HayuHas ctaTtbsa
YK 549.553.2

DOI: 10.21209/2227-9245-2023-29-4-44-53

O HoBOWM Haxogke OTeHOoraapaTuTa B 3abamnkansbe

leopauli AnekcaHdpoeu4 Op2eHCOH
UHecmumym npupodHbix pecypcos, skonozuu u Kpuonoauu CO PAH, e. Yuma, Poccusi

yurgga@mail.ru
UHpopmayuss o cmamee:

Cratbs noctynuna
B pegakumto 11.07.2023

OpobpeHa nocne
peueHsnpoBaHus; 25.10.2023

MpuHsaTa k nyénukaummn
28.10.2023

Knroyeenle crnosa:
rtomeHboz2aapdmum,
Xumuyeckuli cocmas,
30/10Mo camopodHoe,
anekmpymM, mennypuobl,
cynbghudhbl, Keapu, xuna
)KeHesckas, [JapacyHckoe
MecmopoxoeHue,
Babatikanbe

AxTyansHocTb 3akniodaeTca B HEOBXOANMOCTY MMETh MOMHbIE AaHHbIe 06 0co-
OEHHOCTAX MUHEepanornn pyd KpymnHbIX MecTopoxaeHun 3onota. OgHMM M3 Takux
mMecTopoxaeHun B 3abankanbe siBnseTcs [JapacyHckoe, OTHOCUTENbHO HOBbIE UMbl
KOTOpOro, OTKpbITble B 1985 r., Obinn BbICTPO 0TPaboTaHbl M HEAOCTATOMHO U3YYEHbI.
OpHoW U3 Taknux — XuI, MUHeparbHbIN COCTaB KOTOPOW NMPaKTUYECKN HE U3Y4eH, OTHO-
cuTcs borartasi No CoAepPXKaHMIo 30M10Ta, CIIOKHOCTU MUHEParnbHOro cocTasa, rnyouHe
obpasoBaHusa — xwuna XeHesckas. Llenb nccnegosaHus — onpefeneHne MnHepans-
HbIX hOpM 30110Ta B rnyboko3aneratoLlen 3010To-KBapL-CynbduaHown xune. O6bekT
nccnefoBaHus — MUMb3EHUT-TeCCUT-toTeHBoraapaTUT-receuT-LYyMONUT-30N0TOo-Ccharne-
PUT-XanbKONMPUT-NMPUTOBast MUHepanbHas accoumauus. MNpegmer uccnepoBaHust —
XMMUYECKUI cocTaB U hOpMbl BblAeneHus toteHboraapatuta. Metogq n mMeTopono-
rMs — ONTUYecKas M 3NeKTPOHHAasi MUKPOCKONKUS € onpegenieHMeM opM BbiAENEHUA 1
BapuaLmii XMMNYECKOro cocTaBa MMHepanos. B nccnegosaHum nonyyeHsl cnepytowime
pesynbTaTbl: BrepBble B ry60oKo 3aneratoLlen (ropnsoHT 617 M OT NOBEPXHOCTH) Xune
KeHesckon [JapacyHCKOro MeCTOPOXAEHMS 30510TO-KBapLEeBO-CynbuaHon dopma-
umm obHapyxxeH cynbdug Au n Ag toTeHboraapaTuT B TECHOM accoumaumm ¢ XanbKo-
MUPUTOM U HU3KONPOBHBLIM CaMOPOAHBLIM 3010TOM, MPEUMYLLECTBEHHO SEKTPYMOM,
Tennypuaamu (LyMOWT, reCCUT, BOMbIHCKUT, AMMPECCUT, NUMb3EHUT), a TakkKe MMPUTOM,
chaneputoM 1 raneHnToM. XKunbHble MUHeparnbl NpeacTaBneHbl KBapuem, cuaepu-
TOM ¥ MYCKOBUTOM. XMMWUYECKUI COCTaB oTeHboraapaTtuTa (mac. %): Ag 42,97 — 53,57;
Au 33,78 —44,62; S 11,28 — 13,61; Cu 0,65 — 1,14. CpegHee cogepxaHue areMeHTOB:
Ag 49,35; Au 37,74; S 12,43; Cu 0,664. TeopeTndeckoe coaepxaHue OOMmKHO ObiTb
cnepytowee: Ag 58,46; Au 32,02; S 9,52. OcCOBEHHOCTbIO XMMNYECKOTO COCTaBa TEH-
OoraapaTvTa SBMSETCA HECTEXMOMETPUYHOCTD, BbipaXaloLasica B HegocTaTke cepe-
©Opa, YacTblo, 30Mn0Ta u n3bbiTke cepbl. OHa obycnoBneHa, BepoATHO, 0COBEHHOCTAMM
cocTaBa pacTBOpa-pacnasa, Bblpaxatowmummcs B HeogHopoaHocTu Au-Ag-S TBEpao-
ro pacteopa, cogepxatiuero B kadectse npumecewn Cu, Te, Bi, oTobpaxéHHOro B Tec-
HOM MapareHesnce C xanbkKonuputoMm u Tennypugamu. Haxogsiieecs B accoumaumm
C toTeHborapaTuTom Au HuskonpobHoe, cogepxuT ot 43,32 Ao 56,42 % Ag v no ux
COOTHOLLIEHWIO SIBNSIETCS ANEKTPYMOM.

