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QUTCKSILVER DEPOSITS OF SOUTHWESTERN ALASKA 

By C. L. SAIXSBTJRY and E. M. M A G K E ~ ,  JR. 

Qulckarllver deposits haw been fomd a t  wldely -rated localltierr through- 
out muthwesitern Alaska, an area of several thousand square mlle8. The * 
podB rnnulst principally of fracture flllings in faults in brittle rocks of  diverse 
t m ,  Including graywacke, shale. granite, dolomitiwd Hmt?stone, and alter4 
dike m k s .  Current production (1860) is prlncipelly from ore bodies In or near 
faulted and altered diabase dikes, hut promising deposits are found In dolomi- 
tized Hmerrtone and in rnamive gaywacke. Individual ore bodies are locali&ed 
hy diverse atractoral or petrologtc controls, yet featurea present In all the deposita 
are faults, which channeled orebearing mlnUona, and open spaces, in which 
cinnabar waB deposited 

,The m e n  msIst of cinnabar, wbicb may be accompanied in IndlvIdnal depoarlta 
by large amonnb of ~lbnfte or by pMte or marcasite. native mercury, or realgar 
or orpiment. Nonmetallic gangue minerals are dolomite or ankerltlc dolomite, 
quartz, calclte, Ilmonite, and clay minerals. including dlcklte. Dark cinnabar7 
which in generally rimmed by lfght clnnahar, cantalns detectable amounts of 
h n ;  hematite in ~maI1 amounts Ia intimateh Intergrown with aome of ofbe ore. 

The o m  were depmited probably where ri~iI3g hydrothermal mlutione met 
a copiorus flow of ground water. The loeallzation of many generally rlcber 
deposits near altered diabase dlkes probably resulted principall~ from rapid 
chemical changes involving dilution and acidification o t  alkaline ore aolntioner 
by acid suIfatp waters der ivd  fram oxidation of the pyr1tp found in all altered 
dikes. 
The Umonlte and hematite found with all the o m  were probably in part de- 

posited ccmnmitantly with the cinnabar and stibnite and are msldered here 
aa hydrothermal minerals, ewn though the iron may have been brnught Into the 
hydrothermal system by gro~~nd water. 
The depoaits are found along an arcuate mde of t e c t o ~ c  activity mntainfng 

Tertiary vnlcanfc racks that in turn are cut by faults of n still active system. 
Near one group of depmita, a mld-water spring mntaining sulfur and chloride- 
Is  demtlng a foul-smelling bhck mud that contains mercury, antimony, and 
all the rarer elemenk generally faund in t h e  o m .  

The authors believe that nddtional prospecting will di~cloae more depositsl 
and that coathued exploration of known deposits and cIose attention given to 
factors ontlllned In this report will result in the discovery of  minable ore bodiw. 

1 



2 QUICKSILVER DEPOSITS OF BOUTFiWESTERN ALASKA 

INTRODUCTION 

Tb quicksilver mines md prospects of Alaska are sca t ted  widely 
throughout an are& of wveral thousarid square miles, mostly within 
the drainap basin of the Kuskokwim and Nushagak Rivers (fig. 1). 
This region is generally referred to as southwestern Alaska, a usage 
adopted in this report, The productive properties camprise one major 
mine (Red De~i l ) ,  which produced more than 20,000 flasks of quick- 
silver (1 flask=% pounds of mercury) by 1960, two mines that pro- 
duced more than 1,000 flasks, and three properties that produced more 
than 50 flasks. In addit.ion, some two dozen lode prospects are known; 
these are generally grouped in areas that are referred to in this report 
aa the Sleetmute, White Mountnjn, Cinnabar Creek, DeCourcy Moun- 
tain, Rhyolite, Kolmakof, Rainy Cmk, Kagati Lake, and M a d  
Mountain areas. Placer cinnabar has been found in many of the gold 
placers of the rqion, although no placers have produced more than a 
few flasks of quicksilver. The full extent of the quicksilver area can- 
not be stated accurably , for promising prospects in new areas are still 
hing found by trappers or hunters, New deposits that will become 
producing mines will probably be found. This report was prepad  
to aid t,he continued development of the quicksilver industrg. 

Soma of the quicksilver deposits of southwestern Alaska have been 
worked periodically for almost 50 years, During this time; many 
writers have descrihd briefly ~peml  of the deposits, and both State 
(formerly Territorial) and Federal agencies ham examined many of 
them. Interest in tmhO deposits has been intermittent, and prduction 
has coincided principally with periods of nnumttlly high prices for 
quicksilver or with l o e ~ l  demand for quicksilver in t.he placer mines 
of Alaska. Tho pmd~~ction history, however, is dna more to the fluc- 
tuating price of quicksilver and the 1~ck of sufficient operating capi t,al 
than to productive capacity. A fncEor contributing to the intermit- 
tency of production is without doubt t,he geologic complexity of the 
quicksilver deposits in Alaska, as elsewhere, Many of the first mine 
opeeatow and prospectors of Alaska had neither previous experience 
with quicksilver mining nor sufficient funds for exploration. A9 a 
consequence, many prospects o p m d  on promising leads were aban- 
doned afier the initial ore shoot wm exhnuskd hecause neither geo- 
logic advice nor money to sustain a soarch for new ore shoots was 
nvailable. Neverthel~ss, the prospectow, with the help of h a 1  cap- 
itat, continued to explore old quicksilver deposits and to search for 
new deposits. Although the Red Devil, t,he Alice and Ressie (Parks 
property), and the DeCourcy Mountain mines had produced mvera1 
hundred flasks of each by 1943, the total production of 
quicksilver from the Alaskan deposits amounted to only 800 flasks 



(Tlrebber and atJiew, 1947, p. 9). Jn 1944, the Red Devil mine pm- 
d u c d  1,090 flasks of quicksilver (Webkr and others, 1947, p. 1 0 )  and 
became Almka's 11trpst qt~irksi lv~r mine. r l  decline in the price of 
quicksilver cuusecl thc mine to Im rloserl in late 1944, and &ween 1H.5 
and 19.51, q~~icksilver prndection fmm ,ilasknn m i n ~  was small. 
Jn 1952-53, mnewed interest in the quicksiIver deposits of south- 

c western Alwkrs coincided with the explorntion pmgams of the De- 
fense Minemls Explamt im Administmtion (DMEA ) and came when 
loans for exploration n t  the Red Thvil ,  Red Top, m d  hCourcy 
Mountain r n i n ~ s  wpm grfinted. The total authorized amount of the . t h m  initial lmns \vm $t94,963,TXI, of which the largest amount went 
to the Red Devil mine. l3rivate cnpitsl mnt,ributerl ~8,740.00 of this 
total. This nmount of explornt.ion money far exceeded the funds thst 
had previously h n  availnble at  m y  one time to privnte companiw 
or individuals in Alaska for sususttlined explorn.tion of quicksilver d ~ -  
 its, and significant dixoveriw resulted. Rich ore wtl.s discovered 
nt the Red Devil mine, and in 1957 this mine y i~lded more t . l ~ ~ n  5,001) 
f l~~h of quirksilver and h e  one of the l a r m  p d u c e m  in t.Im 
Iynikl States. A t  the Red Top and DeCoi~rry Mountain rnina- 
DMEX exp2oration discoven4 ore that, hns not yet bePn f uHy explorrrl. 

Dr~rlng the m e  period, Mr. Russell Sch~eff er (now d t r e d  ) , long 
active in the seamh for quicksilver, hepn to prwlucp arMnntial 
amounts of quicksilver from his newlp dimvered lode nt Cinnabar 
C d .  Under the Irnpetlls of both a rnnt i n u d  high prim fnr quick- 
silver and the commercially important continuer1 iprdart ion f rorn 
Alaska, w~eral Imp companies devoted s s~~bstsnt ial a m o ~ ~ n t .  of time 
nnd money to examining and explnrinf! t h ~  cinnahr d ~ . p i t ~  of 
Alaska. Between 19.54 and 1959, they took ~lndrr opt inn and ~xplomrl 
severrtl of the older prospects ns R - P ~ I  i ~ q  seveml m u -  onea. 
By 1959, quicksilver mining was mhblished nq the only impofiant 

Ide-metal-mining industry of Alaska. Fmduct.ion f rorn ~lrlnskn 
shodd escead %,CH#) flssks nnnually fnr seo~rnl p a r s ,  uncl Alaska u-ill 
thus p d u m  nearly 1I1 perrent of the totnl Ilnited St.ntes pmdz~ction 

b of quicksilver. 
The Red Devil mine has done much to stabilize bha wonomy of the 

mntral Kuskohirn Valley by providing year-round employment to a 
substantirr.1 n m h r  of people, mnnp of wliom h d  depended 1nrpTy 

n 
upon fishing, trapping, nnd park-time work f o ~  n living. (13y 1!W4, 
the Red Devil mirie hnd e x l ~ a u s t d  the h o w  me h l i m ,  find nddi- 
tima1 exploration financed hy nn OME ((Ofirc. of Mint-ral 15xploru- 
tion) loan failed to disclm minnble ore. In Inte 10ri4, pdtlction 
from the Red Devil mine was limited to that obtnind l y  m n l l  lma- 
91-8.) The authors bbliwe that q~~icksilver mining cnn he FL conl.inning 



4 QUICKSILVER DEPOSITS OF SOlFl'HW38TERN ALASKA 

part of the economy of Alaska, and the desire to give all possible 
assistance to the new industry led to the work d i s c u d  in this report. 

PREVIOISB WORK BY THl3 U.8. GEOLOGICAL HURVEY 

Early descriptions of the quicksilver deposits of Alaska were bwed 
upon brief examinations made during regional reconnai~anee surveys 
prior to 1941. During the years 194146* field parties of the U.S. 
GwlogicaJ Survey, under the direchion of Wallace M. Cady, under- 
took the gedogic mapping of the central part of the quicksilver dis- 
tricb, and detailed attention was given to the cinnabar deposits. This 
geologic information was made available in preliminary form to the 
U.S. Bureau of Mines for use during their exploration of the quiek- 
silver deposits and wns subquently publislled (Cady, 1944, 1945, 
1952; Webber, 1945). As a result of thew, studisa, the geologic en- 
vironments and the mode of mcnrrence, mineralogy, ~ n d  obvious 
pstmlogic asmciations of t.be ores were clarified (Cady and others, 
1956). 
In 1967-58, MmKevett, mistsd by H. C. Berg, mapped the Red 

f i v i l  minq and this report is bnssd upon work proposed by Mac- 
Keve~ ,  = a a u l t  of his work 

PRESENT INYESTIQATION 

The main objectives of this report m e  {I) to bring up to date the 
published infomation on the quicksilver deposits of southwesteh 
Almka, (2) to evaluata existing id= on the origin and p e s i s  of 
the deposits, and (3)  to prepare detailed geologic maps of those 
deposits fiat have been developed or axhided since Cady's wo& and 
by inhpreting these maps to draw attention to tha structursl and 
petrologic controls of om deposition. A secondaq objective is to 
twemble in one publication brief descriptions of the known quick- 
silver deposits of wuthwastern Alaska. 

IKETEODR OF WORK 

Most of the geolcgic maps were made on base maps prepared by 
planetable and alidada at suitable scales. Tha underground workings 
at the Red Top and Parks properties were mapped by compttss-tape 
t.raverae but were tied to surface maps by planetabla survey. The sur- 
face maps of the Parks property and t.hs Ragati Lake property were 
made by compass-tap travem.  

The laboratory investigations consistad of the authors7 study of 
thin &ions of rocks and ores, study of polished sect.ivns of ores, 



and ana lps  and identification of ores and pngues by X-ray spec- 
trometer m d  X-my diflmtometer md of study of ore samples by semi- 
q ~ m t i t ~ t i v e  spectrogmphic methods bg other workers in the labora- 
tories of the U.S. Ge~logiwtl Survey. 
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'e REGIONAL QEOTJOQIC BETTXNQ OF THE DEPOBXTB 

T h e  quicksilver deposib discussed hemin lie in an area some 250 
miles long and 71i-100 miles wide along the norkhwest side of the 

+ Alaska Range (fig. 1 ) .  The rocks of the a m  am mostly .sedimentary 
md are assigned to t l ~ e  Holitnn (Ordovicinn( ?), Silt~ri~n, and De- 
vonian ) , Gem& ( Carboniferous to Cl=retncmes), and Kuskokwim 
(Cm~cesus) Groups ( Cady and others, 1955). The rnn jor structural 
features of the area strike northgust ; they wnsist of pnrts of t \TO anti- 
clinoria and spclinoria (Payne, 1955) and of major faults, some of 
which are hundmds of miles long, The faults  re pnrt of an arcnate 
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DGSCRIPTTONB OF MINER A N D  PROBiPECTS 7 

aysbm that crosses Alaska from the Bering Sea eastward and con- 
tinaes inta Canada parallel t,o the Continental hrder (Capps, 1040 ; 
Mofit, 1954; Cndy and other, 1965; Dutro and P%pe, 1957; St. 
Amnnd, 1057; Twe.nhofel and Ssinsbury, 1958; Honre and Coonrsd, 
1959), Smaller folds irnpresed upon the anticlinorb and synclinorin 
mnse structuml comploxiti~s that control the attitude of the rocks nt. - each quicksilver deposit. The sedimentary m k s  are intrude4 by 
numerous dikm, stocks, and batl101itIw that range in composition from 
dinhrts~ and tlloleiite to aIbite rhyolite and gmnite. Extrueive rocks 

r 
consisting of olivine brrsrtlt and rhyolite of La@(?) Cretaceous nnd 
Tertiary age &re common in the central pnrt of the quicksilver a m ,  
wlrere they lie disconformably on deformed r m h  of the Ktrskokwim 
and Oemnk Groups. The &It. areas are remnants of what wns 
pmbnhly Rn extensive basalt plateau more t h n  3,000 feet thick (Cndy 
and others, 1955, p. 53). A11 the rocks are cut by faults of the arc~rnt~  . 
~stern,  some of arhiclr are still active. 

Many of the deposits are closely associnkd with nlterecl dikes that 
intrude the p y w a c k e ,  shale, and siltstone of the K~tskokwim rind 
Qemuk Groups, but some deposits found sinr,c I957 occ.ur in p n i t e  
and in the carbonate rocks nf the Horitn~ Group. I lence, all t y p  
of rock within the district may be considered as potent in1 host rocks 
for quicksilver. 

The geaIogic and tectonic setting of t h ~  q~~icksilver d~pmits of 
southwestern Almkn is similtlr in most rpspects to that of most other 
deposits of the mrId (Beeker, 1888; nailey, 1059). The Alaskan 
deposits Lie in the northern pnrt of the cimurn-Pacific h ~ l t  of Tertiary 
to Recent i%~bnism anand volcanism, which contains many quicksilver 
deposits (Recker, 1888). 

Details of the p l ~ c  setting of each deposit nre ~ i v e i ~  under the 
descriptions of the individual properties. 

DEBCRPPTTONS OF MINE& AND PROBPECTS 

1 The Sleetmute a m  is here defined to include the aren on the Kmqku- 
kwim River btween Sleetmute and a point 10 miles do\\wtream PX- 

tending a mile or two or) encl~ side of tile river (fig. 2) .  T h i s  area 
t. contains many quicksilver rleposi ts, jnelud ing the Red Devil, Ramm- 

eter, and Alice and Bessie mines nnd more tllnn a ha1 f-dozen prospects. 
The area is ~~nderlajn by gmywncka and shale of the K~tskokwirn 
Gmup, which i s  tightly F c ) I c I P ~  and intnlded by altered dikes md sills 
that include diabnse, amygdaloidnl basalt, and quartz porpl~pry. 
Nearby terranes to the muth are characterized by extensive masses of 
albite rhyolite (Cady and others, 1055). The location of mines and 



prospects in the Sleetmute area is slmwn in figure 2, and descriptions 
of them follow : 

Fton- 2-hcat ion  or mlnm mod p e  la the Rleetmute a m .  From Cadr and 
otaem (less, PI. 31. 

The Red Devil mine was described jn detail in wports by C ~ d y  and 
others (1955) and by XacTCevett and Berg (19633, nnd only its 
essential fo~tures will be mzrnrnnrizecl herein. 

The RBd IJwil mine is Almka's prpmier quicksilver prodncer; the 
totnl yield hy 1960 was more thltn 20,000 flasks af quicksilver. The 
surface ~l-orkinp of the mine am at rtltitudes between 280 and 570 
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feet sbva  rn Ievel on Z.he left bank of the Kuskokwirn River 6 mil- 
below Sleetmu& (@. l,  2). The mine is .supplied by aircmft from 
Anchopqp same 250 milas mutlr-southeast and by shnllow-draft bat3 
from Rethel at the moutll of the Ruskokwirn. The deposits were 
located in 1933 and hnva been mined intermittently since! 1939 ; most 
production h ~ s  enme after 1951. The mine was being operntd i>y -. Alaska M i n e  and Minerals, IRC., in 1960. Rp 1964, the ore RRS 

largely exhausted, and opemt,ions were l imitd to indivEd~~aI lewing. 
Most of the mine workings am a m i b l e  from ths mnin ~ h n f t  or 

. from the Dolly shaft, which is 1,082 feet N. 431,$" W. of the main ~ l h ~ f t .  
Tha main shrrft is  inclined at an nngla of about &lo and ex t~nds  from 
an altitude of 311 feet at the surfam to an altitude of - 143 fwt ~t ~ I I C  
450-foot. level. Five levels are driven from the main shrift ; mmt of 
the om has  k n  m i n d  ly stoping hetween lerels. 

I BEOLOQT 

The host rocks at the Red Devil mine are p y w a c k e  and shale of 
the Kuskokwirn Gronp and altered diabase( ! ) dikes. A4 the mine is 
on the southwest limb of the Sleetmute anticline, which trends north- 
west, ~ I I R  strata at the mine hare a fnirlp uniform attitude, striking 
N. 80"-45" Mr. and dipping 45"60a SW. Tha dikes strike nartheast, 
and dip 40"-65" SE. Ore shoots f o m d  at nnd npnr intersections of 
the altered dikes and abundant north west wnrd-trending faults that 
rnninly p~rallel the Mdii of rocks of the, Ku~kokwim Group. This 
~tructural control, which was first recognized pmbably by .John D. 
Murphy, former manager and resident pologist at Red Devil, i s  i l lus- 
t,mtPd in figpre 3. T h e  typical ore bodifis thttt formed dong and near 
the fault-dikm interseetioris am elongate and pencil ~ h s p d  nnd plunp 
a b u t  40e S. They range from R feu* inchm to rtho~~l 4 fed in stope 
width ~ n d  fmm rr. few feet b seveml hundred fwt in stope length. 

me nnrnemms faulb have right-lnteral offmt and individual dis- 
placements that mga from a few inches to about 40 feet. and have rr 
cumulative right-lateml displacement of several hundred feet, The 
critical intersections between these faults and the altered dikes m m  
throughout a zone that is  at l& 6(KI fed, wide and 1,5M k t  long. At 
least two altered dikes wcur in the mine; they consist. of fine-pained 
rn- of celcite, chnldrmy, sericite, and subordinate arnorlnts of .- quartz and clay min~mls. These dikes are prnbsbly a l t ~ d  diahm, as 
similar but Em extensirply n l t ~ r P d  dikm nearby have dinbmic t ~ x t ~ ~ m  
and contain relict min~raln chmwtaristie of di%baw. The Ed Tkvil 
om rxmsies af cinnuh~r nncl dibnite; realgar and orpiment. nre 1 ~ ~ 1  
minormnstituents. Tha cinnnbnr ~ n d  stibnite fom rnasfve rtpp- 
@q encmstations, h m i n  fillinp, md vug linings. In plwes, 
r e a l 3  of h t h  minawrls am exceptionally weU formed* Tha stibnits 
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* 
EXPLANATION 

I 2 Fault 
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AFtered dike 
Kuskokwim Group 

Gmywacke and a r g r / k ~ u r  rocks - 
U Ore vein 

h a r r u  8.-Oenerallmad immeMc blwk dlmmam of part of tba Red Dtvll mint. 
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is mmmonJy more abundant than the cinnabar? but as of 19M no on& 
rnony has h e n  recovered from the mine. Quartz, diekite, nnd minor 
l~rnount~s of calcita am ~ssociatsd with the deposits, Most of the em 
formed by filling of open spare, aIt.houp11 ,some of the cinnabar and 
gtibni ts r e p l a d  altered dike m k .  

The A1 ica md h i e  mine, also known locnlly as the Paks property, 
is on the north bank of the Kuskohim Ri rer midway bet seen the; Red 
h v i l  mine and the Willis property (fig. 2 ) .  The mine is easily 
m h e d  by amall bo~tfmm Red Devil airfield. 

The Alice and Bmie mine was staked by W. W. P a t h  in 1906. By 
1923, Parks had prd~rcerl 120 flwks of quicksilver, which was used by 
the gold-placer operators nt  I d i t a d  and Georgetown ('CVebbr and 
others, 1947, p. 19). Nost of this qnicksilver WM recovered f mrn ore 
obtained in surface pits and trenches. By 1914 an ndit 200 feet long 
had been driven by Prtrks. I n  1936, n f t ~ r  Parks' dent,ll, 1- ex- 
tended the dit to 525 feet. and drove 240 feet of drift. In 1942, under 
t.ha impetns of war demand for quicksilv~r, the U.S. Bummu of ,Min%s 
trench4 and sampled the property; t,Iijs work was dexribd by 
Webber and his coworkers (1947, p. 22-93 J . 'lln 1955; Cordem 3f in in~  
Co. tmk  an option on the property, extended the trenchas, sank n smnll 
inclined shaft from the surfnw, and rxplorerl the main dike exposed 
underground by means of perrusion long-hole drilling. Cardero 
relinquished their option in D w m h r  of l!j58. In Aupust of 1959, 
Ssinsburg, assisted hy C. M. Tnylor, p r e p a d  the mrnpmying mrtp 
of the tmnches and the underpound ~ o r k i n p ~  tn  1960, the property 
was o w n 4  jointly by Nick Mellick and George Willis; Mellick's in- 
tam& was under pumhase conr mt to Rohrt F. C y m ~ n .  
No recent pdurt ion  has k n  reprtd from the mine, although 

mme rich om hns been stockpiled in surfwe trenches. 

The Wmck at the Alice nnd Ramie mine consists of prnywrurke 
and shala of the Kz~skokwim Group intruded by seven1 dikes and 
sills. The bedded rmka strike northwestwad md dip north~,wtwtrrd 
at angl~9 rang in^ from 50" to nearly %IQ. The intrusive mks include 
diabasa and nltered d i k m  having n relict tmhytil: texture hut un un- 
known original compo.sition. Most of the intrusi~e mcka are exten- 
sively altered tu a rnjxtilre af ctay minerals, qunrtz, carbonatcta rninprlrls, 

irm442 e s a - 2  



and limonite, and except where weathered, they contain am511 fuzzy 
apch  of pyrite, 

Plate 1 i s  a composite geologic map of the new trenches and the 
andergmurid workings, The principal ore-bettring silts are well ex- 
posed in a continuous trench more than 7 0  feet long, and the complex 
relations of ore, intrusive cont,ncts, and crocrs fnull.9 are sa we11 exposed 
that the m~pping was done on a scale Imn, enough to depict these 
relations in detnil. The principal intrusive rock is a sill of d i a h  that 
strikes N; 15 "-4Q0 W ., dips 70a-H50 NE., and av~raps dmut 20 feet 
in thicknem. At the west end of the main trench, t.he sill chmgea 
strike by almost BOD mound the nose of a fold (pl. I ) .  Small off- 
shoots of the sill irtqytlarly intrude the enclosjng stnrta, and small 
isolated patches of altered igneous rock e x p d  in the t.renches are 
probably similar offshoots. The sill exhibits angmlar and blmky 
contacts th& mincide in orientation wit,lr joints in the M d e d  rocks. 
Other irregular dikes and sills nre e x p o d  in trenches not, continuor~s 
with the main trench. 

The underground openings penetrate the main sill and smeral other 
intrusive rocks that may be related tn the main sill. A dike trending 
N. 50" E. at right angles ta the bwlding and d i p ~ i n ~  36°-6(10 mT. is 
exposed in the rentml section of the d i t ,  The dike isoffset by severnl 
bedding-plane faults, mosk of which have had lef%laterat movement. 

Most of the cinnabar at the Alice and R m i e  mine m u m  in the main 
ail1 and the ndjarrent mka in veins a d  veinlets that trend n few d e g m  
east or nortil. Some cinnabar occurs in shattered graymseke near 
contacts wjth ipeons rock or dong minute veinlets or joints in the 
intrusire racks. The longest vein seen in surface exposures is ~t the 
mnt.heast end of the main tmnch (A. on pl. 1) and is traceable for 50 
feet. One end is cornred by spoil and dump materid. The vein, which 
attains s, maximum width sf about 1 foot, consists of breceiated gray- 
waeke and intrusive rock cemented hy quartz, cinnabar, crnd stibnih. 
The vein strikes north and dips 52O E, A prmpect. shaft was sunk 
dong t.he intersection of th8 vein md the sill to a slope distance of 50 
feet. Some cinnabar was ,seen in the shaft ta s slope distance of 25 
fwt belaw the cnllw, where the shaft is caved. Seveml smallsr 
veinlets hrrvjn~ a simifnr minern1og-y to that of the vein nort,hw& of 
the shaft are found pnernlly near tha margins of areas of rocks so 
intensely argillized thnt. one cilnnot tell i f  they were once dike m k  or 
~mpw..kB, or h t h .  
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Two veins abmt 20 feet long and Fwally ~ls much ns R inches wide 
are e+ in a deep trench approximately 21X1 feet northwest of the 
caved shafr, ( B, on pF. 1). They consist of qnartz, cinnshar, and 8 t h -  

nit% and in places they me composed solidly of sul fida. 
About 2 0  feet fisrthe~ northwest, a deep tmnch in bedrock discloses 

mvem'l sills {C, on pl. 1). The sills and the bedded rocks are rnoder- 
&ely srgiilized and contain small cinnabar-st i hnite-quartz veinlets 
not mom than 1 inch thick that occur along joints. Specks of cinnabar 
are dimminded in the argillized rock. 

Cinnnbar and stibrrite veinlets occur at tlla northwest end of the 
main tmnch (D, on pt. 1 )  along distinct faults that offset the sill 
mveml feet. The ore consists of broken and ~rgillized intrusive rock 
and graywaska cemented by quartz t hnt rontnin~ cinnabar and stibnite. 
Some of the stibnite is axidizd, but the cinnnbar is unaltered. 

The outlying trenches north tlnd west of the main trench are mostly 
nloughd, and b e d m k  is poorly exposed in the areas where the t mnche.s 
were mapped. Seveml dike and sills are exposed in them tmnch~s, 
but only one has ~twmiatd cinnahr (E, on pl. 13. The cinnabar wna 
deposited with quartz in h m i a t e d  p y w a c k e  at the dike contacts, 
which are a n ~ l a r  and am contmlled in part by joints in the plry- 
wacke. The shale h d s  are not, brecciated and are hrren. The V O I I I ~ B  
of mineralized p y w a c k e  a x p o d  is too small to have mmrnertinl 
value, but the prefefential concentmtion of cinnabar in porous or 
brittle rock is well illustmtsrl. 

1 ' I C I ) m m n D  Ommrnam 

The nnde-d workinps at t,he Alice nnd R ~ i e  mine consist of 
tr single sdit. about 54.0 f e  long d r i m  h'. QOO E. fmm the north bank 
of the Koskokwim River ( pl. 1 ) . The d i t  traneects the bedded rocks 
almmtt mt, ripltt angles to their strike; i t  intemects a dike subpamllel 
to the ndit, tw well M seseveml small sills, befom penetmtinp the sill 
ax-d in the surfmx trench-. ,"\drift mme 220 feet long ww cut 
to explore the hanainp; nn l l  of the sill. wl~ic-11 is altered and cut by 
mll quartz-c~rbonat~-rinnhr reinlets. Tmngholes were drilled by 
the Codem Mining Co. to ~xplorr! tlie sill beyond the drift. walls. 

According ta Cady and o t l ~ ~ t -  (1955, p. l l f b ) ,  some ore war; m i n d  
from a small drift rtlong tho dike ~xpmwl by the! adit where the struc- 
turd setting is identk411 with that nt tJin Red Devil mine. 

The only potent.int ore thnt has heen Iwnted is in the, ~ 1 t ~ m - I  sill 
where at by a well-defin~d fault striking N. 40" T. rind dipping 
almost vmticxlly. This ore is i n f w d  from cuttings collect~d fmn~ 
the pemssion drill holm in t ha wwtam p~rt ,  of the drift, (F, on pl. 1 ) . 
Mast of these holm i n t e m t d  cilinttbar nnd t.h~ts indimted t h ~ t  the 
sill is mineralimd over A lenflh of almmt 1IM feet. The d e p  of 



nItsmtion of the ail1 in this nrea RB well ns the smnll cinnabar veinlets 
e x p o d  in the drift, is additional evidence migpsting potentinl ore. 
Additional exploration will lx ~.equired to d~termine the p d e  of 
thisore. 

