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yHuBepcuTeT um. Butyca beputra»,
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BelyecTBeHHbIN COCTaB U CBOMCTBA MNOPOA U pya

MWUHEPANIOTO-TEOXUMWUYECKWME OCOBEHHOCTU
Pyl MECTOPOXXAEHUAI KYMPOY,
BOCTOYHAAl KAMYATKA

MecmopoxoeHue Kympod omHocumca K Haubosiee nepcnekmugHbimM pyo-
HelM o6vekmam Kamuyamckozo kpas. OHO pacnonoxeHo 8 yeHmpassHol 4a-
cmu Bocmoy4Ho-Kamuyamckoz2o 8y/IkaHU4ecko2o nosaca U OmHOCUMCA K CJZ10X-
HbIM NOJIU2EHHbIM C 30/10mo-cepebpsHol (LS muna) u medHo-nopguposol Mmu-
Hepanusayuel. B pabome npusedeHbl nepabie pe3ynbmamesl KOMNIEKCHbIX
MUHEepano20-2e0XUMUYecKux ucciedo8aHuli 3010mo-cepebpsaHo2o0 opyoeHe-
HuA. Ha mecmopox0eHuuU ycmaHosiaeHsl mpu mund pyo: 30/10mo-Keapy-ady-
J1Apo8ble, 30/10Mo-nosuMemasnaudyeckue u MedHo-nopguposele. [lemasnoHo
U3yyeHbl MeKCMypHO-CMpyKmMypHsle 0CO6eHHOCMU, MUHepasbHell U Xumuye-
cKkuli cocmasel, popMel HaXOX0eHUA 671a20POOHbIX U UBEMHbLIX MeMasios u
Hekomopele ocobeHHocmu 2eHe3uca pyo. C NOMOWbo COBPEMEHHbIX Memo-
008 JI0KA/IbHO20 (hU3UKO-XUMUYECKO20 aHA/Iu3a oXdapakmepu3o8aHsbl muno-
MopegHele ocobeHHocmu cynbguoos Zn, Fe, Pb, 6ieknbix pyd u mennypudos
Au, Ag. BbidenieHbl MUuHepanbHble accoyuayuu: Keapy-cghaaepum-nupumosas,
cpanepum-671ekno08opyoHas, chanepum-2aneHumosas, Keapy-nupumoesas,
nupum-xaneKonupum-6s1eK1080pyOHAs, 3010MOo-NUPUMO8As, 3010Mo-K8ap-
yesas. OyeHeHbl memnepamypesl U cocmas pyooobpasyroujux pacmeopos.

Kntouessble ciosa: 3010mo-cepebpo-nonumemasiuyeckoe Mecmopoxoe-
Hue Kympou, pydoobpazosaHue, BocmoyHas Kamuyamka, cpanepum, nupum,
611eks1bie pyobl.

MecTopoxaeHre Kympou — ogHO 13 KpyNHenwmx u Hanbonee nep-
CNeKTMBHbIX B LleHTpanbHO-KamyaTckom ropHOpPYAHOM parioHe — Ha-
XOANTCA Ha BOCTOKe KamuaTckoro nosnyoctposa B 350 Km oT T. [leT-
ponaBnoBck-Kamuatckuii. banaHcosble 3anacol (C+C,) — 30 T 30n0Ta,
51,6 T cepebpa [4]. OcHoBy reomopdonornyeckoro ctpoeHnsa Boctou-
Hol KamuaTKu cocTaBnaeT pafd Kynmcoobpa3HO pacrnofioKeHHbIX
cKnagyaTo-rnblboBbix XpebToB: MaHanbckmin (1500-2059 M) ¢ BynKa-
Hom BbakeHuHr (2277 m), Tympok (1200-2092 m) ¢ BynkaHoMm KnsumeH
(2485 m) 1 Kympou ¢ BynkaHom LU (2346 m) [6]. XpebeT Kympou ¢ ro-
noueHoBbIM BynkaHoMm Wwnw (55°45' c. w., 161°10' B. 4.), B npeaenax
KOTOpPOro pa3smellaeTca pyaHoe none Kympou nnowagbto o 30 Km?,
npopesaH WNPOTHOW fonnHon p. Kamuatka [13]. CBegeHnA o reono-
TUK 1 NONE3HbIX MCKOMaeMbIX palioHa NpuBeaeHbl B paboTax B.MN.Mok-
poycoBa, b.B.Kosanéga, b./.CnagHesa, B.A.EpmakoBa, C.N.OenopeH-
ko, b.A.Mapkosckoro, M.E.bosapuHon, H.H.MaTiowknHa, M.H.LLUanupo,
b.B.OnenHunka, N.B.Menekecuea u ap. [1, 2, 10].

