e  I m a g e s .

S e m 1 q u a n t 1 t a t 1 v e  a n a l y s e s  o f  e l e m e n t s  a b o v e  a t o m i c  n u m b e r  1 0  were  
d o n e  b y  E D X  s p e c t r o m e t r y .  B e c a u s e  t h e  g r a i n s  w e r e  w h o l e  a n d  p r e s e n t e d  
a r o u n d e d  s u r f a c e  f o r  a n a l y s i s ,  a c e r t a i n  a m o u n t  o f  a n a l y t i c a l  e r r o r  I s  
i n t r o d u c e d  d u e  t o  a n g u l a r  d i s c r e p a n c y  a n d  w o r k i n g  d i s t a n c e  v a r i a t i o n s .  
An  a t t e m p t  was m a d e  t o  a n a l y z e  l a r g e  e n o u g h  ( o r  n u m e r o u s  e n o u g h )  s p o t s  
t o  n e u t r a l i z e  t h i s  e r r o r .  A l s o ,  X - r a y  s c a n s  d i s p l a y  s h a d o w e d  a r e a s  a s  
a r e s u l t  o f  t h e  g r a i n  s h a p e .  I t  i s  a l s o  d i f f i c u l t  1 n  t h e  E D X  s y s t e m  t o  
t o t a l l y  d i s c r i m i n a t e  b e t w e e n  some  o v e r l a p p i n g  PGM s i g n a l s  a n d  b e t w e e n  
p l a t i n u m  a n d  g o l d .  . H o w e v e r ,  c a r e f u l  s t a n d a r d - b a s e d ,  g a u s s i a n  
d e c o n v o l u t i o n s  were  d o n e  o n  e a c h  g r a i n  a n a l y z e d ;  a n d  t h e  e r r o r  was k e p t  
w i t h i n  2 %  r e l i a b i l i t y .  F u r t h e r m o r e ,  d u r i n g  a n a l y s i s  o f  h i g h  p l a t i n u m  
a l l o y s ,  t h e  p l a t i n u m  p e a k  a p p a r e n t l y  o v e r l a p s  I n t o  t h e  g o l d  p e a k  z o n e  
e n o u g h  t o  e x c e e d  t h e  s o f t w a r e ' s  a b i l i t y  t o  d e l i n e a t e  e m i s s i o n  l i n e s .  A 
g o l d  c o n t e n t  o f  2 -  t o  5 - w e 1 g h t - p c t  was c o n s i s t e n t l y  r e c o r d e d  d u r i n g  
a n a l y s e s  o f  I s o f e r r o p l a t i n u m ,  b u t  was d i s c o u n t e d  a s  p r o b a b l e  a n a l y t i c a l  
e r r o r .

B E N E F I C I A T I O N  T E S T I N G

T h r e e  b u l k  s a m p l e s  were  t e s t e d  f o r  g o l d  a n d  p l a t i n u m  r e c o v e r y  u s i n g  
g r a v i t y  a n d  f l o t a t i o n  p r o c e d u r e s .  S a m p l e s  w e r e  c o l l e c t e d  a s  p r e v i o u s l y  
d i s c u s s e d ;  n o t e  s a m p l e  C 1 s  a c o m p o s i t e  f r o m  s i x  s i t e s  o v e r  t h e  F l a t  
C a p e  s h o a l  ( f 1 g .  7 ) .  F i e l d  s c r e e n i n g  was d o n e  a t  8 - m e s h  t o  rem ove  
c o b b l e s  a n d  g r a v e l  a n d  t h e  u n d e r s i z e  f r a c t i o n  was s h i p p e d  1 n  p l a s t i c  
d r u m s  t o  t h e  l a b o r a t o r y .  C a r e  was t a k e n  t o  I n c l u d e  a l l  o f  t h e  s l i m e s  
w i t h  t h e  u n d e r s i z e  f o r  p r o c e s s i n g .

I n  t h e  l a b o r a t o r y ,  s a m p l e s  A a n d  B  we r e  s p l i t  I n t o  b u l k  a n d  
r e p r e s e n t a t i v e  s a m p l e s  a n d  e a c h  o f  t h e s e  f o u r  s a m p l e s  was wet  s c r e e n e d  
a t  2 8 - m e s h .  T h e  p l u s  2 8 -  a n d  m i n u s  2 8 - m e r h  f r a c t i o n s  were r u n  o v e r  t h e  
l a b o r a t o r y  s h a k i n g  t a b l e  ( D e l s t e r  S u p e r  D u t y  D i a g o n a l  D e c k  
C o n c e n t r a t i n g  T a b l e )  t o  p r o d u c e  b l a c k  s a n d  c o n c e n t r a t e s  ( m o s t l y  
c h r o m i t e  a n d  m a g n e t i t e )  a n d  t a i l i n g s  c o m p o s e d  m o s t l y  o f  s i l i c a t e s  
( q u a r t z ,  a l b l t e ,  d l o p s l d e ) .

T h e  t a b l e  c o n c e n t r a t e s  we r e  p a n n e d  t o  p r o d u c e  p l a t i n u m  a n d  g o l d  
c o n c e n t r a t e s .  O n e  t a b l e  c o n c e n t r a t e  was a l s o  a m a l g a m a t e d .  T a b l e



t a i l i n g s  a n d  c o n c e n t r a t e s  ( 1 f  p r e s e n t  1 n  s u f f i c i e n t  a m o u n t s )  were  a l s o  
p r o c e s s e d  t h r o u g h  a 1 0 , 0 0 0  g  G a l l g h e r  f l o t a t i o n  m a c h i n e  t o  r f ec o v er  f i n e  
n a t i v e  m e t a l s  w h i c h  e s c a p e d  g r a v i t y  c o n c e n t r a t i o n .  T h e  f l o t a t i o n  
r e a g e n t s  u s e d  were  0 . 0 2 9  t o  0 . 1 3 3  l b / s t  e a c h  o f  p o t a s s i u m  a m y l  x a n t h a t e  
a n d  A e r o f l o a t  2 0 8  a s  c o l l e c t o r s  a n d  0 . 0 0 1 5  t o  0 . 0 0 6 6  l b / s t  A e r o f r o t h  6 5  
a n d  0 . 0 0 4 5  t o  0 . 0 1 9 8  l b / s t  M I B C  a s  f r o t h e r s .

I n  t h e  c a s e  o f  t h e  p l u s  2 8 - m e s h  o f  s a m p l e  A ,  a  h a n d  m a g n e t  a n d  a 
l a b o r a t o r y  m a g n e t i c  s p a r a t o r  we r e  u s e d  t o  a t t e m p t  t o  p r o d u c e  h i g h - g r a d e  
I r o n  a n d  c h r o m i u m  c o n c e n t r a t e s  f r o m  t h e  t a b l e  c o n c e n t r a t e .

S a m p l e  C  was f i r s t  s c r e e n e d  a t  1 0 - m e s h  a n d  t h e n  s e p a r a t e d  I n t o  a 
h e a v y - m l n e r a l  a n d  a  l l g h t - i n l n e r a l  f r a c t i o n  u s i n g  a H u m p h r e y  s p i r a l .
E a c h  f r a c t i o n  was t h e n  w et  s c r e e n e d  a t  2 8 -  a n d  1 5 0 - m e s h  u s i n g  a  Sw ec o  
s h a k i n g  s c r e e n .

T h e  p l u s  1 5 0 - m e s h  f r a c t i o n s  were t r e a t e d  o n  s h a k i n g  t a b l e s  1 n  a 
r o u g h e r - c l e a n e r  c i r c u i t  t o  p r o d u c e  h e a v y  m i n e r a l  c o n c e n t r a t e s ,  t h e  
h i g h e r  g r a d e  c u t s  o f  w h i c h  were  h a n d  p a n n e d  t o  a f i n a l  c o n c e n t r a t e .  
G r a v i t y  t a i l i n g s  f r o m  t h e  2 8 -  b y  1 5 0 - m e s h  f r a c t i o n  a n d  t h e  m i n u s  
1 5 0 - m e s h  s l i m e s  we r e  s i m i l a r l y  t r e a t e d  a s  a b o v e  1 n  l a b o r a t o r y - s c a l e  
f l o t a t i o n  c e l l s  ( D e n v e r  a n d  A g 1 t a 1 r ) .  T h e  1 0 -  b y  2 8 - m e s h  f r a c t i o n  was 
n o t  t r e a t e d  b y  f l o t a t i o n  b e c a u s e  1 t  c o u l d  n o t  b e  a d e q u a t e l y  s u s p e n d e d  
( a g i t a t e d )  1 n  t h e  f l o a t  c e l l s .

F I G U R E  7 .  -  B e n e f 1 c 1 a t 1 o n  s a m p l e  l o c a t i o n  m a p .
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G E O L O G Y  

G E O L O G I C A L  S E T T I N G

C o u n t r y  r o c k  1 n  t h e  v i c i n i t y  o f  G o o d n e w s  B a y  c o n s i s t s  o f  P a l e o z o i c  
a n d  M e s o z o i c  v o l c a n i c  a n d  s e d i m e n t a r y  r o c k s  w h i c h  h a v e  b e e n  i n t r u d e d  b y  
u l t r a m a f l c  r o c k s .  J o n e s  a n d  o t h e r s  ( 1 4 )  d i v i d e d  t h e  a r e a  I n t o  two 
t e c t o n o s t r a t l g r a p h i c  t e r r a n e s ;  t h e  T o g l a k  t e r r a n e  a n d  t h e  G o o d n e w s  
t e r r a n e  ( f 1 g . 2 ) .  T h e s e  t e r r a n e s  were  d i v i d e d  I n t o  c o m p o n e n t  
s u b t e r r a n e s  b y  B o x  ( _ 1 5 - H > ) .  T h e  T o g l a k  t e r r a n e  1 s  a .  s t r u c t u r a l l y  
c o m p l e x  a s s e m b l a g e  o f  v o l c a n i c  a n d  v o l c a n l c l a s t l c  r o c k s  I n t e r c a l a t e d  
w i t h  c h e r t ,  a n d  r a n g e s  1 n  a g e  f r o m  L a t e  T r 1 a s s 1 c  t h r o u g h  E a r l y  
C r e t a c e o u s .  T h e  G o o d n e w s  t e r r a n e  w h i c h  I n c l u d e s  t h e  MzPz  u n i t  o f  H o a r e  
a n d  C o o n r a d  ( 1 7 ) ,  c o n s i s t s  o f  p i l l o w  b a s a l t ,  c h e r t ,  l i m e s t o n e ,  
b l u e s c h l s t ,  a n d  g r e y w a c k e ,  a n d  u l t r a m a f l c  r o c k s .  T h e s e  r o c k s  r a n g e  1 n  
a g e  f r o m  e a r l y  P a l e o z o i c  t o  E a r l y  C r e t a c e o u s .

T h e  G o o d n e w s  t e r r a n e  I s  I n t e r p r e t e d  b y  B o x  ( 1 6 )  t o  h a v e  b e e n  
s t r u c t u r a l l y  e m p l a c e d  a g a i n s t  a n d  b e n e a t h  t h e  n o r t h w e s t e r n  e d g e  o f  t h e  
T o g l a k  t e r r a n e  d u r i n g  M e s o z o i c  c r u s t a l  s h o r t e n i n g  a l o n g  a n  a c t i v e  
s o u t h e a s t  d i p p i n g  s u b d u c t l o n  z o n e .  A f t e r  c o n s e q u e n t  a c c r e t i o n ,  t h e  
G o o d n e w s  t e r r a n e  was I n t r u d e d  b y  u l t r a m a f l c  r o c k s  c a l l e d  t h e  G o o d n e w s  
B a y  u l t r a m a f l c  c o m p l e x .  B o x  ( 1 6 )  s u g g e s t s  t h e  p r e s e n t  c o n f i g u r a t i o n  o f  
t h e  t e r r a n e s  1 s  t h e  r e s u l t  o f  L a t e  C r e t a c e o u s  r i g h t - l a t e r a l  f a u l t i n g  
a l o n g  n o r t h e a s t  t r e n d i n g  f a u l t s  I n c l u d i n g  t h e  I d 1 t a r o d - N 1 x o n  F o r k ,  a n d  
t h e  S u s a l a t n a  l i n e a m e n t s  ( 1 6 ) .

GO O D N EW S  BAY U L T R A M A F I C  C O M P L E X

R o c k s  o f  t h e  G o o d n e w s  B a y  u l t r a m a f l c  c o m p l e x  a r e  e x p o s e d  a t  R e d  a n d  
S u s i e  M o u n t a i n s .  I n  a d d i t i o n ,  s m a l l  b o d i e s  o f  I n t r u s i v e  r o c k s  a r e  
f o u n d  1 n  t h e  v a l l e y s  o f  t h e  S m a l l s  a n d  S a l m o n  R i v e r s  ( 2 - 3 ) .  T h e r e  1 s  
an  I n t r u s i v e  c o n t a c t  z o n e  a n d  c o u n t r y  r o c k  h a s  b e e n  a m p h i b o l l z e d  u p  t o  
2 0 0  f t  f r o m  t h e  u l t r a m a f l c  c o n t a c t .

T h e  u l t r a m a f l c  r o c k s  o f  t h e  G o o d n e w s  c o m p l e x  a r e  d i v i d e d  I n t o  
m a p p a b l e  u n i t s  b a s e d  o n  t h e i r  r e l a t i v e  c o n t e n t  o f  o l i v i n e ,  
c l i n o p y r o x e n e ,  m a g n e t i t e ,  a n d  h o r n e b l e n d e  ( 3 ) .  D u n l t e ,  w h i c h  i s  
p a r t i a l l y  s e r p e n t l n l z e d ,  c o m p r i s e s  m o r e  t h a n  8 0  %  o f  t h e  u l t r a m a f l c  
b o d y .  U l r i c h  ( L 2 )  s u g g e s t s  two g e n e r a t i o n s  o f  s e r p e n t 1! n l z a t l  o n ;  t h e  
f i r s t  r e l a t e d  t o  l a t e - s t a g e  h y d r o t h e r m a l  a c t i v i t y ,  a n d  t h e  s e c o n d  
r e l a t e d  t o  n e a r - s u r f a c e  H p O - C O g - o l l v l n e  r e a c t i o n s .  W e h r l l t e  h a s  b e e n  
m a p p e d  d l s c o n t l n u o u s l y  a d j a c e n t  t o  t h e  d u n l t e  c o r e .  O u t w a r d s  f r o m  t h e  
d u n i t e ,  o l i v i n e  c o n t e n t  d e c r e a s e s  a n d  m a g n e t i t e  a n d  h o r n b l e n d e  
i n c r e a s e .  As  a  r e s u l t ,  l l t h o l o g y  g r a d u a l l y  c h a n g e s  f r o m  
c l l n o p y r o x e n i t e  t o  h o r n b l e n d e  c l l n o p y r o x e n l t e  t o  h o r n b l e n d l t e .  T h i s  
c o n c e n t r i c  z o n a t l o n  i s  s i m i l a r  t o  c o m p l e x e s  1 n  s o u t h e a s t  A l a s k a ,
B r i t i s h  C o l u m b i a ,  a n d  t h e  U r a l s  1 n  t h e  U . S . S . R .  W he re  I t  c a n  b e  
m a p p e d ,  t h e r e  1 s  a n  I n t r u s i v e  c o n t a c t  z o n e .

M i n o r  a m o u n t s  o f  F e - C u -  a n d  F e - N 1 - s u l f 1 d e  m i n e r a l s  were  f o u n d  a l o n g  
t h e  s o u t h e r n  m a r g i n  o f  t h e  G o o d n e w s  B a y  u l t r a m a f l c  c o m p l e x .  I n  
a d d i t i o n ,  a c c e s s o r y  g r a i n s  a n d  r a r e  p o d s  o f  c h r o m i t e  a r e  d i s s e m i n a t e d  
t h r o u g h  o u t  t h e  d u n l t e ,  a n d  m a g n e t i t e  1 s  a  m i n o r  c o n s t i t u e n t .  PGM 
d i s p l a y  a  c h e m i c a l  a f f i n i t y  f o r  c h r o m i t e  a n d  m a g n e t i t e  ( 6 ,  1 2 ,  1 8 - 1 9 ) ,  
a n d  m i c r o s c o p i c  PGM m i n e r a l  g r a i n s  w e r e  o b s e r v e d  1 n  s e v e r a l  c a s e s  
d u r i n g  p e t r o g r a p h l c  s t u d i e s  ( 1 2 - 1 3 ) .



T h e  u l t r a m a f l c  r o c k s  o c c u r  1 n  e l o n g a t e  n o r t h e a s t - t r e n d i n g  l o b e s  ( 2 ) .  
I n t e r p r e t a t i o n  o f  g r a v i t y  a n d  m a g n e t i c  d a t a  s u g g e s t s  t h a t  t h e  S m a l l s  
a n d  S a l m o n  R i v e r s  e x p o s u r e s ,  a n d  t h e  R e d  a n d  S u s i e  M o u n t a i n  m a s s e s ,  a r e  
p a r t s  o f  t h e  sa m e  l a r g e r  c o n v o l u t e d  u l t r a m a f l c  s 1 l l - H k e  m a s s  w h i c h  1 s  
r e p e a t e d l y  e x p o s e d  b y  o n e  o r  m o r e  N - S  f o l d s  o r  f a u l t s ,  a n d  e l s e w h e r e  
c o v e r e d  b y  a t h i n  v e n e e r  o f  c o u n t r y  r o c k  a n d  s u r f  1 d a l  s e d i m e n t  ( 2 - 3 ) .

L A T E  T E R T I A R Y  -  P L E I S T O C E N E  G E O L O G Y

T h e  a r e a  o f f s h o r e  f r o m  R e d  M o u n t a i n  h a s  e x p e r i e n c e d  a c o m p l e x  h i s t o r y  
o f  s e a  t r a n s g r e s s i o n  a n d  r e g r e s s i o n  c y c l e s  t h a t  h a v e  p e r i o d i c a l l y  
I n u n d a t e d  a n  e x t e n s i v e ,  l o w  r e l i e f ,  c o a s t a l  p l a i n  e x t e n d i n g  a t  l e a s t  
t e n s  o f  m i l e s  t o  t h e  w e s t .  E a r l i e r  s t r a n d  l i n e s  were  f u r t h e r  w e s t  t h a n  
t h e  p r e s e n t  c o a s t l i n e ,  a n d  a r e  now d r o w n e d .  A c c o r d i n g  t o  H o p k i n s  ( 2 0 ) ,  
m u c h  o f  t h e  r e g i o n  o f  t h e  B e r i n g  S e a  was a b o v e  s e a  l e v e l  t h r o u g h o u t  
m o s t  o f  t h e  m i d d l e  a n d  l a t e  T e r t i a r y .  S o m e t i m e  d u r i n g  t h e  L a t e  
P l i o c e n e  o r  t h e  E a r l y  P l e i s t o c e n e ,  t h e  B e r l n g - C h u k c h l  P l a t f o r m  was 
l o w e r e d  w i t h  r e s p e c t  t o  s e a  l e v e l  a n d  i n u n d a t e d ,  t h e r e b y  d r o w n i n g  
p r e e x i s t i n g  a l l u v i a l  v a l l e y s .  S u b s e q u e n t l y ,  s c a r p  p l a t f o r m s  were  
l o c a l l y  c u t  I n t o  t h e  b e d r o c k  t h a t  now l i e s  b e l o w  p r e s e n t  s e a  l e v e l .  
A e r i a l  p h o t o g r a p h y  s u g g e s t s  a s  a n c i e n t  w a v e - c u t  s c a r p  a l o n g  t h e  b a s e  o f  
t h e  r i d g e  e a s t  o f  F l a t  C a p e  t h a t  1 s  now c o v e r e d  b y  t i l l  d e p o s i t s .  
F u r t h e r  s u g g e s t i o n  o f  a b u r l e d  s c a r p  i s  I n d i c a t e d  b y  r e s u l t s  o f  
d r i l l i n g  o n  t h e  f o r e l a n d  1 n  1 9 3 8  ( 6 )  w h i c h  s h o w e d  b e d r o c k  t o  b e  
r e l a t i v e l y  f l a t  a n d  40 t o  50 f t  ( 1 2  t o  1 5  m)  b e l o w  s e a  l e v e l  a t  t h e  
v e r y  b a s e  o f  t h e  s t e e p  b e d r o c k  s l o p e  n e a r  l a t  5 8 °  5 5 . '  T h e  I n f e r r e d  
s c a r p  c a n  b e  p r o j e c t e d  s o u t h - s o u t h e a s t  t o w a r d  t h e  c o n f l u e n c e  o f  H a p p y  
C r e e k  a n d  S a l m o n  R i v e r .

D u r i n g  t h e  P l e i s t o c e n e ,  s e a  r e g r e s s i o n s  c o i n c i d e d  w i t h  g l a c i a l  
a d v a n c e s ,  i n t e r m i t t e n t l y  e x p o s i n g  t h e  b r o a d  c o a s t a l  p l a i n .
C o r r e s p o n d i n g  1 n t e r g l a c 1 a l  r i s e s  1 n  s e a  l e v e l ,  h o w e v e r ,  d o  n o t  a p p e a r  
t o  h a v e  a t t a i n e d  t h e  p r e s e n t - d a y  l e v e l .  T h e r e  1 s  n o  known e v i d e n c e  o f  
m a r i n e  d e p o s i t s  1 n  o r  a b o v e  t h e  g l a c i a l  a n d  g l a c l o f l u v l a l  a c c u m u l a t i o n s  
o n s h o r e  o r  1 n  t h e  c o a s t a l  b l u f f s  n e a r  R e d  M o u n t a i n .  T h e  e n t i r e  
o f f s h o r e  a r e a  o f  t h i s  I n v e s t i g a t i o n  was a f o r e l a n d  p r i o r  t o  
t r a n s g r e s s i o n  o f  t h e  s e a  t h a t  b e g a n  w i t h  c o n c l u s i o n  o f  t h e  l a s t  g l a c i a l  
e p o c h  a n d  h a s  c o n t i n u e d  t h r o u g h  a p p r o x i m a t e l y  t h e  l a s t  1 0 , 0 0 0  y r .  
T r a n s g r e s s i o n  1 s  s t i l l  a c t i v e l y  o c c u r r i n g  a s  e v i d e n c e d  b y  c o n t i n u i n g  
e n c r o a c h m e n t  o f  t h e  s u r f  a g a i n s t  t h e  b l u f f s .  A s  m u c h  a s  o n e  h a l f  m e t e r  
o f  s h o r e l i n e  r e t r e a t  p e r  y e a r  1 s  c i t e d  ( 2 1 )  a n d  1 s  e v i d e n t  1 n  t h e  
f i e l d .

G L A C I A T I O N

T h e  a r e a  a r o u n d  R e d  M o u n t a i n  was g l a c i a t e d  b y  a t  l e a s t  f o u r  g l a c i a l  
a d v a n c e s ,  r a n g i n g  b a c k  1 n  a g e  f r o m  8,910 + 110 y r  t o  g r e a t e r  t h a n  
45,000 y r ,  p o s s i b l y  e v e n  l a t e  T e r t i a r y  1 n  a g e  (21). A l t h o u g h  t h e  m a i n  
p o r t i o n  o f  t h e  S a l m o n  R i v e r  v a l l e y  e s c a p e d  g l a c T a t l o n ,  m a j o r  
W S W - t r e n d 1 n g  g l a c i e r s  a d v a n c e d  a l o n g  t h e  a n c e s t r a l  G o o d n e w s  R i v e r  a n d  
a l o n g  t h e  U n a l u k  a n d  K l n e g n a k  R i v e r s  I n t o  C h a g v a n  B a y  (21). G l a c i a l  
t i l l  a n d  g l a c l o f l u v l a l  o u t w a s h  s e d i m e n t  f r o m  t h e  y o u n g e r  g l a c i a l  
e v e n t s ,  U n a l u k  a n d  C V g v a n  a d v a n c e s ,  a r e  w e l l  e x p o s e d  1 n  b l u f f s  b o t h  
n o r t h  a n d  s o u t h  o f  P* M o u n t a i n .  T i l l  d e p o s i t s  a r e  c h a r a c t e r i s t i c a l l y
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f i n e - g r a i n e d  a n d  t h e r e  a r e  few  c o b b l e s  a n d  b o u l d e r s  w h i c h  a r e  u s u a l l y  
a s s o c i a t e d  w i t h  h i g h - e n e r g y ,  h i g h - g r a d l e n t  g l a c i a t i o n .

I t  i s  u n c l e a r  how f a r  g l a c i a t i o n  m a y  h a v e  e x t e n d e d  s o u t h w a r d  a l o n g  
t h e  w e s t e r n ,  s e a w a r d  s i d e  o f  R e d  M o u n t a i n  a n d  t o  w h a t  e x t e n t  t h e  i c e  
d i s r u p t e d  t h e  p r e g l a c i a l  s u r f a c e .  P o r t e r  ( 2 1 J  a n d  M e r t i e  (_1)  b o t h  
s u g g e s t e d  i c e  e n c r o a c h e d  u p o n  t h e  w e s t e r n  f l a n k  o f  R e d  M o u n t a i n .
M e r t i e  (1^) s u g g e s t e d  t h a t  g l a c i a l  s c o u r i n g  r e m o v e d  p l a c e r s  t h a t  h a d  
m o s t  l i k e l y  f o r m e d  o n  t h e  w e s t  a n d  n o r t h w e s t  s i d e s  o f  R e d  M o u n t a i n .  
S e v e r a l  s m a l l  c i r q u e s  a r e  p r e s e r v e d  o n  t h e  n o r t h e r n  e n d  o f  t h e  Re d  
M o u n t a i n  r i d g e  c r e s t ,  a n d  M e r t i e  ( 1 )  r e p o r t e d  f i n d i n g  g l a c i a l  e r r a t i c s  
a s  h i g h  a s  8 2 5  f t  ( 2 5 0  m ) ,  a p p a r e n t l y  t h e  r e s u l t  o f  a l a r g e  l o b e  o f  
g l a c i a l  i c e  t h a t  w i d e n e d  o v e r  t h e  a r e a  now o c c u p i e d  b y  G o o d n e w s  B a y .  
T h e r e  i s  e v i d e n c e  o f  l a t e r a l  m o r a i n e  f e a t u r e s  o r i e n t e d  E N E  o n  t h e  
f o r e l a n d  a b o v e  t h e  m o u t h  o f  L a s t  C h a n c e  C r e e k  t h a t  w o u l d  a l i g n  w i t h  i c e  
c o n t a c t  a t  t h e  n o r t h e r n  t i p  o f  t h e  r i d g e ,  s u g g e s t i n g  t h a t  i c e  m o v e m e n t  
d i v e r g e d  away  f r o m  t h e  c e n t r a l  w e s t e r n  m ass  o f  t h e  m o u n t a i n  ( f i g .  8 ) .