BnazodapHocmb: Paboma ebinonHeHa 8 pamkax 2ocsadaHusi no meme Ne FUFR-2021-0005.
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The relevance lies in the need to have complete data on the mineralogy of the
ores of large gold deposits. One of such deposits in Transbaikalia is Darasunskoye,
the relatively new veins of which, discovered in 1985, were quickly worked out and
poorly studied. One of these veins, the mineral composition of which is practically not
studied, is the Geneva vein, which is rich in gold content, the complexity of the mineral
composition, and the depth of formation. The purpose of the study is to determine the
mineral forms of gold in a deep-seated gold-quartz-sulfide vein. The object of study
is pilsenite-hessite-uytenbogaardtite-hessite-tsumoite-gold-sphalerite-chalcopyrite-
pyrite mineral association. The subject of the study is the chemical composition and
forms of yutenbogaardtite isolation. Method and methodology are as follows: optical
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and electron microscopy to determine the forms of segregations and variations in the
chemical composition of minerals. Results: for the first time in a deep-lying (horizon
617 m from the surface) vein of the Geneva Darasun deposit of the gold-quartz-
sulfide formation, Au and Ag sulfide yutenbogaardtite was found in close association
with chalcopyrite and low-grade native gold, mainly electrum, tellurides (tsumoite,
hessite, volynskite, empressite , pilsenite), as well as pyrite, sphalerite, and galena.
The vein minerals are represented by quartz, siderite, and muscovite. The chemical
composition of uytenbogaardtite (wt. %): Ag 42.97 — 53.57; Au 33.78 — 44.62; S 11.28 —
13.61; Cu 0.65 — 1.14. Average content of elements: Ag 49.35; Au 37.74; S 12.43;
Cu 0.664. The theoretical content should be Ag 58.46; Au 32.02; S 9.52. A feature of
the chemical composition of uytenbogaardtite is its non-stoichiometric nature, which is
expressed in a lack of silver, a part of gold, and an excess of sulfur. It is probably due
to the peculiarities of the solution-melt composition, expressed in the inhomogeneity
of the Au-Ag-S solid solution containing Cu, Te, Bi as impurities, displayed in close
paragenesis with chalcopyrite and tellurides. Low grade Au, which is associated with
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yutenbogardtite, contains from 43.32 to 56.42 % Ag and is electrum by their ratio.

Acknowledgment: The work was carried out within the framework of the state task on the topic No. FUFR-2021-

0005.

BBepeHnune. (OTeHboraapatnt (Uytenbo-
gaardtite, Ag,AuS,)" oTHocuTCA K MUHepanam
3onota un cepebpa pyg 3onotocepebpsiHbIX Me-
CTOPOXAEHUN, a Takke MNoNMMeTanInyecKkmx
(Farckoe Ha Ypane u 3menHoropckoe Ha An-
Tae) [18]. HasBaHue «TeHOoraapaTuT» BBENU
B 1978 r. M. [I. baptoH, K. KudT, E. A. bepk un
M. O. OeH [13]. Bnocneacteum oH HeogHokpar-
HO MKCMpPOBariCs B pydax MeCToOpoXaeHUn ma-
norny6uHHoN 3onotocepebpsiHon hopmauum [3;
4; 11], KoTOpbIE NO TPagULMM B 3anagHoOn n ame-
PVKaHCKOW NuTepaType HasblBalT anuTepMarib-
HbimMu [13—16; 19]. B nocnegHue rogbl B CBA3U
C MCMONb30BaHNEM 3NIEKTPOHHON MUKPOCKOMUU
toTeHboraapATUT HEOZHOKpaTHO Habmngancs B
pydax mectopoxaeHun Ceepo-BocTtoka Poc-
cun [2; 5; 8; 11], a Takke Ha Tanmbipe [1; 7].
M3yyeHbl ycnosus ero obpasoBaHus [4; 6-8], B
TOM 4YMCMEe U MO 3KCNepUMEHTanbHbIM AaHHbIM
[7; 8; 17].

HapacyHckoe mMecTopoxaeHue 3onoTa B
3abavikanbCKOM Kpae pacrnosfioXeHO B MOCESKe
ropogckoro Tuna BepuwwnHo-OapacyHckun TyH-
FOKOYEHCKOro panoHa 3abarikanbckoro Kpas
(puc. 1).

OTO MecTopoXAaeHue BXOOUT B COCTaB
KpynHoro [lapaCyHCKOro pygHOro nons v siB-
ngeTtcs coctaBHOM yacTbio [dapacyH-Moroymns-
CKOW CTPYKTYPHO-(POPMaLIMOHHOM 30HbI 30I510-
To-monunbaeHoBoro nosica 3abankanbsa. Pyg-
HOe More 3aHMMaeT TEPPUTOPUIO OKOMOo 60 Km?2
n BkntoyaeT [lapacyHckoe, TanaTtynckoe 3ono-
TopyaHble, TepeMKnHCKoe 30noTocepebpsiHoe,
YcTb-TepeMKrMHckoe cepebpsHoe MecTopoXxae-
HWUS 1 pag pygonpossneHnn. PoccbinHas 3omo-
TOHOCHOCTb BaccenHa pek [dapacyH, XXapua n

' dneiiwep M. CrnoBapb MUHeparbHbIX BUAOB. — M.:
Mwup, 1990. — 206 c.; Back M. E. Fleisher's Glossary of
Mineral Species. Tucson: Terra Publishing, 2014. — 420 p.

Opyrux nssecTtHa ¢ cepeanHbl XIX B. YNoMuHa-
HUS O KOPEHHOM 30510TOM opyAeHeHun B Japa-
CYHCKOM pyaHOM parioHe nosisnstTca ¢ 1889 r.
1 ganbHenwas NcTopms OTKPbITUA, U3YYEHNS 1
pa3paboTKM XK C KOPEHHbIM 30/10TOM [aHa B
paboTtax [9; 10; 12; 13] n 3gecb He paccMmaTpu-
BaeTcs.