B ocHOBY flaHHOW CTaTbW NONOXKEHbI Pe3ynbTaTbl MHOMONETHUX NC-
CflefoBaHui labopaTopun BynKaHOreHHoro pygoobpasoanus NBuC
[BO PAH (2007-2010, 2014, 2017 rT.) n maTepuanbl, NpefoCcTaBieHHble
cotpypHukamm 3A0 «bbicTpnHCKasa ropHaa komnaHusa», OAO «3onoto
KamuaTku». OAO «30no1o KamuaTkin», BXOASALLee B rpynny KOMMNaHWIA
«PeHoBa», — BegyLyee 3010Tof06bIBaOWEE NpeanpuaTie Kamyatcko-
ro Kpas. Emy npuHagnexat ArmHcKnm, ACaUnHCKnn, AMeTUCTOBbIN
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ropHo-oboratuTesibHble KOMOUHaTbI. B 2020 r. nnaHu-
pyeTca BBOZ B 3KcnyaTaumio yetBéproro NOKa «Kym-
pou» C rogoBowV NPOU3BOAUTENBHOCTbIO A0 3500-
4500 kr 3onorta [15].

MeTogabl nccnepoBaHMa KaMeHHOro MaTepuana
(o6pa3ubl 13 KaHaB, TpaHLUel, KepHa 6ypOBbIX CKBa-
XMH): ONTUYeCcKasa MUKPOCKONKWA, peHTreHodnyopec-
ueHTHbIN (POA), peHTreHopa30BbIN aHaNM3bl, CNeK-
TpOMeTpurA C UHAYKTUBHO CBA3aHHOW nna3mon (ACH),
pPeHTreHoCNeKTPaNbHbIN MAUKPOaHaNn3, CKaHNPYo-
Lan SNEeKTPOHHAA MUKpPOCKoNus, Tepmobaporeoxm-
MUA. AHanuTMyeckmne nccnefoBaHUA MPOBOAUINCD B
nabopatopmax AHanNUTUYECKOro LeHTpa MHcTutyTa
ByNKaHonorum un cencmosnoruu PAH (r. lNeTponaBnoBck-
KamuaTtckun), AHanMTn4eckoro cepTudurKkalMoHHOro
NCMbITaTeNbHOrO LeHTpa MIHcTuTyTa Nnpobnem TexHo-
MO MUKPO3NEKTPOHUKMN 1 0COO0 UNCTbIX MaTepua-
nos PAH (AC/L VIMTM, n. r. T. YepHoronoska). Mpu mu-
Hepanoro-netTporpaduyeckmx NccnefoBaHUaX Npu-
MEHANNCb MPeUn3NoHHbIe aBTOMATM3UPOBaHHbIE MU-
Kpockonbl Axioskop 40, SteREO Discovery.V12 (Carl
Zeiss), Eclipse LV 100 pol (Nikon). KonnuectseHHoe on-
penenenue Si, Al, Fe, P, Mg, Ca, K, Na, Ti, Mn n o6wwen
cepbl B Anana3oHe KoHueHTpauun ot 0,01% Bbinon-
HANOCb Ha BOMIHOAUCMEPCMOHHOM peHTreHodyopec-
LueHTHom criekTpomeTpe S4 PIONEER (Bruker) [8]. Onn
peHTreHopa30BOro aHanM3a UCnonb3oBasnca Nprubop
XRD-7000 MAXima (Shimadzu). Cogepanus Li, B, Na,
Mg, Al, Si, P, S, K, Ca, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Sr, Ba
B ob6pasuax onpeaensanmcb MeTo4oM aTOMHO-3MUC-
CMOHHOW CNEKTPOCKONMK C MHAYKTUBHO CBA3aHHOM
nnasmoi ¢ nomouubto ICP-cnektpometpa ICAP-61 (Ther-
mo Jarrell Ash). KoHueHTpauuu Li, Be, B, Al, P, Sc, Ti, V,
Cr, Mn, Co, Ni, Cu, Zn, Ga, Ge, As, Se, Br, Rb, Sr, Y, Zr, Mo,
Nb, Ru, Rh, Ag, Cd, In, Sn, Sb, Te, Cs, Ba, La, Ce, Pr, Nd,
Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, Hf, Ta, W, Re, Os,
Ir, Pt, Au, Hg, Tl, Pb, Bi, Th n U B npo6ax aHanun3mpo-
Ba/IMCb METOLOM MacC-CNEeKTPOMETPUN C NHAYKTUBHO
CBA3aHHOW nna3mol Ha macc-cnektpomeTpe X-7 ICP-MS
(Thermo Elemental). Xumnuecknin coctaB MrHepanos
onpepenAnca c NOMOLbI PEHTreHOCNEKTPANIbHOro
C 2NEeKTPOHHbIM 30HAOM MUKpOaHanm3aTtopa Came-
bax 244 c yeTblpbMA BOSIHOBbIMM U OJHUM 3Hepre-
Thyecknm (X-max C aNIeKTPUYECKNM OXJTaXkOAeHNEM,
pabouen nnowanbto 80 mm?, Oxford Instruments)
CnekTpomeTpamMmu. YCnoBua CbEMKIU: TOHKO cHOKyCU-
POBaHHbIN MYYOK 31eKTPOHOB (1,5-5,0 MKM), yckopeH-
HbiX JO 25 K3B, cymmapHbIn Tok 25-50 HA. Mukpo-
Mopdonorna, MUKPOCTPYKTYpa, cTeneHb OAHOPOA-
HOCTN-HEOAHOPOAHOCTN MUHEPASIOB NCCNefOoBaNCh

