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AnHOTamus. AKmyaasHocms, [Ipo6ieMa U3ydyeHHUs MeTa/JIOOPTaHUYeCKUX COeJUHeHUH B yriaedULUPOBAHHBIX U yTJepo-
JUCTBIX BellleCTBaX AIBJISAETCS YaCTbIO IJ106aJbHON MP06JIeMbl CTPOEHHUS NPUPOJAHBIX MaTepHUaIOB U3 PACTUTE/bHbIX OCTAT-
KOB U NpOsIBJIeHUs] PyJloTeHe3a B OPraHUYeCcKUX 0CaJ0OYHbIX OT/0XeHHUsAX. [laHHas mpob/ieMa oxXBaTbIBaeT psiJi BOIPOCOB,
Cpein KOTOPBIX 0C060 OCTPO CTOUT BONPOC GOPM HAXO0K/JeHHUS TOHKOAMCIIEPCHOTO 30JI0Ta B BU/je MeTa/JIOOPraHU4eCcKuX
Coe/IMHEHUH B MeTa/JIOHOCHBIX YIJISIX U C/IaHLaX, U 0CO6eHHO 3TO KacaeTcs KPYNHbIX 30JI0TOPYAHBIX MECTOPOXeHUH yep-
HOCJIAHLIeBBIX ToJI. I]e/1b: N3y4uTh B3aUMOCBA3M CeIUMEeHTAlM1 OPraHUYeCKUX 00pa30BaHUM U pyjoreHe3a B YepHOCIaH-
IIeBBIX OTJIOKEHMSX Ha mpuMmepe BepHuHckoro mectopoxkieHus (I[laTomckoe Haropbe, fkyTHs). C moMolibio anmapaTHO-
nporpammHoro komiiekca CKAY®B coBmectHo ¢ MeTogamu UCII-MC u MHAA, no3BoJISIOUIMMU OLIEHUT CTENEeHb KOHIEH-
Tpanuu Au B yrepoAucTOM BelllecTBe, 000CHOBATh BO3MOXKHOCTb ONpefiesIeHUsI MeTalJIOOpPraHUuYeCKUX COeIMHEHNUH 30J10-
Ta, 3HAYMMOTO B NpOIleccax ceJUMeHTOreHe3a, IUToreHesa U anureHesa. Memoduwi: Meto bl MK-cneKTpocKkonuu, HHCTPY-
MEHTa/JbHOTO HEHTPOHHO-aKTUBAILMOHHOTO aHaiu3a (MHAA) u Macc-cieKTpoMeTpUH ¢ MHAYKTHBHO-CBSI3aHHOM IJIa3MOM
(MCII-MC). Pe3ys1bmambul. YCTaHOBJIEHO, YTO aNapaTHO-nporpaMMubiid komiiekc CKAY®B coBmecTHO ¢ MeTogamu WCII-
MC u UHAA no3BoJisieT 60Jjiee OCTOBEPHO 0603HAYUTD POJIb OPTAaHUYECKOT0 BELIECTBA B MPOIECCE MPOsIBJIEHUs METACOMa-
TU3Ma. B py/AiHO! 30He HaMeueHa TeMIepaTypHas 30HAJbHOCTb U CBsI3aHHAsl C Hell NMOBbILIEHHAs KOHILEHTPALUs 30JI0Ta.
Jlist onpejiesieHHUs: MeTalJIOpraHMYeCcKUX coeJUHeHUH Au 6blIM BbIGpaHbl CTPYKTYpPHO-reHeTH4ecKre nokasatesu (1M, Ko,
[ves, [1]), oTpakaromue cTeneHb BIUSHUSA NPOIECCOB CeAUMEHTALNHY, iMareHe3a, KaTareHe3a 1 aNUreHe3a Ha KOHIEHTpa-
1y Au B yriepoguctoM BeliecTse. [lo 3TUM nokasaTesiiM onpejesisi/id YpOBeHb TeMIlepaTypHOTO BO3/leMCTBUA Ha oca-
JIOYHbIe OTJIOXKEHHS MPOLeCCOB PErMOHATBHOTO MeTaMopdHU3Ma U OKOJIOPYAHOI0 MeTacoMaTH3Ma. B cBA3HM ¢ 3TUM B pyA-
HOH 30He ObLJIY YCTAaHOBJIEHbI O/A30HbI KOHIleHTpaL U Au, 06yCJI0OBJIeHHble TeMIIepaTypHOM 30HaJIbHOCTBIO B BU/le MPOSIB-
JleHUsl JIOKaJbHOT0 MeTacoMaTU3Ma, Ha KOTOPbIN OKa3blBaJl BAUsIHME 6eJIKOBO-)KMPOBOM COCTaB pacTeHUH — o6pa3oBaTesieit
yIJ1epoAuCTOro BellleCTBa.

KiwuyeBbie cioBa: MeTa/lZIOOpraHuvdeckrue coejuHeHud, yrjepoaucToe BelieCTBO, 30JI0TO, 4YepHble CJIaHIbI, HK-
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Abstract. Relevance. The problem of studying organometallic compounds in carbonized and carbonaceous substances is a
part of the global problem of the structure of natural materials from plant remains and manifestation of ore genesis in organ-
ic sedimentary deposits. This problem covers a number of issues. The most pressing one among them is the form of occur-
rence of finely dispersed gold in the form of organometallic compounds in metal-bearing coals and shales. This is especially
true for large gold deposits of black shale strata. Aim. To study the relationship between sedimentation of organic formations
and ore genesis in black shale deposits using the example of the Verninskoe deposit (Patom Highlands, Yakutia). Using the
SKAUFV hardware and software complex together with ICP-MS and INAA methods, which allow one to assess the degree of
Au concentration in organic matter, to substantiate the possibility of determining organometallic compounds of gold that are
significant in the processes of sedimentogenesis, lithogenesis and epigenesis. Methods. IR spectroscopy, instrumental neu-
tron activation analysis (INAA) and inductively coupled plasma mass spectrometry (ICP-MS). Results. The authors have de-
termined that the SKAUFV hardware and software complex, together with the ICP-MS and INAA methods, makes it possible to
establish the role of organic matter in metasomatism and to identify temperature zonality and the associated gold concentra-
tion in the ore zone. To determine the organometallic compounds of Au, structural and genetic indicators (Pm, Ko, Py, Pi)
were selected. These indicators reflect the significance of sedimentation, diagenesis, catagenesis and epigenesis on Au con-
centration in organic matter. These indicators made it possible to assess the level of temperature impact on sedimentary de-
posits of regional metamorphism and near-ore metasomatism. In this regard, subzones of Au concentration were established
in the ore zone, determined by temperature zoning in the form of a manifestation of local metasomatism. The latter was in-
fluenced by the protein-fat composition of plants that form organic matter.
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BBeaeHue

UepHble ClIaHIIbI — 3TO MEJIKO3ePHHUCThIE, TOHKOCIIO-
UCTBIC OCAZO0YHBIC MOPOIBI, OOOTAIIEHHBIE OpraHIYe-
CKHM YIJIEPOJIUCTHIM BEIIECTBOM, B KOTOPBIX Heopra-
HHYECKasi (PPakiusi MOXKET OBITh MPAKTUYECKH 0000
coctaBa [1-4]. UepHocnaHLEeBbIe OTJIOKEHHUS, MPEI-
CTaBJICHHBIC YITIEPOJIUCTHIMA OOpPa30BAHUSMH, UMEIOT
«CKBO3HOE» OCaJKOHAKOIUICHHE OT PaHHETO MPOTEPO30si
JI0 TIo31Hero Me30304 [5]. B HuX copepikaTcs BBICOKHE
KOHIICHTpAIIM! METAIOB 30JI0Ta, IUIATHHBI, cepedpa,
OJTHAKO, HANPUMeEP, YEPHBIC CIIAHIIBI 0aKEHOBCKOH CBH-
TBI SIBJISIIOTCS] TIEPCTIEKTUBHBIM OOBEKTOM JISt 1OOBIYM
VIJICBOZOPOJIOB B KATErOPHH «CIIaHIIeBast He(Th», ocTa-
BasiCh IMPHBIICKATEIBHBIM OOBEKTOM ISl M3YUCHHS 3a-
KOHOMEPHOCTEH UX MeTalIOHOCHOCTH [6—9]. OcHoBHas
npoOiieMa B M3YYCHHH YEPHOCIAHIEBBIX TOJI] — 3TO
OTCYTCTBHE KOMITJIEKCHOTO W3y4YCHHUS YTIIEPOJUCTHIX

BelecTB (YB) B HUX, KOTOpBIE MOTYT COAEPKATh pacce-
ssHHOE opranuueckoe BemiectBo (POB) mo 5 % wmm 60-
nee 5 %, HanpuMep, B YIOMSHYTOH 0a)KeHOBCKOM CBUTE
(mo 15 %). B cBoro ouepesb, caMo OpraHUYEecKOe BeIlie-
ctBo (OB) pasznuuaercss 1mo MarepajbHOMY COCTaBy,
T. K. (JOPMHPOBATIOCH B Pa3HBIX YCIOBHSAX CCIMMCHTA-
UM M TPETepleBalo  pasIUuHbIC  CTPYKTYPHO-
XMMHUECKUE MpeoOpa3oBaHus B Xofe kararenesa [10].

[Ipu nepepaboTKe 30J0TOPYTHBIX MECTOPOKICHHMA
YEPHOCIIAHIIEBBIX TOJI] OCHOBHOC BHUMAHHUE yICISICT-
Cs1 30JI0TY, CBSI3aHHOMY C CyJb()HUaMHu, TOT/Ia KaK TOH-
KOJWCTIEPCHOE 30JI0TO, CBSI3aHHOE C YIJIIEPOIOM, B
HaCTOsIIIee BpeMsI cl1ab0 M3ydaeTcst M He U3BICKACTCS.
Bonee Toro, oOpasyrouecs opraHOMUHEpaIbHbIe OU-
TYMHUHO3HBIE OTXOJBI ITOCJE U3BJICUCHHUS 30J0Ta CTa-
HOBSTCSI OTIACHBIM (DAaKTOPOM 3arps3HEHHS OKPYKaIo-
el cpensrt [11].
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JlpyruM acmeKkToM SIBISIETCS OTCYTCTBHE Ooiee
4ETKOr0 MOHUMAHUS B TAaKUX BONPOCAaX, KaK: PEKOH-
CTPYKIHS CEANMCEHTAIOHHBIX MEXaHH3MOB 00pa3o-
BaHUsI OPraHUYECKOro BEIIeCTBA U BO3HUKHOBEHHUS
MIPOILIECCOB  pyA000pa3oBaHusi; ompeaencHue (opm
30J10Ta U UX HaxoxkJaeHus B cTpykrype OB; ponb me-
TaJIJIOOPTaHUYECKUX COCIUHEHHUH, X CBSI3U C OpraHU-
YECKUMH COCJUHEHHUSIMH, COCTOSIIMMHU U3 KOMOHHA-
muit cesazedd C, N, H, O. K atomy MoxxHO 100aBUTH
OTpaHWYCHHOE MPUMEHEHHEe MeTon0B Ha ocHOBe MK-
cnekrpockonuu (MKC) B u3ydeHUM OpraHHYECKUX
CIIaHILIEB, OJJHAKO 3TOT METOJ UCIIOJIb3YETCs B KAUECTBE
JKCIpECC-aHaNN3a Ul OLIEHKH KayecTBa yIJed Ha
KOKCOXMMHUECKHUX MPOU3BO/ICTBAX.

