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I 
LODE PLATINUM-GROUP METALS PO TE NTIA L OF THE GOO DNEiliS BAY
 

ULT RA MA FIC CO MP LEX, ALASKA
 

By D. D. Southworth l and Jeffrey Y. Fo ley2
 

ABS TRACT, 
! In 1981, 1982, and 1983 , t he Bureau of Mi nes examined the potenti al 

for lode deposi t s of plati num-group meta l s (PGM) in t he Goodnews Bay 

ultramaf ic complex , Ala ska. The complex consists of t he Red Mo un t ain, 

Suzi e Mountai n, and Small s River ult rama f i c bodies and di spl ays 

concent r ic zoning of rock types simi l ar t o compl exes in sout heast 

I	 Al aska, Bri t i sh Columbia , and the Ural Mountains i n th e U.S .S .R. 

Results of the stUdy i ndi cat e t ha t plat inum i s prefe rentia l ly 

I asso ciated with chromite and magnet ite in t he dunite core of t he 

complex , and pal ladium i s preferent ia l ly ass ocia t ed Wit h sul f ide 

mi nera ls in the outer cl i nopyroxene-ric h zones . ,, 
The most promi sing target s for PGI1 l ode deposits are t he 

chromite-rich dunite at t he heads of Fox Gul ch and Squi rre l Creek and 

i ron-n ickel and iron-copper su l fide-be~ r i ng ma gnetite cl inopyroxenite 

and hornblende- r ich rocks out ward of t he du ni t e core , a lso in t he Fox 

Gu lch-Squirrel Creek area. Signi f ican t pl acer reserves ~ rc pre sent in 

t he unmi ned, deeply buried placer ground i n t he lower Salmon ~ive r 

Val ley, and al so i n ta i li ngs f rom previous dreoging. 

IPhys i~a ) Sci ~n ce Technic ian . 
2Ptlysi cal Sci ent i st . 

Alaska Fip. lo Cpp. rat ions Center , Bureau of Mines , Fairbank s , AK . 
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IN TRODUCTION 

The pl at in um-g roup met al s (PGM) pl at inum, palladium, iridium, 

osmium , r hod i um, and rutheni um fu nction as ce t ai yst s in tho 

automoti ve , chemical, and pelroleum-refin ing tndu st rt es , Ot her U. S. 

in dust r i es re ly on the chemi ca l iner t nes s and refra ct ory properties of 

PG M. The metal s are conSi der ed cr i t i ca l and st rateg ic commod i tieS ~ nd 

a re nece ssary to t he nation ' s mi l i t ary and economi c wel l - being . 

Because the only PGMproduced domesticall y are recovered as trace 

by-products and by r ecycling. in 1983. the Uni t ed St~tes reli ed on 

fo reign impor t s f or about 84 pet of its PGMsu pp l i es. About 16 pct of 

PGM cons umption was r ecovered f rom dome ' ti c sc r ap (~) 3. Mos t i mpor t s 

3Uf!de-rl i ned number s in parent heses re fer t o items in the list of 
reference s preceding the ~ ppend1xes . 

We r e f rom tho Republ ic of So ut h Afri c~ (56 pet of t ota l i mports) , the 

U. S.S . R. ( l6 pet of t otal imports ), ~ nd C ~ n ~ d~ (11 pet of total 

i mpor t s ) . The Un ited Ki ngdom i s an i mpor t ant processor of PGM 

concent r at es pr oduced in the Re pUblic of Sou th Afr i ca. 

Domes tic U. S. PGMproduct i on is l es s tha n one pet of U. S. consump tion 

and has mos tly been as a byproduct of th e r efin ing of coppor or cs ; 

mi nor pr oducti on has a l so come f rom domest ic pl aCer min ing operation s 

and ot her sourceS. The Goodnews Bay Min ing Company. in southweste rn 

Ala s ~a , i s the onl y domestic mine t hat has produced PGMas i t s 

pr i ncipal commodity . About 650.000 cz of PGI1 w ~ re produced from t he 

Goodnews Bay pl ace r s duri ng the period 1928 th r Ough 1975 UJ. Sin ce 

1975 t he G o o ~ new s ~"y Mi n1n a [n mr~ ny h ~< nr~r " t ~~ onl y <porHdical l y , 

mo st ly reworking tai l ing s f r om ea r li er min ing. 
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I As part of its current Al aska-wide assessment of critica l and 

strategic minerals, the Bureau of Mines investigated the potentia l for 

PGM lode deposits in the Goodnews Bay area from 1981 through 1983 

using a combination of geologic ma pping, geochemical sampli ng. andI 
geophysi cal surveys to del i neate the extent of the ul trama f ic comp le x 

I and to bet te r define the dist ri bution of PGMwi t hin t he compl ex. 

LOCATION 

The Goodnews Bay compl ex ;s located approximatel y 10 miles sout h of 

the ent rance to Goodnews Bay. al ong Kuskokwim Bay. on the southwest 

coast of Alaska (f ig. 1) . The 42-square-mile study area (fi g. 2) 

I	 extends from approxi ma t el y 1610 36'W and 590 OD'N t o 1610 47 'W and 580 

52'N.

I 
\ 

Goodnews Ba y s tudy area 

A le ul illn 

• 
'C> •

• 

\,.. \ 
\ 
\ 
\ 

eFalrba . n 

• 

• 
• 

..... ~. 

FIGURE 1. - Index map of Alaska. 
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PRE VIOUS INVESTI GA TIONS 

Geologi c data on t he Goodnews Bay a r-ea are conta i ned in nume rous 

repor t s . Har ri ngt on (16) , in 1919, des cr i bed and mapped th e 

topogra phy and geology of the area immediately around Goodnews Bay at 

a scal e of 1: 250, 000. A 1933 repo rt by Reed (32), of t he Alas ka 

Terr i t ori al Depa rtment of Mi nes , detail ed t he ear ly placer min in9 

eff or ts i n the Goodnews Bay mi ning di str i ct , and descri bed t he 

ultramaf i c roc ks at Red Mou nt a i n. Dur i ng 1937 , Mer ti e (26) prep ared 

geologic maps of t he Goodnews B~y ~ re~ ~t 1; 62, 500 sc ~ le. In 1940 , 

Mertie ( 27) des cr ibe d the general geol ogy of t he are a and r epor t ed in 

det ai l on t he composi t i on of t he plat inum-g roup minera ls in t he placer 

deposits. The Goodnews Bay plocer deposit s were summarized by Mertie 

in 1969 (28) and again i n 1976 (~) . The l atte r re port cont ai ns t he 

most detai l ed descri pt i on a v~ i l ~ bl e of the mine r ~ l o gy and distr i buti on 

of PGM i n t he Goodnews Bay place rs . Bi rd and Cla r k (.!) reported 

re sults of el ect ron- mi croprobe ana lyses of ol iv i ne chro mi tl tes f rom 

Red Moun t~ i n ~nd suggested ~ , i milarity of Red Mo untain to t he Alaska ­

type zoned comp lexes. Porter (lQ. ) described the glacht ion of t he 

area f rom Goodnews Bay t o checven Bay. Hi s f inding, expla in i n part 

the di st ri but i on of t he p l~ce r p ~y, tre ak, i n the Salmon River. 

Griscom's (15) i nt er pret ati on, of aeromagnet i c data from the reg i on 

help to def i ne t he ext ent of th e ul tramaf ic complex. Potassium- argon 

age determinati on s of rocks f rom ma ny of the pl uto ns of southwestern 

Al as ka , includin g two f rom Red Mounta in (176. 4 + 5. 3 my , 186. 9 + 5.6 

my) were r eported by Wil son (40-.!l ). 

The potenti al f or placer pla t i num and gold depo, its i n beach sands 

near Red Mo u ~ t a in has also been the subject of severa l studies. The 

4
 



earliest of these was by Berry hi ll (3), who , in 1963, in vesti gated t ~e 

placer potent ial of beach sands along much of the Bristo l Bay 

coast l ine. Although Berryh i ll col l ected twenty- one samples along the 

[	 beach adjacent to Red Moun t ain, he det ected greater than trace amo unt s 

of PGM or gold i n only four samples. The h1ghe st val ues Berryh il l 

I	 obta i ned were 0.057 3 oz/ton Pt and 0 .0736 oz/ton Au f rom "t hin sand 

veneer" collected with a s hovel . Reports on the sedimenta l Jogical 

pr ocesses active in t he Goodnews and Chagvan Bay areas i ncl ude several 

graduate studies (1., 35, E -39 ) . Bond (1.), r eported speci fi call y on 

the distri buti on of plat i num i n the beach sands adja cent to Red 

j	 Moun tain . Po t ent i al beach placer accumulations and t he recovery of 

PGM are al so the subj ect of current Bureau of Mi nes i nvest i gat i ons . 
I PROSPECTI NG AND DEVELOPME NT HI STORY 

Reed (11) report s t hat PGMwere f irst discovered in pan samples f rom 

•	 Fox Gu l ch i n 1926. Small-sca l e mi ning cl ent s were operated 

i nte rmittently fr om 1927 to 1934 on Pla tin um, Squ i r r el, and Cl ara 

Creeks, and on Fox and Dry Gu lches . AS the Shall ower paystreaks were 

mined out and i t was discovered th at l arg e-scale , more expens i ve 

me t hodS woul d be necessa ry to reach t he deeper pl ace r concentrat io ns, 

rw. ny of t he small er cla i m groups were conso l id ated. Event ua ll y t wo 

concerns , th e Goodnews Bay and th e Clara Creek mi nin g companies, 

controlled most of t he pl acer cla i ms of t he area . The Goodnews Bay 

Mi ning Co. , t he large r of t he t wo, began opera t i ng wi th a dragli ne 

excavator in 1934 (27, E ), and tile Cla ra Cree k Mi ni ng Co. began 

drag l i ne excavator operation s i n 1936. By 1941, however , H e Clara 

Creek Mi ni'lg Co . had ceased operat ions . The GOOd ll€WS Bay Mini ny Co. 

eventu al ly aCQ uired tit le to, or leased , virtual1 y ,111 or t he mini ng 



cla lms along the Salmon Ri ver and its t ri butari es (27) . In 1937 ; the 

Goodnews Bay Min ing Company began mi ni ng in the Sal mon River Val ley 

with a newl y insta lled, 8-cubi c- foot bucket- l i ne dredge (fig . 3) (33) 

that has continued , wi t h several brief hiatuses; to operate up t o t he 

present. Mert ie (29) descr i bed the mi ning acti vities in the district 

through 197 6. 

FIGURE 3. - Bucket- line dredge in Salmon River Valley. 

Hanson Properties of Spokane , WA , acquired the Salmon River holdings 

in 1980 and is the present mine operator . The company is cur~ently 

reworking tailings from previous mining, and is exploring virgin 

ground fo r both placer and lode PGM. The company hol ds lode claims on 

the east s ide of Red Mount ai n, but no hardrock min ing has been done. 

Despi t e inves t i gat i ons by the mineral industry and government 

geologists , no economi c lode pla tinum deposits have been discovered in 

the area . 

6
 



OWN ERS HIP
 

Virtual ly al l of the placer min ing cla im, in the Sa l mon River Va l ley 

and adjoi ni ng t r i butar i es are cur rent ly (198 5) held or cont rol led by 

th e Goodnews Plat in um Co.• a subs idi ary of Hanson Proper t ies , of 

Spokane , WA. A map s howi ng the place r cl ai ms i n the area is publi s hed 

i n the 1976 report by Mert ie (29). 

ACCESS 

Reg ul arly sc heduled air se rvice i s avai lab le f rom Bethel t o t he 

vil l age of Pla tin um. on Goodnews Bay. A gravel road spans the 10 

mi l es between Plat in um and t he mi ne camp at the sout heastern end of 

Red Mountain . The mi ne al so has a grave l airstri p wh i ch can 

ecccneoeet e ai rc raft t he s i ze of a De Haviland "Twi n Otter ". There i s 

no comme rcia l l odging avai lable. 

PHYSIO GRAPHY 

rne repor- t area l i e, i n a regio n of subdued re l ief. Elevat i ons 

range fr om sea- lev el to 1,887 ft at th e sunmt t of Red Mountai n. 

Thor sen Mo unta in and Red Mounta in toget her se parate the Sal mo n Ri ver 

Valley f rom Kus kOkwim Bay. 

The area around Red Mountai n has been extensivel y gl aci at ed , wi t h 

evi dence of at least fo ur gla cia l advances ranging i n age f rom 8,910 + 

110 yr to greater t han 45,000 yr (30 ). The mai n por t io n of the Salmon 

Ri ver Val l ey apparen tly escaped si gnifi cant gla ci ation. however. 

several sma l l ci rques are prese rved along th e western ( seaward) si de 

of the Red Mount ai n r idgecre st . Mert i e (27) repor ted f indIng large 

glacial errat ics at elevat io ns as hi gh as 800 f t on the nor t h end of 

Red Mo untain. Extensive deposits of rewor ked glacia l materi al ( f ig. 4) 

are found at the northw.o'stern marg in ot Red Mount ai n and i n th e Sa l mon 

River Valley as far south as Dowry and Clara Creeks . 
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FIGURE 4. - Reworked gl aci al till at nor thwestern end of Red 
Mountain. 

The climate i n this part of Alaska i s usually wet and foggy from 

Apri l t hrough September . The mean annual t emperat ure is 330 F. 

al though summer temperatu res can range f rom 400 F to 750 F. The mean 

annual precipita t ion is 45 in . wi th t he heaviest rai nfall occurring in 

late summer . The ef fecti ve working season for t he dredge i s usuall y 

l i mi t ed by f reezing temperat ures t o the pe r i od f rom late Apr i l to 

mi d-Decembe r . 

Vegetat ion consists principall y of a thi ck tundra mat . except near 

t he mouth of the Salmon Ri ver where there are a few alder and wi llow 

th ic ke ts. 

SAMPLING AND ANALYTICAL PROCEDURES 

Pan sampl es were coll ected to enhance recogni t i on of PGMand gol d in 

alluvium and regolith. In genera l. pan sampl es were coll ected from 

8
 



th e silty , poorly sorted mater i al in act ive stream channels. Several 

~l samples of residual 5011 from the crest of Red Mountain were collected 

and t reat ed similarly to t hose from th e s treams . Each stream sample 

represents t hree 16-1n pans of mat er ial screened to min us 1/ 4· me sh 

from an ori g1na1 vol ume of 6 t o 9 pansful . The resi dual soil samp les 

each represent two pansful of mat erial (no screeni ng was necessary). 

Each sampl e was panned in the f i el d and reduced to approximately 40 to 

50 9 of concentrate, then carefull y washed into a plastic bag. Pan 

concentrat e sampl es were fu rther reduced in the laboratory ei t her by 

panni ng to a constant volume (equival ent to a weight of about 30 g) or 

by concentrating them on a ri f fle t able . Fire assay preconcentration 

of the samples was done by eithe r t he Bureau' s la bora tory in J uneau Or 

by Bondar- Cl egg Laborat or i es . Inc . • of Lakewood. CO . Th i s was 

foll owed by either : (1) inductivel y coupled argon pla sma analysis 

(ICAP ) . at the Bureau's Reno. NV Research labo ra t ory . or by Neut ron 

Activation Servi ces of Hamilton. Ontario. Canada. or (2) emissi on 

spectrographi c analysis for Pd . Rh. Ru . Ir . and Os. at the Bureau's 

Reno laboratory . Because t he emi ssion spectrograph procedure utilized 

a platinum internal standard . no platinum analyses were possible by 

that t echni que . Resu l ts of anal yses of pan concent rat e sampl es are 

l i sted in t abl e 1. Pan concentrate sampl e l ocat i ons are shown on 

f ig ure 5. 

Stream sediment samples were collected i n conj unction with pan 

concentra t e samples from some of t he unmi ned t r ibu tar i es of t he Smal ls 

and Salmon Ri vers . The sampl es were col lected from t he f in er sandy 

portion of th e active channel or deepest part of a dry but recently 

act ive s tream bed. Sampl es were ai r dried bef ore screeni ng at minus 

9 



TA BLE 1. - Fi re assay ana lyses l of pan concent rate samples from the 
Goodnews Bay study area. 

Pd, Pt, Ru , 
Sam Ie ozlton oz t on ozl ton 

IP• •. <0. 002 <0.002
 
3P .. . <.002 
5P.. . <.002 
7P... <.002 

lOP... <.002 
12P.. . <. 002 
14P••• <.002 
17 P. .. <.002 
19P ... <.002 
2IP• . • <.002 
22P ... 0.0028 0.0052 NO 
23P.. . <.002 
24P ... . 12 >0. 020 
25P... NO .046 ND NO 
26P ... <.002 
27P .. . <. 002 
28P ... . 011 
29P... . 009 
30P .. . . 002 
31P ... <.002 
33P .. . >.56 .36 
34P . .. . 016 <.007 
35P .. . .0 18 . 009 
36P .. . .032 ND 
37P .. . 
38P ... . 004 
39P .. . ND . 24 .032 ND 
40P .. . . 28 .070 

,4IP.. . .005 <.003 
42P .. . 
43P ... .002 <.002 
44P .. . .02 .040 NO . 001 
45P .. . ND ND 
46P ... ND >. 56 .D8 . 11 D 
47P ... 
48P ... <.001 
49P ... .003 <.002 
50P ... .034 
51P ... 1 <.002 I . 18 I ND <.002 I 

NO Not detected. no detect ion l i mi t specifi ed. 
l See text f or descri pt ion of analyt i cal procedures . 

NOTE: - - i nd i cates sampl e was not anal yzed fo r t hi s 
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80- mesh and undergo ing standa rd at omic absorpti on analyses for COt CU t 

Nit and Pb . Resu l t s of these analyses are shown in table 2 and sample 

locations appear on f i gure 5. 

Rock samples were usual ly collected as randomchip samples across an 

outcroP t suspected mi nera li zed area t or an altered zone . An effort 

was made wh i le i n t he f ield to remove any weatheri ng r i ndt so that 

on ly relati vely fresh ma teria l was sampled. Rock samp le l ocat io ns are 

shown on fi gure 6. 

Each rock samp le was analyzed by atomic absorption methods for 

si lver . gold, coba lt , chromium, copper t and nicke l. Gold, platinum , 

palladium t osmium t ir idiumt rhodium t and ruthen ium t were analyzed in a 

manner s imilar to that descr ibed above for the pan concentrate· 

samples . Resu lts of the analyses are listed in table 3; rock sample 

descr i pt ions are l isted in appendix A. Whole-rock oxide analyses were 

performed by Bondar-Clegg, Inc . ·of Lakewood, COt using standard atomic 

absorpt ion techniques. Results are listed in table 4. A computer 

program written at the University of Washington was used to calculate 

CIPW normative mineral abundances and AFM (A = KZD + NaZD. F = FeD . 

