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THE GOODNEW8 PLATINUM DEPOSITS, ALASKA 

By J. B. M E R T ~  Jr. 

ASSTRACT 

Platinum metale haw been found in earlier years at &vend l0CtIlitim h 
Almh, but, except a palladium-copper lode in southeastern Alaska, none of 
time depoalts has been of much commercial importance. The platinum plat338 
detscribed in tbL m r t  were dlacovered In 1926 rind are now being worked on a 
large acale. 

The area containing these deposit8 IS In wuthweatern Alaska, cloe to KurSg0- 
h i m  Bay. The bedded rwks, consist of sedimentary and volcanic rocks of late 
Paleoaolc (? )  age that bave been Intruded by ultrabasic and granitic mck9; 
an8 overlybg all of these ia a variety of unconmlidated depos¶ts of Quaternam 
age. The bedded rocks bave an intricate structure and are more Or less 
recrystallized. The ultrabasic intrusire rocks con& of several varieties 05 
peridotite and perknite, but more spcciinlliwd types of igneous rocks are closely 
amociated with them. The Quaternary depomlts meal a long and intricate 
g~omorphb history, which is lilrewim a history of the deposition of the plati- 
num-bearing graveIs. 

m e  platinum placers occur principztlly in the v a l l e ~ s  of the Simon Riyer 
and i t s  tribntatie~l Platinum and Clara Creeks, whleh drain the east ~ i d e  of Red 
Mountah. me bedrock of Red MountaIn consists of ultrahasic rock&; and the 
genetic connectfun between these rocks and the platinum placers Ia definite and 
indisputable. The pIatinwn metals consist of alloys of platinum, iridium, 
amnium, ruthenlam, rhodih,  and palladium. Some of these alloys are notable 
for their high content of iridium, but othe~s are low In Iridium. These direr- 
ences have been traced to original differences In the proportlon8 of the alloys 
3n the bedrock aources. The percentage of platinum inc~e~see and the ger- 
centages of iridium and osrninm decrease from the head of Platlnum Creek 
northeastward aIong the flanks of the nltmbasic intmive of Red Mountain. 
A small amount of free gold alao occurs In these placers, and a part of this h 
related genetically to the platinum metals. A larger part has been introduced 
from outside the area through the medium of glacial deposits, which were trans- 
ported t o  the head of the Salmon River and were mb~wuentlg concentrated by 
flnviatile action. 
The platinum placers are now being mlned by two companies with two drag- 

ltne excawtors, and a drpdge that was imtnlled in the fall of 1937. The pro- 
dncHon of platluum metals for 19% was about 8,000 ounces : but in 1938, when 
the dredge operatd throughont the aeasrm, the production 1s estimated ta  lmve 
mounted to abm~t 34,000 ounces. 

INTRODUCTION 

The Goodnews district is rt region of undefined limits that includes 
all the country contiguous to Goodnews Bay. The small part of the 
district described in this report lies south of Godnews Bay and is 
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2 WODXEWS PLATINUM DEPOSITS, AWlSKA 

designated Platinum and vicinity. (See fig. I.) This mudl area is 
the db- of the platinum deposits that constitute the principal thesis ef 
this report. 

The map of Platinum and vicinity (pl. 1) covers an a m  of abont 
210 square miles between 161 "28' and 161 "4W W. longitnde and 58%' 
and 59"03' N. latitude. This ares is bounded on the west by Hns- 
kokwim Bay, on the north by Goodnews Bay, and on the east and L 

south by the Hinegnak River. 

F E G l f a s  1-Baptcb map of part of eontharestera lllaskn rborlnR loeation of Platinum. 

The earliest explorations by the Gheological Sumy in this part of 
Alaska were made by Spun' in 1898, in the course of a trip down 
the Kuskokwim River to its mouth and them muthward along the 
mast to the A l h  Peninsul& S p u n  did not actually visit Goahem 
Bay, because from Quinhagdt he went up the Kanektok River, por- 
taged to the Togiak River, ~ n d  descenrEed that stream to Togiak Bay, 
thus pamising around the northern and eastern part of the Godnews 
Bay district, Spurr's notes, however, still remain the only mum of 
geologic information remrding the region lying 80 miles northeast 
of Goodnews Bay. 

1 Elpan, J. a., A rraonnelmaanfe In wmthwttm Alaaka : U. CJ.. 3 . L  g u m  30th Ann. 
Rept., pt. 7, pp. 81-284, 1800. 



In 1919 a mapping party was dispatched by the ~ I o ~ c d  Survey to 
Goodnews Bay. T h e  resulting topographic and geolopc maps, which 
were pmparsd on a scale of 1: 250,000, cover an area of about 1,000 
quare miles lying princjpally to the north and nartlleaist of Goodnews 
Bay. The gmlogy and mineral resources of this area mere described 
by Rarrington.la - In m n t  PIS, interest in the district has h n  revived by the 
discovery and cornmemid exploitation of platinum placers in a small 
amn just south of Goodnews Bay. Amrdingly in 1337 the GeologimP 

+ Survey sent s topographic and geologic party i n b  the platinifemus 
ares to prepre maps and study the economic palogy of the pl~tinum 
d e m k .  Gerald FitzGerald, topographic engineer, prepamd a de- 
tailed topographic map of the small area called Platinum and vicinity, 
which has been published with a 50-foot wntoar interval, on a mle 
of 1 : 62,500 (pl. 1). FitzGerald also did some topographic mapping 
to the east nnd muth of Platinum and vicinity, which considerabIy 
amplified the old reconnaissance map of the Goodnews Bay district. 
The @ogical work was confined to the small area called Platinum 
and vicinity. In the mum of 65 d8-y~ the writer studied the areal 
and economic geologg and prepared a detailed geologic map on a, 

wale of 1 : 62,500 ( pl .23. 
The detailed topographic and geologic mapping was done from field 

camps, but the two parties h d  no pack horses fo r  tmnsporting their 
working equipment from cnmp to a m p .  For thjs purpose, automotive 
tractor transport miss furmished hy the Goodnews Bay Mining Co. and 
the Clara Creek Mining Co.; and the writer, on behalf of Mr. Fite- 
Gerald and himself, wishes to thank tJhese two companies for their 
generosity and helpful cmperation in t)his and other ways, as a result 

C 
of which the work WEIS materially aided and expedited. Gwtefd 
admowledpent is also made to the miners, prospectors, and hdem of 
Platinum and vicinity for their hospitality, for information h i s h e d ,  
and for the sundry other voluntary help that they e v e  the mney 
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parties. 
A preliminary report an this a m  ~ R B  already been issued, which 

giws the more important economic results of this investigation. This 
earlier report, however, contained only a brief statement of the regional 
flology, which was illustrated by means of a smaI1-scale sketch map 
showing only the sites of the intrusiw rocks. The present report gives 
R more cumplete description of all the rocks of the area and is illus- 
trated by means of topographic and geologic maps. (See pls. 1. and 2.) 
The present report also contains many more analyses of the platinum 
metals than the pllelirninav report. 

Aswlnrton, 6. L.. M t n m l  rwrourcea of the G d n m s  B q  regton. Ahska : If. B. Oeol, 
Survey Roll. 711. pp. 205-228. 1921. 

a M e r t l ~ ,  J. B.. Jr.. Plntianm d e p o d h  r l f  the Gcwdnew~ Bay dl~trict, Alnaka : U. 1. Oeol  
%IW@Y Bull. 910, pp. 11r+113, 1940. 



The region lying between the southwestern parts of the Nushagak 
nnd Kmkokwim Valleys may be divided into three general physlio- 
graphic provinces. In the central part of this region are high 
rugged mountains, exemplified by the Tikchik and OkIune Mountains, 
some of which have altitudes of 7,000 fmt or more, This alpine 
province; was intensely glaciated during tho last ica age and was t,he 
source of numerous glaciers that discharged mainly ta the west and 
south. Between these high mountains and the comt is a, piedmont 
province of lower hills of smoother outline, whom altitudes range 
from 1,000 to 8,000 feet, decreasing in height toward the mast. Mast 
of this province has not yet been mapped, so that no final statement 
is warrmted regarding its physiographic ch~tracter and gearnorphic 
history. Apparently some glaciers originated within these lower 
hills; yet it is not believed that all of this province was regionslly 
glaciated during the ice age. But the master &reams that drain the,% 
hills head in the higher mountains, so that the trunk valleys were 
the sites of Inrge glaciers that formerly discharged westward and 
sr~uthward tbward the coast, This piedmont provinm therefore 
shows physiographic features of b t h  glmial and norrglacial orifin. 
At many places a low foreland, devoid of relief, lies betweem tha low 
llills and Kuskokwim Bay. This lowland constitutes the third, or 
mstal province of this region. The area here designated tls Plati- 
num and oiciniQ, lies mostIy within tb piedmont province, but for 
mveral miles south of Goodnews Bay arrd for an equal distanw north 
uf Chagvan Bay a cwcstal foreland intervenes between the hills and 
Kuskokwim Bay. 

Goodnews and Chapan Bays are shallow tidal estuaries that 
indent the corast of Bering Sea and exemplify the drowned or flooded 
ralleys that characterize this coast from Bristol Bay to Ktrskokwirn 
Ray. Goodnews Bay, at the narth end of the nmn here described, has 
a lengt11 of 10 miles, a width ranging from 2 to 7 miles, and is 
eiepnrated from Kuskokwim Bay by two sand spits, called the North 
Spit and the South Spit, which extenct part way across the mouth 
of the bay, curving inward like the f ~ n g s  of a rattlesnake. The 
entrance to the bay, between thew spits, i s  threequarters of s mile 
wide, and the deepest part of its charnel is 8 to 12 fathoms, but inside 
the bay the depth rapidly decreases to 3 fathoms or less. For 15 
miles or wore offshore from Goodnews Bay, the depth of Kuskokwirn 
nay is less than 10 fathoms, and for many miles farther offshore the 
water is relatively shallow. Similar conditions obt%in elsewhere 
between BristoI and Kuskokwim Bays, so that it is apparent that a 



well-defined submerged coastal shelf lies offshore, Chagvan Bay, at 
the south end of the mapped area, is similar in character to  Good- 
news Bay, but it is smaller and much shallower, with a length of & 
miles and a width of 1 to 3 miles. At ChngvadBay, the hills ap- 
proach cIosely the south side of the entranee, and an enclosing sand - - - 

spit about 3 miles long lies altogether on the north side of the 
elltrance. Thm sand spits at the entrance of Goodnews and 
Chapan Bays have been built by wave action and are relatively 
vecent geologic features. 

The Goodnews R i ~ e r  is the principal stream that drains into the 
head of Goodnews Bay. In fact Goodnews Buy mq be regarded IM 

the submerged lower valley of the Godnews River. The Goodnews 
River js a large stmm, with *~eral forks, but as its valley licr 
outside the area under present discussion, its geographic features 
will not ba described, It should be mentioned, however, bhnt the 
main branch of the Go~111ews River oocupies one of the trunk vnl- 
lays above referred to thnt extend from the higher mountains on 
the northeast across the piedmont Rma to Knskokwh Bay. Tho 
valley of the Goodnews River wns therefore formerly occupied by a 
large glacier that issued from thwe rnollntnins and discharged south- 
westward to the sea. 

The Kinegnak River, the second largest river of the area, has a 
length of only 20 miles and is tlrereforc a much smaller stream than 
the G d n e w s  River. Its longest tributary, the Unaluk, beads 
against another stream, known locally as tho Osvyak River, and flows 
westward through a wide swampy lake-dotted valley for 15 miles. 
The Snegnak River, however, l~ends against certnin tributaries of 
the South Fork of the Godnews River n,bout 20 miles northeast of 
Chapan Bay, flows southmestwurtl in a circuitous mum, and is 
joined by the Unaluk River about a mile from Chnpan 13ay. Four 
western tributaries of the &@flak River drain a considernble part 
of the srea under present discussion. Thee streams, named in order 
downstream, am Wind, Fog, Shnw, and Kookukluk Creeks. Fog 
Creek heads against Mediciw Creek, n tributary of t.l~e S ~ l m o u  
River, in a low gap, ml~ieli is consid6red to h tho best means of 
nccess from the coa* into t,he vulley of the Kinegnak River when 
traveling with pnek horses. 

The Salman River, EL small clear-water stream that lies between the 
northwest branch of the Kinepak Rirer and the coast of Kusko- 
kwim Bay, drains tha area containing the platinum deposih thnt aru 
now being worked. The Salmon River is almost too small to ba 
properly designated n river. Its air-line length Tmm its source to 
its outlet into Kt~skokwim Bay is only a b u t  8 miles, and within a 
mile of its mouth the width is 40 feet or less, with a depth on the 



a e , a  of 10 or 12 inches at ordinary stages. The general coarse is 
8. 20° W., but a h t  a mile from its month, where the stream issues 
fmm confining hdls, the channel veers to S. C(OD W., and follows thi, 
mursa t.a the ma. --- - 

- -  The Srtlmon River receives several small tributaries from both sides 
of its valley. The largsst of these, Medicine Cmk, w h m  length is 
3% miles, enters the Salmon River from the east sbont 5 miles fmm 
its mot~th. Upstream from Medicine Creek and on the same side of 

- the valley are several small unnamed drains, but dowmtremn from 
Medicine Creek are five gulches, each about 2 miles in length. In order 
downstretrm, the first two of thee rtra Snow Gulch and Anita Creek; 
the next three are m m d ;  ~ n d  the last, which is called IJappy 
Creek, enters the Sahon River at the point where that strenrn vesm 
weatward toward the sea. On the west side of the Salmon Valley, 
the uppermost tributw of any size is Clara Cmek, which entam 
about 7 mile9 in an air line above the mouth of the Salmon. Down- 
stream from Clam Creek the more important western tributaries 
are m m i v e l y  Dowry, Boulder, Platinum, and Quartz Creeks. 
Plntin~m Creek, with an air-line length of 2 miles, is the longest of 
the western tributaries. 

TIla valley of the Salmon Eiver is practically stmight, .and its 
width bt7Reen the boundnry ridges is 3 to 4 milas, The mUq floor 
rangea in width from 500 to 2.00 feet, the narrowest glace being about 
2,000 feet upstream from the month of Medicine Creek and the widest 
in the short stretch 'between Medicine Creek and Snow Gulch. At the 
paint where the Salmon River issues from the hills the width of its 
valley floor is about 1,500 feet, The averap gradient of the vaTley 
floor, from the mouth of Clam Creek to the mouth of Happy Creek, 
is about 38 feot to the mile, or a b u t  0.6 percent, but upstream from 
Clara Creek the valley gradient is m e w h a t  higher. Throughout 
most of its coum, however, the Salmon River rne~nders &long its 
valley floor, so that the, actual stream gradient is much less than 
the figtlre cited. The valley ha9 an asymmetricd il &ion, with 
a more gentle slope on the east side; and the stream tends to cut 
ngainst the west side of the valley, particularly downstresm from the 
mouth of Platinum Creek. The Salmon River, except in its extmme 
headwater part, is incised in its valley floor, so that at many places 
there are low bonnding bluffs on one side or the other. At a few 
places, as for example in the constricted stretch rtbove Medicine Creek3 
and also at one or two lwlities along the west wall of the valley 
downstream from Platinum Creek, bdmcock appears in these bluffs. 
At most localities where the materials of tho Flnffs are visible, how- 
e m ,  they consist of stream gravels, Thes bluffs, which are low and 
inconspicuous in the upper valley, h m e  progrwsively higher down- 
stream, and a short distance above Rnppy Cmk, the gsavel bluffs 
along the east side of the river h a ~ e  a height of about 35 feet. 



a d i n  siflcant mtbrmrf ace conditions in the valley of the Salmon 
River have been revealed by drilling operations. Thus the records 
of the Goodnews Bag Mining Co, show that the surface of bedrock in 
the Salmon Valley for some distance above and below the mouth of 
Platinum C m k  is covered with about 25 feet of a ~ l u v i ~ l  material. - Within this wide and genrally Rat bedrock surface, however, is a 
narrow sharply incised bedrock channel that has an additional depth 
of about 25 feet, gs that the surface of the channel bedrock is covered 
by about 50 feet of nlluvium. This narrow channel has been traced _ _  
for 2 miles upstream and downstream from the mouth of Platinum 
Cmk, and additional drilling would no doubt trace it farther down- 
strexm and probably farther upstream. This channel has also been 
t w d  for 2 miles up the valley of Medicine Creek. In the v~l ley of 
Plntinum Creek it terminnh, merging in the general bedrock surface 
about half a mile upstrew from the Salmon River. 

Another rmbsurhm mndition hns islsu tieen revealed by drilling 
operntions about a quarter of a mile enst of the Salmon River and a 
~hort distance south of Happy Creek. A line of four drill holes 
about parallel with Happy Creek showed that the surface of bedrock 
there lies between 31 and 40 feet below sea level. These drill holes 
were obvionsly not sunk in the deep channel, above mentioned, nor 
were they sunk in the lowest part of the mnin valley floor. It them- 
fore follows that the generxl bedrock floor of the valley of the Salmon 
River in the vicinity of Happy Creek lies more than 40 feet below 
sea level and that the bedrock at the bottom of the narrow incised 
channel is at least 25 feet lower. I will be nbs%vd on the acorn- 
pmying topographic map, plate 1, that the Wfoot contour line aroma 

C 
the Salmon River about 0.4 mile upstream from the mouth of Happy 
Cmk ; and it also appears that the mouth of Happy C m k  is abut 
a mile from the mouth of the Salmon River. Ma king due allowance 
for the fact that the drill holm south of Happy Creek were not located 

4 in the central part. of the Salmon Valley and allowing a bedrock 
gradient of the same order as the present stream gradient, i t  appears 
likely that at the mouth of the Salmon River the bedrwk at  its low& 
point may be la) feet or more below sea level. 
The northern part of the arm under discussion is drdnd by the 

Smalls River and its tributaries, of which the longest is Tundra 
C m k .  The Smalls River heads against some of the headwater tribu- 
taries of the Kinegnak River and follows R general westerly course, 
discharging into Goodn~ms Bag nt the t o m  of Platinum. The air- 
line distance from its source to its mouth is about 8 miles, so that it is 
comparable in size and length with the Salmon River, but its tme 
length is somewbet longer, because it flows mutllwest for 5 mjles, 
northwest for 3 miles, and west for 2 miles. From its source to the 
place where it emerges from the hills, the valley of the Smalls River 
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is narmwfir than that of the Salmon River, both with regard to the 
width of the enclosing ridges and the width of the valley floor. 
Beyond the emclosing kills, however, it flows across a low-lying coastal 
foreland of glacial outwash deposits, in which it hns incised itself in a 
vdIey floor ranging in width from 1,000 to 2,000 feet. The Smls  
River heads in hills that rise about 1,700 feet above sea level, and its 
vnlley floor has a gradient of about 6Q feet to the mile from its head- 
w~ter  forks to its mouth, which is appreciably higher than that of the 
Salmon River. Even in the lower part of its course, where it flows 
mrom the coastal foreland, the gradient of its valley floor is more 
than 20 feet ta t,he mile. 

One of the pjgnificant pl~ysiogaghic features of the valley of the 
Smalls River is a short constricted stretch just enst of the gravel 
divide that mparrttes the Smalls River from the head of the Salmon 
Rivb~,  I-Xam for a few hundred ynrds the river is h u n d d  by rock 
walls, and its bed consists of ~uch  a thin veneer of gravel owrlying 
the bedrock of sheared chert that at stages of high water the riwr 
undoubtedly cuts to harock. (See pl. 3, A.) About 1,500 feet up- 
stream from this constriction or gorge, a, line of mven driU, holes, 
the surf ace elev~tions of which a m  practically indentical, has been 
sunk by the Gmdnews Bay Mining Co. in the valley floor. The 
depths of these holes to bedrock, fmm south to north, are 6, 9, 19, 
25, 16, 81, and 42 fet. About half a mile downstream from the 
gorp, the same company s ~ n k  another line of four drill hoIes in 
the valley floor, wllicll from muth to north s h o d  depths to t o m k  
of 47%, 50, 55, and 59 feet; and just downstream from the mouth of 
McCann C m k  R single hole in tho valley floor was driven to a depth 
of 62% feet w-ithout reacl~ing bedmck. It thus appears thst an old 
channel of the Srn~lls River follows to the north of the gorge and 
that.the .hard rock butte on the north side of this coRstriction is really 
an dd gpnr projecting northward into game preexisting valley floor. 
In other womts, this gorge mas caused by aggradrttinn and superposi- 
tion of the Smalls River onto a southern spur of its valley. The 
drill holes farther down this valIey nlso show thnt the bedrock sur- 
face of the valley must be at sen level nt some point near the mouth 
of Tundra Creek and that, as an the Salmon River, the s u h e  of 
'Toedmck at the mouth of the Smalls River is well below sea level. 

About half a mile upstre~m from the constricted stretch dwribed, 
a 6md1 tributav of t,he Smalls River about 1% miles long enbra 
from the northeast. Between this tributary and the Smnlls River ia 
s 30w spur extending about a mile northwestward from the conflu- 
ence. This spur is the sits of two welldefined grave1 t e r n ,  the 
fimt about 35 or 40 feet above the level of the Smalls River (pl. 3, B ) ,  
and the second. a b u t  35 or 40 feet higher. The surfaces of these two 
t e n a m  s l o p  gently wutbwestward bward the conflnenm. Them 
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a m  the most clearly defined terraces observed in the ~~ didrict, 
Tundra Creek enters the Smalls River from the nor&& abut  3 

miles from ib mouth. The valley of'Tundm Creek is a wide depres- 
gion that lies between the high hills northwest of the SmslZs: River 

- and a ran@ of low hills that flank the south side of Goocinews Bay. 
In large part these low hills are covered with gravels of glacial origin. 

I The vnlley of the Smalls River was itself the site of one l o h  of an 
ancient glacier that once discharged sorrthwestward through this 
deprwsion. Tundra Cr~ek is fed mainly by sweml short gulches 
with high p d i e n t s  that enter from the southeast, but the gradient 
of the main valley of Tundra Creek is Iom, being o~dy a little p a t e r  
than that of the lower valley of the Smalls River- Foreshodend 
spurs are noticeable along the southeast vall of the valley of Tundra 
Creek. 

The mouth of the Salmon River is about 11 milea sout,h of the 
mouth of the Smalls River, and throughout this distantnee, except u 
stretch of 1% miles, where the hills reach to the sea, a narrow beach 
borders Knskohirn Bay. At a point about 2 miles south of Plntinuln 
the width of this beach from low water to the bounding gravel cliffs 
on the east is 80 yards, in which distance the enat-mest gradient wtls 
detemninprl to h n h ~ ~ t  5 percent.. T h e  beach nntlirnlly v ~ r i ~ s  more 
or less in width, but except nt  the moat11 of the Snlrnon River it is 
nowhere wider than 150 parrls. The mnximum tidal rango is said 
to  be about 14 feet,, but a line of driftwood known locally as the level 
of high drift l ie  about 11 feet above mean high water, so that at 
times of westerly gales the bend1 must h practicnlly everywhere 
snbmerged. The p v e l  cliffs that border the hach have a mnsider- 
able raqge in height. At the t o m  of Platinum and on the sand 

.PI @ t o  the north there are no gravel bluffs, and emm at ofdiiiary 
high water much of the South and North Spits ah tlla entrnnce to 
Goodnews Bay are submerged. A short distance south of Platinum, 
low gravel bluffs rise to a height of only about 10 or 15 feet, but far- 
ther south they rise to a height of 25 f ect or more. The highest gravel 
bluffs occur in a stretch of 2 or 3 miles from the mouth of the Salmon 
River northward. At one p l ~ c e  these blues rise to a height of 50 
feet. The bench, which is composed of sand and shingle, affords g o d  
footing as well as sound trnction for tractor hnnlage. 

The area here designated Platillurn and vicinit,y consists of low 
rolling hills that are most prominent where they form fidges Iying 
between streams with westerly or southwestedy courses. T h e  general 
strike of the country rock is southwest, and it appears that stream 
erosion in thst diwction hns been eqecia1ly active, rmlting in the 
shnrper delineation of a ridge topopply. The two highest moun- 
tains are Red 3f011ntain and Susie ~Momtain. Red Mountain is the 
northern part o f  the ridge that lies between the Salmon River and 



Kuskokwirn Bay, and ib highest point rises to an altitnde of 1,903 
feet dmw mean sea Ierel. About 3 miles south of Red Mountain 
another eminence called ThorSen Mountain rises £ram this s ~ m e  
rid* to en altitude of about 1,100 feet. About 4 miles N. No E. 
from Red Mountain, Susie bIountrtin forms the most prominent p i n t  
in the group of hills bounded by the Salmon and Smalls Rivers and 
Medicine, Fog and Wind Creeks. (See pE. 4, A*) The altitude of 
Susia Mountain is 1,823 feet above mean sea level. The ridge between 
the Srnnlls Rivsr and Tundra Creek also includes high hills, many 
of which are sharply separated fmm one another by low wddks. 
The highest of these, shorn at the northeastern limit of the tlrea 
mapped, riw to altitudes of about 1,500 feet. The ridges between the 
Salmon River and Kookukluk Creek and between Kookuktuk and 
Shaw Creeks are much lower, and their b p s  are generally broad and 
smooth. Kemuk Mountain, about 3% miles east of Thorsen Moun- 
tain, is the highest p i n t  between the Salmon Eiver and Shaw Craek. 
Another hill lying a b u t  634 miles N. 65" E. of Tkorsen Mountain 
has an altitude of a h u t  1,400 feet above mean sea level. It thus 
a p p m  that the maximum relief in this area is about 1,900-feetj but 
the mean relief is probably closer to half that amount. 

Red Mountain, not only on account of its height but also because 
of its closeness to the sen, is the mast prominent landmark in this 
area. The erast slopes of Red Momtdn are only moderately steep, 
with gradients on the spurs of about 25 to 30 percent, but the west 
dopes are much. steeper, and at the point where this ridge rises 
directly from the sea the slopes are precipitous, with a rise of 1,500 
feet in about half a mile. The east side of the mountain is shown 
on plate 4, B. One of the significant geomorphic f e a t u r ~  along the 
western side of this ridge is a cirquelike basin that forms the head 
of h t  Chance Creek. Several steep equally spaced headwater 
gullies drain this 'basin and unite to form a gorge about 50 feet deep, 
which cnts through the western lip of the basin st an altitude of 
about 600 feet above sea level. Two anraller and less perfectly 
developed high basins lie along the same slope south of Last Chance 
Creek and a Tow very imperfect1y deveIoped basin occurs north of 
Last Chme Creek in the headwaters of one of -ks of Seattle 
Creek. No high basks similar to these ham been observed elm- 
whem within the mapped area. !The stream that isuw from the 
Last Chance Basin splits into two distributaries, of which t h ~  mors 
southerly constitutes Last Chance Greek. The northern distributary 
is evidently a flood-stage overflow channel that reaches the sea 
nearly a mile north of the month of Iwst Chance Creek. 

Red Mountain is of special importance in that it is composed of 
ultmbasic rocks, which are the mume of the platinum metals that 
are now being mined in the district. All the stream9 that drain ths 



east side of Red Mountain contain detrital deposits af platinum 
metals, and some of these d e p i t s  constitute ccimme&1 p h c m .  
Clara Creek, at the north end, and Platinum Creek, at the south end 
of Red Mountain, are commeminlly the two most important of theae 
streams; but the &Emon River, into which all these streams drain, is 
the site of the greatest volume of platinum placers in this area. 

h 

BETTfiEMZBP8 AmD POPULATION 

The only permanent settlement and post ofice in the area shown on 
plate 1 Is the town of Platinum, on the southeast end of the South 
Spit at the mouth of the Smalls River. (See pl. 5, A , )  This town was 
founded in the fall of 1933, at which time a general store wms hi l t  
by the Alaska Traders, Inc. Prior to that time, the settlement of 
Gaodnews Bay, on the north shore of Goodnews Bay at the month 
of tha Goodnews River, had been the only settlement md commercial 
distributary point for the Goodnews Bay district. At prewnt the 
town of Platinum cansists of two stores, orre roadhouse, and about 
a d m n  cabins and tents, ao that the permanent white population 
can scarcely exceed 50 people. Adjoining the town on the north is 
also a mall settlement of Eskimos. In the vicinity of Platinum, how- 
ever, and on various creeks and in the kills to the east is a consider- 
able number of white peopla who a m  engaffad in mining and 
prospecting and who itre intermittently in and out of Platinum. 
Including these people, the population that looks ta Platinum for 
mail and supplies may be as much as 150. 

Two semipermmerit settlements are Iocnted in the valley of the 
Salrnon.Rir~r on PIntinum and Clara Creeks. These are the mining 
m p s  respectively of the Goodnews Bay Mining Co. and of the 

a Clara Creek Mining Co., which together probably aggregate 80 per- 
sons during the summer but am practiczlly dwerted in winter. The 
camp of the Goodnews Mining Go., which is the largest mining camp 

a in the district, is located nt the moutb of Squirrel Creek, a northern 
tributary of Plstin~m Creek. (See pl. 6, B.) 

QTE the north side of the Kincgnak River at the mouth of the 
Kookukluk River is an Eskimo village called Kinegnak, which hhas 

a population of about 35. A t  the settlement of Qmdnems Bay is a 
somewhat '~arger Eskimo village known ns Mumtmk, 

Platinum, the distributary point for mail and supplies in this dis- 
trict, may be reached either by steamship or by airplane. The prin- 
cipal carrier of freight is a stenmship operated by the Santa Ana 
Steamship Co., which makes at least 3 t r i p  each summer from Se~ttle 
to Bethel, stopping at way points, incl~tding Dillingham and Plat- 
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inwa This ship takes aborrt 2 wesks for the trip from Seattle to 
Platinum and on her first trip usually arr i~ea in Plntinum during 
the first week in June. When the volume of freight is sufficiently 
great the Alaska Steamship Go. nlso rrllns a freighter to PIatinum. 
Pieother vessel that carries freight to Platinum is tho motorship F m ,  
a vessel of 250 tons registry, which ~rr ivea  at Platinum from Seattle 
before the Inrger ships and thereafter during the summer plim bo- 
tween Anchorage and Platinum on rcn irregtilar schedule. The 
motorship Morauian also makes nn occasionr~l trip to Platinum from 
Bethel during the summer, chiefly for the purpom of bringing fresh 
meat. The minimun~ freight rate from Seattle to Plntinum, inclnd-. 
ing wharfage in Senttle and handling charges, ns advertised by tbe 
Santsb Anrt Steamship Co. i s  $19 a ton, but on mnny commodities 
the effectire r ~ t e  is 10 to 100 pcrccnt grs~ter. A Eightamp chnrp 
amounting to about $10 a toll is a1~0 collected by the Alnskn Tmders, 
Lnc., at Platinum. The r n t ~  on liorses from Seattle to Platinum, 
exclusive of lightertig~, is $80 tt hend. The passenger rate fmm 
Seattle to Platinum, via the Santa Ana Stenrnshjp a)., is $100 for 
tho one-way passage. Most pmsenge~-s and n small amount of fmight 
enter Platinum from Anchorage by airplane. The pnssenpr rate 
from Ancllerage ta Platinum is $96, and the freight mte is 48 
cents R pozinrl. 

Platinum i s  the site of a fourthelass post office, which receives mail 
both h;p steamsl~ip from Seattle and by airplane from Alaskan towns. 
From May through Octobr the mil for Platinum is relayed through 
Fairbanks, Nenana, and thence by river b a t  to Russian Mission, on 
the Yukon River, where it is transported bimonthly by airplane to 
Bethel. Fmm November thmr~gh April tho mail is f lom $~rectly 
from Fairbanks to Bethel. From Bethel to Platinum the mail is 
tmnsported every month of the year excepting May md October on 
a regular ~ i m a i l  contract and during May and October on an emer- 
gency aimail contract. In ddition, the various airplane companies 
operntinp otrt of Ancliomge bring firstelass mail from Anchorage, 
Flat, or Bethel to PIatinum as a matter of accommodation to the local 
inhabihts. For this incoming mail, they receive no compnsation, 
but for outping first-class mail of this kind, they receive 26 cents a 
pound to Bct hel, Flat, or Anchornge. 

