Pyabl n metannbl N2 4/2021, c. 43-59 / Ores and metals N2 4/2021, p. 43-59
DOI: 10.47765/0869-5997-2021-10027

METOZbl ¥ METOAMKW MPOTHO3A, MOVCKOB, OLEHKM 1 PA3BEOKM MECTOPOXAEHUA  YIK 553.411:681.3 (571.56)

MeToaunka nsy4yeHnsa KepHa 06beKToB
30/10TO-KBapueBon ¢popmayunm C npMeHeHnem
PEHTreHOBCKO KOMMbIOTEPHON TOMOorpadun
Ha Nnpumepe mecTopoXXaeHua [ipakHoe
(Pecny6nuka Caxa (AkyTus))

X-ray computed tomography study for drill core of the Drazhnoe
orogenic-type gold deposit (Sakha (Yakutia), Russian Federation)

Yukatyesa B. |0., CrenaHos H. B.,
YutanuH A. ©., Kopoct 1. B.

MecToposKieHsT 30JI0TO-KBAPIEBOH hopMaIiuu uMe-
0T OTYETINBBIN CTPYKTYPHBIN KOHTPOJIb U COIPOBOIK-
JAIOTCA OKOJIOPYJNHBIM MeTacoMaTndeckKuM opeosioM. Of-
HaKO IIPY JIeTAJIbHOM MOJIEJINPOBAHUYM YaCTO HE COBIA-
JIAI0T CTPYKTYPHBIE TJIAHBI PACIPOCTPAHEHUST OOraThIX
PYZOHACHIIIIEHHBIX YYACTKOB ¥ 30H METACOMATUTOB; ITOC-
Jile[[HUE He BCErjja IPUYyPOUYEHBl K Pa3PbIBHBIM HapyIie-
HUAM. [losTOMy OUYeHb BajKHO ellé Ha PaHHUX HTalax
U3yYeHUs MECTOPOXKIEHUS HAJIEKHO OIPEIEIUTh XapaK-
Tep pachpejesieHUus PYyAHBIX 30H, TaK KaK OT HTOTO 3aBHU-
CUT KOPPEKTHAas IOCTAHOBKA OypOBOM MpPOrpamMMbl U
HKOHOMMYECKAs OlfeHKa o0bekTa. [locTaBieHHy0 3amady
MOYKHO PEUINTb METOJOM PEHTT€HOBCKON KOMIIBIOTEP-
uoui Ttomorpaduu (KT) npu usyuyenunu KepHa.

B paborte mpencraBieHa METOIOIOTUA U3y UeHUA TT0JI-
HOpPa3MepHBIX 00pa3I[0B KEPHOBOI'O MaTepuasa 30J0TO-
pynHBIX MecTopoxkaeHuil ¢ npuMmeHenmem KT. O0bekT
HCcCIIeIoBaHUs — 0Opasel KepHa, XapaKTePU3yOUUi TleH-
TPaJbHYIO0 YaCTh PYAHOTO Tejia MeCTOpoxkaeHus Jpax-
noe (Tapsrrckoe pyaHoe mosie, Pecriyonuka Caxa (Aky-
tus)). KT-ckanupoBanue o6pasija MpoBOJUIOCH Ha JIBYX
sHeprusx (80 u 130 kaB) B Tomorpadpe SIEMENS Soma-
tom Perspective. Boiia mosydena gerasbHas TpEXmep-
Hasf CTepeoIoTuYecKas MOesib KePHAa, YTO IT03BOJIMJIO
U3yYUTH pacupefieieHre PyAHbIX MUHEPAJIOB B 00bEME
obpasiia, BBIZENUTH PA3HOBO3PACTHBIE KUJIHHO-IIPO-
JKUJIKOBBIE TeJia, NCCIeN0BaTh UX MOPQOJIOTUIo U 3aK0-
HOMEPHOCTHU paclipe/iesieHNsI B HUX PyJHON MUHepaJu-
3aIiu. B uTore mpejioxkeHa mpefBapuTeSbHasg UHTEP-
TepIpeTanusa CTPYKTYPHBIX 00CTAaHOBOK (HOPMHUPOBAHUS
PYAHON MUHEPATU3aIINN U TPOKUIIKOB.

KiroueBsbie c0Ba: peHTIE€HOBCKAs KOMIBIOTEPHAS TO-
Morpadus, ITOKBEPK, 30JI0TO, MECTOPOKAeHNe JlpaskHoe.

Chikatueva V. Yu., Stepanov N. V.,
Chitalin A. F,, Korost D. V.

Orogenic gold-quartz deposits have a clear structu-
ral control and are accompanied by wallrock metasoma-
tic alteration. However, in detailed modeling of such de-
posits, there is often a mismatch between the structural
plans for high-grade ore zone distribution and metaso-
matite zones, and the latter are not always associated
with faults. This is explained by the evolution of the hy-
drothermal process and the pulsating nature of the de-
velopment of the territory. In the early stages of the mine-
ral deposit study, it is very important to reliably deter-
mine the distribution of ore zones, since the correct tar-
geting of the drilling program and the economic deposit
assessment depend on it. The problem can be solved using
the method of X-ray computed tomography (CT) in the
core study.

This paper presents the methodology of studying full-
size core samples of gold deposits by using CT. A core
sample characterizing the central part of ore body of
Drazhnoye deposit (Tarynskoye ore field, Republic of Sa-
kha (Yakutia)) was used as the study material. The sam-
ple studied was scanned by a SIEMENS Somatom Per-
spective tomograph at two energies (80 and 130 keV). As
a result, a detailed three-dimensional stereological mo-
del of the core was obtained, which made it possible not
only to study the distribution of ore minerals in the vo-
lume of the entire sample, but also to identify vein bo-
dies of different ages, as well as to study their morpholo-
gy and trace the distribution patterns of ore mineraliza-
tion in them. Based on the study results, we can offer a
preliminary interpretation of ore mineralization and
vein formation sequence.

Keywords: computed X-ray tomography, stockwork,
gold, Drazhnoye.
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Besederue. 1udpoBbie METOMIBI UCCIIENOBAHUS
CTaJIM HEOTHEMJIEMOU YaCThIO JIIOOBIX IIOUCKO-
BBIX U re0JIOr0pas3BeJoYHbIX paboT. B mocnenuue
rofibl BO BCEM MHpe HabupaeT MOMyJIsSpPHOCTD
MEeTOJ] PEHTTEHOBCKON KOMITbIOTEPHON TOMOTrpa-
¢uum (KT), koTopsiii B Poccru 94acTo CBA3BIBAIOT
¢ TexHosorueit «LludppoBoro kepHa» [6]. JJaHHBII
METO/I YK€ YCIIEIIHO TMPUMEHseTCs B HeDTIAHOU
0TpPAaCJIN, AKTUBHO UCIIOJIb3YETCA IIPU U3y YEHUU
Mopdosoruu u GopM BBIFETIEHU MUHEPATbHBIX
WHIUBUIOB CyTbPUIHON MUHepaInu3auu, 6ia-
TOPOHBIX METAJIJIOB, & TAKIKE MPU U3YIEHUN UX
MIPOCTPAHCTBEHHOTO PacIpe/iesieHusA U B3aUMO-
oTHotenusA mexay uumu [9, 11, 12]. Tnasuas 3a-
naua KT — monxyuuts napopMaIiuo o cTepeoso-
TMYECKOM CTPOEHUU 00heKTa MCCIIEOBAHMS, HE
Hapylas ero 1eJJOCTHOCTH, YTO JAET MpenuMyliie-
CTBO Tepe]] KJIAaCCUUYECKUMU METOZaMU UCCTIE0-
BaHUA.

