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Thie investigation hasimohed a g,aocharncal_ petragraphiQ. and 
tlPJ~ctrographlc Btudy of <{uiokail'lffl!' mineralization. It !ian bea."'l found 
tl:tat c1nnabar can be depodtedonly from alkaline 9ulphi.de solutions. !he 
solublUty of' cinnn.ba l' is depenc!ent solely on the .oulphic o ion cOnCen
trat.ion which ie. 1'1l tutll, paFtially dependent. on thee alkalinity of the 
solution. Suah a.lkaline solutions are c c.pab19 of dieeolving s ilica, but 
carbonate aIJdallmliM earth iclns .(:annot exist together in such alkaline 
90lutiona. Arv oerbonatization of quiekai].ver doposita ':lst. thWl ro
prosont a tltage in the per!oaof td.nGraUz/ii.tion d4l~lnet fto:$ the pariact 
of c innnb3.r depoei tion. Rowever. ailiee. is ofton de posl ted eyngerntically 
with c111Mbar and the raiat.ionllhip of c1nnabar andd1ioa (u:nli.lcethe.t. ot 
cinnabar and oarbonate; i s eo intimate that the ci."ll'lllbar occ·cU's .. . in 80_ 
plncee,8,a anextX'oIll.e~ fiM disps1"sion t..'u'oughout fla:lot:iat.ed silica. 
Associated with quicksilver mineralizing sol':lt.ians are a:m.ll amounts of a 
l'1lm!ber of hes.v;y metals as iron, chro:5ium, lIIIlng!U»Se .. aroonic •. ~ti."'l,9l9', 
gold. 9ilvar, copper , zinc. n eke l, gerrnani~, l oad . end cobalt. Of' tho_ 
el~mtlnt8 .• eoppm', silver, cobalt., load. al')d g&Troa.niumare ,always ,Ut
f'erent1e.llp. cOYmGntratad in the e1n\'l!lbar and sueh diff er :ntin.l concan
trat.lone a8 have been obsehedare independent of t ho geogrnphl:cal and 
geologioal location of the deposit a nd are lik~1'l:f.~c lndanendent. of t.he 
type Qr wall roek in lVhieh tbe deposit oecura. '.'i'M varying shades or 
cinnabar oolQra:tion oamlilt be at.tributed to a.n.Y s peetrcgraphlcall3' do
ten.inable concontrat.ions ot' alt{f elftlll8l\t.s nor to the total SlIlGUnt or 
impurity "hich is differentially cQncentro.t ,,d in .~ho Cit'.r1U ar . 

'!'be c.l00abar-bearlng itolutions gain flCC6BS into the wall. rockl1. through 
fractures and i."1tergranular voldt! and the great.or part. of 0.11 oinnabar 
or~8 is the reetllt of such open-spa~e filling. When the opening. becQ/118 
filled, h01rever. the solutions are quite oapa.l~ of' r@plall ing tho adjacent 
wall racIt. !f' the wall rock ia out of equil11n'lum with the quicksilver 
mineralizing solu-tiQl'l£!. Ule adjuet>nent of equllibrhl'tt ami consequent pre
cipitatlon of merQuric sulphide will be quito rapid. 

Prec i p i tation of cin."lB.h'ir is caused prk<iTil:! b~T r elief' of prossure, 
evaporation of solY nt, and 1I!l1l ro.c}¢ reaction.. Except in ammoniacal IHllut1ona. 
it. decrease in tem,erat,'.1rll ill not caue precipitation. iJilution of solutions 
C!l.UlJ$8. the precipitati01'1 of n:atac1!Wlb!l.!' and colloidal Ilercury. Such diltrt.1on 
i3 probably ;,'EHlponsible for t he nat.ive 1ll0l'CI"U"J which 13 e. cOllll!lOn, minor 
cOll?onent ot' many quickeilver deposits. Acidification wiU UkewUe pre
cipitate lllatacba'1uar, but not cinnabar. Tho infrequent occurranc.ee of meta
~l,·lTl!?<oo.r can. but be explalnod by noar- eurface dilution or acidificatlolt o~ 
lVpogene solutions. Inaot'ar ag te~peraturo and allmlir.ity are concerned, 
pyrite or both pyrite. and m;U'casite could be formed simultaneously with 
cim'labal" or ma tacinnabar or both. Eo=ever , whore murcaait c occurB wit.h 
cim'l8.Oar alone (ae 1s quit.e commonly the case),. the marcaait,o Mil probably 
been deposited separately fr~ the cil1Mbar. Since eil'lrulbar (rather than 
met.acinmbar) 18 dep-oe1t.ed only from bot alkaline.olutions and .ino& 
o;d.dizad mercul"'.f mineral. are very rare . su:oergem deposition o f cil'U'labar 
!lUst be a ver;; local and aV&ry l.UlQOl1l!llOn occurrence. 

Some cinnabar d8.J'\t6llS rapidly on exposure t.o sunl1ghtam it 1a 
suggested that t Msdarkening T1IIX1 inTol:" the tOl'l!lat1on ot' a eurfioial 
layer of ooUoidallll6rcUFY 1n solid.olutton in t he cinnabar. 



'l'he itt'leetigatlon of' the geoeh~m1.stry of' quicksilver mineralization 

was undertaken with the hop1) that it 1!OUld be pO!Hlible to a9C6rtd.n the 

eh,emioal charaet4r' a."ld behavior of the mineralizing solu1i10s'm which ha •• 

depoeited mercW"J'- \1aaring ores. 'rhegeologieal occurTenee and til. lI\~l

ogieal sJlsociationa of quioksilver Qt'ea suggest depod"tion under sur:f'&oe 

or near- sm'faaa conditions whem tAlllperattU'ca aM: p!"!;t01surel!! approach 

thoee oonveniontlyobta inable in the labora;tol"jre MoreO'f'er" the mineralogy 

of quick1!tilvGr deposits is 1l8..rkedly simple and uniform in contrast. to 

the complen'ty and variability of ItV;U'U otrm' t~pe!!l of' Ol"& deposita. 

These .:{bota made 1.t appear practical to at:tompt to t!.soort.ain ~he factors 

involved in the geochomietn oJ: quioksilver minsralizat1on. 

The invetttigat.1on was purgued along th.ree lino3. The £,1l'e1:. line or 

investigation eonsist.ed of a etqdy of' the cnsmical as~otB of qu1.ek

eilvQl" mineralization dt.b especial emphasis on tl1.e signU'icanooof 

e~ch ehlll!!ieal date. in rolatton to the flccurr&nce ar.d genesia at quick

silver Or3eo Muoh of the ChAilllieal Uteratura MS be .. n o"''"8rlookM 

in previous geological invest1gat1one and fer. o f the inveat1ge.tlnna 

have correlated che14ieal and geological aspects of the ge!Wail!l of 
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qU1ckllll¥er 4.potIi~ •• ".reare 11k&w1_ d1tiorepgneles in the aftllable 

da.ta .am an att.GJapt ha. heeD, made t.o asq&rtain 6xperlmantall¥the 

.. raoity ot ~ .ut.aa.l the Yal:Ldlt.y of ~ condtutions dur i vvcl tbere

fl"CIIIe A~IU' of o~ .l£}XJr~nt. bave been pari'o:tnll4on the 

cheaUal aspeN of cttnUnGgnlfit;clu5 &wlAgu pl"oble_. 'lIw88cOfltl 

,.... of the problm. 1& a ged&l"al pe~ograph1o .t.QIly ot .,1.CI:l.l California 

quiJ:It.Uver or.. h fUlat.~t. t.o oQl'rolaw .aeGoal altd "-rographi.e data 

on cert ain e1~ p4lt.rogn,pbic 1Irob1e-.. '!'he thU'd ,oni~ of' the. 

i. .. etigaUoaoo"l~ of a .ot.l'ogr&!phla ftl.ldy ot cinnabar and cinnab.ar 

QrO$ aDd iDvol,.Yee '" .. app~~k t.o the .8tud¥ of metallog$w.u. 
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Oalifornia Inst.it.ulB 9f Teqbnolog,. ~ won Gloat. gemrous nUh 

their advice and atmietame . Tha.r1t.e"l:ik6w1.- f.\cknOlfhlugtlJl tba 

invaluablG date. en tho cJ:'J.t.allographlc P!"pert._ of m:rcuP'1e fillllplrl.8&. 

Mr a t!. \7. Gould and hire o. it. Schuet.te of San Fr(}i'lC:i.SCO imv" . on 

-

quicksilV€l;- dapoelt .. the invest.igat.ion Qf .. 111.011 ;::as ;auit} try trw 

The s~t;rf)grap!Ue anal,.vS6S aecQll,J6ll/1ng th1$ paper t.'6 repari'orlllllJi! 

by Dr,. M; . F. Baslar. Appl.led iWsaa:rch LahQrat;;..ri!e. Loe AngBlslJo alah 

.ft4"- 1a due Dr. HaBleI' far peri''<Icting te~hnlqU6a wi1l.'l:reby h~~le 



epact.rographic <tort'eia:tioza. Gould be O1r'"..alns:d with a madlltUlll .Qt 

validity ani wUh a raix>.1w:m expenditure at t._ and momy_ 

Ot.u>ing thtl course of this' inw8t ige.t1an. t.he elwt' I»t.e bad 00-

IllldQh foo -visit. mO$t. or the operat.1ng quicItsilvoT ' il'iElB in t.ll8 

United State's. D\n"ing t.hese collect.ing trips,. tll& iinust t.;;pe of 

eoopuai..lonwas ahOI:;n by most. of the mIlS ~n.tOft and ~r1l'it.\lnG6n\'a. 

'l'hl*WJsiat.aooa is h$l"a gra"fullf acknollWibdg&d and it 1ft hoped t.'bat 

&Qr.I$ "f t.he ~s.ta. here aosoillbled .ill pl"we t.o ba oJ: pracUcal value 

1tl solving prob.16::llB in tne mining l!rxi treatliBnt of quicuUwr cn"'eS. 



this llmount, 9,211 flc.sks W91"e p!'odueed in Ga H tor-nie. &$ ,.45S nank. 

in Oregon. 1 
.91' ~'V ysar • a gre.a.t portion or ~ fOM1gn p!'oduction 

Of' the ~el"i~n produetion. s aaJ; 1. . a .. !tiOi:.mt come ~· fr01"<! the ~. 

deposita 1n :Pike Count,y' In th~ eeut.h1t$l!ltem corner of' the st-ate. 2 '!'he 

'lePi,lngua 1Il1ne8 in Brsi!ster eounty. 'Feme hav, 11'1 the past, been 

large prOOueer~ ' A ve~ smaU BlIlOunt ,of quiek.silv61' 1eproouced 1il 

Ar1~one. ma.1nly, in the ~!a.zatzal Motmtaina a.bout. Mve.nty t!t11se nqrthweet. 

. 4 
of G1Qbe. A JlU!lfMr of II!IIIl.ll <lulcke1ber minooe eJ"6 acatt6'1"ed t..Ju'oughout 

NlJyada and are 1Sp'Ol'adlc:all,v operatllc! to furnieh affOOll annual Pl'eiuctiOn.! 

1 ~, 1l. ' •• Q1dcla5ilvel't IIl !Unerals Yearboo.k for 19,s, fh S. B-qreau 
o£ Mlnee, pp.i$89, 69" 19'1. 

2 RM4. J . 0." and WelIa. 1" ... (h" 04010&1 and ore depQS1t.B of' the 
southwestern Ar'bneaa ,quickeilver dbtriot: u. $. Geol.. SUrvey 
Bull. S66-C. 19,s. 

,PhiUpe, Vi.. B., \be quicIuilVtll" deposits of are aterOo-.mty, '1'_ ••• 
Econ. Geology$ .01. 1, pp. 155-62. 1905-

Turner, K. W •• \'he or'8rlillgua quicktlihel' depoa'lt.suEcon. G&Olog.v~ 
Ylll. 1, pp. as~. l~ 

4 RaneoJle, F .. Lo, Quicksilver deposita of the !mat.18&l Range, ArizODB.l 

U~ S. 0901 • . SUrvey BuU. 620, pp" 111-126, 1,~m5. 
IAu.en~ Carl umllal'ber, s. n .. , Q.uiQ~e11ver reeources of' Arisonat 

Ar~. BUI'&ru!o~ 1!1ne:s J3lUl. 122, 1927. 
5 Knopf" Adolph, Sge cinnabllr cfepol!1ta in weat.el'n Nevada.: U. 'is. Geo!. 

SUl"YCY' Bull. 6a)~ pp. !i9-68. 1915. 
Fo.ehag, '.If . F.,. QuicksllYer deposit.ao:f the Pilot. .]ountaim, . ineJ'8.1 

6ounty. Nevad!l.~ U. S. GeoL Stuvey' Bull. ~. 1927. 
SChuet.te, c. ' •• Ocourl'onoe of' qu1ckeUv4u' orebodie8t TraM. AIL 

In8\.. r.Un and .,t. Rngl_era, pp. ~-4" 19,1. 
D:l'1Jyer, F-O M. .. GeolO!!',J of t.he Go1dbanktt mining d1stl"Urt.. Pel'ehblg 

County, Nevada: U. S.Oe01. SiU'Vey- Unpubl1sbGcl manuecript.. 



QUielC.t'lllv<? r i.e proilucadon II largs ~cale 

2 
. c&ntral aDl1eouthe«trt.ern portions ~ Oregon:. 

I 
in the ftClU'th\lJ&swrn. 

portion of the etatc tho l$rgoet prodW61."S &1"0 the Bbek Butte (titt.een 

mil1lo nouth of Oottage G1"O"l1o) 8J'ld the Bonanza. (81:: miles east of 

OregOn, the opa lite on t.hs liGvaUa Itm>d.- ,ust nort h of e!'.ermit.t k an 

old l"ooucer. ~o!'e 1"ooentlya m.'liber of! mines fm'16 been opeued 10 the 

OcbOCQ dlstl'ict, notably t.ho f!:oraG Reaven (abOtl1> forty !'liles 8Qat of 

t.o 1918 Ill' listed in State Mining Buraau 
; 

ana t.hose dlseov(}red prior -, -

Bulletin 78. The g&1'I9J'8.1 geologl of several 

.4 
1/89 .tu.ll~ a nU!llber 4t' Y'ElJU"& ago. 

1. T1Gll~. f. G •• and "'ater!!, A. 0 ., Qu!ekBilver deposits of aout.hweo'iarn 
Oregon: U. S. Geol. SurvtlY Bull. 850. 19}4. 

2 S:ohuette. C. N,_, qulcksiltfflr in Oregoru Orogon Dept. of GQolQP3 and 
Minera l Indmltry .- Bun. 4. 1.9,s. 

, EratH.ey" w. ,,,,, q u1.ckeUver resources of California Min. Btaeau Bull . 
78. 1918.. \Illny of t he proparliea list.ad in thie bullfiUn aJte 
Ut.tla sora t.."mn pl"08pocte and 9Qt<J are l arge producers no l~er 
active - as. fIJI' ammpls, Me. ~l!md-en. 

4' ~cker# G. F •• q utekailv61" de :;ooits Qf the ~ctfte "lOp l U. S. Gool. 
~~. ~on. 1" 1&38. 
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l{~t1t C~'!lt6 
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(fud~~haOk - ane 1m1:/: Dd.l • . ~ .of ~ ::e.,~~i. ~. 

S!m r.m.~ Obs1pl) ~tw· 

lU.aJl - sll:tee-n 1211tta ust of PaifO ~1)bl~ 

tan BanttQ O~ 

Us. Idl'ia - ~ld.l •• ~ ___ oS "uf~~ 

~a -f!., lIIU.Et • .out_ast o~ !raw lar1a. 

o.ont.!'a ~ ~ 

&~ 'I)1ablQ - tiv~ mUa. M .et. ~ OlAyton.. 



r:atlve mercury 
Cirmuba.1' 
l"etl').c imm hftr 
Gtro'd~ lo£tzarite 
T i.s;!lanni te 
Colora4Q1te 
Onofl' ! te 
Lshrnach1ts 
U.v1ngstonite 
,1ontrcydite 
Ca lomel 
Ter lingtta its 
Egleetonit e 
Klainite 
Moesslt,e 
II mn! oli;te 
Barcenit.e 
Schwatzite 
I.evig lienl~ 
:.{agnoUt.e 
Coocinlt€ 
Toe an:a 11 t.e 
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ffg 
HgS 
RgS 
ffletacin!l!lb.ar with ~ to 4% Zn 
Rg8~ 

~ 
3,..{S,Se) 
lfg.'i6· PbSe 
Hg~bttf~7 
HgO 

Hg£:'2 
agel " 
~f',JP 120 
!~~ury (l. 'r.monium eh10l'id$ 
!!erClll"y a ;rnoniu'!l chlor ide \'fith S~ urn H20 
Mercur1e ani,imonite 
gereu-rlc anti~!D!li ts 
Tetl"aha4rite with 6-17% H.g 
Ir on b~aring guadalgzn~ite 
agrs2D4 
ag! 
lodide of Hg a nd Ag. 

Of too ai'orc n!6ntioned m1n9rale all but. three Ere r n re. !l oet 

qulekailver dc!,oaite mve a s their prlnc i~ l !3'-lbhide cinnabar. ~qy 

CO!Ie!.'ntrat i olOB of !l!9tacinnab!!.l'" 'rhe r en,minder of t he :1linerale are 

ohe.ra ct.er istl.c of certain u!lueual occur r e!'lCeS as, for el!3mple. t.he 
1 

chlorid~e a nd oxide at TvUngua~ Tems • livir)g!!ltonite. barqan1te~ 

1 Cf. Hillebrand. -W e V. am Schaller . ' . T., The mercury minerals 
t'r00l T6rlingus§ 'i'iJX8IH 6. 3. Gtlol & Surv<1Y Bull. 405~ 1909. 



ant gUli,daleuc8.T1t.e at. l:lUit;"uco, GU8l'J'«1"O, 1!exieo 1 and .ll&t~i;te in 

2 
t.he. Blue ~ountai.ns oto".gon. 

IolliO of t.be California. deposit,s- colltdn smaU amoUl'lteof' .ulle1'1t.e 

(N1S) and local ooncent7at.~ of hydr~h!ln!Je SiUc1t1cation ill \he 

prac!QmS,nant tYlMl oe -.U rook alt«r.~;t,lon. Cal'banat.Uation i,snot 

UUCQllIl!IOU and. in a .fuw depoaif,n Ulnt S:~hUT '8au.~ rut-be sul.pbur 1e 

chemical and genlogiiuJ.l I"slaUomJbipeof cilm1ool" and .l:l!'taelnnabar 

(~) 'l'he r6aeon!!l i'o~ tbl) 210\ ~G9l!RllOn diU!lminatians oi?nati'ie mercury 

------------------------,~. --~----,-~~. ,-•.. ~ -------------------------
1 Of .. "i'au~ll ~ C. W., l!.ercIU7 d:epo~itl! at Huitzuco~ GuerrerQ. Me;lricol 

Aa. bet ox ~~in ani Met.. Eugine.r:& 'fecruuc&l Paper 842. 1951. 
2 Ct". lAndgren. Waldemar-. '!he gold bol.'t or the- Blua ~untaine of' 

Oregon: u. a. Geol·.. SUrvey 22Dd Ann.. P.spt... pt.. 2, p.664., 1901. 



quic;k$ilvar llIinerdizing SQlutiol19 (ll) ~ nlatd.olll!..'L1.p t:Jt 8ilicifi~8.t.1on 

a~c;arbone.t.iZ8;tiQn to the quicteUvCtr taifBl'aUzingeoluUoM a!)d 

{5} ~ td.gni£t.ca~~ or miWl"nIIloun1.!t of ant.i.l!IoIW flnd areonio t.ri

t,llpb1d4$ in l!OllW qu.iokJjilv~*" Gr6$. 



AltJl0ugh -ths min~Talogyof tluickl!il.vI,u· deposita is both t&1i£ora 

am si:mpl$ th.e g301ogit1al anVir£ll'llllHlt 0": depoeit,iGl'l is high4t varied. 

iimtevel'~ n numbs1i' of tho d61~oai'tB oc<:\u in the &\!J!<) t;1pe of rook -

l'lalllttlyjl i:he.uoli01".izad aer~.nt.ioo. an asaooiat,i07!l !;!Q c·o:a>::.on ~t the 

eUl,ciJ.>l6d aarpant1.ne has long bean giv<.jn. tile 118.'" y,.q1l1QkGU.ver:t'oek~ 

in t.ho nart.."er~ OaUfQl"ni8 distrIcts lfh'3~e this a.scz:.ci,~tlon i." lIlol1\ 

charactel:"iei,ie. Since. in t,heearLy daYil. ~1W l!lIl!'e depoaita wara 

minsd b eerp!Hlti:r!.s than is now 1>ho ca~s. i:.he ·rt'Onaou.a i!:l.preggion 

has be~n el'aat6\i 'tha:'<>oia.>:!!lW depOlJits :in the Calii'~llia (joust Rangae 

fl1'9 f:iilrl'ilwd i.;) QliJrp9eti.n&. $leh i. oertai.\'ll;;noi. the euSG. At. '\'.he 

lUau min.~ tlW ~ll rock iB shale. Ne.ar~ at t.m Ocesnie t..~~ einrobar 

i8' dU3elllifflt.ed througb reBlat.ons tHl is a18'O a part of the ore at.. New 

Idri.,a am oat Rill. A large· part of the . ore at Naw Inria is in slato. 

At. 'l;he .(1udd",,\'rdo!tmina and &1# t..be 0080 Bo> .. Sprlng d'e~08it., the eilmabar 

is d.iss$minate-d 'tbrQllgbkaol1nizad:1nt.ruelY3e. At S.llp!lUll' llilnk.. t.be 

ol'eocqura in oo,;;alt an::! laoust;d ..... gravels. 'l,to AUi?Ol'o.. Aetna, 

&-a4tcrd, Great \fe~t.al'l\ .. am MQQJlt. U:i.ah10 miim.:. are ecn£i!!ed to 

~ina .. In 01'eg{m, t.ho Blaek Butt..e am Horae lleii'1TC!!n m!."1Oq IiCCur-

in VDl¢8.l".ics. 'fhe ~m.ma is in sandat.ona e.~ ~e \~ur ~gl~ i" 1."1 

608.1. ~'h3 !.nat that a ~bal\" of th8 degoaits oe~ur in ciiti'c-r~ rock 

tfpesru.."'1i ttw-t SO$vere.! are con£inad tQ 9!lrp(mt:1.ru makes it possih~ to 

at.udy the 0:£'X'act on minEn"ll.lizing flQ1U'tiQl'JS of both simi4witi a and 

differG!We~ in the country rock. 

~hs 6!;.rilT;!t,w.e of Cali£ornia quicksilver depooit.f5 has not heen 



· 1 
wt;udi.ed ~ d~tai.l since .s.nW*. 1!IO~w.l wort ftS bfmlplet:.ed in 

lea&. Since 1888. l!i81{f of the 1Id.r»6 i:iba:t~ck$r mapped haYe olQ1atld 

hau..-ted the p1)rt.io'ne of the propert1 •• tbat 'ira!'e tl&ppecl f.w Monograph 

1; .. · 'i.'hsntol"6 only the ~oaust- t(j&tW6S af tbe atructu:r-tll. geQl.qg 

~If.m;ted in Monograph H a" of 'lfi.gmfleanes today. ·!h~SSl..tuat.1O!l 

is 1.\niortunat,e8iI'~& it. baa l"G!lIif)rod it. ilIIpossible to CQrl'elat.. the 

Qfsigtt1ficnnc.o, ~et', in t.h:J light Ilf gooohsoical dats, 'to be 
,.,. . 

F~limw~~ is t."le tvPQtileais i'ormu1etsd by SOhuett..$"- cQtlC0!'ni13g 

1 ~cksr. G. F ... Op_ oit.. 
261ch~tt&. C. N •• t)c:c111"1"enc:.e of qw.ckallq1' orebadiea. pp. 4;>.,..a8. 



toho deposit.a &1'& €11ways anall an.t aph\ilGJal'al in charact.i':l' . gu~ a 

bqpotl:lttsie ap.plies" toa c~rtain ext,ent.. "to &qr bydratharmalq formed 

or6 dGPjJsi~. bl..>t# !HI will bo not~. it. 1.0£ particular eigniricanee 

in qui.cksilvar min.ualization. 



}io' geologioally !!igm,i'i6Rnt. stwiy Qf JUmraU:::at.iOi\ ",an" 

pureuOo und6!' ol'dhnr,r 18'oorat.ory eOl1lU:t:.ion. 'Without makil'..g fu~ a.~ 

~~1onth~t me nat-ural proce •••• of' .irtel'alil"Ji't1on OOCUl' ina 

p!!;f,cioal. emriro~ whieh nan be eitll111at.ed elG1!6 ly in the laeor atoly. 

'l'hlt om ire . Udi'tjy 6~ 'the 1nt,erpra1;at.1on of &Jq)6rimantal work Gn 

any 1i1Pt1 o f minel'al1:!:a.t.ion i ii Ge-ponaent on t.ile Va lie ity of the as

sumptions t.hst are J!'.ade ootm8J'ning p~lJical cmlditione under which 

!!!in9nl.lize.tionOCCUl'lh :en ref'el"enoe to quiclmilver minaraliz.«t.ion. 

tJ:utre is an abuniame of fJ'f'idonca ih. :t by ftuo thn great.!' nUlllber ot 

dtlJlOGite are i'o!'mod by bydrothe?!lll11 8olutions at. t.ellq>CTatUJ'mt Yllrying 

be't.eon 100 and ~oO and at. l'!'&Elmn'eil appToachi~ a'tmogpheric.. 

Such physirutl col'Jiii.i.ons ClaD be sillll.d at.ed eB.iliq in tha lebo.."'!ltory. 

Vollo\'f1rlg ts the lJri.dence mJg~"ing eha.1l&1J aepGlJitia.n by hydro

thet'1ml 901ut:!.one in a phyri.cal4mViranmut d~ilar to that obtain

abletmdertlurt'aee eorxH:f',ioImt 

(1) WlH3IU'i.e flUlph-ide:e c.e.n be f'wmed ,Badly in the labOFIl-tory 

a1. e:t.lISOsphe!'ic pl"'esl!Ul'es and a~ 'tempel'stllJ'e9 belOl'f th~ boiling poim of' 

_t$r. 

(2) $mall ~& of nat1v~ ~roury o~.n.r 1~ ~~ quioksilver 

ltepOBite. At room iiempers.ture, mercury 008 a s \mU" bat. peTcopt.1bl., 

.aporpreStlUril. At, 2{:J:PO, the=~I)}." pl'.E!s-~a 111 100 1lI!!" and. at ~'f'. 

the 1'0 1at. U izationpo1nt. (160 mnt.) is reached. Thus. ,~it\;otrt $yidoncG 

of ol)nt,g,ining preel!Ul''Gs (-and: , m. ll103t. q'1:io\l:ailvsr d6'Po6:i.tl"! . tb@' rooD 

alttl merl'!:lldiy PQrO'.ls am tTaotured) . Dat.i ve marCu."Y would net. be stabl e 



. _l!;-

I)f gtIIYsel"a no longera.ct.lve aa.: for GJ(runple, (a) theoeaurrenee of! 

~innabm:' in tm old eint.e:r at. SUtamboat SprL"lg9' (b) the QCCUl'l"itnOl!J. 

o.i nnabar deposit. t,}lat Wi! ~~ tt1ngerl6t.ical1y dth a eilica: 9.pron 

deposit.ed by thermal srpringl!! 4. and (c) tlw QCCU!'1"\Hlce of!:! quick. 

flU"}' ttepol!it. in oldgsl"8Wf t.uhe1f at l{uitzuco, U erl"6!"o, M(t~oo. 5 

quicksilver deposit.s iil a groap Qi silica bearing ' t aprings in-

~on. Noor th"Ooao Hot; SpriDgs ri lJOsit arC' a B03!'iea oi' active 

1 Bs.'}kel' & G. F. Op. oit •• pp.. ~. 
2 Ibid. ~ p. 544-
~ lbUl •• p. ~. 
It Dr&;rer. R. M. $ 01'_ cJ.'t. 
5 Va~U. o. ,.. Op.cit. 



Six milas north of t he G:c>ldQanli:s tleposi1; u- .a group of hot. 6~l"inga , 

only f.l r elat ively Blll!l.ll proau.ct;i.on. 

( 7) Chalcl:loop.izaticn. co;;aon ;i,n quicke.i.lver deposits. ie 

(8) '.O:lQ common p<,~aance .. in quici.:silv81" depooit.s~cf open, ot'tGn 

whiC!l l10ul d =k" it. n&eeaBary to postulate ei:ther high tempenrtur.e 



- H-

evidence makes it appear Tal1d +..0 &9Stl!!!le thatphyEilio~l cOttdi",lons 

~hl.eh are read ilyobt.ainable in the laborat9-yY aimulatre eloeeJ.y 1hs 

nat.t'!re.l environment ~f' quickgU1tel" minEU'a l iza:ti.on. 



involves e!l3'mtle.l1y a Iltudy of l','1<wcurte sulphide ancof the relation 

the davm of slchG'iTj' a~ the wrioue fO'!"!l:ulaa for t->!lOi· prepurat.iou of 

lJhemS,cal: ):r,·inci!,!~8UT1d~rlying. th- result.a .obtained. Qf 104 ps.per. 

on the ehtnd,97,"'1 of mercuri'O slzlrihid<o liatGd by :;'.<;Um-l, 84 ~ 

pubUshsd before 1899,. 16 Mt,.,een 1899 and 1909.. B,nd 4 sinea 1909. 