~ Z O Q T  

Cinnabar, stibnite., nnd ppri te am the most common sulfide rninerd~; 
at  the Alice and Yhwiie mine. Stibnite is mnernlly inbricntejy inter- 
p m  wit.11 cinnr~hnr in the larger veins, pnl-kicnlarly in those contain- 
ing qz~firtz gangue. Small veinlets may contain cinrmbar as the only 
sulfide in a c n r b o n ~ t ~  or qaartz and cnrbonate p p e .  A little pyrite 
is disseminsted widely in tJ~a tdtererl intrusive mcks a<nd is associated 
with cinnahr in some pmts  of the intrusive rocks. A few trpecb of 
llemstita were noted wit11 c . i n n n h  in some specimens of ore. 

The gangue minemls are qunrte, calcite, dolomite or ankeritic dolo- 
mite, clny minerals, ~ n d  limonite. Tile earliest curbonate to form is 
dolomite or ankerit ic dolomirq mherens many of the yo~mpr veinlets 
contain ratcite, mucll of which w m ~  d e p i  ted kfter the ore. The clay 
~ninernls include dickite, which wzum in many plam in the veins as 
pure r n m  as much IM hrtlf rm inch thick, and in some places dickite 
surrounds cinnabar crystals. The clay altemttion seem to have baen 
most in tense in the mineralized parts of the dike. Weathering extends 
to a depth of only a few hf for hard bleach& intrusive rocks am 
e x p d  in the kmttoms of most. trenches. 

Limonite ~rt the Alice find Bmie mine is mom abundant near the 
mrfwe than in the dit, but all the highly a 4 l E m d  rocks m t a i n  
some limonite, The dictions o h r v e d  in thin sactions s u m  that. -. 

the limonite is most.ly mlprEtplne in origh 

Fmt;llres t,h& formed in britt-le m k  loca1izd most of the om at 
the Alice and Bessie mink One set. of these ore-Wng fractures 
strikes slightly east of north across the main sill, which strikes X. 
1 5 O 4 P  Mr. Someuf the fmctnres offset the d l ;  others do not. Om 
m m  along and in th- fractms, impect.ive of the; t;pe of 
wall rock. 

A second set of omhring f rac.turep; a m  caused hy bedding-plane 
frcults that extend into the igneous mch. Ore in these Imctures is 
confined almost mtiirel y to the igneous mh. The few flasks of quick- 
silver prodnced by 1959  cam^ from veins in this m d  set, tllthough 
t,lls r ice& ore elrposed in 1959 is in veins in the fimt set. 

Analogy with the Red Devil mine (see p. 9 )  indicates that the 
inte-tions of intrusive mks and Wdingplane fanlts mrty be 
especially favorable sites for ore shoots. 
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The surfma expIomtion of 1957 nt the Alic~, and I'lwsie m i n ~  dis- 
d d  veins that are as rich ns t h m  mined at t.ha nearly Red Devil 
mine but am not as wide or continuous. Additiond strippirig of the 
intrusive m h  wiIF probably disclm other veins Wlletliar t,hesc 
mins constitute rninnble om sEloots depends upmi their vertical con- - tinniq, width, length, and pmcle. Fntum explorntion sllould lm 
directed first- toward detem ining the vertical contlnlli ty of tha e x p d  
veins. 

r It mmy he signi ficnnt that the line of intemwtian of the well-defined 
fault seen undergmund (at F, pl. I )  nnd the sill slopes upward 
shallowly in a S. :30n E. dimtion. A line connecting t l l ~  miner~li7Rd 
sill near the fault t~nderprtnrl nnd the highly altererl area (nt  A. 
pl. I ) in the s ~ ~ r f a c e  t rpnch would glope 1 1 1 ) \ ~ ~ r r l  at nhorlt SbO in II 

I 
S. 10" E, dimctJion. These lines nre c l m  ~ n o u ~ h  in ori~ntntion as 
to suggest that a contintro~is pipe, of nltemt ion nnrl minemliznt ion may 
liedong the interseetion of  the sill and the frtult, In the nearby Red 
Devil mine, the int6mwtions nf bedding-plnne f n z ~ l t ~  and dikes nre 
wpecinlly farorable sites for om. I f  future work is done underground 
at t.he Alice end Uessie mine, short c m w u  t sllonld lw driven tlimngh 
the sill near the erwternmnst perrnmion drill holes thrrt intcrwted om, 
and rt short mi* should be driven to test the interntion nma, If om 
is found to lie along the intersection, the other a m s  of intense alter- 
ation found in mrfm t ~ n c h e s  could be e x p l o d  with mom confidence, 
for them altered ~lrerts a m  pmbably the tops of hydrdhet-mnlly 
d t s d  a m s  clmlp connected with ore. 

wmxas PRO- 

IJle Willis property is  b u t  1 mile north of the Ka~lkokffirn River 
at. rr point mrne 3 miles b l o w  the Red hril mine (dip. 2). tractor 
d lpnds from t h ~  pmprry to the Kuskohim River, which is 
navipble to this p i n t  hy re;isels dmring 10 feet of arster or less. 

V Tha ~~mpertj  can be rewherl by small b a t  from Red Devil airport, 
rrl~icl~ wcornmodrttes twill-engine tnrbopp aircraft, 

The Willis p m p ~ p  was stakd in 1909 hg Omstd Willis and Jack 
F~lller (Cady and others. 1955. p. 111). O m e ~ h i p  p d  to George 
IVfllis, R nephew of Oswald Willis, and in 19.59 the property was under 
option to A l ~ k t r  Mines mnd Minerrtls, Inc. 

Development prior to 15342 wnsist~d of sereml pits, trench- and 
sllort n~lifs. In 1942, the 17.8. 13ure~n of Mines excavated six bull- 
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dozer trenches and expocsed four dika- Betwean 1942 and 1958, only 
m s m e n t  work was performed by Willis. In 1958 Willis excavated 
many new bulldozer trenches, several of which exposed ore, and Sains- 
bury? misted  by C.  M. Taylor, mapped the property by planetable and 
alidade in late A u e s t  1959 to preserve data on the geology a x p o d  
by the trenches. The area explored by trenches is abut  1,300 feet by 
1,000 feet. 

The property has produced only a few flasks of quicksilver, although 
prome additional rich ore was stockpiled during the 1958 aplorakion. 

OEOLOBP 

The bedrock at the Willis property is covered to a depth of 6-8 feet 
by perennialIy f romn silt, and the only hdrock exposures are in the 
trenches. The bedded mks consist of gra jwscke and shale of the 
Kugkokwim Group and st r ike  northwestward and dip 55"-3Q0 SW. 
The bdded m k s  m0 complexly intruded by several dtered dikes and 
d l %  the original composition of which is unknown but which prob 
ably wntained feldspar and, possibly, *B phenocrysts (pl. 2 ) .  
Trench exposure; are not continuous enough'ta allow murate pro- 
jection of all the intrusive rocks, but the main htmsive appears to 
be a complex dike striking northmestwad md dipping a b u t  15" NE. 
The dike is at lea& 20 feet, thick where bth contacts are exposed in 
t h ~  long tmnch at the northwest end of the trenched &ma, buk the 
thickne58 elsewhem cannot be determined. Several other dikes and 
~ilh which wuld be offshmh of the main dike, outcrop in the trenches. 
As some dikes m m u t  others, they canno$ all h contempomemus. 
The bedded roch and the dikes am cut by bedding-plane faults, which 
displace the di kw as much as 20 feet, and by faults that, trend N. 10"- 
30" W. obliquely acrw the bedding (plogic  section, pl. 2). 

Cinnabar-'bearing v e h  expo& at Lthe Willis property range from 
a few f e t  ta more than 50 feet in length and are as much as 6 hchea in 
width. The veins lie in or near the igneous rocks. Most of the larger 
veins strike N. 30°450 W. and dip -ply either northeastward 
or southwestward. Smaller veinlets within the dikes occupy j o h h  
that strike north to N. 30° E. Cinnabar i s  disseminatad locally in 
ma11 amounts in the argillizd walls of fractures in the dikes and 
nearby wdimenta~ mks or in the irregularly argillised rock at the 
contacts betwaen intrusive rock and graywacke. 

The relations between veins, faults, and mnMs  are particularly 
wdl  displayed in the long sloping trench trending N. 20" E. at the 
northwest and of the trenched a m .  The mntml part of the tranch 
fol~ows the upper contact of a dike dipping shallowly te the north 
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(pl. 2 ) .  Bedding-plane faults oflest the dike, and smdl  veinlets wn- 
taining cinnabar cut the dike subpamllel to the bedding of the en- 
closing rocks. Exposum in short prospect tunnels driven dong the 
upper and the lower contacts of the dike show that the dike js almost 
horizontal. A rather considerable amount of cinnabar is disseminated 
in rocks exposed by the trench, but this disssrninated ore is Iow in grade. 
The veinlets expomd in the trench are too narrow for individud 
rninin g. 

M-Y OF THE om 

Cinnabar and stibnite are ir~~imakly ijnkrgrowu irl I I ~ Z L I ~ Y  of the 
veins, but in others, cinnabar is the only sulfide mineral. Pyrite 
occurs in small amounts in the ttItered dikes md is abund~nt on tho 
dump of one old prospect tunnel. A little stibiconite ( 8) has replaced 
stibmte in one of the veins. Hematite is a minor but very widespread 
mineral in the ore. 

The gangue minerals am quartz, carbonate, deep-red limonite, and 
dickite (listed in order of decreasing abundance). The dicki ts, which 
was identified by X-ray diffmctometsr, commonIy forms pure masses 
t,hat surround cinnabar and st2bnite in a veinlet. In some of the veins, 
feathery quartz contains d i s p e d  cinnabar and limonite w, intricately 
associated as to suggest that they are contemporaneous. 

The cinnabar at the Willis property mnges from clear brilliant 
red to dwp purpIe black. The microscope disclows that the dark 
centers of many of the cinnabar grains are surroundsd by clear d 
cinnabar. T h e  dark cinnabar may mnhin dispersed hematite or 
pyrite, for it consistently gives a test for iron. 

T h e  altered dikes mntaih a carbonate mineral, sericite, quartz, 
clay minerals, and a rather lmge amount of apatite and sphene. The 
limonite that stains the dikes may, in part, be contemporaneous with 
the ore deposition. 

The ore at the Willis property formed principally in veins along 
fractures made where bedding- lane f ~ u I t s  intermtea the intrusive 
rocks. These veins lie principa P ly in a sl~allowly, dipping dike, and 
hence their longst dimension may 'be horizontal, in contrtlst with 
reins in Red Devil mine and the Alice and Bessie mine, which am 
elonga.ted down the dip of the dikes. An analogy with other deposits 
in souithwestern Alaska indicates that  the veins probably do not extend 
far above or below the shallow-dipping dike and hence should not bs 
pro jectsd far down dip in calcuIating ore reserves. 

Future exploration at the Willis property should be determind by 
t.he attitude of the intrusive being trenched. Trenchas oriented north- 



east tmnsversa to the bedding of the dimentary mks  dong one 
mntact of a steeply dipping dike should uncover any om bodias in tha 
dike. Exploration of the m ~ i n  dike, which dips shallowly norkh, will 
require stripping of lmge areas if veins are not to be m i d .  Any 
well-defined faults found in the hedded mks should be projected to 
determine their intersection with all known intrusives, and them3 in- 
tersections should be tested. A m  of i n t e r n  clay dtmation extend- 
ing bellow the weathered zone pmbsbly should be exposed by trenching. 
A shallow shaft on the I~rps t  vein in the centml tmched area could 
allow deteminntim of the vertical continuity of the vein and ~ I l e c -  
tion of information that would be valuable in avaluating other veins. 

The Barometer h e  prop* consists of 10 claims lying ~t alti- 
tudes betweea 300 and 500 feet about a mile northweast of the Red 
&vil mine (fig, 2). The mine is reached via the road between the Red 
Devil airfield and the lied Devil mine. 

The Barometer mine, which wae staked in 1921 by Hans Ha-Everson, 
p d u d  10 flasks of quicksilver in 1938 and 6 fl& in 1940 (Cady 
md &em, 1955, p. 110). Several pits and trenches and an adit 122 
feet long wem excavated in 1922 and 1923, Daring. 1931 a short cross- 
cut was driven from the adit, Su8kquent exploration consist9 of nine 
band-dug trenches as much as 80 feet long that were excavate$ dar- 
ing a t7.S. Bureau of Mhes explDlatim program in 1943 and w hull- 
dozed t.mnch seveml hundred feet long that WBS excavated in 
1957 under DMEA sponwrship. me Alaska Mines and Minerals, 
Inc., the owners of the property in 1960, dng additional trenches during. 
1959 and 1960 and plan additional exploration of the deposits, If 
mmercial ore is developed, it will be treated in the funwe at the 
l?d Devil mina 

Tha mine was visited briefly by MncKmt. in 1957 during the 
DMXA explomtiun and by Sainsbnry in 1959. 

The Bmmehr mine is on the aouthw& limb of the Sleekmute 
antidhe in a geologic &ting similar to thrtt at the Red Deril mine. 
The host rocks are shale and pywacke  of the Kuskokwim Gmup 
(Cmtaoeous) that are cut by altered dikes. The sedimentary rocks 
strike N. 48" W. and dip about 55" SW. The attitudes of tha dikes 
were not ascerhined because of poor expmres, but like similar dikes 
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at the Red Devil mine, they ~mbably strika northmstu-ad ~ n d  dip 
soutl~eastwarrl. Nl~merous faults t m d i n g  northw&.w~rd are nenrly 
par~llel to t h ~  bed din^ of t,11e strata and cut the dikes and the bedded 
m ks. 

No detailed p l e c  maps of the Barometer mine are svailrtble, 
nntl the extent ~tnd relationships of the quicksilver deposits aw not 

a known. Tha U.S. Hurem of Mines cut mnd annlypxd 68 snmples, each 
5 feet* long, fmm their exploration trench= and the nnderpund  
workinga Three of tlless s~mples  cont nind 1 6 2 0  p a n d s  of nlercury 

* p r  ton, 19 cont~ined 1-10 pounds p r  ton, and 46 mqayed lm than 1 
pound per ton (CVebber and others, 1947, f i ~ .  R, tabln H). The results 
of this sampling indicate sevsml diwret.e quicksilvw-haring zones. 
The distribution of these zonm makes tm=~ab l~  the ~,9surnption thnt. 
the structural mntm? is similar to that at the Red Devil mine, whew 
most of the ore is localized nt ~ n d  nmr intemrtions between altered * 
dikes and righb-laternl fanlts tmnding northwest nnd about parallel 
to t.he bedding. R n d  on nnulogy \pith the Tkd I k i l  mine, the 
Barometer deposits should form ~ l o n p t s ,  pncil-shaped Mia thnt 
plunge abut  40" S. The Bsrorneter deposits consist of cinnabar that 
is commonly n m i a t e d  with stibnite and renlgwr in a quartz-rich 
gangrle near arms of filtered iton-stained m k  containing abundant 
 quart,^, carbonate minerals, and c l ~ y  minerals. Such m k  was termed 
"silicrt-crtrhonnte mck" by C~rly  nnd opthem (1955 ,  p. 105). 
The post,ulabd similarity to the Recl Devil! mine is in pnrt borne 

out by a statement msde by Godon Hemid,  mine geologist nt the Red 
Devil mine, who reported #lorn1 cornmum 1959) thnt tmnching done 
in 1959 near the Kuskohim River d i s c l d  promising rinnabar- 
~t3bnite veins in a l t e d  dikescnt hy bedding-plme faults. 

F A f R V m  

The Fairview prospect Is 1% miles N. 76" W. of the R d  Dwil 
tlline on the south side of the Kushohirn Rivpr (fig. 2 )  at rn nlt it.udp 
of u h t  850 feet. This desrription of the p- is tden  fmm 

.- 
Cady and others (1955, p. 111) and frnm ' ~ T P ~ I ~ P  ~lnd otlr~m (1947, 
p. 2i,38 ) , for no work has been done st. the proprt y ~ i n c e  t hcse writ em 
rlps~:rikmd it. The workin- consist of wseveml shnllou* trenclles and 
pits. The three l o w  trench=, mprt ive ly  125, 130, and 175 f ~ e t  

* long, were hand dug as part of rl U.S. Ruren~i of Mines explomtion 
p r o p m  in 1943. 

The prospert is in a sill of prphpritic nlhite rhyolite t h ~ t .  is  about 
120 feet thick. The sill intrndes interkdded shale and p y w a c k e  of 
the Kuskokffim Group Irretnoeous) that forms the southwest limb 
of the: Sleetmute anticline. The qnicksiIver deposits, which are 1c- 
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ctdized near the central parts of the sill in a zone of fnwturing thltt 
cuts I I C ~ B  t l ~ e  sill at a mall angle, consist of P-innabas-atibnite 
veinlets. 

The following description of the explomtion work done by the U.S. 
Rurenu of Minw is  quotad from Wehber and others (1947, p. 28) : 

T m c h  I ia normal tn the ~ t r l k e  of the dike (efI l )  and revealed 4 II&io&. wldth 
of material mhttrtnlng an average of 0.7 pound of a p m r y  a ton. The rnaxlma~n 
degree of mlneraiimtbn ~ccurring in any one %foot d d t h  was 1.0 mund of 
rnescurg a ton. 

Trench 2 ia paraflel to trench 1 and is 225 f e t  n o r t b m t  of tt. A Nkfoot Pnne 

1 n t m M  by WISB trench mntaim an average d 2.W mnndu of mercuv a ton. 
Two eontfmona %foot Barnples in this mne contain 8.0 and 4.8 wunda of memurp 
a ton, m w v e l y .  A m n d  m e  5 feet wide Fs 35 €Pet (measured normal to 
the rtrfke) from the first and crrataIm 5.4 pounds of memry  a ton. 

The third trench. parallel to trenches 1 and 2 and 205 feet nodhw& of tmnch 
2, contained no obaemd warns of clnnabar and waa not aampled. Pmbably tbls 
trench was tm far fmm bencb 2 to intenwet the mne o i  mlnemllmttlon found 
in that trench. 

These trenches were sIoughed and partly filIed by dope wash in 
1959, and &isfactory geologic maps of them could not b made. 

Several other qnichilver claims have hen staked in the Sleetmute 
area and nearby (fig. 21, but none of them w= exnrnind during the 
present invest.iptim, as no work h d  b n  done on them since Cdy"s 
visit in 1944. The brief dwri pltdons of these prospects am d e n  from 
Cady and others (1955, p. 111) and are included hem for oompJ&eness. 
Most of these claims have heen p m q e d d  by sh~l low pita and trenchea 
only. 

The Vermillion sind Mercury claims, which are near t.he mouth of 
McCally C m k  on the wuth side of the Kuskohim River (fg, 2), 
have heen mther system~ticallp trenched. T h w  pmpeots are in 
gmywacke and shale of the Ruakokwim Group .on the southwed limb 
of the Sleetmute anticline. The mnlI nmount of cinnabar thai was 
found occurred chiefly rts stringem along the bedding planes in the 
shale. 

At the TWO Genevievea procrpect, which is on the north side of the 
Kuskokwim River southwest of Cribby O w k  (fig. 2), cinnabar is 
localized in rmgs in a b m i n  zone new the upper contact of an alteed 
sill. The muntry mks  are pywacke  md shale of the Kuskokwim 
Group. At the Ammiline prospect, near Pnrks C m k  (fig. 21, cin- 
n s h r  m u m  in fradm in albite rllyolite that intrudes the aedimen- 
tary rocks of the Kuskokwim Croup. Wiis mode of occumnce is 
similar to t~hat at the Faimiew prospet, 



Other pp06pdx that am reported to conhin cinnabar (Cady and 
others, 1955, p. I l l  ) include one muthwest of the head of the smnlI 
m k  t.hat flows past the H a m ~ . t e r  mine, anothe.~ at Mellick's trading 
post (fig. 2),,and a third at ltn altitude of about 1,000 f& an the 
noI.thea.4 s lop of Barnmeter Mountain ( f i ~ .  2 1. None hna k n  ex- 
p l o d  sufieiently ta evaluate it. In fiddit.ion, many claims have been 
shked in the Sleetmute a m  on discoveries of float of quicksilver ore. 

? 

frOQAPEO# AHD A C C I W B I B W  * 
T h e  White Mountnin a m  is a b u t  60 miles south-southeast of 

McGmth on Chunitna Creek, a mall fork of MI unnluned trihubrg of 
the Tatlawiksuk River (fig. 1). The natne White Mountain is used 
by I w l  residenh to mfer to a pmminent mountain capped by while - dolomite t.hat is  t,he northernmost of R of hills t ha t  rise to an 
altitude of 3,300 fe& between the n i ~  and Swift Rivers. 

The minernlimd area is ~cces ible  by foot fmm natuml landing 
amas on river b ~ r s  in the Rig River some R miles to the northeast or + 
by aircraft, which land on R gravel airfield & the main prospect.. 
Small bats can Im "lined" ap Chunitnn C m k  to points about f 0 miles 
southwest of the prospects. 

Abundant spruce t - imhr p w s  in the valley bottoms nesr the 
pmpecta, but slopes nbove an altitude of about 1,800 feet are coverad 
by tundm a d  bullbrush or are b w .  Foot tmvd  in the lower ams 
is rather slow and difficult, b ~ r s e  of muskeg and deadfalls. 

The prospmta at White Mountain w ~ r e  staked in 1958 by Jack 
Epaty ,  an Eskimo from Slmtmute, and wem immediately taken undar 
option by Cardem Mining Co. Cordem Mining Co. trenched by hand 
semral of the prospects in 1958 and reopened several of the trenches 
in1959. Noprodu~tionhad~beenattemptedbyl96.7, In 1964,Robert 
F. Lyman was mining the deposits on a lease basis, 

* MmKevetk visited the property in 1958 and mapped ~ieversl of the 
trenches, and in 1959 Srtinsbtrry and C. M. Taylor spent I7 days at 
the property mapping the main prospect arm by planetable and a.lidadt - and preparing a remnnaissnnce pologic map of a Targm a m .  
In early 1960, the geologic maps made by the Geological Suwey 

were made available tothe C.S. Rumm of Mines for use in exploration 
b q p ~  In 1980. The Bureau of M i n e  used a hand auger to twt favor- 
able areas outlined on the h i  s of the geologic map, and r e d  t s were 
sufficiently encouraging that a l q r  wale progmm using a bulldozer 
mas undertaken in f 961. By September 1961, w h m  Sainsbury re- 
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visited the pmprty, rich ore had been found in severel twnches, nll o f  
which we.m along R fault blieved by the ~ v r i t e r s  to repwwnt t lie main 
ore channel (Sninsbury and MacKevett, 19fifl, p. DX7, B38). The 
trenches nertr the north om zone Ijrul c.upw~rF ~m a l t e d  dike sonth 
of the arm trenched previously by Cordsro Mining Co. The d i k ~  
is not ahown on t,he mmpmnying geologic mnp, which w w  pmpnmd 
in 1960, 

GmOLWY 

@EHEBdL QEOZOQIO 8- 

The geology of the Wl~ita Mot~ntain a m  is d w r i k 4  in mme deail 
in this ~ e p o r t  bemuse the qnicksilver prospets nrp v w y  prom is in^ 
and because there is no published pologic infnrmntion  but the awn. 
Before 1958 no quicksilver depmit s wt?rp known in Iirnmtone in mut II-  
western Alaska, ~ n d  th~mfow the !inding of rl~pmits in limmtone 
~ t ,  White Mountain mb&anti~ll;y wid~netl the w o p  of known horst 
rocks of the quicksilver d~pmi ts. 

During early sumeys, two raconnaiwanw p % d i ~  of t.he Geolapical 
S w e y  passed appr-oximktely 613 mil- south (Smith, 1917) nnd 50 
milea north (Spurn, 19W) of the n m .  Thrr northmst~rn margin of 
the ama mapppd by Cady R I I ~  O ~ ~ P P P ,  119.55, pl. 1 ) is  a b u t  50 rnil~rr 
west,. The White Mountain m l i e  on tho Alnska Yukon p n t i c ! i n e  
(Pa-me, 1955) in the nortlrwest frmthills of the hlnskn R a n p .  The 
Fnmwell fault, one segment of n major fault zone that crcn tse traced 
for a distance of 1,400 miles (Twenhafel and S n i n s b u ~ ~  1058, p. 1434)- 
cuts t.hrough the areR and causes major tliapnritp of structure ~ l l r l  
st.rtiprrrPhy on opposing blocks. -1. mnnnissffnce polopic map of 
the IThite ,\fountain aroa is shown on pEate3, 

mmmTmT B- 

The dirnentn1.g roeb nt  m t a  Mountain includ~ strata of 
Middle( ?) Orrlovirian, Silurian ( ? )  and Cr~taceous( ?) ages. T h e  
Farewell fault everywhere sepnmtes the Pnleuzoic racks from the Cre- 
twmus(?) m k s .  TheMiddle( ?)  Ordorician lackscomprimmesti- 
m a t 4  4,W feet of mnrine l impstone and argillaceous limestone; minor 
uhsle and calrnreous sandstone occur near the hs of the section. The 
Siluril~n ( ? ) m k s  include nt Imst 1,500 f& of limestone and massive 
dolomite. The C I P ~ R ~ P I S (  ?)  m k 5  m qntlrtz conglomerate and 
interbdded black to brown gl~tlle grndinp upward into micmnglom- 
emta, and conm m d s b n e  and interbkdded coarse conglomerate and 
shale. The CrPtaceous( ?)  rmks aw nt 1 e ~ *  R,IW feet thick. Coal 
fmpents, cross bed din^, ~ n d  the h i ~ h  proportion of vein-quartz peb- 
b l ~  are evidence of deposition in continental or brackish-wafer 
onvimnments. Hand specimens of the conglomerate are indistinguish- 
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nble fmm specimens of the  Cantwell Farmfition (Lower C m t t ~ m ~ )  
collactad by Clyde TPahrhaftig f m n ~  the centml Alaska Ranp. The 
conglomerate at  TVhite Mountain is provisionally correlated with the 
Cantwell Formation on t ha bnsis of lithologic similarity, althongh the 
namst hown exposures of the Cnntw~tl Formation lie some 100 miles 
east in t.ho Alaska Range (Capps, 1027, p. 93). 

The Middle( 7 )  Ordovicitul rwks am dated by ostmcodes md a 
bmhiopcd (USGS 3149SD) that we.m stndid, respectively, by 
Jean M. Rerdan, of the U.S. Gdogicsl  Survey, and G. A. Cooper, of 
the US. Kational Muse~~m.  Berdan (mittmi commnn., 1900) 
concluded : 

Altbongh none of the forms lieted here, with the wm1bte exception of Pgrzimr, 18 
confined to the Middle Ordovician. the general s ~ p e r t  of the fauna and the 
absence of U ~ m r  Orda~idan qnxie@ 8ngge~ts thnt this coUection i s  mote 
probably MidBle rather thm Otanvldan In agP. 

The Middle( ? )  Ordovician mks are in pnrt similar to the Ordo- 
vician part of t,he Txttina Gm~lp sf Ordovicinn and Silurian(?) age 
described by Brooks (1911, p. GI)-51) horn  the Sout,h Fork of the 
Kuskokwirn River and the Tatinn River m e  50 mil@ enst in the 
Alaska Rnnge, the nestmt known exposum of Ordoricinn mlrs. 
Ths Silurian( P )  rocks are dnted by fossil e o d s  and Archaeocyatha, 

which were studied, mpectively, by 7tr. A. Oliver, Jr., and Helen 
Duncan of the G.S. Geological Survey. Oliver reported (writ* 
c o m m . ,  1960) : 

CoIlecfIon USQS 65@&-8D laclndes four mgme corals reierable to a w e  
species of a type w h l ~ h  i~ certainly past-Ordaviclnn and probbly RiInrLan or 
Devonian in age. The s p e r l ~  a m a m  to be clow to g e n u ~  I~ptoinoglyRuno, 
which Is of Devonlan age, but the material In Inadequate tior positive identifica- 
tion, and a BIlurIan nge cannot he mld out. 

Helen Duncan reported (witten commun,, 1960) : 
The fornil Is r very unusual ormnlsm that has been named A p h m e a l p h  and 

that I s  mnaldered to be an Archaeocyatbid by the Russian speeiallsta who work 
on the m u p .  So far as I know. the only wpecim of Aghromfpimr described came 
from the Upper SHnrian (Ludlow equivalent) a t  the northern Grat Mountains. 
* * The occurrence nC an d p h r o s s t p l n z  thnt cloeels resembles the Rnalan Late 
Sllnrlan form s o m h  that the m k s  are Late Sllnrian in age.' 

T h e  rocks here desipnted Silurinn ( ?) are lithologically similar 
to dolomitic mks descrihd by C hdy and others (1955, p. 2427)  and 
rtas@ to the Holitnrt Group of Ordovician ( % I ,  Silurian, and De- 
vonian age- The nearest ~ ~ n m e d  exposure of the Wolit,na Group are 
some 70 rniIessouthrvest of Khite Mountain. 