[Tpu mouckax u pasBeKe PyIAHBIX MECTO-
POKIEHUN BayKHO €I[€ HA PAHHUX DTAIax U3y-
YeHUs HAJEKHO OMpPeNIeIUTh XapaKTep pacipe-
JleJIeHUsT PYAHBIX MUHEPAJIOB U MPOCTPAHCTBEH-
Hble B3aWMOOTHOIIIEHUA KaK APYT C IPYyroM, TaKk
U C T€0JIOTUUECKOU CTPYKTY PO MECTOPOXKAEHUA
B 1esioM. OTo uMeeT 00JbllIOoe 3HAYEHUE, I0-
CKOJIBKY OT JJOCTOBEPHOCTH IOJIyYaeMbIX I'€0JI0-
T'MYECKUX JaHHBIX U MIPABUJIBHOU reOMeTpu3a-
WU PYIAHBIX KUJT U MPOKUIIKOB 3aBUCAT BHIOOP
mapaMeTpoB GYpOBOY pas3sBeqOUHOMN CETH U TI0JI-
HOTa OI[EHKU 3aIacoB MeCTOpoxRAeHus1. Omaum
13 5QHEeKTUBHBIX UHCTPYMEHTOB B PEIlIeHUY Ta-
ko#t zamauu sBiasercsa KT-ckanupoBaHwue moJ-
HOPa3MepPHOTO KepHa, [0 Pe3yIbTaTaM KOTOPOT'0
Te0JIOTHU MOTYT M3y4aTh 00BEMHYIO IUDPOBYIO
(crepeosoruueckyio) Mozieb obpasiia, oTpaka-
OIYI0 €r0 CTPYKTYPHO-MUHEPATIOTUYECKUE OCO-
bGeHHOCTH.

I'naBHasA 1esb maHHOU PaboOThI — JEeMOHCTPA-
IUsT METOMOJIOTUU TIOJIyYEHUST U WU3YUEeHUs [e-
TasbHOM 1MUGPOBOIH MOEN KepHa C UCIOJIh30-
BaHWEM PEHTTEHOBCKOM KOMITHIOTEPHON TOMO-
rpadun.

Mamepuanvt u memodut ucciedosanus. Mare-
pUasioM JJisi UCCIIEA0BAHUSA MOCIYKUI 0bpasery
KepHa, OTOOpPaHHBIM BO BpeMs IOJIEBBIX padoT
Ha Mectopoxaenuu paxuoe (Pecriybinka Caxa
(AxyTusn)) 3omoTo-kBapiesout popmariuu (prc. 1)

[1, 5]. syuaemas meTomom KT mosioButKka Kep-
Ha IIpeJcTaBjeHa TOHKOIIEPEeCIaNBAIOIUMUCH
ImecYUaHUKaMU U ajieBpolecYaHUKaMHU, Iepece-
YEHHBIMU IMTPOKUJIKAMU KBAPIEBOTO W KBapIl-
KapOOHATHOTO COCTABOB HECKOJIbKUX T'E€HEPAIIUH,
MOIITHOCTA W OPUEHTUPOBKU. Bunumasa pynHas
MUHEepaJIu3aIsa B obpasiie mpeficTaBieHa MUupu-
TOM U apCEHOIUPUTOM; CAMOCTOATEIbHBIX BbI-
JleJIeHui 30510Ta He Habsomatoch. Juamerp Kep-
Ha coctaBiser 63,5 MM (HQ). ITo pesynpratam
CEKITMOHHOTO MPOOHPHOTO aHAIU3a MOJOBUHKU
kepHa (ceknusa — 1 M) comep:kaHue 30JI0TA B UH-
TepBaJjie orbopa obpasiia cocrasisier 8,82 r/T.
IMpenBapuTenbHas MOATOTOBKa obpasiia s
KT-cvémru He TpebyeTcs.

[Ipospauno-miosTupoBaHHbIE UITUPHI U3yUe-
HBI B J1abOpaTopuu pyqHON MUKpPOCKONUU Kade-
JIPBI TEOJIOTUH, TEOXUMUN U DKOHOMUKU I10JIE3-
HbIX HckonaeMbix MI'Y um. M. B. JlomoHOCOBA.
Hcmosb3oBanbl MEUKpPocKombl Axioscop 40A-Pol
(Carl Zeiss) u Ilonam P-312. Yrounenue coctaBos
U ompejieJieHre MUKPOIPUMECER B MUHeEpasiax
ITPOBEJIEHO TTPU TOMOIIM BJIEKTPOHHO-30HI0BBIX
UCCJIeJIOBAaHU, BBITIOJTHEHHBIX Ha Kadenpe me-
tposoruu MI'Y um. M. B. JlomoHOCOBa Ha cka-
HUPYOIIEM 3JIEKTPOHHOM Mukpockore JEOL
JSM-6480LV ¢ BonbdpaMOBBIM TePMOIMUCCHU-
OHHBIM KAaTOJOM, OCHAIIEHHBIM DHEPTroAUCIIEp-
cuoHHbIM criekTpoMeTrpoM INCA X-Maxn (mio-
1ab AaKTUBHOM 30HBI Kpuctaina 50 MM?2, cBepx-
Toukoe okHO ATW-2) ¢ paspemienuem 124 5B
(Mn Ka, 20 kV).

Ocrosvt u mexuonoeus KT-coémru. TexHoso-
rusa KT-chéMKu ocHoBaHa Ha B3aUMOJEMCTBUU
PEHTTEHOBCKOT'O U3JIyYeHHUA C BEIleCTBOM. bosrb-
LIMHCTBO PEHTIEHOBCKUX TOMOrPadOB MMEIT KO-
HYCHO-JIy4€eBYI0 KOHQUTYPAIUIO, B KOTOPOI PEHT-
TeHOBCKUU JIy4 UCXOMUT U3 UCTOYHUKA UBJIyde-
HUA U TIONajaeT Ha JIETEKTOP PEeHTTeHOBCKUX
gyuent [2, 7, 11]. O6GBeKT HcceoBaHUSA yCTa-
HaBJINBAeTCA MEXJY WCTOYHUKOM MBJIyUYEeHUA U
JIETEKTOPOM, GUKCUPYIOIINM YPOBEHD ITOTJIOIEH-
Horo uasaydenus. [losydyaemoe Ha JieTekTOpE IBY-
MepHOe n300pakeHre, XapaKTePUayoIlliee NHTEH-
CUBHOCTb PEHTTEHOBCKOTO M3JIyYeHUs IIOCJIEe ero
TPOXOKIEHU S YePE3 UCCIEAYEMbIi 00BEKT, Ha3hI-
BaeTcA TeHEBOH Ipoekimeil. B mporecce cbéMKHU
B 3aBUCHUMOCTU OT TEXHUYECKUX OCOOEHHOCTEMH
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Puc. 1. CxemaTtnueckasn CTPYKTYPHO-reosiornyeckasd Kapta mectopoxaeHuA Ll,pa)KHoe:

1-T,, BepxHsisi Tosa (aJIEBPOJIUTHI C MIPOCTOSIMU IeCYaHUKOB); 2 — T3, HUKHsAsA Toa (AJIEBPOJIUTEI, PEIKUe

IIpocJjion I‘paBeJ’II/ITOB); 3- mepecjianBaHue IIeCYaHUKOB

U aJIEBPOJINTOB; 4 — pyAHbIE TeJIa; 5 — 30HBI TUPUTU3ALINY;

6 — KBapILEBBIH LIITOKBEPK; 7 — Pa3pbIBHbIE HAPYLIEHU; 8 — pacIoyioxKeHNe yyacTKa JlpakHbIi

Fig.1. Sketch structural and geological map of the Drazhnoye

deposit:

1-T,, upper strata (sandstone-banded siltstones); 2 — T, lower strata (siltstones, rare interbeds of gravelstones);
3 —interbedding of sandstones and siltstones; 4 — orebodies; 5 — pyritization zones; 6 — quartz stockwork; 7 — faults;

