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QUICKSILVER DEPOSITS OF SOUTHWESTERN ALASKA 

By C. L. S ~ B B T J R Y  and E. M. M A G K E ~ ~  JR. 

Qulclrsllver deposits have heen found at  widely -rated localltiea through- 
out muthw~tern Alaska, an area of several thousand square miles. The de- 
pMt~  mnslst principally of fracture flllings In faults in brittle rocks of diverse 
t-, Inclndinp graywacke, shale, granite, dolomitiiwd limestone, and altered 
dike roc$& Current production (1980) is principally from ore bodies in or near 
faulted and altered diabase dlkes, but promising deposits are found in dolomi- 
tfied Illmeatone and in mamive graywacke. Individual ore bodiea are localied 
by diverse structural or petrologic controls, get features present in rlll the deposih 
are faalh, which channeled ore-bearing solntions, and open spacea, in which 
cinnabar was deposlterl. 

,The m s  ccmsIst of cinnabar, which mag be accomptlnied in individual depoarltg 
by large amonnts of Mibnite or by p d t e  or marcasite. native mercnr.a, or realgar 
or orpimenk Nonmetallic gangue minerals are dolomite or ankeritlc dolomite, 
quartz, calclte, limonite, and clay minerals, including dicklte. Dark cinnabar, 
which is generally rimmed by light cinnabar, contains detectable amounts of 
Iron; hematite in m a l l  amounts is  Intimately intergmmn with some of the ore. 

The o m  were deposited probably where rising bydrothemal mlutione met 
a copiorus flow of ground water. The localization of many generally rlcber 
deposits near altered dlabase dlkes probably resulted principall~ iron rapid 
chemical cbange~ involving dilution and acidification of alkaline ore aolntion~ 
by acid sulfate waters derived from oxidation of the ppdk fonnd in all altered 
dikes. 
The limonite and hematite found with all the o w  were probably In part de- 

mlted ccmcomitantly with the cinnabar and stibnlte and are eonsldered here 
as hydrothermal minerals, ewn tbough the iron may have been brought Into the 
hydrothermal system by ground water. 

The d-ita are found along an arcuate zone of tectonic activity containfng 
Tertiary volmnic m k e  that ln tnrn are cnt by faults of a still active 0yutem. 
Near one group of deposits, a cold-water spring containing mlfur and chloride 
Is  demt lng  a foal-smelling bIack mud that contains mercury, antlmnng, and 
all the rarer elements generally found in the  ares. 

The authors beliwe that additional prospeeing will disclose more deposits 
and that coathued exploration of known deposita and close attention given to 
factors outlined in this report will malt in the discovery of minable ore bodim. 



2 QUICKSILVER DEPOSITS OF SOUTFIWEBTERN ALASKA 

INTRODUCTION 

Tb quicksilver mines and prospects of Alaska are s c a t t e d  widely 
throughout an arert of wveral thousafid square miles, mostly within 
the drainage basin of the Kuskokwim and Nushagak Rivers (fig. 1). 
This region is generally referred to as southwestern Alaska, a usage 
ttdopted in this report, The productive properties comprise one major 
mine (Red Devil), which produced more than 20,000 flasks of quick- 
silver (1 flask=?6 pounds of mercury) by 1980, two mines that pro- 
duced more than 1,000 flasks, and three properties that producedl more 
than 50 flasks. In addit.iion, some two dozen lode prospects are known; 
thew are generally grouped in areas that are referred to in t,his report 
as the Sleetmute, White Mountain, Cinnabar Creek, DeCourcy Moun- 
tain, Rhyolite, Kolmakof, Rainy Creek, Kagati Lake, and M a d  
Mountain areas. Placer cinnabar has ban found in many of the gold 
placers of the r e o n ,  although no placers have produced more than a 
few dxsks of quicksilver. The full extent of the quicksilver area can- 
not be ~tnted accurnte;ly, for promising prospects in new areas are still 
bing found by trappers or hunters. New deposits that will become 
producing mines will probably be found. This report was prepad 
to aid the continud development of the quicksilver industry. 

Soma of the quicksilver deposits of southwestern Alaska have been 
worked periodically for almost 50 years. During this time; many 
writers have described briefly mveml of the deposits, and both Skte 
(formerly Territorial) and Fedem1 agencies have examined many of 
them. Interest in deposits has been intermittent, and production 
has coincided principally with perids of unusuttlly high prices for 
quicksilver or with local demand for quicksilver in the p1nmr mines 
of Alaska. Tho pdnct ion  history, however, is d ~ i s  more to the Anc- 
tuating price of quicksilver and the 1~ck of sufficient operating capit,al 
than to productive capmity. Af~ctor  contributing to the intermit- 
tency of production is without doubt the geologic complexity of the 
quicksilver deposits in Alaska, as elsewhere, Many of the first mine 
operatow and pr08pecpectors of Alaska had neither previous experience 
with quicksilver mining nor sufficient funds for ~xploration. As a 
consequence, many prospects opened on promising leads were aban- 
doned after the initial ore shoot wm exhausted because neither gm- 
logic advice nor money to sustain a search for new ore shoots was 
nvailable. Neverthelass, the prospectow, with the help of local cap- 
ital, continued to explore old quicksilver deposits and to search for 
new deposits. Although the Red Devil, t,he Alice and Bessie (Parks 
property), and the DeCourcy Mountain mines had produced seveml 
hundred flasks of quicksilver each by 1943, the total production of 
quicksilver from the Alaskan deposits amounted to only 800 flasks 



[Webber rtnd others, 11341, p. 9). In 1944, the Red Devil mine pro- 
duced 1,0i)0 flasks of quicksilver ( Webber and others, 1947, p. 10) and 
h a m e  Alask~'s lnrgest quiekslilver mine. A decline in the price af 
quicksilver c a d  the mine to Im closed in late 1944, and between 1945 
and 1951, quicksilver production from ,\laskan mines was small. 
In 1952-53, renew& interest in the quicksiIver depcwits of south- 

c westarn Alaska coincided with the exploration pmgrams of the De- 
fense Minerals Explorat.ion Administmltion (DMEA) and came when 
loans for explorntion a t  the R d  Thvil, Red Top, m d  DeCouwy 
Mountain mines were granted. The Wsl authorized amount of the 
three initial loans wtrs $194,0t;8.00, of which the largest amount uyent 
to the Red b v i l  mine. Private cnpital contributed $48,7M.00 of this 
total. This amount of explorrtt.ion money far exceeded the funds that 
had previously been available at  any one time to private companies 
or individuals in A l ~ s k a  for sustained exploration of quicksilver de- 

I 

posits, and significant disroverics resulted. Rich ore was discovered 
nt the R d  Devil mine, and in 185'1 t,his mine yielded more than 5,000 
flasks of quicksilver and k m e  one of the larp&, producers in the 
United S-. A t  the Red Top and D P C O I I ~ ~  Mountain m i n q  
DMEA exploration discovered ore t h a  has not yet beet1 fully explored. 

During the same perid, Mr. Russell Schneffer (now d w e d ) ,  long 
wtive in tJhe seamh for quicksilver, began  to p d u c e  substantial 
amounts of quicksilver from his newtp dimvsred lode at Cinnabar 
Cmek. Under the impetus of both a continued high price for quick- 
silver and the commercially important continued prodnetion from 
Alwka, several 1 ~ r g ~  companies devoted a substnntial ~rnount of time 
and money to examining and exploring the cinnahr deposits of 
Alaska. Between 1954 and 1950, they took under opt ion and explored 
several of t.he older pros- ns well as several new ones. 

By 1959, quicksilver mining w m  Pstablished as  the only important 
Ide-metalmining indlustv of Alaska. Production from Alaska 
should exwed 3,000 flasks nnnually for s e v ~ m l  yertm, and Alaska will 
thus p d n c e  nearly 10 percent of the total United States production 

b of quicksilver. 
The R d  Devil mine hm done much to stabilize the wonomy of the 

central K u s k o ~ m  Valley by providing year-round employment to rt 

~ u h t ~ n t j a l  numhr of people, mnnp of w-horn hd depended largely 
c. 

upon fishing, trapping, and part-time work for n living. (IRy 1964, 
the Red Devil mine had exhnusted the known ore bodies, nnd addi- 
tionaI explomtion financed by an OME (Office of Minernl F!xplor~- 
tion) lwbn failed to disclme minnble ore. In late t9ti4, production 
from the Red Devil mine was limited to that obtained by small leas- 
em.) The authors believe that quicksilver mining can he tl continning 
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part of the economy of Alaska, and the dash to give all possible 
assistance to the new industry led to the work d i s c u d  in this report. 

PREVIOURT WORK BY THE U.8. GEOLOGICAL BURVEY 

Early descriptions of the quicksilver deposiB of Alaska were bwed 
upon brief examinations made during regional reconnaissance surveys 
prior ta 1941. During the years 194146? field partias of the U.S. 
Gwlogicd Survey, under the dirackion of Wallace 112. Cdy, under- 
took the wlogic 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 quick- 
silver deposits and wns subwquently publisl~ed (Cady, 1944, 1945, 
1952; W a b k ,  1945). As a result of these studiea, the geologic en- 
vironmenh and the mode of occnrrence, mineralogy, and obvious 
petrologic associations of the ores were clarified (Cady and others, 
1955). 
In 195768, MmKevett, m5iste.d by H. C. Berg, map+ the Red 

Devil minq and this report is based upon work propod by Mac- 
Rev& as a muIt of his work. 

PREWENT INVEBTIQATION 

SCOPE AND OBJECTIVZE 

The main objectives of this report %re (1) to bring. up to date the 
published information on the quicksilver deposits of southwesteh 
Alaska, (2) to evalutth exjsting ideas on the origin and genwis of 
the deposits, and (3) to prepare detaiIed geologic maps of thm 
deposits that have been developed or exhnded since Cadyb work and 
by inhrpreting these maps to draw attention to the structural and 
petrologic controls of ore deposition. A secondary objective is to 
assemble in Ohe publication brief descriptions of the known quick- 
silver deposits of muthwaskrn Alaska. 

X E T H O m  OF WORK 

Most of the geolcgic maps were made on base maps prepared by 
planetable and alidade at suitable scales. The. underground workings 
at the Red Top and Parks properties were mapped by compass-tape 
t.raverae but were tied to surf ace maps by planetable survey. The sur- 
f~ maps of the Parks property and the Rapti Lake property were 
made by wmpm-tap travem. 

The laboratory investigations consisted of the authors' study of 
thin &ions of rocks and ores, study of polished sections of ores, 



and analyses and identification of ofores and engues by X-ray s p  
t.mmeter and X-my diflractometsr and of study of ore sbrnplas hy semi- 
qmantitative spectrographic methods by other workers in the labora- 
~ o r i e s  of the U.S. Geologid Survey. 
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made us welcome st his mine on Cinnab~r Cmk and mll.ected the 
first f osails ever Sound in t.he volcanic mtion west of his camp. Clar- 
ence Wren, of Red Top Mining Co., pmvided transportation from 
Aleknagik to Diltingharn and gnve freely of his knowledge of the 
Fkd Top mine. h q p  l'!'illis made a r i v e r h t  available and pro- 
~ i d e d  information on the Willis and Parks properties. 

Bud O ' h n e l l ,  of Vmderpool Flying Service, and Nick Mellick, 
Jr., of Nick Mellick and Sons, provided rlependtlble air transporhtinn. 
and their skill is herewith mknowIedRpd. 
M. C,  Taylor pr~epard most of t.he topographic and b&w maps and 

misted in the geoIogic mapping. 

'm REGIONAL QEOTAOOIC BETTXNQ OF THE DEPOSIT8 

The quicksilv~r deposits discussed herain lie in an some 250 
miles long and ?'&-I00 miles wide along the norkhwest side of the 

+ Alaska Range (fig. 1 ) .  The rmks of the area are mostly sedimentary 
and are assigned to the Holitna (Ordovician(?), Silurinn, and De- 
vonian), Gemuk (Carbniferous to Cretacenus) , and Eiuskokwirn 
(Crehceoua) Groups (Cady and others, 1955). The major structural 
features of the area strike northeast; they consist of parts of two anti- 
clinaria and syndinoria f Payne, 1955) and of major faults, mrne of 
which are hundmds of miles long. The faults  re part of an arcuate 



X 
Mine 

AREA OF T H I S  REPORT Groups of mines or prospectw 

Fronm 1.-bcntlon of qulc%Plllver mlner and proopecta In nontbweotsrn Alaskm. 
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system that crosses Alaska from tho Rering Sea east.rvsrd and con- 
tinues into Canada parallel to the Continental hrder (Capps, 1940; 
Motfit, 1954; Cady and other, 1966; Dutrr, and Payna, 1957; St. 
Amand, 1957; Twenhofel and Sainsbury, 1958; Hoare and Cwnrtld, 
1959), Smaller folds impressed upon the anticlinorie and synclinori~ 
muse structuml complaxiti~s that control tile attitude of the rocks fit. 

'I each quicksilver dspmit. The sedimentary r m h  are intruded by 
numerous dikes, stocks, and batholiths that range in composition from 
djshase and tholeiite to aIbita rhyolite and p n i t e .  Extrueive rocks - consisting of olivine brrsalt and rhyolit~ of Late(?) Cretaceous nnd 
Tert,inry a p  are common in tlie centml part of the quicksilver a m ,  
where they lie diwonformtrblp on defamed rocks of the Ruskokwim 
and Ifemuk Groups. The b m l t  are= are remnal~ts of ~vhnt wns 
pmhnhly an sxknsive basalt plateau more than 3,000 feet thick (Cndy 
and others, 195.5, p. 53). All the rocks are cut by fnults of the arc~inte . 
~ystsm, some of w l ~ i c l ~  are still active. 

Many of the deposits are closely a m i a t e d  with altered dikes that 
intrude the p y w a c k e ,  shale, md siltstme of the K~~skokwim m d  
Qamuk Groups, but some deposits found since 1957 occur in p n i t e  
and in the c~rbonate rocks of the Nolitna Gmup. Ilence, all types 
of rock within the district may be considered as potentin1 host rocks 
for quicksilver. 
The geologic and tectonic setting of the q~~icksilver deposits of 

southwestern Alaska is similar in most respects to thrrt of most other 
deposits of the world (Becker, 1888; Bailey, 1059). The Alaskan 
deposits lie in the northern pnrt of the circum-Pacific b ~ l t  of Tertiary 
to Recent &tonism and volcanism, which contains many quicksilver 
deposits (Recker, 1888). 

Details of the geologic setting of each deposit RPP given under the 
demriptions of the individual properties. 

DEBCRfBTIONS OF MXNEB AND PROBI'ECT8 

I The Sleetmute a m  is here defined to Include the area on the Kmsko- 
kwim River betmen Sleetmutm and a point 10 miles do~mstr~nm PX- 

tending a mile or two on ettcll side of the river (fig. 2) .  T h i s  arm 
.. contains many quicksilver deposits, jnclud ing tba R P ~  Devil, Ramm- 

etar, and AHce and Be%+ nlines nnd more t l l ~ n  B half-dozen prospects. 
The amtt is ~~ndeslain by p y w a c k e  and shale of the Kuskokwirn 
Gmup, which is  tightly folded and intruded by altered dikes and sills 
that include diabnsa, arnygclaloidnl basalt, and quartz porpplhyrj*. 
Nearby b a n e s  to the south are characterized by extensive masses of 
albite rhyolite (Cady and othem, 1955). location of mines and 



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

*I&. . , - . I  I . I  *h  
, ?  ..I. '1 8 , .  

Barometer i 
Mountam 

EXPLANATION 
+ 2547 

Appmxirnatc altitude 
ahnvc mean wa Ievel 

1 0 1 2 3 4 5 MZLES 
L I 1 1 1  .I 

Flona~ 2.-location of mines and En the Rleetmute area. From Cadi and 
othem (lg55, PI. 3). 

R m  D l V I t  MINE 

RIBTORT A N D  PZODIIOTLOtf 

The Red Devil mine was dmcribed in detail in reports by Cady and 
others (1955) and by MacRevett and Rerg (l963), nnd only its 
m n t i a l  features will be surnmariaecl herein. 

TIM R9d ICJevil mine is Alnska's pwmier quicksilver producer; the 
total yield by 1960 was more than 20,000 flasks of quicksilver, The 
surf~ce workings of the mine are at rtltitndes between 280 and 570 
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feet above m level on the left bank of the Knskokwirn River 6 miles 
below SZeetmute (figs. 1,2). The mine is  upp plied by aircmfi from 
Anchorage mme 250 miles south-sonthast and by shall low-dra f t boats 
from Bethel at  the mouth of the Kuskokwim. The deposits were 
located in 1933 and have m i n d  intermittently since 1980 ; most 
production has come after 1951. T h e  mine was tieing opernted by 
Alaska Minea and Mineds ,  Inc., in 1960. Ry 1964, the ore was 
largely exhausted, and operations were lirnikd to individual Ie~ inp.  
&I& of the mine workings am a m i b I e  from tho main shaft or 

from the Dolly ~hafk, which is 1,082 feet N. 431h0 W. of the main s h ~ f t .  
'She main shaft is inclined at an angle of about M0 and extends from 
an altitude of 311 feet at the surfme to an altitude of - 148 fwt tit the 
450-foot IeveI. Five levels driven from the main shaft; most af 
the ow has k n  mined by atoping between le-rels. 

aEoMQS 
The host rocks st  the Red Devil mine are p y w a c k e  and shale of 

the Kuskokwim Group and altered diabm ( ? ) dikes. As the mine, is 
on the southwest limb of the Fleetmute anticline, which trends north- 
west, the strata at the mine have a fairly uniform attitude, striking 
N. 30°-45" W. and dipping 45"-60° SW. The dikes strike northea~t 
and dip 40"-65" SE. Om shoots formed at and nwtr intersections of 
the altered dilres and abundant northwestward-trending faults that 
mainly panrlleI the bedding of rocks of the KuQokwim Group. This 
gtrnctuml control, which was first, recognized probably by ,John D. 
Murphy, former manager and resident geologist &at Red Devil, is illus- 
trated in figure 3. The typical ore bodies thut formed along and near 
tho fault-dike intarsections are elongate and pencil shilpeped and plunge 
about 40" S. They range from a few inchaq to &out 4 feet in stope 
width and from a few feet ta seveml hundred feet in stope length. 

The numerous faults have right-lateral offset and individual dis- 
placements that range from a few inches fa tobout 41) feet and have a 
cnmulative right-latern1 displacement of sevelrtl hundred feet. The 
critical intamtions htween these faults m d  the altered Rib m u r  
throughout a zone t.hat is at l& 6M feet wide m d  E,5W feet long. At 
least two altered dikes w u r  in the mine; they consist of fine-grained 

J 
r n m  of calcita, chalcedony, wsericite, and subordinate amounts of 
quartz and clily minerals. The- dikes are probably altemd dinbme, as 
simdttr but less extensively altemd d i k e  nearby haw diabaPjc text~~m 
and contain relict minar~ls chamtetistic of didme.  The Red Dwil 
om mnsigtg of cinnabar nnd stibnite; &gar and orpiment are local 
minor constituents. The cinnabar and stjibnitme form mtlssive 11- 

encrustations, breccia fillings, and vug linings. In plrtces, 
crgstals of b t h  minerals are exceptionally well formed. The stibnita 
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U Ore vein 

Flanm 8.-Benerallmd iaomeblc block dlagam of part of the Red Devll mlne. 



is cxrrnmody more abundant than the cinn&arl but as of 1960 no anti- 
mony has - recovered from the mine. Quartz, dickita, and minor 
amounts of calcib are associated with the depsits. Most of the ore 
formed by filling of open spa- although some of the cinnabar and 
stibnite mplaced altered dike m k .  

The Al ia  and Bwie mine, illm known locally as the Parks property, 
t is on the north bank of the Kuskokwirn Ri v ~ r  midway bet ~-\-een the Red 

Devjl mine and the Willis property (fig. 2). The mine is easily 
reached by small boat from Red Dsvil airfield. 

XILPMBT AlVD PaODWCTIOR 

The Alice and Bessie mine was stakd by W. W. Parks in 1006. By 
1923, Parks had produced 120 flasks of quicksil~er, which was used by 
the gold-placer operrttols at Xditarod and Georgetown (Webber md 
others, 1947, p. 19). Most of thisqnicksilver wtls movered from ore 
obtained in surface pits and trenches. Ry 1914 an adit 200 feet long 
had been driven by Parks. In 1936, after Parks' death, lwsees ex- 
tended the adit to 525 feet and drew 240 feet of drift. In 1942, under 
the imp- of war demand for quicksilver, the U.S. Bureau of Mines 
tmnched md sampled the property; this work was d w r i h d  by 
mTebber end his cowork8rs ( I  947, p. 22-23). In 1857, Cordem Mining 
4 3 .  tmk an option on the property, extended the trenches, sank a srnrtII 
inclined shaft from the surfnm, and e x p l o d  the main dike e x p o d  
underground by means of pernusf on long-hole drilling. Cordero 
mlinqui~hed their option in Dwember of 1958. In Aupust of 1959, 
Sainsbury, aasisted by C. M. Taylor, prepared the mrnprwrying mrtp 
af the trenches and the underground workings. In 1860, the property 
was owned jointly by Nick Mellick and Genrge Willis; Mellick's in- 
Brest wasunder purchasecmtmt ta Robert F. Iqman. 
No recent production has been reported from t,he mine, although . some rich ore h= been stockpiled in surfwe trenches. 

QEOLOQY 

. The bedmk at the Alice nnd Bessie mine  consist^ of prrtywacke 
and shale of the Kuskokwirn Group intruded by seveml dikes and 
sills. The bedded rocks strike northwestward and dip nortl~eastward 
at angle9 ranging from 20" to nearly No. The intrusive m k s  include 
diabase and altered dikes having R relict tmhytic text.ure brlt an un- 
known original compaqi tion. M e  of the inf rusive meks are exten- 
sively altered to a mixture of clay minerals, ~URI-tz, carbonate minerals, 

1781442 -a-2 



and limonite, and except where weathad,  they contain small fuzzy 
qmks of pyrite. 

Plab 1 is a composite geologic map of tJhe new trenchm and the 
underground working. The I,rincipnl ore-bearing sills are well ex- 
posed in a continuous trench more than 701) f Ret; long, snd the complex 
rel&ions of ore, intrusive cont,ncts, and cross fsu1t.s are so we11 exposed 
that the mapping was dons on a scale large enough to depict these 
relations in detail. The principal intrusive rack is s sill of diabase that 
strikes N: 15 "40° W ., dips 70°-850 NE., and averages %bonk 20 feet 
in thicknens. At the west end of the main trench, t.he gill chmgas 
strike by almost 90" around the noae of a fold (pl. 1) .  Small off- 
shook of the sill irregularly intrude the enclosing strata, and small 
isolated patches of alt~md igneous rock e x p d  in the trenches are 
probably similar offshoots. The  ill exhibits angular and blmky 
cantacts that mincide in orientation wit11 joints in the M d d  mks.  
Other irregular dikes and sills are ex@ in trenches not continuous 
with the main trench 

The underground openings penetrate the main sill and several other 
intrusive rocks that may be mlnkd to the mkn  sill. A dike trending 
N. 50" E. at right angles to the Mding  and dippinp: as0-60° m'. is 
exposed in the central mtion  of the rrdit. The dike is offset by seveml 
bedding-plane faults, most. of which have had left,-later81 movement. 

Most of oftbe cinnabar at the Alice and Reasie mine occurs in the main 
sill and the adjacent mh in veins and veinletsthat trend n few degrees 
east or nortil. Some cinnabar mcurs in shattered graywacke near 
contacts with igneous m k  or along minuts veinlets ar joints in the 
intrusive rocks. The longest vein semi in surface expwures is at the 
sozrtheast end of the main trench ( A , m  p1.2) and is t r m b l e  for SO 
feet. One end is w v e d  by spoil nnd dump material. The vein, which 
att~ins  a maximum width of about 1 foot, consists of bmciatd gray- 
wacka md intrusive rock cemented by quartz, cinnmbar, rrnd stibnite. 
The vein strikes north and dips 52' E. A prospect shaft was sunk 
along the intemtion of the vain nnd the sill to a slope distance of 50 
feet.- Some cinnabar was Seen in the shaft to a doie distance of 25 
feet belaw the c d l ~ r ,  where the shaft is caved. Several smalI~r 
veinlets hrrvinfi a similar rninernlogy to that of the vein northwest of 
the shaft are found gonemlly nenr the margins of areas of rocks so 
intensely arajllized t h d  one cmnot tell if they w e n  once dike m k  or 
~mywwke, or Zwth. 
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Two veins about 20 feet long and locally as much as 6 inches wide 
are exposed in a deep t.rench approximately 200 feet north~vesk of the 
caved shaft (B, on pl. I) .  They consist of quartz, cinnabar, and stib- 
nite, and in p l a m  they are composed sol id1 y of sulfide. 

About 200 feet farther northw~st, a deep trench in bedrock disclow 
several sills ( C, on pl. 1 ) .  The sills and the bedded m k s  are moder- 
ately argil Iized and contain smal;E cinnsbar-st ibn i q  veinlets 
not more than 1 inch thick that occur along joints. Specks of cinnabar 
am disseminated in the argillized rock. 

Cinnabar and stibnite veinlets mcur at, the northwest end of the 
main trench (D, on pl. 1) alang distinct faults that, off& the sill 
several f&. The ore consists of broken and ~rgillized int,rusive rock 
and graywwke cemented by quartz that conhins cinnabar and stibnite. 
Same of the stibnite is oxidizd, but the cinnnbrtr is unaltered. 

The outlying trenches north and west of the main trench are mostly 
sloughed, and bedrock is poorly expsed in the m a s  where the trenches 
were mapped. Several dikes and sills are exposed in them trenches, 
but only one has awmiated cinnahr (E, on pl. 1). The cinnabar was 
deposited with quartz in brerxiaed gmywacke at the dike contwts, 
which are angular and are controlled in part by joints in the gray- 
wacke. The whale beds are not brecciated ~ n d  are barren. The volume 
af mineralized p y w a c k e  exposed is too small to have commercial 
vahe, but the pmferential concentation of cinnabar in porous or 
brittl tle rock is we1 1 ill ustmtd. 

u A I I ~ R # I J m D  OPEEPTNOU 

The undergmmd workings at the Alice nnd Rmie mine consid of 
a single adit abut ,540 f& long d r i m  N. 30" E. from the north bank 
of the Keskoku-im River (pl. 1). The adit t r n n m t ~  the Wded mks 
almost at right angles to their st.rike; it i n t e m t s  a dike subparallel 
to the ndih ns well w several smrtll sills, hefare penetrating the sill 
exposed in t l~e  surfme trenches. ,I drift ,some 220 feet long was cut 
to explore the hanging wall of the sill, trlkirh Is altered and cut by 
small quartz-carbnate-cinnabar veinIets. I ~ n g h o l e s  were drilled by 
t,he Cordero Mining Co. to explom, the sill hyond the drift, walls. 