M= MgO) oxide ratios . 

Splits of 28 rock sample pulps were used in the X-ray diffraction 

studies of forsterite (Fo) content described later in this report . 

Three separate scans were made of each sample and the results were 

averaged . The averages are listed in table 5 and the distribution of 

Fo content across the Goodnews Bay complex is shown on figure 7. 

A ·number of samples were also collected for petrographic study and 

visual estimates were made of mineral abundances . 

12 



TABLE 2. - Chemica l analyses 1 of stream sediment samples f rom the
 
Goodnews Bay ultramafi c comp lex.
 

Sampl e I Co I Cu Ni Pb 
I ppm I ppm ppm ppm 

2•••• • I 35 I 46 80 <30 
4.. . . . 1 28 I 24 74 <30 
6 • • ••• I 21 I 7.8 38 <30 
8 ..• . • 1 63 1 24 270 <30 
9.. •.• 1 40 1 58 160 <30 

11. . •. • 1 11 1 41 17 <30 
13.. ... 1 20 1 25 30 <30 
15. . . . . 1 15 1 29 34 <30 
16. . . .. 1 25 1 64 51 <30 
18. . .. . 1 14 1 14 26 <30 
20... . . 1 61 I 43 320 <30 
32.. .. . 1 96 I 60 550 <30 

lSee text for desc rlption of 
analytical procedur e . -
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TAB LE 3. - Chemi cal anal yse s of rock samples from t he Goodnews Bay ultramafic complex 

Sam- I Ag , l Au,l I Co, 11 Cr ,l I Cu ,l I N" I1 , Au ,2 Ir ,2 Pd ,2 pt , 2 I Os ,2 1 Rh ,2 Ru , 
pl e I ppm 

1.. 1 <0 . 1 
ppm I ppm 

<0.03 I 22 
ppm I 
1,700 I 

ppm I 
7 I 

ppm 
93 

oz/ t on 
<0. 007 

oz/ton 
NO 

oz/ton 
<0 .0003 

oz/ton loz/ tonl 
<0 .0003 I NO I 

oz/ton 
NO 

oz/to n 
NO 

2.. 1 <. 1 <.03 I 51 I ,BOO I 7 I 260 <.007 NO <.0003 <.0003 I NO 1 NO NO 
5.. 1 I <200 I 253 I 96 <.0002 <.0003 <.0003 I I 
7.. 1 1 I I <.0002 <.0003 <. 0003 I I 
9.. 1 I 3,600 I IB I 2,6BO <.0002 <.0003 <.0003 I I 

10.. 1 I <200 I 54 I 22 <.0002 <.0003 <.0003 I I 
II.. I 400 I 20 I 24 <.0002 <.0003 <.0003 I I 
12.. I 125 I I 1, 700 .001 <.001 <.001 I 1 
14.. 1 35 79 I I 57 I 1 
17.. 1 I I <.01 . 00032 <.070 1 1 

19.. 
20.. 
23.. 
24.. 
29 .. 

I 
I 
I 120 
I 153 
I 

2,700 I 
1, 600 I 
3,900 I 
1, 400 I 

<200 I 

I 
I 

4 I 
4 I 

95 I 

610 
700 

28 

<.0002 
<.007 

.0004 

.001 

.001 

NO 
NO 

<.001 
<.030 
<.0003 
<.0003 
<.0003 

<.001 
<.030 
<.0003 
<.0003 
<. 0003 

NO 
NO 

I 

NO 
NO 

NO 
NO 

31. . I 125 675 I I <.0002 <.001 <. 001 
34.. .7 <.03 I 62 2, 300 I 26 I 20 5 <.01 NO . 0004B . 006 NO NO NO 
35.. I I I <.000 2 <.001 <.001 
36.. . 25 <.02 I 20 240 I 89 I 38 <.007 <.0003 <.0003 
37 . . 1 136 2,100 I 4 I B40 .001 <.0003 <.0003 
38.. 1 106 3, 300 I 6 I 90 0 <.0002 .<.0003 <.0003 
39.. . 1 I 64 155 I I 150 NO NO NO NO 0.0014 NO 
40.. <. 1 I 230 I 14 I 2, 900 <.0002 <.001 <.001 
41. . I 2, 100 I 8 I 1, 050 <.0002 <.0003 <.0003 
42 .. <. 1 <.03 1 22 1, 400 I 15 I 78 NO .00062 <.0003 NO NO NO 
43.. .1 1 57 I 175 I 72 
44.. <. 1 <.03 1 97 2,050 I 8 I 795 NO <.0003 <. 0003 NO NO NO 
45.. 1 <. 1 <.03 I 87 1, 500 I 14 I 750 .0005 NO <.0003 . 001 NO NO NO 
46.. 1 <.03 I 115 2, 700 I 4 I 90 0 <.0002 NO <.0003 . 013 NO NO NO 
47. . 1 <.1 <.03 I 8B 2,BOO I 5 I 740 <.0002 <.0003 <.0003 
48.. 1 I 115 250 I 4 I 740 .001 NO <.0003 <.0003 NO NO NO 
50.. 1 .15 I <.03 I 87 I 760 I 6 I 630 <.007 NO <.0003 <.0003 NO NO NO 

See expl anat ory not es at end of t abl e. 
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Table 3. - Chemical analyses of rock sample s f rom the Goodnews Bay Ultramafi c Complex--Cont1n ued 

Sam- 1 Cu. l Ni ,I Au,2 Pd.2 Pt. 2 1 Os ,2 1 Ru. 
Ie m m oz/ton oz/ton ez/ten loz/tonl oz/ton 
51.. 21 980 <0 .007 <0. 0003 <0.0003 I 
52.. 1 I 9 710 <.007 <.0003 <.0003 I 
53• • 1 1 140 59 <.0002 <.0003 <.0003 I 
55•• 1 <. 1 81 1 33 81 1 1 
56•• 1 <. 1 <.03 26 1 130 285 24 I <.007 NO <.0003 <.0003 1 NO NO NO 
57.. 1 <. 1 <.03 15 1 525 7 46 1 <.007 NO <.0003 <.0003 I NO NO NO 
58•• 1 . 2 <.03 20 1 73 305 21 I NO .00lD <.0003 1 NO NO NO 
60 .. 1 •1 .05 81 I 3.050 5 735 I .048 .040 <.0003 1 
62.. I c. 1 <.03 83 I 2.900 4 660 I NO <. 0003 <.0003 I NO NO NO 
63.. 1 .2 <.03 84 I 2. 150 7 760 I <. 0003 <.0003 I 
64.. •1 <. 03 13 I lI5 44 20 NO <.0003 <.0003 I NO NO NO 
65.. <. 1 <.03 18 I 64 61 21 NO <'0 003 <.0003 I NO NO NO 
66.. . 3 <.03 19 I 28 355 33 NO .00088 <'0003 I NO NO NO 
67.. . 1 <. 03 77 I 3,250 6 785 <.007 0.0038 .00030 <.030 I NO NO NO 
69.. 28 I 105 49 <.00015 <. 0003 <.0003 I 
72.. 41 1 79 225 <.0002 <.0003 <.0003 I 
73.. <. 1 <.03 I 15 I 63 44 13 <.007 NO <. 030 <.030 I NO NO NO 
74.. -- 1 126 1 I 2 655 <.0002 .004 . 002 I 
75.. -- I 1 I I 
76.. -- I 24 I 62 I 89 14 <. 0002 NO .0 15 <.0003 I NO NO NO 
77.. <.03 I 41 1 180 I 20 82 <.0002 NO .008 <.0003 1 NO NO NO 
78.. -- I 15 1 1 140 II .001 <.001 <.001 I 
79.. .lD 1 16 I 77 I 77 13 <. 0002 <. 0003 <.0003 I 
80 .. . 2 <. 03 I 14 1 130 1 160 24 <.0007 NO . 002 <.0003 I NO NO NO 
81.. I 27 1 27 I 130 <.002 <. 001 <.001 I 
82.. 1 22 1 22 I 430 <. 002 <.001 <.001 I 
83.. I 1 I <.007 <.030 <.030 I 
84.. I I I <.0002 <.001 .049 I
 
85.. I 8 I I <.0002 <.001 <.001 I
 
86.. I I I .001 .003 .009 I
 
87.. I I I . 026 NO . lI 4 I
 
88.. I I I <.001 . 0002 .001 I
 
89.. I I I I . 0001 <.0001 .001 I 

See explanatory notes at end of table . 
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Tabl e 3. - Chemi ca1 analyses of roct samp l es from the Goodnews Bay Ultrama fic Compl ex- -Contf nued 

Sam- I Co, ll Cr, l Cu , l I Au , 2 Pd, 2 pt ,2 I 05 , 2 I I Ru, 
Ie m m m oz ton oz/ ton oz/ton loz ton oz/ton 
93. • 14 <200 38 1 <0. 00015 <0.00015 <0.0015
 
95.. 1 I 18 I <200 76 I I <.00015 I <.00015 <.0015
 
96. . 1 , 15 I <200 I 52 I I <.00015 I <.00015 <.0015
 
98•. 1 I 15 I <200 I 64 I I <.00015 I <.00015 <.0015
 
99•. 1 I 36 I 73 I -- I 31 I <.0002 I <.001 <.001
 

100•. 1 I 59 I 910 I -- I I I <.030 <.030 
101..1 0. 3 <.03 I 9 I 125 I 35 I 16 I <.007 I NO <.030 <.030 I NO NO NO 
103. . 1 .2 <.03 1 9 I 68 I 100 1 8 I <.007 1 NO .00042 <.030- 1 NO NO NO 
104.• 1 <.03 1 12 I 63 I 96 I 6 I .001 I NO <. 0003 <. 0003 1 NO NO NO 
106•• 1 - - I 22 I 800 1 29 I I <.00015 I <. 00015 <.0015 I 
107 .. 1 - - I 50 I 9,200 I 93 1 I <. 00015 <. 00015 <.0015 I 
108.. 1 -- I 40 I 500 I 640 I <.00015 . 00045 <.0015 
109.. 1 - - I 31 I <200 I 1, 460 I .0006 . 0022 <.0015 
110.. - - I 48 1 1, 500 I 5 I <.00015 <.00015 . 0027 
Ill .. <. 03 I 29 I 1,200 I 5 I llO .001 NO <.0003 <.0003 NO NO NO 
ll2.. -- I 54 I I - - I 120 <.0002 <.001 . 002 
ll3.. -- I 51 I I -- I llO <.0002 <.001 <.001 
ll4 .. - - I 97 I I III I 251 .003 <.0003 <.0003 
ll5 .. . 05 I 28 I 530 I 420 I 46 <.000 NO . 00078 . 003 NO NO NO 
ll7 .. I 25 I 1,600 I 3 <.00015 <.00015 <' 0015 
ll8 •. I I 3,900 I <.0002 <.001 <.001 
ll9.. - - 1 121 I 2,200 1 5 <.0001 5 . 0006 <.0015 
120.. -- I 130 I 2, 300 I 7 <. 00015 <.00015 <.0015 
121. • -- I 123 I 3,200 I 12 <.00015 <.00015 <.0015 
123.. <.03 1 126 1 3,100 1 4 710 <.0002 NO <.0003 <. 0003 NO NO NO 
124.. - - 1 I 81,500 1 85 570 <.0002 <. 0003 <. 0003 I 
125.. 1 1 1 <.0002 <. 0020 . 0230 1 

126.. 1 1 1 <.0020 <.0040 1 

127.. <.1 <.03 1 78 I 3, 150 1 5 640 <.007 <.0003 . 001 1 

128.. <. 03 1 94 1 2,300 I 3 610 .007 <. 0003 1 

129 .. I - - 1 I I <.0020 <.0040 I
See explanatory no tes at end of tabl e. 
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Table 3. - Chemical analyses of rock samples f romthe Goodnews Bay Ultramafic Compl ex--Cont in ued 

Sam- 1 A9 ,1 Cr,1 N1 , ' 1 Au,2 Pd,2 pt , 2 1 05, 2 1 Rh,2 1 Ru, 
1e 1 m m oz/ton oz/ton ozl t on loz/ tonl oz / t en ozytcn 

130•• <.0020 (0.0003 1 
131. . 1 I 118 5 930 .00015 <.0003 ( .0003 I 
135.. I <.0002 <.0003 ( .0003 I I 
137. • <0. 03 1 114 2,600 5 980 0.001 NO .001 ( . 0003 1 NO I NO NO 
138. • -- 1 <.0020 0. 0001 ( .0020 ( . 0040 1 NO 1 NO NO 
140•• ( . 03 1 84 64,000 4 710 . 0005 NO <.0003 <' 0003 1 NO 1 NO NO 
142• • . 03 1 99 2,300 7 790 .0004 .0013 <.0003 <.0003 I NO 1 NO NO 
145• • I <.0020 .0001 <.0020 (. 0040 1 NO 1 NO NO 
147•• I <.0020 <.0020 ( .0040 1 I 
148 .• I 27 355 71 .0002 . 0015 <.001 ( .001 1 NO 1 NO NO 
149• • 1 108 2,600 6 950 . 001 (. 0003 <.0003 1 1 
150• • I 1 I 
151. • 1 110 1,500 5 760 . 001 ( .0003 <.0003 1 I 
152.• I <.0020 <.0020 ( . 0040 I I 
153• • 1 120 1,700 3 930 <' 0002 NO .006 ( .0003 I NO 1 NO NO 
154• • 1 135,000 (. 0002 .0068 .00078 . 012 I I 
155•• I 1 1 
156• • 1 15,000 <.002 <.001 (. 001 1 1 
157 . • ( . 03 1 76 81,000 4 840 <.0002 . 0030 (. 0003 ( .0003 1 NO 1 NO NO 
158•• ( . 03 1 96 46,000 8 530 . 0001 . 024 . Oll .011 I NO I 0.0034 NO 
159•. 1 3,700 ( . 0002 <.001 .011 1 1 
160.• I 21,000 <.0002 <.001 .004 1 1 
161. . 1 I I <.0002 <.0003 ( .0003 I I 
162.• 1 1 15,000 I .0003 <.001 ( .001 1 1 
163. . 1 1 1 (. 0020 (. 0020 ( .0040 1 1 
164. • 1 1 117 2,800 4 1 840 .001 NO <.0003 ( .0003 I NO 1 NO NO 
165•• 1 1 124 2,700 4 1 690 <.0002 NO <.0003 <.0003 1 NO 1 NO ~O 

166•• 1 1 5,700 I 5 1 955 <.0002 ( .0003 .001 I 1 
168••1 I 128 - - 1 4 1 815 ( . 0002 (. 0003 ( . 0003 I 1 
170•• I I 1,400 1 8 1 <' 00015 (. 0003 <.0003 1 I 
171. . 1 1 70,000 1 I <.0002 <' 001 <.001 1 1 

NO Not detected. 
lAnalyzed by Sta ndard at omi c absorpt ion t echn i ques (see t ext for detai ls). 
2Analyzed by f ire assay pre concen tration followed ·by i nductively coupled pla sma analys i s (see 

text for details) . 

HOTE. -- indicates sample was not analyzed for thi s element. 
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TAB LE 4. - Whol e- rock major oxide analyses of rocks from the Red Mounta i n ultrama f ic body and adjacent area 

Sam- I A1203 . 
Ie et 

.CaO. 
et 

C02. 
ct 

I FeD , l 
I et 

Fe2031 . 
et 

K20 • 
et 

LOI, 
et 

MgO . 
et 

MoO. 
ct 

I NaZO, 
I et 

P205. 
ct 

Si02. 
et 

Ti02. 
et 

Total 
et 

1. 2. 10 16.0 0.1 5 7.0 <0. 10 2.0 19.7 0.12 0.30 0. 11 52.0 0.20 99. 68 
2. 1. 10 12.0 .07 9.2 <. 10 2.0 26.7 .15 I .20 . 08 47 .5 . 15 99. 15 

49. 14.80 1.10 <.02 1. 20 L BO .3 1 .60 .01 1 6.20 .10 74.5 . 10 100.72 
74. . 20 .30 . 02 11.7 <. 10 8.0 4O.B . IB I <. 10 .OB 38.0 . 10 99. 38 

111. 1.60 18.5 .02 6.3 <. 10 2.0 20.0 .10 I . 40 . 10 51.0 .20 100.2 2 
128. <. 20 . 30 .36 12. 6 <. 10 8.0 41.0 . 18 I <. 10 . 09 38.0 <. 05 100.53 
132. 1.30 21.0 . 18 3.1 2.7 0.6 1. 17 19.3 . 10 I . 60 <.01 50.5 .30 100.B5 
142. .20 . 55 . 02 11.0 <. 10 8. 0 41.0 . 17 I <. 10 . 09 39.0 .05 100.08 
143. 1.50 18.5 .07 6. 1 <.10 2.0 20.4 . 11 . 20 . 09 50.0 . 15 99. 12 
149. . 20 .30 . 29 12.7 <. 10 7.0 39. 5 .1 9 <. 10 . 09 39. 0 . 05 99.32 
151. <. 20 . 35 .02 13.0 <. 10 7. 0 41. 0 .19 <. 10 .10 38.5 . 05 100.21 
153. .20 .20 .15 12. 3 <.10 9.0 41.4 . 19 <. 10 .09 36.5 . 10 100. 13 
164. .20 .60 .02 12.5 <. 10 B.O 40. 0 . 19 <. 10 .10 37.5 . 10 99. 21 
165. . 20 .20 .22 13.6 <. 10 7.0 39.0 . 21 <. 10 .06 38. 0 .05 98.54 
166. I .04 .39 .06 5. 75 4.2B .01 11.0 43.41 . 27 .0 2 .10 36.0 <.05 101.33 
170. 1 
8762.1 
8782.1 
8812.1 
8822.1 
8832.1 

• 19 1.65 
5.50 16. 3 
4.40 16. 3 

12.50 12.0 
7. 6 14. 8 
3.7 1 17. 5 

.05 
0.0 
0. 0 
0. 0 
0.0 

1 0.0 

7.12 
4. 40 
7.45 
6.45 
8. 2 
4. 9 I 

3.96 
4.45 

13.5 
5.3 

11. 7 
4.7 1 

. 01 

.45 

.10 
1. 1 
. 65 
.10 

8.0 
1. 65 
.65 

1. 40 
. 75 

2.35 

41.B3 
16.0 
13.5 
12. 5 
12.0 
17. 7 

. 31 

.14 

. 12 

. 10 

. 14 

. 12 

.03 
1.00 
.25 

2.2 
1.1 
.25 

. 10 

.10 

.06 

. 39 

. 12 

.0 2 

38.0 
48. 2 
40 .8 
44.0 
41.3 
46.8 

<.05 
.66 

1.55 
1.42 
1.34 
.61 

101.25 
98.85 
98.68 
99. 36 
99.70 
98.75 

lWhere FeO is not reported. total iron i s reported as feZ03_ 
2Data cou rtesy of An aconda Mi nerals Company. 