---... -

1 .t!<ill.0l~ ,. J. ;:1., Ii. cQrllprehGn'liV'0 treatis!l on ino:r5<J.nic al'lI:l tbGOTet.i.'¢al 
OMnlistr'h vol~ 4~ . p.95-7-61~ 192,. 
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Tr:.e eol ution of f.1ElrQuric :1Ulphide 

pnide OJ" even by the tr-ituration of merettry with sulphur, the foTll!!rt.i.on 

_t.erial other t.han t.htl two integl'al eolilpO!!!lm.s of: :aereur1c sulphide. 

MerCUl"'J and sUlphtW 8.l'S 'tl'itura.t._M toget.hsl" e...'<Jd ge!ltly' h at-cd to fona 

t.b.eblaek mtlphido. 'l'U blMk: .ulplU.rl6 is then sUblimed in theflbe&1\Ce 

precipitated. 

S. 2. C!1rl6'<;yl ne the firtrt. s l;l.entl \rt. to o-orr.alat-s t.lta wat 

• OJ;: \' . 
I Q 

1 Chri6ty. • B.. On the gens-sill of r.tuioksUve-r dopo.ait.e l A:!!. Jour. 
SOt. • .• :;rd e~YieB, vol. 11, pp. 45}-6,. 1$79. 



cJ.mlIlC.al'" Chr laty waB m:)_c~ impTt,}!)!) d bJ" the ~ldeepread hydrQthel"aal 

alteration Q.socciat.ed with t.nE) California quieksil' .. er d~!l0ei'ts (and 

moro GspclCially 1.1:1 th0 in:'en:nl on icii'ic:ation) mId cOnclu.1en that 

t.ha. depQuit,a :o.Qat bo tor:n::;d 1;1' h7drotherml depoeition i'r0lll the a!l1ll8 

typo of iilolutionai'r';;il!wh.i.c:l rod morcuric aulplu.dG can 011 pl'6eip1tatoed 

1- LlQ.l.y allrJ.llin;~ sulphido solutiomlo Suoh sol\a-

tiona iIIoi,tlU also b" capulilu or 'iGso l'/l'1g ailica. 'l'hin hyp·)thesis 

~<l;;:J U iJ'ArKUU daIX'J·ti.(l' v f:com til .. early conc>;;,Pt that nt):::'w·,. l eirw.atrsr 

.ilif! :Co!'\lled ';;.y thu cor.ilBlwutloo of a 5c:u}'1 <,ats and Ch.rist)/ :fo'.Ul6 it 

necese-u"j to ata t,~ !lGy"ral r tiB.COl:la v.1ly t!H; Hub li (::a tion h;'lP,*,h~lIi$ 

s eemed l:rllpossible. viz.; 

OJ CiriIlf.l.OOr dOtl9 not vaiutilize b,elcw bOO'1:; unci. " ith a 

no!'~l ge!nJu.rI~"'l gl'&dient" such a t':;L1pl~rat.ul~e \fOU}.'; not be :wbieved 

(according to Oiulst,y) unltlsa the cinn::4om- \:,6I'G dsp .:>sitGU !it s. 1.'a:J" 

gz'ea'ter depth tha."l is indic.ated geologically. Sineu Chri"t;,.·la tim •• 

the law t :nperature .. naar surf.'aclit chc.J."!1c-te-l" of much '1:licksilvftr 

llli):l.!;:rallzati0\1 has l,J..len Qetublishad by ,il:ors 5J..1nd gO:llogie r!laaoning. 

(2) '.fbe !;Iacond point in Clwistyte argt'{!ll<tln. .:o.,~the.t cinr.abar 18 

definit.el¥ ftul;!ociatud wit.h h;ydrQt~ljr::nal !iltl}l'utio,., (ail:\.cii'inat.lon 

and earbo$.tizB;l:.i0nJ of Ii. tyPfi -to lat cannot hHV~ 'been forn:ed: ~.,. n~ 

l:i,!.!iIl.tiqn., l~QrfJ l'~cent wU~'~ l~j) empnae ixod t h, .. ma.-kl:d ~:t'ngQ!,!Jla:t:$of 

l:1inn.s.bal" with ailies. in lJlalV or ta6 rloPQ6:t.te - a r vlaticn::;hip 'So 

marilted that. in ff!8.rij OSSe-fl. tht; cinnabar i .s act.u:;.lll dispersed through 

the £Jilice.. 

(51 i"lle d poait.iQn or bitWAenll found 1.."1 sovGralo-f t..l>to Calif'ornin 



tJw ..-oiatilization hypothseie. 

(4)Lut.lY'. the siudlariV inc-OJapoait.wn of ~"l.6 t .oor¥l epr1lJg 

f'r-OJi!. which c:inuabarfin j)e p-reo:l.,ttatad l,n the :\~bore..t.ory lriouieiV 

<t;o b8l.ieYa t.het~ tn. list mthod Qt pr&par1ng Ccinnak;:- (by th& c .on-

and gqologic$.l invest.igationlJ t.e aupport. tl1l;1 t.ypothen~ ad'l/a~ Ito 

~~lII1.in" tOT &Jc:csr: aevero,.l year:. latsr .. t.o ehOw that Chriat,yi. 

Amr mappi.'lg a large numbl'tl' oi' q\lickaiLver tlepuaii>s. Be-eker 

realized thai;. BI\Y ~h60ry (n;pl~ilUng qui.ckailver miwral.izatiQD nn.wt; 

. , 

1 B6clceJ', O. F •• Op..cit.. Pagq c itations to tlda work in t.he e!'.eld. 
geochemical diacuseio.D will })o made ae follO\W: (13. pp. ).. 
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ill n-ba:r. 'bu\ also the QC~ Q.f other sulphi4 •• aad_llrook 

altel'atiOllprOliuot.. QaraQ\Sl"i.atu Q.fq~kei1.nr depmw. 

~r determi.ra4 .. qerimentalq that. the sUlphidn of ~taT 

(wh1Cb lJOlUd be tbe ~wul of .. ~~ for.d. b"OIll arv IIIIU'OI87 _1" 

in a 1ftllphi~8 eol~1on)q walta. t.~ ~Ua of -..n1i1 a. 
a .. ~ are ra.1ti4' .olultle In· alka.l1ne aulpM.48 eol.lit.iQne{B. pp. 

~. 4~). ,Beoker lU.wih ."ted t,bat. grit. 1.1I01uble l,.l\ eocli,qin 
\ 

.mphi4. solut.1CJ18, 'that. \he solu1JUiW1DeNaw. wtt.n an lana_ 1n 

tMapera-tureJ alJi that. lIIU'Caette i8 l8Ol"e readily _luble tban f1rtte 

{B. pp. 4~-~}. !!'on ..... \. hnevv. baa _de a ii.taUlId et.udy of 'the 

-.olubiUty of iron i'iet.tlphiU in ."IUIU! !I\al~hide 1IQlutiQftI!J am u.. 

humi t.b&.t pydt.. 18 iMolul:de own 1n CQM81li:.re.ted eodl_ 8\llpW. 

IIOlut1~ &zpeT1laent.1Jy t.be writer ba.e .ubataut.le.ted ~l'61Ian". 

fl.nd~. 410111. lfhi.oh lle()~ .. report,lS in _11 .. unlts *- e.wral 

quickIJilv8T lII.ines. 1& Uke.rifi 1IolUble in allies,line eulphid:e &QlutiDJle 

".pend on eliuUibr1e.. "okert • quant14atbe drterm1I1B!'"o!l8'. n.c.~ .. 

ehoring an order Df IIilgnitude. 81'8 of l1t.t.la signifioaace. A •• 111 be 

t1IboWl1» tluoh 8Ql\ltiQm! ..areunder ~naidtu ..... t.ion aiR b . alltaline and 

2 . 
eUloa is known t.o be eoluble in dkaU.ne aoll.ft.ione. 110 m.:l«ht. abo 

he oe.ntlQfl8d that. gtJrmatd-.w wU.ew.phide (W.vol.. 7. p. 21') Ilnd .at.e.tmic; 

sulphide { • vol. 7.p. 412} u. likowt.e reatliq eolub1. 1n alkaUD9 

1 foreman. Fr8ci~ HydJoo\hel'li18.1 experimeJ1t.e Oft I!oluhilitq, lv4ro~eia. am 
and oxidation of iron and cop"r eulpld.d •• , Sean. o.o}. ... '101 . 
2~. pp .. aU-,1, 192!1. 

2 *1101:. J. W • • Up. crtt. • • wl .. IS. pp. 262-4 .. Bel'eafter ref.r ..... 1!0 
Mellor will be writ-t..» 1IJIlt followed IIy volUIDII am pap ol$aUon.. 



tile soll.l'tion of elm-curl" sUlpnithl i~ alkallnG o ... lphide s.olu'tion& ._ 

1 _ -" l~ -- '-'. _4 1-1'· ....... v }. exp.-il'l6« in th" ... ght. U .L 10"",0 eq_ I)rlll vyn.ImL 

HgS + j...~2S < ) 

or~ more gei~cra11y • 

HgS + s* ( > 

4. Kn.Q~, .1.oseph.2t:tr Kenm.na der lOl.'l1lubi.l.tJl.;ij1g,6" dill E> Sohwtffal& Wld. 
~ ~lex IQtIIi£l dee Q.obUbe1'8t z.:l.t.. i'ur Ele~~# 
~. 12, pp. 4n-S1..1906 .. R.f:)~.nc.e t.e thia paper will be 
_rkai (It, pp. ). 



~onc-;mtl·e.tlon of .ttUlphide ien in Boluti!ln. 7hen 'the Dqooti-on i8· 

shifted to the j."'ig.~t., IOOrcud.!'suiphide ill) ~is olvad. ' hen thu equat.lma 
• 

ionization of an alkaline sulphide suoh a$ sodium ·eulphida ia givm 

by tile following reuticm 

instead O'f the a!.¢r,ldl' te ion (agJ ) cr hydrogen a1~lphi1i (ail) . ir-lillll 

the equut.i.on fo!" .... ho !,onuliI:tion equiUliriUl!t QJ: an alkaline 1JU1pbi". 

by increasing the alkalinity of: the aol\lt.ion. 8Qroo l116.rcuric eldphide 

will be dissolved by alks.lineaulphlde, hOi;osver. ·6van in. neut .. ral 

liSlted. 'nlaconclSlltrat..ion offJulphicde ion 1s thus <ieter~d ~ (a) ~he 

origtl'1$l concentration of allmUoe sulphide a.nd ( b} ths alkal1n1\y Qf 



2.0;6 
1.52 

. 1.O~ 
0.7:55 
0.50 
0.25 
0.10 

'!'nb!.ec 1 

Red HgS «beol v€.<<l 
Male!Utel-

1.144 
O. 7B~2 
O.44~ 
0.2818 
0.1500 
O.O~· 
o.~l 

!<~:t.iQ rud 
HgStNa;P 

0 .. 56" 
O.515~ 
o.4~26 
0$"12 
O.,a06 
0.1318 
0..0624 

liES hlil.c~>: 
d:is!!lllved 

-0.8::-.61 
0.5002 
O·'~36 
0.1600 
O.056~2 
o..OlO85 

Ra'tiQ RgS blactk; 
Hg8 • .a: 

-1.09 
i.l, 
1.10 
1 .. 2> 
1,.24 
1 .. ,2 

J:6.ei11.t.e ;?r0lil the iMl'eaMd qdrolysia (1f t.he dlcalim eulphW_ Oll 

dUtrtioI;\ and a aorrB~1ng d"""a.1l intJUlphlde iQti COlWentl'flt. ion. 

';alO tahl~ aleo $hon that. ·1l,be blae'k sulphid& is 1IIQ1'6 soluble 1a 

Cone .• N¥ 
MQ~!liwl' 

0 . 755 
0.5 
0.25 
o.}.o 

0.2828 
0 • .1.465 
0.01;;'60 
0.0076&1 

o. :::!flB 
O. lfDO 
0. 040·44 
0. 00624 



Con<:. !ia2S 
l.t~le'U:ter 

l.o-U; 
o.7f.A 
o .. ~ 
o.~ 
C .. lO 

ligS dil7l!1Qlved (in moles/lit-ex) . in Na~ ;-:-it..'< 
1"8'$ Na~ O. !5N l.Gt( 4.._ 4..61N ;.1ti 

-~ N8.0a :f1l.O~f :~at,),!: a30H ll'JU~ 
0.442;7 .. o.67} "'" ' - a.neil 
0.2878 0.480 
o..lro() O. 2J.I8} o. ~ o.4?5 
c-. i4544 O.llO!S 0.148 
o..QOO.~l Q.O.o.G56 

c.46'1 
O •. ~?b 0 .2369 
0.0')0 c. 096,z. 

Ro:t.~G 3&&.*..,8 
in sQ'lutimt at.h 
7. tti ~,!aD!t adOd 

O.~5 

0.921 
o.9lt8 
o.~, 

_lka:U rwdr{lliide in imroadllg the &oluoUit,y of mercuric eulph14. by 

d~l'il;ll!~ tlle hydrQ4nti1!rai' tM sulphide 'ion. ~lfVfJr, a nTT 

~f!llH~ 1.s l argely daMCia:t,e4. '&\111. there will h~ an alnmd:alll!e ot 

3Il1,pbtdfJ itmlit os.pttllle G't e~i~ ~o ·theaohtble lllal"c\l!'icsulph1Jl. 



m ~ al~U_ n~h1i:.ion tJi. e~tiQ:Q: ll\Urt he shii't;z-l ·to tbIJ left _ 

iba~1m ab~anGe of oal'bQnaw 10¥ sr. i'or1ll4d. 'Uta fact. tl'Ja\ C8l'lHn __ 

.. ~ 8l"$p1'e88Jlt. i~.~ltl\,.on __ De ~.\ a1_Uoo • ..-t.h loa (..¢ald_ 

. ¢ ueg._iura) c~.n.1rt. b the IlIillle $Hl.bJrt.1on Qib.n~ .~ 

Of sr.mc andant~ tor .. .w~ Q(Upt.DJa in tbtJ prtteEtncJ.t of an 

. ... ec& of' r.dphhla ~ 'J.'ho_ oOlllpl •• _ u. e:::actJ.,. analogotl. to t.ba\ 



.. tbe eqqlUbr:lUlll I14laUOll 

Bgt +.. ~«::::::====~') 
tUV· tadar 1fb1nh telllkto de.,..., ·Uut SQIphiCl8 bnOOtlOfmtraUoa 

ntlaU_ ~ t..~ ~otal c.onoeut.ra\iMl of lIIM'(Juri.e aulph14e or 'too .i1lC1"6a .. 

\laa OOQCeDtrat.ion ot Dllfl"Curic .w.~1d. r .. lat.1ve to t."te 'total olphide 

ten cQDoQtttrat.ton or nlatin w \he t.o1al wlttee of' 801w.1tt 1dll 

o&1.iee .~ of t.he ~4~ic wl1ia1cLe 'to "preci.pitAted W'1t1l t.he ee1\ltion 

1e again in .e!luillbrl-. 'J,he precip1.t.at. neult.i~ trDiB 8t1Oh) . acl'12.-.nt 

\0 squlUbrlz b!lDt.. 11\.U _en, ...... 1:hltnf'o..-o. 1,t. 1. If_irab1. 

t.o&xa.tne each of' t,hefactora 'Ind .• .., 4111place the 'aquUibl''-. ot 

BIfi1 !IIil'l8rs.l1zing solution aQd •• • 1011 of ~ .~ncie. can W ""'" 

trpOllaihle tor the 4epoo1t.1oa of ~Uyar- .... 1'b:. 1'8.e1i.Gl"8 whioh OUt 

p-QSsi!;l,. ella_ a fiepluflll8lrt. .t eqUUlw-iaa in '&IV s1n8re.l1ss..lIOlaUOfta 

are U .. t.ed helGWl. 

(l) Deere ... Of t._ps,-ature .. tbe DdneraUzlDg e-oltrt;lo!18 apprO(lch 

ai t.her the r.rfi1c. or ease other QOJJl Ml"i.zan. 

(2) BeU.t of preaaure .a a l'aS'-1lt of •• epeof glUfu at 'the lNJ'f'aca 

or through fravtune .. nneot.l11g 1Jlt.h. theurtace. 

(~) inor9&!!$ in acidit.y o£ aolutios on nachittg aurtio1.1 ondiriing 

(4) Diltltlon of ~lut.1Q¥ '" grQlUld _tal" or by un:!ll,.1Iat.lD'.tri 

juvenile wa:t.era. 

(5) Reaction ef the aittel"aUd,l1g lu>lUUona ri10h compo-netr'..a of the 

_U rOck .. lel'! ~ .... Dll'I:. in fJqtliU.bri\l!ll with the solutions.-
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(6) Otmcentrat.ioJ'l ·of tlGlut.1QDIJ as- a l"esl.llt. of e. gTadual _.pore:t1on 

of the solven\. 

EaCh of th&Stl factor. which may t.end t.o displace the equUibrlU111 

of the 801ut.l.ona will be .~ _parat.ely in an at.t.&l'4pi. tol1lsC(trtain 

whiCb iUcwl"o are colllpfrt.e"nt to explain the pnoipj:tat.ion of ~u.ick

,.i1vsr ~l!! in their uaual font. 

A.Effect. of .. Dene .... in't..,.ra'tirre. 

Dle-_lub1U.~ of ....... 1. ~. hu been .~ (in "'aU. 2) 

to. tnona. 811gb" •• i:th & 4._ea. 1ft tap"l"&tUr.. A.~ that 

\h" hto"fl_.deolubllU.y .. ar. a Unea .. "la.UOIWlUp to tNt ll'lCTeue 

1ihom in'lable 2. th8 *"*_d eo).Qcb'1.Uty -.orrupoucU.ng t.o aU-

qreal!l!t4 t1tIllpua:t.ure i.e very .. 11. thai"tbe ... la"onablp 18 Nee,.iall¥ 

lin88l'" 18 Clown by the ta;c't. that; a .. tumt. ... analim lIiGrcuriO ."u.phWe 

eOlllpln eolut.ion. .01'1 b.ee.t.e.cl 'to- boi.U •• prltClpiw.ue only III ""7 

.. 11 por-t.ion of the com.ainatic1nmJsr .. 'It. is iDlpo-rtant to ... 

bOHVfl'. that. a d-.cF_bIg t..lDJHIl'&tu~ b 1lOt 1.1'1 it.elf 8.11 apuy 

capable- of Ju"eci.pitating .irmabar. In fJil1rt. • • .,. otheT precipitat.ing 

agency mimt .Vel"C-QlJ8 t.h.s-Ugbt. 1nor... in so lublUty oa\.lSllldby a 

cle.C1'Msing temperature. 'lbb iDsna .. in 80lllbiUV wit,h decNflsilIg 

t.~tatun 1. more .rlted .. koIr ...... -.n would 'bIJ i mii!;at.ed by ~e 

figuree in Table 2. s1nce lNoh a deuoaaed temp8.rat.ure w111 UQwl .. 

ueereaae the rate at ftaperation. am 1itus tie-creaae th •• ffect of 

~mm6'ntrat.ion 'b1 8VB:PQra~iOD. 

ImSreatl3'. b~ft-J'. t.here is ODB W8J' 1.n which adeCi'aa ... in 

t.empe:rat.IU'G can 86 .. "'0 aa a p1"itdp1ta.nt of cinnabar. Becker (B:o p. 260) 
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not.ed t.h.epre~a!'l(l6 of' ammonia in the therBlS.l hterw at.SUlpbur Bank ... 

hat! aleo the 'fll"iter.BlfekeJ; detorm1!ll)d empir1o.al1y that.. at. nf)rmal 

_ ~m.p0re.t.ure8. 8.ttrll.Qnium.w-Itj!Jl'<ould cause the yrGei~itat1on 01' l!Wll"o~lc 

sulphide from alkaline su1pMd~ eolut1cme. but. that.. whsl'l \h1JJ ... 

perature .,nUI rai.ad. the wu.lphide _8 l'6-diesolved {S. Pl"_ 269-10)9_ 

tim pri~:iplee q~ lohie tw.u.1UhrisJ.. trig reaction 1.alladl¥ .~lainlJd. 

,fit. l.,ow t.emparatm"ffa. !l!II'IIonlUlIl iQn ~in8s with ft~ 8lfCee. of hydro.l 

i.on to fOl'Jrt the weakly itmi2>ad a_onium h¥drox1de. The O-o~q,l.{e"" 

relllOval of hydroxyl l ons troll! s-ol\$ion pe:ralts the part.b.l hydrolyeU 

of tho ew.phidtt Lon am l\ene-e ea1:lSe. e. ilJor~aeed eoluhllty of 1II8rcurio 

.ulphide. When the J5Qlution i.e hilat.!Hl. unonta is vola'Ul1z.a . AIR!BlOft1._ 

ione ar& thus remoTe.1i f'r'Ol!1 t.he 1J3$t.!im am there 1s an increased h;y

drox;{t ionconcentr:ation T • .ul:tlng in a deereaed b;1d !"o~s1.tt of the 

su;lphide ton and a cOl'l"e8pOMingl1~aa'S$d SQlubility of lllO~11l 

aulphidfi •. COIlt'1U".~ly .... decree.. i.n tamporatUl''' will 1iIilUlle .Il deena .. 

in the S31~bllitl of menUl"i<: -ett),phiu in .8UCh a~aeal 8QlU'ttons. 

Row OOlll<~~nia is in quick"iber lli.ner:s.lizing -solutimw d 

th$ i._e of mineral, izati~ i# not. k!Wmt.. Sui"1':i.ee it 'to sS¥ that aJllllliQ'r!1a 

has b.oen Q.et~ct~ iIi the ther-mal apri~tl.4wing near quicksil,.,_ 

oepotti.t.s at ~w liXlal1tie8 be.ides Sulp~ Bank. At. aw raw. e:zoep" 

in ths pre-senee of &lIliICm1a. &. de~a~e in i.eap6l'at.ur& will increa. 

rather t.han deentaae the BOlubll~ o-t lII5rctU"ic .ulphida. A ~tJoreas1ng 

temperat.ur ie nat, therei'ore. in i'tt!elt a pl"Etci.pit,at.ing agency • 

.. Emct. of a petcr.a_ lnPJ"ett.ure. 

'I'he princi{)a l re8u];t- of a d:ecfllaM of pnssureln sllmU.ftlJ s ulph14e 



aolutions is to allow more o.f: the liqU'id w 6~1' 'the vapor pilhae.~ 

the· nte of . ~vaporatiQftand eQnc.«'ltra~1tJ1i 9f i;hesollAion 1a "bhas. 

ao~l6ratod. TJken thlt cGn~t.l'lltiQn 6De:eti. t.he solubility of tftlt · 

_:;"Cwie ~lphi.d..p.-.c.i,i:tai<1an ·Bf thellloll.~id. -U1 ooe,UX'. 111.n 

1Il~l'aJ.i,z4lg eoltJtlono g.a.i.n ac~_ to the .ll·i'a~ .. the dfttTfi.&e6 in 

pre8B~e IlI5Y be ·S'.Ji"flct4ntly abrupt to. <l8uest.i1e pN.cipitatton ot 

large a"JOunt.e of <linna'!w;. In JlQlut.iona' containi.n,g ~n1a. the 

iMree.IMd yolat.1U\y . 9£ ~ ~ni.a l.'eiIUlt~ .ll"lD d-eel"8a8ed pTea.ui'$ 

wUl ton.:l t.o CQUllte~ct th:l.s ~o1lCitm.r~t.iou of' solution rll'sult.ing 

from an inc:.-sa._ rat.e of a'li"s.porat;lon .im:oa.aa has b('.en sh~ an 

i.llCl'aa;1IGd vola:tUiw of aralllOlli$.ca\U91i a.n i.ftSreaaed solubUl:ty -1' 

It&rcw-ic 8I.tlphid.e. Judg1", by a~iv!t fiheTll&l .pr~s. pr"'~1v t.he 

li!lijo;:ity of quiQksilvar lIinel'alizing aolutiona con+...ainsd no a1ll!llQ_ • • 

tor thltae golutione. a d4Jcrfieo tn pre8lJ\.U'e, blrt. nat. a deer __ in 

tAllpera:t;.tn'-&, weald be fl preciOl!limt.iDg pr_cip.ttating ag&ney. In m.in

.raluing 1!01ut.ion& oontdn1ng UiI1On1a.a offereaae in t.enq)era.tur. 

r.ther than a d ecres..1J6 iJ:l prefJa!iU'6 wEIQ'ld .. a predominat.ing P"

.cip1tat.1ng age~. In aineraliz1ng 81);j,uUOms containing no a!'aQma.. 

flu ftCU"aalJ$ in presBUl'. D001I8saq to ,cauae a pr.cipi'ta:t.iQn ~t II!8l'CYF1v 

~iclellWJt. beauffi.ci.ntt.o co~ract e.xv ine;roased ooll1b1l;.:i.t.y' 

reault~ fr~ deCJ'aaaed y.r;-.~~~rat.ur6 • Simi.1tlrq. in 8l!II.1IOlliaaal 

80l!ni.onll:. boton pr.c1pi~<~ii.cm Q:Ul b.flg1n. tbe <!.&CZ'(t8.ilGd lW~iUty 

ot ~rcW"io sulph.:i.de duet.o delP"eall8G t.empsraturo lllliSt. be Ilut'fioient 

to cYW1teraot all{ inorea._d solttblUiOy that. may result. i'rWil It d_~se 

of pre8S1n"~ 



b,1drl)ly~. gO$. ntarly i;.oc:Olllplat.~ aM thtt _~i.e aQlphido t. 

_:u.ollft eOJ.1lplstely p"tlcipia'Wd. itOw.,~. 'Ilben alQUllB .ulpilU. aollltlons 

'Cont.aitdng dieeolv8d !liu"curie aulphU. IU"O: .~i-4it'ied at t4Jmpara~ •• 

u.lo1r moe). mdytha ~la;cli; _rcwi4-eulpbida (lQri,acitltlailar) i.,...-
1 

~ipi'tated. 'Zbat. ~ol.mlIlhF ill. ~b tQrm Gf lMTcuPi.e sulphide 

·~cOl'lt.ra;lJt to the atable ei~llIlhar i tl. ~1fft by t.he fact. t.1mt. .• in _c1.4 

.eol~ionll abova 'i¥X)Q a_ 1a allmU_ .010&10_ above l.OCi'. _tacilli"l& .... 

~n precipi.tawd. 1t..1 •• t.irl-ll in all eollftwJ"'.8 up to thfJ TOls.''Ioi.:u.satioll 

po~nt (AO. ll- ~n). 

AUen ani C:ronsba.. l1keYts. s:xperillSntoa w1~l} the pro:cip.1t.at,1on 

of" I1I8rouric IilUplUdo 1n ltodil2m t.lU~pbe.t."eoJ.ut,ibmJ (AC. pp. !i69-7,). 

fust. pt'ocipitate if!. the· 'whlWHl,012e 2KgS.. Thi« pl'tlc 1pitawcontillU61J 

to .M'm lInt.il the re:U.o ot HtPJ..t hiP", t'alltt to ;t~ At. t'll$.a COD:

cen:t.rat.ion. llV3taainnabar h;;" , i;:;:~t'} precO'ipltate until the raUD talle 

. 1 Alu.,). E. 'r ... anll Ql'e~ha •• J .. Ii.,. ~ ett1pb:id1u, Q-r z1ne.cadllli~ 
atld JaSreuryp the1rcljI'lJtd 11M form and g6ne'i>ic O'ond'itlGn8: ... 
J'OUr. &tl- , 4t.b .. rie*. 901. ~. pp. ~1-96, 1912. Refennc"" to 
this pn.per will be ... (AD •. p,. ). 
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1hie J.'$d msrcuriiJ .ulphitl. 1.' _!Ii to have a lOftr .peeitu ,ra~lt.y 

and 10'ti'Gr inli.iccs of ufi'aDUon than ordina:ry ~1nnabar {.AD" p. ffl} . 

'th1!J .t,bj.rd :tam (mmedb-Bg8) ita !ilanr!.., ~().pie am inv.rt,a to 

o.±nnabar at. 100° .in alkalil» ~lphld. IIDllxCiou (AG. p. '71). 