Ha npubope Vega 3 Tescan C SHeprogncnepcmnoH-
HbIM 11 BOJIHOBbIM CMeKTpomMeTpamMu X-max € noLya-
Abto KpucTtanna 50 mm2. Mi3amepeHus npoBoaManch
npu BbICOKOM Bakyyme 2,9-0,9¢%° m6ap, poKycHOM
pacctosaHun 15 MM, yckopstowem HanpsaxeHun 20 KB,
TOoKe ny4yka 917 nA. lna aHannsa ncnonb3oBanocb
nporpammHoe obecneveHne AZtec Oxford Instru-
ments Bepcuu 3.1. OniongHble BKAOYEHNA B KBapLie
n chanepuTte M3yyanmcb C UCMONb30BaHMEM NONAPU-
3aLmMoHHoro mmkpockona Eclipse LV 100 pol (Nikon) B
KomnnekTe ¢ TepMmokpuoctonmkom THMSG 600 (Lin-
kam), no3BonAoWMM OCyLeCTBAATb N3MEPEHUSA B UH-
TepBasne Temnepatyp -196... +600°C.

MecTtopoxpaeHne Kympou pacrnosnoKeHo Ha fe-
BoMm Gepery p. boicTpas (puc. 1). BmecTe ¢ pygonpo-
asneHnamn Kpyuya n BogonagHoe obpasyet Kympou-
CKOe pyfHoe nose, NpUypoYeHHoe K LieHTpanbHOM
YacTu naneoLeoH-M1OLEHOBOW bbICTPUHCKON BysKa-
HO-TEKTOHMYECKOWN CTPYKTYpbl BocTouHo-KamuaTcko-
ro By/fIKaHoO-nNAyToHU4Yeckoro nosaca. YopmmposaHue
BYJIKAHUTOB CBA3aHO C [EeATESIbHOCTbIO FONOLEHOBO-
ro BynkaHa LU, cnoxeHHoOro naBamu aHAE3MTOB 1
aHae3ngaunTos [6].