NOTE. - ­ indicates sample was not analyzed for t his chemical compound. 
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TABLE 5. - Forsterite (Fa)l content of ol iv i ne i n selecte d rock 
samples f rom the Goodnews Bay Ul t rama f i c Compl ex 

Sample 1 Fo 11 Sampl e I Fo 
I content 1 content 

2• ••• • I 79 I 123. ... 1 87 
7• . . . . I 88 I 127•••• 1 90 

23. •. . . 1 92 1 128• ••• 1 92
 
37 .... . 1 90 1 130• • . . 1 89
 
38 ...•• 1 91 1 141. •• . 1 91
 
42•••• . 1 82 1 146•• •• 1 87
 
47 . . . . . 1 88 1 149.• •• 1 90
 
48••• •• 1 87 I 151. . .. 1 90
 
50. . . .. 1 89 I 153• . •. 1 88 
52. . ... 1 90 1 157.. . • 1 89 
60. ... . 1 88 1 158• . . . 1 86 
74. .. .. I 89 1 164•• . . 1 91 
79 . . .. . I 86 1 165• •.• 1 89
 

114•• .•. 1 82 I 169•• • . 1 88
 
lAtomic rat i o of Mg to total 

oc t ahedral cations (see text for . 
descri ption of analyti cal procedure ) . 
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REGI ONAL GEOLOGY
 

The Goodnews Bay and surrounding areas in southwes tern Alaska are 

domi nated by sedimentary and volcanic rocks assigned to the Gemuk 

Group , a la rgel y undifferentiated unit that ranges 1n age f rom 

Ca rboniferous t hrough Early Cret aceous (~) . Even t hough t he Gemu k 

Group has been subdi vided elsewhere in sout hwes tern Alas ka (1I-20) 

i nt o t hree un named units of Pa leozoi c to Mesozoic . Jurassic to Early 

Cretaceous . and ear l y Cret aceou s ages. the rocks adj acent to t he 

Goodnews Bay ul tramaf ic compl ex rema i n as rocks of undi fferenti ated 

Pal eozoic and Mesozoic age (MlPz on fig . 2) (20) . 

LOCAL GEOLOGY 

The Gemuk Group. where exposed by dredging and dragl ine excavat ion 

in Pl at i num and Cl ar a Creeks . cons ists of l ight- colored chert . 

argi l l i te , and volcanic roc k, or t heir metamorphic equi valents . An 

examinati on of a limited number of th in sections of rocks of t he Gemuk 

Group revealed the m to have been amphi bol i t i zed fo r a dis t ance of at 

l east 200 feet outward f rom the conta ct wi t h t he ul t ramaf i c complex . 

Intrusive Igneous Rocks 

The main exposed int rusive bodies i n the study area crop out on Red 

Mo untain and t he northern half of Suzi e Mountain . l esser bodie s of 

in t rus ive rock are present ei ther as apparent fault sl ic es of the 

complex or as rare dikes adjacent to Red Mountain . The i ntrus ive 

rocks are general ly ul tramafic 1n compositi on and have been divi ded 

into mappable units of dun i te~ wehrlite ~ magnetite cl inopyroxen i te ~ 

hornblende cl i nopyroxen ite ~ and hornblendite (see figs . 2 ~ 8) bas ed on 

their re l at ive content of ol i Yi n e~ c l i nopyroxen e~ magnetf t e~ and 

hornblende. 
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Ounite 

Ounite consti tu t es mo re than 80 pct of t he exposed ult ramafic rocks. 

Al ong the crest of Red Mo unt ain it fo rms l arge blocky outc rops . The 

dunite is dark green to black on f resh surfaces , but commonly has a 

t an to yellow-orange weatheri ng r i nd . The weat her in g rind i s 

general ly f rom 0.1 to 1.0 in thick . Close i nspecti on of t he weathered 

surfa ce, wi t h t he unaided eye, reveals t he pres ence of a f ine networ k 

of ha ir-like serpentine veinlets, which stand out in sl ig ht re l ief 

agai nst the le ss resi st ant olivine groundmass . Indiv idual gra ins of 

euhedra l t o subhedra l accessory chromi t e, up to 0.1 in across, are 

commonl y dissemi nated t hroughout and usually constitute l ess than one 

pct of the rock. Rarely , smal l pods (fig. 9) or schl ieren of massive 

chromiti t e, up to 10 in wide by 1.5 ft l ong have been found. less 

frequent ly, ma gnet i t e schli eren (f ig . 10) are seen in the dunite . The 

magnetite and chromite grains are usual ly subhedral and fairly coarse ­

grained (0. 10 to 0.25 1n across ). 

In thin section, t he dunite is composed of medium- t o coar se- grai ned, 
-

anhedral ol i vi ne grai ns . In some of t he dunite the oliv ine is 

recrysta ll i zed, reSU lting in overgrowths of a second generat ion of 

ol ivi ne over t he or i gi nal ol i vine grains . The later generation of 

oli vi ne t ends to be from th ree to ten times coar ser than the origi nal 

olivine, often poi kiliti cally enclosi ng e a rli er -f orw~d ol ivine grains , 

and only rarely contains chromite. In genera l , olivine at Red 

Mountain i s untwinned, displays wea k undula t ory extinction and is not 

optically zoned. Vi rtual ly al l of the dun1te at Red Moun t ain i s 

parti all y serpen t i nized. wit h serpentine usual ly forming from 10 to 60 

pet of the rock. Along some mi nor fault zones oli vine is entirely 
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FIGUR E 9. - Chromite pods i n du nite . 

FIGURE 10. - Magnetite schlieren i n dun ite . 
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repl aced by serpent i ne mi nerals . The serpent i ne vei nlets wit hin t he 

dunite are commonly 0.004 to 0.04 in wi de and cross ol ivine grain 

boundar i es . Magnetite tha t f ormed during serpent i niz at ion occurs as 

very-f i nely dissemina ted grains wi t hi n the serpent i ne veinlets and 

gi ves t he duni t e an overal l weakly magnetic charact er . l at e- st age 

vei ns or dikes of very coars e-gra i ned (>0 .4 in) clinopyroxene cut t he 

dun ite in ma ny pla ces. On the west side of Red Moun ta in, a swarmof 

clinopyroxeni te di kes is pa rticul arly we ll exposed in a seacl i f f (f i g. 

11). In places. t he coarse cl i nopyroxenite dikes have a core of 

dar k- green t o bl ack hornblendite. Cli nopyroxene i s no t as complete ly 

serpent in ized as ol iv ine in the enclosi ng duni te, and serpenti ne 

veinlets of t en t ermi nate at cl i nopyroxene gra in bounda ri es . 

t . -
FIGURE 11 . - Cl1nopyroxen1 te di ke swarm exposed in dun1te 

along beach on we st side of Red Moun tai n. 

Wehr! ite 

Wehrl i t e is rare at Red Mounta i n. ]t was observed only in l imi t ed 

out crops in uppe r Fox Gulch and to the nor t h of the high saddle at the 
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head of Plat inum Creek Pass . In fi gure 2, wehrlite and other 

ultramafic unit s t hat are ma rg i nal to t he dun ite and per idot i t e core 

are shown schematicall y; t heir di stri bution i s interp reted on the 

basi s of geophysi cal t raverses and limited outcrop and rUbbl ecrop. 

Although prima ry wehr l i t e may be present at Red Mountain , unequfvocable 

examples of it were not observed. At Red Mountain , t he Itwehr l ite ll 

appears to be a product of mi xing, as outcrops of wehrlite ar e 

charac terized by i r regul ar streaks and patc hes of l ight gray-green 

pyroxene-rich inclusions an inch or so across . in a matri x of tan­

weathering oliv ine . Wehrli t e i s t he domi nant rock type i n t he Sma lls 

River body and is also abundant in t he Suzi e Mount ain body. ; 

In thi n section (fig. I2l . wehrlite is composed of 10 to 40 pet. 

smooth. anhedral , c l i nopyroxene grains that are 0.01 to 0.08 i n 

across. Occassionally. round clinopyroxene grai ns are poi ki li ti call y 

enclosed in la rger ol i vi ne crys tals . Cl i nopyroxene is commonly 

twinned. The t extural rel at ionshi p of ol i vine and cl i nopyroxene i s 

ambiguous, but is interpret ed t ha t oliVine replaces cli nopyroxene. 

Ol ivine occurs not only as la rge crystal s up to 0.2 in across . but 

al so occurs as i rregUlar patches interstiti al to cl i nopyroxene. As in 

the dunite . olivi ne i s select i vely se rpent i ni zed. Where in t erstitia l 

olivine i s seen, it i s nearly completely replaced by serpent i ne , and 

t here may be no serpent i ne in the surroundi ng cl i no pyroxene. Chromi te 

is a ra re constituent of the wehrl i t e , and magneti t e is restricted to 

du sty inclus ions wi th i n t he serpenti ne mi nerals . 

Cli nopyroxenite 

Outward from the wehrl i te. ol i vi ne cont ent of the rocks gradually 

decreases. and both magnetite and hornblende content inc reases . It 
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FIGURE 12. Photograph of wehrlite . Hi gh- rel i ef oli vine is 
criss-crossed by serpenti ne vei nl et s , wh i le the cl i nopyroxene 
characteristical l y appears rel at i vel y unaffected by serpentini ­
zat ion . Pla ne pola r ized l igh t . Distance across bot t om of photo 
1s approximatel y 0.1 in . 

wa s impractical to ma p t hese gra dationa l vari at ion s, t herefore th ey 

appear as one uni t (cpx) on t he geologic maps {f igs . 2 and 8}. Withi n 

this unit. combined ma gnetite and clinopyroxene content i s greater t han 

80 pet . Ma gnet ite cl i nopyroxeni te i s best exposed in th e st ream beds 

of Fox Gulch and Squirrel Creek. Thi s uni t is characteri stical ly 

grayish-green, med ium-g rai ned, and conta i ns 5 to 20 pct disseminat ed, 

steel - gray magnetite . In Fox Gulch some cl i nopyroxeni te boulders 

contain 3- to 4-in-wide cru dely-defined bands . Close inspect ion 

re veals t hat t he bands are a result of subtle grain size var iations and 

minor differences in ol i vine content. These banded cli nopyroxenites 

were not observed in outcrop. Magn etite cl i nopyroxeni t e wi t h high 

maqnct t t e content has a dull . metallic gray color . Minor oli vine is 
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sometimes seen in hand specimen, and f rom less t han 1 t o 2 pct sulfi de 

minera ls, including chalcopyri t e, pyrrhotite, and pentlandite are 

common. Although it i s not well exposed 1n outcrop , the very strong 

magnet i c si gnature of th1s unit makes t he magnet i t e cl i nopyroxen i te 

readi ly traceable with a magnet ometer in covered are as. 

The magneti te clinopyroxenite , in thin sect ion (fig . 13) , i s 

composed of 65 to 85 pct irregular , anhedral cl i nopyroxene grai ns, 

usual ly 0.01 t o 0.08 in across, but as la rge as 0 . 2 in . The 

cl inopyroxene is commonly twinned . Magnetite occur s as large 

i r regula r , intersti t i al patches, up to 0. 2 i n across, t hat may 

ent i rel y surround severa l smal ler cl i no pyroxene grai ns. Oli vine is a 

mi nor const i t uent, usua l ly less t han 5 pet, of the magnet i t e 

cl i nopyroxeni te and occurs as iso la ted grai ns up to 0.08 i n across. 

FIGURE 13 . - Photomicrog raph of magnetite cl1nopyroxenl te . 
The bl ack ar eas ar e magne ti te . li ght areas are cl inopyroxene . 
The di stance across bottom of phot ograph i s approximate ly 
0. 1 i n. 
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In most cases the_olivine in magneti te clinopyroxenite has been 

par t i all y to completely replaced by serpentine . Hornbl ende is ra re ly 

present when magneti te is abundant, and is only observed as i r regular 

patches l ess t han 0. 004 in across t hat have parti ally re placed 

cl i nopyroxene. Serpenti ne si mi lar ly is present only as a repl acemen t 

mi neral 1n oli vine . Epi dote and minor calc i t e occur i n la te, 

f racture-fi ll i ng vein lets up to 0.04 i n wi de. Su lfide minerals occur 

as sma ll (0.002 in), irregular patches within clinopyroxene gra ins and 

as aggregates of anhedral grains margi nal to interstitia l magnetite . 

Hornbl ende cl i nopyroxeni t e 

Hornblende cl i nopyroxen ite. where i t i s exposed by mining i n lower 

Fox Gu lc h, is a t ransi tional unit t hat grades. over a dis t ance of 

approxima tely 500 f t , from hornblende-olivine-magnet ite clinopyroxenite 

to hornb lende cl i nopyroxeni t e. The rock i s dark gray-green, 

medi um-gra ined, and equigranular, wit h a weakly to st rongly magneti c 

character. Olivine and magneti te contents of the un it decrease 

graduall y towards the margins of t he complex with olivine di sappeari ng
-

f irst . Thin sect ion exami nat ion re veal s that the ol ivi ne content in 

this uni t va r ie s from0 to 4 pet and t he ol i vi ne i s serpent i ni zed. 

Magnet ite occurs as di sseminated irregular and round grai ns, about 

0.008 in across. Hornblende i s yel low-green to dar k ol ive -green in 

plane polarized light . Near the magnetite clinopyroxenite unit, the 

hornblende cont ent 1s rel at i vely low (l ess t han 5 pet) . It f i rst 

occurs as small patches le ss t han 0.004 i n across withi n, and as 

i r regular f ringes on, cli no pyroxe ne gra ins . As the hornblende con t ent 

increases , hornblende ent i rely repla ces an d forms pseudomo rphs of the 

ori gi nal cl inopyroxene grains (fi g. 14). Rare, interstitial 
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FIGURE 14 . - Phot omi crograph of magnetite-hornblende c1i no­
pyroxeni te . Magne t i te i s black. hornbl ende appears medium gray.
cl i nopyroxene appears wh i te. Pl ane polari zed light . Di stance 
across bottom of photograph i s approximately 0.1 i n. 

plagiocla se fe l dspar is present. commonly surrounded by coarse·grained 

hornblende. Serpen t i ne occurs only in olivine grai ns. Chromite was 

not observed in this unit. and the sul f i de minerals pyrrhotite . 

pen t landite. and chalcopyrite are present on ly i n t race amounts . 

Hornblendite and Hornblende Ga bbro 

Hornblendite and pegmatiti c hornblende gabbro occur as di ke rocks 

near t he contact of the intrusi ve comp lex with the surround ing rocks 

of the Gemuk Group. They are best exposed in the stream beds of Fox 

Gul ch and Squirrel and Dowry Cree ks . Although grouped here fo r 

convenience . the hornblendi te and pegmatiti c hornblende gabbro 

probably represent different crystallization episodes , with t he 

hornblende gabbro bei ng the l ate r event. 
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The hornblend i t e i s charact er i zed by very coarse- grai ned crystals 

(up to 6 in long) of dark-green to greeni sh-black hornblende. In thin 

section, the randomly or i ented hornbl ende crysta ls are strongly 

col ored (l ight-g reen to dar k- green). and are usuall y broken. 

The hornblende gabbro conta i ns very coarse- grai ned, euhedral 

hornblende crystal s . wi th 40 t o 50 pct i nt er sti t i al and anhedral 

plagi ocla se . Mi croscopical ly . th e hornblende is simil ar in color to 

th at i n the hornblendit e. Plagioclase is very strongly altered t o 

epi dote and prehnite . Coarse-grained (to 0.08 in) sphene crystals and 

fi nely di sseminat ed magnet i t e are present i n trace amounts. 

The abundant pegma titi c hydrous mineral phase (hornblende) in 

hornbl endite at t he cont act of t he outer zone of t he i nt rusi ve 

compl ex. coup led with t he abundant . l ate hornbl ende in the count ry 

roc k suggests t hat th e hornble nde probably formed by cont act 

metasoma tism during emplacement of the clinopyroxenite s. Other 

workers (~. 27 . 40-i!) ha ve previous ly suggested thi s and Irvine (22) 

_	 reports that similar pegmatit ic hornblendites occur at or near the 

int rusive conta cts of the Duke Is l and ul t ramaf i c compl ex in 

sout heast ern Al as ka. 

Leucocrati c Tonalite 

leucocrat ic tonal i te occurs as r ubble near a duni t e outcrop above 

the di vide between Squirre l and Boul der Creeks. Tonalite was not 

observed i n outcrop. but was seen only as sma l l , angular to subangul ar 

boulder s and cobbles scattered alon g t he hill side for a few t ens to 

hundreds of feet . It is beige on wea thered surfaces and White on 

fres h surfaces. The rock is composed of medium to coarse grai ns of 

plagioclase and Quartz . with 3 to 5 pct disseminated. irregu larly 

shaped, fin e-grained biotite . 
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Thin section examination (fig. 15) re vealed that the l eucDcrat i c 

tonalite is composed of sUbhedral and euhedral plagioclase and quartz 

crystals , 0.04 to 0.08 in across . Pl agi ocl ase forms roughly 60 pct of 

the rock, and has a compos ition of An45 ' It i s only slig htly altered 

to white mica or clay minerals. Quartz makes up about 35 pet of the 

rock. Bioti te usual ly occur s as irregular grains interstitial to 

quar t z and feldspar. The biotite ha s a fi brous or shredded habit and 

is apparently psuedomorph ic after pyroxene, amphibole , or an earl ier 

generation of biotite . Trace amounts of sphene are also present . 

FIGURE 15. - Photomicrograph of leu cocratic tonalite (PI ­
pl agi ocl ase , Q - quartz , 8 - biotite ) . Crossed nicho ls. 
Distance across bottom of photograph is approximately 0.1 in . 