Ilon TepMHHOM «METANJIOOPraHUYECKUE COEIUHE-
Hust (MOC)» aBTOpPHI TTOHUMAIOT COCITUHEHUS, COMIEp-
Kalue HaIMOJCKYJSIPHBIC CBS3M METalI—yTJIepox B
Buje KnacTepoB. OHM OTHOCSTCS K MEKIUCIUIIHHAD-
HOHM 00J7I1acTH U3y4eHHs yriIeQHUIIMPOBAaHHBIX U YTIIEpO-
JUCTBIX BELIECTB, MO3ULIUOHUPYEMBIX HA CTBIKE HEOP-
TFaHUYECKOW U OPraHMYECKOW XMMUU U MOJIEKYJIAPHON
U cynpamolieKyasipHoi xumuu. ITockonbky Haamorne-
KyJISIPHbIE KOMIUIEKCHl JEMOHCTPUPYIOT YHUKAJIbHBIE
CBSI3U U CTPYKTYphl MeTayuioB ¢ OB [12], neranbHoe
uccnenosanue MOC 3HauUTENbHO NPOJBUTAET MOHH-
MaHHe MHOT000pa3ns XMMHUYECKHX CBSA3eH B BUJIE KJla-
CTEpOB.

YcTaHoBICHHE OHOTCOXUMUYECKOTO NPEeoOpa30oBaHuUs
OB B Bujie METALIOHOCHOCTH TOHKOJUCIIEPCHOTO 3070Ta
U Ipyrux MukposneMenToB ¢ nomotisio MKC [13] cra-
HOBHTCSI MEHEC 3aTPyIHUTCIBHBIM TIPHU HCCIICAOBAHNH
VB, Kak ¥ U3y4eHHe B YIIepoAucCThIX BemectBax MOC
HapsAy CO CTPYKTYpHbIM cTpoeHreM OB. DToT moaxon
SIBJSICTCS] aKTYaJIbHBIM, T. K. BOIIPOC 00pa30BaHMs TOH-
KOJIUCIIEPCHOTO 30JI0Ta A0 CHUX IOp OCTaércst AUCKYC-
CUOHHBIM. TaK, HanpHUMep, CUUTAETCS, UTO B PE3yJIbTaTe
XEeMOCOPOIIMH 30J10Ta U TIATHHBI B YB 00pa3syrorcst me-
TaJUIOOPraHUYECKUE KOMIUIEKCHl 3a CUET KHUCIOPOJICO-
Jepxkanmx (KapOOHWJIBHBIX M KapOOKCHIIBHBIX) COEIH-
HEHMH TPU aKTUBHOM YYacTHH yriieBozoponos [14, 15].
ITpu sToM aprymenTanus [16], 4yro nosiBieHUe MeTaLIo-
(GyanIepeHoB NPOUCXOAWT 32 CUET  OKUCIUTEIHHO-
BOCCTaHOBHUTEIFHOM CpeAbl 3070Ta ¢  (yuiepeHamy,
BEChMa yOCAMTENbHA, KaK M METAUIOTCHUYCCKUE YEPTHI
HauOonee KpPYMHBIX TposiBiIeHUI aHTpakconmura [17],
KOTOpBIE IPOCIEKUBAIOTCS B YTJIEPOAUCTBIX BEILIECTBAX.

B nienom, Mo MHEHHIO aBTOPOB, MOXKHO 00ECIIEUNTh
KOHTPOJIb pyAo00pa3oBaHusl 30JI0Ta IO pE3yJibTaTaM
U3MEHEHUS] CTPYKTYPbl OpraHOMUHEpAJIbHBIX BMeEIIa-
IOLIMX [OPOJ U PYJ, YEPHOCIAHLEBOIO THIIA M COJEP-
KaHMS AU Ha TaKuX MECTOPOXKAEHUsX, kak Cyxoi
Jlor, Bepuunckoe u Yéproso Kopeito. B reomnorunye-
CKOM OTHOUIEHUH CTPYKTYPBI JAHHBIX MECTOPOKIECHUI
UMEIOT CXOJICTBO, MO3TOMY B JIAHHOM CTaThe MPUBO-
JITCA Pe3ylbTaThl UCCIEIOBaHUs PyAHOU 30HBI Bep-
HUHCKOT'O MECTOPOKIECHHS.

Hanpasnenue naHHONW paboThl — 3TO HU3ydEHUE
po0OJIeMBbI B3aMMOCBSI3U CEAUMEHTAIIMNA OPTaHUYECKUX
OTJIOKEHUH W PyAOTEHE3a B YEPHOCIAHIIEBBIX OTIIOXKE-
HUSX Ha TnpuMepe BepHMHCKOTO MeCTOpPOXKIACHUS.
B Heli ocoboe BHuManue ygensetrcs (1) BO3MOXKHO-
CTAM MIPUMCHEHHSI aBTOPCKOTO ammapaTHo-
nporpammHoro komriekca CKAY®B, mo3somsitoiiero
OTIpeICTIATh KOJIUYECTBEHHO KJAcTepbl OpraHUYeCKOn
gactu cTpykTypel 1 MOC; (2) TOHCKy B3aMMOCBsI3EiH
(yHKIMOHABHBIX  CTPYKTYpHBIX emunun (PCE) u
MOC, npeacTaBnsoNMX B CTpyKType Y B kinactepHbie
o0Opa3oBaHus, THTIA KJIATPaThl — (GOPMBI CBSI3M (DYHK-
nuoHanbHBIX Ty (C-N, C-C, C-H) ¢ 3010TOM.

MecTopoxAeHuA YEPHBIX CJIaHLEB U POJIb 30J10Ta
B YIJIEPOJUCTHIX BelleCTBaX

OporeHHble MECTOPOXKICHUST 30JI0Ta, CBSI3aHHBIE C
(hopMHpOBaHHEM MeTaMOP(GUUECKHX CKIIAIYaThiX IOS-
coB, Takue kak Cyxoi Jlor, KymTtop, Mypynray, Kan-
rypiu, Komap u z1ip., SIBISIFOTCS OCHOBHBIMU MCTOYHHKA-
MH 3aI1acoB 30JI0Ta, KOTOPBIE B HACTOSIIEE BPeMs JOObI-
BatoTcs B Poccun u B Mupe [18-24]. B To e Bpems Be-
JyIasi poJib B MUPOBOM JTIOOBIYE 30J10TA MPHHAIICHKHT
OpPOTEHHBIM MECTOPOXK/ICHHSIM, CBSI3aHHBIM C yTIIEPOIH-
CTO-TEPPUTCHHBIMU KOMIUICKCAMU YEPHBIX CJIaHIIEB, U3-3a
MX HIMPOKOTO PACHPOCTPaHEHUst U OoJiee BBICOKOTO PY/I-
Horo moteHnuana [25]. HecMoTpst Ha JONTYIO MCTOPUIO
W3yYeHHS TAKUX MECTOPOKICHHUMN, UX MPOUCXOKICHUE TIO-
MPEKHEMY OCTAaeTCsl TPEMETOM HAYYHBIX JICKYC-
cuif [26-31]. BomaliOMHCKHIA paiioH, PacIOIOKECHHBIA B
Upkyrckoii obiactu Poccuu, siBisieTcss OMHOM M3 KpyI-
HEHIIMX 30J10TOI0OBIBAIOIIMX TIPOBUHIIMK B MUpe. 3a 00-
nee yeM 200-JIETHIOI0 UCTOPHUIO TIOMCKOBBIX Pa0OT 311eCh
Ob110 J00BITO Oosiee 1500 T 30moTa. B Hacrosiimee Bpemst
€ro TIOTEHIMAILHBIE PECYPChl OLICHUBAFOTCS MIPUMEPHO B
4000 T, a rogoBast 100ObI4a 30j10Ta mpesbimaer 20 T [32].
OcHOBHBIE 3amachbl KOPEHHOT'O 30J0Ta JIOKAJIW30BaHbI B
JIOKEMOPHUICKUX OTJIOMKEHHUSIX UYCPHOCIIAHIICBOM (popMa-
mvn Baiikano-ITatoMckoli ckitaa4aroil 30HbL 31echk 0OHa-
pykeHo OoJiee JecsiTka KpynHbIX (Hanpumep, BepHaunckoe
MecTopokaeHre ¢ 3amacamu  okoio 400 T), cpemHux
(nanpumep, YéproBo KopeiTo ¢ 3anmacamu okono 100 T) u
Menkux (Harmpuvep, Oxepelnbe — 5 T) MeCTOpOXKICHUI
30J10Ta, B TOM YHCIIE THUTaHTCKOe MecTopoxkienue Cyxoit
Jlor (oxomo 2000 TonH 30mota u 1500 ToHH cepeOpa)
(puc. 1) [33-36]. B gaHHBIX MECTOPOXKICHHSX BBIICIISIOT-
Csl ZIBa TUIA OpPYJCHEHUs], TIEPBBIA B BUJIC MPOKUIIKOBO-
BKPAIUICHHBIX CYJIL(MHUIHBIX IITOKBEPKOB, M BTOPOH —
KBapIlIEBO-KWIBHBIA C CaMOPOIHBIM 305i0ToM. O0a TuMa
DY/ 4acTo MPOCTPAHCTBEHHO CBSA3aHBI B MECTOPOXKACHHUSIX,
TI09TOMY UM CBOWMCTBEHHBI OT/IEIbHBIE TeHETUIECKHE TIPH-
3HaKM W XapaKTEePUCTUKH, ¥ HEKOTOpBIE M3 HUX paccMmar-
pHBaIOTCA B JJAHHOM CTaThe, HECMOTPSI Ha OOIIMPHBIE Te0-
JIOTUYECKHE WCCIICNIOBAHKS, MOJECIN PYyI000pa30BaHUsI
JUIT MECTOPOK/ICHUM 30JI0Ta YEpPHOCIIAHIIEBOTO THIA B
BonaitouHckoM paifoHe OCTar0TCs CIIOPHBIMU.
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B Hacrosiee Bpemsi CylLecTBYIOT ABE OCHOBHBIE T'H-
MOTE3bl, BKIIFOYAIOIIME MarMaTOreHHO-THIPOTEPMAIbHOE
U METaMOp(OTreHHO-THIPOTEPMATLHOE PYA000pa30oBa-
Hue. CoriacHO MarmMaTtoreHHO-THIPOTEPMAIbHOW TH-
MOTE3€, 30JI0TOE OPYIEHEHUE T'€HETHYECKU CBSI3aHO C
MAJIC030MCKUM TPAaHUTOWJIHBIM MarMaTU3MOM, TOCTY-
KUBIIAM HUCTOYHHKOM THIPOTEPMAIBHBIX (DIFOMIOB U
METaJIJIOB [27, 37-41]. MeramopdoreHHo-
TUIpPOTEpPMalibHas TUIIOTE3a MPENIoiaraeT BeryLIylo
POJb pETHOHAIBHOTO MeTamopdu3Ma Ha PEerpeccHB-
HOM €ro JTalle, IIPH KOTOPOM 00Pa30BBIBAIUCH PYIO-
o0pasyronme pacTBOPBI, a OCHOBHBIC KOHIICHTpAIHU
30J10Ta U CBSI3aHHBIX C HUM KOMIIOHEHTOB HaKaIUIMBa-
JUCh B TOPOJHOM CyOCTpaTe CJaHLIeB U OCaI0YHO-
JnuareHetuueckoM nupurte [31, 42-45].

