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CONTRIBUTIONS TD ECONOMIC GEOLOGY 

GEOLOGY OF THE RED DEVIL QUICKSILVER MINE, 
ALASKA 

The Red M U  mine, whlch hm prod& abont 20,m &asks of merrmw, IB 
Alaska's l a m t  mermry pmducer. The mine iu In the Central K ~ o l m i r n  
ream about 250 mil- northwmt of Anchorage in a thick Reqnence of gray- 
wackw and argillamna m k ~  that are cnt by a few alkd dIkm and are localls 
mantled by mrRcial depoelw. Most of the Red Devll are ha8 formed along and 
near in-tlwa m e e n  the alterel dikes and northwestward-trendlng faults 
tbat largely are pstallel bo the heddlng of the sedlmentaq mkn. The many 
d i m t e  ore bodla that are thus mntrolled are crudely prlamattc and mmmonlg 
plunge about 40' 9. The ore, which was formed malntg by proceesea of open 
mace filling, consbta of  cinnabar tbat generally 1~ asswlated with abundant 
stlbnlte In a quartz-rich ganme. Lms common constituents are realgar, orpi- 
ment, celcfte, clay mimml*. and ~ecoad8r.v antimony mfnerala 

The hown quiclrsilver deposits of Alaska am almost entirely con- 
bed to south&rn Alaska trnd am mainly in the ama drainad hy 
the Ku~kokwirn River. This mport, which describes the Red Devil 
mine, is one of two related reports on ths quicksilver daposib of south- 
western Alaska 

The Red Devil mine, Alitsh's leading quicksilver produmr, is in 
the CemtraI Kuskokwim region about 556 miles N. 78" W. of Anchor- 
age and 6 miles northwest of Sleetmute (fig* 1). T h e  mine is near the 
southwest bank of the Kuskokwim River, and its surface altitudes 
range from 260 ta about 570 feet. Acoess to the mine is principally by 
airplane. Northern Consolidated Airlinss operates scheduled flights 
to Red Devil, and h i d m  sewing as a freight, passenger, and mail 
carrier, it transports the mine" output of quiclrsilver to Anchorage. 
h a 1  transportation consists of small airplanes, riverboats in the 
summer, rtnd dog tams during the winter. During the summer the 
mining company opemh a power barge btween Red Devil and Bethel 
for transshipping fuel from seagoing v-1s to the mine. 



G2 CONTRIBUTIONS ECONOMIC UEOfAlGY 

FIG- 1.-lndet map of blmka &owlnu tbc loutlon af the Red Devll mine. 

This mport is largely annoutgrodh of work done under the Defense 
Minerals Exploration Administration ( DMEA) program and is based 
chiefly on 5 weeks of field invastigation during the summer of 1958. 

A U.S. (3e~logical Survey party under the direction of W. M. Cady 
studied the Red Devil deposits in conjunction with its investigation 
of the geology of the Central Kuskokwim region batween 1941 and 
1948 (Cady and others, 1955). B. S. Webber zlnd aamciates of the 
U.S. Bumau 0.6 Mines h~vcve a180 examined and reporhl (1947) on 
the Red Devil deposits. Studies involving gemhernial prospecting 
ham been undertaken at Red Devil by L. M. Anthony of the University 
of Alaska, and by a U.S. GeologicaI Survey party hmdd by R. M. 
Chapman. 

T h i s  report is inbnded to supplement and updata earlier p l o g i c  
descriptions of the Red h v i l  mine and to pnwide additional data om 
the size, shape, and stmctnrsl wntml of the deposits, b a d  larely 
on mapping of workings that were excavated after th0 earlier geologic 



investigations. Fieldwork consisted of mapping the snrfsce with a 
plan@ table and alidade at scsla of 1 inch to 1OQ fwt and 1 inch tm 
20 feet, and mapping most of the m i b l e  underpound workimp by 
B m b n  and tape methods at a scale of 1 inch to 20 feet, 

Extensive labomtory studies were not made as the mks and min- 
erals of the deposits have been adequately daxribed by Cady and 
others (1955). However, a few thin sections were studied, and mv- 
em1 minerals and roch analyzed with an X-ray diffractometer, and 
X-ray spectrometer, or by colorimetric and semiquantitative sgactro- 
p p h i c  methods. 

d 
-44 Our work was aided by the helpful cooperation of many p p l e  

associated with the mine, particularly R. F. Lyman, the mine manager, 
and G. W. Herreid, the former mine geologist. Mr. Herreid nlm 
p i o u s l y  provided his geologic maps of workinga that were driven 
during the latter part of 1958. Discuussions with J. D. Murphy, B 

former manager and geologist at Xled %d, and with colleagues on 
the U.S. Geological Survey, particnlarly E. H. BaiIey and C. L 
Sainsbuyy, were also bendcial. 