A l t h o u g h  g l a c i e r s  h a v e  a d v a n c e d  t o  t h e  m a r g i n  o f  R e d  M o u n t a i n ,  t h e  
p r i n c i p a l  c o u r s e  a n d  f o c u s  o f  e r o s i o n a l  e n e r g y  o f  m a j o r  i c e  m o v e m e n t s  
was a l i g n e d  WSW w i t h  t h e  a x i s  o f  p r e s e n t  G o o d n e w s  B a y .  T h e  w e s t e r n  
s l o p e  a n d  o f f s h o r e  a r e a  f r o m  R e d  M o u n t a i n  a r e  o b l i q u e  t o  t h i s  d i r e c t i o n  
o f  t h r u s t  a n d  t h e r e f o r e  w o u l d  n o t  be  a s  d i r e c t l y  a f f e c t e d .  O t h e r  t h a n  
g l a c i a l  e r r a t i c s  o n  t h e  n o r t h e r n - m o s t  e n d  o f  t h e  R e d  M o u n t a i n  r i d g e ,  n o  
a d d i t i o n a l  e r r a t i c s  o r  t i l l  d e p o s i t s  were  n o t e d  i n  c o n t a c t  w i t h  t h e  
w e s t e r n  s l o p e  o f  t h e  m o u n t a i n .  S e d i m e n t  i n  b l u f f  e x p o s u r e s  f r o m  t h e  
l a s t  g l a c i a l  a d v a n c e  ( U n a l u k  d r i f t )  i n c l u d e  a n c i e n t  m u d f l a t  d e p o s i t s ,

F I G U R E  8 .  -  P h o t o g r a g h  o f  t h e  n o r t h  e n d  o f  R e d  M o u n t a i n  r i d g e .  N o t e  
t h e  e l o n g a t e  p o n d  a n d  v e g e t a t i o n  l i n e  m a r k i n g  t h e  
l a t e r a l  m o r a i n e  f r o m  t h e  m o s t  r e c e n t  ( U n a l u k )  G o o d n e w s  
B a y  g l a c i e r .  G o o d n e w s  B a y  1 s  i n  t h e  e x t r e m e  l e f t  
b a c k g r o u n d  o f  t h e  p i c t u r e  a n d  t h e  B e r i n g  S e a  i n  t h e  
f o r e g r o u n d .
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l a k e  b e d s ,  a n d  b e d d e d  t i l l  t y p i c a l  o f  m a r g i n a l  m e l t w a t e r  r e w o r k i n g ,  as  
w e l l  a s  a l l u v i a l  c h a n n e l s  ( f i g .  9 )  a n d  c r o s s - c h a n n e l  f e a t u r e . s  s u c h  a s
t h o s e  o b s e r v e d  n e a r  C a b i n  C r e e k  a n d  a t  F l a t  C a p e .

T h e  e x t e n t  o f  g l a c i a l  s c o u r i n g ,  n e e r ,  o r  o n  t h e  w es t  s i d e  o f  R e d  
M o u n t a i n ,  i s  a n  i m p o r t a n t  f a c t o r  r e g a r d i n g  t h e  p r e s e r v a t i o n  o f  
p r e g l a c i a l  PGM p l a c e r s .  S u m m a r i z i n g  a v a i l a b l e  i n f o r m a t i o n ,  o n l y  
m a r g i n a l  g l a c i a l  e r o s i o n  w i t n  l o w  e n e r g y  i c e - g o u g i n g  1 s  i n d i c a t e d  a n d  
t h e  p r i V J p a l  i c e  c o n t a c t  i s  l i m i t e d  t o  t h e  n o r t h e r n  t i p  o f  t h e  
m o m a s s .  I n  c o m p a r i s o n ,  s o u t h  o f  Re d  M o u n t a i n ,  g l a c i a l  s c o u r i n g  
h a s  d e s t r o y e d  t h e  a n c i e n t  S a l m o n  R i v e r  p l a c e r  b e n c h  w h i c h  i s  u p  t o  
0 F -nr i  ( 8 0 0 - m ) - w i d e  a n d  n o w ,  2 0 0 - f t  ( 6 0 - m ) - d e e p  a s  i t  a p p r o a c h e s  t h e  
n o r t h  s i d e  o f  C h a g v a n  B a y  ( f i g .  2 ,  2 ) .  G l a c i a l  i c e ,  i n  t h i s  a r e a
o v e r r o d e  t h e  p r e g l a c i a l  p l a t i n i f e r i o u s  g r a v e l s .  T h e  g l a c i e r ,
n e v e r t h e l e s s ,  may  h a v e  t r u n c a t e d  t h e  m o r e  r e c e n t  a n d  s h a l l o w e r  c h a n n e l  
o f  t h e  p r e s e n t  S a l m o n  R i v e r  a s  s u g g e s t e d  b y  M e r t i e  ( 1 8 ) ,  a l t h o u g h  t h e  
t e r m i n o u s  o f  t h e  p a y s t r e a k  may  o t h e r w i s e  b e  d u e  t o  an a n c i e n t  se a  
s c a r p .  O n l y  a f e w  t r a c e s  o f  p l a t i n u m  were f o u n d  i n  d r i l l  h o l e s  
d o w n s t r e a m  o f  C l a i m  1 5  B e l o w  n e a r  t h e  m o u t h  o f  H a p p y  C r e e k  ( 2 ) .

P H Y S I O G R A P H Y

T h e  r e p o r t  a r e a  l i e s  a l o n g  a c o a s t a l  r e g i o n  o f  s u b d u e d  t u n d r a - c o v e r e d  
t o p o g r a p h y  t y p i c a l  o f  s o u t h w e s t  A l a s k a  ( f i g s .  2 a n d  8 ) .  T h e  p r o m i n e n t  
1 , 8 8 7 - f t  ( 5 7 5 - m ) - h i g h  R e d  M o u n t a i n  i s  a n  e x c e p t i o n  t o  t h e  m o d e r a t e  
r e l i e f .  T h e  m o u n t a i n  m a s s  a n d  a d j o i n i n g  r i d g e s  s e p a r a t e  t h e  S a l m o n  
R i v e r  V a l l e y  f r o m  t h e  s h a l l o w  B e r i n g  S e a ,  T h e r e  i s  a n  a b r u p t  a n d  
a n o m a l o u s  c h a n g e  i n  g r a d i e n t  a l o n g  t h e  s t e e p  w e s t e r n  f a c e  o f  R e d  
M o u n t a i n  w h i c h  s e t s  o f f  t h e  s l o p i n g  u p l a n d s  f r o m  t h e  v i r t u a l l y  f l a t
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s e a f l o o r .  E x p a n s i v e ,  s h a l l o w ,  l a g o o n a l - t y p e  w a t e r  b o d i e s  o f  G o o d n e w s  
a n d  C h a g v a n  B a y s  H e  n o r t h  a n d  s o u t h  o f  R a d  M o u n t a i n .  B o t h  b a y s  a r e  
p r o t e c t e d  f r o m  f r e q u e n t  s t o r m s  b y  w e l l - f o r m e d  s a n d  s p i t s  s e v e r a l  m i l e s  
l o n g .  T h e  p r e v a i l i n g  s o u t h  a n d  s o u t h w e s t  w e a t h e r  p a t t e r n ,  
c h a r a c t e r i z e d  b y  c o o l  t e m p e r a t u r e s  a n d  f r e q u e n t  s t o r m s ,  a r e  c a u s e d  b y  
l o w - p r e s s u r e  s y s t e m s  commo n  o v e r  t h e  A l e u t i a n  I s l a n d s .

C L I M A T E

T h e  c l i m a t e  i n  c o a s t a l  s o u t h w e s t e r n  A l a s k a  i s  u s u a l l y  c o o l ,  w e t ,  a n d  
w i n d y  f r o m  A p r i l  t h r o u g h  S e p t e m b e r .  D u r i n g  t h e  f a l l  a n d  w i n t e r  m o n t h s ,  
s t o r m s  a r e  e s p e c i a l l y  f r e q u e n t ;  s e a  1 c e  f o r m s  b y  l a t e  D e c e m b e r  b u t  i s  
i n t e r m i t t e n t l y  b r o k e n  u p  b y  s e a  c u r r e n t s ,  s t o r m s ,  a n d  t i d e s .
G e n e r a l l y ,  s e a  1 c e  i s  u n s a f e  f o r  t r a v e l  e x c e p t  i n  t h e  s h e l t e r e d  b a y s  o r  
f o r  o c c a s i o n a l  s h o r t  p e r i o d s  o f  u n u s u a l l y  c o l d  w e a t h e r  1 n  l a t e  w i n t e r .  
S e a w a t e r  t e m p e r a t u r e  o f f  o f  R e d  M o u n t a i n  v a r i e d  f r o m  3 . 9 ° C  1 n  l a t e  May 
t o  a r a n g e  o f  1 2 . 5  t o  1 3 . 6 ° C  f o r  e a r l y  A u g u s t .  T h e  m ea n  a m b i e n t  a n n u a l  
t e m p e r a t u r e  1 s  0 . 6 ° C  a n d  a n n u a l  p r e c i p i t a t i o n  1 s  a b o u t  45 1 n  ( 1 1 4  cm) 
w i t h  h e a v i e s t  r a i n f a l l  1 n  l a t e  s u m m e r .  B e c a u s e  o f  t h e  r e l a t i v e l y  warm 
m a r i t i m e  I n f l u e n c e ,  p e r m a f r o s t  1 s  r a r e l y  e n c o u n t e r e d ,  l i m i t e d  t o  r e l i c  
l e n s e s  s u r v i v i n g  f r o m  t h e  l a s t  g l a c i a l  p e r i o d .  T h e  e f f e c t i v e  w o r k i n g  
s e a s o n  f o r  t h e  d r e d g e  o p e r a t i o n  o n  t h e  S a l m o n  R i v e r  g e n e r a l l y  s p a n n e d  
l a t e  A p r i l  t o  m i d - D e c e m b e r .

C O A S T A L  P R O C E S S E S

S e a w a r d ,  t h e  B e r i n g  S e a  i s  a s h a l l o w ,  h i g h - e n e r g y  m a r i n e  e n v i r o n m e n t  
w i t h  a f l a t ,  f e a t u r e l e s s  b o t t o m  i n t e r r u p t e d  b y  s c a t t e r e d  1 c e - r a f t e d  
b o u l d e r s .  T h e  n a r r o w  c h a n n e l  i n t o  G o o d n e w s  B a y ,  s c o u r e d  b y  t i d a l  
c u r r e n t s  w i t h  o b s e r v e d  v e l o c i t i e s  u p  t o  1 0  m p h  ( 1 5  k m / h r ) ,  i s  7 0  f t  ( 2 1  
m)  d e e p .  E l s e w h e r e ,  w i t h i n  f o u r  m i l e s  o f  t h e  c o a s t ,  w a t e r  d e p t h s  a t  
m e a n  h i g h  t i d e  d o  n o t  e x c e e d  35  f t  ( 1 1  m)  a n d  v a r y  u p  t o  1 0  f t  ( 3  m) 
w i t h  t i d a l  f l u c t u a t i o n s .  N e a r s h o r e  s e d i m e n t s  c o n s i s t  o f  c o m p a c t e d  a n d  
s h i n g l e d ,  r o u n d e d  c h e r t  a n d  q u a r t z - r i c h  g r a v e l  w i t h  a c l a y e y ,  s i l t y  
m a t r i x .  H 1 g h l y - m o b 1 l e ,  r i p p l e d  s a n d  a n d  w e l l - s o r t e d ,  f i n e  g r a v e l  
l o c a l l y  o v e r l i e  t h e  s h i n g l e d  g r a v e l ,  a n d  i n c r e a s e  i n  t h i c k n e s s  a s  
d i s t a n c e  i n c r e a s e s  o f f s h o r e .

T h e  y o u n g e s t  s e d i m e n t s  1 n  t h e  n e a r  c o a s t a l  a r e a  h a v e  a  d i s t a l ,  o r  
s e a w a r d  s o u r c e .  L i t t o r a l  c u r r e n t s ,  d r i v e n  b y  p r e v a i l i n g  s o u t h w e s t  
w i n d s  a n d  f r e q u e n t  s t o r m s ,  a c c o m p a n y  a s t r o n g  s w e l l  s u r g e  t h a t  r a k e s  
t h e  s e a f l o o r  f o r  a t  l e a s t  s e v e r a l  m i l e s  f r o m  s h o r e .  T h e  o b s e r v e d  
p r e s e n c e  o f  r i p p l e d  s a n d  a n d  f i n e  g r a v e l  o r i e n t e d  p e r p e n d i c u l a r  t o  t h e  
o f f s h o r e  s w e l l  d i r e c t i o n  I n d i c a t e s  s e d i m e n t  t r a n s p o r t  t o w a r d  t h e  s h o r e  
f r o m  f u r t h e r  o u t  t o  s e a .  O n  t h e  b a s i s  o f  a n  a v e r a g e  w a v e l e n g t h  o f  
i n c i d e n t  wav es  o f  1 2 0  f t  ( 3 6  m) a n d  a  c a l c u l a t e d  s u r g e  d e p t h  o f  60  f t  
( 1 8  m ) ,  W e l k l e  ( 7 )  a l s o  s u g g e s t e d  a  n e t  m o v e m e n t  o f  s e d i m e n t  t o w a r d  
s h o r e  o c c u r s  f r o m  a s  f a r  o u t  a s  6  t o  I 0 . i n 1  ( 1 0  t o  1 6  k m ) .

W i n d  g e n e r a t e d ,  s o u t h w e s t ,  l i t t o r a l  c u r r e n t  a n d  a c c o m p a n y i n g  d r i f t ,  
p a r t i c u l a r l y  d u r i n g  s t o r m s ,  a p p r o a c h e s  t h e  s h o r e l i n e  b e t w e e n  G o o d n e w s  
B a y  a n d  C h a g v a n  B a y ,  b i f u r c a t e s  a l o n g  a  s u b d u e d  s h o a l  o f f  F l a t  C a p e ,  
a n d  p a r a l l e l s  t h e  c o a s t l i n e  b o t h  t o  t h e  n o r t h  a n d  s o u t h  ( f i g .  2 ) .  
C u r r e n t s  f l o w  f a s t e r  o v e r  t h e  F l a t  C a p e  s h o a l  t h a n  t h e  s u r r o u n d i n g  
s e a f l o o r  a n d  s u p p o r t  t h i c k  g r o w t h s  o f  m u s s e l  b e d s  t h a t  t h r i v e  i n  t h e  
f l o w i n g  w a t e r .  T h e  s t r o n g  l o n g s h o r e  c u r r e n t s  t r a n s p o r t  s e d i m e n t  t o  a



n o r t h w a r d - t r e n d i n g  s p i t  a t  t h e  m o u t h  o f  G o o d n e w s  B a y ,  a n d  t o  t h e  s o u t h  
t o w a r d  a s o u t h w a r d - t r e n d i n g  s p i t  a t  t h e  m o u t h  o f  C h a g v a n  B a y .  
M e a s u r e m e n t s  m a de  d u r i n g  f a i r - w e a t h e r  su m me r  c o n d i t i o n s  I n d i c a t e  
c o m b i n e d  l i t t o r a l  a n d  t i d a l  c u r r e n t s  w i t h i n  o n e  m e t e r  o f  t h e  b o t t o m  a n d  
1  t o  2  m l  ( 1 . 5  t o  3 km) o f  s h o r e ,  e x c e e d  40 c m / s e c  ( 2 . 2  m p h ) .  I t  was 
o b s e r v e d  t h a t  d u r i n g  s t o r m s  t h e  w a t e r s  o u t s i d e  t h e  s u r f  z o n e  a r e  v e r y  
t u r b i d  d u e  t o  s u s p e n d e d  s e d i m e n t  I n  l o n g s h o r e  t r a n s p o r t .

A N A L Y T I C A L  R E S U L T S

A n a l y t i c a l  r e s u l t s  f o r  p l a t i n u m ,  I r i d i u m ,  a n d  g o l d  1 n  s e a f l o o r  a n d  
o n s h o r e  s a m p l e s  a r e  l i s t e d  1 n  a p p e n d i x e s  A  a n d  B .  T h e  v a l u e s  p r e s e n t e d  
( I n  m g / y d 3 ) f o r  1 r 1 d 1 u m  a r e  c a l c u l a t e d  o n  t h e  b a s i s  o f  I r : P t  = 0 . 1 3 ,  a s  
d e t e r m i n e d  f r o m  d r e d g e  c l e a n u p  d a t a  g i v e n  b y  M e r t i e  ( 1 ,  1 8 ) .  W e i g h t  
p e r c e n t  a n a l y s e s  o f  c h r o m i u m ,  i r o n ,  a n d  t i t a n i u m  a r e  s l m T T a r l y  l i s t e d  
1 n  a p p e n d i x e s .

M I N E R A L O G I C A L  C H A R A C T E R I Z A T I O N

b y  C .  L .  M a r d o c k

T h e  o f f s h o r e  m i n e r a l  c o n c e n t r a t e s  s t u d i e d  d u r i n g  t h i s  p r o j e c t  I n c l u d e  
PGM m i n e r a l s  t h a t  f a l l  i n t o  two m a j o r  c l a s s l f l c a t o n s ,  I s o f e r r o p l a t l n u m  
a n d  o s m 1 r 1 d i u m ;  a n d  t h r e e  m i n o r  c l a s s i f i c a t i o n s ,  s p e r r y l l t e ,  
m o n c h e l t e  ( ? ) ,  a n d  p l a t l n l r l d l u m  ( f i g .  1 0 ) .  A l s o  e x a m i n e d  were n a t i v e  
g o l d  a n d  o t h e r  h e a v y  m i n e r a l  a c c e s s o r i e s .  O v e r  1 0 0  PG M-  a n d  
g o l d - b e a r i n g  g r a i n s ,  c o l l e c t e d  f r o m  s i x t e e n  s i t e s ,  were  e x a m i n e d  b y  
S E M ;  74  o f  w h i c h  w e r e  q u a n t i t a t i v e l y  a n a l y z e d  b y  e n e r g y  d i s p e r s i v e

S E M
M I C R O A N A L Y S E S  
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X - r a y  s p e c t r o m e t r y  ( E D X ) .  R e s u l t s  o f  t h e  E D X  a n a l y s e s  a r e  l i s t e d  1 n  
t a b l e  1 .

PGM M I N E R A L O G Y

T h e  m o s t  common P G M - b e a r 1 n g  m i n e r a l  f o u n d  1 n  t h i s  s t u d y  1 s  
1 s o f e r r o p l a t 1 n u m  ( P t , P d ) 3 ( F e , C u )  a s  d e f i n e d  b y  F l e i s c h e r  ( 2 2 ) .  T h e  
i s o f e r r o p l a t l n u m  g r a i n s  c o n t a i n  6 8 -  t o  9 0 - w e 1 g h t - p c t  P t ,  w i t h  t h e  
m a j o r i t y  c o n t a i n i n g  a p p r o x i m a t e l y  90  %  P t ,  a n d  t h e  I r o n  c o n t e n t  1 s  
g e n e r a l l y  1 0  X .  T h e  g r a i n s  a r e  n o t  s t r o n g l y  a t t r a c t e d  t o  a h a n d  
m a g n e t ,  e x c e p t  when t h e y  a r e  l o c k e d  w i t h  m a g n e t i t e .  L o c k e d  g r a i n s  a r e  
common  1 n  s a m p l e s  f r o m  o n s h o r e  d e p o s i t s  a n d  t h e  m a g n e t i c  c o n c e n t r a t e s  
f r o m  t h e  S a l m o n  R i v e r  o p e r a t i o n  h a v e  t r a d i t i o n a l l y  b e e n  c r u s h e d ,  
m i l l e d ,  a n d  c o n c e n t r a t e d  1 n  o r d e r  t o  r e c o v e r  t h e  c o n t a i n e d  PG M .  
A p p a r e n t l y  l o c k e d  g r a i n s  a r e  l e s s  common  1 n  t h e  PGM o f f s h o r e  a s  few  o f  
t h e  g r a i n s  e x a m i n e d  1 n  t h i s  s t u d y  we r e  s i m i l a r l y  l o c k e d .

I s o f e r r o p l a t l n u m  w i t h  l e s s  t h a n  9 0  %  P t  g e n e r a l l y  c o n t a i n s  f r o m  1 -  t o  
5 - w e 1 g h t - p c t  e a c h  o f  I r ,  O s ,  a n d / o r  R h .  N o  a p p r e c i a b l e  p a l l a d i u m  
( < 1 . 0 X )  was d e t e c t e d  I n  a n y  o f  t h e  c o n c e n t r a t e s .  P a l l a d i u m  1 s  m o re  
s o l u b l e  t h a n  t h e  o t h e r  P G M ,  e s p e c l a l y  1 n  a  s a l i n e  e n v i r o n m e n t ,  a n d  1 s  
s u b j e c t  t o  l e a c h i n g .  A  p r e v i o u s  e l e c t r o n  m i c r o p r o b e  s t u d y  ( 2 3 )  o f  1 3  
S a l m o n  R i v e r  p l a c e r  s a m p l e s  s h o w ed  t h e  P t - F e  c o m p o s i t i o n s  o f  t h e  
p r i n c i p a l  p l a t i n u m  a l l o y  t o  b e  v e r y  s i m i l a r  t o  t h o s e  d e t e r m i n e d  1 n  t h i s  
s t u d y ,  I n d i c a t i n g  n o  a p p a r e n t  P t - F e  v a r i a t i o n  b e t w e e n  o n s h o r e  a n d  
o f f s h o r e .

I s o f e r r o p l a t l n u m  g r a i n s  a r e  g e n e r a l l y  a m o e b o i d  1 n  o u t l i n e ,  q u i t e  
p i t t e d  ( f 1 g .  1 1  A - B ) ,  w i t h  n u m e r o u s  c a v i t i e s ,  a n d  a r e  l a y e r e d  o r  
t e r r a c e d  ( f i g .  1 1  D - E ) .  T h e  s i z e  o f  t h e  g r a i n s  r a n g e  f r o m  50 t o  50 0  urn 
w i t h  a t h i r d  d i m e n s i o n  t h a t  1 s  g e n e r a l l y  f l a t t e n e d .  G r a i n s  a r e  
c o m m o n l y  l i b e r a t e d ,  h o w e v e r  some  a l s o  o c c u r  l o c k e d  w i t h  o s m 1 r 1 d 1 u m  
( f i g .  1 2 ) .  I n  o n e  s a m p l e ,  I s o f e r r o p l a t i n u m  1 s  p r e s e n t  a s  a c o v e r i n g  o r  
g r o w t h  o n  a g r a i n  o f  s p e r r y l l t e .  I s o f e r r o p l a t i n u m  was a l s o  o b s e r v e d  
l o c k e d  w i t h  p y r o x e n e  o r  w i t h  s m a l l  i n c l u s i o n s  o f  c h r o m i t e  a n d
m a g n e t i t e .  P r e v i o u s  s t u d i e s  ( _ l - 2 .  6 ,  1 2 ,  2 3 )  h a v e  f o u n d  t h a t
i s o f e r r o p l a t l n u m  1 s  c o m m o n l y  l o c k e d  w i t h  e i t h e r  c h r o m i t e  o r  m a g n e t i t e  
i n  t h e  S a l m o n  R i v e r  p l a c e r s .

T h e  s e c o n d  m o s t  a b u n d a n t  PGM m i n e r a l  1 n  o f f s h o r e  s a m p l e s  i s  
o s m l r l d l u m  ( I r . O s )  a s  d e f i n e d  b y  F l e i s c h e r  ( 2 2 ) .  I t  c o n t a i n s  5 8 -  t o  
8 0 - w e 1 g h t - p c t  I r ,  6 -  t o  3 0 - w e 1 g h t - p c t  O s ,  a n d  v a r i a b l e  p e r c e n t a g e s  o f
P t ,  R u ,  a n d  F e ,  e a c h  n o t  e x c e e d i n g  1 5  % .  C h e m i c a l l y  c o m p a r a b l e
o s m l r l d l u m  was a l s o  r e p o r t e d  f r o m  o n s h o r e  p l a c e r s  ( 2 3 - 2 4 ) .

0 s m i r 1 d 1 u m  1 s  c o m m o n l y  I n t e r g r o w n  1 n  a p s e u d o e u t e c t i c  f a b r i c  w i t h  
i s o f e r r o p l a t l n u m  ( f i g .  1 2 ) .  O s m l r l d l u m  1 s  b r i g h t e r  t h a n  o t h e r  PGM 
m i n e r a l s  a n d  h a s  s l l v e r - h u e d ,  h i g h  r e f l e c t a n c e  s u r f a c e s  u n t a r n i s h e d  b y  
a l t e r a t i o n  p r o c e s s e s .  G r a i n s  g e n e r a l l y  e x h i b i t  some  a b r a l d e d  c u b i c  
c r y s t a l  f a c e s ,  b u t  l a c k  t h e  a m o e b o i d ,  l a y e r e d ,  t e r r a c e d  o r  f l a t t e n e d  
c h a r a c t e r i s t i c s  o f  t h e  I s o f e r r o p l a t l n u m .  F u r t h e r m o r e ,  g r a i n s  a r e  
s m a l l e r  t h a n  i s o f e r r o p l a t l n u m  g r a i n s ,  a v e r a g i n g  50  t o  1 0 0  urn 1 n  
d i a m e t e r .  F i g u r e  1 1 A  ( s a m p l e  n o .  5 3 )  s h o w s a n  o s m l r i d l u m  g r a i n  w i t h  
I n t e r l o c k e d  p y r o x e n e .

S p e r r y l l t e  ( P t A s 2 ) was I d e n t i f i e d  1 n  a f e w  o f  t h e  P G M - b e a r 1 n g  
g r a i n s .  F i g u r e  1 2 B  sh ow s a w e l l - r o u n d e d  s p e r r y l l t e  g r a i n  I n t e r l o c k e d  
w i t h  m o n c h e l t e  ( ? )  [ P t , P d ) ( T e , B 1 ) 2 l .  S p e r r y l l t e  1 s  a  common  m i n e r a l  1 n  
t h e  S a l m o n  R i v e r  c o n c e n t r a t e s  a n d  1 s  a s s o c i a t e d  w i t h  I s o f e r r o p l a t l n u m  
a n d  R h - b e a r 1 n g  m i n e r a l s  ( 2 3 ) .



TABLE 1 A. - EDX analyses of PGM placer grains In weight percent.

S a m p l e  #1 P t Pd I r O s Ru Rh A u A q F e H q 1 As
M i n e r a l

T y p e
8 1 - B  1 8 9 - 4 - - - - 7 | I s o f e r r o ­

mm m - - - m j - p l a t l n u m .
8 8 - A  1 84 mm - - •m 2 - mm 1 3 - 1 1 D o .
1 3 - A  i 8 5 - 1 - - - - - 1 4 - j D o .
1 3 - B  i 90 mm 1 - m - - m 9 - j D o .
1 3 - C  I 9 1 - 1 - - - mm - 8 - m D o .
8 9 - D  1 68 - - - m - - - 32 mm j D o .
8 9 - E  1 8 7 - - - mm - - mm 1 3 - j - D o .
8 9 - F  I 8 7 - 4 - - - - - 9 - [ D o .
9 6 -  B I 8 6 - 3 1 - - - - 1 0 - - D o .
9 6 - C  i 87 - 3 - - - - - 1 0 - j D o .
9 6 - D 90 - - - - - - - 1 0 •B ! ™ D o .
9 6 -  E  I 9 1 - - - - - - - 9 - I D o .
9 6 -  F  I 9 1 - - mm mm mm - - 9 mm | D o .
9 6 - G  ! 8 7 - - - - - - - 1 3 j D o .
9 6 - H  1 87 - 1 1 - - - - 1 1 - - D o .
9 6 - 1  i 8 5 - 5 1 - - - mm 9 mm j D o .
9 7 - A  | 8 8 - 2 2 - - - 7 - I 1 D o .
9 7 - E  i 8 9 - - 1 - - - 9 1 1 D o .
9 7 - F  | 90 - - 1 - - - - 9 •m | • D o .
9 7 - G  ! 8 5 - - - - 5 - - 1 0 - | «■ D o .
9 7 - H 8 6 - - 1 •a 4 - - 9 - j D o .
5 2 - B 77 a* 8 mm - - - - 1 5 mm j D o .
1 0 0 - 0 9 1 - - - - - - - 9 - j D o .
1 0 0 - E  I 90 - - mm - - - - 1 0 - j D o .
5 3 - A  1 8 7 - 3 1 - - - m 9 - j D o .
5 3 - F  i 8 9 - 1 - - - - - 1 0 1 • 1 - D o .
5 3 - G 8 9 - mm 2 - - - - 8 - 1 - D o .
5 3 - H  j 8 6 - 5 2 - - - - 7 m 1 - D o .
8 9 - A  [ 6 63 3 1 - - - - - - ! - 0sm1  r -

- - - mm 1 1 d 1 u m .
8 9 - B I 1 1 - 69 1 8 - - " - 2 m 1 - D o .
C 2 - C  I 9 - 67 22 mm ■■ - - 2 - 1 - D o .
4 8 - A  i 6 - 7 3 1 1 4 - m - 6 - 1 - D o .
4 8 - B I 5 mm 8 0 1 1 2 - - 2 - 1 - D o .
4 8 - C  I 4 - 8 5 1 0 - - - - 1 ■■ I - D o .
1 0 0 - A  I 1 5 - 76 9 mm - - - - - 1 - D o .
1 0 0 - B  1 7 mm 7 9 8 - - - mm 6 - 1 - D o .
1 0 0 - C  [ 9 - 79 7 mm - - 5 - 1 - D o .
5 3 - B  | 1 5 - 79 6 a - mm - - - 1 - D o .
5 3 - D  | 9 - 67 1 8 - - - 6 - 1 - D o .
8 8 - B  ! 65 mm 9 - m 6 - - 9 - 1 1 1 S p e r r y ­

mm - - - - - 1 l l t e .
9 7 - 1 6 2 - - - - mm - - 3 mm I 35 D o .
8 1 - A  I 1 0 - 8 3 - - - - - 7 - 1 - P l a t l n l r -

m - - •m - m 1 1 d 1 u m .
8 1 - C  ! 3 2 - 5 8 - - - - - 1 0 - 1 " D o .