Platinum and vicinity has rapid communication with other-Alnskm 
towns by means of a commercial radio station located at the mining 
camp of the Godnews Ray Mining Co. on Squirrel Cresk, a tributary 
of Plutinum Creek. This station, designated RICJ, i s  equipped for 
transmitting and receiving mesages both by code and by radiophone. 
Both incoming and outgoing messages ars handled by the United 
Stutes Signal Corps station at; Betl~el, which works with Nulato, 
hirbnnks,  Nome, and other Alssksn towns. The Alaska Traders, 
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v e v  sharp and coincides with the contwt between the ultrabasic 
rocks of Red Mounttin and the country m k  to the sout.h, clearly 
indicating that the soil derived from ultrabnsic rocks is inhospitable 
to vegetation. 

Willows near the mouth of the Salmon River are medium-sized. 
They are intermittent and deerease in size up the valley of the 
S h o n  River to ra point n short distahce north of the mouth of 
Medicine Creek. Small stunted willows nlm p w  here and there 
in the valley of Medicine Creek for nhut  2 miles above its mouth. 
WiIInws.are- also found in the stratah from the mouth of Tundra 
Creek downstream almost to the mouth of the Smalls River and in 
the headwater part of the valley of Fog Creek, about a mile enst 
of the head of Medicine Creek. Both willow and alder brush nre 
believed to be fairly plentiful in the heariwatera of the Rinegnalr 
River and farther on to the enst and northenst. 
Na complete collection of plants i s  known to have been made in 

this area, so that the character of the low-growing and mumbent 
plants cannot be stated. There nre, however, many flowering plants. 
gnslses, mows, and lichens. RIueberry and cranberry plants gram 
in the area, but many of the berries do not matrlre. There appears 
to be enough on the valley floor to support pack horses during 
the summer. Along the coast, a veneer of wind-blown sand, wcu- 
mulntd  locally on top of the gravel bluffs and at places for some 
distance up the mountain slopes, is everywhere covered by a growth 
of the wild ryegms E 7 ~ m  .moZik Triraiw. 

Amimal life in this area is likewise scant. Moose and wodland 
caribou are not found, and only one or two bears have ever been 
reported in this vicinity. Several foxes were seen during the summer 
of 1937, but this in general cannot h regarded as an area of fur- 
baring animals. The principal animal life consists of medium-sized 
herds of reindeer, amounting at times ta several hundred, which hatre 
spparently reverted to the wild state and roam the country like 
barren-land caribou, to wllich indeed they are clowly related. Wle 
principal fish ore wlmon, which during the spawning season entcr 
the mouths of the Salmon and Smalls Rivers but more particularly 
the Kineflak River. Them are m g h t  by the natives of Kineflak, 
who depend upon them for a part of their food supply. Grayling ard 
s c a m  in the streams. 

GENERAL GEOLOGY 

Both bedded rtnd intrusive rocks nre present in this area. The 
Mded rmks are divided into three rnappabIe groups, which comprise 
Aoth indurated rocks and ~~nconsolidxted deposits. T h e  oldest and 
most widely distributed p u p  is an ~s,spmblage of sedimentary rocks. 



which comprise gr~ywacke, chert, argillite, slalte, and some tufl, to- 
gether with thcir metamorphic equivnIents. These mks, whiek have 
a great thickness, nm complexly folded and in part recrystallized. 
They nre considered to 'bc! of late Paleozoic ( !) age. Interbeddeii 
with them sedimentary rocks, and there fore of approximately the same 
geologic age, is a formation that wnsists dominantly of tuff and lava. 
The yarlng~~lt sediments, wl~ich are ~~nconsolidatecl, are di~isible into 
older and younger deposits. 

Tho intrusive igneous rocks corzsist of two majar p t ~ p s ,  the first 
nnd economicalIy the most important of which is tdtrxhsic and in- 
cludes wveral varieties of peridotite md perbite. These rocks form 
Red Mountain, where they constitute the source of most of the known 
platinum metals in this district. Asmislted with these are dikes of 
other intrusive rocks of specialized types, which are not sep~rnteIp 
mapped. The second major class of intrusives is p~ni t i c .  A variety 
of dike rocks of different ages also occur in this district. 

BEDDED ROCXS 

LATE PALEOZOIC ( t )  ROCKS 

All the country rock of this area sxcept the intrusives find the lavns 
and b f l s  is mapped as a single unit, although at diff went Iocaliti~a 
there are marked differences in lithology and degree of metnmorphism. 
The largest mass of these bedded rocks is in that part of the area 
southeast of the b ~ n d  of lavas and tuffs, where they form the bedrock 
on the ridges bet.ween Fog and Sham Creeks, between 811aw Creek 
and the $&son River, and on thp. southern end of the ridge Mwam 
t . h  Sdmm River and the sea. The ather principal outcrop is along 
the ridge north of the Smalls River, but a narrow extension of this 
outcrop continues southm-estwarcl into tIie head of the Salmon River 
and in decreasing width to the head of Platinum Creek. 

The late Palesmjc (1) fragmental series, whicll comprise a wide 
variety of rocks in different stages of metamorphism, consist domi- 
nantly of g r a y ~ ~ c k e ,  chert, acgillite, and slate and subordinate 
ammnts of tuff m u s  ,rocks and the metamorpl~ie equivalent* of all 
t h e .  Among the latter are partIy recrystallized pgwscke, quartz- 
ih ,  and p n  schists. Associated with the fragmental m k s  are aim 
various intrusive mks, in the form of dikes and sills, which kikewh 
vary in cornprtrison and in their d e p  of metamorphism. One char- 
acteristic of ell t,Ime rocks is their greenish color, due to the almost 
universal presence of epidote and chlorite. As a result of this color- 
ation, many of these rocks have been tliought by prospeetors and by 
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mining men to be altered basic or ultrabasic igneous rocks, to  vrl~ich 
the nitme serpe~~tine mas IcoseFp applied. In reality, these rocks are 
difficult to identify, and the true chamcter of lrLnng of t.hm is not 
determinable except by nzicroscopic examinatio~~. 

Three principal fwts mere learned from the fidd examination of - these mcb. First, they strike about nortlmastward; second, m k s  
of the same pneral lithologic character appenr to be continnons l o r  
considerable distanm along the strike; and third, the d e p  of re- 
gional metamorphism, though variable, is greatest in thc southern 

C 

part of the area. In view of these facts, it might be thought that the 
various litho1ag.i~ types could be: separated into mappable formations, 
but this is impracticable, chiefly because of the scarcity of rock ex- 
p o s ~ ~  on t h ~  r'idges and the aaImost total absence of exposures in the 
valleys. Although tentative contact lines could be drawn even with 
p r  sxp~ures,  the gradation of the fitl1011~gy across the Strike tehd 
the complex structure of the rocks introduce factom of ~uch iadcfi- 
nitenem and irregularity as to preclude the %paratinn of these rocks 
into definite formations. Ln lieu of such a separation is a general 
desrcrjption of the lithology from the northern to the soutller~l part 

-of the area, 
In the northern part of the area, particularly north of the Smalls 

River, the country mck consists largely of dark-gray graywacke 
,and impure itrgillita in an advanced stage of induration and replace- 
ment by secondary minerals but not dynamically recrgstsllized. 
One specimen of graywacke. f m  this area appears under the mi- 
croscop ta be. composed largely of angular to subangular crystals 
of aItered plagiocIaw feldspar and a minor srnount of hornblende, 
in a matrix that is assentiaIly epidatq chlorite, and albite. The 

a plagioclase is ~lbitized and more or less chloritized, md the horn- 
blende, .which itself may be secondary, is mare or less chloritized. 
Most of the argillite in this part of the region as,in other parts is 
not essentially diffemnt from the gmywacke, except in the smaller 
grains of the component minerals. 

Few of the various d i m ~ n t a r y  rocks in the headwater vaIley of 
the Salmon River nnd in contiguous parts of the valley of the Smalls 
River are well ~ ~ p o s e d .  On the dome north of CIam Creek, is rubble 
.of argiilite, slate, chert, quartzite, and siliceous greenish sdcks but 
little or no tuff. In this part of the area there e m s  to be a promi- 
nent proportion of the sjlimus rmk, such rw chert and quartz it^ 
derived from chert, and in the rock-cut gorge of &a Smalls River 
the bedrock consists altogetlier of sheared and schistose dimus 
rocks, including cherty schist, siliceous ddoritic whist, and whib 
quartzite. These same scl~jstose and semischistose siliceous mkq 

togetller with metmorphosed tuffac~ous rocks, appear in t.he b d -  
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M C ~  of CI&r& Creek beneath the stream placers, but the eurf~cial 
alteration succeeding the regional alteration hm rendered them 
dmoat indeterminak. 
T h e  country rock at the head of the Salmon River continues 

suuthwestwarcl in the valley of Platinum Creek, where it is poorly 
exposed. Xt is evident from the large volume of rubble atop the 
spur lying betwmn Squirrel Creek and the Salmon River, that the 
country rmk in this vicinity mnsid  of gmywacke, massive and 
banded dark-gray quartzite, soma b d s  of the conglomerate, and 
a variety of sheared and semischistose greenish rocks. Unques- 
tionably most of these rocks are of sedimentary origin, though they 
may include some tuff aceous rocks. Among the rubble are also found 
fim- to coarse-grained d&e rocks composed of p n  and brown 
hornblende, altered pIagiocIase feldspar, and iron ores. The plagio- 
clase is albitized and more or lea  replmed by epidota and chIorih? 
so that the original character of these mks is indeterminate; but 
they are pmbrtbly relatad closely to the basaltic and andesitic l a v a  
Similarly on the small spur northwest of the camp of the Goodnews 
Mining Co. both graywacke and igneous rocks of the same type- have 
been identified, and in the absence of more exact information the 
igneous rocks are interpreted as intrusive. Sedimentary mks w- 
mciated with tuffs and intmsive rucks a180 .appear to continue up 
the north side of Platinum Creek, and dike rocks are exposed a t  
the southwest end of the sddla at the head of Platinum Greek. 
Still further southwest, howev~r, argillitic rocks appear in the bluffs 
frtcing the sea. 

Southeast of the formation of lava and tub that lies along the 
north side of Platinum Creek there m u m  for a distance of about 
3 miles across the strike a great variety of mks ,  mainly of sedi- 
mentary origin, that appear to be progressively matamorpbmed to 
the mth.  On tb spur southeast of Thomn Mountain the sequence 
consists dominantly of semimetamorphic gray wacke, csonsisting of 
detrital grains of plagioclase feldspar, ~ n d  a little quartz, in a r s  
crystallized matrix. The feldspar m u m  asd nngular to rsubnp~lar 
grains and is completely albitized. In some of them rocks, the grains 
of feldgpar have been elongated and oriented by shearing. The 
matrix consists of chlorite, sericite, albite, and quartz together with 
considerable semiopaque epidote. h many specimens the micacmus. 
minerals are oriented in the matrix in such a way as to produce an 
incipient cleavage. Rocks of the same type occur farther southwest 
on the spur between Quartz Creek and the Salmon River, but at 
the southeast end of this spur they merge into bedded chert, which 
represents one of the best exposures of bedrock in thisr region- 
{see pl. %, A.) 
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At the north end of the two ridges lying between the Salmon River 
nnd Shaw Creek and between Shaw and Fag Creeks are rocks of the 
same general types as those northeaat and southwest of Quartz C d ,  
but ZL lwger paspoption of cherty rocks appe&rLrs to be present, m y  
of which p i l e  into quartzitic types. Thus on tbe ridge west of the 

a head of Fog Creek there accur two buttes, of which the one farther 
to the southeast is the higher. The country rock in the vicinity of 
lhe northwestern butte consists of pywrtcke, argdlite, and chert, but 
in the direction of the southeastern butte, chert becomes the dominant . 
~wck. Still farther muthezst this cherk has b n  metamorphosed into 
quartzite and quartzite schist. It thus appears that from thm-quar- 
ters of a mile to a mile southeast of the formation of lava and tuff 
is a well defined band of rocks composed of chert and quartzitic rmks 
derived therefrom. The width of this cherty band is indefinite, but 
in places it is as much as half a mile across the strike. 
Southeast of this horizon of chert the country rock for a distance 

of about 2 miles across the strike consists of shearer1 and semis chi^ 
greenish rocks that Rppear ki be dominantly metamorphosed gay- 
wwkes. Samples of these rocks from the top and sides of Kemuk 
Mountain were seen under the microscope to consist of detritd grains 
of .albitimd feldspar and quarts, which are stretched, elongated, and 
broken into heterogeneous optical fields. The groundmass consists 
of epidote, chlorite, mricite: and albite, together with some secondary 
quartz and calcite. The sericite of the groundmass is fairly reguIarly 
oriented, producing sn irregular cleavage. 

Still farther to the mutheast occur the most highly metamorphosed 
rocks found in this district. Rubble of these rocks coveps the southern 
dome hewsen the Salmon River and Kookuklug Creek and t h ~  similar 
high d m  between Kookukluk and S h w  Creeks. At the former Io- 
cdity the muntry m k  is assantially a pale-greenish fine-grained 
quartzite and a quartzite schist, both of which are clearly derived 

a from chert. At the latter locality, however, there occurs tt variety 
offme-grained to gmlilar, greenish, sahistose rocks which'nnder the 
microscope sre seen to  be so completely recrystallid that their orig- 
inal chwmter is largely indeterminate. Most of these rocks are 
chlorite-albite schists, but their composition is such that they could 
have been derived by the metamorphism of graywackes. In fttct, 
there is not such a g m t  metamorphic difference hetween these rocks 
and those of Kemnk Mountain. Intermingled with these are some 
other recryshIlized mks that appear to have been of igneous origin. 
The chlorit~-dbite schish have ;e p n u l a r  fabric and a m  composed 
of fresh-lmking secondary minerals, of which chlorits and albite (or 
oligoclase) are pmsent in all specimens. Epidote wcurs also in most 
of these mks and sericitg hornblende, and quartz in a few of them. 



The a-iatecE meta-igneous mks are coarser-pined, darker in color, 
and ape characterized under the microscope by the c o ~ ~ s t ~ n t  presence 
of a colorlass b light-green amphibole. Old phenocrysts of feldspar, 
now altered to albite, epidote, and chlorite, are also visible in some 
of them rocks. Epidote, chlorite, and sericite are the common constit- 
uents of the gro~mdmass, though soma calcite ~ n d  quartz, as well as 
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Iron ores, are also present. Though not specifically determinable, 
theso a l t e d  igneous rocks are probably metadiorih of intrusive 
origin. 

At its extreme southeastern end, the ridge lbetwgen Kmknkluk ~ n d  
Shaw Creeks is divided i n b  two subsidiary spurs by a small stream 
that drains into the Kinepak Eiver. The p~&m spur and the 
muthern end of the eastern spur are composed dominantly of intrusive 
diabase, but the nof ih~m end of the eastern spur is =entiaIly chert. 
Thefie roaks am probably the IPIW filt~md of any found in the district, 
though they occur in close proximity to the most metamorphosed 
t-vpes. No definite explanation of this snomalous mndit,ion can be 
given, as the facta in the absence of structura1 or Stratippl~ic evidence 
may be variously inbrprehd. It is not known whether these slightly 
altered cherts and diabam continue, northmatward beyond Shaw Creek. 

Little is known regarding the structure of the country rock of this 
ama. About a doran ~ocalitiea were found by the miter where strike 
and dip could be observed, and of them six obxxvations refer to bed- 
ding planes, three to cleavage  plane^, and the remainder to a domi- 
nnnt but indeterminate structural feature. Half of the observations 
on tho bedding planes show a dip to the southeast and half to the 
northwest, hut all of the observations on cleavage indicate that the 
cleavage pplnea dip generally but in a vnriable degree ta the south- 
east. It is evident from t,he observations and local details of stmc- 
ture . bt those. "rodcmre mmpbxly . folded. . It is also, clestr W at 

secondny cleavage has been developed, which is more perfectly 
develofl in the southern part of the a m .  The direction of the 
mgional dip i s  uncertain, though it is believed to be probably to the 
m~thead .  The cleavage plane, though it also dips t o  the soutl~east, 
may have h e n  more or less deformed subsequent to  its formation. 

AOE bWD COBBELbTIQW 

No fossils h ~ v e  been found anywhere in this area, so that the 
plogic age of the rocks is indeterminate. It is therefera only by a 
lithologic comparison of these rocks with those in other parts of 
Alaska that any idea of their age can be obtained. These mks 
nppear to be too greatly indumtd and folded to bs of Tertiary age. 
They contain too much chcherb to be of Tertiary, Cretacerrus, or Ju- 
rassic &gem The Triassic has been found in same g& of  Alaska lo 
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contain considerable chert, but cherty rocks have their highest de- 
vdopment in Alaska, in the Carboniferous, and particularly jn the 
lower Carboniferous. Chert is likewise found in pre-Carboniferous 
Ala~kan formations but usuaIly in association wit11 limestone forma- 
tions. The presence of intercalated Invas and tuffs likewise has a 
bearing on the problem, and in this connection it should be stressed 

I that one of the greatest outpourings of l a ~ a  in Alaska took place 
during the Carboniferous, The arnourlt of lava in the area con- 
sidered in this report is wlativeIy mall, but in short distmces t o  

s the north, in the vnlIey of the Goodnews River, Harrington8 has 
mapped a large ~olurne of lava that he designated Mesozoic. 
In the country northwest of Goodnews Bay are Permian limestone 

and associated lavas that are probably also of Permian age. The 
fossils on which the age of the limestone is based were found a few 
years ago, long after Harrington's map was publi~hed. Farther to 
the southeast are "sandstones, sIa&, nrgillites, cherts, and gaywackes, 
with some included flows and tues of basalt." Still farther southeast, 
in the main valley of the Godnews River, are "basaltic intrusives, flows, 
and tuffs." And fmally, farthest to the southeast, in the area described 
in this report, are m k s  that appear to be essentiallg the same as the 

.nonmlcamus sediments, lavas, and tuffs described by Barrington. 
This lithologic sequence suggests that the rocks becomo generally older 
from north to south and that the country rock of the Platinum area is 
likely to be of early Carboniferous, but in any event of late Paleozoic 
age. The available structural data se lw neither to provo nor to dis- 
prove this belief, but the increasing degree of metamorphism to the 
southeast is not inconsistent with this interpretation. 

Amient lavas and tuffs may be fomd at many places among the 
sedimentary rocks, but in one particular ares such rocks are sufficiently 
prominent to justify their separate delineation. This belt is of ime- 
lar width and trends somewhat sinuously but generally northeastward 
acrom the district. At its southwest end it is about a mile wide and 
includes the area at and in the vicinity of Thorsen Mountain. At its 
northeast end, where its width is at least la? milas, it includw the 
summit and southern and astern slopes of Susie Mountain and the 
high hills at the heads of Fog and Wind Creeks. 

For wveral reasons the exact boundaries of this belt of rock are 
not entirely detsrminttbb. The scarcity of oukrop on the ridges is 

I Earringoa, Q. L., Mineral resources of the Goodnews Bay re%on, Alaeka : U. 8. QeoI. 
Survey Bull. T14, gL 7, 1921. 



22 GOODBEWS PLATINUM DEPOSITS, ALASKA 

perhaps the most serious deterrent to an exact areal delineation. In 
general the tops of the hills am covered with m k  debris that is 
derived frdm nearbgr bedrock. On the summits ,of 'the ridges. thia, 
debris gives a fair idea of the genera1 character of the underlying 
bedrock, but it conveys no idea of either the minutiaa of contact fea- 
tures or the general structure. On d o n  the s l o p  from the ridp 
crests only rock rubble is vidble at ht, the origind p i t i o n  of which 
i s  indeterminate. It might be thought that the approximate loca- 
tion of contarts at widely separated intervals might be adequate for 
mapping, but varioua f ~ c t s  throughout this mprt indicate that the 
country rock has a complex structure, so that the true contact is 
probably a decidedly irregular line, which could not be acmrahly 
interpolated from isolated observations. 

Another difficulty arises f m  the fact that lavas and tufla, in 
m&ller volume, are also found in the general country rock, sa that 
the actual contltcts may not be at definite stratigraphic planee but 
instesld mny be transition mnes of Borne width between the la~as and 
tuffs and the other country rock. Again, the recognition and map- 
ping of one Fane of lavas and tuffs may be taken to imply that no 
other similar zones exist. This impression must be correctad, for 
it is a well-known fact that lavas and tuffs have also hen recognized 
at other localities in the sedimentary mquence, but such zones have 
either been too thin or too inmnapicuous to warrant their mparate 
delineation. 

In spite of them cartographic difficulties and ghortoomings, the 
writer has elected to map one conspicuous zone of lams and tuffa 
occupying the general area, abow indic~ted. The existence of this mne 
is indicated by many thin sections of the rocks, so that its general 
position is not subject to doubt. But the area mapped as lava and 
tuff is also known to contain more or less sedimentary rocks, par- 
ticularly in the vicinity of T h o r n  Mountain. For t h m  and tho 
other remns cited the belt of lavas and tuffs is to be interprsted as 
a zone in which the rocks are dominantly but not exclusively of this 
type. The boundaries are to be r e g a d d  onIy rn aapproxirnat.ians 
to the true contach. 

Fragment d rocks of tuff m u s  chamter appear everyvhee to form 
a major part of this sequence, but more lavas occur in the hills at the 
heads of Fog Creek and Wind Creek than elsewhere in this belt. 
Also in this vicinity mIatively few ~dimentary m k s  are included 
with the volcanic series. Farther to the southwest, however, the 
volcanic sequence appears to contain very little lava, and only the 
coarse-textured tuffs can be identified with any assurance in the field. 
Many of the other rocks rat this end of the belt am so fine grained 



LAVA$ AND TUFFS 23 

that they c~nnot be determined without microscopic examination. 
Moreaver, as stnted above, they are intermingled with sn indeterminate 
quantity of sedimentary rocks, chiefly semimetamorphic varieties of 
pywacke,  slate, argillite, arid chert. 

The classlfiwtion of jgpoals rocks depends in large measure on 

a 
exact determinntions of the feldspars. In t.hese lavas and tuffs 
pmtically no feldspars are present in the form in which they origi- 
nalIy crystaIIized. Instend all of tliem are to rs greater or less ex- 
tent albitized, and replaced by secondary minerals, which veils their 

= originnl character. Apparently the I a ~ a a  inclrtde both basaltic and 
mdesiticl rocks, but R description of them must of necessity be 
mainly an enumeration of s~mndary minerals and a description of 
the oripjnal structure that has not been completely obliterated by 
the meondary proceses. 

Most of the bmaltic lava consists of fine-grairled greenish rocks, 
which are not everywhere distinguiahnble from fine-gmined tuffs. 
Some of them, however, are reddish, as for exnmple in tlie low hill 
northeast of the mouth of Medicine Creek. Some of the lavas arm 
alao marked with greenish-white spots, which are either amygda- 
loids or dd phenocrysts. 

The porphyritic character of some of t h ~  basaltic lava is recog- 
nizable under the m i c r w o p ,  and the phenocrysts, so far  as can 
now be determined, were composed of plrtgiocIase feldspar. The 
orig5nal phenocrysts are represented by light-colored areas composed 
largely of chlorite nnd albite, though epidote also replwm feldspar 
to R greater or less d e w .  Both the porphyritic and nonprphy- 
ritic rocks had origin~lly a fine-grained rnntrix that consisted, of 

C 

small 18th of plhgioclase feldqms in a matrix of pyrogene ( 1 )  or 
glass or hth. This groundmass is in Paw measure altered to sx- 
ondary producb. In the least altered of the lavas the original 
intemertal fabric may stiFI b recognized, but in none of the lavas 

I are the lath-shaped feldspars sufficiently well preserved for identifi- 
cation. In enera1 tiley appear cloudy and pom115, and nnder con- 
sidemble magnification thpy  re found t~ be tl mixturn of albite {or 
digoclm) and chlorite minerals. The interstitial minerals, which 
originally were plmbnbfy pyroxene, and the interstitial g h s  are 
mmpEeteIy altered to secondary rninzrals, of which epidote is the 
most c o r n m .  The original iron ores are altered to iron hydroxides. 
C r m l s  of spatite, and l e s  commonIy titanite, are also present. 
The more altered types of lavas are more or less recrystalljeed, and 
some of them are Inminatd, so that their original &ructure is either 
indistinct or completely obliterated. 
In addition to  the lavm of b~saltic types, there alm occur in the 

lava hit numerous rocks that consist wentially of much altered 
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p l~gioc la~~)  fe lds~)~r,  green hornblende, and imn om. These rocks 
likewise include both porphyritic and nonporphyritic types and are 
not glassy in the groundmas, but they are in general not so fine 
grained as the basaltic lava. Most of the feldspar in these rocks is 
albi t i ed  and replaced by secondary minerals, principal1 y chlorite 
and epidob. The hornblende, however, is unalted,  though some 
af it appars to be sectmdary. Quartz also m~~rs in some of them 
rwh, but some or all of this may nlso be secondary. As tho feldspars 
of these racks are indeterminate, the original chamtcr of tho lavas 
cannot be stated. But their mineralogy and t ~ x t u r e  suapst strongly 
that they were originally of a less b ~ i c  t * ~  of rock, probabIy of 
andesitic character. 

Tuffaceous rocks which form a major part of this sequence, are 
particularly noticeable at Thoxwn Mountain, on the hill next wwt of 
Thorsen Mountain, and on the Rpurs extending northward from these 
hills to Platinum Creek. There the fragments of lava are ample to 
be easily wen with the naked eye. The frapentd  character of mch 
rocks is unmistnhble, but the finer-grained varieties are distinguish- 
able from lava and p y w n c k e  only under the microscope. In fact, 
they grade rather irnpercoptibly into p y w a c k e ,  so that even under 
t.he microscope the tuffaceous character of the mahrial is not always. 
surely determinnble. 

All t11a tuffncmus racks have a greenish hue, due to the large pro- 
portion of epidotc and chlorite that they contain ; but this same colo- 
ration is likewise chaact~ristic of all the sedimentary rocks of the 
region, so that  it has no diagnostic determinative value. The @s. 
thnt compose the tuffs, as seen both in hand specimens and under the 
microscope, urn in large measure angdar and irreghlar in shaps. But 
some of the grains show a mrtain d e p  of imperfect rounding, Bug- 
gestivo of abrasion by moving water. It is believed that these frag- 
ments resulted from explosive wlmmism and that they represent. 
volcanic e jed'amenta that were subsequently consolidated into tuffs. 
Thn presence of a considerable volume of fine-grnind interbedded 
sedimontrtry rmks, however, such as chert and argillite, leads to the 
conclusion that the vulcanism occurred in ar close to a h l y  of stand- 
ing water. Thew tuffs are therefore in part of a1baeria3 character but 
are also in part waterl~in, as indicated by the imperfect round in^ of 
some of the detrital material. 

Under t.he miclrrscope the tuffs are found i% consist e n t i a l l y  of' 
angular to subangular fragments of lava and p i n s  of albitized pltagio- 
clam feldspar closely welded toaether. In some o f  the= tuf% only s 
mixtaw of fine-gained eecondttry minerals is now visible. In addition 
to albitjxation, the plagiaclase ig  also extensively alter&! to chlorite, 
epidote, andmmricite. The iproundmw,ss is a mixture of secondary min- 
ersls, of which epidots is by far the most common ; but chlorite, albite;. 



calcite, sericite, and other secondary products alw occur. The tu& 
have yielded more readily to dyrlarnic stre- than the lams, so that 
some of the finer-grained vnrieties show a roughly parallel orientation 
of the chlorite and s~ricite, resulting in tu~ incipient cleavap. 

This belt of roclrs trends about N. 5 5 O  E., but as shown on plate 2 
its width is vnriabIe. There is no way of determining whether the 
variation in the width of this belt is due to n lateral variation in thick- 
ness, to stmctum, or to a, combination sf these. It is probable, how- 
aver, that the country rock lying south of the two ma- of ultrabasic 

C rocks is pmt1y faulted and ot,I~ermise disturbed, so t h ~ t  complexity 
of structure probably plays nn importarit part in the irregulw dk- 
tribution of these &'. It, is equally likely that the intermingling of 
igneous and sedimentary rocks e t  the southwest end of this belt may 
similarlp ba due in large mensure to intricate folding nnd faulting. 
It is assumed that these rocks are conformable with those of the aedi- 
rnentary seqrrence, and thet-efare it is believed thnt the gsneml dip 
of t ha lavas &nd tuffs may be to the sautl~east. With such fragmentary 
data, however, and TFith the belief that all the country m k  soutll of 
the .major inhsions .i ,gmatIy disturbed, .IW .estimate of. the thickness 
of this formation seems lvl'armnted. 

It has been showr~ that the sedimentary rocks of this area cannot 
be assigned a definite geologic nge bnsed upon the evidence of fossils, 
but it has been s~lgpsted thxt most of the sedimentary quenoes may 
be of late Paleozoic age. It therefore follows as an eqtiral probability 
that the lavas and tuffs may also I l t  of late Paleozoic: age. 

It is n well-known fact that. great floods of basic lnva were poured 
c out in soutllern nnd centrnl Alaska during the Carboniferous and 

Perminn periods. It has been shown by BIofit * and Mertie "hat 
in the Copper River region the Mississippian lnvas were interhedded 
wit11 a variety of ~1irncnt.nry rocks. The writer has also shown that 

L 

less extensive llara flows ]lave occurred in interior A1~ska during the 
Dewjni~n period; and these likewise am interbedded with d i m e n -  
t ~ r y  rocks. 53 f ~ r  as it  therefore, the lithology likewise points 
to n late Paleozoic nge, but no closer correlation seems warmntcd. 

UNCONSOLIDATED ~ E F O S T T B  

UnconsoIidated deposits of Quaternary age are spread aver a con- 
siderable part of the area described in this report. These clepo3its 
originated in vltrious ways nnd may therefore be classified genetically 

4 ~oOr t .  P. II., nnd MertIe, 3. B., SF,, The Kotdna-Kuskulanti dirtrlct. Alaaks: U. B 
Gem]. Survey l31t11. 745. DII. 5 M 3 ,  1923. 

~ M p s t i t ,  J. 8. Jr., The Yukon-Tnnana reglon. Alaska: U. 8. Geol, Enrver Bull  8;2. 
m. ni-103. 1937. 
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according to  their mode of origin. Five general types of deposits 
have been recognized, namely, glrtciofluviatile, Buviatib, eluvial, 
marine, and eolian deposits, but of t h  only the glaciofluviatile, 
fluviatile, and eluvial deposits occupy any consider~ble areas. 

Although it is thus possible to divide the unconsolidated depoits 
into various genetic types? it is not pradicabls to map them accordkg 
to such a classification, as many of them have originatd as the result 
of n complex inter~ction of several wncies  ~ n d  are therefore not 
reprawntntive of pure genetic types. Thus no sharp line could bB 
drawn between fluviatile and glaciofiuviatjle deposits, because at some 
distanw from the discharging glacier these two types of deposits are 
practically indistinguishable. Similarly, it would be difficult to draw 
any sharp line between eluvial deposits and gully deposits of fluviatile 
t y p .  And again, the marine deposits of this area are merely a nar- 
row fringe of glaciofluviatila and fluviatile material that has been 
reworked by the action of the mrf. 

A mcond method of clnssifying and mapping Qu~ternary u n c o n -  
solidated deposits is bssed upon their geologic ages, utilizing the 
terms L'Pleistoccnd' and "Recent." The t m  "l'l~istocene" is used tn 
denota the rtge of all deposits formed during the last great ice age. 
Even in the United Stntes and Canada the time intend thus desig- 
n~ted ia sn indefinite one, but in h l a ~ k n  it is much more indefinite be- 
cauw large ice fieIds still pemist, so that locally the ice age has not 
yet terminated. It js therefore impracticable to distinpuisl~ shnrplp 
hetwoen deposiLs that were laid d o n  in the lntter partof the Pleis- 
tocene and some of those that are still in p ~ w s s  of formntiol~. 
Hmce t,he terms L'PEeistocene" and L'Recent'' ~ r e  not strictly applicable 
in Alaska and cannot in general be used to denota geologic time 
intemttls. 

A third criterion u d  for mapping t~nconmlidated deposits is 
their ~e lat ive  ages. For two reasons this method likewise results in 
coneidexable cartographic ambiguity. In the first place, many of 
the various d e p i t s  grade so continuously into one another in a 
chmnologic sense that. it is difficult to decide n p n  a dratigraphic 
line of division and even more difficult to dmw such a line, on the 
geologic map. And secondly, even if n clean-cut separation on the 
b8Si~ of relatire age could he m d e ,  both the older and the younger 
deposits would then inclr~de material of very diverse origin. 