RIBTORY, PRODVCTION, B;NI) REEIERVEB 

The Red Devil claims were staked by Hans Rdvemn in 1988, and 
the mine was operated seasonally between 1939 and I946 (Cdy  and 
others, 1955, p. 109). Alter several years of dormancy the mine wes 
reactivated by the DeConmy Mountain Mining d=o. in the fall of 
1952 aided by a loan provided by D M E k  It has been opnrtd mom 
or lm continually sinca then. During the spring of 1959 the 
D a u m y  Mountain Mining Co. changed its. name to Alaska Minm 
and Minemlq Inc. 

The mine p d u d  about 90,000 f lash  of mercuv. Between 1039 
and 1946 the RecE Devil mine produced approximately 3,000 flasks of 
merrmrg (Cady and others, 1955, p. 109). From 1958 through 1959 
Altlska pduced  17,018 flasks of mercury {U.S. Bur. Mines, 1960, v. 3, 
p 88), pmct,ically all of which mme from the Red Devil mine. The 
only other Alaskan production between 1952 and 1959 came from n 
mall mine operntsd by one m m .  The mercuxy is recovered at  the 
Red Devil mine by traating ore in a, modified Xlemhoff furnace. 

According to R. F. Lyman (written communication, 1960) the 
known resem~ are adequate to sustain mining for almost 2 years at 
the current production level. Additional re~ervm can ke inferred from 
the probable downward continuation of many of the known ore bodies, 
and the geologic probability of finding new ore bdies. 



The Red Devil: mine ir wnrk~d I,? under~mltnd mining methods 
althougl~ mma ~xplornt in11 ~*nn%irt cr? o f   PI^ rfaccb t r ~ n r l ~ i n g  and hydrnu- 
Iic sluicing of o ~ ~ r b i ~ r r l m  ( l i~.  2 ) .  T h p  i~nderpound workings are 
fairly extensive nnd cot~sist c:F 11 total of ahnut, 9,600 feet of shafts, 
adits, crosscnts, drifts, nlisr.i, 111td I Y ~ ~ Z P S  with workinp on five msin 
levels (pls. 1. 1, 5,  f;). -1 Isty~ part, of flip 200 lerel and most of the 
shal [ow~r  workinp  wpm cli~c (luring the enrly perind of mining, nnd 
the rest. of the worl;inp I1ar.e h ~ ~ n  cx(-nrfit~rl since 1953. 

FIEFRE ? --I'IPP tnward northwest or thp Ilrd nprll mlnr nrvn p h o w l n ~  th. mnln 
mrlnp w n r k l n r  

T ~ R  rnnq extensive workin* tsw negr t h ~ ,  main sllnft w l ~ i c l ~  hns n I' 

slope lenflh of An; feet RTICI extends to :I rlrpth of I-$:> frrt on lln rlrPr- 

g i i  of f '  Fire main 1 e r t . I ~  nf l : ~ t p ~ ~ l  w o r l ~ i n ~  m n n ~ r t  
with tht main shaft. Yewet- ~v\-orkings in tllr rirnir~itg of t tw Dolly 
stinft, :!IT :~ l sv  fairly Q X ~ P T I ~ ~ X - P ,  :111(2 ( I l t r in~ l!l+;S ~ tn~I~ ! - j i rn l i~ l ( l  work 
\\-as in pmpess in lrntll ijs-pns. S11rf:lce rxposurrs nf nm in f h r  ramn 
of t,Ilo Jtiw wries of n1-e lxldi~s harp sn far. I l e ~ n  ~xplnwd I-IY s h ~ l l o r ~ -  
trenchw nnrl pits. TIIP work in^^ near t,he Dolly shnft n,m ronnwt~d 
by tJhe 13011y raise. with 300 lerel rr-orkings I hnt extend f mrn tilt* 
main shsf t (pl. 4) .  Most of the ore hdies  Irsvc heen mined by stoping 
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between levels; the largest md most numarnus s i h p ~ ~  am in the eastem 
part of the mine between the 300 and the 75 levels. In places the 
Eevele are connected by w k m  and raises. 
The older workings consist of the 325 adit and its associated work- 

ings, which total about 1,000 feet of level workings; the inamesiblle 
311 adit, which is about 120 feet long; and the Ieels and inclined 
workings, including most of the 200 level, near the upper parts of the 
main shak Many of the old shallow workings am caved and inac- 
cessible. Among them workings are two shafts that extended to the 
325 adit level, and several stopes that reached the surfaq.  
The d i m r y  of tha Dolly %ria of are Mea in the early summer 

of 1951 rsgultad in sinking the h l l y  shaft., the eallar of which is 
1,082 feet N. 43%" W. of the main shaft, and subsqnent excavation 
of the adjacent cromuts, stopes, and the DoIly raise. 