PygoHoe nome crnoxeHo MarmaTuyeckumu
nopogamu. [peBHuii cybcTpaT npeacTaBneH
HWKHENaneo3onckMmMmn MeTaMmopdr3oBaHHbIMM
rabbpovgamu. OHM npopBaHbl U MeTamopdu-
30BaHbl cCpeaHenaneo3onckMMn-paHHeMEe3030M1-
CKUMW, AMOPUTaMM, rPaHOAMOpUTaMK, rpaHnTa-
MM, FTPaHOCUEHUTaMU, CUEHUTaMW amMaHaHCKO-
r0 WHTPY3MBHOrO Kommnnekca. BonblMHCTBOM
uccrnenoBaTenen opyaeHeHWe CBs3bIBAeTCA C
cybBynKaHM4YeCKMMM 00pa3oBaHUAMU aMymKK-
KaHCKOro KOMMMeKca cpeaHe-BepXHEPCKOro
Bo3pacTa. [. A. TumodpeeBckuin, Hanbonee 00-
CTOSATENBHO U3YYMBLLMIA MECTOPOXAEHME, Nona-
raert, 4YTo 30/10TOE OPYAEHEHME CBA3AHO C Marbl-
MU MHTPY3uaAMKU nnarnorpaHuT-nopdunpos [10].

XKunbHbI KOMMIMAEKC, K KOTOPOMY MpUHaA-
nexuT xnna XXeHesckas, pa3suTbIi Ha FOro-3a-
nagHoOM y4acTke MECTOPOXAEHUS, MPUYPOYEH K
KOHTaKTaM KOHTPACTHbIX MO COCTaBy OCHOBHbIX
(meTarabbpo) 1 LenovYHO-KUCTIbIX (rpaHOCUEHU-
Thbl) MOPOA. OTa Cepust XU BKIOYaeT SNOBCKYIO,
BanagHyto, AnmasHyto, KeHeBcKyto 1 ap.

Xuna >KeHeBckasi Obina oOGHapyXeHa
2 ceHTsI0pa 1985 . B wTpeke 1-6muc no xwune
OnoBCKOM, KOTOpas BbIKIMHWMIACL. TOHKUIA Bbl-
X0 €€ 3aMeyeH aBTOpOM Ha ropn3oHTe 617 m B
FOXKHOW CTeHKe Ha 165 m oT ero yctbst (40 m ot
3a60s1 B 16 m oT MT-131). OTOT BbIXOA €€ UMeEn
MOLLHOCTb 2—3 CM U KanbLUT-KBapL-NUPUTOBbINA
cocTaB (obpasel, 542/30). CogepxaHvne nupuTa,
B BMAe Kybudecknx n KybookTasgpuyecKkmx Kpu-
cTtannoB B Hel 6bino okomno 70 %. Bmewatowas
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nopoga npeacTtaBneHa MHTEHCUMBHO MUPUTU3U-
poBaHHbIM rabbpo-amcpunbonuTom, NUPUT B KO-
TOPOW NpeacTaBrieH Kpuctannamm Kybrnyeckoro
rabutyca senuunHon go 0,2—1,0 mm npu cogep-
XaHum 0o 15 % (obpasen 542a/30). 3oecb xe

Ha KOHTaKTe MHTEHCUBHO MUPUTU3MPOBAHHbIX U
XMNOPUTU3NPOBAHHbBIX TOHKO3EPHUCTOrO MUKPO-
avoputa u rabbpo-amcpunbonuta Haxogunach
TOHKas XWrka aHKepuT-MMPUT-apceHoNnMpUTo-
BOro cocraBa (obpasey 543/30).
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Puc. 1. MectononoxeHue [lapacyHckoro mectopoxaeHus 3onota / Fig. 1. Location of the Darasun gold deposit

B cBsaA3u ¢ Tem, uTO xuna Snosckas Obina
notepsiHa u Heobxogumo 6bino obGocHoBaHWe
AN NpodormkeHnss paboT Ha ropusoHTe 617 M,
aBTOp W3BECTUNT O HaxodKe rMaBHOro reorora
HapacyHckon P3O bB.Tl. TynuupiHa, a 3artem
[onoxun o6 3ToM Ha 3acefaHuy Hay4yHO-Tex-
HMYEeCKOoro coBeTa 9KCNeamuun 1 Bbickasarn pe-
KOMeHZaumo O LenecoobpasHoCT! NPOXOAKU
rOpHOW BbIPabOTKN AN BCKPLITUSI BbISIBIIEHHON
Xunbl 1 onpeaeneHns eé NPpoMbILLNIEHHOW 3Ha-
YMMOCTU. V3yumB cocTaB M CBOWCTBa KBapua 1
CynbMUAOB, KOTOPbIE MO TUNOMOPMHLIM N TK-
NOreoXMMMYecKMM Mpu3HaKkam okKasanucb Mnoy-

TV WOEHTUYHLIMW ANsi NPOJYKTUBHbLIX 4YacTen
xun  [lapacyHCKOro MEeCTOPOXAEHWUs, aBTop
noaTBepAus NPaBOMEPHOCTb BblAAHHOW peKo-
mMeHZaumun. B nepuog mexay 17 n 18 oktabps
1985 . b. M. TynuublH coobLWwwmn aBTopy, 4TO
rOpHbIMW BblpaboTkamu, NPOMAEHHbIMW MO ero
pekoMeHOauun, BCKpbITa U MpOCNexeHa Yyxe
Ha 250 M 30M0OTOHOCHAs Xuna ¢ MakCUMarnbHON
MOLLHOCTbI0 10 50 CM 1 BbICOKMMY COAEPXKaHU-
AMK 3onoTa. 22 okTsibpsa 1985 r. aBTop BMecTe
T. H. FOpreHcoH nNpucTynui K eé foKyMeHTauum
n oTbopy 06pasLoB METOLOM MWHeparnornye-
CKOro KapTMpOBaHWSI.