CHEMISTRY AND OLI VINE MI NERAL OGY OF ULTRAMAFIC ROCK SUITE
 

Int roduction
 

Whole- rock ma jor oxid e analyses and oli vine mi nera l ogy were done t o
 

es tabl i sh t he similari ty or di ssi mi larity of t he Goodnews Bay complex 
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wit h the pla t i ni ferous , Al askan-type ult ramafic complexes or 

ophiol itic rocks . 

Major Oxides 

Twenty-one rock samples from the ultramafi c comp lex and i mmedi atel y 

adj acent roc ks were col l ect ed for whole-rock chemica l anal yses of 

major oxides (t able 4) . 

Figure 16 is a pl ot of the AFM ratios for rocks f rom t he Goodnews 

Bay complex. th e Alaskan- t ype Duke Island compl ex (34). and two 

ophio li t e compl exes (12) . Compari son of these plo t s indi cat es that 

rocks f rom t he Goodnews Bay complex fol l ow an i ron-enr i chme nt trend 

very si mi l ar to that of rocks from Duke Island . 

Goodnews Bay Duk e l !!oland 

, , 

•• • 
,~ ­_ ..~ ...• .. _..... • 

/ 
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Oman and Cyprus 
r 

., 
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FIGURE 16. - Alkali cs-FeO-MgO diagram of rocks f ,om t he 
Goodnews Bay complex and comparati ve rock suites . 
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Oli vine Mineral ogy 

X-ray di f f ract i on st ud i es of ol ivi ne from 28 sampl es of the various 

rock ty pes 1n the complex were made t o dete rmine i f s i gnif i cant ol iv i ne 

compos i ti onal vari at i ons exi st wi thi n t he complex. The anal yt i cal 

results are l i sted in tabl e 5, and the di s t ri but ion of forsteri te 

content 1s shown on fi gure 7. 

01i vi nes 1n t he Goodnews Bay ult ramaf ic suite range fro m F079 (79 

pet fors t eri t e [M9ZS i04]), i n ho rnblende- olivine clinopyr oxenite , to 

F092. in duni te from t he central port i on of the complex . In general . 

olivine in the more ol ivine- ri ch rocks tends to have higher Fa content 

than ol i vine in rocks containi ng pyroxene or hornblende . 

ECONOM IC MINERALS
 

Gold
 

The dredging operati on i n the Salmon River Val l ey recovers placer 

gold in addi t ion t o PGM. Historical ly , the ratio of gold to PGM i n 

t he concentrates has been roughly 1:10 (29) . Most of the go ld 

recovered from the Sal mon Ri ver Val l ey 1s well -rounded and worn and 

was probably derived from glaci al materi al near the divi de between the 

Salmon and Smal l s Rivers {30} . However. at l east a small portion of 

the gold is appa rent ly derived from Red Mountain i tself . as indicated 

by: (1) the chemic4l ana lyses of dunite and ot her rocks reported in 

table 3; (2) intergrown PGM alloy and gold i n placer concent rates ; and 

(3) by the occasional. t hough rare. prese nce of gold in panned 

concent rates (t able 1) col l ect ed f romcreeks on Red Mo un t ain above 

thei r confluence wi t h t he Sal mon Ri ver. 

Chromite 

Podiform segregat ions of chromi an spi nel in the Goo dnews Bay 

ul tramafic compl ex are errat i cal ly distributed throughout the dun ite 
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and are typfcally small . Mi croprob e analyses of chromia n spinels were 

performed by t he Bureau·s Reno Resea rch Cente r and indicate that the 

spine l i s an Fe-r ich chromi t e, with average Fe/Fe+Mg rati os of about 

0. 90 and Cr/Cr-AI ratios of about 0.78. Ounites conta in from less 

t han 1 to 2 pct chromite as disseminated grain s and rare pods and 

schli eren (f i g. 9) . Occa ssion ally massive chromi te schli eren up to a 

foot long were observed, and one sampl e (154, table 3) hi gh-graded 

f roma chromite pod contained 13. 5 pet Cr ; chromite is slightl y more 

abundan t in dun i t e rubble and flo at at the heads of Fox Gulch and 

Squirre l Creek. Even in ti mes of nat ional eme rgency , however, 

concent ra t ions such as t hese would probably no t constitute a domes ti c 

chromite re source, as numerous larger, higher-grade sources of 

chromi t e are avail able i n Al aska ( 14) and el sewhere i n the U.S. 

Copper and Nickel Sulfide Minera ls 

Disseminated copper and iron-nickel sulfide minerals including 

chalcopyri te , pyrrho ti t e, and pent landi te were observed i n the narrow 

clinopyroxene- and hornbl ende-bea r i ng oute r zones at t he southern end -
of the ul tramaf ic comp lex. This mi nera l as soci at ion i s best observed 

in the Fox Gul ch-Squirrel Creek area . The two highes t Cu val ues 

obt ain ed f rom rock samples , 1,460 and 640 ppm, (table 3, samples 108 

and 109, respect i vely) were f rom samples of magnetite c11nopyroxeni t e 

wi t h accessory pyrrho t i t e , pentl andite, and chalco pyri te . Al t hough 

t hese anomalous Cu values are assoc i at ed with anomal ous Pd values 

( .0005 and .0022 oz/ton) , even in combination they do not approach 

economi c concentrations . Si mi l ar ly, ni ckel sul f i des do not represent 

economic nickel concentrat ions even though t hey may be associated wit h 

slightly anomalous levels of PGMin some of t he rock sampl es from Red 
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Mounta i n. A 30-1b sample of su l fi de-bearing magnetite-hornbl ende 

c1i nopyroxeni te was col lected from rubble crop bet ween Fox Gu lch and 

Squir re l Creek to determine i f PGM are assoc i ated wi th copper and 

i ron-nic ke l sulfi des at t hat l ocat ion. Hea d analyses i ndi cat ed t hat 

0.05 pet Cu, 15. 7 pet Fe, 0.0 26 pet Ni , and no det ect abl e PGM were 

prese nt . Because of t he l ow grade , no at t empts were made to 

con centrate sulfide mi nera ls and PGM i n t he l aboratory. Chemical 

ana lyses of the f ew stream sediment samples (tabl e 2) col le cted in t he 

st udy area did not indic ate anomal ous l eve ls of Cu or Ni . It is 

po ssib le that i n t he Fox GUl ch-Squi rrel Creek area Cu, Ni . and PGM 

grades increase beneat h t he surface in more sulfi de- ri ch and 

unweathered magnet i te cl inopyroxenite and hornblend ite . 

Magnetite 

Vol umet r i cal ly, magnetite cl inopyroxeni te const i tu tes a very smal l 

porti on of t he Goodnews Bay ul tramafi c complex . Very rarel y did 

magnet i t e consti t ute twenty percen t of any sample. and genera l ly i t 

makes up l ess tha n 5 percent of the magnetite clinopyroxenite . 

Magnet ite concentrations i n dunite . such as that shown in figu re 10. 

are very rare and are i nsi gni f i cant as a potentia l sou rce of iron. 

Plat i num- Group Minerals 

Pl atinum-group metals have chemical aff in ity for some oxide 

mineral s . notably magnetite and chromite (~) . Mertie repor t s (28. p. 

53) that on one property in the Ural Mountai ns i n t he U.S .S.R. a mass 

of high-g rade chromi t e-platinum ore, only about 7 feet long. produced 

965 oz of nat ive pla tinum metals. The foll owing evidence suggests a 

preferentia l associa t i on of PGM wi t h chromite and magnetite at Red 

Mountai n. Me rtie (27-28) not ed that some of the larger PGMnuggets 
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FIGURE 17 . - Placer nugget fro m Salmon River, showi ng i nt i ­
mate intergrowth of crystalline PGM (light gray) and chromite 
(black ) . Label ed scale units are millimeters (0.039 in) divided 
into t enths . 

found in t he placers are i ntergrown wi th chromite (f ig. 17) and 

chromit e f rom the Goodnews pl acer concent r a tes cont ai ns about 0. 05 oz 

of PGM/ton (27) . Bird and Clar k (!) repor t ed a pl at i num alloy 

i nc lusion in chromi te in a sample of dunite from Red Moun ta i n, and 

Ulri ch (35) reported a PGM grain i n olivine from Red Mount ain . 

occurr i ng i mmediate ly adj acent t o a chromi t e grai n. Scanni ng e lectron 

mi croscope and spectrographic st udies by the U. S. Geologica l Survey 

(36) on magnetite and magnet ic concentrates from placer deposits i n 

t he Goodnews Bay district confirm the presence of PGE wit h magnet i t e. 

During t he present i nvesti gation chromi te segregat ions were sampled 

and analyze d for PGM. Of al l t he rock samples an alyzed (tab le 3) t he 

seven samples con t aining t he greates t PGMwere either high- graded from 

chromite segregations or were samples of dunite with large amounts of 
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disseminated chromi te. Other circumstantial evidence linking PGM and 

chromi te at Red Mountain are : (1) t he presence of small chromite pods 

and stringers in dunite rubble above the heads of Fox Gul ch and 

Squirrel Creek, the two ric hest PGMproducing creeks draining Red 

Mounta in; (2 ) t he presence of PGMin el uvi al mat er i al (samples 42P, 

43P. tab l e 1) adj acent to a relat ive ly chromi te-rich area on the Red 

Mo unta in r idge crest; and (3) t he above-mentioned in tergrowths of PGM 

and chromi te in nuggets found in t he l ocal placers . The correlat ion 

i s no t perfec t . however. because sampl es wi t h eleva ted level s of 

chromite do not al ways cont ai n higher level s of PGM. 

Even t hough t here i s an associati on of PGM (es pecially platinum) 

with chromi t e at Red Mountain . chromite and associated PGM are not 

suffi ciently concentrat ed in exposed rock i n the ultramafic complex t o 

constitute a viab le lode source of PGM . Relatively chromite-rich 

dunite at the head of Fox Gul ch and Squ irrel Creek may be underlain by 

anomalously chromite- and PGM-rich dunite. 

There is also evidence of a PGM-magnetite association at Red 

Mountain . This is suggested by: (1) observed placer nuggets with 

intergrown magnetite and PGM (fig . 18); (2) high PGM content of 

magnetite nuggets (samples 17 , 34, and 84, table 3) collected from 

tailings piles near the Goodnews Mine camp; (3) PGM content of black 

sands (samples 85-89 . table 3) collected along the beach adjacent to 

Red Mountain; and (4) the historic liberation of PGM from magnetite by 

crushing and milling the "iron ores" (28) . 

The greatest concentrations of magnetite in dun ite were observed as 

wisps or, schl ieren up to 3 ft long (fig. 10) in the central portion of 

the complex. Within the dunite. however. magnetite concentrations 
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FIGURE lB. - Placer nugget with intergrown magnetite (Mag) 

and ferropl ati num al loy (Fe- Pt ) . label ed sc al e units are
 
mil limeters (0.039 in ) divi ded into t enths.
 

distinct from chromite are extremely rare . The likel ihood of such 

con centrat ions const i t ut i ng s i gni f icant PGM depo si ts i s very l ow . 

Although a number of magnetite c linopyroxenlte sampl es cont ai n 

si gni f icant lev els of PGM , it ; s suspected that the PGMin those cases 

are associated with sul f i de mi neral s . 

Dissemi nat ed sulfide mineral s , not ably cha lcopyr i te and pyrrhotite 

with minor exsolved pentl and ite. are prese nt at Red Mountai n in 

cl i nopyroxenite and hornblendite border phases . Because PGMare known 

to be assoc ia ted wi t h copper sul fides e lsewhere (e g. , Sudbury. Ontario 

and Sal t ChUck, A laska)~ a number of sulfide· bear1ng rock samples were 

analyzed. As shown by t he results of the analyses (table 3), many of 

the clinopyroxenites contain PGM . The sul f i de-bearing rocks t hat 
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contain detectab le PGM tend to have higher Ir :Pt and Pd:Pt ratios than 

do the PGM from the duni te. Cabri (~ . p. 61) notes an almost 

universal tendency of some sulfi des to concentrate Pd . The 

preferential enrichment of Ir and Pd in sulfi des , as compared to 

chromite, and the association of sulfides with the cl inopyroxenites 

and hornblendites at Red Mount ain may expla i n why, as noted by Mertie 

(12. p. 88), the ratio of Ir :Pt i n t he placer gravels i ncreases as one 

moves from the northern end of t he Salmon River paystreaks to the 

southern end (fig. 19) . Those creeks whi ch contain rela tively higher 

l evel s of Ir and Pd in t he platinum mine ral s are cree ks whi ch f low 

over the re la t ive ly sulfide-ri ch cli nopyroxen i te and hornblende - bearing 

out er zones of the complex. Although there i s an apparen t association 

of anomalous PGM val ues (especia lly palladium) with sulfides . no 

concent rat ions of sul fi de minerals approach ing economi c grade were 

observed. 

Compari son of PGM in the Goodnews ~ Complex With Othe r
 

Mafic -Ultramafic Complexes in Alaska
 

Table 6 summarizes the PGM content of rocks from the Goodnews Bay 

complex and eight ot her mafic-ultramafic complexes in Alaska. All but 

the Sel dovi a complex contain PGM, and palladium was produced from the 

Salt Chuck complex in southeast Alaska . The following discussion is 

based on data contained in tables 6 and 7, which show the distribution 

of samples cont ain i ng Pt. Pd. Rh. and Ir among the various complexes . 

For purposes of comparison, these tables inc lude data from the 

Seldovia and Eklutna complexes , both of which are interpreted by Burns 

(I) to re present cumul at e fractionates of a volcan ic island arc . 

Similarly , Findlay (11), Irvine (23) , and Cla rk (11) interpret 

41 



s N 

E ... 
CIl CIl :>.c:: ... -e ...-'" I- :i: 

0 
...'" 

0
ii:'" '"C" CD

'" 0 -U'" en 
100
 

90
 

Pt
80 

/P.- 70,., 
0 
c:: 
CIl 

C" 60'" CIl 
l-
u, 

30 

-

20 
/Ir 

10 Rh Ru & Os 

Miles 

FIGURE 19. - Variation in composition of platinum metals in 
streams that drain Red Mountain ridge , adapted from Mertie (28) . 
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Table 6. - Concentrations. in parts per million, of platinum. palladium. 
rhodi um, and i ridium in some mafic -ul tramafic complexes in Alaska. 

Loca l ity Plat inum 
M. x Av 

I. Duke Isl . nd1. ..•• .• 1 0. 200 0.037 
2. Union B.yl .. . T . . .1 1. 600 .093 
3. Bl.sh ke IsI.nd •... 1 . 200 .010 
4. Ek lutn. 1........ .. . 1 . 100 . 042 
5. S.l t ChuCkl ... • • •• • 1 . 160 .057 
6. Mo unt Fa i rweat herl . 1 . 170 . 040 
7. Kl ukw.n l .... .... ... 1 . 100 .046 
B. Go odnews B.y2 . . • . • . 1 1.400 . 16 
8. Goo dn ews 8.y3.. ..•. 1 1.681 .0 47 
9. Sel dov i . 2•• • . . ..•. . 1 0 I 0 

P. •di um 
M.x Av 

0.140 0. 033 
. 200 . 023 
.020 . 010 
.140 . 060 

2. 900 1.0 10 
. 184 . 036 
. 100 . 040 
.020 .040 
. 515 .034 

0 0 

Rhodium 
M.x 

0.0 10 
.062 

.030 

. 117 
0 

Ind l um 
M.x Av 

0. 215 

. 300 

.823 .037 
0 0 

l Oata from Clark an d Greenwood (10). 
2D.t. from Bird .nd Cl.rk (4) . - ­
30ata f rom samples collected by 80M . 

z: 
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Tabl e 7. - Dist ri but10n of pl at inum- , pall ad1um- , rhodium- , and i rid i um­
beari ng samples f rom some maf1c-ul t ramafi c complexes 1n Al askA . 

- ---- - - - 'I ==-:..--::-:=r.:::-:c=,-;:.,-;:::--r- - - ­Number of sample s containing I 
1 Plati - I Pal1a- I Rho- I Iri- 1 Tot al number 

Location I num I dium I dium I dium 1 of samples 
1. Duke Isl andl • • . • •• •\ 10 I 16 \ 6 1 0 I 22 
2. Uni on Bayl 1 21 I 22 1 6 I 2 1 50 
3. Blashke Islandsl 1 8 I 10 I 0 I 0 I 10 
4. Eklutnal 1 12 1 12 1 0 I 0 1 16 
5. Sal t Chuckl .. •• ••. . 1 6 1 6 I 0 I 0 I 6 
6. Mount Fairweathe r ! . I 6 I 6 I 3 I 0 I 7 
7. Klukwan l 1 7 I 7 I 0 I 0 I 10 
8 . Goodnews Bay2 I 9 I 4 I 6 I 2 I 19 
8. Goodnews Bay3 • . ••.• 1 14 I 18 I I I 8 I 1024 
9. Seldovia2..• . • . • •. • 1 o I 0 I 0 I 0 I 51 

lOata from Clark and Greenwood llQ) . 
20ata from Bird and Clark (4).
 
3Data from samples col lect ed by BOM.
 
40f these, 37 were analyzed for Rh and Ir . 
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Alaskan-type compl exes as crystall i zed magma chambers of i nd i vidual 

volcanoes . Di sagreement exists on th e interp retat i on of speci f i c 

comple xes. Bird and Clark (~) imply th at t he Ekl ut na complex ; 5 of 

the Al askan-type and attr i but e the absence of PGM i n the Seldovi a 

complex t o an or igin di f f erent f rom al l of t he other compl exes . 