Many of the workinp q u i r e  timber, particularly where they 
panetrate fmtured and m n t o W  shale and srgillite slang and near 
hults. h addition ta the adverse effects of tho h c t u m d  rocks, 
intarmittant freezing and thawing promote instability in the near- 
surface workinp although permah& is apparently absent in the 
mine area. 

O E O W Q Y  

central K n s k o h h  region is near the center of a dill active 
mobile belt of mountain bail ding and volcanic activity that developed 
durhg the late M m i c  (Cady and others, 1955, p. 18). The regional 
geology is dominated by a thick sequence of folded sedimentary mks 
of Cretacmm age known as the Kuskokwirn group, which in p I m  
is overlain by Tertiary volcanic rocks and locally is cut by plutonic 
and hypabyssal rwks. 
Tha prevalent lithologic t y p  at the mine a m  p~~~ and 

srgillaceous rocks of fithe Kuskokwim group (Cady md others, 1955, 
p. 3545 )  that form r thick flysch-type sqnencse. Thw roch are 
cut by a few altered dikm and are lacally overlain 'by &cia1 d e p i t s  
of lorn ~ n d  a1IuviUm (pl. 2). Surface exposures of Gedrock at the 
mine am largely confined to mad cnh, dripped a w ,  and tmnches. 
Surface exposures of the Rfoe series (pl. 3 )  were mapped in detail 
becaum they illustmte the surface aspmta of the structure of the dikes, 
the faulting that offsets the d i k q  and the alteration associated with 
the ore, as well as the distribution of the ore Mies  in relation to the 
dikes and faults. 

m x o m  QBOVP 

The K a s k o ~ r n  group Is a very thick sequence of interbddd 
grapaeke and argillaceous & (Cady and others, 1955, p. 35-41), 



A M  1,800 feeO of well-bedded drab  consisting of nearly eqnnl 
amomB of g r a y w ~ ~ k e  m d  very fine grained argillaceons rocks, are 
e x p o d  at the mine. The graywach W, which commonly am 2 
or 3 feet thick, range in thickness from half a foot to about 20 feet. 
The grsywacks is a medim- or dark-gray rock that weathem brown 
and is fine grained and well indurated. Its fine-grained character pm- 
eludes satisfactory megascopic identification of its minerals md Bx- 
turn. Descriptions by Cady and others (1955, p. 37, 38) of similar 
graywackes from throughout the central Kuskokwim region indicah 
that many of them are lithic graywackes which contain a variety of 
detrihl rock fragments despite their prevailing fine-grained textures. 

Well-developed sole markings that probably include both groove- 
cast and load-cast lineations (Crowell, 1955, p. 1358) are character- 
istic 03 many of the thicker p y w a c k e  beds. These markings are 
abundantly exposed in the mine workings md, when adjacent to 
faults, am referred to by the miners trs knobby hanging walls. 

Microscopic examination reveals t.hst the graywacke k a poorly 
sortsd rock that is composed of subrounded to angul~r Iithic fragments 
and mineral grains that range from I ~ s e  than 0.001 to 0.5 mm in 
average diamehr. The larger and more abundant minerib m i s t  of 
qua~tz, muscovite, pyrite, plrtgiodase, and mIcik These minemb 
and the lithic fragments, which were principally derived fmm slab, 
schiBt, and volcanic rocks, are surrounded by veyy h e  grained assem- 
blages of quartz, calcite, plagioclas, muscovite, clay minerals, spidote, 
and chlorim. Calcita is the dominant c a m e n ~ m a t ~ r i a l ,  and it also 
form a few veinlet& Some of the quartz grains have serratad 
boundark 
The m l b  of a semiquantitative s p ~ & m p p ? h  analysis of gray- 

wacke fmm the 800 level (68AMK-14) are shown in table 1. 
The very fine p i n e d  argiIlaceous mks are dark gray or black md 

weather brown. Most of &ese rocks that am exposed underground are. 
argillitas, but mme of their surdace and nearcsurface counterparts are 
shales. Discmta argillaoeous beds are eommonly a few inch- thick, 
but I d l y  them h d s  have a cumulativa thickness of 20 or 30 feet 
without intervening gmymacke. Commonly the argillaceous rocks are 
well indmted. Some of them am fissile, and many tend to fracture 
sn~nchoidally.  The ardllites am flecked with fine crystals of mus- 
covite, the only mepascopicall y visible mineral. 