According ta Cady and others (1055, p. 110), some ore wa8 mined 
from a small drift along the dike e x p o d  by the adit where the ststm~c- 
turd setting is identical with that nt the Red Devil mine. 

The only potential ore thnt hm been located is in the altered sill 
where cut by a well-defined fault striking N. 40" W. and dipping 
almost aertim1ly. This ore is inferred from cutt jqp collect~d from 
the percussion drill holes in the western part, of the drift (F, on pl. I ). 
Most of these holes intemted ci~~nab.bar and thus indimted that the 
sill is mineralized over a length of almost 100 feet, The degree of 



altsmtion of the sill in this area ns well RS the srnnll cinnabar veinlets 
ex& in tho drift, is  Rddit ional evidence suggesting potenti~l ore;. 
AdditionaI exploration will ix required to determine the p d s  of 
f h is ore. 

smmALaOP 

Cinnnbar* stibnite, and pyrite are the most common sulfide minerals 
at the AIEca a d  I3awie mine. Stibnite is generally intricnrely inter- 
grown with cinnnhnr in the larger veinq pndicnlarly in those contain- 
ing qt~artz gangue, Small veinlets may contain cinnabar as the only 
sulfide in acnrbonateorqn~rte and cnrbonde pngue. A little pyrite 
is disseminated widely in the tdterd intrusive rocks a.nd is associated 
with cinnahr in ,wme part8 of the jntrusive rocks. A few specks of 
llernstita were noted wit11 c,innnbar in some specimens of ore. 

The gangue minemls nm quartz, calcite, dolomite or ankeritic dolo- 
mite, clng minernls, and limonite. The earliest c n h n a t e  to form is 
dolomite or ankeritic dolomitei whereas many of the yolmgeer veinlets 
contain calcite, much of which wm deposited after the om. The day 
rninertlls include dickite, which m u m  in many places in t,he veins as 
pure m m x s  as much rn half an inch thick, and in some places dickite 
surrounds cinnahr crystals. The clay altemtion seams to have been 
most intense in the minemlized pads of the dike. Weathering extends 
to a depth of only a few fee$ for hard bleached intrusive rocks are 
exposed in the bottoms of most trenches. 

Limonite st the Alice and Bessie mine is more abundant near the 
surf- t,hm in the d i t ,  but a11 the highly argi l lhd mks contain 
some limonite. The reIations ohrved In thin sections suggest that. 
the limonite ismostly mrprgene in origin. 

Fmtm that formed in brittle mck lmlized most of the ore st 
the Alice and Bessie mine. One set. of t h e  owbearing fractures 
st rikag slightly east of north a c m  the main sill, which strikes K. 
1 5 " W  Mr. Someof the fractures oflwt thesill; others do not. Ore 
o m m  along and in th- fractures, irrespt.ive of the t;ype of 
wallrock. 

A second set of ombearing fmcturw a m  canwd by bedding-plane 
faults that extend into t.he igneous mb. Ore. in thase fractures is 
confined dm& ent.irely to the igneous mks. The few flasks of quick- 
silver produced by 1959 m e  from veins in this spx;ond set, slthough 
t,hhe richest ore eeaposed in 1959 is in veins in the fimt set, 

Analogy with the Red Devil mine {m p. 9) jndic&es that the 
interswtions of intrusive m k s  and bedding-plane faults may be 
especially f avorablble sites for ore shoots. 
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~VQGESTZOR~ roa ExPsoRnrxoar 

The surface exploration of 1967 at the Alice and B&e mine dis- 
d d  veins that are as rich as those mined at, the nearby Red Devjl 
mine but m not as wide or continuous. Additional stripping of the 
intrusive rocks will probably disclose other veins FVhet.her t,he* 
=ins const,itute minable om shoots depends upon their varticnl con- 
tinuity, width, length, and grade. Futum explorntion should he 
directed fitst toward determining the vertical continuity of the expased 
veins. 

It may be significant that the line of intersectmian of the well-defined 
fault seen undergmund (at F, pl. I )  and t.he sill slopes upward 
shallowly in a S. 30" E. dimtion. A line connecting the miner-alizd 
sill near the fault underground nnd the high1 y natered area ( ~ t  A, 
pl. I )  in the s~~lrface trench would slope tq~mnrd at nbnut 21i0 in rt 

S. 10" E. directmion. These Fines are clow enough in orientation as 
to suggest that a continuous pipe of alterat ion and mineralization may 
lie along the intarsection of the, sill nnd the fault. In the nearby Red 
Devil mine, the intemwtions of bedding-plane faults and dikes are 
especially favorable sites for ore. If  future work is done underground 
at the A1 ice and Bessie mine, a short cmwut sllould .be driven t hmugh 
the sill near the easternmost pemussion drill holm that intermted ore, 
and a short raise should be driven to test the interntion area. If ore 
is found to lie along the intersection, the other areas of intenm alter- 
ation found in mrfm tmnchm muld be e x p l o d  with more confidence, 
for these altered t~m am probably the tops of hydrothermally 
altered wens closely connected with ore. 

W m B  PRO- 

LO~ATIOW - A a a m m m m  

?'he Willis property is about 1 mile north of Ithe Kuskokwirn River 
at a point some 3 miles below the Red h v i l  mine (fig* 2). A trnctor 
r o d  leads from the property IKI the K~~skokmirn River, which is 
navigable to this point by vessels dmwing 10 feet of water or less. 
The property clcn be mw11ed by small boat from Red a v i l  airport, 
which rrccommodates twin-engine turboprop s l i m f t .  

The Will is property was stltked in 1909 by Oswald 'CTillis and Jack 
Fuller (Cady and otl~em, 1955, p. 111). Ownership p d  to George 
Willis, rt nephew of Oswald Will iq and in 1953 the property was under 
option to Alaska Mines and Minerals, lnc. 

Development prior to 1942 consisted of several pits, tmnches, and 
short djta In 1942, the C.S. Bure~n of Mines excnvated six bull- 



dozer trenches and expased four dikes. Between 1942 and 1958, only 
= w e n t  work wtta performed by Willis. In 1858 Willis excavated 
many new bulldozer trenches, several of which exposed ow, and Sains- 
bury, misted  by C.  M. Taylor, ma.ppd the proprty by planetable and 
alidade in late August 1959 t~ p m r w  data on the geology exposed 
by the trenches. The area explored by trenches is abut  1,300 feet by 
1,W feet. 

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

The bedrock at the Willis property is covered to a depth of 6-8 feet 
by perennialIy frozen silt, and the only hdrock exposures are in the 
trenches. The bedded mks consist of graywacke and shale of the 
Kuskokwirn Group and Btrike northwestward and dip 55O-88" SW. 
The bdded rocks ar0 complexly intruded by mveral altered dikes and 
d l %  the original composition of which is unknown but which prob- 
ably contained feldspar and, possibly, *S phenocrysts (pl. 2 ) .  
Trench exposure; are not continuo~~s enough'to allow m u r a t e  pro- 
jection of all the intrusive rocks, but the main intrusive appears to 
be a complex dike striking northmestwd and dipping about 15" NE. 
The dike is at lea& 20 feet thick where kmth contacts are exposed in 
t)he long tnench rtt the northst  end of the trenched area, but. the 
thickness elsewhere annot b~ determined. Several other dikes and 
sills, which could be offsh- of the main dike, outcrop in the trenches. 
As some dikes crosscut others, they cannot all t~ c~ntemporaneous. 
The bedded ~ - o c h  and the dikes am cut by Mdingplane faults, which 
displace the dikw as much as 20 feet, and by faults that trend N. 10"- 
30" W. obliquely am085 the bedding (geologic section, pl. 2) .  

Cinnabar-'bearing veins exposed at the Willie property range from 
a, few feet ta more than 50 feet in l e e h  and axe as much as 6 kchea in 
width. The veins lie in or near the igneous rocks. Most of the lwger 
veins strike N. 30°-650 W. and dip h p l y  either northeastward 
or southweskward. Smaller veinlets within the dikes occupy j o h h  
that strike north to N. 30" E. Cinnabar is disseminatad locally in 
ma11 amounts in the argillized walls of fractures in the dikes and 
nearby mdimentary m k s  or in the irregulmly argillised rock at the 
contacts htwmn intrusive rock and graywacke. 

The relations batween veins, faults, and contacts are particularly 
well displayed in the long sloping trench trending N. 20" E. at the 
northwest end of the trenched area. The m n b l  part of the trench 
follows the upper contact of a dike dipping shallowly to the north 



(pl. 2). Bedding-plane faults oflest the dike, and small veinlets wn- 
taining cinnabar cut the dike subparallel to the hdding of the en- 
closing rocks. Erpsrzres in short prospect tunnels driven along the 
upper and the lower contacts of the dike show that the dike is almost 
horizontal. A rather considerable amount of cinnabar is disseminated 
in rocks exposed by the trench, but this disssminated ore is low in grade. 

k 
The veinlets exposed in the trench are too narrow for individual 
mining. 

YIN-Y OF THE OBE 

Cinnabar and stibnite am ir~~imakly  h k r g ~ u w n  irl nia~iy of the 
IY veins, but in others, cinnabar is the only sulfide mineral. Pyrits 

occurs in small amounts in tlla sltemd dikes and is abundant on the 
dump of one old prospect tunnel. A little stibiconite ( ! ) has replaced 
stibmte in one of the veins. Hematite is a minor but very widespread 
mineral in the ore. 

a The gangue minemIs are quartz, carbonate, deep-red limonite, and 
dickite (listed in order of decreasing abundance). The dicki te, which 
was identified by X-ray diffractometsr, commonIy f o m  pure massea 
that surround cinnabar and st?bnita in a veinlet. In some of the veins, 
fmthery quartz contains d i s p e d  cinnabar and limonite so intricately 
awociated as to suggeet that they are contemporaneous. 

The cinnabar at the Willis property ranges from dear brilliant 
red to deep purpIe black. The microscope discloses that the dark 
mnters of many of the cinnabar grains are surrounded by clear red 
cinnabar. T h e  dark cinnabar may contain disperssd hematite or 
pyrite, for it consistently gives a for iron. 

The altered dikea contaih a mbonate mineral, sericite, quartz, 
clay minerals, and a, rather large amount of apatite m d  sphene. The 
limonite that stains the dikes may, in part, be contemporaneous with 
the ore depdtion. 

8 T H U m  C#NTBOLH DF OEE DEPQBXTTOF 

The ore at the Willis property formed principally in veins along 
fractures made where bedding- Ians faults intersected the intrusive 

r rocks. These veins lie principa P ly in a shalIowly, dipping d i e ,  and 
hence their longest dimension may 'be horizentd, in contrtlst with 
veins in Red Devil mine and the Alice and Bessie mine, which am 

4 

elonga.ted down the dip of the dikes. An analogy with other deposits 
in sou thw~tern Alaska indicates that  the veins probably do not extend 
far above or below the shallow-dipping dike and hence should not be 
projected far down dip in calculating ore reserves. 

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



east trsnsverse to the bedding of the Eledimentary m k s  along one 
contact of a steeply dipping dike should unmver any om bodies in the 
dike. Exploration of the msin dike, which dips shallowIy north, will 
require stripping of lnrge areas if veins are not to be missed. Any 
well-definerl faults found in the M d e d  mks should be projected to 
determine their intersection with all h a m  intrusives, and these in- 
tersections should lm tested. A m  of in te tm clay alteration extend- 
ing below the weathered zone probably should be expomd by trenching. 
A sh~llow shaft on the larpst vein in the central trenched area could 
allow determination of the vertical continuity of the vein and ~ I l e c -  
tion of information that would be valuable in evaluating other veins. 

The Barometer mine property consists of 10 claims lying st alti- 
tudes between 300 and 500 feet about a mile northweast of the Red 
h v i 1  mine (fig. 2). The mine is reached via the road between the E M  
Devil airfield and tha Red Devil mine. 

The B a r m a r  mine, which was stakd in 1921 by Hans Hnlvemn, 
produced 10 flasks of quicksilver in 1938 and 6 flasks in 1940 (Cady 
md others, 1955, p. 110). Sev~m! pits and trenches and an adit 122 
feet long were excavated in 1922 and 1923. Daring 1931 a short c m s -  
cut was driven from the adit. Sukquent exploration consists of nine 
hand-dug trench= as much as 80 feet I w g  t.hat were excavated dm- 
ing a 1T.S. Buraau of Mins  exploratim pr- in 19-13 and tr bull- 
dozed trench several hundred feet long t.hat was excavahd in 
1957 under DMEA sponsorship. T'he Alasks W ~ B B  and Minerals, 
Tnc., the owners of the property in 1960, dug additional trenches during 
1959 and 1960 and plan additianaE eqloration of the deposits. If 
mmercial ore is developed, it will be t m b d  in the furnace at the 
Red Devil mine. 

The mine was visitad briefly by MacKmett in 1957 during the 
DMXA exploration snd by Sainsbury in 1959. 

The Barometar mine is on the southwest limb of the Sleatmute 
anticline in a geologic setting similar to that at the Red Dsvil mine. 
The host rocks are sh~le and gmywrtcke of the Kuskokwim Group 
(Cmtmus)  that are cut by altered d h  The sedimentary rocks 
strike N. 45" W. and dip about 55" SW. The attitudes of the dikes 
were not asmfiained becam of poor exposures, but like similar dikes 
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at khe Red Devil mine, thy pdlzbly strike northexstu~ard and dip 
southeastward. Numerous faults trending northwestwtrrd are nenrly 
parallel to the bedding of the strats and cut the dikes and the bedded 
rock. 

No detailed geologic maps of the Barometer mine are available, 
nnd the extent and relhonships of the quicksilver deposits are not 

* known. The U.S. Bureau of Mina cut m d  analyzed 68 snrnples, each 
6 feet long, from their exploration trenches and the underground 
workings. Three of these samples contained 10-20 poands of mercury 
per ton, 19 contained 1-10 pounds per ton, and 46 assay4 less than 1 

I 

pound per ton (Webbar and others, 1947, fig. 8, table 8). The results 
of this sampling indicate several discrete quicksilver-bring zones. 
The distribution of thew zones makes tenable the assumption that 
the strnctursl control is similar to that at the Red Devil mine, w h e ~  
most of the ore is localized at and near intersactions betureen a I h d  

w 
dikes and right-lateral faults trending northwmt and about parallel 
to the bedding. Bnsd on analogy with the Ded Devil mine, the 
Barometer deposits should form eloneke, pencil-shaped Mias. that 
plunge about 40" S .  The Barometer tleposjts consist of cinnabar that 
is ~ommonly hsso~iated with stibnite nnd realgar in a quartz-rich 
gangue near areas of altered, iron-stained m k  containing abundant 
quartrts, carbonate minerals, and day minerals. Such rock was termed 
"silica-carhato m k "  by Cady and others (1955, p. 105). 

The postulated similarity to the R d  Devil mine is in part borne 
out by a stdement mada by Gordon Hemid, mine geologist at the Red 
Devil mine, who reported (oral mmmun. 1959) that trenching done 
in 1959 near the Ruskokwim River diwl& promising cinnabar- 
sti'bnite veins in altered dikm cut by bedding-plane fsults. 

F L I R T -  PRQSPICST 

The Faitview prosped is 1% miles N. 76" W. of the Red Devil 
mine on the south side of the Kushokm-im River (fig. 2) at an nltitude 
of about 850 feet. This dwrjptian of the prospect is taken from 

a 
Cady and othen (1955, p. 111) and fmm TVPbb,r and otfiers (1947, 
p. 27,28), for no work hw been done at the pmprty since these writers 
described it. The workings consist of seveml shnllow trerlches and 
pits. The three longest trench&, respectively 123, 130, and 173 feet 

I long, were hand dug as part of tr. U.S. A u m u  of Mines exploration 
program in 19-13. 

The p m s p t  is in rr sill of porphyritic ntbi te rhyolite that  is about 
120 feet thick. Ths sill intrndes interbedded shale and gmywaclre of 
the Kuskokwirn Group (rret aceous) that forms the southwest Iimb 
of the Sleetmute anticline. The quicksilver deposit4 which are lo- 



calized near khe central parts of the sill in a zone of fmturjng thrrt 
cuts across the siP1 at a mall ~ngle, consist of cinnabar-stibnite 
veinlets. 

The following description of the exploration work done by the U.S. 
R u m u  of Mines is quoted from Webber and others (1947, p. 28) : 

Trench 1 18 normat to the istrike of the dike (s i l l )  and revealed a =foot width 
of material cohtainlag an, average of 0.7 pound of rnprcnry a ton. me maximaln 
d m  of mineratisatlon occurring in any one 5-foot width waa 1.0 mnnd of 
mercury a ton. 

Trench 2 is pmrallel to trench 1 and ia n5 k t  nodwest of It. A MLfoot m e  
lntertr~cted br this trench contains an average oi 2-88 mnnds a i  mercury a ton. 
Two contimons afoot mamples in thia zone mutatn 8.0 and 4.6 punda of meccurr 
a ton, retip&Lvdy. h -rid mne 5 feet wide Fa 35 feet (meaeumd normal to 
the atrlke) from the firat and contains 5.4 pnunaa of metrmry a ton. 

The third trench, ptrallel to trenches 1 and 2 and 2(Ki fe t  northweat of tmnch 
2, contained no o k r p e d  seame of cinnabar and was not aampled. Probably this 
trench was too far frnm trPncb 2 to intersect the zone of mlnemllmtlon found 
in that trench. 

These trenches were sloughed and partly fllIed by slope wash in 
1959, and sstisfactorg gecilogic maps of them could not be made. 

Several other quicsilvar claims have been stalted in the Sleetmute 
a m  and nearby (fig. 21, but nona of them w m  examined during the 
premnt investigation, as no m r k  had been done on them sinm Cdy's 
visit in 1944. The brief dewtip ions of the* prospects am taken from 
Cady and others (1955, p. 111) and are included here for txmpletenss. 
Most of these claims have h e n  pmspeeted by s h ~ l  low pits nnd t,mnches 
only. 

The Vermillion sind M w c ~ ~ r y  claims, which are near the mouth of 
McCally Creek on the south side of the Kuskohim River (fq 2), 
have been r~ ther  systematically trenched. T h m  prospeots are in 
graymieke and shale nf the Kuskokwim Group on the southwe* limb 
of the Slwtmute anticline. The mdl amount, of ccinnrtbar th& wwas 
fonnd occurred chiefly as stringem a l o n ~  the bedding planes in the 
shale. 

At the Two Genevieves pmq~ect~ which is on the north side of the 
Knskokwim River southwest of Cribby Creek (fig. 2), cinnabar is 
lwalized in vags in a breccia zone near the upper contact of an altered 
silI. The wuntry rocks are p y w a c k e  and shale of the Ruskokwim 
Group. At the Ammiline prospect, near Parks C m k  (fig. 2), cin- 
nahr m u m  in h c t m  in albite rhyolite that intrudes the d i m e n -  
t arp mks of the Kuskokwim Gmup. This mode of murrence is 
similar to that t.he Fai wiew prrrspwt. 
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Other prospwk that am reported to contain cinnabar ( C d y  and 
others, 1956, p. 111 ) include one southwmt of the head of the smalI 
creek that flows pa& the Barometer mine, another at Mellick's trading 
pt (fig. 2),,and a third at an altitude of abut  3,000 feet on the 
northeast slope of Barometer Mountain fig. 2). Xone has k n  ex- 
p l o d  sufficiently to evaluate it. In addition, many claims have been 
staked in the Sleetmute area on discoveries of float of quicksilver ore. 

? 

L O O A ~ a W  A m  A C C E S E Z g m  * 
The Whit, Mountain a m  is about 60 miles south-south- of 

McGrath on Chuni t na Creek, a smaIl fork of an unnamed tributary of 
the Tatlawiksuk River (fig. 1).  The name White Mountain is used 
by local residents to mfer to a prominent mountain capped by white 

* dolomite that is the northernmost of a *rim of hills that rise to an 
altitude of 3,500 feet between t,he Big and Swift Rivers. 

The mineralized area is acoessible by foot from natural landing 
amas an river bars in the Rig River some 6 miles to the northeast or * 
by aircraft, which ]land on a. gravel airfield at the main prospect. 
Small boats can be "lined" up Chunitna Creek to points about 10 miles 
southweslt of the prospects. 

Abundant spruce timber grows in the valley bottoms near the 
prospects, but s l o p  above an altitude of about 1,800 fmt am c a v e d  
by tundra and bullbrush or are b m .  Foot travel in the lower sreas 
is rather slow and difficnIt. 'because; of muskeg and deadfalls. 

The prospects at White Mountain were s t a k d  in 1958 by Jack 
Egnaty, anEskimo from Slsetrnute, and wem immediately taken under 
option by Cosdem Mining Co. Corden, Mining Co. trenched by hand 
mp8ral of the pmpects in 1958 and reopened several of the tlmches 
in 1959. No production had bwm at tempted by 1963. In 1964, Robert 
F. Lyman was mining the deposits on a 1 ~ ~ m  basis. - MacKevett visited the property in 1958 and mapped wveral of the 
trenches, and in 1959 Sninsbury and C. M, Taylor spent 17 days at 
the pmperty mapping tho main prospect a m  by planetable and alidade 

I+ and preparing a mnnaissance geologic map of a larger area. 
In early 1960, the plogie  maps m d e  by the Geological Survey 

were made available to the U.S. H u m  of Mines for use in exploration 
hgm In 1960. The B m a u  of Minw used a hand auger to test favor- 
able a- outlined on the basis of the geologic map, and results were 
sufficiently encouraging that s larger scale program using a bulldozer 
wrts und~rtalren in 1961. By September 1961, when Sainshury w- 



22 QmCKSILVER DEPOSITS OF S O ~ H W E S T E R N  ALABKA ' 

visited t,he propefiy, rich ore had h e n  found in several trpnchc~~, all of 
which were along il fault, believed by the writem to represent the main 
ore channel (Sainhury and MacKevett, 1960, p. B37, B38). The 
trenches near the north ore zone h d  exposed rcn n l t e d  dike south 
of the a r m  trenched previously by Cordem Mining Co. The dike 
is not shown on the accompmyinp; geologic map, which was prepared 
in 1960, 

C;ImOLOQT 

GEHERbL flEOLOQIII # E r n e  

The geology of Che Whits Mountain a m  is dwribed in mmt: detail 
in this reporb because the quicksilver prospcts are very promising 
and h a w  there is no published geologic information abwt the w~tl. 

Befom 1958 no quicksilver deposits w m  kneu-n in limestone in swth- 
western Alaska, and therefore the Iindjng of depwits in Iim&ont! 
at, White Mountain m b n t i a l l y  widened the scope nf known host 
rmks of the quicksilver deposit,% 

During early surveys, two reconnaissance parties of the Geological 
Sumy passed approximately 50 milw south (Smith, 1917) and 5O 
miles north (Spurn, 1906) of the a m .  The northesstern mrrrpin of 
the area mapped by Catly and others (1955, pl. l ) is about 50 miles 
west. The Whih Mountain ima lies on the Alaska Yukon pntic l ine  
(Payne, 1955) in the northwest, foothills of the Alnskn Range. The 
Farewell fault, one segment of R major fault mne that c m  he traced 
for R distance of 1,400 miles (Twenhofel and Sainsbu~.~~,  1958, p. 14341, 
cub t.hmugh the a m  and can= rnnjor disparit? of structum .eld 
stratigraphy on opposing blmks. A reconnaissance geologic map of 
t,he 'C'Vhib Mountain are% is sho\\*n on plate 3. 

FEDfWEBTbBY E O m  

The sedimentary rocks at White Mountain include strata of 
hfiddtel l) Ordovician, Silurian ( ? ) and Cretweous( ?) ages. The 
Farewell fault everywhere spamtcs the Paleozoic. rwh from the Cm- 
tacmus( 7) rocks. 'She Middle( ?) Ordovician rocks comprise m esti- 
mated 4,600 feet of marine limestone and nrgillaceous limestone ; minor 
 hale and c a l c t l m s  sandstone occur near the h- of the section. The 
SiIuri~nC ?) rocks include at least 1,500 feet of limestone and massiw 
dolomite. The C~.etacmus(?) rocks awl quartz conglomerate and 
ja terbdded black to brum shale grading uprn~rd into micmconglom- 
erate, and mme sandstone and interbhded coarse conglomerate and 
shale. The Cret8c~ous( ?)  m k s  nre nt I& 8,100 feet thick. Coal 
fragment*, cmbecpding, and the  high proportion of vein-quartz peb- 
bles nre evidence of deposition in continental or brackish-wahr 
envimnments. Hand specimens of the conglomerate are indistinguish- 
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able from specimens of the Cantwell Forrn~tion (Sower &turnus) 
collectd by Clyde Ifrahrhaftig from the central Alaska Ramp. The 
conglomerate at  White Mountain is provisionally correlated with the 
Cantwell Formation on the bnsis of lithologic similarity, although the 
nearest known exposum of the I=Rntn.elT Formation lie some 100 miles 
east in the Alaska Range (Capps, 1027, p. 93).  

'C 
The Middle( 7 )  Ordoviciall rocks are d d d  by atraeodes and a 

brachiopd (USGS 3149-SD) that Kern studied, respectively, by 
Jean M. Berdan, of the U.S. Geological Survey, and G. A. Cooper, of 
the U.S. National iMuseum. Berdan (written commun., 1960) * concluded : 

Although none of the farma lietml here, with tbe ptmlble exception of maim, 
canfined to tbe Middle Ordovician. the pnerol ampct of the fauna and the 
absence of Upper Ordorician speclm ~ ~ n g g e ~ t ~  that thl8 colIection is more 
probably MIddle rather than LRte Ordwlclan In age. 

* The Middle( ? ) Ordovician m k s  are in part similar to the Ordo- 
vician part of the Tatins. Group of Ordovician and Silurian(?) q e  
described by Brooks (1911, p. 6S71)  from the South Fork of the 
Kuskokwirn River and the Tatinn River some 50  mil^ east in the 
Alaska Range, t h e  neamt known exposures of Ordovician rocks. 

The Silurian( ? ) m k s  are dnted by fossil comls and Archamyatha, 
which were studied, respectively, by 7T7. A. Oliver, Jr., and Helen 
Duncan of the G.S. Geological Survey. Oliver reported (writkn 
commun., 1960) : 

CoIlection URGS 55g2-BD includes four rugme mmla referable to a nb@e 
B p d e s  of a type whirb i s  certainly post-OrdovlcIan and probably Silurian or 
Devonian in age. T h e  a p w l e  apgwars to be clow to g m u ~  I~ptolmphyRunr. 
which 1s: of Devonian age, but the material Is Inadequate for positive identiflca- 
tion, and a Rilurian nge cannot be mld  oat. 