CyIecTBYIONINE PAa3HOTIIACHA TI0 TOBOJY IIPOWC-
XOXIICHUST MECTOPOXKICHUI YEPHOCIAHIIEBOTO THMA B
3HAYUTETIbHON CTENeHH BBI3BAHBI TEM, YTO J0O CHUX HOP
0CTaeTCsl HePEIICHHBIM BaKHBI BOIPOC O B3aHMMOCBSI-
3 CEIMMEHTAIINH OPTaHWYCCKUX OTIOKEHUH M oOpa-
30BaHUS 30JI0TOTO OPYyIeHEHHsI (MICTOYHUKE 30JI0Ta).

C Touku 3penus poiaun OB B obpazoBaHuM MecCTO-
POXIICHUH 30J710Ta B YEPHOCTAHIICBBIX TONIIAX MOKHO
OTMETHTH clieayromue ocobeHHocTH [46, 47]. Bo-
MEPBBIX, TUIUYHON SIBIISETCS T€OXHUMMYECKasi CUTya-
IUsI, KOTZa B 30JI0TOHOCHBIX YEPHOCIIAHIIEBBIX ITOPO-
Jlax He oOHapyxHBaeTcs NpsiMoil cBs3u 3o1o0ta ¢ OB,

Cxema mecmonosodceHusl 00beKkmoe8 usyveHusi (mecmopoxcoeHus: BepHuHckoe, Cyxol Jloe, Yepmoso Kopwimo) 8

Location diagram of study objects (deposits: Verninskoe, Sukhoi Log, Chertovo Koryto) within the Patom Highlands

Ha OJHHUX W TeX € MECTOPOXKICHUSX BCTPEYAIOTCS
30HBI, Kak oOoraméunele, Tak 1 odequéunsie OB mo
CpPaBHEHHUIO C 30HAMU PYIHBIX KOHLEHTpanui. Bo-
BTOPBIX, B CYIb(HIAX COJCPKAHUE 30JI0Ta BO3PACTACT
B 30HaX BTOPUYHBIX MPEOOPa30BaHMI C OJHOBPEMECH-
HBIM CHIDKEHUEM KOHIIEHTPALM BO BMEIIAIOIIUX I10-
ponax. B-TpeTbuXx, OIpeaeieHo, 4TO MPU METaMOop-
(u3Me MPOMCXOJWT BBIHOC 30JI0TA, HAXOJSIIEIOCST B
accornmaruu ¢ OB (XUMHUYECKH CBS3aHHOTO WJIH COP-
OUPOBAHHOTO).

Taxxe yCTaHOBJIEHO, YTO B MOPCKOM BOJIE€ 3a CUET
BOJIOPOCIIEH TIPOUCXOUT HAKOTICHUE 30JI0Ta B BBICO-
KOW KOHIICHTPAILMH, B YACTHOCTH, adPOOHBIX IPamIio-
JIOKHMTEIbHBIX OakTepuii Micrococcus luteus, obnazga-
IOLUX CIIOCOOHOCTBIO CBSA3BIBATH Au B cpenax [46].
[Tpu 5TOM BBIIEIISIOT YETHIPE CTANN OMOXUMHUYECKOTO
B3aUMOJICUCTBUS OaKTEpUid ¢ 30JI0TOM: 1) paspyiieHue
MHHEPAJIOB 30JI0Ta U €Tr0 BBIHOC; 2) PacTBOPEHUE 30-
JI0Ta, B X0JIe KOTOPOT'O MHKPOOPTaHU3MBbI TIOCTABIISIOT
OpraHuYecKue JIMraHabl, CBsA3bIBarome Au; 3) oOpa-
30BaHKE KOJUIOUIHBIX PacTBOPOB Au; 4) yKpyITHEHUE U
ocaxnienne koyutougHoro Au. Tlocnenssst ctaaus npu-
BOJUT K 00pa30BaHUIO 000JI0UeK «OMOT€HHOI0» BHICO-
KOIPOOHOTO AU Ha TOBEPXHOCTH YaCTHUYEK 30JI0Ta.

OtmeuaeTcs, 4TO KOHLEHTpUpoBaHuEe Au U o0pa-
30BaHUE €0 MECTOPOXKICHHI JIOJDKHO MPOUCXOIUTH B
YCIOBHSIX, KOTJa IEPEeHOC CMEHSETCS OCaKICHHUEM
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BCJICJICTBUE Pa3pyIICHUS] HOCUTENICH B 30HAX IOBBIIIIC-
HUS TEMIIEpPaTypbl. A UMEHHO, NPU y4acTHH KapOOHO-
BBIX, T'YMHUHOBBIX U (DYIBBOKHUCIOT B CTPyKType YB
dopmupyrotes (200 °C) akTUBHBIE KOMIUIEKCOOOpa3o-
BaTECJIM. Dto mponcxoaut 3a cuer MUI'PALIUX 30J10Ta B COCTA-
BE OpPraHOMHHEPAIBHBIX COCIWHEHWUH TyMYCOBOTO M
OMTYMHOTO TPOUCXOXKICHHUSI TIPA TEPMHUECKOW CTa-
OunbHOCTH, KOTOpas He npeBbimaeT 100-200 °C.

C moMoIIbpI0 HEHTPOHHO-aKTHBAIIMOHHOW aBTOpa-
quorpaduy yCTaHOBJIEHO, YTO B 30HAX MPOSBICHUS
BBICOKOTEMITEPATYpPHOTO MPeoOpa30oBaHUs XUMHUYECKO-
0 cOCTaBa MOPOJ W B 30HE METacomMaTh3Ma B PYAO-
HOCHBIX TIOPOJIaX KOHIICHTPAIUSI 30JI0Ta BO3PACTAET,
mocruras 10 *-107 %. BHe 30HBI MeTacoMaTH3Ma B
MopoJiaX CpeHee colepkaHue Au HHU3KOoe (10*5 %), B
OB —3-10* % [46].

Yacto B mopomax OB BwiTecHsieTcs M 00paszyer
KHUIIbHBIC Tesa, B KOTOPbIX OB — 3T0 CHIbHO M3MEHEH-
HBII rpaUTU3UPOBAHHBINA MaTepuajl U B HEM KOHIIEH-
Tparus 30J10Ta CHIXKAETCs J10 4+ 10°% B CpPaBHEHUHU C
OB sHem3menEHHbIX nopojl. To ecth ucxoanoe OB wur-
pajyo posb HOCHTENST Au, a METacOMaTH3M COTIPOBOXK-
nascst BerHocoM 3o10ta u3 OB u ero mepepacnpenerne-

HHEM B MHHEPAIbHYIO COCTABILIIOIIYIO PYIOHOCHBIX
mopon. Takum o0pa3oM, B YCIOBHSAX TEPMHUECKOMH
nectpykim OB 30710TO MEpeXOAHT B AIEMEHTHOE CO-
CTOSIHUE, MPHOOpeTasl CIIOCOOHOCTh K MOCTEIyIoIei
MUTPAILMH, HO YKE B COCTaBE MUHEPAIbHBIX (ha3, U 10
B.1. Bepuanckomy [48],
OB Ha 3TOM 3aBepiiaercs.

«TPaHCTIOPTHAS» (PYHKITHS

dakTHYecKHil MaTepuasl M METOABI HCCJIeJOBAaHUA

Ha BepHuHCKOM MeCTOPOXKICHUH OBUT BHIOpaH OJIOK
pa3paboTKH PYAHOM 30HBI (pHC. 2, a), HA KOTOPOM IIO
cxeMme ObUTM OTOOpaHbl 00pasikl (puc. 2, b). MaTepBat
py/AHOH 30HBI cocTaBisieT 128 M, a WHTEepBai orpoboBa-
HUst — 168 M, TO3TOMY 1O PYAHOHN 30HE 0TOOpaHo 18 00-
Pa3IoB U [TBA OKOHTYPUBAIOIMINX 00pasla ¢ HHTEPBAJIOM
MEXIy ToukaMu oToopa 1 M. BHe pymHO# 30HBI B HHTEP-
Basie 20 M OT FOXKHOW U CeBEpHOM rpaHuIl ObUTH 0TOOpa-
HBI e 1Ba oOpasia Ha pacctosaun 10 M (puc. 2, b).

OT00p aHAMUTHIECKUX HABECOK IPOU3BOIUIICS Me-
TOJIOM TIPENapUpPOBAHUS MyTEM CKaJIBIBAHUS OT 00pas3-
11a YIJIEPOAUCTOrO BEIECTBA C IMOCISAYIOUUM €ro HC-
THUPaHUEM U IIPOCCHBAHIEM Uepe3 CUTO LIS OTICIICHIUS
kimacca <0,2 MM, TpeOyemoro Juist aHanmmza WK-
CHEKTPOCKONUH TU(P(PY3HOTO OTpaKeHUsI (B IIOPOIIKE).
Janee u3 3TOH k€ aHATUTUYECKOH MpoOBI OTAENAIACh
HaBECKa C MOCIETYIOMNM e€ UCTUPAHUEM IO KPYITHO-
ctu 0,074 MM Ju1st IpOBEJIEHUS! KOJTUYECTBEHHOT'O MH-
CTPYMEHTAJIBHOTO HEHTPOHHO-aKTUBAIIMOHHOTO aHa-
mu3a (MHAA) u mMacc-crieKTpoMeTpUu ¢ MHIYKTHBHO-
cBszanHoi miazmoit (MCIT-MC).

HK-cniektpomeTpusi MpoBOAMIach B J1abopaTopuu
HCCIICIOBAHUS yIIIeH oTaeneHus reonorun Umkenep-
HOM IIKOJIBI NPUPOIHBIX pecypcoB ToMCKOro mnomnu-
TEeXHUYECKOro yHuBepcutera, a MHAA — B saepHo-
TCOXUMHYECKON 71abopaTopuu MEKITYHAPOIHOTO WC-
CIICIOBATEIBECKOTO HAayIHO-00pa30BaTEIHHOTO IICHTPA
«YpaHoBasi reosoruss» npu TOMCKOM TOJUTEXHUYE-
ckom yHusepcurtere (Tomck, Poccus).