BecmHuk 3a6ly. 2023. T. 29, Ne 4

Hayku o 3emne u okpyxarouweli cpede
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O6bLekm uccnedoeaHusi —
reccuT-toTeH6oraapanT-reccuT-LyMonT-30110TO-
chanepuT-xanbKonMpUT-NMPUTOBast MUHeparnb-
Hasi accounaums. lMpedmem uccnedoeaHust —

NMAJNTb3EeHUT-

XUMMYECKMA CcOCTaB U (OPMbl  BblENeHUs
toteHO6oraapaTuta. Llenb uccnedosaHusi —
onpefeneHve MuHepanbHbiX opm 3oM0Ta B
rnyboko3aneratollen 30M0To-kBapL-Cynbhua-
Hon »wune. OCHOBHbIMW 3adayamu uccriedo-
8aHus SBMSIIOTCS: U3y4nTb hOPMbI, pasmepsbl 1
napareHeTMdeckme accouuaumm toTeHboraapa-
TUTa, a TaKKe ero XMMU4eCKUin CoCTaB 1 CTEXMO-
METPUYHOCTb.

Matepuan u meToAbl uccrefoBaHUA.
OT60p Npo6 NPoM3BOAMIICA MO NUHUAM Ceve-
HWs, pacnonaraBwnMcs NpuMepHo Yyepes 50 m
B 3aBUCUMMOCTM OT XapakTepa W3MEH4YMBOCTMU
MOLLIHOCTU Wilbl, BMELLAKLUX FOPHbIX MOPOA
N VHTEHCMBHOCTN OKOMOXMWIbHBIX WU3MEHEHUN.
MpuBaska ux onpegensnacb OTHOCUTENbHO
MapKLUEeNAepCKnX Todek, 0603Ha4YeHHbIX brupka-
MM, BUCALLMMW Ha NMPOYHbIX HUTSIX, 3aKpPEennéH-
HbIX B KPOBIE€ rOpHOW BbipaboTku. MonoxeHne
NX B NPOCTPaHCTBE U3BECTHO.

B kaxaoM cedeHun B HanpaBneHnn OT BUCS-
Yero Unn nexxadero 6oka >xunbl BO BMELLaLLMX
nopogax npobbl 0TéMpanucb No nHTepBanam 4o
1 M OT KOHTaKTa C Xwunow vyepes 1 M, 3aTem B npe-
Jenax metpa oT Xunbl Yepes 0,5 m, 3atem cneay-
loLme nonmertpa yepes 25 cm, 3atem oTbmpancs
LLeNMKOM MHTepBarn MPUKOHTAKTOBOW YacTu rop-
Hov nopogpl wupuHo 10 cM. 3aTeM XUMbHbIN
mMaTtepuan oTtbupancsa cnnowb, Kaxabli obpa-

Puc. 2. Cxema reonorm4eckoro
cTpoeHus [lapacyHckoro
mecTopoxaerus. Mo [10].

1 — nnarvorpaHuT-nopdupsl; 2 —
6pekynm B3pbIBa; 3 — 30MOTOHOCHbIE
KBapu-CynbduaHbie Xunbl; 4 —
paspbIBHbIE HAPYLLEHWST; KOHTYpbI
pacnpocTpaHeHns MUHeparnbHbIX
accoumaumn: 5 — kBapu-TypmManvMHOBOW;
6 — NMpUT-apCceHONMMPUTOBOW; 7 —
raneHuT-ccpanepnToBon; 8 — kBapL-
CynbPOaHTUMOHUTOBON. 9 — Xxuna
XKenesckas. LLUTPUXM KOHTYPHBIX NIMHWNA
HarnpassieHbl B CTOPOHY pa3BUTUS
MUHeparbHbIx accouvaunii / Fig. 2.
Scheme of the Darasunskoye field.
Geological structure. According to
[10]. 1 — plagiogranite-porphyry; 2 —
explosion breccia; 3 — gold-bearing
quartz-sulfide veins; 4 — discontinuous
violations; Contours of the distribution
of mineral associations: 5 — quartz-
tourmaline; 6 — pyrite-arsenopyrite;

7 — galena-sphalerite; 8 — quartz-
sulfoantimonite. 9 — lived Geneva. The
strokes of the contour lines are directed
towards the development of mineral
associations

AN

3eL, HyMepoBarcs, U Ha HEM YepTunacb CTpenka
yKasblBatoLLasi HanpaeneHne otbopa nonoxeHve
B xurne. Mo Mepe BbIXOA4A U3 XUIbl PaCCTOSHUSA
Mexay obpasuamm U3MeHsNMCb B 0bpaTtHOM Mno-
psake. OTOvpanucb OpMEHTUPOBAHHbIE B MpPO-
CcTpaHcTBe 0bpasubl XUbHOrO Matepuana. 9T1o
Jenanock Ans Toro, 4Tobbl MOXHO Oblno onpe-
OenuTb npupody MUHeparibHOW 30HanbHOCTH
W HanpaeneHne M3MEHeHUs1 CBOWCTB U COCTaBa
MWUHEpPanoB M MWHepasrbHbIX arperatoB, M Ha-
npaBrieHVst HapacTaHus 30H B pygHoM Tene. He-
NOCPEACTBEHHO B rOpHON BbipaboTke Npon3Boau-
NIMCb 3apVCOBKU M KpaTKMe OnucaHus pa3pesos,
a fpetanbHble ONUCaHWs B MONEBOM [HEBHUKE
BbINOMHANUCL Kaxabli Bedep. Bcero 3a natb
OHel onpoboBaHO NATb pa3pes3oB B LUTPEKe Anu-
How 250 m n otobpaHo 153 obpasua.

