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ABSTRACT

Purpose. To carry out computer thermodynamic modeling of gold and mercury behaviour in the context of their
common occurrence and formation of mercuric gold in hydrothermal solutions CI-— HCOs;~— Na* and ClI-— Na" — Ca?"
with the use of “Chiller” programme.

Methods. Physical and chemical parameters of ore-forming solutions have been used as the initial data for the mod-
eling. They were obtained relying upon the analysis of fluid ore inclusions in the neighbourhood of surface Au-Hg
deposits; fluid inclusion studies (i.e. thermometry, cryometry, RS-spectroscopy, ICP-MS-LA) were applied. High
metal-bearing hydroterms according to Au (I) within 200 — 100°C temperature interval is determined by means of
hyperalkalinity of hydrothermal solutions as well as stability of dihydrosulphide (i.e. Au(HS),") complex under the
conditions providing transport of gold to low-temperature (150 — 100°C) ore deposition typical for Au-Hg deposits.

Findings. Relying upon the previously obtained data of fluid inclusion studies and thermodynamic modeling, basic
geological and geochemical conditions of occurrence have been identified; physical and chemical factors defining
gold deposits with different mercury content have been determined.

Originality. Computer thermodynamic modeling of common Au and Hg behaviour in hydrothermal process made it
possible to demonstrate specifics of physical and chemical parameters of formation of complex gold-mercury ores.
For the first time, uniqueness of free gold composition for various types of Au-Hg deposits has been determined on
the basis of proper data and data by scientific sources. The results, obtained in the process of the studies, made it
possible to expand substantially available concepts of their genesis to be important for the development of genetic
models of ore-forming systems of Au-Hg deposits.

Practical implications. Composition of gold and its mercury content may be used practically in the process of pro-
specting activities as a criterion to determine the occurrence of one of prospective industrial types of gold ores (Car-
lin-type) — finely disseminated gold and mercury ore grade mineralization — as well as formation depth and estima-
tion of erosion level of ore bodies.

Keywords: gold and mercury deposits, fluid inclusions, composition of hydrothermal solutions, thermodynamic models

1. BBEJEHHUE 30J10Ta K 30HE HU3KOTEMIEPATYPHOI'O PYIOOTIIONKECHHUS.
[lo wMmerommMcs TIpeACTaBICHUSM, OCHOBHas Macca
PacTBOPEHHOTO 30JI0TAa OCAXKIACTCS MNPU OXJIAXKICHHH
THIpOoTepMalbHBIX pacTBopoB npu 250 —200°C. B To

OnHoOM M3 HEepelIeHHBIX MPOo0JIeM TeHe3Hrca dIUTep-
MaJIbHBIX 30JI0TO-PTYTHBIX MECTOPOXKIACHHN SIBIISETCS
BBISICHEHUS (DAaKTOPOB, OOECICUMBAIONIMX TPAHCIOPT
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BpeMsi, Kak omioxkenue Au-Hg pya mpoucxoamno npu
oonee Huskux Ttemmeparypax (150—100°C). OoOmeit
ocobeHHocThIO Au-Hg MecTopoxaeHuMi sBIsercs, IO
MHEHHUIO psila HCClleloBaTeel, NMPUCYTCTBUE B pylax
PTYTHCTOTO 30J10Ta, YTO MOXET CIIY>KHTh Ba)KHBIM ITOUC-
KOBBIM KpHUTEpPHEM, OCOOEHHO NpU 0OHAPYKEHHH KOPEH-
HBIX HCTOYHHMKOB POCCBHITHOTO 30JI0TAa W ONpENeICHHN
THIa TEPBUYHBIX 30JI0THIX PYA, MO KOTOPHIM pa3BUBa-
JUCh 30JI0TOHOCHBIE KOpBI BbIBeTpUBaHUs. OmHaKoO,
aHaIM3 JAHHBIX 110 THUIIOBBIM 30JI0TO-PTYTHBIM MECTO-
POXKIOEHUSM MOKa3al, YTO 30JI0TO, COAEpIKAIIeecsi B UX
pyAax, HajeKko HE BCEria PTYTHUCTOE, NaKEe €CIIM OHO
OTMEYaeTCsl B CPOCTKAX C KUHOBAPHIO U JPYTMMHU MUHE-
panamMu pTyTd. MHOTOYHCIICHHBIE OOBEKTHI MOI0OHOTO
THIIa — B [IOCJIEIHEE BpeMsi OOHAPY KEHBI 1 Ype3BbIYaiiHO
YCIIEITHO AKCIUIYaTUPYIOTCS. B Pa3iIM4YHBIX pPErnoHax
mupa — B CIITA (Radtke, 1985; Harris, 1989; Hofstra &
Cline, 2000), Kurae (Rui-Zhong, Wen-Chao, Xian-Wu,
Guang-Zhi, & Hofstra, 2002), Beetname (Kochetkov,
Gatinskiy, Apshteyn, & Chan Van, 1997), Mouromu
(Borisenko, Naumov, Pavlova, & Zadorozhny, 2004). B
psne 3omotopyaHbIX mpoBuHIME Poccmm m crpan CHIT
TaK K€ BBISIBJICHBI 3HAUUTEIIbHBIE OOBEKTHI TAKOTO THIIA —
Boponnosckoe Ha Ypaie, Krouroc, I'anxas u Ceetnoe B
Sxyrun, Tac-Ypsx B XabapoBckom kpae, Konuou, /Ixa-
nama — B Cpenneit A3un, Myp3uHckoe Ha Astae, a Tak-
xe B 3abaiikanse, Ky3nenkom Auatay, TaiiMmbipe u ap.
(Stepanov & Moiseenko, 1993). OHu mnpencraBieHbI
MHUHEPAJIN30BAaHHBIMHA 30HAMH JIPOOJIEHUS C MPOKHIKO-
BO-BKpAIUICHHBIMH ~ METAaCOMAaTHYECKHMMH pyJaMd B
OKBApIIOBAHHBIX H3BECTHAKAX, JUCTBCHHUTAX, apTUIIH-
3MPOBAHHBIX WM OEpPE3UTU3NPOBAHHBIX ATFOMOCWIINKAT-
HBIX MOpoAax. Pyzdbl mpencraBiieHbl HU3KOTEMIIEPATYp-
HBIMH TIapareHe3ucamu: As-TIUPUTa, apCEHONUPUTA,
KMHOBAapH, aHTUMOHHTA, TOHKOJUCIEPCHOTO PTYTHCTOIO
(1 —20 mac., %) 3osora, ranenura, Hg-cdanepura,
Hg-0neknoit pynsl, peanbrapa, aypunurMeHra, KBapla,
KapOOHATOB, OAPUTA, KAOJMHUTA U JUKKUTA.

B cBsi3n ¢ 9TMM BecbMa Ba)KHO BBISICHUTH (PU3HKO-
XUMHUYECKHE (aKTOPHI OTJIOXKEHHS 30JI0Ta C pa3sHbIMU
COZIEP’KaHMSAMH PTYTH, HAa OCHOBE M3Y4EHUs (DITFOUITHBIX
BKITIOUEHHH ¥ TEPMOINHAMUYECKUX PACYETOB TOBEICHUS
30JI0Ta M PTYTH B THAPOTEPMAIBbHBIX pacTBopax. Kpome
TOTO, BaXXHO BBIACHHUTH NPH KaKUX (PU3MKO-XUMUYECKUX
rapamMerpax OmJIArajgoch PTYTHUCTOE 30JI0TO THIIO-
MOpP(HBIH MHHEpaJ psga MECTOPOXKIECHUH 3TOTO THIIA.
Takoii aHanu3 ObUI MPOBEJECH C HCIOJIb30BAHHE MPO-
rpammHoro nakera “Chiller” (Reed, 1982).

2. ®PU3UKO-XUMHUYECKHUE YCJIIOBUA
®OPMUPOBAHUSA PYJ U TUIIBI
PYJOOBPA3YIOIIUX PACTBOPOB
HA Au-Hg MECTOPOXJAEHUAX

[pennonaraercs, 4T0 OTIHYHS (HUIHKO-XUMUIECKHX
yCcIoBHiA (POPMHUPOBAHUS Py ITUX MECTOPOXKISHHI (¢, P,
COCTaB W KOHLEHTpauus pactBopoB, Eh, mci, mms) u
JIUTOJIOTO-TEOXMMHUYECKHE OCOOSHHOCTH BMEIIAIOLINX
MIOPOJI IOJDKHEI BO MHOTOM IPEIONPENETHTh CeHH(UKY
COCTaBa COJEPXKAIIErocs B HUX 30J10Ta. YCTaHOBJICHO
(Naumov, Borovikov, Borisenko, Zadorozhnyy, & Mur-
zin, 2002; Naumov, 2007), uto pymoobpa3syromuiue (iro-
UJIBl 30J0TO-PTYTHBIX MECTOPOXKICHHH HMMEKOT HU3KHE
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temrepatypsl (280 — 50°C) u ux GpopMuUpoBaHHE MPOUC-
XOAWIO MpH AaBneHusx Hwke 500 — 600 Oap.

W3ydenue (GirouIHBIX BKIOYCHUN B MUHEpaANIax Pyl
Au-Hg mectopoxaeHuid pa3inyHbIX pernoHoB Poccun u
CHI, a Taxxe aHalIu3 UMEHOINUXCA JUTEPATYPHBIX IaH-
HBIX ITOKa3aJi, YTO MO COCTaBY BBIJEISIOTCS JBa TJIaB-
HBIX THTA PYJ000pa3yomuX (QIONI0B:

— HU3KO KoHueHtpuposanusie (10 — 0.5 mac., %, pexe
mo 14 mac., %) XJOpuAHBIE WIH XJIOPHUAHO-OMKapOO-
HAaTHO-HATPUEBBIC THAPOTEPMATbHBIC (OIIOUABI  (fs6m =
—21...-23°C) ¢ MaJomIOTHON a30THO-YTJIEKUCIOTHON
(£CHy) rasoBoii (ha3soii;

— OoJiee MUPOKUMH BapHaMSIMH KOHIEHTpauu (OT
0.2 1o 25 mac., %), crnoxHbIM cosieBbiM cocTaBoM (NaCl,
CaCly, FeCly, KCI u gp.) u (toem =—50...—56; —62...—64°C
(npucyrcrBue FeCl, (Borovikov, Gushchina, & Boris-
enko, 2002)) ¢uronas! XJIOpHIHO-HATPHUEBO-KAJIBLIEBOTO
COCTaBa C IUIOTHOHM YIJIEKHCIOTHOW Ta30BOM (ha3oit
(CO2 >Nz >CHy) (Borisenko, 1977; Borisenko, 1982;
Naumov, Borovikov, Borisenko, Zadorozhnyy, &
Murzin, 2002).