?Jotwithstanding its inherent shortcomings, the third method of 
classification nppears ta be the most feasible, not only in; the particn- 
lar area under dimssion but also in most other parts of Alaska, 
On the geologic map, plate 2, the dlnvial deposits are therefore 
represented by two patterns, which indicate two ~ e n ~ r n l  nges of un- 
consolidated mnterial. Neither the older nor the younger of these 
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two cartopphic types are genetically homogenmus, nor are they 
strickly distinct in ra chronologic sense. Some of the limitations im- 
plied by this method of mapping will appear from the description of 
the characbr and genesis of these deposits. 

OLDER DEPOBITB 

C DIBTRIBUTIOR 

The crlder alluvial deposits are most prominent in the nortli~cestern 
part of the area here designated Platinum and vicinity, where they 
occupy l n q e  tracts in the lower valleys nnd erttendl upward bnto the 
tops of the lower ridges. These deposits are also prominent farther 
south in the valley of the Salmon River and in some of its tributaries 
and to a smaller extent in the streams that dmin the eastern and 
southeastern part of the area. From Platin~un southward, the older 
alluvial deposits also cover the foreland b e t ~ ~ m n  Kuskokwinl Bay 
ant1 the bordering hills to the east. I n  the aggregate these older un- 
consolidated deposits probably cover at l e~s t  a fourth of the area 
shown on the accompanying map. 

The vertical distribution of t l ~ m  deposits is erratic, &st becaum 
deposition in some localities wns at higher levels thm in others, and 
second, because of differential erosion. Moreovnr, the surficinl cov- 
ering of moss and other v~,getal rnnteriai in this region does not every- 
wllere permit recognition of the limits of these deposits. In the vnlley 
of Tundra Creek and in tlmt part of the valley of the Smalls River 
contiguous to the mouth of Tundra Cmk, including the divide be- 
tween the Smalls and SaI~non Rivers, the older gravels have been 
mapped up to an altitude of about 400 f& &ova eaa level. This 
altitude, however, does not represent the original upper limit of the 

% older gravels, because a pnrt of all of them have at plates been 
eroded. For example, a few ermtic cobblea are present on the north 
sIop~s of Red llountnin, about I-lnlf a mile west of McCann Creek, 
nt an altitude of 825 feet above ma level, or about 600 feet, hi&ez. 
than the h d  of the Smalls River. Another emtic featura in the 
vertical distribut,ion of the gravels is noticeable north of Clara Creek, 
where one hill with rtn aItitude of about 400 feet is covered with 
gravels, whereas another dome of the same height n short dishnm 
to the northeast is mapped as bedrock. 

Along t I ~ a  steep northwest, slopes of Red Mountain the older gravels. 
rench an altitude of 350 feet, hut they descend from t h ~ t  &altitude 
te 100 feet to the sauthwest. Between a point south of that part 
of the Red Mountnin rnn~sif that reaches the sea and the mouth of 
the Salmon River, the upper limit is mbout 100 feet above sea level. 
And within t,lle valley of the Salmon River the upper Iinzit ran- 
from 400 feet above sea level, at the head of the valley, to 300 feet, 

/ 



above ;sea lavcl, in thc southern end of the valley. It is evident, 
therefom,. that . the contmt. between the older gratvds and bedrock 
does not fallow nny one contour line. 

AND SURFICIAL P E I l m  

me character, size, and shape of the older gravels are not general1.v 
tjsible in the northwestern part of the area, though this is the locality 
in which they arc principnlly deposited. T l~e  presence of the older 
deposits is indicated merely by cobbles and occasional bulders that 
show nt the surface, and thm give little information regarding the 
general chamcteristics and thiclmesfi of the deposits. Alang the north 
bank of the Srnnlls River, Iiowover, and a sllort distance east of the 
mouth of McCann Creek the deposits crop out irr a Muff about 75 feet 
high. Here the depsits consist of subangular to subrounded pebbks 
and cobbles, with pructically na boulders nnd with little interstitial 
 and. Many of the cobbles are faceted or1 one or more sides, and 
the finera1 character of the deposits sugpsts material that was trans- 
ported by a glacier but WRB subsequently subjected to mnsiderable 
mrting and rounding by f l ~ ~ v i ~ t i l a  ucthn. A large variety of roclrs 
nre found in these cleposits, il~cluding most of the r& h o r n  to 
occur in the valley of the Goodnews River, but chert and argillib and 
basaltic rocks are. the most common. Some granitic rocks are alsa 
present. ' 

North of this bluff for n distance of about three-quarters of a mile 
nnd for a similar djst~nce from east to west, the surface of the country 
is hummocky and- p w d y  drained, \vTth> se~errcl small l a h , + o n e  of 
which is mapped. In this locality the gravel seen a t  the surfaca 

imperfectly rounder1 and poorly sclrted and thp. fragments range 
in sics from small p b b l ~ s  I I ~  to lnrge boulders. This typical "sag 
and swell" topography i s  associakd with the moraines that are de- 
posited from a retreating gglncier. Similar topographic features exist 
in the divide nt the hcncl of the Snlrnon River, ~ h o u t  1% miles north 
:tnd a little east of the mouth of Clura Creek. This divide in pnerrtl 
is a broad low gravel-fillerlnnd poorly draitl~d depression, which on 
its eastern aide. is characterized by two elonpte gravel mounds R- 
.sembling kames or eskers. Bctween the more easterly of these and 
the rising brlrock I~ills still farther east is a nrtrrow shallom lake 
nbout 900 feet long. Both the elongated finre1 r i d e  ~ n d  the lake 
trend nlmut N. 10" E. The prn~?el deposits at these two localities, one 
on the north side of the Smalls River nnd the nther at  the h a d  of the 
Salmon River, are the only deposits seen in the area that are suggestive 
of moraines. nut the distinctness of the dingpastic features of no- 
mink1 deposits at  these localities and .the premce of e~~ntic,cebbles 
big11 on the north slope of Red Mountain leave little doubt that n 
glacier formerly exist4 in this general vicinity. 







A wnsidsmb1e tract of older gravel deposit8 is also mapped along 
the north side of the valley of the Bmalls River between 1 and 3 
miles east of the mouth of McCann Creek. About 1% miles east of 
M&mn Cmk, a tributary of the Smalls River entars from the north- 
east. Between the valley of this tributary and the valley of tho 
Smalls River is a gently rising spatuIah spur, which at its southwest 

I end b m k ~  off into two successive gravel bluffs, limiting t ~ a  welI- 
defined p v e l  terraces. The d a c e  of the Iower terrace is about 
85 or M feet ah* the trrlley floor, and the surface of the upper . te- is about the same height above the surface of the lower one. 
The top of this spatulate spur is in no sense suggestive of morainal 
topgmphy but instead is the kind of surftlce that might be expected 
to  develop as a result of normal ~tream erosion. Moreover, the gravel 
fragments are fairly well rounded, well sorted, snd'of moderate size. 
Upsfream from this deposit, the spurs descending from the valley 
walls of the Smalls River are interlocking, the valley is not U-shaped, 
and them are no headwnter cirques nor any other indication that 
glacial ice ever crossdl the divide into the head of the Sraalls River. 
Similarly, no ie~l appears to have pushed into the valley of the Smalls 
R*.*tm the head of Wind t k e k .  From the character of the 
daposits and their surficial configuration, i t  therefore follows that the 
older gravel deposits In the enstern part of the valley of the Smalls 
River are neither glacial nor glaciofluviatile deposits but instend are 
normal fluviatile deposits. 

From the foregoing d~r ip t ions  it is almost self-evident that the 
glmier which at one time blocked the valley of the Smalls R i ~ e r  ' 

and produced the p u n d  moraine at, the head of the Salmon River 
and north of the SmaIls River was a l o b  of the G&ews Glacier, 

w which came from the northeast dawn the valley of Tundra, Creek 
Between Tundra Creek and Godnews Bay is a low r i e  that rises 
at one point to an.raltitude of 650 feet above sea l e d  but thtt~ in 
general is considerably lower. The southwest end of this low ridp 
baa a veneer of older p v s l s ,  but along the k l w r  part of the r i d p  
to the northeast gravek do not new m u r  in any appreciable quantity 
abve the 400-foot level. To the sonthenst is a broad swsmpy val le~,  
now occupied by Tundra Creek, in which are visible a number of 
small hkes as well ws drumlin-shaped ridges. Moreover, the spurs 
to the mutheast of this depression are noticeably foreshortened, as a . 

result of glacial erosion. The gravel-covered foreland south of the 
western part of the S m d s  River, however, shows a topopphp 
characteristic of glacial outwash deposits rather than of ~ o u n d  
moraine. South of Seattle Creek and about a mile horn the coast i s  
a shallow lake that has a length of about 500 feet and a major trenci 
somewhat north of east, bat this is the only significant feature a l o q  

201!2l74+8 
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this part of the foreland that is suggestive of m undraind terrane. 
The allupial deposits that occupy the valley of Tundra Creek and 
spre~d out to the west and southwest to the shores of Goodnews 
and Kuskokwim Bays are esentially deposits of glacial origin. They 
include ground moraine but are dominantly outwash depwita, par- 
ticularly where they occur in the littoral bluffs along the shores of 
G o h e w s  ~ n d  Kuskohim Bays. 

Along the beach of Kuakokwim Bay, particularly within a stretch 
of 2 miles extending northward from the mouth of Last Chance Creek, 
the outwash deposits are intermittently exposed as gravel blpffs. (See 
pl. 6, B.) Ths materid composing thew bluffs is poorly sorted yet 
stratified, but it aems to be inconsistent in the degree of the sortkg 
and stratification, At most places it conSists of imperfectly rounded 
pebbles and cob'blm ranging in diameter from 1 to 8 inches, but here 
and there at the foot of the bluffs are oobblas and boulders ranging 
from 12 to 16 inch%, thus showing the presence of a minor propoPti0-n 
of such coarse mcqterial. In p l m  the gravels are interstmtified with 
thin beds of pure,. sand as much as a, foot thick? but these sand W s  
are neither horizonhl nor laterally persistent for any considerable 
distance. A large proportion, perhaps half, of, the pebbles ~ b v e  8 
inches in diameter are well fmted, but some of these surfaces m y  be 
the result of original structure in the W m k ,  which caused it to 
break down into angular fragments. These gravels consist domi-, 
nantly of fine-pined basaltic gmnstone, argillih, and chert, with a 
smaller proportion of other rocks, including mainly granite, diorite, 
gabbro, shale, congIomerttte, and here and there a pebble of limestone. 
Practically no ultrabasic m k a  of the type that foms Red Mountain 
m z r  in these gravels, and it is probable that most of these mks wem 
transported a long distance from the northeast. 

The gravel bluffs north of the mouth of Last Chance Cmk mge 
in height from 10 to 25 feet. At a point about 2 miles south of Plati- 
num, however, and 1% y~rds east of the f w  of the gravel bIufF a drill 
hole was sunk to a depth of about 100 feet without reaching bedrock. 
The unconsolidated material found in this and other drill holes sunk 
in the forelrtnd appears to be the same as the material wen in. tb 
p v e l  blufls. This indicates a minimum thickness of the o u t w ~ h  
gravels in this vicinity of 135 feet, but actually the depmits may be 
much thicker than thk. Farther muth another hole wrrs drilled dong 
the north side of Last Chance Creek, a b u t  2,000 feet from the beach, 
and therefore much closer to the western slopes of Red Mountain. At 
this lmlity bedrock was m h d  at a &pth of 110 feet. The top of 
this hole has an altitude of about '70 feet abve  sea level so that even 
at this distance h the sea and relatively close to the dopes of Red 
Mountain tha mrfm of bedrock Ues 40 feet below sea 1 d .  A thixa 
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drill hole driven to bedrock was sunk in the floor of the next m a l l  
gulch south of Last Chance Creek about 400 yards east of the sea. 
This hole, the top of which h ~ d  an altitude of about 30 feet above sea 
level, reached bedrock at a depth of 94 feet, thus showing that bedrock 
at this site, which is only about 3,000 feet from the steep slopes of Eed 
Mountain, is 64 feet below sea level. 

U For a short distance south of Last Chance Creek the gravels in the 
bluffs along the beach are similar to those above describecl, but close tol 
the hard rock of the Red Mountain massif the bluffs become much 
higher, and the outmash deposits disappear under an overburden of - 
younger deposits composed essentially of angular hillside debriq or 
eluvial material. South of the hard-rock bluffs the zone of eluviar. 
deposits is r e p a ,  but fmm that place southward to the mouth of' 
the Salmon Riwr there occur more gravel bluffs, composed of gbio- .  
fluviatile and perhaps in part of fluviatile material. The differences 
in these two types of material, however, are noted blow. 

For 2,4M feet north of the mouth of the Salmon River, the sea- 
ward-facing bluffs rim from a height of 5 feet at the mouth of the 
Salmon River to 25 feet farther north. In this stretch the p v e l s  
are similar to those north of Last Chance Creek, being subangular 
to subrounded but showing a considerable degree of sorting and 
stratification. 'Thin beds of sand, lying almost horizontal, are also 
visible. Most. of the gravel fragments are less t h n  8 inches in 
diameter, with esentially no large cobbles. Some of the pebbles 
are faceted, and relatively little clay is present. For the next 4,300 
feet northward, the formation changes to one in which much clay is 
present. At the, base of the bluffs is a continuous horizon of reddisl~ 
iron-cemented gravel consisting of angular to subangular unsorted 

d! 
cobbIea, with a clayey matrix. At some places this horizon extends 
to the top of the bluffs, but at other places the upper 5 to 10 feet 
of the deposits consists of black day, and in the last 500 feet of 
this stretch the deposit consistg almost elrcIusivaly of h e  silt or clay. 
This material is gray when dry. In its water-waked condition it 
sloughs away and oozes down onto the bsach. The iron-stained and 
cemented gravel material, which has a high d e g ~ ~  of coherency, 
breaks off in Iumps as much as 4 faet in dinmeter and rolls down 
onto the beach into the clny ooze. (See pl. 7, A.) North of this zone 
for 500 feet the normal outmash material occurs. Still farther 
north for 1,075 feet the deposit is again siIt and clay, folIowed by 
2,250 feet of fairly well rounded and stratified gravel showing distinct 
cross Mding. In the next 700 feet the gravds and h e  sediments 
alternate along the beach, but for the next 2,200 feet to the north 
the material appears to be a mixture of the fairly well sorted and 
rounded material found north of Last Chance Creek and the tillitic 



material above described. Within t h i s  stretch occur the highesk 
bluffs of unconsoIidatd material along the beach between Goadnews 
and Chagvan Bays, rising in pIttces to w- height of 40 or 50 fe& 
Between the north end of this stretch and the eluvial and bedrock 
marine bluffs of the Red Mountain massif, a distance of about three- 
quarters of a mile, are lorn scarps 6 t o  8 feet high, composed of 2 to 
4 feet of eolian sand underlain by 2 to 3 feet of peat, which is in 
turn underlain by soft reddish soiI. 

Within the stretch of low scarps above demribed and directly 
west of the saddle at  the head of Platinum Creek three drill holes 
were sunk to bedrock jn 1938. The first of these, sbout 200 feet 
from the bach, was begun at a point 25 to 30 feet above mean sea 
level md was driven 75 feet to a pyroxenite bedrock.' The second 
hole, 200 feet farther east and 12 feet higher than t he  first. hole, 
reached the same bedrock at  a depth of 80 feet. The third hole, 
still farther east and 4 feet lugher than the mcond hole, reached 
lxdrock ak a depth of 92 feet. Thew results show that the surface 
of bedrock between the third and first holes is uneven ail& also that 
it is 40 to 50 fmt  below sea level pmctically at the beach, and also 
very close to a bedrock hillnide on the east. Evidently the staep 
bedrock hillside thak faces the sea plunges downward rather steeply 
for m m ~  distance below the present mrface. 

Many other drill holes wem sunk dong the foreland between 
Platinum and the mouth of the Salmon River during the summer 
of 1337 by prospectors who thought that these outwash deposits 
included elev~tad marine beaches t,hat might be the sites of beach 
placers. Mast of these holea were drilled in the vicinity of Seatkle 
and Last Chance Creeks and in the are& between thm two streams. 
With the exception of the drill holea above noted, none of them WM 

driven to bedrock, though some penetrated to depths of 100 to 185 
feet. The appearance and nonfossiliferous character of the materids 
exposed by them drilling operations, the chamcter of the deposits 
forming the gravel bluffs along the h c h ,  the depth to bedrock not 
only along the foreland but also at  the mouths of the Smalls and 
Salmon Rivers, the evidences of glaciation, and all other available 
dab,  suggest that the fordand deposits south of Platinum are largely 
glaciofluviatile or outwash deposits. These data, in conjunction with 
the height of the alluvial bluffs facing the setk, indicate that the shore 
line nt the time when outwash deposits were first laid down was a 
considerable Tistance west of its present sits. It therefom follows 
that the latest geomorphic event in this ares h w  been an elevation 
of the bake level of erosion, or in other words sn invwion of the 
sea onto the land, which resulted in submergence of the old foreland 
and drowning of the valleys that led to the sea. 
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T h e  mapping af the older deposits in the vdley of the Salmon 
River and in the other vallays farther to the east is less mmte than 
along the seaward-facing foreland. In the valley of the Salmon 
River the contact between the older and younger deposits is drawn 
dong a scarp or noticenbly stwp slope that limits the present valley 

w 
floor. At many other places, however, and especially in the valleys 
of the tributary streams, this contact is indefinite because the line of 
demarcation between the older and younger gravels is not marked 
either by topographic expression or by lithologic diffemnces in the 

* deposits. As these deposits thus grade rather imperceptibly into 
one another, this contact line necessarily represents in large measure 
the writer's interpretation of the distribution of them two t y p s  of 
deposits. The upper limit of the older deposits is likewise an inter- 
pretation rather than an -rate delineation of a contact, but for 
another reason. In this area the lower r i d w  and all the gentler spurs 
and slopes leading from such ridges are covered with a mantle of 
residual and eluvial deposits that effectively conceal the mderlying 
bedrock. The upper line of the older deposits therefore represents 
roughly, according to the writer's ideas, the position on the hillsides 
where the older gravels terminate and the eluvial deposits become 
the dominant form of detritus. 

The Tundra Creek lobe of the Godnew% Qlaciei; which delivered 
the morainal and outmash material to the head of khe Salmon =ver, 
d l p  impinged directly against the north end of Fted Mountain and 
was shunted off to the southwestwfird toward and across lower coun- 
try toward the ma, so that the ice apparently ended at , te  head of 
the Salmon Ri~er.  The thickness and lateral limits of the gravels 
in the Salmon Valley just prior to the deposition of this latest glacial 

e material is not exactly known, but the volume of such preexisting 
gravels wss probably materially lew than the p r e ~ n t  volume of 
unconsolidated deposits in this valley. As the ice did not follow 

* down the valley of the Salmon River, those deposits, antedating the 
last  thrust of the ice, *re not eroded by glacial action, though in 
the early stages of the downstrenm distribution of the outwash they 
may have beon reworked by water to some extent. Soon, however, 
the Salmon River became overloaded with glacial debris, and there- 
after it became an wmading stream that mpidly buried the pre- 
existing fluviatile deposits under a, blanket of oukwash material. 
This redistributed outwnsh material oonstitutes most of the older 
deposits of the main valley of the SaImon River. In this connection, 
however, it should be stressed that those flviatile deposits that existed 
in the valley of the; Salmon River before the Past t h s t  of the ice 
against Red Mountain must also be regarded trs mother part of the 
older unconsolidated deposits. Ln other words, the Auaitttile deposi bs 
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that antedata the autwash daposib are curi~idemd to be of Pleisto- 
cene rather than Pliocene a g ,  k a u s a  no gaomorphic reamns are 
k n o w n  for their assignment to the Pliocene rind hcnuse they could 
ham been deposited at any time in the long Pleistocene interval 
between the end of the Pliocene period and the lnst advance of 
the ice. 

Thm conditions resulted in an erratic distribution of the older 
p v e l s  in the tributaries of the Salmon River. In the headwater 
park of the valley, above the mouth of Medicine Creek, the tribu- 
taries of the Salmon River are mall, and outwash material occurs 
throughout the length of these streams. Zn the vallegs of 3ledicine 
and Platinum Creeks, on tha other hand, the outwash deposits occur 
only in those parts of the valleys that are contiguous to the SnTrnon 
River. Upstream from these mnes, the deposits are probably in 
large measure gravels of local origin and were deposited when the 
main Balmon Valley was being aggradd by the glaciofluviatile de- 
posits, This is al* true of Quartz Creek, but in the eastern tribu- 
taries of the Sdrnon River, below the mouth of Medicine Creek, the 
glaciofluviatile deposits occur in varying degrees from the mouths 

. of these tributaries upstream, to the extent indicated on plate 2. 
Certain significant results and oonclusions followed from these con- 

dition~. One of the irnpoant results wns the preservation of the 
platinum d e p i t s  in the valley of the Salmon River. If the glacier 
t ha t  terminated  EL^ the head of the Salmon River had continued dawn 
the valley it is HihFy thnt all af the preexisting placer deposits on 
C l m  Creek and in the main valley of the Salmon River would have 
hen scoured out and dissipated. This fact alone dates the platinum 
p l w w  as older thnn the overlying gZuciofluviatile deposits. A m n d  
result is that the glaciofluviatile material, coming as it did in w t e r  
or less d e p  from the gold-bearing area to the northeast, necessarily 
carrid some gold disseminated in the gravels. Part of this gold was 
deposited by the streams that distributed the outwash materials, so 
that the platinum placers of CIara Creek nna the Salmon River were 
somewhat enriched by the addition of placer gold. The commercial 
analyw of the precious metals found in t h m  placers as compared 
with those of Platinum Creek and its tributaries verify this inkr- 
psetation. 

Sactions of the nppr horizons of the older deposits of the Salmon 
River are visible  st only a few places, and the lower beds, except in 
mining excavations, are everywhere concealed. One of the places 
where the upper beds of the older unconsolidated deposits are exposed 
is along the east ~ i d e  of the river a short distanoe north of the mouth 
of Happy Creek, where the Salmon River flows at the base of some 
p v e l  bluffs composed of this material. At this site the bluffs nre 
about 35 feet high, and the older deposits consist of well-waahed 



rounded to gabrounded p v e l  fragmenh that range in size from B 
fraction of an inch up ta 6 inches in diameter, averaging perhaps 1% 
to 2 inches The interstitial matarid is sandy, Some of the pebbles 
am f&d, but this materjal has been s6 extensively handled by stmm 
action that m& of the original glacial earmarks have been obliterated, 
and the d e p i t a  are not wentially different f m  those of the present 
valley floor. The e v e 1  wnsists of many ,types of mks but includes 
chiefly the* argillite, and basic igneous rocks, together with minor 
amounts of other types of country rock One of the significant fea- 
tures of the Lithology is the p m n w  of a mall percentage of pn i t i c  
and dioritic pebbles. A few dikes of granitic rocks have been found 
among the ultrabasic & of R-ed and Susie Mountains, but if t h e  
granitic and dioritic pebbles came from those mountains them should 
also be prasent s wry much larger proportion of the ultrabasic rocks. 
On the contrary, in these gravels ultrabasic rocks are more sparsely 
distributed than the granitic rocks. It is tharef ore believed that the 
granitic and dioritic pebbles did not originate within the valley of the 
Salmon River. The peneml impression gained from these observa- 
tions is that the uppr half, at least, of the older alluvial deposits of 
the valley of the Salmon River were derived minly from ra pm- 
exktihg supply of debris of glacial origin that was durn* at the 
head of the river by the Tundrta Creek l o b  of the Gmdnews Glacier 
and that thess deposits were laid down much more rapidly than they 
could have if the materials had been derived from hard-rock 
sources within the drabage basin of the Salmon River. 

Little is h o r n  regarding the character of the older gravels in the 
stream east of the Salmon River, including khiefly Wind, Fog, Shw, 
and Kookukluk Creeks, as the geology of the unconsolidated deposits 
in these valleys was not studied. All these streams disch~rge into 
the Kinegnak River, but so far as now h w n ,  no glacier occupied 
the valley of that liver. The older gravels of Wind, Fog, Shsw, and 
Kookukluk Creeks are therefore presumed ta be fluviatile deposits 
of l o ~ ~ l  origin. 

YOUHGER DEP- 

Younger alluvial deposits, of the flaviatile taw, form the valley 
floors of all the principal stream and their tributaries within this 
region. The approximate distribution of such deposits is shown on 
the @ologic map, plate 2. Along the shore of Kuskokwim Bay a 
narrow streak of younger unconsolidated deposits f onn  the present 
beach (pl. 2), Evlian and eluvial d e p i t s  m a  dm R part of the 
younger unconsolidnted materials, but fox reasons given below them 
are not separately represented on the geologic map. 

.A mnsiderf~bl~ part of the younger nlluvimLI deposits that occur in 
the valley of the Salmon River and En the western part of the oaUey 
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of the Smalls River am reworked glaciofluviatiIe material, but the 
deposits- of the headwater tributaries of the Smalls Riwr and of the 
l~rger tribut~ries in the lower mlley of the Salmon River are 
fluviatile deposits of local origin. All these deposits consiat mainly of 
gravel and s n d  and merit no special description. They differ from 
one another, to be sure, in the character of tha gravels, as those which 
have k n  derived from glaciduviatile material contain soma rocla 
thst am not native to the wrlleys in which they occur. The pebbles 
also difler in size and degree of rounding, depending upon their 
position in the various vallep and upon a variety of other factors. 
Such physical differences, however, are seIdom spparent at the Bur- 
face of the stream beds but are noticeable only where placer excava- 
t i on~  have been made. Some of t h w  variations a m  given in the 
description of the placers of Platinum and Clara Creeks. 

The marine ha& deposits betweon Platinum and the Salmon River 
are compomd mainly of glaciofluviatile mate~ials thet have Besn 
wash~d from the bluifs along the foreland ~ n d  milled by the surf. 
Along that part of the beach in which the ma beats against tbe. M- 
rock thatamposes Red Mountain the% reworked glnciofiuviatile de- 
posits am intermingled with materials that have either been cut from 
the bluffs by wave action or with eluvial detritus of the wne litho- 
logic character that has slid down f rorn the stcap upper s l o p  of the 
mountain. Within this stretch are lwre and there surficial concen- 
trations of black sand along the beach that is compambla with the 
black sand st the base of the placer deposits. Thk aand, which con- 
sists of the heavy minerals derived from the ultrabasic rocks, is and- 
ogons to the garnet w d s  found at Nome, Lituge Bay, and at other 
localities, where m k s  containing mch heavy minerah tie close to 
the sea, As the ultnabic rocks of Red Mountain are considmd the 
m u m  of the pl~tinum metals found in this district, it might be ex- 
pected that some beach concentration of platinum metals might here 

' be present. On the contrsty, panning of them black sands, both by 
the people of the country and by the writsr, reveals only a few grains 
of platinum. This fact may lx interpretd to mean thnt the platinum 
metals are not omiprasent in the ulimbasic m b  but instead are 
localihd in pockets, possibly along certain zones such as the contacts. 
It may also be interpreted to m a n  thst the hard-rock bluffs have not 
been expoad to direct surf action for d c i e n t  time to prdum my 
considerable concentration of the platinum metals. 

%lian deposits containing recent marine shells mur cIm to a e  
bach,  dong the entire stretch from Platinum to the.lg#hon River. 
A thin deposit of wind-blown sand, at most places 2 to 12 inches thick, 
occnrs along the tops of the b1ufTs of ouhwash material that face the 
sea, but these deposits thin rapidly toward the east and in a short dis- 



tanm disappear. The thickest deposit of wind-blom sand mantles 
the low seaward-facing scarp about 3% miles north of the mouth of 
the Salmon River, where the mahrial is 2 to 4 feet thick. At the 
muth end of the hard-rock bluffs that face the sera and about 4% miles 
north of the mouth of the Salmon River layers of wind-blown sand 
containing fragments of marine shells lie, upon hillside debris, well 
above the level of high tide or of "high drift," Such deposits, which 
are aas much as 2 feet thick, lay on the narrow divides between ~teep 
gnllies for distances at most places of 20 to 30 feet but do not occur 
in the gulches. Thew s~nds and the fragments of marina shells were 
traced up the steep hodrock s l o p  to a height of 220 feet above sea 
level. Wherever the eolian sand m u m ,  a species of wild ryegrass 
( E Z v  ~~2aiYt2 T&&) grows, holding with its tenuous mots the 
sandy material. This  dun^ materid does not occupy a d c i e n t  area 
to be representd on the geologic map, but on a larger scale it could 
d i l y  be mapped by delineating the limits of the wild ryegrass. 
A species of this grass is said to  have been obserpd by Zeif Eriksen 
when 11pi landed somewhere on the coast of New England before 
Amrica was dimvered by Columbus. 

Residual and eluvial d e p i t s  cuver a large prart of the area shown 
on plate 2, but they have not h e n  specifically mapped becatise to  
do sa would conceal most of the bedrock geology. Excepting Susie 
Mountain and several localities on lied Mountain and the other hipher 
hills, few outcrops of bedrock oceur in this area. The tops of the hills 
am composed mainly of angular rock debris thrst represents the gen- 
eral character of the bedrock but gives no clue to the stratigmphic and 
structural relations. At some undetermined distance down the slops 
from the cr'ssts of the ridges and spurs this residual m a h a 1  ncquiras 

e eufficient mobility md s~lbangularity to be c l d e d  as eluvial de- 
tritus, but its exact thickness ah any one locality is not readily deter- 
minable. Probsbly all 6f the residual and most of the elurial detritus 
is part of the later unconsolidated deposits, but some of the eluvial 
deposits on the lower slopes close to the older fluviatile and glacio- 
fluviatile material should possibly be clmsified as older alluvial 
material. 

CfEOXOEPEOLOQ'P 

T ~ B  data that have hen  given in the description of the Quahrnary 
deposits together with the facts that. are evident from the geography 
nnd the records of mining lead t o  mme fairly definite pnoral con- 
clusions regarding the Quaternarg Ilistory of this men. Before 
stating those conclnsions, however, it m m s  best to define certain 
t e rms tha tw i l l beud .  

R e f m e e  h a  already k n  made to the impracticability of classify- 
ing the unmnmlidat~d d~posits of this or any other part of Alaska 
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as Pleistmene or Recent, using thorn terms in the sense in which they- 
are used in the Unitd States md Canada, In ordinary geologic par-- 
lanoe the term "Pleistmene" is u d  as synonymous with ice age, but- 
this usage cannot be applied in Alaska, because certain par& of 
Alaska are still covered with ice caps, and at such places the ice q e ~  
still existb3. Moreover, the several stam of advance and mtreat of the- 
ice, or in other words, the glacial and interglacial stages of the Pleis- 
tocene as remgnized in the United States and Canada, ham not beem 
pn~ral ly  recognized in Alaska. Appamntly the last dmce of thw 
ice in Almka, cormpnding roughly ta the Wisconsin in the 
northern United States, was 8o widespread and so mvem in its e m  
sional effects that the evidence of earlier advances and retreats of thw 
ice, if they occurred, was largely obliterated. Moreover, it is not 
known with nsaurance that the keginnings of the Pleishene 'and: 
the Wiseonsin stage of the Pleistocene in the United States correspond,. 
respectively, with the advent of glaciation or with the advent of ths  
last glacial stage in klaska. For these masons, therefore, the term 
"pm-Wisconsin" is not specifically util3ed as a chmnologic designn- 
tion, nnd the tern "pmg1acial" will not necmsarily connote Plioceneu 
time. ' And sirnihrly, the term 4Lpostglacialn as wed in this report 
must be undervtood to mean merely the period that hm s l a p ~ d  since! 
the ice finally retreated from this coastal pminw. 