M3 oTobpaHHbIX 06pa3LoB MPUrOTOBMEHbI
Npobbl 418 N3y4YEeHUsT XMMUYECKOro CoCTaBa Ko-
NIMYECTBEHHBLIM CreKTparnbHbIM, NMPOOVPHLIM 1
peHTreHocneKkTpaneHbIM aHanusamu. N3yyeHve
MUHEepanbHOro coctaBa XWUMbHOrO martepuana
M BMELLAKLINX TFOPHbIX MOPOA BbIMNOMHEHO B
wnudax n aHwnmdax metogamm onTUYECKOM U
3MNEKTPOHHOW MUKpockonuu. 30MoTo onpeaene-
HO METOLOM CMEKTPO30SI0TOMETPUN U Npobup-
HbIM aHanuaom. M3srotoBneHo 28 aHwnudgos,
N3yYEeHHbIX C MOMOLLbI OMNTUYECKOro Monspu-
3aumoHHoro mukpockona AXIO ScopeAl. U3 Hux
11 aHWnMdOB Mn3y4deHbl C LEenbio NOATBEPXAe-
HUSi pe3ynbTaToB 3MEeKTPOHHO-30HAOBBLIM Me-
TOOOM Ha PacTPOBOM 3MIEKTPOHHOM MMKPOCKO-
ne LEO 1430 VP (TMUH CO PAH, r. Ynan-Ygs,
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aHanutukn E. B. XogbipeBa n E. A. Xpomosa,
pykoBoguTENb NnabopaTopun KaH4. TeXH. Hayk
C. B. KaHakuH). B kayecTtBe 3TanoHoB MCNofb-
30BaHbl 06pa3ubl CaMOPOAHOro 30r10Ta U cepe-
Bpa n3BecTHOro coctasa.

Pe3ynkratbl uccnepgoBaHus. OcoGeHHO-
CTV CTPOEHUS 1 cocTaBa parMeHTOB XUrlbl U3y-
YeHbl Ha obpa3uax u3 Hambornee MOLLHOW YacTu
XUIbl, Tae NPUCYTCTBYIOT peakue Tennypuabl.

®parmeHT Xunbl Ha uHTepBane 12—-22 cm
OT €€ KOHTaKTa CO CTOPOHbI Nexayero 6oka no-
kasaH Ha puc. 3. OH CNOXeH KPYMHO3EePHUCTbIM
arperatoM KBapLieBO-CynbuaHOro cocraga.
Cynbcuapl npeacTaBneHbl NMUPUTOM, apCeHo-
nMpuTOM 1 Xanekonuputom. MNpu 3aToM cogep-
XaHue xanbKonuputa OOCTUraeT B OTAENbHbIX
yyacTtkax go 30-80 %. KsapL, maccuBHbIN OBYX
reHepaumin. OgHa ceyétcs cynbuaamu, a apy-
rasi Mo TOHKMM TpeLUMHaM BHEOPSIETCS B HUX.
YacTb aHWnuga Ha 3neKkTPOHHO-MUKPOCKOMNU-
YecKOM CHMMKe npefgctaBneHa Ha puc. 4. Co-
BEPLUEHHO OTYETNMBO BMOHbI BKIOYEHMS 30M10-
Ta B XarbKOMMpuTe B accoumaLimm ¢ MyCKOBUTOM
n rugpocnogon. OCOBeHHOCTbI0 3TOro yyacTka
XUnNbl aBngdertca (bparMeHT TBépp'oro paCTBopa Puc. 3. KBapueBo-cynbct)m,quM q)parmeHT Kunbl

MOUT-XanNbKOMMDUT C U36BbITOUHBIM cepe6poM XKeHnesckon. O6pasel, 581-30 / Fig. 3. Quartz-sulfide
Hy P peop fragment of the Geneva vein. Sample 581-30
B BUAe reccuta.

! 300um !

40um

a) 6)

Puc. 4. dopmbl BbiAeNeHns 1 MUHepanbHbleaccoumaumm toteHboraapaTuTa: a) accoumaums sonota (1, 5) ¢
uymoutom (2, 4) B xanekonmput (10) — ccaneputosom (11) arperate B cynbcuaHo-ksapy, (12) — myckosur (3, 8,
13) — cupepuToBoin (14) yactu xunbl; 6) cTpoeHne hparMeHTa KpynHOro BbiaeneHns uymouta (1), cogepxaiiero

BKIHOYEHNs XanbkonupuTa (2—3) u reccuTta (6), obpasyroLwmx CTPyKTypy pacnaga TBEpLoro pacteopa B
xanekonupute (7), cogepxalumx vyewyn rugpocntogpl (5). Obpasey 581 -3 -1. XKuna YXeHeBckasi, ropu3oHT 617 M,
[apacyHckoe mecTopoxaeHne. SNeKTPOHHO-MUKPOCKONUYECKU CHUMOK / Fig. 4. Forms of isolation and mineral
associations of yutenbogaardtite: a) association of gold (1, 5) with sumoite (2, 4) in chalcopyrite (10) — sphalerite
(11) aggregate in sulfide-quartz (12) — muscovite (3, 8, 13) — siderite (14) part of the vein; b) the structure of a
fragment of a large separation of sumoite (1), containing inclusions of chalcopyrite (2—3) and hessite (6), forming the
structure of the decomposition of a solid solution in chalcopyrite (7), containing scales of hydromica (5).
Sample 581 -3 -1. Vein Genevskaya, horizon 617 m, Darasunskoye field. Electron microscopic image
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Bo cparmeHTe atoro obpasua BenvynMHOM
2,4x3,8 cm B aHwWnndge obHapyxeHa crnoxHas
MUHepanbHas accouuauusi, coctoswas u3 (B
nopsigke ybbiBaHMSA) XanbkonvpuTa, nMpuTa,
KBapua, cugepuTa, MyckoBuTa, anuaoTta, TuTa-
HWTa, cdpaneputa, raneHuTa, HWU3KONPOOHOro
30M0Ta, UymouTa, reccuta, toTeHOoraapaTu-
Ta, nunb3eHuTa. MpuUCyTCTBYIOT Takke Onuke
He onpegenéHHbIn cynbdoTennypaT BMCMYTa,
cepebpa n xenesa ¢ HebOMNbLUION MPUMECHIO
MblWwbsKa (3,62 S; 26,47 Te; 18,92 Ag; 13,18 Bi;
7,41 Fe; 0,65 As; 17,630). CocTaBbl toTeHbora-
apaTvTa AaHbl B Tabnvue.