The stmtipphy of the Middle( ?) 0dovi.cittn and Silurian( ? }  
rodks is based in psrt on planetable rnemumments and in part on 
photogrammetric measurements and is summarized in figme 4. 

Atter further mdn h c a n  condudml thnt foaffll~ fn mIIa WWLSD are Wvonlan (7 ) .  
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IQSWOVB BOmfe 

The only igneous rocb found at W3it.e Mountain wit.hin the a m  
illustrated by plate 3 consist of a small granite plnton that intrudes 
the Middle( ?) Ordovician mks about 2 miles south of the main 
quicksilver pmspectq two fmsh and one altered diabase dikes about 
1 mile west ,of the prpspeets, m d  one altered dike tkt the north om 
tone that was d i ~ l &  by a bulldozer trench in 1961. The plnt,on 
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d s t s  of medium-grained biotite granite mmpwed of 85-70 percent 
perthite, 10-90 percent quartz, 6 8  psrcent clear albite, 1-2 percmt 
biotite, and I percent o w u e  minemls grouped in or near the biotite. 
Tha perthite crydals avorac 5 mm in lengkh, and the quartz, 1 mm 
The granite has thermally metamorphom-l the lim&ne-+onverted 
p m  limestone to marble and irnpum limestone to homfels and calc- 
i l i a k .  Thm conhct-metamorphic rach contain abundant pyrite 

Y snd pyrrhotite and am heavily h i n d  with limonite. The tharmd 
anreole peachw a maximum width of abut  three-eighths of a mile on 
ths southwest side of the pluton, where the beds dip shallowly south- 
westwardaway from the plubn. 

Granite has been mpoded (R. P. M~loney, oral oommun., lMl) 
from the nohh side of the divide between Chunitna Creek and the 
Rig River; granite may form much of the bedrock in this a m ,  but 
such o c c m c a  is unknown, for glacis1 deposits cover the Mmk - almost completely. 

The f m ~ h  diabase dikes str ike northead and dip 70°-800 SE. The 
wwternmm dike is hd. 60 feet thick, and the w u t ~ r n r n ~  is abont 
2 feet thick. The a lkrd  diab- forms an irregular outcrop only 
abwt 15 feet I U : ~  on the south slope of Whita Mountsin. The 
larger d i k e  were intruded probably along faults. The fresh dfabase 
dikes consist of augite, labradorita, and minor amounts of olivine that 
is partly a l b d  to antigorite and iddingsite(?). Opaque ore min- 
erals, chiefly mapetite, constitute h u t  2 percent of the rock. The 
texturn is ophitic, and the largest plsgioclase phsnocrysts are as much 
a~ 2 mnrin length. The &rsd dike, which is similar to altered dikes 
near quicksilver deposits elsewhem in southwpslern Alaska, consist8 
of an iron-staimed m a s  of clgy minerals, carbonate minerals, and fine- 
grained silica. Thin sections disclase that the rock also contains many 
smaIl apatite crystals md that it has a .relict diabhc texture. Na 
cinnabar could be found in the a l W  dike, but small specks of pyrite 
am abundant, No intrusive rocks were found in the conglomerate 
east of the Farewell fault. 

BBEQ6JU - 
A thick tectonic breccia at the base of the east flank of White Moun- 

tain merits diwusaion. The breccia, forms conspicuous outcrops for 
nearly a mile that almost pnrallel the tramof bsdding in the Niddla ( ? ) 
Ordovician rock The brpmia oonsists of a porous mass more than 
200 feet thick cornpwd of ssmiangukr to subroundad fragments of 
limestone ranging in size from less than 1 inch to 2 feeL The b m i s  
fragments are mryatallized to marble and are cemsnted by fine- 
grained banded carbonate and minor amounts of %e-grained silica, 
which forms sintarlike coatings on many fragments. Xany of the 



frsgments gm dained deep red brown by iron oxide. The breccia 
dips at an angle of about 5"-lo0 E. obliquely mrma the platy lime- 
stone that it cuts Rounded  boulder^ of fresh diabase a m  scattered 
throughout the breccia for several hundred fget near the point whore 
the l a r e  d i s h  dike should crrt the bmmia. The b m i a  i~ conclusive 
evidence that flat faulting a x u m d  ainca the injection of the diabam 
dikes, which a m  pmbably Late Cretaceous or Tertiarg in age. The 
bwcis  is cut off proba'bly by a high-ahgle fnult on t.he westt side, 
u-hch snggests that  t l ~ a  flttt h ~ d t  ing pre$nte$ at. last gome of the 
mov~rnent. along faults psrnllel to the Ftrreu*~ll fault. 

A thin &ion of the breccia disclosps numerous  mall clob of an 
opaque mineral, too mall to identify, -minted with limonite in the 
coatings on the b-ia fmgmmts. Thaw opaque minerals were in- 
troduced  don^ with the conking of cnrhomte in which they are en- 
~ l o s d .  The anthorn consider tlla rnnrmorizntion of the breccia, the 
sinte.rlike coatings on the bmxin fmgmentq the abundnnt iron stain, 
snd t h ~  opaque minerals to b~ evidenre thRt the bmcrin has besn 
hydmthermaIly alkred. 

The breccia is similar to breccim in mks of the Holitna Group in 
the Knlukbuk Wills  s h t t  120 miles sonth\rmt that h m  dwcribed as 
int.rxformation~l b m i m  nncl mnglomemte ( C d y  and others, 1955, 
p. 25). Rwauw of the similarity in nppenrrtmce, the breccias in the 
Kulukbuk Hills mny p i b l y  nlso  be tectonic b m i a s ,  and perhaps 
such brwcias Itre man in rwks of the ltolitnn Group. 

Surficid deposit4 consist in^ of g l ~ c i ~ l  moraine and glaciofl uvisl 
gravels of Qaatttsnary age mttnmantlp: the bedrock nmr the quicksilver 
depmits. Thew deposits nre part of s mtinuo~rs mmtle of drift that 
urtw deposited by the glwiem that flowed from the Alaska Range 
westward d o m  the. vnlleg of the Rig  River. Two distinct glacial 
advances are recorded by the depasits, The earlier is the more exten- 
sive; ice from the older pl~ciation completely filled the valley of the 
Big River, and tongues af ice wem pushed across the divides on the 
east and north of C h u n i t n ~  Creek (PI. 3). The glmiatim was 
confined tothevalley of the RipRiver. TIiernomine from the earlier 
glacial s b p  remains as a venser, locally 25 feet thick, on the fist &US 
nort,h ~ n d  west of the quicksilver deposits, where i t  interferes with 
t8ha surface explomtion of the quicksilver prmpcts. Granite and 
metamorphic rocks that tlm chancteristic of the Alaska Range in the 
haadwaters of the Big River form a large part of the moraine of both 
stages. Abundant granite cobbles f aund in all the stmans trihhry 
to Chmi tna C m k  on the east are glacial emtim. 



FAIF !.TI3 

The most atriking stoructuntl fmtnm of the a m  is the Farewell 
fault zone, whic,li contains a zone of clay p u p ?  mom than 150 feet 
wide along the main bmnk. This falilt separates the wnglomerate 
from the limestone througl~out the  nrelt shown on plate 3. Xany 
smller f~111tFi ~uhpnmllel to the mnirl fault cut the Middle ( l )  Ordo- 
vician m k s  and nm p r ~ u m e d  ta h pnrt of the Farewell fttult zone. 
The tmcs of the main RouEe zone indicates that. the fault dips norX.11- 
west dmOEf verti~nlly,  but the smaller faults dip steeply southend 
hwartl the m ~ i n  fatrlt. 

The blwk southmst of the fault, in which younger w k s  are pre- 
r r p l n . 4 ,  is pra~umetl to be downthmm, but the net slip on the fnult 
could not h detemined because similar rocks were not, found on both 
sides. I-Iowwer, RS R I ~  st irnated 8,100 feet of cenglomemte is cut out 
~ l o n ~  t h ~  f ~ u l t ,  the minirnl~m stratigraphic throw is R,IW feet. On 
the bmis of the complete n k n m  of conglomerate west of the f ~ u l t  
in the a m  tmremrl, the minimum horizontal offs& on the h ~ l t  is  
determined to be ~t last 17,IKM feet. Quartz conglorne~ate hhs been 
reported by C". F. Herbed (om1 mmmun, 2960) to occur west of the 
X ~ t l l t  mme I5 miles north of the main pmqwcts, md hence the total 
~rnount of offset sinm ths C&aceous( ?) may have hePn I5 miles. 
No evidsnce of reoent movement on the fa~rlt rran be seen, although 

f m t  bils  that lift day fmm the guuge mne into the overlying tllndra 
e m h  linear scam that supeficidly m r n b l e  faults cutting the tundra. 
The fact that no faults parallel to the main Fnrewell fnult arc! known 
t,o cut the conglomemte-whereas s8veml m~ch faults rut the Mid- 
dle(!) Ordovician rocks tu the west-may indicate that movement 
along tha fault zone was hken up along numerous faults prior to the 
deposition of the conglomerate but that subsequent movement. WRS 

localized along the main break. Cfn the basis of i t s  mlations in the 
White Mountain a m ,  the Farewell fault is pmvisimally in t~rpretad 
to h a right-latern1 transcumnt fault having a component of clown- 

on the southeast block. 
PMJHl 

A niarW disparity of fold structures exists on opposite sides of 
the Farewall fault. The wnglornemte is folded into R fairly 6ym- 
metrical syncline whose -is trends roughly parnllel t4 the FnmweIl 
fault and p l m p  norlhemtwad. 

The Middle( ?)  Ordovician and Silurian ( 1 )  rocks west of the Fare- 
n-ell fault are more intricately deformed than am the Cmtnceorrs ( ? )  

on the east side. The main structuml fmtures in the Ordovician 
and Ssarian mh along ths lina of the c m  ection (A-A', pl. 3) are 

7Ul-842 - 



an anticline and a gyslclke trending northeastmd. The stractnm 
is doubtlm more mpEicat4 than is shown on the cmm mtion. The 
gast limb uf the qnc l ine  propmively steepens from White Mountain 
towarrl the Famwell frtult to a point where the I d s  a m  overturned 
and dip m u t h e ~ L  The west limb of the anticline d i p  mom steeply 
than does the east limb. From the top of White Mountain, one can 
8ee that the beds on the west limb continue muthwestward for mveral 
miles, gradually swinging to a southeast strike and shallow southwmt 
dip south of the p n i t a  pluton, chnmcteristics which indicate that the 
finticline Is tho major mgional feature. The anticline plunges ahal- 
lowly to the muthwest, and south of the plutoa the east limb is cut 
off by the Farewell fault. 

A rather abrupt change in the attitude of the 'Ibeda from s north& 
strike nnd northwest dip north of the plubn t~ variable strikes and 
dipa at the n o r t h m t  margin of tlhe pluton may d e c t  structural 
complexity c ~ u d  by the intmaion of the pluton, or it possihly indi- 
ct~teq faulting RR yet u n m g n i z e d  in the reconnaissance of the area. 
Minor folds and structuml complexity caused by faulting have hem 
obaemd at many pl- within the nrea shown on plate 3. Southwest 
of the pluton, ths sttuctum seems anifom for mvsral miles, and the 
beds dip shsllowly ta the muthwat around the nwse of the main 
anticline. 

aVIaEnm- n- 
Tbe hown quicksilver d e p i t a  Ist White Mountain are distributed 

along a belt abut  hnlf a mile wide and 2 miles long along the west 
side of the Fawwell fault (pl. 3 ) .  The beds in t.his zone are the 
lower part of the Ordovician mch Gelow the argillaceous limestone 
and daystone unit. (Sea Hnrtipphic column, fig. 4.) The mks 
in general strike north&mnrd alrnmt pamllel to tha F~rewell fault 
md dip vertimilly mnthet~st at ~ngles  ss low as 36" (pl. 3 ) .  The leser 
dips ta the south& mfled the ovmtnming of beds. Many of the 
beds are repested by faults ~trikinp: northeastward parrrrllel to the 
Fsmwell fault. The quicksilver depsita are fwnd in or near th- 
faults, perally where shale is  f s u l t ~ d  against limestone. 

ExpIoration prior to 1961 was can fined to a p u p  of contipons 
claims at tha north end of the dewits  and covered t h m  distinct 
mineralized a m .  These thm a m  have been wfled the south, 
center, mnd north om zones, An area 8,800 feet long that includes 
these deposits was mapped by glanet~bIe at a scale of I inch to 400 feet 
(pl. 3$, and the a m  near the south om wne was mapped at 1 inch to 
60 feat ( pl. 3) to show more clsarTy the details of the structum and 
stratigraphy. Each of the three ore wnes is d i s c u s  in more detail 
on Ithe following p. 
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In the m t h  om zanq the mclcs Btrike mainly N, 25" E. and dip 
verticslly to 80° either northwsstward or south&wmd (pl. 3). 
Them rocks inc t lrde black limestone, calcareous sandstone, argillmous 
limestone, and shale on the east that are separated by a fault from 
limestone on the west. T h e  f ~ u l t  contact htween shale and limestone 
can be traced for alm& 1,IKX) f&. The fault dips &bout SO0 SE. snd 
tm&~ the shale at a #ma11 angle. A second fault having a ~ i m i l ~ r  
orientation is e x p o d  200 feet w ~ s t  and Ii- within the platy limestone. 
k ~ I 1 y  between the two faulh, the platy limestone has k n  bmiated ,  
dolomitized, and silicified, and the cinnabar is found in these brecci- 
s t d  areas. 

The main pmpmt is in n bmiated dolomite exposed for abwt 
240 feet slang the f~ults .  The prospct is explored by severs1 dwp 
tmnchq in all of which cinnabar is exposed. 

The cinnabar occum BS small dark-red cqmhla boating open 
in the b m i a b d  dolomita, as p i n t  on b m i a  surftms, and as small 
irregular veinleb. The am is noticeably richer within 80-M feet of 
the east fault, although cinnabar meurn thmnghault much of the 
dolomite. Cinnabar coats alickensided mtrf~ces of the breccia but is 
not itself alickensided. LmsFTy, the silicified dolomite is finely cmshd 
and contains clay, dark-md limonite, and cinnabar, 

"Fhe trenches outline an ore body 150-200 fset by aa much ae- 40 feet 
that is sstimated to contain asmuch as 1 percent rnsrcuv. 

The dolornit8 in the upper parts of the tmznchea ia composed of 
shin@ lensoid fragments that am cmted with carbonate on the 
undersides. Cinnabar c-ls coat t h ~  dolornib but wefe not found 
on t l~e coatings, a fact indicating that t h s  coatings were probably 
deposited from surfam water percolating downwan1 into the breoci~. 

A shallol~ pit in a ma11 ontcmp of dolomite 100 fa t  north of the 
mth om zone &I- a few scattered specks of cimahar. Rremi- 
l ~ t d  silicified dolomit~ lw,Eng cinnabar is erpssed in a small pit on 
the fault some 600 feet south of the main outcrop of dolomite in, the 
southoremria BmiateddolomitemnBybcontinuouahetweenth~ 
outcrops and the south om zone. - QIQ mnt 

The center om mne (pl. 3) extends abut  1,00r) feet northeast of 
the south ore mna dong the strike of the fnults and of the beds ex- 
p o d  in the south ore zone. The canter ore mne, which is e x p l o d  
by pits and trenches grouped about the hesd of a steep gully, contains 
brecciated silicified limestone and dolomi ta and some cinnabar. The 
dolomitizstion is more irregular than in the south om zone, and coame 
whita calcite forms a conspicuons part of the altered limestone. The 



richest ore is woci~ted with a mall irregular fracture trending abut  
N. '10" E. across the northern trenches. The cinnabar W&B fractures 
and breccia f r a p e n h  of doIomita. According to Ed Hagw, of the 
Cordem Mining Co. (om1 cxnnmun,, 1960$, additional ttrnching of a 
small outcrop of bmiated dolomite ttbont 150 feet W. 40" W. of the 
trenches in the gully exposed some very rich are; continued explora- 
tion probably will frnd mom ore. Trenching in an outcmp of b m i -  
a d  dolomih about 300 feet mutheash of the center ore zone exposed 
specks of cinnabar. The dolomite is slightly silicified. 

Exploration by trenching by the U.S. Bureau of Minw in 1961 ex- 
posed very rich ore in this area. The ore crops out in an oval about 
30 feet by 35 feet dong a fault in b m i a t d  and silicified dolomite. 
Cinnabar has been found in drill holes at  depths of as much as 75 feet 
below the surface outcrops (R. P. Maloney, om1 commun., 1961). 
The digging of other trenchw in this a m  along the contact between 
shale and limestone has revealed ninnttbar in bmiated dolomite nsar 
the fadh 

NomH O l m  mm 

The north ore zone is half a mile northeast of the canter ore ume 
and about 450 feet west of ti sharp strike ridge formed by nearly 
vertical beds of black limestone that were traced almost continuously 
h m  the south ore zone (pl. 8). West of the limmton0 ridge the 
stratigraphio succsssi~)n is calcam~ls  sanwne,  sandy shale, thin- 
bedded argill~amous and a n d y  lim&one, black shale, and sandy 
argillacmw limestone, all dipping elmost vertically. A thin layer 
of till covers bedrock west of the pik+swaral trenches and pits in 
the ore zone expose brecciated silicified and dolomitized limestone in 
fault contact with the sandy argillaceous limestone. 

The t,mches ware sloughed ~ n d  filled with ios in 1969, ~ n d  the 
relation between ore and breccia is known only in the main trench, 
which wwas mapped by MwKevett in 1958. Unlike the occumw in 
the south ore zone, the cinnabar here o w m a  on both aides of the 
fault, which is marked by wveral inches of blue gone consisting of 
montmorillonite clay. Cinnabar is disseminated an the s u r f a m  of the 
b m i a  fragments and in diwrete veins trending eastward, The 
richest vein disclosed consists of about 1 foot of silicified dolomite 
and chalcedony and locally eanhins seveml prmt of mercury. 
Cinnabar piems as large as 4 inches thick occur in the veins and 
in the weathered rubble beneath the tundra. Cinnabar also replaces 
dolomite and chalcedony to a greater degras than in the south ore 
zone. Clots of cinnabar as much as 1 inch across occur in open spaces 
between breccia fmgments. Some of the cinnabar p i n s  have very 
dark centers surrounded by translucent red cinnabar. Deep-red 
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limonite is closely associlttd with the ore, and other gangue minemla 
are dolomite, chalcdony, calcite, and dickite. 

Exploration by the U.S. Bureau of Mines in 1961 disclosed that the 
main vein can be traced for at last  100 feet and that it contains rich 
ore throughout. This expIoration also disclosed an altered d i a h  
dike sonthw~st of the old trenches in the area mantled by till. This 
dike is not, shown on the maps that accompany the pr-t report. 

A small outcrop of bleached and dolomitized limestone was found 
on n steep llillside about 1,200 feet northeast sf the north om zone 
during the mopping done by the Gmlogical Survey in 1959. The 
dolornits is  on the projection of the fault at the north 01% mne and ' 

near the west contact. of the shale. The outcrop i n d i c a ~  that ground 
favorable for exploration continues to the northeast beneath the gIa- 
cia1 moraine, for in nll the ore zones discumd, cinnabar occurs in 
dolomitized limestone. 

OTHFR QUIOXBXLVtR P&OBPEUT& 

Several pmpecta have bmn staked southwest of the main pmpgct 
area discuwed, and although none had been e x p l o d  by 1960, the 
surface exposum are not. as enconraging ns are those in the main ore 
zone. The prospects lie west of the main F~trewell fault, which marks 
the east limit of placer cinnabar, ~ccofding to Ed R a p r  of the 
Cordero Mining Go. (om1 eommwn., 1959). 

Peggy Barbara prospact.-The Peggy Barbara pmqmt ip abut  
half a mile souf h of the south om zone, on the west margin of a promi- 
nent outcrop of shattered blue-pay limestone just west of the Fa- 
well fauIt (pl. 3).  The limestone dips eastward and is  overturned. 
Along the gteep cliffs on the west side of the limestone., cinnabar is 
restricted to on area measuring roughly 40 feet long and 50 feet, high. 
C i n n ~ h r  m u m  RB widely ~ p w e d  coatings and irregular eloh on 
fracture w ~ r f m  in unaltered limestone veined by white cslcite. h d i -  
vjdual clots of cinnabar have zr maximum size of +$ by 2 inches, and 
individual caatinp may be as much as; 8 by 2 by lh inch. The blue- 
gray limestone and white calcite are the only gangue minerals, and 
the absence of dolomite is considemd to be an unfavorrtble jntlicat.ion. 
St.ristions on slickensided surfaces parallel to tlro Farewell fsutt  
plnnge 31" N., 44" E, and indicnte right-lateral movement. 

Cinnabar has k n  panned by Ed H ~ p r  (04 commun., 1959) from 
tfia gouge zone of the Fnrewell fat~It where the fault is interntad 
by the stream jnst south of the P q ~ y  J3~rhnm prospect. Placer 
cinnabar in the creek west of the fault terminates abruptly at the fault 
zone. A few mttered dots of cinnabar have b e n  found in blue-g=ray 
lirnestane on the hi11 just south of this creek. The occurrence i~ similar 
to that. just descril~d. 



Mary M ~ r g m t  prospect.-The Mwy Margaret prospect is a little 
mom than 1 mile southwest of the south ore zone on a prominent out- 
crop of blue-gray limestone on the south side of a tributary of 
Rrmitna Creek The limestone is eqrrivnlent ta enst, of the south 
ore zone (01, pl. a), for the same lithologic sequence is recomized, 
ranging Zrom limestone through calcareous sandstone ta purple shale. 
The entine quence  is overturned and d i p  at angla as low as 36" 
SE. Tke blue-gray limestone is repeated t h m  t.imm in surf ace expo- 
sures by fanlts that pamllel the main Famwell fault, 

Cinnabar, in veinlets %-J/2 inch thick and a few jncbw long, m u m  
at scattered spots in limwtone veined by white calcite. The veined 
areas do not e x 4  a few feet in length, and cinnabar veinlets farm 
n very small part of the veined m k  Cinnabar is the only ore mineral, 
and calcite is the only gangue. 
An interning ferrtum of the Mary Margaret prospect area ia the 

cold-water sulfur spring that issnes from fmctured limestone on 
the a 8 t  side of Chunitna Creek north of t.he smalZ stream that enters 
from the enat at the, prospect. This spring is depositing blwk foul- 
amelling mud that mntains m e m q  and most of the other elemenh 
found in the quicksilver oms. (See the spectmgmphic nnafyses, table 
1.) The authors infer that thisspring isrelated to the general epoch 
of depmition of cinnabar at White ,Mountain, which indicates that  
the deposits fire young-@bIy Recent in qp. 

Cinnabar is the only sulfide mineral identified in the ores from a11 
the deposits at White Mountain, and spectrographic analyses of ore 
specimens eonfirm the absence of antimony and amnic. Much of the 
cinnabar is reddish bllrck in neffeeted light snd practicallp opaque in 
transmitted light in thin &ion, Sneh cinnabar sngpts rnetacinna- 
bar, hnt X-ray examinntien of selectetl dark fragments failed to con- 
firm the presence of matacinnabnr. The dark cinnabar is evergwhem 
surrounded by mom tmnslncent cinnabar. Red-brown limonite is 
clasely &.qocirsM with the ores, as is a, mdl amount of hematite; 
the rtilntion betwean the cinnabar and the iron minerals is sufficiently 
intirn~te to m~pe.st sirnultaneons deposition. 

Tha cinnabar in mme specimens both mplam daIomite and is 
cnt by dolomite veinlets. h t , h  cinnabar and dolomite are cut by 
calcite veinl~ts. In one specimen examined, cinnabar replaces some 
of the clay in thm internticerr between breccia fragments. The clay 
in one om specimen was identified by X-ray diflractometer as dickite. 

The silicrr, in the ores beam no clear-cut relation to the cinnabar, for 
einntlbar m r s  in b m i a t e d  dolomite lacking silica. In other @- 
mms, bwceiaM dolomite l-m been ~ p l a c e d  in large part bg h e -  



p i n e d  silica prior to deposition of cinnahr in open ~ p m  in the 
bmirs. 

BTEDOTDE~L AND mmomxe ODATBOL~ w ORE mmmox 
As the k t  pmpects st White 'Mountain havpl the same structural 

and petmIogic features, such featurn w e  probably significant and 
should be consided during exploration and prospecting. The stmc- 

'I tural and petrologic features m as f0110w~: 
1. The b& deposits are associated with faults in b m i a t d ,  silicsd, 

and dolomitized limestone. The deposits in una l t sd  1irnesCone . are. mall and erratic. 
2. The best deposib lie st or n a r  the fault contact between calcar~ug 

m k a  and a relatively thick shale, which c m p  out in a conthuous 
belt throughout the area. 

8. All the d e p i t s  lie in cump~exly foldd and faulted mks west of 
I the main goum zone of the Famawell fault. The fault p g e  in 

p l m  contains tma of cinnabar, but BO cinnabar has 
panned from streams east of the fault zone. 

a 4. None of the deposits is m i a t s d  clomly with igneons roch, al- 
though both p i t e  and diabase occw in the general region. 
Some of ths dinbase is altered to clay-carbonate-limonite m k  
similar to t h 3  composing a l t e d  dirabase dikes in the other 
cinnabar depmits studied by the miters, but no cinnabar is 

' found in ar near the altered m k .  
B. A sulfur spring is depositing mercury. 

The aignscant mineralogic charactariatics oaf the o m  at White 
Mountain areas follom : 
1. Cinnabar is the only mlfide mineral. 
8. Small but detectable amounts of hematite wcur intimrthly inter- 

p w n  with the dark cinnabar. 
3. Dark-red limonite is closely awxietd with the ore, aIt.hough no 

iron sulfide rninemls have h found. 
4. The bB9t p m p f s  am in rock composed of chalcedony and a lesser 

L 
amount of dolomite. This m k  mRy have been derived from 
diverse types of limgstone. ,Some deposits contain notable 
amaunts of clay. 

6 .  Dickite was identified by X-ray diffmtameter as the clay in one 
satnpIe. 

DBt -mfB 

The ore solutions at Whiw Mountain were derived from Sn unknown 
so- whjch wns probably near or w d  of the Farewell fault. The 
solutions migrated through channels created by faulting and deposited 
cinnabar in shattered rock against or near impervious sshale or fault 
gouge. T h e  msh deposits were form4 at the thick shde b d  that 



fomed the solutions to rise along channels at  or near the contact 
hetween shale and limmtnna Soma of the ore-bearing solutions rose 
along the Farewell fault and through fractured limestone near the 
fault, but none penetrated east of the thick gouge of the fault. 

Cinnabar deposited from the solutions in an environment whera 
conditions favored the  formation of hematite and limonite-mther 
than pyri+frorn iron. The chemical composition of the solutions 
waa such that cinnabar, dolomitq hematite, silica, and, probably, 
limonite m d  aJcj te could be deposited virtually sirnul t~nmusly from 
the solutiena. Thm conditions are d i m 4  in mom detail on p a p  
RR-70. 

B V W m o n m  MB -TLOn 

Future exploration at White Mounkin shonld have the best chance 
of finding new ore or extending known om Mi- if  it is dirwrtd along 
the westemmost shsle-ljrnastone contact. in slwrs of dolomitized and 
silicified limestone. 

Explorakjon by the U.S. R n m u  of Minee during the mmmw of 1981 
disclosed rich om along this contact. in rrresbi. of dolomi t i 7 d  and silici- 
fied limestone. Some of the om, ex@ in trencher, over distrrncea of 
as much as 30 by 86 feet, m y s  as much as 30 pement mercury (R. P. 
Bbloney, oral commun., 19B1). T h i s  exploration consisted of trench- 
ing and diamond drill in^. The tr~nchinp is kil itnted by the p- 
erally t,hin cover of t.ill and is  hinclered by the permafroat, which is 
p m n t  everywhere at depths of R few fe&. Only a vary m~ll  part 
of the omhearing f~uItshde  contact h d  k n  exp lod  and tested 
by 1964 
T h e  critical frrdm to km determined by fut.um explonttion, however, 

is the vertical continuity of the om Mies already disclosed by existing 
trenchas. If the ore Mi- exposed at  the surfare continue to even 
shallow depths abnp the shale contact, commercially important tan-  
naps of ore exist at Whik  Mountwin. In future explortrtion a s h ~ f t  
or two should be sunk along the shale contact to test, the vert,jml 
con tinnity of the o m  

The general @logic getting of the White Mountain quicksilver 
depoeits is similar to thltt of tha Pinchi Lake quicksilver district in 
Rritish Columbia, C d a ,  whem important deposits occur along a 
mgional fmult on which limestone rests sgainst T r i ~ s i c  argillacem~ 
md arenamans dimentarg mks and w i n d  quartz diorite (Am- 
strong, 1942). The main deposit occurs near a fault that splits from 
thamrlin f ~ n l t  zone. 
On the basis of the s u m e d  similarity btwaen the Pinchi M e  

wid T h  ite Momtnin add itiond pmpecting dong the Farewell 
fault, both north m d  south of the deposits described hemin, is dmlr- 



able. A study of mri-isl photographs to I - t ~  gplits and subsidiary 
faulta of the Farewell fault should prove helpful in outlining areras 
especidly favorable far deposits, Ground pmpwting could be done 
by use of the gold pan, and particular attention should be paid to a m  
of altsration (silicihtion and dolomitization) near the fault zone. 
Initid exploration should be directed southwestward dong the fault 

I 
where bedrock is relatively well expwed. 