Helen Duncan reported (mitten commun., 1960) : 
The foseil is a verp unusual o m n i s m  that has been m e d  AphmeaEpha and 

that is mnsIdeM to be an Archaeocyatbid by the Ruwian m i a l i e b  who work 
on the group So far as I know, the only wpecies ot AghrosaipInz described came 
from the Upper BllnrIan (hudlow equivalent) of the northern Urnl Mountalnn. 
' * ThecK.cumnceofandphmsalplnz that clo8eEy resembles the RusaIan Late 

r FlllurIan form m w t 9  that the m k a  are Late Silnrien In a& 

The rocks here d-ipated Silurinn(?) at*! lithdogically similar 
to dolomitic rocks descrihd by (lady and others (1055, p. 2 4 2 7 )  and 

4 wigned to the Holitnrt Graup of Ordovician(?), Silurian, and De- 
vonian age. The nearest 11amed exposures of the Holitna Group are 
some 70 milessouthwest of White Mountain. 

The stmtipphy of the Middle(?) Odovici~n and Silurian(!) 
m k s  is based in part on planetable rneasumments and in part on 
photogrammetric measurements and is summarized in figure 4. 

' After further mdn Duncan conduded thnt fomlle fn mlla. 65-D are Devonian(?). 
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IOIIEOrn ROCKS 

The only igneous mka found at White Mountain within the a m  
illnstratd by plata 3 consist of a, small granite pluton that intrudes 
the Middle(?) OrdovIdan mka about 2 miles south of the main 
quicksilver prospects, two h h  and one altered diabaea dikes about 
1 mile west of the prospeats, and one altered dike tat the north ore 
zone that was disclosed by a bulldozer trench in 1961. The pluton 
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consists of medium-grained biotite granite cornposed of 65-70 percent 
perthite, 10-90 percent quartz, 5-8 percent clear albih 1-2 percent 
biotite, and 1 percent opaqw minerals grouped in or near the biotite,. 
The perthite crystals avem* 5 rnm in length, and the quartz, 1 mm 
The p r i i t e  haa thermally m&amorghosed the lim&one-+onverted 
p m  limestone to marble and impure lirnestona, to hmfels ~ n d  calc- 
dlicates. These contact-metamorphic rocks mntain abundant pyrite 

Y and pyrrhotite and are heady stained with limonite. The themd 
aureale reaches a maximum width of abut  threeeighths of a mile on 
the southwest side of the pluton, where the beds dip shallowly south- 

* westward away from the pluton. 
Granite has been reported (R. P. Maloney, oral commun., 1961) 

from the north side of the divide between Chunitna Creek and the 
Big River ; granite may form much of the bedrock in this area, but 
such o c c m c a  is unknown, for glacial deposits cover the bedrock 

e almost complehly. 
The fredsh diabase dikes str ike northeast and dip 'r0"-80° SE. The 

w&ernmmt dike is d m ~  60 feet thick, and the ea9ternrnost is about 
- 2 feet thick. The a I b d  diabm forms an irreplar outcrop only 

about 15 feet acnws on the gauth slaps of White Mountain. The 
larger dikes were intruded probably along faults. The fresh diabase 
dikei consist of nugite, labdorite, and minor amounts of olivine that 
is partly altered to antigorite and iddingsite ( 8 ) . Opaque ore min- 
erals, chiefly magnetite, constitute about 2 percent of the rock. The 
m u m  is ophitic, and the largest plagiocltw phenwqsts m as much 
as 2 mmin length. The a h a d  dike, which is similar ko altered dikes 
near quicksilver deposits elwwhem in southwestam Alaska, consists 
of an iron-stained mass of clay minerals, crtrbonate minerals, and h e -  
grained silica. Thin sections discIm that the m k  elso contains many 
snmll apatite crystals and that iit has e relict diabttsic bxture. No 
cinnabar could be found in the r t l M  dike, but small specks of pyrite 
are abundant. ETo intrusive rocks were found in the conglomerate 
east of the Farewell fault. 

BREQOLb 
- 

A thick &tonic b m i a  at the base of the cask flank of White Moun- 
tain merits dimurnion. The breccia forms conspicuuus outcrops for 
nearly a mile that almost parallel the trace of bedding in the Middle ( ? ) 

* Ordovician rocks. The breccia consists of a porous r n m  more than 
200 fwt thick composgd of ssmiangulztr to subrounded fragments of 
limestone ranging in size from lem than 1 inch to 2 feet. The breccia 
fragments are mrph1lize.d to marbb  and are cemented by fine- 
p i n e d  bandad carbonah md minor amounta of he-grained silica, 
which forms sinklike coatings on many fragments. Many of the 



fmgments am stained deep red brown by iron oxide. The breccia 
dips at an angle of about 5"-lo0 E. obliquely across the platy lime- 
stone thak it wk R o d e d  boulders of fresh diabase am s c a t t e d  
throughout the breccia for mveral hundred feet near the point whore 
the large diabw dike should cut the breccia. The breccia is conclusive 
evidence that flat faulting occurred sinm the injection of the diabas~ 
dikes, which sm probably Late Cmhceous or Tartimy in age. The 
breccia is rut off pmba8bly by a high-nngle fault on the westt side, 
\I-hich suggests tha t  the flat hit ing predated at. l& some of the 
movement. aslong faults pmllel 1.0 the Farewell fault. 

A thin &ion of the breccia discloses numerous small clotg of an 
opaque mineral, too small to identify, associated with limonite in the 
coatings on the breccia fmgments. Thase opaque minerals were in- 
troduced along with the conking of carbomte in which they am en- 
d&. The authols consider the rnarmorizrttion of the breccia, the 
sinwrlike coatings on the ~ T C T A ~ R  fragments, the abundant iron stain, 
and the opaque minemls to he evidence thdh the bmcin, has been 
hydrothermally a l t e d .  

The breccia is similar to breccim in rocks of the. Holitna Group in 
the Kulukbuk Wills  sho~lt. 120 miles snut.hwesk Chat am dewxibed as 
Int.mform~ltionrtl b m i r r s  nnd mnglomerade. ( C d y  md others, 1955, 
p. 25). Bec~u-use of the similnrity in a p p m c q  the breccias in the 
Knlukbuk Hills rnRy possibly also tm tectonic &mias ,  and perhaps 
such bmcias are common in rock  of the tIolitna Group. 

SurficiaI deposib consisting of g l~c inl  moraine and glacioff uvisl 
gravels of Q~mt~rnary mantle the M m k  near the quicksilver 
deposits. Tliese deposits ~ s e  part of a continuous mantle of drift that 
WIM deprrsited by the glwiem that flowed from tha Alaska Range 
westward down the. vnlley of the Big River. Two distinct glacial 
advances are rworded by the depi ts .  The earlier is the more exten- 
sive; ice fmrn the older glnciation completely filled the valley of the 
lfig River, md tongues of ice were pushed across the divides on the 
east and north of Cbunitnlt Creek (p t  3) .  Theymugerglaciation was 
confined to the valley of the R i g  River. Tile moraine from the earlier 
glacial s h e  remains as a veneer, Pmlly 25 feet thick, on the flat hills 
north nnd west of the quicksilver daposits, whem i t  interferes with 
the surface exploration of the quicksilver pFQFipCt8. Granite and 
metamorphic rocks that am characteristic of the Alasks Rsnge in the 
headwaters of the Big River form a large part of the moraine of both 
stages. Abundant granita cobbles f aund in dl the stre%ms tributary 
to Chunitna C m k  on the east are glwial emtics. 



FAULTB 

The mast striking structural feature of the a m  is the Farewell 
fault zone, which contains a zone of clay gouge more than 150 feet 
wide along the main break. This fault separa- the conglomerate 
from the limestone throu~bout the xrert slmvn on plate 3. Many 
sn#~ller far~lts subparallel to the main fauIt cut the Middle( P )  Ordo- 
vicinn m k 8  and m prssumed to be part of the Farewell fault zone. 
The trace of the main gouge zone indicatas that the fault dips north- 
vest almost vertically, but the smaller faults dip steeply southeast 
tuwrcd the main fault. 

The block southeast of the fault, in which younger rocks am pre- 
served, is prasurnerl to be clownthro~m, but the net slip on the fault 
could not be determined becaus similar mh were not found on both 

I sidss. However, as ill1 estimated 8,100 feet of conglomerate is cut out 
a l o n ~  the fault, the rni~iimum stlatigraphic throw is R,bm feet. On 
the basis of the complete n k n c e  of conglomefate w& of the fauIt 
in the area travemd, the minimum horizontal OR& on the h u l t  is 
determined to be at least 17,000 feet. Quartz conglomerate h ~ s  been 
reported by C. F. Herbert. (om1 commlm., 1960) to occur west of the 
fault some 16 miles north of the m i n  prospects, and hence the total 
amount of offset since the Cretaceous(?) may have bepn 15 miles. 

No evidence of m n t  movement on the fault can lm >en, although 
frost hi ls  t,h& lift day from the gouge zone into the overlying tundra 
cmte  linear scars that superficially resembIe faults cutting the tundra. 
The fact that no faults parallel to t,he main Farewell frtul t are known 
60 cut t,he conglomerate-whereas several such faults cut the Mid- 
dle( !) Ordovician rocks to the wes tmay  indicaba that movement 
along tha fault zone was taken up along numerous faults prior to the 
deposition of the eonglomemta but that ar~bsequent movement was 
localized along the main break. On the basis of i t s  relations in the 
White Mountain a m ,  the Farewell fault is pmvisionnlly interpreted 
ta be a right-lateral transcurmnt fault having a component of down- 
throw on the southeast block. 

m 

A niarkgd disp~rity of fold structum exista m opposite aides of 
the Farewall fault. The conglomerate is folded into a fairly sym- 
metrim1 syncline whose axis trends roughly parallel to the Famwell 
fault and plunges northeastward. 

The ?Middle( 1 )  Ordovician and Silurian ( ?) rocks west of the Fare- 
n-ell fault are more intricately deformed than am the Cretaceous ( ? )  
rocks on the east side. The main structuml features in the Ordovician 
and Silnrim rocks along the line of the cross section ( A-A", PI. 3) are 

743142 - 



an anticline snd a sgnc1he tmding northeaskward. Tkig gtmcture 
i s  doubtleas more complicated than is shown on the m sectioa The 
east limb of the syncline progmssively sfmpens h m  White Mountain 
toward the Famwell fault to a point w h e ~  khe beds a m  overturned 
and dip southeast. The west limb of the anticline dips more steeply 
than does the east limb. From the top of White Mountain, one can 
sm that the bgds on the west limb continue southwestwad for several 
miles, gradually swinging to a southeast str&e and shallow southwest 
dip muth of the p n i t a  ptuton, characteristics which indicate that the 
anticIina is the major regional feature. The anticline plunges shal- 
lowly ta the southwest, and south of the pluton the east limb is cat 
off by the Famwell fault. 

A rather abrupt change in the attitnde of the beds from tl northeast 
strike and northwest dip north of the pluton to variable strikes and 
dips at the northwest margin of the pluton may reflect structural 
complexity c a u d  by the intrusion of the pluton, or it ~ i b l y  indi- 
m h  faulting as yet unrecognized in the mnnai-ce of the mm. 
Minor folds and stmctuml cotnplaity c a u d  by faulting have been 
observed at many plaices within the area shown on plate 3. Southwed 
of the p l u m  the structure seems uniform for seversl miles, and #a 
beds dip shallowly t.a the southwest around the ncm of the main 
anticline. 

crvramvmt n m o ~ m  
The known quicksilver deposita at White Mountain a m  distributd 

along a belt about half a mile wide and 2 miles long along the west 
side of the Farewell fault (pl. 3) .  'She beds in t.his mne are the 
lower part of the Ordavicinn mks below the argillaaeans limestone 
and claystone lunit (See stratipphic column, fig. 4.) The mks 
in geneml strike northeastward almost paraIle1 to tho Farewell fault 
and dip verticaIly sonthe& at angles as low as 36" (pE. 3). The lesser 
dips ta the southeast reflect the overturning of M s .  Many of the 
beds am repeated by faults striking northeastward pam1leI to  the 
Farewell fault. The quicksilver deposits are f onnd in or near these 
faults, pera l ly  where shale is faulted against, limestone. 

Exploration prior to 1961 was confined to a p u p  af mtiguous 
claims at the north end of the d e p i t s  and covered three distinct 
mineralized &reas. Ti1888 t h m  arerts have been called the south, 
center, md north om zones. An area, 8,800 feet long that includes 
these deposits was mapped by pIanetabla at a scale of 1 inch to 400 feet 
(pl. a),  and the a m  near the south ore zone was mapped at 1 inch to 
60 fmt (pl. 3) ta ahow mom clearly t,he details of the structure and 
stmtigmphy. Each of the t h m  ore zones is discussad in mare detail 
on the following p a w .  
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BOm om gcwE 

In the south om zone, the roch strike mainly N. 2S0 E. and dip 
nrt id ly  to 80' either northwestward or mutheastward (pl. 3). 
The98 rocks include black lflim~tone, calcareous sandstone, argillawmus 
limestone, and shale on the east that are =parated by a fault from 
limestone on the w&. The fault contact bet- shale and limestone 
can bet.wcedforalrn&1,000f&. Thafaultdipsabaut80° SE.and 
tmxmcts  the shale at a small ~ n g l a  A m n d  fault having a similar 
orientation is e x p e d  200 feet we& and liss within the platy limestone. 
h a I l y  between the two faults, the platy limestone has h e n  brecciated, 
dolomitked, and silicified, and the cinnabar is found in them brecci- 
ated areas. 

The main prospect ia in a b m i a t d  doIomih exposed for h u t  
240 fmt &long the faults. The prqect is explored by several deep 
tmnche;s, in a1 l of which cinnabar is exposed. 

The cinnabar occurs m ma11 dark-red crystals mting open spaces 
in the brecciatd dolomite, m paint on breccia surfaces, snd as small 
irregulur veinlets. The ore is noticeably richer within 30-40 feet of 
the east fault, although cinnabar o m r s  throughout much of the 
dolomite. Cinnabar coah slickensided surface of the bmccia, but ia 
not itself slickenaided. Locally, thesilicified dolornib ia finely crushed 
and contains clay, dark-md limonite, and cinnabar. 

The trench- outline an ore body 1 5 W 0  fwt by as much aa 40 feet 
that is estimated to contain asmuch as 1 percent merouq. 

The dolornib in the upper parts of the tranchas is composed of 
shingled lensoid fragments t.hat are mated with carbonnte on the 
undersides. Cinnabar crystals coat the dolomite but were not found 
on the coatings, a fact indicating that the coatings were probably 
deposited from surfam water pereoTating downward into the breccia. 

A shallow pit in a small &pop of dolomite 100 feet north of the 
south om zone M o s e s  a few scattered specks of cinnabar. Brecci- 
ahd silicified dolomite lacking cinnabar is e x p o d  in a small pit on 
the fauIt some 600 feet south of the w i n  outcrop of dolomite in the 
south ore zone. B m i a k d  dolomite may ba continuous htween them 
ouhrope and the south ore zone. 

mmT%E 0- mnE 

The center ore zone (pl. 3) extends abut  1,000 feet northeast of 
the south ore zone along the strike of the faults and of the beds ex- 
posed in the mth ore zone. The center ore zone, which is q l o d  
by pits and tmchas grouped about the head of a steep gully, contains 
brerxiated silicified limestme and dolomite and mma cinnabar. The 
dolomitization is more irregular than in the muth om zone, and coarse 
white calcite forms a mnspicuous part of the a l M d  limedone. The 
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richest ore is asxci~td with a -11 irregular fracture trending about 
N. '10" E. across the northern t r e n h .  T h e  cinnabar co& fractures 
and breccia fragments of doIomita. According to Ed Hagq of the 
Cordem Mining Co. (oral cummun,, 1980), addition~l trenching of a 
small outcrop of bmiated dolomite ahnt 150 feet N. 40° W. of the 
tmches in the gully exposed some very rich om; continued explora- 
tion probably will find more o m  Trenching in an o u h p  of b m i -  
a M  dolornita about 300 feet southeast of the cmhr om zone exposed 
specks of cinnabar. The dolomite is slightly silicified. 

Exploration by trenching by the U.S. Bumau 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 fadt in brecciatd and silicified dolomite. 
Cinnabar has been found in drill holm at depths of as much as 75 feet 
below the surface outcrops (R. P. Maloney, oraI wmmun., 1961). 
The digging of other trenchea in this area along the contact between 
shale md limestone has revealed ninnabar in brecciakd dolomite near 
the fwd& 

NOBPH Om mm 

The north ore zone is half a mile northeast of the center om m e  
md about 450 feet west of a sharp strike ridge formed by nearly 
vertical beds of black limestona that were traced almost continuously 
from the south ore zone (pl. 8). West of the limeston0 ridge the 
stratigraphio succ&vn is c a l c a m ~ i s  sandstone, sandy shale, thin- 
bedded argillamous and sandy lim&one, black shdg and m d y  
argillaceous limestone9 a11 dipping dm& vertically. A thin layer 
of till covens bedrock west of the pik+sweral trenches and pits in 
the ore zone expose brecciated silicified and dolomitized limestone in 
fault contact with the sandy argillamns limestone. 
The tmches were sloughed and filled with ice in 1959, and the 

relation between ore and braccia is known only in the main trench, 
which was mapped by MwcKevett in 1958. Unlike the accumce in 
the south ore zone, the cinnabar here m a  on both aid= of the 
fault, which is rnmked by several inches of blue gouge consisting of 
montmorillonite clay. Cinnabar is disseminatd on the surfaces of the 
b m i a  fragmmts and in diwrete veins trending eastward. The 
richest vein disclmd consists of about 1 foot of silicified dolomite 
and chalcedony and locally contains seveml pmt of mercury. 
Cinnabar piems as large aa 4 inches thick occur in the veins and 
in the weathered rubble beneath the tundra. Cinnabar also replaces 
dolomite and chrtlcedony ta a greater degree than in the south ore 
zone. Clots of cinnabar as much as 1 inch across occur in open spacw 
between breccia fragments. Some of the cinnabar grains have very 
dark centsrs surrounded by translucent red cinnabar. Deep-red 



limonite is clmly associated with the om, and other gangue minemh 
are dolomite, chalcedony, calcite, and dickih 

Esploration by the U.S. Bureau of Mines in 1961 disclosed that the 
main vein can be traced for at least 100 feet and that it contains rich 
ore throughout, This exploration also disclosed an altered dialme 
dike southwest of the old trenches in the area mantled by till. This 

I dike is not shown on the maps that accompany the present report. 
A small outcrop of bleached and dolomitized limestone was found 

on a steep l~illside about 1,200 feet northeast sf the north ore zone 
s during the mapping done by the Gmlogical Survey in 1959. The 

tIolomits is on the projection of the fault at the north orw 7 ~ n e  and 
near the west contact of the shale. The outcrop indicates that ground 
favorable for exploration continues to the northeast beneath the gla- 
cial moraine, for in a11 the ora zones discussed, cinnabar occurs in 

- dolomitized limestone. 
O T H n  QUIOXBItMT44 mmTB 

Several prospect8 have been staked southwest of the main prospect 
e a m  discussed, and although none had been explored by 1960, the 

surface exposures are not as encouraging ns are those in the main ore 
zone. The prospects lie west of the main Farewell fault, which marks 
the east limit of placer cinnabar, according to Ed Hapr of the 
Cordero Mining Go. (om1 comrnun., 1959). 

Peggy Barbara prospect.-The Peggy Barbara p p t  is abnt  
half a mile south of the wuth ore zone, on the west margin of a promi- 
nent outcrop of sh~ttered blue-pay limgst,one just west of the Fare- 
well fault (pl. 8). The limestone dips eastward and is overturned. 
Along t,he steep cliffs on the w s t  side of the limestone, cinnabar is 
restricted to an area measuring roughly 40 feet long and 50 feet high. 
Cinnabar occurs as widely spaced coatings and irregular dots on 
fracture surf- in unal tsrecl limestone veined by white calcite. Indi- 
vidual clots of cinnabar have s maximum size of by 2 inches, and 
individual coatings may be as much as 6 by 2 by 1h inch. The blue- - p a y  limestone and white calcite are the only gangue minerals, and 
the absence of dolomite is considered to ba an unfavomble indication. 
Striations on slickensided sur faw parallel to the Farewell fault 

* 
plnnge 31" N., 44" E., and indicate right-lateral movement. 

Cinnabar has been panned by Ed H~ger  (oral comrnun., 1959) from 
the gouge zone of the Fnrewell fault where the fault is intersected 
by the s t m m  just south of the Peggy I3arbnm prospect,. Placer 
cinnabar in the creek west of the fault terminates abruptly at the fault 
zone. A few scattered clots of cinnabar have h n  found in blue-gray 
limestone on the hi11 just surrth of this creek. The occurrence is sirnil~r 
to that, just descrild. 



dlmy M ~ r g w e t  proape&.-The Mary Margamt p-t is a little 
more than I mile southwest of the south ore zone on a prominent out- 
crop of blue-gray limestone on the south s i d ~  of a tributary of 
CThunitna Creek. The limestone is equivalent to that enst. of the mu211 
om zone (OI,, pl. 31, for tle same lithologic sequence is recognized, 
mqing from limestone through calcareous sandstone to purple shale. 
The entim seguence Is overturned and dips at angles as low as 3 6 O  
SE. The blue-gray limestone is repmted three times in surface expo- 
sures by faults that parallel the main Famwell fault. 

Cinnabar, in veinlets ys-1/2 inch thick and a few inches long, m u m  
at scatted spots in limeatone veined by white calcite. The veined 
areas do not exceed a few feet in length, and cinnabar veinlets form 
a very small part of the veined rock. Cinnabar is the only ore mineral, 
and calcite is the only gangue. 

An interesting feature of the Mary Margamt prosped a m  is the 
cold-water sulfur spring that issom from fractumd limestone on 
tho east side of Chunitna Creek north of the small st- that entsrs 
from the emt at t,he prospect. This spring is depositing black foul- 
smelling mud that contains rnercuq and most of the other elements 
found in the quichilver ores. (See the spectrographic analyses, table 
1. ) The authors infer that, this spring is related to the general epoch 
of deposition of cinnabar at White Mountain, which indicates that 
the deposits are young--possibly Recent in age. 

YWEMxm3Y wTlxEogg% 

Cinnabar is the only sulfide mineral identified in the o m  from dl 
the deposits at White Mountain, and spsctropphic analyses of ore 
specimens confirm the absence of antimony and a m i c .  Much of the 
cinnabar is mddish bIrrck in reflected light and practically opaque in 
Itranmi tted light in thin section. Such cinnabar sngpsts metacinna- 
bar, bnt X-my examination of selected dark fragments failed to can- 
firm the prasenca of mebinnabar. The dark cinnabar is everywhere 
surrounded by more translucent cinnabar. Red-brown limonib is 
closely assmilrted with the ores, as is a small amount of hematite; 
the relation betwmn the cinnabar and the iron minerals is sufficiently 
intimah to sugpest simultaneous depaition. 

The cinnabar in some spwimens both replaw daIomite and is 
cut by dolomite veinlets. J3ot.h cinnabar and dolomite are cut by 
calcite ~einlets. In one specimen examined, cinnabar replaces some 
of the clay in the interst ias  between breccia fragments. The day 
in one om specimen was identified by X-ray diflmt,ometer as dickih. 

The silica in the o w  bears no clear-cut relation to the cinnabar, for 
cinnabar occurs in bmiated  dolomite Imking silica. In other speci- 
mens, brecciated dolomite has been replaced in large part by h a -  



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 



f o d  the solutions to rise along channels at or near the contact 
between shale md limsbne. Some of the ore-bearing solutions n m  
along the Farewell fault and through fractured limestone near the 
fault, but none penetrated cask of the thick gouge of the fault. 

Cinnabar deposited from the solutions in an environment where 
conditions favored the formation of hematite and limonite-rather 
than pyrite--from iron. The chemical composition of the solutions 
was such that cinnabar, dolomite, hematite, silica, and, probably, 
limonite and calcita oodd be deposited virtually simultaneously from 
the solutions. Them conditions are discussed in mom detail on pagas 
6%70, 

8-8 FCiE -TIOR 

Future explor~tion at White Mountain should have the best chance 
of finding new ore or extending known ore bodies if it is directed along 
the western& shaleIimestone contact in amas of dolomitized and 
silicified limestone. 

Explo&ion by the U.S. Bureau of Mines during the summer of 1961 
disclosed rich ore along this contact in amas of dolomitized and silici- 
fied limatone. Some of the om, e x p o d  in trenchm over distsncea of 
m much as 30 by 85 f&, assays m much as SO percent rnercurg (R. P, 
Malomy, oral ~rnmun., 1981). This exploration consisted of trench- 
ing and diamond drilling. The trenching i s  f~aciljtated by the gm- 
orally thin cover of till and is  hindered by the permafm& which is 
present everywhem at depths of a few feet. Only a verJr small part 
of the ore-king fault-shale contact had bean expIomd snd tBSt4$ 
by 1964. 

The critiml factor to be debm ined by futum ercplmation, however, 
is the vertical continuity of the ore b d i ~  already disclmed by existing 
trenchas. If the ore bodies exposed at the surface continue to even 
shallow depths along the shale contact, commercially important ton- 
n w  of are exist Rt White Mountain. In future exploration a shaft 
or two should be ~ u n k  along the ~ h d e  contact to tmt t h ~  ve~jca l  
continuity of the om. 
The general wlogic setting of the White Mountain quicksilver 

deposits is sirnilax to that of the Pinchi Lake quicksilver district in 
British Columbia, Cmda,  where important deposits occur along a 
regional fault on which limestone rests against Trimsic argdlmeous 
and arenweuus sedimentary rocks and against quartz diorite (Am- 
strong, 1942). The main deposit mcum near a fault that splits from 
the main fault mne. 
On the basis of the suggested sirnil~rity &ween the Pinchi M e  

and White Mountain a, additional prospecting along the Farewell 
fault, both north and south of the deposits descrihd hemin, is dmir- 
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able. A study of aerial photographs to 1-te splits and subsidiary 
faults of the Farewell fault should pram helpful in outlining a m  
especidly favorable for deposits. Ground pmpecting could be done 
by use of the gold pan, and particular attention should be paid to a m  
of altsration (silicification and dolomitization) near the fault zone. 
Initid exploration should be directed southwestwwd dong the fault 

rl 
where bedrock is relatively well exposed. 