'lb.a It%'iwl" p~ tt:El 'l'4rM fGnas ot lII!U'eurie sulphi..defollowi.ng 

toe oiraC'tiQlls givan v.I llen audCremhaw.Profs8Sor J. IL. st.urdivan~ 

x.-n.,.· pmrder eiff'.ralAtion pa:tt.enttl f~ artificial aetaa1.n.ne.har. b-B&S. 

and Dtrtu::-al einnabar(f'r<n thellatt 1Id.ne). 'the 1ll3'ta~innnbar •• .f0fUlil 

.~ be isam.etric as pre-..i,oudy 4ste't'lllinecl (1.0. p. ;14) and the b-HgS 

(AO. p .. ~;) although a Pl"6l1lli!lflrY .studr has 184 Dr. S:tUl"dhant.to 

bel1evo that. the cryat.al; .truc'tW'8 o;f cilUlehar r.a9~enintel"prGt.ri 

>. 

cinnabar is a.!. 76 (.AO,. :p. ;69) wner:oa:s the \11':1.~ apecifie gavl\y of 

b-Ilg& 1.asts'tfid to. Ill., 7. 221 (&C. p. 571). '1'h!_ is a dii'tol!'<ellloe of OV\!J' 

U~ .hereas any diffarenca in gravitQ GZ oval" ~ <and probably or 
ovet' 1%) will ber.evealed .l1.i Qiffer.nou in X- ray pat.to!'n. ~ X- ray 

dt£1TaQt1on patternaof \iliJ ",a t>ro QOzpOUllll& are identical s.nd this 

tiiUtny l"aiees ~ qUlltst..iml *8 1;,0 'lJhet.htUI"b-ligS 1e a~tually a 
,;,.' -
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lIst..a.oin;n;;.aar $,1$0 ~ClU'r\id t..'1 SOIMi Qf the Q,W workl.#lga at. r3. 14r18 

( B~ .~ ,02). T'f.eo€lO\UTSnce tit ~t.a-elnna.bar at t!te. Gul.;rer- BaeJ', iiaat.lnge, 

&M~.t IUines has &1110 btt6a not..u. 1 ~~ Ul$' roJ.s:t.;l.onahlp of' ~t.a-

It aSiI! M~n nutted that.. i,." acM.laQlutiona o..lO'lf roue, only metB.aim .. Je.r 

i$ preelp1~;tad. In acid SQlutiana abova200o~ metaoinnabar will ~ 

e1:4ilar~. ll1IJt.acitn'BOar is cQnv'ert.eti t.Q cinnab .it' iT. alkali.n3 aulpil1d1J 

eQlutioll$ at &.ooutlCAl' • • ytl incraa_d aCid1tyan ;lmli~t.a.nt. pr.-

.(1i,pitat.1ng agrtllCY. deapiUl tJ:UJabaElllC6 of Qataci1'.naharin s;oat; dspaBite. 

0'1» of tb follwing ehangee must l'.av QcclEr.ed; (1) A t.e:mpe.r~tUT6 

above axl° tlIUet hay erl.wd. It ill \4Quhtful. wl13t.b.sr &liOOOUS aolWi.ions 



~:r tho 8Ul'tace eould atta.l.D8o hlgha. t~erattl!"e tn tho porous 

fractured eoun't!'y rneke in which emJ'!!',bar ~s eo1ll.lllOtlly o®ur_ 

l1IS!:l'! reasons M.," b!:'i'fn e-it;OO fQr believing 'that. the "ternperat.u:ms ot 

such quicbil;vc:tr mir... .. '·fl! izin~&ObttiO!lllJ tlU"Q qUit.. 10':1. Iwn grant-ing 

t!I1oh high ~tt\1"":y the ,,10'IJ ~at.eofeQ!N\!I~ion G:t lllErt,aoinnabar 

to ei:mw.ber 1.."l add 1;oluU.tmS !!IRk & it; ~ll'ml¥ that. t.b!t ma'tenilUlilW 

VOttlc Detrot'!p!ete!y ()~rt.fld t.oe1nnaba.r. Ylttac1nl'J'lb<u'~ no:we0J1". 1. 

n1)t.8.bly ahgent L..,. lmlV d:epO:fJit.s. (~) ~nstt tnf'lu% 01' al~lL"'13 w111pldd8 

soluti one, wOll.t1 be ImEtdeii. ,~8.11i_ btu" is easily eG!l7ert.ed to 

cin.?lao.ar in sllen ~ll.rtJ.on".. ~ver. if p~gieal!:ondit.!.~s a:IP -.uch 

I!t~to oxidiYi$ a!ld henee e...,.idify ~ !Y.)lution& d'~ing an a.t.age' ot 

the ~iodof nrl.neraU:z.at.ion. it. i ' d~ficult. 'to 6~ 1Iby'l dl,p"i.nga 

lat.era;".,age 'Of the J!!imraliza"ti~ &ioibl.r 901utions shGuldnot " 

&eidif'led likewiN. 

1101' theee re"fttrofta" it :is b61i~ri that. imreal!)erl ncidity 18 aot 

generally a. ~ 'M:llSe' for the pHeiplt.e.t,1on of Ulorsttl"ie ilUlph1dlJ 

although if. l!l9Y aecnunt for t.he 1.0001 C'QntHmtraM .. ona of $tacirmabar 

tfutt have fre~~ Nported. It i.e to. bit note4. l!!Ors(}vOt', 'that. wherever 

ll!etaclnnabar OOC\1!"S it QC1Uld easily haTtt beonalJpoeit.eci1' ~l"8l.y • 

f!.(:idif'ioat.itm. fl'CJll tbt ~metyp3 of Wpogene. 'Solutiono thntdopoa1~d 

~Je eeeociated ,oinnabar. 

De gffeet. o£ I.'!i.lutlon. 

1t. upos-:aible that mineralizing 1tOlutions me,v ~o1tle in .c~. 

with ground wat;e~ or that ~. _I' b(t an inflW!: Qf dilut.e ,UY8tlile 

\1aw .... s. '!he adl:lirlUTe of gl"qnd 1Ii!lWl' or dilute juvenile _tel' -:v 



efi'ec't .a dl1""tionam neUUSlizet10n -of' IJolutionaui'f'ittient. tG~U_ 

preci-p11<ation. Renee. it. i~ dtlsirnb le eto l'I01',(I the ~ffect . of d Uut-iOll 

By tJ1(l fundB.!n'Jntal (fquat.1onn 

P.gS + stt ::E<:::::::====~) ~S2 

2.0 ~<.;::::::::::==:t) "i!2,'S + atlU *.

.~:t'f'c!.Mtt.lyto allow 

the bydrolydg Of".M sulphidl) i.~n to p!:'oceerl t:, l?, yOin"" m .. re there 

is a dGi'~iancy of S'.llph.lde 1cn in: rdation to mer uri"c eulph-ide. 

s"OIII.!lof tht)· IOOTCwlc S'.llphi..Qo will be precipitat«d. li~\lOr # if' tA • 

.-1.ka.linity or the solUtion is rr.e.1ntainod 'eo an to.lal'gely inbib1\ 

hydrolYeis" no pr~qJ.pitatiQn .11,1 oequt ngal'dle1!g af t.ho V\)lUilltl o;f 

8.lk.a1.:t:n~ llQlutim! 1;1 -i..'l.1ch tho Slllphi.de e~lex hdiuol"1ed.1h1tH",to1'8 

rm!u'l,y t o ccra:.plet.1Qn wnQ1:\aEl1t. with dUut1()~ th$ hydro11~~!) and bettce 

the pl"8~ipitatl.{Jn ara ta08t gradual. Bac~I'" gil e quant.ltnUv6 e~t1r.ate1J 

of' thtl amount Qf dilution JJl1JcQe sa:-y 'to C13.u se p"t<6cipit-ation. ~' .. "uttltatiya 

U'O Qfl~ttle lJignifioe.uc'l $inC(, the renction depends on eqt,,;i.librlum 

~L'at.;ion$. Buon ~e.tn'\t>e!i~ ha'i,'e ', ... :r. lioahow th.o oxtr:en3 dUlltion that 

b Mee-§Q.1!'yb!):f."ora p.recipits;tlGn rill occur .. Baet~¥' (B. PI' - 429-~) 

pla~ed _a2:~ NaO.!l.. and HgS i n ooll.ltion in a r t..io of 2 .. 04~ 1. 3Eh 1 

so tha'C 0. 3)49 g. Qf" BgS miT . p.l'eUl!nt in ;.9 ce. of !!o!ut1o~ Ol." 86 g. 

per Utest'. 'rhio s'Ol.ut-ion would ~t.aim. ;i.u !llQlao per li1lor .. G.:}7 llgS. 



2.8 1i;.Oli. and Z.6~z'- Pree-ipi1;aticn b&gan when ~c:e. o:rwater bai 

be&n a.dd.Qil 'to 'tt..e 5. 9 ceo or when the eoluUonwas 0 .• 1'.5 of it.s orlgital. 

-eomemrl.l:tJ.Qn aDOl cant11mad tmtU lOO ce. of ~.ter ho.~ beenadded.!k. 

wi-ter prepared a aolut;ion 'Containi.ng 0 .. 42 mo!e. l!a.~.1.8 !!!Oles 

ltOlf:, and 0. 17 EY.)ms Hgs·poT Uter~ No precipitation occurred unt.il 

the l501ut.icn vaa I!il\.t"..od to 1/,:; of it-a o:rig.l:neleoncui1tl'at.ion. flhi. 

i. a le.rge dilut.iQ.o. but. th& di1uticm needed 'to effect pt'eci:p-itation 

b ~Fer.d nt cnly on 't!1. available sulphide ion l;oncentratim; lfhieb 1 •• 

i~l tourn. depa-oo,,:l'1ton the a1~Un1V of' 'the tlolul,,;ion. 

'1'hU :pl'e:cipit.a~ form~d. by dUt,rl;.lon .iz lJI6tBoinnab!U'.not Ql.!'J1abar. 

118vker stat.ed t.hat lUtailic illliret!.ry waif ~l'$tdpitated with thE! blaek 

.w.'pllil1e (lh p,e l!}l). but, timWTiui' II.QuId not Qonf'im thi!! stat.Dlan 

e1nca "tiln~al <3l!lll1l.in2-t.ion of th-e praeipita:til re-eclUng from dUtrtioGtl 

w:i'th ni-tric aei>d. the i'iltnt.s gav-e n,:} 'test 1'01" 1l1l"<t~Y'. H~r# it 

""ZofJ found i;,.~at.atWr ;ilil.tul'ing th'E! pr'l(dp.itatr.,id t.19'tc.cinnaui\r. '!'.la 

filtre:t~ ai>Ulrelninoo b:ro<lln;. If thin £iltl'at'l :La bailed, a . arom; 

;.ail'r-.lr is liepoa.ittid illd!cati~ that colH1dal ll!3TeUl:'y is formed at 

the sa 

IBfiJrcur'b llulphidff a~lnl( solt."tion is bQiled ;,m:i diluted wit.h boiU!lS 

watl;u>. 't..'t~ reault.ing oMi:;u i s col1)k'16G~ and tl ' rattrY mirror .u 

f~·!II3d by furth$r !loiling tho fllt!"at/ll,. 'rmm" in boiUng w:lt.er. tn. 

nwreury be.oagllla'l;$d 1Wd precip.itated ,d.th thG n.etecil!!l8.bar. 

"at.iw mSNtlrl i$ C03li only dil3'.Jamioo:t.od in g~n ammmte through 

-no; quick.sllV'Ql' depos1t5. At. sO Gr.as .. ~tive ,.,.~rcu:ry 1B p:r'.!.sel\t 
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in 1'elat:lveJ.yla.rge 8ll10I1nt.a. 41~ Beckel' (u. 1>* 4;1) !lOud Uu. 

eft"'et:t of' dtlutiQU ri.a a ~ecipi.t:i .. m. of llat.iv0 rwreury. the pra~nCtt 

oe nativlJ ma!'eul'y ie generaUyattri'but.ed to reduct-ion by organic 
_ . 1 

mat.terOX' other re<iuciag agencies in the _11 %'r;ck. I.t. 1.e prob&b:b< 

1 Ot. E~. w. H. _ Strl1;iulent of' oFlitdep.Qaital U.. S. Cleo!. $U<'Yty 

itolll. 625.. p_ ~4. 1917~ 



'. 

ll!ioornlizing 1Iolutcio1l8 Wl)Uld than -Wat.1'ODg fino. to 4OI.tv'en 'the 

pc.-t.~llatGd and that. ttlobydrGgilli etUphide vaporg foWld around ~ 

thormal ~pr:i.nga !lr~ oft.an the :result. Wll¥ of ox.id.ation (and $'t:t4mlian\ 

given 'for bolievillg that quicksUver de;po.ei1:.tl ar fontad at 'te~lCIW 

t.emperaturee ar.n pl'~s ~ure8 - the tenlperature probably ll\rt. axceedi~ 
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.0 .0 ' 
l50 " At. l!5O , t.,'lG wpor pressure of JUU"CIU'Y is r.agligibla and i-t. 

lenot. ",'lrt.il a60Q that the vapor pl"lHltlm-e reaches LOG mm. It, ie~ 

during, minsralization. they must hS't'6 been earned alosg with the 

sobrtiO!l as vo.po:'." and cannot have r-eetllt.sd 1'rQm any daco ],:>ollitian 

up to itl' Tolatiliza:tion poiti',; o.r.d MG no appreoiable 'Iap:>r pres 8UJ"$ 

o . 
'b'3lov; ~ • 'rhus. nati'T;J n:91''JU y could not result. frOnt a decomposition 

vapor 1'5 the preS3tt:1e of' -alkaline aalphld(J ~ohrt.iord at. tall!r';1"aturea 

!lbO~lOO~\ In ru1]'CB.SO, dG1'O'a i -tion a2 a. $ublill'.:l.t~ 10 not a pontulat.e 

1,he efi'ec;t of 1'.11& wall rock 1n causing preoipitat.1:m ft'olll; 

minera.lizing Bolut;1ona 1e the 1ntegrat.ed .rtect. .of all 1DUd.clw.l 

C~DIJ!ltB Qfthe 1'o.ck wb·iQb are rut. of equilll:iriU!!l with t..ha eolut.ione 

and wbich. ill an at.te:IIIPt. t.o re.n.or. e-quUilIrium. Callae pr$c1p1tElt.iQ& 

TM· comple;d:t.y Qf wall rocks and thlt wide .armhility in 'type re_era 

it. lmpo.sslble t.o predict wbat pracipitat.1Yeefhe't each wall r'Oc~ 

\'1'111 ha~ Rowevor" in O'rc(!l" tG aecenlj.i.n empir-icl!lq what. effflC'\ 



pe.rf!ll'lliHs A ylution .. propu'edcQntaining 0.42 mal&sRu.~ .. i.e 
1Q!;)1$s lOt!. and 0.15 ~)ArtJ SgSpe.r Utltr. llI'to 15 co. ponions or 

fi&pO~it.1! oo1lta.ining 41fterent. 'type* o'l _11 rock. A .'OOnd ffta.ucl 

aohttlon was pnpared cont.a~ the ".1'Dr9_ntloned uompansttte plwt 

ax> eo. of _t6r glass per 11t1J.-. (ShewatAr ~laee was liJ:j0 Be. BoG. 

L,al and had a. molecular ut.1o $lOTHa'2Q at ,.U~. ~re ._ thue 

24.$ ~!U.ca in the wat.er glll31t '" i9 ~ of 8ID2 per l.1ter. ) luto 

1500.. portions of this _COM e'taDt~deQlution ware placed two 

drawn from the r"tllts presented in Table 4. l'hee6 geooralb;a\io:ne 

are lilftted helows 

ai'tor two daye., Hence. 'the 1UIIOQl'tt. of procipitat.e is lieted as the 

" 



Effect of '''aU Rook: J.n Precipitating :13r curi o Sulphide 

.Rook 

!aaal't 
Qulph~ llaP.k 

Kao11niz~ ~ol±~ 
Cuddebaek 

Sili"U'ied tuff 
Sorea Heawn 

A~,lOHi'lt.t... 
Blaok Btrt.'IJ 

gendtrt.one 
SItagg Springs 

COO!'se a~glomsrat6 
alaok But.t8 

Coal' 88 nd stone 
Oat !ti n 

Cosl 
u Eagl4t 

UDal t.ered tlsrpentine 
!lredfol"d 

elate 
13w Idr-ia 

9and~one 
Oceanu 

St-.ale 
lUau 

Gl'an1te 
C080HO'\ spy ingo 

olUme o£ pncipi:ta'U$ 
ai'tv two dqa 

x 

x 

x 

alight preoipllate 
ai't.er four monthB 

x 

x 

x 

.. 
A 



ai''t(lr four mont.iLs. ViaLl rQ(:k !:."';QaQt,ion 1s thus a rapid proo.aa:s ~ 

, 

d posit.. 'Ih6'Be result a indicate that.. in 80ll1.t1 plaeo&. SOIOO ftu::.t.or 0tnor 

,. Kfte'Ct ot' Eva~atiQft of Vle SOl-..ut.. 

All of t..'Iut fao\Onl l1h1eh can ei'te.ct IU'.cipltetiQ1'1 invo.he • :ntlative 

phys1es l condit.ions. ot the tact-ore alrtiady studied. ra11et of pt'st>sure 

and wall rook reacl.1onare the .lIlOBt proba.ble cauges of' theprecip1tB.'Uon 



·,!lust penetrate out thr ough a ny pel'11!sBble T.adia . butt. b«eaUS? th'. 

viscosity of geg~~ is leg~ than that o~ liquids$ the esoape o~ tU$ 

vapors will be !!!Ore rap'l,d th!".n tr..at of the li(1tdd~ The solutions will 

thuo be graduslly or.meentrated . As Gyspoution and cOflOentratlon 

proceod. reeipit.s.t1on of e-f.nnabar will begin for it h exactly' l:ly 

!3'.lch an oVlJ.poro.tion of a olvent, t hat 1:innnbe..r is· llIDl'lt ea1lily precipitated 

in t h o ~b-ol''ltol'''Y .. If' the . . iooraUzing solutions are made to follO\'! 

cGi'"tuin definite paths as n result of' f raetur-as and ~tr1~otura:l trap.~ 

the pr(lci~dt!lte will f orn along the path folle ad by the- sol'.1t~ol'l!t. 

Ttie cin~.abar concam.ro.tions will t.l:.en form along the a:v.Q.ilable opening_ 

an .i.mportant P!)t't in t.ltq pl' .cipitBtion of ei;1!l3t:<:. r OT€S far it. i lit 

:cn~wn not only -thut th~ looi of e:l.rt.J1ubar dopcsi:t.ion f-o 10 . c100611' 

op,,:ni~s in the count ry, !"Col!:. lnrt £.leo t..~at the gr'f.lat ei~3bsr con-

centrationa arc often found bl)n;la'th 00,.<1 f orm ;)f stTlletH!"!l. 1n"ap.l 
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Reasons have boon indiceatlsd f« believing t.he:t e i.lUl&usr • • ta

ein1l6bflJ' , and nat.ivem91"etaY 81'8 generally depQsited !rOO! the __ 

peuographic e"idenc •• .nl iJ:IUcats a t'Pequem. SVDgftnesia of .111ca 

wlth cinmbar. 'fhe relat.lonehi.:p of Writ." am _l'CS!!it.& to the qu1ek-

it a ubiquitous preclpi:tate ~_lIB'typ6s of b..,cirO't,ttBJ'llIal ttolutlQJltf, 

there ur»' l"eaStm to beU .. tha~ if. is a11lllY8 depoaU,8d ~neUCB.ll¥ 

depot'tlt.10ll prObably cOIIlpd:Seli .0Dly 0.- oall ponion of the t.o\al 

1II1neraUldng epoch am aitlceit. hae be~tl'. not.ed tb9.t trim di8ul:pb1deie 

not _luUs in alkaline aulphide solutions. It u aost difflQ.ult; to 

C8elte have been studied in driail. 101'" till. reaeo-n. it. tU.gbt. " 

_11 to attempt 'to aacertal. und._ whatolmm.oal am }llwaitral couU.t.iOl'l8 

pyrite and !l!B.rc.aeit.e eoulli be (bJ:#. not neaeeeadly are) de091t..t 

trom the M!aS solutioM elf cinnabar am ~rinngb8r. 

Alle'ft~ Or.ensha .. , .JQhneton. and !B.~nl have deturmlnedthat 

! A.1Ien, E. T ... Crembu. J. 1,. ~ Johneton~ Jom, end 1'!lrS6ft. E. S., 
'.(he mineTal sulphides of: iron: Atll.JO't/W- Sci.*. 4th BiI"l'ieS. 

vol. "" Pl'. l68-9Q, 1912. R6fe~Olte 'to th1t!art.1cle will he 
made (ACJ Iqpp-. ). 



!ll'll'ClGnita i:.:r a mon..ctrop· c ferro. of py-.r'ito j uut as mot.v.cinnabar is a 

s.nl1Qf.t"opie form of ci=bar. Unli~:a the change of metacinnahar t o 

ci",nabar. the irro'l'orai ble change o~ 1lJI.'trc!laite to pyt'ite does not. 

oe~Ul" belill:"1 J~'S)0 at mw p" e~su:rG's (AGJ~. pp~ 187- 90) . iherefo..l"ll. 

m?rcaaito. liko PJ:rit(j~ is at..'l.pla over t hu en'dro range o,f j)ossiblq 

phyni.cc.l ccm! i tionge Th us" once l!l.::l.lrcu a ito 01" p"i'rite h:l.1l formed .. 

t:::.tcr quicksilver rnnaral:Lzing lloJ.utiong could of:'f601:, no ch~nges. 

'l':lc origiral conu;i.t.ionla 01: or.,. tiou ofr.lal'ca it.8 aml p:; r i1:.a 

f 1"Q1\ ~!<1l:'lred ly o. lkaliM aolutior.a. An inGrtp.ooln acidity r:n: a 

dil"ticn of' solution will i~~dist~ly C:iuoe ti 0 precipits:t.ion o£ 

Qi~'l3ba!' 'by a ns infl~x of mor ~on~\lntrated n.lkalioo uulphide 

solutions. Unlike the relati on of' 1Jl.I}t.acinnaba:r to cinnabar. it h€l$ 

been found that# rmeraa13 lOl.l' cas1te io th _ predQJtir.ant form f!epoa~tod 

a.t 10';1 wmpere.i~uree from ac i d /rolut.i on.s. iiO~ pyrit i.s d~pO&ited 

alcng wi'th th in each Bolution.e (~r.., pp. 179-81). !Ch& 

in t~l!..petat.uro (ACJL!~ pp .. 179-51). Th~. the occurren::e of r.nt.acil'ln1.bar 

with both p:fl'ita anrl. [.:area.ita cculd os expli~9d. SiIllle later alkalinG 

sulphide jJolutiom will cerNert. .8. p-art Qf t.,"tS m3te.<;inr.~bar to 

cinnap3.r3 but will not · fillet t 16 1!1$.l"C'9.si.t (N.1J L~ p" 4(4)1< t.ho 

OD curr.anc,", of' eet.aclnnabar. <lll".r.a.Car, py.>itfJ. apt! mar ollsit.G tag5t.htll' 

i8 not :UIOOlfllOUll .. I n alk:aline 'ItOlutioDB. pyl"i:t.e, not. ~e.oit.e .. ia · 



(.Ie'posited . :Cut OUCC ...al'caeit!:l ha s huon t\il'u:sd it ie not cl13.nged by 

lat.er alkaliw mll.phideo utlons (AWL" p$ 1.81.). ~'lW1. umasa tile 

c inn~bu:r in '" givon !:irua has l'" sulted i'1"Q:;:l l21IJtaQinnubal' t.hnt. was 

dapooitod in l'A!l'tral or a .cid aol,uti.oJl3 and I1&.3 air.cc bafJn OJ;)~?'!'tltely 

cOlI'Jeri.ad to cinr..abar hi' alkalineau.lph.idu </olutioM. th ... QQ.curNnce 

vi' l1.!.:lrcuait~ " h.l .... c4.naba;r l()na is all anQr;w.ly tho:t 1ll1.,U"t ind.icaw 

-2:l11.t Ul ~rcusit\j naa not d PQeitod cont.eli.lpOi'anaot.Wly wi th the 

ci!'.u:w,Oal,' . 13incil tho OCCl.U'ranc.~ of mal':.o,aa.i:t.{t wi-t}l cirmabar in d: pgsit.a 

cOl'ltaining no ;r,otaeiuna1;;ar or pyrite i$ lUi;, I.t.>teOlliaOl'__ thare is 

good ree.!;Oll for bel ioving tho.t.. at 1611.st. in BOl1l<) oall!ea, tn.. iron 

isul.phide cie po!'J itiqn i.e not ""tri.qtly c.ozrt..fi;)tporarY'}OUS Ylitil t.h4 

d position of llll> rc\.ll' ic a~1-i . • 



The poas1bility of ~rg(ma enric..'un.ant. of q-uidt~ilver depoe1ts 

. . 1. 
0013 h*n atud iad lTJ Bl·Qderi.ck.By expe1fimant..Bl'oul1l"iOk dQt1\l:rmi_ 

the followiag tact. l'egarding SG~l1tlon anll ~polJi1i1on of · r~uriC!l 

sulphide ~ acid wa~e~el 

(2) Sulphate 1IJ&tua dOllBt dia801Ye oilmllbar • 

. (7) 81noo Qj.n'lIlbBl' is 81l1111l~ solUble in il;ydrochlMlc ac1cl. htrt. 

charasWF - 'thug Pl'oballly oDl1 in arid climat.ea. 

(4) Of t..1-tG eulphidee which coouonly oc.cur with einnabal'. ~n1y 

at,1bnUe will proctp.1tat.e mercwic eulphide fl"Cl!Qs.hloridesolutiO!' .. 

,~) IU<Dinat.i!!g g_ .. found to reduce l11l!.6wic chlO1'i.d~ to 

the merCUrGue foI'm pJ'oduci.ng a preci.pitate of calo.'Dal. 

(6) !he acUon o£bydrQg8!1 !lUlphUe on <:alOl!!el givu ... curio 

ftclph.lU1\l: am ~talllo !Ilenury. 

(1) Cf1ldt.e and i'errou8 eulphat.e fiu .... mel"lIIm"te "laride aoluUoWl 

l. Bz<odfilri;::k~ T. t.f." 800Ie .~el'iment.e beal'~ on the sacomary en-
1"1clr nt C'f mJ'cury depoeU8t Eooon. Geology's vol. U* pp. 645-5~. 
1916. 



!he most rocem i1'!Y:aait~et1on at the sotubUity of l!$rourie 

-eulr-h!d;) in 918-6 WIlter (pl! n bets- mom! the so1uGilit.y, at 25°" t.Q 

. he lxlO- 11 ~/l1t6?' Ilm. a~ lj(jOC" }-,ao-15 grao/l1te'l'.l '!'his 

feet. toget,har lth the !rot !~eqltc!rt. ooeun-enee otcil'L"lIlM:r 1.n 

p1a~gra2 11'!dicateG that purl! ~t"'tI t. i.nearlable of tl'O;!'!lIpOl"ti~ 

B!'OOe1'lol(41l $~l'il'l8nt'l! -!!how ft UOl!!!ftble !Mane by- which ~1l

'¢innabar and net!""" 1!IGro'l1'1 C!!n ~t()rmed (m...--ne;Ly, by !"aaet-inn ~ 

me curie ehlor ide s ol ut1on!ll 

--------------------~------~---------------------------~----
1 VG1"hao[<;n, Je:m~ Tharmody r.amioa]. cal ealatiOM of' t M f!o l ubiIity at 

S~ tmporuarrt. su!ph±deB ~ to 4oo°(h Ef:Qn. fjaQ1QU. vol.,,., 
p. 776. J.9,o. 

2 ~adl"Y .. w. W.6 Gp. cit-... Pl)" 82. 169,2f)l. 



chlorid6 s·:)lutiona ~ a.nt.~. «1~ W~U geDltrally pl'<fJaellt 

inonl.f veTy8!l!2.H amounts. The ~dp1tat..ionOf1mlOt.. the~e1"ot"e. " 

Gf'foctMd 't.a an,y a,p-pr\i~iab16 911it.ent. .lly Jrt.ihnit.s .. ,w&'ordit,rg to BYodel"i.Qk'g 

-Ill'ld _ 4YSd-enoe is at, haod for beUe'l1!1g that. there 16 e:t!!f d'&flll1t. 



on dnu~io~ 

(2) e 

(,} Paolr..cr ( D. ' p • .l,)6) re;ported a veinlet of oinmbar in an 

!he uepOl:!ition of a 'IlSrgen~ cinnabar cO'.;.ld have occurred in 

(l) F~o;.;. chlorine waw!":::, - ciepQ:-;itiol1 from chloride nate l'" by 

.I. Lin:l.r;nm .. <:a~demar r. liiirore.l d6~,:sit.J. \t.:'1 ad., p. £69. 19350 
2 n&Wet.~. D.F ... G.Glogv and ore depotri.t.1I of t.he GoOOlIPrillSs 

quadrangle .. NvVadal U. So Glt~l.~, !lw've'.{ p'rof. ptlper 162. 
pp. 81- 2, 19,1. 
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zoQ1.atii.,ely rapidly on exp01lW'e w l3 L'!l1igh1<. Insofar s. the wrl~'i"u 

a_nt~'Ll-tie re.I'iddlil"k6lli~ 1;8 sbown IW cinnabe.r from onlY ~ 

tol1:old,ng four looalit1lJ!J~ (1) 1beapaUte !Ii .. alW aaaoeis.t.a 4IJpottit.e 

l{el')el'l!li.tt. rut t...'l<} nori.h'es1;fll'n , 6~dll-or8gon border •. ( 2) Tl:w tlQld\!lanks 

depoett. loo~'ted about t.ii.:r1r.y five.Uea .a0la'l:.h ot W:i.n.'1O!ll'.lcea. NIW·ada. 