Thin-section study showed that t h e e  argillaceous rocks are similar 
to khe p y w d e  in cornpition. They differ from the p y w a c k e  
in taxturn in that they am finer pined and conbin fewer lithic frrsg- 
meats. A typical argllite from the mine wnsists of subangular 
p i n s  of quartz, epidote, muscovite, and pyrite that are less than 
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6-03 mm in avenge diametar, a m i  atxd with clots and lamellar aggre- 
gates of very h e - p i n e d  clay m inemls and mica. 

The mults mf semiquantitative spsctmgraphic analyses of an 
nrgillite from the 450 level (58AMK-7) and an argillite from the 
300 level (58AMK-23) are shown in taMe 1. 

Although no fmi l s  m , w  found at the mine, the Cretaceous age 
md dominantly marine origin of the Kuskokwim group are subtan- 
tiated by prtleontologic d d ~ .  cited by C d y  rtnd others (1955, p. 45,463. 

Three hpdmthermally altered dikes are exposed at the Red hv-2 
mine. These dikes strike N. 80"-7.9" F,. and dip 4 0 ° 4 5 0  SE. The 
main dike is exposad at  the surface muthe~st of the 4iF" zone shaft 
(pl. 23 and om bodies in and near it a m  intersected by the under- 
gmund workings in the vicinity of the mnin shaft. (pl. 4). T h e  
northem& dike an be tracad on the d a c e  from near the Dolly 
shaft to the Rice scrim (pl. 23, and ib underground extension haa 
been out in the northw& end of the 300 level (pl. 4). ma sou thm- 
m a t  dike is h o r n  only fmm a few wrficce exposures. 

The dikea mge from 1 foot to about 14 feet in thickness. The main 
dike has a few pluglike and sill-like offshoots and a few small 
branching dikes that lack continuity. 
In underground expos- the dikes are light gmy. At the surfme 

the dikes are masked by pervasive hydrous iron oxides and are difficult 
to  distinguish from similarly w a t h e d  gmywacke, 

Genemlly the dikes a m  hard, but in some of the wet, higher mine 
workings they are soft, cohesive masses, a product that Cady and 
others (1955, g. 107) attributed to the solution of the constituent 
mrbonates snd the m l t i n g  relative increase in clay minerals and 
~ r i c i t e .  

M i c m p i c  examination mveals that the dikes consist entirely of 
he-grained and very fine-grained masses of calcite, chalcedony, 
limonite, and aricita, and subodinate amounts of quartz, hematite, 
and clay minerals. T h e  porphyritic textures of the dikes are mttni- 
f w d  by small relict phenocrysts, now Iwgely replaced by calcite in 
a very fine mined groundmass. A lew veinIets composed of calcite 
md minor amounts of quartz cut the dikes. C. L. Sainsburg (oral 
communication, 1960) has noted diet diabasic tmtures in thin sec- 
tions of dikes from the Parks rand WilIis deposits, respectively 2% and 
4%  mil^ northwest of Red Devil, The relationships of these dike9 
to ore deposits &re similar to those at Red Devil. 

Cady find others (1955, p. 106) call the d t ~ r e d  d i h  8iBca-carhate 
rock and blieve that they represent hydrothemally altered quartz 
basalt dikes. 



The mults of mmiquantihtive spectrographic analysis of an 
aItemd dike from the 200 level (58AMK-38) are shown in table 1. 

The results of an X-ray analysis of rtn altered dike (58AMK-1) are 
&own in table 2. 

The surficial deposits at the mine are lo= and alluvium. The 
alluvium consists of fluvial deposits aasociakd with the Kuskokwim 
River md Red Devil Cmk and slope wash. 

h e q  which mantles much of the bedmk (pl. 21, wmmonly msta 
on mky mil formed by the weathering of bedrock, but locally it 
overlies the older river p v e l s .  The loess deposits range from a few 
inohm to about 30 fwt in thickne~ and commonly lack bedding. 
They are buff colored and friable and are well exposed in some of the 
exploration trenches. 

