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TRACT
ABBTRI

This investigation hes involved 2 geochemieal; petrographie,
spectrographic etudy of quickeilver mineralization. I% has bean fm
that cinmabar san bs deposited only from allaline sulphide solutions. The
golubility of cirmmebar is dependent solely on the sulphide ion concene
tration which is, im turm, partially dependent on the alkalinity of the
golution. Such alkaline solutions are capable eof disgolving silics, bmt
carbonate and slhkaline earth iong cammot exist fogether in such alkaline
sclutions. Any c¢arbonatization of quickeilver deposits umust thus ro=
precent s stage in the peried of mineralizetion disiinet from the period
of cinmabar deposition. However, silica is often deposited syngemetiecally
with cinnabar and the reletionship of cimnabar and silice {umlike that of
cinnebar and carbomate] is so intimate that the cimmebar occurs, in some
places,as an extremely fine dispersion throughout associated siliea.
Associsted with quickeilver mineralizing solutions are small smounts of a
masher of heavy metals as iron, chromium, menganese, arsenic, antimony,
gold, silver, copper, 2zine, niskel, germanium, lead, and cobalt. GF theee
elemente, copper, silver, cobalt, lead; and germanium are slmays dif-
ferentially concentratsd in the cimmabar and such differential concen=-
tratione as hove becn observed are independent of the geographical and
geologlieal loocation of the deposit and ere likewdec indevendent of the
type of wall rock in which the deposii cocurs., The verying shades of
cimaber coloration cammot be atiributed to any epecirographically de=-
terminable concentrations of eny elemenis nor to the total smount of
impurity which ig differentially concentratsd in the cimmber.

The cinmsbar~bearing solutions gein access into the wall rocks through
fractures and intergramular voide and the grester part of all cimmsbar
oree is the result of such openegpace filling., When the cpenings become
filled, however, the solutions are guite capaBle of renlscing the adjacent
wall rocke. If the wall rock is out of equilibrium with the guicksilver
mineralizing solutions, the adjuetment of equilibrium and consequent pre=
cipitation ef mersuric sulphide will be guite rapid.

Precipltation of cinnabar is caused primsrily by rellef of pressure,
evaperation of solvent, and wall rock reattion. Except in ammoniacal solutions,
& decremse in temparsture will not csmee precipitetion, Tilution of solutions
causes the presipitation of metacimmabar and colloidal mercury. Such dilution
iz vrobably responsible for the maiive mercuwry which is s common, minor
component of many quickeilver depoaits. Acidificstion will likewlss pre-
cipitate metreinnabar, but not cimmebar. The infrequent cccurrences of meta=-
¢innabar can best be sxplained by near-surface dilution or agidification of
hypogene solutions, Inecfer as temperature and alkslinity are concernaed,
pyrite or both pyrite and marcasite could be formed simultencously with
cinmsbar or metscinnebar or both. Howswver, where marcasiie cceowrs with
cimmabar alome {as is quite commonly the case), the mercasiie has probably
been deposited separately from the cinnabar. 8ince cimmebar {rather than
metacinnaber) is deposited omly from hot alkaline solutione and since
oxidized mercury minerale ere very rare, supergens deposition of cinmabar
must bo a very local and a very uncommon OCouUITencs.

Some cimnabar darksns rapidly on exposure to sunlight and it is
sugrested that this darkening may involve the formation of a surfisial
leyer of colloidal mercury in solid eclution in the cinnabar,



THE ODOCHEMISTRY OF OQUICKEILVER MINFBALIZATION
INTROTIOTION
Purpose of Investigation

The investigation of the geochomistry of gquicksilver mineralization
was undertaken with the hope that it would be possible to ssceriain the
chemical charsciér and behavicr of the mineralizing solutions which have
denceited mercury-haaring ores. The geclogical cceurrense and the mineral-
ogical amssocistions of guicksilver oreg suggest deposition under surface
or mear-surface conditione where tamperatures and pressures approach
those convenlently obiaimable in the lsboratory. Morsover, the minerslegy
of guiskeilver deposiie is merkedly simple ornd uniform in comirast teo
the complexidy and variasbilily of mawy other types of ore deposits.

These facis made it appear praciieal %% attempt to ascertsin the fastors
invelved in the geochomistry of cuicksilver minerslizstion.