Another concept requiring dehition is that conveyed by the ex- 
pression %B$B level of eksion." The base level of erosion for any 
particular area may be defined pts the lowest level that can be as- 
sumed by .tlfe surface of running water within that area. Streams, 
of course, can e~ode  blow their surfaces, but practically, the upper 
mrface of a stream marks dosely the level to which a country may 
be reduced by erosional pmceses, so long as the be= level of erosion 
remains essentiaIly constant. In a muntry bordering upon the wa, 
as in the Goodnews Bay district, sea level m a p  be said to constitute 
the base level of erosion. The. base level of emsion, however, seldom 
remains constant for any considemble length of time, measured in 
geologic intervals, as the land may be elevated or d e p m d ,  and t.he 
bwl of the sea, and therefore arentnally the levels of the rivers, msy 
change, either mlativeIy, as comprrmd with gbme surface datum, or 
absolutely, as referred to the center of the earth. Any of them 
processes, acting singly or mncurrently, serve Eo chanffe the base level 
of erosion. Close to the sea, any geomorphic process or cambination 
of processes that m l t  in an elevation of the land with v e c t  to sea 
level will cause a lowering of the base level of srosion ; and convemly 
any geomorphic procem or cumbination of such p r o m a  thrtt r e d t  
in a depression of the lmd with respect to the sea level will muse 
an elevation of the basw level of erosion. On the other hand, o b ~ r v a d  
or inferred changes in the base level of erosion close to the sea m y  
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not be iiterpmted as due d e l y  to changes in the elevation of the land 
nor mlely to changes in the position of Ma level without other supple- 
mentary data. A lowering of the base level of erosion, for example, 
is not ne-arily accompanied either by an alevation of the land or by rr 
lowering of the a h l u t e  ma level ; but insofar as verticaI movements 
of the land or the sea level are concerned, it may be p d u d  in rang 

h of the four following ways: By an absolute elevation of the land 
with regard to a fixed datum, when ( 1) the absolute =a level remains 
cunstlmt, (2) the absoluGe sea level is cancurrently lowered, (3) the 

- absolute sea I B P ~  is concumntly elevated but at a rate less than the 
rate of ahluts  elevation of the land; or by an abwlute depression of 
the lmd with regard to a fixed datum, when (4) the absolute. sea level is 
concurrently lowered, but at  ra rate greatsr than the rate of absdlute 
depression of the land. 

Similarly m elevation of the bass level of arosion may take place in 
four equivalent ways. Inasmuch as ~ e r t i a l  movements of the lmd 
and of the sea level may readily take place concurrently, it is evident 
that some knowledge of the rates and accelerations of both them move- 
ments mu& lm known before any statement is justified b the newt 
that the land rose, or the sea, level fell, or vim versa. mm vital facts 
are seldom obhinable in ordinary geologic work, and therefore in 
the absenca of the nemsary data it is desirable to state merely t h t  
a lowering or an elevation of the b w  level of erosion taok piace 
without making any commitment as to the geomorghic movements 
that pmdt~ced rmch changes. 

It should dso be emphasized that changes in the base level of 
nmsion for any one Iocditg may also l~ produd by a variety of 
other eausa Along u m a s t  Bne, for example, an inland regrassion 

e of the strand line, due to wave action, may result in anomalous 
erosional effects that are not predictable unless the mneumnt changes 
in the lma1 base level are alm known. And in interior regions, away 

s from tho sea, changes in the local base level of erosion may be 
produced by rmrficial varping, glacial damming, avalanche filling, 
nnd in many other ways. 
h pmg1mial time the valleys of the Salmon and Smalls Rivers 

were fairly wide and open, and it smms likely that n long period of 
relative stabiIity of the barn level of erosion hmd mrmlted in the 
development of a mature type of topography. The strand Iine at 
the end of this period lay farther to the west t h n  it d m  rtt the 
present. time. At the end of this period of stability the barn level 
of erosion wm greatly lowered, which resulted in a rejuvenation of 
the e t r e m s  that ~mptied into the ocean. 

The movements of the land and sea level that produced this lower- 
ing of the base level of erosion am not definitdy known, but it is 
pertinent to point out that a lowering of the ma level alone might 



have produced a regional lowering of the Base level of erosion with- 
out ccausing local rejuvenation of the streams. 'Ithus offshore shoals 
similar to  those of the pment day may have existed a t  the end of 
this period of &ability. If so and if the offshore gradient of the 
sea loottom was the same or less than that of the s t r e w  in their 
lower coumq a lowering of the =a l e d  alone would not have pro- 
duced rejuvenation in the streams tribut~ry to the man .  It is 
not nwsslmrily true, fierefore, that eushtic lowering of the &solute 
sea level resulting from abstraction of a part of the hydmphera 
for glacial atorage wotlId result in rejuvenation of the streams ,in 
t h i ~  vichiQ, though the same p m s a  might caum rejuvenation else- 
where. The prabability of a long-continued period of glaciation on 
a major scale in this region indicates &st tho large A v r s  of mth-  
western Alaska may then as later have been carrying a large volume 
of Bediments to the sett ; and this in turn suggests that great aflshore 
ahoals may have existed in Kuskokwim Ba? Ithen as they do now. 
Hence it is probable that the local rejuvenation above described was 
due to  an upward movement of the land, with or without a con- 
current lowering of the sea level. From the mouth of the Amlio 
River southward for 60 mi& or more t h e  hills terminata rather 
nbmptly on their west side against ss low m&a2 foreIand. The s a  
just south of Godnews Bay lies within this &retch. It is p d b l e  
Ellat this abrupt d e c B v i ~  cornsponds to an mcient fault mne along 
which mavement took place such that the land east of the fault m ~ s  
elevated with m q e d  to that west of the f~u l t ,  thus producing the 
lowering of the base level of erosion above p t a l a b d  ~ n d  the result- 
ing rejuvenation of streams like the SaImon River. 
ibs a result of this lowering of the regional barn level of erosion 

the streams, like the Salmon and Smalls Rivers, that discha+@ 
into the w a n  m m  rejuvenated and began to incise their old 
channels. The prexbting fluviatile grmels of the oalley flmm 
were in part eroded, the streams began to  i n c k  their chmnels in 
bedmck, and, ap this proms continued, they cut a narrow notch 
ar gorge in the old valley floor. Them germ were extended pro- 
p d v e l y  upstream, and concurrently alluviation in the lower parts 
of the valleys tended to  a1 in the gorges. It should be stressed 
that this p r e s s ,  while it disturbed and reworked the preexisting 
placers of the Salmon Valley, did not dissipate them, nor were 
the precious metals necessarily m o ~ e d  very far downstream. Subsa- 
quently this prooess of rejuvenation would have extended the gorge 
topography into the headwaters of the S h o n  River and its tribu- 
i,aries, and eventually the old valley floor wmld have besn obliterated 
and replaced by another mlby floor at a lower level. But the 
p r m s  of rejuvenation was interruphd before the new cycle of 



emion was completed, w> that the gorp was not developd to the 
extreme heads of the several streams. On the Salmon River, as 
previously shown, this bedrock gorge has bean tr& 2 miles up 
the valley of Medicine Creek and half a mile up the valley of Plati- 
num Creek. Mining operations in the western part of the valley 

4 of Platinum Creek also indicate that the original bedrock floor still 
remains. The degreo of we~tharing and alteration of the bedrock 
in this part of the valley ia also in mmrd with this interpretation. 

The process of rejuvenation of the Salmon and Smalls Rivers, as - 
above outlined, was interrupted findly by the, deposition of a large 
volume of gl&ciofluviatiile material in their valleys. In other warcis, 
the ice that had gradnaIly been accumulating in the higher c~untry 
ta the northeast finally reached into the valleys of the Smalls and 
Salmon Rivers. Tho extent of this regional glaciation is not at 
present known, as much of the country northeast of the Goodnews 
Ray district has not been geologic~lly mapped; but it is a well-known 
fact that the high Oklune and Tikchik Mountains, which lie 75 to 
100 miles to the northeast, were tit this time the site of an i c ~  cap 
from which trunk glaciers discharged westward and southwestward 
through the larger valleys to the ocean. The topographic features 
of some of the co~~ntrg that lies between these mountains and the 
wa  indicate.^ that lacnl. glaciers Jso contributed to the volume of 
seaward-moving ice. And, as noted in the geographic description 
af the PI at inum area, it seems likely that incipient glaciation existed 
loeally, as in the cirquelike basin at  lthe bead of Last Chance W k .  

The ice tllat penetrated into the valleys of the Smalls and Salmon 
Rivers was a distributary lobe of the Goodnews Glacier that moved 
southwwtward down tlre valley of Tundm Creek, thence acmes the 
valley of the Smalls River, and on southw&wd toward the sea, 
The north end of Red Mountain Isy aImost athwart the path of this 
lobe of the glmier, so that some of the ice was pushed high onto the 
north end of Rad Mountain, leaving emties, as prepiously stated, 
as high M 825 feet above the present sea le~el.  Nrrtnmlly some of this 
ice, with its load of contained djmeirt, q shunted southward across 
the divide of the head of the Salmon River, but the main thrust of 
the glncier was southwestwad toward the sea, so that only a ~IativeIy 
small volume of ice penetrated into the headwater part of the valley 
of the Salmon River. 
One of the principal effects of the pTeSence of  the glacier in the 

vdley of the Smalls River wns t h ~ t  this valley was either drtmmed by 
thhe ice or was aggrded to such an extent that the SmaIls Riwr was 
diverbd southward across the divide into the head of the Sdmon 
Riwr. There was thus tread a river system that consisted of the 
headwater part of the Smalls River to  which was added the pre- 
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existing Salmon drainage. It is readily seen, therefom, that much of 
the outwash thereafter discharged from the east side of the glacier 
was diverted into the valley of the Salmon River tagether ~ t h  the 
normal fluviatile deposih that originated in the headwaters of the 
Smalls River. This blocking of the valley of the Smalls River and 
the awrsdation of its headwater part resulted eventually in the . 
development of s wide valley floor of alluvial material over which 
the Smalls River meandered, departing finally at some places from its 
former course. In fact, at one locaIity a short distance east of the 
divide ~t the head of the Salmon River, the Sm Jls  River was diverted 
southward against the south wall of its valley and was s u p e r p o d  
above one of the old spurs that formerly projected northward in it8 
ralley. Suhquently, after the retreat of the glacier, the Smalls 
River cut tllrough the glacial material and reestablished its course 
in its original valley, but as a result of the superposition, the stream 
theresfter intrenched i t d f  into the old spur, thus producing a short 
pow. The river in the gorp is now cutting bedrock, which is sheared 
chert$, though upstream and downstream from this gorge bedrock is 
overlain by a thick cover of alluvial material. Plate 3, A, is n view of 
this gorge looking downstream on the Smalls River. 

This influx of glaciofl uviatile and fluviatile material into the head- 
water part of the valley of the Salmon River resulted quickly in an 
overloaded &warn, so that @padation of the valley took place from 
the hetadwaters to the mouth. Another factor that favowd the rapid 
agpdation of the valley of the Salmon River was th0 fnct that the 
mnin Goodnews Glacier md its Tundra C w k  lobe in the meanwhile ' 

were discharging a large volume of oatwash deposits on the west mda 
of Red Mountain and mere thus a g p d i n g  the foreland between the 
Smalls ttnd Salmon Rivers, Hence the lower valley of the S h o n  
River was at the same time being agpded, thereby elevating the Iocal 
batw level of erosion and making it even more dificult to disyrme of 
the oversupply of gravels being dumped into the headwater part of 
its valley. Under such circumstances the process of wmdation in 
the valIey of the Salmon River was a rapid one, and the glacioflaviatile 
deposits wem probably deposited on top of the pmxisting fluviatile 
gravels without greatly disturbing them. 

CTr~gvan Bay and the valley of the Uneluk River, a wide, flat, 
lake-dotted alluvial bnsin, form a wide reentrant thnt extends back- 
w a d  f m m  the coast into the hills far nearly 20 miles. lSo far as 
now h o r n ,  no glacier mupied the valley of the Unaluk River or 
of the Khgnak River, which it joins ckm to the sen. Hence, the 
alluvial deposits within this reentmnt nre not corisidered to be of 
glwiitl origin. But the Iong spit that forms the west side of Chag- 
van Bay may e b l y  be cwlpmed in cansiderable part of glacio- 
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fluvirrtile deposits that, issued from the vnlley of the Salmon River 
and were mbsequentIy m r k e d  by the waves of Ruskokwirn Bay. 
'The building sf an outwnsh barrier across the lower valley of the 
-Unaluk River should have operated, likewise, to raise the. base level 
of that stream, thus inducing alluviation farther upstmam But it is 

~1 
questjonabla if this cause done sufFices to explain the extensive allu- 
vi~tion of the valley of the Unaluk River; and it is probable thmt this 
prmm was subsquently nccentuat~d and mlerated by the regional 
-elevation of the. b w  level of erosion, which. drowned the western 

d parts of the m i n  valleys along this coast. 
It has thus been shown that the extensive aggrad~tion of all the 

streams of this area during the final s t a p  of glaciation resulted from 
local elevations of the b m ~  level of erosion or from other causes 
.acting more or leas concurrently with glaciation, Concomitantly, 
the strand line was moved westward, bat it is not known whether its 
shifting resulted entirely fm offshore slluvjntion or whether 
.changes in t l~a  elevation of the land with regard to the sea were also 
in progrem at the same time. In any event, the net result appears 
.to hare hen m extensive westward m i p t i o n  of the strand lime. 

After the agpdntion of the vallcys in this region was essentially 
-completed, there bepn a general elevation of the base level of emion, 
which resnlted in an eastward migration of the oceanic strnnd line. 
'This phenomenon is the latest recogniznble peomorphic process of 
major magnitude in this region, but it hn~l b n  fo l lo~~sd  by another 
proc= of minor importance, the combination of the two resulting 
in some anomalous effects. Any general elevation of the base level 
of e m i o n  resulting from relative changes in the level of the l ~ n d  
with respect to the sea might or might not result in regional aggmda- 

w tion in the valleys of the streams entering the WR, depending upon 
the preexisting gradient of the &reams in their lower renches and 
also upon their ability to, adjust their longitudinnl p d i e n t s  to rl 

rn rising b m  level of erosion. This is a question of the rates at which 
the different pmesuew occurred. Drowning of the lower maches of 
the larwr valleys, however, ~rould at least be expected, mil this, in 
the valleys of the Goodnews md Kinegnak Rivers actualIy occurred, 
resulting in the formation of Goodnews and Chapan Bays. 
No rejuvenation of the Btre~ms, however, cuuld be expected to m- 

salt from a genera1 elevation of the base level of erosion ; yek in the 
valleys of certain smaller streams, notably the Smalls and Salmon 
Rivers, the streams are incised in the alluvial deposits that fill their 
valleys. In the lower r e ~ h e s  of the vrtll~y of the Salmon River, for 

example, c I m  to the sea, the present valley &or lies from 12 to 85 
feet below the general level of the valley ml. It also happens that 
-these minor valleys discharge directly illto the sea, as in the ease rrf 
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the Salmon River, or nearly so, ss in the case of the b a l l s  River. 
The explmation 02: this appamnt anomaly is that after the prooes~i 

' of genera1 elevatiod of the regiondttbase level of erosion had been 
terminated, the st& line rnipted still farther east, as a result of 
wave mtion on the alluvial cliffg, ,but without the accompaniment of 
a relative elevation of the sea with respect to the land. This resulted 
in a shortening of tho9 stmarns which emptied direckly into the 
mean, and in a steepening of the p d i e n t s  in their lower reaches. 

. If this foreshortening of the  stream valleys occurred at s rate that 
was faster than the rate at which a new vrtlley floor could ba developed 
at a lower elevation, them would m l t  an incision of the stmm in 
the d d  valley floor. This appa~ntly is what has m u d  in the 
 alley of the Salmon River. It therefom appears that the fore- 
shortening of the valley by wave action has locally lowered the base 
level of erosion, without any necessary elevation or depression of the 
lmd and without lany change in the absolute level of the *a 

The =stward migration of the strand line as a result of wave 
cutting is essentially a post;glacial prnwss, and to  have been effective 
in increasing the gradients of the lower reaches of strmm like the 
Salmon River it must have been a fairly rapid process. At the 
present time the sea washes only a shah strdch of hard-rock bluffs. 
of the Red Mountain massif, and the curvature of these bluffs is such 
that a strand line lying not far to the west would miss them entirely. 
The implication is that in the rapid ersstward migration of tbe atrand 
line, as a resulh of wave action, theze cli& have h e n  exposed to the 
action of the surf for only a relatively short time. It is ~ossibly in 
part for this reason that so little platinum has been concentrated in 
the marine sands at the foot of these cliffs. 

The ipeans  mh in this area am of two general types, which differ 
from one another in age and in mode of fomatirm. The first type in- 
cludes lava8 and smciated tufls, which Docur ah one or more strati- 
p p h i c  horizons in the sequence of ~ d i m e n b r y  rocks. These am 
volcanic m k s  that at one time wem discharpd at the surface. As 
they ara evidently of the same geologic age as the sedimentary mks 
with which they are interbedded, they a m  described as a part of the 
mquence of bedded mh. 

The second type of igneous rocks is intrusive, but on the; basis of 
petrographic character and relative age, the intrusive rocks are divisi- 
ble intb several different kinds. From the standpoint of their eca- 
nornic significance as well as relative exhnt, the most important of 
thew am the ultrabasic rocks and certain other intrusive rocks assmi- 
ated with them. Thus the same eruptive activity that produced the 
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ultrabasic rocks also gave rise to the less basic t p  that occur only as 
dikes along and near tbe peripheries a d  within the main ultra- 

0 .basic m=. Among these ammiateti intrusives are basic rocks of 
spcialized kinds and also certain &%-rich granitic rock.;. Another 
type includes granitic rocks of normal type, which crop out principally 

t 
in a large mass that is comparable in size with the larger masses of 
ultrabasic rocks. StiU other intrusive rocks, which are principally 
dikes, invade the sediment~ry sequence. Some of them occur in such 
m i a t i o n s  and with such dcgreg of alteration as to sugpt that 
they are not much younger than tlm rocks that they intrude, possibly 
roughly contemporaneous with the lava flows and associated tuffs, 
Others that are particularly claw to tlie ultrabasic roch appear to be 
oflshoots from the il~trtlsive rnwms. 

Two principal masses of ultrabasic rock crop out in this area. The 
larger of thew forms an elonpte ridge, which is known as Bed Moun- 
tain, but s small extension of this mass cmps out farther north, along 
the north side of the Smalls Ricer. The smaller mass of ultrabasic 
rocks forms a lar* part of the spur between Xedicine Creek and the 
headwaters of the Smlmon River. Although this body of ultrabasic 
racks does not form the bedrock at the nimmit of Susie Mountain, 
it is referred to as the  Susie Mountain intrusive mass. 

The Rod Mountain intrusive body has a length of about 5 miles, 
a width in its widest place of nearly 2 d e s ,  ~ n d  an area of about 
8 quare milea. These measurements represent the' actual suficial 
outcropping, but the ~ubsurfttce dimensions of the mass are m e -  
what different. For example, drilling has shown that the ultrabasic 
rocks axtend mtward almost to  the mouth of Dowry Creek, from 

a which place the contad turns northwestward nnd crmms Clara 
Creek southeast of the contact line shown on plate 2. This east- 
ward extension of thesa roclcs is obscured at the surfam by overlying 
outwash deposits. Similarly nt the. north end there is probnhly 
m underground 'connection wit11 the small otitlying body along the 
north side of the Smalls River. At the south end some drilling has 
been done on the coastal foreland close to the sea and west of the 
saddle at the head of Platinum Creek. Drill holes revealed bedrock 
of pyroxenite, so t h ~ t  it seems likdy that the maes extenda south- 
wmtward for some distance below the %a. Considerable drilling 
h~ also been done in the foreIand west and northwest of Red 
Mountsin, but a few of these holes, which were driven entire17 
through the alluvial deposits, shawed a diffemnt type of bedrock. 
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Hence the western contact ia probably also a close representation 
of the contact for same distance below the surface. The geneml 
elongation of the mass is roughly but not exactly that of the sur- 
rounding country rock, the divergence being that the trend is more 
nearly north-northeast instead of northeast,. 

The Susie Mountain intrusive body h ~ s  a length of about 2 miles, 
a maximum width of two-thirds of a mile, and 0cc11pies an area 
of about 1 squam mile. This maw of nltrabasic rocks appears to 
have been intmdd along the northern boundary of the lavas and 
tuffs ; and following this contact, its trend appears to conform rno1.e 
nearly with the atmcture of the country rock. 

'The ultmba8ic mks consist primarily of peridotite and subordi- 
nately of perhite, with numerous varieties of them two general 
thvpes. Bunite, a. variety of peridotite, forms the bedrock through- 
out most of the Red Mountain intrusive mass; in fact, with the 
exception of rocks, the perhi t ic  va3ieties occur only along the 
margins of the mass. The central park of the Susie Mountain 
mass, on the other, hand, is not, tt dunite ht. instead cmnsisis of 
perhitic pyroxene-bearing rocks. This distribution of the pyrox- 
ene-& and pyroxene-bearing rocks suggests that the central and 
lower parts of the magmas are dunitic in cherncter and that the 
margins and apical parts are perhitic. 

Thee ultrabasic mcks in their unaltered state are dark-colored, 
ranging fmm bIack to graenish-black, Under atmospheric conditions, 
however, they wmther readily to a yellowish-brown coIor, which when 
viewed from a distance looks brownish-red, thus giving to Red Moun- 
b i n  and the ridge northwest of Susie Mountain a characteristic color. 
In this area they am everywhere covered by a surficid layer of oxidized 
mataris1 that commonJy ranges in thickness from one-eighth to one- 
balf inch, The crest of the ridge forming the Rsd Mountain area is 
covered by talus composed of larga and small subangular fragments 
of ultrabasic mh, but the eastern slopes are mlatively smooth. 

One of the interesting prophrtiss of these nltrabrssic rocks is their 
well-known inhospitality to vegetation. Althongh this area is one 
in which no trees are found and brush is scarce, yet the feature above 
noted is unmistakably evident. Thus, for several ~ n i l e s  southwest o f  
the Smalls River no brush of any kind grows along the west Banks 
of Red Mountain. But from a point south of the head of PIatirmm 
Creek low alder brush grows along the steep seaward-facing slopes 
of the hills west and southwest of Thorsen Mountain. The south- 
eastern contact of the ultrabasic rocks can be cloeiely located by the dig- 
tribution of the alders. Another example of this featram may be 



obsemd on the h b  that forms the southeastern end of the spw 
between Squirrel Creek and the Salmon River. In this part of the 
area bmsh is m&ed to the valley floors, but this knob, which is not 
the site of ultrabasic rocks, is definitely greener with grass and moss 
than is a corresponding altitude on the slopes of Red Mountain, a 

* short distance to the northeast. 
The unaltered dunite is a black to greenish-black rock compassed 

almost entirely of olivine more or less altered to serpentine and con- 
taining small amounts of iron ores and monaclinie pyroxene. The 
olivine crystals vary considerably in size, but mast of the dunite is 
suficiently coam p i n e d  so that the individual crystals are readily 
visible. In the coarser-gained varieties of dunite m+ny of the crystals 
of olivim exceed one centimetar in diameter, The pyroxene is color- 
leas nugite. 
In thin section the olivine is colorlw, optically negative, and has 

an optic angle ranging from 85" to 90". About 25 perwnt of the 
olivine is altered to serpentine, es n result of which the large crys- 
tals am mparated into mnny small frnpents  that extinguish simul- 
taneously, when the stage of the microscope is revolved. The 
serpentine m u r s  in reticulrtting winlets that intersect the crystals 
of olivine in all directions, giving a charact~ristic pattern. There 
appear to be two generntions of serpentine, the older of which is 
greenish-yellow in thin section. The younger serpentine, veinlets 
of which intersect the older, is nearly colorless and has a somewhat 
Iower index of refraction. In a few specimens, particularly in the 
pyroxenic and dike mcks, n smalI amount af reddish antigorite is 
developed as a second~ry product. A little talc also occurs as 
veinlets with some of the serpentine. 

q Fragments of serpentine are risible at places on Red Mountain, 
showing that some of the dunite' hrss beeh completely serpentinizd. 
Some of thia material is light p n  and banded and appears tn 

1 have been formed in veins, seams, and crevices. Another and mom 
common vnriety of serpentine is dark green rtnd commodp shows 
shearing striae, suggesting thnt it was formed along zones of fault- 
ing. At some places on Red Mn~mtain and on the ridge northwest 
of Susie Mountain dark-peen wrpentine talus occurs a-long zoneg 
that tmnd eastward, suggesting lines of fauIting and werpentinizs- 
tion in that direction. Some of these zones are the sites of top- 
ographic swales. A very small amount of low-grade asbestos also 
occurs in the t ~ h s  of Red >fountain. 
In the sea bluffs nlonp the aonthwest side of Red Mountsin the - proms of sespentinization is also clearly visible. Here the ultra- 

hsic  m k s  are greatly fractt~red, and the irregular blocks that Ilaw 
fallen to the beach show thin layers of , m n i s h - p g  serpentine 



along their e d p .  Thm rocks are aha intersected by thin vein& 
and seams of p n  seqmntine, which a t  a diitnce appear Eo have 
definite boundaries but close at hand are seen to grade rather im- 
p~rceptibl into the ul trabasic rock. Imgt~lar-shaped replaments 
of serpentine am also visible, but in general there is a tendency for 
these mrpentine seams and replacements to  approach vefiica2itg and 
to strike enstward. 

Dj~eminated iron ores am rather scant in the d w &  but the pro- 
portion of them increases in the perhitic rocks. For the most part 
these oreg are opaque, but some of them are slightly transparent 
on thin edges, suggesting surficiaI alteration. These opaque ores 
are not specifically determinable in thin sections, but they probably 
include rnagneti4 ilmenite, and chromite. This deduction is b a d  
on the presence of these three minerals in the concentrates rscovemd 
with the platinum metals and also on the presence of Cr,Os in the 
chemical analysis of the dunite (p. 50).  Stretching across sections of 
some of the dunites are stringers of opaque iron ores misted with 
ssrpentine and for the most part surrounded by it. In some mtions 
discontinuous linear pprttchm of opaque ores follow cleavage c m h ,  
intermcting one another in a geometric pattern. The large size 
of some of the pebbles of magnetite, ilrnenite, and chromite in the 
concentrntes suggests that a con~demble part of thia material comes 
from basic wpgations within or along the borders of the ultrabasic 
mch. 

With an increase in the amount of menmlinio pyroxene and a 
cormspending decrease in the amount of olivine, the dunib grades 
into wehrlite. Such rock has b n  observed chiefly in the central part 
of the Susie Mountain mass and at the southern end of the Red 
Mountain mnss just north of the saddle at the head of Platinum 
Creek. A still further increase in the proportion of pyroxene leads 
to the developmenlt of perhitic rocks, particularly of ppxenite 
and specific variations thereofT depending upon the paucity of olivine 
and the presence of other rock-forming: minerals. Most of the py- 
roxene is rtugite, bnt in a few specimens enststite constitutes a ma11 
propofion of the mk. Practically none of thim rocks is entirely 
free of olivjne. 

Rocks of various special types occur as dikes, intersecting the 
principal ultrab&c mks.  Thw ore oommonly coarse-grained, 
but some fine-gmhed dike mks  are alm present. In color they am 
not particularly different from the m k s  they intrude, Many dif- 
ferent petropaphic varieties are daubtlm p m n t ,  but no special 
study of the different types hss been made. Their principal char- 
acteristic is the fact that most of them cont~in more or less horn- 
blende, which in thin &ions is seen to be strongly plemhroic, 
ranging in tone from green to bluish green and from brown to violet 
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browa They therefore inclnde both ordinary and hmlt i c  horn- 
blende, A mall amount of a leached biotite mm also observed in 
one of these rocks. Iron ores are fairly plentiful, and apatite also 
Occurs. 

The contact of the ultrttbdc: intrusives with the cauntg roek is 
nowhere actually visible at the prmnt time, but mining operations 

* on Squirm1 Creek exposed this contwt at the northern end of claim 1 
below Discoverg. The contact is now covered by sediment, 'but the 
materials thrown out on the dump show the characbr of the rocks 

* in this vicinity. At this point the ultrabasic rocks do not actualy lie 
in centact with the country rock, but instead them appears to be a 
narrow zone of a gpecinlizsd kind of intrusive rock consisting of 
coam crystals of dark green hornblende intergrown with smaller 
crystals of albite, Light-peen crystals of epidote a m  also commonly 
present as clumps in nnd between the crystttt of hornblende and 
albite. This rock is ohvioualy a gabbro pegmatite, which is probnbly 
a product of differentiation from the ultrabasic magma. There  the 
hornblende and albite occur separately as good-sized pieces of m k ,  
however, these would more nrtturdly be dmignated as hornblendits 
and albitite. Presumably the gnbbro pegmatite and related rocks 
have been intruded along the periphery of the main mass of ultra- 
basic rocks at  this locality, but the linear extent of rocks of this type 
along the contnct is not known. They have not been observed, how- 
ever, in the country rock close to the contact, so that they are likely 
to represent mainly a specialized dikelike dieorentiah of the ultra- 
bmie m a p a .  Others of the dike rocks also contain more or Iess basic 
plagioclase feldspar. One rock of this type was taken Isom the bot- 
tom of a drill hole on Fox Gulch at or near the intrusive contnct. 

* This m k  consists of oolorlws to  very p& p n  augite more or less 
replaced by hornblende, together with saussuritic areas of muscovite, 
chlorite, and epidote that rep~sent original feldspar. Another dike 
rock that origina1Iy contained feldspar was smn in the sea bluffs at 
the southwest end of Red Mountain. H e w  the feldspathic ( ? ) nres 
consists largely of chlorite and epidote. Still another dike rock at 
the same locality was dioritic in charncte't. and contain~ci definitely 
recognizable crystals of plapimlase feldspar, zonally pm, with 
albite and pericline twinning. The centers of the crystals were 
altered to sericite and epidote. Hornblende is the principal dark 
mineral of this m k ,  but titanite and apatih am also present, to- 
gether with some quartz that may be of secondrrry origin. 

In order to learn as much as ppbssi~e remrding the origin of the 
platinum metals and the character of the rocks in which t h q  oorigi- 
nated, two complete analyses of the ult.rabmic rock of Red bfountain 
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were- made in the chemical laboratory of the Geologieai Surrey 
by E T. Erickmn. 

Composite samples were taken at more or 1- regular intervals 
from the south to the north end of Red Mountain. The first corn- 
posite ample consisted of fresh, unweathered rack, which, though 
dominantly dunits, included a representative proportion of the rnm- 
ginal pyroxenic mb. me m n d  composite sample conslisted of the 
brown weathered shell that exists rn a veneer on all these ultmbmic 
rocks. The sesu1t-s of these two analyses and the normative minerds 
computed from the k t  analysis are given blow. 

Mr. Erickson states that cobalt, if present, is lesa than 0.002 percent, 
The poba+m-iodide test, which will detect platinum in amounts 
mmewhd 1- than 0.01 olmce to the ton, in duplicate ra-p of sam- 
ple 1, each using I m a y  ton of sample, gave no evidence of platinum, 

horthite ,,--------------- 4. OD Ilmenitc ,,,-,,,,,,-enenenenenen 0.09 
DIop~ide ----,,-,-----,-,-- 14.97 Chromite . 4 0  
Hyprgthene 29.75 - 
Olivine ----+------------ 4& 49 IM. El 
Magnetfte ,--,,,---,,,-,,,---- 4 W  

The fir& mmpb thus represents a rock that falls in c l w  5, order 1, 
section ''9, rang 1, subrang '2, according to the systematic elassift- 
cation of igneous rocks by C m ,  Iddings, P i m ,  and Washington? 

The norm given above does not correspond clowly to any of the 
norms given by Wasbingt~n,~ but inasmuch as it refers to w composite 
rather than an individual  ample of ultmbasic rock, this is not sur- 
prising. Tt .does mmeqond generally, however, to s p u p  of ultra- 
h ~ i c  rccks of the same geneml type as that which forms Red Moun- 

'Cram, Whitman. tdd-, I. P., Pbwm, L V., and Washington, K. 8.. Qnnntitatlm 
clnssifimtlon of igneous mckn, pp. 18Z1B5, Univ. Chicago Pws& 1908. ' Wmhlngton, B. H., Chemical analyses of Igneous rock@ : U. 5. GeoL Survey Prof. P a p  
09, p p  7?4-787, 1917. 
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tain, The norm shows anorthita, but the alumina, which requires 
this allocation, actuaIIy pa into the aluminous pyroxene augite in 
the mode. The content of ilmenitr: is suiiurprisingly low and suggests 
that much of the ilrnenite found in the pIacers was eroded from 
ppxenic  rocks along the margins of the intrusive mass. Although 
nickel and capper are mportd in the analysis, no minerals containing 

* these elements have been observed in t he  d u d e  or in the placer con- 
ce~ltmtes, so that it is possible that the nickel at least is molacularl y 
clombined with olivine. 