Microempic examination of the granular loess in immersion oils 
1evea1s that the 1- mnsish chiefly of subangular grab betwean 
0.01 and 0.06 mm in diameter with extmmes in p i n  she of 0.003 and 
1.0 mm. In order of decrettsing abundance the wnstituents of the 
loess axe: quartz, plagidase, lithic fragments consisting largely of 
whist and slate, muscovite, biotite, chloritq hornblende, hy prsthene, 
and minor mounts of magnetita or ilmenite, misite, epidote, zircon, 
garnet, K-feldspar( B ) ,  hydrous iron oxides, and day minerals. 

Cady and others (1 955, p. 60) term the loess deposits silt and believe 
that they are of Wimnsin aga 

The fluvial deposits include gravel, sand, and silt that have been 
depositd on the flood plains of the KuIokwim River. The old& 
of them deposits is locally overlain by the loess, but most of the fluvial 
deposits postdate the lows, and some of them wen probably formed 
during the past few years. In some places exposures of the fluvial 
deposits are as much as 20 feat thick. Most of the deposits a m  well 
bedded. The pebbl~ of the river gravels are mahly igraywwke. They 
are commonly flat apd have an imbricate structure. me an& and 
silts are mediuin or aark p y .  The fluvial depi t s  probably range 
in age from Pleistocehe to Recant. 

Minor quantities of recently d e y i t d  ' ah$um, including slope 
wash, are mpmed on the lower slopes of s h e  of the hills, in the 
valley of Red Devil Cmk,  and along the Kuskokwim River ( pl. 2). 

. (+ 

'STRUCTURE 

The Red qril mine is on the southwwt limb of the Sleetmute 
a&icline, a no&hwestward-trimding fold that has hen traced by Cady 
and' others (1955, pl. 8) for about 7 miles. The Sleetmute ,antielhe 
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dePiabas from the prevailing northeastwad-trending structures of 
the centml Ruskokwrirn region (Cady and others, 1955, pl. 1). The 
bedding in the Kuskokwim p u p  at the mine drikes N. 10"40° W., 
but its dominant strikes a m  N. 30°-45" W. The prevalent dips of 
theae M s  are 45"-60° SW. The few gteeper% and, in places, over- 
turned bed8 are &ribukd to surfam creep or to the drag sffeat of 
faulting, 

The dominant faults at the mine strike northwestwad and corn- 
monly RIB parallel to th bedding. They am well ex* in both 
the underground and the surf- workings (pls. 2,4,5,6,7) and am 
pacticularly well developed and numerous in the argillsceons rocks. 
They are characterized by grooved and sliclrensided s u r f a m  that 
are locdly curved, by minor gouge rmd breccia, and by contorted and 
plicaked agrillite throughout zonm as much as 10 feet thick. A few 
of these northwestward-striking faults transect the bedding and in 
places are vertical or dip steeply southwest or northeast (pla. 5 and 6). 

Some af the faults, like, those expowd in the northwest drift of 
the 300 level (pE. 5 ) ,  am traceable for several hundred feet, but 
discrete faults am generally d ificul t to trace for long distances h a u s e  
of their myriad constituent f r ~ t u r s s  and the Jack of critical expo- 
sures. Many of the fatilts appear to be en echelon. Some of the 
f aulta c~hown on the generalized blmk diagram pl. 4) probably are 
not mntinuousl, ht they graphically represmt the combined effects 
of numerous individual f mtum. 

The major campnent of movement on the  northwest-striking faults 
waa right lateral, a4 indicated by the offset dikes (pla 2,4,6,6, and 7). 
Individual right-lateral displacements on these faults range from a 
few inches to a b u t  40 feet, ttnd their curnulttti~e right-lateral dis- 
placement is mveral hundred feet, The major grooves and strim on 
the fault surf- commonly rake between OD and 20" NW., but some 
rake as steeply as 50" NW., and a few have gentle southeast rakes. 
S h p ,  h e  slickensidea that rake nearly 90" are superpod on some 
af the p v d  fault surfaces. These probably indicate minor dip- 
slip ,movement c a u d  by gravitational adjustments after the main 
period of faulting. 