(,) .l!o!!e of the ainnabarln silice ous .i~ a.t, atez~mboe;t. Sp.rMig .... 

'!he darkaning ot ci!l!'labar at t.be 'third localit.v ieknonn to t.he writei' 

only thl'o~ conver.aatiOll nt.h PFof'9a&ar V. P. Gianella and that at. 

--'--- ._--- --.---------------.~-------

t RA ni' l'!!(l , 1~. r ••• nuitlk<JLl: '1fl1'~ ft. 'J. (~@O R>ffV~ 'finernl ~t"OUl'C$. 
191.1. pt. 1 ~ p. ~2, 1.921. 



Y'eal'lt (.1.~ vol. 4, po. 95!~. 'Ol1GVa!'. withi'1 e. period of 1"Om~1.R or 

!!!avera1 yee.rs this dllJ"kanin-g 1.6 not cha'!'antOl"intic of e 11 c:in.>mbat 

sines the 'i'.'l" ite]' ha~ seen s. m..~bcr of' ~u Oll!:! a.pcci"-'V r,s e.~ o;:;m1 plt. 

6X!loouras which art .. .-f,Ul bright ;!"~d after ("JT,1ocure to aur.l" f ht for 

mal:\V years •. ~apecill!!an of CinrJlbal' fi"OIt\ the ,f, \.U"o!"a mino in , l i1 Bttnito 

OOl.u:rt;r~ Califonrla e.tI wall at! clnmber concentrated. fro!'!. a flI'6ni~ 

collectad -'1J Ramo." in the ·I$.zs.tu. l 'Jol.l.T1wint'! of' Arlzcm .ore 

eX?Og~d to g',m1irh1;. for AiY. ltortthg and ,,'ere not -darkemd. 

''l'e iG 5 tabu:lfites the Ttl!'!' 1 s of experimsntn on l'vt,u?al arrd 

a rt.ifieial m~t'eu1"'1c 9rlphide. Af't,er expocUl" to stlnl1eht for 0 ;19 

month) mer<l n1'lc ~ulT)}!ide pre ~r r by {)ithsr Bubli- a.t1on or the wet 

ethad faH6d t t ," rn bl!'.ck y;~e!l expose" to s:..u~l iltht. in air . 'WI.Wr. 

or KOH. '!he b-?:!gs pl'eptl.'l"'F. acoo:"rling to directions .given by J,llaD am 

Cntnsnaw (/.0. pp. :S75-6) has !:rot. dnrk!:!lGd s ftcr exposur6 +'0 Bili.ligltt 

fot' eif,'.'1t \~iJeks it'! n.il' an.! ten . ,kf! in ~"l',tgr,. but. t~'nG'd blttck in 

ten dp.ys i-c 10% KOH ,,'harass the 5!ltt:e 'b-:l:gS nilS !lot da rkeTh3d af"'<I6t:" 

~.u:po~~re to KOH for one month in t.'tz dIU'1\:. 

At · i:.b:z! {}oldtar.k13 minG~ t.he ,,;aUs of 't,.lte Optlll ?It ul'u co,r..p '~.eEfd 

nsinly of lr.:F.1 t!'ad_ o)"u - below ton pounds - £1110 tx'e 'hl.llls . of' the 

pit }mve bean !:c thl"~"'1t that no red colo?a~ion L 5u~m unlesu a. 

tree·h SUi"face i~ n!"olmr-... 'l'ha l'1ritol' cxpo'Jed fl"oert SUl'fucG!3 O£ rr'd'veral 

d if't'erant stlocim.3nl! of this 1(}'.1 grade ora t;} sunlight in tinne-:>!\!Cca. 

nevada# ~rd found that a.ll spcecic;GOS 'I'ffll'O conaiuarably dQrk(ln~d af'l'.Au· 

e~('el1rQ to r1'.lnli3ht for" :'i1/~ clay 0 Wller(1'!. cr aUC!l darknning di f; :lot 
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f!1'"ade Cln:} r.ae il'Jnt in to lJr. W~ T. Zehana!.' in 1,!I~,shir,gtnn. D. C. for 

QxparlllWntal work.. ~Jr" ~ltal1Efr 1 
likemae noted considerable dlIi"?..6ning 

a :f""..el" £,i ve days<> HG~Vl'JY ~ Betlldt'tt ISl'Jacil'!lec1l& of tm tW.'!lF! t;t!~a o'f lIra 

dal'kEi!'l~ O'nly 8f'te~ an ..,~re of' eisht !rook!'! in ~:ll' aTIlt [{OR :tn 

P3.9!lden,g !lrl'l haw not, dal!"!tenad n:t't13l" e:lq'O'euT~ for tan 'I"''''H!kt! 1l'" mlter. 

has nat I!firken.sd in !!ix monthe '.1'1 th~ ab!l!~nee 'Of lifl;ht. The $1119 1_ 

grade Optllite m<e dsJ"kenoo inane h9.1f ho!;,~ in KOHl' but "tn.!' tffl~a 

~!'I .. kGning occtrrred tn KOH in tn'S <lark and, in thie CRIOE' <ilane, t.m, 

dll!'ket:ed 'l.eyet" ",(H! !toT, ~lT1"intel. Hi;rh m-ada Ot'!'!1ite ':J'r{J da l""kP"lSd 

Gxr<0t'lttr9 tQ sunli,"1'rt ftt 't&n 'ml"'!~ !,l'! ~,terr bnt '''':''''-; ~n1etl7' rl~l"kened 

n !'tel' eRUOB'.ll"Q to 3tmliFht fur ";:,ffO d~1!! in J';;0H. '!'h"l hi)!h <':r"id~ ore 

- ....-------...-,._. -. -_.------..-.. -._-...- . __ .... --...... - --. --.,.-----:~ - ---. ------.,.. ---.----~~ 
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expoeurlil. 1),9 noted at t .h .. \:I'ol."'l)ar~ ~lt iU:u\}.wifie:: t ",,,:: La!'J: ··~. 

b\rt. dQtls no~ C6.UJ5G a th;'ckaning oi til" "w:-: ~cn;;;! l~·ur . :.cu:::e::;J. l state. 

1 tla<.A;;Qa."lIl. Karl , l/(iil"blme¥u.Ilg Gail ,i;.l.nno ... »,l·s C:(.L;':';:l _c.:J Lie-Lt, ;';lJt" i dtt.6 
dar detrtsc:he cheminc:he GeeGll~¢haf'ts , :';1. 7, Pl" 700-51; 1874.. 
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but t':~.o.t the red tlolol" Tp. turr.z dum the ceinmMr is oooled. If the 

0' 
c tnnllbar 1a heated to 445 the darKening 1s pSl'1l!3.nont.e 'rh\l st~rl'icial 

chungo ~n t!Hi color of' ¢i!!"T3har :f'rm'l l'6d to' black in eunligh't al~9J'a 

a.t high t o·mp0rv.tm'('ls: is eonvarled to Cin.l·:a1:lur C3.ate dot;bt o.'t the 

<;falid ity of tl1i", !l.!Hmmption. U!' .. W. '1'. 3ah<lllerl hs.!;! l'omiml d the 

~olv"tio!-:. . e 1 to i" gniution is poured ove!' a pOr'cels.in !!!1!"faeo . a 

nwrc u"J llliero:£" i e d{l!,oai'.:;od. ;"her. the " ;roury m:!.rror is wiped off with 
"7 

of a au.rficiul la;.-ler of col1oid~. l :llorcury in Bolirl !"olution in fAe 

should ~ were it :-cJi'cury. Ho";v,war. oilv r h alides, ever"_ ith a 

SQlution of nitric acid in rr-dch tal lie dIver i2 ooluble, de..t'ken 

on exposure to sunlight. '.:he CUIT Cnt thaory ' ~Y.plElin1.n? th~ dar1calting 

" plU""'iol1 .of: dl".'or /;is a ::loliD Aolutiort :i.n tr. ailwr hlJ.l id'f.l (M,vol.' .. p.414h 



that thtl ee:neiti Yity of the haUde<'$' Is greatly ir:.tll"f'e,f!6d bvthe p-re..,nc-e 

in the e::r.;;laion of minuitn e-mcunts (1: ~oJ'ooa to h l~OOO.OOO) ofelll"l 
1 , 

isotM.oe;rR~t~ (O)H
5
C.'S - dlylmul'l-ta.!"d on). Itt aJ'.:alogy, it. 1 

posoit)la t,'mt. aoll"~~ minute irrpurity in the o1mm baT 01' adjacent wall 
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Suites at: typical 01'88 and a-asociat.ed walt rocks ware cQll~~tod 1'01' 

pat.'r'ographic study trom ea. of the mines visited. It i.e ohvi.cusl¥ beyond 

'the 'aOOps andpUrpooe of t.lUe paper to ~. a oo.:nplet.e petrographic 

cWe(lr1pt.ion ~f or_ i'rota 6VfiWY quickalber deposit. 1netead~ id.udi83 

ba~ been IEdet of a. 13"'" ~ .. of 'thilt l!U..t poli1lhed seCt.iODe of rooks 

from typina 1 quickeUyer depo.eite fQJ' the purpQee of obt.a.\n1Dg .Tid.Me 

pertaining t.o ellch of the f'urldament.al pl'oble'IJIS of qt\1c~il"r minars.,l 

izat.ion listed belew: 

(1) '1'ho relat.ion of the yanot. VpeB of wall rock alt8rationw 

t.ho quioksi.lVG1' llineraUalng solutions .. 

(2) '!be :relaUon of l118t.t.cin...u.r to cinnabar 8.l1O the t.yptJ of irOll 

disulph1de a.sooitned ... 1\)1 _tac1,rmablll'- am einmbar-bearlng orOa_ 

(') 'l'he mod~ of ace ... of qw.ck.11ver mineralising eolt.ltiona 

Pet.rographic evidence per't&irI1Dg to eaoh of those problema .ill 

be Uecueeed in the ron ewing pages. 



'the lIegx'G8 Qf waUreole alt.erat~ aoilompanying q.U1cksUver 

minB:raU.zatlot} Y!ir1es rith.1.n wide .Umlt.lf. 8ame of the clepoa1iu ... 

oun"i~ i.n ·.amstone show notably 11tt.leal.t.vat.ioa.~1$. 'tib6 

eUi~U'icat.ion 8.C4tO!IIpfl~bg cinmbar 4.pOltt~1on in gel'pentin& is so 

lIBrked that t.he .iUcif'led aerpent.b18 .... been given the :a_-quick

.ilver rock'. In othw depoel'ie. the pred01UlBnt altel'a-twn 1. car

.bona-tizat.ion andlJaDe depositos •• 1blt 1m. ... kaolinizat.:i.on. Sit¥t8 

both .innabar and silica ~ eolUble in alkal1nelNlpbid.e solQtiol1lJ,. 

it .. ould be e:xpoctod that t.hel'e WOtlld be a eloso genet.ic relaUonship 

betWtJen cirmab$r and .11'105 _OtJUi1m.OolWua6l¥. alkaline earth and 

carbonate ionsqlU'lJlO't. enet. togetiler' in alkalin6 801ut.1one aM hence , 

cvbona'te vein fiUing ,lIIIJ.t bEirolat.etl t.o aci.d rather than to aD:a1i.ne 

soltrt.1one. ThUs t.h9 pAseftCJJ of C8l'bonaUzat1on \1wld eoem tel neeesetta" 

a \eGtporaS"Y ohnnge 1D the Qbe.raeter of the1D1nln'aliz1ng 801utlone atili 

a temporary ce881lt.ion of :IliDRflbu- depoelUon dlU"Ug tbo course- of 

lIine,-alization. 

!'roba-ely llQIJbsre is the relation bet.ween ci11llubar and silica 

de:P081f,ion ehOlYn i!O~ duely tlum in t.bIt GoldbaIKs deposit. A 

prOllbwut. feature o-t thie d1st.rkt 1s a eerie8 ' 0'1 silica hot .epring 

': ~it.stond.~ .. UnttaI', northward- trending z.oa about t,wo amol1e 

half l'I1ilea in lsngtham averag1.J'.Ig about OM bali' m110 in widtb. lbe 

e.illca deposit.s occur DBfU' the oontalft of Qua.termry (1) b8_1t. with 

hl'ldan (7) coar_ clast-ice and volcanics. 'l'bo m1neraliaation is 

beUeved \h bovery ,,"ent. am 'to be d1recUy related to t.hts peri.ad at' 



__ Uic extJ'ultitm. 1be.11~. cepo.ita fora a gently wasted dlpp1.JJg 

co.... (_ftF lIIDl"lt than one hlmliredf&et. 1u t.hlcimrtu) OV~ a mat1.U'e 

Wpogr.pb,y. On .... .ouni; oftbte lI.OCle ". "eurrem$. th.$lIttpcOS1t.e na ... 

been giYen t.he descr1ptiw mmlt 1t·.u.tea apronll• 

1iGa~ the ttCUthernenli . of the apt'On l101'JB. oinnabe.l' 1. iU.S1t61&1ru!.ud 

t.bI'ougb t.he eiltca.!b$cinDabal" QCCQr'. ill two 210118. about t.bnle :f8et 

apdt and nrying lip \0 .... 11 fe~ 1n tidcm. ... ~ two oinm'ber

bearlngzOIlN follow 'ilw g~1itJ. .... ~d di ppll'g -.tre.~tie&t.iOftot 

the .iUea apro. VOlIiber. ~ tM obnabfU" be_ foum bel9W the .. 

a.o .... In 1II!lI9' pl8.0N_ the oimae._ otIClUFa ill a"e.IV d!llUllS .Uloa 

Mme.tb lIDre POl"QI,te laY.rtf ot tb~apftn.. the field relat.1Oia tbua 

indicat.e Ii .,-uga. ti.c Gepl)Id.t.ion Cit' c1tmabaJ'alld ,B1Uca. !he .cJinnabaJ'., 

~. 004U1'a in otti¥ om _11 port.1Wl ~ thetot.al .Uica apl'on 

$ODe and th .... in ~ two hOl"uons in ••• pron. la other w01'4_, 

bOIl oftJ¥ one oi:a eer1 •• of clowly rela~ tll.~laprl.i'IgS ... 1nnabar 

depoaited and t.bere dUl'lng onl,y' ko stage. of tho hydrotllerltllll aet.ivtt)'. 

1\1e IIJlwriai of t.he apron COD8~ •• a..m.i all;r o~ :quartz and 

cha.ieedcm;y. tA1»l' ~unu of opal form th9 l1nillg8 ota taw mia~:).cop1C 

'rUg" The apron bas a blgbly ~m.e..l apP91l7allC8# htit..1n only 0118 

area. where the .U101tDUe waters flowed out. QYOl' l"o1Ulded# tlWl'ial 

gtaftls. b there- allV ooneiierableaaouar. 'fJi! 6~Gt.ic materia l 1n the 

apron. l!ll:tha !'el!laWe" OI~ tlut apror\. t.lw fragnw!lt.a ®nsiet..irti ntly 

of re-1IIOl"UIlb,yd.·t:rt.henml .Uicadl.t.i~illbablG • cliff~nn·~.S' 1n 

color. 'l'bue tnLgaeat. have been formeo by ,Qominued d&-bvdrat-i~. 

eJ'aOlting. weatherlQg. 1'6-world.ng .. and rfl-q~!rt.;at.i.~n ~ t ho ,hydrothermal 



B11.1ca.lQ.crQmrop1eally, the cinnabar ocm:U's as dispersiOn!! 'thJ'ctugh 

·&ilica ~Q9ut a~ tbroughaollot'0l'1II81ly bs.&t .Uiea ve1me'tth 1be . 

ma~ cOfWBntraUona o£ c1.mulbar \lst81ly OC):C\U' alotlg theeontaote 

of' the -QQ~ooQd siUea fra~J:it.IJ.. '1\\0. dtlDlW-sUina ce-rneut. haa 'been 

re-fractured am re-cc_m..d h:f ""'c~bar-eiU.¢a ~min'lt.. The· 

ne~ J'6eul:t. of t,hiBpncefl$c of o-ol1t.imlld Ci"$olUltg. n - WOl"king., aQt 

re-cEl!lMtrt.at.ionis the c1m:tabu we aa 11> 1s: DOll founii <lOut-ding of 

SUi,C9; fi'agll!elrt.& in a _t.ri.ll[ tbr~ whlehu!iupfrrtl!lA abundant 

cinnabar the whole bei.Dg alit lly.ull lat.er sUioa c~t.a:t.lling1lOre· 

di.speraed cinnabar. 

In ~1z1ng the naodo ¢: toril$t.ioft o;r the U-oldba$.e cmt., the 

toU091tng stages are fieperat.ed w.1t.h \00 wlrhn·st.amlng t.~t. t.he emU. 

FQC:en QQcurred e~taneQUlJl1' .1J:l .. rious p0J"t.100e , of "I'..be depoeit.. 

(1) i)&pBait;1onot sUica by " ttlIahltl" of thermal sprlng.IJ.(2)DI

bydnUon amcJ'ylltalllz4'Unof t.he siUca wit.h eD.naoqucmt. Cl'a..ckiDgt 

U) .jq~m.U$t.1on o.f' tne WeCleiat.iOft lr.f weathering and re-wQl'kingof 

t.h$ .:floagment.al _'t&l'tal by 'I;he tlpr1ng ~., (4) OellllJ12.t.eT.ion ot the 

fra~ntal 1tUlaa by aol1.\tlOll9' eUJ'l'7i~ Il1lil;li and. l~lly. _1"o\.\rio 

et4phidil.. The ol.mahar •• probably precipitated ae a l'e3tO.1i of 

deCU'$a88d $nl\.\ui11t,y realllt.1.ng fioi.ll lit 1"eUef of praeaUl'8 and .... llOt>

&<f.lonat the euri'ace. (5) Repea'Wd eraeldng fUId brecQ1a~ion II.M 

.W;e$quenl; re-c.6ment.etoi.on of th!s rcQQli: 'by 01nr,£\QaT-aiUca oeillltnt 1'8-

~lt.ing 1n 'th~ fOl"lIBt1Qll o~ au Q:1'6 oontahl1ng oal"runeiUca fl'agmenta 

in salUca cemctnt. thl'fJugh wh10h i8 ~ 1ap~l'8edlllUch cinna.bar thII ... hole 

being ;;:,u\ by llft~ la1:.U' veinletll CQt¢.e,ining .i);1ol1 am lIlOl'e ot such 



dia.peraed cin.'lflbar. 

An'j'th~l!' adderu;o of the llIIll"kod#ynganesl.s o£ cinnabar lIith.Uie. 

h . 'the faot that the c:i.nnab:ar ta DOt ~ .. ly a a.uaetilil'!f.\UQll .• but X'Jrt.bar 

iii» aotually e. dispersion tru'ou@.h: the ellica. ~e&ct1~ ofeimlltbar 

ore ta~ to ov6l'- QIllphasl.ze the aus of th!l chula'lDu>~~gat..fM baoause 

the thinness O'f the section and the f'acltc that. theect.1on 1 • . ~~ 

i~ t.r&M!llitt~d U.t,ht.DJake it. hpoB8ibu. ttl tte6 UV t.bird 41mlnaloa .~ 

t.."lS Wtvldual graimJ. on tM O\Ml'haal .. a ilt.wlyGf pol1.f)b$i 8!JCUona in 

%'efioct.ed u.gh'!:. gives so_ idea ot tiba thr~e dimen.1oMl .1$6 Df ~ 

c~bal" gi'o.:l.ne :sll'lee ~ ~iv1ciual grains 'Rill not t.ake a pol1ah 

unteas they an a~ 1J0lIla dofin1te ~ .. Ol'dim.r.f cinnabar wheu {)41isl$d 

4h.o1te a 80ft, ~lllceur£IiGQ (Plat.e l - A} .. Gollibatitl1 ~11'll:labu. ~Vef. 

eh~t.aristicailY shau no .uoh 1Il$talli.;: ilwfUca (plate 1-,) • . ~ 

aDQTe 2% ... 0 ~l lBIftallic ~e" al~h lr,{ ftu.. t.lle greater porl.lon 

of the e .i.mIabar in tbe action baa a ~taUic elufhoe(Plato 1-cf) .. 

. r.wgasqppic.ally, uti undw obl.1quely refleil'ted Ugbt. •. ll1lch o.$rmabar 

on that showas. l!Gn.-_sl:liQ!lUrf~c. ~e bright red · and o~n 

I1Ppet/1'fJ to be ne&t'ly p~ oi.rJna.ba7. Ta.pol!.ah&d sUl':f'ai:e. b~. itt 

1l£!.t only ncn-metalli t):., ~ is al,8J)Dari .. The rsfa£EI p-OUahed is tbu!I 

& aj,li.eo. .... zi'Bee am the oinnabar itt .upersad tnrough the · BU1~ in 

80 fine n riats Q.f lfUmU,Yie1Qtlthat. ~pt. in ~h" ,,(e1l':1 htg,.l1eiit ~ade 

ora~ none of the cimJabar 1& lnaggl'Elgat.&. ~g. eftQ~ \0 .hQ?, a 

polic"'. Thie El'taw of dis:pwslon me ginn ~p an ore~ " the m.'l.ltblu!!a 

Oii~W content. of ..n:i.ch 1 not aver 1%. t.h~ appoo..ranea at: babJg 

ntm.rly pure cinnabar. T'Mt color or ~h~ cianabar is ~et. ~v~ 



Plato 1 

.. Po1.1ah«l _.cUon o:f oi.ma.bar fi"oml1a;ta atne· ehO'lfi!lg WPical IMtal11c 

.. t\we .. x l~ 

'&.Po:Uehedl!lOctton of higb f9'11Q aolclbaJ::&bt on (utMt ltQ .,.tbg 

aggrege:tee 8\d'ticienUy lal"ge 1..0 p.oli.sh with a _tal1lO .,uri"ace" 

Theem:.ire field is bright. hi _ga~op1eally alJi in ~blique17 

refiee'tied light. :x lOS. 

II;. PoUlihed 1lectiQl'J or Yery 1Ughp'abG4Jldbat:lk'8' ore (about. ~ abowb~ 

1I!IISll metalllcal'ea., t.N'~-oat. .t1eld wblch 11$ large1;v ~. 

metall.ie and hari. .... alJtire f'1eld1e bright .redlll9gaacopieal~ 

am, in obUquely ref1ect.ed Ugh\. X lQ$. 



-. 



hand ~c1l!!9ll q,epeme !lOt mu:, Olt the tot.l!l<t1nnabar ~ont'&nt... nt· also 
~ 

-the 1I1~'!'i!.19 that. 1lI1ght be present in the eonce.ntrn:ta - !I!Il!!e11. el:anaW. 

~ue:'tz, and chel~dony. A}:t"h?ugh all of t be ccOncvntra't.e 'ftS In·1ght. reel 

£-6pc..rate baltcl:l.te 1lllJUtIts a.nd poU!;blld. The pomtfiI' ~-as 'OO$l'ly all tim!' 

t-h!;u roo !!leah. !n spite of' t he diff1eultiee k,/umm!:. in the poUehiDg 



precip1tat1or. l:lGees$ll'Y t~ produce IQ hi,gh a degreo of diGp€Tsion;, 
. 1 . 

SchWllt.t.a has no.W a similar diapeI's,ion of cinnabar through &llic3. 

~t.ion not Conly t<> s5.Ucification. but 9.b.o to c:arboret:i,zaticn. In 

tha 80ft gangue 1l\ineI'ftlu lIIhic4 are carbon'lte and aOl"psntine ana the 

. herd gangue ntiIlGl'"a1a which are silica - quartz and che. lecedo!'f. ~l'tt 
" 

again .. ) ~h ~f t.ll6 l;I:ri.ght l"edoinnaba:r yolisl'lad with a hard~ l'lO~ 
, 

.1"1-,.5.1 .. i;:. 13tEtfe.c:e !llthough m.e.gaa=pically·. under obliqu@ly !'~flected 

1 IJohlHltte. C .. . ~. ~t\iclarUvfJl" ia Oregon,. pp.. 151- 2.. 



Wlil fbe-gra1Btd " lIbQwa ~lUc 8I#1IiI.oe_ . 'lne ot.lrabar U. of cQlV8lil .. 

~ ~ 1.0 De a.rngeneUc wi.~ tbe fil'p6atlm and t.he eyidmoe. here 

pre-eeutedcol'I'ODPratea the ":ideme Q~8:1ned by geochemical el[

perilaent.at.1on - -l¥. that. '4I1maba~ -., be depollltsdeyJl!-e.tioall,y 

rit.h dUea. bitt camaot. be depodtaQ 1I1Dg8Dllt.ioallT withca.:r1)onaW. 

h pl'$8e-. 0.£ ·oal'bo_t. ia qtd.c~ll .. r epoeit.. ~ 1Micaw a 

\ct1Ip0r.aJ7olts8Ilt.loa of qw.c:kel1¥lJl'lIliDltJ'8:11z.t.io. &lIdsn lntlwt of 

acidic qarlKlnat. _t.e". dwing 'tae. pwlod of bproth8~1 uUYi.V. 

In polieb... -.t1on AW'QI'a 20, aU of ~ ciDnablu- GC~ .• dla-

, .. ee4 ~ &11_ .lch~. I'spla!Ul4 tn. fil'pll1ltJ.ne. JlQns ot t.1I!t 

cinrabltl"eQo" a metillUe poliah am the 1)i.l]!l!lbar i8 ~ tl.tectabls 

om.y mega_apically or in obliquely refl.o.ted light. .1IoI!rt. of t.he 

ci~\lI).r of pol1ebu IJ(Jetton Attt.na III 18 dbperpd t.broagb the IJiUoa 

;md a large part. of tM .. "tion!!h-. a DQ~llic CeU1ca) SW"r_. 

altho.,gh l~all1' thet'e aN cirlDlbar aggl'ega.t • ., in the ' .Uica lIbich 

are lNt'i'iciently coarse t.o poUah 1fi~ • I18talUe ·eurf'aCIt. PoU.be4 

aectiOftti Mu'onl 12, 15 .. . 16, . Bradibn 5. l~ l},and Aet.na 5 .lId 14 

all ~o. cinnabar- with both aotaU1oas J1f.J!i· _tallia a\lrl'aoe -

the latter coni'ine4 to· .Uica a1'lfas. So lJIIll'Ud is this relationllbip 

in poliehed aectbn utna 5 that..Uica ani non-silica areas ~:n be 

dU1nsat.ed Yidual~ _rely IIy lW\1J1g the presenee or ab_nco or 

d1apersed 9innabar (ea. Plate 2). 

MsZW int.el'esting _atlu'e8 of wall l'GCk a l teration are llk8wlse 

apparent in thin _Gtian.. thin tlftction AtU'ora 1& mon clearlJ t,he. 

donrdnt.1onehip of cinnabar wah sili_ in cont.raat to the ~rbQlBt ... 



P1&t...2 

PolisMdeoct.l,on ot c .;l.nnabat '01'8 i .n --U14itilld firpGf1\ine tromOpeD 

pit-at ,Aet.ftIl CnII8 ... taUiooi:oftllba,r repl&c-ing uualtet-ed 

lIIu'p1llt'Une {bhilk)knd ~tall.1.c cinnabar d1..pttNled tbJ'ouglt 

.tUoa (light. grey). All ot tbe light grey llillca us .. ar.e 

bright ~d bot.h _gBllcopicaU.y am in ,obliquol¥ ref'leowcl 

light. X 105. 
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.... 41 allot-the oinnabar 1eoonti.ned to tho ebalcedmv (quart.z.iJIII) 

which ~" replaoi.ngthtt .rp4lm.inIl. Tb1n .. cti.one Atll"Ol'll 15 am 3J 

GOlf eepecialll' 'WeU lIothepbsl'Ill1t.lcc:AalndQI'f' am nbt"oueehal

cedo~ .,.1n1et.s. 'J'hin ..,o1:.1-o:n wt.JII\ 5 showe .• he~ dlaaemi .• U .OD of 

c1~~.I' tbi'ough ~ltEtred ,t!U'P • .zrt.iu. 8j.lj.cifice.t..iQn la· tIl_ .. 

DII~.e,,~ to p-ro"1d~ a __ of aoee.. tor tn. 1II1neraU.s1ng IIG.lJttlcme. 

''1'b,e 41nnabar in tbill esot,ion Bl'lldtord 5, I)COllMI tn parl;17 aUi.Gtl_ 

lIerpGntiDII. !fOte bere the delioateehalJledol!ic vug lUiQga. '!he 

c:i.rma.1lII.r of th1n Bect.1!m l)r1ulfQl'd 11 1e d1 .. ~te.d tbroqgh qaJ"bonat •• 

\l.'l\eei.nna'~11 .Qf' thin "att~ AuTon 16 1. larg-;t;y Confilt!ld to 1;tq 

lJil1.tt.ied po~lonaof tho ~p~nlti_ altb~gh ~. is abo _ 

dtuitbtJ.r cl1t!-eeJd_t.ec1 ~qugb the Garllonate. Thelflo. aS8octa~iQn 

o~ -cil'lRailal' and l!ll!oa i .1I- itape-ci!llly well sllownin thj;n. 4ection 4et.m. 

l4 in whiol1 .eh of t;mJ..11 QbalcJ9doJW :replacement. blebe til &allocatecl 

nt.b Cfitmflba" ~~ly i'orBl!il a halo unum the l)leb aJlli which 

Qn.n occura liked_ within tIM bleb. 