TABLE 1 B. - EDX analyses of gold placer grains In weight percent.

T
S a m p l e  #1 P t

1
Pd I r O s R u R h A u A q F e H q A s

1 M i n e r a l  
1 T y p e

8 1 - D  1 - - - - am - 8 5 1 5 - - - I G o l d
2 3 - A  1 - - - - - - 9 2 8 - - - 1 D o .
2 3 - B  1 - - - m mt - 8 5 1 5 am - - 1 D o .
9 6 - A  1 2 *» 3 1 - - 8 5 2 - 7 - 1 D o .
9 6 - J  1 - - - - - - 9 6 4 am

- - 1 D o .
9 7 - B  I - - - - m - 98 2 - - - 1 D o .
9 7 - C  1 - - - - am - 9 5 - 3 - 2 I D o .
9 7 - D  1 - - - 1 - - 9 1 - 8 - - 1 D o .
5 2 - A  ! - - - m - - 9 3 7 mm - - i D o .
4 9 - A  I - «• - - - 9 1 9 - - - ! D o .
4 9 - B  i - - - - - - 9 1 9 - * 1 D o .
4 9 - C  1 - - - - - - 9 6 4 - - - 1 D o .
1 0 0 - F  1 - - - am - 99 1 - - - I D o .
1 0 0 - S  i mm - 1 - am - 98 - 1 - - I D o .
5 3 - C  1 - - 2 m - - 94 4 - - - i D o .
5 3 - E  1 - - 1 2 - - 9 5 2 - - - 1 D o .
5 3 - 1  1 - - - - - - 8 8 9 3 - - 1 D o .
6 2 - A  I - - - - - - 8 9 1 1 tm - - 1 D o .
6 2 - B  I - - - - - 9 2 8 - - - ! D o .
6 - A  | - - - - am - 90 1 1 - - - 1 D o .
6 - B  1 - - - - - - 9 9 1 - - - ! D o .
6 - C  1 - - - - - - 84 1 6 - - - 1 D o .
6 - D  1 - - - - mm - 9 1 9 m

- - 1 D o .
6 - E  1 - - m - - - 9 6 4 - - - ! D o .
6 - F  | - - - - 9 2 8 am - - 1 D o .
2 - A  I - - m - - 84 1 6 - - - i D o .
6 4 - A  1 ■■ - 2 1 - - 97 - am

- - i D o .
6 4 - B  ! - - - - - 9 5 3 2 - - 1 D o .
6 4 - C - - 2 2 - - 8 9 7 - - - 1 D o .
6 4 - D - - 1 1 - - 9 8 - - - - ! D o .
6 4 - E - - - 1 - - 9 2 5 2 - - D o .
N o t e s :  N u m b e r s  r e f e r  t o  s a m p l e  l o c a t i o n ,  f i g .  5 .  T h e  l e t t e r s  f o l l o w i n g  t h e  
n u m e r i c a l  I d e n t i f i e r  r e f e r  t o  s e r i a l i z a t i o n  d u r i n g  e x a m i n a t i o n .
-  N o t  d e t e c t e d .



F I G U R E  1 1  A - F .  -  SEM b a c k s c a t t e r  i m a g e s  o f  t y p e s  o f  PGM g r a i n s  f o u n d  i n  m a r i n e  s e d i m e n t  s a m p l e s .  N o t e  s c a l e  o n  e a c h  i m a g e  
g i v e n  i n  m i c r o n s .  A )  W e l l - r o u n d e d  o s m i r i d i u m  w i t h  i n t e r l o c k e d  p y r o x e n e  f r o m  s a m p l e  5 3 .  B )  T y p i c a l  r o u n d e d  
i s o f e r r o p l a t i n u m  g r a i n ,  s a m p l e  n o .  9 7 .  C )  F a c e t e d  o s m i r i d i u m  g r a i n ,  n o t e  h i g h  b r i g h t n e s s ,  f r o m  s a m p l e  1 0 0 .  
D )  L o w e r ,  d a r k e r ,  a n d  l a r g e s t  g r a i n  i s  h i g h l y  s c u l p t u r e d  i s o f e r r o p l a t i n u m ,  w h e r e a s  t h e  two g r a i n s  a b o v e  a r e  
p l a t i n i r i d i u m ,  s a m p l e  n o .  8 1 .  E )  C r y s t a l l i n e  i s o f e r r o p l a t l n u m  f r o m  s a m p l e  n o .  4 5 .  F )  C r y s t a l l i n e  I s o f e r ­
r o p l a t i n u m  f r o m  s a m p l e  n o .  8 8 .



F I G U R E  1 2 .  -  PGM g r a i n s  w i t h  i n t e r l o c k e d  a l l o y  c o m p o s i t i o n s .  N o t e  s c a i e  o a r  i n  
u p p e r - l e f t  SEM b a c k s c a t t e r  i m a g e  i s  1 0 0  m i c r o n s .  T h e  g r a i n  o n  t h e  
l e f t  ( s a m p l e  n o .  5 3 )  c o m p r i s e s  o s m i r i d i u m  a n d  i s o f e r r o p l a t i n u m .  
X - r a y  may i n  m i d - l e f t  i s  i r i d i u m ,  l o w e r  l e f t  i s  p l a t i n u m .  G r a i n  o n  
t h e  r i g h t  i s  s p e r r y l i t e  f r o m  s a m p l e  n o .  9 7 .  M i d - r i g h t  X - r a y  map i s  
a r s e n i c .  T h e r e  i s  a l a r g e  i n c l u s i o n  o f  m o n c h e i t e  ( ? )  a s  i n d i c a t e d  
b y  t h e  l o w e r - r i g h t  X - r a y  map  f o r  t e l l u r i u m .  A1 l o y - b i m o d a l  z o n e d  
c o m p u n d s .



Two p l a t i n i r i d i u m  ( I r , P t )  g r a i n s  we r e  f o u n d  i n  c o n c e n t r a t e  f r o m  
s a m p l e  n o .  8 1  ( f i g .  1 1 D ,  u p p e r  2 g r a i n s ) .  T h e i r  c o m p o s i t i o n s  a r e  
I r 8 4 p t l ( ) F e 6  a n d  I r 58P t 32p e i o .  T h e  g r a i n s  a r e  l a r g e  a n d  m o d e r a t e l y  
r o u n d e d ,  a p p r o a c h i n g  50 0  um 1 n  d i a m e t e r ,  a n d  h a v e  f a i n t  o u t l i n e s  t h a t  
i n d i c a t e  l a y e r i n g .  A s  s e e n  1 n  f i g u r e  1 1 D ,  t h e y  a p p e a r  b r i g h t e r  t h a n  
t h e  l a r g e r  a d j o i n i n g  I s o f e r r o p l a t l n u m  g r a i n , .  R o s e n b l u m  a n d  o t h e r s  
( 2 3 ) ,  h a v e  a l s o  r e p o r t e d  b l a d e d  c r y s t a l s  o f  a n  u n n a m e d  I r - F e  m i n e r a l  1 n  
m a g n e t i c  c o n c e n t r a t e s  f r o m  S a l m o n  R i v e r .

G O L D  M I N E R A L O G Y

G o l d  g r a i n s  w e r e  p r e s e n t  i n  c o n c e n t r a t e s  f r o m  a l l  b u t  f o u r  s i t e s .  
G e n e r a l l y ,  g o l d  c o m p r i s e s  a n  a p p r e c i a b l y  h i g h e r  p e r c e n t  o f  t h e  p r e c i o u s  
m e t a l  c o n c e n t r a t e  o f f s h o r e  t h a n  t h e  2 t o  3 %  r e p o r t e d  f o r  t h e  S a l m o n  
R i v e r  p l a c e r  ( . 1 ) .

G o l d  1 s  g e n e r a l l y  c o a r s e r  t h a n  t h e  PGM m i n e r a l  g r a i n s  a n d  c o m m o n l y  
r a n g e s  b e t w e e n  3 0 0  a n d  50 0  um 1 n  d i a m e t e r ;  s e v e r a l  g r a i n s  u p  t o  3 mm 
wer e  n o t e d  ( s a m p l e  n o .  2 3 ) .  Som e  g r a i n s  e x h i b i t  a  m a r k e d  l a y e r e d  
s t r u c t u r e  a s  sh ow n i n  f i g u r e  1 3 ;  g r a i n s  sh o w  b o t h  u n d e r c u t  a n d  o v e r h a n g  
l a y e r i n g ,  a n d  e x h i b i t  a h o n e y c o m b  s t r u c t u r e  a p p a r e n t l y  c a u s e d  b y  
p r e f e r e n t i a l  l e a c h i n g .  A l l  o f  t h e  o b s e r v e d  l a y e r s  a r e  a b o u t  
5 - u m - t h i c k ,  a n d  e a c h  l a y e r  l i e s  f l a t  w i t h o u t  u n d u l a t i o n .

T h e  o u t e r  f o r m  o f  m a n y  g o l d  g r a i n s  1 s  a m o e b o i d ,  m u c h  l i k e  t h a t  o f  t h e  
i s o f e r r o p l a t l n u m  ( f i g .  1 4 ) .  T h e  s u r f a c e s  a r e  p i t t e d  w i t h  h o n e y c o m b  a n d  
f r a c t u r e  c a v i t i e s  t h a t  may  r e p r e s e n t  v o i d s  l e f t  a f t e r  I n c l u s i o n s  o f  
o t h e r  m i n e r a l s  h a v e  b e e n  m e c h a n i c a l l y  o r  c h e m i c a l l y  r e m o v e d .  G o l d  
c o n t e n t  a t  t h e  s u r f a c e  l a c k s  m o s t  comm on  a l l o y  m e t a l s  ( e . g . ,  I r o n ,  
c o p p e r )  a n d  s a m p l e s  r a n g e  f r o m  8 4 -  t o  9 9 - w e 1 g h t - p c t  A u  w i t h  a  
c o r r e s p o n d i n g  b a l a n c e  o f  s i l v e r  v a l u e s  t o  t o t a l  1 0 0  % .  I n  s e v e r a l  
g r a i n s ,  i r i d i u m  a n d  o s m i u m  were  a d d i t i o n a l l y  d e t e c t e d  b y  E D X  a n a l y s e s  
1 n  a m o u n t s  u p  t o  2 w e i g h t  p e t  e a c h .  G o l d  h a s  b e e n  r e p o r t e d  t o  c o n t a i n  -  
1 r 1 d 1 u m  a n d  p l a t i n u m  1 n  s o l i d  s o l u t i o n  ( 2 4 )  a n d  p a l l a d i u m ,  p l a t i n u m ,  
a n d  r h o d i u m  c o n c e n t r a t i o n s  1 n  g o l d  h a v e  b e e n  d o c u m e n t e d  ( 2 5 ) ,  h o w e v e r  
t h e r e  1 s  n o  r e f e r e n c e  t o  t h e  o c c u r r e n c e  o f  o s m i u m .

A C C E S S O R Y  H E A V Y  M I N E R A L S

A c c e s s o r y  m i n e r a l s  1 n  h e a v y  m i n e r a l  c o n c e n t r a t e s  p r i m a r i l y  I n c l u d e  
m a g n e t i t e /  l l m e n l t e /  c h r o m i t e ,  a n d  p y r o x e n e  ( e n s t a t l t e ? ) ,  w i t h  l e s s o r  
a m o u n t s  o f  o l i v i n e ,  z i r c o n ,  b a r i t e ,  m o n a z l t e ,  a r s e n o p y r l t e ,  p y r l t e ,  
p y r i t l z e d  m i c r o f o s s i l s ,  h e m a t i t e ,  g a r n e t ,  l e u c o x e n e ,  c i n n a b a r ,  a n d  
n a t i v e  m e r c u r y  ( f i g .  1 5 ) .  M e r t i e  ( 1 . )  a d d i t i o n a l l y  I d e n t i f i e d  r u t l l e ,  
t r e m o l l t e ,  e p l d o t e ,  s p i n e l ,  s p h e n e ,  d i a m o n d ,  t o u r m a l i n e ,  t o p a z ,  a n d  
c o r u n d u m  i n  S a l m o n  R i v e r  c o n c e n t r a t e s .

M a g n e t i t e  1 s  t h e  m o s t  comm on  a c c e s s o r y  m i n e r a l .  G r a i n s  a r e  u n i f o r m  
1 n  s i z e  a n d  a v e r a g e  8 0 -  t o  1 0 0 - u m  d i a m e t e r .  T h e  g r a i n s  a r e  g e n e r a l l y  
s u b h e d r a l ,  m o d e r a t e l y  r o u n d e d ,  a n d  o f t e n  e x h i b i t  v e s t i g i a l  o c t a h e d r a l  
c r y s t a l  f a c e s .  S u r f a c e s  a n a l y z e d  b y  E D X  c o n t a i n e d  a p p r o x i m a t e l y  9 3  
w e i g h t  p e t  I r o n  o x i d e  a n d  a  f e w  p e r c e n t  e a c h  o f  c h r o m i u m  a n d  t i t a n i u m  
o x i d e s .  T h e  o c c u r r e n c e  o f  c h r o m i u m ,  a s  w e l l  a s  PGM i n  R e d  M o u n t a i n  
m a g n e t i t e  1 s  d o c u m e n t e d  o n s h o r e  ( 1 . ,  1 2 ,  2 3 ,  2 6 ) .

C h r o m i t e  c o m p r i s e s  u p  t o  2 0  %  o f  t h e  o f f s h o r e  c o n c e n t r a t e s .  P G M ,  a s  
I n c l u s i o n s  1 n  c h r o m i t e ,  h a v e  b e e n  r e p o r t e d  f r o m  R e d  M o u n t a i n  Q - 2 ,  
1 2 - 1 3 ) ,  h o w e v e r ,  a s  w i t h  m a g n e t i t e ,  s i m i l a r  i n c l u s i o n s  o f  PGM a r e



s u s p e c t e d  b u t  were n o t  o b s e r v e d  i n  t h e  o f f s h o r e  c h r o m i t e  g r a i n s  
t e s t e d .  C h r o m i t e  1 s  s u b h e d r a l ,  e x h i b i t s  i n c i p i e n t  o c t a h e d r a l  c r y s t a l  
f a c e s ,  a n d  I n c o r p o r a t e s  s u f f i c i e n t  i r o n  t o  b e  m o r e  a c c u r a t e l y  t e r m e d  
c h r o m i a n  m a g n e t i t e .

T r a c e s  o f  b o t h  c i n n a b a r  a n d  n a t i v e  m e r c u r y  o c c u r  i n  a f ew  o f  t h e  
s a m p l e s ;  d i s c r e t e  c i n n a b a r  g r a i n s  a n d  g l o b u l e s  o f  m e r c u r y  a r e  shown  i n  
f i g u r e  1 5 .  I n  a d d i t i o n  t o  t h e s e  H g - b e a r i n g  m i n e r a l s ,  a  s i n g l e  g r a i n  o f  
A u - A g - I r - O s - P t - a m a l g a m  was i d e n t i f i e d  ( s a m p l e  n o .  4 8 ) .

8 E N E F I C I A T I O N  R E S U L T S

b y  W. C .  H i r t

T h r e e  s a m p l e s  f o r  b e n e f i c i a t i o n  t e s t i n g  were  c o l l e c t e d  ( f i g .  7 ) .  T h e  
f i r s t  two were f r o m  n a t u r a l  b l a c k  s a n d  a c c u m u l a t i o n s ;  s a m p l e  A was f r o m

S

F I G U R E  1 3 .

L 
C

SEM b a c k s c a t t e r  i m a g e s  s h o w i n g  
l a y e r i n g  i n  g o l d  g r a i n s  f r o m  s a m p l e  
n o .  6 o f f s h o r e  o f  P l a t i n u m  v i l l e g e .  
N o t e  s c a l e  b a r  i s  1 0 0  m i c r o n s .
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b l a c k  s a n d  l a y e r s  o n  f e r r i c r e t e d  g r a v e l  a t  t h e  m o u t h  o f  t h e  S a l m o n
R i v e r ,  a n d  s a m p l e  B was a n  l 8 - 1 n - w 1 d e  c h a n n e l  s a m p l e  o f  t h e  b l a c k  s a n d
l a y e r  b e t w e e n  t h e  sw ash  z o n e  a n d  t h e  b l u f f  a t  F l a t  C a p e .  S a m p l e  C  i s  a 
c o m p o s i t e  o f  m a t e r i a l  s h o v e l e d  f r o m  t h e  u p p e r  1 6  i n  ( 4 0  cm)  o f  t h e  
s e a f l o o r  s e d i m e n t  a t  s i x  l o c a t i o n s  o v e r  t h e  F l a t  C a p e  s h o a l .  T a b l e  2 
s u m m a r i z e s  s a m p l e  w e i g h t s ,  a s s a y s ,  a n d  r e c o v e r i e s .

F o r  t h b  b l a c k  s a n d  b e a c h  s a m p l e s  ( t a b l e s  3 a n d  4 ) ,  t h e  b e s t  p l a t i n u m
a n d  g o l d  r e c o v e r i e s  were  1 n t h e  m i n u s  2 8 - m e s h  f r a c t i o n  g r a v i t y  
c o n c e n t r a t e s  f r o m  s a m p l e  B ( r e p r e s e n t a t i v e ) ,  w h i c h  c o n t a i n e d  9 5 . 4 5  X  o f  
t h e  P t  a n d  8 2 . 3 2  X  o f  t h e  A u .  N o t a b l y  t h e r e  was a 7 . 8 5  %  r e c o v e r y  o f  
f i n e - g r a i n e d  g o l d  f r o m  t h e  m i n u s  2 8 - m e s h  f r a c t i o n  b y  f l o t a t i o n .  
A d d i t i o n a l l y ,  a m i d d l i n g s  h e a v y  m i n e r a l  p r o d u c t  t h a t  a s s a y e d  1 6 . 7  X  

C r 2C>3 h a d  7 5  %  r e c o v e r y  f o r  c h r o m i u m ;  t h i s  was t h e  h i g h e s t  g r a d e  ^ 0 3  
p r o d u c t  p r o d u c e d  i n  t h i s  w o r k .

F I G U R E  1 4 .  -  SEM b a c k s c a t t e r  i m a g e s  o f  t y p i c a l  
r o u n d e d  a m o e b o i d  g o l d  g r a i n s  f r o m  
s a m p l e  n o .  49 o f f s h o r e  o f  F l a t  
C a p e .  N o t e  s c a l e  b a r  i s  1 0 0  
m i c r o n s .



More  a t t e n t i o n  was g i v e n  t o  s a m p l e  C ( t a b l e  5 )  d u e  t o  t h e  l a r g e r  
r e s o u r c e  p o t e n t i a l  1 t  r e p r e s e n t e d  a n d  t h e  p o s s s l b l e  o c c u r r e n ’c e  o f  
u l t r a - f i n e  p l a t i n u m  g r a i n s  s u g g e s t e d  b y  p r e v i o u s  s t u d i e s  (_7, \ 2 ) .  T h e  
h i g h e s t  g r a d e  p r o d u c t s  f r o m  l a b o r a t o r y  s e p a r a t i o n  work r a n g e d  f r o m  o n l y
0 . 1 0 5  t o  0 . 9  t  o z  A u / t  a n d  0 . 0 1  t o  0 . 0 3  t  o z  P t / t .  M e t a l  r e c o v e r i e s  
wer e  n e g l i g i b l e  s u g g e s t i n g  m o s t  o f  t h e  p l a t i n u m  a n d  g o l d  were 
i n t e r l o c k e d  w i t h  o t h e r  m i n e r a l s  a n d  t h u s  f a i l e d  t o  c o n c e n t r a t e .

I N T E R P R E T A T I O N  

L I T T O R A L  C U R R E N T S  AND  S E D I M E N T  T R A N S P O R T

B a t h y m e t e r i c  m a p p i n g ,  l o w  f r e q u e n c y  a c o u s t i c s  ( f i g .  1 6 ) ,  a n d  v i s u a l  
o b s e r v a t i o n s ,  r e v e a l  a s m o o t h e d  s e a f l o o r  w h e r e  s e d i m e n t  i s  a c c u m u l a t i n g  
i n  d e p r e s s i o n s  a n d  a r o u n d  o b s t a c l e s  s u c h  a s  i c e - r a f t e d  b o u l d e r s .  O n  a 
b r o a d e r  s c a l e ,  m o b i l e  s a n d  a n d  f i n e  g r a v e l  d e r i v e d  f r o m  n o n - l o c a l  
l i t h o l o g i e s  a n d  t r a n s p o r t e d  f r o m  f u r t h e r  o f f s h o r e ,  a r e  a c c u m u l a t i n g  
w i t h  c a r b o n a c e o u s  m uds  b o t h  n o r t h  a n d  s o u t h  o f  F l a t  C a p e .  B e d r o c k  i s  
r e l a t i v e l y  s h a l l o w  a l o n g  t h i s  p o r t i o n  o f  t h e  c o a s t  a n d  o u t c r o p  i s  
e x p o s e d  a t  o r  n e a r  se a  l e v e l  a t  t h e  b a s e  o f  R e d  M o u n t a i n .  A t  s a m p l e  
s i t e  3 5  u l t r a m a f i c  b e d r o c k  r u b b l e  was o b s e r v e d  i n  1 5  f t  ( 5  m) o f  w a t e r  
a t  t h e  b a s e  o f  t h e  d r o p o f f  b e y o n d  t h e  s u r f  z o n e .  B e d r o c k  s u r f a c e  d i p s  
t o  g r e a t e r  d e p t h s  b o t h  n o r t h  a n d  s o u t h  o f  t h i s  a r e a .  P r e v i o u s  
e x p l o r a t o r y  c h u r n  d r i l l i n g  h a s  shown t h a t  t h e  b e d r o c k  s u r f a c e  s l o p e s  t o  
m o r e  t h a n  1 0 0  f t  ( 3 0  m) b e l o w  se a  l e v e l  n o r t h  o f  R e d  M o u n t a i n  ( 6 )  a n d  
t o  20 0  f t  ( 6 0  m) s o u t h  o f  t h e  S a l m o n  R i v e r  ( 2 ,  2 1 ) .  T h e  t h i c k n e s s  o f

F I G U R E  1 5 .  -  SEM b a c k s c a t t e r  i m a g e  o f  a c c e s s o r y  h e a v y  m i n e r a l s  
i n c l u d i n g  g l o b u l e  m e r c u r y  ( H g )  a n d  p y r i t i z e d  
m i c r o o r g a n i s m  ( P y ) .  F r o m  s a m p l e  n o .  48 t a k e n  o f f s h o r e  
o f  F l a t  C a p e .  N o t e  i m a g e  i s  a p p r o x i m a t e l y  1 0 0 0  m i c r o n s  
a c r o s s .



T A B L E  2 .  -  S u m m a r y  o f  w e i g h t s ,  a s s a y s ,  a n d  p e r c e n t  r e c o v e r y  f o r  b e n e f l c l a t l o n  
t e s t  s a m p l e s .

S a m p l e
N u m b e r

W t - l b
raw

W t - l b
l a b

( - M

A s s a y s ,  t  02/ s t
H e a d

P t Au
C o n c e n t r a t e
P t Au

R e c o v e r y *  
P t  A u

A ( T o t a l )
A ( r e p r e s e n t a t i v e )

300
5 3 . 0 <0.001 < 0 . 0 0 0 8

A ( b u l k ) 1 4 9 . 4 <.001 . 0 0 3

B ( T o t a l )
B ( r e p r e s e n t a t i v e )

3 0 2
3 9 . 7

B ( b u l k ) 4 5 . 2

. 0 1 7 . 0 4 9

. 0 3 2 . 0 4 3

1 , 3 2 0 5 8 8  I . 0 0 0 9 6 1  . 0 0 1 0 5

. 1 5

5 . 2 5 3  0 . 8 3 4 1  4 2 . 0  1 6 . 3
( p a n  c o n  f r o m  t a b l e  c o n  f r o m  

- 2 8 - m e s h )
. 0 5 6 1  3 . 2 7  | . 2 5  | 1 6 . 0

( f l o  c o n  f r o m  t a b l e  c o n  f r o m  
- 2 8 - m e s h )
1 . 3 9 2 1  1 9 . 8 3  | 1 . 7  | 2 3 . 6

( p a n  c o n  f r o n  n o n - m a g - t a b l e  
c o n  f r o m  + 2 8 - m e s h )

. 0 5 8 1  9 . 0 8 5 1  . 1 3  | 2 0 . 0
( a m a l g a m  f r o m  h i g h - g r a d e  

t a b l e  c o n  f r o m  - 2 8 - m e s h )  
1 3 . 9 3  | . 1 4 6 1  1 4 . 3 4  |

( p a n  c o n  f r o m  h i g h - g r a d e  
t a b l e  c o n  f r o m  - 2 8 - m e s h )
1 . 4 4  | 1 2 . 5  | 3 . 2  | 2 7 . 6

( f l o  c o n  f r o m  c l e a n e r  t a b l e  
c o n  f r o m  - 2 8 - m e s h )

I I I
. 6 3 9 1  4 4 . 1 8  | . 0 6  | 6 . 7

( p a n  c o n  f r o m  t a b l e  c o n  f r o m  
+ 2 8 - m e s h )

4 9 4 . 2  1 2 6 9 . 5  I 9 5 . 4 5  | 8 2 . 3 2
( p a n  c o n  f r o m  h i g h - g r a d e  

t a b l e  c o n  f r o m  - 2 8 - n i e s h )  
. 8 8 1 1  3 6 . 4  | . 1 2  | 7 . 8 5

( f l o  c o n  f r o m  t a b l e  c o n  f r o m  
- 2 8 - m e s h )

3 3 . 6 9  | 1 0 . 7 3  | 2 . 1 9  | . 8 2
( p a n  c o n  f r o m  h i g h - g r a d e  

t a b l e  c o n  f r o m  + 2 8 - m e s h )
8 . 3 4  | 2 . 8 6  | 9 . 3 6  | 3 . 8 0

( p a n  c o n  f r o m  t a b l e  c o n  f r o m  
+ 2 8 - m e s h )

5 0 . 9 7  | 4 5 . 3 6  I 7 5 . 6 4  | 7 9 . 7 0  
( p a n  c o n  f r o m  h i g h  a r a d e  t a b l e  

c o n  f r o m  - 2 8 - m e s h )
2 . 5 9 4 1  . 6 8  | 5 . 8 2  | 1 . 8 1

( p a n  c o n  f r o m  t a b l e  c o n  f r o m  
- 2 8 - m e s h )

. 5 7 8 1  3 6 . 7  | . 1 5  I 1 1 . 6 9
( f l o  c o n  f r o m  t a b l e  c o n  f r o m  

- 2 8 - m e s h )
. 0 3  I 0 . 9  I . 5 3  I . 2 9



T A B L E 3 .  -  P I i c t r  t t s t  p r o d u c t  d i s t r i b u t i o n  o f  s a t p l t  A .