@ MecyaHuku, aneeponumsi u cnaqub! /
Sandstones, siltstones and shales
CnaHybl yanepoducmeie, cepuyumosble, NecYaHuKu /
Carbonaceous and sericite shales, sandstones
- H3secmHaky yenepoducmsie /
Carbonaceous limestones

CnaHubl yenepoducmeie, necHaHuku /
Carbonaceous shales, sandstones

lpoekyus moyek

day surface

onpobogaHusi Ha OHEBHYH
nosepxHocms / Projection of
sampling points onto the

" m CnaHypl (YepHele) yanepoducmesie /
] Black shales

% | KoHmypbi pyOHblx men / Ore body

Mapkupytowtie eopusoHmst kapboHamHblx nopod /
- Carbonates as marker horizons

Paspes no nunuu A-6/  CB

Geological section

| =

3 £ — R ou
i i A

Raun 2 \ R gud

| R

Puc. 2.

Fig. 2.
block and their photographs

MecmopoxdeHue BepHuHckoe /

Verninskoye gold deposit

Mecmo onpobosaHus 8 kapbepe 10 COCMOSHUIO
paspabomku Ha 01.09.2022 2. / Sampling location

in the quarry by condition development as of 09.01.2022

20m 128m 20m

V20, V8, Vi6, VA Vi2_ Vio_ VS V6 ;4. ) : gI
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a) eeos102udeckas kapma u paspe3 BepHuHckozo 30410mopydHo20 MecmopoxcdeHust; b) cxema pacnoaoxceHust movek
om6opa 06pas3yos no pyoHomy 640Ky U ux pomozpaguu
a) geological map and section of the Verninskoe gold deposit; b) diagram of the location of sampling points for the ore
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XUMUYECKHE aHAU3bl MPOBOJMINCH C HCIIOIB30-
Banuem merona MCII-MC B AHanmuTHYECKOM LIEHTpe
«[lmazmay, r. Tomck. Conmepkanne Ha 62 dJIEMEHTa B
YEepHBIX CIIAHIAX OLEHUBAIM O€3 MpelBapUTEIHHOrO
030JICHUSI METOJIOM OTKPBITOTO KHCIOTHOTO Pa3JIoxke-
aus (HCIO4+HNO;+HF). ABTOpBI OTTalIKHBAIUCH OT
YTBEP)KACHUS, UTO KOPPEISIHS MEXIY pe3yabTaTaMu
UCII-MC u HWHAA sBnsieTcs yAOBJIETBOPUTEIIb-
HoO [49].

HK-criekTpoMeTpuieckne MCCICIOBAHMS 30JI0Ta,
HaXOJISIIErocs B YIJIEPOJUCTOM BEIIECTBE B CBOOO-
HOW (B BUJIC 3epHA) M YJIBTPAJAUCIICPCHOM PopmMe, Ipo-
BOJIWIINCH TIO CIIEKTPY B JHAIIa30HE BOJHOBBIX UHCEI
or 350 mo 7500 cM ' ¢ MOMOIIBIO CIIEKTpOMETpa
IRAffinity-1 ¢ mpeoGpazoBarenem @ypre (DRIFTS)
npomsBoactBa Shimadzu Corp. (Slmonns).

s mosydeHus CneKTpaJlbHOM BHM3yallM3allUd HUC-
[I0JIb3YETCs IOPOLIOK KpyNHOCThIO <0,2 MM, IIOMeIa-
IOIIHUICS B CEMb KIOBET, KOTOpPBIC PACIONIATalOTCs Ha
METaJUTHYECKOM JeprKaTelie, a B [EIOM CIIEKTPaTbHBINA
aHaJM3 OJHOTO 00pa3la BBHIIONHACTCS B Hapaieib-
HBIX W3MEPCHUSX, T. €. CKaHupyercs 14 aHamuTmde-
ckux HaBecok — 3T0 He MeHee 5000 ckaHWPOBAHUIA.
Takol o Xx0/ MO3BOJISIET MOMYYaTh CIEKTPhI OTpake-
HUS, CONOCTaBUMBIE CO CIIEKTPAMU MPOIYCKAaHUS HH-
(bpakpacHOro Iyda.

O6pabotka MK-ciekTpa mpoBoamIach anmapaTHo-
nporpaMmHbIM  KoMmiuiekcoM  (AIIK  «CKAY®By)
[50, 51], mo3BONIAIOLIMM OJHOBPEMEHHO HPOBOIMUTH
YeThIpe BHJA aHAMM30B. CmpyKmypHo-epynnosvim
anamzom  (CIA)  oneHuWBaTh Ha  aTOMapHO-
MOJIEKYJIIPHOM YPOBHE COCTaB CTPYKTypooOpa3syro-
mUX (QYHKIUOHAIBHBIX TPYII B BUJIC BaJCHTHBIX CBS-
3eif Ha mosoce 7500 cM | BHHHIOKCH COCIUHCHMUS
(OCHCH,), na 4000 cM ' — OKceTaHbI (>C=(CH,),=0),
Ha mosocax 3400 u 3300 cv ' — INH2 u NH-rpymmsr,
Ha ronoce 3040 cM ' — CH-HEHACHIIICHHBIE TPYIIIEL,
Ha monocax 2920 u 2860 cm ' — CH, u CH; meTuiieHo-
Bble W METWIbHBIE Ipymmbl, Ha moyioce 2000 oM —
kymynupoBanusle Tpymmsl (C=C=N, C=N-S), Ha mo0-
noce 1690 cm ' — kapGokcmabmbie rpymmsi (COOH,
OH), na nonoce 1600 oM — kapkacHble C-C-rpynmniibl.
B Bune depopmayuonnvix cesnzeri Ha nonocax 1650 n
1550 cM ' — 510 amus [ (NC=0), cBoOOIHbIC aMHIBI C
H-cBsi3pto, nakTampl ¢ 6, 7 WIGHHBIMH LUKJIAMHU, U
amug Il — »Tro momumenTuasl, Ha mogocax 1450 u

-1
1375 cM ~ — METWUIICHOBBIE W METWJIbHBIE TPYMIBI, HA
-1
nonoce 1260 cm — adupnsie rpymmsr (C-O-C). Ha
-1
nonocax 1090 cM = — mpocThle CHUPTBHI M CIOXKHBIE

a¢upsl, Si-O-Si — KPeMHUHOPTaHUYECKHE COCTUHCHUS,
P-H {npumep, pocunst (RO),HP=0}, a Ha 1030 oM -
ciioxkuble crmpThl, Si-O-Si n R-SO, — kpemHui u ce-
paopraHnieckne coenuHeHHs. Bce oHm B Buue Ba-
JIEHTHBIX W Je()OPMAIIMOHHBIX CBSI3€H MPENCTaBIAIOT
HEOpraHMYEeCKUE COeTMHEHNS.

Cmpyxkmypuo-knacmepuvin — ananuzom  (CKA)
OMpeneNsiTh IO CTPYKTYpooOpa3yrommm (yHKIHO-
HansHBIM Tpymiam @CE, koTopbie B H30METpUH TTO3H-
HUOHUpYIOTCsl KnatpaTamu [51]. OHum coctosT U3
mockoctHbix (vOCO, vNH, vCH, vCCN w/wim vCNS,
vCC), MmexIIockocTHEIX (ONH, 0CH, 0COC), a Takxe
KOMOWHHPOBaHHBIX CBsi3el (V+0_inorg), oTpaxkaronux
(hOpMBI HEMETAIUIOB — HJIIEMEHTOB OPraHUYECKON YacTH
YTIEPOANCTOTO BEIIECTBA.

Cmpyxmypro-eenemuueckum anamuzom (CI'TI) ompe-
nensitb napametpsl [, I1r, 11y, k 11, 11, Ko ¢ ucnomns-
3oBarueM gactotr D4000, D3040, D2920, D2860, D2000,
D1690, D1600, D1260 cM | [52], oTpaxaromux BiHsIHUE
re0JIOTMYECKUX (PAKTOPOB (CEAMMEHTAIMIO, AWArcHes,
KaTareHes, SMWIeHe3) Ha CTpykTypy YB. Ilokasarens
Meramopusarmu (I1m) B Bt OTHOIICHUS HHTCHCUBHO-
ctu  auddysnoro otpaxenus ([JO) Ha momocax
3040/0,1(2920+2860+1260) mo3BomseT YycTaHABIMBAaTh
CTCTICHb BO3JICHCTBUS TEMIIEpaTyphl HA OPraHHICCKYIO
MacCy pacTHTEIBHOTO OCajKa WM C(HOPMUPOBAHHOIO
YIIIEpOJMCTOro BemiectBa. llokasarenp remudukamm
(IIr) xapaxrepm3yeTcst OTHOIIEHHEM ToKazaTers [y, k
I1; m orleHMBaET CTETICHB MPEOOPA30OBAHIS PACTHTEIHHBIX
ocankoB B oprannueckuil cianen. [lokazarens I1j.4;, a
9T0 orHomieHwe wHTeHcHMBHO JIO Ha monocax
0,3*2860+2920+D2860/D1260, oreHMBaeT HaIM4HE
AKTUBHOMH (YTJIEBOIOPOIHON) OpraHidecKoi yactu YB, a
IIo0Ka3aTeiib H] B BUJAC OTHOIICHHsS HMHTCHCHUBHOCTH Ha
nonocax (1600+3040)-()-(2920+2860)/1260 — urepTHYIO
(kapOOHOBYI0) opranudeckyto yactb YB. Ilokazarensb
BocctaHoBiieHHOCTH (I1B) OTHOIIGHWEM Ha TIONIOCAX
3040+2860/2920+(4000-2000) oTpaxkaeT OHOTCOXHMH-
YeCKyI0 OOCTaHOBKY IpeoOpa3OBaHUs PACTHTEIBHBIX
OCaJIKOB B OPraHWYCCKUM CIIaHEIl, a MOKa3aTeldb OKHC-
nenroct (Ko) otrHomenmem monoc 1690/1260+3040
MO3BOJISIET OMPEACIIATh HAKOIUICHHE KHCIOpOJa B BHIC
KapOOKCHJIBHBIX TPYII B CTPYKTYpE, 00pa30BaBIIMXCs HA
CTAJIMH CEUMCEHTALNH A B MPOIECCEe BTOPUIHOTO H3-
MeHeHus YB.

CmpykmypHO-K1acmepHblll AHAIU3 Memaniooped-
nuueckux coedunenuii (CKAMOC) HampaBieH Ha BbI-
SIBIICHHE W W3MEpEHHEe CTeneHu KoHieHTparmun MOC
3oi0ta. OHM Xxopowo guarHoctupyrorcss Ha MK-
CIIEKTpE MO CNpPaBOYHBIM Tabmuuam [53] Ha moriocax
2163, 2130, 2053, 1088, 775, 700, 667, 652, 590, 586,
583, 571, 570, 561, 550, 545, 540, 526, 517, 474, 458,
444, 430, 413 cm ' (puc. 3). HanGonee xapakTepHbie
MOJIOCHI JUISI JMATHOCTUKHU 30JI0Ta IIPEICTABICHBI B
Tadu. 1.