LOCATION A X 0  b t X X # E I B m  - 
The Cinnabw h k  area is about 90 mil= southwest of Sleetmuh on 

Cinnabar Creek, a small stream that flows into tha Gemuk River ( k. 
ti). The Gemuk River enters the Holitna River through vwions 
intermediah streams; the Holitna River flows into the Kuskohirn 

4 River nar Sleetmute. Access to the a m  is by small phnes, which 
Imd on a dirt airst rip near the Cinnabar Creak mine, by tractor along 
a winter tractor trail that leads from Aniak on the Kuskokwim River 
to the mine, and by riverboats via the rivers and creeks w e d  in this 
pamgmph. Several cinnabar prospects in this area. have previou~ly 
bem described (Cady and others, 1955, p. 11s115; Rutledge, 1950). 
All occur in a 'belt about 5 mil= long and are considered together in 
this repart. 

Cinnabar was found in this area in 1941 by Rumll Shaeffer and 
Harvey Winchell (Rutledge, 1950, p. 3).  Twenty -six flasks of qnick- 
silver were produd prior to 1955, mostly from the Lucky Day pros- 
pect, Schaeffer's original discovery (Rutledge, 1950, p. 4). In 1054, 
Russdl SchaefFer began to develop the Cinnabar Creek mine in a newly 
dimvered lode on Cinnabar Creek near the placer claims he had 
skaked in 1941. Production from the lode began in 1955 and con- 
tinued to 1960; total production had mounted to severaZ hundred 
flasks, according to  Schaeffer. No other deposits in the Cinnabar 

L Creek a m  were being developed or exploited in 1959, although Schaef- 
fer had trenched several prospects near his mine. 

Mr. Schaeffer died from a bmrt attack sufiemd while alone at the 
., mine in 1980. His estate and claims pawed to surviving relati-, 

who continued exploration of the deposits by diamond drilling during 
the summer of 1961. Mr. Schaeffer's death was an unfortunate blow 
to the budding quicksilver mining industry in Alaska, for the mccess 
of his mine had mntributed substantially to  the interest in quicksilver 
mining in Alaska. 



The geology of the Cinnabar Cmek s m  has k e n  dwcribed by Cady 
and otl~ers ( 1955, p. l f  31, on the basis of their reconnaissance mapping. 
The areal geology shown on figure 5 of this mport was compiled from 
their work and from dditional field observstiam made hg Sminsbuy 
in 1959. 

Bass rnmu lrm acrarl pk010Weh acolofly b ib' M Crdr l EWS1, mcdllned 
by C L Sbnnsbur,. 1959 
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The a m  is underlain by mks of the Gemuk Gmup, which include 
&.rats ranging in age h r n  Carboniferous to Cmtamns (Cady and 
others, 2955, p. 32-34). In the Cinnabar Creek are% the Gemuk 
Group consists of interbedded gmywacke, massive ~iltstone, volmn i c 
mks, and minor chert and limestone, all Late Triassic in age. Except 
for beds dipping northeastward on the southwest limb of the syncline 
nertr Schwffer's pmepmt (fig. 131, the racks dip southwwt.ward and 
strike northwestward. 

Cady and others (19.55, p. 30) interpreted the st;ruct.ure as a homo- 
cline rl ipping mu t hwestward and exposing 10,0110-15,000 feet of bds.  

T h e  main c h n n w  m d e  by Sainsbury in Cdyb map are the includ- 
ing within tho Gemuk Group on the present map of rocks shorn by 
Crtdy as the Kuskokwin Iiroup and the detailing of more structural 
complexity than wns reported by Cady. The recopition of a fold 
that mpeata the fmilifemus limestone unit northeast of Cinnabar 
Creek and the genemt convergence of the beds toward the sontheask 
indictxt,e a large-sclile strvctural complexity of the rock in the Cinna- 
h r  Creek amrt that prohal>lp jnvolves major folding aa me11 as fanlt- 
ing. In fact, part of the beds northeast of Cinnabar Creek may be 
overturned; howemr, as no direct evidence of overturning is known, 
the beds am shown as right side up. Two additional fossil coTIections 
made in 1959 cunfirm the I ~ t e  Triassic age of the beds near Cinnabar 
C m k  Fmil l m l  ities am sham in figure 5, and the identifiations 
am summarized as follows: 

Fwsl ls  fmm the G m t t b R  Group at CdPuoaMr Creek 
[1[3888 1- IS987 and lW: ldentlfied by J, 8. Beedds, It., and 8, W. rmlny. U.B. &DL 

Samy l a d y  and others, 1B55, p. 33). URGB lac. M7gO and nrld No. 5SAln-129c: 
IdenUfleB by N. J. Bllberllna, U.B. -1. Rurvey] 

URGB W. OoWhw, locsNtp, ( d e n t l j l w t l ~ ,  a*d: npn 

18!327 W. M. Cadr, 1M3 ; abut 1 mlle northweat of the month of 
Ctnoabar C m k .  Coqulna cornpaaed of Mmol f~  dubdfclu- 
Iarfa Gabb from the Upper Triaarric NorIc Stage. 

10(#09 W. M. Cady, I%?; about 3 milm west of the mouth of Qn- 
nabar Creek. Float Prapmrnt~ from a burrow contain- 
ing Halobia sp. d e n t ,  Myolophada a@, M. trrntite Alhertt 
and ? i K ~ a i d @ t m  m. firom the Upper MamIr. 

M798 ---,-,------- C. T, Sahabnry, 1W; from a ~ l l a m u a  Ifrnmtoni! betwm 
lava flow8 1 mlle 9. 43' W. of Bchaeff~r'~ retort at  Clnna- 
bar Creek. Fragmentary Rmbbia m m h l i n g  H. om& 
lbslma Rmith and a terebmtuloid and R spiriferld 
( ?Psdoldea) brachlopul. me age is deflnltely Jate Tri- 
assic, probably Iate Via-. 

mlcl No, 
WA8n-lac Rnslsell EhheEer, 1m: from black l i m d n e  and shale 0.9 

miIe S. 45' W. of Sphaeffefs retort at Cinnahar Creek. 
Fragments 05 H a l o b  and a mote mtsely rlbbea pelecp- 

that map be dionotts. Oalp a general .Re arnigoment 
of Iate Triassic can be made 



LUDB $mcKaavER DHPOBITB 

CfXHAEAR GREEK mNE 

The Cinnabar C m k  mine was awned and operutmi by Rumell 
Schaeffer in 1960. Between 1955 and 1959, om wm mined from an open 
pit (pl. 4) md retorted in a mdified Smttrtype furmace having a 
capacity of 2 tons per day. T h e  furmix was fired by wood obtaind 
from timber in the lower reaches of Cinnrtbar Creek. Awarding to 
Mr. Schmffer (oral commun., 1958), the ore was bsmaced at 1,400" C 
and the quicksilver condensed in an air-mold stainless-stml oonden8- 
ing system. The furnace operated under s stack-induced vacuum of 
approximately 3. inch of mercury. Ore was mined during the mmmer, 
kransported to the camp by trwhr and skid-mounted bin, and stmk- 
piled ; during the winbr it WRS furnr tcd,  -Mr. Schmffer stated that 
he mined txlectively to obtain ore that averaged 3-4 percent mercury. 
Light suppliea and quicksilver were freighted by air te and from 
Aniak by Mr. Schmff er in his own single-engine w i m f t , .  

The Cinnabar Creek mine is a model mine showing that an efficient 
operation by an aggmmive and capable man on tt quicksilver deposit 
typical of those found widely in southwestern Alaska can malt in a 
vmy substantial profit. Mr. Schaeffer stated that his yearly operating 
costs "a~erapd about $5,000," during yaars that he shipped more than 
200 f l a sh  of quicksilver. 

OrnLOCIY 

The geologg of fie main pit is shown on plate 4. The ore in the 
main pit mculm along two or more praIIel faulb striking N. 80" W. 
arnd dipping narly vertically parallel to an altemd diabase dike. The 
wallrocks at the main pit consist of intarbedded graywltcke and silt- 
stone striking N. 20"-25" W. and dipping sheply southwestward. The 
sedin~entm rocks are extensively shared and alhred ; the dike is less 
deformed, although it  is highly altered, Much of the movEment on 
the fanlts preceded the injwbiun of the dike, for the dike is not, offset 
where c r o w d  by one of the faults. St,ri&ions on the fault plane 
plunge 22" Nm., a fact indicating n brgk lskml companent of 
movement. 

The dike is traced northwestward by pits and trenches for about 
1,m feet. The degree of altaration of the dike dareaws aw&y from 
the main pit. In t,he northwest trench a banded quartz vein contain- 
ing abundant stibnite follows the fault along the dike, and the dike is 
dbed to clay. Between the altered pa& the dike is hard and con- 
t ains specks of pyrih 

A dike 1,000 feet southeast of the m ~ i n  pit is altered clay ttnd 
limonite at the surface but does not contain visible cinnabar, quartz, 
or stibnita, Whether this dike is a continuation of that at the main pit 



cannot be dekmhed, for the intewening nrea is covered by tundra. 
The om in the main pit consisb mainly of sheared, argiIlimd, and 

iron-staked grayffacke and siltstons cut by mmy smaH irregular 
veinlets of cinnabar and stibnite. Cinrldnr mlw occurs dimminated 
in the altamd rocks and as s m e m d  pnint on slickensided shears. 
h l l y ,  rich ore occurs along rolls in the faults. According to Mr. 
Schaeffer, the richest ore occurred along the roll in the north fault, 
and soma i c h  ore mmainad in the sltewd rwks in this area when the 
pit was mapped. Gwd ore mum along splits from t.he main faults. 
The tenor of the ore c h a n p  abmptly b t h  verticnlly and hori~ont~lly 
along the faulb, giving rise to ore bodies having asmy boundaries. 

Unlika tIie Red Devil mine and other pmpects near Sleetmute, t'he 
altered diko is not good ore. I ~ l E y ,  the altered dike contains srn~ll 
cinnabsr veinlets in sufficient number to constitute ore, but the dike 
has furnished a very minor pnrt of the ore. 

Cinnabar is associated qith abundant free mercury in a pugs and 
qnartz vein ras much as 1 feet thick that brimches from the southern 
fault and cnrvea off into the Irlcnging wall. The nat.ive mercury is go 
~bnndant that it collects in a s m ~ l l  pool when  bout R pouud of broken 
quartz is crashed and shaken vigornusly in a plastic bag. Mr. 
Schaeffer did not &tempt t,o recover the native mercury, for ha consid- 
ered it a hmlth hazard and too difficult to handle in the furnace. 

Soma cinnabar is mlloidally d i s p e d  in cryptocryshIline silica, 
forming brilliant-red had om, which, however, is not as rich as it 
appwfs tothe eye. 

M i c m p i a  study of thin wtions of hard ore from the altered 
rocks in the main pit discloses that the brecxiated siltstone and gray- 
wach is cemented by fine-grained quwtz. Cinnabar, stibnite, rtnd, to 
B lesser dews, pyrite replaced the quartz and gmywaeke, as well ns 
sled ma11 frrtct,urea in them. Clay minerals replaced and coated the 
breccia fragments, and cinnzlb~r in prt replaced the clay, which w ~ s  
determined to lm d icki te by X-my di Rrad ion. Dark red-brown I imo- 
n i b  forms discrpze veinlets in the siltstone fragments and coats ~ U R H Z  

p i n s  in the matrix. One such veinlet contains specks of ci~mab~r. 

ALTERATION OF DTAEA8E 

The altemtion of the di~base cnrl ha studied tn advantage at the 
Cinnabar Creek mine ber~use of the continuous gradation from almost 
k h  to completely altered m k .  The fresh diabase consi~ts of labra- 
dorib, augite, iron-ore minerals, nnd some olivine, which i s  partly 
altered to id ding sit^( ? 1. With mderate alterntion, the pyroxene 
rand olivine crystals broka down and were cornpIetely reptimed by 
mrbonate, iddingsite ( 6) and minor mnwovite nnd opaque ore minerals 
including some pyrite, rut.iIe( B) and Ieucoxene. At this stage of alter- 
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ation, the labradorite crystals hame rimmd by carbonate, but the 
centers remained fresh. The carbonab is dolomite or mhritic 
dolornib. 

With still p t e r  alteration, the I=brdotite w d  replaced by quartz, 
carbonate, and day minerds generally stained and cut by limonite 
veinlets and mntaining specks of iron sulfide in many plrtcea. The 
limo nit^ md clay suggest surfcia1 alhration, but X-ray diffraction 
shows that much of the clay is dickite. Dickite mntgining cinnabar 
also occurs in apple-pen masses along the argillized imn-stained ore 
veinlets, rt fact suggesting that the clay alteration was hydrothermal in 
origin and that it accumpanied the introduction of om. L a  barren 
c~rbonah veinlets, generally calcite, cat the altered rock, and these 
may be eithar hydrothermal or supergene in origin. 

BIlOgEM SHOVEL PBOSPEUT 

Ths Broken Shovel prospect (fig. 5 )  is on the ridge about 0.5 mile 
N. 45 E. of Cinnabar C m k  mine. A few shallow bnlldozer trenches 
were made by Schaeffer since Cady visited the prospects in 1943 (Cady 
mid others, 1955, p. 115). The trenches expose a vertical diabase dike 
or sill 13 feet wide trending N. 5"-20° E. down a ridptop for a 
distance of 320 feet. A fault follows the dike, and white quartz, 
eammonly barren but locally containing stibnite, forms discontinuous 
veins along the fault. No cinnabar was o h w e d  in place in the 
tmnches, although Schaeffer pmned cinnabar from the &ream that 
drains the north dopa of the ridge. The quartz wins containing stib 
nite are similar to those on the northwest extension of the dike at the 
Cinnabar Creek mine. 

The exploration of the Broken Shovel prospect is not sufficiently 
far advanced to allow any statement regarding the economic worth 
of the prospect. 

B C H b E F m  PB-T 

Cinnabar was found by Schaeffer in 1958 near the fossiliferous 
limestone and chert on the wwt limb of the syncline approximately 1 
mile southe& of the mine (fig. 5 ) .  This pmpect is here called the 
Schaeffer prosp&. The pm@ wns explored by digging a few 
shallow trenches, one of which uncovered a breccia mne of variable 
width skiking N. 20" W. parallel. to the bedding of the chert and 
gray-black siltstone country mk. 
Cinnabar and stibnjfe am dimmin~ttd in a qmrh e n g u e  that, 

cements a breccia  omp posed of fmgmenta of chert and silWnee The 
cinnabar and stibnite are in part interstitial to quartz grains and in 
part mplrcca both qua& and breccia fmgmenb. Some cinnrtbar is 
so finely di~prsled between qu~& gmirw that  in hand specimen t,hese 



amas appenr Iight pink. The cinnabar is genemlly didributsd er- 
rsticallg in the bmcia, some prts  containing an estimated 1-2 per- 
cent and others containing isolated specks. Ruw11 Schaeffer sttlhd 
(oral commun., 1059) that he had found fossils replaced by solid 
cinnabar in this aretl, but the authors did not observe any. 

Thin sections disdose that the pngue filling the breccia i s  entirely - quartz. Many of the breccia fragments of siltstone are stained by 
limonita, Some of the slltered siltstone fragments contain a few 
minute specks of pyrite or mltrcasite tbst am not; a l t e d .  No pyrite 

e ia found in the quartz gangue interporn with the cinnalmr rand 
stibnite, 

Additional explomtion will be q u i d  to determine if the Schmff er 
pmpech contains sufficient ore to have mnomic value. 

L V m I  rnhl PRomEm 
* 

Tha Luc.ky DRY pmpect, which yielded the 6& qnicksilver in the 
Cinnabar Craek a m ,  is 3 miles south of t h e  Cinnabar Creek mine 
on the divide bettwmn Beaver C m k  and SIY unnlarned tributary pamllel 
to Cinnabar C m k  (fig. 5 ) .  By 194.7, Russell Sc.haeffer md Harvey 
Winchell had proclud 26 flasks of quicksilver f rom hand-sorted om 
obtained from residual plncem at. the prnspect (Cndy ~ n d  others, 1955, 
p. 114). The US. Rure~bll of Mines e x p l o d  t.he property by trench- 
ing in 6944 [Rntledgel 1950). In 1954, Schmffsr mined and stcck- 
piled at the p m p c t  mole t hrrn a ton of rich ore that  came fmm altered 
intrusive m.kk  The pros- wns examined briefly in 1959, but most 
of the trench- pits, and old ndits in nlluviurn mere sloughed or mvd. 
The following description is bnsed in part on published descriptions 
of the prospeck. 

The rocks at the Lucky Day prospect consist. of m w i v e  g r a y - p n  
siltstone and p y m a e k e  thnt rere believed by C d y  and otllem (1965) 
ta be part of the Kuskokwirn Group bwb that ttm here referred to the 
Gernuk Group. The st.rats strike N. 5"-lo0 E. rtt the prospect but 
swing ta a mom westerly strike ta the northw~qt (fig. 5 ) .  The prospect - lies within massive siltstone t h ~ t  is near the top of SL thick su~cession 
of siltstone, pywacke ,  volcanic rocks, and minor shale, chert., hlack 
limeshone, and argillaceous limestone containing Upper Trjnssic fos- 
sils. At the prospect, the Mded  rocks are intruded by sills or dikes 
nearly parallel to bedding; some of the dikes and sills nre altered to  
the common silica-carbonate-clay m k  characwris~ic of the quicksilver 
deposits of t.he Kuskohirn area, 

The principrtl intrusive My-probably a sill--explored by 1969 
strikas N. 15" E, and is e x p l o d  disoont.inuousIy for a distance of 
1,000 feet by rnertna of trenches, pits, and shallow shafts. At the north 
end of the exp lod  zone, rr trench 180 feet long exposes a fault contact 



dipping vert.im11y between the sill and the siltstone. The sill and 
siltstone a m  a l ~ e a ~ d ,  altered, wnd m p l d  by qunrtz and clay minerals, 
and cinriahr and ~tibnite aacnr in quartz ~einlets and RS dissemina- 
tiana in the altered rmks. Nntfvr! mercury in small monnta occurs 
in the quartz. The cinnabar md st ihnita am intergmmi intimately 
and in plam are a~munded completely by qua*. Apple-green 
dickite is common wit11 the oms. The ore stockpiled by Schaeffer 
came from this t.rench. 

Thin sections disclose that some of the cinnabar preferentially m- 
p l m d  the clay minerals. The i n t i m d  =lation of limonite and 
cinnabar suggestr~ simuItaneous deposit,ion. A few minute specks of 
pyrite occur in tha dtemd sill b i ~ t  a m  not confined to the ore. 

Although the Ltlcky Day deposit has yielded but a small amount of 
quicksilver, it m m b l e s  the Cinrmb~r Creek depasit in many mpects, 
and addi tiianal explomtion may disclcm a commercially important, ore 
body. The deposit certainly should be explored more bafore the fur- 
nace at the Cinliahar Creek mine is dismantled and moved out of the 
a m .  

REDBPXn FBOBFZOT 

The Redskin prospect is about 1 mile south of the Lucky Day pros- 
pect (fig. 6 ) .  No work hltv been done at i t  since about 1042, m d  it wm 
not visited during the prment invdigation. Rutledp (1950, p. 8)  
described it as bol lows : 

Minerallmtlw at the Redukln lode in  d m a t  identical to that along C m r g  
Gulch (I,uckgr Day lode). The rlnnnbar occum aa sparse flims along kldfng 
plan-, crmq jolnta, a d  mneA nf brffcIat.ton In the gmym~cke and shale. 

Smll placer d e w t a  of cinnabar have been f o n d  neaF dl the 
prospects in t.he Cinnabar Creek a m .  SchmfTer (oral commun., 1959) 
stat4 that from his experience, any outcropping lode d e p i t  large 
enough to be. of intemt, can h found by conventionaI methdq of 
panning of streams. To date, however, placer cinnabar has n M  been 
commercially important in thesouthwestem NRskR picksilver region. 

The Cinnabar C m k  plmr? however, may pmve te be an exception. 
Schheffer &td, prior to his death, that he intended to mine the placar 
&low the C i n n ~ h r  Creek mine sfter he exhausted tbe l d e  ore that 
co~rld be mined by open pi[. The placer was describes by C d y  (Cady 
and others, 1955, p. 115). The placer extends downstream from the 
open pit in modem stream p v e l s  and in remnants of k m c 8  grape1s. 
For R di9tmc8 of 600 feet downstmm from the open pit, the placer 
is burid bPneat.h dope wash and mlluvium. Test pits sunk by 
Schmfeer and his partner, H m q  Winchell, and by the Hew York- 
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A h h  Gold Dredging Carp. ( NYAC ) showed mining section mng- 
ing fmm 5 to 14 fesc in thickness and containing mprcury rrtnging 
from less than 0.10 pound to 0.84 p u n d  p . r  cubic yard of gravel 
( R u t l a  1950, fig. 5 ) . 

I 

The Eodes in the Cinnabar Creek a m  are c l e l y  m i s t e d  spnbiaIlg 
with faulted dike and sills. The igneo~ls rocks were probably injected 
aIong faults and wem tllemselves frm,ured by Inter fault movern~ntg. 

Q 
The l d e s  were l ocn l i zd  within f r a c t i r d  zones, pnernlly nmr the 
igneous racks. 

The pnerd nlinement of the known Idea in a belt =vend mil- 
long trending nbout, 3. 5"-10" W. seems significant, h'o sinple rnnjor 
fault or fault zone is known to intersect all the Idas. A possible 
explanation js  thnl. the I d e s  are localized between mrrjor rrtmtipphic 
unita of thm Qernnk Group. Massive t.o thin-bedded siltstone ss much 
as several hundred feet, thick forms belts northeast and wuthwest, of 
the known p m p c t s ,  whereas the intervenin~ rocks are interbedded 
sil tstone and ~ i - y w a c k ~ .  Ftrultin~ in the p y  wacke-siltstone se- 
quenca would CWA~R p t e r  pomity than faulting in ttle siltdone 
and thua would direct dikm ns w ~ l l  t~q the om-bonning wiolr~t~ions into 
the al ats-gmywacke mqup.nm. 

A second p s i  ble fnnct ion of the pmywackesiltstone squenw, 
d i m &  in mom detRil on 30-73, uns to direct 1rrrg.a nmounts 
of pound water into the ow-brarinp: mlut.ions; the water thus caused 
dilution, rnpid m o l i n ~ ,  ~ n d  m ~ j o r  cl~ernical clmuges leading to the 
deposit ion of cinnnblrr and qunrtz. 

DeCoure~t Mountain mine is about W milas N. 45" E. of Aaiak at 
an dlitude of 701F-1,W feet ( f i ~ .  1 ; pl. 5). Ths mine is m&ble by 

a smal I ~i mmfi and by tsail from Flnt, about 45 miles to the northwest, 
and fmm Cmked C'mk on the Huskokwim River, about 23 miles to 
the muthe& 

The P e C o u ~  Mountain mine was not studied by the wribters during 
the fieldwork of 1959 k a u s e  the tmmches wem badly glwghed and 
the u n d e p u n d  workings were full of ice, The following descrip- 
t.ion is based upon the work of Cady ancl others (1955) and Webber 
and athers (1947) supplemented by observatfons by M~tcKevett ~ n d  
R. S. 'CTelikanje af the TT.S. Gw!ogical Survey during the DMEA 
trxploration betwmn 1953 and 1857. Gordon Herreid of Almka Mines 
m d  Minerals, Inc., loggad the drill core from the DJ.LEA exploration, 

781442 - 
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and information f m n  his logs has been nsgd in compiling drill-hole 
data for t.his report. 

Tha deposits were discovepad by Matt DeGumy during the wintar 
of S9lQll and staked by him in 1919. The mine was opema  inter- 
mittently from 1920 until recently and produced more than 1900 flasks 
of mercury, mu& of which WBS produced by R. F. Lyman between 
6942 and 1049 (Cady and others, 1955, p. 111). AftAr 1949, activity 
at the mine was confined to explomtion consisting of diamond drilling 
and surface stripping. under a cuntract between the DeCourcy Moun- 
tain Mining Ca. and the Defense Minerals Exploration Adminisha- 
tion, which authorized 2,600 feet of drill hole tio egplom the downward 
exhnt of the zone of productive veins mind previously. A second 
stage of exploration was aut.horized to explore ore found by drilling, 
hut awing to operational difficulties, the m n d  stage of sxploration 
was not utilized by the company. In 1961 the mine was inactive and 
wm owned by the Alaska Mines and Minerals Co., owners of the Red 
Devil mine. 

The underground workings & of several adits, ss well as minor 
drifts, crosscuts, rrnd stops The main adjts are the 820 adit (abut 
910 A long)l the 910 adit. ( a h a t  200 4% long), the 871 adit (abut  
175 ft long), a c a d  adit 85 feet long on the principal vein, and a 
short, ad i t southeaat of the A vej n . Surface workings consist of saveml 
pit% bulldozer cuts, and trenches, moat of which were excavated by 
the U.S. Bureau of Mines in 1943. A sketch map of the mine area, 
dopterl from Cady m d  othem (19553, is shown as an inset an plate 5. 

Bed& at t.he DeCourcy. Mountain mine mnsista of interbedded 
p y w n c k e  and shale of the Kuskokffim Group and numerous sZl- 
like bodies of brrsalt. or diabase that. cut t.he dimentsry rock The 
sedimentary m h  strike bt.rreen north and N. 25" E. and dip steeply 
nort.hwdw&Fd. At and near the deposits 'both t.he int.nlsive mcks 
nnd t.ha d i m e n t a  y rwks hava been extensively but not completely 
altered to silic.ified fine-pined rn- which Cady and others (1955, 
p. 11, 112) termed " d i r a - C U R  mk." A rnxntIe of unconsoli- 
dabd frost-bmh mck fragmer~ts conmls mDst of the bedrock. 
Most of the quicksilver ore, ~ h i c h  mnsists of cinnabar and minor 

stibnite in a ganple of silica, arbonate, and clay minerals, occurs in 
the silica-arlmntlte rock, commonly in or naar the sill-like intrusive 
Mies. The ore bodies- consist of mall imgular lenses, veins and net- 
works of veinlets that are localized in breccia zones, along contsds 
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&wean the intrusive mb and the &ime.ntary rocks, and, to a lesser 
extenf along bedding surfacw. Om bodies occur throughout a zone 
t,hat is at least 2,000 feet long, 860 feet wide, find 60 feet deep. 
Generally theom zonm strike pnmllel to the M d i n ~ .  Somaof khem 
dip steeply northw&ward nmrIy pnmllel to t . 1 ~  bedding, nnd otllers 
dip ~teF)ply eastward or so~th~&stward a c m  the Mding.  The dis- 
tribution of t h m  om badjea is shown on plats 5. The Top md Retort 
veins dip steeply northwestward, t,he Tunnel vein d i p  steeply enst- 
ward, the DeCouwy vein mainly dips nort,hw&,wnrcl hut Imlly  
8 0 u t ~ h w t w 4 ,  %nd the A vein mnittly dips step.plp mstwird hut 
lmally w ~ t ~ w a r d .  

The veins pinch and swell bdh vsrtic~llg and horizontally and 
range in thicknm fmm a few inchea ta geveml fe.t. 

The Tunnel vein (pl. 5 )  and j& mocinhd rnin~ral i~d  mnes WIUS 

the Im@ prcductiv~ ore M y  at the mine. The Tunnel vein, whirh 
averaged 3.2 feet, thick, is 2 0  feet long atA the ~urfmce and extends 
through vertical range of 130 fmt. The vein is not contintrot~rc, for 
it is disrupted by barren f m t . u r a ~  form4 hfom are depmition rrnd 
by minor faults formed after om minerslization. Other v e T  rich 
deposits as much as 15 fmt, long and P foot. wide s u m u n d ~ d  by low- or 
medium-grade om werere mind .  

Tha explomto~ dimond drilling of 198344 t d  only the p m  
jectd downward cantinuation of tha Tunnel, Wrt, and Top veins 
(pl. 5). The data for the drill holes are not, compltb, owing to the 
fact that appmpriate technical guidmce and interpretation of drill 
co~es w~ not nvailable d u r i n ~  Z tie drilling pmpnrrn. Howrrer,  the 
drilling, which was undertaken from t.he HLq-adit level, demonstrated 
t h ~ t .  cinnabar ore continu- to a depth of at lekd 101) feet, b l o w  the. 
land surface in tha p e n 1  area of the Tunnel, Retort, nnd Top veins. 
Drill-corn assays show a merrury .content renchin~  a maximum of 
6-29 prcent in a vein more thsn 2 feet wide. The availnhle infoma- 
t.im from the drill holm i s  summarized on plate 5. Cinnabar minerali- 
zation fomingpdable ore WM fotlnd in altemd p y w s c k e  and shule 
in sevoraI holes, psrticularlp heath t.be Tnnnel anrl Top veins. 
Them a m  itre as yet, uunt~std hy additional underground explom- 
tion. and the size and &nor of tila om M i m  fonnd by drilling am 
u r h o m .  Minable om will undoubtedly be found in this nreA. 