We a n t flu __ _ P t
S i n p l t  1 S a a p l t  I i A c t u a l U n i t 0 1 s t  X C a l c A c t u a l • U n i t 01 s t  1 C a l c .
Mesh  S i z e  P r o d u c t  1 l b s 0 1 s t A s s a y wt A u o f  Au I o z / t o n A s s a y wt P t o f  P t o z / t o n
f t i p r t s a n t a t l v e  5 a * p l t  A :

♦28 I Pan  c o n - t a b i t  c o n  1 0 . 0 2 7 0 . 0 5 1 5 0 . 0 2 8
1

0 . 3 4 7 2 1  . 7 8 0 5 2 1 .4 9 7 6 . 1 6 2 8 5 . 6 6 3 2
I P i n  t a l l - t a b l t  c o n  1 . 2 5 . 4 7 1 4 . 0 0 1 . 1 1 3 5 1  . 2 5 5 1 5 1 .0 0 2 . 2 2 7 . 2 0 8 6
I F l o  c o n - t a b l e  t a l l  1 . 0 2 3 .0 4 2 8 . 0 2 8 . 2 8 8 4 1  .6 4 8 3 3 1 . 0 2 . 2 0 6 . 1 8 9 3
( F l o  t a l l - t a b l t  t a l l l 1 6 . 3 3 0 . 7 2 7 3 . 0 0 1 5 . 9 1 8 4 1  1 3 . 3 0 4 8 1 .0 0 3 2 2 . 1 9 4 2 0 .3 9 4 7

♦28 1 T O T A L  1 1 6 . 6 8 1 . 2 9 5 . 6 6 7 5 2 8 . 7 8 9 8 2 6 .4 6 0 . 0 0 3 8 2

• 2 8  I Pan  c o n - t a b l t  con  1 . 0 1 9 . 0 3 6 1 . 8 3 4 7 . 2 5 5 8 1  1 6 . 3 1 1 3 3 1 5 . 2 5 3 4 5 . 7 0 1 1 4 1 . 9 9 6 1
1 P i n  t a l l - t a b l a  c on  1 3 .3 2 6 6 . 2 7 3 4 . 0 0 1 1 . 5 1 0 4 1  3 .3 9 5 4 4 1 .0 0 2 3 . 0 2 0 8 2 . 7 7 5 9
1 F l o  c o n - t a b l t  c on  1 . 0 1 0 .0 2 0 4 3 . 2 7 1 6 . 0 2 3  1 3 6 .0 2 0 3 4 1 . 0 5 6 .2 7 4 4 . 2 5 2 1 5
1 F l o  t a l l - t a b l t  c o n  1 2 2 .4 2 7 4 2 . 2 9 0 1 . 0 0 1 1 1 . 1 4 5 6 1  1 8 . 3 1 1 6 3 1 . 0 0 2 2 0 . 3 6 4 1 8 . 7 1 3 0 9
1 F l o  c o n - t a b l t  t a l l  1 . 0 2 2 .0 4 2 . 1 0 1 1 . 0 2 0 1 1  2 . 2 9 3 2 3 1 . 1 0 1 1 . 0 2 0 1 . 9 3 7 4
1 F l o  t a l l - t a b l t  t a l l ! . 1 0 . 6 2 9 2 0 .0 4 4 6 . 0 0 1 . 1 . 8 6 0 8 1  8 . 6 7 9 2 3 1 .0 0 2 9 . 6 5 2 8 . 8 6 9 5

- 2 8  1 T O T A L  1. 3 f . 4 3 5 6 8 . 7 1 3 / 7 8 1 5 7 8 0 . 0 3 2 4 “ 73'. 54 ' . 0 0 4 3 1
SAM PLE  T O T A L  1. 5 3 . 0 3 1 1 0 0 . 0 4 4 .4 8 3 2 I M H i M M i K . T . m M 1 0 8 . 8 2 2 2 T O O ■ .004” 52
B u l k  S a t p l t  A :  1

♦28 i P a n  e o n - n o n - u g -  1
1 t a b l e  c o n .0 0 5 .0 0 4 1 9 . 8 3 5 3 . 5 4 1 2 3 . 6 3 3 7 7 1 . 3 9 2 3 . 7 5 8 4 1 . 6 8 3 2
I P a n  t a 1 l - n o n - « a g -  1
1 t a b l t  c on 1 . 8 1 1 1 . 2 1 3 . 0 0 1 . 8 2 2 6 . 3 6 3 1 1 . 0 0 3 2 . 4 6 7 8 1 . 1 0 5 2
I K a g  s a p  c o n - 5 . 9 4 3 . 9 7 6 8 . 0 0 1 2 . 6 9 7 1 . 1 9 0 4 9 .0 0 3 8 . 0 9 1 0 3 . 6 2 3 5
I t a b l t  c o n  i
I P a n  c o n - n o n - n a g  1
I ( h a n d  t a g )  f r a c  1
1 o f  t a b l t  c o n  ! .0 4 2 . 0 2 8 2 .0 4 4 . 8 4 0 4 . 3 7 0 9 6 . 0 6 3 1 . 2 0 3 3 . 5 3 8 9
I P a n  t a l l - n o n - u g  1
I ( h a n d  n a g )  f r a c  1 1
1 o f  t a b l t  c o n . 1 2 1 . 0 8 1 4 .0 4 8 2 . 6 4 9 6 1 . 1 6 9 5 7 . 0 0 2 . 1 1 0 4 .0 4 9 4
I H a n d  a a g  c o n - t a b l t  1
1 c o n  1 1 . 5 0 2 1 . 0 0 5 6 . 0 0 1 . 6 8 2 . 3 0 1 0 4 .0 0 4 2 . 7 2 8 0 1 . 2 2 1 7
1 F l o  c o n - t a b l t  t a l l  1 . 0 4 5 .0 3 0 7 . 0 2 1 . 4 3 6 8 . 1 9 2 8 1 . 0 1 0 . 2 0 1 8 .0 9 0 4
1 F l o  u l l - t a b l t  t a l l l 6 0 . 8 1 4 4 0 . 7 1 2 . 0 0 1 2 2 . 0 8 8 9 . 7 4 9 3 6 . 0 0 2 5 5 . 2 2 0 0 2 4 .7 2 9 9

♦28 1 T O T A L  I ] 7 0 . 2 8 5 4 7 . 0 5 8 3 . 7 5 7 4 ” 3 6 . 9 7 . 0 0 2 6 2 > 3 . 7 8 0 7 3 3 .0 4 . 0 0 2 3 f
- 2 8  | A * a l g a » - h 1 g h - g r a d t  I 1 1

1 t a b l t  c o n  1 ( . 0 1 1 ) 9 . 0 8 5 4 5 .3 4 6 9 2 0 . 0 1 6 7 7 . 0 5 8 . 2 8 9 5 1 . 1 2 9 7 1
I P a n  c o n - h l g h - g r a d i  1
1 t a b l t  c o n  1 . 0 0 5 .0 0 3 4 . 1 4 6 . 3 3 5 8 . 1 4 8 2 3 1 3 . 9 3 3 2 . 0 3 9 1 4 . 3 4 8 5 I
I P a n  t a 1 1 - h i g h - g r a d o 1
I t a b l t  c o n  1 . 7 5 5 . 5 0 5 8 . 0 1 8 6 . 1 7 4 2 . 7 2 5 2 9 . 0 8 1 2 7 . 7 8 3 1 2 . 4 4 2 4 |
I F l o  c o n - t a b l t  t a l l  1 . 0 3 5 . 0 2 3 7 m - - . _

1 F l o  t a l l - t a b l t  t a l l l 2 8 . 7 7 5 1 9 . 2 6 3 4 . 0 0 1 1 0 . 4 5 1 2 4 . 6 1 3 3 1 . 0 0 1 1 3 . 0 6 4 5 . 8 5 0 6
1 F l o  c o n - c l  t a b l t  1
1 c o n  1 . 0 1 1 .0 0 7 4 1 2 . 5 6 2 . 5 2 7 . 5 8 8 4 1 . 4 4 7 . 2 3 .2 2 4 5
1 F l o  t a 1 l - c 1  t a b l t  1
1 c o n  i 2 6 . 6 3 8 1 7 . 8 3 3 1 . 0 0 1 9 . 6 7 5 2 4 .2 7 0 7 7 . 0 0 4 4 8 .3 7 6 2 1 . 6 6 4 9
j F l o  c o n - c l  t a b l t  I
1 t a l l  1 . 0 0 8 . 0 0 5 9 m . . . • m

I F l o  t a l l - c l  t a b l t  1
1 t a l l  1 . 2 2 . 8 6 3 1 5 . 3 0 5 7 . 0 0 1 8 . 3 0 4 3 . 6 6 5 5 1 . 0 0 2 2 0 . 7 6 9 . 2 9 7 2

- 2 8  I T O T A L  1 > 9 . 0 9 3 5 2 . 9 5 U 2 . 7 8 7 1 6 3 . 0 3 .0 0 3 9 8 1 4 5 . 5 1 1 5 5 6 . 9 6 . 0 0 4 1 6
SAMPLE T O T A L  I I 4 9 7 3 7 B I l o o . o 2 2 6 .5 4 4 5 l f o . O .0 0 3 3 4 2 2 3 . 2 9 2 2 mo ■ .0 0 3 2 9
-  f r o n .  C l  c l t a n t r .  C o n  c o n c t n t r a t t . F l o  f l o t a t i o n . T a l l  t a i l s .



.

1 0 . 7 3 7.511 . 8 2 4 7 9

. 1 1 9 1 5

33.69

. 02

2 3 . 5 8 3

2 . 1 7 0
1 0 0 . 9 2 6

3 . 2 2 8

2 . 1 9

. 2 0 1 2 7  
9 . 3 6  

. 2 9 9 4 1

T A 8 L E  4 .  -  P U c « r  t a s t  p r o d u c t  d i s t r i b u t i o n  o f  s a m p le  8 .

S a n p l *  I S a m p l*
Mesh S 1 : «  I P r o d u c t __________
R e p r e s e n t a t i v e  S a m p l e  B :

+ 2 8  I P a n  c o n - t a b l *  c o n
I T a b ! *  c o n  
I F l o  c o n  
I F l o  t a l l  

+ 2 8  I T O T A L

• 2 8  I P a n  c o n - h l g h - g r a d *
j t a b l *  c o n  
I P a n  t a l l s - h l g h -  
I g r a d *  t a b ] *  c o n  
I P a n  c o n - t a b l *  c o n  
I F l o  c o n - t a b l *  c o n  
I F l o  t a l l - t a b l *  c o n  
I F l o  c o n - t a b l o  t a l l  
I F l o  t a l l - t a b l *  t a l l  

- 2 8  I T O T A L
SAM PLE T O T A L
B u l k  S a m p le  8 :

+ 2 8  I P a n  c o n - h l g h - g r a d *
I t a b l *  c o n  
I P a n  t a l l - h l g h - g r a d *  
I t a b l *  c o n  
I P a n  c o n - t a b l *  e o n  
j P a n  t a l l - t a b l *  c o n  
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P r o d u c t s  o f  f l o t a t i o n .





l i t t o r a l  d r i f t  a n d  l a g  d e p o s i t s  n o r t h  a n d  s o u t h  o f  F l a t  C a p e  s h o a l  1 s  
u n k n o w n  a n d  l i k e l y  o v e r l i e s  g l a c i a l  o u t w a s h  o r  t i l l  t h a t  wa s  b e l o w ,  a n d  
u n a f f e c t e d  b y  t h e  t r a n s g r e s s i o n .

D a t a  c o l l e c t e d  f r o m  t h e  two c u r r e n t  m e t e r  s t a t i o n s  I n d i c a t e  t h a t  
c u r r e n t s  r e g u l a r l y  r e v e r s e  w i t h  t h e  c h a n g e  o f  t i d e s  a n d  f l o w  p a r a l l e l  
t o  t h e  s h o r e l i n e  1 n  b o t h  d i r e c t i o n s .  L o n g s h o r e  c u r r e n t  h a s  two 
p r i n c i p a l  c o m p o n e n t s ;  t h e  SW l i t t o r a l  c u r r e n t ,  a n d  t h e  t i d a l  c u r r e n t .  
T h e  n o r t h w a r d  c u r r e n t  1 s  s t r o n g e s t  wh en  t h e  t i d e  1 s  r i s i n g  a n d  1 s  a b o u t  
1 0  X s t r o n g e r  t h a n  t h e  s o u t h w a r d ,  o r  e b b - t i d e  c u r r e n t  ( t a b l e  6 ) .  N o t e  
t h a t  c u r r e n t  m e t e r  s t a t i o n  C M - 2  r e c o r d s  a p e r s i s t e n t l y  g r e a t e r  c u r r e n t  
v e l o c i t y  a p p a r e n t l y  d u e  t o  t h e  s h a l l o w e r  d e p t h s  a c r o s s  t h e  F l a t  C a p e  
s h o a l .  S o u t h w e s t  s t o r m  w i n d s  a c c e n t u a t e  t h e  l i t t o r a l  c u r r e n t  a n d  w i l l  
l i k e l y  c a u s e  h i g h e r  t i d e s  t h a n  n o r m a l  a n d  c o n s e q u e n t l y  e v e n  s t o n g e r  
n o r t h w a r d  c u r r e n t s  n o r t h  o f  F l a t  C a p e .  V e l o c i t y  d a t a  f o r  b o t h  s t a t i o n s  
a r e  c o m p i l e d  1 n  f i g u r e  1 7 .

T h e r e  1 s  a p r o n o u n c e d  1 0 -  t o  1 6 - f t  ( 3 -  t o  5 - m ) - d e e p ,  w e l l - s h i n g l e d  
d r o p o f f  j u s t  o u t s i d e  o f  t h e  s u r f  z o n e  w h e r e  t h e  o c e a n  s w e l l s  I m p a c t  t h e  
c o a s t  ( f i g .  2 ) .  F r o m  F l a t  C a p e  t o  G o o d n e w s  B a y ,  m o s t  l o n g s h o r e  
s e d i m e n t  t r a n s p o r t  was t o  t h e  n o r t h  e i t h e r  1 n  1 )  a z o n e  2 0 0 -  t o  5 0 0 - f t  
( 6 0 -  t o  l 5 0 - m ) - w 1 d e  I m m e d i a t e l y  o u t s i d e  t h e  3 -  t o  5 - m  d r o p o f f ,  o r  2 )  1 n  
t h e  sw ash  z o n e  o n  t h e  b e a c h .  I n  c e r t a i n  w a v e - s u r g e  c o m b i n a t i o n s ,  f i n e r  
g r a i n e d  m a t e r i a l  1 s  e r o d e d  f r o m  t h e  b a s e  o f  t h e  d r o p o f f  b y  o r b i t a l  
s u r g e ,  c a r r i e d  1 n  s u s p e n s i o n ,  a n d  s u b s e q u e n t l y  d e p o s i t e d  o n  t h e  b e a c h .  
P r e v i o u s  I n v e s t i g a t o r s  d e s c r i b e d  t h e  f u r t h e r  t r a n s p o r t  o f  s e d i m e n t  
a l o n g  t h e  b e a c h  a n d  u l t i m a t e  d e p o s i t i o n  i n  t h e  l o w - e n e r g y  z o n e s  a t  
G o o d n e w s  a n d  C h a g v a n  B a y s  ( 1 1 - 1 2 ) .

I n  s u m m a r y ,  s e d i m e n t  f r o m  n o n - l o c a l ,  p r o b a b l y  n o n - P G M - b e a r i n g  a r e a s ,  
i s  b e i n g  d e p o s i t e d  o n ,  a n d  1 s  i n  n e t  o n e - w a y  t r a n s p o r t  o v e r ,  t h e  
p r e - t r a n s g r e s s 1 o n  l a n d  s u r f a c e .  O n l y  w h e r e  t h e  w a v e - c u t  s c a r p  i s  
a c t i v e l y  e r o d i n g  I n t o  t h e  p r e g l a c i a l  s u r f a c e  a l o n g  t h e  b a s e  o f  a n  
u n d e r w a t e r  d r o p o f f ,  a r e  l o c a l l y - d e r i v e d  m a t e r i a l s  ( i n c l u d i n g  PG M)  p a r t  
o f  t h e  l i t t o r a l  d r i f t .  T h i s  c o n d i t i o n  was o b s e r v e d  a t  t h e  b a s e  o f  t h e  
3 -  t o  5 - m  d r o p o f f  n e a r  l a t  5 8 ° 5 4 '  ( s a m p l e  n o .  3 5 ,  b e d r o c k  r u b b l e  
e x p o s e d  u n d e r w a t e r )  a n d  e x t e n d s  a t  l e a s t  i n t e r m i t t e n t l y  n o r t h  p a s t  R e d  
M o u n t a i n  t o  l a t  5 8 ° 5 6 . 5 . '  T h e  l o c a l l y - d e r i v e d  m a t e r i a l s  e n t r a i n e d  1 n  
l i t t o r a l  t r a n s p o r t  a r e  d e p o s i t e d  e i t h e r  i n  a  v e r y  n a r r o w  z o n e  a t  t h e  
b a s e  o f  t h e  d r o p o f f  o r  o n  t h e  b e a c h .  A s  t h e  c o a s t l i n e ,  I n c l u d i n g  t h e  
o f f s h o r e  d r o p o f f ,  c o n t i n u e s  t o  r e c e d e ,  a w a v e - c u t  p l a t f o r m  i s  l e f t  
w h i c h  1 s  r a p i d l y  m a n t l e d  b y  m o b i l e  f 1 n e - g r a 1 n e d ,  w e l l - s o r t e d  s e d i m e n t  
f r o m  o f f s h o r e .  T h e  b r o a d  s u b d u e d  s h o a l  e x t e n d i n g  s o u t h w e s t e r l y  o f f  o f  
F l a t  C a p e  I s  I n t e r p r e t e d  a s  b e i n g  a w a v e - c u t  p l a t f o r m .  T h e  PGM v a l u e s  
1 n  s a m p l e s  f r o m  o n  t o p  o f  t h e  s h o a l  ( f i g .  1 8 )  s h o w  t h a t  m i x i n g  o f  l o c a l  
s e d i m e n t s  e x p o s e d  t h e r e  o c c u r r e d  a s  t h e  s c a r p  h a s  a d v a n c e d  e a s t w a r d  t o  
i t s  p r e s e n t  p o s i t i o n .

M A G N E T I C S

T h e  c o n t o u r e d  m a g n e t o m e t e r  d a t a  1 n  f i g u r e  1 9  I n d i c a t e s  a 
s o u t h w e s t - t r e n d l n g  f e a t u r e  s t r i k e s  o f f s h o r e  a b o u t  3 m l  ( 5  km) t o  t h e  
s o u t h w e s t  o f  R e d  M o u n t a i n .  T h e  c r o s s - s t r u c t u r e ,  NW t o  S E  d i p o l e  
a r r a n g e m e n t ,  1 s  I n d i c a t i v e  o f  a  s t r u c t u r e  w i t h  a  s o u t h e a s t e r l y  d i p .  
O n s h o r e ,  t h e  G o o d n e w s  B a y  u l t r a m a f l c  c o m p l e x  i s  I n t e r p r e t e d  o n  t h e  
b a s i s  o f  g r a v i t y  a n d  m a g n e t i c  d a t a  a n d  g e o l o g i c  m a p p i n g ,  a s  a 
c o n v o l u t e d  s 1 l 1 - 1 1 ke b o d y  t h a t  a l s o  d i p s  s o u t h e a s t  a n d  I n c l u d e s

3 5



T A B L E  6 . -  W e i g h t e d  a v e r a g e  d i r e c t i o n  a n d  m a x im u m  v e l o c i t y  f r o m  
c u r r e n t  m e t e r  s t a t i o n s .  S t a t i o n  s i t e s  a r e  shown 1 n  
1 n  f i g u r e  2 .

S t a t i o n  R i s i n g  t i d e  E b b  t i d e  V e l o c i t y ^  
d i r e c t i o n  d i r e c t i o n  ( N : S )  

cm"T 5  ̂ rtfs  0 7 7 (3 7 7 3
CM 2 3 5 3 °  1 7 5 0  1 ; 0 . 8 4

- ^ V e l o c i t y  I s  c a l c u l a t e d  a s  t h e  a v e r a g e  o f  t h e  m a x im u m  v e l o c i t i e s  
o v e r  t h e  I n t e r v a l  o f  t i m e  t h a t  d a t a  we r e  c o l l e c t e d ;  s t r o n g e s t  
a v e r a g e  v e l o c i t y  e q u a l s  1 . 0 .

F I G U R E  1 7 .  -  N o r t h  a n d  s o u t h  d i r e c t e d  c u r r e n t  v e l o c i t y  d a t a  c o l l e c t e d  
a t  c u r r e n t  m e t e r  s t a t i o n s  f r o m  A u g .  2  t o  8 ,  1 9 8 5 .

u l t r a m a f i c  r o c k  a t  b o t h  S u s i e  a n d  R e d  M o u n t a i n s  ( 2 - 3 ,  2 7 ) .  T h e  
s o u t h w e s t  t r e n d i n g  d i p o l e  o f f s h o r e  o f  R e d  M o u n t a i n  1 s  I n t e r p r e t e d ,  
t h e r e f o r e ,  a s  a n  e x t e n s i o n  o f  t h e  G o o d n e w s  B a y  u l t r a m a f i c  c o m p l e x .

F u r t h e r m o r e ,  t h e  s i m i l a r ,  b u t  o f f s e t  d i p o l e  i n  t h e  w e s t  c e n t r a l  p a r t  
o f  t h e  m a g n e t o m e t e r  s u r v e y  1 s  s u g g e s t i v e  o f  e i t h e r  f a u l t  d i s p l a c e m e n t ,  
o r  a n  a d d i t i o n a l  c o n v o l u t e d  f o l d  s i m i l a r  t o  t h a t  I n t e r p r e t e d  b y  
S o u t h w o r t h  a n d  F o l e y  ( 2 )  b e t w e e n  S u s i e  M o u n t a i n  a n d  R e d  M o u n t a i n .  T h e  
o f f s e t  1 s  p a r t  o f  a 1 0 - m i  ( 1 6 - k m ) - l o n g  l i n e a r  f e a t u r e  r e p r e s e n t i n g  a 
m a j o r  l l t h o l o g y  c h a n g e  o r  d i s r u p t i o n  1 n  b e d r o c k .  I n  e i t h e r  c a s e  t h e  
s t r u c t u r e  o f  t h e  u l t r a m a f i c  c o m p l e x  a p p e a r s  o p e n  t o  t h e  w es t  o f  t h e  
s u r v e y .  T h e  d e c r e a s i n g  m a g n i t u d e  1 n  t o t a l  f i e l d  r e a d i n g s  a l o n g  s u r v e y  
l i n e s  f u r t h e r  f r o m  s h o r e  l i k e l y  c o r r e l a t e s  t o  a n  I n c r e a s i n g  d e p t h  t o  
b e d r o c k .
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FIGU RE 18. -  Contoured v a lu e s  of Pt and Au sa m ple  analysis .





L E G E N D

«*»■■■»» B l o c k  sand accumu la t ion

Modern beach sand and g r ove l

High energy s e d im e n t ,  we l l - s o r t e d ,  t ranspor t  t oward sho re 

I c o - r a f t e d  bou l de r s  f rom Red Mount a i n> 7

M f t

Lag depos i t s ,  r ewor ked ,  mixed ti l l , bedrock ,  a l l u v i um ,  and d r i f t  

P a l e o  a l l u v i a l  channe l  depos i t s  

G l ac i a l  t i l l ,  outwash,  c l oy be ds ,  l ake s ed imen t s  

P r e - g l a c i a l  s u r f o ce ,  und i v i ded  

U l t r am a f i c  —  bed r ock  and rubb le  ( " f  M  

MiPzu -  und i v i ded ,  me t avo l c an l c  and r ubb l e (-+—+“ )

Locat ion of 
cross-sect ions.

F I G U R E  2 0 .  -  L e g e n d  a n d  l o c a t i o n  map  o f  c r o s s - s e c t i o n s  2 0 - A - D  o f  t h e  
c o a s t l i n e  a n d  s e a f l o o r  n e a r  R e d  M o u n t a i n .  .

T h e  I n t e r p r e t e d  o f f s h o r e  e x t e n s i o n  o f  t h e  u l t r a m a f i c  b e d r o c k  l i e s  t o  
t h e  n o r t h  o f  t h e  n o r t h w e s t e r n  m a r g i n  o f  t h e  F l a t  C a p e  s h o a l .  T h e  s h o a l  
l i k e l y  1 s  u n d e r l a i n  b y  t h e  same  r e s i s t a n t  m e t a v o l c a n l c  r o c k s  t h a t  f o r m  
t h e  h a n g i n g  w a l l  t o  t h e  u l t r a m a f i c  c o m p l e x  o n s h o r e .  T h e s e  r o c k s  a r e  
w e l l - e x p o s e d  a t  T h o r s e n  M o u n t a i n  1 m m e d 1 a t l y  s o u t h  o f  R e d  M o u n t a i n ,  a n d  
a l s o  f o r m  t h e  s u m m i t  a n d  S E  f l a n k  o f  S u s i e  M o u n t a i n .
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Geologic and magnetic cross-sections A - A,'FIGURE 20-A. - of seafloor offshore Dead Walrus Creek.



FIGURE 20-B. - Geologic and magnetic cross-sections B - B,' of seafloor juth of Cabin Creek.



FIGURE 20-C. - Geologic and magnetic cross-sections C - C,' of seafloor offshore Thorsen Mountain.



F I G U R E  2 0 - D .  -  G e o l o g i c  a n d  m a g n e t i c  c r o s s - s e c t i o n s  D  -  D , '  o f  s e a f l o o r  o f f s h o r e  F l a t  C a p e .

Maofta 0 3 .I6 Z  qommai

Ica ia  O i t | t  
u  aactiaa
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S e v e r a l  m o re  l o c a l i z e d  f e a t u r e s  w e r e  e x a m i n e d  1 n  c l o s e r  d e t a i l .  A 
s i n u o u s  m a g n e t i c  h i g h  1 n  t h e  v i c i n i t y  o f  l a t  5 8 ° 5 7 ' a n d  l o n g .  1 6 1 ° 4 7 *  
t w i c e  c r o s s e s  t h e  b e a c h .  M o r e  a b u n d a n t ,  c o a r s e r - g r a i n e d  P G M ,  u p  t o  3 . 0  
mm,  was f o u n d  1 n  s a m p l e s  f r o m  t h e  s i t e s  w i t h i n  t h e  s o u t h e r n  l o b e  o f  t h e  
a n o m a l y .  S u b s e q u e n t  a u g e r  d r i l l i n g  t o  a d e p t h  o f  1 8  f t  ( 5 . 5  m ;  s a m p l e  
n o .  7 7 )  e n c o u n t e r e d  f 1 n e - g r a 1 n e d ,  m a g n e t l t e - r l c h  o l i v i n e  s a n d ,  a n d  
g r e e n  c l a y .  I n  1 9 8 2 ,  B o n d ,  a n d  1 n  1 9 8 4 ,  U l r i c h  ( 1 1 - 1 2 )  a l s o  n o t e d  
h i g h e r  c o n c e n t r a t i o n s  o f  PGM a n d  h i g h e r  a m p l i t u d e  g r o u n d  m a g n e t i c s  a t  a 
b e a c h  s i t e  ( r e f e r r e d  t o  a s  D e a d  W a l r u s  C r e e k )  t h a t  c o i n c i d e s  w i t h  t h e  
n o r t h e r n  l o b e  o f  t h e  f e a t u r e .  A d d i t i o n a l l y ,  w i t h i n  t h e  n o r t h e r n  l o b e ,  
M e r t l e  ( 6 )  r e p o r t e d  a  m 1 d - l 9 3 0 s  d r i l l  l o c a t i o n  n e a r  t h e  m o u t h  o f  t h e  
f i r s t  c r e e k  s o u t h  o f  L a s t  C h a n c e  C r e e k  ( p r e s u m a b l y  D e a d  W a l r u s  C r e e k )  
t h a t  e n c o u n t e r e d  u l t r a m a f i c  b e d r o c k  a t  a d e p t h  o f  94 f t  ( 3 0  m ) .