The invegtigation was pursued along three lines, The firast line of
imvestigation consisted of a study of ihe chemical agpecte of guleck-
gilver mineralizetion with espeeisl emphasip on the significance of
such chemical date im relation to the cceurrence and genssie of guicke
gilver ores, Much of the chemical literaturs hes hesn overlogked
irn previocus geological investigatione and few of the investigations

have correlated chemical and gesologlcal aspecis of the genesls of



quicksilver deposite. There are likewies dissrepencies in the §m§
deta and an stiempi bas been meds 10 ascertain experimentally the

verasity of the deta and the velidity of the conclusions derived there-
from. A mmber of chemical experiments have besn performed on the
chenical aspeecis of certain significent mlﬂg;m problems. The second
part of the problem is a geonersl petugragxi; study of typiesl Celifornia
quicksilver ores in an atiempt to correlete shemiesl and petrographic dats
on eoriain significant petrographic problems, The third poriion of the
investigation consiets of a spectrographic study of cimmebar and cinnabar
ores and involves & new upproash to the study of metallogemesis.
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invaluable data on the erystallographie properties of msrowric sulphide.

Bre Hoe Wo Gozid and ir. G. H. Schasiie of San Fraszclises have; on
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quicksilver deposil, the invesiigation of wileh was sade by She
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of the U. 8. Geological Survey heve mesistsd the writer i» en aticmpt
te aseeriain the cause of the derkening of som clumbur on exposurs
 to suniight.

‘;‘hé epectrographic amly s@. aceonpanying this paper were perforssd
by Dr. ¥. F. Hasler, Applied Resesrch Laborstorieée, Lo8 Angeles. Huch

o¥edit ie duc Dr. Hasler for perfsciing technlsuss wherely large scale



epectrographic correlations could be obieined with & maximma of
validity and with 2 minlium expenditure of {ime and morey.

During the courge of this imwstigetiion, the wriler has had oo~
casion to vieit most of the operating gquickeilver uimem in the
United States. During these collecting trips, the fimsi type of
cooperstion was shown by most of the mioe operators and a@griuﬁsnie#%s,
This assistence 1s here gratefully acknowledged and it is hopsd $hat
some of the daie here asseabled will prﬁ £o be of practiical valus

in solving problsas in the =mining snd trestment of quicksilver oves.



Location of Depoeits

Gf & world production of 91,625 flaske {of T& pounds sagh) of
mercury durime 1935, 17,518 were preduced iz the Tnited States. OF
thie améunt, 9,271 flaske weore praoduced im Oalifornis and 3,486 flasks
in Gﬂg@.l For many years, & grest portiom of the forsigs preduction
'h&a. come from Almaden in central Speinm and from Idris and Nonts Amiats
in Ttsly,

Of the aimerican production; s smell emount somee from the Arkansas
deposite in Pllke Jounty &n the scuthwestern corner of the state, 2 The
Teriingues mines in Brewster County, Texss heve, In the psst, been
larpe mﬁcerm5 £ very small smount of gquickesilver is produced in
Arigone, mainly in the Mezatzal Hountaine about seventy mlles northwest
of &imﬁ A number of smell guicksilver mines a.re‘ seatisred throughout

Hevada and are sporadieslly operated to furnish = small samml pﬂﬂmzoans

1 ¥eyer, H. M., Guiskeilver: In HMinerals Yearbeok for 1936, U. 8, Bursan
of Mines, pp. é&. égjg 19}?:

2 M} g G., and hlh’ ?’ gtg 5‘910@ aﬁ arg é‘p%i‘hﬂ af tu
sguthweslern Arkansas quickellver district: U. 5. Geol. Survey
2all. 886-0, 1938,

3 Pailips; W. B., The quickeilver depoeiie of Browster Coumty, Tomae:
Zeon. Geology, vole 1, pp. 155-62, 190%.

Turner, H. Y., The Terlingua quicksilver deposite: EHeon, Geoclogy,
vele 1’ BB ﬁm; 1905,

4 Ransoms, F. Im, Guicksilver deposits of the Haszatzal Range, Arigzone:
3& 3. GGGI' m ML éﬁ‘ F?‘ 111-3.%, 1315.

Iausen, Carl and Gardner, B. T., Ouickeilwer resources of Arizomas
iriz. Buresu of Hines Bull. 122‘ 192?.

S Enopf, Adolph, Some cinnabar deposits in western Rwa#&: ¥. 8. Geol.
Survey Bull. 620, pp. T9=68, 1915.

Foshag, W. P., Quickeilver deposits of the Pilot Moummtains, Mineral
§MJ Nevada: U, 9. Geol. wm Bull. m—g. 19270

Schuetts, C. N., Ccourrence of guicksilver orebodies: Trans. Am.
Inst. Min and Met Engineers, pp. 438-43, 1931,

Dreyer, R. M., Geology of the Goldbanks mining district, Pershing
Coumty, Nevade: U. S, Geol. Survey Unmpublished manuseript.



gui#!:ailﬂ;r is produced on a large scsle in t.i:e smm&arn}

- eentral and lﬁth&%ﬁﬁ&'fﬁz portions of Oregon. In the gouthwestern
é;s:étiaa of thﬁ siate the largest producers are the Blesk Bubts (fifteen
miles south of Cottage Grove) and the Bomamze (six miles east of
Sutherlin). 7Tach of these mines as well ss the smsller Yar Eagle (twenty
eix miles north of Hedford) were visited by ths writer. In-sostheastern
Oregon, the Opalite or the Neveda border just norih of McDermitt 3s am
old producer. More recenmtly & musber of minmes have been cpemed in the
Dehoco district, notadbly the Horse Heoven {about forty miles ®est of
ishwoed), shich was visited by the writer.