Oinnabar' wb1C1~b in 80 t'1ne a state ot al.lbdh1alon tblt.t1t. "Ul 

~t.8hOlll lit llIIftall1c ~i'ao8wh$ll PQUJlbtBl b not. oG!li'lned lIIholly to 

eillciried J'~S.~. ~J' a1.o be the re~lt ota vary lea~ f~ 

grained diIJ.nlllmaf.ion. PoUshed lIHt.1on C-'~ic.ba.lt 12 m_s .j.~1' 

1Itnu cut.t.ing higaly kaoUnized l!1\Vol1t1t. Thill c1nnabs,r etr-ealt 1tI 

d1st.inot.l1 visible b&~ megaacDpicalq aud in oblique illumination. 

but oDly a YElry's!!!a11 p!#ti~ of the streak gives a _tall1c pou.s'had 

1NI'f'aCit. An eX8lld,nati,on of a OO:D:lBntJ'ate of the ore re_als u.at the 

cirmab&r is only a YfJ't'Y thin ~oat.b7g our the n-oUn ~alne. III ~e 



~-

from ,if.he Coao 80\ Sproinge d.p~t. the .cl,nna~ eoe:t.hJg onr kaolin 

gre~ne iaeo thin that lt ie .-:\rt.ua.11y. impQes!bl.e to obte.l!l a gangue

free concentrate and 'tI'Ut c@lor of a-.y c~tltrat.e obtained 1s 1\3.1' 

more 1'8.d than the cinnabarcont~nt wlU'ranta _rely baeauat> the oinnaba.r 

is oJU,y a very 'thin CQd;ing oyer the kaoHn Va1ml. IU.noe ~ oinna'bar 

ie Q cOllUng oVal' thE! kat>U.n in\lotb t.IM OUd.il8ba4kand O(HIO IleA Spring. 

dspoeits& the kaol1nizationba.eappa.J'emly pJ'eO$l<:ld th!5quilltsU .. ,. 

m1neralizat.lon. 

'!'ha close rela't~bip of cillll8.00..r am aU1:cadepositil>!l 1s quit.e 

aPFent in :aan, depaeitL n would flt'8Ill,bQ""r, truJ.t~ho:natizat1Qn 

and kaolinbsation are nat .. elOMiy r.la~ed '\Q 1;be depO'Sitlon of 

cinnabar and, at. least i.neot'ar ,M .con!IBrnelU!l'bons.t.i~tion.,. 1t • . 

~edQQt.lnly !a!>R di.m~t tA) eM no", cimlalilu" ~ ce.rbonaiA GOuld, be 

deposited from the .1lf,l1IIe _Lution •• 'lb.. pr •. se~8 of' ~i.nnB;ba.l" l'n .on1y 

Qnelll'lll.\l1 portion of a eer1u .o.f atr1!d.ngJ.y siailaT siUes. hqtepring 

d.1!'0si,te :I..n the 1)o1dMDka ~j.IJt.-tct lm!icat&a t~~ the. bea:v-.1 mtal 

colltttnt of t.h6%'l!l8i I1pringS varl_ wtdeJ.rclurlng a!fi g,iven pltrtocl 114 

l!Iineral1.2a-t lone S imUId" 11c. t.behie. lIP r&a!JOn t.(} be 1 t,e"., t!l:at th8 

alkaUn1v a.~g!nlera.l .\fl.euntal cOAt~ of thel'1!~J _~l'8 ehoulli 

likewi_ not. "I'fJX7 widely during a period ot .~raliza"on and tba.t the· 

ftJ"iOU8 !BineTal 1l00000000000nta should not be d.epoeitedat different ti1ll8a • 

. ' 



-12-

~ 9pe f/lf iron dletllph1de which cca.n be deposit.. 1'ron <<If,11clt

ltllvorlll1tleral1z1ng eo·ltrt.ione 1ediJ'o-ctly .. a l a ted to the Uapera~ 

a.nd ao-idlt.,y -o.f.' theeoluttons and thooe ~ct.ora. in turn. 4Efteralnn 

tb6 ty~ot mercurlceulp,hlde VJh1ch is -depoeitod. 01nmhaJ!' bde

p.o.U.1id cm.1y o-oa alkaUne sol~to!lB am _tao1nnabar onlytrOlll 

Q8\ZtraloT acid sollXt1ons a~ low tempel"at.~e8. UElr-oao1te 1$ depos1t.ed 

onl,. frQil\ acid solutions at low t.emp&J'aturue .. but. eolllO pyrite 18 

de plltfi.1ied in acid as _11 as alltal.1ne 801tltlolUJ. At the 'W~aturea 

of quielc8i.lver~ral1zat.lolJ. b~ p,yd.t.e and marc.asit.e IIrQ stable 

iI'l a1l1 Ilf)lutione after Ol'JCa hayitl& 'deB i'0l"!l1$I. In Q new influ¥ of 

aliraUne eulpMde eolu.UQJla .. me\a.C~bIlr will btt wholly 01" parJ:i17 

comert,ed to einmbacr. 'ftms tha OCCnlrl'.~e 'of' C1!lmMr-. IIIIttacinnabar, 

pYr:l:te, am marcasite t.ogethel' ie .n anomaloW!. Hone"',r . tmllt8S 

all Qt the einmbar ba8. been converted 1'rQll metac1nna.bar, the 

&1J8ociation Qf Il!!ireaeite a.l1d ellU1Bbar alone lIl'olet indicat.q that. 'the 

two gqlpllides wra depoei.\ed at dU'fe:reqt t.lmeg. If theei_bar hae 

been e'Omr6Ttad frOlll 1II.6tadmabar. it. lIQuld be e.xpe-cted that 110lIl& 

l!Ietac.lnnabar 1"emmn\s _ld blt visible in the In'$. f.1ete.cinnabal'. 

how,,$'. is l'lOta.bly aborrt. from 1lIOst.qulckeilver OTe!!!. Thepe.l'ageneth 

relaU,one of lroft diGl.Jl~e t1l meTcUI'lc 8Illphide are dltt4nilt to 

~termiJle ~rogra.phic!1ll¥ ftOt. only belllitl88 of the rela-t1ve scarcity 

of'met.aeinmbs1"c. but alao on account Qf the ~ong cl'yl!lt,aU1p.i. 

~r of the iron dl,aQ),phlcIea ~icb mao. it dif ficult to BIlC:8l'tain 

\iibethor euhodral crystals are- ear118r or later than the ad-3ace!$ 



ore and a1 'I;ora;,1on mioorall't. 

'the writer wufortWlflt.eto '1islt the MQunt. Di.ablo mine at Il. tdae 

lIh,Ul much of' tit6 ore consisted of a mJ.rliareoi' metacif1!lfl,bar am cir:ttl8.bar 

wlt...'1 llIUeh pyrits am _Nasi-til. l(uell, of the pyrite and l!l9l'"Oasite oeeure 

ae vein filling!! C'tttt.bIg t.ne t4IIircuric; eulphides and - Ql'us.tiftcat1a!l1Et 

oV# t.he mercuric sul{!hid8S. It would thus appear that at l\ial!l'l'i a 

pQl"tiQl;l ~ the iron d is"1.phids is poe\-merc.ar1e sulphide. !\t\f pUa

g~lj8tic rdations Q'/ iron d18llipbl.do to ll!!Jl'curie eulphifu! are well 

ahown in polished 118ot.1on$ Hourlt Diablo 1. lirt.. 5.5A .. aM 6. 'fbe 

iron d1aulphidu $ora • ..-y lntiawly related and lIl'.lst httve been de

PQe1Wl1 at e~8t!:nt.ial1y the __ tillltt. potiebe:d _oti~ 1. lIo. fj • . atad 

~A aU.~w bsatrt.ifulJ,y bs.Dlied !Ton dhulph1de. Sueh onllOfor. hallds 

of'tencGn,;i8t of bl)th pyrite am ll!!U"oae1taana the 1$1_t.e a_iat.i~ 

of the 1.'110 w.neralal.s Ukewlse shol\'n by the QCcur-rence of eit.h6J!' 

0lW of th~ l:rQn d1eulphlaes &no~d 'IIit.hlna!'$ae af t.he othaT. 1'he . 

.ralat.ionab.lp of e .inmlbar t.o JIIAltaeinnaba.r ill- Hkewise moat In\bat. -

la8tacinmbar oecUl'S wl\hinC!itmebar8.ndeinnablU"~curtl within llIiBt.a

cinnabar t.o give iii IWlJ.t 1nt..i.rJl$i~ !llin\U's .. lJinne.w alldmai;a~inll&bal". 

unUbpyrit6 am mar.oaai;t;e oannot be d'8posit.lirl from the salll6 aolutiolll!l 

Qxa.6pt at TOry lo:wtempuatW1JIJ Btl that. thb int1;nat&J rela;Ui)n.nip 

ntU_t it~1 .. ..ate a panial clom.reiGn Itf tbel*Onotl'opiQ reet.aolmlablU" to 

1J1nnabal" by lateralkaU;tl6 1I\11phid8SGlut1one. That tI~eh M itmtr.iQl1 

hat! l)jlQurred ill imtJ.cated by f..h& &no-.1QlS an:ieot.rpp19111 Qf muon o.f: 

the motaoit\rl.nbar. 'lh1e &nieotroplsm IIIUat be attrl.,Qma.d to tho in

c.lp1ellt inversion of: aOlll6 of the 1,sC>llIS1.rtc llllt'WoirJlllPar. A ;r3l1l1U"kable 



polished eurt'aQif of tbtJ fonter a_llIUO~ eJ!l!)ot.he:r than t.hose of the 

1 
lat.t.$r. !hie effect bae been noted by _art · e.m ie. 80 p1'Daouncei 

in 'the· Mount niab1O'poUe~ 8octi0JR9 that. it iJ!! poeeibb· tQ 41..

tinguieh tile t~ lIIercllu'ic~1l!h1.4.!! .olo~bY' t.l1e c}iaract.el" of tbe 

po11eh. III the IlfilUm. 1}1&\l1,1) a.pon.tl the~ aJ;'U:lo",h ~ lIO.1\H'al .... 

IleliIblap i~ ota VPe tbttt cMllIically Bdftht. l_!eat. dlllll:ltam •• 

depo.dti.on of the lro~ and lllm'cW'ic ttUlpbid..._venhttl8'u, ~. 

crwrt.ificatlone am .~1ne 01' tne. lro~ .dbul;phUe throU!h !!I8rc\#1c 

sulphido 1foul!l il'ldillato that. at ),Met a porUQl'l. of the iron. <fleu1.phide 

b lat.er than the _J'01Jt'ic t!ulrMdll. 

III of thg iJ'QJl ditNlphtde inepttciJ!l&m hom tha AlWOJ'a aim 1. 

which M e repiaa(Jd the8Gl"perttine.. the ~ei.tl') replaCliltJ tbu 

tlinnabar- ttiliea IIib:t~ lUI tlhown in pol.,hed eecet.1on& AurOl'Il 12~ 15, 

a~ 16. 'the lIlaI'<l8.8itie in polished .,ot;$.on $,Ul'OY'a 15 1. la.rge~ 1D 

nll- t'l).r'l!18d (Ju.~ral cryata'lt'! ec:attel'$d tbrougb the81l~. Wb:e ~ot. 

tb.atel.!bedra.l lllSlteaeite eX"J st-ale ~l'O found soattsl'ed t."rOl:!gb highly 

.1 Short~ M.. N . .. l&icl'o1!eupic (let;erminet. iclD of tho ore ndl)erala~ u. s. 
0.01. SQl'Vey l'luU. 825, .p. 96. 19,L 



elliQj,fiod CQunt.ry ,"ock tbi'ough llhich ts diaper_a much ~in~bar 

makes it. appear certain that tn. lIISl"08tllte deposii.ion _. dist.1_tq 

aepal'8.te aud lat&1" than the ..,,-ugene't;1c deposi~iQJl of cinnabar alld 

8111_. 

Oinnaba:\!'occ:un .. iota 1II1rca:.it.ein ,Jol1.8hed eectiens Gl1t.at. 

ifutera 1 al'ld ~ 01nnabar OCO,\B'e with \totb, writ.e am lIIIll'caelw 1n 

polililhed sectiorutBra4wd ei,-~1!l2. Ne. Id:r1!l 2. !l.Ild $1l.phur 

Bank 1 and 2. Cinnabar 01:0.111'8 9JUy wltbWl'ite in poli8hod Ilset.iOlle 

H&w lUis ·4. Sulpmu- Bank 6 a1ii .~. tWhis .epec:im!m tlnOtlS weUd_ 

v.elo.ped: ~~l1oforlllJlanding in Clbmabar_) and Klatt 21. and as. YM 

ClQlII'IIQn .CCUil"I'SDe&of! CUuBbal" ri1b mana • .1te (in theab~ ot 

_taoinna·bar)makes it ap.peaJ' t."uIt ~~ of the iron disulplnlf1J de

po!d.tion ba. been accompl1t1bOO at a psri~ of the minel'llUzat.iWl 

distinct tJ'om t.mI period ot' qu~kaUTer G!'Jpo8itioll and often at time. 

wben 1.be ~ralui!lg .~lu:tion8 were SOlIIiIwhat acid am t.hue 9apable 

of dol'lOS it1ng IIlIli'caeit-e. LiD <;8."o_\12:a"011 anepeJ'ba,. .. kaoU~ 
batimt (but tmUltedl1c:ific:at.:lon). the deposU,ion of iron di8ulplrlde 

app8l"e~ly bae not. b:.eena.ocOBIpli.shed \'dI t118 (S&Jl1e Bolut1oM ~ 

depQs.i~d the mercuric aulph1dea11hough the enf.ire lllinBTalization 

is undQl{otedly related toone period of hydrother~J, activl\1 1oilU"1llg 

Ithidl tbe cns..'"ti~r of' the minerllllztllg eoln1etta varied cona1derabq-. 
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pregretione ot' intergranular yoilia and thai'.. il1 other typea of roe'k.e., 

tll. ci.nnabar o.ccura fUling tract-urea or other t.ypee t;)f openings. 

Beekar de~(jd the existence of any replacsment a t wall rQok b,r. the 

petrographic evidence. Blcer could not. lI[Iders'tam howtiOlut1.ona 1!h.ich, 

of' dissolving sUiea t.o provict. MW depositi.onal l oci for the cinnaba.r. 

In the Ught of tn.oriesof ChelRical o.quilihriUIII such as are DOW 1'e-

oognlzed, but which .Br6 not tmdeF&tood in Becker ' l!! time , it 1& lawwtt 

that 11 eolu1'.1011 wbich J!l9.y bill und ertl.sturaterl lJitll respoct. t o sllica at 

e·l1illa at another poin'f,. One. .nd tha sam.e solution is tllu. c.apa ble 

both .of dissolving eUlca and thueprovidil'lg depos i t iona l lo.ci for the 

_turated sollattona :l.n Sllu1l1bri_ continually d1eeolYe an:! re-

preeiplt.ate to rae,lntain the lIS.cs.seery equilibrium. In Becker1 " time, 

replacement WBe bel :t,S;ed to. consiat. in the IIOlut.1on of 11 l'Oiecule o~ 

OD8Sl,lbatanoeand the CQrre~(mding depo8ttion of a mole.cule of the 

$fIcol'll!i eubs-tance rather than the pFeesnt. concept of largescale solutlO1l 

and l"e- oepoeitiol'lo Sill~ Bell-Iter regarded replacement. ae a process ot 
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of eu...-h ,seulio.:nol'phsls 110 pro_of of the abs8noe of replacement aDd 

llI6.B,1 1l.uiettellver cleposits ahow evid ene. ot abundant. replace!Deftt. 

voids of the sandst.om and tb.!l.t tbere WIlS no replacel!l!lnt 01' the sand-

1 
.tone gra1t)e.. RaneQ.'IIe un:!ierwGlc: a &\udy ot tu oeourrftllClJ of cinnabar 

the 118.1 frOOl l$n tlpecimene in which the cinnabar b only an iDapreg-

a.realt of nearly ptU'tlcinnabar in the sandstOl'l.& with fmly occasional 

of wall rock. ~her. iIJ eo_ re:plaeement in all types ot well rook 

and, in 'high grade ere ollcurring in sandstone, ~er. otten 1s a lar,ge 

1tC8.1e replacltll18nt of the oomponent. ee.m gaine. Ii notable flsa~e of' 

quickeUve!' .~eralization. however.. is that the tir.to et.ag .. fiji 

1i.llns_. P. t..~ 'lbe or. of' the Almad.en lIlinet Koon Geology. vol. 16, 
pp. ,1,.21. 1921. 



ainer.Uzat.ion alway& uTah. e. filling of ;f'rac:.tIl1"4t1t or, in sand8't.o_.~ 

of the :l.ntergratltllaJ' '«lid.. l~i • . only when the dllJlabar 18 locall1 

in excesa tn.t. the cinnabat'begina t.o· Nplaoe the _11 rock coD

at.i1iuent... Be"erthel'.s. in the .. ~8JliBlltlon of ftourrenc.lI. of c1_bar 

in 'fll1rio\1B typos of wall 1'0(111:, the. writer bas yet. ~ a .. a quiok

ailver depoeit in witl.en tl:lere. ba, not. 'been '.omereplacelll8zrt. and ' Oi'tal1 

the &lIOI1zrt. of reple,oe_trt. 18.,e.r1 comider.ab16. 

The ore of t.he O<;ee.$c mns is ptirt.iculal'ly i.miioati,vo ot COD

sidere.ble replac4mc.ni;- of theeanciatone graina by cinnab.l'. A pe.clIUWft.,. 

of the ()¢cW"re~ of cinnatlar in the Oceanic ore is that the cinnabar' 

ie not a fine-gl"aiMd d18eeaainat.lon t.hr~h the eanis'tone ellah a. 

·could be at.tributed to the impl'e.g1'lllt.:i.Qn Of intvgram:dal' void., 111& 

occ'lU'a l"athel' a.a ~ly scattered .ggregatetl!1 mq.t of wh:l..ch are .. vera1 

tl_a the size. ~ -the component .-ndawne grains and of the :l.nter

gl'IlJlUl&1' 'IOide. 1'01" el.Wh cinnabar aggregates to ha" attained 1;.h.:4-

present sIze, there lIIj.Ia\ hav. been SQIJl8 "plB.oe~ and. t.lte ragged 

QUtUneaof thesamstonegalna ad'aeen't. to t hec:innaba1" like".1 ... 

.. tun to euch replace_lit-. Such ra1&t1lrely large c;!.mabal' aggl'6gatoe

are "e1;1. .mown :1n p1Ol1iahed .,etion Ocea·m,.c 12 am thin fIOotione Ooeei11c 

6 and 12. Pol13bed ... cttion Oceanio 4 1. of inter-6at since it U1Utltl'atQ 

.:mct1y m at RaIlFl~ lIOtod in the Al!llad8'4 ore ~- namely. tha.t. in the 

_ eandnone. the lean die8ltmina.t.ion8 ~rcinnabar occur a.1JIpr.g

nat.ions and c.e.ment replaceme!l\8t but that. in the portions of the 

sandstone in which the" is a large !l:oncen.trati.on ot cinnabu, there 

baa been llIuch replacement of the, eandatQntl graine. 0118 port.ton (it 
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shows one of the rela'tivtfly larg~ aggTagatee ~f 1>hin lIectlon O,ca.It'01c 6 •. 

iJII!>J"ttgnat.ioD and by a ,eplacement of tne 'C8l1U!1nt. and that. there ~. be." 
I 

CDl'l"Oeion and r:eplacellJl.ntof the ind191dual gralne only in the pQrt.iona 

of the Mction in whlchthet'8 ill It t'e).atively great c.onoentrst.lonot 

c:inllllbar. !hin seotton ifsw Idria 19 en_a the __ lo.-grade ilapl'eg-

replao81!18m. of the .,.nd!ltone beneath tbecrU8tlflcation is of inter8~. 

1IleIlt of the dense IIlate. 



imrord corrQsign and replacement ·€If the gravel pebble" by 'the cinnabar. 

Polieh8dsec-t,iqllS atlphUF Bank 1. 6. aM IA all lIho1Jragged pebblu 

and . l'ltllidual gralD11in oinnabar &IS ... n 8" cinn.ahar sWega"" veTl 

IIIIlOh larger than tbegBTel grains or than the imergramlaT volde. 

In the hlgae}' grade €Ire .. there liae been l1IUeh corrOlJiouQ·f the gravel 

pllbilellby tne -clnmbal". but it i.,no-t-eworthy that., hln-e again. the 

olunabar has first. gabled MeB.Be hy lmprsgnat.ion and by flo repineelll8nt. 

€If tblt cement.CQl'l'oeion and replacement. ant :('eat-UFe" only of tnnsfJ 

port-lone €If the ore that haTe a relat.!vely largecinna.bar content alid 

where the cimJJ.ba.- content tau" ell¢eeds the oapacity of the avail-

able intergrenula.r IJpacoe . Thins_tieDs SUlpl1Uf' Ban.k 1 and 15 (Plate,-B) 

a1eo Bhow largs 8Cale corrQa1on and replaceMent of too graT81 pebble$. 

A large portion of the era a't; BUlphut' Bank occurs in a dens 

baealt. '!'be cL"l;lUl.bar occtU's as i'ract.ura tiUiTlgII and, 116gascopicall¥. 

the veins a.p~ very sharp_lled. 'fhin ee:otion SUlphUF Saw. 100 eM •• 

a _in fracture fUled with cinnabar. 'Prom this- l!IIlin :fract.ur<'l branch a 

l'lQlllbar of thin, IItI'aigb\ "dnle'ts. If the locl of th<'l8e emaIl .e1nlet.. 

wae originally controlled b1f fraot.UFing. tohe !'rae·twoa. are DQ longer 

apparl!m't.. In detaU. t.he ootUm. of the veinlet.e ant moet. ragged and 

there ball. been an waount of replalle1l!snt.by the Yein16t.l'lwhich 18 Ifll'gIt 

relative to thf! "ize of the veiniet". There is like"iee evidence of' 

replar:ement along the walle Qf the _in vein 1.'Ihioh obvloualY hae tollos6dc 

It. tractur6 • . Here again it ie to be noted that. the IIG]'utioM baTe follQ'Led 

fractures until euch trao~ee have heen rUled. !he cimahal' is then 

forced to corrode and replace tho CQun't,ry rock. Thin seotions SUlphur 



knit lOQA a .nd.\OOS (Plat.e 4) ehow !nora .traight. narrow veinlei;;s the 

beundarills of which, . in dataU, .8.r8 mrk:edl.,.v ragged and the cinnabar 

in "hiell lIIU.at have replac-Qd Ue baealt wall. rock. 

1I!mtian haa already been _de Qf' thft OCJlurrauce of'cinnabar iD 

Ilet'peutine. Such cinnabar ia by no: _ns confi.n6d to fractur@.b 

greater part of the cl.mabar 18 confined to po:rtions of the ser

pentine "bicn haT$ baen sUicified .• In.Jt 901!!6 cinmblil' iBl1k:e1rise 

dl.sBolll1natad tnrough 1.It)8.1t.ol'od lilarpent.ine. 

Tha wall rock. at the K.lau iline 10 e. dense shale. . at of' thG

elM1ibar . accura l.\a crustifiQ.ationa and b.'acture rUlings, but d1a

semmi:na.tion and replacemant are pTsoent one.8lIIfl.ll .Dcal,e. 'fht1'.l96C't..lon 

Klau 22 ohow·scinn.abar disoelllinatod through a shalQ 90 dense ~ 

tho cinnabar grains ~uat h~ve replaced s·oma of tho '\iIlll rock. !3'lll1ilarl¥. 

the Qt'e at tho CuddobaekDliuo occur'S in !Ii l:!.i,ghl:r kaolini&!ul rhyolite -

sO highly kaoUnized that onl¥ the quartz blube of th0 original rock 

remain. 'i.'llln Bsction 01.lddsback 12 eb:ows a vein or cinnablu- 4t.t:i,ng 

the kao1.1n. Only locally is the 'loin 8narp-walla~. Gunerally, thsr6 

baa been ablmdant. wall Fock replacament.. Thin s:(I.ction Cud.aback 11. 

l1l(awi8Q illu:etrates the cO!lllllon dlllBeminat.i.OI1 of cinmbar tbr~h 

kaQlin at tho Ouddeb:aok lII.lne. 

Tilere can be no d.oubt. that. in the first .i.net.ance, q'.lickaUvlU' 

Jain13ralizing fI~lutions havo gained accsSII int.o t.ho country rock 

tbrGugb int.srgFattularopanlngs and fractursa. 'lI1a occurrence of 

oinnabar in auo;h openings and t'rac1>urall co,1IIIIOnly account.! for by &1' 

the greatar percentage at cinnabar in the ordinary qlUckailvsr are. 



A. '.fhin.eet.ien of ere fr·OIIl oaaDio ·~ ~w1ng relatively larg4) 

olnnal!ar aggegate rep1.s,oing tiM tlll.ndlltoM gl"ail'l8. Booh 

large 01l:l111lDIll' agg~egat.e1J a,l"echaraot.el"ietio of the OceamQ 

ora .• X ~. Plain light. 

& Th1neectwn of ore tra. open pti of SlllphUF Ba_ m1na ahowing 

large cinnabar ag&regate. replaeing lacu1JtriruJ gravel pebbl ... 

Bote the ragged. corroded pebble. and the r4i!idual gJ'air.a in 

tho qinnabat. X 13>. Piain light. 



\ 



Thin set;lt1Gn o.f Gl'il i'r0lll open pit of SUlphur SaDIe mimah:owi.ng 

atraigb;t "pl __ nt vetnleta outt1ng basalt. Note the- ragged 

boundaries o~ thD ve1nlota .• X 120. Plain light. 





However. whenever the oQ?IC.ontrRtlon o~ oin!'mba}" in a~ B!lIall are8. 

beco.m8s 80 'great that the 8.vailablu opemngIJ a.re filled, the oinnabar

bearing eblatione are quite oapablE! of replaoing components of the 

wall rook and such Hplaoeman1; ieby no mea~ an tI!\C\ll!llllOn feature 

o"! qtliokeUv{!r oroft. Replacement of grains and pebblea Qf sand-

etone ie part:l.calarly GQI!IlIIOn and:. even in thed-enBGet r,oQ~ sUQh 

a .1!I basalt, slat,(h and ser~ntine. t.h.erG baa been eomereplae-el:l6Jrt, of 

the wall rock OOlllPOl!l!iurt,s by the oinnalital'. 



Purpose 

A spectrograpnie etudy of einnabar and cinnabar ores frotl! an_bel" 

.01' l'eproeentat1ve quicksilver deposite halt been tmdertaJc6'D for the pUl'

poee of obtaining a 1IOro ~curat6 quantitat1ve picture of the exa~t_ 

chemical chaI"a~tel' of quJekdl ver llI-ineralizlng solut1omJ. ElY such 8. 

st.udy of impurities concentrated in tha einnabaram the relatlollll ef 

eueh eoneentrotiO!ru! to wall rtlck i!!pUl'it1ee. it was hoped that sa. 

of the following gtJneral IIstallQgenetic p .. oble!ll3 could be ane1ll>r-Gd. '11'121.1 

(1) Me there anyeJ.lI!Jlentewhich ar-e always cOl1oentratlfd in the 

-cinnabar l'egardleSll' of ~ological or geographical ooourrelUHt'Z 

(2) Are there any s i gnificant differenaea in elemental compae ition 

that dietinguiah cuicksilvel' t!opositl'l of one district or of one t ype 

of geological occlUTtlnee from those fJfanother? 

(,) Are the~ flJ7,Y elea$nts tfhich are 1..nique to indiYidual doposits, 

(4) Does the charllcter al'¥i cOl!posit-1Ql'l of the wall roc.II: eauee .. 

quantitat.iva variation ot' elelllentsconcentrated in the cinnall$I'1 no 

clifterence-s in wall rwk in the eame depositcau. a QUl\nt1tatbe or 

qualitative variation in the elemental assemblage? 

(5) What pOl'tlon o.~ the impurities foum in natural crystals i,IJ 

d.ue to incluaion.e: of _11 roc\t and what portions r-eprasent a con

centration of certain elem.ents in eolid solution in the cryetal s? 

(6) Can tM varying shadel'! Qf ci~bar Qoloration be attributed 

to aqr .specific alemente concentrat!ld in the Qinnabar! 

*'Ulod. fer etteeUag a luge-a_lit .p6tilt.regrapbic study ar. 



presented flnd tht! significan.ce of the result!! Q'btainoo from such a 

study h discussed in the following pag.,e~ 
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Oinnabar QF8iJ frOlll a n~r of qldcitell.'1er doposita througbout. 

th8 1JDited State-iii nreqho .. n f:xr sp8~graphi\'! o.mlyBis. The Uet. 