8 — ore-controlling deformation zone

TomMorpada, IPON3BOJUTCA BpallleHue JIubo ca-
MOTro 00beKTa MCCIIeOBAHNSA BOKPYT CBOEH OCH,
100 MCTOYHUKA UBJIy4YeHUs, B pe3ysIbTaTe Yero
dbopmupyeTcss HaOOp TEHEBBIX MPOEKIUI C pas-
JINYHBIX YTJIOB 0030pa, C TOYHOU ITPOCTPAHCTBEH-
HOU ITPUBA3KOM.
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[Tpu ucnonwvzoBanuu KT nia mocienyrormeit
KOPPEKTHOHN 00paboTKMU MOSIydyaeMbIX JaHHBIX
BayXKHOU sABJsAeTcA MHPOpMALUA O IPoIeccax,
MTPOTEKAIONINX B Pe3ysibTare ociabieHus U3Jy-
JyeHUA. B ciiyyae ¢ m3ydyeHHEM TreOJIOTUUYECKUX
00BEKTOB MTPUMEHAIOTCS UCTOYHUKY U3JTY deHU S
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¢ pasbpocom sueprum ot 80 mo 130 k2B. B 3aBu-
CUMOCTHU OT DHEPrUuM U3JIydeHUs MpeobsiafaioT
pas3InYHble MeXaHU3MBI, 0CIa0IAI0IINe PEHT-
FeHOBCKOe M3JIy4YeHUe IIPU ero IMPOXOKIEHUN
yepes 00BEKT uccienoBanusa. Tak, Ipu ChEMKe
Ha Hu3Kux sHeprusx (50-80 k»B) mpeobaamaer
doTosIEKTPUUECKOE TTOTJIONIEeHNE, TP KOTOPOM
BXOJIAIIUN PEHTI€HOBCKU HOTOH BHIOMBAET BHY-
TPEHHUI 3JIEKTPOH, 3aHUMa s BHYTPEHHIOI0 000-
JIOYKY aToOMa, YTO MPUBOAUT K IIePEXOAY DJIEK-
TpOHa ¢ BHeIIHeH 000JI0YKM Ha BHYTPEHHIOI.
[Tokazarespb MOIJIOUIEHUA CPEABI TPU POTODIIEK-
TPUYECKOM IIOTJIONIEHUH OyeT MPONOPIoHaJIeH
Z*5 roe Z — aTOMHOE 4YMCJIO IIOTJIOIAOIEero Ma-
tepuasa. [Ipu KT-cpréMKe Ha BBICOKMX DHEPTUAX
(> 100 k2B) mporekaer siBjIeHUE KOMIITOHOBCKOTO
pacceaHUA, IPU KOTOPOM PEHTreHOBCKUE POTO-
HBI B3AUMOJIEHICTBYIOT TOJIBKO C BHEIIHUM BJIEK-
TPOHOM, TlepefiaBasi eMy YacTb CBOEU DHEPrUu U
U3MeHss HalpaBJIeHUEe CBOEro JBukeHus. [1o-
Kas3aTesib IMOTJIOMIEHUS CPEJIbl IPU KOMIITOHOB-
CKOM paccesHUH OymeT mpomopiiuoHasieH Z [8].
B pesynbraTe Takoi pazHHUIBI 3PDEKTOB CHEM-
Ka Ha OOJIBIITUX YHEPTUAX PEHTTEHOBCKOTO U3JITY-
yenus (ot 130-140 K»B) necét mudpopmaruo B
OCHOBHOM O IIJIOTHOCTU 00beKTa, N3MepeHue Ha
uuskon suHepruu (80-90 k5B u HUKE) COMEPIKUT
uHbopManuio o Z,* [2, 10].

3a cuéT 3dHeKTOB paccesHU U MOTJIOMIEHU ST
PEHTTEeHOBCKOTO curHaja (PeHTTeHOBCKOM ab-
copbuuu) ocabieHre U3JIyUYeHUs Ha IMoJydae-
MBIX TEHEBBIX MPOEKI[UIX MPOABJSIETCA B BUIE
U3MEHEHUs TPKOCTH, KOTOPOE, KakK MPaBUJIO, BbI-
pakaeTrcd B pacIpefieJIeHUU OTTEHKOB CEPOTO.
YacTo obbekTaM Oosblliel MJIOTHOCTH COOTBET-
CTBYIOT CBETJIbIe OTTEHKU CEPOr0o, MEHBIIEH —
TEMHBIE.

[Tocse moyyeHVs MEPBUYHBIX JaHHBIX (Ha-
6opa TeHeBBIX MPOEKIUIT) OCYIIeCTBIIAETCA UX Pe-
KOHCTPYKIUA, 3aKII0YAIONIAACA B [IepecueéTe Ha-
6opa MoTyYeHHBIX PEHTTeHOTPaMM B HAOOP IJIOT-
HOCTHBIX C€YEHUH, 0TOOPAIKAIOIINX BHY TPEHHIO0

* B kauecTBe XapaKTEPUCTUKHU COCTaBa OOBIYHO HCIIOJIb3Y-
eTcA mapaMeTp Z, IPeJCTaBIAIIINN cpeHeB3BelIeHHOe
aTOMHOE YHCJIO U3ydyaeMoro obbekra. B reosiorun nsygaior
MUHEpPaJIbl, COCTOAIINE U3 HECKOJIbBKUX XUMHYECKHUX DJle-
MEHTOB, TOTZA 107 Z NpuHUMaeTcA 3P EeKTUBHBIN aTOMHBIH
HOMeD (Z,5).

CTPYKTypy obpasua. B xome mporenypsl pekoH-
CTPYKIIUM UHTEHCUBHOCTD UBJIyUEHUs Ha UCXO[I-
HBIX peHTreHorpammax nepesogurca B KT-mmot-
HOCTB, pa3pelleHre KOTOPOU 3aBUCUT OT KOM-
MIBIOTEPHOU CUCTEMBI, BHIIIOJTHAOIIEH PEKOHCT-
pykIuio [2]. BoSBITHHCTBO COBPEMEHHBIX CUCTEM
KCIIOJIB3YIOT 16-OUTHYIO HIKAJTY, T03BOJIAIONLYIO
rpanyupoBatk KT-mmoTHocTs B quanasone ot 0
IIo 65 535.

Ha ceroguAmIHMY AeHb AJ1A IeTaJIbHOTO U3Y-
YeHUA MUHEPAJIbHBIX UHJIUBUJOB ChEMKA I'e0-
JIOTUYECKUX 00pasI[oB B Py/HOU Te0JIOTUU MTPO-
U3BOIUTCA HA OJHOM sHepruu (BbICOKOM). [l
TOJIyYEHUs JeTAaJIbHOU CTEPEOJIOTUYECKON MOJe-
JIV TE€0JIOTUYECKUX 0OBEKTOB, KaK IPABUJIIO, OCY-
muectBisiercsa KT-ckanupoBaHnme ob6pasijoB Ha
Ccrenuaju3upoBaHHBIX ToMorpadax c paspe-
mreaueM g0 0,5 mMrm (Hampumep, SkyScan-1172
romnauuu Bruker microCT, Benwsrus). Jlasa sto-
T'0 BBIMTUJIMBAIOTCS 00pasIibl JIN0O IUIUHAPHUYE-
cKoOH, 1160 Kybudeckoit Gpopmel, quamerp (UIu
JMMaToHAaJIb) KOTOPBIX He IMpeBhIlIaeT 2 cM. Bpe-
MA BbIcoKosieTabHOTO KT-cKaHMpOBaHMA 3aBU-
CUT OT BBIOPAHHOTO pas3pereHsi ChEMKU U Baph-
UpyeT OT IMePBBIX €IUHUI] 10 JEeCATKOB YaCOB.
CpéMKa OJHOPa3MepHBIX 00Pas310B pa3zMepoM
boJsiee 5 X 5 cM YacTO MMeEEeT HEBHICOKOE paspe-
mrerue oT 50 1o 250 MKM U HOCHUT, CKOpee, «IIpU-
1eJIbHBIT XapaKTep» B I[eJifAX BbiOopa Hambosee
IPEeJICTABUTEIBHBIX MECT JIJIA AAJIbHEUIIero nus-
TOTOBJIEHUST HEOOJIBINIUX IUIUH/POB UIU KyOu-
koB 1A KT-ckanupoBaHua ¢ BEICOKUM paspe-
IIEHUEM, UJIU U3YUYEeHUST MUKPOKOMIIOHEHTOB T10-
ponbl. B KauecTBe mpuMepa HUIKE MPUBEIEHBI
pe3yabTaThl paHee BBIMTOJTHEHHBIX UCCJIEI0OBAHUN
KepHa MEeTOJIOM PEHTTeHOBCKOW KOMIIbIOTEPHOM
ToMmorpaduu (puc. 2).