OnNeKTPOHHO-MUKPOCKOMNYECKUIA  CHUMOK
dparmeHTa aHwnudga 583A/30 npuBegeH Ha
puc. 5a, rge nNMH30006pa3HbIf BNOK BENUYUHOWM
280 mkm obpasoBarnca HenocpeacTBEHHO B
KpynHOM 3epHe Xxanbkonuputa (5) Ha KOHTakTe
€ero ¢ NMPUTOM M PTYTUCTbIM 3010ToM (1), my-
CKOBUTOM 1 cugepuTtom (7,8). 3onoTto (4) Haxo-
ONTCS TaKKe Ha CTbIKE MYCKOBUT-CUAEPUTOBOIO
arperara ¢ xanbkonmpuTtom (6). Ha koHTakTe nu-
puTa 1 XanbkonupuTa BblOENUIUCh Takke Mern-
Ke nHanesuabl raneHuta (9). etannsaums atoro
bnoka gaHa Ha puc. 56. BugHo ero crnoxHoe
cTpoeHue. BepxHsia npaBasi 4acTb ero crioxeHa
3onotom (7, 8) n toteHboraapatTuTom (6), BKMtO-
YatoLMMK YHaCTKM XanbKONMpUTa U KOHTaKTUpY-
owmmm ¢ myckosutom (12). Becb yaANMHEHHBIN

600um

a)

NUH30BUAHBIA Gnok crnoxeH reccutom (1, 2),
LyMOUTOM (4), aHOMarnbHbIM MUIbL3EHNTOM (3),
xanbkonuputom (5, 9), xenesmctbiM canepu-
TOM-MapmatuTom (10) M OTHOCUTENBHO YMUCTbIM
nupuTom (11).

B nogoBHbIX CTpyKTypax pacnaga TBEPObIX
pacTBOPOB, rae HapsiAy C 30110TOM, FeCCUTOM U
LyMOUTOM B LEHTpanbHOW 4acTu paspesa no
xune XXeHesckon B obpasue 583a/30 npucyT-
CTBYET U toTeHboraapatuT (puc. 5).

Puc. 5. ApceHonmpuTt-xanekonmpurt-caneput-nupuT-
KBapLeBbIi arperat. Paspes xunbl XKeHeBckon.
35-43 cm ot Bucsayero 6oka. Obpasew, 583A/30 /
Fig. 5. Arsenopyrite-chalcopyrite-sphalerite-pyrite-quartz
aggregate. Section of the vein of Genevskaya.
35-43 cm from the hanging side. Sample 583A/30

100um

6)

Puc. 6. briok toTeHb6oraapaTMTa ¢ accoLumnpyroLwmnuMy MUHepanamu: a) rafieHnT-30n0To-NNpuT (KBagpaTHbIe CPesbl
KyOUYECKNX KPUCTanoB B HUXXHEN YacTu CHUMKA)-XanbKonupur (2, 5, 6) — MyckoBuT (7) — cuaepuTtoBbii (8)
arperart; 6) oeTanb pucyHka 6a, rae nokasaH yBenum4eHHbIn Brok, coaepallmnin toTeHboraapaTUT 1 accoummupyoLme
C HUM MUHepansbl. [NosicHeHne B TekcTe. Obpasel 583a/30. SNeKTPOHHO-MUKPOCKOMNYECKNA CHUMOK /

Fig. 6. Yutenbogaardtite block with associated minerals: a) galena-gold-pyrite (square sections of cubic crystals in
the lower part of the picture) — chalcopyrite (2, 5, 6) — muscovite (7) — siderite (8) aggregate; b) detail of Figure 6a
showing an enlarged block containing Yutenbogaardtite and associated minerals. Explanation in the text. Sample
583A/30. Electron microscopic image
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B Tabnvue npvBegeHsl pesynsraTtel aHanm-
3a toTeHboraapATUTa M3 pasHbiX YacTem Kpyn-
Horo obpasua, npeacTaBrnsoWero LeHTparnb-
HYI0 4YacTb XWMbl, r4e, B OCHOBHOM, PasBUTHI
MUHeparnbHble accounauum BTOPON U TPeTbeWn
reHepaumm. 34ecb OH accoLUUPYET LyMOUTOM,
CaMOpOAHbIM 30110TOM, OTNINYAIOLLMMCS HU3KOW
npobHocTblo. HabnogatoTca nepexogbl Mex-
Oy toTeHborapagTMTOM U 30710TOM, FeCCMTOM U
toTeHboraapaATMTOM U LymouToM. B Tex mecrax,
roe tTeHboraapaTUT KOHTaKTMPYET C 30510TOM
(puc. 7), no mepe nNpubnuxeHus K rpaHuue c
BKIHOYaIOLLMM €ro MHAMBUAOM 30510Ta B IOTEH-
BboraapaTuTe BO3pacTaeT ero coaepxaHue oT
33,58 no 41,36 %, a cepebpa ymeHblLIaeTcsa OT
53,33 0o 47,12 %. Ha 3atom pucyHke BUAHO, YTO
Ha KOHTaKTe 30510Ta ¢ xanbkonupuTtom (8) Haxo-
OuTca BKNtoYeHue ranenuta (6). ManeHuT B Buae
BKITOYEHUS NPUCYTCTBYET TakkKe B XarnbKOmnu-
pute (9). B cpactaHum ¢ xanskonuputom (10)
HaxoauTcA BblgeneHne uymouta (7) BENMYNHON
OKOro 25 MKM.