Qf ~elJwns is given in '£able 6. Care __ t.a.klfn to ch __ ~ JIP't OtU7 

e.naly.is wre ava.I'Bge, repl'eS6ntatbe or •• fFilIII (lacm dietrict. 

The ore wae erullh.d aa i"iDdy aa .poaeUle .. i1.h a porcelain _rt.ar 

was .... 11.1 re~d by the euba&quent gravity uparatun. the eillIl!l.llar 

1 _. conc.entrated by gradw on a BUper-pannel'. 'Ihe heavy .in.FIlla 

a_nly oceurl'icg with o1.nnabll1' (a-G. 1.o..i.l) 111'. pyrite (s.G. 5.0-

0.1). Dlreaeite (SeG. 4.6-1;.9}. ohrDllli.te(fi'OIll the aerpent.lne) (8.0. 

4. 1-4.9) and _'lava _rcUJ7 (s.G. 1}.6). nth the exception of at.i .. 

l l'or a d:8"riptiOll of the ~1.'-pa1UI&r 8e8 liallUain. l{.E.f •• SpU\\lDg 
the !lim. 200 with t.henper-panneP and ini'l'a-lI.iev: Oan. In.t. 
WiD. MetallW87 Bull. ~l, IfP' 229~ 19,7. 



or-able IS 

1. OtIddeback JUM. Kern county. Califor •• Qinnab$> diasfJlIlinat.sd 
through Dolinis&d rhyou.w. 

2. Kla'll 111:1.1111, Sal) I,td:s Obs1po COtD1ty. Ct\li.forJ1ia. C1UIJt.ers of dark 
etnnaba.r c17ata1e iT_ .. abal. fraet.ure plaM. 

~ QCfJII.nic alrMt, San Ltrl.iI Obiapo Co-V. California. Oima_1' aia
... i_ted through _uciet.Ofte. 

4. • .. Idria m1lll,SinBentto Coum.,.. California. Oi_bar".iM in 
slat.e. 

5. Awon a1M., San Bento COUDty , CaUtorn1a. Ohmaba.riD Min. 
thro~a1Uo1fttJli .. rpam-iDe. 

0. Bralif'oTd aiM, ~eCount.y., OaUform.a. Qlmabllr a"odated .. 1t;h, 
carbolate .. vein. in alllclf'1edMrpem.iMe 

7. Great W •• tarn 1IU..t..1t. oo.l.tn\y., Oalit=n1a. Ci_bar •• 1.M in 
.. rpenti_. 

8. Aetna aine.lfapa COtUJt.,y. california. 01nnabar .un a litt.le 1118t.a
cinnabar' trOlll silicified and U~on1t.ized .. rp'eRU_. 

9. Dloorer4ale ~1l14, Scmo_ ~Y. OaU1'Ol'll1 .... 01n'labar inT.o:l._ 
through chert. 

10. Mount. . . Diablo !line. eontJ'a eo. OOlalt.y,Oalifornia. O.1lU11lbaramt 
auch meta~innaball" .... 1_ a .DIi diaaellli_t.iona through 
•• rpetrt,i_. 

U. Sulphur Jile.1'iIt 1Ii1_. l;@e Oounty. Oal1forn.1a. Q1Dn1lllar 111 mM ln 
ba_lt. 

12. SIIlphur J!aftk al_. Lake Col;tltt.y. CdUo1'llia. elmablll' dlll8emlnawd 
thr'Ough lacUStrirle gra .. eI. .. 

l~. lJOJIIllIP. aim, Douglas COUnf,y. Qregon. QhulabaT tl1a8.-1na~ed through 
earllbto_. 

14. BlJtok Btrt.ta alne, _ne ~7, QregQJI. C1im&bar 41.aeminat.e4 
t.hroagh highly ' altered YolcanlC11. 

15. Hor .. H_VlJUmi..-. lef1'o>eqll OO\illl;'y ,Oregon.Oimabar d18Hl1l1nawu 
throagh alte.red agglomerate. 

16. NaQl"y Mountainlll1ne,Ol'ook a_tv, Ore,gcnl. C1naabar dlea •• i.nat..d: 
thrOUgh alteredvoloamc. (C01lec1;.ad by C. N. Sobqet.u) 

17. CareU.nal iUno. M1_ral~, lIeYllda.C1nnabu .,.1M .in chert.. 
(COllect.ed by o. N •. sohun.u) 

l8. Mazat.zal Jlot.tnt.ldna, Ar1llona. Clinna\)ar v&i,n.8 in schist.. (0911eot.ed 
by r. r.. RanBOlE) -

19. Terlingua deposit.. are_Wr G()IlIlty. 'texas .• Citma.bar .. 81_ inehale. 
(Collected by J. B.ftO!l8) 

:/0. 8out.hw88t.ern Arke.DBaB depo • .tt.. CJ.lUIIlbar enc:ruat,at.u". on 88Metone. 
(Collected by C. N. Sohuetta) 



IIIII'Cl#1"whlcb .18 aucb hearier thaJt tn. a'innabal". allot t.he atoM)' ainel'$..!e 

are auch Ught4r and 110 difficl:tlty ... a experi!!~ l.n etteot.iDg ... clean 

,~paratiQnot the ci_bat'. Inapeu-JW ift wntcb theci_ba.r ... yery 

fi:aely dwea1nated tohrQUglt the gang ... 1'.,.ted grinding e;Ddre-COI)Cen

tn.tion. of toll. collOe!:ltr .. 'te •• ' DlJllaseuy toetfe.ct. a ... t.tetacT.arJ 

.. paration 0 " ci.nn;t.bar'. It h not poseillle \0 •• par .. te ciDlULNr aDl aet.a

cinnabar (e.G. 7~ 7) lw grayity, b~, _laoe oD17 tllO 1)£ ttt. samples 

(ll_t Diablo and Aetna) Nul IlI:\Y me1>_i._lIal', this ..... not .... ric!la. 

difficulty. Bach cimallarconcent.l'8.tewae then l'e~l!nt.rllted' .. .,.ral 

tiaea to.ff.ot a lIII",d_ pur!t'icaUon etthe JIIIJIlPle and the p!.Q"U1ed 

conoem.nte was 8X81Uned Y81"f care'fuUy'd:th binocul8il"e to -x:. _i'ta.in 

that; til .. 1IIla no 11 i:tt'ererrtial eonu$ratiOD of other hea..,. a_rd. 

with tne cinnabar. J\lrtber _ldo:nee will be sl1baitted INbsequently to 

pron tohat aotua1qnoeullh diffenntia1 concentration occurred. 

Wall Fock frOID the '1I!ll- epeci.menB tr-Oill wllicn theo1nnabaT '!Ill_ 
eonoentrat.ed -It Quelled and dllnte(! w1toh Of Ted ~uric __ lph!de W 

the e:&t.em. 9f' '" wall rock in tho mel'lI'W'ic aulpbide.. 'r)le ... 11 ~ 

ot ei_bar in the· -.n rock .:e.mplo (alwqs 1088 than O.5%) ... ~ 

eeparat.~ from the wall rock ~le", 8iDQ~ dlffer.mial flotat.ion o~ 

... ot the 11gbteroonsUu.entaof the rock duriDg VaTU, ~en

l.rat1on_" fellred~ How.vor, einqe thea!llOtmt. of c1nna~ 1n the wall 

rock Q;B alway8 very 8II1II.11, the irlptu"i.1.1os in ~'!I wall rOC"k: -.ulting 

tr_ the cinnabar aft _gligible. 'the 'Ci.m8.bar eoneent.rate:eaIJi the 

11811 rock samplee (~ wall rock in 8J)eet.rogaphloally _lypd OJ> Bg~) 

"1'. t.hen aubCt.tM too the analyst.. Dr. ll. P. Rae1er. Applied a._von 

J"');t)r'a~ie., Loll Augel ... 



tho prim.<l purp<ls!l of 'the epoetrogtup\lir; 1.nvut.igatiQn 1rM ~ 

flQt: rt.aiu. quantitativoly t.hs l;lel11!lllta which 8.1'6 actually dUf8l'!tntial.ly 

concel1t.ratCitd 1n the "(J~nabar wi'f.h 'rt)apsct. to t.h~ adjaoout nIl J"QOJt.. 

each ele~ ae~lly coneentrateJ:I in the (l.innabar. FUr t ili.,. purpose. 

\here WSTe prepared 4imll!;b<Q" ccOllCBn.tmt.ea and corrssporntiJ:j; Ga:oplea 
- . 

attained. 'the =11 rock was then used. as a dilmmt of Of' HgS J!O that.. 

in both. the r .. s:tural cinnabar ami the TIllU J'Qcksnm]tlalt. a:Vomana~ 

t:lc.ationofcil'lnabar. It was found t.hat , ill !llOat casee without undue 

grGphically ana1y7ied CP !{gS. the analysis of which followsl 

Spectrographic Analysis of CP ?'!ercurlc Sul phide Red (Ko.rck ~;4) 

0 . 02% 
0.012% 
0.01% 
O.Ol~ 

O.(lC}~ 
0.005% 
0.0012% 
0.0016% 
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A -.pIe 'to be 8t~ieQ spectrographicaUy is placed on carbon 

e1ect.l'04e. am volatilized. '1'I!l8 Spe:CWUIIl of t.h& rpulting 'Ispoi' b 

thea photogJ'aphed am •• ince _ohel_nt. .~t.s llhUaotel'isttc8pcCtiral 

lines. tha "lellllluta Qan btl ide:ntif11ld on the sp6ct.rograa by tho poll1.t1~n 

aDd chlU'1loter of the :ap&c.tral li.a. ItI via_I emmiMtlaJl of the· 

d.anllj,~ of the: 8t>ectrB.l 11_a, a _'-qUAntitat.iYe deto.el'll1ne.t1on o~ 

elAillllllm.al ~ellt.rd.iOl'l os.D be obta.1:ned. lff.nHtVel' .• eincecoll!lentrat.ion 

of 8.D aletMm. i. !lOt a liMaF functJ,on Q£ spectral 1ntoQ.1,ty Ce,.;ept. 

within cert..in narrow limits t.o "noted). it, is Me.seary. in ol'der 

to 8$C8"-ain t.he al!llcrt. (jWIlltltatiYe conceatrat.1Ql!l of eeoh elel1lJnt . \0 

'follow tn. proe>edlU'e out.l1Md below. 

,. quan\it.&tiye det.erainatioft of an element. ~pt}otrographiQ8,llT. 

the .ppro,n_tAleGQCetltrst.iQll leclef,entlned :frl;lm a prelill1ina.ry qwtU

tat.be anal\Y'lJifJ.fheo. tl»" each elotwnt .. a knPwn c_centre:t.iOIl of the 

e1 •• nt in apPl'on'!ll!ltely the ~ pre88.n;;' in the ~. IIWIple 1m 

plac~ in a IliBtU .• elllil.arto that. in whioh 1t, locc_o in 'the t.Wtnolln 

__ ple and the .eot~Q!lI of 1ib~ parti~ul~ el6!Mnt 16 obtail'llt4. lIT 

ftl')'U!g t.ru. known amount or an e181118nt wrt.il t.b4 &pect.ro.l li.1'lIJ1l ar. of 

approxiaet.aly tn. _1M intttnlJ1ty ae ~ tM Imktwlll't. a first .ap

proJ;iaetionof the aot.ueJ. qtlfUlttte.Uft concentration of the el.e_rrt 

in the unJcnown it! oll't&.ied. 8ub"QQentl)'. by _nsof a phot,o-elelrtrlc 

_11....11 Tar1a\J.one ift 148· chmlJlty ·or tnsepe-cf.ral linse O.8n b.e 

plotted •• a function oflcllOlfn YaJ'iatiOD!Jin CQIlccultraticm ·of an de_at. 

am t.11_. by d.t..ntin~.im.ilar variatiotlll in speqt.ral iJrtenei.t,. in 

the l:IIIknown.. it. if! pose 1111e t.o calculate the exact. cQllp:odtlon ·01' t.h6 



UIIIa1own. .~ pTocedW'~1!l1l8t bo l"e}}6a\ed for eaoh e·lemefJt in each 

... p111 in cmt.r t.oQotun an _.ct q.ua.nU1.at.iYeatlllITa1.,. 

S~tI, tor tb:1a prall),... it. 1'&8 MoeeeU7 to rtm lIIQnt than "forty 

II8I!IPles:,. it. _ obviousl¥~pqllSillle ~!llalt. ,..parat.. qtl8.l'1Utll-t1.ve 

e:Jtimat,.8 £QI' _ch elel*!$ in BaM .sft1!lplo. It we.e therei'o.te nogea!!el'Y 

tQ eubl!llt tae _ple. u.. a fona allah t.hat elf,a(l\ q~1rt.i.~t.1"'8 anaJ,y.,. 

could be prepare!;! for .1111 aoaples i'r0lll .one eet. <rf .t.a._~d ap.ct.ral u._ of 1i.terClII$d tntenatty and 0:£ lieto:rmi.n.edYllriat.ion of 618J1111n1;&1 

concentrat.ion l!Ii'\h 'U1'~tlon in epectr!1l intend1:.y. It. ie lmown that, 

it 8. JlLlllWe1" of e&.apiee )laft llltout the ·BaIlO amount of t.ota)' illpW"lt.T 

am if th4 iadividWJ.l •• e.Dt..e U'tI pl'estlnt. ine.pproZ:l.mat.elY the ..

Ili'der of _gnituri., it. " ~ • .eanr to obtain only oM .airt. ot"et.aDdard 

.tlp .. tre,l lirl!it8 to _iob ,,11 e~t.rogl'~ am bo refeTrK. Sl.li1b a pr(loo 

CMU1'e 1a yaU.d j;naoW ae it ~b.ebOlfflel!lpiriea!ly t.he.t, :withtn 

the range of cOmlentrations Dbt!erved in the tlalllplMp t.he int.eneity 1. 

tI UDellI' fimlit.1on of aonoentration.In Ol'der to ascertain lIhlttber such 

.. U_arI'81atl,on .xi.~ OVal' the range of impurity p1'eeent.ln tmt 

c il'Ul8.bar cOJ1C!ent.l'8.~e... 11$0$ trt.oPl f'J'0flI. the OOflenicrnM was !!Ii1Cftd with 

~ ator8lllentioMd .nalyz'8d OP ~$ t.o tn. eneat ot three percent .•. '!'he 

e1teJ!~ qttam.ite.t.1Y8 co~a~ion of" each el_em. in the dlluted _U 

roe\( Rraplewae then detemined. 'then. tailing the sa_ .tamarA epect.l'al 

11ne., a. pre ueed ;Ul quanti,tatiV8. dnel'lllimction of the ~81.1.111pl.e .. 

tile inlpurity in ~188 containing 1"% and ~ 1I1le detumlned. tahl. 1 

ehowe that. .t 1 __ 1> wit.hin a rll'llge of l~ tn ... elation iJt l1neu 

andtbe pr~edure ie 'l8.1id.e In of.hllr words, i.n 'fabh 7. it. caa be· noted 



'.t'&blo 7 

Funet.ion 01 'Speotral Density 

Sll!Bplelt lIlted are a.ll Cp ags diluted. to the extant mdicated. by 

sandstone frCl'Jl the OC8lI.uic lId.ne. 

l% ~ 6% 
Si02 O.~ },.10% }.~ 

1.12°, 0..22 0.6, 1 • .\5 

'''-f, a.O} O.Q98 O.2Q 

CaO: 0.0, 0.,),05 0.20 

iiItP 0.04 0.11, 0.2, 

li~ 0.0004 Q.OO1~ 0.002a 

TJ02 o.tn 0.0.:26 o.Q5 

OuO 0._ 0.012 0.025 

Z1:(i o.au 0.026 0.045 

'KG> 0.005 0.0094 0.020. 

rA1> 0.07 Q.227 o.~ 

BeO 0.001 0.0024 0.004 



quanUtat,lY8 d.terllltnat.ion at' tba ~ IIIlmpltt. the 6% ~lIpl. _8 £~ 
t.o ,~VlJ tw1~ as muon of RqA e:te.ellt and the l%sClllplo, _ totlDd to 

,haw 1/} as much of each eletWnt, whwh ~.ae it should be. Slmll .. " 

ae wn-u tbtl ele,.nl:. is pl'eeent.. ill 80~ le88 volatile medium. Since t.M 

_ktUltJo d 1t't'ere_.. it' the :l4ptW1t.1~8 ·0£0.11 of the aamp le8 are pl'lI .. nt 

in 'the 1IIl!!lO .1IIed.lta. SOWS"!:. it' $0:18 impurities are preaent. 1n. hi.sblT 



for 10 seaonde tor &aoh of twas portions of l5 mg.sach. 'the tota'l. 

e/xpoeWl!I wal! i;hu$ ,0 1!IeCOms am '\be wtaloample wall! 45 mg. 'l'bo OIiarrE!ftt 

tathe ooneentra'tions of all e16!111Ult.e Mown. in th.e p<>rtion o-f the IIpltct.J'_ 

o 
frO-ill 2~ ,",0 ltOOO Ii. 1IVe dat.er~ned. 



-96-

'gable 8 gives the spectrogpaphio analyses OI~ oin.'1Iinat' e O!1Cem.ra1;ea 

anJ:! ot the co'l'Ge-pondil'lg wall rocks fro;;; sash ot twent.y typJ.eal qutclr:

oi1vEI):, depoG!'tLB. 'lhe firet column of each 1Ulfl1.y e i s givee the elemem.. 

give" the oO~Qdtion of -the thl'ae peroont of wall r~k diluted in ear 
HgG (fl"Or;! "hieh hs,,'e been subtr act.ad tha illlpUT.ities Q~ th.e CP ligS). fh. 

thj.rd eol=n lists t lID el~nw of th(l waH l'ook in col unm t'l'fO l1I',ut.t

pl1Mi ~, aoree fa~er eueh that t he 1;.%,,1 of t he third eolwnn iii Itl.);L 

. 11'1(3 thud colu.'lll'l t.ime gi.ee ( within lind:ts to be noted) the !!tltttal CQlll

PQSittOll of the 1<ull Took trom ?lh i eh t,hJ;) eil'll:l8oQar wa s eonaant;rateQ.. The 

spectral lines ahO., oIlly the sle.mal eanf)6utr ati ona. '!;h<l e18l1letntal 

concentrations were converted into t.he ox:l.de form GO aa t-:; ~ ()0lIlpIIre.~ 

with other roel( una1YBeIk 

Actual qoontltative cono.elltratlone off all eleoant.B shown in t-be 

porM.Qll of' tru.> opectr\.llll bet.1re6n 2380 \!.oo 4600 : W6;1"e ;iQt ermin3o. certain 

e lc.:aenta are notl.\bly abeem. &o.'ll t.4i9 pO.I"I;i.on of the epoctrU11',}mmely. 

tth$ i.n3rt gacGa • . o~gen. t..'le lllllogene. l!Iulphwr. ani aelenium.'J.h1'l halopu. 

_cU'~ Trw det.'>rmi..'1!l.tion of ~leniUn\ mC$seitat!H) t.1-}" !.tee of epecially 

BiensitiztJd l>latG!!~ C.vlxm 'tJ'!!.S not determined since the ol~Gtrot61J 1.1_ 
wre of c!U'bon. St.l"orrt;iul:! was not detel"lJ!imd _ ca.use t.h9 gt,ront.ilL-a linee 

in t.heportimt of. the splJnrum phot.ographEJd coincide with the cy~mogen 

bm~ I!p!tctra and hence eallJlot be studied easUy. A st.udy of the .bible 

epoctr~ would nave given quarrt.itative d«rtAJrudmt,lona of .1.:rcmti:ua. 1mt. 
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Uti. WQllld have nec6Mit.ated an J.!nj\.latifj,ably l.a;rg6 incr&t:u. 1. 1h& C<lIIt. 

of the analyses. 'i'abla9 l1swall ot the c_n 61~ that. cG\Wl ba" 

been dawm1ned if' {fl'$B&n~ "'lid. the .,vQtnl aenElitiYit.y ot ea.QelE!lllOnt. 

'ttlh t.abula:~io!l Elhows 1;,ha wWe variatlon ~!l ~Asit.hit.y Qf tile C01l1il!Ul 

element-e. The _aord colan of Table 9 ie the· first coltmlft xwi Upl1e4. 

by appTl>D.rnat~l¥ :!1;. !be. second col\l!Ul th~ givtte thtt l!\1l'ti!mJm alllQ'.mi 

o£ a mIl l"Qrut eleDl8m, that m.ll applJl!.J' in the synthetiellg$-wall r1lCk 

ea!llple in which thE! nll TOttI!; ie diluted Jdth ,} t.l!l1(Je i't.$ uight of 

Rgf3e C.Qn"A\rlSaely. the !I9<rorAl eolwm of Table 9lndl{)ates the Ddnl_ 

a.ount of an elBmum that ~ haTe ~J). pr6eent in the Qriginalnll 

rock in order t..\otat t.he elel!tlJnt will appear in tM !l.nal)11tie of the "" 

d ihrted fta1:lplIUl.'!'tUr' dit't/!rt'IlW$!J in tlC'neit1Ytw .%plain the ab&f!lWe or 

aerie.in e.1oment.efrolll th." aMlyllOs of tho 5% salllpl.es.Tbue. B11nT i.8' 

pl'!ilBl!nt in all Qf the sample!!, pnt no gold hra!JQrd!$li" 11014:. however. 

18 t'ouni in tte.lll1!1lQUl1u in I'AvtlTftl of thee8J}{)/lite. An It:;o:al!l1na,tlon 

of t.he eanaltivity of 1'l1lver shows that the lines navII a 8O.'nsi.'tivi.$y 

0.1' Q.(l(X)02% (o.OO~% .9quaa 1 troy ounQ~. !oora:f'o.re. O.0(Xl')2% a~llJ 

0.006 oz.} .~e 0.006 oz,. f)f aU vel' l!!ttstbe pr(lt"Hlt in the ci.nntlbu 

concentrat.e or 0 .. 2 QZ. in t~ 1Iall roe!\: to &P~~.l'" b'l the amly~l!t. ua 

thaother hand. tha aendt.id~y or gold i.e onl!l a.OOt%- '!'hUB 0., oa.ot 

gold !;lllat be present in the cinnabar oo:ne.><Jnt,rste o~ 10 02'. in tm 011 

Tock to appear in the ana ly see. ObYioU!lly .• no 81tch ql.l!Ultitiss of gold 

a" pl"eaent a.'"li hencs no g!ll,d appear.,. in t.hlJ!' analYIJeB altho~ gold III8}f 

,"ry ,..11 hi! pr<JeBnt in marly as laJ:"glJ e:motmts Msil"",.. ~ quju

J'l1Vlll" dllpoait,(l ~ont.ain !!l!Jlll aIllount$ of al'ooniu and antilllO~ and the 



j;il ement 

Al 
Sb 
As 
Ba 
Bi 
B 
Cd 
C~ 
Cr 
Co 
Cu 
Ge 
Au 
Fe 
Pb 
l!g 
14n 
1115 
Me 
N1 
p 
K 
S1 
Ag 
Ns. 
Te 
Sn 
'l'1 
W 
U 
V 
Zn 
Zr 

~able 9 

Spe:etr:al Sensitivity ot the CO!llllOn Elements ' 

S.ens1 tivity 
(Ill perc.ent) 

0 . 001 
0.003 
0.01 
0.0003 
,0 . 001 
0.001 
0. 002 
0 .• 001 
0.002 
0 . 0003 
0.0001 
0 . 0005 
0.001 
0 .. 001 
0.0008 
0.001 
0.0004 
0.03 
0.001 
0.0002 
0.1 
0.05 
0.005 
0.00002 
0.02 
0 . 01 
0.001 
0.002 
0.005 
0.1 
0.002 
0.005 
0.01 

Amount o~ element nee&8sary in wall rock 
so that element. will aJ?p$ei' in 
B.lla lysis after a11ution to z.:g (Equals 
tirst colWllll t~ 53 oa. l . 

(In percent ) 

0 . 03 
0.1 
0 .. 3 
0.01 
0.03 
0.00 
Q.O'1 
0 • .03 
0 .07 
0.01 
0.003 
0.02 
0 .03 
0.03 
0 . 03 
0 . 05 
0.01 
1.0 
0.03 
0 .. 007 
3.3 
1.V 
0 . 2 
0.0007 
0.7 
0.3 
0.03 
0.1 
0.2 
3.3 
0 . 7 
0 . 2 
0.3 
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se.r.l sheena. of thoee elsl!t8nte in the analyses is lik.ewilHt tJIIIl«r

atamdallle trQm the eens1t.1vtty tables dnce more than O.;S~ sTII.srnc: 

mu.t be present t.o appear in the analyses of _11 rock. sblllarly. 

tor s.nt~ io appear in the :s% dll~ '!If.I.ll ro<lkaamples. o.l~ muri.. 

bo present.. Kett.her aJ'8IJDic $J' am.intoqr is generally prl!ll~urt. in 8.\1.;11 

large amoutit;s. in fact. 't.be preeence of' either arelfnic OJ' am.i_., 

in eudt quantities would eeJ'ioUlJlylO1rU' the yell» of the ~ aa a 

sOl;lFoeof quteksi1.,.-. On accQlOl1l't. of the1r low _nait-bit.los. p«.a •• ila 

and phpaphoroue are l1kew1senot. ru:orded although \hey us proba~ 

pJ'esent in the wall rock in emU amo!.lltt.s. !be ele.m.. gold, ar8$nic. 

anti-.ou,r. pho1!lphtlPoue, andpotaseita are the only cOllll110nelelllem.. 

that. are mise1!lg ·on acc0lint of their' 10 .. sellttit.1rlt,ltu1. In ord.er t.o 

haYe tae 1!I8ll1ploa com;pa:rable so that the actual cane.ntrat.ion of els_nt.e 

in ·the cinJ1abar cQl.lld be determined . it W!l.1!I neoeeeary to eacrifice the 

higher sensitivity that would r88Ult .-ere the wall rocks analyssd .. tth-

0I,(t. dUutiQl1. '.t'\'te totd _U rock c~position _. 1Ih000n in the third 

collJllln of sach of t~ ana lyse. of '.tabls , 8~8 thUt! aligl1t,lj: in elT~ 

for the foUOlfi.- 1'eS80llIlt 

(1) SulphUT baa not belln d.eteI'l!lined. In most caeee the sulphur 

content. would 1'10-\ e~d l%-

(2) The lIIl'rcUTY present in thit oinnabar in the wall rock J:tannot. 

be distinguished from the lIlercury of' the mercuric eulphide diluent.. 

The :aercury of the- c innabar lI'ou.l d not exceed O.5f.. 

{,) 'the phoepheroua and pota • .,1Ul1l content falle below the ep8c\.ro

graphic een<) 1t1vity when tho sample 16 dUU't6d to ~ Then, when the 



~lo ltt re-l)alClll.ated to l~ Ji81t.harthe potau;l,_ mn' the phoepaol"oue 

appear. b the analyeu a1~QI;lghltot.b probabq are ott._ proeent.. fhU· 

could 'n£l't i_Qive an err~r of .ore than "'" In re-oalcula\ing tlut tot.&l 

1I8.ll. roolt ·compoeit.1Qn, the errqr I'!le~lting f r QIII law tlQneithlt1e. ot 

certain elem4tnt..,. therefor., could not. o%o.ellQ 5l' although, 9.8 Aall bIo1Ul 

aho"u.CI!ertatn oletUm. of .0peoClial int-artlst (auah a.o gold, ll1Ieenic, 

~ of t.ru, alllOunt. Qf tne elelll!tnt p?e8ent:. . lIban Ule dat.a l1l'e plotW.d ae 

the rat.io of tho dl:t'fereXIQ_bePeen tone alllOUnt o f ellilll6nt in 8Xce:.11 in 

the c.innabar or 118.11 rock 'to t.M QlOWlt that ltRe crigt-bally preeelit 

in the cinnabar or ,.all rock. (.e bao btten dODe f or this invest,igat.iQn), 

the error b less than le\% of W parcentage of the eleI16ntprell!uJt.. 

('!'hUll, for emllll'le. if a 8alllple i.a _1d to comai~ 10% of a part..i~ulu 

d8lll!ttDt. the; .polMibl,.eerr or- is 1.5%-) '!'bl;tS 15% is 'ilaken as the matu.. 

ans.lyt.ics.l error .:t!R'olvsd in tJw rati,- to .. presented aW:lee:qu6ntly. 
. . 

'lb1B is the malri.m.\nlpoe1lihle.rror - the probabl,lIerror is o!ilIl!Jidcrabl¥ 

i.e ... 