C X a W d B d a  CREEK 

LOCATION AND ACCXWIBmTY 

The Cinnabw Creek area is abut 90 mil= southwest of Slmtmuh on 
Cinnabar Ceek, a small stream that flows intn tha Gemuk River (6g. 
5 ) .  The Gemuk Ever enters the Holitna River through various 
intermediate streams; the Holitna River flows into the Kuskohim 

w River nar Sleetmute. Access to the a m  is by small planes, which 
land on a dirt airst rip near the Cinnabar Creak mine, by tractor along 
e winter tractor trail that leads from Aniak on the Kuskokwim EXdiver 
to the mine, and by riverboats via the rivers and creeks named in this 
paragrttph. Several cinnabar pmspeck in this arm have previously 
hem described (Cady and others, 1955, p. 11s115; Rutledge, 1950). 
All occur in a 'belt about 5 mil= long and are considered together in 
this report. 

HIEl'OEtY A N D  PRODUCTXON 

Cinnabar was found in this area in I941 by Rumll Schaeffm and 
Harvey Winchell (Rutledge, 1950, p. 3).  Twenty-six flasks of quick- 
silver were produd prior to 1955, mostly from ths Lucb Day pros- 
pect, Schaeffer's original discovery (Rutledge, 1950, p. 4). In 1054, 
R u ~ e l l  Schaeffer began h dwelop the Cinnabar Creek mine in rt newly 
dimvend lode on Cinnabar Creek near the plmr daims he had 
staked in 1941. Production from the lode began in 1955 and con- 
tinued to 1960; total production had mounted to several hundred 
0 b ,  according to Schaeffer. No other deposits in the Cinnabar 

L Creek a m  were being developed or exploited in 1959, although Schaef - 
f e ~  had trenched several prospects near hia mine. 

Mr. Schaeffer died from a haart attack suiTed while alone at the 
S mine in 1960. His estate and claims pawd to surviving relati~w, 

who continued explomtion 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 mccwa 
of his mine had contributed substantialIy to  the interest in quicksilver 
mining in Alash. 



The geology of the Cinnabar Crsek a m  bm been described by Cady 
and others (1955, p. 1131, on the h i s  of their mmaissanoe mapping. 
The areal geology shown on figure 5 of thia mport was compiled frorn 
their work and from additional field obsewations made by Sainsbury 
in 1959. 

Brrs mmrr from acrrrl pkmt~pmnh Iieololy b~ w FI c d y  119451, mcdrlmed 
W C L. Snmburr. 1959 
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Frow b.-Recomnalwancs mlodc map of the Clanabar Creek area. 
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The area is underlain by pocks of the Gemuk Gmup, which include 
strata ranging in a g ~  from Carboniferous to Cretaceous (Cady and 
others, 2955, p. 32-34), In the Cinnabar Creek area, the Gemuk 
Group consists of interbedded pywacke ,  massive siltstone, volcanic 
m k s ,  and minor chert and limestone, all Late Triassic in age. Except 
for b d s  dipping northeastward on the southwest limb of the syncline 
near Schmffer's p m w t  (fig. 131, the rocks dip srouthwet,wad and 
strike northwestward. 

Cady and others (1955, p. 30) interpreted the structure e, homo- 
cline clipping southwestward and exposing 10,OFIO-15,000 feet of hds .  

The main c h n n p  m d e  hy Saindury in Cdp's map a m  the includ- 
ing within the Gemuk Group on the pment map of mh shown. by 
Cmdy as the Kuskokwin Group and the detailing of more structuml 
complexity than wns reported by Cady. The recapition of a fold 
that repeats the fossilifemus limestone unit northeast of Cinnabar 
Creek tbnd the geneml convergence of the beds toward the sonthead 
indicate a laqpscnle st~lctural aorngIexity of the rocks in the Cinna- 
bar Creek area that pmbahly involve- major folding as well as fault- 
ing. In fact,, part of the beds northeast of Cinnabar C m k  may be 
overturned ; however, as no direct evidence of overturning is known, 
the beds am shown as right side up. Two additional fossil mII&ions 
made in 1959 oonfirm the I ~ t e  Triassic age of the beds near Cinnabar 
Creek Fossil locrrlities am shorn in figure 5,  and the identifimtions 
are summarized as follows: 

fU888 1- 18987 and 1 W :  Idemtl5td by J. B. Beedde, I?., and & W. Imlny. U.B. QeoL 
S u m  ICady and othera, 1956, p. 38). Ul3GR lac. M?gR and tlrld No. S%ABn-lZBc: 
IdentlW by N. J. Bllberllnn, U.I. -1. Rurves] 

U R W  h. U o W t w ,  tocaNtp, Idenlij4aajlbn, arrd: ape 

1 M  ------,------. W. M. Cady, 1943 ; about 1 mlle northweart of the month of 
Cinnabar Creek. Coqulna corn- d MmoEfa s u h c i w -  
lark8 Gabb i tom the U p ~ r  Trlaaslc Noslc Stage. 

1D0a0g W. M. Cady, 1M3; about 2 mil- weat of the mouth ot Cin- 
nabar Creek. Float fragmpnts from a burrow contain- 
lng Halobia sp. nndent, M~opophada aff. If. upstito AlhPrti, 
and ?M@d*tera ~ p .  from the Upper TrIamIr. 

M796 C. L Salnsbnry, 11959; from argillaceous Ifmestone between 
lava flows 1 mile 9. 43" W. of Schaeffer's retort at  Clnna- 
bar Creek Fragmentary Relobia respmblln~ H, om& 
lBsslnaa Smith and a terebratnloid and f~ upirlferld 
( 1PgfoBdea) bmchlopd. m e  agp IR dehitelg J ~ t e  Tri- 
aasic, probably late Via&. 

mld No. 
5%ABn-l29c,-,-,,. R u w U  Bchaeffet, I=: from black Iimmtone and nhnle 0.9 

mile S. 45' W. of Behaeffer's retort at Cinnabar Creek. 
Fragments of Habbiu and rt more coarsely rlbbed pelecy- 
pni that may be Monotts. On4 a general aKe amrdgornent 
of Late Triamic can be ma@& 



LUDB QDTCKlaVER D-OBITB 

CIWITAEAR 0-EK XI= 

The Cinnabar C m k  mine was owned and o p d  by Rumell 
Schaeffer in 1980. Between 1955 and 1959, ore was mined from an open 
pit (pl. 4) and retorted in a mdified ScutLtype furnace having a 
capacity of 2 tons per day. The funme was fired by wood obtaind 
from timber in the lower reaches of CinnAar Creek. Awarding to 
Mr* Schaeffer (oral mmmun., 1959), the ore was f urnaced at l,40Q5 C 
and t.he quicksilver condensed in an air-cooled stainless-stml condens- 
ing system. The furnace o p e d  under a stack-induced vacuum of 
approximately 3. inch of mercury. Ore was mined during the summer, 
transported to the camp by tractor and skid-mounted bin, and stmk- 
piled ; during the winbr it \TM fum&. . Mr. SGhaeffer dated that 
he m i n d  mlectively to obtain ore that a v e r a d  3-4 percent mercury. 
Light supplies and quicksilver were freighted by air to and from 
Aniak by Mr. Schaeff er in his own single-engine aircraft,. 
The Cinnabar Creek mine is a model mine showing that an efficient 

operation by an aggwmive and capable man on tt quicksiIver deposit 
typical of those found widely in southwestern Alaska c a n  mult  in it 
v0ry substantial pmfih, Mr. Schaeffer stated that his yearly operating 
costs ''avempd about $5,000," during yaars that ha shipped more than 
200 f l a sh  of quicksilver. 

ammay 

The geology of the main pit is shown on plste 4. The ore in the 
main pit occurs along two or more parallel faults striking N. 30' W. 
and dipping nearly vertically parallel to an tlItemd diabase dike. Tha 
wallrocks at the main pit consist of intarbedded graywwke and silt- 
stone striking N. 20"-25" W. and dipping steeply southwestward. The 
d i n l e n t a q  rocks are extensively shared and alhred ; the dike is less 
deformed, although it is highly alhred. Much of the movement on 
the fanlts preceded the injection of the dike, for the dike is not, offset 
where c m w d  by one of the faults. Strinkions on the fault plane 
plunge 22" Nm., a fact indicating s large lateral component of 
movement. 

The dike is traced northwestward by pits and trenches for about 
1,000 feet. The degree of alteration of the dike decreaw away f f r o m  
the main pit. In the northwest trench a banded quartz vein contain- 
ing abundant stibnite follows the fault along the dike, and the dike is 
altered to clay. Between the altered pa& the dike is hard and con- 
t ains specks of pyrite. 

A dike 1,000 feet southeast of the main pit is altered to clay md 
limonite at the surface but does not contain visible cinnabar, qunrtz, 
or stibnite, Whether this dike is a continuation of that at the main pit 
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cannot be; dekmined, for the intervening nrea is m v e d  by tundra. 
The ore in the main pit consists mainly of sheared, argiIIized, and 

iron-staked graywacke and siltstone cut by many small irregular 
veidets of cinnabar and stibnite. Cinnabnr ~ l w  mcum disseminated 
in the altered rocks and as smeared pnint on slickensided shears. 
Locally, 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 rich ore mmsined in the aItelpd m k s  in this nrea when the 
pit was mapped. GOOd om OCCUFS along splits from the main faults. 

C Tha tenor of the ore c h m p  abruptly b t h  vertically and horiaont~lly 
along the faulta, giving riw to ore bodies having assay boundaries. 

Unlike the Red Dev i l  mine and other prospects near Sleetmute, the; 
altered diko is not p d  ore. l m l l y ,  the altered dike contains small 
cinnabsr veinlets in sufficient number to constitute ore, but t,he dike 

1 has furnished a very minor pnrt of the ore. 
Cinnabar is associated with abundant fm mercury in a gouge and 

q& vein as mnch as 2 feet thick that  brmches from the southern 
fault rtnd curves off into the hanging wall. The native mercury is so 

a 

abundant that it oolleeb in a small pool when about a pound of broken 
qu& is crushed arrd shaken vigornusly in rt plastic hg. Mr. 
Schaeffer did not attempt t~ m v e r  the native mercury, for he consid- 
ered it a h d t h  hazard and h o  difficult to handle in the furnace. 

Some cinnabar is colloidally dispemed in cryptocrystnlline silica, 
forming brilliant-red had om, which, however, is not as rich as it, 
appears to the eye. 

Microecopic study of thin wtions of hard are from the altered 
m k s  in the main pit discloses that the b m i a t e d  siltstone and gray- 
wacke is cemented by fine-grained quartz. Cinnabar, stibnite, and, to 
a l e m  degree, pyrite replaced the quartz and p y w a c k e ,  as well ns 
filled small fmctares in them. Clay minerals replaced and coated the 
breccia fragments, and cinnnbar in part replaced the clay, which was 
detemined to bet dickif e by X-ray diffraction. Dark red-brown I imo- 
nite forms discme veinlets in the siltstone fmgments and coats quartz 

* p i n s  in the matrix. One such veinlet contains specks of cinnabnr. 

The alteration of the diabnl~e cnrl he studied ta advantage at the 
Gmabar Creek mine because of the continuous gradation from aImost 
h h  to completely nltered rock. The fresh diabase consists of labra- 
dorite, augite, iron-ore minerrtlg nnd some olivine, which i s  partly 
a I M d  to iddingsite(?). With moderate alteration, the pyroxene 
and olivine crystals broke down ~ n d  were, completely wpInced by 
carbonate, iddingsits ( ?) and minor muscovite nnd opaque ore minerals 
including some pyrite, rutiIe ( 8) and Ieumxene, At this stage of alter- 
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d o n ,  the labradorite crystals became rimmed by carbonate, but the 
centera remained fresh. The carbonab is dolomite or mhritic 
doIomih. 

With still grmter alteration, the Iabrdotih w d  replaced by quartz, 
carbonate, rtnd clay minerds generally stained and cut by limonite 
veinlets and containing specks of iron sulfide in many places. The 
limonite and clay suggest surfcia1 alteration, but X-ray diffraction 
shows that much of the clay is dickite. Dickite containing cinnabar 
also occurs in apple-green mmes  along the argillized iron-shined ore 
veinlets, a fact suggesting that the clay alteration was hydrothermal in 
origin and that it acmmpmied the introduction of om. Late bamn 
carbonate veinlets, generally calcite, cut the altered rock, and these 
may be either hydrothermal or supergme in origin. 

The Broken Shovel prospect ( f ig .  5 )  is on the ridge @bout 0.5 mila 
N. 4 5 O  E. of Cinnabar Creek mine. A few shallow bulldozer trenches 
were made by Schaeffer since Cady visitad the prospects in 1943 (Csdy 
wid 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, 
commonly barren but locally containing stibnite, forms dimntinuous 
veins along the fault. No cinnabar was obwrved in place in the 
trenches, although Schaefler panned cinnabar from the &ream that 
drains the north slope of the ridge. The quartz veins 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. 

SCHbEFFER PRoaFEcT 

Cinnabar was found by Schaeffer in 1958 near the fossiliferous 
limestone and chert on the wwt limb of the syncline appmximataly 1 
mile southe& of the mine (fig. 5 ) .  This prospect is here called the 
Schaeffer pmspe& The pm@ WRS explored by digging a few 
e hallow trenches, one of which uncovered a breccia zone of variable 
width striking N. 20' W. parallel to the bedding of the chert and 
gray-black silktone country m k. 

Cinnabar and stibnite am disseminatd in n q m r h  gangue that 
cements a breccia composed of fmgmenta of chert and silktone. The 
cinnabar and stibnite are in part interstitial to quartz grains and in 
part replace both qua& and breccia fmgmenb. Some cinnabar is 
so finely d i ~ p e m d  between qu~rh grains! that in hand specimen t,hese 
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areas appear light pink. The cinnabar is gmertmlly di~tributsd er- 
rsticallg in the breccia, some parks containing an estimated 1-2 per- 
cant and others containing isolated specks. Ruwl l  Schaeffer stated 
(oral commun., 1059) that Im had found fossils rep lad  by solid 
cinnabar in this area, but the authors did not observe any. 

Thin &ions disclam that the gangue filling ths breccia is ent idy  
* qnartz. Many of the brecxia, fragments of siltstone are stained by 

limonite. Some of the altered siltstone fragments contain a few 
minute specks of pyrite or marcasite that are not sited. NO pyrite 

* is found in the quartz gangue or intergrown with the cinnahr and 
stibnite. 

Additional exploration will be required to determine if the Schmffer 
pmpect contains sufficient ore to have economic value. 

LVCET DAY PBOBFECT 
* 

The Lucky Day prospect, which yielded the first quicksilver in the 
Cinnabar Creek area, is 3 miles south of the Cinnabar Clfeeg mine 
on the divide between Beaver C m k  and sn unnramed tributary parallel 
to Cimabttr C m ~ k  (fig., 5 ) .  By 1943, Russell Schaeffer and Harvey 
Winchell had prdd2ucecl 26 flasks of quicksilver from hmd-sorted ore 
obtrtined from midual place= at the prmpect ( C ~ d y  and others, 1955, 
p. 114). The US,  Rurenu of Mines explored the property by trench- 
ing in 1944 (Rutledge, 1950). In 1954, Schaeffer m i n d  and stock- 
piled at the pmpect more than a ton of rich ore that came from altered 
intmsiw m k .  The prospect was examined briefly in 1959, but most 
of the trenches, pits, and old adits in allr~viurn were sloughed or caveri. 
T h e  following description is bnsed in part on published dascriptions 
of the prospects. 

The m k s  at the Lucky Day prospect consist. of massive gray-pan 
siltstonerand gmywaeke that were believed by Cndy and otl~& (1955) 
ta be part of the Kuskokwirn Group bwt that rtm here refemd to the 
&muk Group. The strata strike N. 5"-10" I?,. rtt the prospect but 
swing b a mom westerly strike t~ the nortllwest (fig. 5 ) .  The prospect 

rn l i ~  within massive siltstone tlrat is near the top of a thick succession 
of siltstone, pywacke ,  volcanic m k s ,  and minor shale, che.rk, black 
lirndone, and argilbceous limestone containing Upper Tri rtssic f os- 
ails. At the prospmt, ths M d e d  rocks are intruded by sills or dikes 
nearly parallel to bedding; some of the d i k ~  and sills are a l t e d  to 
the common sil ica-carbonate-cly m k  &al.acteris~ic of the quichilver 
deposits of the Kuskokwim area, 

The principal int,msive My-probably a sill--explored by 1969 
strikes N. 15" R. and is explored discont.inuouslg for s distance of 
1,000 f e t  by means of trench-, pi tq and shallow shaft& At the north 
and of the explored zone, R trench 180 feet long exposes 8 fault contact 



dipping. vert.ically betwen the sill and the siltstone. The sill and 
siltstone am sherrred, a l k d ,  nnd m p l d  by qunrtz and clay minemls, 
and cinnahr and stibnite m r  in qua& veinlets and rn d h m i n s -  
tions in the almhred rmks. Native mercuy in small amomnta m u m  
in the quartz. The cinnabnr and stibnite are intergrown intimately 
md in places are a ~ m u n d e d  completely by quartz. Apple-gmn 
dickite is common with the ofeys. Tha ore stockpiled by Schaeffer 
Game from this trench. 

Thin smtions disclose t h ~ t ,  some of the cinnabar preferentially re- 
p l m d  the clay minerals. The intimate =.elation of limonite and 
cinnabar suggests sirnuFt~naous depaition. A few minute speck of 
pyrite occur in the nlte-d sill but, are not confined to the ore. 

Although the Lucky Day dewi t  has yjeIded but a small amount of 
quicksilver, it resembles the Cinnabar Creek deposit in many respects, 
and additional a p l  or& on may disclcm rt mmmercially important, ore 
body. The deposit mrtainly should be explored more before the fur- 
nace at the Cinnabar Creek mine is dismantled md m o v d  out of the 
area. 

R E D B r n  PBoBPZm 

The Redskin pmpect is &but 1 mile south of the Lucky Day pms- 
pect (fig. 6 ) .  No work has been done at i t  since about 1942, and it was 
not visited during the pment investigation. Rutledge (1950, p. 8)  
described it es f 01 lows : 

MlnerallmtIaa at the Redkkin lode in dmat  identical to that a h g  Canary 
Gulch (Lucky Day lode). The cinnnbar m m  aa emrw Rims along Mding 
plan-, crmq jolnb, and mnen nt brecciation in the gmywacke and shale. 

Small pbeer deposits of cinnabar have bean f o n d  near all the 
prospects in the Cinnab~r C m k  a m  Schmffer (oral cornmun., 1959) 
strrsd t h ~ t  from his experience, arty outcropping lode d e p i t  large 
enough to be of interest. cnn h found by conventional rnethdq of 
panning of streams. To date, however, placer cinnabar Pras not been 
commercially important in the southwestem AEwh quicldlwr region. 

The Cinnabar C m k  plmr, however, may prove to IE an exception. 
Schmffer stated, prior to his death, that he inmded to mine the placer 
below the Cinnabrrr Creek mine sftar he exhausted the lode ore that 
m ~ ~ l d b m i n e d  by open pit. T h e p l a c e r w ~ s d d b e d  by Cdy (Cady 
~ n d  others, 6955, p. 115). The pl-r extends downstrean from the 
open pit in rndern stream gmvels m d  in remnants of terrace gmve1s. 
For a distance of 600 feet doffnstreaarn from the open pit, the placer 
is buried beneath dope wash ~ n d  mlluvium. TE& pits sunk by 
Sehaefler and his partner, H m y  Winchell, and by the Kew York- 
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Alaska Gold Dredging Gorp. (NY AC) showed a mining section rang- 
ing from 5 to 14 feet in thickness and containing mercury ranging 
from less than 0.10 pound ta 0.84 pound p r  cubic yard of gravel 
(Rutldgq 1950, fig. 7 ) . 

* 
The lodes in the Cinnabar Creek area are clmly associated ~pat~jnlly 

with faulteddikesmdsills. Theigneousmckswerepmbably injected 
along faults and w e n  tl~emselves fr&ured by lnter h u l t  rnovoments. 

Q 
The lodes mere Iocnlized within fractured zonw, genernlly nmr the 
igneous rwh. 

The general alinement of the known lodes in a &It several miles 
long trending about N. 5"-10" W. seems significant,. No s i n ~ l ~  major 
fault or fault zone is known to intersect all the l d w .  A possible * 
explanation is thnt the lades are localized between major strntipphic 
units of the Qemak Group. Masive to thin-bedded siltstone ns much 
as several hundred feet thick forms hlts northeast m d  southwest of 
t,he known p m p c t s ,  whereas the intervening rocks am interbedded 
siltstme nnd gr~ywacke. Faulting in the graywrtcke-siltstone se- 
quence would cmte  gmkr porosity than fwdting in the siltstone 
and thus would direct dikes 1~s well as the omforming mlntions into 
the slab-gray w acke sequence. 

A s w n d  p i b l e  function of the graywacke-siltstone quence, 
d i m &  in mom detail on p p  7O-i3, was to di- large amounts 
of ground water into the ore-b&ng wlutiom ; the water thus can& 
dilution, rapid cooling, and major cl~ernical changes leading to the 
deposition of cinnabar and quartz. 

W C A T I O W  A m  A C e E 8 S T S P t m  

DeGumy Mountain mine is about 80 miles N. 45" E. of Aniak at. 
an altitude of 70Cr1,000 feet (fig. 1 ; pl. 6). The mine is a c w i b l e  by 

I small aircraft and by trail from Flat, a b u t  46 miles to the northwest, 
and from C m k d  C m k  on the Kuskokwim River, abut  28 miles to 
the south& 

The DeCoumy M ~ ~ n t a i n  mine was not studied by the writers during 
the fieldwork of 1959 h a u s e  the trenches were badly sloughed and 
the underground workings were full of ice. The following dewrip- 
t.ion is based upon the work of Cady and others (1955) and Webber 
and others ( 1947) supplemented by obsemations by MacKevett md 
R. S. Velikanja of the ITS. Geological Suwey during the DMEA 
mplomtion between 1953 and 1051. Gardon Herreid of Alaska Mines 
and Minerals, Inc., logged the drill core f mm the DME A exploration, 

761742 - 
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and information h m  his logs has bean wed in compiling drill-hole 
data far t.his report. 

mTms1 A- PRODuCrrZOm 

The deposits warn discoved by Matt DeCourcy during the wintar 
of 1910-11 and staked by him in 1919. The mine was aspemtd inter- 
mittently from 2920 until recently end produced more than 1,200 flagks 
of mercury, rn& of which wm pduced  by R. F. L p a n  betwean 
I942 and 1949 (Cady and others, 1955, p. 111). A b r  1949, tactivity 
at the mine was confined to explvattion consisting of diamond drilling 
and surface stripping under a contract between tha DeCoumy Moun- 
tain Mining Co. and the Defense Minerals Exploration Administra- 
tion, which authorized 2,600 feat of drill hole ta explom the downward 
exhnt of the zone of productive veins mined previously. A semnd 
stage of explorstion wm authorized to explore ore found by drilling, 
huh owing to operational difficulties, the second &ge of exploration 
was not utilized by the company. h 1961 the mine was inactive and 
WM owned by the A l d a  Minea and MneraIs Co., ownem of the Red 
Devil mine. 
The underground workings con& of several adits, as well as minor 

drifts, crosm~its, md stope& The main adita am the 820 adit (about 
910 ft long), the 910 adit { h u t  200 ft long), the 871 adit (abut 
175 ft long), a caved adit 85 feet long on the principal vein, and a 
short, ad it southe& of the A vein. Surface workings consist of seveml 
pita, bulldozer cuts, and trenches, most of which were excavated by 
t,he U.S. Bureau of Mines in 1943. A sketch map of the mine a m ,  
d o p M  from Cady and &hers (1055), is shown EIS an inset on plate 5. 

ReclmL at the DeCourcy Mounkin mine mnsists of interbedded 
p y w ~ c k e  and shale, of the Kuskokffim Group and numerous sill- 
like bodies of h a l t .  w diabase that cult t.he d i menhry  T O F ~  The 
sedirnenhry mh strike ht.ween n0rt.h and N. 25" E. lknd dip deeply 
nort.hw&ward. At. and near the deposit!! both the intrusive m k s  
and the sedimentary rocb have beem extensive1 y but not completely 
altemd to silicified fine-pin& rn- which Cad7 and others (1955, 
p. 11, 112) termed "siIica-mrbonate rock." A mantle of unconsoli- 
dated f rost-bmken rock fragments conaea3s most of the ledrockrock 

Most of the quicksilver om, which consists of cinnabar and minor 
stibnite in a gangue of silietr, carbonate, and thy minerals, occurs in 
the silica-car2)ontlte rock, commonly in or near the sill-like intrusive 
bodies. T h e  ore Mies mnsist of mall irregular lenses, veins md net- 
works of veinlets that are localized in breccia zones, along contacts 



between the intmive mch and the sedimentarg mks, and, to a 1-r 
e x k i f  dong bedding surfaces. Om 'bodies m u r  throughout m zone 
that is at least 2 , W  feet long, 250 feet wide, and 60 feet deep. 
Qenerally the ore zones strike parallel to the bedding. Some of tllem 
dip steeply northwestward nearly prtrallel to the bedding, and otl~em 
dip steeply eastward or southeastward across the bedding. The dis- 
tribution of these ore bodies is shown on plaoe 5. The Top and Retort 
veins dip steeply northwestwad, the Tunnel vein dips steeply en&- 
ward, the DeCoumy vein mainly dips northwerstward but locrtlly 
southeastward, and the A win rnrti~lly (lips simply eastward but 
lmally westward. 

The veins pinch and swell both verticrtlly and horizontally and 
range in thicknem from a few inches to s a v e d  fwt, 

The Tunnel vein (pl. 5) and ita wociated mineralized zones was 
the lmgest productive ore body at the mine. The Tunnel vein, which 
averaged 3.2 feet thick, is 200 feet long at the surface and extends 
through a v~rtical range of 130 feet, The vein is not continuous, for 
it is disrupted by barren fractums formed befom ore deposition find 
by minor faults formed after ore mineralization. Other very rich 
deposits as much as 15 feet long and 1 foot wide surrounded by low- or 
medium-gradt? ore w r e  mind. 

The explomtory diamond drilling of 1963-54 testd only the prw 
jected downward continuation of the Tunnel, Retort, and Top veins 
1 5 .  The d& for the drill holes are not complah owing to the 
fact that appropriate technicit1 guidance and interpretation of drill 
corn was not available during the drilling program. Howsvar, the 
drilling, which was undertaken f mm the 820-adit level, demonstratad 
that cinnabar ore continues to a depth of ~t lea.& 100 feet below the 
land surface in the enem1 area of the Tunnel, Retort? and Top veins. 
Drill-core aswp show a mercury content reaching a m a x i m w  of 
6.29 percent in a vein more than 2 fget wide. The available infoma- 
tion from thedrill holesissurnmarizedon plate5. Cinnabarminemli- 
zation forming probable ore was found in a1 t a d  graywacke and shale 
in several holes, psfiiculsrly bnearth the Tunnel and Tap veins. 
Them arms are as yet untested by additional n n d e m n d  explora- 
tion, and the size and tenor of the ore bdiw found by drilling are 
&own. Minable om will undoubtadly be found in this area. 