& wery large number of guickeilver deposiles e-2 known in California
and those discovered prior to 1918 are listed irn Stale Mining Bureau
Suue%ia. '1&5 The goeneral geaiag?j of several of the Californis mines
woe studied & number of years'aga.g The largest producer in the state,
at the present time, is the Hev Idria mine. Moet of the producing
minee in California were vieited by the writer during 1957 and 1938,

end representative sultes were collescted from ail of the mines visitad.

1 ¥alls, Fo G., and "BisTe; A, s., Quicksilver docceits of socuthwestern
Oregom: 1. S. Geol. Survey Bull. 8%0, 1934.

2 fchustts, Ta. N., 2uickellear in Oregom éregm Dept. of Geology and
Mineral Induetry, Bull. &, 1938,

3 Bradlay,; YeUe, Guicksilver resourese of Californias Min. Burean Bull.
78, 1918, Many of the properties listed in thie bullstin abe
little more then proepecte and some are large producers nc longer
ective = as,; for sxample, New Almmden.

4 Becker, G. Fe, Guicksilver desosits of the Bacifis slope: U.S. fJeol.
Survey ¥en. 13, 1588.



Following ie 2 liat of thas mines vislited in CGalifernia
Inye County
Oose Hot Springs - thres miles southwest ef the Coso Hot
Springs Resort. |
Kern County
fuddeback - one half mile north of the Tehechspi loep.
San Lals Obslipe Comipy
Elsn - siztean wilss west of Poso Eshles,

Gceanis - flve alles southesst of New Idria.
gan Benite Courty

New Idris - ferty niles ssuth by west of Mendote,

furors - fivs miles southeast of New Idris,

Mount Disdls - fivs nllss szt of Glayion.

Actes - nine ailes northenst of Oalistegs.

Ge% FilE - two miles northwest of Aetaa,

- @loverdnle - twelve miles east of the towa of Jloverdals.

iaks Cowdy

Grest Testern - four ailes soutihwect of Mddistewn.

Srad ford - $wo miles southesst of Grest Yeelarn,

fuiphur Senk - five miles morth of the iow: of lower leke

on ths ghors of Glssr Iaks,



GECLOGTICAL CHARACTERISTICS AND ENVIROTENT

OF OUICESITYER NMIMERALIZATION

Hineralogy of fuicksilver Denesits

Following %5 a list of the imowsn merew’y bearing minerals:

Hative mereury Ag

Dinmaber He2

Metze imabar Hea

Sucda lcazarite Hotecinmabar with up teo &4 Zn
Tiemmnnite Hgne

Coloradeolte HgTe

Cnofrite Hg(3,%s)

Lehrbachite Hgde- Phle

Livingstonite Hgfh 8o

domtroydite HsO

Oalomel Hg 1,

Tarlingpumite E?g';

Egleostonite 7,010

Kleinite Her ammonius chloride
Hoseeite Hersury amsoniuxn ghloride with 805 and H30
Ammiolide ' Hercuric antimonits
Barcenita Horcuric antinonitse
Schwatzite Tetrahsdrite with &-17Z Hg
Leviglianite Iron boaring guadalazarils
Hagnolite HgTa 0y

Ocecinite Agl ‘
Tocormalite {odide of Hg ard Ag.

Gf the afsremnti‘amé ainerals all but three sre rare. Host
quickesilver danosite have as thelir prinei-al sul-hide sinmabar. Hany
have small anounts of native mersury. Some fow denosits have loeanl
consentrations of metacinmbar. The rsmirﬁgr of the =insrals are
ohasac:teristie of ceriain unusual ooourrencss as, fsr amml&.. the

'
ghlorides and oxide at Terlingua, Tezas , livingatonite, barcenite,

1 of. Billebrend, W. P. and Schaller, ¥. Ts, The marecury aincrals
from Terlingue, Texas: W. 3. Gacl. Survey Bull. 405, 1909.
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and gusdalessarite st Hulitsueco, Guerrero; Mexise end schwatzite in

the Blue Mountsins of t}rtgﬁa.z

ilarcasits and pyrits ars frequently asscciated with einmmbar.
Some of the Californis deposits comtain swsll amounts of sillerite
{¥ig)} and local comcemirations of hydrocarbons. Silicification is the
predominant typs of wall rock alteration. farbomstization is nob
wncommon &nd, in 2 fow deposits like Sulphwr Jank, mativs sulphur is
sssocisted with tie ore. The eimple, cewmon, waiforn association of
cinmabar, prriie, marsasits, and silies is elwmrscteristic of mawy
einmaber deposite in the western United Stetes. It is this simplieity
of minersiization thet permite the study of guisksilver geochemisiry
under comtrolied conditions which camnet be simulated in types of
deposits where ihs presence of s mmber of somplex sulphides renders
necgassary the consideration of ths effsct of & nusber of melallie
ions in solution a% the same %Lime.