- 108-

In order to subtract. th~ wall rock Gont6J4.ination from t .l1.6 Cintlsbar 

<':onoentratee am t hua find whioh EllemElnt-a arc differentially cO}lo6ntrawcl 

in the_cinnabar and whiob are diff()re~iaU.Y' concentr ated . i n the -ll 

rock during llIiUl,ralization, i t is neceBe&l""J fir e1'. to determi'!l(:l in ~ 

TIfJY how I!lllCh of the ilnpur:i.ty 1n tbo einnaba~ concentrates is attributable 

to wall .rock !:Onto.mination (wall rocK: not Gomplet~ly remO'!1ed durl~ gr9.v1.\y 

Geparation) and how 1ltIl.ch of the ir.1purit.y itNolwB a dif flll'-ent1al CQJloio 

centr-e.t ion of e16ll1E1nte in altha!' the cinnabar ~r t!ao wall rock dur ing 

ntlneralization. 'the three per-cent dilllted wall rock samplee give tAle 

c orrect r atica of'el eraaot.s t o one another in the wall rock. It 18, 

therefore, naces e8.17 only to ascertain which elements or groupe 01' 

IIl$llent.s are otable during mineFalization and then to convert. the 

entire wall rock aamplo by eO!lllt factor such that the selec ted e l eman\ 

or gr9tlP of e l ement.!iI b equa l in both wall rock and oin.\'lab8l'. An, e ~es. 

of an element in either 1m B rock or c innabar is thenat t .rilmtable to 

differential concentrat.iQn during mineralization. 1001'61'01'66 i t 18 

neoe nsary to ascertain oert ain elements or groupe of e161ll8nt.e which e.re 

CJtabl e during miru;ralization. 

lne tern "!ltable during ll!ineraliza:tion~ hero ~Uee ele.'<lent. 

that are not carried b~1 the mi!'l.eralizing 801uti ol'l£5 j element.s which. if 

Pl"oscnt in the wall rook. would e ffeet no preferential precipitatiQn of 

oinnablU' ; and element.a which ere not soluble i n the 1Irl.Mrali$ingllOl~o_ 

and h-a-nc(f l'Iould not be preferen'Ually leD.oned during mineralization. Art' 

of' the h ea.vy IJIlJtals !light Qoneeivable 00 Wirried i n amaH WlIount.lt by the 
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pl'e:f'ereBtial precipitation of c1nm.bar. Thwt. of the c1emanta p~e_nt. 

in the aml,y38., tbe tollOlfUlg canno:\ be lllltld tQ J'e_aleulaw tho 

dillUied wall rook Bampl('l8t ir'OD» chromila. lUiclc8l. copper, gerlll!lUd~ 

zt.'lC, llISJ'lgtl._. coba1\,. lea4 .. aMeil'foJ'. 8e~ of thair 1lO1ubil11;¥ 

in minenl1zing ltolutiOllS alld the poea1bnity t.nat they ay ban been 

transported il) solution. thG alkali am elltaune eartn motd. (11l toblt 

re-ealoul.atio1)o Silieification is 110 cQ!IImOn l). process in conneat.i~ 

hot alkaline solutione tba1'. enioe ie . like.i"e of flO value in de-

WI'lII1n1ng wall rook cont.amina1;.ion in the oinnallar. Of the incii'l'idua,l 

aletaant1!. t.hat. are _1'. likely to be stable, only alum1mtm a.nII tit.a!lilDl 

are preaent in the analyses. '1'nroo _thode of ad'1,lBti~ the dll\Jtsd 

wall rock samplea to ilot,e%'minlt _11 rook cotrt.aminat.ion in t.hecinnaw 

lIe1:.hod I - .l.utaill!l WSthadt All of the conetituent.s of the dU.lltod 

wall rook eample are multiplied by S.(llll8 :taotor 8uch tbat the a1wni¥ 

in the diluted wall TOClt e.alllple - is equal to that of the correspo.!¥ii!'lg 

ci-nnabar ooneent.rat8. Table 1O lists the fa.ct.ors used a.oo the .N-

calculated valuea of the ele_n'ts in the wall rock 1I!l.llIPl{fs. Since each 

elctlllltnt. 1n an anallleis i. IIIUltiplied by the ·same factor., the ratio Oct-

elell\enta to one. another is constam. - only the ratio of' an el._m. 11\ 

the wall rock to that in the corre8pqnding cinnabar concent.rate i • 
. 

varied. This lII8t.hod aestllllltlt that. during mineralization, thealum1na 



.I\as. bennett-her (1) cut"~ed in By the mineraUzing salutlOnB (2) 

lIl'ef~l'entie,lly l'epl.8.Qed by einna blil" 0) prefttr.ntia,lly reat;tbe t.o the 

Dd,nol'!ili~ing eoluti,lms nor (4) dl1'ferem.i.all¥ leachsd by the minard

izing eolutlQtlB. 'lbus. if the., aSBUlIIpticma are oorrect. by lI$llt.l

plying the trell rock by scne factor $UCb that th6 alum1.na 01' the _11 

:to-ok aM e1Ilnab.lU"al'B aqua;)" the resulting nU rock valUStI repro ... 

tha actual a~unt of wall rock e18!llent.1I 1.'1 tne oinnabar and any OZM_ 

or dei'ioiqnoy of an ele.'ltstlt in the cinnabar bElyond that present in the 

corl"eCt.ad wall rock lQUS\ rep-re~nt dif:t'8rentid concentration dul'l1ng 

mineralization. !lth~h no ilUCh 8.J!ISIWption e:an oe entirely valid in 

every eaet. llonrthelcp. t.he c.haramo.r of the quickeilver m1tle1'tl.llsil!g 

eo].ati~ is such that, during mineralization. too altm1na would aon 

pl.'obably 0. hf.gh1.y~bla. A C0l11par1eon of the alwdQl ~Ont8n\ ot 

'tqpical ssrpentinee wtth the dwdna oontent of the five 1!Ift1'pontin .. 

atW.ly'ze~ (Aetna. J\!Jrora,.Bra~tord. Onla.t western, and lilaunt. Diablo) 

.-ill: show tho.1;,. at least in thee. tlve 1;8:888, the alumi18 hae becUl liUi~. 

etable. 

s.t.hod U - Titania MothOli: AU of the oop.et1t.tlfmt.s III tho dUut._ 

walt l'f)C\C tlamplee u. tmUipl1ed by8Olll8 factor lIuch that the t .1taD1a 

in tho dihrt.ad wall rock eample 18 equal to that ot theo.Ol"raepomUIlI 

oin."Iabar c oncentrate. 'table 10 Us1\& the ~ct.ore ul)EJd 1!;m the ,,8-

'caloulated waU rook: valltee. Thh method operat.es on the *lJ!lJliOIIptlOll 

tbat. the titan1a is ,&table durlng mineraliza'Hon. Thi.s asaut11ptl0.n 



-lll-

1 
probably ha. the greatest ve.lidlty, . bm. tho low e&nait1vUy of titania 

fltI'l the .lIIal..l~unts. of tUan1a preaent.J"emerIJ this metnod l-eae sa1.111-

faet.ory than the al1.Wina lMthod. !low:ever J in eonneotiOl:!; wit-It the &!l!ll,y •• 

w1th which it (lan beused~ t.ba t.l~a llIISthod alu'vae as a check on th41 

the dUut.ed wall r~k ss.mple aN .... :l.tiplied by SOIU i'aC'tQrlluchUtalt 

1!he 1,0\&1 cont~nt. ·of the dllllted ull rook sample ie equal to tb. 

10 list. the fact.ors \.ieIId. and the re- ca-lculat.l1Id 1l8.11 rock v&lue.e.'1'b1. 

after re-calculat.i~ if the to't.al blpuri1;y ,of t.he ainnab9.l' and 1II1U 

rock Sl'& llIIide .equal, a!V 610eas of an .letllsnt in the oinnabar repreaent.a 

a cDlW'mt.ration above the relative sllQunt pl'Gsent 1n the wall rOQk 

below that. present in the 'lffi.ll rook. 

A~ disparity in the 1'8sulte obtained by the three _thode ofr wall 

rol$ l"e-cal.culationindj,Q8.tes that. in the particular caee. Ol'le or 

Il!Or6 of' these aasuu:ptlons ia illV'al1d. o:w8ver. ~ those gonara.U",u8 

that. appear .lIia the result of 11.11 three IUtthod e of re- calcula't,1on will 

1. Of. S~Jmrtz. G. Jl.. HYdrot.hel'lllB.l alto-ration of igneous Fociah Qeo1. 
SOe. America Bull . TQ1. 50, pp. 217- 19. ~}1-2. 19,9. 1ha lftuc1y 
of a I'lU!\lber of' aml,yet!8 ofhydrothsl'lI!ally al1;eTcd igneoWt roc;p· 
bas heresho'lln tnerelat.ive stabilit.y af alumina aJR~ IIlQfe 

especially. of titanis. dUrillg }~drothermal alteration. 



be rega rded 1'):8 s1gnifieant.$in~e ceruiJl of the g6neral results ollt.ainect 

by all three III&thods of l'a-c;alculatton ar,~ yery similar .. it is belie". 

'tha.'t the general val,iditq of the 8.Bstmptione iD established. 

'rhe reldiiQnof the cOJlcentl'ations ,or deficieno1ee in the ,,,inna_ 

t.o the e,llfOUl'l.t. originallir pT881Jnt in th$ cinnabar or wall. rook ... 

determined by the follo'll'ing procedUl'J4 

lfMre A _ 'lue.le the amount. of an elslI1(}l'rt, i>t th~ cismabar and I 

equals t.lle· a~ul'lt of an ei;6l1l!!1l'lt in the re-oalcl1le:tl!ld dilutndwall rocli: 

srunplG (re-calctllated by on!). of the tJl1'6E!!lIt'tthooe outlir.Qg abovlJ) the 

A-a (equalaO) equals the act._I. difforential econcem.rat1onJ in psrc6l¥t., 

of an ele!!8m. in the cinnabar. 1Yh.~a the element 13 in 6XOl!!38 in tno 

1!Iil11 roak. ~ ( ql1als D) aqul!J.1a the actual differential cQDOl'lntratloa. 

in perc«nt. of' an eletn6ttt 'in 'the _11 rock. Table 11 eho",!! ths act..1.U!J. 

dii':fe.Nnt.ia). Go~nt.rati_ men thlt wall rook 1.8 re-ea!ettlllted: »1 

eaQb of t.he tn!'tt8 e'thod.. In aUIla.ss, parentheeee around ll!ff figure 

in the tablee indicats8 a cottcltm.rat.i~:m in the wall rook r a'MlOr '\han 

.in the cinnabar. (In oth~ 1Jordll, tn!! val,~ C has no partmthflll8l1J the 

value D is pal'enthftsi!t~.) 

Then the v!ULlG OlA ,_::\ualsE) equ.~b the l'att.o o£ the ac'tUtll 

differential concentration of an eleJllet:n. in the c:1.nmber to the original 

(t~nc~1"6tionof the elellll!l'!'1t in the dnnabar end D/B (sude . F) eql1al. 

the rat.io of tb.8 act.U!ll Illff~sntial c.onclllntrs:t.1on of aoell1l1!t<'l,nt 1Q 

t~wall rook to the a_bUrt. ~riglnal~ pJ"eeent. in tho re-ealcule:t.ed 

wall rock:. Theea ratioll, as computed by the three IDiIthodll. flJ'. tabl1a:ted 

in ~b16 12h (Relative oQ."lcent.rationa in the lIall l'(xtk (F) fU'* 
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paronthosized \'!hf)rE>8JI 1'e111t1"" !:oIlOOntratiotlS in ~ci.rmabar (E) ~ 

not parenthesized. ) 

Plato 5 MOW" the ratios ·of 1'abltl 12 w1'\h !!linea plotted againot 

Patioll. Each !p'~ph then roprceBnta- ~tho total diffQrential C!onoent.l'at..ioa 

of one element in all of th6 dep0sitsful Mown by each of' the three 

lMthode of' waH rock re~e&lculet.ion.All value» plotted eboyo the 

zero lim r epreeent dlt.'i'EH'ftIlt,ial ooncBntratiotlB in t.'le cinnabar 1f~_ 

all wluet! plotted };Glow the ,-oro line reproeent rlattve dif!'arelltial 

concerrt.ratio~ in the Jtall rode. It lI'Ul b~ noted that. line" t'.8V$ besa 

l.1rawn at the 7at.io O. ~ ~ llB1e .. eF~nt th8 ratio of .n_ 

possible analytical error. It htt..boon dctel'!llj.nad. elllpil."ieally. tll!J.t;, 

when the eler.t.!Jrtt. are plo.ttad all ratios. th!J _ximlm PQsaible err0l' 

ia 15f:. If Ilo;;.ant two nhtee are a~ua:U¥ eq_l.but. aM in error 

by 15:16 in oppOsite dlre.etionlJ(thus Ii total errOl" oj' ;SO"} tho l'a-\W 

of the elemenf'.e ill than Q.26. Po)" the sake· of convenie~ and 1'.0 aUQIf 

th~ widest ll8Oeea8%'1 l!Iargin of .erTOl'. the. lines of llI8:![illlWl ~9ible 

analytioal error have been dram at. the ratio o.}. Iorr./ ratio!! groa'tim' 

than th6 ratiQ 0.; r<!l:pI"6eented 'by the twoolrt,er linae are. therefore. 

ecigmtieant ooncentratioDS and ca,l'lIIQt pOlISibly be tna result of 

analytical 1iIJ':rQ1'1!. Plate 6 shows the afllrago il:'atiOll for eacnelaJ!l6!lt 

as detel'lSinedb), eaoh of t.he thrae lJl!I'thoda of re-cal (llllatioIlo Plate 7 

enowe tbe mines plott,ad agaust thll ll'Ct.ua1 d~ent.ial ptll'(!entag. 

O'Oncem:.rations (val~8 C and D) IlfI .de~ by IJach o f the t.hretl 

_'thode of l'o...calel.llatiGn. On th.e $iIJllS graph ie shown W act._l t.Pal 

percentage CQnt.ertt of eaoh o1el!l6nt in the _11 rOl1k ai't.aT the wall 1'0« 



bae l;een #&loqla"-d'LcQ l~ , Tn. ~ale for t.9 t.ot.al -11 rec-lt ~~at. 

·of aael$lll$ntu tftl tot_,I th. ec:ale for the _~_l d iffgentid ~ 

centratolona.. plat.. 8 sno-el$Qnt.. ple"t.tt!Cl agal1W't. r atlge for each 91 

-the fl •• tle,;umlw :l:n _rpemlne a.oa~Ulate4 \ly t.he alumina method. 

puw 9 _on el$l!hJIit.. plqt.ted against ,.at.l.,. for~b of -th# fl. .. 

deposit.. beerpeatine ae O:al$1.llat.ed by the t.c>t.al mpur1t.y -tiwd. • . 

Only tlU> of the ..,lea hit.vee.ui'fiQient. t.ital11a to dlow .re-Cia}.eW.tioct 

by the t.i\aAla _thorll AeU!:l8. 1IO. gtapb: i. preeent.ad tor tJwll_poelt11 

in_l'pe~.u.. ... caloulaW by the Ut&,nia lIIe1i.hod. 

Certain pnerd %'\Ilea haTe we ful.lowG: inplQt.t.ing nlue. 'Oil 

all ·oit t.he "cQ'~lVi~ graph •• . 'l'o :t'ao1J.j,tate 1;~rehena1onQf tblt 

~Apb.. 1.hIt_ raie. · .. nt l ittt.od belQ1R . 

(1) lllplot .. U.J.1g t.otal wall ,.Otlk CQnt.em. Oil Plate 7. GlUT thoaa 

ale_HIt-a in trut· -n rook t.he:t. are Ii .ufitdte wiu. are plot.ted..~ 

el .... t.'! p1'4eoded by • 'less than- sign an ~ plott.e .. elrtee it. _ana 

lit.t.18 1.. plQta -Joe .. ~nll valtae atLer it ba.B lmelt rd_ ._ . 

t.h.~ t.b ... 

ttl llta."~'Ilg ·th\J a~\¥il percentage dUf'ennt1al <unt4entra:t.ione 

(val". " lu\dD)o~ ~l.. U ae piot.W on Plate 7, if only ODII or ·trut 

two _lueeo£ t.be~i_bal' and IlOrralJPQDdi1lg ... 11 rock (t.hlUl aith:a' 

vallUl • or It) i. prec;edet! lIya-i • . _ th8.ll11 sign. t.ho .... lue wi'th t.lw 

"le&$ t.batlll.ign. lJiUalwyaabe the 8ubtralwnrl 8M tMI reault "j;ll .. 

pr&oed.cby a *grf)at.er th!Q\-.i.gD. 'lBb rul1lt. h pl.otlt.edop tbe aotttal 

"a1_ indicat.eD; thus a l!linim __ ilia U plot.ted .• If both _ius. 4 .aQi 

B arepreqod.a by a -hall thaa:" sign. -th. ~lue. 0 and D~. neit.her 



ftlculaU4 lIOl' pl"~ed.u.cethe: ra.ldt W1)ldd H _D1~lea •• 

(~ In plotUng the rel~tiv8 llitter~l c~J'at1ollil (nit-ioa 

S .1U1d 1) al'lownin fab14· 12 am ~lot:Wd .9Il 1'411 .. S. 6. tAO' a!lJ:l 9# t_ 
... 11016 C or D 1. al .. qs· tba d1vid.:ni. _ .- rlo1t. 2anp.,. 1£ 0 qt 

D up1"_dd ·1t.Ia·P'V.~1' +.han' e1gn,. tho c901T •• on:t_ d1.viel# 

A or B 1l!lOd 'to aoWmine the ratioS or" dU DIrt. ·be JII'".d by . .., 

algn ·lU!d the re.."ltillg; ntio .ill bear the 1Igre.t.r 1;han*sl.gQ. Qf the 

d.1VideJt!. 'lbleratu· ie . plott,ed IUl,th. actual val. 1Dd1.oatadi thUll. 

a JJl1DimuIIl 1f1!.lue U p1ot~d. 



1. ley to l'l.e.t.e. 5 aJIil6. 

'lane 1, 
ley 'too Graphs 

Values deriveci wben all roft ~nt, baa been re-caloulat.ell by the 

lLlwdlllO lIIItthod are plotW a •• dae:h-dcrt.-daeh 1 iDe (-.-.-}. TIlle 

lble :ta tllwq. the 1rrUt'III8<liau or fihe tbre6 pl~t..d as a group. 

·1&1 .. a "l"i~ "l'l _lll'ockGom.1lt btl. Men l'o-aloulaW iV tblt 

t.ot!lLiJapurity -tbod are plJ)tt.ed ••• ~lid line. ( . ). 'fbi. 

U,1l8 18 alway. the uppel'laOSt of tlM ~ plotted as a group. 

Val~. ori.ved wa.n tn. _1.1 r~k ~~_ bas beon l'1t-Galculawd by t.U 

Uhnla _thad are plotted a. a Ii.ehed lilw(-). '!hie liDe u 

always the IowaI' of the ~eplqt.i\ed asa gr.oup. 

2. Key t.o Pl.t.e 1. 

1'ne thre. linee ·0£ the l ... ~ graph an plotted •• i.U.ea.Ud alKYYe 

at. l/lOth the .Gale ueed for the t.ot,al _11 t'ock conte at of the 

upp." graph. 

.'l'hD to\.al ... U rock oo~ of the upper graph is plotW.e a 

4aeb-dot-dot-duh l~ (-•• - •• -). 

~. by t.o PlaW.a. and 9 • .. ,~ ..... .. -.... .. 

!radford - ••• - ••• -

QreatlJeat.ern -----
ltoQllt. Diablo -. -. -. -. 
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!he ..uW1"\y ot the r .. ult. to be deriYeci from thisnUdy of 

.l~l oono_t.rat.lolle in the c~bU' 1a dOp8D!leat on 10-.0 tut.ors, 

(1) ~ ,..l1clHvof ~ .... 'I1I8ptiOIl8 tlaed iBr .... lot!lat.ing wall 

roclr, ?alll.e. 1'JIat:tDe.e .aalIllpti_ ban a high oVOIt of "-lidl. rill 

be IIhown by the dmiladtf' of eigJlifi'Caiit ,...ultll <lb\UMd b'jt~oh o.f 

the tbr __ t.hode o.f waU ~ re~lo\llat.i.ollo 

(2) 'l'Re etfio.1anoy o'f the gran'\y _perll'tioll of o1_bar. 

Althougb.'Y\U.7effort. ... _li •• t UM time ~£ eeparat.ion to ina ... a 

cOlap.Let.& 88~tioQ ofciiUMlbu IIfA ol1l:r from the wall rock ae 8.. whole •. 

bltte.IHe.pedal137 fI'Oa tile other a.8o.cht.e.d ileac.". l!IiMral. alIIial\.hOugh 

eaab CfCJIlC8l1'traW _e OIlJ"oMlT r_purified Oil the ~r-~ iIall .x

&mined. Jaicr~lJCJPiCldl1 to .JteO:el'UUI; that. DiP d1tf'erent.1al lIoaeentrat.1011 

of M-.y Ja1DeraU occurred with the cil:irlabaJ'. M'Iertbele·_. the efflcieDQJ 

.t tn. .. :plIt8.UOD 18 oilNch ilapo~ ia det.~ining thenl1d11o)' ·o.f the 

observable _DMntnt,lone ia the d.....mr that. it. is l ;U~.wi.o adYiea1J1e 

to. detel'm:iDe from th.e a_q ... ~Cfl .. eewh.th8r thO' eleaeDtal coa

ce1ltira'\loaa ill the cinnabBl" are oalleed 111 a dilfenn"t.1al cOIWenvat.i_ 

ot twa.,. ainlJral. cl1ll"lDg gravity eeparat100. PoT this purPo.". PIa" 1 

be4I )eon pr8pared..Plate1 .fbowe tM a«t.ual d1!'f8.reat.i&l e.leaat.,l OGA

oent.rat.iona. in 114Toe_. olrt.aiOlld by each of the three ~.o.t -11 

rook ~ldlllIilUOllo .ogaph repre .. at;tI _ele.!Jt> ...o.lm in 

ealtb of t.l:lo 't.wuDty .. wpl... P1~tecl a 80ft the dit:rlll'eatial coDCO'mratiollll 

1e the '\01.&1 eorrt.ent of t.he Plilrt.1culJuo d '8IIl8nt 1ft tAe _ll rook tru 

which the oorreepOJ:ldingclnnabar _. eOllO.~1'8.ted. If~uow, the d1tterent.ial 



4ttfer~l ,co_ntratoiQn Gf otM~ bea'IY .1neral. GlUing gr_it¥' 

.. pant-ion. then th~_ r .oeke that baft toM large.to total cont.ant of. 

cedir&t.ion of that pal"ticular .. tal in the cinnabar. In other worde, 

~ greateAdifferemi&l , concentratioMGIl Plate 7 .~lcl cor"apond 
' . 

c-entratioM of ele'lllente ill the cinnabar_e ~ Fe_It. onq of a 

dttt.ront.tal eo.entr'at1on durlJ'!! gravit.y .eparation. the diffe:rent4l 

grapb ot Pla"- 1. '0,1117 o. of the difr.T8D\-ial .-cmc.ent-ret.i~ of ehroaita 

in oinnabar -(Mtna) c ..... epad. to tbfI·· Mgh clu'01Ii_ o4l!Wut of th • 

.. rpentim. In the otne.r eerpenUaa .-pl.8 (AUI'0I'4. 8J'acl~rd. ,Great. 

... teI'D, aqrl iIOunt l)iablo) al,l o-f .iob fta •• _h1«11 oIIIrOlti_ 00ll .... m.. 

the chromiUlll 18 actQali)' ditt.reDUall;yoono8"trated bl the. wall rock 

ratber than in tM oinnabar .• TM graph for tron in Plate 1 ah_ 1;bat., 

in the -wall rocke whioh haYe the higheet. iron collteJit (o..aDie, AUS"Ol"a,. 

centraU-OD of iron in 10he cilulaba:' wheroas the large8t dittereut.tal 

CODOarrt.rat.lon of trOD in cinnabar cor~pond. to a _11 rGCK wi'&l:l Il 

relatiTely 8llIIl1l iron ~eat (Su.lpbnr '8ank. basalt.). eo. of tbe high 

ditferent~l CQDOeatratlona of 1IIS,I\g&"''' in the .inaabar correepOlld t.o 
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and SUlphur Bank baaa.lt.), but aOIle bigh dii'ferum,ial eoneam.ra.t.1otiIJ 

in tile wall TOQk · li~.i~ oQrTeepQl!ll1 too a higllt.otal llIfJ..ngaD$36 eom.tlnt 

in the wall 1'.9Ok (A!d'GTa. Bradford). -The _ -soll'tbwea't.ern Oregoa 

d ep:08its (alack But.'te aM BODlll'lZfl) .nOll ·high dU'i'$'am.ial cOf¥JentratioDll 

, 

Aurora .. p.l .. haTe a highnickol content .in t.he 'total _11 rock, lK1t. 

the cUff_untolal cOllllentratiGn 0.£ niCkel i.u the Great WOnen _tapa 

h in the wall. rook 1Ih~ea.. h the .\I:U'Gra.it. 1.e lathe cinnabar. fbe 

Olonrda:le _apl. baa .. lcOW t.*1 ~l aont.mt. bid. 1l .uked dit

IBNntlal cOllC~t.ion of n1ckel in the ctl1llllbar. 'lhe marked ta\a.1 wall 

contefl,t. of .copper 1n the,clal1 aDl 1fIli_\.zal _pl. a is bigb wiler". 
that. in theHoreeae. .. n atId Bradford aampllta ill 1.-•• T~el .... 

the dlft'er-e1':lt1al copper cOfteeutl'at.iona 8J'8 htPt in, the ,Klaua.m Korsll 

a.a.-Fen ealIIplea and . low in. th$ Bradlord and __ t$al. ,or tho." e1e_n*,-



1a IlQt voelJiblLe.. by direct delllQlllltn:tion. to FOT1J that the aon.nta'atl0. 

of l ead •• 11v&r, aad germazdw. tU':iI mrt. a "$lUi. Qf g1's,Yity c.olJOfJaV"at1QD. 

the I'e!llllt of #8,,-14' ooDIMnt.rat!Q!I.. ~ ~l.1!'Idll5 of gtlrlIaiP-la •. how

ecy-er, II" li~l' aQ1 ... analogy to t.her-.latio~ bet.WQ6n ~1ft6F.nUal 

~_niu.'II. conuentra.tiilfl!J~ and perbaps \he cQ~ntratiQDI! of l..ead tUld 

eilvcr ar. likew!" real, alld ga. lIOt tJle ",wto? lFaT1t.y ooncest.1'at~ . 

11. 1., ~nain that tho dU'i'srentiAl conaent.ratiGlllJ ~f copper,. chl'OlIIlwa.. 

aonoontl'ati011.'lhb pOint 18 further o,mpkas i21eA by the filet that eon

o.em.l'll:t.1one of' Mav lIISt.ab in cinnabar t'lfll nO-t related '\0 ft·. ~101l_ 
the ditteT~nt.ial '4o_ntratlor:lI~ o~rVtJd are 'tile 1'e!Nlt. of g1'av1'f\y 'ltoJt

caut.rat.,i-on. thlm. in tUtfenB ~le \llbiqh rmo- a_rked 4o~entl'at.1Q1l 

of one MIl..rllle'tal. ~e Qth&r iwa'Y raetale ~ould 1I.t.o DD cUffnent~U, 

.f:coneertt.l'at,&d in the c~1)a'r. Tlw Qh_"ap.~ CODCJlntrat.ielW !thould then 

t.l.1at in the cinnabar of tbeSUlphuJr Banlt gravel SWllpl.s, tlwr. is It 

!IIIlrkedooru;e·mration of coPP_. lead . and.UY<Jl' 1n the a~ liflF-, lila 

In the Great We.at.IJrn eallple, tihal:'6 is a differential ¢()DCGntr:atiQ11 o:t 
'., 



.hromiUlllo, and i.ron ·aft diffol"ant.itll.l, cOZle(JnV'atoru! i n the wall l"Oclt. 

It!; t.he AlU"OI'a 1.18mpi);'lJ. th6l'8 .iII a .u-ked ~rat.iJm of JU.~lCf)1 •. ~I)PJMtl'l' 

and gol'maniUlll ill; the: qinnabat. b~ li\lso a liI&rk!t4 c9J).centrat.;Lan Q£iron. 

~hr"iWllo aad llianga~ in the wall TOIlk. ~ !iiifer.:m,tia.;l;IWllCCfl1vaf,iQU 

ollft'l'vati a"~ tlWrofQl'8.r$ttl a.lld 81'9 :1.nuo ~na. reb.ted to nrtU'ieial 

gravi.ty ~.on¢8ntration. 

SWlarl¥. diffBl'e~i11l conc:~rrt,rati~ u the waU l'PCkaight _ 

laXpl.aillDd. by tbe difi~'lItial tJ6p8.rat.ion bom the d,nmbar duriltg gl'ari..V 

.eplU'!.';UQn Qt: 4tl1't.a1n conaU:t.u.!nt.aoi' hm .pQ'Cuic gmyitr. lWGUl'j. if 

$ucn. a d:ift'ln'mrt.1al _paratttm ~c1:U'J'04.. t.be separation I!tlOtddb3 ~ 

IllarRed in t.no.!I!lUIIplBfI that ha"f.e ~ lfU"g@i. t~l 40nteGt Qi' tho 

panic-ular elemem. in the 1Ie.11 r~k. 'rhU>l dL"'f'el'entiJ!.l .a.ll l"OQk '#Qtloo 

eent.rat1on ·fIt an elemvnt tltat f~ ~oqndaot low 1Ip4'Cit'ic gl'a;>i.ty 

Mould tik~.iBe coincide with a high eanwrtt of the particular ellu»nt. 

in the total I'IllU rook. fNl· grapbB i'Qrall pi: the light motds flnd $11-

lIle:\a1!!&now that. M sueh r-.elatlonahipo:ll!ist.a botwsen dlff'arent:l.al Clfl'11-

o,entratiQl'Ut l,n the wll;~l melt and tao tl)t.al wall ro.ck cem.ent of all 

(JleI;1ent. In tha fftidford and Aur-<:)ra !!amplea. t.heq ia a hi.gq c111e:l.UlI 

cQnte m. in t .M wall rock. but ~~ in the Bradi'Qrd it! t.hIitre a llI.IU"laMi 

ditferemid eonc:entraUon ofeslcittJa in the wa 11 reck. 'Phe SUlphur. 