VYcranosneno [53], uro 30;m0TO0 B CcTpyKType YB
MoxeT ObiTh B (hopme kinactepoB [(CH;3),Au(NCS)],
wi [(CH;),AuCl],, T. . B OCHOBHOM THOIIMAHOBAs U
raJorenHast QoOpMsl 3070Ta, KOTOpast 10 SHEPTUH CBS3U
COBITAJIACT C METHJIHHOM B BHJIC MOCTHKOB, TOTAa (op-
Ma 30J10Ta a30THas (Tadsm. 1).
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Fig. 3.  Spectral characteristics of samples no. 1-20 in the intervals 2201-2166, 777-350 cm-1

Ta6auya 1. Xapakmepucmuka mMema//a100p2aHuU4ecKux coeduHeHull 3o1oma

Table 1. Characteristics of gold organometallic compounds
HasBanue MOC 1 MeTaJ1J1 KOMIIJIEKCOB, [Mosiocer UK cniekTpa,
dopma KOOpAUHALMKU bopmysa [lpuMep B M30MeTpUU cmt
Form of coordination Name of organometallic compounds and Isometric example IR spectrum bands,
metal complexes, formula cm-!
[l10ckas KBaJpaTHast —
[JIOCKOCTHBIE CBSI3U TpaJULHOHHbIE K U30THOLMAHATHbIE N /NCS\ y
Flat square - Traditional and isothiocyanate Au\ /Au 2163 v(CN)
; N
planar connections [(CH3)2Au(NCS)] SCN 775 v(CS)
[l1ockocTHAsA KBaJipaTHas B LIUC- TrouMnaHaTHbIE U U30THOIIMAHATHBIE NCS
MOJIOKEHUH — depes N-MOCTII/IKOB.bIe - v(AuN) / Au N 444, 430 5(CNS)
MeXXIJIOCKOCTHbIE CBSI3U Thiocyanate and isothiocyanate through N /Au
Planar square in cis position - N-bridge - v(AuN) SCN

interplanar connections

[lnockaa kBagpaTHas -
MJIOCKOCTHBIE CBA3H TeTpaMepHOU
CTPYKTYPbI

Flat square -

planar bonds of tetrameric structure

MoCTHKOBbIE METUJIBHBIE
-yuc-[(CHs)2AuXz]
Bridging methyl
-cis- [(CH3) zAqu]

571,561 coBnagamoT
c 444,430
571,561 are the
same as 444, 430

[lnockas kBagpaTHas MeTuurasioreHuAHbIE — 06111351 GopMy.ia Lic-

- IIJIOCKOCTHBIE CBAI3U Methyl halide - general formula cis-

Flat square [(CHs)2AuXz] ue” x7 e, 571,561,550, 545
- planar connections [(CHs)2AuCl]2 2

Luc u tpanc NCS nau SCN - ntoc- IlceBmorasoreHUIHbIE KOMILJIEKCHI — (H-Pr),P SCN i

KOCTHbIE U MEXIIJIOCKOCTHbIE CBA3U K[Au(-SCN)4] St 2130, 1088, 700,
Cis and trans NCS or SCN - planar and Pseudo-halide complexes - el \NCS/ \P(H-Pr) 458,413
interplanar connections K[Au(-SCN)4] :

MOC 3o050Ta B BUE KiacTepa [(CH3)2AH(NCS)]2 561, 550, 545 cm ', T. e. 0TOOpaXKaroTCs CBSI3U (ppar-
Ha CIeKTpe HAeHTH(HIUpyeTcs Ha monoce 2163 CM "B Menra mamHoro coemmmenus B Buae Au(CHs),, ecrm
BHE BaleHTHOI cBsisu vCN, Ha monoce 775 ¢cM ' —  aToM 30I0Ta o0pa3yeT TUIOCKYI0 KBaJpaTHYI KOH(DH-

vCS, KOTOpbIE XapaKTEPU3YIOT CBSA3M B IUIOCKOCTH MO-  T'ypalUui0 C JABYMS METWIbHBIMU

rpynmnamMu  yuc-

-1
neKyin, Ha nonocax 444 u 430 cM  3TO MEXIUIOCKOCT-  MosiokeHHs. OJHAKO HEpPEelKO BO3HHMKAIOT IICEBAOTa-
HbIe cBsizu coenuHeHuit ONCS wim 0CH. MOC 3onota  siorenuanbie komiuiekebl K[Au(-SCN)4], 9acto Ha mo-

knacrepa [(CH;),AuCl], nnentuduumpyrores kak Ba-  socax 2130, 700 cm ' (ta6u. 1).
neHTHble konebanus cBs3u V(MC) Ha momocax 571,
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Pe3y/ibTaThl U 06CYKAEHMS

PaccmatpuBaeMble pe3yibTaThl HCCISIOBaHNS 00pasoB,
OTOOpaHHBIX B PY/IHOW 30HE Ha ydacTke BepHHMHCKOro Me-
CTOPOXKIIEHHUS, MOTYT SBJISITHCSL OCHOBOM JUTs1 HOBOT'O IOZIXOJIa
B M3yUCHHH KOHIICHTPALIHH 30710Ta, ()OPM €TO HAXOXKIICHHS B
YIJIEPOJICTOM BEILIECTBE. JJIs1 3TOr0 MCHOMB30BAIMCH METO-
161 UCTT-MC, MHAA u ATTIK CKAY®B na 6aze UK criek-
TpoMeTpa ¢ ipeodpazoraresieM Dypre.

VBA3KY pe3ylbTaTOB W MX MHTEPIPETALUIO, U3JI0-
JKEHHBIE B JIAHHOW CTaThe, CIIEyeT pacCMaTpUBaTh KaK
MIOMBITKY aBTOPOB IPEUIOKUTH HOBBIM B3IVISAJ Ha BBI-
JIeJIEHUE PYIHBIX MOJ30H, y4uThIBas pojb OB B amu-
TeHETUYECKOM HAJIOKEHUHW B BHJIE BTOPUYHOIO MPO-
TpeBa CIIAHIECBBIX OTIOKECHUI OMOTEHHOTO MPOMCXOXK-
JEHMsI, TEM CaMbIM LIUPE MMOHMMATh METAaCOMaTU3M U
€ro BIMSIHUE HAa 00pa30BaHKUE PYIHOTO 30JI0TA.

Ta6auya 2. Pesysbmambl usmeHeHus KoHYyeHmpayuu Au e paspese pydHoli 30Hbl/60Ka (no daHHbim HCII-MC, HHAA, CTA,

CKA, CT'll, CKAMOC u memnepamypHoli 30Ha/1bHOCMUu)

Table 2. Results of changes in Au concentration in the section of the ore zone/block (according to ICP-MS, INAA, SGA, SKA,
SGP, SKAMOS data and temperature zoning)
Neobpasua | 4 | 5 | 3| 4 | 5 | 6 | 7 8 9 |10 | 11 |12 | 13| 14 | 15| 16 | 17 | 18 | 19 | 20
Sample no.
CozieprkaHue 30s10Ta, r/T/Gold content, g/t
HUCn-MC 01 14 07 236 1198 33 62 02 02 1,0 199 09 549 2015 68 09 69 82 13 04
MHAA 00 00 00 14 02 07 03 00 O01 33 163 05 299 24 01 01 22 00 03 00
CTpyKTypHO-rpynnoBo# aHauu3s (CI'A)/Structural group analysis (SGA), %
D7500 24 79 70 157 104 83 47 69 11,7 59 12,0 109 196 11,8 99 103 92 56 62 82
D4000 05 57 48 119 69 68 09 20 96 24 75 69 149 10,7 86 84 84 41 44 71
D3400 36 1,1 12 o1 o05 00 O5 33 02 04 03 04 05 05 01 02 06 07 10 08
D3300 28 28 24 42 50 45 78 28 51 77 61 63 34 45 45 52 30 48 23 18
D3040 06 11 09 20 20 18 33 1,7 21 31 26 24 15 1,7 20 24 11 23 10 06
D2920 03 14 1,7 15 09 01 12 66 03 06 07 02 14 07 11 09 05 19 20 09
D2860 04 15 20 16 10 00 1,2 61 02 06 07 02 16 08 11 07 06 20 23 1,0
D2000 20,8 19,0 194 199 166 143 121 09 178 11,5 173 150 21,9 201 179 17,7 186 16,0 172 19,7
D1690 45 74 79 94 94 60 114 152 71 93 88 71 62 82 102 91 64 104 88 64
D1650 38 57 65 85 63 36 57 170 37 34 43 28 36 48 84 64 47 74 74 53
D1600 92 106 11,1 68 110 7,7 144 87 90 121 10,7 87 71 10,7 89 10,6 98 126 11,6 10,0
D1550 36 08 01 01 O01 43 01 00 16 02 02 14 01 -01 01 01 25 01 10 1,7
D1450 97 103 90 55 145 148 187 73 141 179 139 136 70 131 106 138 11,6 129 11,7 96
D1375 22,1 125 132 86 124 10,6 13,7 140 106 111 94 76 55 114 99 122 121 124 125 135
D1260 157 122 128 41 31 172 42 75 68 137 55 165 57 10 69 18 10,7 68 106 132
CTpPYKTYpHO-KJIaCTepHbIH aHa1u3 opranudeckoi yactu (CKA)/Structural cluster analysis of organic part (SCA), %
vOCO 29 136 119 276 173 151 56 89 213 84 195 178 345 225 185 187 17,6 97 106 154
vNH 64 39 36 43 55 46 83 61 53 81 65 67 38 49 46 55 37 55 33 26
vCH 1,3 40 46 51 38 19 57 144 27 43 39 28 45 33 42 40 22 62 53 26
vCCN,vCNS [ 20,8 19,0 194 199 166 143 121 09 178 11,5 173 150 21,9 201 179 17,7 186 16,0 172 19,7
vCC 13,7 181 19,0 16,2 204 13,7 258 238 16,1 21,4 19,6 157 13,3 189 19,0 19,7 16,2 23,0 20,3 16,4
SNH 74 65 65 86 65 78 58 170 54 36 45 42 37 47 85 65 72 75 84 71
S§CH 31,8 22,8 222 141 269 254 324 213 247 29,0 232 21,2 126 246 204 260 238 253 242 231
§C0C 15,7 122 128 41 31 172 42 75 68 137 55 165 57 10 69 18 10,7 68 106 132
CtpykTypHO-reHeTHueckui ananu3 (CI1I), oTH. ea./Structural genetic analysis (SGP), rel. units
M 036 0,71 0,56 2,84 4,06 1,08 497 084 292 2,13 3,80 1,44 3,11 7,05 2,17 8,61 094 2,15 0,68 0,42
1B 0,05 0,18 0,18 0,40 0,28 0,24 0,36 1,02 0,28 0,37 0,32 0,32 0,40 0,25 030 031 0,15 0,31 0,22 0,12
Ir 0,09 0,38 0,52 0,71 0,19 0,01 019 0,00 006 010 014 0,04 061 016 029 0,16 012 041 0,61 0,26
Ko 0,28 0,56 0,58 1,56 1,90 032 1,55 1,66 080 057 1,12 037 1,62 3,02 1,15 247 055 1,14 0,76 0,47
Myen 0,05 0,27 0,34 098 0,72 001 069 195 010 011 030 0,03 3,14 181 037 2,02 012 0,67 047 0,17
Il 0,58 0,73 0,65 1,39 380 055 3,74 0,00 1,56 1,05 2,23 0,65 597 11,10 1,25 14,49 093 1,62 0,78 0,66
CTPYKTYpHO-KJIACTEPHBIH aHAJIN3 MeTaLJI0OOpraHudeckux coeannennit (CKAMOC)
Structural cluster analysis of organometallic compounds (SCAOMC), %