4 stuly of the geoshemistry of quicksilver minevalization is
thue essentially .a study of ths geoshemistry of mercuric sulphide.
In this sbudy, the following factors heve bsen investigeisd: (1) The
chemisal end geoalogicsl relstiomships of sinmbar and metscimabar
{2) The ressons for the not wisommon disssmimetions of nmetive mercuwry

in mawy deposite (3) The relatiom of pyrite end marcesits to the

1 0f. Vaupell, €. W., ¥ercury deposits of Huitzueco, Guerrero, Mexices
Am. Inst of Min =nd Net. Engineers Technical Psper 842, 1937.

2 ¢f. Lindgren, ¥Waldemsy, The gold belt of the Blue Mouniaine of
Oregoms U. 4, Gecl. Survey 22nd Amn, Repd,, pt. 2, p.664, 1901,



guicksilver nminerslizing sclutions {4) The relationship of silicification
and cerbonetizetion to the guicksilver mineralizing solutions and
{5} Te significance of minor amownte of entimony end ergeniec trie

gulphides in some gquicksilver cres.



Geologicel Enviromment of guicksilver Minerslisation

#lthough the minerslcgy of guicksilver dapositz is both uniform
end simple, the geclogical enviroment of deposition is highly wveried.
Bowever, s nusber of the deposiis gecur in the sauwe itype of roek -
panely, chalesdonized serpentine, an assceistion so common thet the
silicified esrpentine hes long iam:.: given the name ¥guleksilver roek"
in the morthern California districts where thi: association is most
gharacteristic. Sinece, in the early days, many mors deposiis wera
mined in serpentine than is now %ﬁa cags, the @rrcnaous impression
hes been created that cinrgbar devosiis in the Califcornis Ucast Renges
ere confined to serpenmiine. Such iz eertainly moi the case. AL the
Kisn mine the woll rock ie shsle. Hearly at the Ceeanie ths cinmbar
is diesemivnted through sendstone ee is alec a pari of the ore at New
Edris and Ust Hill. & large part of the ore at New Idria is in siate.
4t the Cuddebuck mine and st the Cose Hot Spring dsposii, the cinnabar
iz disseminated threugh keolinized intrusives. &% Sulphwr Bank, the
ore gcewrs in basali and lasusbriac gravels. Ihe swrors, Astma,
Bradford, Oreat Western, and Moumt Diablo minse are conlinsd to
serpentine. In Oregom, the Plack Butte and Horse lHesven mines oscur
ia volcenice. The Bememnza is in sandetone and the ¥Wer Xegls ie in
eocal. The et thet a mumber of the deposits ssow in diffremk rock
tpes and that esveral are cenfined te serpeniine mekes it possikle to
sbudy the eifect on mineralizing seolutions of both similsrities and
differcnces in the cowntry rock.

The streuture of Californis guicksiiver deposiis has nob been
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studied in detail since M’il momumental work was cospleted in
1888. Sines 1888, mawy of the mines that Bssker mapped have closed
down end those minss that are siili operating have long since ex=
haueted the portions of the propertiss that were mspped for Monograph
i3. Therefors only the broadest festures of the siructural geoclegy
presented in lonograph 15 srs of Bigaifi@;m todey. This sitwation
is unfortunate sinee it hes rendered it impossidie to serrelsts the
petrographic work aceompanying this investigation with the detailed
geologiec estructure of esach district. Heverthelsses, it is possible
to Puifill the purpese of this imvestigation by esrrelating petro-
graphiec and goochemical dais. I% is, of course, cbyious, moreover,
thet a geoeclsmioal study of mimeralizstion pressents only ome sepeet
of ths problsm of guickeliver conceniration sines the structursi
sontrel is of equal imporiancs ia deternminirg the socurse of mineral-
ization.