1 A comparison of the two nnalyses shows well the effects of weather- 
ing on these m k s .  The weathered sample shows a 70-percent in- ' 

crease in the amount of FeZO, and abut a 20.percent decrerase in the 
amount of FeO as compared with the unweathered sample. An even 
more striking effect is shown by the fact that 93 percent of the orig- 
inal content of CnO is diswlvd in the prmm of weathering. The 
other diffemncea may be accidental and are therefore not necessarily 
significant, 

Another significant feature is the percentage of Cr,O, contained in 
them rocks. Elsewhere in this report it has been stated that the 
placers contain nuggets of t.he platinum metals i n t e r p w n  in 
chmrnite. An analysis of pebbles of chromita selected from the placer 
concentrates shows a m k n t  of 0.05 wnce of platjnum to the ton of 
chromite. Tha amount of CrsOa, however, in a smple  of the size 
used far a rock analysis is only one-twentieth the amount required 
for the potesium-iodide test. It is therefore not surprising that no 
trace af platinum was found in the analysis of the dunite. But if it 
is assumed that dl the dunite of Red Mountain contains tho amount 
of Cr,O, shown by the analysis and if all the cbmrnite contains 0.05 
ounce of platinum to the ton, it may be shown that. the dunite of Red 

. Mountain contains about 0.0002 ounce of platinum to the tan. With 
platinum vulued at $50 an ounce, the lode value for the dunite is 
about I cent a, tun. 
By making certain further mmptions ,  thew and other quantitative 

data can be utilized to d d u e  a minimum value for the ~olume of m k  
tht haa almdy hen eroded from the intrusive mass of Red Moun- 
tain to prduce the pment platinum placers. b e  of these m p -  
tions unduly simpliQ the problem, so t,hhat they must afternards be 
corrected by some factor of proportionality in which the persona1 
equation enters. Others of the as~nmptions a m  subject to large 
errors that cannot properly be correcbd ; but by accepting the lowest 
valuea the result of the computation cnn be stated to be minimam, 
which is the result desired. One of the greatest intangibles is the 
fact that the part of the intrusive mass removed by erosion was 
probably not dominantly dunite but instead was B ppxenic phase 



of the ultrabasic rocks, which pmhbIy had a much lower content of 
chromite and platinum than the underlying dunite. ks a fir@ ap- 
proximation, however, it will be assumed that the int,rusive m m  af 
%d Mountain was uniformly dunitic in composition. It is further 
assumed that chromite was uniformly distributed in the dunih and 
that the plathum metals were uniformly distributed in the chromite. 
The next assumption is that at lend 400,000 ounces of platinum 
metals have been eroded from Red Mountain, though this is not 
intended to imply that any such amount of theae metah will neces- 
sarily be recavered or are even present in the valley of the Salmon 
River and its tributaries, And finally for the purposes of n first 
computation, the shape of the intrusive nam will be considered to  
be a vertical cylinder with ta c m e  section similar in size and shape to 
that of it9 present perimeter. Wow if the dunite contains 0 . m  
ounce of platinum metals to the ton, if the specific gravity of dunite 
is 3.3, and if the present area of tho intrusive maR9 of Red Moun- 
tain is 8 square miles, the assumptions above @mn lead Ito the can- 
dusion that 0.14 cubic mile of rock has been emded, which corre- 
sponds to R cylindrical height of 90 feet. But if the shape of the 
intrusive maRs is considered to IM lenticular instead of cylindrical, 
this height should be increased to 270 feet. This is the minimum 
height by which the elevation of 'Red Mountain has been reduced as 
B result of erosion. But if the upper part of the intrusive mass is 
mnsideeed to have been dorninmt,ly pyroxenic ~atller than dunitic 
it will be evident that a much larger volume of intrusive rock had to 
be eroded to form the present placers and that the height of Red 
Mountain may ham bem~ d u c e c l  by ~everal times 270 feet during 
this p m .  Pmibly 0.5 cubic mile or mom of ultrabasic mks htls 
besn r e m o d ,  corresponding to a ~uperjacent mass rising 1,000 feet 
above the pment level of R d  Mountain. 

Few data are available remrding the shape and structure of the 
ultrabasic intrusive rnw that foms Red Mountain, and practically 
ria data can he given reprding the Susie Mountain mass. Reference 
has already been made to a rather prominent structural easterly 
trend in b t h  tlre Red Mountmin and Susja Mountain massea, wl~ich 
seems to define the direction of jointing or faulting and along which 
serpentinization has taken pIm.  Some of the dikes also tend to 
strike in this direction. This, however, ia probably secondary 
structure. 

From the standpoint of the lomlization of platinum metals, it iis 

also de~lirable to know the shape and primary ~tpucture of thw 
intrusive masses and to learn, if po~sible, whether they have been 
tilted or whether they lie essentially in their original orientations. 
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The shape and general alinernent of the two intrusive musses seem 
to indicate that they are elongrtb, if not actually lenticular, ignmus 
masses. On Squirrel Creek the line of contact bulges slight1 J to the 
m t h  it passes from one side of the valley to the other, tlms rmg- 
@ing a mutheaaterly tilt to t,lre moss, but this may be only a minor 
irregularity of the contact line. DriIling operations, however, haos 
revenlad another protuberance in the outcrop, which extends the 
ultrnbasic rock eastward nearly tu the mouth of Dowry Creek, from 
which point it retreats northwestward to  the head of Clara Creek. 
These irregularities suggest that the ultrabasic mass of Red Mountain 
is not only irregular in outline but &o pitch@ at some undetermined 
angle to the southeast. 

One theory af the formatiorr of dunites is that the crystals o f  
olivine, having separatd from a, molten magma before the whole 
mass solidified, settbd to the bottom of the magmatic reservoir. As 
the iron ores and metallic components of magma have only a lirnikd 
miscibility, it might Im expected that such components would also 
mt,tIe out during or before t h  difFmntiation of the olivine crystals. 
Therefore the platinum metals should be found mainly in the basal 
parts of lenticular or tubular intrusive masses. If such m a w s  were 
originally ~ m p l d  horizonblly, or nearly so, and were subquently 
tilted so as to have a southeasterly dip, a concentration of platinum 
metals should appear dong the northwest side of Red Mountain, 
but the reverse appears to be true. Hence, unless the rocks of this 
Rrea are overturned, the idea of an original Jloriaontal emplacement 
is untenrtbIe. 

A second dtemative under the same hypothesis of ore accumula- 
tion is that the ultrabasic rocks were injected as elongate and prob- 
ably tabular masses that originally mnfomed to the regional struc- 
ture and therefore dipped ih the southeast. If these tabular bodies 
had a moderate soethcast~rly dip, a concentrntion of platinum metals 
should still appear on the northwest side, but if the dip were steep, 
kipproaching verticality, other factom map have exerted an eqnnl 
influence on the horizontal distribution of the platinum metals. The 
actual shape and inclination of the ultrabasic mass composing Red 
Mountain is not h o r n ,  but the sirrfwe outcrop and drilling recnrds 
along its southeast side suggest that the shape is mther irregular 
with a general dip to the ~outheast. This condition does not explain 
the appprent concentration of platinum metals dong the sontheast 
side of Red MountA,in, but it does offer nn explnnation for the absence 
or paucity of platinum met& in t,he pyroxenic rocks of the Snsia 
Mauntain mass, for under this hypothesis the dunitic core of Susie 
Mountain and the associated platinum metals may not yet be exposed 
to emsion. 
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A third e b l e  explanation of the distribution of the pIatinum 
metals in this area is that they are in part epigenetic with reference 
to the main M y  of ultrab~sic rocks and that they may have h n  
amtailled in or amiated with the more specialized types of intru- 
gives localized along the border of the dunite. Some evidence in 
favor of this interpretation is found in the fact thrtt the high-grade 
part of the placer pay streak on Squiml Creek did not extend up- 
atream hyond the eontact btween the ultrabasic rmka and the 
countrg rock ~lnd that this mntmt is the site of specialized types of 
intmsives, such as gabbro pegmatite and relatted rocks. 

The geologic age assigned to the ultrabasic m k s  depends upan the 
rnannar of their emplacement and the age of the invsded country 
rock. 1t seems probable that the nltrnbasic magma was injected 
later than the principal regional deformation as ih trend cam- 
sponds closely to the dominant regional stmctum. But neither the 
nge of the country rock nor the time of the principal deformation 
can be determined from any paleontologic or struct.uml evidence 
availhbble in this district. As stated elsewhere in this report, how- 
ever, lithologic evidenw indicates that the country rock is of late 
Paleozoic age. It is fnirly well estabIished that in much of interior 
and southern Alaska the late Paleozoic mks received their maximum 
deformation in mid-Mesozoic time. The38 factom mllectively indi- 
cate, though they do not. actually prove, that the ultrnbasic m a w n  
was injected later than the m i d - M m i c ,  It is therefore concluded 
that the duaite, perknit% and m i n t e d  platinum metals probably 
originated in late Cretaceous or early Tertiary time. 

Granite pocks of two distinct typeg are found in this area. One 
consists of dikes of a specialized pet.ro@;raphic character that occur 
only a t  R d  and Susie Mountains and are rather definitely associated 
with the ultrabasic rocks. Such dikes in reality have been observed 
only at three localities, nnd at only one of them localities were they 
found in place. One locality is on a spur of Red Mountain, north 
of Squirrel Creek, at an, elevation of about 800 feet above sea Ievel. 
Another is along the mast of the ridge northwest of Susie Mountain. 
At b t h  of these localities linea of talus of granite material occur at 
the surfaee for short dishcm, ~ugpating the presence in the under- 
lying bedrock of these p n i t i c  rock& It should be emphasized, 
moreover, that at neither of these ZocaIities can this p n i t i c  material 
represent glacial srratics. The third locality, where these rocks are 
in p l w ,  is along the contact exposed by mining on Squirrel C m k  
Hem thin dikes of thm peculiar granitic rocks cut the homblendite, 
which lies dong the periphery of the uli rsbasic rocks. 
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The other type of granitic rc& occurs in a large intmsive masa 
that forms the ridge southeast of the headwater part of the vdley 
of the Smalls River. Tl~is intrusive body is a h t  a mile wide and 
at least 4% miles long, but its northeastern limit is not definitely 
known, as it extends we11 byond the mapped area. 

The granitic dikes amiated with the ultrabasic intrusives are 
I white to cream-colored nonporphyritic pnular  rocks that gr~de 

into finer-grained varieties. They are classified as albite p n i t e ,  and 
sy'enite and albite rhyolite and trachyte. In this section they show 
e m t k 1 l y  albite, more or less quartz, and a few other primary 
minerals, principally muscovite, together with a little biotite and 
titanite. Some mondary minerals, however, cmur in all these rocks, 
and of thm the principal ones am epidote, clinmisite, mil a color* 
less spherulitic pennine. One of these m k s ,  an albite rhyolite, is cut 
by minute veinlets of secondary quartz. The d i c  character of them 
mh appears to mlak t.hee genetically to the albitic phases of the 
p b b m  pegmatite of Squirrel Creek, and like the gabbro pegmatite, 
they are also believed to be a specialized differentiah of the ultrabasic 
mks. 
In the vahy of Squirrel Creek and in the valley of Plakinm Creek 

upstream from the mouth of Squiml Creek a srnalI amount of gold 
is m v e d  with the platinum metals from the placers. This gold, M 
later hm, has a peculi~r dross that seems to reIate it to the pIati- 
num mineralization. It lt possible thtlt this p a l i a r  gold is con- 
nected geneticdly with these specialized t p s  of granitic rocks found 

1 at Red and Susie Mountains. 
The normal type of granitic rocks that occur southeast of the 

head of the Smalls River are light- to dark-gray nonporphyritic 
rocks with a' variable petrographic character. From an examination 
of seven thin mtions of these rmb they seem to include principally 
quartz rnonzonite, granodiorite, and quartz diorite. They consist 
essentially of plagioclrtse feldspar and orthoclase in variable pro- 
portions, qutlrtz, and hornblende. The common nmssary minerals 
are titanite, apatite, rcnd iron ores, but in one of these rocks s small 
amount of angite mas also observed. Much of the plagioclase feld- 
spar is zonally grown, with b o d ~ r s  t.h& wfe mom aodic than the 
cores, but the avernge composition appears to be close to that of 
sndesine. Some of the plng-ioclase cores are more or less altered 
to sericita, zoisite, and otller secondary products. On the whole 
these m k s  appear to correspond fairly closely with the panitic 
mks in the Nushagak district, about 125 mi les  to the nortl~east.~ 

mMertfe, J. a,, Jr., Tke Nmluumk dlnh.fct. Alamks: U. 3. Wl. Bnrvsy Bull. Om, pp. 
'1-7. 3888. 
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AGE 

No stratigraphic data are available for a&- a ggoIogic age 
to the granitic intrusive rocks. The dikes of sdic gmnib m d  related 
rocks intersect the ultrabasic rocks, which shows that they are of 
later origin but not necessarily that they are geologically much 
younger. In reality, since they appear to be related genetically to 
the ult~abasic moks, they am likely to be of the same geologic age- 
probably Iate Memzoic or early Tertiary. 
The granitic rocks of normal type intrude the country rock of 

this area and moreover occur in an intrusive mass the major elongs- 
tion of which coincides with the 8trike of the country rock. As 
with the ultrabasic rocks, this feature leads to the belief that they 
were intruded along mme structurd line of weakness and originated 
after the major deformation of the country rock. They therefore 
are probably not older than mid-Cretaceous, but their petrographic 
similarity to the early Tertiary granitic rocks of nearby regions 
indicates a probability that they are likewise of that age. 

ECONOMIC GEOLOGY 

Plater gold has been mined in s small way for many years in the 
part of the Goodnews Bay district north of Godnews Bay, but in 
recent years platinum placers have been discovered and mined in 
the arett south of Goodnewa Bay. Thew dep0sit.s are pparticularly 
imprtanl, not only h a u s e  they are the first placers found in 
Alaska that are workable primarily for their platinum content, but 
also, because the present production is far in e x w s  of that from 
any other &ma so far developed in the Unitad S t a h  or its posses- 
sions. A small m o u n t  of gold is rgcovmd with the platinum 
metah. Chemical examination of the rocks from which the platinwn 
metals are derived dm shows the presence of chromium, nickel? and 
copper, but none of these elements have been found in this vicinity 
ns commercial ores. Platinum metals am therefore the principal 
mineral product of cammereial value. 

The only considerable production of the pI~thum metals from any 
other part of Ala~ka is the palladium that comes from the old Srtlt 
Chuck mine, on Kasam Peninsula, in mutheastern Alolsktt. Platinum 
metals, however, have tieen found at several other places in Alwsktt 
but haw been recavered only aa a byproduct of gold p l a w  mining. 
Probably the most significant of these are several localities in the 
mstem part ef Sewad Peninsula lying in a northward-trending 
zone of about 85 rniIes in finear extent. Within this general a m  a 
few ounces of platinum metals are recover& annually from t h ~  gold 
placers of Dime and Qua* Creeks, and some has d m  been recovered 
from Bear Gulch. Small quantities of platinum metals have also 
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been recovered from Cache Creek and Slate in southcentral 
Alaka. 

Platinum rnetula have also been reported at several other localities 
in Altlskrt, but none of these are thonght to have much mmmemial 
significance. Among these localities are the auriferous beach placers 
of Kodiak Island and similar placers a t  Litupa Bay. Traces of 

m platinum metals have also been found in the stream plamm 'on 
Granite Creek, in the Ruby district, and on Metal Creek, in Hen~i 
Peninsula. Platinum in small quantity is a h  reported to m u r  on 

e Willow and Wilson Creeks, in the Marshall district of southwestern 
Alaska, and with gold on the bars of the Anvik River. 

The general history of the discovery of platinum in this district 
together with a sketch of earlier mining agorations has been given 
by Irving Reed." According to this nccoun t platinum was discovered 
in 19!B at the mouth of Fox Gulch, a tribuhry of Platinum Creek, 
by an EhEmo named Walter Smith. This native, who thought the 
platinum was "white gold," rel~ted his discovery to another native 
calIed Henry Whnya. Whuya in t u rn  communicated the informa- 
tion to Chnrles Thomn, a local resident and miner, who bad lived in 
this district for many years. Thomn went to the site of the dis- 
covery, panned m e  of the metallic materid, and sent it to the 
office of the United Strites Bureau of Mines at Fairbanks, where it 
was analyzed and determined to be platinum. h 1988 Thorsen 
discovemd platinum in the gravels of Clam Cmkf and in the same 
p a r  Edward St. C l ~ i r  made the first discowry of platinum on 
Squirrel Creek. 

m The mmplete hidory of the earlier mining in this district is not 
- known, but small-male mining plants were operatad on Platinum, 
Clare, and Squirrel Creeks and on Fox and Dry Gulch- from 
1927 and 1928 intermittently to 1934, when the large-scale plant of the 
Goodnews Ray Mining Co. began work. Thus Reed hw, recorded the 
fnct that on Platinum Creek, Charles Thorsen worked on Diwv- 
ery claim in 1927; that Georm Wickert onerated on thp m m ~  alnim 
in I929 and 1030; and thah Charles Tonietzko and John Bennetb 
worked bench ground on c i a h  2 below Diwovem in 1930 and 1931. . 
On Squimel Creek placer mining was done, on claim 3 below Discov- 

*Bred. Imfng, Ylnlng inveatrpatiom and mine hapectlon in Alwka, far b#ennlnm endlag 
Match 31, 1933, pp. 103-126. Junws Territory of Alaaka, lB8.S. 

Reedl. frvlnr. og. c i t ,  pp. 117-122. 



erg in 1981 by W. B. Moeck and Fred Wolters, and in the m e  
year on claims 1 and 2 below Discovery by Tupper Thompmn and 
Edward St. Clair, respectively. Some mall-scale mining was dona 
on FOX Gulch on daim 2 above Discovery by natives aB early as 
19s ; and on Discovery claim of Fox Gulch, Neal Corrigd worked 
an open cut from 1929 to 1935. Some mining was dm done on Dry 
Gulch in 1930 by Jm Cbanie and Wwsrrl St. Glair. 9 

Pl-r mining b e ~ n  on Clara Creek in 1928, and in th period 
from 1928 to 1981 o r  later Charles Thorsen and h d m w  Olson 
mined on Discovery clnirn, Mining operations were also in progress 
until 1931 or later on claims 1,2,  and 3 above Discovery. The work 
on e11di.m I above Diecovery was done by Martin Garthe; that on 
claim 2 above Di~overy by 0, J. Sarnpn and Martin Garthe; and 
that on claim 3 above Dimvery by John Haroldmn and August 
Wicklund. 

Most of this eerlier mining was dune in the valleys of Squirrel 
and Clam Creeks and on Fox Gulch, where the averburden was not 
too deep to be removed profitably by small-scale methods. Farther 
north in Maska, whem the ground i~ perpetudly frozen t6 consid- 
erable depths, mall-scale drift-mining rnethds could have been 
usd, but in this part of Alaska there is no permanently frozen 
ground and no timber for timbering, and therefore underground 
mining waa not practicable. Moreover, all the earlier mining mas 
done in mall valleys, where. the supply of water is scarce, and hence 
most of the work had t o  be accomplished by hand rnethd consist- 
ing of ground duicing and shoveling into sluice boxes. It finally 
became evident to the several small operators that although this was 
a promising field, mining would have ta be done on u large d . e  
in order to be profitable. Consequently the many mining claims 
b e e n  to be consolidated and eventually passed into t.he mntrol of * 
two concerns, the Goodnews Bay Mining Co. and the Clam Creek 
Mining Co., which a m  now carrying on BIZ the plmr-mining opera- 
tions in this area. I 

The Goodnews Bay Mining Co., the larger company, holds or learns 
more thsn 150 claims in the valley of the Salmon River and ib 
tributaries. (Sea pl. a) This company began mining with a drag- 
line excavator on Sqnirrel Creek in August 1934, and in the 8 years 
1934~33 m i n d  most of the high-pde placers in tha valIey of that 
stream. Mining of the same kind was begun on daim 2 below 
fimverg on Platinum Creek in 1937, and the work wns carried.. 
upstream ta Fox Gulch and far some distance up Fox Wch during 
tlrat year. This does not mean, however, that all the pay streak on 
Platinum Creek within this stretch hapl been m i n d ,  as one or more 
pamllel cuts will doubtless be worked later. The Goodnews Bay 
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Mining Co. began the construction of a dredge in the summer of 1937, 
mmpleted it thet fall, and bgan operations on November 10, w o r k  
until December 20. About 50 peraons are employed by this ampany. 

The Clara Creek Mining Cu. holds or leases nbout 20 claims located 
mainly in the valley of the Salmon River north of the mouth of 
Platinum Creek and in the valley of Clnra Creek. This company 

* began work in IF36 on the east end of claim 1 above Discovery on 
Clara Creek, and in the years 1936 and 1937 worked up th+t stream 
to the west end of claim 3 above Discovery. About 23 persons are 

t 
employed in this work As on Platinum C&, this does not mean 
that a11 of the pay streak on Clam Creek within this stretch has 
been worked, as one or more parallel cuts will also be mjned hem. 

It is estimatd that in tlle older mining operations from I927 to 
1984 about 8,000 crude ouncM of platinum metals were r e c o r e d  
from the placers of this area. From 1934, when large-scnle mining 
h e n ,  to the end of 1937 the production is believed to have been 
nbout 18,000 crude ounces. In 1938 the production from this area 
amounted to about 84,000 crude ounces. 

Platinum Creek is a western tribut~ry of the Salmon River with 
an air-line length of about 2 miles, though its length by the course of 
the stream is somewhat greater. Platinum Creek heads in a low 
divided only half a mile h m  Kuskokwim Ray, thwgh it is about 650 
feet above sea level. On its sauth side ~ n d  a little more than half 
m i l e  from its source it small valley known as Willow Gulch enters the 
valley of Platinum Creek. This ~ l c h  is unimportant both am- 
graphically and economically and merits no further mention. No 

+ other tributaries enter Platinum Creek from the south. On its north 
side Platinum Creek has three tributaries, which named in order 
downstream am Fox Gulch, Dry Gulch, P . R ~  Squirrel Creek. All 
three head in the ultrabasic intrusive mass to the north, lurd dl t h w  
have deposits of platinum in their valleys. Fox Gulch, the m a t  
westerly of them tributaries, has a lengkh of nearly tt mile, but the 
downstmarn or southeastern part of its valley is inconspicuous, being 
merely a narrow incision in the north wall of Platinum Creek. Dry 
Gulch is shorter and even. less conspicuous, Squirrel Creek, however, 
has EL length of about 1% milas and occapies a well-defined valley. 
The lower end of Squirrel Creek and Platinum Creek Emrn its mouth 
to a pint  between Fox and Dry Gulches are shown in plate 9, A. The 
total area drained by Platinum Creek and its tributrtries is only about 
5 square miles. 
The lonlgitu&eal and lateral limits of the platinum pay stre& 

on the vt~rious streams of this a m  mRy not be definitely &stated h a u s e  
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the extent to which the platinum-bring gravels may be worked in 
the future depends upon conditions that cannot at p m n t  be properly 
evsluatad. One of these conditions is the relative proportions of the 
diffemnt platinum metals, which varies from place to place; anotlier 
is the future price of platinum metals and other economic conditions; 
and finally, in the last stages of mining, when the original cost of 
mining equipment has been amortized, it might 6e deskable to  salvage 
p u n d  that was not considered workable in the earlier stages of 
mining. At the present time, however, the pay streak on Platinum 
Creek is considered to begirt a t  the wes t  end of Discovery claim st  the 
mouth of Fox Gulch and to  continua to the east part of claim 2 below 
Discove~, n a l ~ o r t  distance upstream from the mouth of Squirrel 
Creek. From this point to the mouth of Squirrel Creek a short 
stretch of perhaps 1,000 feet, the gravels are not at present considered 
workable. From the mouth of Squirrel Creek the pay streak con- 
$hues down Platinum Crwk without intemption to its mouth. 
Above the mouth of Fox Gulch the gravels of Platinum Creek are not 
considered Ito be of workable grade, so that the pay streak of Fox Gulch 
may be said to conetituh the l~eadwater part of the p y  streak of 
Platinum Creek. In view of the frtct.that.the headwatm h c h  ldf 
-Platinum Creek dws not drain an area mupied by ultmbasic in- 
-trusive rocks, thia lack of workable placers is a significant condition. 

The workable width of the pay streak on Platinum Creek is even 
-mom difficult to state. Above the month of Sqniml Creek the 
,Goodnews Bay Mining Co. has so far worked the platinum gravels 
hforawidthof lQ0001120fset. AtthemouthsofDryandFoxGulchea 
the pay streak widens appreciably. It is probable, however, that, this 

-part of the pay streak will nltimately be worked over a width of at 
Yeast 200 feet. Downstream from the mouth of Squirrel Creek the pay 
streak on PIatinum Creek widens rapidly, end near the mouth of 
Platinum Creek, where the dredge opemted in 1937, the pay, streak 
-is a t  least 400 feet wide. It must be stremed, however, that this 
.width is b a d  an the presumption thst it will be mined by dredging. 

The tenor of the platinum-bearing p u n d s  in the valley of Platinum 
(Creek is not suficientlp well known to the writer to w a m n t  any 
general statement, though it is h o w n . t h ~ t  the pay streak between 
the mouths of Fox Gulch and Squirrel Creek has ~hown a lo we^ 
.tenor than the pay streak of Squirrel Cmek One cle~n-up on 
Platinum Creek a short distance dawnstream from the mouth of 

:Fox Gnleh yielded about 0.02 ounce of platinum metals to the cubic 
yard, or about 0.009 ounce to the square foot of Mmck;  and for 

.aorne distance dawnstream from the site of this clean-up the pay 
~treak is likely te have a lower rather than a higher tenor than this. 

:For some , r ' 1 ' i m  downstream from the month of Squirm1 Creek, 
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however, the pay streak on PIatinum Creek may have s higher tenor 
than shown by the figures above. It is also likely that the pay streak 
in Fox Gulch may have a high tenor, probably compmable with that 
on Squirrel Creek. 

The alluvium of Platinum Creek, in the stretch between the mouths 
of Fox Gdch and Squirrel Creek, consists of about 12 feet of sub- 

t rounded to subangular gravels, overlain by about 3 feet of moss and 
turf, which locally i s  mixed with more or less dark-colored sand and 
aluvial detritus. Drilling on Fox Gulch shows that the &ravels de- 

* crease in thickness upstream. Just downstream from the mouth of 
FOX Gulch, and also in the southeastern end af tlie valley of Fox 
Gulch, the gravels are rather large and subangular, averaging per- 
haps 8 to 12 inches in diameter, with some boulders as large as 3 feet 
in diameter; but farther downstream they are more rounded and 
hare an average diameter of 5 to  6 inches, though large hulders are 
also present. In both I'Zatilturn Creek and Fox Gulch the gravels 
consist of the same kinds of rocks ss the bedrock found in the valleys 
of these stream. The platinnm metals occrlr mainly on the surface 
and in the crevices of bedrock but they occur also in the lower 2 to 3 
feet of the graveIs. In mining with a dragline excavator, the upper 
half to two-thirds of the alluvium contains too little of the precious 
metals to ~ v a m t  washing; hence this part of the overburden is lifted 
by the excavator and dumped to one side of the cut. 

The bedrock of Platinum Creek consists of a mixture of ~sedimea- 
tary and igneous racka. Among the sediments, gaywwke and sheared 
a~gdl i te  have been identified; ind the igneous r e c b  inclnde lavns or 
dikes and tuffs, mainly of anclesitic cl~arncter. As dl the bedrock 
below the gravels is gmatly altered, none of it can be accurately deter- 

t mined. When the bedrock is hard and much fractured, from 3 to 4 
feet of it have to be removed in orcler to obtain a high percentage of 
recorery of the platinum metals. The bedrock in the lower valley of 

X 
Fox Gr~lch is essentially similar t o  that of Platinum Creek, but it is 
believd that the contact with the ultrabasic intrusive mass will be 
u n c o ~ e ~ c l  when mining propsses  upstream for a b u t  1,000 feet from 
the mouth of the gulch. If the same conditions obtain on Fox Creek 
RS on Squirrel Creek, it is unlikely that high-grade placers will be 
fomd upstream from this contact. 

Most of the platinum metals on Platinum Creek mur in fine grains, 
and nwgets of any considerable size are unmmmon, the largest found 
prior to 1937 weighing only 0.25 ounce. Some of the larger pieces of 
platinum are intergrown with chrornite, but one small piece of plat- 
inum shown to the writer was interjg-own with country rock of the 
type found on Platinum Creek. The commemial nlndyses of all the 
product mined on Fox Gulch and Platinum Creek up to the end of 1938 

2 0 1 2 1 7 4 W  
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show an average platinum content of about 62 pemnt and an average 
iridium content of about 20 percent. Mining operations on Fox 
Gulch, however, have shown a content of iridium attaining a maxi- 
mum of 36 percent, with a corresponding decrease in the content of 

-platinum. Omium forms nearly 4 percent and rhodium about 1% 
pemnt of the product, but ruthenium and palladium occur only in 
;very, small amounts. All of the percentages above cited, however, 
'would be i n m d  by recomputing the commercial analyses h e  of 
impurities. The commercial analyses also show that ;t small amount 
of fm gold, amounting on the average to about one-third of 1 per- 
cent,:is tecovered with the platinum metals. -ApparentIy the propor- 
tion of: free gold decreases in going up Platinum Creek and is ex- 
medihgly scarce in the p1acel.s of Fox Gulch. 
a A llwge volume of wncentrates is recovered with the plathum 
rnetalq. and just downstream from the mouth of Fox Gulch the black 
sand mounted to 2 tons in a clean-up that yielded 250 ounces of plnt- 
inum metals. These concentrates consid mainly of magnetite, 
ilmenib, and chrornite. An anslyais of carefully washd pebbles of 
chromite from these concentrates made by E. T. Erickson, of the 
Geological Survey, shews that the chromite contains 0.05 ounce of 
plntinum metals to the ton. These metals would not be reco~ered on 
a concentrating table unless the concentrate3 were previously finely 
p u n d .  