T P I U L S V ~ ~  faults are uncommon at the mine. Two faults that cut 
the prevalent northwestward-trending faults are exposed in the 
undergm~~nd workings. One of these, which is exposed in the DolIy 
raise (pls. 4 and 71, strikes N. 70" W. and dips 70" NE. It appar- 
ently had a dominantly right-lateral component of movement. The 
other tmnsm~m fault, which is shown on plate 4, ia in the 8-1 stcpe 
below the 300 level (pl. 1) .  It strikes N. 70" W. and dips 75" SW., 
and its appsrent majar movement was I ~ f t  lateral. A few minor 



northaarstw&Fd-trending faults that am cut by the northwestward- 
trending faults are exposed for short distances in some of the under- 
gmund workings. 

A steep fault that atrikm N. 3 3 O  E. is expmed in the Dotfy s1uioed 
a m  (pl, 21, but the nature of its movement and its relationship to 
the other faults could not be datemind. 

Joints are beat developed in the thicker graywacke beds. Most of 
them strike nerthsast and dip s - y  muthenst, but they were not 
studied in detail during the p m n t  investigation. Many of the joints 
have attitudes that are roughly parallel to thorn of tha dikes, and 
mnmivably the dikee may have been injected along similar joints. 
The chronological squence of ~tmctural svenb probably waa as 

followa: (a) folding of the sedimentary mks forming the Sl&mute 
anticline irnd the pmbable concomitant development of steep, norkh- 
eastward-striking tensional joints; (b) the intrusion of dikes into a 
few of them jdnts; (c) the development of ~teep, northwcstwhrd- 
trending faulta that offaet the dikea right laterally; and (d) minor 
dipslip movement on some of the northwestward-trending faults 
c a d  by pvitational ad jushments. 

ORE DEPOBITS 

Ore at the Red Devil mine forms numeroua discrete bodies that 
are mainly l oca l id  along and near intamtions between the 
northeastwsrd-trending altered dikea and the many northwestward- 
trending faulte. This structural control was farst recognized by J. D. 
Murphy, former manager and resident geologist at the mine. Most 
of the known ore hdies  are associated with the main altered dike, and 
they haw been &nsively mined in the region southeast of the main 
shaft {pl. 1). me Dolly wries and its southeastward continuation, 
the Rim series ( p l ~  2, 3, and 4), consist of at least 12 om bodies 
along md near the northernmost altered dike exp& in the mine area. 
The ope bodiea are crudely prismatic and mnge from a few inches to 
about 2 feet in thickness and from 1 foot to 30 feet in strike length ; 
they are dongated in the plunge direction for mverrrl hundred feat. 
Although a few of the ore bodies diminish in size or pinch out with 
increasing depth, mast af them persist to depth beyond the limitei of 
exploration. The longest known ore b d i q  thorn of the Dolly series, 
extend from the mrfaa at least to the 450 level where they were 
in-ted in 1960 without any indication of bottoming. Thus their 
known verhical and longitudinal extents am a h t  633 and 906 feet. 
Some of the d e ~ i t s  am charrtcterized by variations in size and in 
tenor and by local pinching and welling. 7 % ~  ore Wies and their 
controlling dike-fault intersections commonly plunge about 40" S. 
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Thw inter$e~tions occur throughout a zone that is at lmst 600 feet 
wide, 1400 feet long, and 600 feet deep, and constitute the ma& 
important structurd control at the mine, evtln though same of them 
are b a r n .  

Cady and others (1955, p. 109) believe that e flexure in the d i -  
mentary strata may have iduenced the lodieation of ore. Other 
minor structural f a t u r n  and slight change8 in lithology also may 
have promdad ore deposition. 

Some of the Red Devil ore is exmptiomlly high grade and contains 
aa much as 30 pement mercury, but most of the om cuntaina between 
2 and 5 p n t  mercury. Generally the richer and larger sulfide 
rnagses formed in and near tth dikkes. Thase rich ore bodies mmmonly 
grade latemlly along the northwestwad-trending faults into zones 
su&veTy characterized by networks of (a)  daselg spaced c i n n h -  
bearing veinlets and (b) widely spaced veinlets that form protore 
containing less than 1 pencent rnercurg, and distally into 8 peripheral 
zone of barren veinlets and clay altamtion. 
The dominant pwaess of ore formation was open-space Mling, 

although some of the rich, massive om bodies were probably formed 
partly by mplamment. Cinnabar and stibnita have l m l l y  r e p l a d  
parts of the alikred dikes. The high-grade om typically consists of 
masses of intimately mmiabed cinnabar and stibnik Much of the 
ore consists of closely spaced intricab nehworks of veinlets, b m i a  
cemented by vein minerals, and cinnabar-bearing incrnstatiom. Some 
of the veirdeta wntain numerous vugs. 