T h e  s i n u o u s  a n o m a l y  a n d  s p a t i a l l y  a s s o c i a t e d  PGM c o n c e n t r a t i o n s  a r e  
s u g g e s t i v e  o f  a m a g n e t i t e - b e a r i n g  c h a n n e l  o r  w e l l - d e v e l o p e d  
p a l e o - s t r a n d l l n e ,  t h e  l a t e r  I n d i c a t e d  b y  t h e  f 1 n e - g r a 1 n e d  h e a v y  
m i n e r a l s  f r o m  t h e  a u g e r  h o l e .  I t  1 s  l i k e l y  t h a t  t h e  w a v e - c u t  s c a r p  a t  
t h e  b a s e  o f  t h e  o f f s h o r e  d r o p o f f  1 s  e n c r o a c h i n g  u p o n  t h i s  b u r l e d  
f e a t u r e  a n d  s u p p l i n g  t h e  PGM t o  t h e  n o r t h w a r d  l i t t o r a l  d r i f t  ( s a m p l e  
n o s .  1 1 ,  1 3 )  a n d  l o c a l  b e a c h .  T h e  a b r u p t l y  t e r m i n a t e d  e n d s  o f  t h e  
f e a t u r e  m ay  c o r r e s p o n d  t o  t r u n c a t i o n  r e s u l t i n g  f r o m  o n e  o f  t h e  g l a c i a l  
e p i s o d e s .  A l t e r n a t i v e l y ,  d u e  t o  t h e  m a g n i t u d e  o f  t h e  a n o m a l y  
( f i g .  1 9 ) ,  t h i s  f e a t u r e  m ay  r e p r e s e n t  n e a r  v e r t i c a l  d i p p i n g  m a g n e t i c  
d 1 k e ( s )  o r  m a g n e t i c  o u t e r  z o n e s  t o  t h e  c o m p l e x  p e r h a p s  w i t h  PGM 
e n r i c h m e n t .  I n  e i t h e r  c a s e ,  1 t  h a s  l o c a l l y  b e e n  n o t e d  t h a t  PGM h a s  a n  
a f f i n i t y  f o r  m a g n e t i t e  1 n  t h e  u l t r a m a f i c  c o m p l e x .

Two m a g n e t o m e t e r  l i n e s  were  p l a c e d  E - W  a c r o s s  t h e  S o u t h  S p i t  o f  
G o o d n e w s  B a y  ( f i g .  3 ) .  T h e  m a g n e t i c  g r a d i e n t  f r o m  w e s t  t o  e a s t  a c r o s s  
t h e  s p i t  was  r e l a t i v e l y  f l a t  e x c e p t  f o r  a p r o n o u n c e d  2 5 0  gamma r i s e  
a p p r o a c h i n g  t h e  e a s t e r n  s h o r e .  C a u s e  o f  t h e  a n o m a l y  I s  u n k n o w n ,  
h o w e v e r  I t s  l o c a t i o n  c l o s e l y  c o i n c i d e s  w i t h  a n  a e r i a l  p h o t o  l i n e a r  t h a t  
m a r k s  t h e  b l u f f  s c a r p  n o r t h w a r d  f r o m  t h e  v i l l a g e  c e m e t e r y  ( l a t  5 8 °  5 9 , '  
l o n g  1 6 1 °  4 7 . 5 ' )  a n d  c o n t i n u e s  n o r t h  t o  t r a c e  t h e  l o w e r  c o u r s e  o f  t h e  
S m a l l s  R i v e r .  M a g n e t i t e  c o n c e n t r a t i o n s  a l o n g  a n  a n c i e n t  w a v e - c u t  
s c a r p ,  p e r h a p s  f a u l t  r e l a t e d ,  1 s  a  p o s s i b l e  I n t e r p r e t a t i o n .

C O A S T A L  G E O L O G Y

G e o l o g i c  m a p p i n g  o f  s e d i m e n t s  1 n  r e l a t i o n  t o  b e d r o c k  s o u r c e s  a n d  
l i t t o r a l  p r o c e s s e s  d i s t i n g u i s h e d  s i x  m a p  u n i t s  o v e r l y i n g  t h e  p r e g l a c i a l  
s u r f a c e  c o m p r i z i n g  u l t r a m a f i c  a n d  m e t a v o l c a n l c  b e d r o c k  a n d  c o l l u v l u m :  
( 1 )  t i l l  o f  d i s t a l  o r i g i n  a n d  a s s o c i a t e d  g l a c l o f l u v l a l  o u t w a s h ,  l a k e  
b e d s ,  p e a t  b o g ,  a n d  c l a y  d e p o s i t s ,  ( 2 )  p a l e o - a l l u v l a l  c h a n n e l  s e d i m e n t  
o f  l o c a l  d e r i v a t i o n ,  ( 3 )  l a g  d e p o s i t s  l e f t  b e h i n d  t h e  r e c e d i n g  
c o a s t l i n e ,  ( 4 )  u l t r a m a f i c  b o u l d e r  f i e l d s  d u e  t o  1 c e - r a f t 1 n g  n e a r  R e d  
M o u n t a i n ,  ( 5 )  m o b i l e  s e a f l o o r  s e d i m e n t  f r o m  d i s t a n t  o f f s h o r e  s o u r c e s ,  
a n d  ( 6 )  b e a c h  s a n d  a n d  g r a v e l .  F i g u r e s  2 0 - A - D  s h o w  t h e s e  f e a t u r e s  a n d  
u n i t s  1 n  c r o s s - s e c t i o n  a l o n g  f o u r  a p p r o x i m a t e  E - W  l i n e s  w h e r e  
s u f f i c i e n t  I n f o r m a t i o n  1 s  a v a i l a b l e  f r o m  f i e l d  s t u d i e s .  L o c a t i o n  o f  
c r o s s - s e c t i o n s  I s  a l s o  sh ow n o n  f i g u r e  2  f o r  r e f e r e n c e  t o  r e g i o n a l  
g e o l o g y .  T h e  g e o l o g i c  c o n f i g u r a t i o n  o f  t h e s e  c r o s s - s e c t i o n s  h a s  
d e v e l o p e d  a s  t r a n s g r e s s i o n  o f  t h e  s e a  p r o g r e s s e d  f r o m  w e s t  t o  e a s t  o v e r  
t h e  l a s t  s e v e r a l  t h o u s a n d  y e a r s .
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D I S T R I B U T I O N  O F  PGM A N D  G O L D

S a m p l e s  c o n t a i n i n g  PGM a r e  g e n e r a l l y  c o n f i n e d  t o  a  z o n e  p a r a l l e l  t o  
s h o r e  a n d  a c r o s s  t h e  t o p  o f  t h e  F l a t  C a p e  s h o a l  ( f i g .  1 8 ) .  A n a l y t i c a l  
r e s u l t s  sh ow  t h a t  s e a f l o o r  s e d i m e n t s  o f  u n i t  5 p r e v i o u s l y  d e s c r i b e d ,  
g e n e r a l l y  a r e  b a r r e n  o f  p l a t i n u m ,  w h e r e a s  l a g  g r a v e l s  o f  u n i t  3 w h i c h  
h a v e  b e e n  m i x e d  w i t h  s e d i m e n t  f r o m  t i l l  ( u n i t  1 )  a n d  f r o m  m a t e r i a l s  
b e l o w  t h e  p r e g l a c i a l  s u r f a c e  g e n e r a l l y  c o n t a i n  a t  l e a s t  t r a c e s  o f  
p l a t i n u m .  T h u s ,  a s  p r e d i c t a b l e  f r o m  g e o l o g i c  o b s e r v a t i o n ,  PGM 1 s  f o u n d  
o n  t h e  s u r f a c e  o f  t h e  s e a f l o o r  o n l y  1 n  h i g h  e n e r g y  s e d i m e n t  t r a n s p o r t  
z o n e s  a n d  o n  t h e  s h o a l  w h e r e  f a s t  c u r r e n t s  d e t e r  s e d i m e n t  a c c u m u l a t i o n  
o f  u n i t  5 .  E l s e w h e r e ,  l a g  m a t e r i a l s  e x t e n d  o u t w a r d  a n d  o f f s h o r e  u n d e r  
u n i t  5 .  T h e  e x p o s u r e  o f  PGM t o  o c e a n  p r o c e s s e s  a t  t h e  b a s e  o f  t h e  
d r o p o f f  1 s  t h e  a p p a r e n t  s o u r c e  o f  t h e  f i n e - g r a i n e d  PGM t h a t  1 s  
s e a s o n a l l y  e n t r a i n e d  I n  t h e  b e a c h  s e d i m e n t  o f  u n i t  6 .  D u e  t o  t h e  r a p i d  
r a t e  o f  t r a n s g r e s s i o n ,  t h e  l a g  d e p o s i t s  t h a t  a r e  p r e s e n t l y  e x p o s e d  on  
t h e  s e a f l o o r  a r e  I m m a t u r e  a n d  p o o r l y  d e v e l o p e d  w h i c h  r e f l e c t s  I n  t h e  
r e l a t i v e l y  l o w  m e t a l  g r a d e s .

T h e  o c c u r r e n c e  o f  g o l d  ( f 1 g .  1 8 ) ,  o n  t h e  o t h e r  h a n d ,  d o e s  n o t  
c o m p l e t e l y  c o r r e l a t e  w i t h  P G M ,  n o r  t h e  e x p o s e d  e x t e n t  o f  t h e  p r e g l a c i a l  
s u r f a c e ,  s u g g e s t i n g  g o l d  e n r i c h m e n t  I s  l a r g e l y  d e r i v e d  f r o m  t h e  g l a c i a l  
t i l l  o f  u n i t  1  o r  I t s  r e w o r k e d  e q u i v a l e n t .  S om e  g o l d ,  h o w e v e r ,  o c c u r s  
1 n  m o s t  s a m p l e s  t h a t  a l s o  c o n t a i n  PGM t h e r e b y  I n d i c a t i n g  t h e  d e g r e e  t o  
w h i c h  t h e  two  p l a c e r  s o u r c e s  h a v e  b e e n  m i x e d .  T h e  d a t a  I n d i c a t e  t h e  
h i g h e r  g r a d e  g o l d  v a l u e s  a r e  d u e  t o  a  s p o r a d i c  o c c u r r e n c e  o f  g o l d  
g r a i n s  t h a t  t e n d  t o  o c c u r . w h e r e  t h e  g l a c i a l  s e d i m e n t s  h a v e  b e e n  m o s t  
r e w o r k e d  a n d  r e d e p o s i t e d ,  e . g . ,  s a m p l e s  n o s .  2 - 6  1 n  t h e  c h a n n e l  l e a d i n g  
I n t o  G o o d n e w s  B a y .  I n  c o n t r a s t ,  b e a c h  a n d  n e a r - s h o r e  s a m p l e s  n e a r  t h e  
b a s e  o f  R e d  M o u n t a i n  c o m p r i s e  m a t e r i a l  m o s t l y  d e r i v e d  f r o m  t h e  
p r e g l a c i a l  s u r f a c e  ( s a m p l e  n o s .  1 1 , 1 3 , 7 7 - 8 9 ) ;  t h e s e  c o n t a i n  P G M ,  b u t  
l i t t l e  o r  n o  g o l d .

C h r o m i t e ,  a s  I n d i c a t e d  b y  c h r o m i u m  a n a l y s e s  ( a p p e n d i x  A - B ) ,  show s a n  
o b v i o u s  c o r r e l a t i o n  t o  PGM a s  w o u l d  b e  e x p e c t e d .  C h r o m i t e  1 s  
c o n s i d e r e d  a  p o s s i b l e  b y - p r o d u c t  c o m m o d i t y  a n d  I s  shown  t o  b e  
r e c o v e r a b l e ,  h o w e v e r ,  t h e  o v e r a l l  c o n t e n t  o f  c h r o m i u m ,  a s  w e l l  a s  
t i t a n i u m ,  1 n  t h e  o f f s h o r e  s a m p l e s  1 s  n o  m o r e  t h a n  a  f e w  l b / y d 3 .  T h i s  
l o w e r  t e n o r  m ay  b e  d u e  1 n  p a r t  t o  s i g n i f i c a n t  l o s s e s  o f  l i g h t e r  h e a v y  
m i n e r a l s  d u r i n g  s a m p l e  p r o c e s s i n g .  S i m i l a r  t o  c h r o m i t e ,  t h e r e  1 s  a n  
a p p a r e n t  c o r r e l a t i o n  o f  c i n n a b a r  t o  PGM 1 n  s a m p l e s ;  m o s t  c o n c e n t r a t e s  
f r o m  t h e  F l a t  C a p e  s h o a l  c o n t a i n e d  t r a c e s  o f  c i n n a b a r  a n d / o r  n a t i v e  
m e r c u r y  ( H g - m 1 n e r a l s  n o t e d  1 n  s a m p l e  n o s .  1 8 , 4 6 , 4 8 , 4 9 , 5 1 , 5 3 ) .

B e c a u s e  1 r 1 d 1 u m  v a l u e s  r e p o r t e d  1 n  t h i s  s t u d y  a r e  d e t e r m i n e d  o n  t h e  
b a s i s  o f  t h e  c i t e d  I r : P t  c o n t e n t  o f  o n s h o r e  d r e d g e  c o n c e n t r a t e s ,  t h e  
a s s i g n e d  v a l u e  o f  0 . 1 3  t i m e s  t h e  a n a l y z e d  p l a t i n u m  v a l u e  1 n  s a m p l e s  may 
b e  l o w e r  t h a n  t h e  a c t u a l  p r e s e n c e  o f  1 r 1 d 1 u m .  T h e r e  1 s  a  t e n d e n c y  f o r  
1 r 1 d 1 u m  c o n t e n t  o f  PGM p l a c e r s  e l s e w h e r e  t o  b e  g r e a t e r  1 n  r e l a t i o n  t o  
p l a t i n u m ,  p a r t i c u l a r l y  w h e r e  PGM g r a i n s  h a v e  u n d e r g o n e  a d d i t i o n a l  
r e w o r k i n g  1 n  a  s a l i n e  e n v i r o n m e n t  ( 2 8 ) .  E x a m i n a t i o n  o f  t h e  
c o n c e n t r a t e s  b y  SEM s u g g e s t e d  a h i g h e r  a b u n d a n c e  o f  I r - a l l o y s  1 n  
s a m p l e s  c o l l e c t e d  d u r i n g  t h i s  s t u d y  t h a n  w o u l d  b e  a c c o u n t e d  f o r  w i t h  a 
r a t i o  o f  0 . 1 3 .



D E P O S I T - T Y P E S  A N D  R E C O M M E N D E D  E X P L O R A T I O N  T A R G E T S

O n - g o i n g  l i t t o r a l  p r o c e s s e s  a r e  f o r m i n g  h e a v y  m i n e r a l  c o n c e n t r a t i o n s ,  
a n d  a t  t h e  sam e  t i m e  a r e  d e p o s i t i n g  s e d i m e n t  t h a t  may m as k  d r o w n e d  
a l l u v i a l  o r  a n c i e n t  m a r i n e  p l a c e r s .  E x p l o r a t i o n  s h o u l d  f o c u s  o n  1 )  
r e c e n t  t r a n s i t i o n a l  a n d  m a r i n e  p l a c e r s  a n d  2 )  a n c i e n t ,  p r e - t r a n g r e s s 1 o n  
d e p o s i t s .  I n  a d d i t i o n ,  t h e r e  i s  i n c o n c l u s i v e  e v i d e n c e  o f  PGM p l a c e r  
e n r i c h m e n t  r e l a t e d  t o  l o w  t e m p e r a t u r e  s o l u b i l i t y ,  s o l u t i o n  t r a n s p o r t ,  
a n d  a l l o y  a c c r e t i o n .

D u e  t o  t h e  r e l a t i v e  s h o r t  t r a n s g r e s s i o n  p e r i o d  ( +  1 0 , 0 0 0  y r )  1 n  o r  
n e a r  t h e  s t u d y  a r e a ,  i t  1 s  l i k e l y  t h a t  t h e  m o r e  s i g n i f i c a n t  t a r g e t s  
p r e d a t e  t h i s  e v e n t .

R E C E N T  M A R I N E  P L A C E R S

A s  t h e  c o a s t l i n e  r e c e d e s ,  l a g  d e p o s i t s  r e m a i n  b e h i n d  w h i c h  h o s t  a t  
l e a s t  m i n o r  PGM v a l u e s .  T h e s e  l a g  g r a v e l s  c o n t a i n  p r e g l a c i a l  l o c a l l y  
d e r i v e d  s e d i m e n t  a n d  P G M ,  a n d  a r e  e x p o s e d  o n l y  1 n  a n a r r o w  z o n e  a l o n g  
t h e  b a s e  o f  t h e  o f f s h o r e  d r o p o f f  a n d  o n  t h e  F l a t  C a p e  s h o a l .  B o t t o m  
s a m p l e s  c o n t a i n  P G M ,  b u t  m o s t  v a l u e s  a r e  f a r  b e l o w  t h e  g r a d e  r e q u i r e d  
f o r  m i n i n g .  E x p l o r a t i o n  s h o u l d  a t t e m p t  t o  d e l i n e a t e  s t l l l s t a n d  
s t r a n d l l n e s  w i t h i n  t h e  r i s i n g  s e a  l e v e l  e n v i r o n m e n t  wh er e  m o r e  e n r i c h e d  
s t r a n d  d e p o s i t s  m a y  h a v e  d e v e l o p e d .  T h e  l o c a t i o n  o f  s a m p l e  n o .  49 may  
b e  a n  e x a m p l e  o f  t h i s .

B e a c h  a c c u m u l a t i o n s  o f  PGM a n d  g o l d  w e r e  d o c u m e n t e d  b y  B e r r y h i l l  
( 2 9 ) ,  B o n d  ( 1 1 )  a n d  U l r l c k  ( 1 2 ) .  A s s a y  g r a d e s  f r o m  B u r e a u  s a m p l i n g  
( a p p e n d i x  B )  d e m o n s t r a t e  t h a t  f i n e - g r a i n e d  PGM a n d  g o l d  c a n  b e  r e a d i l y  
p a i n e d  f r o m  b l a c k  s a n d .  F r o m  S e a t t l e  C r e e k  t o  C h a g v a n  B a y ,  s e a s o n a l
d e p o s i t s  o f  b l a c k  s a n d  f o r m  a n e a r l y  c o n t i n u o u s  t h i n  l a y e r ,  t y p i c a l l y
0 . 2 5 -  t o  l . 0 - 1 n - t h 1 c k ,  o v e r l y i n g  c l a y - r i c h  t i l l  a n d  u n d e r  a s  m u c h  a s  
s e v e r a l  f e e t  o f  w a s h e d  b e a c h  g r a v e l  ( f 1 g .  2 1  s i t e  o f  b e n e f 1 c 1 a t 1 o n  
s a m p l e  B ) .  S u c h  d e p o s i t s  may  b e  p r e s e n t  i n  t h e  s p r i n g ,  b u t  w i d e l y
d i s p e r s e d  1 n  t h e  w i n t e r .  D u e  t o  t h e  h i g h l y  I m m a t u r e  n a t u r e  o f  t h e
r a p i d l y  r e c e d i n g  b e a c h ,  t h e  r e s o u r c e  p o t e n t i a l  1 s  o f  l i t t l e  
s i g n i f i c a n c e  a n d  m a y  a t  t i m e s  b e  s t r i p p e d  away  b y  s t o r m  wa ve s  a n d  
c o n s e q u e n t l y  m i s s i n g .

B l a c k  s a n d  a c c u m u l a t i o n s  o v e r  s e m 1 - c o n s o l 1 d a t e d  s t r a t i f i e d  f e r r l c r e t e  
g r a v e l  t i l l  n e a r  t h e  m o u t h  o f  t h e  S a l m o n  R i v e r  ( f 1 g .  2 2 )  a r e  s i m i l a r  t o  
b e a c h  h e a v y  m i n e r a l  a c c u m u l a t i o n s ,  b u t  a r e  m o r e  w i d e s p r e a d  a t  t h i s  
l o c a t i o n .  S a m p l e  A  d e s c r i b e d  I n  t h e  B e n e f 1 c 1 a t 1 o n  s e c t i o n  a n d  s a m p l e  
n o s .  9 8 - 9 9  w e r e  f r o m  t h i s  s i t e .  F u l l  e x t e n t  o f  t h i s  o c c u r r e n c e  1 s  
u n k n o w n ,  h o w e v e r ,  s h a l l o w  o f f s h o r e  d r i l l i n g  m a y  r e s o l v e  w h e t h e r  t h i s  
o c c u r r e n c e  1 s  l i m i t e d  t o  t h e  p r e s e n t  b e a c h  a r e a  o r  i s  a  w i d e r  d e l t a i c  
f e a t u r e  e x t e n d i n g  o f f s h o r e .

I t  h a s  b e e n  s u g g e s t e d  t h a t  f 1 n e - g r a 1 n e d  PGM e n t r a i n e d  1 n  s e d i m e n t  
t r a n s p o r t  a l o n g  t h e  b e a c h ,  m a y  b e  a c c u m u l a t i n g  1 n  s e d i m e n t s  o f  G o o d n e w s  
a n d  C h a g v a n  B a y s  w h e r e  b e a c h  t r a n s p o r t  t e r m i n a t e s  (7,9,11-12). B o t t o m  
s a m p l e s  ( n o s .  2-6) w i t h i n  t h e  c h a n n e l  l e a d i n g  I n t o  G o o d n e w s  B a y  
c o n t a i n e d  m i n o r  g o l d  v a l u e s ,  p r o b a b l y  c o n c e n t r a t e d  f r o m  g l a c i a l  
s e d i m e n t s ,  b u t  b a r e l y  d e t e c t a b l e  p l a t i n u m .  PGM w a s ,  h o w e v e r ,  f o u n d  
a l o n g  t h e  b e a c h  o f f s h o r e  o f  C h a g v a n  B a y  ( s a m p l e s  n o s .  100-102, a p p e n d i x  
B ) .  D u e  t o  t h e  c l o s e r  p r o x i m i t y  o f  C h a g v a n  B a y  t o  t h e  p r o j e c t e d  
u l t r a m a f i c  b e d r o c k ,  t h e  e x i s t e n c e  o f  m o d e r n  a n d  a n c i e n t  P G M - b e a r l n g  
c h a n n e l s  o f  t h e  S a l m o n  R i v e r  l e a d l r . g  t o w a r d  C h a g v a n  B a y ,  a n d  t h e
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F I G U R E  2 1 .  -  3 - i n - t h i c k  l a y e r  o f  h e a v y  m i n e r a l s ,  a c c u m u l a t e d  i n  J u n e ,  
1 9 8 5 ,  o n  g l a c i a l  t i l l  ' i n d e r l y i n g  u p  t o  2 f t  o f  b e a c h  
g r a v e l  a b o v e  t h e  sw ash  z o n e  n e a r  F l a t  C a p e .  C r o s s - s e c t i o n  
s h o w s s i t e  o f  b e n e f i c i a t i o n  s a m p l e  B .

p o s s i b i l i t y  o f  o f f s h o r e  d r o w n e d  c h a n n e l s  t r e n d i n g  t h a t  d i r e c t i o n  a s
w e l l ,  i t  i s  l i k e l y  t h a t  C h a g v a n  B a y  r e p r e s e n t s  a m o r e  v i a b l e  t a r g e t  f o r
PGM c o n c e n t r a t i o n s  i n  a  l o w  e n e r g y  z o n e .  P G M ,  I f  p r e s e n t  i n  e i t h e r
b a y ,  m a y ,  h o w e v e r ,  b e  t o o  f i n e - g r a i n e d  t o  b e  r e c o v e r e d  w i t h  g r a v i t y  
s e p a r a t i o n  t e c h n i q u e s .



F I G U R E  2 2 .  -  F e r r i c r e t e d  t i l l  s t r a t a  n e a r  t h e  m o u t h  o f  t h e  S a l m o n  R i v e r  
c r e a t e s  a f a l s e  b e d r o c k  s u r f a c e  on  w h i c h  h e a v y  m i n e r a l s  
w i t h  PGM a n d  g o l d  h a v e  a c c u m u l a t e d .  T h i s  s i t e  was f o u n d  
e x p o s o d  f o l l o w i n g  a s t o r m  i n  A u g ,  1 9 8 1 .

A N C I E N T  M A R I N E  AND  DROWNED  A L L U V I A L  D E P O S I T - T Y P E S

A t  l o w e r  sea  l e v e l s  i n  t h e  p a s t ,  an  e x t e n s i v e  b e d r o c k  a n d  a l l u v i a l  
p l a i n  e x t e n d e d  w e l l  b e y o n d  t h e  a r e a  o f  t h i s  s t u d y .  T h e  m a g n e t o m e t e r  
s u r v e y  i n d i c a t e s  a p p r o x i m a t e l y  a s  m uc h  u l t r a m a f i c  b e d r o c k  l i e s  o f f s h o r e  
a s  i s  known o n s h o r e ,  p o s i n g  s e v e r a l  p o t e n t i a l  d e p o s i t - t y p e s .  A n c i e n t  
p l a c e r  d e p o s i t s  i f  p r e s e n t ,  w i l l  b e  b u r i e d  b y  o v e r b u r d e n  o f  u n kn ow n  
t h i c k n e s s .  S e i s m i c  s u r v e y s  a n d  d r i l l i n g  w h i c h  was n o t  a p a r t  o f  t h i s  
p r o j e c t ,  w i l l  b e  r e q u i r e d  f o r  f u r t h e r  d e l i n e a t i o n .