Kaxk Bummo us puc. 2, Hanbosiee moapobHOLH
00BEMHOM TeosIorndyeckor nudpopmaien oba-
JlaeT CTepeosIoruyecKas MOJeNb, IOy YeHHAA IPU
cbéMKe HebOOBIIOr0 obOpasiia ¢ paspelleHHeM
4,5 um. Tem He MeHee, IpU aHAJIU3E CTPYKTYypP-
HO-MUHEPAJIOTUYECKUX OCODEHHOCTEN PYIHBIX
MECTOPOK/IEHUI CTEPeoIOTUYECKre MOfien 00-
pasIoB, pa3Mep KOTOPBIX He ITPeBHINIAET 2 X 2 CM,
He B [IOJIHOM Mepe IpeAcTaBUTENbHBL. [ 00b-
6MHOTO M3yYeHUs MPOCTPAHCTBEHHBIX U BO3-
PAaCTHBIX B3aMMOOTHOIIEHUH MWHEPAJIbHBIX U
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Puc. 2. Pe3ynbraTtbhl N3yYyeHMA MNOMIOBUMHKN KEpPHa METOAOM PEHTreHOBCKOW KOMMNbIOTEPHOWN
Tomorpadum [3, 5

a — $oro obpasiia, IpeACTABIEHHOTO aJIeBPOMECUaHUKAMU C KBAPIEBBIMU U KBapI-KapOOHATHBIMHU IIPO-
JKUIKaMu; b — n300pakeHre CTEPEoIOTHYEeCKON MOMEIN KepHa, MOJIyYeHHOe B Pe3yJibTaTe CKaHWPOBAHUS
KepHa ¢ paspernenueM chéMku 100 um: ¢uoseToBeIi 1BeT — pyAHasa MmuHepaansanus (sulf), opamkesbiit
KPY3KOK — MECTO U3TOTOBJIeHUA NUInHIpa A1 getanbHor KT-cbéMKH, cM. puc. 2, ¢; ¢ — KapTUHA pacipeese-
HUA 36peH apCeHONUpUTa U 30JI0Ta B HUJIUHApPe AuaMeTpoM 16 MM, mosydeHHas B pesyibraTe KT-cbéMKru
¢ paspemrernueM 4,5 um, KpacHas JIMHWUA — IJIOCKOCTh cpesa uinda; d — GboTo pyAHBIX MUHEPAJIOB TOZ
MUKPOCKOTIOM B 1nude, ykazanuoM Ha puc. 2, ¢ (Py — nmuput, Apy — apceHonuput, Au — 30J710TO)

Fig. 2. Study results for core half by X-ray computed tomography [3, 5]:

a — photo of the sample represented by silt sandstone with quartz and quartz-carbonate veinlets; b — image
of the stereological core model obtained through core scanning at 100 um resolution, ore mineralization (sulf)
is colored violet, orange circle indicates the location of taking a cylinder sample for detailed CT imaging, see
Fig. 2, ¢; ¢ — pattern of arsenopyrite and gold grain distribution in 16 mm diameter cylinder obtained in CT
imaging at 4.5 um resolution, the red line shows the plane of the section cut; d — microscope-generated photo of
ore minerals in polished section shown in Fig. 2, ¢ (Py — pyrite, Apy — arsenopyrite, Au — gold)
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CTPYKTYPHBIX BJIEMEHTOB B MaciITabax MecTo-
POKIEHUA MPEeNIIoUTUTEIIbHEe HCII0Ib30BaTh Jie-
TaJIbHYI0 ITU(PPOBYI0 MOJEIb MOJIHOPA3MEPHOTrO
KepHa, 0TOOPAHHOT0 M3 CKBAaXKUH, MPOUEHHBIX
Ha HECKOJIbKUX KJIIOUEBBIX yYacTKax OOBEKTA.
Kpome Toro, HemasioBaxkKHbIM (GaKTOPOM SABJIA-
eTcs BBICOKAA IIPOU3BOAUTEIBHOCTh CKAHUPOBA-
HUSA, TaK KakK Py 60JbIINX 00BEMAX KAMEHHOTO
Marepuasia cb€MKa HeOOJIBIIOro obpasiia B Teue-
HUE HECKOJbKUX YacoB OyIeT MOJITUM U JOPOTO-
croAMM MporieccoM. Ha ocHOBaHWM BBIIIEN3JI0-
KEHHOTO OCHOBHOW 3ajadell JaHHOU paboThl cTa-
JIO TIOJTyYeHUe MOAPOOHOM U JOCTOBEPHO# CTepeo-
JIOTUYECKON MOJIeJIN IOJIHOPa3MePHOro obpasiia
KepHa 32 IPUEMJIEMBII [IEPUOJ, BpEMEHH, a TaKKe
JIEMOHCTPAILMS METOAUKY aHAIN3a U MHTepIpe-
TalyA MOJIy4aeMbIX TaHHBIX.

KT-ceémra nonnopasmeprozo obpasuya. s
pellleHuA OCTaBIEeHHON 3aa4u ObIJIO BBITIOJIHE-
HO mocsiefoBaTenbHoe KT-ckanuposauue obpas-
11a KepHa Ha IBYX dHepruax — Hu3kux (80 kosB) u
Boicokux (130 k5B). MceemoBanve mpoBOAUIOCH
Ha Tomorpade SIEMENS Somatom Perspective
(Siemens, 'epmanus). Ha uéMm ycraHoOBIIEHBI fe-
TEKTOp U3 «yabTpabeicTpoii kepamukru» (UFC —
Ultra Fast Ceramics) ¥ BBICOKOITPOU3BOIUTEb-
Has peHTreHoBckas Tpybka DURA 688 MV, ko-
TOpBbIe MO3BOJIAIOT CKAHUPOBATH KEPH CO CKO-
pocThi0 1 METp B MUHYTY IIPU MaKCHUMaJIbHOM
paspemenuu 97,5 MKM Ajasa auamerpa 50 M.
Hamnpsskenue na Tpyoke ot 80 mo 130 kB, cuna
toka 200 MA. Mccnenyembiii obpaser] KepHa Io-
MelllaJyicsl B IJIACTUKOBYIO TPyOy, 3alI0JTHEHHYIO
KBapIleBbIM IECKOM, U PacIioyiarajcs B TOMO-
rpade B ropmsoHTaJNIBbHON miockocTu. ChéMKa
BeJIaCh B CIIMPAJIbHOM PeKHMMeE C paspelleHrueM
130 MRM.

B pesynbraTe ckaHupoBaHusA obpasija Ha
JIBYX DHEPTUAX OBLIN TOJIYUYEHBI JIBA TMEPBUUHBIX
Habopa PEeHTTeHOIJIOTHOCTHBIX Cpe3oB (cTeka
JIAHHBIX) C MPOsIBJIEHUEM pPasHbIX 2PPeKToB mor-
JIOLIIEHUA PEHTTEeHOBCKOTO M3IydyeHuA. Pesysnb-
TaTOM JII060TO PEHTTeHOTOMOTPaPUUECKOTO U3-
MepeHUs ABJIAIOTCA CTeKU JUCKPETHBIX M300pa-
JKeHUH, B KOTOPBIX APKOCTh KaXKJJOW TOUKU MOXKET
ompenenATbea ABYMA (GU3UYECKUMH IapaMe-
TpaMu MaTepuaja o0beKTa: MJIOTHOCTHIO U d¢-
dexkTUBHBIM aTOMHBIM HOMepoM. Ha peHTreHo-

MIJIOTHOCTHBIX Cpe3ax, MOJIyYeHHBIX TPU ChEMKE
HAa HUBKOH DHEPrUU, BBHICOKOH PEHTIreHOBCKOM
KOHTPACTHOCTBIO 00J1a/Jal0T MUHEPAaJIbl CO CXO-
JKUMU TIJIOTHOCTHBIMU CBOHCTBAMM, HO Pas3jinyd-
HBIM Z,; — 9TO KBapll, KapOOHATHBIE MUHEPAaJIbI
u asieBporiecuanuku (puc. 3, b). Haubosee sp-
KUM OTTEHKOM (DesibIM) OTpaskeHa CyabpuHas
MuHepaJusanusa 6e3 paszesieHus Ha MUHEPaJIb-
Hble MHAUBUABL. Ha cpesax, MOJy4eHHBIX MMPU
CchEMKe Ha BBICOKON DHEpPruu, HAaUOOJIbIIAsa PEHT-
TreHOBCKas KOHTPACTHOCTDH MPOsIBJIEHA Y MUHE-
PaJIoB C BBICOKOM TIJIOTHOCTHIO — MMUPHUTA, APCEHO-
nupuTa U 30j0Ta. 2KUJIbHble MUHEPAJIBI U BME-
IAIoIKe aJIeBPOTIeCYaHUKY Ha JaHHBIX Cpesax
XapaKTepU3YyITCA eTUHBIM OTTEHKOM Ceporo. B
pesyJibTare mpu 06paboTke ABYX HAOOPOB PEHT-
TEHOTIJIOTHOCTHBIX CPE30B TMOJIyYEHBI CTEPEOIO-
rUYeCcKre MOJEN KaK JJIs SKUJTbHBIX, TAK U JJIs
PYIHBIX MUHEPAJIOB (CM. puc. 3, ¢).