OTH QIOUABI IO CBOEMY COJIEBOMY COCTaBY M BOC-
CTaHOBJIICHHOMY XapaKTepy OOHAPYKHBAIOT CXOACTBO C
MarmatndeckumMu  mongamu. OOmeir 0coOEeHHOCTHIO
pa3BuTHs pynooOpasyrommx cucteM Au-Hg mectopox-
JICHUN SBISIETCS TETEPOTEHHOE COCTOSHHE PyH0o0pasy-
rormx GurongoB. [lpuuem, mis 013 TMOBEPXHOCTHBIX
Au-Hg MecTopoxaeHuil, rereporeHu3anust XJIOpHIHO-
OnKapOOHATHO-HATPUEBBIX (DIFOMIOB CBS3aHA C KHUIICHH-
€M pacTBOPOB B YCJIOBHSIX HU3KHX JaBJIEHHH W 000C00-
JICHUEM MaJIOIUIOTHOM OKMCIICHHOH Mapora3oBoi ¢assl, a
reTeporeHn3alys pynoo0pasyronmx (QIonI0B XJIOpUa-
HO-HATPHEBO-KAIIBIUEBOTO COCTaBa OOyCIIOBIICHA Iera-
3anueil ¥ 000co0JIeHNEM TUIOTHOM ra30BOH (hasbl, COCTO-
smeit m3 CO; ¢ cymecTBeHHO# npumeckio N, u CHy. B
MOCTIETHEM CITydae, ¢ 3THM IPOIECCOM CBSI3aHO M3MEHe-
Hue Eh m pH mmuepanooOpasyrommx ¢mronaos, B pe-
3yJbTaTe NepepacupencieHnss JeTYyYnX KOMIIOHEHTOB
MEXJly €ro ra30BOM U KUJAKOW COCTaBJIAIOLICH. YPOBEHb
reéTeporcHmu3alun (l)J'l}Ol/lZ[OB MOXKCT CIYKUTb I'€OXUMU-
4eCcKUM OapbepoM Uil OCaKAeHHs 30y0Ta. B 1enom,
XJIOPU/IHO-OMKapOOHATHO-HATPUEBBIX (DIIFOMIBI THAPO-
TepManbHEIX Au-Hg MecTopokaeHuii copep)kaT He3Ha-
YUTEIbHOE KOJMYECTBO PACTBOPEHHBIX Ta30B W SBIIS-
torcst Oonee okucneHHbIMU (CO> >> CH4), o cpaBHe-
HUIO C pyHZooOpa3ylomuMu (QIIOUIaMA  XJIOPHIHO-
HaTpHUEBO-KaJbIMeBOro cocraBa Au-Hg mectopoxne-
HUH, 9YTO CBUACTEILCTBYET O Oojiee TIyOMHHBIX yCIIO-
BUSIX (DOPMUPOBAHUS TIOCIICTHHX.

OjHaKO OCTaeTcsi HESICHBIM BOINPOC, IIPH KaKHX
MMEHHO (H3MKO-XMMHUUYECKHX Iapamerpax pymooopa-
3YIOIIMX PacTBOpax M 3a CUET KaKUX XUMHYECKUX (HOpM
obecrieunBaeTcsl TPAHCIIOPT 30J10Ta K 30HE HHU3KO-
TEMITEpaTypHOTro pynooTiaoxenus. [lockombky pymooo-
pa-3yIolfe pacTBOPBl SMHUTEPMATIBLHBIX 30JI0TOPYAHBIX
MECTOPOXKICHUI 0OBITHO Te€TEPOTeHHBI, TO BIIOJIHE BEPO-
ATHO pe3KOe TOBHIIICHHE 3HAYNMOCTH TIEPEHOCA PYIHBIX
KOMIIOHCHTOB B Ta30BOH (pa3e, 4TO MOATBEPXKIACTCS H
sKcrepuMeHTaIbHBIME pabotamu (Bychkov, 2001).

Jo cux mop He MPOBOIWIOCH HUKAKHX TEOpPETHYE-
CKHX WJIM 3KCIIEPUMEHTAJIBHBIX HCCIECIOBAHNN YCIOBHHA
o0pa3oBaHus PpTyThcolepikaiiero 3oiora. [Ipensapu-
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TENIbHBIE Pe3yJIbTaThl MOKA3bIBAIOT, YTO COAEP)KaHUE B
30JI0T€ PTYTH KOJIEOJIETCs B 3HAUNTEIbHBIX Mpejesnax (ot
0 mo 20%), HECMOTpPsI HA TO, YTO OHO MOCTOSIHHO TECHO
aCCOLIMUPYET C PTYTHBIMU M PTYTHCOAEPKALIUMHU MUHE-
panamu (kuHOBapb, Hg-Omeknbie pyasl, Hg-chanepur,
akTamuT, pryTheput U ap.) (Vasil’yev, 2004). IIpu mo-
CTaHOBKE 3aJ[a4d YHCJCHHOIO MOJCIUPOBAHUS MBI HUC-
XOJMINA U3 YCJOBUSI COBMECTHOTO OCAXCHHUSI CAMOPOJI-
HBIX 30JI0Ta U PTYTH, KOTOPbIE B MPHUPOIHBIX YCIOBHUIX
Hen30eXHO OyayT 00pa30BBIBATH PTYTHUCTOE 30JI0TO WM
amajbpramy 30510Ta (B 3aBUCHMOCTH OT HCXOJHBIX KOH-
LEHTPAIMA 3TUX 3JIEMEHTOB). MOXXHO MPEINOI0XKHUT,
4TO PTYTh, 00JIaast ropasao OONbIIeH MOOUIBHOCTHIO (B
T.4. 332 CYET CIOCOOHOCTH TPAHCIIOPTa B ra3oBoi (asze B
¢dbopme Hg.y;), B MpUPOTHON CHUCTEME B 3HAYUTEIILHOU
Mepe MUTPHPYET Ha BEPXHUE FOPHU30HTHI Pyn000pasyro-
meit cuctembl (Borisenko, Naumov, Pavlova, &
Zadorozhny, 2004), rne u OyayT oOpa3oBBIBAThCS COO-
CTBEHHO PTYTHbIE MECTOPOXKACHHS, a Ha OoJiee TITyOOoKHX
YPOBHSIX MOTYT C(OPMHUPOBATHCS HU3KOTEMIIEPATYPHBIC
30JI0TOCOJIEPIKAIINE MECTOPOXKICHUSI C TOBBIIICHHBIMU
KOHILICHTPALUSIMU PTYTH B 30JI0TeE.

3. METOJI PACYETA PABHOBECH1

I'mapoTrepmanbHble PacTBOPBL, (GOPMHUPYIOIINE 30J10-
TO-PTYTHBIE MECTOPOXJICHHUS, ObLIM CIOKHBIMHU IO CO-
CTaBy pacTBOpPaMH, COJIEPKAIIMMH IIEPEMEHHBIE KOJIHYE-
CTBa TaKMX aHHOHOB KaK XJOPWUJ-, CyIbpuI- 1 Oukapoo-
HAT-HOHBI, @ TAK)KE KATHOHBI: HATPUS, KaJbLHs, KAJUsL,
MarHus u ap. B pactBopax, KpoMe yKa3aHHBIX OCHOBHBIX
KOMIIOHEHTOB, cojepxkarcs xumudeckue (popmbr Au(l),
Hg(0) u Hg(II).

OCHOBHBIE XapaKTEPHCTUKH COJICBOIO COCTaBA PYyJIO-
00pa3yolInX pacTBOPOB MpescTaieHsl B Tabnumax 1 — 3.

MexaHU3M COBMECTHOTO IIEpEeHOCa 30JI0Ta U PTYTH H
OTJIOXKEHHSI MUHEPAIOB Py ObUI M3yYeH M BOCIPOHU3BE-
JIeH, MCHOJB3ysl KoMmIbloTepHyto nporpammy “Chiller”
(Solveq) (Reed, 1982), koropas mnpeaHa3HayeHa st
pacy€ToB MYJIbTUKOMIIOHCHTHBIX I'€TCPOIrCHHBIX XWUMH-
YEeCKHX PABHOBECHH MEXIYy TBEPIBbIMH, BOAHBIMH M ra-
30BbIMU (pazamu. JlaHHas pacyeTHas HporpaMma aaeT
BO3MOXKHOCTH IIPOBOJUTH MOJEIHMPOBAaHHE MPOLECCOB
mpocToro oxnaxnaeHus (simple cooling), 6e3 rerepore-
HHU3aLMU TUAPOTEPMAIBHBIX PACTBOPOB, UX U30TEpPMHUYE-
ckoro (isothermal boiling) u M3039HTAIBIINUECKOTO KUTIE-
nust (isoenthalpic boiling), ¢ obocobnennem ra3oBoit
¢dasel 1 ee koHmeHcanuu (condensation) mpu OXJIAXKIe-
HUM, cMmeuieHne (mixing model) ropsumx rumporep-
MaJIbHBIX PaCTBOPOB € XOJOJAHBIMHU METCOPHBIMU BOJaMHU
U B3auMOJIEHCTBUS pacTBop-mopoa (solution-rock inter-
action). ComyTcTBYyIOLIasi MporpamMmMe TepMOAWHAMHYE-
ckasg 0a3a gaHHBIX Soltherm-98 cocrasiieHa Ha OCHOBE
6a3sl ganaeix SUPCRT’92 (Johnson, Oelkers, & Helge-
son, 1992) nns pacdeToB paBHOBECHBIX KOHCTAHT JHCCO-
LOUalMd KOMIUIEKCOB IPU BBICOKHX TEMIIEpaTypax H
JaBJICHHAX, TONYYCHHBIX NPSIMBIM HyTeM 00paboTKH
9KCIIEPHMEHTAIBHBIX JAQHHBIX, 3aUMCTBOBAHHBIX W3 JIH-
TepaTypbl. JTa TepMOAWHAMHUuecKas 0a3za Obuia IOMOJ-
HEHa XapaKTePUCTHKAaMU CMELIAHHBIX KOMIIJIEKCOB
Hg(Il) u ckoppekTHpoBaHa B COOTBETCTBUU C JaHHBIMU
aBTOpPOB, mosryueHHbIME panee (Belevantsev, Gushchina,
& Obolenskiy, 1982).
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Taonuya 1. Konyenmpayua (monv/xe H>0) komnonenmos 6
ucxoonvix NaCl — NaHCO; pacmeopax npu 250°C

Konuenrpanus
KomnonenTst
PactBop 1 Pactop 11
pH 6.6 7.5
HS- 1.0x10! 1.0x10!
SO4 1.0x104 1.0x10*
Na* 1.00 1.00
Cr 1.02 1.02
Hg*™ 7.40x104 5.62x10+
HCOs~ 1.43x102 2.43x102
Au* 1.66x10* 2.10x10%
Fe™ 6.00x1072 6.00%1072
Ba™ 1.50%x10¢ 1.50%x10¢
Si02(aq) 6.38x1073 1.05%x1072
Al — 1.0x102
K* — 1.73x107