A little mwant.ite and arsenopyrits were reported by Webber and 
others (1947, p. 33) ta occur in same of the cinnabar deposits. 

Plmr cinnabar m u m  in a t.ributary of Return Cmek south of the 
h o r n  lodes, but the p l w  deposits are not &ciently exp lod  to 
allow deteminatjon of the size and tenor of the paystreaks. 
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The future explo&ion needed at %Gomy mine is obvious. The 
initial work should require c m u h  from the 820 adit to teet the are 
found by drill holes, acmmpanied by geologic mapping or logging of 
dl new openings and drill corn. Favorable om sbmb may be found 
at in-ions of faults with altsred dikes and sills, although ore 
shoots mined in the p& occur in altersd paywacke and  hale as well 
as in dikm 

BEYOLYTE PROPERTY 

=ATION AND 

The Rhyolite property lies on the mukh slope of Juninggulra Moun- 
bin about 44 miles wd-northwest of Sleetmute on the divide between 
the Iditwod md Kuskokwim Rivers (fig. 1). Juninggulra Mountain 
is underlain by rhyolite that weathem t4 a b l d y  rubble thickly cop- 
ered by black lichen. The d t i n g  black mountain, b m n  of tundra, 
is a striking feature of the area. 

The property can b reached by small aimaft that can land on a 
coarse-gravel runway on the top of Juninggulra Mountain or by foot 
along a t&r trail that leads from Crooked Creek on the Kuskokwim 
River, approximately 20 miles distant. 

The Rhyolita property was staked in 1957 by Joe Stmet and 
bbert  Lyman and was taken under option by the Cordsro Mining CQ. 
In 1959 the 1S.S. Bureau of Minw explod  the property by means of 
m v e d  thousand .feet of bulldozer trenches. Sainsbury, wistBd by 
C. M. Taylor, mapped the property by planetable and alidade in 
August 1959. No production from the property was mded by 1960. 

The geology of the tmncbsd areas is shown on plah 6. The bed- 
rock consist9 of interbedded graywacke and shale of the Kuskohim 
Group that is intruded by numerous dikes and sills of  at least t,hm 
distinct typss and by a large mass of rhyolite porphyry. The bedded 
rocks strike generally westward and dip steeply southvard in the 
central and muthem parts of the trenched area and vertically ta 
gteeply northward in the north trenches near the rhyolite-porphyry 
intrusive. This difference in dip may reflect a major fold w merely 
an ovemtmpsning near the rhyolite porphyry. Minor folds plunge 
down the dip of the beds and cause the strike of the beds to vary 
between N. 70° E. and N. 70a W. 



The intrusive mch range in aim from the large mass of rhyolite 
po~phyry that forma the bedrock of Juninggulra Mountain ta dikelets 
a few bchm thick. The smaller intrusive bdim ex@ in the mn- 
traI and south t m c h ~  are wmpledy oriented and crop out in the 
tmchss in pthm too intricate to explsin m simple sills or dikes. A 
few smaller bodies rnre definitely sills w h m  attitudes change with the 
enclosing beds. Many of the small dikes trend ktwean N. 40" W. and 
N. 30" E., but dips are difficult to determine on the flat bottoms of 
tmnches. A very complex pattern of instrusion is indiated. 

Except fo r  the rhyolite porphyry, which retained chamcteristic 
quartz phenocrysts, all the intrusive mcks are so altered that the 
orisnal mmposition is difficult to detsrmine. The most common dike 
is an altered yellowish-gray porphyritic rock containing speeks and 
blebs of pyrite. In thin section the rock has a faint relict trachytic 
texture. The larger pbenocrysts am almost entirely r e p l d  by 
carbonah and consisted originalIy of ti tabular mineral t h ~ t  was either 
feld~par or pyroxene. A few relict quartz phenwrysts are corroded 
and were replaced by carbonate. Iron-ore minerds are common, 
and minuta apatite crystals are very common. These dikw could have 
been quartz diabase, trachyte or Iampmphyre. 

Dikes very similar to those dmribed but having a distinct amyg- 
daloidal texture are common, and one such dike cuts a nonamygda- 
lofdal dike. The alteration of the gmygdaloidal dikea is similar to 
tha t  of the massiva d i h ,  and a faint cliabasic or trachytic texture 
persisted. 
The youngest dikes, whom composition is rwtdiIy decipherable, 

msist of rhyolite porphyry- Phenocrysts of quartz and mned 
plagimlase mnstitute about 20 percent of the m k .  The ground- 
mess js very fine pined, and the coarser grained parts consist of 
mumvite and an interlocking mosaic of quartz and feldspar. Lab- 
omtorg staining tests show abundant potash feldspar. These dikes 
are undoubtedly offshoots of the main rhyolite porphyry that forms 
JuningguIra Mountain. All the dikes are older than the quicksilver 
mineralization, for cinnabar is found in the rhyolite, which cuts the 
othet dikes. 

DI8FRZBUTIOP OF CXKRABAR 

Relatively emall amounts of cinnabar were disclosed by the ex- 
tensive trenching at Rhyolite. Much of the cinnabar in place was 
found near pib sunk in tlla overburden by doe Struver. Noom wms 
found in the north trenches, a1 though cinnabar muld IM panned h m  
the averburden in this arert. The central trenches disclosed cim~bar 
at three widely spaced points. In the widest center trench, cinnabar 



occurs dong  small veinlets in fractured dike rock and grapacka m d  
disseminated in the altered dike (lm. A, pl. 6). The cinnabar in the 
veinlets is as much as half an inch thick; pods as much as 4 inehea 
thick occur at intersections of veinlets. The veinlets are associated 
with distinct faults that strike about N. 50" W, md dip steeply. The 
gangue minerals am dickite, carbonate, limonite, and a w e  quartz. 

About 200 feet east (lm. B, pl. 6 )  irregular cinnabar veinI& as 
much as half an inch wide and several inches long mupy W u m  
in a rmlfida-bearing amygdaloidal dike. The shmred dike contains 
specks of cinnabar. The associated gangue minerals am carbonate, 
dickite and kaolinita, limonite, and minor qu~rh. 
In the northeast trench of the central area (lot. C, PI. d ) ,  cinnabar 

veinlets and imgular pods of cinnabar rts much ES a few inches thick 
me misted with m dted dike cut by a fault trending a b u t  N. 
75' W. and an irregular sheared zone trending N. 45" W. Cinnabar 
occurs in the dike and in the shattered graywacke near the dike. The 
altaration minerals form 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 oocurs d i~minated  in altered dikes near the fault and as 
small veinlets m d  pods in dikea and wallrccks that are locally a gray- 
wacke b m i a  cemented by dike rock. 'She alteration minemls are 
kaolinitq dickite, carbonah, quartz, and limonite. 

BmmFuXrOaY 

Cinnabar is the only sulfide 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 arn~1ga.m ) , which 
was not identified. Much of the cinnabar is B deep purple-black color, 
and the microscope and chemical tests su-t that the dark color of 
the cinnabar is caused by a dispersed iron-bearing mineral. Some of 
the dark grains contain centers having a relict hexagonal shape mg- 
gestive of a basal section of hematite and having a faint grid structure. 
Small grains of hematite are intergrown with the cinnabar. One thin 
section examined shows a fuzzy patch of opaque minerals that under 
the micromope is men to be an intimate mixture of cinnabar and 
limonite. 

SUUU1STXONB FOR m I U ' 1 P Z O N  

The trenching done at the Rhyolite property dieclosed small amounts 
of cinnabar in a geologic environmalit similar to that at other quick- 
silver deposits in southwestern Alaska, If additional trenching is 
done, a wide trench should be dug northwestward along the fault that 
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is pmbabf y continuous through the south trenches, Ore may be found 
slsmwhem along this hu15 particularly where the fault, intemts 
d i h  The stripped area near the faults in the northeast trenches of 
the central zone should be extended to the north where the shearing 
cuts dike m k .  

Any trenching program here, or elsewhere in the central Kusko- 
h-wim, should be planned with consideration of problems caused by 
permafrost, Trenching in permafrost requires either a leisurely rate 
of trmching or an extensive amount of trench to allow thawing of the 
gronnd ahead of the bulldozer. If trenching is to accornplisll its end 
of exploring favorable om zones, it must be continually reoriented. 
as exploration proceeds. This reorienting is  dificult to do if the 
tmches nre laid out at the beginning of tlre explot.trtion and the bull- 
dozer is kept busy lowering all the trenchas RS t,lrrtwing proceeds. 
Ry the time om is disclosed in one trench, most of the explorntirrn effort 

1 
is used up. On the other hand, stripping done nt rt Ieis~lrely rate to 
follow ow-bearing structumI features r w ~ l t s  in mnsider~ble idle t.irne 
for the bulldozers and, hence, in high unit costs. This type of m c h -  

4 ing is necessary, however, if potential ore zonm trre to he explored 
fully. 

=-OF PEOSPErn 

The Kolmakof prospact is in as bluffs along the north bank of the 
Kndrokwim River about 18 miles upstream from Ania;k (fig# 11). The 
deposit is probably the earliest known lode occurrence of cinnabar in 
Alask+Russim.s from the Redoute Kolm~koff ski (Fort Rolmakoff ) 
were probably aware if it as early ss 1&78 (Cady and othei,  1955, p. 
116). Workinp at the pmpect consist of a caved adit and a c ~ v e d  
shaft, 29 trenchm having s c.umu1ative length of h u t  600 feet that 
were hand dug during a U.S. Bureau of Mines exploration progTnm 
in 1944, and rt few bulldozed tmches that were excavated in 1959. 
Amding  to IE. P. Malonsy of the V.S. Bumu of Minas (oral 
mmmun., 19591, none of the trenches excavated in 1959 reached bed- 
rock; therefore, the deposits were not revisited by the writers in 1959. 
The only reported production was in 1909 or 1910, when about two 
ff asks of quicksilver was recovered (Cady and others, 1955, p. 116). 
In 1960 the property WRS owned by the Western Alaska Mining Co. 
of Spenard, Alaska. 

The rwks at the, prospect are interbedded paywacklres and shales 
of the Kuskokwim Group and altered sills. The sedimentary m k s  
have an average, sttrike of about N. 30" E. md dip 35"40° NW. 
(Cady and others, 1955, p, 116). The largest of the three altered sills 
at the pmpwt is 25-30 feet thick and i s  exposed over a horizontal 
distanm of 400 feet;. The cinnabar deposits are mainly mocjttted 
with this sill. 



According to Webber and others (1947, p. 501, the cinnabar st the 
pfospect I ~ a s  t h m  stmctural and geologic settings : 
1, Cimabsr in n veinlet half an inch thick foms a narrow and per- 

sistent stringer th& is at lmst 250 feet long within the sill. 
Local small kidney-shaped bodies of this stringer am as much as 
3 inches thick. Wsbber's wrnple KM-1, a composite sample taken 
from this stringer, away4 404 pounds of mercury per ton. 

2. Small pods of cinnabar m u r  intermittently in a narrow shear 
zone that Iwally forms the hanging wall of the sill. Webber'a 
m p l e  KM-2, which assrayed 1913 pounds of mercury per bn, 
was from a, pod of ore 5 inches in maximum thickness and 6 feet 
in Imgth and width. 

8. Small amounts of cinnabar occur locally in c m  fractum near the 
hanging wall of the sill. 

Csdy and others (1955, p. 116) noted that the ore occurs both as 
f ractum fill in@ in brecciated wnes, particalarly at the upper border 
of the large sill, and disseminnhd in the altered sill and d j a w n t  
p y w a c k e .  Quartz is the principal gangue mineml. 

RAINY CREEK PROSPECT 

LDCAZTOW AND A m B L B I m  

The Rainy Creek deposits xre abut 80 miles south- of Bethel 
(fig. 1) and nbout 7 miles northwest of A f m t  Omtia (fig. 77). The 
deposits are near Amnic Creek, a short tributary of Rainy Creek, 
about 3% rnilm muthenst of the eonfluenee of Rainy Creek and the 
north fork of the Eak River. Access is by airplane to an aimtrip 
about 2 miles w&, of the prospect or, during the winter, over a tractor 
tmil approximatsly 120 miles long from Bethel. The deposits a m  
between 1,700 and 1,850 feet rtbove sea level in a tundra-mved area. 

According tn Rutledge (1948, p. a) ,  the deposits were probably 
dimvered by Ed McCnnn of Rethel some time between 1910 and 1920. 
During the 19209s, Ned Gorrignl of Bethel, who was engaged in 
placer-gold mining on Rainy Creek, staked and explored the lowermod 
deposit (fig. 6, deposit I ) .  Corrigal subesequently a.llowed his claim 
to lapse. 

No lode prduction is recorded from the prosfact, but daring placer- 
gold mining opeaions on Rainy Creek below the month of h n i c  
Creek, about 2,000 pounds of hi~h-grade cinnabw wnoentwtes was 
r m v d .  

Except for a smdl cut in the lowermmt deposit, the workin@ were 
excavated during the summer of 1947 as pad of a U.S. Bureau of 
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Mines exploration program. The workings, mod of which are shown 
on figure 6, consist of 1,499 feet of bulldozd trench- and 1,439 feet 
of hand-dug cuts and trenches. The workings were badly sloughed 
and caved in 1959 and were not revisited by the authors. 

This description of the Rainy Creek prospect is largely abatmctd 
from a report by F. A. Rutledge (1948) of the U.S. Bureau of Mines. 

1 
GrnXX)OP 

Ths area at the praspect is underlain by sedimentary mks of the 
Kuskokwim Group of Early and Late Cretaceous age I figs. 6, T), which 
cmp out in the bluffs along Amnic C m k .  Mmt of the propect pits 
and trenches reached bedrock within a few feet of the surf we. Tha 
rock consist of interbdded gmywacke md shale and some conglom- 
e m h  They strike N. 20"-XI0 E. and have nn average dip of 72' 
SE, According to J. M. Roam (oral commnL, 1960), altered dikes 

1 

occur near the prospect. 
The location of the principal d e ~ i t s  is shown in figurn 6. Thw 

deposiks, which were designated "depusita I, 11, md 111'' by Rutledge 
• (1948, fig. 4), are ~ssocirsted with. faults t,ht strike northeast approxi- 

mately parallel to the strike of the b ~ d d i n ~  but dip steeply, generally 
northmestward, acm the bedding. Lass promising quicksilver de- 
posits at the prospect are in quartz. veins dong bedding surfaces. 

At deposit 5 (fig. 71, the larest and best exposed depwi t, cinnabar 
occurs mainly in tt zone of f & t u d  graywacke that is bounded by 
two faults about 16 fmt apart. The faults strike N. 30"-36" E. and 
dip 7aD NW. The deposit has the &ape of a rhombohedml paral- 
lelepiped in which most of the cinnabar is in a short segment of the 
shewed and fracture$ p y w m k e  between the two fsults. The highest 
=sag vrtlues from deposit I were from a zone about R feat wide that is 
adjacent to the weatern f a u k  The w e i ~ h h d  fivemp of four samples 
acm this zone is 8.22 pounds of melrtly per ton and fl.08 percent 
a m i c .  Deposit I contains leaner om. A srndl lens of cinnabar 
and realgar occurs adjwent to a fault about. 70 feet east of deposit 1. 
The fault drikes N. 30" 1.:. and dips 70" NIV. 

Depmit 11 (fig. 6) is similar to deposit I. It is bounded by two 
f aulh striking northmst.ivtlrd and dipping northwestwed and is 
shaped roughly like s parallelepiped. The richer om, which yielded 
tu much s 44.6 pounds of mercury per ton over a sarnple width of 
8 Inches, is in anarrow zone near thewe,+ern fnuPt. 

Deposit IT1 consists of three small lenses of om adjacent to a 
vrtical fault (fig. 6 ) .  The ] a r m  lens is 4 feat by R feet by 3 inches. 
.A campsite sample representative of the three lens= contained 45.8 
pounds of mercury per ton (Rutledp, 1048, p. 6) .  Trenching along 
the fadt on each side of the ore failed to uncover more cinwbar. 
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At the Rainy Cmk prospect t,he cinnahr is genemIly associated 
with quartz, realgar, and, locally, smoF1 amounts of orpiment and 
limonite. Quartz deposited in two stages: the first formed fine- 
p i n e d  gray quartz, and t h ~  m n d  formed white vein qu't~rtz cutting 
t h e p y  quartz. 

KAQAm PROSPECT 

WCATION AHD AC-SIB- 

The Ragati Lake pfospwt is about 90 miles wutheast of Bethel and 
abut 6 miles northeast of Kagrtti Lake. The pmpect is nbout 3,000 
f& above sa Ievel in an a m  where much of the bedrock is covered. 
The prospect is accessible by aircmft having floats; they land on 

K w t i  Lake or, in good w ~ a t h ~ r ,  on a mall  lake about 1 mile from the 
prospect. A tractor road 8 milm long leads from Kagati T~ake tn the 
prospect. During winkr, when the ground is frozen, tmctom may 
travel from Bethel to the prospect over several unmarked routes. 

HISTOBP A m  P R D D U m O N  

The property consists of 12 chins ptakd in 1956 by Noah Jackson 
and John Long of Bethel; in 1957 the claims were owned by the 
Bethel Explorntion Co. and were under option to the Sunshine Mining 
Co. Th e  prospect has been explored by a b u t  15 prospect pits and 
trenchss that are as much as 20 feet long and 4 feet deep, most of which 
am partly filled with sloughed rock debris. I3edmk wrts exposed by 
bulldozer stripping over nrens of seveml hundred square feet. No 
quicksilver has k n  produced from the pmpwt. 

The deposit was mapped by MncKevett in 1957 during an exarnirra- 
tion of the property mads for the Defense Minerals Exploratjon Ad- 
rnlnigration. E. W. Parsons, of the 1J.S. Bureau of Mines, and Pat 
DeWillhms and John Magura, of the Sunshine Mining Co., assisted 
during the exnminntion. 

The quicksilver deposits are in e sttxk composed chiefly of biotite 
quartz monzonite and hornbknde-biot i te  p n d i o r i t  e that is pl-ohbly 
Tertiary in age ((J. 31. Hmrs, oral comrnun. 1059). TnWbdded 
graywacke and shnle of tho Kuskokw im Group crops out some 10 miles 
northwest of the pros-. The stock is intruded into the upper part 
of the Gemak Group, which here includes praywacke, shlg and 
volcanic mks (fig. 7 ) .  Near the stmk the ~~Mllaceous; rocks are 
wnvertedt~hornfels. The GernukGmup isintruded clymaficdikes, 
chiefly diaba- of Teuitiary we. Unconsolidated glacial ~lnd glacio- 
fl av id  deposiQ of Quaternary ty mantle extensive nreras of the bed- 
m k .  Surficial deposits ~.enemlly less than 2 feet thick cover much 
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of the bedrock near the prospect, although bedrock is well exposed in 
outcops along cliffs and on knobs near the quicksilver prwpwts. 

The main structure at the K w t i  Lake deposits msists of f lwtum 
in the stock. The most continuous fracture rxne, called the mdn 
&ear zone, strikes R. 20" W. nnd consists of multiple steep minor 
faults and joints strikng northw&ward (fig. 8). The main shear 
zone is mrtrkd by a depmion about 2-10 fmt deep eroded into the 
weathered, altered, and frnctured rocks along the zone. The depres- 
sion is partly filled by 1arm granitic boufdem and rubble tramporkd 
by glrrciers and daciofluvial action from a hill north of the prospect. 
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A well-defined set of joints in the stwk strikes N. 16"-25O W. and 
dips vertically. A pwrly defined set strikes M, 50°-61i0 W. md dips 
80" YE.  Many of the joints are slickensided ; some am marked by 
gciugq ~ n d  others, by veins a few indles thick. Some of the fractures 
that t m d  N. 50°-65 " W* probably diverge from the main shew m e .  

A set of closely spaced fmctures similar to those in the main sheor 
zone is e m  by a line of pits about 270 feet wed of the main shenr 
zone, but h a u s e  of p r  outcmp, it a n  be t m e d  only abut 450 
feet, Most of the jointspmbahly re~sulted from t ,heme forces, and 
resultkrrt movement on some joints prodtlcexE the f~t11t-s. 

Most of the ore at the K w t i  Lake ddepmita consists of cinnabar 
that fills veinlets a d  m t e  fractures nnd fault g o u p  dong the main 
shear zone. A few deposits a m  in the .shear zone to the west. Some 
of the cinnabar i s  c lmlp  m i a t a d  with rattlgar, &ibnit$ and, uncom- 
manly, suhrdin&te orpiment and mondary nntimmy minerals in a 
gangue consi~ting of quartz ~ n d  minor iron sesquioxidea. T h e  mwt 
persistent veins are in fractures in the main shear zone or in the frac- 
t m  that trend more west.w~rd, Individual ore Miea usrange from 2 
inches to 2 feet in thickneq but none has been trrtcad for more than 
10 feet along th0 strike bwuse of the poor exposure and because of 
the boulders that lie in the main shear zone. None of the known om 
bodies has been completely delineated. 

Quartzis the predominant mineral in the veins. In placesit lines 
mgs and forms c r p b d s  I ~ P  much tw I inch long h~v ing  the.  hap of 
well-defined prisrns terminnkl by rhombohecl mns md 11 wing the 
external ~~~~~~ry of alpha (low) quarts. Some quartz cryst~ls are 
automocphic. Cinnabar crystals in the form of rhombhedmn pen@- 
tmtion twins are perched on quartz crystals and line open spa-, 
modes of deposition indiatinp; that cinnabar i s  the yo~~nge& hydro- 
thermal mineral in the veim Clay minerals, probably formed by 
both hydrothermal altemtion and surf= weathering, aocbmpany 
most of the d e p ~ i h .  

Assay data indicate that wme of the veins am of economic pade 
(under price conditions existing in 1959) hut thst others fire sub- 
marginal. The chief detriment to the development of the property 
is the small size of individultl om h d i q  which m a k ~  it diecult to 
outline sufficient ore to  wrtrrant in~t~rtllpltion of mining md furnacinp 
facilities. The location of the pmspect in an tima mrnota from low- 
cost. transport ation is also a deterrent. 
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EEm TOP mNX 

LOCATION A m  ACC~LXSI I rXTS  

The Red Top mine, a180 known as the Marsh Mountain mercury 
deposit, is 17 airline miles north of Tlillinglarn, a stmms11ip port on 
Bsi&l Bay (fig: 1 ) . The mine is ~t an tllt itude of &ox& 1,100 feet 
near the top of the southernmost peak of Marsh Mountain, less than 5 
mil- from the village of Alehagik fig. 26). A bulldozer-and-truck 
road less t.han 5 milea long leads from the: mine t,o a point on the Wood 
River about 2 miles below Aleknagik. Boats ttnd barges drawing 5 
feet or less of water can ascend the 1 3 o d  River to Lnka Aleknagik 
rt few miles northwe* of the mine. Landing st,rips suitable for light 
planes have been blliilt near the b of *he mountain ~pproxirnatelp 
3 milee from the property. Aircraft on flmtscsll land on thewad  
River and taxi to the trail leading to the mine, 

* 
B X ~ R Y  A m  -ClPIO# 

Plwr  cinnabar wae dimvend by Frank Waskey in Arcana Cmk,  
e which drains Marsh Mountain, in 2941, and the lodes were found by 

Charles Wolfs and Clarence Wren, who, at Waskey's suggestion, n~ed 
the plmr cinnabar to its mum. Prior to 1052, development work 
on th0 lode mnsiskd of a few small pits and trenches. In 1969, nn 
exploration contract was sipneri btween the h f e n m  Minerals Ex- 
plomtion Administmtion and the Red Top Mining Co., nnd almost 
10,000 feet of trenches were excavated by bulldozer (fig- 9). This 
work outlined the main b m i a  zone and u n c o v e d  cinnabar in em- 
nomis p u l e  m d  tonnage. Tu-entg-two flasks of mercury was re- 
covered from ore stockpiled during the trenching. 
In 1955, ~0neWP0rCuphe Mines, Ltd., a Clul~~ian company, took 

an option on the property from the Red Top Mining Co., and a mcond 
contract for undergronnd exploration was signed between Moneta- 
Porcupine Minq Ltd., and t,he Defense Minemls Exploration Ad- 
ministration. Approximately 560 feet of underground workings were 
driven during the perid of the second contract (upper adit, pl. 7).  
Sabquently, a lower adit wm driven under a joint w r n e n t  by the 
f)eCourcg Mountain Mining G. (now Aln~ka Mines m d  Minmls, 
Inc.), owner of the Rad Devil mine, and Moneta-Porcupine Mines, 
Ltd. LongRolss were drilled from the walk of the lower adit in 
1958. Sainsbury, twisted by C. M. Taylor, mapped the underground 
workings and the surface in A@ 1959. At this time the property 
was inactive, although the lease and option agreement between the 
Red Top Mining Co. and Moneta-Porcupine Minea, Ltd., was still in 
effect (aarenw Wren, oral commnn., 1959). 



F I G u R ~ ~  9.-Trenches at  Red Top mine ; the complex mine trench follows the main breccia I! 

zone. Most trenches are about 15 feet wide. The view is to the southeast. I 

According to Clarence Wren, a partner in Red Top Mining Co., I 

production to 1959 had amounted to 60 flasks of mercury, and rich 
ore that will yield at least this much was stockpiled at the property I 

in 1959. 
GEOLOGY I 

AREAL GEOLOGY 

Marsh Mountain is underlain entirely by graywacke and siltstone 
of the Gemuk Group (fig. lo) ,  which, according to Cady and others 

I 

(1955, p. 32-34), includes rocks ranging in age from Carboniferous 
to Early Cretaceous. The graywacke is generally tinted a somber 
green and ranges from very fine grained to very coarse grained. Some 
beds contain calcareous clots that weather out, leaving solution cavi- 
ties; many beds are slightly calcareous througl~ont. The graywacke 
contains abundant ferromagnesian minerals. Siltstone, which ranges 
from chocolate brown to greenish gray, is interbedded with the gray- 
wacke throughout the exposures on Marsh Mountain. Individual beds - 
of graywacke and siltstone may reach a thickness of several hundred 
feet, although more commonly they are interbedded on a smaller scale. 

The strata of the Gemuk Group trend generally east-northeast 
throughout Marsh Mountain. Variations in the strike from N. 30" 
TV. to N. 60' E. are caused by relatively open folds that plunge south- 
ward. The beds along the northern part of Marsh Mountain are 
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locally overturned md dip northward st steep angle8; elsewhere the 
beds dip gsnemlly to the muth. 