Of significance, however, im ths light o geochemicsl dete te be
presentsd, is the hypothesis formulated by Sehustte® concerning
structural control of guickesilver mimeralizetiion. ifter =z study of
the published reporis on most of the isportent quicksliliver deposits
of the worlid = g s‘&\x!;s} supplemented by lomg experience and persoml
shearvetion - Soluetts hay advanced $he theery st the large, Migh-
grede guicksilver deposits are these which have bsen deposited sgeinet

pome type of geologic trap and that, whers no suech trap is pressmt,

i Becker,; G. Fegs g?q Gite ,
2 sehustés, T. N., Oscurremce of guwicksilver orshodies, pp. 403-88.
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the deposits ars elways small and spheseral in charsecter. Such s
bypothesis applies, to a certain extent, %o aszy hydrothermally formed

ere deposit, but, as will be nolsed, it is of particular significance

in guicksilver mineralizations
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Physical Envirommsnt of Quickeilver ¥ineralisation

¥o geologieaily significent stwdy ef mineraiization ean be
purgued wnder ordivary laboratory comditioms without making the ag-

| sumption that the nature]l proceeses of minerslizstion coowr im e
piiysicsl eavironment whieh esan ba simulsted slsesly in the laborstery.
The entire wsliidity of the interpretation ef experimental work on
eny typs of mimeralisstion id dependent on the wslidily of the as-
sumptions thai sre mede concerning physical conditione under which
mineralizetion cccurs. In reference to guickeilver mireralization,
there is an abundance of ovidence that by far the greater number of
depoeite ars formed by hydrothermel solutions st temperatures varying
between 100 and 150°C and st preseures sppresching stmospherie.
fuch physical conditions een be simulated sseily in the lesheratory.
Following is the evidence suggesting shallew dsposition by hydro-
thermal selutione in = physical enviromment similer to that ebtain-
eble wmder suwrface conditionny

(1) Mercurie sulphidee osn be formed eseily in the lsboratory
2% stmogpheric pressures and at temoeratwres below the bolling veoint of
water. |

{2} S=all smounts of native mercury oesur in meny quicksilver
deposite. 4t room tempersture, mercury has a smll, but perceptibla,
yapor f:resmm. at 260%, the vanor pressuwres is 100 ms. and, at 3577,
the volstilizetion peint {760 mm.)} is reached. Thus, withowt evidence
of containing preseurss {end, =t most onicksilver derosite, the rocks

ere markedly porous and fractursd), metive mercury would not be stabls



at high temperaturss.

{5) Cinnaber scours in the sinter of active hot springs as at
Steambost Springs’ and at the Great Geyser of Iceland. >

{4) Cinnabar occurs in the sinmter of springe or in the tubes
of gsysers no lonper sstive as, for emampls, {a) the cccurrense of
cimmabar in the old sinter at Steambost Sprimgs’ (b} the securrencs,
in the Goldbanks distriet, lsvads, of a comuorcially produciive
eimmebar deposit that waas formed syngenetically with a silies aprom
dspoeited by thermal minga& gnd {6} the cccurrence of = gquick-
silver éamit in old geyser tubes st Hultzueo, Guerﬁrs, i&nxim.ﬁ

{3} guickeilvsr deposiis are comsonly associzfed with sress of
resent veoleaniem and sctive thermal springs. The preosence of thermal
springs at or in clese proximity to quleksilvsr deposiis in the
Oalifornia Coast Ranges ie a common rather ithan en uncommon feature.
For sxample, hot springs iflow at Sulphwr Bamk. A short distance
fros the Oloverdale mine and from e nuaber of adjncent, smaller
guicksilver depoaite is e group of silics bsaring hot springs ine
correctly knosm as “The Geyssrs®. The erniire northern Celifornia
digtrict is an aree vhere large flows of basalt heve only recertly
been sxiruded and, throughoudt the ares, thermm] springs sre extremsliy

gomion. Heer the Coso Hob Sprimgs deposit are o soriecs of aciive

£ ; Baaker, . Fo Ops Gitey ¥5e Shmbe
2 ﬁ?iﬁa, B %

3 Ipid., p. 350

# ﬁrs;mr, B. Hﬁ’ QP- eit.

< ?ﬁﬂ?&ﬂ, Ce Hes i}?o eit.
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thermal eprings and the deposii itself is the site of fumarolic setiwity.
8ix miles north of the Goldbanks deposit is s group of hot errings

which have depositad a gilicecus si.ﬁtﬁ;" strikingly similar o that

with shich the clinmabar deposiis ars associsied. & grest many sther
examples could be sited.

{€6) The neer-surface ephemersl character of most t;r;iﬂkeﬁ.@
deposite suggoetz near-surface depisition. There are, of courss,
gevaral notable excepiicne Lo ihis generalizetion probably repre-
panting depositz where uniforsm physiesl and chemical conditions
pravailed over a wide verilical range, but iy far the greater number
of gulcksilvser deposits are not ounly confimed to & range of withim
ong or fwe hundrsed fest Trom ihe suriscs, but sre evhauvstsd afier
only a relstively small productions

{7) Chalecadonization, cosmon in quickeilver deposits, ie
genarally sesocisted with low itempersture iypes of smineraliizetion.