Dat a show th at anoma l ous PGMconcent rations are vari ably associ ated 

wi t h speci fi c rock t ypes , oxide and sulfide minera ls , and major and 

t race element s i n mafic- ul tramafi c complexes i n Al aska . Cl ark and 

Greenwood (10) exami ned t he pl ati num- group meta ls concentrat ions of 

121 rock sampl es f rom seven mafic-ul tramafic comp l exes in sout hern and 

southeas t ern Al aska and fo und t hat Pd was associa t ed wi t h borni t e i n 

hornbl endite at Sal t Chuck. and Pt wa s as soci ated wi th magneti t e i n 

duni te at Un i on Bay. Bi rd and Clark (~) analyzed 40 rock sampl es f r om 

t he Goodnews Bay comp lex and concl uded tha t at l east some of t he PGM 

at Goodnews Bay is derived from ol i vi ne chromit ites. Analyses of 102 

rock samples f rom t he Goodnews Bay complex dur i ng t his i nvest igatio n 

suppor t Bi rd and Clar k' s concl usi ons rega rdin g the complex. An 

avera ge of 0. 047 ppm Pt in the 102 samples anal yzed is compa rab l e to 

the averages calculated by ot her workers for other mafic-u ltramafi c 

complexes (average 0. 010 to 0.093 ppm) i n Alaska . The average 

pal ladi um content (0.034 ppm) in rocks of the Goodnews Bay comp lex i s 

al so comparable t o Pd val ues i n t he other compl exes (average .010 to 

. 060 ppm ) . Thi s compari son does not i ncl ude data f rom t he Salt Chuck 

copper-pal l adi um mi ne. Both the Bi rd and Clar k st udy (4) and t he 

prese nt in vest igat ion , however , have found t hat t he rocks of the 

Goodnews Bay compl ex contai n l evel s of pal lad i um comparable to those 

of pl at in um and iri dium (table 6) . Mert i e reported t hat of the s i x 
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platinum-group elements (PGE ), the placer mining opera t ions at 

Goodn ews Bay ha ve pr imaril y produced platinum, wi t h lesse r amo un ts of 

i ri di um and osmium. Hi sto r ical ly , combined pal l adi um , r hod ium, and 

ruthen ium have consti tu t ed l ess than two perce nt of the PGMrecovered 

by the Goodnews Bay pla cer operations . The fact that palladium i s not 

a s i gni f icant const i t uent of the placer concentrates i s no t unusual , 

even though it is present in the rocks. Joll y (24, p. 687 ) report s 

tha t , worldwide, pl acer deposits of the plat inum-group metals are 

charact er iz ed by the nearly complete absence of palladium. He notes 

t hat pal l adi um, and to a le sser extent platinum, rhodiu m, and 

r ut heni um, go in to aqueous solution during pl acer formati on . This 

resu l t s in an apparent depletion in Pd in pl acer PGMdeposi t s, and a 

corres pondi ng apparent enr i chmen t of I r and Os . Al t hough the Goodnews 

Bay compl ex may be relat ively anoma l ous in Ir (average .037 ppm ) , 

compa r i sons of Ir wi t h t he ot her complexes are not val i d due t o t he 

high detecti on limit for Ir in the Cl ark and Greenwood st udy (. 100 ppm) 

compa red to the Ir det ect ion l i mi t i n t he present st udy ( . 0034 ppm ). 

Det ecti on limi t s for the ot her el ements we re comparabl e between t he 

studi es. 

GEOPHYSICAL INVESTIGAT IONS
 

Introduction
 

Geophysical i nvestigations were underta ken along the f lan ks of Red 

Mountain and in the valleys of t he Smal ls and Sal mo n Rivers . The 

loca tion of the geophysica l t raverse l i nes are shown on figure 20 . 

The objectives were two-fol d: ( I) fi rst , to determine if the apparent 

zonal arrangement of rock t ypes , suggest ed by bedrock outcrops 1n Fox 

Gulch and Squirre l Creek, are continuous bet ween these two widely 
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separated exposures and (2) to det ermi ne whether or not the Red 

Mo untain body is continuous wi t h either the Smalls River ul tr~maf i c 

body or the Suzie Moun tain body. Because the magnetite clinopyroxeni t e 

and other boundary li thologies have distinct magnetic signature s ; they 

were found to cont in ue be n e~th t he cover between Fox Gu lc h and 

Squirrel Creek. The gravity data is l ess concl usive, two 

in terpret at ions are presented , and i t appears t hat more of t he Salmon 

Ri ver Vall ey, tha n pre viousl y thought , is underlain by ul t ramaf i c roc k. 

Magnetometer Trave rses 

A seri es of magnetomet er t raver ses was made acro ss the f lanks of Red 

Mo untain t o t race litholo gi c contact s i n covered areas . The 

magnetomet er surveys were made with a Geometr i cs4 proton precessi on 

4Reference to specifi c products does not impl y endorsement by the 
Bureau of Mines . 

magneto me ter. Readings were taken at 25-ft-intervals along northwest-

s triking li nes . Profi les cor responding t o each of t he magnetometer 

traverses are shown on figures 21 a- f . 

The li t hologies of t he ul t ramafic sui te are i nt erpret ed to have 

fai r l y dis tinct magnetic signatures and are ar ranged i n a regul ar , 

roughly concent r ic, manner , at least on th e sout hern and sout heas t ern 

margi ns of Red Mo unt ain . 

Gra vimet er Traverses 

Previ ous investi gations by indust ry have concl uded that both the 

Smal ls Ri ver body and the ultramafic portion of Suz ie Mount ai n are 

probably faulted sl i vers of t he Red Mountain compl ex. Gris com's {IS} 

aeromagneti c in terpretati on of t he Hageme i st er and Goodnews 

Quadrangl es al so suggests that Suzi e Mountain i s a f aulted fragment of 

Red Mo unt ain . 
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To determine if the ultramafic compl ex extends out from Red Mountain 

and underl ies al l or a portion of the Salmon Ri ver and Sma l l s River 

va l leys, a series of gravime ter l ines (see fi g. 20) was run between 

the t hree ultramafi c bodies . 

Relative gravity data is contoured on f i gu re 20. The data suggest 

at l eas t two possible interpretations. The first 1s that the 

gravity increase is simpl y due t o a general regional gradient . The 

second explanat ion suggests that rocks of the Gemuk Group form only a 

relativel y thin sheath over ultramafi c rocks , from the eastern side of 

Red Mountain across the Salmon River Valley to the western side of 

Suzie Mountain . Because ultramafic rocks crop out in the Salmon River 

Val ley and on Thorsen Moun tain~ the second i nterpretat i on 1s more 

likel y than the fi rst , and, this second interpretation suggests that , 

although possibl y cut by one or more faults, the Smalls River body and 

Red and Suzie Mountains represent exposed portions of a single , 

la rger , i ntrus i ve mass . Al though the gravity survey was not extensive 

enough to permi t geophys i cal modeling, the steady i ncrease i n gravity 
-

towa rd the southeast suggests t ha t t he center of the anomal y lies 

somewhere i mmedi ately to the nort h of Kemuk Mounta in . Barnes l 

1:2. 500.000-sca1 e bouger gravity map of Alaska (g) al so i ndicates a 10 

to 15 mgal an oma ly in that vici ni ty. 

Perhaps of more importance in evaluat ing t he potenti al for lode 

deposits of PGM, 1s that a much lar ger porti on of t he Salmon River 

Vall ey may be underlain by ultramafic rock than has been previous ly 

t hought . 

PLACER PGM SOURCE, LODE PGM POTENTIAL, ANO PLACER RE SERVES 

Potent ial PGMresources in the Goodnews Bay complex include: (1) 
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l ode sources in ho st rock l i ke t hat from which t he placers were 

derived, (2) t ai l i ngs f r om pre vio us years I placer mi ning. (3) unmi ned, 

deeply buried placers i n t he lower Salmon Ri ve r Vall ey, and (4) yet 

unrecogni zed placer PGM resources to the east of Salmon River . 

The dun i te core of Red Mount ai n contai ns low l evel s of PGM. Mer t ie 

(29) assumed t hat t he present Red Moun t ain repre sents hal f of the 

origina l expo sed int rus iv e body, and estimated t hat a mean ten or of 

0.00040 oz per t on wo uld ha ve provided about one mi llion oz of PGMt o 

t he pl acers. Presen t calculat i ons based on t he assumption that the 

average (0. 00236 oz per t on) of PGM in t he samples collected during 

t hi s study . although biased by high-graded chromite and magnet i t e 

samp les , al so in dicate th at a pluton of the size hypothesized by 

Mertie woul d have provided sufficient PGM to account for all of the 

PGM th us fa r recovered by mining, that still unrec overed, and that 

lost to erosion. Because of the low grade. a homogeneous body of th is 

tenor would not, however , be economical to mine as a lode source of 

PGM. 

The s ize of PGM grains identified in rock samples from the Goodnews 

Bay ultramafic comp l ex does not approach the maximum size of PGM 

segregat ions that are intergrown with chromite and magnetite euhedra 

found i n pl acer concentrates from the Salmon River Val ley and its 

t r i buta r ies (figs . 17-18) . Nuggets up to 0.2 in across and consisti ng 

of PGM intergrown with chromite and magnetite euhedra are common in 

placer concentrates and indicate that these mi neral grains formed 

together dur i ng magmat ic processes and were later eroded and deposited 

i n placers . Although coarser nuggets are not uncommon. most PGM i n 

placer concent rat es is much finer . and t he fail ure t o f ind 
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segregations of nugget - s i ze PGH segregations in the small volume of 

roc k samples collected is not surprising . It is poss ible that upper 

l evels of the Goodnews Bay ul tramaf ic comple x we re more enr i ched i n 
-

PGM~ chromi t e , and magnetite than are the presently uneroded portions, 

but, except for a slight PGM enrichment towards the cent er of t he 

compl ex (1)~ no sys tematic variations i n t he abundance of these 

mineral s has been observ ed wi thin the relatively homogeneous dunite 

and per idot ite por t i ons of t he complex. 

The analyses pre sented in ta ble 3 al so ind ic ate t hat PGMat Goodnews 

Bay are preferent i al ly associated with chro mite concentrations within 

t he dunit e core . Even t hough chromite concentrations with PGMhave 

occasi onall y proven to be very r ich~ such as in the Ural Mountains of 

the U.S.S .R.~ these zones are t ypicall y small and erraticall y 

di stri but ed. Rarely are they of suffi ci ent tonnage to const i tut e a 

viable mine . Samples of sulfide-bearing clinopyroxenite and 

hornblendi te from the Goodnews Bay complex contain low, but a nomalous ~ 

levels of PGM and although no significant concent rat i ons of sulfides 

were observed at the surface , nor were there indications that th ey 

might be present in the subsurfa ce, th e possib i lity of economic 

deposits cannot absol ut el y be ruled out. 

There are si gni f icant pla cer PGM reserves present i n the yet 

unmi ned. but deeply (100 to 200-ft l bur led, placer ground In the lower 

Salmon River Val le y and al so in tailings f rom previous year s' 

dredging. Our1ng t he 1975 season, the Goodnews Min ing Company dredge 

processed clay-rich tailings f rom some earlier mining of the bench 

paystreak and recovered PGM equi vale nt to approximately 10.8 pct of 

t he or i gina l operation' s producti on. An eng ineer fo r t he Goodnews 
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Pl at i num Co . estimates t hat, at best, t he sec ond opera tion was only 50 

percent effi cient i n recovering f i ne- grai ned PGM f rom the cl ays . He 

suggests that recovery duri ng the more rec ent operat ion was highest 

among the oldest t ailings . because t he clays had mo re t i me t o oxidize . 

break down , and l ib era te PGM . 

Ap pendix B cont ain s a series of t ables showi ng the results of churn 

dri lli ng carried out in t he Salmon Ri ver val l ey by the mine oper ators 

du ring the l at e 1950 's and ear ly 1960' s. The dr ill locations are 

keyed t o t he sketc h ma p of t he placer claims in fig ure 22. Maps of 

the 1, 517 dri l l hol e lo cati ons are not reproduced here , but they are 

avai lable for in spect i on at U.S . Bureau of Mines, Fai rbanks . 

The churn dr il l resu lts outl ine several areas of anomalous 

concentrat ions of platinum i n the Salmon River channel and along the 

bench paystreak. The anomalous areas are shown on figure 22, 

superimposed on a geologic sketch map of the Goodnews Bay complex. 

The anoma lous areas were defined on the basis of churn dril l samples 

that contai ned platinum values in excess of ten cents per cubic yard, 

calculated at the 1960 plati num price of $27 per ounce. Serpent i nized 

ultramafic bedrock has been exposed by mining immediately upstream of 

the two anomalous areas just below the mouth of Dowry Creek. Bedrock 

samples (44. 45. table 3) from this location contain only low Pt 

concentrations (.OOl az/ton), but it is possible that the bedrock 

could be the source of the churn drill anomalies there. The mile -long 

anomalous area beginn ing at the confluence of Snow Gulch and Salmon 

River suggests the possibi lity of an unrecognized PGMsource somewhere 

in Snow Gulch . The results of the gravity survey suggest that the 

ultramafic complex may extend beyond the currently-defined boundar i es 
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to the east and southeast and may be a source for the placer deposits . 

There are, however, othe r possibiliti es t hat could account for the 

anomalous areas including paleochannels , differences in stream or 

st reambed morphology , the effects of glaciat ion , or other factors . 

SUMMARY AND RECOMMENDATIONS 

The Goodnews Bay ultramafi c compl ex is an Al askan- t ype zoned complex 

similar to those of southeastern Alaska , British Col umbia', and the 

Ural Mounta i ns of t he U.S.S .R. , some of which have produced PGM f rom 

lode and pl acer deposits . 

Pl at i num at Red Mo untain i s preferen tially associa ted with 

concent rat i ons of chromite and magnetite i n duni t e , but no economi c 

lode concentrations of PGM-bearing chromi t e or magnetite are exposed. 

It is possible tha t undi scovered, pl at i ni f erous . chromite-rich pods or 

lenses exist at Red Mountain, or have existed there in the geologi c 

pas t . Minor palladium is associated with sulfide mineral s (pyrrhotite, 

pentlandite , and chal copyrite ) di ssemi nat ed wi t hin the cl i nopyroxene ­

_"	 and hornblende-beari ng rocks of the outer zones of the complex at t he 

sout hern end of Red Mountain . Although t he sUlfide-bear ing uni t s t end 

t o be mo re consistently anoma l ous 1n PGM (e speci al ly Ir and Pd) . where 

exposed Cu. Ni , and PGM conten t do not approac h economi c grades . 

Where present, sul f i de mi neral s const i t ute no more than half a percent 

by vo l ume of t he magnet ite clinopyroxeni te . A correl ati on of h ~9he r 

Pd levels with relative ly lower Pt l evels in the outer zones of the 

complex expl ai ns t he variat io n, noted by Mertie (29), in t he 

composi t i on of t he platin um mine rals recovered from the streams that 

dra in the Red Mountai n r i dge . Gravi ty surveys of the Salmon River 

Valley sU9gest t hat t he Sma l l s Rive r body and Red and Suzie ~~unta ins 
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may represent exposed portions of a single i ntrusi ve mass and that a 

signif icant portion of the va l l ey may be unde rl ai n by ultramafic rock . 

Buried PGM-ri ch chromi te pods withi n the duni te core of Red Mountain 

are the most promi si ng (explorat 10n) target s for locati ng PGM lode 

depos1 t s 1n t he Goodnews Bay complex. Wi th t he goal of locat i ng such 

chromi te pods . a deta il ed magnetometer survey over t he Red Mounta i n 

body is recommended as an i ni t ial step. A diamond-dri lling program 

wou ld be t he logi cal next step. Dr il l t arget s should be (1) any 

anoma l ies encountered by the magnetome ter survey, (2) the chromi te-r i ch 

areas above the heads of Fox Gulch and Squ1rrel Creek , (3) the 

relat i vely sulfide- rich clinopyroxene- and ho rnblende-beari ng outer 

zones of the Red Mountai n body. and (4) drilling might al so be 

considered on Suzi e Mountain . to test whether i t . as a l ess deep ly 

eroded ana log of Red Mountai n. sti ll contai ns PGM-rich chromi te masses 

not yet bared to erosi on. 
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APPENDI XA. - Description of rock samples collected i n the vici ni ty of 
the Goodnews Bay Ultramafic Compl ex 

a e Field desert t icR 
1. . . Olivin e c nopyroxeni te . Mi nor secondary hornb le nde. 
2•• • IPeridot i t e. Trace chlorite .
 
5• •• IPegma t i t i c hornblende-grabbro.
 
7• • • IDuni t e.
 
9. . . IPorphyritic andesite . 

IO ••• rVol cani cl ast i c rock . 
11 . . . IQuartz vei n i n vo lcani clastic rock. 
12•. • ISerpent inized. ma gnet i c peridotite. 
14. . . IPegma t i t i c hornblende gabbro. 
17.. • IMagnetite-ri ch pebbles from Clara Creek. 
19 .. . jDuni te from Suzie Mountain. Trace Chlorite . 
20.. . Do . 
23 Dun fte f rom Red Mountain .
 
24 Strongl y serpent i ni zed perid otite .
 
29 .•. Hornbl ende pla giocla se di ke rock.
 
31• •• Serpent ini zed peridotite.
 
34 . • • Magnetite- ri ch pebbles f rom Salmon River tail ings. 
35 ... Do . 
36 Hornblende-olivine pyroxenite .
 
37 Dunite .
 
38 Dunite wi th dissemi nated chromfte.
 
39 Strongly wea th ered punky gabbro (1) .
 
40 Res idual soil overlyi ng serpent i nized dun ite .
 
41 .•. Serpentin i zed duni te .
 
42 ••• Oli vine clinopyroxenite .
 
43. . . Serpenti niz ed perid otite bedrock exposed i n Salmon Ri ver 

ta il i ngs. 
44. .. Serpentini zed duni t e. 
45. .. Do . 

~ 46 . . . Do . 
47 . . . Do. Dis seminated chromi te euhedra. 
48 .. . Do. 
49 l eucocrat ic tonal i te .
 
50 Serpent i nized dun ite .
 
51. .. Do. 
52. . . Do. Disseminated chrom1te.
 
53... Vol caniclast ic rock.
 
55. . • Hornblende gabbro . 
56••• Meta-amphi bolite .
 
57• •• Ol ivine c]inopyroxen1te.
 
58. • • Magnetite-horn blende gabbro wi t h cha lcopyrite . 
60 Dunite . Disseminated chromi te . 
62 / Do.
 
63 1 Do.
 
64 IAltered gabbro ic rock f romSal mon Ri ver ta i lings . 
65 1 Do. 
66 IHornbl ende gabbro with trace sul fides . 
67 ISerpentini zed dunite . Disseminated chromite. 
68 . . • IEpi do t iz ed vol caniclastic rock. 
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APPENDIX A. - Descripti on of rock sample s col l ected i n the vic inity of 
the Goodnews Bay Ultr amafi c Complex- -Continued 

Sam le Fi el d deseri t10n 
69••. Amphlbo ite .
 
72.. • /Hornb lende clinopyroxenite .
 
73.•• IMe ta-andesi t e. Trace pyrite.
 