Cinnabar, the only mineral that has been exploited in the dQ@% 
is associatad with abundant dibnite; some realgar, orpiment, and 
m n d a r y  antimony minerals; and minor amounts of iron minerals, 
in a quartz, carbonate, and clay gangue. The probable paragenetic 
relationships, which were generally determinable megasmpicaIly, 
from oldest ta young& am: carbonate minaral~,--qnartzl- 
(arsenic minerals) - s t i b n i t g - o j n n t t b a ~ u ~ t z ~  (carbmmte miner- 
al%) --clay minerale. Arsenic minerals and second-stw earhnate 
minerals (carbonate minemlsp) are in pamthesm bemuse their posi- 
tions in the paragenetic equence am doubtfuL This quenm was 
established rnegascopically by the relationships in incrustations and 
veinlets; the veinlets commonly contain abundant quartz adjacent to 
their walls, m intermediate zone of stibnite, and a central zone of 
cinnabar. When carbonate minerals am present they commonly an& 
date the quartz and lie closest to the veinlet walls, but late-stsge car- 
bonate minerals occur in the centm1 parts of 8. few veinlets. Clay 
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minsrd lmlly c~xupy the centmil prts  of the veinlets and appear 
to postdate the ore dewtion. 

The cinnabar murs  in well-formed commonly rhornbohe- 
dm1 pmdmtion twins; in irregular rn- ; and in minor quaatitiea 
as pwderg "paint" along fracture surfaces. The cinnabar paint is 
pmbably of supergme origin. Generally the cinnabar encrust% cutq 
or is perched upon quartz or dibnite. Lss commonly cinnabar c r p -  
ta,Is 8733 mpparted by carbonate minerals or wallrwk. 

Stibnite is abundant in most of the deposits. In form it ranges 
from kve-appearing varieties to k e  needlelike crgstala, many sf 
which am curved. Generally it encrusts qunrb, 'but some lodm con- 
sist almost antirely of massive stibnite, as much as 1 foot thick, in 
cantact with wallrock. Some of th8 most spectacular mineral speci- 
mens from the mine mnsist of cryst.de of stibnih and oinnabar en- 
cru&ing quartz. Whem stibnita is exposed to weathering, its surfaces 
am mated with minor amounb of yellowish-brown secondary anti- 
mony mineraI~ or tarnished to bluish-purple hues. 

Realgar and orpiment am minor mnstitnenta of a fnw of the ore 
bodies, nohbly the one opened by the E-C winze (pl. 1) below the 
800 level. All a n d m  of the om revealed minor amountg of amnic 
(tables 1, 2) even though no arsenic minerals were found in most 
samples. The realgar and orpiment, where megawopically distin- 
guishable, generally orxur with stibnih and cinnabar. 

Mod of the quartz is early-stage qua& which anhdatea ore depo- 
sition. It consists of comb-structured white qu~rtz agpgatstl w h m  
terminal crystd  face^ am well expos& in wgs in the veinlets. Late- 
stagg quartz is mpmnted by a few euhdral crystals of clew quartz 
aa much as 5 mm long that am perched npon cinnabar or stibnite. 
These c q s b 2 s  contain liquid inclusions and, uncommonly, inclusions 
of c b a b a r  and (or) stibnite, which substantiates their pmtore age 
of farmation. Both t y p  of quartz have the external q n m s t v  of 
alpha quartz. 

The garIy-age a r b n a b  mbersls are adjacent tb the wnlts of 
mme of the veinlets and in a few veinlets form the dominant gangue 
mineral. The Pate-stage carbonate minerals m r  as spamly distrib- 
u t e d  thin tabular crystals that are perched on quartz or line vugs. 
hZc& of the carbonates are probably calcite, but other mtbonates rrnd 
impure varieties of calcite may be present in minor amounts. The 
high strontium antent of a sample of dted goup that contains 
carbonate veinlets (table 2, 58AMT-13) is pmbably attributable to a 
st rontium-baring carbonate. 

Clay minerals occupy the central plrrts of 5ome of the ore-bearinp 
veinletq but they are more conspicuous in the barren veinlets away 
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from the ore bodies. Dickite is probably the dominrcnt clay mineral 
and .is the only one that has been identified fmm the mine. It forms 
pale-green or white masses in some of the veinlets and fractures. 
M l y  the diekite masses have polished, glassy surfaces that have 
been produced by late-stage f anlting. Part of an X-my di ffmtometar 
pattern of pde-pen dickite from the 300 level is sllown in figure 3. 