{8) The common pressnce, in gquieksilver depssits, of open, often
erustified voine is ansther indication of iow temperatures and
PressurG e

In direct comirast te all ‘si‘ the evidenss indigating deposition
under lovw iterperaiuree and pressures ies the absence of sny evidemcs
which would wmske it necessary to posiulaie either high iemperaturss
or high pressurss. Although nc single line of evidence prsssntsd
above ie suifficient in itsell to prove low temperature, iow pressurs,

near surifsce deposition, the cuuletive value of sll lines of
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svidence mskes it sppear wvalid %o sesume that physical scunditions
which ars readily obtainable in ths Iaboratery similate zlossly ths

matural enviromment of quicksilver mineralization,



CHEFICAL STUNIES OF CUIOESILVER MINERALIZATION
Intreduction

It hias bsen ms:rtit;ned that, on asccoust of the sxireme simplicity
of guicksilver mineralization, the study of guicksilver geochemistry
invelves sssantinily a study of mercuric sulphide snd of the relation
of mercurie mulphide to the few minersls with vhich it ls commonly
sseocisted,

Bacause of the early desire ¢o produce & sstisfectory vermilion
pipment, the proverstion of meyecuric sulphide has hesn gtudied since
the dawn of alchewmy and the wmarious formulse for the preparaiion of
vormilion were I‘ﬁghly prized by the eavrly alchemigte. Most of the
papers on the sublsct sre, unfortinmiely, very old and many were

 published befors the developmenmt of medern chemienl thecries so that
they Invelve 1littls more the=n a descripitlon of isclated experiments
and preperations without ffm:hiﬁg any reel informetion as to the
chemicsl princiniss undez'}.g-ing the results sbtainsd. 0f 104 paners
on the chemistry of mercuries sulphide listsd by Mﬁliﬁ‘z, 84 vare
published béf@r& 1899, 16 betvesn 1899 and 1909, and 4 asines 1909,

T4 hes been aver tzenty yosrs since =myy work haos hsen gzﬁ_slizﬁaﬁ on
guigkeilver geochemistyy. ?ei"bimt&ly, however, there are several
papsTe wshich, teken together, furnish s good basis for further ine

vestigations of the goochemisiry of mercuric sulphide.

L ¥Wsllor, J. We, & comprehensive irestise on inorgenic svdd theoretieal
Miﬁry, vol. 4, Bhe %‘H{, 1?250
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Trhe golutlen of Hersuric Sulphide

The mode of gszbepsrat_iszé and the chemisal properiies of merecuric
sulphids have been studied for mawy centuries. It was learned at an
gerly dete that, whereas ths black sulphide can be prepared by the
reaction of an acid solution of any wercuric salt with hydrogen sule
phide or even by the triturstion of marcury with sulphur, the formation
of the red suiphide ezn goewr only undsr very definits chemiecsl con-
ditione. The production of the normal red mereuric sulphide {cinnabar)
cat be resclved into two genmersl procenses - the wet arnd the &vy
preparstions, The dry gﬁg&mim has long heen used Por the come
mercial production of vermiliom simes it inwolves the use of ™o
meterial other than the two integrsl componemle of mereuric sulphide.
Wereury snd sulphwr ave trituratsd together end genily heated %o form
the blagk sulphide. The black sulphide is then sublimed in the absence
of alr smd vermilion is condensed. In the presence of alr, the suiphwr
is oxidized to sulphwr dioxide and the mercury iz reduced to the
glementel state. Thie lettsr procedurs ia ussd in the recovery of
mereuwry fron ite orss. The wet procsss depends on the selubility eof
mersuric sulphide in alksline solutione of the alkaline sulphides.
¥hen these sclutions are concenivated, the mercwwric sulphide is
precipitated,

8. B. Christy® wae the first seiemtiet to correlsts the wet

proscess of chewisal preperation with the natursl deposition of

i Christy, 9. Be, On the genesis of guicksilver deposits: An. Jour,
Seia, rd serias, vol. 17, PBe %}63' %379;



cinnabare. Thrisly weg much impreesed by the widespresd hydrothermml
alteration assccisted with the Californie guicksilver devceits {and
more cepecially by tha intenss =ilicification} and comcluded that
the deposiie aust bo formed by hydrothermal deposition from the same
type of solutions frum which red mercuric sulphide con be precipitated
- in the laboratory = mamely aliaiine sulphide solutiong. Such solue
$icne would also be capabie of disselving silice. Thisg hypothesis
wag & markes depurturs irom thas early concepl that netural cimmeber
| wRS fannaé';:y “he a;miamaticn of a subli«ats and Christy found it
naceagary o state several reanons vhy the sublimsilon hypothesis
seemsd impossible; vizes

(1} cimaier does not voistilize below S00% end, with e
normel geothermal gradient, sush a bomperatare would :;19*(, be achieved
{accerdixz_g to Christy) unless the clammbar mers dsposited at a far
greater depth than lg indicated goologically. Since Chrisfy's time,
the low temperaturs, near swrisce character of much quicksilver
alnerslizetion has been sstablished by wore svund goologis reasoning.