-4 little oewantita and arsenopyrita were =ported by Wehber and 
othm (1947, p. 333 to occur in  wme of the cinnabar deposits. 

Plmr cinnabar occurs in  n b r i h t a ~  of Return Creek south of the 
horn  I d e s ,  but the p l w r  deposits am not sufficiently explored to 
allow determination of the size and tenor of the paystreaks. 
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The futu~w explo&ion needed at I)e&urcy mine ie obvioos. The 
initial work should require cms&mt.s fmm the 820 adit to twt the ore 
found by drill holm, wxmnpanied by geolugic mapping or logging of 
all new opening and drill core. Favorable ore shmb may ba found 
at inikmetions of faults with altered dikea and sills, dthough ore 
shoots mined in the past occur in s l h d  graywacka and shale as well 
as in dikw 

BEYOLITE PROPERTY 

frOCATIOR A D  A C C E S 8 Z B m  

The Rhyolite property EM on the soukh slope of Jmhggulra Moun- 
hin about 44 miles wd-northwest of Sleetmute on the divide between 
the Iditmod md Kuskohim Rivers (fig. 1). Juninggulra Mountain 
is underlh by rhyolite that wmthers ta a b l d y  rubble thickly m- 
ered by bid lichen, The resulting black mountain, h m n  of tundra, 
is a strrking feature of the a m .  

The property can b reached by small a i m &  that can land on a 
ma--gravel runway on the tap of Jnninggulra Mountain or by foot 
along a t&r trail that leads from Cmked C& on the Kwkokwim 
River, appmximtltely 20 miles distant. 

-STORY AND P R D I ) W m O N  

The Rhyolita property was staked in 1957 by Joe Struver and 
bbert  Lyman and was taken under option by the Cord- Mining Co. 
In 1959 the U.S. Bureau of Mines e x p l o d  the property by m a n s  of 
maeral thousand feet of bulldozer trenches. Sainsbury, asishd by 
C. M. Taylor, mapped the property by planetable and alidade in 
August 1859. No production from the property was mmrded by 1960. 

The geology of the trenched areas is shown on plah 6. The bed- 
rock conaista of interbedded graywacke and shale of the Kuskohim 
Group that is intruded by numeroua dikes md sills of at least three 
distinct types and by a large mass of rhyolite porphyry. The bedded 
m k s  strike generally westward and dip steeply muthward in the 
central and southern parts of the trenched awa and vertically to 
steeply northward ixt the north trenches near the rhyolite-porphyry 
intrusive. This difference in dip mrty reflect a mjor hid or memly 
an ovarsteepming naar the rhyolite porphyry. Minor folds plunge 
down the dip of the beds and cause the strike of the beds to vary 
b e e n  N. 70° F,. and N. TO0 W. 
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The intm~ive racks raw in size frofrom the I q e  mass of rhyolite 
porphyry that forms the bedrock of Jminggulra Mountain to dikelets 
1~ few inches thick. The smaller intrusive b d i m  exposed in the cen- 
tral and south trenches are complexly oriented and crop out in the 
trench= in pattern too intricate to explsin as simple silk or dikes. A 
few smaller M i e s  are definibly sills whom attitudes change with the 
enclosing beds. Mmy of the small dikes trend htwgen N. 40' W. and 
NT. 80" E., but dips am di6cult to determine, on the flat bottom8 of 
tmnches. A very complex pattern of instrusion i s  indiated. 

Except for the rhyolite porphyry, which retained chamteriatic 
quartz phenoerystq all the intrusive rocks are so ~ltered that bht! 
original composition. isdifficult to determine. The most, common dike 
is  an altered yellowish-gray porphyritic rock containing specks and 
blebs of pyrite. In thin section the rock has a faint relict trrrchyt>ic 
texlture. 'Fha larger phenocrysts are alrnmt ent,irelg replaced by 
wrbonate and consisted orighslly of a hhular m i n e d  t h ~ t  wns either 
feldspar or pyroxene. A few d i e t  quartz phenocrge sm corroded 
nnd were replaced by mrbonate. Ironsre minemls  re common, 
and minute npatite crystals are very common. These dikm muld have 
been quartz diab- tmchpte or larnprophym. 

Dikes very similar to those described but having a distinct amyg- 
daloidul texturn are common, and one such dike cuts a nonamygda- 
loidal dika The alteration of the amp~aloirlal dikes is sirnil~r ta 
that, of the massive dikes, and a faint dinbasic or ttrachytic texture 
perGsted. 

The young& dikee, whose c o m d t i o n  is m d i l y  decipherable, 
w a i s t  of rhyolite porphyry. Phenocqsta of q u ~ &  and mned 
plagiaclase constitute abotit 20 percent of the m,k. The ground- 
maw js very fine p~ined, and the mnmr gminerl parts consist of 
mumvita and an interlocking mmaic of quartz and feldspar, Lnh- 
oratory staining tests show abundant potash feldspar. Tlrme dikm 
are undoubtedly offshoots of the main rhyolite porphyry t h ~ t  forms 
Juningptra Mountain. A11 the dikea w e  olcler thnn the quicksilve~ 
mineralimtion, for cinnabar is found in the rhyolite, which cuta the, 
other dikes. 

OfBT81BVn011 OF OIrnABAR 

Relatively mall amounts of cinnabar were disclosed by the ex- 
tsnsive trenching at Rhyolite. Much of the cinnabar in place WIM 

fwnd near pits sunk in t l~e overbaden Ily dm Strurer. No om was 
found in the north trenches, nlt,hough cinnnhar could h panned from 
the overburden in this awn. The c~ntrrrl  trenchw, disclosed cinnabar 
at three Ridely spacd p i n t s .  In t h ~  widest center trench, cinnabar 
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occurs along small veinlets in fractured dike rock and graywacka and 
dismninabd in the altered dike (loc. A, pl. 6). The cinnabm in the 
veinlets is aa much as half an inch thick; pods as much as 4 inches 
thick occur at inhmctions of veinlets. The veinlets srars asxociated 
with distinct faults that strike about N. 50" W. and dip steeply. The 
gangue minerah are dickite, carbonate, limonite, and some quartz. 

About 2200 feet east (Em. B, pl. 6) irregular cinnabar .reinlets ss 
much as half an inch wide and several inches long occupy fmdums 
in a rmlfid~+bearirg amygdaloidal dike. The shmrd dike contains 
specks of cinnabar. The associated gangue minerals are carbonate, 
dickite and kmlinita, limonite, and minor quart2;. 
In the northeast trench of the central area (loc. C, PI. a), cinnabar 

veinlets and irregular pods of cinnabar rts much as a few inchw thick 
are mswiahd with rn dted dike cut by a fault trending a b u t  N. 
75' W. and ttn irregular sheared zone trending N. 4 5 O  W. Cinnabar 
occuw in tha dike and in the shattered pywacke  near the dike. The 
alteration minerals f o m  the common kaoIinite-limonite-quartz- car- 
bonate assemblage. 
The south trenches expose small amounts of cinnabar that are 

alined for the most part along a fault trending about N. 50" W. The 
cinnabar occurs diwminated in altered dikes near the fault and as 
small veinlet8 and pods in dikea and wallrmks that are locally a gray- 
wacke b m i a  mmented by dike rock. The altaration minerals nre 
kaolinits, dickite, carbonata, quartz, and limonite. 

Cinnabar is the only d d e  ore mineral of value identified to date 
at Rhyolite, although the spectrographic analyses show silver in the 
ore and may reflect the p m n c e  of  arquerite (silver amalgam), which 
was not identified. Much of the cinnabar is a deep purple-black color, 
and the microscope and chemical tests sn-t that the dark color of 
the cinnabar is caused by a dispersed iron-hearing mineral. Some of 
the dark grains contain centers having a relict hexagonal shape sag- 
gestjve of a basal section of hematite and having a faint grid structure. 
Small grains of hematits are intergrown with the cinnabar. One thin 
saction examined shows a h z y  patch of opaque minerals that, under 
the micrompa is seen to  be an intima& mixture of cinnabar and 
limonite. 

BUCra18TKONB FOR ~ R A ' I P I O N  

The trenching done at the Rhyolite property disclosed small amaunts 
of cinnabar in a geologic environment similar to that at other quick- 
silver deposits in southwestern Alaska. If additional trenching is 
done, a wide trench should be dug northwestwd along the fault that 
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is pmbab1 y tmntinnous thmugh the south trenches. Ore may be fauna 
ebwhem &long this fault, particuIlarly where the fault intemts 
dike& The stripped a m  near the fnults in the northeast trenches of 
the centm1 zone should ba atenended to the north where the a hearing 
cuts dika rock. 

Any tmching p r o e m  here, or elsewhere in the central Kusko- 
kwh, should be plannd witli consideration of problems caused by 
permafrost. Trenching in permafrost requires either n leisurely rate 
of t;renching or an extensive amount of trench to allow thawing of the 
p n n d  ahead of the bulldozer. If trenoliing is to ncmrnplisl~ its end 
of exploring favorable ow zones, it must be continually rworientd 
a3 exploration proceeds. This reorienting ia dificult to do if  the 
tmnrhw are laid 011 t nt the beginning of the err plomtion and the bull- 
dozer is kept busy lowering all the trench~s ns thawing pmceeds. 
Ry fie time ore is disclosed in one trench, most of the explorntion eff art, 

is used up. On the other hmd, stripping done at n leisurely rate to 
follow om-bearing structural featurn results in considerable idle time 
far the bulldozem a d ,  ham, in high unit casts. This type of tmch- 
ing is n e m r y ,  however, if potential ore mnm are to be explored 
fully. 

R O W O F  PE08PECT 

The Kolmakof prospect is in the bluffs along the north bank of the 
Kndcokwirn River abont 18 miles upstream from Aniak (fig. 11). T h e  
deposit is probably the earliest known Ide occurrence of cinnnbar in 
Alask8-Russim fram the W o u t e  Kolrnakoff ski (Fort RolmakoR) 
were probably aware if it as early w 1878 (Cadg and othem, 1956, p. 
116). Workings at the pmpect coniist of a caved adit and a mved 
shaft, 29 trench- having a cumulative length of about 600 feet that 
worn hand dug during a U.S. Bureau of Mines axplorlttion program 
in 1944, and a few bul ldad trenches that mere excavated in 1959. 
A m d i n g  to R. P. Maloney of the V.S. Bureau of Mines (oral 
mmmun., 1959), nons af the trenches excavated in 1959 reached bed- 
m k ;  therefom, the deposits were not revisited by the writem in 1969. 
T h e  only reported production was in 1909 or 1910, when nbont two 
Rash of quicksilver trw recoveml (Cady and others, 1955, p. 116)- 
In 1960 the property WRS owned by the Western Alaska Mining Go. 
of Spenard, Alwka. 

The; rocks at the prospect are interbedded graywackes and shdea 
of the Kuskokwim Group and altered sills. The ~edirnent~ary rocks 
have an nvprage strike a€ about N. 30" E. and dip 35"40e NW. 
(Cady and others, 1955, p. 116). The largest of the three altered si 11s 
at tha prnpct  is 25-30 feet thick and is exposed over a horizontal 
distance of 4 0  feet, The cinnabar deposits are mainly wmciated 
with this sill, 



According to Webber and others (1947, p. 501, the cinnabar at the 
praspeet has t h m  s t r u c h l  and geologic ssttinp : 
1. Cinnabar in a veinlet hdf  an inch thick foms rr. n m w  and per- 

sistent stringer thst is at lmst a50 feet long: within the sill. 
Local small kidney-shaped bodiea of this st,ringer are as much as 
3 inches thick. Tf'ebbeis sample KM-1, a campsite sample taken 
from this stringer, assayed 404 pounds of mercury per ton. 

2. Small pods of cinnabar occur intermittently in R narrow shmr 
zana that locally forms the hanging rrall of the sill. Webhr7a 
sample KM-2, whjch w y e d  191.8 pounds of mercurg per ton, 
was from a pod of ore 5 inches in maximum thickness and 6 feet 
in length and width. 

8. Small amounts of cinnabar owur locally in c m  fractum near the 
hanging wall of t h ~  sill. 

Cady and others (1955, p. 116) noted that the ore m u m  both as 
fracture fill in@ in brecciated zones, particnlwly at the upper border 
of the large sill, and djswmin-d in t,he a l t e d  sill and adjacent 
graywacke. Quartz is khs principal gangnemineral. 

The Rainy Cmk deposits are abont 80 miles sodhead of Bethel 
(fig. 1) and ~baut 7 miles nodhwest of &lonut Oratia (fig. 7). The 
deposits are near Arsenic Creek a short tribwrg of Rainy Creek, 
about 3% miles southenst of the conflnenes of Rainy G d  md the 
north fork of the Eek River. Access is by airplane to an airstrip 
about 2 miles w& of the prospect or, during the winter, ovm a tractor 
tmil appmximnbly 120 miles long from Bethel. The depmits am 
Getween 1,700 and 1,860 feet. above sea level in a tundra-covered area. 

Amrdinp t ,  Rutledm (1948, p. R), the depusita were probably 
discovered by Ed McCann of Rethel some timd between 1910 and 1920. 
During the 1920's, Nenl Corripl of Bethel, who was engagad in 
placer-gold mining. an Rainy Creek, staked and explored the lowermost 
deposit (fig. 6, deposit I ) .  Corripl subsequently allowed his claim 
to lapse. 

No loda p d u c t b n  is recoded from the prospct, but daring placer- 
gold mining aperations on Rainy Creek below the month of Arsenic 
C m k ,  about 2,000 pounds of hiph-gmde cinnabar concentmtes waa 
m v d .  

Exmpt for a small cut in the lowermost depoeit, the workings wem 
excavated during the summer of 1947 as part of a U.S. Bureau of 
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BGztee expIomtion program. T h e  workings, moRt of which are shown 
on figure 6, cc*lili&" of 1,499 feet of bulldmed trenches and 1,439 feet 
of h a n d d u ~  cuts md t.renches. The workings were badly slougtled 
and caved in 1959 and wem not revisited by the anthorn. 

This descriptian of the h i n y  C'mk p m p t  is largmly ah~t,mcted 
fmrn a mporl hy F. A. Rutledp (lln4R) of the  US,  Dllr~nu of Mines. 

m 
OBOfrOOS 

The a m  at the p r q w t  is  u n d ~ r l ~ i n  hy d i m e n t a p  mks of the 
Kuskokwim G m p  of Earl? ~ n d  L ~ t e  C'mt~eous ~ p e  ( fip R, 71, which 
cmp out iq the bluffs a lon~  Arsenic V w k .  Vmt of the prmpd- pits 
and trench= m c h d  bedrock within a Few feet of the mrface, The 
I W ~ R  consist of i n t e r k l d d  p;my~vncke and slmle md some conglom- 
emta T h ~ y  strike N. 20"431° E. and h ~ v e  nn avprrrge dip of 72' 
SE. am din^ t,o J .  M, Honre (om1 cornmnn., I96O), ~ l t ~ r e d  dikes 
mcur near the prospect. 

The location of tlie principal depbsits is &own in  fig^^^ 6. Thm 
deposits, whirh WEIT dmipnatd ''deposits 1, II, md 111" hy R u t l d g a  

4 (1948, fig. 41, m I L W ~ R Z ~  with fn1tlt.s tFmt strike nofiheapt appmxi- 
mttt~ly parallel to I Ire >trike of the bedding bat dip steeply, pmpmlly 
northwestwad, w m  the bdiling. IM prom is in^ quicksilvtr de- 
p i t s  at  t h e p r q w t  nm in ~ U B P ~ Z  veins nlong k d d i n ~  mrfncm. 

A t  deposit I ( BE. 71, t,he Inrpst nnd k t  ~ x p w 1  deposit, cinnabar 
m u m  mainly in a zone of frrtctured p y w a c k e  thnt is bound4 by 
two f ~ ~ t ~ l f s  about 16 imt ag)nd. The f au.ults strike S. 80e-750 F:. and 
dip 73" h T .  The d p p i t  ltns the $ l a p  of rr rhornbdml  pnml- 
lelepiped in which most, of the cinnabns is in a ahott sep-rnent of the 
s h m d  and frrrctud praywmke M w e n  the two fst11ts. The high& 
~ s s n y  rnll~m from depmit I wem f m  n zone n h u t  6 feet wide that in 
Rdjncwnt to the wmten fault. The w~iphf~d n v ~ m p  of four ~ l ~ r n p l e ~  
ncrw this zone is 8.22 pounds of rnenbrlly per ton nnd fl-118 perrent. 
amnie. & p i t  I cont~ins 1mner ow. A ~rnrtll lens of cinnnbar 
ant1 mlum m u m  adjmnt to R fault nlmut 70 feet ~arst  of deposit I. 
TIM fault StPi k ~ ~ i  3. .70° E. and dips TO0 N\lT. 

Depasit EX (RE. 6) is similar to deposit I. It is hounded by two 
faults striking northend ~ v ~ ~ r r l  and dip pin^ nort Itwestward and i n  
s h a d  mughlp l i k ~  prlmllelepiped. Thp richer om, which yielded 
as mnch ns 44.6 paunc1.s of nwrcurp p r  ton ovPr R anrnple width of 
8 inchm, is in n narrow xonp near the we~tern fault. 
&wit IT1 consists of z h m  srnnll lenm of ore adjncent to i~ 

veeical fault (fig. 6). Ths I ~ r p t  lens i s  4 feet by R feet by 3 inchea. 
A composite m p l e  representative of the three I ~ n m  contained 45.R 
Pounds of rnercuv per ton I Rut ledp, 1948, p. 6). Trenching along 
the fnult on each side of the am failerl to uncover momcinnabar. 
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A t  ths Rainy b k  pmpect the cinnabar is penenally m i a l t e d  
with quartz, sealgar, snd, ImaIIy, mal l  amounts of orpiment and 
Iimonitfi Quartz deposited in two stqzw: the A& formed fine- 
p i n e d  p p  quartz, rrnd the second formed white vein quartz cuttinp: 
the p y  qunrtz. 

gbCtdTZ: h%XE PELOSP- 

LbCATfOlrT A-BIS- 

The Knpati L k e  pmwt is about 90 mil= mutheast of Rethe1 and 
about 6 mil= norkheast of Kagat.i h k e .  The pmepect is nbolit 3,OM 
fwt a b ~ e  sea level in an arm trltere much of the hedmk is covered. 

Tha pmqmt  fa nccassihle bp ~ircmft having floats; t hay land on 
Ka@i LRke or, in g o d  werttl~er, an s m a l l  lake about 1 mile from the 
pmspwt. A tmc.tor rmd H miles long leds from K w t i  Lake ta the 
prospect. Tlurinp winter, whe.n the ground is frozen, trrrrtom may 
tmvnl from not ha1 to theprmpwt over severnl: unmarked routm. 

The pr~p~t-ty  consists of 12 claims staked in 1956 by Noah Jgckson 
and John b n p  of Ilethel ; in 1957 the claims were owned by the 
Rethel Explorntion Co. nnd were under option to the Sunshine Mining 
Co. The pmp~t h~ h e n  explored by about 15 pmspect pits and 
tranch~s that am ns much PLS 20 feet long and 4 feet deep, most of which 
are pnrtly filled with slotlphd m k  debris. 13d-k wlus exposed 'by 
bulldozer stripping over nwas of * r e d  hundred square feet No 
quicksilver has h e n  p d u r d  f mrn the prospect. 

The d e p i t  was mappd by 5fncKevdt in 1957 deling. an exmias- 
tion of the pmpdy  made for the Defense Min-1s Exploration Ad- 
ministmtion. )5. Itr. P ~ m n s ,  of t h ~  I*.S. Bureau of l l i n ~ s ,  rrnd Pat 
DeWillktrns rrnd John Mapurn, of the Sunshine Mining Co,, ~tssistsd 
during the ernminst ion. 

The quicblver deposits am in a stork composed chiefly of biotite 
qnarte rnonzonite m d  hornblende-biotite grtindiorite that is probnMg 
Tertiary in a p  (.I. Jf. Hmm, om11 wmrnun. 1859). lirterhdd~d 
graywacke anrl &wle of the K tlskokwim Cl roup crops out some 10 milea 
northwest of the p r o s w .  The stock is in trud~d  into the upper p ~ r t  
of the Gemuk Grnup, which hose includes *;nywacke, shale, and 
voleanic m k s  (fig. 7 ) .  Nenr t.he stmk the ~ q d l a m u s  mks are 
wnveded tohornfels. The Geml~kGroup isintruded byrn~~ficdikes, 
chiefly disbn- of Tertjnry n p .  C:nconsolid~ted glacial rlnd glacio- 
ff avial depoiQ of Qtinternnqr nge mirnde ~ x t e ~ i v e  awns of the bd-  
rock. Snrficial daposita pnarally 1 ~ -  thm 2 feet thick mver mmuch 



EXPLANATION 

of the bedrock neQr tho p-, althau~h bedmk is  well e x p s e d  in 
outcrop dong clifls nnd on k n o b  near t he, quicksilver pnspwt R. a 

The main structum at the K w t i  L n k ~  d~pOIjits m s i ~ t ~  of f~wtum 
in ~ , I I A  ~ m k ,  'I.Ile m M  contirruo~is fmcture zone, rd ld  the main 
~ h e n r  zone, Rt.rikee S. 20' If'. and consists of multipl~ ststeep minor 
b ~ n 1 h  and joints strikinp nnrthw&w~rrl (fip. R ) .  'TIkr main shmr 
m a  is m ~ r k w l  hy a depmion  allod 2-10 fwt dmp eroded into the 
wrrthed, IL l rered, and fmct 11 d rocks alonp r hs zone. The depwu- 
aion is p ~ d l y  f i l l d  by large granitic h l d ~ t s  trnd ruhhle trnnsport~d 
by glaciem ~ n d  glscioff win1 ilction Zmn~ R hill n m h  nf the p w p r t .  
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Granitic rocks 
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A well-defined s& of joints in the stmk strikes N. 18"-25* W. and 
dips vertially. A poorly de-fmed s t  strikes N. 50°-660 W. gnd dips 
80" BE. Many of the joints m slickensided; some are marked by 
pug~,sndothers,by veinsafewinchesthick. Sorneofthefrnctums 
that trend N. 50O-65" IT. probably diverge from the main shear m e .  

A set of cEmly s p d  fmctum similar to thasra, in the main shear 
zone is e@ by a line of pits abmt 2713 feet west of the main shenr 
zone, bat bmuse of pmr outemps, it a n  be traced only about 450 
feet- MI&. of the johitspmbably m l t e d  from t h e m e  fomq and 
resultant movement on some joints p d n d  the f%~dts, 

Mwt of the ore at the K w t i  T,nke depasits collsids of einnahr 
that fills veinlets mid m t s  fractures and fnulc p u p  dong the main 
shear zone. A few deposits a m  in the shear zone to the west. Some 
of the cinnabar is closely n.wxirtted with realgar, stibnite, md, uncom- 
monly, mlmrdinak orpiment and swondary nntimmg minerals in a 
gangue consi~ting of quartz ~ n d  minor iron spsqujoxidss. The most 
persistent veins are in fractum in the main shear zone or in the fmc- 
t m  that trend mom u~est.wsrd. Ind ioidual ore bodies range from 2 
inches to 2 feet in thickness, but none has been t m d  far more than 
10 feat along t h ~  strike beau% of the poor exposum and k a u s a  of 
the boulders that lie in the main shmr zone. None of the known ore. 
bodies has completely dd ineated. 

Quartz is the predominant mineral in the veins. In plrtcas it lines 
mgs and forms c1-ysh31s si much RS 1 inch long having the s h ~ p  of 
well-defined prisms terminaterl hy rhombohedmns md hnvjng the 
external sgmmet.ry of dphn (low) quarts. Some qumh G P Y B ( ; R ~ ~  ~ L W  

auhmorphir, Cinnabar crystals in the form of rhornbhedmn pene- 
tmtion twins ttre perched on quartz cryshls and line open spaces, 
modes of deposition inclicating that cinnahr i s  the young& hydro- 
thermal mineral in the veins. Clay minerals, probably formed by 
both hydrothermal nltemt ion and surf- weat.herin~, wornpany 
most of the depmits. 

Assap datn indicata that mme of the veins are of economic grade 
(under price conditions exi&ing in 1959) hut that olhem nm suh 
marginal. The chief detriment to the developmnt of the properky 
is the smsll size of individwl ore Mim, whirh makes it difficult to 
outline snfficient are to w ~ r m n t  instdlation of rnininr md fumacinp 
facilities. The location of the prospert in Rn a m  mrnota from low- 
cost. transpartntion is also a deterrent. 



BED TOP mNX 

The Red Top mine, alsa known as the Marsh Mountsin mercufy 
depoeit, is  17 airline miles north of Dillingl~am, a stmnsllip port on 
Rri&nl Bay (fig 1). The mine is at an altitude of ahoirt 1,100 feet 
near .the top of Lhe southernmost peak of Marsh Mountmain, l ~ s  than 5 
mil- from the village of Aleknngik ( 6g. 2t; ) . A bulldozer-and-tmck 
mud less than 5 miles long leads from t 11e mine t,o a point on the Wood 
River about. 2 miles h l o w  Alehagik. 12mh rtnd barges drawiq  5 
feet ar less of water ctm ascend the F Y d  River ta Lnke Aleknry;rik, 
a few miles northwest of the mine. Landing str ip  suitable for light 
planes have been b~~i l t ,  nmr the bwm of the mountain l~pproxirnatelp 
3 miles from the pmpefty. Aircraft on floatscan l ~ n d  on thew& 
River and taxi to the trail leading to the mine, 

BISPORY arm - m o w  
Placer cinnabar wae digcdvemd by F m k  Wasby in Awana C d ,  

which drains Marsh Mountain, in 1941, and the lodes were found by 
Charles Wolfs and Clarence Wren, who, at Waskey's s~ippstion, ~ m e d  
the placer ~innabsr to its soume. Prior to 1952, development work 
on the lode mnsistd of a few small pits and trenchw. I n  3962, nn 
explomtion contract was sirand between the &fonw Minerds Ex- 
plomtion Administmtion and the Red Top Mining Co., nnd almost 
IO,MMl feet of tmnches were sxcrtvnted by bulIdozer (fip;, 9). This 
work ontlind the main b m i t l  zone and uncovered cinnabar in em- 
nomie p u l e  and tonna- Twenty-two flmks of mercury was m- 
covered from ore stockpiled during the t-renching. 
In 1058, MonebPorcupine Mines, Ltd., a C m d i m  company, took 

an option on the property from the Red Top Mining Co., and a second 
contract for underground explomtion was signed betwem hlnneta- 
Porcupine Mines, Ltd., and the Defensa Minemls Exploratinn Ad- 
ministrrttion. Approximately 560 feet of ~ z n d e r p t ~ n d  workings were 
driven during the perid of the second wntmct (upper adit, pl. 7 ) .  
Subsequently, s lower sdit wm driven under R joint agreement by the 
DeG6umy Mounhin Mining a. (now Alnaka Mines and Minerals, 
Inc.), owner of the Red Devil mine, and Monetn-Porcupine Mines, 
Ltd Longholes were drilled from the walls of the lower adit in 
1958. Sninsbuy* twisted by C. M. Taylor, mapped the undergronnd 
working and the surface in A@ 1959. At this time the property 
was inactive, although the lease and option m m e n t  between the 
Bed Top Mining Co. and Mmta-Porcupine M inea, La, was still in 
eff& (Clawnm Wren, orat commun., 1959). 
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l d y  overtumd and dip northwed st steep ~ng lw;  elsewhere the 
beds dip g~nefally tn the muth. 

Much of the b d m k  of Marsh Mountain is coverad by s frost-riven 
regolith and by tundra, and gwd outcrops; a m  found only on the 
mountain top. At the mine a m ,  bedrock is exposed d c i e n t l y  well 
in rnm of the tmtcl~ee and in outcrop in the hil l  east of the adits 
for the major Btmctnre to be deIineatd. The main structural feature 
appeare to be an open p c l i n e  tmnding east of north and plunging 
south and that is f su1t.A off by a cumplex fault zone. The syncline is 
k9t.hom south of the faultrmne. The east limb of the syncline dips 
about 30°, and tha wmt limb dips 20". Smaller folds trending nsarIy 
east am i m p r e d  upon ht h 1 irnh of the qncl ine. A sharp anticlinai 
fold on the weat limb of the ~gncline near the f ~ u l t  zone complicates 
the structure in t,he mine a m .  