Much of the bedrock of Marsh Monntaiu is coverad by s h t - r i v e n  
regolith md by tundra, and g d  outcrops am found only on the 
mountain tops. At the mine area, bedmk is exposed dcienkly well 
in m& of the tmnchee and in outcrop in the hill east of the adits 
for the major Btrnetnre to be deIineated. The main structuraI feature 
a p p m  to be an o p  qnePine trending east of north and plunging 
muth and that is faulted off by a complex fault zone. The syncline is 
best h o r n  south of the fault zone. The east limb of the syncline d i p  
about 30°, and the west limb dips 20". Smaller folds trending nearly 
east are impressed upon h t h  limbs of the syncline. A ~lharp anticlinaf 
fold on the we& limb of the syncline nmr the fault zone complicates 
the stmctm in the mine a m .  

The fault zone ia a zone of complex shearing and brmiation that 
is mom than 100 feet wide. The complexity of the faulting is best 
sem in the underground workings, where the fault consisb of many 
branching and interlacing segments containing abundant gouge and 
brecciated m k  betwmn individual faults. The fttulta have right- 
lateral displacement. In the western. p~rt  of the trenched a m ,  the 
fault zone is parallel or subparallel to the 'Idding, but in the eastern 
park it t r a m t a  the bedding & bt high angle, mil givee rise to thick 
breccia in the maaslive graywackes. The fault zone hw bean trenched 
for about 9,000 ht, but no lithologic mmltttjon mn be muds &cm 

the fault eon& 
A minette dike or tiill about 10 feet thick having chilled borders 

that am diabasic in texturn intrude9 the bedded rocks in the 3ow& 
trenchm in the northwedern part of the mine a m .  The ninette 
probably mpremnts dinbase altered by contact with water-rich sedi- 
mentary rocb (Barth, 1952, p. 82-85, 185-188). The minetfa is not. 
altared to silica-carbonate r o c k  The bedded rocks in the nort.hwest- 
ern part, and in the easternmmt part of the mapped area (pl, 7) are 
veined intricately by small white veinfets of quartz ~ n d  pmllnite. 
This type of alkmtion is m I a t d  ta the depit ion of ore but is 
distinguished on the geologic map, for i t  is ronspicuous and wide- 
s p d -  

QOfalmLTElt B-. 

UEmEML Ym-Y W f a B  oarn 

Cinnabar is the only om mineral at Red Top, md it is wmpletely. 
fiw of stibnite. The cinnabar ranges in color from clear brilliant 
red b dark, a h &  opaque, purple black. Many of the clear-red 
gr~ins have mtem of dark cinnabar. The relationship of the two 
t p  is so intimate t h a t  there cam be no question that . h t h  were de- 
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posited during the same period of ore deposition, although the dark 
cinnabar is older than the light cimabrtr. The dark cinnabar g i v e  
g o d  tests for iron by X-ray Auo-nm, and when heakd several 
hours at 650°C, it leaves a spongy mass having a high iron content. 
The dark wlor is probably cawed by d i s p r d  hematite, magnetite, 
or pyrite. Discrete p i n s  of hematite in close association with cinna- 
bar can be seen in several thin mctions. 

Brown to rad limonite is intimahly inter- with the cinnabar, 
hut iron sumdm are very ram C a r h a t e  of two ages is closely a m -  
ciated with much of the ore. The earlie& carbonate, which is typically 
pale yellowish orange, is dolomite or rtnkeritic dolomite containing 
sufficient iron to give a gad iron test. The Iahr carbonate, much of 
which was deposited after the ore, is white cryshlline calcite. 16 
forms masses as much as 10-12 feet wide and 100-150 feet long. 
Locally calcite cements breccia fragments of wallmk, cinnabar, and 
dolomita Most of the cinnabar found in calcite is breccia ore in which 
cinnabar replmd dolomite and was then broken up and merited by 
calcite. 

Quartz is B warm p e e  mineral at the Red Top mine, but it f o m s  
the bulk of one barren vein 2 inch= wide that was intersected under- 
ground. The detrihl quartz grains in brecciated and a l t e d  gray- 
wacke containing cinnabar are little c o d e d  and were apparently 
stable during om depmition. 

Clay minerals are found in fairly large volume in much of the ores. 
W l y ,  as much as asone-blf inch of apple-green dickite lines the walls 
of ore veinlets. Fractured, iron-shined, and argilIked rock in an area 
south of the fanlt zane is  mmciatad with carbonate veinlets barren 
of cinnabar. The agillized rack contains fipecks of pyrite. - 

Cinnabar ore f e x m ,  or baa been mined out, at wveral places 
along the breocis zone that follows tba fault in the main trenoh. 
Most of the ore is in the w&rn part of the breccia zone. The fol- 
lowing descriptions of ore murrenw refer to the areas marked by 
circled letbm on plah 7. 

At the mt end of the main trench, split from the main f d t ,  
zone cumen into the footwall and is mprmented by a breccia zone in 
graywftcke md siltstone (loc. A, pl. 7) .  The b&8 m u m  on both 
walIs of the fault, which is marked by c l ~ y  gouge 2 inch= thick dip 
ping 4 5 O  SE. Tha breccia on the hanging walI i about 10 fwt thick; 
the b m i a  on the footwall is partly covered by surficial materid, ttnd 
its thicknw cannot be determined. Cinnabar occurs aa a solid veinlet 
about 4 inches wide on the west end of the breccia and as diwmim- 
tions in the mrhttte gmgue cementing the brecis. Some cinnabar 



m p 1 d  bmxirt fragments of grapntcke, The northeast end of the 
vein mnsists of a large pod of barren whita calcite. 

The main fault and the b m i a  zone lie on the south side of the main 
trench east of the split and are barren of ore to a point %bod 200 
feet east. At this point (loc. B, pl. 7 )  the bfecciia widens, and a small 
vein dipping 40" S. splits into the hmghg  wall of the main f ltult. The 
mdl vein consiste of 4 inchea of barren white calcite and 6 inchea of 
breccbted graywwke cemented by dolomite on the fmtwall. Cinna- 
bar occurs in the brecciated w d l  d the vein ae a replamment of both 
dolomite and p y w w k e  f rapants. The cinnabar ranges f mm thin 
films in dolomita to solid fragments as much as 3 or 4 inches in di- 
amehr. Similar ore formed in the breccia on the footwall of the main 
fault at the intemction with the smdl vdn. Grbonshcarnentedented 
breccia extends eastward along the fault, and ma11 amounts of cinna- 
bar m p l d  breccitltd dolomite for approximawly 100 feet. 

At the firat c m s  trench east of point R, the breccia on the footwall 
of the main fault contained an ore shoot 30 feet long that consisted of 
approximately 4 inches of d i d  cinnabar (Clarence Wmn, oral oom- 
mun., 1959). Only the edgas of this ore shoot were still in place when 
the trench was mapped in 1950. A mall f~actum extends from the 
main fault into the hanging wall near the center of the ore shoot and 
may have 1ocaliaed the ore shoot. 

More ore m w r s  at 8 point approximately 100 feet east (Ice C, pl. 
71, where a small fault dipping 3S0 SW. branches fmm the main fault, 
Near the interntion the wal lmks  were brecciated and extensively 
r e p l a d  by dolomite and white calcite. Rich ore, now mined out, 
occurred in a. vein on the foot,wnRl sida of the small fault (Clarenoe 
W m 9  oral commun., 1959), btiC only discontinuous ore is exposed in 
the bottom of the pit on the vein. Cinnabar also murs  in the main 
f rrult breccia on the footwall of a large pod of massive white m-lcita 
a b u t  la0 feet long. Smnll fmgments of ore occur in the breccia for 
a distance of 50 feet east of the calcit~ pod; Clnrence Wren reported 
that good ore was mined fwm this area. Om mtirnnted to contain 
more thran 70 percent cinnabar is ~stockpild kt the portal of the upper 
adit, and mnch of this ore was obtained f som the veins dawribed. 

The maim bmcia zone is brren for the next 300 feet, as far as csn 
be det;ermined from t m c h  expmum, The fault find the breccia, zone 
dip 45" S,; both are traceable continuously up tha steep s l o p  to the 
east and am marked throughout by abundmt carbonate. Near the 
top of the hill, the trench widens to alrnmt 100 feet find exposes the 
fault, the breccia zone, and a large bamn cnlcite pod in the fault. 

A branching cinnabar vein lies at the muth side of the tmnehed e m  
on the hilltop (la. D, pl. 7 ) .  The vein is t,rmrrble for almost 200 
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faet and averages 4 inchss in width. On its west end the vein dips 
37" S. Asplittmable for 150feetcurvesoff tothasouth but isnot 
continuous in the centra-l part. The main vein and the split consist 
of a powus mass of breociated gmywncke cemented by limonite and 
minor calcita, Cinnabar occurs discontjnuously along the whq nt+ 
where occurring in quantities as psat  rts in the veins to the mest. The 
cinnabar replaced graywacke f mgmenta. 
To t-ha east the breccia zone hss B southeasterly strike, but, as the 

tranche.. are largely sloughed, the geulogic relations are obscure. Clar- 
ence n'ren skated that very little cinnabar was found in the eastern 
part of the trench. 

No cinnabar was found in the trenches transverse to tha main breccia 
wne. 

081: kltPOBm BY mi: ADIPB 

Two adits, at altitudes of 1,040 and 1,136 feet, explom the snbsurf we 
D 

continuation of the breccia 7~ne .  The geologic reIations in the adits 
and a cross section through the adits are shown on plate 8. The 
upper7 or Na. 1, adit intersects the fault zone about 50 feet vertimlly 
beneath the surface exposures in the main trench; the Iower, or No. 2, 
adit intersects the zone at. R point about 150 feet below surfam expo- 
sum. A pronounced, stluctural and lithologic break occurs acmm 
the fault zone. 

In t.hm upper adib the cinnabar mcurs as discrete small veins that 
branch from the main faults, as breccia fragments in or along massive 
white carbonate pods, and as disseminstions in fractured p y w a c k e  
(pl. 8) .  The cinnabar-bearing veins range in length from 8 few feet 
to a t  least 4U feet, and cinnabar in the veins r a n p  in thickness from 
less than an inch to ss much as 3 inches. M s t  veins are less t h ~ n  2 
inches thick. Some are bordered by zones of bbrecciatad gmywacke; 
cinnabar is dimemhated in the breccia. Diwminated om is entirely 
canfind to brecciated grapwacke, or to interbedded graywacke and 
siltstone and is mmpletely l~acking where vein walls a m  rnmposed of 
massive siltstona 

The most continnous vein is exposed in the sonthmst drift. This 
enin dips 70" NE. where it splits from the fault that the drift follows, 
but in the face of the small cmmua. along the vein, the dip has flat- 
tened to SOo (pl. 8 ) .  Near the fault the vein contains ns much as 2 
inches of golid cinnabar, and the hanging wall of becciated graywacke 
contains considerable amor~nts of diwminatml cinnabar. In the face 
of the rrosscut along the vein, the vein narrows to 2 inches of brec- 
citttd grrsywacke containing disseminated cinnabar. 

Rrmiated p y w a c k e  ~ssocirtted with a small vein trending north 
is intersected by the northwest drift of No. 1 adit. The vein dips 



52'-70° W. md l w l l y  contains 1 inch of d i d  cinnabar. The brec- 
ciated graywacke on the east side of the vein locally contains an esti- 
mated 1-2 percent cinnabar in fractures and in replaced gcaywacke 
frspents. Several other small veinleis, d less than 1 inch in width, 
are exposed in the dit.  
The lower {No. 2) adit exposed cinnabar only in the extreme eastern 

pafi of the northeast drift. EIere cinnabar arm in a distinct vein 
dipping 65" S, and as d isseminntiona in brecciakd gaywacka, in part 
srgillid, thmnghout the 1 s t  30 feet of the drift. The ore extends 
beyond the drift heding. The ore lies on the footwall of l a w  barren 
calcite pods along the faults. Dark limonite is mnqicuous in the 
f rsctured walls. 

A grab sample of muck from the drift assayed 0.59 pernut mercury, 
and rr large grab sample from the dump, representing savenrf cars of 
muck from the heading, assayed 1.IN percent msrcurg. 

The distribution of cinnabar in the undergmund openings shows 
conclusively that massive graywacke walirocks were distinctly more 
favorable sites for ore deposition than was the silhkona Cinnabar is 
widespread in the upper adit, where most of the wallrocks are eithsr 
graywacke or interbedded graywacke and siltstone, Most of the drifts 
in the lower adit followed faults whose walls are massive siltstone. 
Faulting in the $lt.stone gave wide zones of impervious gouge, along 
which solntions penetmbd with d%culty. Where the east heading of 
the lower adit intersected massive graywacke, it pnetratad are. The 
massive gmywacke was brittle during faulting, and it &turd ta 
give abundant breccia and open spaces along which ore-'bearing soh- 
tions penetrated freely. 

The cmmplexity of faults in the underground workings is notable. 
The zone of branching and interlacing faults is distinctly arcuate in 
curdigurntion and refla t.he tendency of the faults to follow the bed- 
ding around the nose of the plunging fold intersected by the fault. 

Several ages of podrnineml izntion movement along the fault zone 
sre shown by striations and mullion structure on the massive calcite 
pods in the adits. The movement, was wmistently right lateral, and 
at two place striations show that earlier postmineralixation faulting 
moved the hanging wall u p w ~ r d  att an mg1o of 47" W. The Istest dis- 
plrsaernent was similar in direction but. was upward a t  an angle of 30". 

BTRUCT~E~L 00~01.1 QF om n-oa 

Tha cinnabar ore st Radl Top mine was depsited principdly along 
open channels. The main channel was created where a regional fault, 
probably a bedding-plme fault, intemwtd a plunging fold and pro- 
duced a complex bmccia zone. Some are was deposited by replaw- 
ment of b m i a  fragments and of early dolomita in the maid breccia 
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zone. Much of this ore was broksn and displaced by later movement 
and then sealed by calcite; the lster fracturing and sealing of the ore 
with barren calcite reduced the p d e  of the early ore, 

The best om now unmvered is Imrrlized along distinct veins in rela- 
tively brittle graywacke or is disseminated in fmctnred brittle gray- 
wacke. The massive siltstone contains only isolated specks of cin- 
nabar. 

O W  G W B I r n  

The ore solutions at Red Top migrated upward from depth along 
the fmlt zone from an unknown source. The ore was deposited in an 
oxidizing environment where hematite and probably limonite cmx- 
isted in stable ~pssemblage with cinnabar and dolomite or ankeritic 
dolomite. The carbonate and limonite may hme hen precipitated 
from circulating ground water that m i d  with the ore solutions, The 
paucity of hydrothermal quartz nt Red Top is noticsable as compared 
with that at the other cinnabar deposits of the Kuskok w im region. 
The association of dickits with the ore indicates that ore deposition 

occurred below a maximum temp~r~twre of 305" G (Ewe11 and Insley, 
1985). Right-latern1 f rrulting having a larp strike-slip component 
occurred after the deposit ion of much, if not all, of the barren mlci te. 

Future exploration at Red Top should be pIannki with the following 
factxns in mind : 
1. The best am along the main breccia zone is found in veins that 

split from the main vein or am at intersections of c m  fsnlts 
with the main fault zunk New trenches, therefore, ~hould be 
wide enough ta eqmm the walk on lmth sides of the central 
breech, t ~ s  was done in tha &-central part of the main tmnch. 

2. The mmpatency of the mllroeks seems to have been a major factor 
in Iwlizing om. Th e  fractured p y w a c k e  is a distinctly more 
favorable site for ore deposition than is the siltstone, and hence 
~xploratiw openings should be d i d  t o w a d  the intersection 
of massiva gray w a c h  with the main fault mne. The northeast 
heading of No. 9 adit is in om in gmywacke and should be ex- 
tended as long as it  remains in pywacke ,  even though the ore 
mag not be continnous. The northwest heading of the No. 2 adit 
should enter predominately gmywncke wallrods on the north 
side of the fault if extended rtppraximnhly 100-110 feet. 

3. The large white d c i t e  @s genemlly eonttain 'Ldrag ore" only and 
for the most part. formed after mineralization. They do, how- 
ever, indicate areas where abundant open spwm once existed. 
(Note the dm& complete absence of arbonate p& in the 
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sheared siltstone q m d  by No. 2 adit, pl. 8.) Them open spaces 
pmnmably f a w d  entmnw of ore solutions a9 well as mlutiaw 
W depositad the calcite. 

4. Neither of the adits ~ a f l  be said with certainty to have p m d  
through tha fault zone. Om shoots comparabie to t h a  e x p o d  
may exist dong f auks not yet expod .  If s crosmut is extended 
completdy through the fault zone, however, it should be driven 
so as to inters& massive gmywmke where overlain by massive 
siltstone. A small amount of additional trenching md detailed 
geologic mapping could outline the awa where the massive gray- 
wacke that forms the entire hilltop at the mine (KC= on the 
geologic m p  {pl. 8) ) is intersected by the southernmost faults 
of the fault zone. This intersection a m  should k~ especially 
favorable for ore, 

COMPARIBON OF ALASKAN DEPOBITB TarR 
DEPOSITS ELSEWHERE IN THE: UNITEX) 8TATE8 

The quicksilver deposits in southwestern Alaska are similar in many 
ways to de@ts in the Western States tht have been studied in detail 
and mined for extended periods of time. The Alasksn prospector and 
operator interestad in quicksilver, therefore, should be able to gain 
valuable information from the large amount of published literature 
availabla Becker (1888) gave one of the earlier descriptions of many 
of the quicksilver deposits of the Western United States. Severd 
fundamentrtl conclusiom set forth by Becker still apply to mmt quick- 
silver d w t a  of the world and ~qwia l ly  to thow of the Western 
Stam. Some of these conclusions that are applicable to Alaskan 
deposits are listed below : 
1. QuicZGsilver deposits are grouped throughout the world in amas 

of relatively m n t  deformation or volcanism. 
2. The mineralogy of quicksilver o m  is relatively simple; the ore 

of cimlahr or m-cinnnbar and, in mme p l m ,  ~f 
n~btiva mercury. Stibnite and pyrib often accompany the cinna- 
bar, as does arsenic in smaller amounts. 'Copper, zinc, and, more 
rarely, 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 carbonah in the gangue is 
generally determined by the carbonate content of the adjacent 
wa1Irock. Barite, fluorite, and hydrocarbons am found in wme 
cinnabar deposits. 

4. Cinnabar most comnonly fills open fractures, and more rarely it 
exbn~ively replaas the wallrock Thus, the prime requisite for 
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a lode quicksilver deposit is some type of porous zone in which 
hydrothermal solutions deposited mercury. 

Although modifications have been made in Becker's ideas, these 
generalizations have been confirmed by many subsequent workers 
(Ross, 1942; Dickson and Tunell, 1955; Bailey and Phoenix, 1944) 
and are true of the Alaskan deposits. 

* Bailey and Phoenix (1944) studied 150 quicksilver deposits in 
Nevada and found that they could group the deposits into 8 types 
named by reference to the enclosing rocks in accordance with miner's 

w usage (Bailey and Phoenix, 1944, p. 14-27). These types, some of 
which are identical with those of the Alaskan deposits, are as follows: 

Name Host rock Main characteristics 
Sulfurous - - - - - -_ -  Tuff, granite - - - _ - - - - -  Low grade, abundant sulfur. 
Opalite_- - - - - - - - - Opalite formed from Large tonnages, low grade. 

siliceous volcanic 
rocks. 

Volcanic-- - - - - - - _ Lava, agglomerates; Grade variable, abundant clay 
generally andesitic. alteration, pyrite. 

Diabase dike - - - - _  Diabase - - - - - - - _ - - - - -  Rich ore localized by the structure 
in the dikes; shale or gouge 
traps common. 

Interbedded Sandstone, shale, Variable size and grade, localized 
sediments. limestone, chert. by fractures; minor replacement. 

Limestone- - - -  - - - Limestone-- - - _  - - - - - -  Rich, erratic ore; replacement of 
limestone common. 

Metamorphic- - - - Metamorphic rock-- - - In roof pendants; generally not 
important producers. 

Granite- - - - - - -  -.. Any granitic rock..- _ _  Metacinnabar very common; 
localized along faults or shears; 
high grade and small. 

The Alaskan deposits for the most part represent a combination of 
the interbedded-sediment and diabase-dike types of ~ a i l e ~  and Phoe- 
nix, although the limestone and granite types are represented by the 
deposits at  White Mountain and Kagati Lake, respectively. The 
Alaskan deposits, therefore, may be expected to be roughly comparable 
to similar deposits in Nevada in general ways. Bailey and Phoenix 
compiled the production figures for various types of mines in Nevada 
and arrived at the following generalities, which have been quoted 
from these authors. 

At best it is diflicult to estimate the potential worth of a quicksilver mine or 
ore body while it k still in the prospect or development stage. Because it has 
been possible to group quicksilver deposits into a few geologic types, some 
pertinent generalities on expectable yield and expectable grade of ore can be 
drawn. These generalities, however, must be applied with caution for they 
can only be based on averages, and some individual mines depart rather widely 
from these averages. 

The ore bodies of the depasits of the limestone and basic-dike type have been 
the richest, but as they are localized in relatively small compact bodies, they 
are the most difficult to find. Ore bodies of this type probably will yield the 
greatest returns on investments if the profits are not expended in seeking for 



other ore bodiea; certainlyv thelr orecl can be m i n d  d d n g  perIda of normal 
peamtlme ~+lces. 

KMq~m1ta of the ~olcanlc hype In most cases are rnmlerately large and mn- 
t l n n o ~  and tbey mntain a m d n m  grade of ore. 7Ren?fore, ore can be blwked 
out In the advance of mining, with the m l t  that it 18 gmerally paajble to 
detwmlne the most adpantagems Bixe of! fnmace and metbM of mining. Some 
of theee d e m b  mined In the past contained ore that would pleld a proflt when 
the price of qnicksllver was shut  $13) a flask ; others contain4 ore of slightly 
lower gmda 

7 

Depmit~ of the opalite type a- large and are cheaply mined, but the o m  
a m  nmrlg e~erywhem oi low grade. While theg can be mined on a Iarge scale . 
~ 4 t h  gmd proflt during the perloda of hi@ prices. m& d them cannot be mined I 

profitably during p?ri& of low quick8ilr~r pdcea 
Other ai deposlte appear to show such wlde varIattoo that It la  Im- 

m c t t  cal t o  make any generalizations &bout them. 

These generalities will p d b l y  be of urn to Maskan prospectors 
and operakm as p e m l  guidelines, for the informstion amumulated 
tm date on the Alaskan deposits i n d i ~ ~  thst most of the fomgoing 
genemljeatiom hold where applied ta the Alaskan deposib. 

ORE QENEHIB 

o m -  
A Zull dimmion of th8 ideas of the genesis of mermry deposits is 

beyond both the mpe and usefdnm of this report. Excellent sum- 
maria of curmnt theory hearing on the transportation and da@t,ion 
of cinnabr have been published in recent yen- anch M- those by 
Dreyer (1940), ROBS (1942), Kmuskopf (1951), and D i h n  and 
IFanell (1955). In general, the litamturn eeerne Ito favor the inter- 
pretation that cinnabar is tmnsported in alkaline d i u m  mlfide solu- 
tions, although Krauskopf (1951, p. 521) canduded that transport 
as the volatile chlarid~ or as mercury vapor is possible and D. Em 
'White (oral mmmun., 1960) s u m  that tfansportation as an 
oqpnic complex may also be a possibility. Tran~portation of mercury 
as a colloidal dispersion or as a supersaturated mlution of mercuric 
sulfide cannot be proven unreasonable, a m d i n g  ta Krauskopf, snd 
transportation a9 sulfomercuric mid, a1 though m m  ingl y unlikely, 
cannot km ruled out. Krauskopf further pointad out that cinnabar 
disasmciates mmpletdy at temperaturn well below 300" C in the 
prmnce of moving was md offers this p r m s  as an explanation 
of the separation of mercury from other ores-that is, at temperatures. 
at which other ores deposit, cinnabar ia &ill disassociated and travels 
to mgions of lower temperatures. 

Although the chemical composition of the solutions that transport 
large amountp, of mercury cannot mtegarically be statd.to be alkaline 
mlutions of sodium sulfide, deep-mated thermal waters probably con- 
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tain Has; mixing of thm waters with connate mtar may introduce, 
sodium chloride, evan if mdium chloride wm not present originally. 
I f  these solutions are alkaline (high in OH-'), they will contain both 
Ns'l and S-2 ions and therefore should be ttnalagous to solutions of 
d i m  snltide. Hence, the assumption is not unreasonable that cinnn- . 
bar is transported to the final point of deposition in such solutions, 
at lea& until it is shown that such solutions do not or cannot exist. 

The fmtors leading to precipitation of cinnabar from an alkaline 
sulfide solution were raviewed mast m t l y  by D i c h n  and Tunell 
(19551, who made additional l a h m t o ~  experiments involving the 
solubility of cinnabar in aqueous solutions of sodim sulfide and 
d i u m  hydroxide at tmperatum of $?so, 5OU, and 75°C. The main 
conclusions e x p d  by Dickmn and Tunell in the system Na,SHgS- 
H,O are as follows : 
1. Solubility of cinnabar and rnebjnnabar dwraasss with inereas- 

ing tempe-ure to about 35°C. M W h b l c r  is more soluble 
than cinnabar at all t h m  tamprstures, but the rwlubility of 
metmimabar decreases with increasing tempamturn at a greater 
rate than the solubility of cinnabar. In the temperature range 
100"-200°C, solutions of Na2S mn carry plogically significnnt 
amounts of cinnabar, although it should be pointed out that the 
solutions of NazS u d  in the laboratory are abnomally 
aoncentmtd. 

2. Dilution by watar of a saturated solution of msrcuric sulfide in 
godiurn sulfide causes precipitation of cinnabar. 

3. Iothermal evaporation of a saturated solution of oimab~r in 
sodium sulfide causes the solntion to become unsaturated and thus 
mpablo of dissolving mote cinnabar. 

4. Removal of sulfur (by oxidation) horn a mturated solution of 
cinnabar in sodinm sulfide causes pmipihtion of cinnabar. 

In the system NanSHgS-Na,O-H,O at tempemturns of 2S0 and 50" 
6, pracipitation of cinnabar is brwght about by ( I )  increasing tern- 
pmlture, (2) diluting with water, or (3) mnwing NhO, thus reduc- 
ing the concantration of Na,S, Lnc& mlubility of cinnabar is 
bronght about by (1) evaporating d e r ,  (2) cooling, or (3) increasing 
the concentration of NhS or Ns,O. It is inherent in the experiments 
with alkaline mlntions, and expressly mted by mast wartrers, that 
dmremdng the alkalinity of a sodium salfida solution by any method 
will cause rapid precipitation of cinnabar. 