B reonornyeckom cTpoeHunn parioHa yyacTByoT
nopogabl ABYX CTPYKTYPHbIX KOMMIEKCOB: PyaOBMe-
watowero n noctpygHoro [5, 11]. Pygosmewatowun
KOMMnekc obbefnHAeT Mefl-naneoLeHoBbIe ByJKa-
HOreHHO-0CalouHble 0O6Pa3oBaHKA XamnuLKON CBUTDI
(naBbl aHAE3MTOB, KPYMHOO6MOMOYUHbIE Tybbl, Tyd-
bUTbI C NPOCNOAMU MENKOOGTIOMOYHbIX BY/IKaHOreH-
HO-KPEMHUCTbIX MOPOA) U TEPPUTreHHO-0Caf0uUHbIe
OTNOXEeHNA APO3[0BCKOW, B COCTaBe KOTOPOW Mnpe-
obnafalT MefKo- 1 CpefHe3epHUCTblE NecYaHKN.
MocTpyaHbIN KOMMIEKC CNOXEH NNEeNCTOLEHOBbIMU
BYJIKQHOr€HHO-0CaA0UYHbIMU MOPOAAMMN OCHOBHOTO 1
cpefHero coctaBoB (6a3anbTbl, aHAe3UTbI, UX Tydbl)
N COBPEMEHHbIMU rOSIOLL€HOBbIMY OT/TIOXKEHUAMMN.

WNHTpy3nBHbIe 06pa3oBaHUA, pa3BUTble 4OCTATOY-
HO LUMPOKO B MpeAenax MeCTopoXKaeHNsA, NpeacTas-
NeHbl TPEeMA KOMMAeKCamMmn: MUOLEH-MNOLEHOBbIM,
NAMOLEHOBbIM M YeTBepTUUHbIM. [To dopme 3anera-
HUA 3TO, NpexAe Bcero, CybBynKaHNYeckme Tena u
Janku 6a3anbToB, aHAEe3MTOB, AnopuTos. B Haccen-
Hax py4Ybés lNpAmon n GUpHOBbLIN pPacnpPOCTPaHEeHDI
Tena AmaTpemMoBbIX BpeKUnii, KOTopble OTHECEHbI K
pynosmelatowm [14].

MNpeobnagaowmnin MMOLLEH-NINOLLEHOBbI KOMIM-
nekc (BbICTPMHCKUI NHTPY3MBHbIN) CIOXKEH nopoaa-
MU HOPMasbHOro 1 CybLienoYyHoro pagos — rabopo-
Avioputamu, guopuTtamu, KBapLeBbiMU ANOPUTaMU.
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Puc. 1. OPATMEHT CXEMATWMECKOW TEONIOTMYECKON KAPTbI PYOHOIO M0/ KYMPOM (nio aaHbim 3A0 «BbiCTpHCKas ropHan

KOMMNaHUA»):

nocmpyoHuIl kKomnekc: 1 — annoBranbHble raneyHuKN, Necku; 4enoBranbHO-NPOoBMaNbHbIe MblObl, WebeHb, BasyH-
HUKW, FaneyHunK; aentoBrasnbHble rblbbl, webeHb, NefHNKOBbIE Mblbbl, BanyHbl, Cynecu, webeHb, BOAHO-NeAHNKOBbIE Ba-
NYHHWUKW, FaneyHnkn, neckn, Q,_y, 2 — 6asanbtbl, Tydbl; aHAE3UTDI, aHAE3MAALNTDI, AaunTbl, Tydbl faLuUTOBbIE, aHAE3NAa-
uutosble, Q_;; pydosmewaroujuli KomMnekc: 3 — 0pPO3[oBCKan CBUTa, P,dr (mecyaHnkn, TydonecyaHnkm), 4 — xanuukas
csuTa, K,—Php (Tydbl aHpe3nToBble, aHAe3nba3anbToBble, TydbonecuaHrky, TydoaneBponutsbl); 5 — 6aszanstbl, Q; 6 — aH-
ne3uTbl, N,; 7 — anopuTtoBble nopdupuTsl, 8T, (a), rpaHoanopuT-nopdupuTsl, yom, (6), N;_; 8 - reosiormyeckme rpaHnLbl; 9 —
pa3nombl yCTaHOBMEHHbIE (d), CKPbITble MoJ Bbiluenexalimmy obpasoBaHmamu (6); 10 — pyAOHOCHbIe 30Hbl JOCTOBEPHbIE
(a), npepnonaraemble (6), CKpbITble MO YETBEPTMYHBIMU 06Pa30BaHKAMY (8); 11 — CKBaXKUHbI, UX HOMepa