Taénuya 2. Konyenmpayua (monv/xke H>20) komnonenmoes

60 emopuunbix (nocie 2emepozeHuU3AUUL)
NaCl — NaHCOs pacmeopax npu 250°C
Konuenrpanus
KomnonenTs!
PactBop I Pactop 11
pH 35 8.5
HS~ 3.30x1073 9.31x10%?
SO4* 2.03x107 9.53x10*
Na* 1.00 1.00
Crr 1.03 8.66x10!
Hg™ 1.66x10* 2.64x10*
Au* 2.39x1010 1.95x10%¢
HCOs~ 3.39x1073 2.23x10%2
Fe™ 9.85x1073 1.27x10°8
Ba™ 1.51x10%¢ 6.12x10°®
Si02(aq) 5.88x1073 1.69%x1073
Al — 4.17x107
K* — 1.75%10

Taonuua 3. Obwaa konuyenmpayua (monv/xe H:0) komno-
nenmoe NaCl — CaClz pacmeopos

Hcexonubiit  Mcxonuslii Bropuunbiii  Mexonuslit

If{?é;[:l_ pactBop III pactBop IV pactBop IV pactBop V
(mpu 250°C) (mmpm 250°C) (mmpm 110°C) (mmpm 100°C)
pH 6.0 6.2 8.5 73
HS™ 1.00x102  1.00x10""  4.84x102  1.00x10"!
SO4~ 1.00x10*  1.00x10*  1.83x10°  1.00x10*
Na* 2.00 2.00 2.77 1.00
Cl- 5.00 3.00 4.18 1.97
Hg** 1.48x10*  6.47x10%  4.61x10°  2.00x10°
Au* 2.02x10°  2.44x10%  4.75x10°  1.00x107
HCO;~ 1.72x102  1.79x10%  6.91x10° 0.74
Fe™ 1.0x1073 1x1073 2.96x10*  1.00x1073
Ca™* 1.50 5.54x107"  7.33x10! 1.40
Ba*™* 1.50x10¢  1.50x10°  2.08x10°  1.50x10°
SiO(ag) 6.35x10°  6.48x103  1.10x10°  1.00x1073
K* — — — 5.00%10%2
Mg — — — 5.00x1072
Al — — — 1.00x10*
Ti(OH)4 — — — 1.00x10*




L. Gushchina, E. Naumov. (2017). Mining of Mineral Deposits, 11(4), 46-58

Penokc-noreHnuansl MOAEIBHBIX PACTBOPOB PACCUH-
TaHbl HA OCHOBAHUHU CYJIb(GHUI-CYIb(PATHOTO PABHOBECHS.
KonueHTpanuu BOIHBIX (OPM B MCXOJIHBIX PAacCTBOpax,
OTBEUAKIIUX TOAPYTHOMY ypoBHIO Au-Hg mecTopox-
JICHHH, ObLTH paccyuTaHbl B MOJB/KT HoO Kaxmoro aire-
MmenTa ripu 250°C. I'azoBas ¢aza, KoTopasi yuuThIBajIach
B pacderax, Obuta npenctasieHa CO,, CHi, Munepais-
HBIE (pa3bl — 30JI0TOM, KHHOBapbIO, KBapIieM pacTBop I, a
JIOTOJIHEHHAs KajaueBbIM mosieBBIM mirmaToMm, KAISizOg —
pactBop II. DT pacTBOpHI ABJISIOTCS PACTBOPAMH XJIO-
pPUIHO-OMKapOOHATHO-HATPHEBOIO  COCTaBa, a €clu
TBepAas (asza IONOJHEHA KaJIbIUTOM W pacTBopsl Il u
IV conmepxart xaTHoOHBI Ca?", To OHH OTHOCSTCH K XJIO-
PHUIHO-HATPUEBO-KAIBIINEBOMY COCTABY.

4. YCJIOBUSA COBMECTHOI'O IIEPEHOCA
Au 1 Hg T'MIPOTEPMAJIBHBIMU PACTBOPAMHU

Ha ocHOBe KOMIBIOTEPHOTO MOJIEINPOBAHMS ObLIN BbI-
SIBJICHBI JIOMMHHPYIOIIME XUMHUUYECKHE (OpPMBI 30JI0Ta U
PTYTH, cOCOOHBIE OOECIIEYNTh MX COBMECTHBIA IEPEHOC
THAPOTEPMAITBHBIMH PAaCTBOpAaMH pa3Horo cocrasa (Puc. 1).

(a)

Hg

(1Im)
7 T T T T
50 100 150 200 250 t,°C
()
-lgm
3_
Au
I
41 al Q)
5_
6 (ID
) (1) L°C
/ T T T T T
50 100 150 200 250 Eh, B
29 3.0 3.1 35 66-058 (D
q 96 9.0 8.7 85 7.5-0.70 (I
PE 66 6.2 5.8 50  6.0-0.57 (Il)
8.7 7.8 6.9 56 62-0.38 (IV)

Pucynok 1. Cymmapnsie konyenmpayuu (—-lgm) xumuueckux
¢opm pmymu u 30n0ma npu ux coemecmHom ne-
penoce pacmeopamu paznozo cocmaea (Taon. 1 —3)
6 3asucumocmu om memnepamypust u pH

BaxxHO OTMETHTB, 4TO B HHU3KO XJOpUIHBIX (1.0 m)
cynpunaeix pactBopax (0.1 m) xiopugHO-OnkapOo-
HATHO-HATPHUEBOTO cocTaBa mpu Temreparype 250°C
MIPAKTHYECKH, BCS PTYTh HAXOJUTCS B aTOMapHOH popme
Hg%,, xonuenrpanms kotopoit 7.4 um 5.6:10* monb/kr
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H,0 (cootBerctBenno misi I u II pacTtBOopoB) mocTuraer
pasHoBecHol ¢ Hg,e (K%soec =4.7-10) (Sorokin, 1973;
Sorokin & Gruzdev, 1975; Sorokin, Alekhin, & Dadze,
1978). U3 atux mMonensHbIX pacTBopos I u Il B ycnoBusx
n3zoTepMuyeckoro kumneHus npu 250°C mpoucxomut
BO3rOHKa pTyTH B Buje Hg..; B rasoByto dazy, yactuaHo
n3 auruapocynsduanoro, Hg(HS),, cynbhumnoruapo-
cynbduanoro, HgSHS-koMIuiekcoB, atomapHoii Gopmbl
Hg%, u panee BbimaBmieii u3 pacteopoB Hg,.. Dum xe
XMUMHYECKUM (opMam, OCTaBIIMMCS B pacTBope I, mocie
reTepOreHN3alNy, IPUHAAIEKUT OCHOBHAsL POJb IEepe-
HOCa PTYTH IpHU JalbHEHIeM ero oxyaxaeHun 10 150 —
100°C B xucnpix ycnoBusix (pH =3.0) mo ocaxnmeHus
KWHOBapH, B 00pa30BaHUM KOTOPOH TaK K€ y4acTBYeT U
JacTth panee BeimaBmied Hg,.. s pactBopa Il mpu mo-
HIDKeHUH Temreparypsl 10 200°C oTmeuaeTcs MOBBIIIe-
Hue menoyHoctu (pH = 8.7) n pacTBopeHne caMopoiHO#H
pryta Hg,e, 94TO IPUBOANT K MHTEHCHMBHOMY OOpa3oBa-
HUIO cyibduaHoro kommexca HgS,?, a npu panbHei-
meM OXJaXAeHuH pactBopa mo 60°C M TOHIKEHHH
KOHLICHTPALMH CYJIb(QHUIHON CEpBl, K €ro Pa3loXKCHUIO U
OCa)KJCHUIO KHHOBApPH, COTJIACHO YPaBHEHHIO PEaKIINu:

HgS»? 4y + Ho0 = @— HgSy + OH 4y + HS 4y (1)

B MopmenpHBIX pacTBOpax  XJIOPUAHO-HATPHEBO-
KaJIBI[UEBOTO COCTaBa, COAEPKALIUX BBICOKHE KOHILICH-
tpatmu xnopua-uona (5.0 —3.0 m) u cynbpumaHON cepbl
(0.01 —0.1m), mpu 250°C ocCHOBHAas 4YacTb pPTYTH
(mug=1.5m 6.5-10%, coorserctBenno mua Il u IV pac-
TBOPOB) HaXOJUTCS B CyJIb(puaHbIX KomIuiekcax, HgSHS™,
Hg(HS),, HgS,*> u, He3HaunTeNbHasl, Ha TIOPSI0K HUKE —
B Hg%,. TToCKONbKY KOHLEHTpalusi aTOMapHOi (GOpMBbI
pryru Hg’,, nmwxe pasHoBecHol ¢ Hg,e, TO M OCaxeHus
CaMOPOJHON PTYTH HE MPOUCXOIUT. XOTA B ITUX pac-
TBOpax M NPUCYTCTBYIOT BBICOKHE KOHLIEHTPAL[MH aHHO-
HOB Cl', HO O1TM3 HEUTpANBHBINA XapaKTep Cpelnbl HE CII0-
coOcTByeT 00pa3oBaHmIo XIOpHIHBIX KomIuiekcoB Hg(ID)
(Belevantsev, Gushchina, & Obolenskiy, 1982). Ilpu
MaJCHUN IaBICHUS B JAHHBIX MOJEJBHBIX PAacTBOPAx
(Mozenp M303HTATBIINIECKOTO KUIIEHHA), U3 BCEX XUMH-
yeckux popm pryrn Hg(Il) nu Hg’, yacTuuno mpoucxo-
Ut Bo3ronka B Hg..;. 3a cuer apyroi yacTu, OCTaBIINX-
csl B pacTBOpax cyJibGuIHbIX KoMIuiekcoB prytu Hg(Il)
u Hg’, (Il pactBop), a B IV pacTBOpe, B OCHOBHOM 3a
cuer cymbpumuoit HgS»?>~ Qopmel, moMUHMpYOIIEH B
LIEJIOYHOM PACcTBOpE, U MPU JAIbHEHIIEM UX OXJIaX[e-
HUM ¥ TIOHIDKCHWH KOHLEHTPALMH CYJIb(GUIHON Cepsl,
BBIMTagaeT KHHOBapsb (1).

MOXXHO OTMETHTbH, YTO 0Opa30BaBIIHECS NPH KHUIIE-
HUU MOJENBHBIX PACTBOPOB XJIOPHIHO-OMKapOOHATHO-
HATPHUEBOTO M XJIOPUAHO-HATPUEBO-KAJIBLIUEBOIO COCTa-
Ba ra3oBble (a3l TPAHCIIOPTUPYIOT a3000pa3HyI0 PTYTh
u H>S..; 1 KOHAGHCHPYIOTCS NPH OXJIAXKICHUU U ITOCTO-
STHHOM JaBJICHUHU 10 OCAKJCHHUS KHHOBAPH.