Upstream from Squirrel Creek the Goodnews Bay Mining Co. has 
worked the placers of Platinum Creek by means of a dragline excgva- 
tor, of the type shown on plate 7, B. This is a type 37-B Bucyrus-Erie 
unit consisting of a 75-horsepower 6-cy liader caterpillar Diesel engine 
and a 60-foot boom, mounted on a tractor base. The h o r n  swings e 
digging bucket with a rated capacity of 1% cubic yards. The wash- 
ing plant is a rigid unit consisting of an elevatod dump box and an 
elevated line of eight sluice boxes, mounted on skids, so that the plant 
may quickly be moved from one position to another. As soon as one 
cut is completed the excavator unit drags the washing plant to n new 
position, and in a very shalt time a new cut can be started. The 
dump box is 8 by 12 feet and is covered with a sloping grizzly ta 
exclude large boulders. The sluice boxes are made of steel, and the 
sluice line, which is 30 inches wide and 100 feet long, is set to a p d e  
of 1 inch in 18 feet. In the dump box iron rails are used as riffles, 
but in the upper 6% sluice boxes, horizontally slotbd block riftlw 
made of manganese steel are used. Them are 2 inches high with 
%-inch slots in them. In the lower 1% sluice boxes undercurrents 
underlain by matting am used. The holes in the undercurrents are 
t a p e d ,  with the small diameter-about % inch-on the upper side. 
In order to distribute the tailings more evenly at the end of the sluice 
line, the last sluice box is equipped with a three-way outlet gate, so 



PLATISUE.X DEPOSITS 63 

that the tailings may km discharged in three different directions. Near 
the lower end of the last sluice box is a transverse slot ahat  3 inches 
wida in the matting and the bottom of the sluice box through which 
fines m a p  b l o w  to a matting-covered tab10 5 feet wide and 10 feet 
long. This table, having twice the width of the sluice boxes, slows 
up the sluice water and causes the finest of the platinum graina to 
wttle. 
As the dump box and slnice b x e s  are elevated, water has to be 

pumped to the dump box both for the giant that- wwshes the gravel 
w and for sluicing. For this purpose a small dam is built in the ked of 

the creak s short distance downstream from the washing plant, in the 
cut whem mining has already been completed. At this site is also 
mounted a 75-horsepower 6-cylinder caterpillar Diesel engine that 
operates a direct-connected Allis-Chxlmers centrifugal pump, with a 
12-inch intake and .a 10-inch outlet. This pumping plant supplies 
3,500 gallons a minute under an 80-foot head, but on account of loss 
of pressure in the pipe line, this is reducer1 to a 40-foot head a t  tho 
dump box. To campen& in part for this loss of pressure, a small 
20-horsepower Diesel engine and pump are rnou~ited ciirectly under 
the sluice line ancl am utilized as R h s t e r  unit. A giant with n 
%inch nozzle is used in wasbing the grnrel in the dump box. 
In the process of cleaning up, a Iarge part of the platinum metala 

is found in the dump box, but the exttct ratio between the recovery 
in the dump box and that in tile sluice boxes is not known. About 
13 percent is recoverecl in the unrlercarrents, and  bout 1 percent in 
the concentrating table 'below flie sluice boxes. After the clealz-up 
the platinum product is cleanecl in several ways, in order to reduce 
the contplnlt of the black snnd to rt \.olnme of not more than 20 

I? percent. Above thnt amount n penalty is charged by the purchaser. 
The concentrates, consivtilzg of both pebbles and grains of b l ~ c k  
sand, are twice classified, first through a Ih-inch siere ~ 1 1 d  later 

* through EL 12-mesh screen. The fines am run over a small Wilfl~p 
table two or three times, in the m u m  of which most of the black 
sand is eliminated. After treatment on the. table, the platinum 
product there recovered i s  further processed by an ingenious vibmt- 
ing blower that separates the material into five fractions, one of 
which is almost pure pltatinurn rnetnls. The seconil is easily cleaned 
by bIowing; and the otllers are wmrned to the table for further 
treatment. Them is a certain rpsidual product that cannot be satis- 
factorily cleaned with present facilities. The finest if this ma&rinl 
contains abut  9 ounces and the coarsest about 4 ounces of pl~btinurn 
met& to the ton of black sand. This js being saved for futuro 
treatment with a ball mill and classifier. Of the total clean-up %bout 
15 to 20 pmt is rerovered from the black sand that goes over the 
mnentmting tabla 
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In addition to the mining equipment above mentioned, the G d -  
news Bay m g  4 3 .  8290 has a second dragline excavator of tho 
emtor type, which is convertible into s derrick hoist. This was 
usad in some measure during the season of 1937 in conjunction with 
the other unit, mainly for removing that part of the overburden 
that is not put into the dump box. It was also u d  for a variety 
of other purposm, but chiefly tcs a derrick hoist in the construction z 

of the dredp. This unit is a, type 34-B Bucyms-Erie excavator, 
equipped with a 100-horsepower ~nta~pillar Dimel engine and a 
65-fcmk boom that swings a bucket with rn ccapncity of 1% cubic, yards. f 

The company also owns and operntes a considerable variety of 
~IectricaI equipment. 

BQVIRREL OREEX 

Squirm1 Creek, the most easterly, ~ l i ~ d  the largest tributary of 
Platinum Creek, enters that creek from the north. Squirrel Creek 
has a length of about 1% milw and occupies a well-defined valley 
that is broad and open in i t s  lolrcr reache& The he~dwater part 
of the valley is a narrow gulch, cutting well hack into the mntrol 
part of the ultrabasic intrusive mnssif t l~nt  foms Red Mountain. 

The high-grade placcara of Squirrel C m k  were worked by tlia 
&odnews Bay Mining Co. by means of drugline excavator during 
the seasons of 1934, 1935, and 1936; but wme placers of lower g m d ~  
remain in tho headwater pRrt of tlle rnlley and possibly also on 
bench cIsims, The pnund morkecl exten$d fmm the south end 
of Discovery claim downstream for 2,600 feet nearly to the south 
end of clrrim 3 below Discovery. In this stretch the width of the 
pay streak ranged from 150 to 550 feet, being narrowest in the medial 
pnrt of claim 8 below Discovery ~ r t d  widest in the vicinity of Tupper 
Gulch, a smnll tributary from tlm west. This p u n d  mas worked 
in as many as four parallel cuts, but in the vicinity of Tupper 
Gulch the fourth or most westerly cut wns aImost of tm low p ~ d e  
to h prafitnble. Some of the placers of Squirrel Creek mere of 
rather high grade, rrpproaching 0.1 ounce of platinum metals to 
the cubic yard, hut tho avernge tenor for the whole pay streak is 
reported to have been about 0.03 onnce. Plate 9, B, shows the valley 
of Squirrel Creek and the extenk of mining operations from 1938 
through 1936, 

The grrtvcls of the southern end of the pay streak upstream from 
the month of the creek are simil~r in size and allape to those of 
Platinum Creek, but at  the upwr or northern end of the pay streak 
they are coarse and angular and more like those of Fox Gulch. As 
on Platinum Cwek, the petrographic chamcter of the p w l s  is the 
same as that of the rocks follnd within the drainage basin. The 
average thickness of the sHuvimn in Squirrel Creek is about 13 
feet, but in the mmt westerly cut, in the; vicinity of Tripper Gulch, 



I:. \ 1l.H. 1 f l l l h I \ l .  I I '  ' 1 ' 1 1 1 .  \ \1.1.1,1 (H,' ?(,I1 III111~V. 1 1 1 1 . 1 .  h. 

>IHI$+= rtlt-~r% T ~ C I ~ I  b~uib?it#: #b,bvr;#ti,hrum. 





PLATINUM DEPOSITS 65 

the tl~iiclu~ess increases tu about 20 feet. The bedrock* of most of 
the of Squirrel Creek is essentially the same as that found 
on Platinum Creek, but in the northern part of the pay streak, 
near the line between Discovery cIrtim and claim 1 belowhDiscovery, 
the contact between the cau~try rock and the lultrnbasic intrusive 
mass of Red Mountain mns uncnv~reci; snd from this point up- 
stream the ultrabasic rocks form the bedrock. On ~ o m t  of taiIings 
and of sediment in the cut this contact is not  now act.ually visible. 

The platinum metals recovered frmn the valley of Sqnirrel Creek 
occurred pnerally in coarser grains thntl these same metals fotznd 
in the valley of Platinum Creek, and nuggets were somewhat more 
common. The largest nugget. fotuid on qnirrel  Creek prior to 1937 
weighed 1% ounces. A cnmparison of the commercial nnalysrs of 
the platinum metals folmcl opt these two creeks shows thut the 
product of Squirrel Creek contains 011 the average more pltttinum 
 lid less iridium than tho product recovered from Fox Gulcl~ and 
from the western part of tho valley of Platinum Creek but less 
platinum and nearly the samc nmnlznt of iridium ns is found in 
the eastern  art of the vnlley of Platinum Creek. 

BALMOH RIVER 

No mining rn= done in the valley of the Salmon River mtil 1937, 
but a general idea of the extent of the plntinum placers has k e n  
obtaineri f rem the drilling operations of the Goodnews Bay Mining 
Co. From the mouth of Medicine Creek the pny streak extends d o n -  
stream OH the Salmon River for ~t least. 254 miles and has a width 
ranging from 300 to 1,000 feet. Upstream f mm the mouth of Medi- 
cine Creek insufficient drilling h d  been done prior to 1937 to delimit 
the workable ground, but it appears rwssonable to expect a down- 
dream continuation of the pny 8treak of Clnra Creek. The config- 
urntion of the valley of t l~e  Salmon River upstream from t.he mouth 
of Medicine Creek is such as to suggest t,hat such R pay streak may 
lie dong the east side of the valley. 

Reference has already bwn made to the V-shaped incision in the 
bedrock floor of the Salmon River and its tributaries. The upstream 
limit of this incision him not been t d  on this river,,but judging 
from the fact that it extends B miles up the valley of Medicine Creek 
and half a mile up the valley of Platinum Creek, it might be expected 
to persist up the valley of the Salmon River perhaps as far  as Clara 
Creek. The pay 8treak of the. Salmon River is foupd on  the bedrock 
of this deep incision as well as on the higher bedrock on both sides of 
the river. It i n  also a significant fact that the platinum plamrs aro 
neither appmiably richer nor .leanor in. this notclr than on .the Fagher 
h d m k .  Drilling has also shown that the alluvium in the Salmon 
River along the pay streak is from 25 to 50 feet thick. 



Some further 1-1 details regarding the pay stre& on the Salmon 
River are hewn from the operations of the d d g e  that was installed .. . . 
by the Goodnews Bay Mining Co. in the f a11 of 1937 n a r  the mouth I. 

of Platinum Creek. This dredge was built on the west side of the 
Salmon River on daim f ibeloq Discovery, about 50 yards south- 
west of the mouth of Platinum Creek. h the period between ?Jovem- 
ber 10 and December 20 i t  worked northwestward end about parallel 

a 

to Platinum Creek for a distance of $50 feet, taking a cut 200 to 
250 feet wide. The average depth of the gravels within this stretch 
is a b u t  35 feet Subsequently, during the sewon of 1938, the dredge I 

worked upstream in the saUey of the Salmon River tls far as claim 
1 a h v e  Discovery and the adjoining bench claim to the west, but the 
details of these and subsequent operatiom are not h o r n  to the 
writer. 

The proportions of the precious metals m v e d  in the valley of 
the Salmon River and in the eastern end of the valley of Plaltinum 
Cmek are significantly different from those found in the western part 
of the valley of Platinum Cmk or in the valley of Squirrel Creek 
In general, the product of the valley of Salmon River m d  the eastern 
end of the valley af Platinum Creek is higher in plntinurn and free 
gold and lower in iridium and osmium; but the order of these differ- 
encw is bast appreciatd by reference t o  the trtblea on pages 78-80. 

The dredge had not been built at the time of the writer's visit to 
Goodnews Ray, but its conatruckion was afterbards dewribti by 
Sawirqll from whose paper a part of the following account wns hlrcn. 
The dredge is of the Puba type, built by the Yuba Manufacturing 
Co., of San Francilico. The hull, assembled from 33 s t d  pontoons 
electrically welded togetl~er, measures 130 feet long, 80 feet wide, and 
9Yz feet deep. The total weight of the hull, rnwhinery, and super- 
structure is tibout 1,400 tons. With the digging ladde~ set at an 
angle of 45" the dredge can dig 50 feet below wator level, and with 
the ladder held at  25' the hull has about 3 feet of freebortrd. The 
digging ladder is 112 feet long and is equipped with buckets h~v ing  
a capacity of 8 cubic feet. The dredge operates from two spuds, 
two bow lines, and two stern lines, and has bwo winches on the star- 
board ~ ide ,  ope of which has eight drums. The other ia an independent 
ladder-hoist winch. The stacker is 140 feet long a d ,  like the digging 
ladder, is covered and heated to permit operation in subzero weather. 
The 36-inch stacker belt is made of canvm and rubber. The trommel- 
screen is 7Yz feet in diameter and has a perforated section 26 feet long, 
The p w e r  plant, which is located on the boat, i s  a McIntosh-Seymour 
Westinghouse Diesel electric generator rated at 625 kilovolt-amperes. 

flBa~~Tn. 8. A.. Bucket dream Installed nt Ooodnmn Bay, dlarrka : Eng, nnd #In. Jour., 
~ o l  ran, NO. 8, pp. 4 ~ 1 ,  1~38. 
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It delivars high-voltage three-phase current for lelectric operation 
'iw-. .-.* thmghmt, 

The dredge began mining operations on Novsrnber 10, 1037, and 
worked for 4l dam before dosina down for the mason. In 1988 i t  
hgan work on ~pri1 27, so that i t  wodd appear that the working 
season in this district may ba as long as 8 8011th~.  It wns planned 

m 
that the dredge should work up the valley of Platinum Creek only ta 
claim 5 below Discovery, where it wodd turn and come back down 
the vdey  of Platinum Creek and into the valley of the Salmon River, - where iG principal work mill be done. The ~oodnews  B R ~  Mining 
a. plans to work daim 4 and n part of c l ~ i m  6 below Discovery on 
Platinum Creek by means of a dragline! excnvntor. 

rn- eaa~r 

Clara Creek is a western tributary of the Salmon River, anhring 
a that stream about 2% m i h  by air line upstrenm from the mouth of 

Platinum Creek. Clnra creek h e d s  in the north end of the ultra- 
h i c  mmif  that forrns Bed Mountain and flows about S, 60" E. 
from its source to its mouth, a distance of R ~ Q U ~  1y2 miles. The 
valley of Clara Creek is not ~vell marked, even in its headwaters, and in 
malitmy is little more than a straight sll~llow gulch without tributaries, 
which is incimd in the mest wall of tho valley of the Salmon River. 
( S ~ P  pl, 4, B.) The totnl area drained by Clnm Creek is estimated to 
be less than 11/2 square miles. 

Tlre longitudinnl ~ n d  lateral limits of the platinum pny streak on 
Clara Clwk nre not well known, as little drilling has yet been done 
in this valIey and the only mining operations that. had been carried 
on prior to the end of 3937 were at the eastern end of claim 1 above 

T D i ~ c o v q  upstream. Accordingto Reed 1"rlier mining on a smaller 
scale wns dolie on Discnv~ry claim and on claim 1, 2, and 3 abme: 
Discovery, but this work was confined to a narrow channel in the 

m bed of the creek and did not serve to test the width of the pay 
streak. It is probable that the pay streak is continuous from the 
contact of the ultrabmjc rocks in the headwaters of Clara Creek 
domatream to its mouth, with the possible exception of that part of 
the valley contiguous to the Salmon River, where the pl~tinum- 
bearing placers may have h n  disturM by changes that occurred in 
the coum of the Salmon River at the end of the glacial period The 
tenor of the platinum placers on Clara Creek may not at present be 
definitely stated. Reports of the earlier small-wale mining indicate 
that some of the placers contained as much as 0.08 ounce of pl~tinum 
metals to the cubic yard of p w l ,  but as in the valley of Squirrel 
Creek, the amount of such ground was small. It is likely that the 

' BecT. IrvW, RIIolng inv%atlSationn and mine lnqmtlon in AIaukn, for blsnninm ending 
March 81,1933, pp. 113-11 6, Juneau, Territory of Almka, 1938. 
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large-sale operations now in progress wilI disclose an average tenor, 
including the platinum m i n d  in earlier years, of about 0.02 ounce 
to the cubic yard, of gravel. 
In the placer-mining oparationa of the Clara Creek Mining Co., 

a cut rarginp; in width from 100 txl 150 feet has hen mined from 
the eastern end of claim 1 abov~ Discovery upstream to the wEtern 
end of claim 3 above Discovery, where mining terminated at the 
end of the season of 193'1. Thmughout most of this distance the 
operators have mined what they consider t,o b the south side of the 
pay streak, with the idea that there is at least as much additional 
ground to t8he north thnt can ultimately be workd. At the w ~ s t  end 
of claim 8 above Dimvery the dragline plant crossed in 1931 to the 
north side of the pay strpak, l e a ~ i n g  a block of ground on the south 
gide to be worked later. 

The alluvial rnrlhrial on Clara Creek is 10 to 12 feet thick. The 
upper 2 or 3 feet consists of turf, peat, and cfnrkaloteck vegetnl 
material mixed with sand. Throughout most of the valley of Clara 
Creek the gravel consists of fingments which, though subanptlar, 
are of small size, averaging perhnps not more than B or 4 inches in 
&mete$. Unlike the conditions found in t.he valley of PEntinum 
Creek and its tributaries, t.he p v e l  of Clara Creek, though consist- 
ing in part of material derived from the local bedrock, includes also 
a considerable quantity of rocks of foreign origin, which undoubtedly 
are glwiofluviatile gravels derived from a ghcisr that formerly 
reached tha divide at the head of tha Salmon River. At the west 
end of alairn 3 above Discovery the mining operations of 1927 bgan 
to uncover lsrge boulders, mainly of the$ as much aa 8 or 4 feet in 
diameter that lap near the upper surface of the alluvial cover. An 
examination of the north end of the ridge forming Ited Mountain 
discloses ltha fact that gravel of glacial origin is present from tha 
base to an elev~tion of 600 feet above the present level of the Smnlls 
River. The spur north of Clara h e k  is likewise covered with 
gravel of glacial origin. These facts explain the heterogeneity of 
the gavels on Clara Cmk. They explain, moreover, the presence 
of large boulders in the upper herhns  of the alluaium at the head 
of Clara Creek, as t h w  mny thus be interpmted as glacial erratics, 
which sabsequently worked down the hillside into the valley. 
The bedrock that has been exposed by mining operations in Clara 

Creek consists of greatly sheared and greatly decomposed rocks of 
eeveral t . y p  whoae exact original character is not determinable. 
Apparent1 y they include chiefly sheared chert, quartzite of cherty 
origin, quartzite of graywacke origin, Luffawus rocks, and cl~lorite 
whish, the Iattsr being c l a l y  related to the sheared chert. The 
cleavnge md schisltosity of these rocks appears to be a locaI pl~enom- 
enon induced perhaps by strews attertdant upon the intrusion of tho 



FLATIRUM DEPOSITS 69 

ultrabasic rocks to the west. Mining operations in the valley of 
Clara Creak hava shown that the bedrock floor h e a t h  t l ~ a  grav~ls 
htts an unsymmetrical transverse profile, rising steeply on the south 
side and gradually on the north sida. 

The platinum metals on Clara Creek are mainly in the crevices 
m d  on the surface of the bedmk. At some places 3 or 4 feet * of bedrock h s  to be removed in order to obtain a high recovery. 
'I'he platinum metals also occur in the lower horhna of fie over- 
lying gravel, but, unlike the conditions on Platinum Creek, enough 
platinum also occurs in the upper horizons that it is m f e  to strip 
very far below the surf-. Actually, in addition to the surficial 
turf and vegetal material, only about 2 or 3 feet of the gravel is 
stripped m d  dumped to one side, and all the remainder is put through 
the sluice boxes. 

The platinum metals recovered on Clara Creek are rather fina 
grained, but nuggets are not uncommon; and one nugget weighing 
about 2 ounces has h e n  recovered. The product differs from that 
recovered from the valleys of Platinum and Squirrel Creeks and 
differs markedly from that iound in t l ~ e  weshrn part of the valley 
of Platinum Creek and on Fox Gulch. The content of platinum in 
the metals of Clara Greek is notably high, but the most striking 
characteristic is the very low percentage of iridium. The percentttges 
of osmium and rhodium are likewise low. It will dm be noticed that 
the commercial analyses (p. 79) show a much greater proportion of 
impurities for the CIara Creek product than for the product mined by 
t h e  Goodnews Ray Mining Co. If both products were recomputed 
free of black sand, however, the discrepancies in the respective contents 
of platinum would be even more marked than the a b v e  comparison 

s indicates, whereas the other ratios would not be 80 greatly a l t e d .  
The placer-mining methods utilized by the Clara Creek Mining 

Co. tire similar to those previously described for the dragIine opera- 
c tions on Platinum Creek. The moss md turf i s  first stripped off, 

either srith the dragline btlcket or by ground sluicing. For digging 
the gravels a Northwest dragline excavator mounted on a tractor 
base is uwd. This has a 55-foot boom and a bucket with a rated 
capacity of 1% cubic yards. The excavator is equipped with a 130- 
horsepower 8-cylinder caterpillar Diesel engine. The washing plant, 
which is a rigid unit mounted on skids, consists of a dump box 12 
feet, square and a 102-foot sluice line af steel sluice boxes 8 feet long 
and 30 inches wide, into which the dump box discharges. A giant 
with a 3-inch nozzle is used to clean the grave18 in the dump box. 
T h e  first 64 feet of the sluice line has ri88es of manganese steel grab 
ings. The next 3 feet has undercurrents that discharge through thh 
bottom of a sluice IMX onto a m 1 1  table mounted below the sluice 
line. Then follows 16 feet of gating rifflea succeeded by 3 feet of 
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undercurrents, which also discharge through the bottom of a sluice 
box to another submounted table. T'he last 16 feet of the duice line 
consists of more undercurrents. Matting is umd both under the 
undercurrents and on the two tables mounted below the shim line. 

Water for the sluicing opemtions ia impounded by two dams in 
Clara Creek downstream from the mining oprations and in the cut 
that has already been worked. Most of the mud settles in the upper 
dam; thus clearer water is yielded from the lower dam. A 115- 
hoepower 6-cylinder caterpillar Diesel engine drives a centrifugal 
pump with s 12-inch intake and a 10-inch outlet. This pump delivers 
to the sluice box 4,200 gallons of water a minute under an 80-foot 
hed,  but a 30-horsepower Fairbanks-Morse Diesel engine and a small 
pump am also used under the dump box to compensate for loss of 
pmssure in the pipe line. 
The amount of concentrates recovered here with the plathum 

metals is as great as on Platinum Creek. At the time af the writer's 
visit in August 1937 a small Wilfley table and a small Joshua Hendy 
ball mill were bsing installd to clean these concentrates. The ball 
mill is a desirable accessory to the concentrating table in that the 
concentwtes are ground to  a fairly nniform size and in that condition 
are handled much more efficiently by the concentrating table. This 
grinding also frees the platinum metals that are intergrown with 
grains of clwomite. 

PREICIOUEI m A L B  

Studies of the physical and chemical properties of the precious 
metals and their artificial ~11oy.a h v a  been m d e  by many investiga- 
tors, but muoh remains to ba done, particularly in the study of their 
natural alloys. It is a. well-known fact that pairs and triads of 
metals, as well as more complex p u p s ,  when melted together in 
differsnt proportions, will solidify to form various mixtures md 
 compound^, awarding to the &sting temper~tws and  pressure^^ 

Thua binary metallic alloys may be mechanical intergrowths of the 
two metals, atomic mixtures, chemical compounds, or various wmbi- 
nations of all of these phases. 

If two or more metals exist in an d o y  as individual grains, such 
that all the pins muld be rendered visible by m i ~ o p i c  e n l ~ r e  
ment, certain physical properties could r e d l y  be prophesied from 
linear re,lationships existing between the two pure metals. Thus if 
the specific gravity of each of two metals in an alloy were known, it 
should be possible, from a chemical analysis, to compute the specific 
gravitg of the alloy. But where atomic or molecular readjuskrnenb 
have taken place, it will not genswlly €m W b l e  thus to compute the 
~ p S c  gravity. Natural gold or platinum alloys do not in general 
show such linear physical relationships, and for this reason it is 
h o w n  that aome or aU of the metals in such alloys are not mechan- 



ically intergrown. Hence the states in vhich metals exist in many 
alloya is indeterminate from microscopic examination alone ; and for 
this reason the alloys of the precious and other metals have been 
extengively studied by thermal, microchemical, and other laboratory 
methods. 

The relationships existing between met~ l s  or other components of 
a multiple system in gaseou~, liquid, or solid states and under mrying 
temperatures and pressures are usually expressed as equilibril~rn 
diagrams. If the experimental lahmtory work on which such 
diagrams nra built couId reproduce the conditions found in nature, 
the complete history of the form~tion of the precious metals might 
be explnined, But even under conditions different from those in 
nature, quilib~iurn diagrams give some understanding of the con- 
ditions under which various metals may mcur together. Thun, for 
gold ~ n d  silver, Raydt '" has d e x i ~ d  an equilibrium dirtgram show- 
irig a liquidus and a solidtls curve without maximum or minimum 
points, thereby indicating that dry melts of gold and silver will 
solidify ns solid solutions in all proportions from pure gold to pure 
silver. But such phase relations do not necessarily hold for the 
natural gold alloys, b a s e  other metals %re also present, and 
because the effects of still other components, m~ch ns qirartz, w ~ t e r ,  
and the so-called mineralizers hare not been evalutlted. Yet i t  seems 
likely thnt the results thus obtained from dry melts mill also apply 
in some measure to natural alloys of g ~ l d  and silver, nnd for this 
remon placer gold is considerecl to be in whole or in large part a 
solid solution of geld and silver. Similar investigations of dry 
melh of the platinum metals, however, are more likely ta. apply 
directly to their natural alloys because these metals are not ordinarily 
considered to have been deposited from aqueous solutions. 

Certain alloys made from pairs and triads of tKe platinam metals 
have been investigated ns dry melts, but no alloys of all six of the 
platinum mctah are known to have been thus studied. It is, there- 
fore, irnposible to state tho metaIlic phaws which may exist in such 
six-fold artificial aIloys; and the natural alloys, ~ l ~ i c h  also mntain 
iron and other metals, may have still more complex phase relation- 
ships. From the inability to compute the true specific p v i t y  of 
natural platinum alloys from t l~eir  chemical analyses, as shown on 
p g e  76, it is h o r n  thst neith~r nll nor maat of thme metals aro 
present as individual grains in the alloys. The presence, however, of 
the hexagonal metals asmiurn and ruthenium suggests immiscibility 
or partin1 miaibility of these elements jn the solid phases of the other 
platinum meals. Hence osmium and ruthenium may occur as pure 
and dhtinct crgstslljte~ On the other hand,. the investigations so 
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fax made by metallurgists show that platinum, iridium, rhodium, and 
palladium, at least in binary and ternary systems, will crystallize 
from dry melts as solid solutions; and also that platinum and a iron, 
the principal metal of the dross, form a continuous series of solid 
solutions. Such investigations ~ I s o  tend to disprove the existence 
of any chemical compounds of the platinum metals, either as between 
one another or in combination with iron, copper, or nicke1. From 
theoretical consideretions, therefore, it is probable that solid solution 
plays a predominant role in the natural platinum alloys but that mme 
or all of the osmium and ruthenium may occur as pure crgstalIites. 

The individual grains of the platinum metals, however, were 
deposited at different sites in the original Ides rtnd probably origi- 
nated under variable conditions of composition, mnoent~ion,  km- 
peratire, and pressure. Hence, i t  is to be expected that individual 
grains of these metals will vary considembly in their chemical com- 
position, though it is unlikely that any one pain could be selected 
which, on chemical analysis, would prove to be entirely free of any 
one of the six platintun metals. This variation is clenrly apparent, 
both from an examination of the p i n s  in any one s~rnple and from 
the great chemical variability found in the product mind at different 
places in this area, Tl~erefore, this plwer plntinum must be re- 
garded as an assemblage of diflewnt alloys mnsisting of atomic mix- 
tures, which represent the stable phases t h ~ t  h v e  rresulted from the 
cooling of fluids of different chemical cornpsition under varying 
physical conditions. A polished section of a, nugget from Platinum 
Creek wtnally showed two distinct alloys, intergrown with one an- 
other, but their cl~emical composition muld not be ascertained. 

The presence of atomic rnjxtl~res of the platinum metals rendera 
it impossible to identify, eTen qr~rclitatively, the metals comprising 
any hdividnd g a i n  of placer plntinum by means of any simple 
physical or chemical tests. The magn~tic property, for extbmple, of 
some placer platinum may or may not be due to the presence of 
nlloyed iron, and in any event the intensity of the magnetic nrwep- 
tibility mn give no qurtntitative clue to tho content of iron. Simi- 
Inrlg the pure platinum metals have definite solubilities in various 
inorganic acids or mixtures of acids, but atomic mixtures of these 
metals do not necessarily have the solubilities of any of their com- 
ponents. A complete chemical rtnrtlysis is, therefore, the only means 
of determining the composition of placer platinum; but the chem- 
istry of the platinum metids is too lt~rge a field to be summarized 
'in a geologic report. Without reg&, however, to any debminative 
value, some of the better-known physical properties and constants 
of the pure platinum metrtls may be of interest to those conmrned 
with platinum mining. For this reason the following table has been 
included. 
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This tabIe shows some significant rellrtims. M e  or placer gold 
oever occurs pure in nature, being nlwaya alloyed with more or less 
~ilver. Although a common cumposition of such alloys is 85 geroent 
of gold, 64 prcent of silver, and aboilt 1 percent .of dross, yet many 
variations are known. Theae relatively simple alloys are composed 
essentially of two elements, one of which is much havier than the 
other, though the sizes of the atoms are identical. Actually the 
specific gravities of gold and silver have the ratio of 1.84: 1 and their 
atomic weights the ratio of 1.88: 1. 

Analogously the platinum metals consist of alloys of six metals, 
three of whicll are heavy metah and three &re lighter. If the nTer 
age specific gravity. of platinum, iridium, and osmium is compared 
with the average specific gravity of ruthenium, rhodium, and palla- 
dium, the ratio of these two means is 1.81 : 1. A similar mean sum- 
mation of the atomic weights results in the ratio 1.86 : 1. There =ma 
therefore to Iw a general physical analogy between go1 d and platinum 
alloys; but on the other hand, it should be noted that although the 
atomic weight of gold is gre&ter than the mean atomic weights of plati- 
num, iridium, and osmium, the specific gravity of gold is less t,han the 
mean specific gravity of the three heavid of the platinum metals. 
The snme generalizations hold true for siIver as compared with 
ruthenium, rhodium, m d  palladium FIS a group. The atoms of all 
the pure platinum metab are smaller than thm of gold and silver, 
and only osmium and rhodium have atoms of rrpproxirnately the 
same size. 

The melting points of the platinum metals do not correlate with 
this subdivision of heavier and lighter elements, as one of the 
heavier elements, platinum, llns a lower melting p i n t  than all of 
the metaIs of the lighter group; but t,here does seem to be a relation 
lwtwesn these two groups and the boiling pointa, as all the elements 
of the hesvier group have higher boiling points. The other physical 
properties above tabul~ted appear to bear no miqua relationship 
to the specific gravities of the pltrtinum metals. Gold is the softest 
and osmium is the hh~rdest of the prmious metals. Silver has the 
p ~ t e s t  electrical conductivity and palladium the hast. All the 
pl~tinum metals a1.e pammagnetic, but gold and silver are diamag- 
netic ; and of the pIatinum metals, palladium has t.he *test and 
osmium the least magnetic susceptibi li tp. h i u r n  and ruthenium 
are crpta1lographicdlp hexagonal, but a11 the other precious metals 
belone; in the cubic sgstem. And finally, gold has the p~hst degree 
of ductility and malleability; but among the platinum metals, plati- 
num stands first and osmium or iridium last in this property, the 
two latter being actually brittle. 