O6paboTka 1 BU3yaIn3aIusa CTEKOB JTaHHBIX
MTPOBOUJINCH B PA3JIUUHBIX CITEIUaTIN3UPOBaH-
HBIX KOMITBIOTEPHBIX MMPHUJIOKEHUAX, TAKUX KaK
CTan u DataViewer (Bruker Corporation), Avizo
3D (Thermo Fisher) u 1. . Kaxkmoe mpuioxkenue
JIEMOHCTPUPYET MPOCTPAHCTBEHHOE pacIpesesie-
HUe BBIfIeJIEHHBIX PEHTTEHOKOHTPACTHBIX KOMITO-
HEHTOB U, B 3aBHCUMOCTH OT IIOCTABJIEHHBIX 3a-
Jlad, UMeeT CBOE MPEerMYyIlecTBO B pabore co
cTeKaMu JaHHBIX. 3aBepKa MOJIyYaeMbIX CTEPEO-
JIOTUYECKUX MOjiesieli OCYyIIeCTBIsAIaCh MyTEM
MIPUIIEIBHOTO BBITTUJIMBAHUSA TIJIACTUH JIJIST U3T0-
TOBJIEHUSI TTPO3PAYHO-TIOJIMPOBAHHBIX MITU(DOB U
X U3y4YeHUs MoJ MUKpockonoM (puc. 4).

AHnanuz u unmepnpemayus pezynvmamos KT-
ckanupogarus. Pabora c pesynpratamu KT-cka-
HUPOBAHUS HAYMHAETCS C JIETAJbHOTO aHaIN3a
PEHTTeHOIJIOTHOCTHBIX CPE30B B Tpajialluu ce-
poro. Takoii aHa/IU3 BBITIOJHAETCS B IEJISAX BbI-
SIBJIEHUsI CJIAOOKOHTPACTHBIX PEHTIEHOIJIOTHOCT-
HBIX (as*, KOTOpble MOTYT HECTU BaXKHYIO T€0JI0-
rUYecKyio MHPOPMAIUIO, OJTHAKO UCIIOTIb3yeMble

* PenTreHokoHTpacTHasA dasa UCIOIb3yeTCA MPUMEHUTEIIb-
HO K CMeCH KOMIIOHEHTOB, KOTOPbI€ ITPHU JJAHHBIX yCIOBUAX
CBEMKU UMEIOT OJIMBKYE XapaKTePUCTUKU PEHTTEHOBCKOI'0
TorJIoIeHusA. Bo3MOKHOCTb UX pasfiesleHus KakK caMOCTOs-
TeJIbHBIX MUHEPAJIbHBIX Pa3 MOoABJIAETCA B IPOLIeCCe ChEMKU
1pu 60Jiee BBLICOKOM Pa3pelIeHH .
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Puc. 3. 3yuaembiii o6paseL, KepHa 1 ero ctepeonornyeckas mogesb:

a — ¢oto obpasna; b — pEeHTreHOTJIOTHOCTHBIE CPE3bI, TIOJIyUeHHbIE B Pe3yJibTaTe ChEMKU Ha JBYX DHEPTUIX
U nasibHedel crenuanbHoit obpaborku mamubix KT (qtz — kBapi, crb — xap6onarsi, sulf — cynbdumsr,
SLSN - asneBporiecuaHuK); ¢ — n300pakeHne CTEPEOIOTUYECKON MOMIEIN KepHA, BU3yaTU3aI[isa BIIIOJTHEHA
B nporpammme Avizo 3D (I — aseBpomecyaHuku, 2 — KBapil, 3 — KapOOHATHI, 4 — MUPUT, 5 — APCEHOMIUPHUT);
OCTaJIbHBIE yCJI. 0003H. CM. puc. 2

Fig. 3. Core sample studied and its stereological model:

a — sample photo; b — X-ray density sections obtained as a result of imaging at two energies and further special
processing of CT data (qtz — quartz, crb — carbonate, sulf — sulfides, SLSN - silt sandstone); ¢ — stereological core
model, Avizo 3D software was used for visualization (I - silt sandstone, 2 — quartz, 3 — carbonate, 4 — pyrite, 5 —
arsenopyrite); see Fig. 2 for other legend
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Puc. 4. Crepeonornyeckas mogesnb nsyyaemoro o6pasua n ¢pororpadpun N3rotoBneHHbIX 13
Hero Npo3payHo-NOANPOBAHHbIX LWANOB:

a, f— crepeonoruveckue mojeny; b, g — yaacTky u3rotoieHus mandos; c—e, h — doro mandos; ser — cepunuT,
hmc — MuHepasbl rpyIIbl THAPOCIIION; OCTAIbHBIE YCII. 0003H. CM. puc. 2, 3

Fig. 4. Stereological model of the sample studied and photos of polished sections prepared from it:

a, f— stereological models; b, g — locations of polished section preparation; c—e, h — photos of polished sections;
ser — sericite, hmc — hydromica minerals; see Figs. 2, 3 for other legend
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KOMITBIOTEPHBIE aJITOPUTMBbI HE BCETla MOTYT UX
bUKCUpPOBATD U BU3yaIU3UPOBATh (puUC. 5, @).

Ha mosyueHHBIX cpe3ax BbIAEJEHBI CIENYIO-
1[ie PEHTTeHOKOHTPACTHbIE KOMIIOHEHTHI: KBapIl,
KapboHATHbIE MUHEPAJIbI, TUPUT, APCEHOTTUPUT
u 30510TO (CM. puc. 3, b, ¢). 3épHa mupuTa, 0bpasy-
IOI[Me JIEHTOBU/IHBIE CKOIIJIEHUsT B KBapI-Kapbo-
HaATHBIX MTPOKUJIKAX, UMEIOT HEOOIbIIIOE PA3JI-
yme B norJiomeHuu. JJis neHTpaabHoi obsacTu
CKOIIJIeHUs 3épeH MUHepaJsia XapaKTepHbI bosee
BBICOK0AOCOPOIMOHHbBIE XaPAKTEPUCTUKH, YEM ¥
3EpeH, PaCIoIOKEHHBIX 10 nepudepuu (CM. puc. 3,
b; cMm. puc. 5, a). Takas HEOJHOPOHOCTH yKA3bI-
BaeT JubO Ha Pa3IMYHBIA XUMUYECKUH COCTAB
3€peH MuHepaJsia, b0 Ha Pas3IMYHbIE TIJIOTHOCT-
Hble XxapakTepucTuku. CoriacHo MCCiieI0BaHUIO
MUWHEPaJbLHOTO COCTaBa Py[l HA MECTOPOKIECHUN
JpaskHoe B 30JI0TOHOCHBIX KBapI-KapOOHATHBIX
MIPOXKUJIKAX MPUCYTCTBYIOT JIBE TeHEPaIUuU -
pUTa, KOTOPbIE OTHECEHBI K MOJIUCYIbPUTHON CTa-
WU TUAPOTEPMATIBHO-METACOMATHUYECKOTO DTara
[4]. 3épHa Oosiee paHHENH reHeparii MUHEpPaJa
Py-2 (1) mHa puc. 5 UMeIOT MCEBAOITUHHOTIPU3-
MaTu4Yeckyto GopMy BbIJIEIEHUS U ABJISIOTCS pe-
3yJITATOM IIPOIIECCa 3aMellleHnA PaHHero mup-
POTHUHA MUPUTOM TPU TMOBBIIIEHUU (PYTUTUBHO-
cTH cepdl fS,. B manHOM mupuTe He BBHIABJIEHA
mpumech As, HO mpucyTcTByioT mpumecu Ni (0,19-
1,03 mac. %) u Co (~ 0,5 mac. %) (tabauna).

Kpome Toro, Bo Bcex n3y4eHHBIX mudax 30-
JIOTO B BUJIE BKJIOYEHU I HAOJIIOMAeTCA UCKITIOUH-
TEJIbHO B J[AHHOW Pas3HOBUAHOCTU MUPHUTA. BbI-
JleJleHUA Mo3AHel reHepanuu nupura Py-2 (2)
(cM. puc. 5) obpacTaioT paHHUM ICEBIOAJTUHHO-
MPU3MATUUYECKUHN MUPUT U COMEPIKAT B CBOEM
XUMUYECKOM COCTaBe MPUMECH MBIIIbsAKA OT 1
1o 3,36 mac. % Pasnuune B XUMUYECKOM COCTa-
Be 3épeH MUHepaJa HANPAMYIO BIUSET Ha OJUH
u3 ero QU3NYECKUX MMapaMeTPoB — Z,, KOTO-
pbIH B MaHHOM ciydae usmensiercs ¢ 21,7 (FeS,)
na 21,2 (FeS, (+As)), a HanWuymMe BKJIIOYEHUH 30-
JIoTa B OJHOM W3 TeHepanuii MUPUTA MOKET
MOBJIMATH HA I[OKa3aTeJsib MOTJIOIIEHUsS CPebl,
MIPOTOopIMoHaIbHOTO Z. B pesysnbrare Ha peHT-
TeHOIIJIOTHOCTHBIX Cpe3ax JIEHTOBUIHbBIE CKOII-
JieHUsI TUPUTA UMEIOT HEOJHOPOAHbIe abcopb-
IIMOHHbIE XaPAKTEPUCTUKU: PE3KUH TIEePexXo OT
6oJsiee TEMHOTO OTTEHKA CEPOTO B IEHTPAJIBHOMN

obJtacTH CKOIJIEHUA K DoJiee CBETIIOMY T10 TTepU-
depumn.