{2} the second point in Christy¥e argument wes thed clnnabar is
definitely asscolated with wydrobhermal alteration fsilicification
and éarbomtimﬁiaa} of a Lype ithat cammol have been formed by sub-
iiwation. Mors rscenmt work hes emphasized ths warked synganesis of
slmsbar with silica in meuy of lhe deposibs - a relationship se
marized thst, in meny cases, ias nimzaﬁar is acbually dispersed through
the silica,

\3] Ths deposition of biftumens (found in several o the California



guiciksilver mines) seemed to Christy (o be difficultly szpiicable by
the voiatilization hypothosis.

{4)lastly, the similarity in compositiecan of the thermal spring
waters, Tlowing nsar many of the guicksilver mines, to thes sclutions
from which cinnabar gan be precipitaited in the laberatory led Christy
40 belie¥e thet the wet method of preparing sinmabey (by the cone
cantration of alksline sulphide sclutiocns} mas & more suitable ox-
planation than the condensaticn of gaseoues sublinates.

Christy's work wes ingenicus, bub it leeked deisiled chemisal
and geological imvestigations {¢ suppori ihe hypotheses advanced. .'ii
romeinsd for mm} saveral years later, toc show that Christy's
hypothesis was not only adogquate, but is the ouly one by which quicke
silver amiveralizetion cam be ezpiaingd.

After mepping =« large nusber oi quicksilver depousits, Bscker
roalized that smy theory explaining guicksilver miveralizstion mush
likewise explain a number of other featuwres chmrscleristie of quick-
silver deposits. Like Christy, Becker noted ihe marved hydrothermal
alteration snd sisc the associstion of quicksilver deposiis with aress
nf recent volcanism and tnermnl astivily and gulokly resiized that
such sn sssociaticon muet indizate hydrotherzmel aineralizstion. Since
the only twpe of sciution fros which clonsbar can be ;xx;ac;ipiin‘bﬂ
is an alkaline suiphide solution, Becker sought to ascertain if

mineraiizetion bp such solutions could explain not only the ccowrence

1 Becker, . Fo, Ope. ¢it. Page citations to this work in the eusuing
geochemical discussion will bs made as follews: (B, pp. o
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of eimmebar, but alsc the ccourremce of other sulphides and wall rock
slteration products charecteristic of guicksilver deposita.

Begker determined expsrimentally that thes sulphides of mercury
{vhich would be the compound of mercury formed from any merewry salt
in a sulphide solution) ss well &s the trisulphides of arssnic and
antimony sre resdily soluble in alkaline sulphide solutions(B, pp.
423-4, 434}, Becker likewise stated that pyrite ie soluble im sodium
eulphide solutiome; that the solubility increases with an increese in
temperature; and that msrcasite is mors readily scluble than pyrite
(B, pp- 432-3). Yorsma,'
solubility of iron dieulphide in sodiuws sulphide soiutions and has

howsver, has made a detailed study of the

found thet pyrite is ineoluble even in concentrated sodium sulphide
solutions. Exzperiments by the writer have substantisted Foremsn's
Pindings. Gold, which Backer reports in smll amounts from seversl
gizickeilver mines, is likewiss soluble inm slkasline sulphide solutions
to the extent of 1:843 (B, p. 433). Since these solubilitiss prebably
dsperd on eguilibria, Becker's gqusatitative mﬂm; axcept as
showing an order of megnitude, wre of little significance. As will be
shown, such solutions s® ere under eonsideratiom muet be alkaline and
silica is known to be scluble in slkslins aei&tinm.g it might also
be mentioned that gerwenium disulphide (M, vel. 7, p. 275) and stomie
sulphide (M, vol. 7, p. 472) are iilkewise readily soluble in slksline

1 Poremn, Fred, Hydrothermal experiments om solubility, hydrolysis, and
end oxidation of irom awdl copper sulphides: Eeon. Uesliogy, vol.
24, pp. 811-37, 192,

2 dellor, J. ¥es Ops cit., wol. &, pp. 282-4. Heresfter refsreonces to
Hellor will be written ™W* followed by wvolume and page citations.



sulphids solutione. Hickel suiphide ie 2lgo soluble in alkeline sulphide
solutions (M. vole 15, p. 441). lead sulphide ie very siightly soluble
{#, vol. 7. pp. 790-1} and eilver suiphide ie still more insoluble
(¥, vol. 3, p. 445). Becker's work wee published long befors ths
theories of ionic eguilibria had received gencrsl ssceplence and, hencs,
much of the chemisiry of alksline sulpnide solutions that irgubled him now
seooms quits clsar. For szsmple, Besker did mot undersiand the ra}.ﬂmisé
betwean sodiuvm sulphydrate (Na¥$) and sodius suiphids g;ggﬁs_} in
- rafersnce io ithe solubllity of meresuric sulphide or the function of
alimline hydrozide in incremeing the solubility. A large poriiom of
bis geachenical discussiom censlsis of unsuccessful attempis e
erplain the nuserous conbtradictions theti had arieen regerding the
funetion of fthees sompounds. It was nol until soams yeara later that
the sclution of mercuric sulphide inm slimsling sulphide selubions wss
sxplained in the light of ionic egquilibria by im&i