74. . . /Serpent i ni zed dunite . Accessory chromite. 
75.•. 1Magnetite-hornblende clinopyroxen ite wi t h sulfide . High-graded 

1 sample . 
76• . . jMagnet i te cli nopyroxenite with disseminated chalcopyrite. 
77. .• ICoarse hornbl ende-magnetite clinopyroxen ite. 
78•.• IEpidotjzed meta-volca nic.
 
7g• . . 1 Do.
 
BO IHornb l ende gabbro wi t h di ssemi na ted sulfi des .
 
81 IBanded dio ri te with dissemi nated sulfi des .
 
82 ICoarser variety of same rock as sample 81.
 
83•• • IChromi te-ric h pebbles f rom tailings piles .
 
84••• IMa gneti te-rich pebbles f rom tai l ings pi l es .
 
85. .. IA lte red meta-vol canic with mi nor di ssemi nated pyri te . 
86•.• IBlack sand veneer f rom beach. 
87. •. 1 Do.
 
88•.. 1 Do.
 
8g. •. 1 Do .
 
93. •• IAmphi bol iti zed vo lcanic l astic roc k.
 
95••• 1 Do .
 
g6• •• 1 Do.
 
sa. . . 1 Do .
 
gg ••• IPegmati c hornbl ende wi t h accessory chalcopyri te.
 

100•.• IOlivlne- ho rnblende cli nopyroxeni t e.
 
101 ... IVo lcanicl astic rock.
 
103•.. 1Porphyritic andesite.
 
104•.. 1 Do.
 
I06.. . /Serpent i ni zed olivine-hornblende cl i nopyroxenite . Trace 

I chalcopyrite . 
107 ••. IMagnet i te clinopyroxeni te . 
108••. IOl i vi ne-magnet i t e cl inopyroxeni te. 
I09.. . 1Magnetite cli nopyroxenite with accessory chalcopyri te. 
110 •• • IOl i vine-cl i nopyroxeni te . 
111 •. . 1 Do . 
112 . •. IMagnetite clinopyroxenite . 
113 IOl i vi ne- magnet i te cllnopyroxenite wi th dis semi nated sulfides . 
114 IHornbl ende cl iopyroxeni te. 
115• •• IOl i vi ne cl i nopyroxeni t e. 
117. •. IOlivine cllnopyroxen ite. Trace chlorite . 
IIB. .. /Serpenti ni zed dunite wi th minor chromite. 
119••. 1 Do . 
120 . .. 1 Do . 
121. .. 1 Do. 
123 . •• ISerpent inized duni te. 
124 ... IH lgh-graded chromi t e i n dunite. 
125•• •1 Do. 
126 • .. 1----"0,,,0,-. _ 
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AP PEND IXA. - Description of rock samples coll ected in t he vicinity of 
the Goodnews Bay Ultramafic Comp1ex--Cont i nued 

Sam le Field descri ticn 
12 ... ISerpent l n zed dun te with m nor dlsseminated chromite . 
128•.• ISe rpentin ized dunit e wi t h abundant disseminated ferrit-chromi t e.
 
129 ... IHigh-graded chromite in dunite.
 
130•.. 1 Do .
 
131 ISerpent inized dunite with minor disseminated chromite.
 
135	 IOuni te wi th minor disseminated chromite. 
137	 1 Do . I 

138	 ISel ect sample of em-sized fron-sta ined areas fr om dunite 
I surface. 

140 ••• IHigh-graded samples of chromite pod in dunite . 
142... ISerpent i n1zed dunite wi t h minor chromite. 
143•• • ISel ect sample of c1 inopyroxenite di ke in dunite. 
145. .. ISelect sampl e of em-sized fron-stained surface areas in dunite . 
147 •.. IHigh-graded sampl e of chromite pods in dun ite . 
148.. . IFine grained amphibo11tized meta-basite . 
149 . .• Dun ite with minor disseminated chromite. 
150••• High-graded sample of magnetite-rich pod in dunite . 
151 •.. Serpenti nized dunite . 
152 Hi gh-graded chromi te in dunite . Composite sample . 
153 Serpentini zed dunite wi th very minor di ssemi nated chromi te. 
154•• • Hi gh-graded chromite pods . Composite sampl e. 
155. . . Do . 
156. .. Chromi te and magneti te di sseminated in dunite . 
157 ••• High-graded chrom1 t e concent rat ions i n dunite. Composi t e 

sampl e. 
158 . •. High-graded ma gnet ic concentrat i ons i n dunite . Composi te 

sampl e. 
159 •.• Dunite with 1-3 pct disseminate d chromite. Composite sample . 
160. .. High- graded chromfte and magnet ite segregations in dunite . 

Compos i t e sample . 
161. . . Duni t e wi t h mi no r disseminate d chromi te . 
162••. High-graded sample of magneti t e pod in dunite. 
163 ... High- 9raded samp le of chromi t e in duni te . 
164••• Dunite. 
165. . . Do .
 
166 ••. Serpent inized dunite with minor di sseminat ed chromite.
 
168• . . Serpenti nized dunite.
 
170 Serpentinized dun ite wi t h minor disseminated magnetite . 
171 Beach sand with magnetite and chromite . 
876 •.• IOlivine ho rnblende clinopyroxeni te .
 
878 •. • IOl i v1ne c1inopyroxenite . Fi ne-grai ned.
 
881 •• •1Hornblende pegmati te.
 
882•. . ISpot t ed hornblende clinopyroxenit e.
 
883•.. 101ivi ne cli nopyroxenft e (d1 ke).
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Ch urn drill 
APPEND IX B 

results f rom S a l ~ on River Valley 

I Drill I Dep th t o 
Cla i m name I Hol e I Be droc k 

(map no.) ~ Number I (ft) 
6A 1 I 23 

(9) I 2 I 42. 5 
I 3 I 47 . 5 
I 4 I IB 
I 5 I 12 
I 6 I 10 
I 7 I 12. 5 

8 I 14. 5 
9 I 44.5 

10 I 35 
11 I 22 
12 I 40 
13 I 18 
14 I 24 
15 I 30 
16 I 41. 5 
17 I 44 
18 I 18 
19 I 8 
20 I 23 . 5 
21 I 44 
22 I 11. 5 
23 I 47. 5 
24 I 9 
25 I 19 
26 I 19 
27 I 17 
28 I 40.5 
29 I 41 
30 I 48 
31 I 32 
32 I 25.5 

6A I TLL8 1 I 10 
(10) 2 I 9. 5 

3 I 7 
4 I 8 
5 I 11 
6 I 17 
7 I 16 
8 I 18 
9 I 18 

10 I 11 
11 I 13 
12 I 19 
13 I 15 
14 I 13 
15 I 16 

See foot note at end of ta ble . 

rl 
Ce nt s1; I I Cl aim name 
Cu Yd II (map no.) 

2. 0 I I 6A I TLLB 
0.9 II (10) 
8. 4 I I (con't) 

17 .8 I I 
10.8 I I 

TR I I 
4.9 I I 

14.2 I I 
8.8 I I 

13.0 I I 
4. 2 I I 
3. 6 I I 
3.8 I I 

22 . 6 I I 
22. 1 II 

3. 1 I I 
4. 8 I I 6A 2 TLLB 
4. 5 I I ( 11) 
1. 9 I I 
4.5 II 
2. 6 I 
2.2 I 
2.9 I 

TR I 
TR I 
TR I 5A 
TR I (12) 

21. 3 I 
16.4 I 
9.3 I 
1. 9 I 

TR I 
10.7 I 
0.0 I 

37.3 I 
212.0 I 
59.9 I 

26 3.0 I I 
44.5 I I 
28.8 I I 

TR I I 
15.2 I I 
38.8 I I 5A I TL L8 

TR I I ( 13) 
TR I I 

15.3 II 
8. 1 I I 

Drill 
Hol e 
Number 

16 
17 
IB 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
1 
2 
3 
4 
5 
6 
7 
8 
9 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

I 
2 
3 
4 
5 

Dept h to 
Bedrock 

(ft) 
16 
15 
13 
14 
36 
33 
18 
17 
18 
15 
11 
14 
14 
19 
18 
22 
13 
22 
23 
26 
24 
27 
25 
18 
25 
10 
27.5 
38 
61 
39 
25 
38. 5 
41 
42 
39 
33.5 
17 
10 .5 
20 
10. 5 
21 
3D 
19 
14 
40 .5 1 
13 
14 

Cen ts1; 
Cu Yd 

TR 
TR 
TR 
TR 

2.6 
6.3 
6.8 
6. 1 

51.3 
217. 5 

4.8 
19. 4 
30. 6 

TR 
TR 
TR 
TR 

117.0 
19. 3 

TR 
TR 
TR 
TR 

0.0 
129 .5 

5. 3 
3.3 
3. 4 
5. 8 
7.8 
1. 8 

17. 3 
31. 8 
19.0 
14. 3 
8. 3 

TR 
21 9.0 
18. 4 
11.4 

TR 
TR 

27 . 1 
42.0 

53.4 
43. 1 

r 
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APPEND IX B
 
Churn dr il l resul ts fromSalmon River Val ley--Conti nued
 

C1 a1 m name(map no. ) 
SA 1 TLlB 
(13)
(con 't) 

Dr i 11 
Hole 
Number 

6 
7 
B 
9 

10 
11 
12 
13 

I Depth to 
I Bedrock 
I (f t)
I 11 
I 12 
I 8 
I 12 
I 15 

11 
8 
7 

Cents1/ 
Cu Yd 
113. 8 

TR 
TR 

11.5 
57 .5 

TR 
TR 
TR 

II 
II Cla1 mname 
It-dma pno.)

5A 2 TllB 
(14)
(con't ) 

4A 2 TllB 
(15) 

Dril l 
Ho l e 
Number 
34 
35 
36 
37 
1 
2 
3 
4 

Depth t o 
Bedrock 

(f t) 
27 
24 
25 
27 
30 
41 
18 
22 

Cents1/ 
Cu Yd 
113.2 
45.5 
52.3 
3.4 
7.4 

TR 
TR 

1.3 
14 8.5 TR 5 27 7.6 
15 15 TR 6 31 31.0 
16 
17 

19 
12 . 5 

TR 
TR 

7 
8 

35 
41 

3.4 
TR 

18 11 .5 TR 9 37 1.3 
5A 2 TllB 1 25 10 .1 10 41 17. 1 

(14) 2 
3 

39 
21 

6.8 
29.8 

11 
12 

40 
39 

4.4 
96.7 

4 22 77. 7 13 38 41.5 
5 
6 
7 
8 
9 

36 
22 
27 
31 
24 

3. 2 
14. 9 
17.8 
26.4 

TR 

14 
15 
16 
17 
18 

32 
39 
39. 5 
41 
42. 5 

TR 
3.3 

12. 2 
46.3 
14.6 

10 18 15. 2 19 43 1.4 
11 
12 

11 
21 

7. 6 
215.6 

20 
21 

21 
31 

TR 
106 .8 

.s 

13 
14 
15 

31 
15 
20 

5.9 
0.0 

22 .0 

22 
23 
24 

33 
37 
40. 5 

21.8 
3.9 

19.1 
16 
17 
18 
19 

17 
21 
20 
25 

TR 
108 .3 

22 .7 
39.4 

25 
26 
27 
28 

41 
43 
27 
32 

TR 
TR 

4.2 
1.7 

20 29 51.5 29 35 .5 1.5 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 

I 33 I 
See foot not e at end of 

30 
19 
16 
13. 5 
20 
21 
25 
12 
14 
32 
30 
21 
24 

t able . 

3.4 
54. 5 

TR 
16. 4 
36 .2 
13 . 4 
6.4 
8.5 

74.2 
77. 9 

TR 
TR 
TR 

I 
I 
I 3A 2 TllB 
I (16) 
I 
I 
I 

I I 
I I 
II 
I I 
I I 
IJ 

30 
31 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

39 
41.5 
14 
21 
25 
31 
37 
37 
38 
25 
24 
29 
30 

6. 9 
7. 5 

48.5 
14. 2 
11.9 
2.9 

21.5 
TR 

5.8 
TR 

7.6 
52.6 

159.0 
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APPENDI X B
 
Churn dri 11 results f romSalmon Ri ver Val1 ey- -Contfnued
 

Cl aim name 
~no .) 
3A 2 LLB 

Dr ill 
Ho le 
Number 

12 

I Dept h to 
I Bedrock Hft)

28 . 5 

CentsI! 
Cu Yd 

5.9 

I I 
I I Cla im name 

H (map no .) 
3A 

Drill 
Hole 
Num ber 

I 

De pth t o 
Bed rock 

(ft l 
21 

Cent s1! 
Cu Yd 

TR 
(16)
(con't ) 

13 
14 
15 
16 
17 
18 

I 
I 
I 
I 
I 
I 

29 
34 
18 
19 
14 
19 

2. 1 
2.4 

18.3 
B.O 
7.1 
5.3 

I I 
I 
I 
I 
I 
I 

(19) 2 
3 
4 
5 
6 
7 

7 
8 

14 
14 
10 
52 

12.7 
1.0 
0.0 
9.0 

TR 
6.0 

19 
20 
21 

I 
I 
I 

13 
10 
6 

4.7 
54.3 
0.0 

I 
I 
I 2A 

8 
9 
I 

37 
8 

21 

6.2 
0.0 
4. 2 

22 
23 

I 
I 

16 
20 

6.7 
0.0 

I (20) 2 
3 

31 
35 

1. 2 
2.0 

Bobby 
Bench 

24 
1 
2 

I 
I 

18 
12 
12 

8.5 
0.0 
0.0 

4 
5 
6 

40 
12.5 
13 

4.2 
9.2 

95.8 -
(17) 3 

4 
I 
I 

13 
20 

0.0 
5.3 

7 
8 

8 
7 

11 .4 
0.0 

5 I 22 TR 9 11 13.0 
6 I 20 0.0 10 21 TR 
7 
B 

I 
I 

26 
28 

0.0 
0.0 

Medi cine 
Fract i on 

I 
2 

33 
26 

TR 
0.0 

9 
10 

I 
I 

19 
14 

TR 
0.0 

(21) 3 
4 

17 
4 

0.0 
0.0 

11 
12 

I 
I 

14 
17 

0.0 
TR 

5 
6 

22 
21 

1.4 
TR 

13 
14 
15 
16 

I 
I 
I 
I 

15 
16 
13 
11 

0.0 
0.0 
8. 2 

TR 
I 
~a 11 adi urn 

7 
8 
9 
I 

25 
18 
17 
18 

TR 
TR 

0.0 
7. 4 

17 
18 
19 

I 
I 
I 

22 
14 
13 

13. 9 
0.0 

TR 

Bench 
(22) 

2 
3 
4 

19 
16 
22 

5B.2 
6.7 

TR 
20 I 8.7 5 18 21 9. 3 
21 I 10 6.9 6 19 37 .0 
22 I 13 18.2 7 22 8.0 
23 I 21 0.0 8 29.5 TR 
24 
25 
26 
27 

I 
I 
I 
I 

19 
17 
10 
12 

0.0 
TR 
TR 
TR 

9 
10 
11 
12 

24 
22 
20 
18 

124.3 
7.3 
1.9 
2.9 

2B I 18 0.0 13 23 25 .9 

4A 

· 29 
30 
1 

I 

I 
11 
20 
IB .5 

2.7 
1.5 

TR 

I 
I 
I I 

14 
15 
16 

25 
29 
29 

26.6 
21 7.0 

6.B 
(lB) 

I 
2 
3 

I 
I 

5 
9.5 

16.8 
6. 4 

II 
I 

17 26 34.8 

See footnote at end of table. 
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APPENDIX B
 
Churn dri 11 results f rom Salmo n River Valley- -Continued 

Dri 11 Dept h to I I Drill Dep th to 
Clai m name Hole Bedrock Cents1/ II Claim name Hole Bedrock Cents1/ 

(map no .) Number (ft) Cu Yd II (map no .) Number (ft) Cu Yd 
Osmi um 1 26 6.6 I I Et hel 27 18 4.3 

Bench 2 26 0.0 I I Bench 28 13 7.1 
(23) 3 24.5 16.4 I I (24) 29 12 13.4 

4 34 252.0 II (con't) 30 12 2.5 
5 29 48 .7 I I 31 13.5 0.0 
6 39 144.0 II 32 21 30.6 
7 47 TR II 33 20.5 59.0 
8 41 13.1 I 34 18 48 .1 
9 45 TR I 35 19 66.5 

10 31 5.6 I 36 17 TR 
11 39 1.6 I 37 15 3.6 
12 37 50.0 I 38 28 143.0 
13 49 25. 7 I 39 13 6.5 
14 10.9 I 40 8 1.9 
15 24 5.2 I 41 7 TR 
16 35 9.8 I 42 7 5.7 
17 42 8.5 I 43 5.5 3.8 
18 47 58 .9 I 44 10 TR 
19 45 8. 1 I 45 10 6.9 
20 54 70.7 I 46 8 0.0 
21 57 92.8 47 10 TR 

Et hel 1 14.5 15.3 Ethel 1 16 5.2 
8ench 2 16 21.5 Fraction 2 17 12. 1 
(24) 3 19 2.4 (25 ) 3 13 TR 

4 19 95.2 4 15 16.7 
5 19 34.8 5 15 9.7 
6 20 8.1 6 9 TR 

: 7 18 4. 2 7 14. 5 0.0 
8 29 8. 4 8 8 2.9 
9 13 45.3 9 10 5.3 

10 17 52. 3 10 3 12.9 
11 17 37. 1 11 6.5 5.5 
12 21 32.4 12 4 5. 5 
13 15 21. 4 13 6. 5 53. 3 
14 33 TR 14 6 12.7 
15 33 3.5 1 Above 1 18 4. 7 
16 21 15. 3 Oi scovery 2 31. 5 7. 1 
17 21 7.3 (26) 3 32.5 3.1 
18 21 TR 4 32 11. 9 
19 23 38. 3 5 9 2.3 
20 27 7.1 6 11 TR 
21 25 1.2 7 15 TR 
22 15 12.0 8 14 TR 
23 20.5 TR 9 20 TR 
24 19 8. 4 10 18 TR 
25 17 17 .0 11 33 10.6 
26 I 14 TR 12 8 6.8 

See f ootnote at end of table . 
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AP PEND IX B
 
Churn dr ; 11 resul t s fro m Sa lmon River Val 1ey- -Con t inued
 

Cla i mname 
(ma p no . ) 