BaxkHpIM yciioBueM [uisi 00pa3oBaHMsI PTYTHCTOTO
30J10Ta U €ro amajbraM SBJIIETCS COBMECTHOE OTJIOXKE-
HHUE U3 TUAPOTEPMAIBHOIO PpacTBOpa CAMOPOIHBIX 30JI0-
Ta u pryTu. [Ipu 3TOM conepxkanue Hg,. B oTinararomen-
csl TBepAoi (haze MOKET ONPEAENIATHCS COOTHOIICHHEM
KOJIMYECTBA BBIITABIINX METANIMYECKOH PTYTH H 30J0Ta.
B  pactBopax  xJopuIHO-OMKapOOHATHO-HATPUEBOTO
cocTaBa OOJIBIIOE 3HAUCHUE IS OTIIOKEHHS PTYTHCTOTrO
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30J10Ta UMEET TPOLECC M30TEPMUUECKOTO KUIIEHUS Pac-
TBOPOB IIPU NOBBIMICHHBIX TEMIIEpATypax. IIJ_IH CHCTEMBI
Au—Hg - H,O - CI" —Na" — Ca?" nosesienne 3o050ta n
PTYTH B pacTBOpax PacCMOTPEHO B TIPOLIECCE H30IHTANIb-
NUYECKOro Kumenusi. [lepeHoc 30510Ta 3TUMH THAPOTEp-
MaJIbHBIMU PaCTBOPaMH KOHTPOJIMPYETCS PEaKIUEN:

Au(HS): 4y + 0.5 Hayy = Au® + HyS,,, + HS 4, (2)

KOTOpast mokasbiBaeT, uro Au(HS),  xomrexc moMuHU-
PYeT Kak B CIa0OKHCIION U OM3 HEUTpambHOH 00JIacTsIxX
(Stefansson & Seward, 2004), B KOTOpBIX IpeodsagacT
H,S.; (pactBopsrl I, III), Tak u B meno4Hol cpene, rae
nomuHupyet HS 4, (pactBopsr II u IV). 3onoto ocaxna-
eTCsl BCJICICTBUE JIera3ali CEPOBOJOPOIA U IIPH NOHH-
JKCHUHM KOHIIEHTpaLUWM CyJIb(GHUIHON cepbl B pacTBopax
npu 00pa3oBaHUM CYJIb(QUIHBIX MUHEPAJIOB.

OOmuM 11t BceX pacCMOTPEHHBIX HAaMH THIIOB pac-
TBOPOB SIBJISICTCSL TO, YTO BCE 30JI0TO IIEPEHOCUTCS] MU B
quruapocynspuaaoin popme, (Au(HS),"). Konuenrpa-
ous ma, Tpu Temmeparype 250°C gocturaer (1.7-10* u
2.5:-10* mons/kr HO) mms  XmopuaHo-OHMKapOGOHATHO-
HarpueBoro (I) m xjopunHo-HaTpueBo-Kabuesoro (IV)
pacTBOpOB COOTBETCTBEHHO. CIIEyeT OTMETHTb, UTO 3Ha-
YUMOE COZIEPIKAHUE 30010Ta (may = 2.2-10) coxpansiercs B
pactBope IV B xommekce, Au(HS),, BIDIOTP D0 HU3KUX
temmeparyp (100°C). Ota 0ocoOeHHOCTH SBISIETCS CleI-
CTBHEM BBICOKOH IienoqHoCTH pactBopa (pH = 8.7) u npu-
CYTCTBHEM B PacTBOpE 3HAUMTENBHOTO KoindecTsa HS .

Takum 00pa3oMm, yduTbIBas COCTAaBBI THIPOTEPM H
UMCEHOIIUECA q)MSI/IKO-Xl/IMI/l‘leCKI/Ie JaHHBbIC, ITPU BBICOKUX
temrieparypax (250 —200°C) ans xnopuaHo-OukapOo-
HATHO-HAaTpUEBOTO U XJIOPUAHO-HATPUCBO-KAJIBIIHUCBOT'O
COCTaBa pacTBOPOB, Ipeoldiaatoleil popMoii epeHoca
30JI0Ta B CJAa0OIIEJIOYHON M HEHTpalbHOM cpenax
(pH = 7.5 —-5.6) aBusercs Au(HS),", a nuist prytn — aro-
maprHas ¢opma, Hg’, u cynbduaHble KOMIUIEKCHI,
HgS(HS)", Hg(HS): m HgS,>. [na Gomee MIEIOYHOIM
obmactu (pH>7.5) ®m mpm HH3KHX TemIeparypax
(150 — 100°C) momuHUpytome# popmMoii IepeHoca 30J10-
Ta THAPOTEPMAILHBIME pacTBopamMu octaercss Au(HS), ,
a juist pryta — HgS,> n Hg',,.

5. YCJI0BUA PYJOOTJIOKEHUA
N3 PACTBOPOB PAZHOI'O COCTABA

W3 BoccranoBienHoro (Eh =-0.58 B, pH = 6.6) mo-
JETIBHOTO  XJIOPHJHO-OMKapOOHATHO-HATPUEBOTO  pac-
tBopa I (Tabun. 1) npu ¢=250°C n naBnenun 50 Gap B
MPOIIECCe M30TEPMHUYECKOTO KHIICHHS OCAKAAIOTCA:
MMUPPOTHH, 30JI0TO, IHMPHUT, KBapll M MeTaIMYecKas
pTyTh (Hg,) B CBSA3M ¢ HACHIIEHHEM pacTBOpa aToMap-
Hol popmoit Hg’,, (Puc. 2a).

CamopoHble METAJUTBI B BOCCTAHOBIICHHBIX PacTBO-
pax TpH BBICOKHX TeMIlepaTypax CTaHOBSITCA Ooiee
YCTOWYMBBIMU B cpaBHeHUH ¢ ux cyiabuaamu (Kolonin
& Ptitsyn, 1974; Fein & Williams-Jones, 1997). Mo-
JEIbHBIA PAcTBOpP MPH MOHWKEHUH AABJICHUS (IO BEIH-
YHHBI Ta30BOT0 HackinieHus 44.2 6ap) npu ¢ =250°C u
pH = 3.4 mpuxomut B rereporeHHoe cocrosiHue. Benen-
CTBHE NOHIKEeHUs pH pacTBopa NpouCXOIUT OcaxIeHne
30J10Ta MpH pazioxeHun kommiekca Au(HS);™ mo ypas-
Henuto (2), (Puc. 2), a B razoBoii ¢aze kxpome H,O, CO»,
CH4, H,S nakannmBaercs Hg..;, comepikanue KoTopoit
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MOBBILIACTCS TPU JAbHEHIIEM CHIDKCHUH JaBIICHUS
(Tabu. 4, Puc. 3) u pa3noxxkeHNH CyTbOUAHBIX KOMITICK-
coB Hg(Il) u panee Bemasmeit Hg,. npu, npaxTudecku,
HEU3MEHHOM KOHLEHTpALMU B pacTBOPE Hgoaq.

Tabnuuya 4. Codepcanue (—lgm) nekomopwvix KoMnoHeHmos
6 2a308bIX azax u pacmeopax npu nadeHuu
oagnenun (Mooenb U30MEPMUYECKO20 KUNEHUs)

npu 250°C
P =442 —-139.6 6ap P=40.1-39.2 6ap
Kowmro- (PactBop I) (PactBop II)
HEHTHI Bonnas T"a3zoBas Bojnas T"a3zoBas
¢aza daza tasa daza
H,0 —1.744... 3.33 - —1.744... 2.56 —
2 -1.741 0.30 —1.742 0.63
2.60 — 5.59 - 3.34 - 5.56 —
Co: 2.83 2.80 331 3.59
1.93 - 4.29 — 2.56 — 4.15 -
CHa 2.72 2.03 3.07 272
S 2.76 — 6.03 — 3.50 — 6.00 —
: 2.90 3.12 3.46 4.01
6.32 — 3.63 — 5.54 —
Hg 3.77 3.27 3.58 3.60

[Tpu Temneparype 250°C (P =39.6 6ap u pH=3.5) B
PaBHOBECHH C PACTBOPOM HAXOJISTCS MUPPOTHH, ITUPUT,
kBapn, u  prytucroe 3omoto  Au’ (1.67-10% m) +
Hg, (3.85:10° m) (Puc. 2B). Pacmpeneneuue pryTH B
reTeporeHHoM (JIrouje HpH 3TOM COCTaBIISIET: OKOJIO
70% B razoBoii daze B hopme Hg..; 1 okoso 30% B pac-
TBOpE B aromapHoit popme Hg’y,.

Oxmaxaenune pactBopa I (Tabum. 2), ocratogHOro mocie
TeTepOreHM3alMH, TPHUBOJNUT K OTIOXKEHHUIO KBapLa, HPH-
Ta W HE3HAYHUTENHHOTO KOJMYECTBA 30J10Ta MPU pasiioike-
HIM guraapocyibounHoro, Au(HS),” kommiekca mpu
Temneparype 240° u camoponHoit prytu 3a cuer Hgl,, a
Hwke 190°C — kMHOBapH, B OCHOBHOM, 3a CUET paHee BbI-
nasieit Hg, u cynepuanbix popm Hg(1l) (Puc. 2B).

AHanorunyHo MMpoOUCXOAUT OTJIOKEHUE IMUPPOTHUHA,
KBaplia, NUPHMTA M amaibrambl 3070Ta (may = 1.7-10%;
mug = 5.8:10) pu npocTom oxnaxknaeHuu, Ge3 reTepo-
TeHU3allMd,  HCXOJHOTO  XJIOPHIHO-OMKapOOHATHO-
HarpueBoro pactBopal (Tabs. 1) ot 250 mo 200°C, a
IpU JalbHEHIIeM MOHWXEHUU Temrmeparypsl oT 190 no
100°C ocaxkmaeTcsi KHHOBaph, B OCHOBHOM, 3a CYET pa-
Hee BhImaBIIei camopoanoit prytu (Hg,.), 1o ee monHo-
o ncuesHoBeHus, u xummueckux popm, Hg’,,, HgSHS,
Hg(HS),, ocTaBaBmuxcs B pacTBope.

Konpnencamus razoBoii ¢aser pu P = 39.6 6ap, co-
nepxameit HoS..; u Hg..s, mpuBomuT mpu 90°C u HInke K
obpazoBanuio kuHoBapu (&— HgS) u Moxer ObITh onH-
CaHa ypaBHEHUEM pPeaKivu:

nga3 +HyS.0s = a— Hgs + Hazus. (3)

B stom nponiecce npu n3menennu pH, Eh u ¢ nocturanock
ocaxnenne rpadura npu 90°C u3 yrnepona Merana (Puc. 2B).