The fault zone is a zone of complex ~hmring and brmiation that 
is mom than 100 feet wide, The complexity of the faulting is be& 
seen in the underground workinp, where the fault consists of many 
bmnchhg and interlminp segments containing abundant gollp and 
brecciated rock between individual faults. The ft~ulta have right- 
lateral displacement. In the wmtarn p~rt  of the trenched a m ,  the 
fault zone is parallel or subparallel to the 'bedding, but in the eastern 
part it tranaects the bed din^ at s high angle, and ~ v a e  rise to thick 
breccia in the maasivegraywackse. T h e  fault zone hrrebmtrenched 
for about 9,000 faet, but no lithologic cornlation esn be mnde a c w  
the hult m e .  

A minette d i l r ~  or d l  about 10 fa thick h a v i n ~  chifled borders 
t.hat am dinbasic in texturn intrudes the bedded rocks in the low& 
trenche~ in the northwegtern p ~ r t  of the mine amn. Tho rnjnette 
probably wpmntg dinbase altered by wntact with water-rich di- 
rnentary mks (Barth, 1952, p. 82-85, 185-188). The minetta is not 
altered to siliea-crrrhnnte rocks. The hclded mcks in the nort.hwest- 
em park and in the easternmost pfi of the mapped area (pl. 7)  are 
veined intrieats1y by mall white veinlets of qnartz and prel~nite. 
This type of alteration is m l a t e d  to ths depi t ion  of ore but, is 
distinguished on the geolugic map, far it is conspicuous rsnd wide- 
spread- 

QvramrLTEE D m .  

u s B b t Y ~ Y W T R B m F ! s  

Chabar  is the only ore mineral at Red Top, and it is wmpletely 
&a of stibnite. Ths cinnabar r a n p  in color from dsar brilliant 
red to dark, ah& opaque, purple black. Many of the clear-red 
psins have canters of dark cinnabar. The relationship of the two 
types is so intimate that there can be no queation that #both were de- 
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positad during the same period of ore deposition, although the dark 
cinnabar is older than the light cinnabar. The dark cinnabar gives 
g a d  tests for iron by X-ray Auomwence, and when heated several 
hours at 650°C, it leave a spongy m w  having a high iron content. 
The dark wlor is probably m u d  by dispmed hematite, magnetite, 
or pyrite. Discrete p i n s  of hematite in close association with cinna- 
bar can be seen in several thin sections. 

Brown to red limonite is intimahly inhrgmwn with the cinnabar, 
hut iron mxlfidas are very ram Carhunate of two a- k closely asso- 
ciated with much of the ore. The earlie& carbonate, which is typically 
pde yellowish orangq is dolomite or m h i t i c  dolomite containing 
sufficient iron ta give a good iron test. The Iahr c a h n a t q  much of 
which was deposited after the ore, js white csystalfine calcite. It 
forms masses a~ much as 1(F-12 f& wide and 100-150 feet long. 
Locally calcite cements breccia  fragment^ of wallmck, cinnabar, and 
dolomita M& of the cinnabar found in calcite is breccia ore in which 
cinnabar replaced dolomite and was then broken up and cemented by 
calcite. 

Quartz is B scarce p g u e  mineral at the Red Top mine, but it forms 
the bulk of one barren vein 2 inches wide that was intersected under- 
ground. The detrital quartz grains in bmciated and alterad gray- 
wacke containing cinnahr are little c o d e d  md wore apparently 
stable during ore depmition. 

Clay minerals am found in fairly large volume in much of the ores. 
h a l l y ,  as much ns asone-half inch of apple-green dickite linw the walls 
of ore veinlets. Fractured, im-shined, and argillked rock in an area 
south of the fault zone is wmciated with carbonate veinlets barren 
of cinnabar. The argillized rack contains fipecks of pyrih - 

o m  Em'mrn BY TEE u r n  m m C E  

Cinnabar ore i~ ex@, or hrtEl been m i n d  out, at several places 
along the breocis zone that follows the fault in the main trench. 
Mwk of the ore is in the western part of the breccia zone. The fol- 
lowing descriptions of ore m m n c w  refer to the areas marked by 
circle$ letters on plah 7. 

At the west end of the main trench, a split from the main f d t ?  
zone cum- into the footwall and is reprewnted by a breccia zone in 
graywmke and siltstmo (loc. A, pl. 7) .  The breccia m u m  on both 
walls of the fault, which is marked by clay gouge 2 inches thick d i p  
ping 4So SE. The breccia on the banging walI is about 10 fwt thick; 
the b m i a  on the footwall i s  partly covered by surficid rnabrid, md 
its thicknw carnot be deteHnined. Cinnabrtr m u m  as a solid veinlet 
about 4 inches wide on the wwt end of the breccia and as diswmina- 
tions in the wrbnttte w g u e  cemt ing  the brecia. Soma cinnabar 



replad b m i a  fragments of p g w a d c e ,  The north& end of t.he 
vein cunsists of a 1- pod of barren whih calcite 

The main fault and the b m i a  wne lie on the south side of themain 
trench sad of Cha split and am h a m  of ore t~ a point about 200 
feet east. At this point (loc. B, pl. 7 )  the breccia widens, and a small 
vein dipping 40° S, splits int,o the hanging wall of the main f auk. The 
mall vein eonsiste of 4 inchea of barren white calcite and 6 inchm of 
breccbted graywmke oemented by dolomite on the fmtwall. Cinna- 
bar occurs in the brecxiatd w d l  of the vein as a replacement of both 
dolomite and p y w w k e  f ragmen&. 'She cinnabar ranges from thin 
films in dolomite to solid fragments as much as 3 or 4 inches in di- 
ametar. Similar om formed in the breccia on the fcmtwall of the main 
fault at the intemction with the mall vein. Garbonate-cemented 
breccia extends eaatward along the fault, and ma11 amounts of cima- 
bar replaced brecciatd dolomite for ~pproximataly 100 feet. 

At the firat c m s  tmnch east. of point, R, the breccia on the footwall 
af the main fault contained fin ore shoot 30 feet long that consisted of 
approximately 4 inches of mlid cinnabar (Clarence Wmn, oral corn- 
mun., 1959). Only the edps  of this ore shoot were still in plam when 
the trench was mapped in 1960. A amall fracture extends from the 
main fsuIt into the hanging wall near the mnter of the ore shoot and 
may have Iwlieed the 01% slloot. 

Mom ore occun at n point approximately 100 feet east (loc. C, pl. 
71, where a small fault dip pin^ 8 5 O  STV. branches from the main fault, 
Near the interntion the wallrocks were brecciated and extensively 
r e p l a d  by dolomite and white alcita. Rich ore, now mined out, 
occurrad in s rein on the fmt.wall side of the small fault (Clsmnae 
Wren; oral cornman., 19593, but, only dismtinuws ore is exposed in 
t.he bottomof thapit cm the vein. Cinnabar also occurs in themain 
fault b m i a  on the footw~l l  of a large pod of massive white calcite 
about 100 feet long. Smrtll fmgments of ore occur in the breccia for 
a distance of 50 feet east of the calcite pod; Clarence Wsen mprked 
that p o d  ore was mined from this trren. Ore =timatad to contain 
more t h n  70 pemnt cinnabar is stwkpild at  the portal of the upper 
adit, and mnch of this ore was obtained from the veim desribed, 

The msin b&a 7me is barren for the next 200 feet, as far as can 
be debmined from trench exposures. The fault and the breccia zone 
dip 45" S.; both are tracettble mtinuously up the steep slope to the 
east and are marked throughout by abundant carbonate. Near the 
top of the hill, the trench widens to almost IOQ feat nnd exposerr the 
fault, the breccia zone, and n large barren calcite pod in the fault. 

A branching cinnabar vein lies at t l ~ e  sout,h side of the tArench& e m  
on the hilltop (IN, D, pl. 1). The vein is  t,~rrcerrble for almost 200 
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feet and avwges 4 inches in width. On its west end the vein dips 
37" S. A q l i  t t m a b l e  far 150 feet curves off to the south bat is not 
continuous in the centml part. The main vein and the split consist 
of a porous mass of brecciated gmywackke amented by limonite and 
minor calcite. Cinnabar mcum discontjnuously along the veins, no- 
where occurring in qumtities &s peat  as in the veins tro the west. The 
cinnabar replaced p y w a c k e  frsgmettts. 
To t . 1 ~  east the bmcia zone has s southewsterly strike, but, as the 

trenches are 1 argely sloughed, the pdogic  mltltions are obscure. Clar- 
~ n c e  m'ren stated that very little cinnabar was found in the earjtsm 
part of the trench. 

No cinnabar was found in the trenches transverse to t ha main bmccia 
zonk 

mmm RT mr: ADIFB 

Two adits, at nl ti tad= of 2,020 and 1,136 feet, explore the subsurf ace 
continuation of the h m i a  zone. The geolodc reIat.ions in the adits 
and a c- m i o n  through the adits are shown on plate 8. The 
upp-r, or KO. I, adit intern& the f a d t  m e  about 50 feet ~ertimlly 
beneath the surf ace exposures in the main trench; the lower, or No. 2, 
adit intersects the zone at n point abut 150 feet below svrfsoe expo- 
sum. A pronounced ~lt~wct~uml and lithologic break omurn mrm 
tho fault zone. 
In t . 1 ~  upper adit, t,he cinnabar oecurs as disc- 4 1  veins that 

branch from the main faults, as breccia fragments in or along massive 
white carbonate pods, and as disseminations in fractured p y w a c k e  
(pl. 8). The cinnabsr-bearing veins range in length from a few feet 
to a t  least 40 feet, ltnd cinnab~r in the veins r a n p  in thickness from 
less than an inch to as much as 3 inches. Most veins am less t h ~ n  2 
inches thick. Some am bordered by m e s  of brecciakd graywacke ; 
cinnabar is disseminated in the bmxia. Disseminated ortl is entirely 
confiner1 to bmiated p y w a c k e ,  or to interhedcled gmywncke m d  
silkstone and is completely Eackin~ where vein walls film r m p d  of 
massive siltstone. 

The most continaous vein is e.xposed in the sonthwist drift. This 
vnin dips 70' NE. where it splits from the fault that the drift, follows, 
but in t.he faca of the small cnmmt. along the vein, the dip h s  flat- 
taned to 60" (p3. &). Pu'ear the fault the vein contains ns much as 2 
inches of sosol cinnabar, and the hanging wall of brecciated graywscke 
contains considerable arnollnta of d i w m i n n M  cinnabar. In the face 
of the crosscut along the rein, the vein narrows to 2 inches of b m -  
dated p y w w k e  containing di1~ieminat.4 cinnabar. 

Rrmciatad p y w a c k e  wsociated with a small vein trending north 
is intsrsec~ted by the northwest drift of No. 1 adit. T h e  vein dips 



52'-70' IT. and I d l y  eonhias 1 inch of d i d  cinnahr. The brec- 
c i a  p - p a c k e  on the east side of the vein Imllp contains nn esti- 
mated 1-2 percent cinnabar in fractures and in replmd graywncke 
frrrpnent,'~~ Several ot,ht.r small veinlets, all 1- thnn 1 inch in width, 
nre ~1cxpOSed in the adit* 

TIla lower (No. 2) adit e x p d  cinnabar only in the extreme eastsm 
p r t  of the northeast drift. 1 lere cinntlbar m u m  in s distinct vein 
dipping RS" S. and as di-rnin~tians in bmcci~ted graywacke, in psrt 
arpillized, thmnghout the Inst *XI fwt of the drift. The ore eJtrnda 
beyond t be drih head in^. Thw om lies on the f Dotwall of large barren 
cnlcitb gods along the faults, Dark limonite is conspicuous in the 
fract tfmd walls. 

A ptF mmple of muck from the drift a m y d  O.59 pement memurg, 
and rr l a w  p s b  sample from the damp, m p m n t i n g  seven1 tars of 
muck from the heading, amyed 1.09 p e m n t  merc.wy. 

The distribution of rinn~bar in the nndergm~md apenm ~ h o m  
concluaiveIg that ma-ive mywmke: watlmcka were distinct lg mom 
fnltt'0r'~bI~ u i h  for om dewition than w w  the siltstwe. Cinnabar js 
\\'id~~pmitd in the upper dit, wl1em mmt a{ t ha ws l lmks  are sithar 
p y w a c k ~  or interberlrled ~ n y w ~ c k e  and ailtstone. Most of the drifta 
in the lower adit followecl fsrtlts whme wnlls rrre massive siltstane, 
fault in^ in t.he silt st on^ gave +de mna of imprviaus gouge, along 
which mlntjong penetmtprl with difficulty. W l ~ m  the F& hendinp of 
the lower adit intemted mamire pywacke ,  it pnetmtecl ore. The 
mwsive p y w a c k e  was b i t t  le dming iault,ing, nnd it fmtured to 
give abundnnt bremia ant1 open spaces along which ore-bearing mtn- 
tion9 p n e t ~ m t e d  freely. 

The cumplexjtp of fm~lb in the underprwnd workings is notable. 
Zna znne of branching ~ n d  inter lac in^ f ~ n l t s  is distinct lg arcunta in 
confim~nrtion and reflwt~ the tendmq of the  fault^ to  foflaw the h&- 
dinF aronnd the nose of the plunpinp fold intemted by the fault. 

Sevsml ages of pmtminernlizr~tion movement, nlong the fault. zone 
sm ~ h o w n  bg s tr i~ ions  nnd mr~llion stmc.trum on the massive calcite 
p d s  in the d i t s  The movement, mas oonai~tently right latem-al, and 
111 tsn plates striations show t h ~ t  earlier postrninenli~~tion fault  in^ 
movd the hangingwall upwnrd n t  an mrrnple of 47' W. The I n t e  dia- 
pltmmenr r r ~ s  similar in r l i ~ i o n  but w ~ s  upw~r*l at  an mglt* of 30*. 

mu- 0 0 m m  OT 0110 D-W 

The cinnabar ore st Red Top mine wair deposited principally along 
o p n  cl~annels. The main channel WRS crpnt~d where a mgionrl fault, 
prohbly R bedding-plane fault, interwckd n plunging fold nnd pro- 
tfumd a complex bmcia zone. LSome ow w l ~  deposited by mplnm 
ment of hmcia  fmgmenta and of earlp dolomite in the main h m i a  
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zone. Much of this ore was broken and displaced by later movemant 
and "Ehen sealed by calcite; the 1sd;er fracturing and sealing of the ore 
with b ~ m n  calcite reduced the p d e  of the early ore, 

The b& om now uncovered is Iw~1jze.d along distinct veins in reln- 
tively brittle graywacke or is disseminnted in frnctnred brittle p y -  
wacke. The makve  siltstone eontains only isolated qecks of cin- 
nabar. 

om GzmrSn 

T h e  ore solutions at Red Top migratd upwltrd from depth along 
the fa.ult zone from an unhown source. The ore was depositd in an 
oxidizing environment where hematite and prabsbly limonite cmx- 
isted in stable mrnblage with cinnabar and dolonjte or ankeritk 
dolomite. The carbonate snd limonih may have hen precipitated 
from cjrculatinggmund water t h ~ t  mixed with the ore solutions. The 
paucity of hydrothermal quartz rt Red Top is noticeable as compared 
with that at the other cinnabar deposits of the Rmkokwim region. 

The association of dickita with the om indicates t.hat ore depmition 
occumd below a maximum temperature: of 305" G (Ewe11 and Insley, 
1935). Righblateml faulting htrvin~ a larpe. strike-slip component 
occurred after the deposit ion of much, if not all, af the hrren calcite. 

B U U G I ~ D B B  FOR -=OW 

Future exploration at Red Top shonld be pl~nned with the following 
factors in mind : 
1. The best ore along the main breccia zone is found in veins t ha t  

split from the main vein or am ak inhmctiona of c r m  faults 
with the main fault zone. New trenches, therefom, should be 
wide enough to q m s ~  the walk on b t h  sides of the central 
b e  fis was done in the. &-central part of the mnin t m c h .  

2. The compatency of the mllmks seems to have been s major factor 
in Iwlizing ore. The f mctumd pywacke  is a distinctly more 
favorable site for ore deposition than is the siltatone, and hence 
~xploration openings should be d i d  toward the intersection 
of rnassiva graywacke with the main fault mne. The norkheast. 
heading of No. 2 adit is in om in p y w a c k e  and should be ex- 
tended as long as it remains i n  gmywncke, even though the ore 
may not be conthnous, The northwest heading of the No. 2 adit 
should enter predominately p y w n c k e  wallrmh on the  north 
side of the fault. if extended nppmximnhly 100-110 feet. 

3. The larp  white calcite pods genemEly eonttsin "drag om" only and 
far the m a  part form4 after rnheraIizatiou. They do, how- 
e m ,  indicacste areas where nbundant open spaces once existed. 
(Note the almost cornplelete absence of arbonate pods in the 
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shearad siltstone axpmd by No. 2 adit, pl. 8.) Them open spaces 
p m a b 1 y  fawrsd entmnw of ore mlutions as well as solutions 
that depositad the c&lcitete 

4. Neither of the adits can be mid with certainty to have p a d  
through the fault zone. Ore shoots cornpadie to t b m  e x p d  
may exist dong faults not yet expod .  If a crosmut is extended 
compIete1y through the fault zone, however, it should be driven 
so as to intersect massive graywmke whem overlain by m w i w  
siltstone. A mull wount of additional trenching and dehiled 
geologic mapping could outline the m a  where the m ~ i v e  gray- 
wacke that forms the entire hi lbp  at the mine (KC= on the 
geologic m p  (pl. 8) ) is interrsectsd by the southernmost faults 
of the fault zone. This inte-ion area should ke especially 
favorable for ore, 

COMPARIBON OF BLABBAN DEPOSITS 'WITH 
DEPOSITS ELLSEWHERE IN THE UNITED 8TATE8 

The quicks'ilver deposits in southwestern Alaskrs are similar in many 
ways to depmits in the Westarn States that have been studied in detail 
and mined for extended perids of time. The Alaskan pruspedor and 
operakor interested in quicksilver, therefore, should be able to gain 
vdnabZ8 information from the large amount of published literature 
availahla Becker (1888) gape one of the aarlier descriptions of many 
of the quicksilver deposits of the Western United States. Several 
fundammtrtl conclusions mt forth by Becker &ill apply to most quick- 
silver d w t a  of the world and ~spscially to those of th8 Western 
States. Some of these conclusions that are applicable to Alaskan 
deposits are listed below : 
1. Quicbilver deposits are grouped throughout the world in a m s  

of relatively m n t  deformation or volcmism. 
2. The mineralom of quicltsilver o m  is relatively simple; the ore 

consis@ of cinnabar or mwcinnnbar and, in wme places, ~f 
nativ~ mercury. Stibnite and pyrih often accompany the cinna- 
bar, as does arsenic in smaller amounts. 'Copper, zinc, and, more 
wmljS lead, silver, and ,gold are found in varying amounts in 
some deposits. 

3. The chief gangue minerals accompanying cinnabar are silica and 
carbonates, and the proportion of the mrbonata in the gangue is 
pera l ly  determined by the carbonate content of the wdjacent 
wa1Irock. Barite, fluorite, and hydrocarbons are found in wme 
cinnabar dewts. 

4. Cinnabar most commonly fills open fractures, and mom rarely it 
extensively replaas the wallrock Thus, tke prime requisite for 
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a lode qnichilper deposit ia soma type of porous Fane in which 
hydrothermal wlutio& deposited mikury. ' 

Althoagh modifications have heen made in Bscker'~ ideas, them 
mneraliztltions have been eon firmed by many submuen t workem . . 
(RaFs, 1942; Dickson and Tunell, 1955; ~ a i l e g  and fimoix, 1944) 
and am true of the AIasknn deposits. 

BaiIv and Phoenix (1944) studied 150 quicksilver depoaite in 
Nevada and found that they could moup the depo~ih in& R types . - 
named by reference to ttbs endosing rocks in accorhnnce with rni&rer'n 
usago (Bailey and Phoenix, 1944, p. 14-27). These typm, Borne of 
which lare identical with those of the Alaskan deposih, ate a~ follaws: 

Nmnc Horl mt Maln ~ ~ k .  
SuUurou~ -.--.--. TuB,,granite - - - - - - -  ,, Low gmde, abundant eulfur. 
Opalite .,,,.- -,-- Opalite formed from Large tonnagm, low P ~ P .  

siliceous voknanic 
rocks, 

Valeanio-. , , , , , - - Lava, agglomeratee; G d e  variable, abundant clay 
~ ~ n e r n l l y  andeaitic. alteration, p,yrit.e. 

Diabw dike,-- - -  Dinbarn.. - - - -  - - - - - - -  Rich ore local~red 'by the dructura 
in the dikm; ahale or mum 
tmpe common. 

Intarbedded Sandstone, shah, Variable s~ze and made. locsEi& 
@dimen&. limcatone, chert. by fractures; minor replacempnt. 

Limeatone ---,,,. Linlmtone -----,----- Rich,erraticore;rephwmentol 
limestone common. 

Mefamorphia,, , . Metamorphic rock-- - - Tn roof pendanta ; g e n d l p  not 
impomnt  producers. 

Gmnite- --,-,, .. Any (psnltic rock -.,-- Metarinnebbar very common; 
localized along fautm or ~shmn~; 
high ~ d e  and small. 

The Alaskm deposits for the mast part mp-t a combination of 
tohe jnkrkddeddirnent and diabrrse-dike types of Bailey and Phoe- 
nix, although the limestone and p n i h  typ& are m p ~ n t e d  by the 
deposits at  White Mountain ~ n d  K a p t i  Lake, regp&i1-ely9 Tlte 
Alrrskan d e p i t q  therefore, may be expected to be mgMy comparable 
to simi Par depmits in Xevada jn mneml ways. ~ a i k y  snd Phoenix 
GornpiIed the-pdaction fipm for v~rious tppes of mines in Nevada 
and arrived at the folfowinp: p n e m l i t i ~ ~  which have been quoted 
from these authors. 

At teat i t  Ir dmdt to estimate tbe potentfa1 warth of n quickRllv~r mine or 
ore body whtle I t  in In the p r o m  or drvdopment ata~e .  Hemum It  hns 
k e n  poslilhle to m u p  qalcksl lv~r depnrrtts Into r few mlmc t y m  gome 
mrtln~nt p~nrralltle~ on ~ x p m h l e  jleld nnd exy~ctalrle m d ~  of ore can be 
drawn. Tberre jpnersllti~rr, h n w ~ v ~ r ,  must hr nppllml wlth rantinn for they 
can o n 4  be h a w  on nverngeu, and Romr indlvldnal rnlnea d ~ r t  rather wldely 
from these aremm. 

The ore bodies ai tbe dgonita of the llmtwtnne and baafdIke type hnvr k n  
the richest. bnt am they are Imllmd in w l a t l ~ ~ l ~  ~nlnl l  mnlpact bodIra, they 
are the most d l f h d t  to Rad. Ore bdim of tblrr t y p  pmhhlg wEIl yield the 
gmatest P e t m a  m investments fi the proflts aw not e x p n d d  In IReklng for 



othm m bodlea: certainly, th& mea can be mind daring per lm of normal 
peacetime prt- 

Dqmt1ta of the ~olcnnic t y p  in m& cases are moderately large md mn- 
tfnnoua, and they mntain a medium grade of ore. merefore, ore can be blmkd 
oat In the adwnce of mining, with the reanlt Ehat it is generally posnlble to 
detwmlne the most advantageons dae of f m a e  and metbd of mining. Some 
of theee d e w &  mined In the past mntatned ore that would yleld a proflt when 
the price of qniclrsllver was s h u t  $130 a ftask; others contained ore of slightly 
lower gmda 

D e p s I t ~  of the opallte tppe am Iatge and are dimply mined, bnt the o m  
a m  nearly werywhem of low grade. W I e  theg can b mined on a large male 
d t h  grmd profit dnrlng the perlcds of high prices, meet of them cannot be mined 
profitably during perl& of low qnlcksllr~r prlcea 

Other typw oi d m t 8  appmr to show snrh wlde rafiat3on that It ia fm- 
practtcal t o  make any generallzationri almt them. 

Them generalities win probably be of am t.n Maskan prospectom 
end operatom as p a m l  gaidelinas, for the informat.ion amumulated 
ta date on the Alaskan deposits indicate that most of the fomping 
gmeralimtiona hold where applied to the Alaskan deposits. 

ORE CJENEBI8 

a m -  
A full discn~ion of t.he ideas of the genesis of mercury deposits is 

beyond both the mpe and vsefnlness of this report. Excellent sum- 
maries of curmnt theor~r b r i n g  on the transportation and deposition 
of cinn~bar have been published in recent years, such as those by 
Dreyer (1940), Rosg (1942), Krauskopf (1951), and Di&son and 
Tunell (1955). In general, the literature -me ta favor the inter- 
pretat,ian that, cinnabar is tmnspiportd in alkaline d i u r n  mlfida mlu- 
tions, although Krauskopf (1951, p. 521) concluded that transport 
as the volatile chlarida or as mercury vapor is possible and D. Em 
White (oral mrnmun., 1960) sugpkd  that transpodtion as an 
organic complex may alsu be a possihili t,y, Tm~portntion of mercury 
as a colloidal dispersion or as a supersaturated solution of mercuric 
sulfide cannot ba proven unrersaonabfe, a m d i n g  to Krauakapf, end 
tcansporhtion sulfomercuric mid, alt,hough seem in& unlikely, 
cannot Im ruled out. Kmuskopf farther pointad oat that cinnabar 
disassociates completely t~t kernperaturn well below 300" C in the 
p m n m  of moving p s a s  and offers this p r m  aa an explanation 
of the waration of mercury from other om-that is, at temperatuw 
at which other ores deposit, cinnabar Ss idill disassociated and travels 
to regions of lower temperatures. 

A1 t hough the chernicnl curnpoaition of the solutiom that tmnsport 
1arp;e amounts of mercury cannot cntegarically be ~hted.to IM alkaline 
mlutiom of d i m  sulfide, deep-seated thermal waters probably con- 
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bin ITt$; mixing of these waters with connate water may introdurn 
d im chloride, even if sodium chloride was not p m t  origimdly. 
If these solutions are alkaline (high in OH-'), they will wntain both 
Xa*' and S-* ions and therefore should be amlapus ta solution8 of 
d i m  sulfide. Hence, the assumption is not unreasonable thmt cinna- - 
bar is transparted to the final point of deposition in such solutions, 
at lend until it is shown that mch solutions do not or cannot exiat,. 

T h e  iwtom leading to pmipitation of cinnabar from an alk~line 
eulfide salutian were mviewd mast recently by D i c b n  ~ n d  Tunell 
{1955), who made additional laboratorg experiments involving the 
solubility of cinnabar in sqoeous solntions of sodium wlfide and 
d i a m  hydroxide at, tsmpemtum of 25", 5D0, md 75°C. The rnairi 
mncl t~siona e x p d  by Dickson and Tunell in the system h'a2S-R fi- 
RpO am as follows : 
1. Solubility of cinnabsr and mehimabar dm- with inereas- 

ing tmpemture to nbout 75%. M ~ i n d ~ s  is mom soluble 
than cinnmbar at  a11 t .hm tempertltum, but the solubility of 
rnetminnabar decreaw with increasing tamperaturn at a paQ~ 
rate than the solubility of cinnabar. In the tmpemtum range 
lWo-2oODC, mlr~tions of Naps m carry g~olog.jcrrllp significnnt 
amounts of cinnabar, dthough it should be pointed out khat the 
solutions of N h S  u d  in the labomhry are abnormally 
concentrated. 

2. Dilution by water of a satmted solution of memuria sulfide in 
&ium sulfide csusss pmipitation of cinnabar. 

9. Iiwthetmel evaporation of a mtumted solntiorr of cinnabar in 
sodim sulfide cause3 the solotion to b m e  unsntarated and thns 
crrpnhlo of disolving more cinnabar. 

4. Removal of sulfur (by oxidation) from a satnmtd solution of 
cinnzrbnt in d i n m  snlfide c a u w  pmcipitation of cinnabar. 

In the system Ks,,FH&Na,O-H,O at  ltemperatures of 25" and 50° 
G, pracipitation of cinnabar is brou~ht s h u t  by (1) increasing tern- 
peraturn, (23 dilating with water, or (3)  removing NeO, thus redu~c- 
ing the mnmtration of NatS. Inc:reased solability of cinnnbar is 
brought ahnt  by (1) evaporating water, ( 2 )  cooling or (3)  increrrsin~ 
the concentration of NhS or Na,O. It is inherent in the exprirnents 
with alkaline solutions, and expressly stated by mast workers, that 
decreasing the alkalinity of a sodium sulfide solution by any method 
will cause rapid precipitation of cinnabar, 

Of dire& application to the problem of the genesis of the sonth- 
wwtern A l d a  quicksilver depmit~ is the additional evidence Bvmn 
by Recker (1888, p. 43Mq34) that arsenic and antimony are d i l y  
soluble in solut.ions of @odium sulfide, as are small amounB of pyrite 



or rnaraih: zinc, copper, and gold. Decker also demombstd that 
rapid dilution of mnc~ntrated solutions of RgS in NaZS precipitates 
blmk morphnua HgS tillat contains minntt, glohule~ of mtive mercnq. 
Dreyer ( 1840, p. 881, however, could not confirm Becker's mnlts, bnt 
he did ~hom that colloidal mercury is deposited. T h q  a method is 
available by which amall amo~zah of native mercury can be derived 
from a cinnahr-bearing s d i u m  sulfide solution, and the deposition 
of native mercury together with cinnabar is explainable by normal 
depositional f-rs applicable to hydrothermal solutions. However, 
it shouJd b pointed out that no natural thermal waters equivalent to 
the alkaline d i u m  sulfide solutions used in laborato~ experiments 
have ha. found to date in nature, althongh White (1967a) showed 
that many alkaline thermal springs contain XaCl and low concen- 
trations of H,S or sulfides. 