D r o w n e d  a l l u v i a l  c h a n n e l s  l i k e l y  e x i s t  b e n e a t h  t h e  o f f s h o r e  
s e d i m e n t s .  F o r  e x a m p l e ,  a p a l e o - b e n c h  o f  t h e  S a l m o n  R i v e r  h a s  b e e n  
e x p l o r e d  f r o m  M e d i c i n e  C r e e k  t o  t h e  m a r g i n  o f  C h a g v a n  B a y  w h e r e  i t  
l i k e l y  e x t e n d s  o f f s h o r e  ( f i g .  2 ) .  T h e  g r a d i e n t  o f  t h e  a n c i e n t  c h a n n e l  
i s  g r e a t e r  t h a n  t h e  p r e s e n t  c h a n n e l  a n d  n e a r  C h a g v a n  B a y  i t  i s  o v e r l a i n  
b y  u p  t o  2 0 0  f t  ( 6 1  m)  o f  s e d i m e n t  ( 2 ) .  T h e  m a g n e t i c  i n t e r p r e t a t i o n  o f  
a  N - S  f a u l t  o r  f o l d  o f f s e t  o f  t h e  u l t r a m a f i c  c o m p l e x  l o c a t e d  a b o u t  2 . 5  
m i l e s  o f f s h o r e  o f f e r s  a  p l a u s a b l e  s i t e  f o r  a n  a n c i e n t  s o u t h  t o  
s o u t h w e s t - f l o w i n g  a l l u v i a l  c h a n n e l .  T h i s  d i r e c t i o n  w o u l d  m i m i c  t h e  
g e n e r a l  t r e n d  o f  o n s h o r e  v a l l e y s  ( e . g . ,  S a l m o n  a n d  K i n e g n a k  R i v e r s ) .  
E l s e w h e r e ,  p a l e o c h a n n e l s  a r e  e x p o s e d  1 n  t h e  b l u f f s  a t  F l a t  C a p e  ( s a m p l e  
n o .  9 3 ,  f i g .  9 )  a n d  s o u t h  o f  C a b i n  C r e e k  ( s a m p l e  n o s .  1 0 3 - 1 0 4 ) .  T h e s e  
c o n t a i n  u l t r a m a f i c  d e t r i t u s  a n d  t r a c e s  o f  P G M .  O t h e r  d e e p e r  c h a n n e l s
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m ay  a l s o  e x i s t  b e l o w  t h e  b l u f f s ,  c l o s e  t o ,  o r  w i t h i n  t h e  p r e g l a c i a l  
s u r f a c e .

A n c i e n t  o f f s h o r e  s t r a n d  l i n e s  f r o m  f o r m e r  t r a n s g r e s s i o n / r e g r e s s i o n  
c y c l e s  a l s o  r e p r e s e n t  f a v o r a b l e  e x p l o r a t i o n  t a r g e t s .  T h e s e  I n c l u d e  
b e d r o c k  s l o p e s  a l o n g  t h e  n o r t h w e s t e r n  m a r g i n  o f  t h e  p r o j e c t e d  
u l t r a m a f i c  b e d r o c k ,  a n d  t h e  s o u t h e r n  m a r g i n  o f  t h e  F l a t  C a p e  s h o a l .

C l o s e r  t o  s h o r e ,  s t r a n d  d e p o s i t s  m a y  c o r r e l a t e  t o  a n  a n c i e n t  w a v e - c u t  
s c a r p .  A s  p r e v i o u s l y  d e s c r i b e d ,  n e a r  t h e  b a s e  o f  t h e  s l o p e  e a s t  o f  
F l a t  C a p e  t h e r e  1 s  e v i d e n c e  o f  a  b u r l e d  a n d  d r o w n e d ,  w a v e - c u t  s c a r p  
p r e d a t i n g  a t  l e a s t  t h e  l a s t  g l a c i a l  a d v a n c e .  T h e  s c a r p  may  
a d d i t i o n a l l y  c o r r e l a t e  t o  t h e  d e e p  I n c i s i o n  a t  t h e  b a s e  o f  R e d  
M o u n t a i n ,  a n d  t h e  a e r i a l  p h o t o g r a p h  l i n e a r  t h a t  e x t e n d s  n o r t h w a r d  f r o m  
t h e r e  t o  t h e  b e n d  1 n  t h e  S o u t h  S p i t .  T h e  o c c u r r e n c e  o f  f i n e  s a n d ,  
c l a y ,  a n d  m a g n e t i t e  a s s o c i a t e d  w i t h  t h e  s i n u o u s  m a g n e t i c  a n o m a l y  n o r t h  
o f  R e d  M o u n t a i n ,  a n d  t h e  s p a t i a l  a s s o c i a t i o n  o f  PGM w i t h  t h i s  s i t e  i s  
s u g g e s t i v e  o f  d e p o s i t i o n  a l o n g  a p o s s i b l e  d r o w n e d  s c a r p .
S o u t h - s o u t h e a s t  p r o j e c t i o n  o f  t h e  a n c i e n t  s c a r p  w o u l d  c o i n c i d e  w i t h  t h e  
a p p a r e n t  t e r m l n o u s  o f  t h e  S a l m o n  R i v e r  p a y s t r e a k  b e t w e e n  C l a i m s  1 5  a n d  
1 6  B e l o w ,  n e a r  t h e  c o n f l u e n c e  o f  H a p p y  C r e e k .  E x p l o r a t i o n  i s  
r e c o m m e n d e d  f o r  p o t e n t i a l  PGM e n r i c h m e n t  a l o n g  t h e  p o s s i b l e  s c a r p ,  
p r o b a b l y  a t  d e p t h s  o f  50 f t  ( 1 6  m)  o r  l e s s  b e l o w  s e a  l e v e l .

U n c o n v e n t i o n a l  D e p o s i t s

E x a m i n a t i o n  b y  SEM o f  PGM g r a i n s  f o u n d  so m e  t o  b e  q u i t e  c r y s t a l l i n e  
w i t h  a n g u l a r  e d g e s  s h o w i n g  n o  a b r a s i o n  ( f i g .  1 1 E - F ) .  A s  p r e v i o u s l y  
d e s c r i b e d ,  some  g r a i n s  a r e  b i m o d a l  a n d  c o m p r i s e d  o f  s e v e r a l  i n t e r l o c k e d

F I G U R E  2 3 - A .  -  R o u n d e d  s p e r r y l i t e  g r a i n  a b o u t  0 . 5  mm 1 n  d i a ­
m e t e r  f r o m  t e s t  p i t  s i t e  s a m p l e  n o .  8 8 .  N o t e  
s c a l e  D a r  i s  1 0 0  m i c r o n s .



F I G U R E  2 3 - B .  -  E n l a r g e m e n t  o f  l o w e r  c e n t e r  p o r t i o n  o f  s p e r r y l i t e  
g r a i n  i n  a b o v e  p h o t o g r a p h .  T h e  p l a t y  c r y s t a l l i n e  
g r o w t h s  ( ? )  a r e  c o m p o s e d  o f  i s o f e r r o p l a t i n u m .
N o t e  s c a l e  b a r  i s  1 0 0  m i c r o n s .

a l l o y  p h a s e s .  I n  a d d i t i o n ,  p l a t e - l i k e  g r o w t h s  ( ? )  o f  P t - I r  a l l o y  were 
f o u n d  a s  a r i n d  o n  a s p e r r y l i t e  g r a i n  ( f i g s .  2 3 - A  a n d  - B ) .  T h e  c o a t e d  
s p e r r y l i t e  g r a i n  i s  e v i d e n c e  o f  p o s s i b l e  a c c r e t i o n  o f  i s o f e r r o p l a t i n u m  
a t  t h e  e x p e n s e  o f ,  o r  n u c l e a t e d  a r o u n d  s p e r r y l i t e .  T h e  s p e r r y l i t e  
g r a i n  i s  w e l l - r o u n d e d  b u t  t h e  e u h e d r a l  I s o f e r r o p l a t i n u m  c r y s t a l s  
c o a t i n g  i t  a r e  s h a r p l y  d e l i n e a t e d  a n d  a p p e a r  n o t  t o  h a v e  b e e n  
a b r a i d e d .

E v i d e n c e  h a s  b e e n  p r e s e n t e d  t h a t  p l a t i n u m  c a n  b e  l e a c h e d  a t  l o w  
t e m p e r a t u r e s  i n  a n  a c i d i c ,  o x l d l n g  e n v i r o n m e n t  s u c h  a s  d u r i n g  
s e r p e n t i n i z a t l o n ,  t h e n  t r a n s p o r t e d  i n  m i g r a t i n g  g r o u n d w a t e r  a s  s o l u b l e  
c h l o r i d e  c o m p l e x e s  ( 2 8 , 3 0 ) .  A c c r e t i o n  o f  s o l u b l e  p l a t i n u m  o c c u r s  wh er e  
t h e  p l a t i n u m  c a n  n u c l e a t e  i n  a  m o r e  r e d u c i n g  e n v i r o n m e n t .

A r e d u c i n g  e n v i r o n m e n t  i s  i n d i c a t e d  w i t h i n  s e a f l o o r  s e d i m e n t s .  
C r y s t a l l i n e  p y r i t e  was f o u n d  i n  s e v e r a l  s a m p l e s  o f  s e d i m e n t  o v e r l y i n g  
a n d  a l o n g  t h e  n o r t h e r n  f l a n k  o f  t h e  F l a t  C a p e  s h o a l  ( e . g . ,  s a m p l e  
n o .  1 5 ) .  B r i g h t  w h i t e  c r y s t a l s  o f  e u h e d r a l  p y r i t e  a s  l o o s e  g r a i n s  u p  
t o  0 . 3  1 n  ( 1  c m )  a c r o s s  a n d  a s  s m a l l  d e n d r i t i c  b r a n c h e s  were  
p a r t i c u l a r l y  a b u n d a n t  1 n  t h e  c l a y e y  m a t r i x  o f  t h e  u l t r a m a f i c  b e d r o c k  
r u b b l e  ( s a m p l e  n o .  3 5 ) .  I n  s e v e r a l  c a s e s  p y r i t e  was a l s o  s e e n  t o  h a v e  
r e p l a c e d  m i c r o o r g a n i s m s  ( f 1 g s .  1 5  a n d  2 4 ) .

L a y e r e d  g o l d  s h ow n  1 n  f i g u r e  1 3  m a y  a l s o  h a v e  d e v e l o p e d  f r o m  
p r e c i p i t a t i o n  o f  g o l d  w i t h i n  a  q u i e t  d e p o s l t i o n a l  e n v i r o n m e n t .  T h e  
p o s s i b i l i t y  o f  l e a c h i n g ,  g r o u n d  w a t e r  c o n v e c t i o n  i n t o  n e a r  s h o r e  
s e d i m e n t s ,  a n d  p l a t i n u m  a c c r e t i o n  i n  l o c a l i z e d  PGM e n r i c h e d  p l a c e r  
z o n e s ,  s h o u l d  b e  f u r t h e r  s t u d i e d .
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F I G U R E  2 4 .  -  P y r i t e  r e l a c e m e n t  a n d  c r y s t a l l i n e  g r o w t h  o n  d i ­
a t o m  f r o m  s a m p l e  n o .  4 6 ,  a b o u t  2  ml  o f f  F l a t  C a p e .  
S c a l e  b a r  i s  1 0  m i c r o n .

C O N C L U S I O N S

I t  h a s  l o n g  b e e n  s u s p e c t e d  t h a t  p l a c e r  PGM m a y  o c c u r  i n  d e p o s i t s  
o f f s h o r e  o f  t h e  G o o d n e w s  B a y  u l t r a m a f i c  c o m p l e x .  A l t h o u g h  n e a r b y  
o n s h o r e  p l a c e r s  h a v e  p r o d u c e d  6 5 0 , 0 0 0  t  o z  P G M ,  n o  o f f s h o r e  d e p o s i t s  
a r e  k n o w n .  T h e r e  i s ,  h o w e v e r ,  a t  l e a s t  o n e  r e p o r t  o f  PGM f o u n d  i n  a  
s e a f l o o r  d r i l l  h o l e  w e s t  o f  R e d  M o u n t a i n .

T h e  a r e a  o f f s h o r e  f r o m  Re d  M o u n t a i n  h a s  e x p e r i e n c e d  a c o m p l e x  h i s t o r y  
o f  h i g h - e n e r g y  o c e a n  p r o c e s s e s  w i t h  t r a n s g r e s s i v e  a n d  r e g r e s s i v e  c y c l e s  
t h a t  h a v e  p e r i o d i c a l l y  i n u n d a t e d  a n  e x t e n s i v e  c o a s t a l  p l s i n  e x t e n d i n g  
w e s t  a t  l e a s t  t e n s  o f  m i l e s .  O n - g o i n g  l i t t o r a l  p r o c e s s e s  a r e  f o r m i n g  
h e a v y  m i n e r a l  c o n c e n t r a t i o n s ,  a n d  a t  t h e  same  t i m e ,  d e p o s i t i n g  s e d i m e n t  
t h a t  m as k  d r o w n e d  a l l u v i a l  o r  m a r i n e  p l a c e r s .  Where  t h e  w a v e - c u t  s c a r p  
i s  a c t i v e l y  e r o d i n g  t h e  p r e g l a c i a l  s u r f a c e ,  l o c a l l y - d e r i v e d  m a t e r i a l s  
( i n c l u d i n g  PGM)  a r e  p a r t  o f  t h e  l i t t o r a l  d r i f t  a n d  r e s u l t a n t  l a g  
d e p o s i t s .  T h i s  c o n d i t i o n  was o b s e r v e d  a t  t h e  b a s e  o f  t h e  1 0 -  t o  1 5 - f t  
( 3 -  t o  5 - m )  b e l o w - s e a - l e v e l  d r o p o f f  s c a r p  n e a r  l a t  5 8 ° 5 4 ‘ a n d  e x t e n d s  
a t  l e a s t  I n t e r m i t t e n t l y  n o r t h  p a s t  R e d  M o u n t a i n  t o  l a t  5 8 ° 5 6 . 5 . '  T h e  
l o c a l l y - d e r i v e d  m a t e r i a l s  e n t r a i n e d  i n  l o n g s h o r e  t r a n s p o r t  a r e  c o n f i n e d  
t o  a n a r r o w  z o n e  a t  t h e  b a s e  o f  t h e  d r o p o f f .  A s  t h e  c o a s t l i n e  
c o n t i n u e s  t o  r e c e d e ,  a w a v e - c u t  p l a t f o r m  i s  l e f t  w h i c h  i s  r a p i d l y  
m a n t l e d  b y  m o b i l e ,  f i n e - g r a i n e d ,  w e l l - s o r t e d  s e d i m e n t  f r o m  o f f s h o r e .

T h e  e x t e n t  o f  g l a c i a l  s c o u r i n g ,  n e a r ,  o r  o n  t h e  w e s t  s i d e  o f  R e d  
M o u n t a i n ,  i s  a n  i m p o r t a n t  f a c t o r  r e g a r d i n g  t h e  p r e s e r v a t i o n  o f  PGM 
p l a c e r s .  A l o b e  o f  t h e  G o o d n e w s  g l a c i e r  was n e a r  t h e  n o r t h w e s t  f a c e  o f  
R e d  M o u n t a i n ,  b u t  a p p e a r s  t o  h a v e  b e e n  a r e l a t i v e l y  l o w - e n e r g y  i c e
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s h e e t  w i t h  m a r g i n a l  e r o s l o n a l  f o r c e .  T h e  p r i n c i p a l  1 c e  c o n t a c t  1 s  
l i m i t e d  t o  t h e  n o r t h e r n  t i p  o f  t h e  m o u n t a i n  m a s s .  A n  a n c i e n t  
P G M - b e a r 1 n g  c h a n n e l  o f  t h e  S a l m o n  R i v e r  e x t e n d i n g  t o  a n d  p o s s i b l y  b e l o w  
C h a g v a n  B a y  1 s  known t o  h a v e  s u r v i v e d  g l a c i a t i o n  I n  t h e  C h a g v a n  B a y  
a r e a .

M a g n e t o m e t e r  d a t a  I n d i c a t e s  a p p r o x i m a t e l y  a s  m u c h  u l t r a m a f i c  b e d r o c k  
l i e s  o f f s h o r e  a s  1 s  know n o n s h o r e  a n d  t h e  c o m p l e x  1 s  o p e n  t o  t h e  w e s t ,  
p o s i n g  s e v e r a l  p o t e n t i a l  d e p o s l t - t y p e s  f o r  e x p l o r a t i o n .  E x p l o r a t i o n  
t a r g e t s  s h o u l d  f o c u s  o n  1 )  r e c e n t  p l a c e r s  w i t h  p a r t i c u l a r  e m p h a s i z e  on  
o f f s h o r e  l a g  d e p o s i t s  o r  s t r a n d s  a t  s t 1 1 1  s t a n d  l o c a t i o n s ,  a n d  2 )  
a n c i e n t ,  p r e - t r a n g r e s s 1 o n  d e p o s i t s  t h a t  I n c l u d e  d r o w n e d  f l u v i a l  
c h a n n e l s  a n d  s t r a n d s  p a r a l l e l  t o  w a v e - c u t  s c a r p s .  T h e r e  1 s  
p h o t o l l n e a r ,  m a g n e t o m e t e r ,  s a m p l i n g ,  a n d  d r i l l h o l e  I n d i c a t i o n s  o f  a n  
a n c i e n t  w a v e - c u t  s c a r p  n e a r  b u t  a b o u t  50  f t  ( 1 5  m) b e l o w  t h e  p r e s e n t  
c o a s t l i n e .  I n  a d d i t i o n ,  t h e r e  I s  I n c o n c l u s i v e  e v i d e n c e  o f  PGM p l a c e r  
e n r i c h m e n t  r e l a t e d  t o  l o w  t e m p e r a t u r e  s o l u b i l i t y ,  s o l u t i o n  t r a n s p o r t ,  
a n d  a c c r e t i o n .

T h e  PGM a n d  g o l d  o c c u r r e n c e s  d i s c u s s e d  1 n  t h i s  r e p o r t  c o u p l e d  w i t h  
g e o p h y s i c a l  d a t a  a n d  g e o l o g i c  o b s e r v a t i o n s  s u g g e s t  t h e  o f f s h o r e  1 s  
f a v o r a b l e  f o r  p l a c e r  PGM w i t h  a s s o c i a t e d  g o l d  a n d  p r o v i d e s  s e v e r a l  
p r o m i s i n g  e x p l o r a t i o n  t a r g e t s .  R e c o v e r y  o f  PGM a n d  g o l d  f r o m  l o w  g r a d e  
s e d i m e n t s ,  h o w e v e r ,  w i l l  r e q u i r e  I n n o v a t i o n  b e y o n d  s t a n d a r d  p l a c e r  
p r o c e s s i n g  t e c h n i q u e s .
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A P P E N D t X  A -  S a m p le  a n a l y s e s  a n d  d i s c r e t i o n s  f o r  o f f  s h o r t  s l t i s

H a p
number

S a m p le
num be r

O r i g i n a l
s a m p le

k q .

- 2 0
m es h

k q .

U u l g h t  
o f  h e a v y  
m i n e r a l -  

t a b l e

3

W e i g h t  o f  
p a n  c o n c - P t  
c o n c e n t r a t e

q

F l o t a t i o n
c o n e

- A * P t
m q / y d 3^

1
Au

1 '
•1 W e i g h t  p e t  I n  
1 h e a v y  m i n e r a l  
1 c o n c e n t r a t e
1 F e  ! T l  1 C r

1 i S 3  I S 2 1 . 2 3 . 6 n S 1 . 6 5 . 0 9 T 4/ I v ‘  T  4/ 1 NA| NA | NA
2 2 3 3 1 9 2 2 . 9 1 . 1 8 5 . 9 1 1 . 2 NS 1 r 1 3 1 . 0 9 - ' 1 4 .9 1 0 . 7 1 1  0 . 0 9
3 23307 7 1 . 3 9 . 2 4 8 .4 2 4 . 2 NS T 1 T 1 . 0 2 1 6 . 2 1 . 7 3 1  . 1 8
4 2 3 1 7 8 3 6 . 3 NS 1 8 7 . 4 1 0 4 . 1 NS T i T 9 4 . 5 6 1 2 . 9 1 . 2 3 1  . 1
5 2 3 3 1 7 4 5 . 1 6 . 5 NS 5 . 7 NS N 1 N 2 8 . 6 7 1 NA| NA | NA
6 2 3 3 1 0 3 4 . 5 1 9 . 6 8 8 . 6 2 6 . 5 5 . 1 4 5 . 7 5 1 . 3 1 2 1 1 . 7 2 1 1 2 . 0 1 1 . 6 3 1  . 8 7
7 23077 5 3 . 3 2 5 . 3 4 2 . 5 1 9 . 9 1 0 . 4 9 2 . 7 6 ! . 3 6 . 2 9 1 1 7 , ' J l 2 . 1 8 1  3 . 0 8
8 23074 3 9 . 0 3 3 . 1 9 3 . 0 2 8 . 3 2 . 5 4 . 7 2 ! T . 5 5 1 2 5 . 0 1 3 . 8 2 1  4 . 0 9
9 2 3075 4 8 . 5 2 8 . 5 1 5 8 . 5 4 6 . 5 1 6 . 1 7 . 8 2 1 . 1 1 . 5 5 1 2 7 . 0 1 4 .2 5 1  3 . 6 6

10 2 3076 3 4 . 2 8 . 1 5 3 . 1 2 5 . 1 4 . 7 8 1 . 0 3 1 . 1 8 . 4 2 1 1 0 . 0 1 1 . 2 4 1  1 . 3 3
U 2 3 3 1 1 3 6 . 8 2 9 . 0 4 5 6 .4 3 7 . 3 NS 2 6 . 7 6 1 3 . 4 8 7 . 6 7 1 3 0 . 0 1 2 . 9 8 1  5 . 5 0
1 2 23302 6 . 8 2 . 3 NS 3 3 . 0 NS . 7 6 ; . 1 0 . 7 6 1 NAI NA | KA
1 3 23 029 6 3 . 1 1 3 . 2 2 8 . 4 2 1 . 9 1 2 . 0 6 1 1 . 9 5 1 1 . 5 5 . 1 4 1 3 4 . 0 1 2 . 9 5 |  9 . 6 2

14 1 2 3 0 3 0 4 2 . 7 2 8 . 2 8 7 . 1 3 6 . 0 2 1 . 0 . 1 3 1 T . 0 1 1 3 6 . 0 1 3 . 7 2 1  8 . 2 9
1 5  1 2 3 0 3 4 5 0 . 8  1 1 2 . 8 1 1 5 . 0 1 9 . 5 2 1 . 0 . 9 4 1 . 1 1 3 . 9 2 1 1 9 . 0 1 1 . 8 6 1  4 . 3 3
1 6  1 2 3 0 3 3 4 4 . 9  1 2 5 . 9 4 0 .0 2 2 . 1 8 . 5 T 1 T . 2 9 1 2 8 . 0 1 5 . 2 0 1  4 . 1 1
17  1 2 2 0 4 1 5 0 . 4 3 . 5 NS 1 6 . 9 1 5 . 2 1 . 1 3 1 . 1 5 . 1 2 1 NA| NA | NA
18 23040 6 4 . 5  1 2 6 . 7 4 7 9 . 1 3 2 . 0 2 2 . 9 . 4 4 ! T 8 . 7 2 1 3 6 . 0 ) 4 . 1 8 1  6 . 5 7
19 23039 6 1 . 7  1 3 2 . 6 2 4 7 . 1 5 2 . 6 1 5 . 0 . 1 0 ! T 2 . 7 2 1 2 2 . 0 1 2 . 2 4 |  5 . 0 9
20 1 2 3 0 38 5 4 . 9  1 1 4 . 5 1 0 0 . 8 2 6 . 8 2 0 . 7 .0 4 i r 2 . 5 0 1 2 2 . 0 1 2 .2 4 1  5 . 0 9
2 1  12 3 0 3 5 5 4 . 9 5 . 3 6 7 . 9 1 6 . 7 3 . 0 . 3 0 ! T . 2 0 1 1 5 . 0 1 1 . 3 8 1  3 . 1 4
22 1 2 3 0 3 6 6 2 . 2  1 1 5 . 8 6 1 . 7 2 7 . 9 1 4 . 0 T 1 T . 9 0 . . 1 2 4 . 0 1 3 . 3 4 1  4 . 3 1
23 230'.7 3 9 . 1 1 0 . 8 < « - S  1 2 0 . 0 .  3 1 . 0 . 8 8 1 T 1 , 2 5 1 . 2 0 = 7 1 J . 3 \ . 5 2 1  . 5 9

D e s c r i p t i o n
S u b - r o u n d e d ,  s a n d y  g r a v a l .  P r e d o m i n a n t l y  c h e r t ,  fit* U H .  Van  V e e n  g r a b .
W e l l - r o u n d e d  g r a v e l ,  m i n o r  s a n d .  A u  g r a i n  ■ 1 . 5  m g ,  A u  a t t a c h a d  t o  q z .  5 P t  s p i c k s .  C i n n a b a r  I n  

p a n  c o n c a n t r a t t .  S h l p e x  g r a b .
S u b - r o u n d e d  t o  r o u n d a d .  s a n d y  g r a v a l .  1  P t  s p i c k ,  1  A u  s p i c k  I n  c h i c k  p a n .  V a n  V i a n  g r a b .
0 . 5  f t  l o o s i ,  s o r t e d  g r a v a l  o v a r l y l n g  c l a y e y  g r a v a l  f r o m  b o t t o m  o f  c h a n m l .  S a m p le  d i l u t e d  w h i n  

h o l e  s l o u g h e d  I n .
R o u n d e d ,  s l l t y - c l a y i y  g r a v e l  w i t h  d a r k  g r a y  m ud  fr o m  t o t  o f  s l o p e .

3 A u  g r a i n s  ■ 0 . 2  n g ,  4 P t  s p i c k s .  C h a r t ,  q u a r t z ,  v o l c a n l e l a s t i c s  c o m p r i s e  g r a v e l .  V a n  V e e n  g r a b .  
F 1 n t ,  s a n d y  b e a c h  s a n d  fr o m  d e e p e s t  p a r t  o f  c h a n m l .  A u  g r a i n  ■ 2 . 4  e g .  3 P t  s p i c k s  I n  c h i c k  

p a n .  V a n  V e i n  g r a b .
S a n d  a n d  g r a v a l  o v e r l y i n g  0 . 5  f t  c o a r s a ,  s u b - r o u n d e d ,  c o b b l y  g r a v e l ,  o v e r l y i n g  c o B p a c t i d  c l a y e y ,  

g r a v a l .  S a m p l e  f r o *  c o m p a c t e d  g r a v e l .  S c a t t e r e d  U N  b o u l d e r s .
S a m p le  t a k e n  f r o m  c o b b l y  g r a v i l  o v e r l a i n  b y  0 . 7 5  f t  l o o s e  r i p p l e d  s a n d .
0 . 9  f t  b r o w n ,  r i p p l e d  s a n d  o v e r l y i n g  s e l t  a n d  p e p p e r  s a n d .  S a a p l e  t a k e n  f r o a  s a l t  a n d  p e p p e r  s a n d .  

S c a t t e r e d  U H  b o u l d e r s .
0 . 5  f t  g r a v e l y  s a n d  o v e r l y i n g  c o n p a c t e d  d a y - r i c h  g r a v a l .  S i R p l a  was t a k e n  a t  e d g e  o f  a n d  b e n e a t h  

l a r g e  U H  b o u l d e r ,  a n d  T r o a  d e p t h  o f  0  t o  1 . 2 5  f t  b e l o w  s e a f l o o r .
F i n e  s a n d  w i t h  b e a c h  p e b b l e s  f r o a  u p p e r  e d g e  o f  d r o p o f f .  6 - 1 0  A u  s p e c k s .  V t n  V e e n  g r a b .
T i g h t l y  c o a p a c t e d  g r a v a l  w i t h  a b u n d a n t  U H  b o u l d e r s .  V a n  V e e n  a n d  S h l p e x  g r a b .
S a m p le  t a k e n  f r o a  0 . 7 5 - f t - d « e p  h o l e  I n  c o b b l y ,  s i l t y ,  c o a p a c t e d  g r a v e l ,  w i t h  U H  b o u l d e r s  u p  t o  

I  f t  n e a r b y .
S a m p le  t a k e n  f r o a  0 . 7 5 - f t - d e e p  h o l e  I n  0 . 2 5  f t  o f  r i p p l e d  s a n d  o v a r l y l n g  s a n d y ,  s i l t y  g r a v e l ,  

w i t h  c o b b l e s  u p  t o  0 . 7 5  f t .
S a m p le  taker ,  f r o a  s i l t y  g r a v e l  w i t h  c o b b l e s  o v e r l y i n g  v e n e e r  o f  r i p p l e d  s a n d .