MopenbHBI  XJIOpUIHO-OMKapOOHATHO-HATPHEBBIN
pactBop II (Tabn. 1) mnpm Ttemmeparype 250°C u
P=506ap (Eh=-0.70B, pH=7.5) Ttakke sBmsercs
HaceimenHbM B otHOmennn Hg®,. B mponecce m3orep-
MUYECKOro KuneHus u3 pactsopa Il ocaxmarorcs: nup-
POTHH, KBapll, MarHeTHUT, 30JI0TO, BCIEJCTBUE Pa3JIOKe-
Hus Au(HS),  xommuiekca mo ypaBHeHHIO (2), HHPHT,
KBapll ¥ METaJUIMYeCKas PTYTh, B CBA3U C HACHIILIEHUEM
pactBopa aromapHoi popmoii, Hg’, (Puc. 26).
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Pucynok 2. Konyenmpayuu (-lgm) oomunupyrowpux xumuueckux popm pmymu u 3onoma ¢ pacmeopax ((a) pacmeop I;
(6) pacmeop II) xnopuono-ouxapoonamno-nampuegozo cocmaea (Taoa. 1, 2) 6 3aeucumocmu om pH u memnepamy-
pot npu 250°C (mooenv usomepmuueckozo kunenus), om 250 0o 90°C (modensv oxnasxcoenua npu P = const), om
90°C u nudce (Modenv Konoencayuu 2az06o0ii gaszvl); (8), (2) omiuoicenue MUHEPANbHBIX (ha3 NPU COGMECMHOM

OMJI0JCEHUU PMYMUCHI020 30]10Mma U KuHoeapu

[Ipy cHMKEHNM AABIEHUS 10 BEIMYMHBI €T0 ra30BOT0
Haceimenus (P =40.1 6ap) pacteop Il mepexonur, xak u
pactBop I, B rereporeHHoe cocrosiHue. JlanpHei1iee
NaJicHue JaBJIeHNs BbI3bIBaeT HakomieHue Hg..; B razo-
Boii (pase (Tabi. 4), B OCHOBHOM, 3a CUET paHEee BHINAB-
el MeTaaM4eckoi pryTu. IIpu nocTuKeHuu naBiaeHus
39.2 6ap npu 250°C (pH = 8.5) B TBepuoii daze ocraror-
cs nuppotuH, kBapu, marwetut, Au’ (1.9-107° m) u Hg,.
(4.7-10° m), 4ro oTBewaeT yCIOBHAM OOpa3OBaHHS
amanberamsl 3omota (Puc. 2r).

B nannom ¢umronne okoso 45% pPTyTH COACPKUTCS B
ra3oBoii (ase B Bune Hg..; u okono 55% B nByx pactBo-
pennbix popmax — Hg’,, u HgS>>.

[Ipn  mocnenyromem  oxnaxzaeHun (P = const,
39.2 6ap) ocrarounoro pactBopa ll, eme mocTaToYHO
KOHIIEHTPUPOBAHHOTO 1O 3o0y0oty u pryTu (Tabm. 2),
IIpY TTOBBINIEHUH pH mpojosmkaeTes oTiiaratsCsi 3010TO
(1o ypaBHeHwmmo (2) (BCIenCTBHE Pa3I0KEHHIS KOMILICK-
ca, Au(HS);) u merammngeckas pTyTh (3a C4YeT aTo-
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mapuoit ¢opmbr, Hg’,). Conepxanue camMOpOIHBIX
30JI0Ta U PTYTU B TBepAoi (a3e HapacTaeT MpH MOHU-
JKeHUN TeMmrieparypsl, HO yxe mpu 180°C (pH = 8.8)
Hg,. MHTEHCHBHO Ha4YMHAET PACTBOPSATHCS M IIEPEXO-
IUTh B PacTBOp, TOBHIMIASA JOTI0 B HEM CYIb()HIHOTO
xommiekca prytn  (HgS;>). 3omoto  mpomoiskaer
HaKaIuIMBaTbCd B MHUHEpaJIbHOM (a3e W mpu nanbHei-
meM oxjiaxaeHun pactBopa g0 60°C. OcaxaeHue Ku-
HoBapH (o — HgS) npoucxonuT HMXKE 3TOH TeMIiepary-
pel 3a cueT cyabpuaHoH Gopmbl pryTH, HgS,*
(Puc. 26). Takum oOpazom, IpHu OXJAKACHUU OCTATOY-
HOTO, TIOCJIe TeTeporeHu3amnuy, pacteopa Il B uaTepBa-
ne 250 — 60°C obOpazoBaHHE PTYTHCTOTO 30JI0Ta BO3-
MOJKHO W 3aBHUCHUT OT MCXOIHBIX KOHICHTPAIIUH STHX
3JeMEeHTOB B pactBope (Puc. 2).

Konnencanus razoBoit ¢aser (P = const, 39.2 6ap),
conmepxameit Hg..; B mpucyrctBun H,S..; mpuBogur x
oOpas3oBanmuto kuHOBapu (a—HgSy) mpu 90°C cos-
MecTHO ¢ Tpadutom (Puc. 2r).
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Pucynok 3. Konyenmpayus Hg..; 6 2a306vi1x ¢pasax, o060coo-
JIEHHBIX RPU  U30MEPMUYECKOM KUREeHUU npu
250°C pacmeopos I, I u uzoynmanvnuueckom
kunenuu om 250 0o 110°C pacmeopos 111, IV

B xone nmpocroro oxnaxkaeHus HCXOJHOTo, Oe3 rere-
pOTeHU3aNNH, XJIOPUIHO-OMKapOOHATHO-HATPUEBOTO
pactBopa Il (Ta6um. 1) or 250 mo 50°C mpu mOBBIIICHUN
3HaueHuss pH mpoucxomuT oTiIokKeHHe NUPPOTHHA, KBAp-
Ia, IIMPUTa W CaMOPOAHBIX 301oTa (2.1-10% m), 3a cuer
pasnoxenus Au(HS),” xommiekca, u prytu (5.6-10* m),
BCJIEZICTBHE HACBIIIEHHUS PAacTBOpa aTOMapHOW (OpMOi,
Hg%,, 0e3 ocakneHus KWHOBapu. B JaHHOM ciydae
MIPOMCXOIUT 00Pa30BaHNE aMalbl'aMbl 30J10Ta.

BaxxHO OTMETHUTH, YTO AJIS XIOPUIHO-OMKapOOHATHO-
HaTPHUEBBIX PACTBOPOB, MUCIOIb3Ys MOAEIb U30TEPMHUUE-
CKOTO KWIICHHMS, OXJIQKAECHUS M KOHICHCALMH Ia30BOH
¢asbl, conepxameit Hg..; 1 H»S.q.;, ycTaHoBIEHO COB-
MECTHOE OTJIO)KEHHE PTYTHCTOTO 30JI0Ta U KHHOBApH.

IloBenenue 3o0n0ta M pryru B pacrtBopax III u IV
XJIOPHJHO-HaTpHeBO-KalblmeBoro  coctaBa (Tabm. 3)
MI0KAa3aHO Ha OCHOBE MOJIETM H303HTAJBIIMUECKOTO KH-
nenust. Mogensnsie pactBopsl I u IV npu ¢ =250°C u
P=34 u 38 6ap (Eh=-0.57, —-0.58 B, pH=6.0 u 6.2
COOTBETCTBEHHO), HaXOJWINCh B PaBHOBECHH C IHPPO-
THHOM, KaJbIWUTOM, IMPUTOM M KBapIeM, HO HE Hachl-
wenst Hg’,, (Puc. 4, 5).

[Ipu mocTmKEeHUU HABICHHUSA Ta30BOTO HACBIIICHUS
34.6 6ap (mns pactopa III) u 39.9 6ap (mist pacTBOpa
IV) npoucxoauT BCKHUITaHUE PACTBOPOB ¢ 000COOJICHHU-
eM razoBoii dassl (CO,, CHy4, HoS u np.), conepixkarieit
Hg..; (Tabm. 5).

B ciyuae peanmzanuu 3TOTO Ipolecca MPOUCXOIUT
JIOBOJIBHO ToNHBIH (okono 100%) mepexon B razoodpas-
Hyl0 pryTh cynbpuaabix ¢opm Hg(ll) n aromapnoit
dopmer, Hg’, mns pacreopa IIl u Tonmeko 50% — st
pactBopa IV, KOTOpBIi HMEET BbIlIE KOHLEHTPALHUIO
cynbdunHon cepbl (mus =0.1) U, B CBA3M C TUAPOIH-
30M, PacTBOP CTaHOBHUTCsI OoJiee menounbM (Tabm. 3).
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Taonuua 5. Cooeporcanue (-lgm) nekomopvix KomMnonenmoe
6 2a306bIX (hazax u pacmeopax npu oxnax3coenuu
pacmeopoé om 250 0o 110°C (modensv uzosnma-
JbRUYECKO20 KUNEHUA)

P=34.6-1.0 6ap

P=39.9-1.0 6ap

Komrio- (Pactsop III) (PactBop IV)
HCHTBI Bopnas I'azoBas Bopnas T"a3oBas
¢aza ¢aza ¢aza daza
H0 -1.744... 2.88... —-1.744... 2.87...
—-1.604 -1.19 —-1.600 -1.21
1.93 - 4.40 - 2.02 - 5.50 -
0> 5.14 1.96 8.88 5.78
CHa 3.50— 5.04 - 3.52- 520-
9.55 4.87 10.14 5.70
S 233 - 4.79 — 1.30 - 3.90 -
5.24 2.11 4.11 1.21
He 3.83— 6.44 — 3.19- 8.15-
7.34 3.85 4.34 4.11

Ipu ¢ =240°C, P=27.6 6ap u pH = 5.4 ormaraercs
OCHOBHasi macca 30jiota u3 pactsopa IIl npu paznoxe-
Hun Au(HS),” xommuiekca, corimacHo ypaBHeHHIO (2),
MIPH MTOHWKEHUH KOHIIEHTPAINH CYJIb(OUIHON Cephl MpH
00pa3oBaHUM CYJIb(DUIHBIX MHHEPAJIOB K BCJCICTBHE
nepexoja CepoBoJioposia B rasoByto ¢asy. [lpu manb-
HEHIem OXJIAKACHUU PACTBOPA U NOHMIKCHUN NaBJICHUSA
ot 27.6 mo 1.0 6ap u m3menenun pH ot 5.0 mo 6.6 (cien-
crBue nerazaunu COy) pu 110°C n HUXKe, U3 pacTBOpa
OCaX/TaeTCsl KWHOBAPh 33 CYET OCTABIIUXCS CYJIb(OUIHBIX
t¢opm Hg(Il), HO, B OCHOBHOM, 3a CUET KOHICHCAINH
ra3oBoit (asbl, cogeprkamieit Hg.., 1 HaS.q; (peakmms (3)
(Puc. 4). Peanm3zanus maHHOW MOJENN KWUTICHUS TPUBO-
JIUT K YMEHBIICHHIO MacChl PacTBOpPa M KOHIIEHTPHUPOBA-
HHIO OCHOBHBIX KOMIIOHEHTOB pactBopa (Na* ot 1.0 mo
2.7 m; CI" ot 5.0 10 6.9 m; Ca*" ot 1.5 1o 2.1 m; Ba*" ot
1.5-107° 0 2.1-10° m).

W3 monensHoro pacteopa IV (Tab6m. 3) camopoaHoe
30JI0TO U KMHOBaph OTJIAraroTCsi Ha MPOTSXKEHUH BCETO
npolecca M303HTAJIBIINYECKOTO KHIICHHS M TIOCIENyI0-
IIEr0 OXJIKIECHUS] OCTATOYHOTO pacTBOpa MpH MOCTOSH-
HoM naBneHun P =1 06ap (Puc.5). Cnemyer orMeTuTs,
4TO 3HAYMMOE COIEPKAHME 30I0Ta (Mmay=2.2-10°) B
pactBope IV coxpansercs B pacTBopuMOl  (opme
Au(HS),", Bmnots mo temnepatypsl 100°C (Puc. 5), aro
BBI3BAHO  IIOBBIIICHHOW  IMEJIOYHOCTBIO  pacTBOpa
(pH =28.7) u mpucyTcTBHEeM B pacTBOpE BBICOKMX KOH-
neHtparmii HS™,,, Ha mopsimok BbIIEe, 4eM B PacTBO-
pe III, uro mpuBOAWT Takke W K 00Jee WHTCHCUBHOMY
00pa3oBaHuIo CyabpuIHOro Kommiekca prytn (HgS,>)
U ero Oombiell ycTOWYMBOCTH B  pactBope IV
(Puc. 5a, 0).