2163 0,01 0,01 0,01 0,00 0,00 000 000 0,01 0,00 000 000 000 0,00 000 000 000 000 001 001 0,01
1088 0,04 0,04 0,04 0,00 0,03 0,01 007 010 0,05 0,06 0,05 0,00 0,04 0,05 0,01 0,05 0,06 005 0,03 0,03
775 044 0,34 034 027 027 037 026 -053 030 0,23 0,22 0,28 0,19 0,28 0,28 0,29 0,30 0,28 0,32 0,36
700 0,72 0,74 0,68 0,68 066 0,73 0,74 046 078 0,74 0,68 0,70 0,56 0,72 0,67 0,73 0,70 0,72 0,65 0,74
667 0,54 0,35 0,35 0,33 0,30 046 029 -0,40 0,38 0,27 0,26 0,33 0,21 0,33 035 033 0,33 0,29 032 0,39
652 0,52 0,34 0,34 034 0,30 048 029 -038 039 027 026 033 021 033 036 033 033 0,29 031 0,37
571 0,63 0,50 0,54 0,13 0,20 0,09 020 -012 0,13 0,13 0,14 0,09 0,21 025 0,18 0,17 0,42 0,34 050 0,55
570 0,63 0,50 0,54 012 0,20 0,09 020 -012 0,13 0,13 0,14 0,08 0,20 0,24 0,18 0,16 0,42 0,34 0550 0,55
561 046 042 045 0,08 0,15 0,04 016 -0,09 0,09 0,09 010 0,05 0,17 0,19 0,13 0,12 0,36 0,29 0,43 0,46
540 0,19 0,20 0,21 0,03 0,07 0,00 008 -0,04 0,04 004 005 0,01 0,09 010 0,05 0,06 019 0,15 0,20 0,21
526 0,35 0,28 0,30 0,08 0,11 0,07 013 0,02 010 0,09 0,10 0,06 0,14 0,14 0,09 0,11 0,24 0,20 0,28 0,30
430 040 0,28 0,28 012 0,14 0,16 014 -053 016 013 0412 0,11 011 0,17 0,13 0,15 0,21 0,18 0,25 0,30

CTeneHb NposiBJIEHUs] TEMIIEPATYPHI B YIJIEPOAUCTHIX BellecTBax/Degree of temperature manifestation in carbonaceous substances, °C

T

77 95 87 192 244 112 281 101 195 160 232 129 204 365 162 425 106 161 93 80

IIpumeyaHnue: ysemogvle 0603Ha4eHUs NPpUBEOeHbl HA pUC. 5.
Note: color designations are shown in Fig. 5.
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Fig. 4.

Au amount in organic matter by ICP-MS and INAA methods (increased by 5 times): a) with vortex values of samples

no. 5 and 14; b) without vortex values of samples no. 5 and 14

B T1abn. 2 mpexacrtaBieHbl pe3yabTaThl U3MCHEHHUS
koHneHTparmu Au metogamu MCII-MC u MHAA u
nokazareneir CI'A, CKA, CI'TI, CKAMOC B yrnepo-
JIUCTOM BEIIIECTBE B BHJIE TEMIIEPATYpHOU 30HAIBHO-
ctu (T °C) B pa3pese pyaHOH 30HB/PyIHOTO OJIOKA.

Bce 3HaueHust npeAcTaBI€HHBIX BHJIOB aHAIM30B
MOJIYYCHBI TTyTEM M3MEPECHHMsI, 32 UCKIIOUECHUEM TEM-
nepaTypsl MpOrpeBa pPYAHOW 30HBI/PYyAHOTO OJIOKa,
MOJIy4eHHEe KOTOPOH onucaHo Hke. CpaBHUTEIbHBIN
aHaJM3 COoAEpKAHUS 30J10Ta B 00paslax ¢ yJaajlceHHEeM
u 0e3 ynanenus opraHuku merogamu MCII-MC u
NMHAA HeoOxomuM IS MOCIEAYIOIIed WHTepIpeTa-
nun ux ¢ UK cnexkrpomerpuueckumu nanaeiMu. Hamo
otmetuth, uro MeTonabl UCIT-MC u UHAA otpaxa-
0T €IWHYI0 TEHACHIMIO U3MEHEHUs Au B pyJIHOH
30He (puc. 4, a, 0), TOrna BUXpPEBbIC 3HAYCHHS CO-
nepxanuss Au, nomydennsle merogom HMCII-MC B
obpasmax NeNe 5 u 14 (puc. 4, a), cieayer OTHOCUTH K
ommbke (r=0,17). Toraa mocie UCKIOUCHUS JTaHHBIX
00pasoB KOppessius CTaHOBUTCSA Ha ypoBHe 1=0,90
(puc. 4, 6), a 3TO KaK pa3 MOKa3BIBACT, YTO ATH METO-
JIbl OTpa)XaroT TEHICHIMIO KOHLEHTPAalMHU 30JI0Ta B
pPyIHOUM 30HE/pymHOM OJIOKEe MO Mpoduio ordopa
00pasios.

OpnHako pa3Hblii YPOBEHb 3HAYEHHUN 30J10Ta B MPO-
0ax, eclii IPUMEHSTH OTHOBPEMEHHO [TBA METOJa, YKa-
3BIBAET Ha TO, YTO (PM3MUECKOE pasziIuyuhe dTHX METO-
JIOB HEOOXOMMO YYHUTHIBaTh. B 4acTHOCTH, IpH OIIpe-
JieneHuu 3o050Ta B YB. Hanpumep, BaKHBIM acieKTOM,
CBSI3aHHBIM C KOHIICHTPAIIUEH 30J10Ta, SIBISIETCS XapaK-
TE€p TPOSBICHUS METacoMaTH3Ma, KOTOPBI B BHIE
B3aMMOJICUCTBUS TOPSUYMX THAPOTEPMATIBHBIX IMapora-
30BBIX PACTBOPOB C OPTaHUYECKOW YACTHIO YIIIEPOIH-
CTBHIX BEMIECTB YEPHBIX CIAHIEB MPUBOAMI K HUX IPO-
rpeBy M M3MEHEHHUIO aTOMapHO-MOJEKYJISPHOU H
HaJMOJEKYJIIpHOH (kjacTepHoi) opranusauuu. Ilo
CYTH, 3TO SIBJICHHE HOCHT XapaKTep SMUTCHETHYECKOTO
mporecca, T. €. JIOKJIbHBI MeTacOMaTU3M HMEET 4yep-
Tl KOHTAKTOBOI0 MeTamopdusma [27] B Buze yriuedu-
karmu OB.

C »5T0i 1enp0 OBUIM HCTOJB30BAHBI PE3yIbTATHI
uccienoBanuii [51] mo ompeneneHHIo maneoTeMIepa-
Typsl. B 9TOM nccnenoBaHuy PUBOAATCS ABa YpaBHE-
HUS, OJTHO — JUIsl OTIPEACIICHHS [T0KA3aTeNsl OTPAKEHHS
BUTPHHUTA CUHI'CHETUYECKHX KayCTOOHOIIUTOB Carpo-
TIEJIEBOTO TIPOUCXOXKACHHS:

R0=0,48621Tm+0,4776,

rae Ro — mokasarens oTpaxkeHusi BuTpuHHTa; [IM —
MOKa3aTeslb MeTaMop(hU3aIHH.

Jpyroe ypaBHeHHe — AJIs OLEHKH IIajeoTeMIiepa-
TYpBI yepe3s mokasarels Ro:

T °C=112,02R0"*%%3,

[IpeoOpasyst 3Tu nBa ypaBHEHHS METOJIOM MOJCTa-
HOBKH, AaBTOpHl TOMYYHIH (OPMYNy OIpeaeTICHUs
TEMIIEPATypHOTO0 BO3JECHCTBUS HA YIJIEPOAUCTOE Be-
IIIECTBO BCIICACTBHE BO3JCHCTBHUS HAa HUX TE€OJIOTHYE-
CKHUX TPOIIECCOB:

T °C=112,02(0,48621Tm+0,4776)"%%.

Hanmuume TtemmepaTypsl BO3ACHCTBHS MeTacoMa-
TU3Ma Ha YB gaér mydiiee BOCHpUATHE ISl BbIIEIe-
HUS B PYAHOH 30HE/pYJHOM OJIOKE pa3HOTEMIIeparyp-
HBIX HMHTEpBaJOB (Tabn. 2), KOTOpble, 0OYCIOBIEHO,
OTPaXKAIOT XMMHYECKYI0 HEOJHOPOAHOCTE YB mo
TPYNIIOBOMY COCTaBy O€JKOB, J>KHPOB, YIJIEBOJIOB
(WemTroNo3pl), peke JIMTHWHA, HHU3IIUX PACTCHUH —
oOpaszoBaresield TOHHBIX OCaJKOB, KOTOpbIE B IOCIe-
JyIOIIeM TIpeoOpa3yroTcsi B CalpoIleieBblii MaTepHall.
HecoMHeHHO, 3TO TOBJIHSIIO B Mpoliecce TUTH(GHUKAINN
campoIeneBbIX BEIIECTB Ha XapaKTep MOJIMMEpU3alin
opranudeckoil yactu YB.

[ToaTBepkaaeTcst 3TO KOppemnsiuen TMoKaszaTens
My, ¢ conmepxanumem Au wmeromamu HCIT-MC
(r=0,42) u HAA (1=0,54), u BuaHo (Tabma. 2), 4To oHa
00ycIoBJIeHa BO3pACTAHUEM 3HAYCHWH 3TOTO IMMOKa3a-
Tens B oopasiax NeNe 4, 5,7, 11, 13, 14, 16, 18 onHo-
HAmpaBJIeHHO C TeMIepaTypoi mporpesa. M3meHuu-
BocTh Tokazareneir IIm (r=0,53), Ko (1=0,70),
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I1; (=0,53) nomonHAeT OCOOEHHOCTH CTPYKTYPHOTO
npeobpazoBanus OB 1oj BIusHHE MeTacoMartu3Ma U
OTpa)kaeT pas3HbIe CTOPOHBI TEMIICPATyphl IPOTpPeBa
VB ruznporepManibHBIMU pacTBOpaMu. B cBoro ouepenb
KOPPEJIALIMOHHAS CBSA3b KOHLEHTPAMM Au METOIOM
UCII-MC c¢ nokaszatenem T °C — na yposre 0,53, To-
raa kak ¢ merogom MHAA r=0,17.