50um

Puc. 7. HOTeH6oraapatmT (1-3) B MHAMBMAE 30510Ta
(4, 5, 12, 13) B xanbkonuput (10)-MyCKOBUTOBOM
(11) arperate. [anbHewee o6bACHEHNE B TEKCTE.
O6paszel, 583a/30. XXuna XeHeBckasi. ONeKTPOHHO-
MUKpOCKonuyeckun cHuMok / Fig. 7. Yutenbogaardtite
(1-3) in an individual of gold (4, 5, 12, 13) in
chalcopyrite (10)-muscovite (11) aggregate. Further
explanation in the text. Sample 583a/30. Genevskaya
vein. Electron microscopic image

Kak BMOHO 13 Tabnuubl, COOTHOLLUEHWE 30-
nota u cepebpa B toTeHGoraapaTUTE Bapbupy-
€TCs B LUMPOKUX Npeaenax 1 YETKO NpocnexunBa-
€TCS ero HeCTeXMOMETPUYHOCTb, TUMMYHasA AN
Hero, oGyCcrioBreHHasi TeM, YTO OH MOCTOSIHHO

Haxo4uTCsa B TECHeNLwen accoumauumn ¢ HU3Ko-
NpoBHbIM camopofHbIM 30r0ToM. CoaepxkaHune
3o0noTta 1 cepebpa B BblOENEHUAX CaMOPOAHO-
ro 3onoTa B 3TOW accouuauum HEMOCTOSAHHO U
na3meHsietTcs anga 3onorta ot (mac. %) 43,48 goo
70,67, a cepebpa ot 23,48 oo 42,18 npwu coot-
HoLleHnn cepebpa K 30M0TYy, COOTBETCTBEHHO,
o1 0,33 go 0,96. 310 03HaYaeT, YTO CaMOpPOaHO-
ro 3010Ta, Kak TakoBOro, B accoumaLun C ITeH-
GoraapaTMTOM OYeHb Maro, U OHO npeacTaBsre-
HO, NPEUMYLLECTBEHHO, 3NIeKTPYMOM. TeM He
MeHee, pacyéTbl COOTHOLLEHUSA CPeqHUX cogep-
XaHun cepebpa 1 3onoTa B xune >KeHeBcKow,
nokasanu, 4to B pyge cepebpo npeobnagaet
Hag 3oroToMm B 2,13 pas. A, ucxogs n3 aHanmsa
dopmyn toTeHboroaapaTUTa, NpeacTaBneHHbIX
B Tabnuue, BUAHO, YTO BO BCEX Cry4vasiXx B HEM
HegocTaTok cepebpa, He KOMMNEHCUPYHOLLMACS
Aaxe npumecoto mean. MNpu atom B GonbLuen
YacTW M3MEPEHHbIX ero MHAMBMAOB 30M0TO MNpe-
obnagaeT 1 NuLb B O4HOM CIly4ae COOTBETCTBY-
eT popmyne. [Ipyro ocobeHHOCTbIO toTeHbora-
apaouTa xunbl XXeHeBCKOM sBNAETCS M30bITOK
cepbl, HE KOMMEHCUPYIOLMINCA KaTUOHHOW Ya-
CTb0 XMMMYECKOro cocTaBa.

OTO BMOHO M3 aHanu3a f[aHHbIX Tabnu-
Lbl: COOEPXaHWS 3NEeMEHTOB B U3YYEHHbIX WH-
avBugax toteHboraapgTuta COCTaBrnsloT 451
Ag 42,97-53,57; Au 33,78 — 44,62; S 11,28 —
13,61; Cu 0,65 — 1,14. CpegHee cogepxa-
Hue anemeHToB: Ag 49,35; Au 37,74; S 12,43;
Cu 0,664. TeopeTnyeckoe coaepxaHvue OOMKHO
6b1Tb Ag 58,46; Au 32,02; S 9,52. Taknm obpa-
30M, HanMUo HegocTatok cepebpa M M3BbITOK
30ro0Ta 1 cepbil.

KOTeHbGoraapaTMT accounnpyeTcst He ToMb-
KO C 3NEKTPYMOM, HO 1 CONPOBOXAAaeTCH Tenny-
pugamu, cpeau KoTopbix Hanbonee pa3BuTbl rec-
cuT 1 uymount. OCOBEeHHOCTLIO nocreaHero, Kak
1 anekTpyMma, YacTblo toTeHboraapatuta, a Tak-
e accouMpyoLMMU C HAM BOMbIHCKUTA, NSb-
3eHUTa 1 aMnpeccuTa, ABMSIETCA MPUCYTCTBME
Meau, 4YTo OByCrnoBneHO BbLICOKMMU copepxa-
HUsMK eé B pyde. Hapsagy ¢ obunuem xanbko-
nuputa NpUCyTCTBYET U CBMHLIOBO-BUCMYTOBAS
cynboconk naposut (Cu,Aqg),,(Pb,Bi),S ,".