[Mocnenyromee OXJIAXKIAEHUE OCTAaTOYHOIO PacTBO-
pa IV mpu nocrossuHOM naBienun 1 6ap (Tao6um. 3), eme
JIOCTaTOYHO KOHIICHTPUPOBAHHOTO IO 30JI0Ty (32 CYET
komiutekca Au(HS),) u prytu (mpeuMyniecTBEeHHO, B
dopme HgS»?"), MpHBOAUT K OCAXKIECHUIO CAMOPOIHOTO
30s0Ta 1 kuHOBapu (Puc. 5B, 1).

Ynanenue BOABI NPU HW303HTANBIINYECKOM KHUIICHUU
pactBopa IV, Takxe, kak u 1151 pactBopa III, npuBoaut
YMEHBIICHUIO MACChl PAaCTBOPA M HOBBIMICHUIO KOHIICH-
TpalMyu B HEM OCHOBHBIX KoMmmoHeHToB (Na' ot 2.0 no
2.8 m, Cl ot 3.0 10 4.2 m, Ca** ot 0.5 10 0.7 m).
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(a) (6)
Pacteop (III)
1
-lgm sm
............................ , HgSHS
4 —] . Hg,, 3 e Hgorq
. Hgs;”
. Au(HS);
-,» Hg(HS),
6 — K
______________ Hgm -
------- . Hgm
8 —
_____________ HgS;
--- Au’
10
[ | 110 150 200 250 t,°C
50 100 6.2 5.8 5.0 6.0 pH
6.7 6.6 20.57 Ehs
(8) (r)
5 CaCo,
c CaCo, L
-\ FeS, FeS
HgS FeS, [
4 — _
6 — | Au’
g — _]
//
10 J | T T
50 100 110 150 200 250 1,°C

Pucynok 4. Konuyenmpayuu (—lgm) oomunupyrouwjux xumuueckux ¢popm pmymu u 3o0noma ¢ pacmeope I xnopuono-nampueso-
kanovyuesozo cocmasa (Taon. 3) ¢ 3aeucumocmu om pH u memnepamypot: (a), (6) om 250 oo 110°C (moodenv uzo-
Iumanvnuueckozo kunenus), om 110 0o 90°C (mooenv oxnarxicoenus npu P =1 6ap), om 90°C u nusxnce (mooenv Kon-
Odencayuu 2a3z0801 gaszvy); (8), (2) omaoIHcenue MUHEPATLHBIX (A3 NPU OCANCOCHUU CAMOPOOHO20 3010MA U KUHOGAPU

O0pazoBaBiiascsi NpU KUIIEHUU XJIOPUAHO-HATPUEBO-
kanbiueBblx pactBopos Il u IV razoBas ¢daza, comep-
xammast Hg..;, HoS, CHy (Tabmn. 5) Oblia CKOHICHCHPOBa-
Ha NPH OXJIXKJCHUH W TIOCTOSIHHOM jaBieHuu | 6ap 1o
OCaXJIeHUsl KuHOBapu M rpadura npu 60°C, 4ro xapak-
TepHO Tonmbko st pactBopa Il (Puc. 4). 13 menodnoro
pactBopa IV npu HM303HTAJIBIIMYECKOM KUIEHUH IOCTH-
raercsi Mepexoi] PacTBOPEHHOW PTYTH B Ta30BYyIO (a3y
TOJIbKO 110 50% OT ee oO0Imel KOHIEHTPAlMd B CHCTEME
(Tabu. 5), a gpyrast 4acTb PTYTH HAaXOAUTCS B paCTBOpPE B
BHIE CynbduaHoro komrmiekca, HgS,? (Puc. 5a, 6).

B naHHOM ciyyae He HPOMCXOIUT OOpa3OBaHHS
rpaduTa, a oOTJIAaraercs M3 pacTBOpa  KaJbLUT
(Puc. 5B, 1), ueMy CHOCOOCTBYET IICIIOYHAS cpejia IpU
Ipolecce KHUIIEHUS M MOTEpH JBYOKHUCH YIJIEpoja.
Bo3moxHOe noBelnenne KoHueHTpanuu Ca>* Bo3HuKa-
€T NpPH B3aUMOJICHCTBUM BBICOKO XJIOPHIHBIX THAPO-
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TePMaJIbHBIX PACTBOPOB C BMEMIAIOIIMMH KapOOHAT-
HBIMHW IOpOJJaMHU.

Urak, U3 XJI0pUIHO-HATPUCBO-KATIBIUECBEIX PACTBOPOB
TPU COBMECTHOM HaXOXKJICHUU B HUX 30JI0Ta M PTYTH MPH
W309HTANBITIYECKOM KHUTICHUH U OXJIAXKICHUU PacTBOpa OT
250 mo 110°C ocaxxmaercs 30110T0, He coneprkaiee Hg, u
KAHOBaph. Kpome TOro, OTJIOXKEHHE ATUX MHHEpAllOB
MPOJIOJDKACTCS W TIPH AaibHeHmeM oxiaxkaeHnu ot 110
1o 40°C ocrarouHoro pactBopa IV mpu P =1 6ap u npu
KOHJICHCAIIMK 00pa30BaBIIIEHCs ra30BoH (a3bl.

IIpu mpocToM OXJIaXKIEHWH TOMOTE€HHBIX PacTBOPOB
XJIOPUHO-HATPUEBO-KAIBIIUEBOTO COCTaBa KpPOME IHp-
pOTHHA, KBaplia, KaJIbI[UTA, TUPUTA OCAKIAIOTCS: KHHO-
Bapb, B uHTepBasie Temmeparyp 240 —200°C, 3a cuer
cynsduansix popm Hg(I) u aromaproit popmer Hg’,, n
30JI0TO MPU JabHEHUIIEM TOHIDKCHHH TEMIIEPaTypHI 10
100°C u HMXe, COrTIaCHO YpaBHEHHIO (2).
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(a)
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Pucynok 5. Konyenmpayuu (—lgm) oomunupyrowjux xumuueckux ¢popm pmymu u 3onoma é pacmeope IV xnopuono-nampuego-
Kkanvyuesozo cocmasa (Taon. 3) ¢ 3aeucumocmu om pH u memnepamypot: (a), (6) om 250 oo 110°C (moodenv uzo-
anmanvnuueckozo Kunenus), om 110 0o 90°C (moodenv oxnasxcoenusn npu P =1 6ap), om 90°C u nusxce (modenv kon-
Odencayuu 2a30601 asvl); (8), (2) omaoxicenue MUHEPANTLHBIX (ha3 NPU OCAIHCOCHUU CAMOPOOHOZO 30710MA U KUHOGaPU

Kak u3BecTHO, py/nooOpa3oBaHne Ha MHOTHX MECTO-
poxnenusix Au-Hg compoBoxmaercss ¢GpopMHpOBaHHEM
OpEOJIOB OKOJIOPYIHBIX METACOMATUTOB, BO3HUKAMOLIMX
B PE3yJIbTATE BO3ACHCTBUS IMAPOTEPMANIBHBIX PACTBOPOB
Ha BMellarouue kapOoHaTHble moponsl. [Ipouecc B3au-
MOJICUCTBHUSI pacTBOP-NOposa ObLI HPEICTAaBICH TEPMO-
TUHAMUYecKol Moxenbro  (solution-rock interaction)
(Reed, 1998) ¢ wucmomp30BaHHEM METOIAa MHPOTOYHOTO
peaxTopa, KOria U3MCHEHHE COCTaBa CHCTEMBI BEIPaXKacT-
s KaK ()YHKIMS OTHOIICHHS PacTBOP/TIOPOAA, SBIISIOMIAS-
Csl OTHOILICHHEM OOILEr0 KOJIMYECTBA UCXOTHOTO PacTBOpa
K 00mIeMy KOJIMYeCTBY IPOPEarupoBaBIIeH TOPOABI (W/T).
OObI4Has MOJeNib MPOTOYHOIO PEaKTOpa BKIOYAET He-
CKOJIbKO TIOCJIE/IOBATENbHBIX PE3epBYapoB, B KOTOPBIX
(iron] pearupyeT ¢ BMEIIAIONICH TOPOJIOH, B pe3yIbTaTe
Yero M3MEHSETCSl COCTaB caMoro (UIoHIa ¥ M3MEHSEeTCs
COCTaB OTJIArarouieicss MUHEPAILHOH acCOIMalIUH.
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6. PE3YJIBTATBI TEPMOJUHAMMWYECKOI'O
MOJEJIMPOBAHMUSA ITPOLECCA B3AUMO-
JEACTBUS TMJIPOTEPMAJIBHOI'O
PACTBOPA C BMEIIAIOIIMMMH ITIOPOJAMM

MonenupoBaHue COCTaBa METaCOMAaTHUYECKOW KOJIOH-
KH TPOBOAMIIOCH C MOJAEIBHBIM PAaCTBOPOM XJIOPUIHO-
HATPUEBO-KaNbIeBoro coctaa npu ¢ = 100°C (Tabmn. 3;
pactBop V) mpu ero BO3AEHCTBUM Ha BMELIAIOUINE H3-
BECTKOBHCTBIE Iopoabl Au-Hg mectopoxnennit (Twin
Creeks (HeBama) u Cy3nanbckoe (Kazaxcran)) (Tabm. 6).