Takast >kxe KOpPpEeISILUOHHAS CBA3b OTMEYACTCS
Mexy conepxkanrem Au (meton MHAA) ¢ xiacrepa-
mMu vOCO (r=0,60) u 6CH (r=0,50) u ¢ kimactepom
6COC (r=0,54), npu onenke 3omora metogom HCII-
MC. Knactepsr: vOCO — BHHWIOKCH M OKCETaH CO-
enuaenust, O0CH — metnnbabie Tpymmbel 1 SCOC — mpo-
cThIe 3(PUPBI, YKA3bIBAIOT HA TO, YTO 30JI0TO CBSI3aHO C
KHCJIOPOJIOM W METHJIBHBIMHU TPYIINaMH B TUIOCKOCTH
aTOMOB U MOJIEKYII U B HAIMOJCKYISIPHOM IIPOCTpaH-
CTB€ B BUAC KOOPpAWHAIIUMOHHBIX COG}II/IHGHI/Iﬁ MeETaia
C OpraHM4ecKUMU Jiurangamu u kinacrepamu MOC.

0O060061mas HabmoaeHus (Tabim. 2), ObII0 MPOBEACHO
X PamKHPOBAaHHWE IO TEMIIEpaType BO3pACTaHUS, U
BbISICHUJIOCH, YTO OHa O6yCJIOBHI/IBaeTC$I TpyHnIoBbIM
COCTaBOM pacTeHmii-oOpazoBareneid YB, a mMeHHO
OCTTKOBBIMH H JKUPOBBIMH COSIUHEHUSMH, KOTOPEIC B
CTPYKType XapaKTCpU3YIOTCS KOJHMYECTBOM CBs3CH
yraepoaa ¢ yraepoaom (C-C), azorom (C-N, C=N),
BonopozaoM (C-H) u kucrmopogom (C-O).

C TeMmepaTypoil KOppenupyioT CBSI3H yIJIepoja ¢
a30TOM, BOJIOPOJIOM U KHCJIOPOAOM B BHJE COCIUHE-
nuit: C-C (1=0,51), C-N (1=0,49), C=N (1=0,42), C-H
(r=0,50), C-O (1=0,65). YToOBI yCTAaHOBUTH UX MECTO-
TIOJIOKEHUE B CTPYKType Y B, OblT caenaH pacyér xap-
KAaCHBIX CBS3€H yriiepoja, a UMEHHO, OTHOILIEHHE CyM-
MBI aTOMOB YIJIEPOJa C a30TOM, KHCIOPOJOM U BOJO-
POZIOM K KOJIMYECTBY CBs3ell yriepoa—yriaepon. Tawxke
ONpENENICHO0  KOJIMYECTBO  CBSI3€H  coMmpshKEHUs
(T-CBsI3M) 4epe3 OTHOIIEHHE CyMMBI aTOMOB yTIIepoja
C a30TOM, KHCIIOPOAOM U BOAOPOJAOM K KOJIUYECTBY
cBsazeit C=C=N (kymyJeHbI).

BrisicHmIIOCH, 9TO BINSHUE TEMIIEPaTypsl 00yCIOB-
TuBaeT JoMuHMpoBaHME cBs3el C-N B Oombineii Mepe

B MecTax compsbkeHus: kiaactepoB C=C=N, MmeHblle B
yraeponHoMm kapkace (C-C), mpu 3ToM OTMeYaeTcs
koHIeHTparus cBsizeii C-O. Ponb OElKOB W KUPOB
OTpaXKaloT a30THBbIC M BOJOPOJHBIC CBSI3U C YIJIEpO-
JIOM, KOTOpbIE JOMUHHUPYIOT B CTpykType YB. Uepe3
UX OTHOIICHUS MEXIy CO0O0il IMOKa3aHo, 9YTO B WHTEP-
Bane 87-162 °C, m3-3a ITOBBILICHHOTO COJIep KaHMsI
A30THBIX CBSA3CU C YIIIEpPOJIOM, HE MPOUCXOAUT aKTUB-
HOIO METacOMAaTU3Ma B YaCTH KOHLIEHTPALMHU 30JI0Ta B
VB. Toraa kak B uatepsaie 192-366 °C paspbis 3TuX
CBsA3el obecreunBall MPOSBICHHE BOCCTAHOBUTEIBHBIX
KaTaJUTUYECKUX Peakluil ¢ yyacTHEM YIJIEBOJIOPOIOB
C KOHLIEHTpaLuel 3070Ta B pa3HbIX COCTOSHUSX.

B cBs3u ¢ 9THM OBUTH BBIZICTICHBI TTOJI30HBI C y4aCTH-
eM/HeyJacTHeM OpraHUIEeCKUX COeAUHEHUH (puc. 5).

TpeTbeil cOCTaBIAOMIEH MPOBEAEHHOTO JKCIEPH-
MEHTa OBUIO HAOMIOJCHHE W3MCHUMBOCTH KOPPEISIH-
OHHOHM CBSI3U TIEPEUMCIICHHBIX BBIIIC CIEKTPATbHBIX
MOJIOC, TIpenHa3HaYeHHBIX sl uaeHTHuKammn MOC
3omota. Ilyrém pasmeneHus oOpa3oB Ha BEICOKOKOH-
nentpupoBanueie (Au>1,0 %) ¥ HU3KOKOHIICHTPUPO-
BauHbIe (Au<l,0 %) YB mo comep:kxaHuro 3010Ta ObLTH
BBIAENEHB noyiocekl 2163, 1088, 775, 700, 667, 652,
571, 570, 561, 540, 526, 430 cm '

Meronom MHAA ycTaHOBIEHO, YTO C BBICOKUM
COJIEpXKaHUEM 30J10Ta KOPPETUPYEeT MHTEHCHBHOCTBHIO
nonoc 775 (r= —0,75), 700 (r= -0,84), 667 (=—0,69),
652 (=—0,67), 430 (r=—0,54). Metogom UCII-MC — ¢
HU3KHUM coziepskanueM Au ¢ nojocamu 2163 (1=0,84),
1088 (=—0,56), 700 (r=-0,72), 652 (=0,31), u meTO-
nom MHAA — ¢ monocamu 571, 570, 561, 540, 526
(r=-0,30-0,35). B menom nomockr 2163, 1088, 775, 700,
430 em! oOpararotT Ha ce0Osl BHUMaHKe, OCOOCHHO TIO-
noca 700 cm ', y KOTOpPOH 1os10ckl 667 1 652 sBisiioTcs
IOYIUICTHBIMH, a 3Ha4uT, Kiactepbl MOC manHOU (hop-
MBI OTHO3HAYHO HICHTH(GOUIUPYIOTCS Ha crektpe. [lo-
9TOMY, COMOCTAaBJISIS BBISBICHHBIE KPHUTEPUH OICHKU
¢dopm knarpatoB OB u MOC ¢ mokazarensmu CI'TI,
aBTOPHl  O0O3HAYMIM CICAYIONINE KOPPEISIHOHHBIC
CBSI3M MEXJTy HUIMHU TIPUBENIEHHBIC B Ta0M. 3.

20m 128 m 20 M
V20 VI8 V16 Vi4 Vi2 VI1o V8 V6 V4 V2 =
® o [ ] ] (-] [ ] ® o [ ] [ ] [ ) [} (-] [ ] o [ ] L) [ ] © (-] o
Vi9 V17 V15 V13 V1l V9 Vi V35 V3 V1 o

"1 BHepydHas nodsoHa, T=77-80°C / Extra-mineral subzoneT=77-80"C

[ Nodsora HenposenexHozo memacomamosa T=101 u 196°C/ Subzone of unmanifest metasomatism T=101 u 196°C

]

Mod3oHa nposteneHus KoHueHmpayuu Au rpu usbbimo4Hom Konudecmee cesisell C-N 8 crmpykmype opeaHuyeckol
yacmu YB, T=87-162°C / Subzone of manifestation of Au concen:trarlon with excess number of C-N bonds in the

structure of the organic part of the carbonaceous substance, T=87-162°C

[ ]

Mod3oHa nposeneHus KoHUeHmpayuu Au rnpu u3bbimo4Hom Konudecmee cesizell C-H e cmpykmype opaaHu4ecKol]
yacmu YB, T=192-366°C / Subzone of manifestation of Au concentration with excess number of C-H bonds in the

structure of the organic part of the carbonaceous substance, T=192-366°C

]

lMod3oHa MPOABIIEHUS KOHUSHMpayuL Au npu usbbimoyHom Konudecmee cessel C-N 8 cmpykmype opaaHuyecKol
yacmu YB, T=425°C / Subzone of manifestation of Au concentration, with excess number of C-N bonds in the

structure of the organic part of the carbonaceous substance, T=425°C

Puc. 5. TemnepamypHasi 30HA/AIbHOCMb GbISIBAEHHbLIX NOJ30H 8 npedesax pyodHOU 30Hbl/pyoHo20 6./10Ka BepHuHckozo
MecmopodxcdeHus. OcmasibHble YCa08Hble 0603HAYEHUS — HA puc. 2

Fig. 5.

Temperature zoning of identified subzones within the ore block of the Verninskoe deposit. The rest symbols are in Fig. 2
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Bo-niepBbix, iockas ¢opma koopauHanuun MOC
Au B Buze kiatpata [(CH;),Au(NCS),] umeer cBsizu ¢
KOHIIeBBIMH (parmeHTaMn OB B BHIE BHHHIOKCH
(OCHCH,;) nnu okceran (>C=(CH,),=0) coenuHeHui.
Orto wiactepHoe compsbkenue [(CH;z),Au(NCS)] ¢
vOCO, KOTOpOe XOpOIIO PETUCTPHUPYETCS Ha IOJI0Ce
2163 cMm ! He 3aBHCHMO OT cojepkaHus 30510Ta B YB.
[Tpu BBICOKHX COICPIKAHUSIX MOTYT OOpPA30BBIBATHCS
ces3u vVOCO ¢ AuN, ugto ¢durcupyercs Ha moioce
430 em .

B Mecrax HaXx0KICHUST MEKIUIOCKOCTHBIX CBS3CH B
¢opme 0CH (B OCHOBHOM METHJIBHBIC I'PYIIITBI) MOTYT
BO3HHUKATh COMPSDKCHUS C TICEBIOTAIIOTCHUIHBIMU
koMmIuiekcamMu B Buze kinatpata K[Au(-SCN)4], koto-
PBIH TUIOCKOCTHBIMUA M MEXIIOCKOCTHBIME  CBSI3SIMH
NCS mm SCN rpymnm o0pazyeT MOCTHKH MeTaia ¢
OB. Takue GpopMbI peructpupyroTcs Ha nmoinocax 540 u
526 CMil, IIPU HU3KUX COJEPIKAHUIX 30JI0Ta UX MOKHO
BHJIETh Ha monocax 1088, 667, 652 (001acTh MOJIOCH
700 CMil), HO 3TO YK€ TUIOCKOCTHBIE CBSI3M METUJITAJIO-
reausioB B Bune yuc-[(CH;),AuX;] wmm xmactepoB
[(CH3),Au(NCS)] nipy Hammanu moxocst 775 eM .