Of direct application to the pmblem of the genwis of the mth- 
western Alaska quicksilver deposits Is the additional evidence dven 
by Recker (1888, p. 430434) that smnio and antimony are readily 
mluble in solutions of sodium sdfide, as are small amounts of pyrite 



70 QUICKBXLVER DEPOBlTB OF SOUTHWESTERN ALASKA 

or maronsib: zinc, copper, and gold. Becker also d 8 m ~ ~ 1 ~ t d  that 
rapid dilution of concentrated mlutions of HgS in NaZS precipitates 
black amorph w s  HgS that contains minlite globu3es oi mtive mercury. 
Dreyer (1940, p. 881, however, wuld not mnfirm Bder's  m l t s ,  bnt 
he did show that colloidal mercury is deposited. Thus, B method is 
available by which small amounh of native m e m y  can be derived 
from a cinnabar-bearing s d i m  sulfide solution, and the deposition 
of native mercury together with cinnabar is expl~inabIe by normal 
depositional factors applicable to hydrothermal solutions. However, 
it should be pointed out, that no natural thermal waters equivalent to 
the alkaline sodium sulfide mlutions used in laboratoq experiments 
have been found to data in nature, althongh Whib (1967a) showed 
that many alkaline thermal springs contain NaCl and low wncen- 
trations of HzS or sulfides. 

The rnineralogic and strnctum~ features of the cinnabar depmits 
of southwastern A h s k ~  can be explained reasonably by w ~ n m i q  thd 
the cinnabar was transported from an unknown source by hot s lh lhe  
sodium sulfide solutions. Deposition was probably mu& principally 
by factom clmly connmkl with mixing of am solutions with ground 
water. The main f w r s  wem probably o m i o n  of 
Na,S solution by p u n d  water, and incmase in addjty of the om 
eolutions by mixture with acid water derived by oxidation of d f u r  in 
hot springs or other near-surfam system or oxidation of ~ulf ide  
minerals prepioudy depositd or available in the k d d d  rocks-- 
aspmially in the snlfid~beasing dikes 

ROLE OF THE 

The ides, of the genetic assmistion of the qnicksilver depita of 
muthwestern Alaska with altered dikw seeas to have become firmly 
implanted among the miners and prospectors in the region, probably 
as a direct result of the following statement made by Smith (1917, 
pm 147) : 

me mfneralfmtion br  which the quickstlver was introdnced clearly Beems to 
have actompanled the Intrasion of the dike rocks. The neighborhood at these 
intrudtrea ia therefore the place to prortpect for qnlclcrrilver lodea. 

AB a d t  of their dudy, Cadp and others (1955, p. 104) mncluded : 
The gwdogfc relatlomhipa d the qulcldlvw depd2s  am mmmkably elmilar 

tbwghout the region. The d e m h  consist of Irregular W e e  of cinnabar, 
Mrmmanlg b a t e d  wfth the antimony mlneml ~ t i h n l k ,  In h& mkm that 
comprise chiefly biotite basalt and adjacent graywacke and &ale strata of the 
Knskokwlm map. 

On p. 105 they dso stated : 

The loelttion md form d the qnlcksilver lodes are tontrolled cbielly by m e 0  
of haehre that have developed at  the contacts between formatinne of con- 
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h g t h g  ~lllpetacy. These are principally contacts M e e n  the biotite healt 
SLUE, which have been altered t o  Bilicacarbrmate m k ,  and adjoining less C o m p  
tent gragwacke and shale. 

During the present investi@on, the continued preoocupation with 
dikes or sills was evidenced by statements of pnxpectars and others to 
the effect that L'the dike m k s  carry the m e m u r y . ' ~ ~ v e n  geo10gists 
and m'bning engineers have serIonslg proposed that tbe cinnhr w a ~  
derived d i r e l y  from the dikes dmmg the late stage of crystdimtion 
of the dikes. It is therefore pertinent to point out here the compelling 
evidence that the cinnabar d e p i t s  are not gexletiea1ly related to the 
dikes that at times form the host rock of the deposits The evidence is 
as follows : 
1. Some of the known depasits are not associated with igneous rocks 

(White Mountain area), =me m in granite n a  wntaining dikes 
(Ragati h k e ) ,  and at Feast one promising deposit (Red Top 
mine) is unrelated to the only dike exposed in the mine area. 

2. The ore bodies everywhere show a much d m ~ r  relation to faults 
or shear zones than to dikes, dthwgh the i n k m i o m  of dikm 
and faults is a partidarly ikvorable stmctwre for deposits. 

3. The om is younger than the young& of three type of dikes at 
one property (Rhyolite). Hence, one cannot sensibly assip a 
genetic asmiation with any of t.he three types, which include 
such ~ 1 o g i c ~ l l y  d i p e ~ n t  t y p  as d i a k  and rhyolite. 

4. At Red Devil mine, the time between the emplacement of the dikes 
t h a  Icmljzed the om 'bdlies and the int.roriudion of cinnabar 
was so long that cumulative displacement of the dikee along 
preminamlization crw+c.ut.ting faults is as much as 800 feet, 
ttnd individual fault displmm~~nts  are wi much as 40 feat, 

5. Most dikes observed in this study are bleached and a l t e d  and 
contain specks of iron sulfide; only B few mntain cinnabar. The 
authors agree with C d y  and others (1955, p. 107) that much of 
the alteration of the dikes took place before the introduction of 
the ore minerals and, in hct, may have been unrelated to actual 
om depositi~n~ 

However, the fwt that most, of the deposits am closety associatecl 
with dikes must ke explained. The writers have considered the fol- 
lowing pmible  explanakions : 
1. The alterad and silicified dikes were brittle, W u d  readily, and 

thus provided the primary m x s s  chmnels for ore solutions. 
2. The frra&ud dikes were mom permeable than the enclosing mlm 

and provided -tar amounts of om solution or of p u n d  water, 
which di lu td  the ore solutions md prurnotd depit ion of 
cinnabar. 



3. The dikezi whined residual heat, which promoted the depmition of 
oi-bar by raising the tsmperatum of the ore solutions. 

4. T h e  dikm or, more significant, the amas near the djkm p r o ~ d d  
a chemical environment mom favomble for the precipitation of 
cinnabar than did the f&ud graywdtw along the faults. 

5. The quicksilver was derived from the dikes by l a t a - s t ~  devteric 
solutions. 

Of these factors, 3 and 5 are refuted 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 Alaskan quick- 
silver deposits to dikes would require that the A W c n  deposits be 
considered as a separate entity from the circum-Pacific belt of quick- 
silver deposits of which they am a pad. The assumption of a genetit 
m i a t i o n  of the deposits with d i k s  leaves u n q l a i n d  the deposits 
in limestone, dolomite, and graywacke. Factor 1 1 probably valid 
if modified to the extent. that all competent m k s  that were shaktered 
by faults am potential ore channels. 

The writem favor fadom 4 obnd 2 in explaining the localization of 
ore in the altered dikes. In this regard, the fractured d i k  h m a  
a contributorg factor to the localimtion of ore, rather than 8 n-ry 
om+ by providing physical w chemiaal conditions near #e dikea thak 
led to effective deposition of cinnabar near dikw along ore channels 
which may not have bsen confined to rthe diks .  

The pyrita found in a11 the dikes and the fact that the pyrite is 
lacking in the upper parts of the dikw where the dikes are intensgly 
argillimd suggest that acid sulfate mter was generated near the dikes 
by weathering of pyrite. The abundant dickite in the ore veinlets 
sugg&s an mid wvimment (Grim, 1953, p. 384). Thew- facts sug- 
gest to the authors that, one function of the dikes in localizing ore was 
h d i m  acid sulf ~ t e  waters of surfrace origin into the hydrothamal 
system near the dikes and thus muse precipitation of cinnabar from the 
ore solutions by ( 1 )  rapidly reducing the alkalinity of the solution, 
(2) diluting the solutions, and (3) remwing sulfur (by oxidation) 
from the solutions. The fact that ore shoots are generally richer near 
dikea may reflect the rapid and complete precipitation of cinnabar by 
several factors; in contrast, only one, or ppoe3sibly two, precipit~ting 
factom were at work in the formation of leaner deposits. In the 
deposits in limwbne or graywacke, the prime muse of precipitation 
was dilution of ore solutions by ground water distinctly less acid than 
the sulfate waters near oxidizing dikes. The abundance of carbonate, 
including calcite, in many of the depmih and the iron wsquioxidss 
("limonite") clmely intergrown with the oms are strong avidence of 
deposition in the ground-water mne, far the solubility of iron oxides 
(or hydroxides) and carbonah is extremely low in thermal w a r n  



ORE OENESIS 73 

(Hem and Cropper, 1959; White, 1957a). Hen- the authors am in 
agrwrnenlt; with Thompson (1954, p. 1961, who &Eed that hydro- 
dynamics may be very important in the deposition of cinnabar ores. 
Close attmtion to the hydrodynamics of p u n d  water in any partic- 
ular area may give m f u l  information in marching for Iocalized om 
shootas--for ~ x m p l g  projection of a poFoas bed or breccia zone .to its 
intsmtion with a hydrothermal conduit. 

In many of the deposits herein described, hydmus f m n  oxide (hem 
called limonite) as well as hematite is d m l y  associated with cimabn.r. 
Part of the limonite is postminemlication m d  is the mult of mprgme 
weathering. Some limonite and hemtttjte mere d e p i b d  with the 
cinnabar, and some limonite predates the cinnabar. The problem of 
iron oxide minemls in deposits formd near t,he earth's w ~ r f m  was 
discussed by C. P. Rom { 1942, p. 460-64 4, who stated : 
Obvi0111313 lda formed as indicated above, In part undw the InfltIenm d 

oxygenated water from the n p p m m t  7anm of rlrcnlntlnn of water under 
giomd, win have charactwlstic mlnemlogEcal f~crrtorm that: ally them with 
parts of idea of other kinds that have b e n  a l t~md after P ~ I O I I  bas brought 
Zhem lnto t h w  u-r xones. Under aucb cnnditiona the mventional dWerenm 
between au-ne and hypogene p- and mlnecal& bemme AEftIcult ta 
apply. The m m r e  of oxlde.9, men bydmas oxjdm, in a qnick~llver d m i t  Ie 
not necwraarilg proof that Ruperffene p m e ~ w ,  In the oM1mrg mnse, have been 
ornrative. 

Thin sections of om specimens from the Kuskokwim e o n  show 
hydrous iron oxidea (limonite) and hematite intimately mixed with 
the cinnabar ore. Severs1 specimens are made up of breccitated p y -  
wacke f ragmen& cut by veinlets of limonite, often containing specks 
of hematite. 'Xlre fsct thnt the limonite veinlets am cut off by 
carbonate veinlets that contain cinnabar shows that some of the limo- 
nite predates the ore. Some of the limonite veinlets o n t h  c i m b r ,  
and in many veinlete, a complete pdat ion  seems to exist from brown 
limonite through deep-red-bmm limonite to cinnab~r. Some of the 
ores contain small fuzzy clots that in thin sect.ion are seenr to be an 
intimate mixture of bleds of limonite and cinrrabw. In such patcb~, 
the p i n  size of the cinnabar and I irnonjta varies diredly. This fwt 
guggesta that they were deposited simu1ta;nmusly. 

Some evidence, however, suggests that some limonite is supergme 
in origin. The amount; of limonite in the Red &viI ores decreases 
with depth, althaagh ore specimens from the 450-foat level contains 
m e  limonite. The 450-fmt level has been beneath the water table 
8km the ores were depmited, for the mine is well below the Rusk- 



kwim River and the Kuskokvrim is an antemdent stream. In mma 
spwimens of ores and wallmk from other deeposits, the limonite rima 
pyrite grains, penetmm into the m k  along late fractures cutting o m ,  
and forms thin films around mineral p i n s .  Such 1 limonita is without 
question supergene in origin. The close m i n t i o n  of hematite with 
cinnabar is more difficult to explain as the result of wmt,heringq 
cspscially where the hematiu ocxurs in the dark cinnabar. 

The mlations between some of the iron oxide and the om and gRngue 
minerals are most easily expltcind as a mult  of simultaneous depsi- 
tion. Whether the imn wns originally present in the ombearing soln- 
tiom or whether it was bro~tght into the hydmthsrmal system by 
pound water cannot be stated with certaint,~. The evidence indicate 
only that iron oxide and cinnnbar wsm deposited sirnultmeously. Tha 
mxistmm of hema~tite and cinnabrcr mt her than pyrite and cinnabar 
&rid the assumed composition of the Ruida depsiting hematite 
and cinnabar, however, nnd it is  instructive to me whether such fluids 
can be ~xpected in hydrothermnl systems. 

T'he Iimiting conditions under which cinnabar and hematite can 
coexist in the presence of the sult~te ion, which would be prment near 
the slterEng diabass dikes thet contain pyrite or in oxidizing sulfur- 
bearing hydrothennsl waters, were discussed in 1959 with Prof. 
Konrrtd R. Krauskopf at Stanford Univmity. The writers are 
indebted to Dr, ICrauskopf for suggmting the following chemical 
quatione tbat enabIe us to investigate the chemical ch~racteristics of 
hydrot,hmal ~ p t e m s  in which %he possibh mineral combinations me 
cinnabar-pyrib, cinnabar-pyrrhotite, or cinnabar-hematite. Under 
standard conditiooa-which are a ~TBBBUPB of I fitmsphm and a 
temperature of 25OC--the following equations m valid (data from 
Lather, 1959, are d): 

* Alrhrevlatlonu u d ,  and their meaning, am w f ~ U m r s :  
PI-ehctwn 

lT+l-hydmgm ion 
A l r~ ' - thP  otnndard fm onergg o l ~ i m  

armCMty 
kcal-klWloriea 

E'-~I~cwical pAmtlal (vo\tsRP) of tbereaethn 
V-volts 
k-eqnllibrlum Cm?hnt 

En-oridstion potantin1 nuder exparImental wndltlons rne#md wimt the- mdarU hpdrqrm 
ekttode 

R-gar amshrnb 
T-ahmlutc tempcatme 
n -number o t e k b m s  
F=the fiusday 

pR=nagatlve logarltbm or t h  hem ion m-&nm tw~dity)  
lo-Iwarlthm 
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aFm0=+100,47 k d  par mole; Ela=0.544V 

11H,Of 2FeS=Fe&lf SO,-*+ 18r1+22A+l (3) 

&FRO= + 138.45 kcal per mole; Ea0=0.333V 

AFRO= +270.29 kcaI per mole; E~'=0.392V. 

* 
The equilibrium constants (kl 2s) of them rwctiom am: 

and 

? 

If values am assigned to the mncenhtion of ions involved in the 
foregoing equations, the potentials of the mtions can be computed 
using the standard equstion: 

Aasurne that the concentrations of Hg* and SO,-' are 10" mob per 
liter, and mpwm the H+%concmtration in t e rn  of pH; the potentials 
of the &se reactions m: 

Ehl=0.489V-O.OBpH, 

Eht= 0.293Y - 0.073pH, and 

Ehl=0.352V- O.M6pH. 

As mercury can be tranaporkl a chloride md as many minera: 
waters are high in chloride, the following equtltlon is also considered 

AFRO= + 78.9 koal per mole; En= + 0.428V 

Eh = 0.353V- 0.059pH (Cl-1 noncentration of 1 mole per liter) 

1814W4 



Fqme 11 is an Eh-pR d i m  b a d  on t h w  four equations. 
The d i q p m  dmonstmtm s. rxlnsiderable overlap of the stability fields 
of HgS and F+O,, if cinnabar is carried in qneoas solution containing 
SO,-2 and free of chloride, and a r e d u d  overlap in mlutions am- 
taining I mole per liter of chloride ions. 
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No thermodynamic data am available for cdcullations at higher 
tempemtm and pressures ; however, Dr. Knuskopf suggested (om1 
mmm.,  1962) that the assemblages would be stable at higher tern- 
paraturas and pr~rssums- 

More elabomte d i q p m s  could be constructed to show the effects 
of varying concentmtim of SOra and Rg+"or to include equations 
exprerssing the stability of cinnabar in t e r n  of p m m  of sulfur. 
However, QUr intention hem is to show only that cinnnbar and hematite 
can coexist in hy d rotl~errnal solutions, as was observed in specimens of 
ores from the Alaskan depmits. 

The fact that many surface and subsurfam watam, including dwp- 
well watem, contain SO,-"n concentrat,ions qua1 to or W r  than 
lo-& molar (Hem, 1959, p. 64, 77, I&?) indicates that admixture of 
gmmd water and ore wlutions carrying mercury muEd cause simd- 
tmeou~ precipitation of cinnrtbetr and hemat,ite at depths wnsiderably 
below the watsr table. In regard to the localization of ore near dia- 
base d i k q  the depth to whirh sulfate-bearing water derived by oxida- 
tion of pyrite in a dike would dewend along h t u r a s  in the dike i s  
unknown. However, Brown (1942) pointed out that watem from 
oxidizing sulfide  deposit^ reach densities sufficiently high to enable 
them to panetrate below the'water table, ~ n d  Gilluly (1942, p. 30S303) 
showed that the pre-bent  wathering of the ore body at Ajo, Ariz., 
WaB u * * * co!~tmlled by Iocal paths of deep p u n d  water circula- 
tion." Hence, sulfate-bearing waters are not confined to the zone of 
v a d w  water, and hematita could be deposited well below the water 
tabla, as pmbably happened in mme of the Alaskan quicksilver 
dapmits. 

The carbonatas that form the gangue of many of the cinn~bar ve& 
could have come either from the hypogene ore-forming solutions or 
from meteoric w a r s  that mixed with these solutions, but they more 
likely came from cold meteoric wirtem, Several workers (w 1942, 
p. 452) pointed out that carbonate gangue in cinn~bar deposits is corn- 
mon where the encIosing rocks cont nin notable amounts of earbanah 
It is not m a i n ,  however, whether the carbonate is derived by leaching 
of the carbonate from wall rocks by hydrothermal solut.ions, wit1 
subsequent deposition fmm these dutiong or whether the carbonate 
is derived from meteoric waters that dissolvedl carbonate from the 
country m k  and then mixed with hydrothermal watem. TVhita 
(I 957% p. 1652) emphasized that the solnbility of calcinm carbonate in 
a thermal &nm chIoride water is very Ilow at 20O03W0C and thnt 
such hot thermal waters may come in cant& with limestone without 



dimIv;nP dcium carbonate. The calcium carbonate m n h t  b m e s  
sppmciable only after the solutiona have coold and have lwched 
calcium from the wallrocks in the cooler envimnmsn t. 
The intimate dakion of csrbnate and hematite or limonite in same 

of the quicksilver d e p i h  herein described suggeds that b t h  were 
deposited sirndhneously. 'rhe lnrge volumes of mxhnate ( p m  
dominantly calcite and minor early dolomite) with or near t,hhs cin- 
nabar o m  indicate th& the hydrothermal dutions that deposited 
the ores or the solutions that mixed with the ore soluYions probably 
contained n b 1 e  mncentmtions of cdcium mbonah in kta &ges 
and probably lesser amounts of magnesium carbnata in earlier stages. 
In view of t.he low solubility of calciurn arbonate in hot wfttar and its 
appreciable solubility in cold water, the carbonate in the, cinnahr ores 
is mmt easily accounted for as having hen carried into the hydro- 
thermal ~ystem by admixture of meteoric water, which precipibted 
carbonate during heating. At the same time, the dilution of the I 

hgdrothemd solutions by the meteoric water caused precipitation of 
cinnabar. Any iron in mlution in the metmric waters would be pre- 
cipitated both by heating and by the inc~ease of pH, thus leading to 
the intim* mixture of limonite with the cltrbonate rcnd ore, a feature 
common in the Alaskan om.  The low solubility of iron oxides and 
hydroxides in water having a pH of about 5 or more could be c i td  as 
evidence that the hydrothermal solutionq if they were d kaline sodium 
sulfide solutions, could not have contained significant arnonnta of iron 
ta deposit pith the cinnabar. However, the iron need not have been 
in solution, for it  oould have traveld as dispemd hydroxides. 
N~mrthelesa, the iron wm mare &ly brou~ht in from wid ground 
waters t b n  transportsd in the hydrdhennnl mlutiona. 

Spimens  of o m  from several of the deposits were submitted to the 
laboratories of the U.S. Cdogical Survey for semiquantitative spec- 
trographic a n a l p s  The m ~ ~ l t s  are shown in table 1. 

Most of the  sample^ analyzed wem relatively rich in cinnabar and 
weighed from a few otlncss to half a pound. The analpa showed 
that small amounts of &her metallic dements mompmy the cinnahr, 
R fact, pm~iotlsly pointed out by Ross (1042, p. 4 5 W 1 $ ,  but t h t  few 
of these are prawnt in amounts significantly greater tban their normu1 
crustal abundance. 
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The gpectmgraphic analyses should be interpmtd in the light of the 
normal crustal abundance of the elements and the limita of detectability 
shown in the last two columns of the table, from which it cnn be wen 
that the r e p o d  presence or absence, of some, of the rarer dements iq 
at least in part, a function of the sensitivity of the detection method. 
For instance, the ores codd contain appreciable cesium or rubidium, 
but their de ta ion  limits are w hi& ae- to preclude detection in the 
common spectrographic analyses. 

The m r o g m p h i c  analyses confirm the conclusion based on the 
study of thin sections and ore specimens t h ~ t ,  only very mal l  amounts 
of other metallic elements a m  11,mmiaterl with the cinnabar md dib- 
nite in the oms. The mk-forming elementa (first nine listed in table 
I)  varp within limits explain~ble hy fmpents  of unreplad wall- 

.rocks. The titanium, which is relatively abundant, reflects the pres- 
ence of leucoxene and probably rutile derived from ilmenite, sphena, 

- and titanifemus m a p e t  ite in bhe dikes or praywacke. The strontium 
prohbly r e p l w  calcium in calcite, The m d e  of ocmrrence of the 
vanadium is not known. Ths iron in the various samples is tied up 
in limonib, l~ernatite, ankeritic dolomite, and posgibly in magnetite. 
The silver in sample 278249 m8y reflect small amounts of u n m p i 7 . i  
arquarite or mother silver ilmrtlg~m. 50 effort has hen made to 
datennina the gewl~emical amint ion of the rarer elements, m ~ c h  
.ytterbium nnd pll ium, detected in tram amounts in some of the oms. 
The d i u m ,  found in all specimens, varies in amount inversely with 
the mercury content and dimtly  with the aluminum content, a fact 
suggesting that, .the oms contain unreplaced sodium-bring feldqiar. 

The metal content of the black mud from the sulfur spring n a r  
lvhita Mountain (Lab. No. 27P242) is strikingly sirnil~r to that, of the 
oms fmm the deposits, particularly to t h w  from the  Red lkvi l  mine. 
The mud contains &normal amounts of mercury and antimony along 

* with tmm arnonnh of the common rn~t~els cobalt,, chromil~rn, mppr, 
zinc. The spring may represent the surfwe e x p u r a  of a hydro- 

thermal system that is depositing c i n n h r  nt depth. D. F,. White 
(oral commun. 1960) fittnched pnrticulrrr sipifical~ce to the mercury 
in the mud, for it is difficult to explain as n mwlt of w ~ l l r o ~ k  w n -  
tamination of the spring wnter by the common crustal rocks. He 
cautioned, however, that t he rnercliy could be derived from mechanical 
disintsgmkion of cinnabar it1 a deposit t.rrmmted by the spring water. 
The mercuq-bearing m ~ ~ d  contains silicon, ealcinm, und d i a m  con- 
cenhtions similar to those of the cinmhr o m .  The iron in the mud 
again confirm the close at i on of iron with mercury and cinnabar. 
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8UGOE8TIONB FOR PROBPECTICNB 

&ny undimveld cinnabar depmits without doubt =main in 
southwestem AIaska. The discovery of these deposits wilt continua 
to be hampered by the imccesibility of the country and the generally 
thick cover of surficial deposi& tundrrt, and muskeg that obscwe 
Mm$ as well as by the scarcity of experienced prospectors. Cer- 
tain guide Ihw for pmpctting may be cited here. an the h i s  of 
information in the foregoing p n g ~ ~  and may prove of value to the 
p-r not well acquainted with cinnabar deposit& 

Mmt of the known cinnabar deposits in southw&m klaska occur 
in folded ro&s in a belt almo* p ~ d l e l  to the major amwte ERult 
systems tmnding northeststwad through the a m .  Th- faults rep- 
m n t  rt tectonic mne that is still active {St. Amand, 1967, p. 1345). 
At least one mineral spring near one of these faults is still depositing 
mercury (Whits Mountain area). Elsewhem thmmghwt the world, 
cinnabar deposita nre spatially msaci%td with the a m  of Tertinv 
to Recent tecbnism and volcanism (Bwbr,  1888, p. 51-52). Pew 
deposits, however, 'have been found in major faults; most am l m l i z e d  
by minor faults and bmiated zones near major faults (Bailey, 19.59). 
Thsrefom, in prospecting, attention should '6e paid to fmtnred rtxks 
mar the main f rtulk rather t,hm to the main faults themmlvea 
The facbm leading to the deposition of cinnabar from alkaline 

sulfide salutions am largely t h m  that am dependent upon the changes 
that are most cornpletaly bmught a b u t  by the mixing of p u n d  WFI ter 
with hydrothermal solutions. Comquently, the localization of nn 
ore body may ba determined in l a w  memum by the hyddynttmics 
of cimulating pound water, which in turn is contmlled in large psrt 
by porous zones such as fault brecciaa and permeable beds. 

The most productiv~ depwits known to date are in faulted and 
altered d i h  that intrude the Gem& and Kuskokwirn Groups. 
Promising lodes, however, am fonnd in gra ywacke and sil tstona (Red 
Top mine) and in limestone The deposits in granite (Kagtxti Lake) 
have not been explored d c i e n t l y  to evaluate their pobntial, a]- 
though Bailey and Phoenix (1944) pointed out t h ~ t  in Nevada and 
California, d e p i t a  in granite tend to be small. 
No deposits have been found to date in southwestern Alaska, in the 

extrusive rocks of Tertiary and Quaternary age. EIsewhera in North 
America., cinnabar deposits ham been fonnd in Tertiary volcanic rocks. 
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As tha volcanic mks in southwesern Alaska are cut by faults older 
than the rnemury mineralization, the volcanic rocka must be considered 
as possible host rocks. 

REUTXON OF ORE TO ALTERbTIOB 

The known cinnabar deposits of southwestam Alaska are misted 
with altered rocks differing in appearance from the enclosing rocks 
and hence am m&able by the careful prospector. Although many 
altered dikes do not contain cinnabar, the deposits in dikes are asso- 
ciated with bleached dike rock converted to n ma= of clay minerals, 
carbonate, and silica, which is ~tained deep reddish-brown by iron 
oxide. Hence, all such altered dika rock should be examined carefully, 
especially where the dikes am extensively dteld ta clny minemls. 