1 Above 
Di sc overy 

Dr i 11 
Hol e 
Number 

13 
14 

Depth t o 
Bedrock 

( ft) 
11 
7 

I 
I Cents l / 
I Cu Yd 
I TR 
I 8. 7 

II 
II Cl ai mname 
II (~aJ'..!lo . ) 
I I Discovery 
I I Ben ch 

Drill 
Ho l e 
Numb er 

26 
27 

De pt h t o I 
Bedrock I Ce nts l / 

W)-f-C 'Ll~R -
ID 3. 9 

(26) 
(can 't) 

Di scovery 
Sal mon 

15 

I 
2 

9 

6 
7 

I 
1 

8. 5 

39 .0 
TR 

I I 
I I 
I I 
I I 

( 31) 
(c a n' t ) 

28 
29 
30 
31 

7 
7 

11 
11 

TR 
TR 
TR 
TR 

River I 32 21 36. 4 
(28) 

1 Bel ow I 8.5 0.0 
I 
I 

33 
34 

7 
5 

30.0 
0.0 

( 30 ) 2 8 0.0 I 35 11.5 TR 
3 4 0.0 I 36 7 0.0 
4 11 0.0 I 37 11 TR 
5 9 0.0 I 38 11 TR 
6 
7 

10 
11 

0.0 
0.0 

I 
I 

39 
40 

10 
11 

9. 1 
TR -

8 
9 

15.5 
16 

12.5 
2.2 

I 
I 

41 
42 

12 
12.5 

TR 
3. 1 

10 18. 5 2.4 I 43 11 4. 5 
11 10 TR I 44 14. 5 1.5 
12 19 TR II 45 17 .5 41.2 
13 19. 5 TR I I 46 21 2.2 

Discovery 
Bench 
(31 ) 

14 
I 
2 
3 

19 
11. 5 
5 

32 

46.2 
20.2 
7.6 

15.3 

I I 
I I 
I I 
I I 

47 
48 
49 
50 

14 
27 
17 
13 

4. 4 
17.2 
1. 8 
7. 0 

4 7 18.2 I I 51 11 3.8 
5 7 18.5 I 52 14 10.5 
6 7 0.0 I 53 14 TR 
7 7 TR I 54 25 TR 
8 14 51. 5 I 55 27 3. 7 
9 26 10.5 I 56 31 4.7 

10 37 .5 115.0 I 57 21 7.6 
11 9 TR I 58 30 4.6 
12 9 5.1 I 59 30 11.3 
13 9.5 4.0 I 60 32.5 0.9 
14 9 9.9 I 61 28 33.6 
15 16 0. 0 I 62 26.5 38.6 
16 
17 

22 
8 

16.3 
TR 

I 
I 

63 
64 

22 
27 

12.2 
298.5 

18 8 22.1 I 65 24 136 .7 
19 15 3.1 I Ruthenium I 56 10.1 
20 
21 
22 

15 
19 
8 

4.1 
17.3 

TR 

I 
I 
I 

Bench 
( 32 ) 

2 
3 
4 

53 
44 
49 

109.0 
28. 3 
50 .8 

23 lD TR I 5 36 .0 

I 
24 
25 I 

10.5 
11 .5 

5.1 
TR 

I 
I 

6 
7 

57 
50 

54.3 
26 . 4 

See footnote at end of table . 
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APPEND IX B
 
Churn dri 11 results f rom Sa lmon Ri ver V al1 ey~ - Co nt in ue d 

Cla i m name 
Dr fll 
Hol e 

Depth t o 
Bedrock. Cent sl; 

I Dr111 
I Ho l e 

Depth to 
Bedrock Ce nt sl ; 

ma no. Number ft Cu Yd I Nu mber ft Cu Yd 
Ruthen i um 8 61 11.0 18 39 4. 9 

Be nch 9 53 I 19 39 1.8 
( 32) 
(con't ) 

10 
11 
12 

40 
42 
47 

47 . 9 
26. 4 
22.8 

I 
I 
I 

20 
21 
22 

28 
19 
34.5 

45.0 
1.2 
1. 5 

13 52 36. 5 I 23 26 6. 5 
Rh odium 1 55 5. 8 I 24 27 32.5 
Bench 2 51 4.5 I 25 2B 21. 0 
(33) 

Pl ati num 
3 
1 

56 
53 

1. 2 
1.7 

I 
I 

26 
27 

31 
31 

32.0 
3. 5 

Bench 2 55 4. 6 I 28 34 2. 9 
( 34) 3 

4 
52 
45 

4. 3 
4. 0 

I 
I 

29 
30 

35 
35 

4.8 
4.8 

5 48 30. 2 I 31 41 7. 5 
6 53 18.8 I 32 46 0.6 
7 58 1. 8 I 33 43 37.0 

Iridi um I 42 43. 6 I 34 43 100.2 
Bench 2 38 5. 4 I 35 44 3. 0 
(35) 3 

4 
50 
33 

18.8 
11. 3 

I 36 
37 

47 
51. 5 

0.6 
27. 0 

5 36 19. 7 38 41 1.1 
6 38 8.6 39 37 TR 
7 33 1.8 40 39 5.9 
8 41 TR 41 43 TR 
9 30 94. 2 I 42 35.5 3. 9 

10 20 45. 5 I 43 40 . 5 33. 4 

- 11 
12 

26 
31 

5.6 
10 .0 

I 
I 

44 
45 

42 
43 

61.9 
25. 1 

2 Bel ow I 15 TR I I 46 45 7.8 
(36) 

Panki n 
2 
1 

26 
22 

21 1.8 
2. 7 

I 
I 

47 
48 

44 
43 

13. 7 
TR 

Be nch 2 28 33.6 I 49 45 TR 
(37) 3 26 78.2 I 50 48 6.7 

4 28 53. 2 I 51 48 5.9 
5 29 70. 1 I 52 51 1.0 
6 26 40 .8 I 53 49 1.2 
7 27 4.5 I 54 38 8.6 
8 29 1.3 I 55 36 0.8 
9 25.5 23.6 I 56 35 5.2 

10 24 8.8 I 57 39 TR 
11 21 4.7 I 58 40 2. 3 
12 
13 

22 
19 

2.0 
1.6 

I 
I 

01scovery 
Snow 

1 
2 

34 
30 

26.8 
13. 2 

14 21 7.6 I Gul ch 3 33 5.0 
15 
16 

17 
28 

9.0 
TR 

I 
I 

(38) 4 
5 

27 
24 

4.2 
5.3 

I 17 I 16 
See footnote at end of table. 
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APPEND IX B
 
Chu rn dr i 11 resul t s f rom Salmon Ri ver Val ley- -Cont i nued
 

n iiTjT Depth to I I Dril l Depth to 
Clai m name I Hole Bedrock Cents I/ II Cl ai m name Hol e Bodr-ock Cents!/ 

(map no.) I Number ( ft) Cu Yd II (map no .) Number ( ft ) Cu Yd 
Discovery I 7 25 33-:3 Margeret 6 40 5. 9 

Snow I 8 25 8.5 Bench 7 42 3.3 
Gu lch I 9 25 62.1 (40) 8 44 TR 
(38) I 10 25 21. 4 (con 1t ) 9 48 16. 0
 
(con 't) I II 27 4.8 10 53 12.1
 

I 12 27 10 .2	 II 47 14.8 
I 13 24 TR	 12 41 3. 2 
I 14 22 2. 4	 13 47 TR 
I 15 20 5.3	 14 43 TR 
I 16 20 191.8 15 43 TR 
I 17 24 2.3 16 37 1. 2 
I 18 29 22.6 17 34 TR 
I 19 21 12.4 18 40 1. 0 
I 20 23 24.9 19 39 1. 0 
I 21 23 13. 5 20 42 3. 1 ­
I 22 18 2. 5 21 45 3. 1 
I 23 19 TR	 22 34 TR 
I 24 18 10. 6 23 40 II9 .4 
I 25 23 26.3 24 39 TR 
I 26 26 7.9	 25 43 3.2 
I 27 31 7.4	 26 46 8.3 
I 28 24 2. 5	 27 33 62. 5 
I 29 22 5.9	 28 35 3. I 
I 30 37 8.7	 29 23 1.8 
I 31 30 0. 2	 30 25 3.7 
I 32 37 1. 4	 31 27 10. 2 
I 33 35 3.7	 32 35 2.6 
I 34 31 1. 0	 33 42 9.5 
I 35 45 TR	 34 41 6.9 
I 36 30 2.0	 35 35 7.2 
I 37 30 1. 2	 36 36 1. 9 
I 38 49 0.0	 37 38 4. 9 
I 39 47 TR	 38 36 12.7 
I 40 42 TR	 39 37 6. 6 
I 41 41 0.0	 40 36 7.6 
I 42 42 0. 0	 41 36 12. 7 
I 43 40 0.0 42 38 9.2 
I 44 37 TR 43 26 8. I 
I 45 35 1.5 44 33 5.2 
I 46 38 0.4 45 33 7. 6 

3 Below I I 14 0.0	 46 32 13. 4 
(39) 2 14 0.0 3 Be low I 34 TR 

Margeret	 I I 52 3. 7 2 TLLB 2 31 TR 
Bench I 2 41 27. 7 (41) 3 22 3. 8 
(40)	 I 3 49 13.1 4 19 TR
 

I 4 53 72. 8 5 22 TR
 
I 5 I 48 1.5 6 27 2.5
 

See f oot note at end of table . 
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APPEN DIX B
 
Churn drf 11 resul ts from Salmon River Val1ey- -Continued
 

I 8 
I 9 
I 10 

Depth t o	 Drill Depth to 
Bedrock Cents l{ Hole Bedrock Cents1{ 

ft Cu Yd Number ft Cu Yd 
26 1.0 1 2B .5 9.6 
44 TR 2 30 1.3 
48 16.0 3 30 3.6 
53 12.1 4 31 TR 

I 

I 11 47 14.B 5 31 77.8 
I 12 41 3.2 6 42 32.6 
I 13 47 TR 7 45 13.4 
I 14 43 TR B 52 2.6 
I 15 43 TR 9 56 36. 6 
I 16 37 1.2 10 55 37. 9 
I 17 34 TR 11 57 1.0 
I lB 40 1.0 12 60 TR 
I 19 39 1.0 13 30 5.6 
I 20 42 3. 1 14 30 5.3 

21 45 3. 1 15 31 1.3 
4 Below 1 32. 5 2. 9 16 34 4.2 

(42) 17 35 4.1 
Sarah 1 41 28.4 18 34 3.4 

Bench I 2 28 5.5 19 34 2.0 
I 

(43)	 I 3 31 1. 3 II 20 32 1. 9 
I 4 29 10.0 I 21 36 18.7 
I 5 35 3.7 I 22 38 7.8 
I 6 30 6.6 I 23 3B 21.9 
I 7 30 14.5 I 24 37 44.6 
I 8 34 108.0 I 25 55 45 .8 
I 9 39 17. 6 I 26 56 19. 1 
I 10 40 2.9 I 27 55 1.0 

:	 I 11 48 1.4 I 28 25 TR 
I 12 37 5.0 I 29 39 4.5 
I 13 47 19.9 I 30 36 6.9 
I 14 40 2.3 I 31 42 9.6 
I 15 31.5 1.0 I 32 43 7.3 
I 16 33 2.B I 33 43 11.4 
I 17 33 3.9 I 34 46 25.6 
I 18 30 6.6 I 35 48 26 .1 
I 19 31 8. 1 I 36 27 1. 1 
I 20 32 3. 1 I 37 39 TR 

I 
I 21 2B 19. 1 I 38 40 1.8 

22 31 20.7 I 39 41 3. 5 
4 8el ow 1 43 7. 3 I 40 44 TR 
2nd TLLB I 2 44 0. 5 II 41 52 8.5 
(44)	 I 3 46 3.2 I I 42 60 3.7 

I 4 49 0.8 I I 43 60 5.9 
I 5 50 5.9 II 44 62 283. 0 
I 6 49 1.6 II 45 59 14.1 
I 7 59 9.9 II 46 45 1.0 
I 8 65 1.9 II 47 48 15.4 

See footnote	 at end of table. 
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APPENDIX B
 
Churn dr i 11 results from Sal mo n River Valley- -Cont in ued
 

- 1 Dri 11 
Cla imname Hole 

Depth t o 
Bedrock 

I I 
Cent s I; I I Cl ai m name 

Drill 
Hole 

De pt h t o 
Bedrock Cen t s I; 

(map no.) 
4t h of 
J ul y 
Bench 
(46) 
(can' t ) 

Number 
48 
49 
50 
51 
52 
53 
54 
55 

(ft ) 
47 
48 
51 
57 
19. 5 
32 
28 
36 

Cu Yd 
47.3 
30.7 
34. 3 
16.2 
1. 5 

TR 
TR 
TR 

II (ma p no.) 
I I Muk l uk 
I I Ben ch 
I I (49) 
I I (ca n' t ) 
I 
I 
I 
I 

Number 
17 
18 
19 
20 
21 
22 
23 
24 

(ft) 
60 
52 
53 
53 
61 
59 
63 
63 

Cu Yd 
1.8 
1.·0 
4. 9 
9.7 
3. 9 

10.3 
18.8 
14. 2 

56 45 1. 0 J 25 58 2. 4 
57 44 6.2 26 73 8 .9 
58 50 3.8 27 78 27. 0 
59 58 18. 5 28 59 2.5 

6 Below I 19. 5 3. 1 29 61 3.9 
Di scovery 
(48 ) 

2 
3 
4 

23 
21 
28 

3. 7 
TR 

1. 4 

30 
31 
32 

63 8. 8 
TR 
TR 

; 

5 36 7.2 33 TR 
6 25 2.7 34 TR 
7 31 TR 35 TR 
8 31 8.9 Re indeer I 26 20. 3 
9 30 3.6 Fraction 2 1.6 

10 
11 

30 
31 

16.5 
14.8 

(50 ) 3 
4 

7. 2 
11.0 

12 31.5 14.8 5 27 7.6 
13 28 4.4 I 6 20 1.9 
14 
15 
16 

23 
29.5 
27 

ILl 
7. 2 

TR 

I 
I 
I 

Kil buck 
Fraction 

7 
I 
2 

19 
77 
13 

1.6 
8 .7 
8.2 

17 
18 
19 

27 
20 
20 

1.0 
15.7 
1.5 

I 
I 
I 

(51 ) 3 
4 
5 

14 
75 
84 

8 .2 
8.9 
2.5 

Mukluk I 59 12.2 I 6 88 1.0 
Bench 2 58 76.8 I 7 104 1. 8 
(49) 3 

4 
5 
6 
7 
8 
9 

10 
11 

63 
57 
55 
55 
18 
27 
34 
36 
55 

80.2 
6.7 
8.9 
4.6 

TR 
TR 
TR 
TR 
TR 

I 
I 
I 
I 
I 
I 
I 
I 
I 

7 Bel ow 
Di scovery 
(52 ) 

7 Fr act i on 

I 
2 
3 
4 
5 
6 
7 
8 
I 

23 
17 
19 
19 
25.5 
25 
28 
27 .5 
13 

1.3 
3.1 
3.2 
2.0 
3.6 
6.7 

11.3 
15.8 
6.5 

12 
13 

56 
55 

3.0 
2.7 

I 
I 

( 53) 2 
3 

17 
17 

1.3 
TR 

14 62 27.9 I I 4 21 2.2 
15 60 

I 16 40 
See foot note at end of table . 
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II 
I I 

5 
6 

20 
21 
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APP ENDIX B
 
Churn drl1l results from Salmon Ri ver Vall ey--Contlnued
 

Cla im name 
(map no . ) 

7 Fra.ct i on 

Dr ill 
Hole 
Numbe r 

7 

I Depth to 
I Bed rock 
I (ft)
I 21 

Cent sl j 
Cu Yd 

5.1 

I Drill I Depth t o I 
Claim name I Hole I Bed rock I Cents l j

(mat no. ) I Number I ( ft ) I Cu Yd 
8 Be ow I 13 I 46 I 32.1 

(53)
(can' t ) 

8 
9 

10 
11 

I 
I 
I 

26 
37 
26 
26 

1. 1 
TR 

11 .5 
3.5 

Of scove ry I 
(55) I 
(can't) I 

I 

14 
15 
16 
17 

I 
I 
I 
I 

46 
47 
42 . 5 
29 

I 
I 
I 
I 

7.3 
1.8 

14 .0 
2.1 

12 24 9.2 I 18 I 28 I 5.5 
13 
14 

21 
30 

1.8 
1. 0 

I 
I 

19 
20 

I 
I 

28 
29 

I 
I 

2.7 
1.8 

15 33 1. 1 I 21 I 32 I 1.0 
16 33 1.6 I 22 I 43 I 4. 8 
17 
18 

33 
30 

1.0 
5. 3 

I 
I 

23 
24 

I 
I 

41.5 
27. 5 

I 
I 

22.2 
2.2 

19 
20 
21 

31 
42 
40 

0. 9 
3.4 
4.2 

I 
I 
I 

25 
26 
27 

I 
I 
I 

27.5 
31 
26 

I 
I 
I 

4.1 
7.1 
3.5 

22 39 2.6 I 28 I 25 I 7.5 
23 3D 3.1 I 29 I 27 I 4.7 

7 Be low 
2nd TLLB 
(54) 

24 
1 
2 
3 
4 
5 
6 

3D 
67 
74 
74 
97 
75 
81 

2.0 
1.0 
3.3 
1.7 
4.3 
1.0 
8.4 

Happy 
sencn 
(56) 

I 
I 
I 
I 
I 
I 
I 

1 
2 
3 
4 
5 
6 
7 

I 
I 
I 
I 
I 
I 

37 
43 
35 
32 
37 
46 
57 

I 
I 
I 
I 
I 
I 
I 

2.5 
4. 3 
1.6 
6.9 
2. 9 
2.0 
2. 1 

.: 

7 
8 
9 

10 
11 
12 
13 
14 

103. 5 
104 
107 
76 
80 

108 
68 
73 

3.0 
6.2 
2.9 
3.6 
6. 3 
4. 9 
6.3 
4.7 

I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 

8 
9 

10 
11 
12 
13 
14 
15 

33 
31 
26 
28 
30 
27 
27 
27 

I 
I 
I 
I 
I 
I 
I 
I 

2.3 
TR 

2.7 
1.7 
0.0 
4.7 
2.6 

TR 
15 79.5 7.4 I I 16 30 I 7.6 
16 110 4. 2 I I 17 26 I 1.5 

8 Bel ow 
Di scovery 
(55) 

17 
I 
2 
3 
4 
5 

111 
34 
40.5 
44. 5 
43. 5 
43 

2. 2 
11.2 
14. 6 
18. 4 
46.2 
20.6 

I 8 8elo w 
I 2nd TLLB 
I (57) 
I 
I 
I 

I 
I 
I 
I 
I 
I 

1 
2 
3 
4 
5 
6 

73 
72 
67. 5 
71 
73 
79 

I 
I 
I 
I 
I 
I 

1. 4 
5.3 
4. 2 
8.3 
1.0 
5.5 

6 
7 
8 

36 
49 
43 

3. 6 
5.0 

20 .9 

I 
II 
I I 

I 
I 
I 

7 
8 
9 

109 
75 
80.5 

I 
I 
I 

7.8 
1.0 

TR 
9 45 14.3 I I I 10 109 I 16.7 

10 47 13.7 II I 11 109 I 3.5 

See f oot note 

11 39 
12 I 36 

at end of tab l e. 
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II 
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I 
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Churn dr i 11 
APPENDI X ~ 

results f rom Sa lloon River Val1 ey --Cont in ued 

Clai m name 
ma no. 