DEGREES TWO-THETA (2811 

F[nnm 8.-Pmt of an X-ray dilltactomtter pattern of d a t e  from the l?mU 
h v l l  mine. Arrows indicate dlamoatic dlcklte penka, am dlstlnmlahed 
from kaolLnite peaks. Upper nnmber I* dspadng  in angstram onltr (A) : 
lower number is two-theta ( 2 b )  nngle. Nl-filtered Cu ratllatlon ; 45 KV, 
16 MA. 

The alteration of the primary minerals of the dikea to chalcedony, 
calcite, micite, and clay minemls was probably accomplished by 
deuteri~ plnoesses prior to the offsetting of the dikes by the northwest- 
ward-trending faults. lhuteric solutions locally produced ~imi la r  
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alteration efl- in the graywackes and argillaceous mcks near the 
d i k a  The postfaulting alteration that occurred late in the ore- 
forming hydrothermal activity resulted in the formation of dickite. 
The dickite is commonest along most of the northwcstward-tfending 
faults near the om Mies and diminishes laterally away from them 

Alteration that ammpmie  weahr ing  is a widespread surface 
and near-surface phenomenon at themine. It is largely indicated by 
hydrous iron oxidas that have pervaded the bedrock near the surface 
and in the upper mine workings. 

The composition of the om is shown by the semiqaantitatiw 
spctopphic analyses of samples of ore that a m  listad in table 1 and 
by the X-ray spectrometer a n d y m  of eight samples of st.ibnite-rich 
ore shown in table 2. 

Th% Red Devil mercury deposits are pmbab1y late Mimme or early 
Plimme in sgq which is the age i n f e d  by Cady and &hem (1955, 
p. 107) for all of the mercury deposits in the G n t d  Kuskolkwim 
mg-ion. The chronological evidence cited by C d y  arid othem (1955, 
p. 107) is that mercury-kntirnony veins intersect stocks of probable 
O2igocme or Mimne age at Imxlities near ltha Central Kuskokwirn 
region (&die, 1937, p. 248; R m h ,  1916, p. 491, and that the depos- 
its are intersected by the Sleetmute upland surface, which probably 
started to evolve in Pliooena tima 

The deposits am probably largely hydmth~rmal in origin. Solu- 
t ions which probably had deuteric affinities attacked the dikes and 
mall parts of the adjacent sedimentary rocks and subequent~y 
formed their typical alteration produrn. This activity was followed 
by the development of north&-trending faults, some of which 
tap@ the dwp-smted m u m  of the ore-forming solutions. The 
solutions axended some of the northwedw~~d-tmdina f a n l t ~  and 
formed ore deposits at favomble loci under suitable temperaturn and 
pressure conditions. Dicldte was deposited during the wfminp: 
stages of om formation. Conceivably the components repmnted "og 
the deuteric alteration products and by the ore d e p i t s  muld have 
been transported by hot, slightly alkaline solutions, but dickite is 
generally believed to have formed in en acid environment. 
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TABLE 2.-X- a d  rn 01 s t h i k 4  mc a d  o k d  mka from 
the & ~l mime 

I m ~ ~ o p l M ~ O l t ~ a I a r m a S t h . t r m a ~ ~ h d ~ m ~ o r s : A  ~ ~ ~ t ;  
B, r a ~ d w e t m t ;  G, minor mm~tamnr; T, trwm s very rnlnor rwmst~iumtl; --, not a m  

The ImIhation of ore near the dikes is probably 1 ~ ~ p l y  a physical 
phenomenon rasulting f mm well-developed fractures with abundant 
open spaces that form4 at inhmtions between dikes and fad& 
This fracturing was frscilitatd by the competence of the chalcedony- 
rich dikes and by the large angles of inltemtion between the dikes 
and the faulta Conversely the poor d~velopment of open spaces in 
the mdimenttwy m k s  is rtttribulted mainly tn the localization of mod 
of the Idding-plane faults in incompetent argiIlaceous mk8. 
Replacement of m a 1  l parts of the dikes by ore minerals may jndicata 
local chemical influences that rendered the dikes more ~uscaptible to 
replacement than the other mBs. 

Although a hydrothermal origin is iudimted by most h t u m  of 
the deposits, such IM the m b m b  strpctum and local ayrnmetricsl 
banding in some of the veinleh and the p e n @  of liquid inclusions, 
the possibility of some om deposition fmm gaseous or colloidal phasre~ 
c m o t  IM prec1uded. 
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