1  A u  f l a k e .
0 . 2 5  f t  o f  r i p p l e d  s a n d  o v e r l y i n g  s a n d y  g r a v e l .  S a m p l e  t a k e n  f r o a  0 . 8 - f t - d e e p  h o l e  1 n  s a n d y  

g r a v e l .
C o b b l y  g r a v e l .  2  A u  s p e c k s .
B l a c k ,  s i l t y ,  s a n d y  g r a v e l .
S a a p l e  t a k e n  f r o a  s a n d y  g r a v e l  o v e r l a i n  b y  r i p p l e d  s a n d ,  s c a t t e r e d  b o u l d e r s  n e a r b y .

A few  A u  a n d  P t  s p e c k s .
S a n d y  g r a v e l ,  s a m p l e  d e p t h  o f  1  f t  .
R e l a t i v e l y  l o o s e ,  s i l t y  g r a v e l ,  c o b b l e s .
0 . 7 5  f t  c o b b l e  b e d  o v e r l y i n g  s i l t y ,  c l a y e y  s e d i m e n t .  S a m p l e  f r o a  1 . 5 - f t - d a e p  h o l e ,  w h i c h  I n c l u d e s  

t h e  c l a y - r i c h  z o n e .  5 A u  s p e c k s .
S a m p l e  f r o a  l e a s e ,  s i l t y ,  c l a y e y  g r a v e l  w i t h  n u m e r o u s  r o u n d e d  b o u l d e r s ,  a  few  t o  4 - f t - d l a m e t e r .

28 mg o f  A u  g r a i n s ,  A u  I s  a n g u l a r  t o  s u b  a n g u l a r ,  som e a t t a c h e d  t o  q z ,  some a r e  f l a t  s c a l e s .  A 
few P t  s p e c k s  a l s o  f o u n d . __________________________________________________________________________________________________
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A P P E N D I X  A -  S t a p l e  a n a l y s e s  a n d  d e s c r i p t i o n s  f o r  o f f s h o r e  s l t e s - C o n t l n u a d ’

1 1 W e i g h t
W e i g h t  o f

1 '
1 1 o f  h e a v y

F l o t a t i o n h W e i g h t  p e t  I n  
I h e a v y  m i n e r a l( O r i g i n a l - 2 0 a l n a r a l - p a n  c o n c - P t

> s / w 3 i /H a p S a e p l e l s a a p l e B a s h t a b l e c o n c e n t r a t e c o n e I c o n c e n t r a t e
n um be r n u a b c r l kq kq S r r - w A -  ■ q P t ,4 | A u 1 F e  1 T l  1 C r

24 2 3 2 0 6  ! 42.6 1 7 . 5 h s * 4 .9 n S .0 4 T  1 1 . 5 6 1 MAI NA I n A '
25 2 3 0 5 5  | 3 7 . 2 6 . 3 8 4 . 7 2 0 .4 NS 6 . 4 2 3 . 3 1  I 5 . 0 8 1 5 0 . 0 1 2 . 4 9 1 1 1 . 6 0
26 2 3 0 S 3  1 5 2 . 7 1 1 . 2 6 8 . 7 3 5 . 8 8 . 0 0 . 0 6 T  1 . 6 9 1 1 0 . 0 1  1 . 2 8 1  1 . 1 8
27 2 3 0 7 1  | 5 2 . 2 2 4 . 2 2 5 . 7 2 . 0 0 . 1 7 T  1 . 1 0 1 3 6 . 0 1  4 . 2 5 1  7 . 9 0
2 8 2 3 0 7 3  I 5 2 . 2 2 6 . 3 0 . 0 3 4 . 0 3 0 . 7 0 . 1 0 T  1 1 . 8 2 1 N A |  NA | NA
29 2 3 3 2 3  I 2 . 5 NS 0 . 0 9 . 1 NS . 1 5 . 0 2  1 8 . 1 4 1 N A |  NA j NA
30 23 054  1 4 9 . 5 1 2 . 2 0 . 0 2 7 . 9 6 . 1 0 . 0 8 T  I . 0 4 1 N A |  NA | NA
1 1 2 3 0 7 2  I 5 2 . 2 1 6 . 2 3 0 3 . 8 3 7 . 8 2 1 . 1 0 . 7 1 . 0 9  1 . 6 4 1 8 . 0 1  . 9 6 1  . 7 9
3 2 2 3 3 1 6  1 4 7 . 2 2 7 . 2 1 2 7 . 1 2 3 . 8 NS .0 4 . 0 1  1 . 4 3 1 1 6 . 0 1  1 . 9 9 1  2 . 4 3
3 3 2 3 3 0 5  I 5 1 . 3 7 . 7 0 . 0 2 7 . 9 NS . 3 3 . 0 4  | 2 . 1 0 1 NA| NA | NA34 2 3 3 1 2  I 3 0 . 4 7 . 9 5 4 . 8 3 9 . 8 1 5 . 6 0 3 . 6 7 . 4 8  1 2 . 1 6 , . 1 3 8 . 0 1  4 . 4 1 1  6 . 2 93 5 2 3 2 0 1  I 4 7 . 3 1 5 . 6 2 , 3 3 2 . 0 6 7 . 0 NS . 5 3 . 0 7  I > .3 4 ^ / 5 . 3  . 6 0  . 1 23 6  1 2 3 2 0 2  | 4 9 . 9 3 2 . 9 3 , 2 0 8 . 0 6 1 . 4 NS . 1 3 . 0 2  I 3 1 . 3 6

■ » » • » * !  • ae
1 N A |  NA | NA

3 7  | 2 3 2 0 3  1 4 5 . 0  I 7 . 4  I 0 . 0 . 4 5 . 8  I NS 1 . 5 6 . 0 7  I . 7 8 I MAI NA | NA
3 8  I 2 3 3 1 3  I 9 5 . 3  1 4 . 6  I 3 5 . 0 3 2 . 6  1 4 . 9 2  I . 0 2 T . 3 4 1 3 0 . 0 1  5 . 1 0 1  3 . 6 4
3 9  1 23 204  I 4 5 . 0  I 6 . 3  1 0 . 0 1 1 7 . 3  1 NS I . 1 6 . 0 2  1 2 1 . 4 6 1 N A |  NA I NA
40 1 2 3 2 0 5  1 4 2 . 8  I 5 . 0  1 3 3 0 . 3 NS i NS i . 0 8 T  1 1 4 0 . 1 0 1 N A |  NA I NA
4 1  1 2 3 2 0 8  I 2 5 . 7  I 8 . 0  I 0 . 0 2 4 . 9  1 NS 1 1 . 7 5 . 2 3  I 4 . 0 2 1 N A |  NA | HA
42 1 2 3 2 9 9  I 3 3 . 3  1 2 . 3  1 0 . 0 3 0 . 0  I NS I 2 0 . 0 0 . .

> 2 . 1 8 = /
2 . 6 0 . . I
> . 2 8 ^ 1

4 7 . 0 0 . ,
4 . 0 6 2 /

1 NA I  NA I NA
43 1 2 3 2 9 6  | 3 0 . 0  1 2 2 . 4  | 1 2 4 . 8 5 4 . 7  I N S  I 1 3 6 . 0 1  4 . 2 1 1  4 . 2 1
44 I 2 3 2 9 7  I 3 2 . 0  I 3 . 2  1 0 . 0 1 1 . 8  I NS I .4 6 T  1 . 2 7 1 N A |  NA | NA
45 I 2 3 2 9 8  I 4 5 . 7  1 1 4 . 5  1 6 4 . 4 4 4 . 0  1 2 . 3 8  | 6 8 . 5 2 9 . 1 1  | 1 2 3 . 3 3 , .

> 2 9 . 3 0 2 /
> 1 . 3 3 w /
> 2 . 6 6 2 /

> 3 5 3 . 0 0 = /

1 6 . 6 1  . 7 7 1  . 4 5
46 1 2 3 1 2 6  ! 5 6 . 8  1 3 5 . 4  I 8 4 . 4 . 5  1 N S  1 1 . 0 . 1 0  1 1 2 6 . 0 1  1 . 8 0 1  N
47 I 2 3 1 2 5  | 5 6 . 8  1 4 9 . 9  1 7 3 . 7 4 . 6  I NS  1 .4 4 T  1 1 2 4 . 0 1  1 . 9 0 1  > i . 0 0
48 I 2 3 1 2 4  1 5 6 . 8  1 4 0 . 0  1 1 1 1 . 6 . 2  1 NS  1 . 5 0 T 1 2 5 . 0 1  1 . 6 0 0 3 . 0 0
49 1 2 3 1 2 3  1 5 6 . 8  1 2 1 . 4  | 5 5 2 . 9 1 1 . 1  ' NS 1 1 4 1 . 2 6 1 8 . 3 6  1 1 3 8 . 0 0 2 . 0 0 0 3 . 0 0

D e s c r i p t i o n

S a a p l e

S a a p l e  * u w n  f r o a  a n y ,  c l a y o y  g r a v a l  c o v a r e d  b y  0 . 6  f t  o f  r l p p l a d  s a n d .  3  A u  s p e c k s .
S a a p l e  o f  s i i c l a y e y  g r a v e l  c o l l e c t e d  b e s i d e  < 4 - f t  U H  b o u l d a r .
S a a p l e  f r o a  1  f t  m . ? e  I n  r a p a c t e d ,  d a y - r i c h  s e d l a e n t .  K u s s l e  b e d  p r e s e n t .  1 2  P t  s p e c k s .
S a a p l e  o f  s a n d y  g r a v e l  T r o a  1*  t o  2 - f t  b o l e .
0 . 5  f t  s i l t y  g r a v e l  o v e r l y i n g  0 . 6  f t  l o o s e  p e a  g r a v e l ,  o v e r l y i n g  c o m p a c t e d ,  c l a y e y  g r a v e l .

I n c l u d e s  a l l  t h r e e .
1  s a e l l  A u  f l a k e  1 n  o n e  p a n .  V a n  V e e n  g r a b .
S a a p l e  o f  s i l t y  g r a v a l  f r o a  1  f t  h o l e .
C l a y e y ,  s a n d y ,  c o b b l y  g r a v e l  u l t h  b o u l d e r s  t o  3 - f t - d l a a e t e r .  S a a p l e  c o l l e c t e d  f r o a  e d g e  o f  

b o u l d a r .  V l s a b l e  A u  a n d  P t  s p a c k s .
S a a p l e  o f  r o u n d e d ,  l o o s e  s a n d y  g r a v e l ,  o v e r l y i n g  a d a y - l a y e r  n o t  i n c l u d e d  I n  s a a p l e .
S a a p l e  o f  s a n d y  g r a v a l .  1  P t  s p e c k  I n  c h e c k  p a n .  Van  V a a n  g r a b .
S a a p l a  o f  s a n d y  g r a v a l  f r o a  t o e  o f  d r o p o f f .  1  P t  s p e c k .  V a n  V a a n  g r a b .
S a a p l e  o f  c o a p a c t e d  d a y - g r a v e l  > U K  r u b b l e ,  f r o a  t o e  o f  d r o p o f f ,  f r o a  l . S - f t  h o l e .

A b u n d a n t  w h i t e  a a t a l l c  s - l f l d e  ( p y r i t e ) .  A few P t  a n d  A u  s p a c t s  I n  f i n a l  c o n c e n t r a t e .
S a a p l e  f r o a  0 . 7 5  f t  h o l e  I n  t i g h t l y  c o a p a c t e d ,  s a n d y ,  r o u n d e d  g r a v e l  w i t h  s a a l l ,  r o u n d e d  U H  b o u l d e r s  
S a a p l e  f r o a  1 . 2 - f t  h o l e  I n  c o a p a c t e d  s a n d y  g r a v e l .
S a a p l e  o f  l o o s e ,  f i n e - g r a i n e d ,  w e l l - s o r t e d  g r e v a l .  1  A u  s p e c k  I n  c h e c k  p a n .  V a n  V e e n  g r a b .
S a a p l e  o f  l o o s e ,  w e l l - r o u n d e d ,  s a n d y  g r a v e l  f r o a  2 - f t - d e e p  h o l e .
S a a p l e  o f  l o o s e ,  w e l l - r o u n d e d ,  s a n d y  g r a v e l  w h i c h  I s  f o r a l n g  s h a l l o w  b a r s .
S a a p l e  f r o a  g r a v e l l y  c l a y ,  w i t h  b o u l d e r s  e a b e d d e d ,  f r o a  t o e  o f  d r o p  o f f .

2  o r  3 P t  s p e c k s  I n  c h e c k  p a n .  P a r r l c r e t e  o n  p e b b l e s .
S a ^ l e  f r o a  l o o s e  g r a v e l ,  w h i c h  1 s  o v e r l y i n g  s a n d y ,  c l a y e y  g r a v e l .  S p o n g e s  a n d  s t a r f i s h  I n  

v i c i n i t y .  1  P t  s p e c k  I n  p a n .  V a n  V e e n  g r a b .
S a a p l a  o f  l o o s e ,  s a n d y ,  s u b - r o u n d e d  g r a v e l .  1 ,  0 . 3  e a  A u  f l a k e ;  5 ,  0 . 1  t o  0 . 2  n a  A u  f l a k e s ;

2 ,  0 . 0 5  ■  P t .  V a n  Ve e n  g r a b
S a a p l e  o f  s u b - r o u n d e d ,  s u b - s n g u l a r  g r a v e l .  S o o e  s a e l l  a e t a l U c  g r a i n s .  V a n  V e e n  g r a b .
S a a p l a  o f  s u b a n g u l a r  g r a v e l ,  I n  a u s s a l  b e d .  1 ,  0 . 0 2  a g  P t  s p e c k ;  1 ,  0 . 0 3  a g  P t  s p e c k .  V a n  V e e n  

g r a b .
S a a p l e  f r o a  c o a p a c t e d  c o b b l y  g r a v e l .  C i n n a b a r  I n  c o n c e n t r a t e .
S a a p l e  f r o a  c l a y e y ,  c o b b l y  g r a v e l .
S a a p l e  f r o a  s u b a n g u l a r  a n d  s u b r o u n d e d  g r a v e l .  P t  s p e c k  1 n  o v e r s i z e  f r a c t i o n .
S a a p l e  o f  l o o s e ,  c o b b l y  g r a v e l  o v e r l y i n g  c o m p a c t e d  c l a y e y  g r a v o l ,  t a k e n  f r o a  0 . 1 -  t o  0 . 8 - f t  d a p t h .

__________ A u  a n d  P t  s p e c k s ,  c o a r s e r  A u  g r a i n s  t o  0 . 5  t o  I Q n a ;  P t  g r a i n s  t o  0 . 3  t o  l . O m a . _____________________________
S e e  n o t e s  a t  e n d  o f  t a b l e .  '



A P P E N D I X  A  -  S a m p le  a n a l y s e s  i n d  d e s c r i p t i o n s  f o r  o f f s h o r e  t e s — C o n t i n u e d

Map
n um be r

S a m p le
n u n b e r

O r i g i n a l
s a m p l e

- 2 0
mesh

.Si,

W e ig h t  
o f  h e a v y  
m i n e r a l  -  

t a b l e

,9 ..

W e i g h t  o f  
p a n  c o n c - P t  
c o n c e n t r a t e

...9 .

F l o t a t i o n
c o n e

____ ,2,,
mg/vd3-^

W e i g h t  p e t  i n  
h e a v y  m i n e r a l  

c o n c e n t r a t e
P t I r ^  1 Au F* T i  1 C r

56 2 3 1 2 1 "  56.7 16.5 74 2.^ 5 1 . 5 0 3 . 6 3 .o« i  1 . 2 6 , . 7.2 6.671 6.56
5 1 2 3079 5 6 . 2 3 8 . 0 1 1 6 . 0 4 . 4 0 NS . 1 7 T  1 > U . 3 0 f t 3 0 . 0 > 2 . 0 0 1  > 3 . 0 0
52 23078 5 6 . 7 2 3 . 6 5 7 . 9 . 7 7 NS N N 1 ____ 1 / 1 8 . 0 > 2 . 0 0 1  1 . 4 1
53 23300 3 9 . 9 8 . 7 8 4 . 8 4 0 . 2 0 2 8 .9 ( 1 1 1 . 2 8 1 . 4 7  I 3 .5 3 : 2 9 . 0 4 . 1 4 1  4 .4 2
54 2 3 3 0 1 3 9 . 5 6 . 9 1 8 . 3 1 1 . 4 0 1 4 . 1 2 . 0 3 T  1 . 6 1 1 5 . 0 2 . 7 8 1  0 . 8 6
55 23306 2 7 . 5 2 . 0 0 . 0 2 1 . 1 0 NS . 0 7 T  1 1 . 0 3 NA NA | NA
56 23303 2 8 . 6 1 . 1 6 9 . 8 1 8 . 6 0 2 . 8 4 2 . 3 9 . 3 1  I . 9 9 5 . 3 0 . 6 8 1  0 . 1 2
57 23304 2 0 . 7 2 . 5 2 7 . 6 1 7 . 4 0 1 3 . 2 1 . 0 9 T  1 4 . 1 7 1 7 . 0 2 . 9 5 1  1 . 3 3
58 2 3 1 7 3 4 5 . 0 6.1 0 . 0 6 1 . 2 3 NS 5 . 5 5 . 7 2  I . 7 4 NA NA | NA
59 2 3 1 7 2 4 9 . 5 0 . 0 5 2 . 9 0 NS 1 . 0 8 . 1 4  I . 3 5 NA NA I NA
60 23308 1 9 . 1 1 3 . 6 1 1 . 8 2 0 . 7 0 7 . 2 4 . 2 5 T  1 1 0 . 2 0 2 8 . 0 3 . 9 0 1  2 . 8 4
6 1 23 200 4 7 . 3 1 2 . 4 0 . 0 6 3 . 5 5 NS . 2 5 T  I 9 5 . 1 4 NA NA | NA
62 23 3 0 9 3 7 . 0 2 0 . 0 1 3 7 . 0 2 8 . 1 0 NS . 3 2 T  1 4 3 . 4 1 1 8 . 0 2 . 2 3 1  1 . 8 6
63 2 3 1 2 2 6 2 . 1 1 5 . 8 NS 3 4 . 0 0 NS . 5 1 T  1 1 . 3 0 NA NA 1 NA

OescriptfoiT
50 I C o i r s * ,  s u b a n g u l a r ,  l o o s *  g r a v a l  o v e r l y i n g  c o m p l e t e d  c l a y e y  g r a v e l .
5 1  I S a a p l e  f r o a  t o p  0 . 6  f t  o f  l o o s * ,  c o a r s e  g r a v e l  o v e r l y i n g  c o e p a c t a d  c o b b l y  g r a v e l .
52 I S a a p l e  f r e e  t o p  0 . 5  f t  o f  l o o s e ,  s u b - r o u n d e d  g r a v e l  o v e r l y i n g  c o a p a c t e d  c o b b l y  g r a v e l .
53  I S a m p le  o f  s a n d y ,  s i l t y  g r a v e l  w i t h  few f i n e s .  A u ,  P t ,  a n d  c i n n a b a r  I n  c o n c e n t r a t e .  Van  V e e n  g r a b .
54 I S a m p le  o f  s a n d y  g r a v e l .  V a n  V a a n  g r a b .
55 I S a m p le  o f  s u b a n g u l a r  g r a v e l .  V a n  V e e n  g r a b .
56 I S a a p l e  o f  l o o s e ,  s a n d y  g r a v e l .  2  s m a l l  P t  s p a c k s  I n  c h e c k  p a n .  S h i p e x  a n d  V a n  V e e n  g r a b .
57 I S a m p l e  o f  l o o s e ,  s a n d y  g r a v e l .  S m a l l  P t  s p e c k s  1 n  c h e c k  p a n .  Van  V a e n  g r a b .
58 I S a m p l e  f r o a  0 . 7 5 - f t - d e e p  h o i *  I n  c o m p a c t ,  c o b b l y  g r a v e l .  A u  a n d  c i n n a b a r  I n  c o n c e n t r a t e .
59 I 1 . 3 - f t  h o l e  d u g  t h r o u g h  0 . 5  f t  g r a v e l l y  s a n d ,  t h e n  l o o s e  s a n d y  g r a v e l .
60 i S a m p le  o f  s u b a n g u l a r  a n d  s u b r o u n d e d ,  s a n d y  g r a v e l .  V a n  V e e n  g r a b .
6 1  I S a m p l e  c o l l e c t e d  0 . 5  f t  down I n  l o o s e ,  w e l l - r o u n d e d  g r a v e l .
6 2  I S a m p l e  o f  a n g u l a r  t o  s u b r o u n d e d ,  s a n d y  g r a v e l .  1  P t  1 n  c h e c k  p a n .  1  A u  g r a i n  ■ 0 . 5  a g .  V a n  V e e n

I g r a b .
63  I S a m p le  f r o a  0 . 7 5  f t  h o l e  t h r o u g h  l o o s e  c o b b l y .  g r a v e l  o v e r l y i n g  c o m p a c t e d  g r a v e l .

qz  q u a r t z ,  b . s .  b l a c k  s a n d .  Um u l t r a m a f i c .  T t r a c e  v a l u e .  N n o t  d e t e c t e d .  NA n o t  a n a l y z e d .  NS n o  s p l i t  
p r e p a r e d ,  k g  k i l o g r a m ,  g g r a n ,  n g  m i l l i g r a m .

‘ C o n v e r s i o n  fr om  m g / y d 3 t o  t  o z / y d 3  i s  x  0 . 0 0 0 0 3 2 ;  m g / y d 3  u s e d  t o  s i m p l i f y  d a t a  p r e s e n t e d  I n  t h i s  t a b l e .
‘ C a l c u l a t e d  i r l d l u a  v a l u e s  b a s e d  o n  r e p o r t e d  I r : P t  o f  0 . 1 3  g i v e n  b y  M a r t i *  ( 1 9 4 0 ) .
3S p u r i o u s  h i g h  P t  o r  A u  v a l u e  r e p o r t e d  f o r  a n a l y s i s  o f  h e a v y  m i n e r a l  c o n c e n t r a t e ,  n o  f i n a l  a s s a y  c a l c u l a t e d  

d u e  t o  h i g h  l e v e l  o f  b i a s .
4P a r t i a l  a n a l y s i s ,  g r a i n s  p r e v i o u s l y  r e m o v t d  f o r  n l n a r a l o g l c a l  s t u d y .
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   5 "  '

I  ,

A P P E N O IX  8 « S t a p l e  a n a l y s e *  a n d  d e s c r i p t i o n s  f o r  o n s h o r e  s i t e s

U e l g h t
H e i g h t  o fo f  h e a v y

F l o t a t i o n
U e l g h t  p e t  1 n

O r i g i n a l - 2 0 ■ I n e r a l - p a n  c o n c - P t
m g / y d ^

h e a v y  n l n e r a l
K i p S a a p l e s a a p l e a e s h t a b l e c o n c e n t r a t e c o n e c o n c e n t r a t e
n u n b e r n i r t e r kg K  ̂ r™ g P t 1 Au F e T i  I C r

7(1 fcoir 4.5 2 0 . 3 0 1 . 5 0 1 5 1 . J Q 2 0 . 2 0  1 2 5 . 2 0 H k WIT «A
7 1 2 3 1 0 6 1 8 . 2 NS NS 2 7 . 1 0 NS 1 . 9 2 . 2 6  | T NA NA I NA
7 2 2 3 0 1 5 1 . 0 NS NS 4 . 1 7 NS 3 1 . 7 0 8 . 0 1  I N NA NA | NA
73 2 3 0 1 8 1 . 4 NS NS 2 0 . 3 0 NS 1 . 3 3 0 . 1 7  | 1 0 . 5 3  . NA NA | NA
74 23 0 4 3 1 8 . 2 5 . 9 0 . 0 1 6 . 0 0 NS 2 4 . 7 5 3 . 2 1  I . 3 7 NA NA I NA
75 23004 5 . 0 NS 3 8 7 . 8 1 3 . 6 NS 1 3 . 3 5 1 . 7 4  | 8 . 8 9 NA NA I NA
76 2 3 0 0 6 2 0 . 0 3 . 1 3 2 0 . 1 2 0 . 0 NS . 5 9 T  1 . 4 3 NA NA | NA
77 23 007 4 . 4 3 . 8 2 7 3 . 6 2 9 . 9 NS 9 6 . 2 0 1 2 . 9 0  I 7 . 8 0 NA NA 1 NA
78 2 3 0 1 0 3 . 6 NS 0 . 0 2 0 . 3 0 NS 1 . 1 6 4/ 

> 2 8 . 5 1 ^
• 1 5 . / I

> 3 . 7 0 2 M
. 0 5 NA NA | NA

79 2 3 0 3 2 2 9 . 2 7 . 2 1 0 6 . 7 4 0 . 1 0 1 0 . 0 4 1 . 7 5 3 4 . 0 1 . 5 0 1 1 4 . 9 0
80 2 3 0 3 1 5 . 0 NS 2 3 1 . 7 NS NS 5 . 3 6 . 7 0  1 5 . 3 6 NA NA | NA
8 1 2 3 0 0 9 1 6 . 0 NS 1 2 2 . 0 2 5 . 2 0 NS 4 6 8 . 7 0 7 1 . 1 5  1 . 0 2 2 1 . 0 1 . 1 6 1  6 . 0 0
8 2 2 3 1 2 7 3 2 . 2 7 . 2 6 1 . 5 4 5 . 5 0 1 . 4 0 1 3 . 3 0 1 . 4 5  1 8 . 4 0 3 7 . 0 2 . 0 4 1  9 . 7 1
84 2 3 0 8 6 5 . 0 NS NS 2 2 . 3 0 NS 1 . 6 3 . 2 1  1 N NA NA | NA
8 5 24444 3 9 . 0 NS 3 9 1 . 9 NS NS 2 7 . 3 0 3 . 5 5  I 1 4 9 . 3 0 NA KA | NA
8 6 24445 3 9 . 0 NS 8 6 6 . 4 NS NS 1 2 . 8 4 1 . 6 7  | 2 . 5 7 NA NA | NA
8 7 2 3 0 2 7 3 2 . 2 7 . 2 6 1 . 5 6 8 . 2 0 1 . 4 0 5 7 . 0 9 7 . 4 2  | 4 . 6 1 3 7 . 0 2 . 0 4 1  9 . 7 1
8 8 2 3 0 2 8 3 9 . 0 7 . 2 9 1 . 0 2 3 . 3 0 4 . 1 9 3 6 . 9 9 4 . 8 0  I . 0 5 1 8 . 0 . 8 9 1  4 . 2 1
8 9 23042 2 9 . 1 6 . 5 5 1 6 . 6 4 0 . 5 1 5 . 3 9 2 S 2 . 6 4 3 2 . 8 4  1 1 . 2 3 2 3 . 0 1 1 . 1 5 1  5 . 6 7

8 2

S t a p l e  o f  b . s .  w i t h  v i s i b l e  A u  t n d  P t .
S t a p l e  f r o *  1 0 - f t  a u g e r  h o l e .  0 -  t o  2 - f t ,  b a t c h  w i s h ;  2 -  t o  9 - f t  g l a c l o f T u v l a l ;  9 *  f t  g r a v e l l y  c l a y .  
S t a p l e  f r o a  5 - f t  t u g e r  h o l e .  M o s t l y  b a t c h  s a n d  t n d  g r a v e l .
S t a p l e  f r o a  3 - f t - d e e p  t u g e r  h o l e  o n  b o t c h .  1 -  t o  . 3 - w  A u  f T i k e .  C l i s t s  o f  c h e r t .  (JH» v o l c t n l e s .  
» in  c o n c e n t r a t e  o f  a c t i v e  c h a n n e l .  0 . 3  o e  P t  g r a i n  t n d  2  s a t l l  P t  s p e c k s .
2 - f t  c h a n n e l  s t a p l e  o f  w e l l - r o u n d e d .  F e - o x t d a  c o i t e d  g r t v e l  o f  p o s s i b l e  a n c i e n t  f l u v i a l  d e p o s i t  1 n  

b e a c h  b l u f f .
C h a n n e l  s t a p l e  o f  g r e e n - g r a y ,  s u b - r o u n d e d  t o  s u b t n g u l t r ,  l o o s e  g r a v e l ,  l o w e r  3 . 5  f t  e x p o s e d  I n  b l u f f  

b e l o w  s a a p l e  7 5 .
S a a p l e  f r o a  C -  t o  8 - f t - 1 n t e r v a l  o f  a u g e r  h o l e ,  c o n s i s t s  o f  1  f t  l o o s e  p e a  g r a v e l  o v e r l y i n g  g r e e n  

c l a y e y  s a n d .  A b u n d a n t  f i n e  g r a i n e d  a a g n e t i t e .
S a a p l e  c o l l e c t e d  f r o a  6 . 5 - f t  a u g e r  h o l e  I n  b a c k  b e a c h .
C h a n n e l  s t a p l e  o f  a  2 - f t - t h l c k  g r e e n  d a y / s i l t  l a y e r  w i t h  s u b a n g u l a r  s a r p a n t l n l t e  c l a s t s ,  

o v e r l y i n g  a  f a r r l c r e t e  g r a v e l  u n i t .  4 c o a r s e  a n d  1 5  f i n e  P t  g r a i n s  f o u n d  I n  c o n c e n t r a t e .
S a a p l e  r f  c l a y  a n d  f i n e  g r a v e l  f r o a  1 . 5 -  t o  8 - f t - l n t e r v t l  I n  a u g e r  h o l e  o n  b a c k  b e a c h .
C h a n n e l  s t a p l e ,  t o p  1 . 5  f t  o f  s a a e  a u g e r  h o l e  a s  s t a p l e  8 0 ,  c o n t a i n s  a l n o r  b . s .  S i x  P t

g r a i n s ,  m e a s u r i n g  0 . 4  t o  1 . 5  m ,  w e i g h e d  5 . 5  a g ,  c o a b l n e d .
S t a p l e  f r o a  1 . 5 -  t o  7 . 5 - f t - l n t e r v e l  o f  t u g o r  d r i l l  h o l e ,  c o n s i s t s  o f  s a n d y  g r t v e l  a n d  c l a y .