The rnineralodc and structumI features of the cinnabar deposits 
of southwestern A l m k ~  can be explained reasonably by tv~ming that 
the c.innabar was transported from an unknown surm by hot alkaline 
eodiurn sulfide solutions. Deposition ma pmbably m u d  principally 
by factors closely mm8[:W with mixing of om solntions with ground 
wafer. The main f&rs wem probably U i I  o m i o n  of 
N R ~ S  solution by p u n d  water, and iecmase in acidity of the ore 
solutions by mixture with acid w a r  derived by oxidation of sulfur in 
hot springs or other nesr-surfam system or oxidation of sulfide 
minerals preoiausly deposited or available in the bedded rucks-- 
qecial ly  in the sulfide-bearing dik= 

ROLE OF TEUZ PIKPB 

The idea of the pnetic asamidion of the qeicksilver depmita of 
southw-rn Alaska with altered d i h  seems to have became firmly 
implanted among the miners and prqectors in the. region, probably 
as a direct result of the following statement made by Smith (1917, 
p. 147) : 

!Phe minerallmttion br  which the quicksflver was intmlu& dearly seema to 
have nmmpanled the intrusion of ths dike wk8. The ne1Rhborbood of these 
Intrudtea ia therefore the place tn proapert for qnlcltailver I d e a .  

Apl a d t  of their study, Cady and others (1966, p. 104) ooncluded : 
The @ w f c  relaummhip d the qalckdlver depd2P am remarkably dmllar 

thtwghout the region. The depmits condst: of lrregnlar bodleg of cinnabsr, 
roamonLy M a t e d  wtth the antimony mineral stihnlb, In hoet racks that 
coapriae chiefly biotite basalt and adjacent graywacke an8 uhale atrata of the 
Kaskokwhn flow. 

On p. 105 they also stated : 

The loeation and form of the qaI&sllvet lodm are eontrolled cblefip by m e n  
of Zraetnre that have develqwd at  the contacta between formatlone of con- 
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tm8thg comptencg. These are principally contacts between the biotite healt 
sltla, WW have b m ~  altered t o  silicacarbonate rock and ndjolnlng lees mmp 
twt gmywacke and shale. 

During the present invsstiffstion, the d i n n e d  prsoocupation with 
djkes or sills was e v i d e n d  by staterneats of pmqectam and others to 
the e f f a  that "the d h  rocks carry the mercury." Even geo10gists 
and mEning engineers have seriously proposed that the cindmr was 
derived directly from the dikes durmg the late stage of erptdization 
of the dikes. It is therefore pertinent to point out here the compelling 
evidence that the cinnabar deposits are not genetically related to the 
dikes that at  times form the host rock of the d e w k  Tha evidence is 
as follows: 
I. Some of the known deposits are not associated with igneous mks 

('CFhite Mountain area), some am in granite n& wntahing dikes 
(Ragati Lake), and at ERast one promising d-it (Red Top 
mine) is unrelated tc~ the only dike exposed in the mine area 

2. The om M e s  everywhem show a much cl-r relation to faults 
or shear zones than to d i i  akhwgh the inhmwtions of dikes 
and f auhs is a particdarl y favombIe: struct.m for deposits. 

3. The ore is younger than the yonng~& of three type of d i k  at 
one property (Rhyolite). Hence, one cannot. sensibly assign n 
genetie asmiation with any of t.he t k m  types, which include 
snch ptm1ogically diveqgent t p  as d i a b  and rhyolite. 

4 At Red Devil mine, the time between the ernplacement of the dikes 
tht IcmljEatE the ore bodies and the int.daction of cinnabar 
was so long that cumnlative dqlwement of the dikas along 
preminemlization c-c.ut.ting faults is as much as 800 feet, 
and individual fault displmmts, are ras much ns 40 feet, 

5. Most dikm observed in this study are blea&ed and a l t e d  and 
contain specks of iron sulfide; od y ?a few contain einnsbnr. The 
authors agma with Cady and others (1955, p. 107) that much of 
the alteration of tha dikm took place before the introduction of 
the ore minerals and, in bet, may have been unrelated to actnal 
ore deposition. 

However, the fmt, thak mmt. of the deposits a m  clusely amiatetl. 
with dikw must be explained. The writem ham considered the fol- 
lowing p k b l e  explanations : 
1. The a l h d  and silicified dikes were brittls, f r a c t u d  d i l y ,  and 

thus provided the primary - c.hmneb for om solutions. 
2. The h c t u d  d i k e  were more pmeable than the, enclosing mb 

and provided p t s r  amounts of om solut.ion or of ground water, 
which d i l u t d  the ore solutions md prom& depit ion of 
cinnabar. 
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3. The dikes retained residual heah which promoted the deposition of 
ctinnahr by raising the tsmpemtum of the ore dutiolls. 

4. The dikes or, more significant, the a m  n m  the dikes provided 
a chemiwl environment mom f avoable for the precipitation of 
cinnabar than did the fractured graymmkm along the faults. 

5. The quicksilver was derived from the dikas by lata&w deuhric 
solutions. 

Of these factors, 3 and 5 are mfntd by the appreciable time, span 
betwean emplmment of dikes nnd intzoduction of the ore. Further- 
mom, an ~ttempt to genetically relate the om in the Alrrskan quick- 
silver deposits to dikes would require that the Ah&n deposits be 
considered as a separate entity from the circum-Pacific belt of quick- 
silver dep i t s  of which they am % park. The wmption of a genetic 
aswciation of the deposib with d i k s  leave unexplained the deposits 
in limestone, dolomite, and graywacke. Fmhr 1 is probably valid 
if modified to the extent- that all mwt mk8 that were shakhred 
by faults mm potential ore channels. 

The writem favor factors 4 md 2 in explaining the locrtlizatim of 
ore in the a l b d  dikes. In this regard, the hcLured dikes becuma 
a conkributorg factor to the 1ocalizs;tion of ore, rather than tt necesary 
om+ by providing physical or chemiml conditions near the dikes thak 
led to effective deposition of cinndnr new diiw along om channels 
which may not have been confined to rthe dikes. 

The pyrita found in all the dikes and the fact that the pyrite is 
lacking in the upper parts of t h ~  dikw where the dikm are intenmly 
argillimd suggest that mid sulfate m h r  w w  generwd near tile dikes 
by weathering of pyrita. The d~~blmndant dickite in the ore veinlets 
sugg&s an a i d  wvironment (Grim, 1953, p. 384). These facts sug- 
gest to the authors that, Q ~ B  function of the dikes in localizing ore wm 
to d i m  acid gulf ate waters of surfme origin into the hydrothermal 
system near the dikes and thus muse precipitation of cinnabar from the 
ore solut.ions by ( 1 )  rapidly reducing the alkalinity of the solution, 
(2)  diluting the solutjons, and (3) remwing sullur (by oxidation) 
f mm the solutions. The fact that om shoots are generally richer near 
dikes may reflect the rapid and complete precipitation of cinnabar by 
several factors; in mntrast, only one, or pmibly two, precipit~ting 
'facturn were at work in the formation of leaner deposits. In the 
deposits in limwtone or graywacke, the prima muse of precipitation 
was dilution of ore solutions by p u n d  water distinctly less acid than 
the sulfate watsrs near oxidizing dikes. The abundmce of carbon*, 
including calcite, in many of the depwits and the iron muioxides 
("limonite") clasely intergrown with the o m  are strong avidence of 
deposition in the ground-water mne, for the solubility of iron oxides 
(or hydroxides) and carbonah is extremely low in thermal w a r s  
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{Hem and Cropper, 1959 ; White, 1957a). Hen- the ~uthors ltre in 
-men* with Thompson (1954, p. 1961, who strated that hydro- 
dynamics may be very important in the deposition of cinnahr ores 
C1m attantion to the hydrodynamics of p u n d  watm in any partic- 
u'lm area may give w f u l  information in searching for Jmlized om 
3hmt.e-far example, projection of a -us or breccia zone to its 
interntion with e hydrothermal conduit. 

In many of the dsposi ts herein described, hydrous iron oxide (hem 
mlled limonite) as well as hematite i s  elmly sssociatd with cinnabar. 
Part of the limonite is paet,minerslizrttion md is t.he m ~ ~ l t  of supergme 
weathering. Some limonite and hematite were deposited with the 
cinnabar, and some limonib predrtt,es the cinnabar. TIie problem of 
iron oxide minerals in deposits formd near the earth's surfm wm 
discussed by C. P. Row (1942, p. 460-46464), who stated : 

O I d m l y  ldw  formed as indicated above, In part under the influence of 
oxygeaated water from the npprn~mt mnm of clrcnlmtlon of water v n d ~ r  
mmd, wfU have characterlatic mln~mlof$ral firatarw that ally them with 
parts M t d e s  of other kinds that have been alterecl after ~ m l o n  b a a  bmn~ht 
them Into t h e  uppr wnea. Under sncb cnndltlon~ the mventional diirereace~ 
between m m n e  and hypogene p- and mlnerala b m e  ALfRcult to 
apply. Tha pmsence of oxldw, even bydrorm oxlderr, In a qnick~llver d w i t  161 
not necwrsarity p m f  that mipemnp pmxwm, In the ordinnrg mnse, have bees 
ornrative. 

Thin sections of ore speeirnens from the Kuakokwim region show 
hydmus iron oxidas (limonite) and hematite intimately mixed with 
the cinnabar ore. ,Several specimens are made up of bmirsted gray- 
w d e  fmgments cut by veinfets of lirnonita, often containing specks 
of hematih. The fwt thnt the limonite ve in la  am cut off by 
carbonate veinlets that contain cinnabar shows that some of the limo- 
nite predate3 the ore. Some of the limonite veinlets contsin cimbar, 
and in many veinleta, a complete gradation seems to mist from brown 
limonite through daep-d-bmm limonite to cinnabar. Some of the 
o m  contttin srnaFl fuzzy clots that in thin sect,iion are mm to be an 
intimate mixture of b lds  of I imonite and cinrrabar. In mch patches, 
the p i n  size of the cinnabar and limonite varies diredly. This fwt 
B U R ~ B B ~ ~  that they were deposited simul~neously. 

Some evidence, howmer, suggests that some limonite is sapergme 
in origin. The amount of limanite in the Red &viI ares decreasas 
with depth, althel~gh ore specimens from the 450-faot level contains 
same limonite. The 450-foot level has been ben&.h the water table 
ainm the o m  wsre deposited, for the mine i well below the Knskm 



kwim River and the Kuskokwim is m antecedent 5t-m. In nome 
s p i m e n a  of ores and wallmck fmm &her deposits, the limonite rims 
pyrihgminq perretmtes jnb the m k  along lare fractures cutting 6% 

and forms thin films around mineral pins, Such limonite is without 
quastion superpne in ori~n. The c l m  mswintion of hematite with 
cinnabar is more difficult to explain as the mult of w w i t h e m ,  
aspacially where the hematite occurs in the dark cinnabar. 

The mlations between game of the iron oxide and the om and p;angue 
minemls are most m i l y  explnind n a ~ ~ l t  sf simultaneous d e w -  
tian. Whether the iron wnr, originnlly prosent in the ombearing. soh- 
tions or whether it was bm~tght, into the hydrothermal vstem by 
p u n d  wnter cannot he stated with eartnint,y. The evidenw indimtea 
only that iron oxide nnd cinnnbar worn deposited sirnulheouslg. The 
cmxistence of hernktite nnrl cinnubrcr ~w t hm than pyrite stnd cinnabar 
-rids the tuwumecl composition of the fluidrr depositing hematite 
and cinnabar, I~otrever, and i t  is in~rurt~ive to ma whether ~ u c h  fluids 
can im expecterl in hgrlrothermnl systems. 

The limiting eonditione under which cinnabar and hematite mu 
coexist in the p m n m  of the sulfate ion, which wodd be prment near 
the sltaring diahase dikm thnt contain pyrite or in oxidizing 8ulfur- 
bearing hydrothermal watara, were discussed in 1959 with Prof. 
Konrad R. K~augkopf at Stanford Univa~ity, The writers are 
indehtd ta Dr. I i r~usk~pf  Cw suggesting tha following chemicd 
equation8 that enahIa us tx, investigate the chemical chlaracteristics of 
hydrothermal eyfftema in which the p i h l e  mineral combinfitions are 
cinnabar-pyrite, cinnnbar-pyrr2lotite, or cinnabar-hematite. Under 
standard conditions-which arc s preasum of 1 atmosphm and n 
temperature of 35°C-tha following equations are vslid (data from 
Latimer, 1959, at.c used) : a 

I Abhrwlnllons @ml, and tM mwEm#m, M w Ionom* 
r l - s k m  

Il*lrhydrqWl Ion 
bFaO-lhr dandml hwmmy d m  

a-nrttdty 
knl-klkxcrc~ldm 

F - ~ l r r t r l n l  fmtmtial IwlW) d W teeetbn 
v-voltu 
L -~UtUbr lURf  oonslsnt 

Ell-orldatlm potsnth1 tmdsr eqIdmmtal d t h w  lsmSUUl tba aandad 
r l e r d s  

R-I*- fonrtrrnt 
T-shmluw trmparft.a 
rr-numk olrleetmM 
P-thr faradmy 

pA -ncastlva l@thm oi tlbe hydmaan Im wnrsnWm ( a i m )  
In- Iqarlrhm 
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4Ha+H@= Hg**+SO*-*f 88-'$8H+l (1) 

Urn*= + 100.47 kcal par mole; El0= 0.544' 

11R#+2FeS=Fe@a+290~-*+ ISc~+!K?H+I (2) 

& F R O =  + 138.45 kaal per mole; Ela= 0.333V 

l S H #  +2FeSa= Fe#tf 480rm'+ 30h1+ 38H+' 0) 

= + 270.29 kcal per mole; Ea'x OJ92V. 

The equilibrium constants (kl of them reactions are: 

UHR+*. a~0,-9 - ~ B H +  
k1= 1 

1 

and 

If valum are w i p e d  to the cxraeeatmtion of ions involved in the 
fore~oing quationa, the potentials of the reactions can be computed 
mine the standard equation: 

A m m e  that the concentrations of Hg+' and SO4-' sre 10'' mule per 
liter, and exprm the Hf' concentration in terms of pH; the potentials 
of the three m t i o n a  am: 

Eh1-0.46QV- O.OBpH, 

Ehl=0.293V- D.M3pB, and 

Eh- 0.38V - 0.MBpH. 

AA rncmuq can be transported as a chloride and tlsl many miner& : 
watsrs am b h  in chIoride, the following equation is also considered 

aFRO= +78.9 koal per mole; Be= +0.428V 

Eh = 0.353V- 0.OSQpH (C1-1 ooncentrattm of 1 mole per liter) 

781- - 



Figm 11 is an Eh-pH di-m hd on them four quntione. 
Tha diqram dmonstrstes m mnsidemble ovorlsp of tho stahiliag fields 
of HgS ~ n d  Fe,Ol, if cinnabar is cnrritwl in sqnanu~ mlution containing 
SO.-brtnd fm of ehlorida, and a d u d  overlap in ~olution~ mn- 
taking 1 mole per liter of chlorida ions. 
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No themodgnrrnic data am available for calculstions at higher 
tempemtm snd p m n m  ; however, Dr. Kmnskopf s u g w d  (om1 
commm., 1962) t h k  the nsmmblage would be stable at higher tern- 
pmturaa and pmssum- 

More elaborate diqprns could be constructed ta &ow the effects 
of varying concentration of SO,-' and Rg" to include equations 
.expmssin~ the Wbility of cinnabar in terms of p- of d s u l f u r .  
However, Our intention hem is to show only that cinnnbar and hematite 
c m  coexist in hydrotherrnnl solutions, as was observed in specimens of 
ores from the Alaskan deposits. 

The fact that rnmy surface and subsurface mutam., indnding dwp- 
well waters, contain SOc-9 in c~ncentrat~ions qua1 to or W r  than 
10-bolar (Hem, 1959, p. 64, 77, P W )  indicates that admixture of 
p u n d  wnter I L R ~  ore solutions carrying mercury could cause simd- 
tmeous pfecipitation of cinnabar and hematite at depths wwidembl y 
below the water table, In  regard to the localization of are near dia- 
basa dik* the depth to which sulfate-bring water derived by oxida- 
tion of pyrite in a dike would de,scend along fmctares in the dike i s  
unknown. However, Hmwn (1042) pointed out that wawm from 
oxidizing sulfide deposits m . h  densities suficimtIy high to enable 
them to petorate below the'water table, nnd Gilluly (1942, p. 302-308) 
showed that the pm-Recent wathsring of the ore body at Ajq biz., 
FRaB L C  * + controlled by Ioml pat.hs of deap p u n d  water circula- 
tion." Hence, sul fate-bearing mntem are not confined to the zone of 
v a d w  water% and hemntite could be deposited well below the water 
table, as pmbably happned in mme of the Alashn quicksilver 
dapmita. 

The carbon~tes that form the gangue of numy of the cinnabar veins 
could have coma either f mm the hypogene ore- forming mlntim or 
from meteoric w a r s  that mixed ai th t h m ~  solutions, but they more 
likely came from cold meteoric wntem. Several workem (Itoss, 1942, 
p. 452) pointed out tlmt cnrbonate p n p u e  in cinnabar deposits is com- 
man where the encIosing rocks cont nin notable amounts of carbonah 
It is not cm-tain, however, whether the carbonate is derived by leaching 
of the curbonate from wallrocks by hydrothemid solnt.ions, with 
subsequent deposition from these solutions, or whether the wrbanate 
is derived from meteoric waters that dissolved crrrbonate from the - 
country rock and then m i x 4  with hydrothermal waters. I'Ph'1ta 
(1 WTa, p. 1652) emphasized that the solubility of mlcium carbonah in 
a thermal mdinm chloride water is very low at 200°-31K)0C and that 
wch hot them1 waters may m e  in contad with lim&.une without 



dimlving calcium cltrbonats. The calcium carbaw cunfent becomes 
appmciable only after the solutions have cooled and have leached 
calcinm fmm the wallrocks in the cooler envimnmen t. 

The intimata mlation of carbonate and hematite or limonite in mrne 
of the quicksilver deposits I~ereir~ dawribed suggests that both were 
depo&W simultaneously. 'rhe lnxge volumes of carbonate (pre- 
dominantly calcite and minor early dolomite) with or near cin- 
nabar oras indicate that the hydrothermal galutions that depositad 
the ores or the solutions t h ~ t  mixed with the om solutions probably 
contained notable mcentrat.ioi~s of cdcium c&rbonitte in inta slam 
and pmbabIy 1-r m u n t s  of magnesium carbonate in earlier ~twgs. 
In view of t,ha low solubility of calcium carbonate in hot matter and ita 
appmiable solubility in cold water, the mrbnata in the cinnabar o m  
is mmt easily accounted for as having been carried into the hydro- 
thermal system by admixture of metmric: water, which precipitated 
carbonate during heating. ilt the same t.ime, the dilubion of the I 

hydrothermal solutions by the meteuric water caused precipitation of 
ci~~nabar. Any ircn in solution in the meteoric waters would be pre- 
cipitated both by heating and by the inc~ense of pH, thus leading to 
the i n t i m h  mistwe of limonite with the c a h a t e  rtnd ore, a f a t a re  
m m o n  in the Alaskan o m .  The low solubility of iron ourides nnd 
hydroxides in water having a pH of about 5 or more could be cited ns 
evidence that the hydrothermal solutionq if they were d knIine dim 
~ulfida solutions, conld not have contained signi ficsnt amounts of iron 
to deposit with the cinnabar. Howevar, the iron need not have been 
in solution, for it could have tmve1d as ddisped hydroxides. 
Nevertheless, the iron was more mil y brought in from acid gpmd 
waters than transportsd in the hydrothermnl mlutione. 

Spaeimens of ore f mm several of the deposits were submitted to the 
labaratories of the V.S. C~eolagial Survey for semiquantitative spec- 
trogmphic analym. The res~llts are shown in table 1. 

Most of the samples annlyzed wem relatively rich in cinrlabas md 
weighed from a few ounces to half a pound. The analyses showed 
t ha; mall amounts of &her metallic eIemen ts wccompany the cimdmr, 
a fact. previously pointed out by Ross (1042, p. 45-51), but that few 
of these are pra$~nt in amounts signifiantly p t e r  than their normal 
crusts1 abundance. 
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The qmtmgmphic a n a l p  should lm interpmted in the l i ~ h t  of the 
nonnaf crusbl abundance of the elements and the limit& of detmabilit y 
shown in the Iast two columns of the table, from which i t  mn be Been 
that the m p m d  presence or a k n w  of some of the rnmr elements i q  
at 1- in part, a function of the wnsitivit y of the detection method. 
For instan- the ores mdd contain rppreci~hle c ~ i n m  or suhidium, 
hnt their detedon limits am so high ns to preclude deteftion in the 
common spsctmpphic a n a l g s .  

The qectrqgraphic sna lym confirm the conclu~ion hwd on thr 
study of thin -&ions mtl ore apwimena thnt only very mnll   mounts 
of other rnetdlic elements ma ~ m w i n t e r l  with the rinnabnr ~ n d  ~ . i b -  
nite in the ores. T ~ I Q  w k - f m i n g  elements (fimt nine listed in M e  
I )  v a v  within limits explainnble by fmffments of u n m p l a d  wall- 

.rocks. Tha titanium, which iis mlatively abundnt, reflects the pres- 
enca of leacoxene and probnbly rutile derived from ilrnenite, sphene, 

- and titanifemus r n a p ~ ~ i t e  in the dikes or gmywrcke. The stmntitlrn 
prohbly r e p l w  cnlciurn in mlcite. The m d e  of m11rrPnce of the 
vanadium is not known. T h m  iron in the various samplw is tied lap 
in limonite, l~ematite, anhritic dolomite, and possibly in magnetite. 
The silver in srrmplt! 278249 mag r~flect  small mounts of unfecopli7ul 
nrqt~erita or anor her silver rrmnlpm. S o  effofl ~ R S  hen m n d ~  to 
dotermine the ~ l r e m i c d   mia at ion of the m r  ~lementq s~lch M 
_vt terllium nnd plliurn, detected in tmw. amounts in mme of the om. 
The scxliurn, found in all s ~ i m e n s ,  varies in amount invemlg with 
the rnamuv content and dimtlg with t.he aluminum confmt, a fnct 

c *wgptinp; that, the ores contain nnrepl~wd d i m - b r i n ~  feldspar. 
The metal content of the black mud from tba sulfirr spring ~~errr 

'Il'hite Mountain (I,&. Xo. 258.242) is strikingly sirnil sr to t h ~ t  of the 
o m  f mm tha d ~ p i t s ,  particularly to those from the M 1)evil mine. 
The mud contains &normal amounts of m e m v  and antimony  long 
trith tmce amounta of the romrnon metals cobalt, rhmrninm, coppr, 
atid zinc. The spring may mpnsent the s ~ ~ r f m  exposum of a hydro- 
t.hema1 system that is depositing c i m h r  nf depf h. D, E. White 
(om1 commlm. 1960) ntt ~ c h d  pnrt.iculrrr signifiea~~c.e: to the mercury 
in the mud, for it is difictrlt to explain ns cs rrmdt of ~ n l l m k  am- 
tamination of the s p r i n ~  water by the common crustal rocks. He 
cautioned, however, thnt the m e r c l q  rould be derived from mechanical 
disintegmtion of c innnhr  in rr depmit t.rrmwtecl by the spring water. 
The mercury-bearfn~ mad contains silicon, calcinm, ~ n d  d i 1 1 r n  cm- 
centnttfons similnr to those of t.ha cinnlrhr o m .  The iron in the mad 
again confirms the clme m i a t  ion of iron with mercury and cinnabar. 





ORE UENE8KS 

FO O& O m  R lOtU9 0.- Rs W . W  0-1) Rb @DW 0 -1) Rn (0.W -1 Bn, (O.OD1. 
o.i& sm to'm o . ~  TB ( 0 . b  o mi ~h (0.1. b .ww~i )  h'(0.1- o d u m ~ g  +h g.62: o.rn11m: 
TI co.dl; o.am$: Tm (o.oi+ o.m), 'd (o.&%'o.m~, Ad W (0.k 0.mIlj: nor l m k d  lw: sl l  mrnplt*~: 
Lh (2: O.cTTG!2). P (-; 0 IHj, and Rb (10; 0.0280). 

?s 
pros. 
W- 
h a -  

tlnued 

0.8 
.3 
..WT 
.m 

<.l 

.m 
M t l  

d7 

.awl 

.m 
dm 
0  

mm 
0 

0 

o 

0 

imi ma d 

--- 
>1 

0 
.Otll 
.1101S 

0 
o 

6' 

Detee 
tion 
Ernit 
ofthe 

cle- 
mcnt 

--- 
a m  

.Wl  

.M(IB 

.0006 

.ma 
-0.5 
.? 
.am 
.MW2 
.m1 
. t  
.an 
.m 
.wal 
.A$% 

.m 

.owl 

. I  

.m, 

....... 
.Lvf 
.OI 
.OM 
.m 
0 .m 
.MI 

.om 
-01 
.001 
.m 
. 
.m 

10. . 
0 

. m 0 2  

.Ml  

.mt 

.m 

.m 

.mi 

w m  
pmp- 
ma 

- 

0.7 
i 
.W 
. a  

<.1 
0 0 0  

o 
.OmE 

d o 0 0  

(I 
.I 

d m  

.wm 

.W 
dOIC 

0 

?a 
O O V  

o 
0 0 0  

D 
OW7 

.mE 
0 

------- 
M 

0 .- 
.O[d 

O 
o 

i" 

Awage 
m m k l  

nbundmm 
(psrccnt; 

from 
Gold- 

oal~~nldt, 
1964) 

ax74 
S, 13 
4 w  
208 
3.w 

as3 
zh0 
.M 
. I l l  
.wooOa 

.[AW 
,mo 
,n9 
.nw 
.m 
-0010 
.m 
.On70 
.,I, 
.om7 

.m 
. m 1  
.m 
.rn~ltn 
.m:, 
. aYm5 
.m 
. m l X  

. O l . r n  
.ozm ...... . .... 
.KIM 
.ooomn 
.mass 
.mm0011 
.om 
. m t  
.m1 
.W 
.Ol.W 
,OlW 

.arm 

.ma .m> 

.02m 

mkhl 

WDevnmtile 

a16 
.7 
.M 
. a  

<.I 

.m 

.W 

1.1 
D 

i~ 
o o o o a n  

D 
.w& 

dm 
0  

o 
[ I [ E Q O . D O  

o o o o o o  
o 

.m 
n 
.OM 

0 

u a o o o a  ---- -- - 
Q O O O O  

M 
0 
.CW7 
.mL 

O 
o 

9,s 

------ 
M M M M M M M ?  

1 
a 
3 
. l a  

.a 
.07 

0 
.DIE 

a d w  

.ws 

.ma 
016 

d 
0  

o 
0 0 0 0  

.m 
-07 

. m a  

.W15 

a 0 0 0  

i m 6 d  
. a 5 0  
.all50 

D O ( I O O O O D  

+ -- - - - 
. 
.all5 
-015 
.03 

.aa 

.om 
9.15 

mtt lave1 Bm- 
Iwm 

- 
-- 

I 
. 7  
. 3  
. 3  

M p r  
J m  
aMp 
stmve 
mbR 
1nv~E 

$6 
.la 

dm 
. 7  
.om 

.arm 

.an 

.001 

. W I I  

. W l 6 0  

kia 

0 
D 

. W l E  

OD$ 

- ---- 
. 

~ Z l g O W a m a a a m s a s e ~ ~ m m e a a o m ~ a ? B z s s  

3 
8 
1.1 
.7 

<.I 

.s 
.16 

0 

. I  

.an 

o 
.m 
.m 

dQld 

0 

o 
0 0 0  

o 
0  

d m  
o 
P 

msaa 
0  
0 

o 
o ..,.... 

o o a  
.m 
.MI6 
.M 
.D l@ 

.m1s 

. m i 6  
0 
.OR 

(r 
8 
3 
.a 

<.l 
0  
,m 
.OOfb 

o .m 
0 
o 
~ l g  
.m 
6 

D 
QOOI 

o 
0  .....-. 
0 
n 
0 

0 

0  
0 

o 
o .-.*... 