PLATINUM DEPOSITS 75 

The phtinurn metah recovered in the placer mining operations in 
this area are platinum, iridium, osmium, ruthenium, rhodium, and 
palladium. A small amount of free gold is also recovered. Careful 
analysis of both the platinum metals and the gold has shown that 

rn the platinum metals contain no alloyed gold and the gold cantaim 
littb or no alIoyed platinum metals. 
As th0 placer product is inconstant, every shipment of platinum 

* metals must be analyzed in order to determine its intrinsic value, but 
in marketing the platinum metals the two mining companies of 
the Goodnews Bay district have utilized different methds, The 
hodnews Bay Mining Co. in 1937 wnt its product to Ledoux & Co., 
of New York City, where it was analywd and held t o  nwait the srell- 
ing order of the company. In this transaction M o u x  & Co. acted 
only as chemists, assuring both the seller and the pumbm of the 
purity and grade of the product. But in 1938 the Gaodnewe Bay 
Mining Ca. had its product analyzed by two independent concern- 
D. C. Oriffith & Co. and Johnson, Matthey & &.-and contractad with 
the latter firm to take its entire output. The Clara Creek Mining 
Co., on the other hand, sells its product to the Wildbrg Bros. Smelt- ' ,  ing $ Rehing G., of San Francisco, who are both analysts and 
p u ~ h m r s  of the product, 

In the s d e  of these precious metals all the platinum metals and 
the associated gold ace paid for in the ratios of their presence in the 
proiluct. The silver, on t h e  other hand, which is alloyed with tlie 
gold, constitutes such a small proportion of the total pruduct that it 
is not considered in the composite sales price. As a result of this 
practice the commercial assays show o d y  the amount of pure gold 

T and no silver. The common elements of the dross-iron, copper, 
and nickel-are likewise neglected. Hmce the commercial ways ,  
though accurate as to the content of precious metalg do not give the 

I complete composition of the platinum and gold JIoys but instead con- 
tain an item called impurities, which represents aU the elements of 
the dross containd in the platinum met& and the gold, a small 
mount of gilver alloyed with the gold, extraneous metallic impuri- 
ties, such as solder and lead shot, and the residual black sand, which 
it is impracticable to remove. Nevertheless, such analyses yield a 
p a t  deal of informatian regarding the placer product, and the writer 
is greatly indebted to the Goodnews Bay Mining Co. and the Clara 
Creek Mining Co. for their generosity in m&mg available these 
analyses to the writer and for their permission to publish them, 

The analysis of placer platinum metals is a more mmp1ex process 
than the sndysis of placer gold, and new moth& are currently 
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being discovered, as indicated on pa@ 82. Hence systematic difler- 
ences may exist in the msulta obtt~ined by diffemnt commercial organ- 
izations; and if no attention is paid to  such differences, erroneous 
.conclusions may be drawn with regard t o  the genesis and distribu- 
tion of the pltrcers. In order to discover if such differenow existed, 
the G d n e m s  Bny Mining Co. submitted nine identical samples of 
its p d u c t  to both Johnson, Matthey & Co. and Ledoux & Co. for 
analysis; and also 15 identical samples to both Jolmsun, Matthey & 
Co. and D. C. OrifRt h $ Co. These mere random samples, so that it is 
the differences between the mean values of these analyses rather than 
the absolute percentam of the plstinum metals that are significant. 
These results, given below, will serve to show the order of magnitude 
of the analytical errors in commercial anaIyws 

Cmparafdve data on comnserciat alscrlgses 

All  the commercial analyses of the platinum metals mined by the 
Goodnews Bay Mining Co. in this fire; prior to the end of 1938, ttr- 
ranged hy creeks and roughly in order downstream, are given below. 
The one comrnemial analysis furnished by the Clara Creek Mining Co. 
of the platinum metals recovered from Clam Cmk is also presented. 
The eaitern end of the valle;~ of Platinum Creek is really coextensive 
with tha.valley of the Salmon River. Moreover, this part of the valley 
of Platinum Creak was mined by the same dredge that operated in the 
valley of the Salmon River. For these reasons the analyses of the 
platinum rnehls recovered f mm the eastsm end of the valley of Plati- 
num C m k  are compiled with thaae of the Salmon River. 
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In some of these tables, analyses by Johnson, Matthey & Co., by 
Ledoux & Co., and by D. C. GrifF~th & Go. are given. In ~uch  tabula- 
tions, allowance must be made for the fact that the analyses by Xledaux 
& Co. are mnsistmtly lower in iridium than the analyses by Johnson, 
Matthey & Co. and by D. O. Grifith & Co. The other differences may 
or may not be significant. 

CommercBaZ atealvacae8 or phbiasawnr met& 
For Gulch and Pbtlnmn Creek 

[Analggpg 1-14, by Ledoux & CO.;  a n a l p s  M and 8w2, by l o b m ,  Matthey L F0.J 

~ 2 0 ( 1 2 / I I ~ l ~ 1 ~ ~ ~ 0 ~ 1 ) 8 ~ 1 1 ~ 1 ~ B 1 1 0  -------------- 

. . , , , . , ,  , , 

PIstlhum .......--.-..-.. 
Iridium. ._. -.----.-- .... 
Osmfum ..._........---.- 
RUthmIIUm ..... . .. .. ... . 
Hhcdivm ........-...___. 
Pallndium .-..---------- 
Oolci. ...............-.. 
Imr>orities ..-..--._-..-.. 

28-29. Claim I abeDis~lrerp, Fox Gulch. 
1. Dimvery elaim, Fox Qdch. 
2-14. DIsaovew clalm on Platinum Creek t o  claim 2 below Discovery, mnged in mder downstream. 
30. Olaim 1 beIow Discovery Platinum Crsek. 
21. Claim 1 and 2 blow DI<W:WV~TS PlaUnum Creek. 
32. Claim 2 bnlow Dlseovery, ~ l a t l r h r n  Creek. 
23. Chim a blow D~seovnry Plet~num Creek. 
8s. CMm 4 below ~ i w v e r y '  PIat~nutn Crmk. 
a8. h'rlnh bench c h r r r ,  adjolklng claim 4 Mow DJs~o~ew, Platinum Cmk. 
27-10. CIalrns 4 and 5 b l o w  Drswrery, Flaliaum Creek, and adjoining bench claims t o  nortb. 
41-42. Clam 5 b.loa Dgswvery. Aabnum Creek, and adiwnlns h c h  c!Jm W north. 

Platbum ...-.... .... 

Rolhenlum ...---.... 
Iridium ...........-.. 
osmlum ....-.......- 
R h o d i m  .......... .. 
Pallntitum ......-.- .. 
Gold. ..._....-..__.. 
~lap~lritlm ........--. 

[.kMlyw &21 by Ledom & Go.: anelssis 34 by Johnson, Mattbeg & Go.1 

4.44 44.80 Mi. 23 A t  71 81.62 6 i ,  %[@I. 88 MI.& 59.73 59.42 $7.81 a8.16 57. W 67.91 57.75 I 
. S -51  .38 . 31  

I w.~7~z.7$a5.an&1~.4~2t.s~n.ss81+m2~.w~.~a3.~a3.n~~.~12anasa 
8.60 ~ 4 2  5.m 4.34 4.74 ~ ~ 1 4 . 0 9  4.70 4.42 4.74 3.57 5.02 $58 $30 4.a4 

.18 .87 .a3 .37 .40 . SH .49 ,311 .16 
1.16 1.00 1.48 1.M L68 1.32 1.53 1.62 1.93 1-30 2 . 3  1.14 1.67 
.a5 .10 .21 . 13 .23 .22  .2 i  -28  . I0 
.O5 .MI Ts. Tr. Tr. .02 .02 -59 -15 .?A4 .a7 

12.80 1 4 . 3  10. il) it a1 11.59 11.31 11. ~7 10.6~  law 10.10 12.11 

15. D i i e r y  clsim and claim 1 below DLwverg. 
16. Clalm 1 below Discover 
17. Claims 1 snd 2 hslow ~ P c p v m .  
18. Claims 1 and 9 bclow Diam\.pry and Tupper Uuloh, wbbh adjoins Shcm. 
19 and 33. Claim 2 below Dlsmvery. 
21. CI&m 2 below Plwdverv and Blnchlr Iractlon. 
84. Bench chim adloining,rlrtirn 3 M o w  Dimrwy on theesst. 



tower Plntinum Crpek and Salmon River 

I d d ~ s c s  -28, by hdoux & Co.; d w 4 a .  46, GO, 61, s7,Bg T2,78, and M by D. C. UrWtb & Co.; all other analyms by Jobns~o. Mathhey Q Co.] 

43-48. Clalm 1 h o v e  DL4covery on BaIrnon River end adjolniog beach eldm to w e t .  
4 9 4 .  Claim 1 above D~PCWP~; 011 Salmon ~ i & .  
61  CI* 1 stmvt ~ i s m v ~ r y  or18e~on RIW B O ~  Blivcrtmtim. 

First tier bench ckld aonb or cIdm 6'bclow Dlsmvw,  on PlaLlaum creelr; 
miwr :racdon; D b v e r y  clalm on Salmon River and adlolnini baoch claim b west. 

6547. PtBt tlor Mncb dalm north o( elam C below D e v e r y ,  on Pbtlnum Creek. 
M. Flrst tier b c h  cle)m north ol cldm 5 below Discovery, oo Plnllnum Creak: 

Dt,mv~ry claim. on 8almm Rlver: md 8llver lrsclion. 
87-70. DIscPvery Claim, an Salmon River. 

71-76. Claim6 bolow Dismrcr on Plstlnum C m k  and 4 olnb bmeb eldm bnorth. 
77. CLzlm 1 Rbave D b v c r y ,  ob 8almon River; 9 1 1 ~ e r h e t / o n ; c f 1  b M o w  Dimvery 

on Plnlloum Creek; aod adJobhg Iyn& ebdslm to north. 
78. Dimvery clum, on Balm00 RIver; a v e r  I m o n ;  ecld claim 6 below Dlscovcq. 

on Plarinllm O m k  
70-84- Disooverv cldm. on 681rnoa Rlwr. and clalm 5 below Dlsarvwv, on Plsthnm - .  

Creak. 
22-26. Olalro 1 below Dumvery, on $&on Rlver, and adjololng k c h  claim to mt. 

Armgad ln order downstream. 
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mr. C m k  

[WUdberg B m .  Bmeltlng dr Rednfm co., 

Certain relations are at onoe apparent from these sets of analyses, 
but they nre still more apparent in the recomputed mean ai~aIyses 
blow, which omit the impurities. 

Recompwterl annlyaes of plutinum metals 

In iigum 2 the percentages of platinum, iridium, md omimn are 
plotted as ordinates itpainst ~rbitmrily chosen abscissas that d i ~ i d e  
the distanm between Fox and Clam Creeks into t h  equal irlte~~als. 
Rutheninrn, rhodium, nnd palladium are plotted in the same way, 
but with the scale of the ordinates amplified 50 times. From this 
tabulation and p p h ,  i t  is nppnrent that. as platinum and pnlladium 
increasa the other four metals of this group decrease. The rhodium 
and palldium curves nro nonlinear, but the curves of platinum, 
-iridium, ruthenium, snd osmium appr0nr.h closely to Linear relation- 
sh ip .  The decrements of iridium and osmium are mmewhrtt dif- 
ferent, but the dmrernents of iridium and rut.henium are nearly the 
 same, ColIectiveIy these m1ationships suggest some sort of an inverse 
metallogenetic relationship between pl~tinum and the group com- 
prising iridium, osmium, and mtheniam. The curves of rhodium 
.and palladium, the one showing decream and the other increase, are 
:probably alsa sigdmnt.. Their departure fmm linearity suggests 
ddisc30ntinuitiss in the phase relationship between them and the other 
'four metals. 

This di- also brings out a significant geographic relation. 
.A considerable part of the pIatinnm rnet~ls recovered from the upper 
valley of Platinum Creek ahve  the mouth of Squirrel Creek was 
d i v e d  from pocks in the valley of Fox Gulch. Hence if the first, 
: m n d ,  and fourth shims tfra considered roughly b represent re- 

Pl~tinurn, .................*................... 
Iddlum. ....................................... 
Qmim ....................................... 
Rutht?nlum.. .................................. 
ahodium ...................................... 
Palladium .......... .... ...................... 
Gold. .......................................... 

Total. ..,.., ............................ 

PlstInnm 
Creek 

m. aB 
2L.W 

4.43 
. 3 7  

1. 6t( 

8 alrrel 
$reek 

m. s5 
1108 

3. i 2  
.2R 
LS 

.35 
2.37 

1m.a . lob. a3 
I 

. R8 
1.23 

1 ,  lm w 

*; 
mn3 
11.W 
2 11 
. I7  
L l a  

Cmkmk 

88.88 
7. M . M 

-16 
.51 



spectively Fox Gulch, Squirrel C m d q  and Clam Creek, it will h 
wen that there is a regular change in the character of the platinum 
metals in going northeastw~rd from Fox Gulch dong the flank of 
the ultrabasic intrusive mam. The platinum metals from tho lower 
valley of Platinum Creek and from the Salmon River em a mixture 

PERGENTAeES OF RUTHENIUM, AHWIUII,AHD W I D I Z I M  
Y 

FInum 2.-Permntn* of platinum mpcmla found in placers nlmnjt the enstem nlde of 
Aed bfoantain. 

derived from mnny sites along the eastern fluilks of Red Mounhin, 
but mainly from the zone between Squiml n11d Clnra Creeks. It is 
rtlso known, from analy*s of screened portions of these platinum 
ntetals, bhat the larger grains contain less platinum and more iridium 
than rhe ,sroaller p i n s  3 and as the small~r prnins move fnrtl~er down- 
stream than the larger ones, some of the variatio~ls in composition 
are also eapjainabla on this basis. 
In order to l ean  the entire cornpsition of the platinum metals, 

two a n a l p  were made in the chemical laboratory of. the Oeological 
Survey. One of these, an analysis of materid from the lower vnlley 
of Fox Gulch cormponding closely to sample 1 of the commercial 
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analyses, was made to  determine only the metrils of the dross. This 
analysis was then recomputed free of SiOa and MgO, as follows: 

FIm#:-No @Id. rr!lvsr, cobalt, or m r m m e  wap found in the sample. Spdflc gravity, 1B.23, deter- 
mined by Qemge Bterwr. 

Dm88 of m p l e  fmm Fox CSulch 
fR. C. Wells, unnlJ9tl 

In the commercial analysis of sample 1 the impurities amount to 
10.70 percenL l t  was now tt~sumed that 7.97 ppemnt of t h e  im- 
purities was dross and that the remaining 2.73 percent representd 
black sand and other mataria1 not a part of the metallic alloy. 
Therefore commercia1 analysis No. 1 was 1.ecompnted to ttotal 92.03 
percent, and was then combined with the recomputed a~~rclysis of 
the droes, with the following result: 

Thmrebfwl composition ol plat&n%rfir m ~ t a l s  fm the  lower w w  of Poa Gwk* 

Blot. .............. ... 
ME0 -.-- + ..---.--.--. 
Xrvu - - - - --. - - -. -- -. -. - 

Commercial Theon$ml 
analyflr No. 1 mpontion I I 

Meterlslcm- 
respoodlng to 

smyhet 

-89 
.26 

Platin- ............ 1 5B.25 
hldium ............... 
Osmium.. ..-.-....... 5.55 
Ruthenium. .......... 
Rhodium. ............ 
Pall~~dium .......... .. . ar 

-gukd 
irae of SzOz 
and MgO 

-89 
-26 

Materia1 lor- 
reaponding to 

sample 1 

0. Z3 
TI. 

1.30 

The second analysis, which is a complete analysis of the sample 
-from Clara Creek, including a recomputation free of M@ and 
A1,0,, is given beIom : 

Recomputed 'i 

NOTE --No old ailrer thallium lead tin mprmrr chromium msmanese, arsenic, or anthow lawe 
l o u d .  'I& g ~ v l t y  namnle, i7.20. hemkmlned & sbaigsr. 

Pee of E l 0 1  
and MgO 

............... 

............... 
7.32 

Gcmplete .eaa&& of pZatlmtn6 metars from G h r a  Uwek 
IK. J .  Murata. malmtj 

] 

Copper- ............. 1 

I ............... Nlckel 

I 

Phtlmm.. ...................................... 
Iridiam -.--...-..---.-...--......--..-........... 
Osminm.. ....................................... 
T i u t h r n h  .. .................+.................. 
Rh0dlum .....--...-......-..--...-..-........... 
PoHndium-. ..................................... 
J ~ U  .............................................. 
Coyi1)er .-.......-................................. 
Nicbrl.. ......................................... 
Potlalt ........................................... 
M E O  ............................................. 
AI& ............................................ 

1 Osmium and mtbenlnm of solnble md insoloble portlaus u-em combined 

Pwt soluble Part in~ola- 
in nqUB I DIe ID aqua Totel 

8 1 . 1  
5. 31 
-63  
.29 

1.44 
.14 
8.33 . % 
.09 
.03 . I0 
.35 

99.41 

W. SO 
2.23 
1. h'3 
1 . 2 9  
1.38 

.14 
fi. as , ., . .$, 
.M 
.03 
,111 
. as  

8j. 85 

Reeom tcd 

free % and A1 a 

82.25 
5.37 
.54 
-23 

1.45 
. i 4  

8.48 
-37 . a9 
-03 

.............. 

....__.._...-, 
lm&3 

regis -------- 
17-98 
3. lP 

.............. 

.............. 
-08 

----.---.-.-.- 
.............. 
.............. 
..-- .-.-..- -.- 
.............. 
.............. 
.............. 

a76 



In the analyses of the platinum metals of Fox Gulch and Clara 
Creek, a preliminary treatment was given by immersion in a 1: 1 
solution of hydrochloric acid, to remove surficial material that was 
not a proper part of the platinum slloy. With regnrd to the ann- 
lytical methais of this analysis, Mr. Murata appends the following 
note : 

The wbeme for Me deterrninatIon of t h e  platinurn metal8 pnhlhhed recrmtlg 
Bilchrifrt and Wi&ersU was used in the chemfml analgds. A peelldmry 

-ration from the base metal! waa effected through a mpthod derelopd b~ 
GIIchrlxt.' Dr. Gilcbrist's n d ~ i c e  in the appllcatinn of the dptnilu of the 
method fs greatly appreciated. The aampk m a  attacm with aqua seda and 
the insoluble residue alternaMy fuuerl wlth the d m  hydroxide-Mlum 
peroxide flux and with godlum chloride In lan atmosphere of chlorine. 

Betmeen rt fourth and a third a£ the p i n s  of platinum metals in 
the sample from Clara Creek nre rnqpetic, though in varying do- 
grees. All the grains, however, are held by a strong electrom~gnet, 
Mr. Murateb found that the magnetic grains are generally darker in 
color than the nonmagnetic grains ; they also give off an appreci~ble 
amount of iron (about 0.4 percent) during the preliminary treatment 
with hydmhloric acid. Although they tend to be lass magnetic after 
this wid treatment, no relation was found between the total content 
of imn in the allay and the magnetic properby. 

It has previousIy been stated that the specific gravity of natural 
platinum alloys cannot ba theoreticdly calculated. In order to show 
the differsnce that exists k t w w n  the true ~pecific gravity and the 
specific gravity that should exist if the platinum metals existed as a 
mechanical nlixture, as in a erzWic intergrowth, a computation was 
made from the chemical analysis of t.he p d u c t  of Clars Creek. 
The theoretical specac gravity S for a mechanical mixture of n ele- 
ments WRS; c~lcdated by means of the foIIowing formula 

1 
... + (M.-&S,S,. ..Sm-oS,,SJ + (Mn-1Sj Sr . ..Sm-&n+Sm) f ( M d B  ...&- pSm-plsm-i> 

where the  weight^ of the n, elements are M , i l i z s  , . . Mm, and tl~eir 
specific p v i t i e  are BirT&&'* . . . Sn. 

The result of thia computation shows a specific gravity of 18.12, 
whereas the true specific gravitg, as measured by Gmrge Steiger, is 

uGIlcbrlet, R l d e h ,  and Wlebem, E., Fmcdare for the mpamtlon of tbe mlx pIattnnm 
metal% from one anothw m n d  for their graplmetric detetmlnat1on: Am. Chew. Boc. Tour, 
vol. 55, pp. 258+2573, 1935. 

U Qilcbdsr, Raldgb, New W m r e  lor tbe snalyefs of dental gold alloys : m. M- 
atds R&r& Jour., ~01.20 ,  pp 71S-771, 1938. 



17.20. The meaning of the greater volume in the natural alloy, aa 
compared with the volume of rt mechanical mixture, ia not apparent 
without detailed labmtory investigation, but it sene8 at  least to show 
that not all, and possibly none, of the metallic constituents are present 
ns pum metaIs. 
The platinum metals of Clam C m k  were also tested spectrographi- 

cally by George Sfaiger, of the Geologicml Survey. Mr. Steiger's 
statement is ss follows : 

n r e e  grains of the alloy tmted eeparatelg In the apectrogra~h, by pladng 
each dfrectl~ in the electrode without any chemical separ~tion. Tvo  of the 
gralne were "noo" or very weakly magnetic, the other wan wily attracted by a 
weak mamet. No dlffer&ce between the ga ins  was detmed by the spectra- 
&raph. F ~ c h  graln gave distinct tests for copper and iron, a weak test for 
arwnic, and a pomlble tent for silver. 

Several lettd Ifnee were noted in one of the qwclmens, The speclmem were 
alao teeted for bumn, berglllnm, bfmuth, cadmium, germanlnm, antimony, tln. 
and she; negative re6ults were given for all these metala From magnetic 
properties rllrendy observed, Iron content evidently varies h a considerable 
degree. Copper content mag alsu vary, hut no indication of this was obserrd. 
These two metals can be eaaiIg and rtccuratelg quantitatively determined by 
aimple chmlcal methods, using no larger quantities of material than Is found 
In Indiddual grain& 

The complete analysis of the platinum metals of Clam Creek and 
the theoretical analysis of the product of Fox Gulch sliow a great 
range in the different types of platinum alloys found jn this area. 
At the time when the mmpsib  analysis of the material fmm Fox 
Gulch was made, it represented the minimum in platinum and max- 
imum in iridium and osmium that had been forind in any of these 
alloys. But subsequent mining operations farther northwest in the 
valley of Fax Gulch, in 1938, have repealed the presence of alloys 
still lower in platinum and still higher in iridium and osminm, From 
the facts now avaiIabIe, it is probable that compleh analyses would 
show a range of at least 35 percent in platinum, 30 percent. jn iridium, 
6 percent in osmium, and less significant ranges in ruthenium, rho- 
dium, and palladium. The high percentage of iridium in the placers 
of Fox Creek is an important economic featuse, as the market price 
of iridium is wveml times that of platinum, so that the value of t h s  
product is thereby considerably enhanced. 

Additional data bearing on the composition of the platinum metkls 
was furnished to the writer in 1939 by the Godnews Bay Mining Co. 
in the form of two (30rnplete analyses of the platinum metals from 
the valley of the Salmon River. 



84 GOODNEWS PLATINUM DEPOSITS, ALASKA 

CmpJs60 ataabm-s of met& fmn # a h o n  R h w  
[Jobmm, Matthey & Uo., nasly~m] 

Eliminating from these two analyses the p l d  and chromite and 
assigning enough iron to make the necessary niol8cuIes of pyrite and 
arsenopyrite, which are then discarded, a recomputation to 100 per- 
cent results as follows : 

a d d  ......................... 
plstinnrn ..................... 
Iridtum ...................... 
O s d m  ...................... 
Roth~nium- ................. 
SBoaiurn ..................... 
Psl183l~m .................... 

R m p w t e c 3  altalywp~ of metab from Bafmon River 

Platlaurn ......... 
IddfUm ...................... ....................... .41 
Osmium ..................... ........................ Tr. 
R u ~ e n i m  - - - - - - - -. . - - +. - --- .16 
Rbodltlm ..................... . QQ 
Pslledium .......... ,. ........ . a5 

88 

ara 
74. IB 
10.16. 

1.87 
-15 
.9l 
.32 

These two complete analyses, when mmpared with the complete 
analysis of the product of Clara Creek and with the theoretical 
analysis of the platinum from Fox Gulch, tend to canfirm the rels- 
tiom betwwn platinum, m i u r n ,  and iridium that ware deduced from 
the commercial analytical data. It will also be noted that tho content 
of iron in these two analyses is intermediate between the amounts 
shown in tha complete analyges of the products of Fox Ode11 and 
Clara Creek. This suggests that tho proportion of iron in the alloys 
increases northeastward from FOX Gulch along the flank of the ultra- 
basic mass. 

The gold found with the platinum metals also leads b soma sig- 
nificant inferences. From the beginning of the field work, it was 
believed that some of the gold recovered with the pltltinum metals, 
particularly on Clara Creek and on the Salmon River, was from. a 
foreign source, was transported to the head of the valley of the Salmon 
River, and was there deposited in the glacial outwssh deposits. These 
deposits WEIT subquently reworked by fluviatile action, and the 
gold was thus added to the preexisting placers in the valley of the 
Srtlmon River. Some of the gold, however-for example, in Fox 
Gulch, Squirrel. C&, and Platinum Creek abov~ the mouth of 
Squirrel Creek-was not ix~troduwd by glacial action, as no glacial 

29 -- 
a , ~  

73.80 
10.10 
1.69 
-1% 
.UO 
.84 

38 

rm 8.33 
QOPW ....................... 
Nlchl ..-.........2--------.- Tr. 
Amnia ....................... . Oa 
B u I p h ~  ......-............... 
Chrrrml ...................... . I i  



ice from the north penetrated into these valleys. The gold in them 
valleys is therefom of local origin and, as previously shown, may be 
connected genetially with the dikes of sodic granite and syenite that 
out the ultrahsic d s .  As these mdic intrusives are klieved to b 
differentiates of the basic magma, it was thought that the d m  of 
this gold alloy might show a relation with the dross of the pIatinum 
metals. Acmdingly, an analysis was made in the laboratory of the 
Geological Survey of R hmd-picked sample of the gold from Squirrel 
Creek. The results of this analysis are given below: 

Comaplebe analpfa o f  pracer gold from #qufrreZ Creek 
rE- T. Brl-. analysll 

fncltrdinr O.m of fro& snd no chromium. 
NOTL-NO lead or b h u t h  was found B the sample. %pcclfic gsavltJr ot snmple. 13.35 determined by 

owrm BtelpfT. 

The analyst has interpreted the chromium not a8 an alloyed metal 
but as Cr20a intergrown or included with some of the grains of gold 
in the form of chromit8 (FeO.Cr,O,). This is justified by the fact 
that no allayed ehromit~m was found in the complete analysis of 
the platinum metals. In general copper and iron coitstitute the 
principal metals of the d m  alloyed with placer gold, but the rela- 
tive proportions of them two metals vary greatly. In this particular 
analysis iron is the dominant metal of the dross, and only a minute 
amount of copper is present. Xickel, on the other hand, forms a 
small proportion of the dross and is about four times as plentifuI 
as copper. And finally, the presence of Cr,O, shows that some of 
the p1d must have occurred in bedrock aither intergmwn with 
c h r n i t e  or in contact with it. These facts are considered adequate 
to relate this gold genetically with the chromite and therefore by 
indirection with thths platinum. In this connection it is also worth 
mentioning that this placer gold is held weakly by a strong electro- 
magnet, though pure gold is known to be diamagnetic. 

Recorn uted 
frc" o P ~ t ,  

'hua, Alf0a. 
Riot, snd 
in~yr l~h lp  
1tliit4.ri~I -- 

87.89 
la 93 ................ ' .Om 
1. U: 
.W8  ................ 

Gold ...................................................................... 
Flllvw ..................................................................... ............................................ Platinum, i t  pmmt, not over. 
Copper, very mal l ,  not over .............................................. 
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The complete p l o g i c  history of an ore deposit, or of any detrital 
deposits derived therefrom, can seldom be given, and the platinum 
plmrs  described in this bulletin are no exception to this general 
rule. In the Goodnews Bay district the lode material js either of 
too lorn grade to form a deposit of eommemid value or the higher- 
grade om, if such existed, has been completely removed by erosion. 
Similarly, insofar as the placers am concerned, many critical facts 
at present unknown cannot be known until all of the deposits have 
bmn opened up by mining. Nevertheless, sufficient facts have bean 
deduced or inferred in the preceding p q p  to w a m n t  s generah 
statement of the principal events in the long historg of the f ormatiou 
of these placers. 

Bwaoax BOVBUIM 

In the foregoing description of the geologic, features of the ares 
south of Goodnews Bay, it has h e n  shown that Red and Susie Moun- 
tains fire composed of ultrabasic rocks and that Red Mountain, except 
for a pripheral zone, is made up largely of a variety of peridotite 
known as dmite. The platinum placem are localized mainly in the 
valley of Platinum Creek ttnd its tributaries, in the valley of Clara 
Creek, in the valley of the Salmon River, downstream from the 
mouth? of these two streams, and in other gulches that drain the 
eastern side of Red Momitain. In other p~rts of the world the plat- 
inum rnet~ls are known to be associated generally, though not exclu- 
sively, with ultrabasic rocks. Therefore, as the platinum placers are 
localized in ralleys that drain the flanks of Red Mountain, €hem can 
IM little doubt that the dunite and related rocks of Red Mountain are 
the bedrock source of the platinum metals now being mined, 

The platinum metals, however, ham not h e n  fofouncl in plnce in Red 
Mountain, nor does a chemical analysis of the dunite show any traces 
of them; but it has already been shorn  that platinum is not likely t~ 
be detected in the amount of dunite that is utilized in making a chem- 
ical analysis. On the other hand, some of the larger nuggets of plat- 
inum metals found in the placers are intergmm Rith chromite, a ~ ~ d  
chromits is known to constitute about 0.4 percent of the dunite of Red 
Mountain. Momover, an analysis of the pebbles of chromits that con- 
stitute s part of the plawr concentrates shows that this chromite con- 
tains about 0.05 ounce of pkt inm mehls to the ton. It is themfore 
blieved that most of the platinum metals in the placers are geneti- 
cally associated with the chromih that occurs in the dunite. A part 
of the platinum metals, however, particularly those deposited near 
the periphery of the ultrabasic intrusive mass, may possibly be of 
hydrothermal origin; and in this environment, the platinum metals 
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m a y  occur in contact with or enclosed within the neighbaring country 
rock. 
In the description of the ultrabasic mh, the hypothesis has been 

mentioned that the dtmite originated by the mparation and sinking of 
crystals of olivine from a cooling magma, Most of the iron and 
chrome ores, having a limited miscibility in the magma, also separated 
at  this or an earlier stage in the process of cooling. It has been in- 
ferred, however, that in this area the intrusive bodies of ultrabasic 
mk, though generally lenticular in shape, were not originally hori- 
mntal, but approximated n vertical psition from the time they 
.originated and were subsequently tilted to their present positions. 
It therefore foIlows that t.ha dunite, chmmita, and tassminted plati- 
num metals were probably localized in the lower park of lentic~~lnr 
hut upright intrusive masses, either within the intrusive masses or 
along their borders so that as these horizons were subseguently bared 
.ta erosion, the pIathm metals bgan to be freed from their bedrock 
gources. The ~zltrabasic rocks of intrusive masses that have not been 
deeply eroded may not therefom conhain much platinum. This is a 
possible explanation for t.he lack of platinum in the stream gravels 
in the vicinity of Susie Mountain. 

From the Imtrlizstjon of the placers on the east side of Red 
Mountain it might h inferred that the bedrock source of the plat- 
inum metnls likewise wtts localized on this side of the mountain. 
T h i s  is probably true, but in the dimussion of the Quaternary deposits 
it has been shown that the county west of Red Mountain was once 
the site of one distributary lobe of the Goodnews glacier. Therefore, 
even if platinum metals had likewise occurred on the west side of 
Red Mountain, it is improbable that my placer deposita would now 
be present on that side, ns glacial action tends to dissipate rether than 
to concentrate metallic elements in gravels. Morsovar, not only are 
the s t r e w  an that side of the mountain small, but insufficient time 
hns probably elapsed since the retreat of the glacier for the forma- 
tion of Recent platiniferms deposits of commercial grade. 

In the deaription of the igneous rocks of this area it was inferred 
from indirect evidence tha t  the ultrabasic m k s  were intrnded some 
time later than the middle part of the Mexmic: era-pmibly in 
the Cretaceous or early Terkiary period. It was also inferred that 
a superjacent mass of ultrabasic mks ,  nggreeting in thickness per- 
haps 1,000 feet, has been removed from tha site of Red Mountain. 
Allowing for the fact that these crystalline rocks were intruded at 
a considerable di~tance below the ancient h n d  surface, it seems pmb- 
able that overlying sedimentary and igneous rocks, with an aggregate 
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vertical thickness of n t  least 2,000 feet, httve hen  eroded from the 
site of Red Mountain since the u l t r ~ h s i c  rocks were intruded. 

The mean rnte of denudation for the: whole United States has keen 
estimated by Dole and Stnbler l"0 IM 1 inch in 730, years, or about 
9.0001 foot a year. At this rate, an average denudation of 2,000 feet 
muld be effected in 20,000,000 gears, or in less than h ~ l f  the time that 
is considered to have elapsed since the beginning of the Terti~ry 
perid. Rut in the recent s t ~ g e s  of the denudation of Red Mount~in, 
and perhaps in some of the earlier stages, this site was a mo~~ntrtinous 
one, where erosion mny have been considerably ttccentuated. On the 
other h ~ n d ,  2,000 feet is considered the minimum vertical thicknsgs 
of the rock cover above the pwsent surface of Red Mountain, and a 
greater thickness would lengthen the time required for the total 
denudntion. All these inferences are admittedly highly speculative, 
but taken together they lead to the belief t h ~ t  the ultrabasic m k s  
worn pmbnblg e v d  to erosion long before the beginning of the 
Pleistocene epoch and possibly as early as mid-Tertiary time. Henca 
it is equally probable that a large part of the pllrtinum metxls wera 
f ~ d  fmm their bedrock sorwces in prc-Pleistocene time, though, of  
course, the processes of liberation have mntinuecl to the present dug. 