Pe3ynpTaThl MOIENUPOBAHKS 3TOTO IIPOLECCca Mpea-
craBieHbl Ha PucyHke 5. M0OXXHO OTMETUTh, YTO MOCIE-
JIOBaTEIbHOCTh OTJIOXKEHHS MMHEpPAJIIOB BO BPEMEHHU
MPOUCXOIUT B XOJE PA3BUTHS T'MAPOTEPMAIBHOIO MPO-
1ecca M M3MEHEHUS XUMHUYECKOI'0 COCTaBa M3BECTKOBU-
CTBIX MOPOJ IO Mepe MPOJABMKEHUS dYepe3 HUX MOIEIb-
HOTO PacTBOpa.
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Taonuya 6. Pe3ynsmamut XuMuuecKux anaiu3oe eMeuiaromux ueecmkosucmolx nopood Au-Hg mecmoposrcoenuit (Kapnun-mun)

Topona, iy Ti0, ALO, Fe:05 MnO MgO CaO Na:O K:O P:Os Tom > CO, Ay ‘hwreparypmei
MECTOPOKAECHHE (mac.,%) HUCTOYHUK
TwinCreeks )55 019 406 050 002 081 3882 002 115 005 3142 9958 30.70 0.00003 (Fortuna Kesler, &
(Heana) Stenger, 2003)
(Kovalev, Kalinin,
Cysmamckoe ) 65 0y6 288 235 0.06 334 3618 176 026 009 3053 10037 2842 000003 aumov,Pirajno,
(Kazaxcran) & Borisenko,
2009)
[Ipn BozneiicTBUM ONN3 HEHTPAIBHOTO XJIOPHUIHO- (a)
HaTpHEBO-KAJIBIMEBOTO pacTBopa V Ha nopoxay (mo 10 ) -lgm
MPOUCXOUT OTIOXKCHHE MUPHUTA C TOHIDKEHHEM 3Haue- t=100C

Hus pH pactBopa ot 7.3 mo 4.4, 94TO MPUBOIUT K Oca-
xaeHnto o — HgS npu pasnoxenun cynbGpuaHoi Gpopmbl
prytn, (HgS,*) mo ypasmennio (1). BaxxHo OTMETHTS,
YTO B TPOIECCe B3aMMOJCHCTBHS XJIOPHIHO-HATPHEBO-
KaJIbIIMEBOTO PACTBOpPA C BMEIIAIOIIEH MOPOJION Mpouc-
XOAWT 3KCTPAKIHUS U3 Hee 3010Ta (yBEIWIEHHE KOHLCH-
Tparuu pactBopa no Au(l)), a 3aTeM nMeeT MecTo oca-
XKIIEHHE CaMOpPOJHOIO 30JI0Ta IPU PAa3IOKEHUH KOM-
mwiekca Au(HS),™ (ypaBuenue (2), Haxojs1Ierocs B pac-
TBOpPE, B TMAPOTEPMAJIbHO M3MEHEHHON HOpoJe. 30JI0TO
OCaK/IaeTCs BCIIC/ICTBHUE JIETra3alliil CepOBOJIOPOIa B ra3o-
By (azy, comepxairyto takke Hg..;, B KoTOpyIo mepe-
XOISIT, YaCTU4HO, cyib(uansle kommiekcel Hg (II). Ort-

JIOKEHHE 30JI0Ta MPONOJDKAETCA U NPH JaTbHEHIIIEM IIpO- (©)
IBIDKEHUH pacTBopa V depes mopoay o 1000 r (Puc. 5). CaCo,
MHOTHe peakiuy, IPOUCXOIAIINE B 30HE N3MEHEHHS n
B
MOPOJI OKOJIO TMAPOTEPMAIBHBIX XKHJI, IPUBOAT K T0- X e -
) S
HIDKEHHIO B PacTBOpPE MPOTOHOB Bojopona HY, koTopeie opuT

CepuIuT
samemaroT katuonel K'Y, Na', Mg?" u Ca’" B G0KOBBIX p%oﬂm ﬁw
nopozaax (Kholland, 1970) u npoucxoaurt noBbllLIeHHUE CaMgC(COQZ
pH mogenbHoro pactsopa V. mo 5.7. Takoe cHuKeHue ? Fes,
KOHIIeHTpaluu npotona H npuBoaut k nossimennto pH
pacTBOpA U BBI3BIBAET OCAXKICHUE KApOOHATOB (KaJIbLHTA
u nojomura) u3 pacrsopa V (Puc. 6).

LleonuTsl B CIaGOKHUCIBIX YCIOBUSX JOCTATOYHO He-
YCTOWYHUBBI M MOTYT Pa3larathCsl HA XJIOPHTHI U KaOJH-
HUT. Pe3ybTaThl JAHHOTO MOACIHPOBAHUSI IOATBEP AN
HAKOIUICHHME B  pAacTBOPE  XJIOPUAHO-HATPHEBO- l“
KaJbIMEBOro cocraBa KatmoHoB Ca*' mpu Bzammoseii- 3
CTBHH BBICOKO XJIOPHAHBIX IHAPOTEPMAIBHBIX PACTBOPOB
C BMELIAIOIINMHU KapOOHATHBIMH TIOPOJAMH.

HgS
6 Au’

1 T
1 2 3 Igw/r

(=)

Pucynox 6. Konuenmpayuu (-Igm) oomunupyrowux xumuue-

7. BBIBO/IbI CKux ¢hopm pmymu u 30n0ma ¢ pacmeope V xno-
puono-nampuego-kanvyuesozo cocmasa (Taon. 3)

B pesynbraTe KOMIBIOTEPHOIO TEPMOIUHAMHYECKOIO 6 3asucumocmu om pH npu memnepamype
MOJEIUPOBAaHUS IIOBEAECHUS 30JI0Ta U PTYTU IPU UX COB- 100°C: (a) modensv e3aumodeiicmeus pacmeop-
MECTHOM HaxXOXJECHHM B THAPOTECPMalIbHBIX PacTBOpax nopooa, z20e W —pacmeop, Kz r—nopood, Kz, ¢
XJIOPU/THO-OMKapOOHATHO-HATPUEBOTO M XJIOPHIHO-HAT- wazom ee mumposanus I; (6) omnoscenue mu-

HepanvHbix ¢haz npu ocaxcoeHuu camopooHozo
30710ma u Kunosapu

PHEBO-KaIBIIIEBOTO COCTaBA YCTAHOBJICHO CIIEIYIOIIee.
CoBMeCTHOE OCaxIeHHEe CaMOPOITHBIX 30JI0Ta U PTY-
TH TPOMCXOJUT, IPEUMYIICCTBEHHO, U3 PACTBOPOB XJIO-
pUIHO-OMKapOOHATHO-HATPHEBOI'O COCTaBa, HACKHIIICH-
HbIX atomaproit popmoit Hg’,,. [Tonmkenune Temmnepary-
PBI TIpH TIPOCTOM OXJIAXKIEHHH TOMOTEHHOTO PacTBOpa C

N3 MomenpHBIX XJIOPUIHO-OMKapOOHATHO-HATPUEBBIX
pacTBOpOB B MpoOLEcCe M30TEPMUUECKOTO KUICHUS MPU
BbICOKUX TemImepaTtypax (250°C) ocaxmaroTcsi COBMECT-

BbIcOKNM 3HaueHueM pH (pactsop 1I) BeseT K yBemnue- HO CaMOpOZHBIE 30JI0TO U PTyTh. OOpa3oBaHUE PTYTH-
HUIO KOJIMYeCTBa ocaxaromenics prytu (Hg,) u Kak CTOTO 30JI0Ta U3 JaHHBIX PACTBOPOB BO3MOXKHO M 3aBH-
CIICZICTBHE, COCP)KAHNE PTYTH B 0OPA3yIOLIEMCs 30JI0Te CHUT OT HCXOIHBIX KOHIIEHTPAlMi 3THX 3JIEMEHTOB B
yBeIM4YMBaeTcs, o0pasys ero amaneramy. M3 pactBopa c pactBope. Jlpyras 4acte PTYTH HPH Pa3oKCHHH pac-
Hu3KUM 3HaueHneM pH (pactBop I) npu ero oxnakaeHun TBOPHMEIX (JOPM PTYTH ¥ YaCTh paHee BbINABLICH Me-
OCa’KIaeTcsd KMHOBAaph M KOJIIMYECTBO CAMOPOJHON PTYyTH TaJINIECKON PTYTH TepexoaT B Hg.., a 30;moto0 otara-
pe3ko cHkaercs. B pe3ynbraTe oTiiaraeTcs JMILb 30J10- ercs 3a CYeT JUTHAPOCYIbHAHOrO  KOMILIEKCA,
TO B aCCOLMALUH C KHHOBAPBIO. Au(HS), mpu MOHMXEHWU KOHIICHTPALUHU CyITbOUITHON
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cepsl U notepu pactBopamu H,S,,, mepexoasieit Taxxe
B ra3oByto (¢a3zy. [Ipu 3Tom, B razoBoii daze comepxurcs
ot 45 1o 70% pTyTH OT €e OOIIEro KOJUYEeCTBA B CHCTE-
Me. OXJIaxIeHHe OCTaTOYHBIX, MOCIIE TeTePOreHU3ALNH,
elle JOCTaTOYHO KOHLIEHTPHPOBAHHBIX 30JI0TOM H PTY-
ThIO pacTBOpoB OT 250 10 60°C npu NMOCTOSHHOM JaBiie-
HUH MIPUBOJUT K COBMECTHOMY OTJIOKCHHIO PTYTHCTOTO
30J10Ta ¢ KHHOBapblO, 0OPa30BAHHOW 3a CUET CYIb(HI-
Horo, HgS,?~ KoMIUIekca, M KOHAEHCAIIUH Ta30BOi a3k,
conepxameit Hg..; 1 HaS.q;, Tpu HU3KHX Temmeparypax.
Takum o0pazom, IS XJIOPUAHO-OMKapOOHATHO-HATPUE-
BBIX PAaCTBOPOB, COIJIACHO MOJEIH H30TEPMUYECKOTrO
KUTICHHS, OXJIAXKJCHUS M KOHJICHCAIMH Ta30BOil (hasbl,
YCTaHOBJIEHO COBMECTHOE OTJIOKEHHE PTYTUCTOT'O 30JI0-
Ta W KHUHOBapu, BECbMa XapaKTEpHOTro Uil 30JI0TO-
PTYTHBIX MECTOPOXICHHH.

Jist 67113 TOBEPXHOCTHBIX MECTOPOXKICHUH aKTyasb-
HBI TIPOLIECCHl HA OCHOBE M309HTAIBITNYECKOTO KHUITCHUS
pactBopoB. IIpucyrcTBre OONBIIMX KOJMYECTB XJIOPHI-
MOHa W Cynb(puUAHOW cepbl B pacTBOPaX XJIOPHUAHO-
HaTPHEBO-KAJBIIEBOTO COCTaBa IPEISTCTBYIOT 00pa3o-
BaHMio camoponHod pryta (Hg,). Ilpm peanuzammm
3TOro0 Mpolecca MPOUCXOIUT YACTHUHBIN MEPEX0 PTyTH
B Hg..; (50 —98% ot ee oOuieli KOHIIEHTpaLUU B CUCTE-
Me) u3 cynbpunHbix kommuiekcoB, Hg(HS),, HgSHS™ u
aromapnoit gopmer, Hg’,,. OGpazosaBmascs npu rere-
pOTEHHU3allMM pAacTBOPOB TasoBas (asza, copeprKaras
Hg..; u HS.s, KOHIEHCHpYyETCS NMpU OXIKICHUH 10
OCAXJCHUSI KMHOBAapH. M3 MOIENBHBIX PacTBOPOB XJIO-
PHUIIHO-HATPUEBO-KANBLHEBOTO  COCTaBa  CaMOPOIHOE
30JI0TO ¥ KMHOBAPh OCAKAAINCH HA MPOTSDKEHUH BCETO
MIPOIECCa M303HTAIBIINIECKOTO KHUIEHUS M MOCIEAyIo-
LIETO OXJAXICHUS PAacTBOPOB IPH MOCTOSHHOM IaBle-
Hun (P =1 06ap). B xome mpocToro OXJaxIeHUS ITHX
pactBOopoB oT 250 mo 60°C mpoucxoauT oOpazoBaHue
ananoruysoii acconmaruu Au’ ¢ o — HgS.