8 Below 
2nd TLLS 
(57) 
(con't) 

9 Below 
Discovery 
(58) 

I 
See f ootn ote 

Dri ll 
Ho le 
Number 

14 
15 
16 
17 
18 
19 
20 
21 

I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
Il 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 

at end 

Depth to 
Bedrock 

ft 
103 
103. 5 
103 
134 
109 
78 

101 
101 
47 
48 
48 
49 
45 
31 
29. 5 
28 
23 
27 
46 
49. 5 
49 
48 
32 
38. 5 
34 
28 
31 
28 
26 
26 
48.5 
47 
48 
47 
44 
42.5 
36 
29 
30 
27 
26 
45.5 
49.5 
49 
46 
38 

I 26.5 
of t abl e. 

Cent s 1/ 
Cu Vd 

5.3 
4.9 
4.2 
1.1 
1.0 
1. 1 
9.9 
1.3 
1.0 

27 .4 
6. 8 

54.1 
21. 1 
4.9 
4.7 

TR 
7.9 
4. 2 
8. 4 

41. 4 
48.3 
51. 9 

1.0 
6. 7 
1.6 
4.6 

17 .5 
9.0 
1.1 

94.0 
1.0 
6.6 

24.5 
5.7 
2.4 

16.5 
8. 1 
1.3 

18.0 
1.7 
5.8 
1.6 

20. 1 
105 .6 
22.7 
37. 8 
5.5 

Pt arm igan 
Bench 
( 59 ) 

I 
I 
I 
I 
I 
I 
I Spencer 
I Bench 
I (60) 
I 
I 
I 
I 
I 
I 
I 
I I 10 Below 
I I (61) 
I I 
I I 
II 
I I 
I I 

Dr111 
Hole 
Numbe r 

4D 
41 
42 
43 
44 
45 
46 
47 
48 
I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
Il 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
I 
2 
3 
4 
5 
6 
7 

Dept h t o 
Bedrock 

(it) 
28 
33 
46. 5 
50 
44 
43 
34 
29.5 
31 
26 
26 
77 
79 
27 
24 
22 
82 
29 
26 
27 
81 
82 
30 
23 
26 
26 
77 
81 
90 
88 
96.5 
96 
94 
92 
95 
93 

101 
100 
95 
96 
24. 5 
44 
49 
43 
45 
41. 5 
40 

Cents 1/ 
Cu Vd 

8 . 1 
5.0 
1. 1 
3.8 

16.5 
4.8 

15. 3 
1.0 

17 . 2 
4. 9 
0.0 
9.2 
1.0 
4. 7 
4. 9 
9.3 
8.6 

28.9 
3.6 
6.9 
1. 7 
1.2 
1. 0 

TR 
7. 3 
2. 4 
2.5 
3.8 
1. 0 
2.1 
1. 4 
6.2 
2. 3 
1. 4 
2. 2 
5.3 
6.3 
8.8 
3.6 
2. 6 
2.5 
1.7 

13.9 
76. 4 
30.6 
41. 2 
13. 6 

-
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APPENDIX B 
Churn dri 11 results from Sa lmon River Va l 1ey- -Conti nued 

Cl aim name 
(map no.) 

10 Below 
(61) 
(can lt) 

Dr i 11 
Hol e 
Number 

8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

Depth to 
Bedrock 

(f t) 
38 .5 
27 
40.5 
49 
53 
47 
39 
3B 
37. 5 
37 
42 
56 
51. 5 
47 
35.5 
33 
39 
50 

II 
Cents l/ II Cl ai m name 
Cu Yd I I (map no.) 
30.1 I I 11 Below 

1.0 II (62 ) 
1. 0 II (can 't) 

11. 2 I I 
18.6 I I 
7.3 11 Lucky 
9.2 I I Bench 
5. 6 I I Ass n 

10. 0 11 (63) 
B.l I I 
1.8 II 

35.6 I I 
19. 0 I 
11. 5 I 
41. 3 I 
5.1 I 
5.6 I 
1.1 

Dril l 
Hole 
Numbe r 

23 
24 
25 
26 
27 

1 
2 
3 
4 
5 
6 
7 
B 
9 

10 
11 
12 
13 

Depth to 
Bed rock 

(ft ) 
57 .5 
56 
52 
50 
48 
36 
36 
35 
24 
32. 5 
52 
38 
35 
3B 
36 
30 
25 
30 

Ce nts l/ 
Cu Yd 
52.7 

4. 2 
7. 9 
6.8 
1.3 

19. 1 
2. 3 

10 .0 
B.8 
1.4 

TR 
10. 1 
·2. 6 
3.7 
1.6 
0.0 
4. 3 

TR 
26 51 4. 5 Olson 1 100 4. 1 
27 50 14.2 Bench 2 102 76.3 
28 
29 

51 
4B 

5.4 
10.2 

(64 ) 3 
4 

103 
105 

12.5 
35. 1 

30 39 8 . 9 5 102 4. 5 
31 3B 20. 4 6 128 2.3 
32 34 2. 1 7 133 5.0 

-

11 Bel ow 
(62) 

1 
2 
3 
4 

12 
26 
46 
49 

0. 0 
1.0 
1.0 
8 .8 

8 
9 

10 
11 

134 
135. 5 
157. 5 
153 

6. 9 
4. 5 
4.0 

TR 
5 49 49.3 12 152 7.6 
6 49 57.3 13 160 2.1 
7 40.5 8 .2 14 160 2.7 
8 
9 

34 
17 

8.2 
TR Johns tone 

15 
1 

158 
164 

3.5 
2.3 

See foot not e 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 1 

at end of 

46 
52 
49.5 
49 
41 
30 
55 
35 
52 
51 
50 
51 
56 

table . 

2.3 
16.9 
35.9 
7.5 
6.3 

TR 
26 .0 
26.1 
30. 8 
9.4 

TR 
14. 7 
14.7 

Bench 
(65) 

I 
I 
I Anna Bench 
I (66) 
I 

I I 
I I 
II 

2 
3 
4 
5 
6 
7 
8 
1 
2 
3 
4 
5 
6 

167 
166 
49 
63 

112 
96 

150 
168 
169 
172 
173.5 
154 
137 

16.4 
1. 0 

TR 
TR 
TR 

1. 0 
2.4 
3.0 
3. 9 
3.7 
1. 0 

10 .5 
9.3 
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APPENDIX B
 
Chu rn drill resul t s f rom Salmon Ri ver Vall ey- -Conti nued
 

Drll 1 Depth t o Dri ll Depth to 
Hole Bedrock Cents l / Cla im name Hol e Bedrock Cents l / 
Number Cu Yd lmap no. ) Numbe r (f t) CU Yd ~ft )

7 I 8 24.8 12 Bel ow 16 62.5 1. 1 
8 151 2. 7 (72) 17 59 14.8 
9 159. 5 3. 7 (con't ) 18 55. 5 6.9 

10 163.5 1. 1 19 49 9.7 
11 168 1. 3 2D 36 1.9 

Hannah I 155 4. 8 21 3D 2. 3 
Bench 2 156 13. 3 22 62 16. 5 
(6B) 3 162.5 14.6 23 59 17. 9 

4 17D 18.2 24 57. 5 10.5 
5 173 25.0 25 45 8. 7 
6 176 5.6 26 5B 10. 3 
7 183 1.0 27 56.5 18. 3 
8 180. 5 1. 3 13 Below 1 55 3.7 
9 186 1.6 (73) 2 60.5 6. 4 

10 187 3. 1 3 59 13. 6 ­
11 195 11. 1 4 55 2.4 
12 194 3.0 5 46. 5 3. 8 
13 199 0.5 6 48 4.8 

Martha I 142 1.0 7 60. 5 4.4 
Bench 2 145 .5 1.0 8 60 8. 1 
(69) 3 153 15.6 9 50.5 5.5 

4 140 1.0 10 65 0. 0 
Wee ks 1 gO TR II 60.5 2.5 

Bench 2 121 TR I 12 54 1. 0 
wi 7O) 3 19B TR I 13 43 11. 6 
Wl d Goose 1 2B TR I 14 38 TR 

Bench 2 21 D.B I 15 27 0.0 
Assn 3 32 1. 0 I 16 31 TR 
(71)	 4 30 TR I 17 50 3. 2
 

5 44 0. 4 I IB 61 13.4
 
6 44 2.5 I 19 61 4.8
 
7 46 TR I 20 51 4. 3
 

12 Below 1 63 30. 2 I I	 21 32 0.0 
(72) 2 53.5 16.9 II 14 Below 1 31 1.-2­

3 56 .5 18. 3 I I (74) 2 48 1. 0 
4 36.5 13. 6 I 3 60 1.6 
5 36 9. 5 I 4 65.5 19.8 
6 46 .5 2.0 I	 5 51. 5 16.6 
7 55.5 25. 5 I	 6 36 TR 
8 55. 5 19.6 I	 7 31 TR 
9 40 7.8 I 8 60.5 3. 2 

10 36 8. 9 I 9 62. 5 11. 7 
II 54. 5 5.9 I 10 66 5.7 
12 58.5 43.4 I 11 50 2. 3 
13 50 7.6 I 12 61 3. 1 
14 41 20.7 I 13 66 6.9 

I 15 36 13.2 I 14 69 -3. 4 
See f ootnote at end of t abl e. 
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APPEND IX B
 
Churn dr il l resul ts f rom Salmon Ri ver Val1 ey--Contl nued
 

Cl a1m name 
Drill 
Hol e 

Depth to 
Bedrock Cents1/ Cl ai m name 

Drill 
Hole 

Depth t o 
Bedrock Centslt 

(ma p no. ) 
14 Below 

Number 
15 

g t ) Cu Yd 
2.3 

(ma p no.) 
16 Be l ow 

Number 
I 

(ft) 
73 

Cu Yd 
1. 2 

(74 ) 
(can' t) 

16 
17 
18 

56 
65 
65 

2. 3 
18.2 
14.4 

(78) 2 
3 
4 

75 
73 
79 

2. 2 
6.8 
1.4 

19 65 1.3 5 79 3.4 
20 48 1. 1 6 73 5. 1 
21 49 2. 8 7 74 2.6 
22 71 8.9 8 78 TR 
23 67 . 5 34. 4 9 78 TR 
24 67 4. 4 10 86 TR 
25 56 1.0 11 87 TR 

15 8elo w 1 48 38 12 82 TR 
(76) 2 70 11.1 13 89 TR 

3 70 13.0 14 63 TR 
4 67 19. 1 15 65 TR 
5 67 1.9 I 16 60 9.8 
6 50 3.6 I 17 57 1.0 
7 63.5 23. 1 I 18 53 1.0 
8 68 1.0 I I 19 56 TR 
9 68. 5 3. 8 I I 20 62 TR 

10 71 14.8 I I 21 55 TR 
11 71 4.3 I I 22 61 TR 
12 71 11. 1 I I 23 63 TR 
13 62 2.2 I I 24 69 0.0 
14 69.5 4.4 I 17 Below 1 54 TR 

• 

15 
16 
17 

71 
73 
71 

7. 5 
9. 6 
4.8 

I 
I 
I 

(79) 2 
3 
4 

53. 5 
57 
61 

TR 
TR 
TR 

18 
19 

72 
69 . 5 

5.3 
2.7 

I 
I 

5 
6 

63 
72 

TR 
TR 

20 69 .5 2.9 I 7 48 TR 
21 74 6.5 I 8 26 0.0 
22 76 17 .5 9 18 0.0 
23 73 5. 3 10 18.5 0.0 
24 73 2.8 18 Be low 1 59 TR 
25 
26 

71 
74 

3. 2 
1.9 

(80) 2 
3 

58 
61 

TR 
TR 

27 73 3.9 19 Below 1 55 0. 0 
28 
29 

73 
72 

1.3 
4.2 

I 
I 

(81) 
20 Be l ow 1 55 0.0 

30 
31 
32 

74 
72 
71 

2. 5 
0. 9 
1. 7 

I 
I 
I 

(82) 
Ronny 

As sn 
1 
2 

196 
201 

7.0 
4.8 

15 Bel ow 
33 

I 
74 
46 

1. 2 
0.6 

I 
I I 

(84) 3 
4 

205 
212 

6.5 
2.2 

1st TLLB 2 58 0.5 I I 5 214 0.4 
(77 ) 3 66 0.5 II 6 223 7.9 

I 4 69 0. 0 I I 7 224 3.9 
See foot not e at end of ta ble . 
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APPENDIX B
 
Chu rn dril l results from Salmon River Val 1ey- -Cont i nued
 

rOr1l1 I Depth to 
Clai m name I Hole I Bedrock 

(ma p no.) I Number I (f t ) 
Ronnie I 8 I 211 

II 
Cents1/ I I Claim name 
Cu Yd " (map no.) 

0. 9 I Al ice Assn 

Or 11 1 
Hol e 
Number 
23 

I Depth to 
I Bedrock 
I ( ft) 

157 

Cen ts1/ 
Cu Yd 
15.5 

Assn 
(84) 
(con't) 

I 
I 
I 
I 

9 
10 
11 
12 

I 
I 
I 
I 

216.5 
218 
223 
225 

0. 3 
5.8 
6. 0 
2.2 

I 
I 
I 
I 

(86) 
(con't) 

24 
25 
26 
27 

157 
150 
147 
146 

0.4 
1.3 

1. 9 
I 
I 
I 

13 
14 
15 

I 
I 
I 

227 
228 
229 

TR 
0.9 
6.3 

I 
I 
I 

28 
29 
3D 

146 
146 
147 

0. 5 
TR 

I 16 I 221 1.9 I Christina 1 139 TR 

Eupho r ia 
Assn 

I 
I 
I 

17 
1 
2 

I 
I 
I 

225 .5 
200 
202 

TR 
1. 4 

TR 

I 
I 
I 

Assn 
(87) 

2 
3 
4 

142 
143 
144 

1.3 
2.2 

10.9 
(85) 3 

4 
5 

I 
I 
I 

206 
206 
209 

0. 6 
0. 9 

20.9 

I 
I 
I 

5 
6 
7 

145 
147. 5 
143 

9.3 
6.9 -

6 I 208 4. 3 I 8 148 
7 I 21 4. 5 2. 5 I 9 147 8.4 
8 I 184. 5 1. 1 I 10 148 
9 I 187 6. 4 I 11 149 4.2 

10 I 182.5 0. 3 I 12 149 7.2 
11 I 193 13.4 I 13 147 TR 
12 I 189.5 1.8 I 14 149 3.2 
13 I 192 0. 4 I 15 151 2. 5 
14 I 191 TR I 16 153 1.3 
15 I 193 TR I 17 154 3. 1 

Alice Assn 1 I 155 TR I 18 145 6. 1 
(86) 2 

3 
I 
I 

157 
159 

0.3 
18.8 

I 
I 

19 
20 

144 
155 

TR 
0.9 

4 I 162 5.6 I 21 156 0. 6 
5 I 163 11. 0 I Judi th 1 154 1. 0 
6 I 167 .5 TR I Assn 2 152 1. 2 
7 
8 

I 
I 

169 
166 

TR 
4.4 

I 
I 

(88) 3 
4 

149 
154 

0. 1 
0.6 

9 I 168 12. 6 I 5 155 0.6 
10 I 165.5 1. 2 I 6 156 1.6 
11 I 169 0.6 I I 7 159 0.7 
12 I 171. 5 0.3 I I 8 156 9.6 
13 I 171 0. 9 I I 9 158 1. 2 
14 I 171 TR II 10 157 0.4 
15 I 173 0. 2 I I 11 157 TR 
16 I 146 2. 7 I I 12 160 0. 2 
17 I 152 TR I I 13 155 0. 4 
18 I 150 7. 0 I I 14 168 TR 

See footnote 

19 I 155 
20 I 158 
21 [ 156 
22 I 157 

at end of table . 

3.0 
25. 6 
4. 5 
1.5 

I I 
I I Karen 
I I Assn 
I I (89) 

15 
1 
2 
3 

153 
156 
156 
160 

4. 5 
40 . 2 
10.8 
2. 1 
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APPENDIX B 
Churn dri ll results from Salmon Ri ver Val1ey--Continued 

Drill I Dept h to I I Dri II I Dept h to 
Claim name Hole I Bedrock Cent sI! I I Claim name Ho le I Bedrock Cents1! 

(map no . ) Number I (ft) Cu Yd I I (map no.) Nu mber I (ft ) Cu Yd 
Sonny 1 I 155 3. 7 I Joanne 1 I 188 0.4 
Assn 2 I 159 TR I Bench 2 I 189 0.4 
(90)	 3 I 165 8.0 I ( 92) 3 I 191 1.0 

4 I 160 2.9 I 4 I 189 2.3 
5 I 166 2.1 I Bubble 1 I IB6 2.1 
6 I 169 2.1 I Assn . 2 I 181 1. 3 
7 I 169 0.8 I (93) 3 I 193 2.7 

Faye	 1 I 165 0.0 I 4 I 200 2.3 
Assn 2 I 16B .5 TR I 5 I 201 2.1 
(91)	 3 I 160 1.1 I 6 I 199 1.0 

4 I 165 2.9 I 7 I 2DO 0.8 
5 I 166 2.5
 
6 I 169 8.0
 
7 I 17 1 0.8
 
B I 170 3.3
 

IVal ues are from t he Goodnews Mining Company records and indicate the value of PGM 
in cents per cubi c yard base d on the 1957 price fo r platinum of $27.00 per troy 
ounce . These f igures are offered here as a convenient means of compari son only . 
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