F a r r l c r e t e  l a y e r  a t  5 . 5  f t .
S a a p l a  o f  g r o v e l  fr ttt  t o p  o f  b l u f f .  C o n c e n t r a t e  c o n t a i n e d  5 P t  s p a c k s .
S a a p l e  f r o a  0 -  t o  2 . 2 - f t - l n t e r v a l  o f  t e s t  h o l e ,  c o n s i s t s  o f  u l t r a a a f l c  c o b b l e s  a n d  b o u l d e r s  w i t h  a 

s a n d y  a a t r l x .
S a a p l e  f r o a  1 . 7 5 - f t - d e e p  p i t  I n  b e e c h  s a n d  w i t h  U H  c o b b l e s  a n d  b o u l d e r s .
S t a p l e  8 7 .  8 8 ,  89  f r o a  4 - f t - d e e p  p i t  I n  b a c k  b e a c h .  S a a p l e  87  c o l l e c t s d  o v e r  0 -  t o  l - f t - 1 n t a r v a l  o f  

b e a c h  s a n d .  C o n t a i n e d  v i s i b l e  A u  a n d  P t .
S e e  n o .  8 7 .  S a a p l e  f r o a  1 -  t o  2 - f t - 1 n t e r v a l ,  c o n s i s t s  o f  c l a y  a n d  s a n d .
S a t  n o .  8 7 .  C l a y  r i c h  s a a p l e  f r o a  2 -  t o  4 - f t - 1 n t e r v t l .____________________

n o t e s  a t  e n d  o f  t a b l e .  '
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A P P E N D I X  0 -  S i n p l a  t n a l y i e *  «nd d e s c r i p t i o n s  f o r  o n s h o r e  s 1 t e s - - C o n t 1 n u a d

W e ig h t
W e i g h t  o f

1
o f  h e a v y

F l o t a t i o n
I W e ig h t  p e t  I n

O r i g i n a l - 2 0 ■ I n e v i ­ p a n  c o n c - P t
m q / y ^ y

1 h e a v y  a l n a r t l
Map S t a p l e

n u n b e r
s a a p l e sm sh t a b l e c o n c e n t r a t e c o n e 1 c o n c e n t r a t e

kfl 9 , 9 -  — P t I # A u 1 F a  I T 1  I C r
" 5 0  " 7 3 0 6 8 i i . z H5 6 5 9 . 2 NS NS 7 8 . 6 9 1 0 . 2 3 \ s m m o l  . J 8 | > J . M

9 1 2 3 0 6 6 2 8 . 8 2 5 . 9 2 , 2 3 1 . 6 4 5 .0 0 NS 3 1 . 2 2 4 . 0 6 2 5 1 . 2 1 1 4 6 . 0 1  2 . 6 2 1 1 1 . SO
92 2 3 0 5 8 4 0 . 9 NS a p x  500 4 5 .0 0 NS 3 4 .9 5 4 . 6 5 3 9 . 9 0 1 3 7 . 0 1  . 7 6 1 1 0 . 5 5
9 3 2 3 0 5 6 4^5 NS NS 5 4 .3 6 NS 4 5 2 . 2 0 6 0 . 4 1 5 7 9 . 6 0 1 M |  NA | NA
94 2 3 1 1 9 5 0 . 0 NS 0 . 0 3 3 . 3 0 NS . 8 1 . 1 1 T 1 KA1 NA 1 NA
95 23 0 57 4 0 . 0 NS 0 . 0 2 5 .4 0 NS

> 3 0 7 . 0 0 ^ > 1 6 5 . 0 0 ? / > 3 9 .0 1 )2 /

1 NAI NA | NA
96 2 3 0 6 0 2 7 . 9 8 . 8 5 , 4 6 9 . 0 NS NS 1 4 4 . 0 1  2 . 5 2 1 1 0 . 7 0
97 2 3 0 6 9 1 7 . 3 1 7 . 0 1 , 5 4 2 . 7 NS NS 1 4 8 . 0 1  2 . 5 6 1 1 1 . 6 0
9 8 1 9 4 2 1 2 . 5 NS 2 . 5 NS N S 2 , 9 4 8 . 3 0 3 8 3 . 0 0 3 4 6 . 9 0 1 NAI  NA | NA
9 9 19 4 2 2 5 . 5 NS 5 . 5 NS NS 6 , 5 9 0 . 6 0 . .

> 1 8 . 5 0 3'
8 5 7 . 0 0 . ,

> 3 . 4 0 = '
1 , 5 0 3 . 0 0 . .

> 5 . 4 2 2 '
1 NA |  NA I NA

1 0 0 2 3 1 2 8 9 . 1 NS 4 7 . 0 3 7 . 4 0 NS 1 5 0 . 2 1  2 . 5 9 1 1 1 . 3 0
1 0 1 2 3 1 2 9 6 . 8 NS NS 4 9 . 3 0 NS 5 9 . 2 0 7 . 9 0 6 . 2 0 1 NA| NA | NA
1 0 2 2 3 1 3 0 1 0 . 9 NS NS 4 5 . 0 0 NS 7 4 . 0 0 9 . 8 0 1 5 4 . 0 0 I NA| NA | NA
1 0 3 2 3 0 1 2 . 1 NS NS 9 7 . 4 7 N S 3 , 0 7 4 . 8 0 3 9 9 . 7 2 1 2 , 1 2 8 . 3 0 1 NA| NA I NA
1 0 4 2 3 1 9 7 2 7 . 0 NS NS 8 2 . 5 0 N S 2 .4 0 . 3 2 . 0 6 1 NAI NA I HA
1 0 5 2 3 1 9 6 3 5 . 0 NS NS 2 1 .  CO N S T T T I NAI NA I NA

1 . 2 - f t  c h a n n e l  s a s p l a  a c r o s s  3 l a y e r s  o f  b . s .  I n  b e a c h  g r a v e l  b e l o w  s w a s h .
S a a p l e  o f  b . s .  f r o a  b a c k  b a t c h .  P a n  c o n c e n t r a t e  i . a d  1 0  A u -  a n d  6  P t - c o a r s a  g r a i n s ,  a n d  o v a r  

1 0 0  f l n a  c o l o r s .
C h a n n a l  sa s tp lo  f r o a  2 - f t  h o l a  I n  b a c k  b a t c h ,  I n c l u d e s  n a r r o w  b . s .  U y a r  o v a r l y l n g  t i l l  a n d  

u n d t r  b a t c h  s a n d .
S a a p l a  f r o a  0 . 3 3 - f t - t h 1 c k  b . s .  l a y a r .  w h i c h  h a d  2 0  P t -  t n d  1 0 0 - A u  s p a c k s  I n  c h e c k  p a n .
C h a n n a l  s a a p l a  o f  w a l l - g r a d a d  g r a v a l  a n d  c o t r s a  g r a v a l  a n d  s a n d ,  8 -  t o  1 2 - f t  f l u v i a l  I n t a r v a l .
S a a p l a  1 s  l o w t r  z o n a  o f  s a a p l a  n o .  9 4 ,  c o n s i s t s  o f  2 - f t - t h l c k  UM f l u v i a l  c o a r s a  g r a v a l  a n d  s a n d .
C h a n n a l  s a a p l a  o f  . 0 5 -  t o  . 2 5 - f t - t h l c k  b . s .  l a y a r .  S a a p l a  I s  U . 5 - f t - w 1 d o  b y  1 6 - f t - l o n g ,  I n  

b a c k  b a a c h  t n d  I n c l u d a s  o n l y  t h a  b . s .  l a y a r .  A b u n d a n t  v l s a b l a  P G M - A u .
S a a p l a  o f  b . s .  l a y a r  u n d a r l y l n g  b a a c h .
S a a p l a  o f  b . s .  a c c u n u l a t l o n  o n  f a r r l e r a t a .  A n a l y s i s  r o p r a s t n t s  a l n U t a i  v a l u a  a s  ’ r i f f l e s *  on  

f a r r l c r e t e  c o u l d  n o t  b a  t h o r o u g h l y  d a a n a d .
S t a p l e  o f  b . s .  a c c i a u l a t l o n ,  a s  I n  n o .  9 8 ,  b u t  t h i s  s a a p l a  I n c l u d e d  b . s .  w ashed  f r o a  f a r r l c r a t a .  .  
S a a p l a  f r o a  b . s .  l a y a r  b e l o w  1 - f t  o f  l o o s e  g r a v a l .  20  A u  a n d  1 5  P t  s p a c k s  f o u n d .  G r a i n s  r e e o v e d  

f o r  n l n a r a l o g l c  s t u d y .
S t a p l e  f r o a  b . s .  l a y a r  o v a r l y l n g  c o a r s e r  g r a v a l ,  c o l l e c t e d  o v a r  5 0 - f t - t n t a r v a l  a l o n g  b a c k  b a t c h .
S t a p l e  o f  h i g h - g r a d e  b . s .  u p  t o  0 . 2 S - f t - t h 1 c k ,  o v a r l y l n g  w a l l - c o a p a c t a d ,  c l a y e y  g r a v a l .  F i n e  A u  

a n d  P t  r e c o v e r e d  f r o a  c h e c k  p a n .
S a a p l e  f r o a  2 - f t  h o l e  c o n s i s t s  o f  p e b b l e ,  s a n d ,  a n d  b o u l d e r s .
C h a n n e l  s a a p l e  o f  3 - f t - l n t a r v a l  o f  w e l l - r o u n d e d ,  w a l l - s o r t e d ,  p a l e o - t l l u v l a l  g r a v e l s  I n  b l u f f .

P a n  c o n c e n t r a t e  c o n t a i n e d  3 t o  4 s p a c k s  o f  P t .
3 - f t  c h a n n e l  s t a p l e  o f  l o o s e  g r a v e l ,  p o s s i b l y  f r o a  p a l e o - c h a n n e l  t r o u g h .  C o n t a i n e d  a few  s p a c k s

P t .  ___________ ___________ _________________________
q z  q u a r t z ,  b . s .  b l a c k  s a n d .  UM u j t r a s w ^ c .  t  t r a c e  v a l u a .  N n o t  d e t e c t e d .  NA n o t  a n a l y z e d .  H 3 “ n o  

s a i j p l e .  kg  k l l o g r a a .  g  g r a a .  mg e 1 1 1 1 g r a » .
^ C o n v e r s i o n  f r o a  m g / y d 3 t o  t  o z / y d 3 I s  x  0 . 0 0 0 0 3 2 j  e g / y d 3 u s a d  t o  s l a p l l f y  d a t a  p r e s e n t e d  1 n  t h i s  t a b l e .  
^ C a l c u l a t e d  I r l d l u a  v a l u e s  b a s e d  o n  r e p o r t e d  I r : P t  o f  0 . 1 3  g i v e n  b y  M e r t l e  ( 1 9 4 0 ) .
" ' S p u r i o u s  h i g h  P t  o r  A u  v a l u e  r e p o r t e d  f o r  a n a l y s i s  c r  h e a v y  a l n e r a l  c o n c e n t r a t e ,  n o  f i n a l  a s s a y  c a l c u l a t e d  

d u e  t o  h i g h  l e v e l  o f  b i a s .
- A

9 0
9 1

9 2

9 3
94
9 5
9 6

9 7
98

9 9  
100

101102
1 0 3
1 0 4

1 0 5 o f

P a r t i a l  a n a l y s i s ,  g r a i n s  p r e v i o u s l y  r a a o v a d  f o r  s l n e r a l o g l c a l  s t u d y .
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A REVIEW OF FAVORABLE OFFSHORE AND COASTAL DEPOSITION SITES 
FOR PLATINUM-GROUP METALS IN THE GOODNEWS BAY MINING DISTRICT, ALASKA

By Brian R. Zelenkal/

ABSTRACT

The Bureau of Mines (Bureau) reviewed all available information 
regarding geologic and depositional processes contributing to 
potential coastal and offshore platinum group metal (PGM) placer 
deposits around the Goodnews Bay Mining District. The Bureau found 
that favorable environments for PGM along with gold and chromite 
enrichment include: (1 ) buried paleofluvial channels; (2 ) recent 
paleofluvial channels with little marine sediment overburden, (3) 
beach deposits, particularly in the upper swash zone and near back 
beach environments; (4) paleostrand lines; (5) shoal lag deposits 
Inside the mouths of Goodnews and Chagvan bays; and (6 ) bases of far 
offshore tidal ridges which may represent reworked glacial deposits.
Limited geologic and compositional (assay) data prevent 

determination of deposit size and grade of PGM mineralization for each 
deposit class. Future geologic sampling requirements for 
demonstration of identifiable offshore and beach PGM-bearing placers 
are discussed. Beach and offshore sampling programs conducted by the 
Bureau in 1986 will contribute additional information providing 
verification of specific deposit classes.

INTRODUCTION

The Bureau is currently investigating known and potential nearshore 
and offshore placer deposits in Alaska. The offshore region adjacent 
to the Goodnews Bay Mining District is recognized as having a high 
potential for PGM, gold, and chromium placers. Reliable quantitative 
analyses of beach and offshore sands around the Goodnews Bay Mining 
District are limited and the potential for economically extracting 
marine placers remains largely unknown. This study was undertaken as 
an attempt to compile available literature and evaluate the offshore 
and coastal placer potential near the Goodnews Bay Mining District. 
Specific depositional environments with possible economic 
concentrations of PGM, gold, and chromium are hypothesized.
Fluvial PGM placers were discovered in a small region south of 

Goodnews Bay, southwestern Alaska, during 1926 (23-25)£/. From 
1927 to 1934, the placers were woriced by small-scale hand mining 
methods. Dragline excavators were employed in 1935, and in 1937 the 
Goodnews Bay Mining Company built a bucket-line dredge which was 
seasonally used until 1975. The dredge has been used intermittently 
since then.

J_/M1 n1 ng Engineer, Alaska Field Operations Center (AFCC), Anchorage, 
Alaska (deceased).
2/ Underlined numbers in parentheses refer to items in the list of 

reTerences at the end of this report.



Although PGM extraction has been restricted to gravels In the creeks 
which drain Red Mountain, the ultramafic source for the PGM (25, 35,), 
numerous researchers have reported trace to possibly economic 
concentrations of platinum 1n beach and offshore sands around Goodnews 
Bay, Chagvan Bay, and the adjacent coastal waters of Kuskokwim Bay (5i, 
7_, 11, 28, 42). The presence of PGM-bear1ng sediments offshore was 
verTTleH“by*The Bureau in 1985.
Significant concentrations of chromite, with lesser amounts of gold, 

are locally associated with the PGM placers and may represent 
economically recoverable co-products or by-products of PGM 
production. During the sunnier of 1986, the Bureau's Mineral Land 
Assessment (MLA) section and the Critical and Strategic Minerals 
sampling program continued to systematically collect bulk samples for 
PGM and heavy mineral analysis 1n the offshore and intertidal regions 
between Goodnews and Chagvan 3ay.

This paper, which integrates the work of previous researchers, 
summarizes those characteristics which together suggest favorable 
marine placer environments in the Goodnews Bay Mining District. These 
include: (1 ) coastal and offshore geology; (2 ) Holocene geomorphology
and its relationship to placer depositional environments; (3) 
Quaternary geology; (4) primary PGM sources; (5) secondary 
depositional environments; (6 ) PGM transport models; and (7) the 
results of marine sediment analyses. Depositional environments with 
possible PGM resources are identified using available data. Analysis 
of samples collected by the Bureau ’’n 1985~and 1986 is incomplete, nor 
have assay data suggesting specific PGM placers in various offshore 
depositional environments been completely evaluated. However, limited 
compositional data from beach samples collected during 1986 by the 
Bureau's MLA program is presented.
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STRATEGIC IMPORTANCE

Approximately 92X of the PGM consumed by the United States is 
imported from South Africa and the U.S.S.R., and is therefore 
considered strategic and critical for the U.S. (10, 27)). Platinum 1s 
used for two principal functions; (1 ) as a catalyst 7n automotive, 
petroleum refining, and other industries, and (2 ) as a corrosion- 
resistant material for industries such as chemica., electrical, and 
dental-medical (21). The Goodnews Bay Mining District is the only 
district in the U7S. which has produced PGM as a primary commodity. 
Significant resources and limited reserves of this commodity exist 1n 
the Salmon River valley, adjacent tributaries, and nearby coastal 
zones in the Goodnews Bay Mining District; however, the reserve base 
has been only partially evaluated (lj), 29).



L X A T I O N

The Goodnews Bay Mining District is located north of Bristol Bay in 
southwestern Alaska (fig. 1). The district encompasses approximately
1.1 million acres, and is bounded by the Indian River on the north, 
Cape Newenham on the south, and Ungluayagat Mountain to the east (fig. 
2, 31J. This study investigates the nearshore and offshore region 
between the north spit at Goodnews Bay and the southern side of 
Chagvan Bay along the Bering Sea coast.

PRODUCTION AND RESERVE BASE

Total production of PGM from the entire Goodnews Bay District 
between 1927-81 is approximately 20,031 kg (2). The bucket-line 
dredge at Goodnews Bay, operated by the Goodnews Bay Mining Company 
from 1937-75, produced at least 16,949 kg of PGM (13). Presently, the 
platinum dredge, owned by the R. A. Hanson Company, 1s being operated 
on a limited basis, hence current PGM production from Goodnews Bay is 
negligible (1 2 ).
Measured recoverable reserves for PGM contained onshore in fluvial 

placers near Goodnews Bay are in excess of 9,330 kg (12).
Hypothetical resources of subeconomic grade include 407430 kg 
recoverable from lode occurrences at Red Mountain, 15,550 kg from 
beach deposits, and 155,500 kg from offshore placers according to Page 
and others (29). The U.S. Geological Survey (USGS) estimate of 
171 ,050 kg o f  PGM for coastal placers should be recognized as an 
estimate of order of magnitude precision only (29), because they rely 
heavily on analyses of a limited number of grab samples (5, V[). Data 
obtained by the Bureau during 1986 suggests that a significantly 
smaller resource base is present on the beaches and probably offshore.

REGIONAL GEOLOGY

The geology of the Goodnews Bay Mining District has been studied by 
numerous investigators. The most significant contributions are 
discussed below. Reed (32, 33), in 1931 and 1933, described the early 
placer mining at Goodnews Bay and the ultramafic rocks comprising Red 
Mountain. In 1940, Mertie (23) reported on the regional geology and 
the character of the placers which included detailed petrographic 
investigations of the PGM. Mertie (24-25) went on, in 1969 and 1976, 
to summarize the mining history and composition of the PGM placers and 
also described the regional geology, Quaternary depositional 
environment, and economic significance. The heavy mineral potential 
of beach deposits along the coast of Bristol Bay was first reported by 
Berryhill (5) in 1963. Porter (30) described the Quaternary glacial 
history of the Chagvan Bay area In 1967. A comprehensive 
investigation of the Goodnews Bay District was released in 1978 by the 
USGS as part of the Alaska Mineral Resource Appraisal Project (AMRAP) 
(11, 16, 18-19). Bond (7) and Ulrich (42) reported on the 
distribution and processes involving the formation of beach placers in 
the Goodnews Bay district in 1982 and 1984 respectively. Wakeland 
(37), Welkie (40), and Walish (39) investigated the sedimentological 
processes active in Goodnews Bay, Chagvan Bay, and in nearshore 
environments in 1973, 1976, and 1977 respectively. The most recent
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FIGURE 1. Location map of the Goodnews Bay Mining District, Alaska.
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geologic map of the Goodnews Bay area was compiled by Hoare and 
Coonrad (ljJ) for the Goodnews-Hagemeister Island quadrangles region in 
1978. The tectonic setting of southwestern Alaska was recently 
investigated by Box (8-9), in 1982 and 1985, for the USGS. Southworth 
and Foley (36), and SouTihworth (35) published detailed descriptions of 
the ultramaTTc source rocks for FSM mineralization at Red Mountain.
In 1982 and 1984, Box (8-9) subdivided the Goodnews Bay district into 
terranes which are overTaTn by unconsolidated glaciofluvial Quaternary 
deposits.
The tectonic setting of the Goodnews Bay complex is best described 

using the tectonostratigraphic terrane framework developed by Jones 
and others (20) and Box (8 ). The Goodnews Bay region consists of the 
Goodnews and“Togiak Terranes. The following discussion is adapted 
from Box (8-9).

TOGIAK TERRANE

The Togiak Terrane consists of Mesozoic volcanic and volcaniclastic 
sedimentary rocks which may be subdivided into the Hagemeister and 
Kulukak subterranes (fig. 3). The Hagemeister subterrane is a 
northeast striking belt which includes Chagvan Bay and Chagvan 
Mountain. The Hagemeister subterrane is comprised of Upper Triassic 
through Lower Cretaceous mafic igneous rocks, shallow marine 
volcaniclastic sedimentary rocks, and intercalated cherts. The 
subterrane may be further divided into three units with unconformable 
contacts.
The Kulukak subterrane consists of Jurassic volcaniclastic 

turbidites, and is exposed as a northeast trending belt south of the 
Goodnews Bay District (fig. 3). A northeast striking linear fault 
separates the Hagemeister and Platinum subterranes from the Nukluk 
subterrane to the northwest.

GOODNEWS TERRANE

The Goodnews terrane is subdivided into the lithologically distinct 
Nukluk, Platinum, and Cape Peirce subterranes (fig. 3). The Nukluk 
subterrane strikes northeast with its western margin extending from 
Goodnews Bay to Carter Bay (fig. 3). The Nukluk subterrane consists 
of Triassic limestone and volcaniclastic sedimentary rocks, 
radiolarian cherts, and polymictlc clastic rocks in a matrix-poor 
melange package. Locally, the subterrane is overprinted by 
greenschist to blueschist facies metamorphism along the northwestern 
margin. The Nukluk subterrane is separated from the Platinum and 
Hagemeister subterranes by a northeast trending linear fault. The 
Platinum subterrane is exposed around Goodnews Bay and the Upper 
Goodnews River, and consists of an unfoli$ted package of basalts, 
limestones, and volcanic conglomerates of Permian age. The Cape 
Peirce subterrane outcrops between Goodnews Bay and Chagvan Bay, 
around Security Cove, and on the northern shore of Hagemeister Strait 
(fig. 3). The Cape Peirce subterrane consists of foliated greenschist 
to blueschist facies metamorphlc rocks bf late Triassic or early 
Jurassic age, which have been thrust over the Platinum subterrane to 
the northwest. The Cape Peirce subterrane is exposed through a window 
under a low-angle fault overlain by the Hagemeister subterrane.
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ULTRAMAFIC ROCKS

Red Mountain and Suzle Mountain are two exposures of ultramafic rock 
within the Goodnews Bay Mining District and probably represent the 
same complex (35, 36). The ultramaflc 1ntrus1ves consist of dunite, 
pyroxenlte, hornblendite, and gabbro which form a discontinuous belt 
of sill-like bodies which Intruded the Cape Peirce subterrane during 
Late Cretaceous to Early Tertiary time (35). These intrusives 
represent the source of PGM, chromite, ancl minor gold (25, 35). Hoare 
and Coonrad (19) report potassium-argon ages of 176.4 +U.3 and 186.9 
+ 5.6 million years for secondary amphibole located along the Red 
‘Mountain contact zone.

QUATERNARY GEOLOGY AND DEPOSITS

Unconsolidated Quaternary deposits in the Goodnews Bay Mining 
District are derived from glacial, fluvial, and marine origins. A 
discussion of each is presented below.

GLACIAL HISTORY AND DEPOSITS

Porter's (30) description of the glacial history of the Chagvan area 
may be applied to the Goodnews Bay area. Mertie (25) summarized many 
of Porter's conclusions and provided additional interpretations based 
on his observations of the placer mining operations.
Glaciers originating in the Ahklun Mountains, northeast of the 

Goodnews Bay Mining District, spread over the coastal lowlands at 
least four times as broad piedmont lobes. From oldest to youngest, 
the four Ice sheets have been named Kemuk, Clara Creek, Chagvan, and 
Unaluk, which correspond to the Nebraskan, Kansan, Illlnoian, and 
Wisconsinian Glaciations, respectively (25). The Kemuk drift sheet is 
deeply buried beneath younger drift and Ts Indicated only from a 
single drill hole located half a mile north of Happy Creek. The 
sediments are characterized as strongly weathered and oxidized and 
directly overlie weathered bedrock. The Kemuk Glaciation did not 
erode bedrock at lower elevations in the Salmon River Valley, as 
evidenced by preservation of the bench placer on the east wall of the 
valley which was buried by the earliest ice advance. This early 
advance may have covered the entire upland as suggested by the 
distribution of placer gold presumably carried in by Ice sheets from 
source rocks to the east.
The Clara Creek (Kansan) Glaciation was the most extensive of the 

four 1ce advances and produced massive morainal material which has 
been remobilized by erosion and mass-wasting. The preglacial course 
(bench placer) of the Salmon River was probably abandoned during the 
Kemuk or Clara Creek Glaciation because the younger, valley-bottom 
placer was truncated by ice advancing into the lower Salmon Valley 
from Chagvan Bay during the third glaciation.
The third ice advance, represented by the Chagvan (Illlnoian) 

Glaciation, has been radiocarbon dated to have occurred at least 
45,000 years before present (30, p. 13); The deeper (Clara Creek) 
bench placer was not eroded by this ice advance. This glaciation did, 
however, destroy PGM placers that presumably existed on the 
northeastern side of Red Mountain, as evidenced by erratic boulders
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