B mectax npocThix 3UpOB B BHJE MEXKIIIOCKOCT-
HBIX cBs13eil 0COC Takke MOTYT BO3HUKATh BBIILICYIIO-
MSHYTBIE CONPSIKEHUS, HO UX OTIMYUTESHbHON 4epToit
SIBJIIETCS TOJIBKO HaIMOJIEKYJISIPHOE MECTOIONIOKEHHE.

Bo-Bropsix, nokazarenu IIm, Ko, 11y, I, orpa-
JKalollIKe MPOLECChl CeIMMEHTOreHe3a, JuareHesa, Ka-
TareHes3a M MUIeHe3a B Pa3sHON CTENEHU MPOSBICHHUS,
00ycnaBIMBaOT pas3HbIe COAEpKaHUS 3050Ta B YB.
Oro Oynet nposBisaThes Ha MK-criektpe aymuter 540 u
526 cm ', KOTOPBIN YKa3bIBaeT Ha BBICOKOE COJIEpKa-
Hue 3onot1a. Korya xe nosiBisercs Tpuruier 571, 540,
526 n monoca 1088, To cnexayeT oKuaaTh B OCHOBHOM
Macce YB Huzkoe copepkaHue 30J10Ta, KOTOPOE HAaXO0-
JUTCS B aTOMApHO-MOJIEKYJIIPHON CHUCTeMEe OpraHHu3a-
LIUU €T0 CTPYKTYPBHIL.

B uenom o0o3HaueHHas B3aUMOCBS3b IOKa3aTesei
CI'TI ¢ conmepxanueM 30510Ta TpeOyeT Oosiee AeTaabHO-
r0 M3YYCHUS, KOTOPOE MO3BOJIUT OMPENENsITh UX Kak
(baKTOPHI TEONIOTHUECKUX IPOIECCOB, & UMEHHO, pa3-
JEJIATh C HUX I[OMOUIbIO IPOSIBIIEHUE PErHOHAILHOIO
MeTamopu3Ma U JIOKAIBHOTO MeTacoMaTtu3ma (¢ Io-
3UIUH U3MEHYUBOCTH Y B).

Ta6auya 3. Kpumepuu oyeHku popm kaampamog OB, MOC u cmpykmypHo-2eHemuyeckux nokasame.eti

Table 3. Criteria for assessing forms of clathrates of organic matter, organometallic compounds and structural and genetic
indicators
[osioce! (cMt) s upenTudukaunu MOC 30s10Ta
Bands (cm!) for identification of organometallic compounds of gold Tloxazarenn CKA u I
SKA and SGP indicators
2163 1088 775 700 667 652 571 570 561 540 526 430
0611as Bei6opka (20 o6pasios)/Total sample (20 samples)
-0,56 -0,54 - - - - - -  -033 -063 -053 - vOCO
- 0,49 - - - - - - - 043 0,50 - S8CH
- - - - - - - 036 042 0,42 - - 5COC
-0,50 - - - - - -035 -049 -049 -051 - - M
- - - - - - - -042 -0,57 -0,61 - - Ko
- - - - - - - -  -039 -080 -0,39 - [IVt+l
-0,34 - - - - - -047 -055 -0,65 -0,84 -0,37 - I11
Bri6opka u3 o6pasnos NeNe 2, 4-7,10,11, 13,14, 17-19 (Au>1r/T)
Selection from samples no. 2,4-7, 10,11, 13, 14, 17-19 (Au>1 g/t)
-0,53 -0,54 - - - - - - -064 -0,67 -0,71 -0,70 vOCO
- - - - - - - - - 046 063 041 SCH
- - 0,46 - - - - - 0,58 0,52 - 0,47 5COC
-0,57 -0,63 -0,45 - - - 0,51 -  -081 -062 - - M
-0,45 -043 -0,50 - - - 0,49 - -084 -065 - - Ko
- - -0,63 - - - - -0,60 -093 -091 -096 - [Vt+l
- - - - - - 0,40 - -095 -085 -0,83 - 1
Bri6opka 13 o6pasuoB NeNe 1, 3, 8,9, 12, 15, 16, 20 (Au<1r/T)
Selection from samples no. 1, 3, 8,9, 12, 15, 16, 20 (Au<1 g/t)
-0,74 -091 -0,85 0,81 0,76 - -041 -055 -0,57 -1,00 -1,00 - vOCO
- -0,83 0,44 - 0,97 -0,60 - - - 1,00 1,00 0,74 S8CH
- 0,87 - - -0,62 0,83 0,67 062 1,00 -1,00 -0,57 5COC
-0,48 -0,96 0,41 0,81 0,98 -0,94 -096 -0,69 -082 -1,00 1,00 - M
- 0,97 - - 0,62 M -099 -063 - -1,00 1,00 - Ko
- 0,87 - -0,88 - 0,67 -0,99 - - -1,00 1,00 0,79 [Vt+l
- -0,90 - 0,49 0,98 -0,79 -1,00 -0,64 -0,82 -1,00 1,00 045 I11

Kunactepsr C-0 cBs3eii/Clusters of carbon-oxygen bonds

Knactepsi C-H cBsazeii/Carbon-hydrogen bond clusters
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3aK/oyeHue
[Ipennaraemblii TOAX0A ONpeAeNeHUs] METaLIo0p-
TaHUYECKUX COEJAMHEHUH, B YAaCTHOCTH COCJMHEHUI
30110Ta C (PYHKIIMOHATEHBIMH TPYIIIIAME OPTaHUIECKON
yactd Y B, O3BOJIIET yTBEPKAATh, YTO PA3HOE MPUTO-
TOBJICHHE MPOO, a TIaBHOE — Pa3HbId QU3NYECKUNA (-
(KT OIEHKH COCTOSHHS CTPYKTYPHI HCCIEAYeMOTO
BELIECTBA OTKPHIBAIOT HOBbIE BO3MOYKHOCTU H3y4Y€HUS
YTIEPOAUCTHIX BEIIECTB YEPHOCTAHIIEBBIX OTIOXKCHUH.
Ornenka koHueHTpauu Au B YB meromom UCII-
MC ctpoutcs Ha 3JEKTPOXUMHYECKOM aHalIM3€ I10
KOHIICHTpAllUd HOHOB U  3JEKTPOHOB, METOJOM
NHAA — Ha paanoakTHBHOM pacmaze siaep dJIEMEHTa,
a MerogoM CKAVY®B — Ha konebareiabHBIX CBA3SAX
aeMeHTOB. CTONb pa3Hble OOBEKTHI HAOIIOJCHHS J1a-
IOT OCHOBaHHE CJIENNaTh CIEAYIOIINE BBIBOIBI.
Metonom UCII-MC xoporio omnpenersorest (hop-
MBI 30JI0Ta B HaIMOJIEKYJISIPHON 9acTH CTPYKTYpHl Y B,
T. €. GopMBI AU C MEXKIJIOCKOCTHBIMHU CBSI3SIMH, METO-
noM MHAA — B aToMapHO-MOJIEKYJIpHOM yacTu, T. €.
dopMBl AU C IDIOCKOCTHBEIMH CBs3sMH. C TIOMOIIBIO
9TUX METOJIOB YCTAHOBIICHBI JIOMUHHUPYIOIIHE OPTraHH-
geckue kiactepsl vOCO, 6CH, 8COC, ¢ koTopbIMH
umeroTces conpsbkenus kiatpatoB B Buze K[Au(-SCN),]
C IJIOCKOCTHBIMU U MEXIUIOCKOCTHBIMU CBsI3sIMH NCS-
win  SCN-rpymn, u KiarpaTaMd B BHIC YuUC-
[(CH;3),AuX;] mmm [(CH;3),Au(NCS)], xapakrepusye-
MBIMH Kak MeTaumoopranuueckue coenuaenns (MOC).
Hpyroit ocobennoctrto onpenenenuss MOC Au sB-
JSETCSl BBIIBJICHUEC TCHETHYCCKHX (PAKTOPOB CTPYK-
TypHO-TeHeTndecknmu nokazarersimu (v, Ko, Tl
I1;) 3HAUUMOCTHU TIPOIIECCOB CEJMMEHTOTeHE3a, Juare-

CITMCOK JIMTEPATYPBI

He3a, KaTareHe3a U SIUIeHe3a NpU KOHLEHTPALUU B
¥YB. B uactHoctH, aymier nonoc MOC Au 540 u
526 cm YKa3bIBaeT Ha BBICOKOE COJCpPKAHUE 30JI0Ta,
a Tpumet 571, 540, 526 u nonoca 1088 OyayT yka3bl-
BaTh Ha TO, YTO B OCHOBHOW Macce YB Hu3Kkoe cozaep-
YKaHUE 30I0Ta.

B nenom yepe3 nokazarens [IMm MOKXHO onpenenuThb
YPOBEHb TEMIIEPATYPHOTO BO3JEHCTBUS HA OCAT0YHbIC
OTJIOKEHHS MPOIIECCOB PErHOHANBEHOTO MeTaMopdu3mMa
U OKOJIOPYAHOTO METacOMaTH3Ma — BHEIPECHUE TOps-
YUX TUAPOTEPMAIBHBIX PAcTBOPOB, OOYCIOBIHMBAIO-
[IUX BTOPWUYHBIA MPOTPEB MO 30HAM TPEIIUHOBATOCTH
MOPOJ B OCAIOYHBIC OPTraHOMUHEPAIBHBIC OTIOKCHHUS
YEPHBIX CIIAHLIEB.

ONUTreHEeTHYECKOe HAJIOKEHUE, MPOSBICHHOE BTO-
PUYHBIM IPOTPEBOM IO YKa3aHHBIM BEIINIC 30HAM, B
KOHEYHOM HTOTe OCTaBWJIO CNEJ — 3TO 0Opa3oBaHME
MOJ30H B PYAHOM 30HE, B KOTOPBIX IMPOTEKAIN TEPMO-
XHUMUYECKUE TPOLECCH MIPY B3aUMOJCHCTBIH YTie(u-
mupoBanHoro OB camporeneBoro xapakrepa odpa3o-
BaHUS C THAPOTEPMAIbHBIMU (IIFOMIaMU (Taporaso-
BEIMA W BOJHBIMH pacTBOpamm). B pe3ymbraTte 3THX
peaknuii, 00yCIOBIEHHBIX ONTHMAILHOW TEeMIepaTy-
poi, wMurpamms 30JI0Ta B CHCTEME «IIOJIUMEp—
MUHEpaI» MPOXOAuia pasHOM CTENEeHbIO KOHILIEHTpPa-
mun Au B popmax MOC.

B cBsi3u ¢ 3TUM B pyAHON 30HE OBUIM YCTAHOBJICHBI
MOJI30HBI KOHIIGHTpauu Au, 00yCIOBJIEHHbIE TeMIIepa-
TYpPHOU 30HANBFHOCTBIO B BHJIC MPOSIBICHUS JOKATBHOTO
MeTracoMaTtu3sMa, Ha KOTOpLIﬁ OKa3pIBaJl BIMSHUE O€j-
KOBO-)KHPOBOMW COCTaB pacTeHHii — oOpa3opareineii YB.
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