OTHOCUTENBHO LLIMPOKOE pa3BuUTUE Tenny-
pugos B accoumaumm ¢ 3010ToMm, cepebpom u
BMCMYTOM MOATBEPXAAETCA KOPPENSALMOHHOWN
KPMBOW 3aBWCUMOCTU COAEepXaHWi 3o0nota u
Tennypa (puc. 8) n TeHaeHUMen K Koppensumm
coaepXaHuin 3oroTa 1 Tennypa B XUIbHOM Ma-
Tepuane.

' ®nevwep M. CnoBapb MUHepanbHbIX BUAOB. — M.:
Mwup, 1990. — 206 c.; Malcolm E. Back. Fleisher’s Glossary of
Mineral Species. — Tucson: Terra Publishing, 2014. — 420 p.
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Xumunueckum coctaB oTeH6oraapaTuTta / The chemical composition of yutenbogaardtite

Howmep o6pasua/ ?:eMeHm u e2o c_oaep»(aHue, mac. %:,/ Cymma, % /
Sample Number e element and its contents, mass. % Total, % ®opmyna / Formula
S Cu Ag Au
583a/30—-1 13,96 0,74 52,48 38,52 105,69
HopmupoBaHHebI / Normalized 13,21 0,7 49,63 36,44 100 (AG, 56CUq 06)5 65 AU, 04 S, 5
®.k./F.c* 2,31 0,06 2,59 1,04 6
583a/30-2 13,09 0,85 53,61 34,46 102,01
HopmupoBaHHebIv / Normalized 12,83 0,83 52,55 33,78 100 (Ag,15CU 1), AU 66 S, 54
®.k./F.c. 2,24 0,07 2,73 0,96 6
583a/30-3 10,94 0,62 46,47 37,02 95,05
HopmupoBaHHebiv / Normalized 11,51 0,65 48,89 38,95 100 (AG, 6,CUq 16)5 75U, 165, 14
®.k./F.c. 2,1 0,06 2,67 1,16 6
583a/30-4 12,64 53,33 33,58 99,55
HopmuposaHHbIi / Normalized 12,7 53,57 33,73 Ag, AU, S, 5
®. k. /F.c. 2,23 2,8 0,97 6
583a/30-5 13,68 51,17 35,63 100,49
HopmupoBaHHbIi / Normalized 13,61 50,93 35,46 100 Ag, AU, 1S, 57
d.k./F.c. 2,37 2,63 1 6
583a/30-6 11,92 47,12 41,36 100,4
HopmupoBaHHebIv / Normalized 11,87 46,93 41,2 100 (AG, 5,CUq 16)5,65AU, 2455 1
®.k./F.c. 2,19 2,57 1,24 6
583a/30-7 11,07 1,12 42,18 43,8 98,17
HopmupoBaHHebIv / Normalized 11,28 1,14 42,97 44,62 100 (A9, ,CUq 1,),5,AU, 565,
®.k./F.c. 0,35 0,02 0,4 0,23
lMpumeyarue: P. K. POPMYIbHBIA KOIPPULNEHT
Note: F. c. — Formula coefficient
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Puc. 8. JkcnoHeHUuanbHas

Copgepxanume Telmrypa, /T
sesessess OKCIIOHEHLMANbHAR JIMHUA TPeHAR

NMHNA TpeHaa CTaTUCTUYECKON XapaKkTepucTukm KOHLI,eHTpaLI,VIﬁ 30n0Ta u Tennypa, B

xune Xenesckon. CogepxxaHus gaHbl B /1. PacyéT BbinonHeH E. B. MupoHoBoii / Fig. 8. Exponential trend line of

the statistical characteristics

of the concentrations of gold and tellurium, in the vein Genevskaya. The contents are
given in g/t. The calculation was made by E. V. Mironova
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Bbieodnbl. BrepBbie B >xune >KeHesckas
[apacyHCckoro MecTopOXAeHusi 305r0oTa BblIsiB-
neH OTHOCUTENbHO peaKkun cynbug 3omnoTta u
cepebpa toTeHboraapAaTuT, onucaHHbIn B 3aban-
Kanbe, B BepxHeM ropusoHTe [lepBon pyaHON
30Hbl TaceeBCKOro 30110TocepedbpssHOro MecTo-
POXAEHUS.

KOTeHboraapaTMT HaxoamTCst B TECHOW ac-
coumaLnmn ¢ XanbKonMpUTOM U HU3KOMPOOHBLIM
CaMOpodHbIM  30f10TOM,  MPEUMYLLECTBEHHO
3MeKTpymMoM, Tennypuaamu (LymMOWUT, reccwr,
BOJSIbIHCKUT, 3MMPECCUT, NUMb3EHUT), a Takke

nMpuTOM, chaneputom n raneHnTom. KnnbHble
MWHeparbl NpeacTaBeHbl KBapueMm, CUaepuTom
n MyckoBUTOM. OCOBGEHHOCTBIO XMMUYECKOro
cocTaBa tloTeHboraapaTvMTa sIBMNsieTCsl HECTEXM-
OMETPUYHOCTb, Bblpaxatollasica B HegocTaTke
cepebpa, YacTblo, 3omnota u nsbbiTke cepbl. OHa
obycnoeneHa, BEpPOATHO, OCOBEHHOCTAMU CO-
CTaBa pacTBOpa-pachnsiaBa, BblpaXaroLMM1Cs B
HeogHopogHocTn Au—Ag—S TBEpPZOro pacTeopa,
coagepxallero B kayectse npumecen Cu, Te, Bi,
0TO6pPaXXEHHOro B TECHOM NapareHesunce ¢ Xalb-
KOMMPUTOM K TENNypuaamu.
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