As soon as the supe encent sedimentary mks were removed and the 
underlying ultrabasic rocls were eroded stlfficiently to expose the 
glntinifamus zones, the pl~tinum rnetnls k g ~ n  to accumulate in the 
streams that then drained Red Mountain. Thew ~ncient dwinqp 
channals were the ancestors of the present streams, and their head- 
water coursm may have been ~omewhnt different from those af the 
present day. In their lower courses, however, these older streams 
must have departed greatly from the plan of the p m n t  stream 
courses in oder to have excnvated brond vrtllsys, snch as the eastern 
end of Platinum Creek. Such lateral migrations of streams give r ise 
at some places to a wide plncer pay streak; yet at others, particularly 
where the valleys am nnrrow, the gravels have been reworked con- 
currentlp with the lateral migration, thus to a large degree obliterat- 
ing the t.races of the older channels. 
In the area around R P ~  Mountain, the pmcious metals am blieved 

to have Geen liberated from their bedrock sources at sometima during 
the m n d  half of the Tertinly perid. It is not to be expected that 
the various positians of the ancient stream channels and t.he history 
of the emion, deposition, reworking, and further deposition of the 

Dole, 8. B., and Swbler, Herman, bennhtlon : V. 8. GeoL S n w e ~  Water-SamTa R n w  
284, p. 84, IBW. 



stream gravels of that remote date could be deciphered. In other 
words, this early alluvial history antedates the geomorphic record; 
but st sometime near the begirrning of the Pleistacene period these 
platinifemus p v e l s  had already accumulrttd ns placers at approxi- 
mately the sites whem they now exist. Their subsequent transmuta- 
tions may be generally deduced from the pomorphic record previousIy 
presented. 
In the enrliest physiographic stage of which the pmorphic  m r d  

gives n clue, platiniferot~s gravels were probably distributed in the 
valleys of Platinum Creek and its tributaries that drnin Reil Moun- 
tain; in the vnlley of Clwa Cr~ek and in gzllches lying between Clam 
md Platinum Creeks; and in the main vaIley of the Salmon River 

- from the mouth of C l ~ r a  Creek downstw~m for some undetermined 
distance south of tho mouth of Platinum Creek. Of tllew three 

localities the  alley of PI~t.inum Creek between the mouths 
of Fox Gulch and Sqaiml Creek i s  one site at which there hns been 
recognized the original kdrack floor thrtt existed at this enrliest 
recorded elluvial st ~ p .  Likewise, the gmvels overlying this stretch 
of bedrock hnve probably t hen  less disturbed since their f ind deposi- 
tion than at the other locnlities cited, though this statement does not 
imply that they hnve not bwn reworked to some extent since their 
initinl deposition. In the vaIIey af Clnrs Creek the bedrock that. has 
been unco~ered by mining mny lilrewise represent the bedrock of the 
earliest physiographic stnge, ns suggested I)y i t s  high d e p  of sur- 
ficinl alteration. But the overlying gravels nm likely to have under- 
e n e  more reworking nnd redeposit ion tllnil in the vnlley of Platinum 
Creek* Certainly the normnl course of erosion in the valley of Clara 
Creek was mbsequently disturbed by glacial nction. 
The vnlley of the Salmon River nnd the eastenm part of the valley 

of Plntinurn Creek shorn the first major erosion af these nncient plat- 
iniferms gravels. It has already been deduced that the base level 

t of eroaio~i wns lowered at same time in the enrly Pl~istacsne and t h ~ t  
Salmon River was thereby rejuvennted. In the enrly stages of this 
reju~ennt~ion the grnvels warn first eroded and subsequently the bed- 
rock wns incised. Such a pn>eess must have worked pfogxssirely 
upstream, so t h ~ t  it may we11 be doubted if a continuo~ls bedrock 
gorge from the hcrldwaters of the Salmon River to its mouth ever 
existed. Even under conditions o f  rejuvenation, sedimentntion was 
probably in progress in the sonthern pnrt of the valley while bedrock 
gorges were being cnmed i n  the bendwater tributnries. But the nct 
result of the whole process of rejuvenation was the eventud rework- 
ing of nI1 the pnvels nt  the site of the bedrock incision and pomibly 
also of n part of the gravels lying on either side of the gorge. Rut 
if dl the bedrock floor of Salmon River or any Iarge part of it Ilad 
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been b a d  during this period of rejuvenation, some impoverishment 
of those areas in platinum metals should be expeced, with a corn- 
spanding enrichment at the site of the bedrock incision. Yet the 
drilling recorda of the Gmdnewa Bay Mining Co. show no such phe- 
nomenon, f mm which it must h wncluded that the gorge at its suc- 
cessive st- in the valley wns a narrow incision, both in bedmk 
and in the overlying gravels. Hence it is inferred that the precious 
metals of the early gravels were merely let down to a lower altitude on 
n new bedrock floor with a small but undetermined vator of down- 
stream movement. Borne estimate of the magnitude of this down- 
strem wtar may be obtained when the mthern part of the valley of 
the Salmon River is dredged ; for if this vector is one of appreciable 
magnitude the pay streak should persist downstream in the bedrock . 
gorge farther than it does on the bedrock knch  above the gorge. 

The cycle of erosion initiated by the rejuvenation wrts not com- 
pleted, as the bedrock prge mas not extended into the headwaters 
of the various tributaries of Platinum Creek. But to exactly what 
stage alluviation had progressed in the southern end of the valley 
of the Salmon River when the phyaiogmphic cycle was terminated 
is not known. Possibly the bedrock gorge iin the soutl~ern end of 
the  alley was by thnt time partly or wholly filled with reworked 
gravels. In any event. rejuvenation mas finally halted by some 
cause, and the most probable one seems to be the advci~t of glaci~tion 
in the headwatem of t h ~  Salmon River and along the wesk side 
of Red Mountain. The glacintion, as lisrctofore shown, tended to 
rai* l o d  base levels of erosion, so that sedimentation on a greatly 
acmntuated scde began to be the dominant procem througl~out the 
valley of the Salmon River, It has also been inferred tlmt the 
headwnter drainage of the Smalls River was at this time added to 
that of the S~lmon River; nnd it is certainly to be expeded that 
the flow of water would be still further augmenkd by melting ice 
at the head of the Salmon River. The erosionel etrects of this 
greater volume of water cannot lw properly evaluated, but judging 
from the malapus condition where an increased volume of water 
is fed into the headward part of a valley for hydraulic mining 
operations the effect was mainly to distribute effactidy and rapidly 
the additional debris of glacial origin, without a great deal of re- 
working of the preexisting gravels farther downstream. The prin- 
cipal economic e%& of this p m s s  was the introduction into the 
valley of the Salmon River of gold, which was contained in the 
glacial deposits and with them was distributed downstream. In 
this damnstream movement of the gold the additional volume of 
water was probably an effective agent. 
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The subsequent gmmorphic history has heretofore been given. 
So far as known, the effects of tlie later processes have not bee11 such 
as to disturb the deeply buried gravels in the Salmon River Valley 
nor in the tributary streams, such as Platinum and Clara Creeks. 
The bed of the Salmon River is now far above bedrock, and even 
in the shallower gravels of Platinum and Clara Creeks the present 

3 rolume of water is insufficient, even in times of flood, to disturb 
the lower strata of these gravels. Hence the alluviation of the 
valley of the Salmon River and its tributaries by glacial atrtwash 

e represents the final stage in the reworking of any of the principal 
plntiniferous gravels. The distribubion of the platinum metals in 
the lower horizons of the older pay-streak gravels also inclicates that 
there hm been little subsequent enrichment of the pap streak in 
Recent time, not necessarily because ell the platinum metals of Red 
Jiountain have been eroded, but more prohnbly bemt~se the span 
of late Pleistocene and Recent time has been indquate  to liberate 
and concentrate new deposits. 

The investigations set forth in the preceding p a p s  lend to some 
inferences t h ~ t ,  shottlcl he of value to  t l la~e  engaged in the senrch for 
new deposits of platinum metals. In the Goodnews Bay area, ns in 
many other parts of the world, platinum metnls are genetically asso- 
ciated with intrusive rocks of ultrabnsic c l ~ n ~ w h r ,  such as peridotite 
and prknite. Moreover, this association is at most places n v e v  
intimate one, in th8t the pl~tinrrnl metals aro usually fouild n-it11in 
ultrabasic masses rather t11ar1 in I-ein p~ucesses extending outward 
from the intrusive m k s .  Therefore: the first significant suggestion is 

3 that a wreful *arch be made for such bodies of ultrabasic rocks. 
Ultrabasic rock mag not al\rays be easily identified by the pros- 

pector. Such rocks under Alaskan climatic conditions are almost 
t sure to weather ta a yellowish-brown color, which fmm a distance 

appears reddish or reddish-brown. But this feature alom does 
not, suffice for an identification, as pbbro, diabase, and basalt mlder 
favorable conditions may likewise weather in much the same KAY. 

Hence the true character of &B ulltrabssic mch must EM sotlght beneath 
the sufficial veneer of iron ores. 

Peridotites and perknites differ from om another in several re- 
spects. The term pridotite refers to t~ltmbasic mks that consist: 
dominantly of olivine and subordinately of pyroxene or nmphibole 
nnd contain practically no feldspar, A perknite, on the other hand, 
is an altrabtaaic rock that consists dominantly of ppxene  or amphi- 
bole, with some olivine and other accessory minerals, and little or 



no feldspar. OLivine, the principal constituent of peridotites, is 
particularly susceptible ta a type of replacement that occurs at  some 
depth below the surface and Z e d s  to the development of serpentine. 
Therefore, in samples collected belcm the sur6cial veneer of iron oms, 
peridotites may show either oIivice or serpentine or both. Olivine 
nsr~all_v occurs in ultrabasic rocks as green or yellowish-green 
crystaIs large enough to b recognized by the naked eye; and once 
this miner81 has been seen it is rather easily recognized. Serpentine, 
on the other hand, occurs in many forms and is not dways easily 
distinguished from similar minerals, such as chlorite; but when it 
w u r a  a9 a replament of olivine, it usually traverses the olivine in 
characteristic irregular cracks that rare likewise easily recognized 
once they have been seen. The perknites, on the other hmd, consist 
of minerals that are less likely t o  be easily recognized by the pros- 
pector. Probably the surest way for a prospector to recognize the 
ultrabnsic mks is to equip himself with mme small samples from 
typical outcrops of these rocks. 

I n  a region c o v e d  with timber or brush, however, one of the surest 
ways to recognize the presence of ultmbasic rocks, particularly the 
peridotitea, is by the absence or scarcity of vegetation. These m k s  
contain few of the chemical elements needsd for the growth of plants 
and tl~ereforc are relatively bare and desolate. 

As gold is assmided with granitic rocks, so are the platinum metals 
agsoci~ted with ultrabasic rocks. Although p n i t i c  and ultmbasic 
rmks are the ultJimnte sources respectively of gold and platinum 
metals, yet theso precious metals are present in appreciable quantities 
only in a relatively small number of such intrusive mks. Hence their 
m u m n c e  d m  not necessarily imply that the precious metals are 
sure or even likely to Ihe present. On the other hand, such intrusive 
masses a m  certainly the best sites for p-ting. 

Gmnitic il~trusive rocks are far more plentiful in the crust of the 
earth than zdtrabasic intrusive mcks; and platinum metals are much 
scarcer than p l d .  It may not b stated with assurance that the p r -  
eent~ge of gold derived from granitic rocks is less than the percentage 
of pIatinum derived from ultrabasic rmks, but this is Jso probably 
true. And, it is known from more th8n a century of experience that 
platinum metals occur mainly in a disseminated form in bedrock, so 
that Ides of such metals are very rare, It is probnble that the condi- 
tions in the earth's crust thnt produce the differentiation of ultrabasic 
minerals from more siliceous rnagrnm am unique and therefore prob- 
ably lml. From these facts and inferencas, it follows that the best 
place to search for ultrabasic rocks is in the prier-1 vicinity of similar 
rocks that have ~Iready been recognjxed. Certainly such areas should 
ba carefully scrutinized before going far afield. Yet it is net-ertheless 



true that commercial placers of the platinum metals are much rarer 
than gold placem and that the prospector for platinum plamm is much 
less likely to be rewarded with success than the prospector for gold 
ptmm. 

hother  factor of dissimilarity in the occurrence of gold and plat- 
inum metah should also be emphssieed, because it is a f~worable ona 

9 for the platinum prospector. Qold occurs mainly in veins or 0 t h  
m n d a r y  processes, which may Iie within a granitic: mass, along its 
borders, or even at some distance from the site of intrusion. Pl~t-  

e jnurn metals, on the other hand, are most likely to be found within 
ultrabasio intrusive masses or along their margins. Moreover, gold 
ores may occur at  some distance from their parent ruck and may 
themfore be found at some verticnl dishncg from a gnnitic body. 
As a result of this, gold rnineralizakion hfis been recognized at many 
localities where no granitic mks appear at the surface, becnusa those 
rocks have not yet h e n  bared to erosion. Fl~t~inum metals, on the 
other hand, are likely to m u r  in the Iomr strata of ultrabaaic rocks, 
so thnt if important ,deposits of the metals exist in an arm, Chw ultrab: 
basic m k s   re almost crertnin to crop out. Hence if platinurn metals 
occur in a region, the pr~rent rock and therefore the best sites for 
pr05pcting are more likely to lm evident from the bedrock geuloa, 

One geologic factor that applies to prospecting for both gold and 
platinum placers is glmintion. It is believed hy the writer that m& 
of the placer g.oId in Alaska, whether it now occurs in preglndal or 
in postglacinl grnvels, was freed from its bedrock sources in pm- 
glacial time. 'fierefom many placers existed in Alaska before the 
ice age, and there is no p d  reason to believe thnE the granitic rocks 
in one psrt of Alaska yielded more gold than in another part. Yet 

* 
J 

at the present time most of the important gofd placers are confined 
to the Yukon and Kuskokmim Valleys and tm h a r d  Peninsula. 
The explanation of this distribution is that the widespread regional 

* glaciation of southern ~ ~ n d  sout,heastern Alaska has operated tu 
scorn out and dissipate the preexisting placers. The plitc.cerr; of south- 
e n  Alaska that were not t l~us  destroyed were either in valleys trans- 
verse to the main movcrnenb of the ice or wore o t h e e w  
reconeentmted from gold-bearing glacial till of moro or less l d  
origin. Ths gold placels of interior and western Alaska, on the 
other hand, are in unglaciated areas and have not been disturbed 
by ice. 

Henes in prmpecting for placers containing the precious metals, it 
is most desirable to concentr~te the work in areas t.I~at have not been 
regionally glaci~ted. The Godnews Bay district is bordered on the 
cask by a region that has been intensely glacicbtd and within which 

2 0 1 2 1 1 4 b - - 1  
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no commercial placers have yet k e n  found. Tongues of ice moved 
westward and southwestward from this ancient ice cap down the 
trunk valleys in the direction of &ring Sea; and some of these, as 
in the valley of the Cloodnews River, reached salt water. But many 
of the tributary valleys, especi~lly the parts close to the sea, were 
affected only by dpine glaciation or were nnglaciated. ik1piI-i~ glacin- 
.tion should not 3w; such R deterrent ta the placer prospector as reg- C 
i a n d  glaciation, because g l a c i e ~  of the alpine type may not have 
completely dissipated the preexisting placers; and even if such dis- 
ruption of the placers h a  occurred, some of tho gl~cia1 till may r 
$till be preserved in the valleys wherein it originated, so that the 
prewnt st~~earns may 11nve been able to reconcentrate the precious 
.metals, thus forming pco11t placera. The valley of the Salmon 
Ziiver ,was favorably s i tuntd  in that it was not glacintd ttt all. 
From these facta it follows tbnt the distribution and character of 
any glaciers that may have existed in a region constitute a geologic 
factor of great imptance  that-should 'tw considered in,all prwpwt- 
ing operatio~is, Tlie chances of s u m  in finding placers of the 
precious metals win lm greatly i n c r e ~ ~ e d  if the prospector will re- 
strict his work to arena that are entirely unglaciated; and if this is 
not feasible, then the l e s  glaciation an area shows the greater will 
be the chances of success. 



INDEX 

1 A Page 

Abstract-------------------------- 1 
Accessibility of area ---------------- 12-13 
Acknowledgments for aid ----------- 3,83 
Alloys, characteristics of----- 70-72,8243 

t Alluvial deposits, character and distri- 
bution of -------------- 27-37, 

p l s . 2 , 3 , B , 6 , B , 7 , A  
classifleation of ---------------- 25-27 
geomorphology disclosed by------ 3 7 4 4  

Animals of the area ---------------- 15 
Anvik River, platinum deposits on---- 57 

F Page 
Field work ---------------------- 3 
POX Gulch, discovery of platinum on--- 57-58 

dross from, analysis of ---------- 81 
platinum metals of, composition 

of------------------- 77,81 
platinam placers on ------------ 57, 

58, 60, 61-62, 65, pl. 8 
tenor of --------------- 61-62,65 

Geography of the area -------- 2, 4-15, pl. 1 
Geology, economic ----------------- 56-94 

general features of --------- 15-16, pl. 2 
Base level of erosion, changes in------ 3 8 4 4  @paciation, effect of, on gold and plati- 

definition of ------------------- 38 I num placers----- 90-91,9844 
Bear Gulch, platinum placers on------ 56 
Bedded rocks, character and distri- 

bution of ------ 16-44, pl. 6,  A 

C 

Cache Creek, placers of, platinum 
from ----------------- 57 

Chromite, gold associated with ------- 85 
occurrence of, in ultrabasic rocks- 51 
platinum asS0Ciated with -------- 51, 

66, 61, 62, 85, 86 
Clara Creek, platinum metals from, 

analysis of ------ 79,81,82-83 
platinum placers on- 57, 58, 59, 67-70, 86 

tenor of ---------------- 67-68 
Clara Creek Mining Co., marketing 

methodsof ------------ 75 
operations by ---- 59, 68, 69-70, pl. 4, B 

Climate of the area -------------_-- 13-14 
Communication in the area ---------- 12-13 

Dikes,.age of ----------------------- 56 
character of ---------------- 48-49, 55 

Dilne Creek, gold placers of, platinum 
from ----------------- 56 

Drainage in the area ---------------- 4-6 
Dry Guth ,  platinum placers on ------ 57, 

58, pl. 8 
Dunite, character and distribution of-- 4 6 4 8  

origin of ------------------- 53-54, 87 

Economic -94 geology of the area -- 5-4 
Erickson, E. T., analyses by ---------- 50,85 
Erosion, base level of. Bee Base level 

of erosion. 
Explorations in the region ---------- 2 

evidences of ------------ 28,29-30,31, 
32, 33, 34, 36, 40-43, 68, pl. 2 

Gold. alloys of, composition of ------- 74 
associated with granitic rocks-- 56 
in Goodnews Bay district -------- 56 
in platinum placers ---------- 75,84-86 

percentage of -------- 62,76,77-79 
physical properties of ---------- 73-74 
placer, analysis of ------------- 85 
suggestions for prospecting for-- 82-93 

Gold placers. effect of glaciation on--- 90,93 
See also particular arras. 

Goodnews Bay, gold placers near----- 56 
platinum placers near ----------- 57-70 

Goodnews Bay Mining Co., equipment 
used by- 62-64, 66-67, pl. 7 ,  B 

marketing methods of ------_---- 75 
operations of ----------- 57,58-59,60, 

62-64, 65-67, pls. 7 ,  B, 8,  9 
Granite Creek, platinum placers on--- 57 
Granitic rocks. age of --------------- 56 

character and distribution of---- 44-56, 
pi. 2 

gold associated with ------------ 55.92 
Grarels. Bee Alluvial deposits. 
Griffith, D. C., & Co., analyses by ----- 76,78 

Igneous rocks. See Granitic rocks ; 
Lavas and tuffs; Cltm- 
basic rocks. 

Ilmenite, with platinum metals------ 82 
Intrusive rocks. See Granitic rocks ; 

Ultrabasic rocks. 
Iridium, occurrence of -------------- 65, 75 

percentage of, i n  platinum 
placers ----- 61-62, 76, 77-80 

physical properties of ---------- 73-74 
Iron ores, in ultrabasic rocks -------- 48 



INDEX 

3 
paw 

JO~DEOII, MaHttb~ dt. CO., AM~FMM by-- 78, 
77, 78, 84 

K 

Kaaaan Penfmln, pelhdlnm on----, 58 
Kenai Perdamla, plantturn on -,----, 67 
Kodtnk Esland, mid placera of, plati- 

num In,,----- ---,-,, 67 

Lam u l d  mh, I w am! correktion o t  26 
character of--2 --,-----,,,,-- 22-26 
dlntrlbutlon of ,-,,,,--,,, , 21-22, p1.2 
structure of-,, - Za 

Ledoux k Co., cbemfd &al& by- 7%,77,78 
titusa Bay, gold pbwm of, pIaIlltloam 

In -----------,--,,+-, 57 
tocatlon and exteat of urea ,,,,,, 1-2,pL 1 

Mapeflte,-dtb platlourn metals--,, 82 
Mamhalr ahtrict, ~ k t w m  L--- rn 
Mptel  Creek, platlnum placere on---- b7 
Wnlng methods ------,---,-,------ B8 
Mnmta, K. I., nnalpmh by--, -------- 81,82 

quoted- A" 

N 
Hogseta, occur~~encs of -,,-- 51,81.6.60.88 

0 
OBmlum, Orrurrmce or -,,--,-,-,,,-, 73 

percentace of, In p l a t l i l u m  
placers ,--,-- 62,6B, 7 8 , 7 7 4 0  

phy6Ical propertla of -----,,,-- 73-14 
Outwasb deposits, expowma ot ,----- 30. 

31, pla, 6, B, 7, A 
1 

hlwmlc ( 9 )  rucba. am and mrtela- 
tlon of --------------- 20-21 

character and diarfbotlon of,--- 1% 
ar, pi. 2 

fitholm nnd ~tracture of- 18-20. pl. 8, A 
PnlIndhrn, mnrrence of 75 

p e r c e n t a g e  05 In platlrmm 
plac~ra -,-, 62,T6,77-80 

phg%icnl properties a t  ,,, 78-71 
PIncm mlning, equlpmwt usid in---, 82-84, 

gS-87, 91. 7, B 
biator~r and -tent of- 6 8 4 8 , 0 6 4 7 .  PI. & 
metbod& employed In ,,-,---- 68.8244 

l%nh of the area ---- 1 ,-,-,,,-,,-, 14-15 
Platinum. allow of, mmiflc gravity of, 82 

tllncovery of 67 
Iwrwntage at. in placer- 81-82,18.7'1-80 
pli yslcal propertlea of -,--,,,,-- 78-74 
DFaPrDt?CtiUK for---- ,,,,------ 92-94 

pape 
Mntlnum mrtalr, alloya of, charat- 

terhtlcca of ---,,-,,---- 70-21 
n ~ 1 f a e s  of ------,--,,-,-,,---- 7- 
chrodte  asmciatd with -,,----- 02 
dZsrrllrntion of --,-------- #-54.5M7 
mlrl In ------,,-,,,,,--------- 62 
iridium cuntent ot -,----,,-,- 62, €S, Bn 
slarketing of ---,-,,,------ 75 
osmium content d ,,,-------- g2. A0 
percentage of, 10 placers --,-,- 80 
physical ~twnertlw of ,--------- 73-74 - - 
platlnum content of- ,,,-,--, 6142.69 

. pradurntm of  -----,-------,,,-- 
pronprcllnE for ,,------,,,-,, 81-94 
rhodium m t c n t  of ------,,,- tl2,Bg. 80 
aotlrc+n of -,----------,, 88-54,RR-88 

Ek*lnurn ~ ~ b c e n ,  of glaclatlon 
on ,,-------------- W 1 , 9 3  

#enrral ienturea of ----,,,-,---- 57-69 
~ ~ n m t u  of ------------,,,------ 8841 
locallzatlon of -,--,,,-,,-,-,,- 88 
percentage of metala la ,,,--,--+ SO 

Plclntncene, defiition 6e -----,-,---- 3R 
Papulntion of the area -,,,,,,---,-,, 12 
Production of platinum metale+,----- Sfl 
Proqwcting, flunpsttons for ,,,,,---, 91-94 

Quarter CrPek, gold plncem of, platl- 
num from --,-----, E% 

Quaternary d@po8itn, character and 
dlstrlbutlon of ----,--- 2 1 3  

ula, a, e, I?, I ,  A 
clnwlflcatfw of -----,---,,-,,-- 26-27 
geomwphol8gy aldosed by--,,,- 87-44 

Red Mountda, M nonra of phtb5m 
metals ---,,,-,-- 1U-11, 88-g8 

i n h i v e  mRss of, Iltholo~ic 
character ot ----,,- --, 18, 

4-6, dB, 62, pl. 2 
place= nmr, ptrceotasae of plntt- 

alum mrtala in --------- BU 
111trabsdc rock- of, cbemlcal 

analatlea and norms of, 49-61 
V I P R ~  of ---------+----- pla. 4, B, 8, R 

Rhodl~nn, Dccurrenoe o b  --,,-,---- -- i'6 
p e r c e n t a g e  of, In pktlnum 

placem ----,+ 62, OP, 18, 77-80 
pbymld propertien of ,---,----, 78 

Rnhy dlrtrlct, platlnum In ,,-,,--,,-- 67 
Rnthmlum. m r r e n c e  ot --,,,,,-- A 75 

p e r c e n t a g e  of, In platbum 

I p l n c e r ~  -,,,,,,, 82. 78, 77-80 
pbgslcal pmpertles d-- ------- - 73,74 

. . .  
platinum metala I-, &a- 

of-----,------ 65.7Tm'm.rn 
platfaurn placerm on 68. 

5 9 4 ,  ~ g ,  plrr. l, *, B, *, A 
mode of orcurrence of metala 

in,,-,----------,----- 81 
tenor o t  -----,-------,,, -I. .BS 

p t  Clalr, Ed-, diaewery oC p M -  
num by ,,--------,, 67 

88- Biver, platinum metals from. 
analyaon of ---------- TB,W 

platfamu placere on- 6 M 9 ,  65-67, pl.8 
mjflv"ntlo~ of, reen'h of---*,- 89-00 



I Pa## 
Balmon Rlwr Valley, snovlrl d t p o ~ l t ~  Snsle Mountain, vlm of-,' pl. 4, A 

In--- ----,,,,,----- 27-28. 
a1-82,9*-87, pis, 2, 7, A 

base Iml of eroahn In ,,,,,---- -1, 
43+4,8%8U 

plaelatlon fa. eEed at,,-- 4142.90 
pb~s~ographlc Iwtnrea al-----,- 5-7, 

Pla 1, 3,6 A,1.  A 
rocks of, nature ot 16-20, 

22-25. 48-39.544B. nl. 2 

morn, Charlea, dfoCOwry nf platl- 
n u  b - -  - - -  57 

Topography of the a r a  --,,,,-- 4-11, pl. 1 
Tr~unpnrtatton in the -,- ------- 11-12 
*PUfrm.orlgtpof --,-,-,, ,-,,-,,- 24 

I nee olso I a ~ m  and tub. 

--- -- - .  

Bpurr, J. E., early ~xplomtl0~~8 BY --,, 
S4uirrel Creek, Beographlc feature8 

- .  . - 
m l ~ m  ConfHtIom h --------, 1, B6 

Salt Chuck rnlae. ~a l lnd iam mm--,, 68 
%ealmentnry rockm. Ree M d e B  rockm. 
Bettlemeata In the area ---,,-+,,,, 11, gl. 5 
& w a d  PenbsuIa. PIatInnm metaln on- 66 
Allver, p h ~ a l ~ l  pmwriim of--------- 73,74 
A l n t ~  bcek, platIuum from +,,,-,,,- M 
Bmalls River Valley, allavlal &pGiJits 

in- 27,28-29.3Ma. Pig. 273, B 

or -------- w p b . ~ , a , a , ~ , s  
gold from, nnalyde of --,,,,,- 8M 

mlml Creek, mlnlag operation9 oa, pl. 9, B 
platlnum metals from, analywa 

Of --,------+--------, 86, TT 
plathinum placerre on---- 63-58,801. p1.8 

mode of orcurrenm ot metals 
n - BZT 

ttwr oi ------,,-,--,----- 60,64 
Btelger, &om, emoted,, -,,- -- --,, 83 

~ o g r a p b i c  teat by --------- 88 
13oale leountsln, lntmslve mane of, 

H t h o l ~ c  c h a r a c t e r  
of-= -,+, 21, 46, 46, 48, pl, 2 

u 
Ultrrdmdc mka, acmmulatlon of o m  

h, theorlea of -----,-, 82-44 
-,_---------__ m 

n d a t l o n  of g l a ~ n m  m m ~  
- -  @2 

character of --,,,--,,,,,,,, 18-49 
chfimical wmpofltlon nf -,,,-,,,, 49-52 

W . C ,  1 - -  - 81 
Whuya, Henry, nld oZ. h UhooVerY 

ot platlnu---,---, B7 
WlAbsrg Bwe. Smelting Q Rdbl iIB 

Ca, analyalm by ,---,, , 15 
W i l h  C-, platinum placerr on,-,, 67 
Wllaorr Creek, platfaurn placers on,,-, 57 

3tubn Maanf"addmg Co., d r e d g e  
made by ,,,,,,,-,,,, , 06 

b.se of erosion in-- -1.4H4 
~ lac f l t ton  In--------,--------- 4 1 4  
phpaiwpblc ienturea of- 7 4  Na 1-2. 3 
socka In. nature of--- 1%17, r16, 56, PI. 2 

Smlth. Talter, dIeeovery of platinum 
demsltm hv 67 

ehtomite tn------- ------ 61 
dbtrlbe~tlw oi---,,--, 4&la, PI. 2 
tdentiflcatloa d - 91-92 
gtruttnre of ----,-, 6-13 

V 




	B09180000001.tif
	B09180000002.tif
	B09180000003.tif
	B09180000004.tif
	B09180000005.tif
	B09180000006.tif
	B09180000007.tif
	B09180000008.tif
	B09180000009.tif
	B09180000010.tif
	B09180000011.tif
	B09180000012.tif
	B09180000013.tif
	B09180000014.tif
	B09180000015.tif
	B09180000016.tif
	B09180000017.tif
	B09180000018.tif
	B09180000019.tif
	B09180000020.tif
	B09180000021.tif
	B09180000022.tif
	B09180000023.tif
	B09180000024.tif
	B09180000025.tif
	B09180000026.tif
	B09180000027.tif
	B09180000028.tif
	B09180000029.tif
	B09180000030.tif
	B09180000031.tif
	B09180000032.tif
	B09180000033.tif
	B09180000034.tif
	B09180000035.tif
	B09180000036.tif
	B09180000037.tif
	B09180000038.tif
	B09180000039.tif
	B09180000040.tif
	B09180000041.tif
	B09180000042.tif
	B09180000043.tif
	B09180000044.tif
	B09180000045.tif
	B09180000046.tif
	B09180000047.tif
	B09180000048.tif
	B09180000049.tif
	B09180000050.tif
	B09180000051.tif
	B09180000052.tif
	B09180000053.tif
	B09180000054.tif
	B09180000055.tif
	B09180000056.tif
	B09180000057.tif
	B09180000058.tif
	B09180000059.tif
	B09180000060.tif
	B09180000061.tif
	B09180000062.tif
	B09180000063.tif
	B09180000064.tif
	B09180000065.tif
	B09180000066.tif
	B09180000067.tif
	B09180000068.tif
	B09180000069.tif
	B09180000070.tif
	B09180000071.tif
	B09180000072.tif
	B09180000073.tif
	B09180000074.tif
	B09180000075.tif
	B09180000076.tif
	B09180000077.tif
	B09180000078.tif
	B09180000079.tif
	B09180000080.tif
	B09180000081.tif
	B09180000082.tif
	B09180000083.tif
	B09180000084.tif
	B09180000085.tif
	B09180000086.tif
	B09180000087.tif
	B09180000088.tif
	B09180000089.tif
	B09180000090.tif
	B09180000091.tif
	B09180000092.tif
	B09180000093.tif
	B09180000094.tif
	B09180000095.tif
	B09180000096.tif
	B09180000097.tif
	B09180000098.tif
	B09180000099.tif
	B09180000100.tif
	B09180000101.tif
	B09180000102.tif
	B09180000103.tif
	B09180000104.tif
	B09180000105.tif
	B09180000106.tif
	B09180000107.tif
	B09180000108.tif