&:Ink. baaait. eat.".plo 11lw1fiau hae anigll ~~111 cdoilll!c cc~nt. \lut. 1ft 

th1e t.natanco. 'tile. dli'terllnt!al cenesntra:t.iOI1 of caloium 13 in tl:ul 

eitmab!ll· . 'lbe bigh differantial cQr;ceutrat,1on s>f eQdil:A!ll tn the oc.a81& 

fJal l l'ock Gtll'respon1t1 to a uigh tow.l lWdlllm eon~n\. l!oJrev&r. tl.W 

.#>rkansa .. $l.~ph h<'M!. rtllll.rl3'e.$ gr.at f< t .ott\l llodium content, but ~ .. 



small differ«ntial ~onr;em,rati.on of ,eoditllllin the -i1. rock. fhc ~ 

sample has a uwrked 4ii':foremial _i1l!ll.cu~neentra~ion in the wall rook, 

bGi;olllq a rather ~ll ta'tal .8odiu;:llODtent. tth" d1I"f-erential. eo ... 

·es\1tra,tiomt obse.rved. in the c.inmllal" am .• ll. rocks ~ thu8 r8al con

fint.rat.ions- iMot'ar a. the m.ethode Qf .. all roalc. TIt-cllloula'tion gba 

th4 C'orrect wall rook .vallle .. Sil'1Qa only 'Uloe.Q eOltc:ont .rat.iomI Ithow.n by 

all mathode of "an TOC'.' re-ealcula.t.ion ani f'oul'ld 1n a. m mber 0.1' d..ep:0t11te 

a.re regarded as slgnj.fic.aJIt; 11. isb.U .... ed that.. tba reeult. of this 

etudy Ilrf) valid· am o.1i-J:'d.fiem to. the e~nt tha.t wiU be indica-w$. 
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nate 5 showe. depee1tlt plotted ag&infli I'atiq. E .Qd , 8..deterllli~ 

by $8.ch of the three methode ·0£ -U rock ·n--..lpulat101l. plate 6 1. 

aodat.H with all of' the ,epoeUa .. It MI,Y of tp sl..unts in 'l'e.ble 9 

had betm present in qua$it.1"equal t.cJ o.rgreaW.rt.hIm the tahlll&~ 

10m is hi&hlT soluble in_ahsolutions. the abeeDe6 of both t.in and 

biSllllltb !IIt..1Ot. i1'lllicat..s that., at the poi.nt. of origin of quicksilver 

.s,neral~ing .,lut1oQ. bot.h till andblB!llU.t.h are rat's elo:n.ente. 

1.11 of t.he graphs liltni .. shOw nna1n !lI!U"ked dlffttrent.la1 el81Htrt.al 

le.ad. andsilY8r. but,nqt nic.lcel and ZiDI'h The. concen't>rationa of' lead; 
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!ltQ_eut.rat1one .oe oopper. pJ'1llaD1U111, and cobalt 8l'e unqueaitolllbq 

real. Only 'two factor. oaJl aoeOUD\ for the d1tf'erent1e:l c~entratlon 

'O"fel.-nt. in the cinnabat-; .1z~: 

C 1) '!he parUcl1).v d8llleDtconoentrated fa. a Fe-m.MraUzat1on 

COJ!8;t1tuent of the .. 11 l'oeil; aut lit eqeotallT eff.uUqln O8.IH1Dg 

tn. 'l'eo1plta1.ion, ofclmahT~ The oimabar bae thl!ll'ltt'~ 1:dIa.n llif

farenUall1 precipitated around ail1lJ.rale of 1fhiah t.be partlolllu 

cOIIM'm.rattld el6._nt ha llo.ponent aDd h$l4e the elellleJ:Jt appear. to 

&e oOncentrated in tbe c~aJ' .• or 

(2) !he elenMlaf;e .coaceJrtrll.ted U the oinnalm' 'haYe Hon oai'1'"led 

in b7 the 1I11'l!JraUd~801tlt.i;o!)a and" beCUU8ll the eolublli"TOf the 

element b glrlerad 111 pbyaical an4 .oh8lll1o.ai, Y8.rif.ltlc)!'n, 81Jdle.io to 

tbGII8~lch goftn the lIollIUlit,. o.f mercW'ioatUph.1lle, the parttotdM' 

elellflllt is dlff'erem-lally preoiplteted wUJt 'the ai_bar aDd MDlle 

1. geD&rall1 concentrated 18 solid ,solution tn the oinnabar. 

on aCCtoum:. of the laclt ot published ep4Ctrographio B.II!lq". ot 

00IiIlI01:I roclte. it ' 1.8 not po84~ble to .tate detinttelf that the 1Uli11 

alllQunte of lead, cobalt., and: ger.aJ11U111 tn ~ aDecl1_s are DO'ti lB'''-
91neral1zat!on oOD&tu,uettt. ~ tAe wall rGCD-Bon.... the ~nt. ot' 

upper (O.l-o.~# z1nO(O.,..t.o:c), Dioul (0.02-o.6%), aDd .Um 
(O.l-o.~ OZ~) 18 too gted " be exphir)&d !I$ a pr1lary concentrat.lon 

111 ~e wall r~. X~ 18 .. therefore, of dbUnct. int.erest that.. whereas 

«JoppaI' aDd silver ar.a.llaon Ilb8¥8 1I!II.l'kedlJ'~oncantrat.ed in the cinnabar. 

1I1ae and nicke 1 ua, .in eo_ ttaJDple:-a" difr.~tially concentTate4! 1n _ 

.~ba7 and, in ot.beT 81ll11Plu,latohe _11 rock. ot aU of the dCtlllll.nt.e 
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listed abo •• (C"Opper_ ~ .~~ ,noel. Gl.r~ cohalt. lHd.and ganatdah 

toba lll!4y Onll t,ba.t baa bon hOlm t.ooecUl' in * .tnerat!lot all 'oommon 

inq!.lici:all't'era:.pOiiit.JlI 1a ni4ul. (1111,1.1'1*',,). Sincetbit 4WlntUio. of;' 

'copper and du _If tao large t.o be reprddd d pl'il'IIar,y @l:$tlt~~ 

ot thO _11 rAeP UJd' a1nee cOW$!' 18 al.,. matltedly d1tte~1a1Iv 

~eltt.n;ted l!:I the cinnabar' 'tiIMreae .uch • l'e1a.Uonthip 1& _tap- · 

pUea:bl.e \0 ~1Dc.. ~i .• r$laUOMhi,p .. t.1t\dicat.s ei~.r (l) t.Mf. tM 

ci)ppe" ha. been prefot'ltftthllJ pJ'edplt.a.t$l 'lI1th the lIl8l"cttr'ic e<4phlO 

whel'kl!J the z1nQ hae un. !:II' (2) the fiZ'e\ phaJlit of qW.;cItaU_r III1Jte1'lll

iPt.~n 18 abays _~ deposl\1Jm 1/jf .$OIIIS cappel" am 1Ji.b'er 1Il1nerat. 

whieb then allbeeque:a;tJ;y __ • a prefllr.mial precipitation of' ~1c 

aulpllide, but. ~ of' zinc. Jleg.r41e!l$ o£ 'the callIS. of' tho dit'fBrtmtul 

couoeittrat1on., it 1e C'8!"tam that. copper ami eUDI' (1Hlil" tos. h..-r 

~ .. cobalt., lead,a.M gen.m1.) at". index element-aot aarly- .U 

llOt. 0.Dl7 1J7 dnnabct' * tlIrt. all!!O by an ablmd.ll-llCe of iron d i~ph1d8 ... 

aUi-ca. 'the spectrographic a1ll1l:r_s 'ftC1r ahl)y t..Mt qt.nQk8Uver-llearbg 

aolutlone uaua.Uy lUte.l_d~1tll!I!J.U.IlIUtU'lU of copper. $Ulc, nUkel. 

sUver. gal'_Qi~ cobalt. and. lead of 1ti..bh a_ant'll tke copper, leu, 

~nl-, .colm.lt •• a~.UV8l'l1!". ~i.m·l'.nt.ially coneetttrat.ed in ton. 

_. ef the ,ele.lII8llt.a aienll.l"e pl" ... nt in larger UIIOlmt.s in d~Oelta 

fQl'lllilSd ataomenat. bigher t.elnpe1'aturea andpre~.uree. The dU'!V'enceli 

bet. .. en tile ~loue genet,i,c gt'OQptf or ore decpo.it. 1.. thUll. 1n~. 
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In el~l U.emblag.lI .areo 1lO,t, CQlJbd t!m.~ly by di1'f'al"<m.cee 1tt 

pb;rsical co!'ldltioQIJ, but 1'-.0111· In part !J.r thecb.nical ohar~rUct1e_ 

();t t.M mineralbil$g eol,ntiOllB ta app8.1'$m. _t -q rr. thb ¥JI.t71ug 

1I1ueralQg of ~r1ws t)"pe8of djJpol!i.; 1Iut. al.- trOll! tJ1:t. fact that 

1 a ~ctrog:raph.i~ l.nvelltigat1onofephalariw froa Y&~10U8 t}"p8_ .qt 

~ita ba.a: .llho1m tbe pre1l8~ of' iMl ... bl~ p.llila, lUildeadmha 

which are netpreeel2t 1ft o~lIar .. Liktn:ieo foIlnd b th& epI14ivlt.e 

ftl"~ ~ne .... 1rolf,. c~~ lead .. dIver, _ ~Di_ fiMoh (.~ 

m the _'QgaMlte, lire lW:'e ~ \I) lie different1.alq c.o~nt.1'.e:t._ .1J1 

the cirttlabar. Unctott\f.edly, •• 1l~ ~troarapM.c4 aflalY·8$lI ar\!l pUU~. 

t,bQ .l .. ~t.al 8.:peJ\lbiAg". here l'I./It,ltdwUl •• 1!lt.Ile addad dpdfilla1'1C8.!he 

~isol'1 of the elelll4nt.al a_ftlUla.gIUt iJf 4epQeitaOf dubiotUt ()!"1ghl 

.111000, 1n the YnlU rock. A ~l' of ei$lltJ!\e aM ~!ll!tiJ cQl\9ittraf.p 

1ft. tbe wall reck and llmaet.1-'ll8l1 In tM c~ba7.'l'hll! ve.rlat1on: !II 1iU .. 

mtn.",alizillg solutione 8l"Dll8lHtl'lt.ially sy-tJUtn!e. in equ1l1br1.UIIIe '!ba 

e.!J!tral.i21qaolutlansm.uet. at a.U tim.lll* .• contai.n Yar11r..g alllO~ of the: 

wal1 roekcOfteti't-.ttta in sOlution., Aa t.Ae l.J.!!lQant of each cnQtit._trt. 1n 

1 G'rat.()n, 1.. e.. am HarOllUJ't. e.. Ii_.. tpac.trographtcavldenee on· the 
ori.g1n o£ or.& of tlUt 1I1 •• iaaippl ¥all.e7 t¥peJ E()Ol'I.. a.olog. 
Yo.l. ,0, pp. 800-24. 19~. . 



Mg:1n$. If' ·the prse1pU.atilil1l €If a.D1 pe.rticuln.1' element oeou.naleng with 

the p1"e~1pl1;atlOft ofC'inl1l\tlar .. thaI'S wlll b8 a diffuren1t1al ¢.oncentra'Ucn 

of' t..'1t! Ol~ in elnna.bflr. It the ~ e.leDllJ.nt ia l"e-p.reelp.itlltell 1a 

t.b:a wall rock at. a twa .on 't..~ lIIin9rathlt2g solm.iQ'M .~ nnt. aat,qnWcl 

dth ~C1Ute 1I!illp.,"llde W if tM ela:nent is dlf'1'e!t'emullt le.c~ad trOll 

Ii ?lac;, whol'e clmlabJu- i8 taWdepoeH.e4" there 'rlU 'be a diff$nJltid. 

this large- scale eolQt.1on and re-de,padtlon WQuld mol..,. tn.De~ tu1!l 

dl1'f'srem.W c.omont.:rtl.t,iQn (J£ tb.oe8 two oleaem.e - hence tmt .. ..4e-.pJ'ttu 

silicification anC~l'nl IlIBW ~lel(e1!yez depasite.. Since dltf .. .,.ld 

concentre:Uone ll1'e det,erlldned onq 117 eqtllUbr1,wu raUt:l.one 1n the aolutlone. 

i.tlTQUld he expected' tne,t, IIlt).,l\\" of' tb.dlt'i"~!!t1al q,oncantraUo!ltt row» 
.t om pcO~ tn it. part.1etU~ '"U wOllld Jl1l/t betOWld at enothal' point 1ft 

tl;nl 1SIlm8 vein and that. th1t d1tf'lJr~1ll ~ntJ'9.t1mm in clmabal' ani 

wall r!)'ck YO'.lJ;a ~l'1 alii the eolut.tons _btA!nedequll1bl'lttm with tJ\e 

phy!tlce.l and Qbem1cal. e~Q1'J:IIents Sbi1.1n-17. it would not h~ ~t8d. 

'fihat pants .of' the iJIMlIe depoa1t 'Or .or di.rfereut depoll1tl! lfOil1ld show tbe 

eUIe type of dtfrer.nt1al eoncentrat!ona e"en 1!h~ the ~ _jor "'Oft

etituente are a.,a1lallle $:ft. the .1n~al1ztng !'Jolllti~. SUoh ~ 8%8.ot.17 



going t1rat trOl!l tlQ.ut.h w no:'th and then from .an to .t!ut.. !he 1t1aQ 

end oouan1c lIi1nGe' ara only e. tbw m11eeapart 1n San Lr.Ib Obi.po COlaltJ 

yot there a~ no lIIIl!'_d i'eatur.e-lf pf s1mUarity bet-;;asn the diffe)"ar.tUa1 

oonees!.rat1one obs.erved 1n the t"Ddepo$lts other than sfm·llal".itl .. 

whlch I1re collllll.qJl to all or the d.oposit.8i. f}l.e N:trot'a II1ne 1& in _r-peatine 

~ a 1'$1 ndlegtrom the Blur ldr:t.a !!tiM, the ¢innabarllt wb~h 1)eCW'8 

in .tadlltoM and elate. !!ere -.g.a.1n ther.e Sl"e no esae.ntle).· s-imlle;rl,tlea 

end? Show 'the rel.at1vedlrrerenUalc-OllCf}l'ltratione fol' all of ~ !llhtea 

in serpentine (A<rt.~ AlUora. Bradtto-rd,G-:rea.t 'e.r.!H'D" and .ount. D~o) 

at! calO'"..lla'Wd by the all.a!llina a.nd t .m..e.l 1JIa!!Urlt-~ mthods re8~ttv.}.y. 

AltJlou&h all or t,hMe de!'os1.te ~~ in the ~e t,-pe. of' wall roe-k iUill 

they ~o to t.he dIffarantial eQmentratlons of aJV of the -otJvn- depGei.~ 

'!'be t.w& IIQ plu f'r0!!! different rook types at. Su,lph'J%> !i ~ DO '.-.

pM1al 1l1m11ar1t1ell 0," d1l!.e11lfUar-ities in dlf1'eTe!\tW cOll@m..raUone. 

fh~t;WQ eouth'P-stern OresondopOBtts ('Black Rutt.e' and aomnza) el'lt :d.b

Unguiab.e~ only by large dtfferential caneMltrnUona of zinc. '!M 4e-

posf;te outside t'at1,fQrnia ar!~ ~gonsh01t :no ma1"\i:.enly d1"'aU11a1" J:'elat.i1'a 

dif~l'en.tJ.a1. (lQnca-ntratto!lf!~ Thereft)", 1_fa:r as conce~ l'61at.i." dl;t-

-wall l'ock~ t.~~ geographic.at am ~olo&lcal OCGtU"-renee af th5 depQB.J."t. 

111 -Qf' no lmpOl'V....nce in ef'fe-ot1~ tno eOnMl'lt.ra:t.1ana 0"~l'Taa-• . ~ .rke4 



.. ltC8rd1e-e s Of th~ loodlQ1'ta!'gfJ01.cgll~L",1 8"!lVircmant ~f tnu depo,$it.. 

$Wm 4!.ffere!Jtid Mooen'tl"atlQnS rote tbtle tl'11!! 1~1Ct1e r)f a dltrl;1~1 ... 

f,ype of lId..nerui~t1_ 

81ncre s101 Of' tnedepoeit& •• ~d dlff'lmJl'It1al a:ot¥lentraUora 

.C1f ftrtaln-e1~ in the e1nt\!lbu~·. the qasdilmari8l.nrur to "he ~ 

in _:leh t.he ~ltle$ ~rla·t in the cinnabar; 1~ e." "'hilther the 1111"

~ .. J'JJlt.Wl.y eon()entrat~ de-mente !U'tt in "olUt JlQLutio:!'l in the cinDabAi" 

be6n cit-ed for treliev1ng tha,t. the a1t\lun+...a .ofman,v o.f' the !wa.~ ~tala 

a.~ b)f thtt analyse. 'Me too h .. ge t,Q be l"eganed as pre-1!l:i~11zat1on 



TIl" ~unt of t{)'\$.l dlft'Elrential conca!'ltl'!lti(}!1 of ole!®nts in the 

cl:nnaw (in per01!nt) i.e. shown on Plate lOa The valueI'! plottQd are th& 

toful tlUln of dlffel'enUe1 (!oncen'trationi! (IT) -of all elem8.ntw in saM 

ei.rlf)!lbar oonoentratQ as avsrBl!;fld by 1:'.11 three . m!lthods of wall .1'oolt 

.. r e-c:a leulaUon. The .greph th~ 1!;1ve13 · ~hG total ~reentage of' impurIty 

in each cinnabar concentrate beyoni that which cOl1ld be c3uoed by waU 

~ock cont.~l'Jation. '!'he total a.~ount of' impurity io rn>t l neompat.iblo 

with t 

elrmebal'. In moot enae.a~ 'the total ill!Purity ranges l::othGtln 0.1 s,nd o.~ 

The ma~1.mtlm !)011centrotiQ!lof' impurity l)usG'r'ved 19 ~ ~ fOT t.'1a J,etna 

eiunabs.r - an Il.$lunt not in eXM9q of that vm1ch o01\ld hs cotttalnatl 1n 

eolid sl>luM.on.. 
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Average Total Differential Concentration of 

Impurities in Cinnabar 
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Aa It first expal'ilIIent.. cinnabe;r was prepared ., qonoent)"a~lon of an 

albline 1IlItJ'C·wic e\tl.pb.14e eOlll~lex aoLut.1on. 'P.he e!nnaba.l" was then filtered 

waUe hot throagh 8, rather POPOUII fUwl' paper trhiclt "tain!IJa onb' the 

gra ined. 'l'M dnnabar remaining on thO fUur paper was a c)ulrlT red 

.nerea~ the dnnabar whieh p8.81Jed thr~ the filter papllr wall orange. 

This 1rDuld tem. to indicat.s that color 1a depenclent. on thest.ate of · 

pared. '!'he col.orof lU$'t ef tJ'fe ci_har 'Ifa& YAry'll.'1g ahaae. of' Cbetq 

rod and the color wa. u.tUe modif1lt4 by- eruaMng •. fYpioal of th4I cl\eny 

redclnna:b8.r i.e tha.t. fr>o!!l the tlalllat.zal Mounta.il'la of Al'~_ and tbo_ 

1 Allen, E. '1'.. and Ctlll\lllMW. J. to.. She eulphides of zinc. Qadmi_. a.nd 
lII8l"cury; their c.ryetalline forI!!. and genetic conditions; Am. J£WIr. 
hi., 4th nrleaJ yol. )4, p .• ~J 1912. 
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ligJlt red in color. Asampls of crystaUino cinnabar from the IUau mine 

in San l.rlil.l Obiopo County. CaUfornia waft a dark pwple. Ol"uehing l:t&-~tene4 

t.':Ie INlor of the IUau Qinnabar sUghtlY. hut it 1'IU11 re!lW.inad dbtinet17 

d.l!.rk pl.U'pl& in cont.ntlrlo tQ the other oinnapan. Sp6ctr ogra phio a nalysea 

WePt} OIade of pQ:l't.iQIIsof the S9-'l1e eoncentrat t'Hl that ,!eT G un6.d f or 00101' 

oomparison. An sxamination of the relative differential coneElnt!'ati~ 

(Plata ~) will snow ~t t here 1& no l.I~ificant eoncentration of a~ 

elemant or group of elements. in tM IUa.u eall1P1e t..lJ.at is not found 111 

aQll!6 of the other samples which have a typioal cherry red 00101". Nor are 

aqlt ele!llsnt.l!! natabty present or abllsnt in the Arkan9Ss S1ulI"ule ¥!hieh are' 

Mt prel'!ont in th~ other aal!l]}16s. 'i'lle total different.ial concentration 

of 1mpurit1.E!s in the cinnabar {Plate 10) does t»t effect t.hll co101" ainoe 

'the Aurora aalllpl(t baa lese totd 1Mp,qitythan the Klau, the I:llJto! Idria 

more. and the Mazatzal. about 'th$ same amount although t he Aurol'a_ New 

Idr1a. and M~t.zalelrmab8.l'S are cherry rad in o.ontrast to the dark 

purple color of th!.t lUau cinna.bar. :u'mUfU"ly tM/Arkaneas "=1'10 has J!lOTe 

impurity than the Aur{)ra and lass than the New rdria, but 1e of dia't1mt.lj' 

l1ghter color tha."l ei\har.'l'he spectrographic ann:iy!!68 shOli nQ eignificam 

dlfferEt1'l!le in element al 9.!la6mb.lage b1rt.ween t...l:la Klau am Arkansas or D.Ettweon 

the lUall or ArimnIJAtI and arwof' the otber oiml$.bare. 

'!'he ootor is thl.Ul (1) o%11y v«ry alight1y moo ified by crushing (2) nat 

caused by aJW spectrographica lly detectible qualitative or quantite:U1!II 

d1ffttrenee-s i.n oont ained imp1U'it1 and <,) not wholly related to the d_ 

of the 1lrytltal aggregates since. both the Arkansas and lUau sBlIlplea wer e 

_ ory eta lUJ:I!! a The cauae Q:i' the VQriationin 0 u...nabar eolor is not., theHfQ~, 

readll¥lI;ppat'sllt-. 



Allen. E. T •• . 8.lId Crenebaw,J. 1,." '!he sulphide!!) of' z11N. cadm1~ ar¥i 

lII8rcOtU'y; their crystslUne i'Oi'm .and genetic cGndl"Uomn Amo. JQUi'.i1'l ... 

4th aerle~. vol. '4, .pp... ~1-96. 1912. 

All~. E. 't •• Ore_haw. J. L.. .. Johnston, John~ and Laraell~ E. S. # '!be 

lIIineral su1phtdee of irODt AIL J ·OJIr. act ... 4th series;, TOle ;,. 

pp. 169-2}6.1912. 

. 'oker. G. P •• ~~lckllil.T~ deposi.ta of the ~c1fic slope~ u. tl. Geol. 

~ lion. 1" la68. 

Bl"adlsy, 1. W., qtllcbUysr l'6sQllrccte of Oal1fornilu California JtlD. 

J3I:.1rea.ll EMIl. 78. 1918. 

Srodertck. T. N. . Some 6xperil/l8nts hearing on the _eomM'y enriclUllam. 

of mereury depodts~ &con. Geology,VJ)l. 11. pp. 64~51. 1916. 

Chrll!ty.s.. Be, On the &laes~ of q~lck4Hver delJlOBit,e~ Am. JOUT. Sol ... 

~d _:riee, yolo 17. w. 45~. 1819. 

Dreywr .. R. ~ • .(}eolog of ~. Gold~ !IIining district. PerslU~Cotmty, 

_yade.: U. S. GaoL auneyunpUbllehed MaJ\UsCri,pt. 

t:-n •• "If .• H., Enrlcnm.nt of ore depea1t!u 11.. 8,0 !laol. 5WW7 IlIdl. 625. 

1917_ 

POrolllan .. Pred, IlYdrotbe1'1!ll!l1 .~11aente onSQ~l:ril.1ty" f\ydrolyei.e. am 

orldatlon of U'Ol'J·&nd QOpP'Jr etalphi4Jt.l Enon. tleol.og.v. 'Yo 1. 24. 

pp. !U-'1~ 192:9_ 

,~. 't. ' ... 'ltd.cksUver 6epos1ts of the P.11ot. Mowrt.aine, Mineral 

ewntt~ lfavad~u t.J. S. 080'1. survey BtUl. 795-E. 1927. 



Graton, t. C." and Haraouri.. Ii. A.. Sp6ct~hfc &Tldeno& on th4 origin 

0"£ 01"6801' tM !lieei&eippi vaUIl1 type; Eao.l'J. Ge-ology. 1'01. ;OJ pp. 

800-24. 19~5. 

.u.1.ta~ JL E. T., ~i.tU~ U. -bu. aJO with t..~e ~r-pamlJr ~. 

lnfl'a-trize1"s O~ian last.. tin. and Mittallurg )!qU. ,01. ".229-
40. 1.9'1_ 

&tQma~ (arl, Ve.1'aJldel'ting dell Z1nno:bere durch dlil!l Lieh'tl Bericht.e del" 

tie\ttlJCne chMiacbe Geasal#bart.. M. T. pp'. 15O-!5t. 1614. 

lieftt.t.D. F •• Geology and ore dilpOSlte of '-he Goathlpl'i!tge qtmdJ'angle. 

Nevade.z U. S. Geel.. S\ll'Ye1 prof. Paper 162, 19}1. 

Hillebratwh If. ,,~. and Soh!111u, w. '1'. ... ~ marolll'1 mnerale ~ 

'terlingua. Te._: U. S .• ,,01. Survey ~1. 405. 1909. 

Xnopf. Adolph. SOJlllJ ... innabar depositll i.n weetern Nevil-de.: u. 6. GeDI. 

Survey BIlU. 6ro, ppo !i9-68. 1915. 

Knox.. .108eph. 'Zur Xe rmtl'1ie del' lomnbildung des Schwa fea Und del' ltemplex 

:rorum dee ~Jtl!lllbtU'8t Z.U. fin' Elek;trocne1l!ie, J}d. 12. Pl'. 471-81,. 

Arizona Bur. MiMe Bun. 12~. 1921. 

Lindgr'Mi. Wllld eDtn'. Mineral depof!liu .~ 4i>hed., 19". 

hindgren .. Walde!!!B.J!'. The gold belt. of thlil Bloo MOul'ltaine of' Oreg1>1!U U. S. 

flea:} ... St1rvey 22M Ann. Re}ta. pt. 2. p:I>.551-16, 1901. 

Ife.llO!'~ .J . II •• A (lomprehsnsivl't t.r'eatll!16 on 1nol'glUl1c and theot'eto1cal 

ohem1tJt'l"y'. 192,., 

geyer. K. M., !~rcl:ll'T: In MiM!"8.le Yearoodt i'Gr 19~. pp.. 68,..95. 19;57. 



Boon. Geel Of!iI1, ~l. I, !'P. l!S5-62..i905. 

RanSOlq. F. I... Q.Ulekalher: a. a. Qeoll3gUcal au:rvey M1Ml'al ne&'Ot1Z'ce. 

for 1911. 1'11.. 1. Jp. ~-455, 1?21. 

Ranaoll$. ,. t...(}laiek:1tUV!lr d .Bp03it.1t of the ~tzal Rangsl Al'bonal 

lJ. S:. GHl.. SUrvey Bdl. 620.pp. 111-14'&, 1~l5. 

mn. '-t.. Engineel's. ptJ. If>~. 19,1-

S~hUtJtt" ~ C. N.. ~l~ksllverin Ot'&$0tt: oregon De.pt.. (Mol. and fUneral 

Industry ~11.4~ 19!i8. 

V~l"hOOgh. Jea.n.!l'I&~nM!i:ee.l calculations of the. eolubillty .of eOllO 

o .. ... •. . . . 
il!!poMiant t!',llph1dtl;ll lip t!)ltoOC: E"con. e«ology. vol. ", !Ill." 1m-



19.U~ E.. J •• Phatogl'1lphic Itm"alaionl!, 1929. 

la1.la, 1" • . B. .am j'fat«ra. A. C .. qu1cltaUv.fll' dtlpollita of aout.hw~l!ftQ!'n 

Ol'figQtnU. S. GeQl.. sur.ey _11. ~. 19~. 
















