M 
0 
.WFU 
Q 

0 
a 

a 
o 

-it 
hw1 

---- 

,. 
. a  
d m  
0  
.ma 

.ma 
,m 
.MI 

D 

o 

0 
.m 

o 
0 

I .m 
o 
P 

,.--- 
I: 

.OIl 

.nil 

. ( a l l  
<.m 

Daflp 
nhdt 
about 
PO i t  

b l o w  
w d l ~  

M 
T 
a 
P 
1 . 6  

M 
Q B  
.of 

B 
.as 

a . W 
.01 
.OOL( ..I 

.oOm 
-016 
.Wi 

.mla 

.mts 

/.ma 

1 
0 0 0  

.m 

.011 
0  0 

1.6 
D 

,la 
o 

.m 

.om 

dm 
0 

mm 
o 
0  
0 
0 

o 
0 

0 0  

0 
0  

a 
o .-...-_ 
M 

jB 
. 8  

0 
.ma 
o,ifi 

o o  
.a& 
.oia 
.Olb 
m 

d 
o 
0 0  
o 
0  

d m :  
. m o  

I n o  
.om 

e 
~ . 0 0 5 a  

O 

o o  ------- 
o 
0 

.OIIDT 

.m3 

.W 

.mu 

.MOEI 
O .m 

0 
.a 
.mlB 

0 
u 
0 
.m 

< . I  

mla 
$ 
.8 

o 
dm 

o 
, o m 6  
.(a16 
.m 

0 

ma 
a 
0  

0 
a 

o 

--.---- 
o 

M 
. a 3  
.an 
.OM 

.om 

.m 
0 
.a 

0 
0  
0  

a 
o 
0 
o 



Many nndimvered cinnabar depmits without doubt mmain in 
muthweskrn Alaska. The discovery of these d e p i b  will continue 
to be hampwd by the imcmsibility rrf the counclJr and the pnertzllp 
thick cover of surfikl deposits, tundm, nnd muskeg t h ~ t  obscure 
MmA, as well 9s by the mmity of exprienaed prospectors. Cer- 
tain guide Tines for proripect,in~ may be beit ed here on the basis of 
information in the fomgoinp; pnps ant1 may prove of value to the 
pmepeto~ not well wqurtintk witdr cinnabnr deposite. 

Most of the known cinnabsr depmits in southwestern Alaska occur 
in folded roclrs in a b l t  almm pamllel to the major rmurrta h u l t  
~mstmndingnortheastwarc~ through theararr. Thcs frrtrlts mp- 
w e n t  a tecXonic. mne that is still d i v e  {St. Amand, 1987, p. 1345). 
,It least one mineral spring n e w  one of thaw hulta is &,ill depositing 
mercury (Whita Mountnin a m ) .  Elsewhem throughout the world, 
cinnabar deposits %re sphially ~ s w i ~ t e d  with the firerrs of Tertinv 
to Recent tatonism and volcanism (Reeker, 1888, p. 5115!2). Few 
deposits, however, llave k n  found in major faults; mod. are IocaIizerE 
by minor faults and b m i n t d  zones near major faults {Brriley, I959). 
Therefom, in prospecting, attention ~hould be paid to fmcturetl rwks 
nmr t,he main f d t a  milwr than to the main faults tl~ernmlm. 

The faetnm leading to the d e p i t i a n  of cinnabar from alkdine 
sulfide aalutions are largely t h m  that are dapendent upon the changm 
that nm most complhly brought a b u t  by the mixing of p m d  wrltor 
with hydrothermal golutions. Consequently, the lmlixation of mn 
om bOdp may be determined in large memum by the hydroclynamic~ 
of drculatinlq p u n d  water, which in turn is c o n t d l d  in lrtrp psrt 
by prous zones such ns fault brecciaa and permeable beds. 

The most prodnctivg deposits known to date are in faulted and 
altered dikes that intmde the Gemnk and Kuskokdm Groups, 
Promising lodes, however, am found in p y w s c k e  nnd ailt~tane (Red 
Top mine) and in limesturn The deposits in p n i t e  ( K ~ g n t ~ i  Lake) 
have not been explored d c i e n t l y  to evaluate their potential, nl- 
t.hongh Bailey and Phoenix (1944) pointed out that in Nevada and 
California, deposits in granite tend to be m a l l .  
No deposits have hen  fonnd to date in southwestem Alnsh in the 

extrnsive rocks of Tert iq  and Quaternsry ape. Elsewhem in hbrth 
America, cinnabar dspmits have been found in Tertiary volcmic rocks. 
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Aa the vol&c mh in southwestern Alwka are cut by faults older 
than the mercury mineralization, the volcanic rocks must bs considemd 
as possibh host rocks 

RJEI&TXO% OF ORE TO J ILTERATIOW 

T h e  known cinnabar deposits of southwestern Alaska are associated 
with dtemd roch differing in appearance from the enclosing mcks 
and hence am reoopizahle by the careful pro~pector. Although many 
altered dikes do not contain cinnabar, the deposits jn dikes are m- 
ciatd with bleached dike mck converted to a maw of clay minerals, 
carbonate, and silica, which is stained deep reddiah-brown by iron 
oxide. Hence, all such altered dike rock should be examined cmfully, 
especially where the dikes are extensively alaltemd to clay minerals. 

The dolomite host mck of the cinnabar at Whita Mountain ia dis- 
h t I y  diffemnt in appearance from the surrounding limestone. The 
dolomite is a gray-white rock containing innumerable minute voids 
hi addition to the larger openings bet,ween breccia fmpents.  The 
dolornib is appreciably harder than the surrounding limestone, rrnd 
hmca simple hardness tmta mid In its mgnition. The dolomite will 
not e f f e m m  with 0.5 normal hydrochloric acid, and this test, in 
conjunction with appearance rtncl hardnm, identifies it. 

At the M Top mine, warmly cry.stdlin~~ whih calcite in 1srp 
amount was h t d u c e d  into siltstone and p y w a c k e  near the om 
channels. The sediments near the mine a m  are bleached and imn 
stained. Hence, other areas of staining and carbonstization should be 
examined carefully. 

F~~ mTHODB 

All the qnicksilper deposits discnssed in this report were found by 
hcing surf- flmt or by using the gold pan ; the gold pan must atill 
be considered as the primary tml in prospecting for nnhown de- 
Mts. Cinnabar is soft and friable but extremely resistant to cham- 
ical weathering, and it forms, therefore, distinct. placers containing 
a dispersion halo of cinnabar fragments; these fragments are of pin- 
head size a mile or so from the lode, but they may be fairly large nug  
gets near the Fde. Russel Schae ffer found at11 the prospects near Cin- 
n a h r  Creek by use of the gold pan; he stated Cord commun., 1959) 
that, in his opinion, any ontcropping cinnabar lode large enough to be 
of economic interest would yield a placer that cauId be traced to the 
source with the p l d  p ~ n .  Ed Hager, of the .Cordem Mining Co., 
stated (om1 commun., 1959) that cinnabar could h panned from tlny 
gravel bar in Chunitna Creek in the White Mountain area north of 
the p n i t e .  S t m m  p v e l s  within a mile of the depasib contained 
notably richer plmm Joe Stmver used the gold pan to t r a m  float 
cinnabar to the I d e s  at Rhyolite. 



Gcuxhmical reconnai~~nce tmhniques have not yet been thomughly 
t&d by the C;Feological Survey to prove their usefulness in prospect- 
ing for rnerctlry. Preliminary work using mil mmples from near 
known mercury depoeita in Alnska have d i d d  sharp momalies of 
mercury, amnic, find antimony (R. M. Chapman, oral comrnun., 
1960), and g~rnples taken by 'CVnrd and B~fley (1958) d e m o n s t d  
that soil ~ n d  rock sarnplw naar known mercury deposits in California 
and Xevada could be u d  to find the mercuv deposits. Sninsbwy 
(1957) demonstrated that stream d i m e n h  could ha used to detect 
antimony deposits. Therefore, geochemical psospecting by use of 
a t m m  sadiments ; s a n d  mil stlrnples mny be umful in the explomtion 
for quicksilver in Alaska becrrus of the d m  m i a t j o n  of antimony 
and mercurg in most of the quicksilver dewits  of mvtl~western 
Ala&& Further work will pmhably show that. memury can be de- 
&tad 6 t h  equrrl facility in stream sediments. A t  p m n t ,  however, 
conventionesl rnetlhds of prpsperting nrp Imt nserll in the march for 
new deposits,prhaps in mnjunct.ion with analpws of stre~rn sediments 
as a broad mmaissanm netJkd.  
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CONTOUR INTERVAL 10 FEET 
ALTITUDES APPROXIMATE WITH DATUM AT MEAN SEA LEVEL 

Spoil 

EXPLANATION 

Inset  A 

GEOLOGY IN ADlT BENEATH TRENCH 

APPROXIMATE MEAN 

Surficial deposits 
Principally windblown silt and frost-broken regolith covered by 

peat and tundra 

U D - A *-?--".' 

50 

Fault 
Showing dip and relative displacement. Dashed where ap- 

proximately located; queried where inferred. U, upthawn 
side; D, downthrown side 

-- 

Intensely argillized igneous rock and (or) graywacke 
Consists almost entirely of clay stained by limonite. Probably 

mainly altered igneous rock, but includes same graywacke 
of Kuskokwim Group. Alteration too intense to permit pre- - 
cise determination of parent rocks > 

CII 

> ; - \ T a A .  

Altered igneous rock 
At surface generally moderately argillized; in deep trenches 

and underground generally consists o f  lidht-olive-gray to 
light-greenish-gray fine-grained porphyritic diabase and 
andesite(2) containing specks of  pyrite and (or)  pyrrhotite. 
Some bodies distinctly amygdalaidal 

Kuskokwim Group 
lnterbedded fine- to coarse-grained graywacke and black shale 

U Altitude 420 f t  

).--?---- 
62 

Contact 
Showing dip. Dashed where gradational or approximately 

located; dotted where concealed; queried where inferred 

r--- / >------= -- - 
63 

Fault zone 
Showing dip 

T 
70 

T -,- --- 
99 

Inclined Amoun t  o f  d i p  Approx imate  Vertical 
P -  - unknown  

Strike and dip of beds 

P A  

General strike and dip direction of crenulated beds 

T. 
80 

Strike and dip of joints 

I - . , -  L\z> -- . . , d-- __+-- 
90 

. L, a , . ;  

Ore vein Vertical ore vein 
Showing dip. Consists of cinnabar and stibnite together or 

separately in veinlets with gangue of quartz and (or) car- 
bonate. Solid where continuous; dashed where discon- 
tinuous or approximately located 

s 3  
Disseminated cinnabar 

~ 1 1 1 1 1 1  

Cinnabar Generally veinlets in joints 

Vertical shaft 

2 
Inclined shaft 

Showing angle of inclination - 
Shallow trench in bedrock within stripped area - 

Open Closed 
Deep trench in bedrock within stripped area 

Dump from shaft 

q" 
Caved workings 

---- 

-r- 
,. Percussion drill hole from underground workings 

Red dots indicate interval in which cinnabcrr occurred in 
cuttings in amounts greater than I pound per ton 

General boundary of stripped Surface trench 
area or trench 

Showing bedrock geology where determinable in 1959. Blank 
areas within boundary lines indicate bedrock covered by 
spoil and (or) rain-washed silt 

Outline of underground workings 

@ 
Area of cinnabar veins discussed in text 
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GEOLOGICAL SURVEY PLATE 2 

EXPLANATION 

- 22: - 

APPROXIMATE MEAN 

OECLINATION. 1965 

S E C T I O N  A L O N G  L I N E  A - 6 - C - D  
V i e w  or iented a s  actual ly  exposed in t r ench ;  geology projected t o  t r ench  level 

50 0 50 190 150 200 FEET 
I ( / I I I  I I I I I 1 

CONTOUR INTERVAL 25 FEET 
ALTITUDES APPROXIMATE WITH DATUM AT MEAN SEA LEVEL 

~urficial deposits 
Principally windblown silt and frost-broken regolith covered by 

peat and tundra 

Altered igneous rock 
At surface generally moderately argillized; in deep trenches 

generally consists of light-olive-gray to light-greenish-gray 
fine-grained porphyritic diabase(?) containing specks of 
pyrite or pyrrhotite. Some bodies distinctly amygdaloidal 

Kuskokwim Group 
Interbedded fine- to coarse-grained graywacke and black 

shale 

t 
10 

Contact 
Showing dip. Dashed where approximately located or 

inferred; dotted where concealed 

i o  
Fault 

Showing dip. Dashed where approximately located or inferred; 
dotted where concealed. U,upthrown side; D,downthrown 
side -___ 

90 

Vertical fault 
Dashed where approximately located 

-5--- - - - 3- - -  
85 

Fault zone 
Showing dip 

- 2 - - - 
Closely spaced small fractures 

T + T 
70-80 90 

Incl ined Vert ical  D i p  unknown 

Strike and dip of beds 

T + 
80 

Incl ined Vert ical  

Strike and dip of joints 

70 

Ore veinlet 
Showing dip. Consists of cinnabar and (or)  stibnite in veinlet 

with gangue of quartz and (or) carbonate and clay minerals. 
Solid where continuous; dashed where discontinuous 

>$I, 

Cinnabar veinlets 
Generally in joints 

* ; i t  
Disseminated cinnabar 

,)' ' 1 1  >>$Il& 
Dump 

3 ~ :  
Caved prospect drift 

2 
Outline of prospect drift projected to section 

INTERIOR-GEOLOGICAL S U R V E Y .  W A S H I N G T O N .  D. C. -1965 -064122 

Geology by C. L. Sainsbury, 1959 
Base map f rom planetable survey by C.M. 
Taylor and C .  L .  Sainsbury, 1959 

Outline of surface trench or stripped area 
Showing bedrock type where determinable in 1959. Blank 

areas in trenches indicate sloughed areas where bedrock 
type not determinable 

GEOLOGIC MAP AND SECTION OF TRENCHES AT THE WILLIS PROPERTY 
SLEETMUTE AREA, ALASKA 
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BULLETIN 1 187 
PLATE 3 

EXPLANATION 

Unconsolidated deposits 
Include regolith, thin glacial moraine, and tundra. Shown by 

stipple overprint on KC through 01 units o f  map o f  main 
prospect area 

Morainal deposits 
Include both ground moraine and outwash gravels of  two 

distinct glacial stages and moderately reworked moraine 
where sufficiently thick to completely mantle bedrock 

Mafic dike rock 
Showing dip. Includes diabase and silica-carbonate rock 

derived from alteration o f  diabase. Fault dashes show that 
dikes were injected along faults 

Granite 
Mediumgrained biotite granite 

Conglomerate 
Pebble conglomerate, with high percentage of vein-quartz 

pebbles, and interbedded red-weathering siltstone. Grain 
size decreases upward; uppermost part includes abundant 
beds of  coarse sandstone. May be correlative with Cantwell 
Formation 

Base map from aerial photograph 
Limestone and dolomite 

At base consists of  gray limestone in  beds averaging more 
than 18 inches thick and weathering gray white. Fossils 
include corals and stromatoporoids. Grades upward to 
massive cliff-forming gray-white to pinkish dense fine- 
grained dolomite and limestone. Fossils include branching 
bryozoa and stromatoporoids. Dolomite has distinct sugary 
texture 

UNCONFORMITY(71 OR FAULT 
APPROXIMATE MEAN 
OECLINATION. 1965 

White Mtn 

Unit 7 
Dense fine-grained gray-black to black 

platy~limustona with thin wgi l locews 
and sandy beds. Weathers gray white SEA LEVEL I SEA LEVEL 

RECONNAISSANCE MAP 

1 MILE 

Unit 6 
lnterbedded sandy shale with limestone 

lenses, thin-bedded, laminated sand- 
stone partly calcareous, and platy lime- 
stone 

DATUM IS MEAN SEA LEVEL 

Unit 5 
Gray-black to black thin-bedded siliceous 

siltstone and chert 

APPROXIMATE MEAN 
DECLINATION. 1965 

Unit 4 
Thin-bedded limestone, argillaceous lime- 

stone, and minor gray-black shale 
Oba, dolomitized and (or) silicified lime- 

stone 

Ull l l  3 
Thin-bedded fine-grained quartzo-feld- 

pathic sandstone, usually calcareous; 
thin-bedded penecontemporaneously 
deformed argillaceous 1imestone;and 
minor green chert and red and black 
shale 

OI3,, dense fine-grained gray-black lime- 
stone in beds less than I foot thick, cut 
by many thin quartz and calcite vein- 
lets 

Limestone and argillaceous 
limestone 

Topography from planetable survey by 
C. M. Taylor and C. L. Sainsbury, 1 9 5 9  

At base includes thin-bedded calcareous 
sandstone, sandy limestone, argillaceous 
limestone, shale and thin units of  dense 
gray-black limestone. Grades upward 
through interbedded gray-black platy 
limestone, argillaceous limestone and 
sandy limestone into thick section o f  
dense, fine-grained platy limestone with 
discoid lenses of  sandy or cherty lime- 
stone less than 1 inch thick. At top, 
beds average 3 inches thick. Stippling 
indicates rocks are thermally metamor- 
phosed; triangles indicate rock is breccia 
consisting of  silicified and (or) dolo- 
mitized limestone or marble containing 
deep-red limonite ond, locally, tectonic 
boulders of  mafic dike rock. Entire 
sequence of rocks probably is correla- 
tive with part of  the Tatina Group of 
Ordovician and Silurian(?) age described 
by Brooks (I91 1, p. 69-73) 

Unit 2 
Includes thin-bedded grayish-black fine- 

grained limestone, argillaceous lime- 
stone, and dark calcareous shale in thin 
interbeds about I inch in thickness; 
some limestone beds contain clear 
quartz fragments. Weathers to limo- 
nitic color and gives red soil 

Unit 1 
Deformed thin-bedded calcareous sand- 

stone, sandy limestone, and argillaceous 
limestone 

OI,,, deformed and shattered dense fine- 
grained groy-black limestone cut by . quartz and calcite veinleh 

MAIN PROSPECT AREA - - - - - . . . . . . . 
Contact 

Dashed where gradational or inferred; dotted where concealed 

8 

Horizontal beds 400 0 400 800 ' 1200 FEET 
L> 8 I I I I 

CONTOUR INTERVAL 100 FEET 
DATUM IS MEAN SEA LEVEL $"" -----.. *.. 

Fault 
Showing dip. Dashed where approximately located; short 

dashed where inferred; dotted where concealed; queried 
where probable or doubtful. U, upthrown side; D, down- 
thrown side 

Cinnabar prospect rlacer cinnabar 
APPROXIMATE MEAN 
DECLINAl ION.  I965 

>.--( 

Prospect trench or pit 

Open Closed 
Trench or pit in bedrock Topography from planetable survey by 

C. M. Taylor and C. L. Sa~nsbury, 1 9 5 9  
- 

SOUTH (MAIN) ORE ZONE 

60 0 6 0  120 180 240FEE1 

Syncline Anticline 
Showing approximate trace o f  axial plane and direction of  

plunge concealed o f  axis. Short dashed where inferred; dotted where Mineral spring 

55 
L 3 -f- _I 

85 

Incl ined Vertical Overturned Amount  o f  d ip  unknown 
Strike and dip of beds 

CONTOUR INTERVAL 20 FEET 
DATUM IS MEAN SEA LEVEL 

INTERIOR-GEOLOGICAL SURVEY.  WASHINGTON. D C. -1965 -G64122 

Geology by C. L. Sainsbury and C. M. Taylor, 1459 

GEOLOGIC MAPS AND SECTIONS OF THE WHITE MOUNTAIN AREA, ALASKA 



APPROXIMATE MEAN 
OECLINATION. 1965 

Altered diabase(?) 
Faintly porphyritic grayish-orange igneous rock replaced by 

silica, carbonates, and argillic minerals 

Part of Gemuk Group 
Includes interbedded grayish-green, gray, and dark-greenish- 

yellow thin-bedded graywocke and olive-green, dark-green- 
ish-gray, and grayish-brown thin-bedded to massive siltstone 

Base from planetable survey by C. M .  Taylor Geology by C. L. Sainsbury, August 1959 

GEOLOGIC MAP OF MAIN PIT, CINNABAR CREEK MINE, KUSKOKWIM 
MOUNTAINS, ALASKA 

20 0 20 40 60 80 FEET 
L a * * a ' a m . i '  I I I I 

CONTOUR INTERVAL 10 FEET 
DATUM IS MEAN SEA LEVEL 



EXPLANATION 

Altered diabase or basalt 

Kuskokwim Group U W  
UU 

Interbedded graywacke and shale 

Contact 
Dashed where opproximately located or inferred 

1 
---- 

go 8+5 

Fault 
Showing dip. Doshed where approximately located or inferred 

CC- 

Cinnabar veinlet 

Strike and dip of beds 

S e e  13-2 +3' I . .  
I (...I I I 

Horizontal projection of diamond-drill hole 
Showing hole number and slope, and intersected disseminoted 

cinnabar (single dots) or continuous cinnabar (double row 
of dots bounded by lines) in drill cuttings 

0 

Chute 

06 

Transit-survey station 

APPROXIMATE MEAN 

DECLINATION. 1965 

GEOLOGIC MAP OF THE 820 ADIT, DECOURCY MOUNTAIN MINE, AND SKETCH MAP OF THE MINE AREA, DECOURCY MOUNTAIN, ALASKA 
40 0 40 80 120 160 FEET 

I I I I I  I 
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PLATE 6 

EXPLANATION 

u 
Surficial deposits 

Principally windblown silt and frost-broken regolith covered by 
peat and tundra 

Rhyolite porphyry 
Greenish-gray to bluish-white rhyolite porphyry with pheno- 

crysts of smoky quartz 

1 A "> - \ ~ ~ ~ l  
Altered diabase and (or) andesite 

Textures and colors extremely variable in part owing to 
weathering. Hardest facies consist generally of light-olive- 
gray to light-greenish-gray fine-grained porphyritic andesite 
or diabase containing specks of pyriteoor pyrrhotite and 
apple-green feldspar. At surface weathered to clay min- 
erals and limonite. Some park converted to silica-carbonate 
rock. Some dikes amygdaloidal 

Kuskokwim Group 
lnterbedded fine- to coarse-grained graywacke and black 

shale 

Contact 
Showing dip Dashed where approximately located; 

dotted where concealed 
-. . , 

\ . 
NORTH AREA - .--. 7 .... ""'- 

80 

Fault 
Showing dip. Queried where inferred; dotted where concealed 

I 
90 

Vertical fault - -- '--.-'--. 
Fault zone 

T 
70 

Strike and dip of beds 

Strike of beds and direction of dip where amount of 
dip is unknown 

2 
Strike of vertical beds - 

Ore veinlet 
Consists of cinnabar and (or) stibnite in veinlet with gangue of 

quartz and (or) carbonate and clay minerals 

*.'. 
Disseminated cinnabar 

Includes disseminated cinnabar and filled fractures less than 
I foot long 

L. 7 T a : v 7 "  ~k 3 
Outline of surface trench or stripped area 

Showing bedrock type where determinable in August 1959. 
Blank areas in trenches denote covered areas 

@ 
Area containing cinnabar discussed in text 

INTERIOR-GEOLOGICAL SURVEY. WASHINGTON. D C -1965-G64122 

Geology by C .  L. Sainsbury and C. M. Taylor, 1959 Base map from planetable survey by C . M .  Taylor and C. L. Sainsbury 0 500 1000 FEET 
u APPROXIMAIE MEAN 

DECLINATI)N, 1965 

South area 1 0 0  0 1 0 0  200  3 0 0  
I I I I I I I I I I I  

4 0 0  FEET 
I I I I 

CONTOUR INTERVAL 25 FEET 
DATUM IS SEA LEVEL BASED UPON AN ASSUMED ALTITUDE OF  1 1 5 0  FEET 

FOR EAST END OF AIRSTRIP 
I 

LOCATION AND RELATIVE SIZES 0- 
TRENCHED AREAS 

GEOLOGIC MAP OF TRENCHES AT THE RHYOLITE PROPERTY, JUNINGGULRA MOUNTAIN, KUSKOKWIM MOUNTAINS, ALASKA 
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PLATE 7 

EXPLANATION 

Darker colors denote cont inuous exposures in 
t renches or close-spaced surface outcrops 

Mine&(?) dike rock 
Showing dip of contact. Mostly biotite and feldspar with a 

few magnetite grains 

Gemuk Group 
KC& Gemuk Group undifferentiated; includes grayish-green, 
.gray, ond dark-greenish-yellow thin-bedded to massive fine- 
to coarse-grained graywacke, olivegreen, dark-greenish- 
gray, or grayish-brown thin-bedded to massive siltstone, and 
grayish-black to pale-reddish-brown shale and shaly siltstone. 
Graywacke locally calcareous 

KCgq, Gemuk Group ur~differentiated, containing abundant 
quartz and prehnite in thin veins and veinlets 

KC@& interbedded siltstone and graywacke in approximately 
equal amounts. Beds range in thickness from a few inches 
to several k e t  

KCgg, predominantly medium- to thick-bedded fine- to coarse- 
grained graywocke with minor amounts of siltstone 

KC@, predominantly massive to thick-bedded olive-green to 
dark-greenish-gray siltstone and very fine grained gray- 
wacke 

Contact or trace of bedding 
where inferred; dotted where concealed; queried where 

projected without control 
Dashed 

Fault zone and brecciated rock 
Showing dip of individual faults and relative movement of walls 

Anticline 
Showing trace of axial plane and direction of plunge. Dashed 

where approximately located 

Approximatel fold axis 

Syncline 
*owing approximate trace of axial plane and direction of 

plunge 

70 
?2 _L -- 

Strike and d i ~  of beds 
No figure where amount of dip unknown. Dashed where 

approximate 

. .  
)"""' ' ' 

70 

Cinnabar veinlet 
ihowing dip. Solid where continuous; dotted where discon- 
tinuous; widely spaced red dots indicate disseminated cinnabar - 

Massive carbonate 
White to tan; mostly calcite, but includes minor early dolomite 

7 
70 

Carbonate vein 
Showing dip 

Disseminated carbonate - - - - - - - - 
Mine adits projected to surface 

------ ------ 
Mine adit in section 

Dashed where projecfed 

Trench or bulldozer cut 
----------------- 
----------------- 

Road or very shallow bulldozer cut 

Mine dump 

0 

Buildings or tent frames 

G9 
Area of mineralization discussed separately in text 
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UNITED STATES DEPARTMENT O F  T H E  INTERIOR 
GEOLOGICAL SURVEY 

BULLETIN 1 182 
PLATE 8 

EXPLANATION 

Gemuk Group 
KCgs, predominantly dark-grayish-green siltstone, thin-bedded 

to massive, with minor amounts of  graywacke. Queried 
where doubtful 

KCgg, predominantly greenish-gray, gray, or grayish-green 
graywacke with minor amounts of siltstone 

KCgsg, interbedded dark-grayish-green siltstone and grayish- 
green, gray, or greenish-gray graywacke 

- - - - - - - - 

Contact 
Dashed where gradational or inferred 

-?---?---?- --7---?- 

Probable trace of bedding in geologic section 

Fault 
bhowjng dip, relative movement of  walls, and strike and 

plunge of striations on fault plane. Dashed where approx- 
imately located; queried where doubtful 

Quartz fillin 
Vertical fault 

APPROXIMATE MEAN 
DECLINATION. 1965 

Fault or shear zone 
Showing dip, relative movement of walls, and gouge thickness 

as shown between contact lines. May be bordered by parallel 
shears .- -. 

:\ 575 ? 
Irregularly fractured or brecciated rock Upper adlt5-fb , ,, , , , I 

NO 1 ADlT 
(alt 1136 f t )  2 2L 

Strike and dip of beds I N S E T  A 
Geology o f  lower 

adit where crossed 
in plan by upper 
adit 

. Upper adit 
. Z ~  . . Dashed symbol indicates strike and dip are approximate 

8 
Horizontal beds 

80 
_I 

Strike and dip of joints 

+ 
Strike of vertical joint 

- -- -- - 
4'5 

Cinnabar vein 
Showing dip. Solid where continuous; dashed where discon- 

tinuous but readily traceable. Green indicates carbonate 
gangue 

. .. . . -  . . .. ... 
Disseminated cinnabar Strong mullion 

wall went NW 

Strong striae show horizontal movement 

Massive carbonate 
Includes early grayish-orange dolomite and younger coarsely 

crystalline white calcite with specks and coatings of limonite 

' and up at 40' 

'<Cgr 
Two ages of striati0ns;early dip4 

wall went NW and up at 40' 

45 

See inset A for geology of 
dotted part of lower adlt 

i o  

Continuous carbonate vein 
Showing dip 

70 
Y /, '59% 

Closely spaced carbonate veinlets 
Showing dip 

Disseminated carbonate 
Dot spacing denotes relative amount 

-...-...... ----- 
Mine workings 

Dotted where beneath higher workings; dashed where pro- 
jected to line of section 

n111173 
Crosscut from adit 

Dashed where projected a short distance 

\ 

\ 
\ 

Projected along trend 30 ft to section , 2-.. 
Line of projection 

NO 1 AD"  KC^^ 
I".-- 

/ 
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/ 
/ 

h10 2 ADI' 
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