Enox (K, pe 477} showed that the a:}iu’aih%y of mercuric sulphide
in alkeling sulphide selutions involvee the formetion of & solubls
sulpnide complex, N HgS, (where it is an alkali mstal}. The equilibrium
involved ie then

Hg® + a8 ¢ > Nagigss

or, more generaslly,

* S 3 z
Hgs + 8% _ —>  HgSge

1 Zmox, Joseph, Zur Kenninis éﬁr Ionenbildungen das s&szsh ua&
ger kosplex Jonen dos Quecksilbers: Zeit., fuwr Elekirochenis,
Bde 12, Dpe 477=51, 1906. nefersnces to this paper w;;ii. h&
mrked (K, pp. Je




The shifting of this equilibrium is caused by & wvaristion in the
concentretion of saiphide iom in eoluticn. Yhen the equation is-
shifted to the right, :aerc:;:ra* sulphide is giissolv&d.» ‘When ths squation
is shifted to the lefl, mercuric sulphide is precipitsted. The |
ionizetion of en alkealine sulphide such ane srﬁ:mm sulphide ias géven
by the following reaction:
apB + 2050 T——— Nal$ + NaOK + Hp T .8 + 2alHl

or, more generalily,

g%+ 252(}—(__:": Hat + £§i‘+§§m§2§ + Zt.
gince it is only the sulphide ion which combines with the mersurie
sulphide toc producs the soluble sulphide complex, it is necessary te
shift the squilibriuam in such 2 way that ihe sulphide ion (8%*) forme
instsad of the sulphydrate ien {H8*} or hydrosen suiphids (B 25}. From
the equetion for {he ionizeation equilibrius of an alksline sulphide,
it ean be sson that the sulphide ion consentration can be imereased
by insressing the alkelinity of the solultion. Soms mereuric sulphids
will be dissolved by alksline sulphide, however, sver ia neutral
solution since in neuiral solulions some sulphide iome are iikewise
prasente Iz scld solutien, however, ths hydrelysls of the scdiam
sulphide is accelerated and the solution of mercuric sulphide is
halted, The conceniration of sulphide ion is thus determined by {a) the
originsl concentration of alkalins sulphide and (b) ths alkalinity of
the solubion. Table L (K, pe 477) shows the decrsase in solubility
of rad and blesck mercurie sulphide with s decressing concenivation of

sodiue sulphide in the sbsenes of sodium hydroxide. This, of sourse,



Table 1
Relation of Solubility of HgS to the Ceweentration of Ne 8

Sonc. Ha Red Hgs disscived Foilo red Hps bleck Ratio HgsS blecks

Hole/liter Mole/iiter Hg%sNa,¥  diseolved Hgs red
2;955 Lir% ﬂsﬁ&% - -

152 C. 7832 0.5153 0.8561 - 1.09
1018 0. 4425 0. 43528 0.5002 1.13
0. 755 0.2878 0.3812 03336 1.18
0650 0. 1500 03008 0.1808 1.20
0.25 CuOHB4E" 0.1818  ©.05622 1. 24
0.10 Ce008241 0.082% °  0.0W085 1.32

results from the increased hydrolysis of the &iﬁalim sulphide on
dilution and s corrssponding desresge in sulphide isgz concemtration.
The table alec shows that the black sulphide is mers soluble in
dilute solutions and hence ie ths less stebls forms Table 2 (E,p.478)
shows thal the sclubilifty of meresuric sulphide in alimlins sulphide
Table 2 (3
Decresss in Solubility of Hg® with il s ok Temperaiure

Cone. Has8 Cinvebar dissclved {in mole/liter) st
Hale/Liter 5

0. 758 Qe 2828 90,2878

T8 2 1465 0. 1800

a5 00420 0u 045 HA

solutions decreases slishily with an ineresse in tempsratre. Ae Kmex
notes (K, pp. 478-0), the factors that cause z decrsase in solubility
are the decrsase in ionizstion of the sulphids complex and an inoreased
hvdrolysis of the sodium sulphide with incressed teapsrature. Counter-
seting this effsct and reducing the size of the negative temperature
zosfficient is the fact that the solubility of mereuwric sulphide wvaries
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directly with temperature. Tabls 3 (¥, p. #?8} ghows ths effect of
Tekie 3
Varietion in Solubllity of HgS with an Imcress