BeisiBeHHOe pasinume peHTreHOBCKOM ab-
copOIinu, BhIPasKEHHOE B OTTEHKAX CEPOro y -
pUTa PasIMYHBIX TeHepalluii, CJIaO0KOHTPACTHOE.
Tem He MeHee, pu paboTe CO CTEPEOIOTUUECKH-
MU MOJEJSMU B CIENUATIU3UPOBAHHBIX IIPO-
rPAMMHBIX TTPUJIOKEHUAX €CTh BO3MOIKHOCTD BbI-
JIeJIUTh TaHHbBIE CKOIIJIEHUsI mupuTa (C1ab0KOHT-
PACTHYIO PEHTTEHOIJIOTHOCTHY ¢asy) U IIPHU-
CBOUTH UM YHUKAJIBHBIN 1[BeT. TakuM obpasom,
nonyuyeHHas nHGOPMAIMA UMeeT YETKYI0 MPOo-
CTPaHCTBEHHYIO TIPUBS3KY, 0TOOpaskeHa Ha CTe-
PEoIOTUYECKON MOMie iU U B JaJIbHEHIeM Oyier
YUUTHIBATHCA TPU JIETAJIBHOM CTPYKTYPHO-MU-
HEPaJIOTHYECKOM KCCJIEIOBAHUU ITUPPOBOH MO-
eI KepHa.

Jasee ObLIT BBITIOJTHEH JETATBHBINA CTPYKTYP-
HO-MHUHEPAJIOTUUECKUN aHaJIu3 BU3YaJIU3UPO-
BaHHOU 1udpoBoi Mozenn kepHa (puc. 6). Ha cre-
PE0JIOTUYECKOH MOJIeIN YCTaHOBJIEHBI MPOKUJII-
KU, UMeIOII[ie KBapIEBbIl, KBAPI-KapOOHATHBIN
u KapboHaT-KBapIl-cyTbPuaHbIH coctaBbl. Mop-
doJiorus MPOKUJIKOB PasiMuyHa — OT HPOCTHIX
MPSIMOJTMHERHBIX IO UBBUIUCTHIX Y BETBAIIUXCA.
Hawubosee pannme oOpa3oBaHUs TPEJCTABIEHbI
KYJIWCHO PAacCIIOJIOKEHHBIMHU KBAPIEBBIMU TIPO-
SKUJIKAMH 110 TPEIMHAM OTPhIBA MOIIIHOCTHIO [0
0,3-0,4 mM. OHU UMEIOT ceKylllee IOJIOKEHME K
cioucrtoctu (yros > 60°).

B nenTpasipHO# yacTu nubpoBOUd MozeIu Kep-
Ha YCTAHOBJIEHO TepecevYeHre PaHHUX KBapIlie-
BBIX IIPOKUJIKOB 00Jiee MOIIHBIM KBapI-Kapbo-
HATHBIM, UMEIUM Z-00pas3Hy0 MOPQOIOrUio
(cMm. puc. 6, a, posoBas nuuus). [Ipu ero usyde-
HUU TI0]] MUKPOCKOTIOM 00HAPYYKEHbBI CTPYKTYPhI
JIHUCJIOKAIIMOHHOIO CKOJIbXKEHUsI (BOJIHUCTOE I10-
racanvie) ¥ pekpucrajausanuu (cMm. puc. 4, e).
KapbonaTHbie MUHEPAJIBI TIPUYPOUYEHBI K MUKPO-
TpeIruHaM, IepeceKaroIuM 3épHa bojiee paHHe-
ro KBapiia.

IMpoxuakyu KapboOHAT-KBAPI-ITHPUTOBOTO COC-
TaBa MepeceKaroT o PA3JIUYHBIMU yIiIaMU pa-
Hee oOpas3oBaHHbIE KBapIl-KapOOHATHBIE KBap-
1ieBble MPOKUJIKU U YACTUYHO HACTIENYIOT UX
Mopdosoruio (cM. puc. 6, b). Beinenenus kapbo-
HATHBIX MUHEPAJIOB B KapOOHAT-KBAPII-TUPUTO-
BBIX MPOKUIKAX He AebOpMUPOBAHBI, YTO yKa-
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Puc. 5. AHanu3 peHTreHOMI0OTHOCTHbIX CPEe30B:

a — u3ydaeMbiii obpasel] B rpajlalliy CEporo, OPaHKEeBbIN KBaJpaT — y4acTok cpacrtanus paunero (Py-2 (1))
u mospHero nuputa ¢ npumecbio As (Py-2 (2)) B 3050TOHOCHOM KBapii-kapboHaTHOM Tpoxkuike; b — poro
CKOTIJIEHUM THUPUTA PA3JIMYHBIX TeHepanuil B mande mMox MUKPOCKONOM; ¢ — GoTo Himuda B OTPAKEHHBIX
DJIEKTPOHAX; d — eTaJIu3alusl yI4acTKa, BhIJIEJIEHHOT0 KPacHbIM KBaipatoM; Cep — XaIbKOMIUPUT; OCTAJIbHBIE
yci. 0603H. cM. puc. 2, 3

Fig. 5. Analysis of X-ray density sections:

a — image of the sample studied (gray color shades), orange square shows an area of intergrowth of early
(Py-2 (1)) and late pyrite with As traces (Py-2 (2)) in gold-rich quartz-carbonate veinlet; b — photo of pyrite
clusters (various generations are present) in microscopically studied polished section; ¢ — reflected electron po-
lished section photo; d — detalization of the area shown as a red square; Ccp — chalcopyrite; see Figs. 2, 3 for other
legend
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CocTaB nnputTa 30J1I0TOHOCHbIX KBale-Kap6OHaTHbIX NPOXUNKOB MO AAdHHbIM 3J1IEKTPOHHO-

30HA0BOro aHannsa (mac. %)

Pyrite composition of gold-rich quartz-carbonate veinlets, based on electron probe analysis data (weight %)

1;1:5:5: S Fe | As | Cu | Co | Ni | Sb | Cymwma Fflfgzﬂ;"
1 5107 | 4584 | 3.36 10026 | Py-2(2)
2 5139 | 4594 | 2.1 9944 | Py-2(2)
3 5327 | 46,73 99.97 | Py-2(1)
4 535 | 46,71 10017 | Py-2(1)
5 5146 | 46,14 | 3,02 10062 | Py-2(2)
6 5334 | 46,49 99.82 | Py-2(1)
7 532 | 46,66 99.84 | Py-2(1)
8 51,63 | 46,17 | 2,55 10035 | Py-2(2)
9 5168 | 4628 | 2,14 100.1 Py-2 (2)
10 5081 | 4555 | 292 99.28 | Py-2(2)
11 52,96 | 46,27 99,23 Py-2 (1)
12 51,2 | 457 | 272 99.63 Py-2 (2)
13 5151 | 4581 | 16 98,92 Py-2 (2)
14 51,78 | 4583 | 1,9 99,51 Py-2 (2)
15 52,1 | 4507 | 1,23 98.4 Py-2 (2)
16 52,04 | 4514 | 263 99.81 Py-2 (2)
17 52,47 | 4545 0.4 9832 | Py-2(1)
18 52,37 | 4581 0,35 | 0,19 98,71 Py-2 (1)
19 51,35 | 4525 0,44 0,53 97,57 | Py-2(1)
20 51,34 | 45,03 0,17 | 0,31 | 0,36 | 0,04 | 97,26 | Py-2(l)
21 51,69 | 4488 0,05 | 0,43 | 1,03 98,09 | Py-2(1)

3bIBaeT Ha WX oOpasoBaHUe Ha 0oJiee MO3THUX
sramnax. [lupuroBas MuHepaansanusa 6osee mos-
ITHssS TI0 OTHOIIEHUIO K KBapiy u KapboHary, o
YéM TOBOPHUT WX JIOKAJIU3AIMs BAOJbH Hamboee
ocnabJIeHHbIX HaIMPaBJIEHUH, KOTOPBIMU SIBJIA-
I0TCA 3aJIb0aH/IBI MTPOKUIKOB (cM. puc. 4, b, o).
[Tuput npepcTaBjieH AByMs TeHepPAI[UsAM, OLHA
13 KOTOPBIX COMEPKUT BKIOUEHHE 30J10Ta. Ap-
CEHOTIMPUT B JAHHBIX MPOKUIKAX BCTPeUaeTCs
B BUJIE€ eIUHUYHBIX 3EPEH.