The dolomite host rock of the cinnabar at TVhita Mountain is dia- 
tinctIy diffemnt in appearance fmm t,he surrounding limestone. The 
dolomite is a gray-white m k  containing innumerable minute voids 
in addition to the larger openings between breccia fragments. The 
dolornits is appreciably harder than the surrounding limestmne, and 
hence simple hardnesa tests aid in its recognition. The dolomite will 
not sffervesm with 0.5 normal hydrochloric acid, and this test, in 
conjunction with appewanw and harCEnsss, identifies it. 

At the Ed Top mine, warmly cryddline white calcite in large 
amount was intduced into siltstme and p y w a c k e  near the ore 
channels. The sediments: near the mine ama are bleached and iron 
stained. Hencq other a m  of staining and carbonatization should be 
examined carefully. 

~~ m o m  
All the quicksilver deposits discussed in this report were found by 

tracing surface f l d  or by using the gold pan ; the gold pan must still 
be considered aa the primary tool in prospecting f o ~  anknown de- 
pits. Cmabar is soft and friable but extremely resiBtant to chem- 
ical weathering, and it f oms, theref are, distinct placers containing 
a dispersion halo of Ginnahr fragments; these fmgmenh are of pin- 
head size a mile or so from t.he lode, but they may be fairly large nug 
geh near the Ida Russel Schaeffer found a11 the prospects near Cin- 
nabar Creek by use of the gold pan; he stated (om1 commun., 1959) 
that, in his opinion, any outcropping cinnabar lcde large enough to be 
of economic interest would yield a placer that muId be traced to the 
mrce  with the gold pm. Ed Hager, of the Cordero Mining Go., 
stated (om1 commun., 1959) that cinnabar could be panned from any 
gravel bar in Chunitna Greek in the White Mountain area north of 
the p n i * .  Stream gravels within tt mile of the deposib mntained 
notably richer placers. Joe Struver used the gold pan to trace floak 
cinnabar to the lodes at Rhyolite. 



aeOCh~mica1 reconnaissance tachniquas have not yet been thoroughly 
tested by the Geologicel Survey to prove their usefulness in prospb  
ing for mercury. Preliminary work using mil mmples from near 
known mercury depoeita in Alaska have d i w l d  shftrp momapies of 
mercury, amnic, and antimony (R. M. Chapman, oral commm., 
I900), and samples taken by Ward and Bailey (1958) demon&mtd 
that soil and rock samples near known mercury deposits in Cdifornia 
and Nevada could be u d  to find the mercury deposits. Sainsbury 
(1957) demonstrated thak stream sediments mu1d be wed to detect 
antimony deposits. Therefore, geochemical prospecting by n~ of 
stream mdiments and mil samples may be useful in the exploration 
for quicksilver in Alaska, becau.use of the close asmiation of antimony 
and mercury in most of the quicksilver deposits of souUlwestern 
Al&& Fufier work will probably show thst rnemwy can be de- 
k h d  with equal fmility in stream sediments. At pragent, however, 
conventional methods of prospecting are M used in the search for 
new deposits, perhaps in m n  junction with analyses of stream sediments 
as a broad mnnaissnm method. 

REFERENCES CITED 

Brmrrt-, J. 1, 1942, Tlw Pinch1 Lake memm belt. Brltbh Golumbia : 
Canada -1. Survey Paper 42-11,18 p. 

Bailey, E. EL., 1960, Remar-, chap. 3 of Pendnj$on, J. W., Mercury, a ma- 
terlak m e p  : U.S. Bar. Mines I d .  Clw. 11)41. p. ll-s, 

hi l eg ,  E &, and Phoenix, D, k. 1'944, Qnicksilwr d~posita in Nevada : N m d a  
Unh. RulZ, v. 38, no. 5, Gmlogy and hffning ser. 4,208 p. 

8*rtb, T. P. W., 1%2, Theoretical petrobgg : New Yorlr, John WIleyB Bona, 881 P. 
Becker, 0. F., 1888, Gmlogy of the qnichlher deposfta oi tbe Parlflc  lope: 

U-S, Wl. 8 m e y  Mon. 13,4M p. 
Brook& A. 8, 1911, The Monnt McKInleg d o n ,  Ala~ka: U.8. W L  Bnrvey 

Prof. Paper 70,234 p. 
Emn, J. S,, lM2, Differential dwslty of ground water a@ a factor fn circulation, 

oxlda tfon, and ore deposf ff on : Emu. Geology, v. 31, p. 31317. 
Cdg,  W. M., 1sPQ. Quicksilver depolrItrr in the Clnnsbar Creek a m ,  Qeorgetown 

and m a k  districts. ~onthwmtern Alaaka: U.8. Uml. Bnrvey open-file 
mrS 7 P. - 1946, Geologtc exploration in central Ku~kokwlm region, sontbwestern 
A I n ~ k a  : V.S. QeoC SU~TQY open-file report, I p. - lnrL2, QuIck~ilm?r depo%ita near Aleknagik, Nmhagak dltstrick, mum- 
western Alauka : U.S. GmI, Rnm~y own-flIe report, 3 p. 

 fad^, W. M., Wallace, R E., Haare, J. M., and W e b h ,  El. J., 1985, The cet1h1 
Kll~rkokwlm w o n ,  Alaaka: U.B. Uml. Survey Prof. Paper 288, 132 p. 

cappa, S. R., lm, Tbe Tokht-Tonmn~ River d o n ,  Ala~ka, in Mineral re- 
R o n m  o f  Alaaka : U.S. Geol. Survey Rull. 7M, p. 1.%110. - 19-40, Geology of the Alauka Railroad -on: U.8. Geol. g m e y  Ban 
sol, zol p. 



REFERENCES CITED 85 

Mckm, F. W,, and Tunell, Qm?ge, 1955, Ueocbemical and petmgrapbic emmts 
oI mercnr$ ore depmlts. n n a l  mrt: CalLfomie Unlv. at Los Angel- 
Dept. GeoIogy, 79 p. - 1959, Tbe stabfllty. relations of cinnabar and metaclnnnbsr : Am. M l n d -  
ogiat, v. 44, nos. 56. p 471-487. 

Dreyer, R. M., 1940, The m h e m l s t r y  of qnicksIlver mlnetalisatIon: Ecoa 
Geology, v. 35, no. 1, p. 11-48 ; v. %5, no. 2, p. 14IL157; v. 35, no. 7, p. fWAMXJ. 

Dutro, J. T.. Jr, and Papne, T. G,, 1M7, &logic map of Alaska: U.9. Qml. 
8emy map, arcale 1 : 2,500,a)l). 

Ewell, R. H., and Iwley, Rerkrt, 18515, Hydrothermal ayethmia of k a o l h l h  
dickite, beldelIite, and mntronite: U.8. Bnr. Ptandards Jour. m r c h ,  v. 16, 
no. 2, p. 17blRR. 

Uillnly, Jam=, 1M2, The mlneralitatlon of the hjo copper dlatrict, Arizona: 
Emn. O m l m ,  v. 87, p. 257409. 

Goldschmidt, V. M., 1954, Geochemistry: Qrford, Clarendm m a ,  730 P. 
Grim, R E., l W ,  Clay mlnemlom: 3 % ~  Pork, McQraw-Hi11 Book Co.. 384 p. 
Hem, J. D., I%!+, Study and interpmtatiw of the chemical characteristics of 

natural water: V.8, Gml. Survey Water-SnppIy Paper T4T3, 26!3 p. 
Hem, 3. W., and Cmpper, R. H.. IRW, Buweg of f e r n - f e d c  cZledcaI egd- 

libria and redox pnteotiala : U.8. Geol. Survey WatPr-Supply Paper 14594, 
p. 1-31. 

Hoax, J. M., and C o o m d ,  W. L,, 1959. W o g y  of the Bethel qmdrande, 
Alaaka : C.8. Geol. Survey Misc. Gml. Inv. Map I-% d e  1 : 250,000 [lsSO]. 

Kraaskopf, Konrad, 1951, Phyaical chcbemistrg of qnichllver t r a n m a t i m  in 
veln Rtrfda : lkm. Qeologg, r. 46, p. 4%!23. 

Latimer, W. M, 1959, The oxidatlm statea of tbe eiemmts and thdr poteotlals 
in aquews mlntiona: 2d 4.. E n g l e w d  Cllffs, NJ., PmticeHall, & 

MaeKe~ett, E. W., .Tr., and Berg. H. C., lW7. Gpology of the R d  M i l  qulck- 
~iIver mine: U.8. *I. S m y  BdL 1142-0, I6 p. 

Momt, F. H., 1954, Gmlogy of tbe ea-tern part of the Alnarka Range and adjscent 
a m  : U,B. 0-1. Survey Bull. =D, p. &!tIf&. 

Payne, T. E.. I%%, MewmoIc and Genodc tectonic elmenta of Alaska : U.S. Ged. 
Survey Mim. Geol. Inv. Map 1-84. 

Row, C. P., 1W& Some mcepts on the geology of pnlckdlvet deposits of the 
Unit& Stat- : Fmn. U e o l m ,  v. 37, no. 6. p 439-46.5. 

Rntl*, F. A.. 1W, Xnve~tigation ci£ Rainy Creek rn- pt0- Bethel 
district. Knakokwlrn rp~ion, mnthw&ern Alas-: U.S. Bur. Minm Eept. 
Jnv. 43647 p. 

EM@, Investigntlw ot mercury deposjts, Cinnibar Creek area, Oeotgetown 
and Anlak district& Kmkowklrn Woa, 8onthw&rn Alaaka: U.S. Bar. 
Mlnea Rept. Inv. 4719,9 p. 

Ralnehrrm, G. L, 1957, A m h w ~ i m l  ezplnretion ior antfmwy i n  s o u t h d m  
A l a a h :  0.B. Gml. Survey Bull. 102CH, p. l@i-l138. 

Salmbi~r.v, 6. L, end MacKevet, E. M., Jr., IsSO, Stmctnrnl mntml in tlve 
gulcksllver depmita in southwestern dlaalta. frt Sbost papare In the geuloglcal 
srlmm: U.B. Geol. Survey ROf. Paper 4 W R .  p. B3!B3R. 

St Amand, Pierre, lR57. GeoEolSIcal and geophmical ~mtbesia of the t&onlca 61 , 
portions of British Colnmbia, the Yukon Temitnry, and Alaska: h l .  &. 
America Bull., v. F8, p. 1343-1371. 

Smith, P. El., 1917. The Lake ClarkXenEral Knakokwim -on, AZa&a: U.S. 
Geol. S a m  Bull. m,lR2 p. 



8-, J. E., l,gOD, A rmmnnLwn~ In muthwe&em Blauka in 1898: U.B. -1. 
FhxrwjaOth Ann. pt. 7, p. 31-aRe. 

Thornpeon, G. A., 1M4, Tmns~rtation and depwsltfm of qulckfdlver ores fn the 
Terlinma district, Texas : m a .  Qeolm, v. 49, p. l?&IM. 

Twmhofel, W. S., and Sainsbw, C. L., lm, Fnult pattern in muthenatern 
hlaaka : adol. SOF. America Bull., v. 89, p. 1431-1442. 

Ward, F. N., and Bailey, E. E. 1% Camp and samp1mlt.e deterrnlnntlon of 
tracee of mercury in mils and mka [ a h ]  : Mining Englneerin~, v. 10, p. 67. 

Webbw, S. 8., Bjorkland, 8, C,, Rutledge, F. A., Tanmati, B. I,, and Wright. 
W. S., 1941, M~rcury d-ita of muthwestern Alaska: U.S. Bnr. M I w  FkpL 
Inv. 40REj, 57 p 

Webber, E. J., IW5, Quicksilver d m &  in the DeConrcy Monntain a m .  Xditrr- 
rod district, aouthw&rn Alaska: U.S. W I .  S u m  --file repott, 11 p. 

White, D. k, 1)87a, Thermal watem of volanfc mI@n : Gml. W. America Bull., 
Y. 88, g, 1&W-1658. - 1M57b, Ma~matlc, connate, and metamorphic watem: GeoL Sw. hmwlca 
Bull,, v. 811, p. 1&5%1682. 



INDEX 

A 
p w  

d win., qnicbOvw. DsCawcy Mounbmln 
mkne ............................. 46 

~ ~ t s  .--------------.------....- S 
A l ~ k a  Mines snd Minmah Co., DeCawy 

MoanM mlne ................... 4 
~ - m a n d h n n a r a l s , ~ n e  ......... ~,16,18,b7 

.................... Abkn Yukon mntiallne M 
.......... AJ&m qr~ckgllver deposit tm- 87 

Alioe and B a e  mine, ueolom ot ............. 11 
loc~tlon. ................................. 11 
ore deposlts .............................. 12 
production ............................... 11 
p m c t l n g  in ........................... 11 
struotrm .............................. 14 
au~~est iona la explmtion ................ 15 
undermund opsnlngs .................... is 

.................................. Antldlnorla S 
Antimony .................................... 88 
ApntfB ...................................... 17 

B 
Ballsy,E.H.,quoted ........................ ei7 
Bntorneter mine, malogy d .-.-..-.---.-.-.--- 18 
Berdm, J w  M., qnoted _.-L..---.--_.------- 29 
Bethel ElrpIoratltm Co., Kagati Lakeprospect. Ei 
Amwla, tectonic .......................... 25~3.60 
Rroken Phovel pmspsrr Cinnsbar CreeL - f l  

C 
Csdp, W. M., qtrotsd ......................... 7I) 

........................ Csntmll Fmntlon. '19 
Chunltna Creek, qdcbum rlalms w ....... 21 

quicMlver deposits on. .................. JZ 
T a l u  I . .  21 

Ctnnahnr .......................... S, !7,FJ.~,&?,&I 
............................... Clnnahw Creek 3 

C t n n r b a r C r e e k n m , ~ ~ ~ ~ 1 ~ k g y o L  - - - - - - -  w 
nroken Shovel pospect -.......----...... 40 

D 
m e  

...... DsComop Mauntaln dm, #eoIops oL. 
hlstwr ................................... 4.4 

................................. loc~tion. 4J 
pmductlon ............................... # 
ncwrt win ............................... 
Top v%In ................................. 45 

.............................. Tunnel vein 46 
DeCourcy Mountaln Mlnlng Co. .-..-------.. 57 
DeCourcy wln, qulcksllaer, D e C o m  Monn- 

bin  mine-. ...................... d5 
row, New Ymk-Abka (fold Dredghg 

Gorp.. ........................... C 
Dmmn, Itelen, quoted ...............-.-..... 29 

Erglorst~n, -tta fa, Alim and 
mine 16 

d n a  fm, W h i t e  MmWn arw. --.. S4 
W I l h  p r w g .  ...................... I J 

......... &mat Gronp, Clnnalm Creek swa 
m t l  Lake proapeet ..................... 
Red Tap mlne ........................... 

Qmeals, Elnnabar depdte  In muthmtw 
A b h - .  ......................... 

rn- d e p i t a  ......................... 
quisldver dopoalb d b a d  rafth dteoed 

dikBS- ............................ 
......... GeoIo@y, DeCourcy Mwmtdn mlne. 

s w m u t %  u m  ........................... 
....................... G W y .  James, g u m  

........................ Cinnnbar C m k  mlno I,= 
Cmklin, Nmcp W., snnlpat .................. Ba 
Cwwx, 0. A., quotsd ....................... U 
Cotdow M i n k  Co., hum snd B& mlw.. . 11,13 

Rhyolite PrOWy ........................ 48 
Crlbhy C r d .  quidmllm an .......... to, 

....... Qlsdal mtrrme, Whi'ts Ywntdn swL aB 
Olscktion S 

H 
H* ---------.----------2--------------- S l  .----.-----..----....,....... m 

87 



PWQ 
....... H a m d e  84. i3 

............................... In chmbur 17,6l 
H m .  J. M., q u a .  grpC Cady, W. M. 

I 
~~ ................................. Y 
Imlay, R. W., loss& IdentIUad by- .......... 87 

0 
Pug9 

O U w ,  W. h.,3f., qwkd ....-,----...-...u.- aa 
Ore-Wng 6 l h ,  U r n  nnd Bemfe mine_ ...... 12 
Om deposits, AUce and B%sle mine .......... 12 

K w t l  Lake p p e F t  ..................... 58 
. Rrd  evil mlne.. P 

Om g e n d .  Red Top mine_ --.--.._---______ f.5 
trw elemenb m Y8 

J 
................... JuaInggnlra Mormtm. ,., @ 

K 

Whits Xfotultaln ma sj 

Om specimens, polinked mom .------_-.-._. I 
Orpiment L M 

Ka~at l  h k a  pcqmt, of.. 65 ........... 
10CBtiOn .................................. 6b 
ore demta ............................... '' 

-..-......... ... ................. 64 
golmak0f~roaped.is-m .................. m 

loeation .................................. 4' 
K l d ~ k b ~ k  AIk .............................. !M 
Kmkohim O m  ........................- 7,11 M 
KnskoMm River------------- .+.-+--- .-----  
K u s k o k r r i m R i v w ~ ~ ~ v s r o a * - - - - - - - - - - -  *%11 

L 
fsmpmpbp. ............................... '7 
Limestone, q u h h R ~ e r  0 ..................... .W 
Limwlte .................................. a)*8n* 
Lode y u w v a  uepdta, h k m  Shvel  

prapbct .......................... I 
0Irmabar Creek dm?. 38 ................... 
Kobnnkot mpen. ...................... Ls 

................... L U E ~ Y  Dey parpeel.. 41 
Red Top mina ............................ 57 
M a k i n  p r m W  ......................... U 
Bchwffer p r o s m t  ........................ 40 

Luaky Day prmmat, tlMnabm Creek area.. . 86.41 
Lyman, RobRft Vrr  lem ..................-- *' 

M 

McCaUy CraeR, quIckdlver a I a h  rm........ f8 
Marble. RFC Whlte Mwntnln ma, $recda. 
Marsh Mmmtnln 58 ............................. 
Hnrsh Mountula msraurp dagoslt. SM Red 

Tap mhe. 
Mary himarst prcwpsEt, WbIta Monnteln ,,- ............................. 

................ M-, h at m-. ~g 

Metbode 01 study ............................ 4 
.......... M b e r w .  blira mb*. 14 

Rhyoltte p r o m y  ........................ 4~ 
White Mountdo am.. ...-.--..--....... JZ 
wlab pwpe. ...-...---..-..-...--..-.-. 17 

~ b ~ t t ~  dike R& mfna____________ .- 80 
.............. MmLbPoreuplna  in^, m. g 

&hnofb ~ t d ~ i r c u k r b  Oabb n ................... 
.Upophorro ......----.......................... 37 

nrdtila 37 ..................................... 
Mpsdropkra .......-.......................... B f  

N 

Nevadan qnlaWvw d e d t  t y p ~ .  ........-. fl7 
Near Yark-Alsel;a Oold Dredghrg Gorp., 

test pltssurrk ..................... p 

P 

P w b  Cmk,  qai6ksllrn ddms on ........... M 
Pwkn prowrtj. &c Aioe and Be&* mine. 
pmm ~~b pmapeat, w h i ~  M ~ ~ ~ M ~  

aras ..----..- - .......... ... ...... $1 
Phmnix, D. A., q d  .--..---..2,.q.+..---- 87 
pimr deWjb, cinnabar m k  

mine .---.,--.--.-.-.------------- W, A l  
Rainy Gmk prasm W .................... 

........................... RBqTmmine W 
... Return C w k  .---.---.--,..++..+...-. 45 

Preclpltatlon ot cinnabar. isctore Ieading to... 88 
-2t Investlpattau ......................... 4 
Raspecting methda br quuIchUm Bepdm. 83 
Pyrite, Alim and Bessie mlne.. 14  .............. 

Q 

........... Qu&z mommdte, tpiuhilvtr In.. B 
~ttiam-. -.--.-.-.-----------+*---+.---. W, 4a 
Quickdm d e p d t s ,  mmmdmm of A l h n  

md W m  Btatss ............. .. BB 

R 

Rainy C m k  gmspecF. Fsolow of ......... ..,. 81 
............................... prductlon &I 

Rdgar ...................................... 8,s 
RBd; Devll mine, pre -w------------.------ LJ 

............................... produntion 2,3 
............... Red Top mine, bmxla earn.-. 61 ................................... geology 68 

.................................. incation 57 ..................... m i n e d m  at om-., 80 
m g8nW ................................ 65. 

............................... pduct!on 68 
~ t r ~ ~ t ~ r 8 l  cnntrO1@ Of d@tfOn-----d- 64 

................ wwstiom lor e~ploaatlm t16 
...... Redsk~n pmpect, Cinnahar Creek m a  43 

RMldc. J. B., Jr., toW,ll* Identlfled by-------- a7 
Xehencm cited .............................. 84 
Re+?lonal gealogp.. ..................... .. ...- 5 
Relutlm~ 01 or0 to oltmt[dfi 01 dnnnbm * ............................. Wtg %a 

Psin, qttictsllpm~ De- hIwntsto 
............................. mior 43 

Cmk,  ~ 5 -  IJ 
Rhpllte property. dlstrihtion of clnnabur ................................ In 47 
m-. .........*.............--.......- Is 
location. ................................. 16 
mln~mlogl ,  ...................---------- 48 

Rwa, C. P.. puotsd .......................... 7s 



8 
P W  

gchmRar, RmmU Cirumbsr C m k  mi oe....- 36 
Broken Ebbpel pwpsrt .................. CO 
B c h 9 f f a  pmqwct ........................ 10 

BahuefFer prospect, Clnnabrr C m k  area-.--. 40 .................... Sedlrnentsrp me& Sf 
RImlficnnre of Imn crrldrs in ma wried ..--.-. 73 

................................... B H t . i m n  18 
EIlLstone. anfavwnble fm ore ................. W65 
Sklnner.D.L..analyst ....................... SO 

........................... Gleetmute snticllne 9.18 
........ Rlwtmute rues, AUpe and B a l e  mlm I t  

-4rnmlUne prospect ....................... BD 
Barometer mine .......................... I8 
deflned ................................... 7 
F R ~ ~ T I ~ W  prospect -.-.-.-------------.+-.. te 

....... Slwcury elelm- ..-.----.---...... M 
..... .................... gu Icbilrer ln ... 8 

Red nevll mmlm ................-..-...... 8 
Two Oeevl tvm p m p S  .--.---.-.----.. B3 
VemUllon cldm .......................... M 

........................... W I I ~  propeny 16 
8mltb. P. B.. quotsd ......................... 70 
80tlthwwkrn Alaaka rnwcwy ores, spxbm 

m p h i c  aml- of.._ ........... %O 
8-phlc nnlillse~ olmmmy om.-.--- PII 
8phm ............ .. ......................... I7 

........ srabulg Rsldl, dnnabar snd hemautt 76 
Stibnite 8.17 
Structural mntrol of csa w l w .  hum end 

....................... B d d W  I4 
cilulatmrcmeksraa .........*........... 4s 
Re3 Top mine ........................... &L 
Wrnb property-. ......................... 17 .............. Bbnctum, Red ned mim m a  I 
Wlllf property .................. .... 18 

Bynclinod~ ................................... 5 

T 

Teetbnlo mt#ng ot q u i d d m  dewsit$. ...... 7 

pw@ 
Top mln, qtdukullvnr. DeCoorey Moatttah 

d n s  ............................. 45 
Tunnel mln, quIclrsaver. D e C m y  Mwntafa 

mlne ........-.................... 45 

................... Webber and Dthcrq q t e d  

Webbw. E. J., quoted. Src Cedp. W. M. 
B- AlaaLn Mldng Co.. Ko4mkof pmti 

peet .............................. 
....... mice Mountain srsa BRP 6t depmlts.. 

b d ~ .  ................................. 
~euaw m mne ........................... 
Isnltlng ................................... 
foldln~ ................................... 
gwlow ---..--.-*..... .................... 
gladel ma%tm ........................... 
glBCloflndd gmmk ,.........-...lklklklklklklk 
Igneous mla ............................. 
I e s n m  ._-..--.-..--------.** * ----- -. --- 
M a r y  Marglue& prmlxct. ................. 
rnlr~eralom ol oras- ....................... 

............................ north ore tone 
me pen& ................................ 
Pww Rwbm pmpot .................. 
qulrkdlver deposits ...................... 
wdtmontwy rmk8 ........................ 
sou l l~  ore rone ............................ 
structural and petmEDgfe mtrob of we 

dspoaitlon ---- . - --- ----. . - 
ntmc4me. .....-........ .--, ............ 
su@onY fm srplmabIL ---.-.-.-----. . 

....................... mIs pmpcrtF, gsDtqJy 

l d o n  .................................. 
praspAE8. .............................. 
qdck%flvsr in ............................ 
mctm ..----.-.-....................... 
£Wx=tions fm mlomtion -....---.----- 




	B11870000001.tif
	B11870000002.tif
	B11870000003.tif
	B11870000004.tif
	B11870000005.tif
	B11870000006.tif
	B11870000007.tif
	B11870000008.tif
	B11870000009.tif
	B11870000010.tif
	B11870000011.tif
	B11870000012.tif
	B11870000013.tif
	B11870000014.tif
	B11870000015.tif
	B11870000016.tif
	B11870000017.tif
	B11870000018.tif
	B11870000019.tif
	B11870000020.tif
	B11870000021.tif
	B11870000022.tif
	B11870000023.tif
	B11870000024.tif
	B11870000025.tif
	B11870000026.tif
	B11870000027.tif
	B11870000028.tif
	B11870000029.tif
	B11870000030.tif
	B11870000031.tif
	B11870000032.tif
	B11870000033.tif
	B11870000034.tif
	B11870000035.tif
	B11870000036.tif
	B11870000037.tif
	B11870000038.tif
	B11870000039.tif
	B11870000040.tif
	B11870000041.tif
	B11870000042.tif
	B11870000043.tif
	B11870000044.tif
	B11870000045.tif
	B11870000046.tif
	B11870000047.tif
	B11870000048.tif
	B11870000049.tif
	B11870000050.tif
	B11870000051.tif
	B11870000052.tif
	B11870000053.tif
	B11870000054.tif
	B11870000055.tif
	B11870000056.tif
	B11870000057.tif
	B11870000058.tif
	B11870000059.tif
	B11870000060.tif
	B11870000061.tif
	B11870000062.tif
	B11870000063.tif
	B11870000064.tif
	B11870000065.tif
	B11870000066.tif
	B11870000067.tif
	B11870000068.tif
	B11870000069.tif
	B11870000070.tif
	B11870000071.tif
	B11870000072.tif
	B11870000073.tif
	B11870000074.tif
	B11870000075.tif
	B11870000076.tif
	B11870000077.tif
	B11870000078.tif
	B11870000079.tif
	B11870000080.tif
	B11870000081.tif
	B11870000082.tif
	B11870000083.tif
	B11870000084.tif
	B11870000085.tif
	B11870000086.tif
	B11870000087.tif
	B11870000088.tif
	B11870000089.tif
	B11870000090.tif
	B11870000091.tif
	B11870000092.tif
	B11870000093.tif
	B11870000094.tif
	B11870000095.tif
	B11870000096.tif