Beicokass pacTBOpMMOCTB 305l0Ta B HHTepBalie
200 — 100°C onpenensieTcsl MOBBIIIEHHOW MIEIIOYHOCTHIO
THIPOTEpMANIBHBIX pacTBOpoB (1o pH = 8.7 u BhImIe) 1
ycrolunBoCTBhIO auruapocyiabduanoro, Au(HS),  kom-
IUIEKCa B 3THX YCJIOBHSX, YTO OOECIIEUNBAET TPAHCHIOPT
3osi0Ta B obsacte HHU3koTeMmneparypuoro (100°C) pyno-
OTJIOXKEHUS, XapakTepHoro At Au-Hg mectopoxneHuit.

[TomydeHHBIE NAaHHBIX XOPOLIO COTJIACYIOTCA C pe-
3yJIbTaTaMH MU3YYEHHS 30JI0TO-PTYTHBIX MECTOPOXKICHUM,
MOKa3aBIIMMH, YTO BBICOKHE COJIEpPKaHWS PTYTH Xapak-
TEPHBI JIAIIb JUIS 30J10Ta, 00pa30BaBIIETOCS U3 TOMOTEH-
HBIX pacTBOpoB. C rereporeHm3anuell pacTBOPOB CBsI3aH
nepexoq 10 45 —98% pacTBOpEeHHON PTYTH B Ta3oBYIO
¢azy, B ¢popme Hg.q;, 4TO TIPU yCIIOBUU pa3ziesIbHON MH-
rpanuy KUAKOH M Ta30Boi (a3 ruApoTepMalIbHbIX (iIro-
WJIOB ONpeJelsieT NPOCTPaHCTBEHHOE 000co0IeHUE 30I10-
TO-PTYTHBIX ¥ PTYTHBIX MECTOPOXKICHHH.
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RAN “Feya”.

ABSTRACT (IN RUSSIAN)

Heuas. [IpoBeneHne KOMITBIOTEPHOTO TEPMOJMHAMHYECKOTO MOAEIHPOBAHUS MOBEACHHS 30JI0Ta M PTYTH NPH HX
COBMECTHOM HAaXOKJECHHH M 00pa30BaHMs PTYTHCTOTO 30JI0Ta B THApOoTepMaibHbIX pactBopax CI-—HCO; —Na' u
CI"— Na'" — Ca?" cocrasa ¢ ucrons3oBarueM mporpammsl “Chiller”.

Metonuka. B kauecTBe HCXOAHBIX JAAQHHBIX JUII MOJCIHPOBAHUS HCIIONB30BaHbI (PU3MKO-XUMHUYECKHE MapaMeTphl
Py0OOpa3yIoUX PAacTBOPOB, MONYYEHHBIE HA OCHOBE M3YYCHUs (IIOMAHBIX BKIIOYEHHH pyn O1M3 MOBEPXHOCTHBIX
Au-Hg MecTopoxeHuii, MeroJiamu TepMo0aporeoxumun (tepmomerpust, kpuomerpusi, KP-cniekrpockonus, ICP-MS-LA).
Bricokas metamuioHocHoCTh ruaporepM o Au(l) B untepBasie Temneparyp 200 — 100°C ompenensercs MOBBIIIEHHON
IIEJIOYHOCTBIO M'MPOTEPMAIIbHBIX PACTBOPOB M YCTOMYHMBOCTBIO AuTHApocyibduanoro, Au(HS),  kommuekca B aTHX
YCIIOBUSIX, YTO O0ECHeYMBaeT TPAaHCIOPT 30JI0Ta B 00jacTh Hu3koremmeparypHoro (150 —100°C) pynootioxeHus,
xapakrepHoro a1 Au-Hg mectopoxnenuii.

PesyabTaThl. Ha ocHOBE TaHHBIX TepMOOapOre€OXUMUYECKUX HUCCIIEJOBAaHUH, paHee MOJIy4YeHHbIX, 1 TEPMOJIMHAMHU-
YECKOTr0 MOJEIHPOBAHUS BBISIBICHBI TJIABHBIE T€OJOTHYECKHE M I€OXMMHUECKHE YCIIOBHS IPOSIBICHUS M BBIICHEHBI
(U3UKO-XUMHUYECKHE (PaKTOPBI, OIPENEIIAIOMNE OTI0KEHHE 30710Ta C PA3ITMYHBIM COAEPKaHNEM PTYTH.

Hayuynas HoBM3Ha. KoMmbloTEpHOE TEpMOAMHAMUYECKOE MOJEIMPOBAHHE COBMECTHOTO moseaeHus Au u Hg B
THAPOTEPMATILHOM IIPOLECCE MO3BOJIMIO BBIABUTH CIELM(PHUKY (H3NKO-XMMHYECKUX MapaMeTpoB yCIOBHH 0Opa3oBa-
HUsI KOMIUIEKCHBIX 30JI0TO-PTYTHBIX py[. Brepsble Ha OCHOBE COOCTBEHHBIX M JMTEPATYPHBIX JAHHBIX YCTaHOBJIEHO
cBOeoOpa3me coCcTaBa CaMOPOJHOTO 30JI0Ta AJsI pasHbIX TUIOB Au-Hg mecToposkaenuit. ITomydyeHHble B X01€ HCCIIENO0-
BaHUM pe3ysbTaThl MO3BOIMIM CYHIECTBEHHO PACIIMPUTh UMEIOIIHECS MPEICTaBICHHUS O UX T€He3UCe, YTO BAXKHO I
pa3paboTKy reHeTHUECKUX MoJielield pynoo0pasyronux cucreM Au-Hg MecTopoxieHui.

IIpakTyeckast 3HaUMMOCTBh. COCTaB 30J10Ta U COAEPIKAHUE B HEM PTYTH MOXKHO HCIIOJIb30BaTh B IMPAKTHKE MOUC-
KOBBIX Pa0OT B KaueCcTBE KPUTEPHS MOUCKA OJHOTO U3 TIEPCIEKTHBHBIX ITPOMBIIUICHHBIX THIOB 30J0ThIX pyA (Kapmun-
THIT) — TOHKO BKPAIUICHHOT'O 30JI0TO-PTYTHOTO OPYZAEHEHHS, a TaKkKe TIIyOMHBI (OPMHUPOBAHMS U OLIEHKH YPOBHS 3pO-
3HMOHHOI'O Cpe3a PyHBIX TEIL.

Knrouegvle cnoea: 3o10mo-pmymusle Mecmopodicoenus, @aouonvle GKIIOUeHUs, CcOCmag 2UOPOMepMalbHbIX
pacmeopos, mepmoOuHamuiecKue Mooeu

ABSTRACT (IN UKRAINIAN)

Mera. [IpoBeneHHsI KOMIT FOTEPHOTO TEPMOANHAMIYHOTO MO/ICTIOBAHHS MOBEIHKK 30JI0Ta 1 PTYTI MpHU iX CHiIEHOMY
3HAXOIPKEHHI i yTBOPEHHS PTYTHOTO 30J10Ta B TigpoTepmanbaux posunHax CI-— HCOs;™— Na' ta CI-— Na' — Ca?' cknany
i3 BuKkopucTanusam nporpamu “Chiller”.

MeTtoanka. B sKOCTI BUXIIHUX NaHUX JUIS MOJICIIOBAHHS BUKOPHCTaHI (Di3MKO-XIMIUHI ITApaMETPU PYyI0yTBOPIOIO-
YMX, OTPUMaHI Ha OCHOBI BMBYEHHS (DIFOTTHHMX BKJIIOUEHb pyJ MoOJM3y moBepxHeBHX Au-Hg popoBwuii, meroaamu
TepMobaporeoximii (Tepmomerpis, kpiomerpisi, KP-cnekrpockomnis, ICP-MS-LA). Bucoka MeTaJoHOCHICTb TiipoTepM
3a Au(l) B inTepBani temmeparyp 200 — 100°C Bu3Ha4YaeThCs MiJBHIICHOIO JIYKHICTIO T'JIPOTEPMAIHUX PO3YMHIB 1
cTifikicTio aurigpocyibdigtoro, Au(HS), kommiekcy B mux ymoBax, IIo 3abe3nedye TpaHCIIOPT 30JI0Ta B 00J1acTh
HU3bKoTemIiepatypHoro (150 — 100°C) pynoBiaknaaeHHs, xapakrepHoro 1 Au-Hg pomoswm.

PesyabTaT. Ha ocHOBI maHNX TepM0OapOreoXiMiqHUX MOCITIIKEHD, PAaHIIIe OTPUMAHUX, 1 TEePMOAUMHAMITHOTO MO-
JIEITFOBaHHS BHUSBIICHO OCHOBHI I'€OJIOTiIYHI Ta Te€OXiMidHI YMOBH IMPOsBY i 3’scoBaHi (i3nKo-xiMiuHi (pakTopu, 10 BH-
3HAYAIOTh BiJIKJIQ/ICHHS 30JI0Ta 3 PI3HUM BMICTOM PTYTI.
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HaykoBa HoBu3Ha. KoM’ toTepHE TepMOaAMHAMIYHE MOJICIIOBAHHS CHUIBHOI moBeainku Au i Hg y rigporepma-
JIFHOMY ITPOIIECi JO3BOJIMIIO BUSBUTH clieluiky (i3MKO-XiIMIYHUX MapaMeTpiB yMOB YTBOPEHHS KOMIUIEKCHUX 30J10-
TO-PTYTHUX pyJ. Briepiie Ha OCHOBI BiacHUX 1 JIiTepaTYpHUX JIaHUX BCTAHOBJIEHO CBOEPIJHICTH CKIIaly CaMOPOJHO-
ro 30J10Ta JuIs pi3HUX THHiB Au-Hg ponosum. OTpumani B X0/ TOCITIKEHb pe3yIbTaTh JO3BOJIMIN iICTOTHO PO3LIH-
PUTH HasiBHI ySIBICHHS II0J0 iX FeHE3HCy, 110 € BaXKIMBHUM JUIsl PO3POOKM T€HETUYHUX MOJENell pya0yTBOPIOIOYNX
cucreM Au-Hg poxoBuii.

MpakTnyna 3HaYuMicThb. CKIIa 30JI0Ta Ta BMICT Yy HOMY PTYTi MO’KHa BUKOPHUCTOBYBATH B MPAKTHIII ITOIIYKO-
BHX POOIT B SKOCTi KPUTEPIiIO MOIMIYKY OJHOTO 3 MEPCIEKTHBHUX IPOMUCIOBUX THUIMIB 3010THX pyxn (Kapmin-tum) —
TOHKO BKPAIUICHOTO 30J0TO-PTYTHOTO 3pYIHIHHS, a TAKOX TTTHOMHA (POPMYBaHHS Ta OLIHKH PiBHA €pO3IHHOTO 3pi3y
PYAHHUX TiJ.

Knrwuosi cnosa: 3onomo-pmymui podosuwa, (puioioni Kouents, Ckiad 2iopomepmMaibHux po3YuHie, mepmoouna-
MiuHi MOOeni
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