MorHas XKujga KBaprieBoro cocTaBa 3aHU-
MaeT ceKylllee II0JIOKeHUe KO BCeM OITMCAHHBIM
BBIIIIE MIPOKUJIKAM U HE COMEPIKUT KAKOH-I100
cynbduAHON MUHepaauzanuu. [lycToTsl, mposas-
JIEHHbIE Ha CTEPEOJIOTUIECKON MOMIENN JKUJIIBI, OT-
paskarT eé APy30BUIHYIO TEKCTYPY (CM. puc. 6, a).

Cynbdungnas MuHepaausanus HabIogaeTcsa
KaK BO BMeELIAIUX IIopoaax, TaK U B IIPOKUJI-
Kax. [ITMpuT 1 apCceHOMUPHUT, JIOKAJTU30BAHHbBIE B
TEPPUTEHHO-0CATOYHBIX TOJIIIAX, IPEICTaBIEHbI
CaMOCTOATEJIbHBIMU BbIAECJIEHUAMU U, Ha IIE€P-
BBIF B3IJISA/], HEPABHOMEPHO PaCIIpejesIeHbl 110
ropojie (cMm. puc. 6, d). OmHaKO IpU TOBOPOTE CTE-
PEOJIOTUUECKON MOMEIU BOKPYT BEPTUKAJBHOMN
OCH TIPOSIBJISIOTCS MJIOCKOCTHBIE HATIPABJIEHUS B
pacrpesieieHUu 36peH STUX MUHEPaJIOB (MUKPO-
TPEH/IbI), YTO yKa3bIBAET HA HAJIUYHeE ociabiieH-
HBIX 30H B 10opojie (MUKPOIPOHUIAEMOCTh HJIU
MUKPOTPEIINHOBATOCTE). MUKPOTPEHABI UMEIOT
KaK CeKylllee, TAK M COTJIACHOE IIOJIOXKEHUE K
CJIOUCTOCTU U TpoxkuiakaM. OmucaHHbIe BbIIIE
BBIJI€JIEHUsI TUPUTA U APCEHONMUPUTA, COTJIACHO
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Puc. 6. Crepeonornyeckas mogesnb n3yyaemoro obpasua KepHa:

@ — cTepeosiornieckas Mofesb KepHa (0e3 aleBpoIecuaHUKOB); b — y4acTOK IlepeceueHn s KBapI-KapboHATHOT O
npoxunka (qtz + crb) mpoxkuinkamu kKapboHaT-KBapIi-muputoBoro cocrasa (crb + qtz + py); ¢ — 3050TO B
MMPOKUJIKE KBapI-KapboHATHOrO cocraBa; d — apCeHONMUPUT U mUpPUT panHeidl rerepanuu (Py-1) obpasyior
HepaBHOMEPHbBIE CKOIIJIEHUs 3EpeH B aJieBpolleCuaHrKaX, MUPUT Oosiee mo3aueit renepanuu (Py-2) obpasyer
JIEHTOBU/IHBIE CKOIIJIEHUS B KBAPI-KapOOHATHBIX ITPOXKUIIKAX; OCTAJIbHBIE yCJI. 0603H. cM. puc. 2, 3

Fig. 6. Stereological model of the core sample studied:

a — stereological core model (no silt sandstone); b — area of quartz-carbonate (qtz + crb) veinlet intersection by
carbonate-quartz-pyrite (crb + qtz + py) veinlets; ¢ — gold in quartz-carbonate veinlet; d — arsenopyrite and early
pyrite (Py-1) form irregular grain clusters in silt sandstone, later pyrite (Py-2) forms ribbon clusters in quartz-
carbonate veinlets; see Figs. 2, 3 for other legend
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MUWHEPAJIOTUUYECKUM HCCJIEIOBAHUIM, OTHOCST-
CA K paHHEW CTaJuM TUAPOTEPMAaIbHO-METacO-
MaTHU4ecKoro srama [4].

[Muput, cnararoIuii JeHTOBUIHbIE CKOTIJIEHUS
3épeH B KapbOHAT-KBAPI-CyTbDUIHBIX TPOKUII-
Kax, 00pas30BaJics O3/ [Hee, U 110 TaHHbIM U3yUe-
HUA TIUGOB U PEHTTEHOMIOTHOCTHBIX CPE30B
Mpe/iCTaBJIEH ByMS TeHEPAI[UAMU, OXapaKTepHU-
30BAHHBIMHU paHee (cM. puc. 5). B ogxHoMm u3 mpo-
JKUJIKOB KapboHAT-KBapII-cyIbPUIHOTO COCTABA,
PACIIOIOKEHHOT0 B HUKHEN YacTu 1udppoBOii Mo-
JIeJTN KepHA, YCTAHOBJIEHO CAMOCTOATEIHHOE BbI-
JleJIeHe 30JI0Ta, JIOKAJIU30BAHHOE 10 TPEIuHAM
B miupure (cM. puc. 4, f~h). 30JI0TUHBI TAKIKE BbI-
SIBJIEHBI BO BMEIAIONIMX MTOPOZAaX, Iie MUHepaJI
TATOTEET K 30HAM IOBBIIIEHHON KOHIIEHTPAIIUN
MUPUTA U aPCEHOTTUPUTA.

Humepnpemayus nostyueHHbLX pe3yavmamos.
ITo pesysbraraM BU3yaIbHOTO U3yUYEeHUA KEPHA,
€ro CTEPEOJIOTUYECKON MOJIESI Y U3TOTOBJIEHHBIX
M3 HEro Mpo3pavyHO-TIOJIMPOBAHHBIX MIITU(OB BCe
BbIJIEJIEHHbBIE JKUJIbHbIE MUHEPAJIbI U PyaHASA MU-
Hepaausanusa OblIU pasfiesieHbl Ha TeHepaluu
(puc. 7, a—d). Kaxkmo#i reHepanyuu MuHepaja Ha
CTEPEOoJIOTUYECKON MOJIENI TPUCBOEH OTpee-
néunbiii 1Betr. C y4éTOM BCEX BBISBJIEHHBIX B
obpasiie KepHa CTPYKTYPHBIX M MUHEPaJIOTHYEC-
KHUX ocobDeHHOCTEH, a TaKKe 3HAaHUN O MHUHEe-
pPasibHOM COCTaBe Py U CTPYKTypPe 30JI0TOPY/-
HOoro Mecropoxaenus paxuoe [1, 3-5], mpex-
JIOXKEHa TIpeiBapUTENIbHAS CTPYKTYPHO-MUHEPa-
JIOTUYeCKasi UHTEPIIPeTaIys.

Dman 1 (dopydnwiii). Ha mepBoMm stare dpop-
MHUPOBAJINCH TOJIOTHE U KPYTOMaJaloliue Ipo-
JKUJIKA KBapiieBoro cocrasa (qtz;) (cm. puc. 7).
KBapi1, BeposiTHO, 3aTIOJTHAT COCKJIaIuaThie Tpe-
IWHBI CKOJIA U OTPBIBA, 0Opa3oBaHUe KOTOPBIX
MIPOUCXOUJIO B HAJBUTOBOM TIOJI€ HATPSIKEHUH
(B KOOpAMHATaxX 0Opasiia).

Dman 2 (pyonwviii). Ha mepBoii craguu pygHO-
r0 BTarna MPOoIKAIOCh GOPMUPOBAHIE KBapPIie-
BBIX TIPOKUJIKOB (qtz,). Heckosibko 1033Ke, B TIpo-
1ecce MPOTPecCUBHON medopManuu, HadaIu OT-
JlaraThCsi paHHHe KapOoHaTHbIe MuHepaJsibl (crb;)
10 HOBOOOPA30BAHHOU CHCTEME TPEIUH U, BO3-
MOXKHO, paHHue TUpUT (Py;) ¥ apCEHOMUPHUT (apy)
B TEPPUTEHHO-0CAZOYHBIX ToaIax. Ha 1udpo-
BOM MOiesin KepHA OTYETIUBO MTPOCIEKNBAETCS

3aBUCUMOCTh JIOKQJIU3AIUN TTHUPUTA U apPCEeHO-
nmupuTa oT AepopMaIMOHHON aHU30TPOITUN OCa-
JMIOYHOM Tosiu. MuHepasbl TATOTEOT K ocyiad-
JIEHHBIM 30HaM BO BMEIAMOIUX Mopoaax (Kiu-
BaK, TIOCJIOWHbBIE CPBIBBI, KOHTAKTHI PA3HOPOIHBIX
Cpell U T. J1.), & TaK¥Ke 3aIl0IHAIT UHPPACTPYKTY-
Py MUKPOTpEIUH (MUKPOCTPYKTYPHBIE JIOBYIII-
ku). Bo3MOXHO, OT/IOKEeHNEe MUHEPAJIbHON ac-
COILMAITUY TIEPBOM CTAUM BTOPOTO TAlla TaKKe
MIPOUCXO/IMJIO B HAJIBUTOBOM II0JIE€ HATIPAXKEHUM.

Ha BrOpo#i craguu Broporo srama GpopMupo-
BaJICh 30JI0TOHOCHBIE KapboHAT-KBAPII-CYIbOU/I-
Hble TTPOKUJIKU. PyIOHOCHBIE CTPYKTYPHI ITepe-
CEeKaloT paHHWEe KBapIlleBble W KBapIll-kapboHar-
HbIE MMPOXKUJIKH, YTO, BEPOATHO, MOXKET OBIThH CBsI-
3aHO ¢ GOPMUPOBAHUEM IEPBBIX B CMEHUBIIIEMCS
mmoJie HampsxkeHuil. Ha pesyibTaTUBHBIX CTEPEO-
JIOTUYECKUX MOJIEJISIX, TPEJICTABJIEHHBIX HA PUC. 7,
a—d, py/IOHOCHBIE TTPOKUIKYA BKJIIOYAIOT MTUPUT
BTOpOU reHeparuu (py,). Ilo pesynabraTam mu-
HepaJIOTUYECKUX UCCJIENOBAHUMN U JIeTaJIbHOTO
M3yYeHUs PEHTTEHOIJIOTHOCTHBIX CPE30B MUPUT
JIAHHOU reHepaluy Ha CTEPEeOJIOrMYECKOd Mojie-
s 0ObeUHSIET JIBe ero Pa3sHOBUIHOCTU: PaHHMUIM,
¢ Bruriouenusmu 3osota (Py-2 (1)), u mosmuwuis
(Py-2 (2)), c mpuMechio MbIIIbsKa 10 3,36 mac. %
(cM. puc. 5; cM. Tabsuily). 3aBepiiaeT BTOPYIO
CTaJIMI0 BTOPOTO dTara oTyioxkeHue 3osota. Ca-
MOCTOSATEJIbHbIE BBIJIEJIEHUsT 30JI0Ta IPUypoOUe-
HbI K 30HAM ITOBBIIIEHHbIX KOHIIEHTPAI[UN paH-
HETO TMUPUTA U APCEHOIMUPUTA B TEPPUTEHHO-
0CaJIOYHBIX TOJIIIAX, a TaK¥Ke JIOKAJU30BaAHbBI B
MTPOXKUJIKAX KBapI-KapOoHAT-CyJIbGUIHOTO CO-
craBa. BoIsABIeHHOE 30JI0TO B ajieBpoONecYaHm-
KaxX yKas3blBaeT Ha HaJIMYWE B OTUX IOPOAAX
MUKPOCTPYKTYPHBIX TPEHIOB, [0 KOTOPBIM OCY-
II[ECTBJISAJIOCH JBUKEHUE 30JI0TOHOCHBIX TUIPO-
TepMaJIbHbIX PACTBOPOB.

Dman 3 (nocmpydnwiil). Ha sakimoguTeibHOM,
TpeTheM, 3Tane GOPMUPOBAJIUCEH TTOJIOTUE JKUJIBI
(B xoopauHaTax 06pasiia) KpymHOKPUCTATITNYE-
CKOro KBapIia TpeTheil rerepanuu (qtz;), ceky-
e paHee 0Opa30BaHHbIE CTPYKTYPBHI.

Buigodbt. B pesysbraTe BBITTOJTHEHHON PabOThI
MTPEIJIOKEHBI METOMOJIOTHS KOMIIJIEKCHOTO U3Y-
YeHUs KepHa METOIOM PEHTTE€HOBCKON KOMIIBIO-
TepHO! TOoMorpaduu, a TakKe I0CJIEeI0BATEb-
HOCTb 00paboOTKM MosydyaeMol mHpOpMaIMU U
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Puc. 7. 3Tanbl n ctagumn MrHepanoo6bpasoBaHuA B U3yyaeMom obpasue KepHa:

a—d — cTepeosoruYecKre MOJEJIM MUHEPAJIOB, Pa3/[eJIEHHbIX Ha TeHepanuu (MOACTPOYHBIM UHJIEKCOM yKasa-
Ha TeHepalusd); B HUXKHEM PsJy IPUBe/ieHa CTPYKTYyPHO-MHUHEpAIornieckas HHTepIipeTanus KepHa (KpacHbI-
MU CTpeJIKaMM I[0Ka3aHa KWHEeMAaTHKa 30HBI KYJIWCHBIX IIPOKUJIKOB, B IPABBIX HUKHUX yIJIaxX JAaHBI yIJIBI
IOBOPOTA CTEPEOIOTUYECKOH MOJIE/IN BOKPYT CBOEH 0CH); OCTaJIbHbIE Y. 0003H. CM. puc. 2, 3

Fig. 7. Mineral formation stages in the core sample studied:

a—d — stereological models of each mineral divided into generations (subscript denotes generation); the lower
side depicts structural and mineralogical core interpretation (red arrows show kinematics of imbricate veinlet
zone, right lower angles show stereological model angle of rotation around its axis; see Figs. 2, 3 for other legend
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eé mpeaBapUTESIbHASA CTPYKTYPHO-MUHEPAJIOTHU-
ckasa mHTepuperanua. [lo gaauepim KT-ckaunu-
poBaHUA MoJjydeHa nudpoBas MOAesb KepHA,
oTpazkarollias AeTaJbHYI TPEXMEPHYIO TI'e0Jio-
ro-CTPyKTypHyo0 nHpopmanmo. Ha ocHOBaHUMN
U3y4YeHU PEHTTEHOIIJIOTHOCTHBIX CPE30B, BU3ya-
JINBVUPOBAHHOU IMGPOBON MOJENN U IeTporpa-
duueckoro omucanua maANPOB BbIZeJIeHA IIO-
cJIeI0BaTEeIbHOCTh MUHEPAJIOO0pa30BaAHUA, yC-
TAaHOBJIEHBI PYAOHOCHBIE MTPOXKUJIKU UM ITpOaHa-
JIN3UPOBAHO WX II0JIOXKEHHE B OOIIEM CTPOEHUH
JKUJIbHO-TTPOKUIIKOBOY 30HBI, & TaK¥Ke MMPeIJio-
JK€eHa TPeJIBAPUTESIbHAA CTPYKTYPHO-MUHEPAJIO-
rudeckasi MHTEPIpPeTalus CTPYKTYPHbIX obcTa-
HOBOK GOPMUPOBAHUS PYAHON MUHEPATUZAINHA
U MPOXUJIKOB. TakuM 00pa3oM, Ha OCHOBE II0-
JIy4aeMbIX HIU(QPOBBIX MOJieJIed T'e0JOTHUYECKUX
00pa31i0B MOABJISAETCA BO3MOXKHOCTb yCTaHAB-
JIUBATh MHOTODTAITHbIE CTPYKTYpPHO-MUHEPAJIO-
TUYEeCKUe TapareHesbl U ONMPEEIATh UX POJIb B
DBOJIIOIMU PYIHOU TUAPOTEPMAJIBHOU CHUCTEMBI.

HeranbHas cTepeosioruyeckas MOJIEb IOJI-
HOpasMepHOro obpasiia KepHa Oblyia MOJIydeHa
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