KBapueBble anopuTbl Hanbonee pacnpoCcTpaHeHbI.
OTO MOJNIHOKPUCTANNINYECKNE C MAaCCMBHOW TEKCTY-
poii, CBeTNO-cepble, TEKOKPATOBble Nopogbl (Tab. 1).
[naBHble NopopoobpasytoLivie MUHepasnbl — Naarno-
Knasbl (anbbuTt-onnroknas), KM (optoknas, o 7,1%
Ba), KBapL,; BTopocTeneHHble — BUOTUT, MUPOKCEH, PO-
rosas 06MaHKa, 3MVAOT, XTIOPUT; aKLeCCOpPHbIe — Mar-
HeTUT, unbmeHuT, cdeH, anatut (F o 3,47, Cl no 1,15%),
LMPKOH, KapboHaTbl, 6aput, NpwnT, chanepuT (tabn. 2).
BblaenATca paHHe-cpefHeMUOLIEHOBas, CpefHe-Mo3-
LHEMUWOLEHOBASA, NO3AHEMMOLIEH-MIMOLIEHOBAA UHT-
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py3uBHble ¢pa3bl MarmaTnama. C nposABneHremM Noc-
nepHen dasbl cBA3bIBaETCA GOPMUPOBAHNE 3NUTEP-
ManbHOro opyaeHeHus [14].

MnnoLeHoBbI KOMMNEKC 00beaNHSAET LITOKOOO-
pa3Hble Tena ANOPUTOB, AalKM aHAE3MTOB, aHAe3u-
6a3anbToB. K 4eTBEepTUYHOMY KOMMJIEKCY OTHOCATCA
MenKne 3KCTPY3un, AaumToBble 1 aHAe3nba3anbTo-
Bble JalnKu.

Lnpoko pa3BuTbl pa3pbiBHble HapyLlweHuA. Bbl-
JenaATCA yeTblpe CMCTEMbI Pa3/iOMOB: CEBEPHOTO,
BOCTOYHOrO, CEBEPO-3anaHOro 1 cyOLIMPOTHOrO Ha-
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1. XUMUYECKII COCTAB KBAPLIEBBIX IMOPUTOB

M0 AHHBIM POA
CopepkaHue, CopnepkaHue,
Okcnpgpl % DnieMeHTbl /T
SiO, 60,90 Sc 14,0
TiO, 0,59 Vv 151,0
AlLO; 17,80 Cr 148,0
Fe,0; 3,97 Ni <1,6
FeO 1,18 Cu 19,0
MnO 0,23 Zn 135,0
Cao 4,33 As 49,0
MgO 3,28 Rb 57,0
Na,O 3,86 Sr 298,0
K;O 3,37 Y 17,0
P,Os 0,13 Zr 74,0
n.n.n. 0,13 Nb <0,9
> 99,77 Mo <3,0
S 0,23 Ba 1439,0
La <4,5
MpumeyaHune. AHanusbl Bbl- a 590
NoJIHEHbl B AHaNNUTMYeCcKoOM z
LeHTpe MBuC [IBO PAH (r. MeT- Pb 5,0
ponasnoBck-KamuaTckum, aHa- Th <12
nutkn H.K0.KypHocosa, B.M.Pa- !
rynunHa). U <1,5

npasneHun (cm. puc. 1) [14]. BaxkHyto ponb B floKanu-
3aUMn OpyHdeHeHMA UrpaeT cucTema TEKTOHMYECKMX
HapyLIeHN CeBepPHOro 1 BOCTOYHOIO MPOCTUPAHMA.

B npepenax mectopoxgeHusa (nnowagb 12 Km?)
BbiABeHO >20 xun. Camaa KpynHaA pygoHOCHas
CTPYKTYpPa — MNPOXKMIKOBO-XWUSIbHaA NTMHENHasA 30Ha,
npeacTaBneHHaa CUCTEMON CONUKEHHbIX cybnapan-
NenbHbIX CO CNIOXKHOWM Mopdonoruen KBapLeBblX, ady-
NAP-KBapLEBbIX WU, MPOTAXKEHHOCTbIO 6onee 3,5 KM,
MOLLHOCTbIO He MeHee 400 m. CocTaB OTAENbHbIX XN
Mo NPOCTUPAHNIO Pe3KO M3MEHAETCA OT KBapLeBOro
[0 KBapu-cynbdugHoro [14]. Ha gaHHOM cTagun reo-
NOTrMYeCcKom N3YyYeHHOCTN MECTOPOXKAEHME pacCcmaT-
puBaeTca B KauecTBe 06beKTa C AByMA Pa3sHOBUAHO-
CTAMM MPOAYKTVMBHOW MUHEpanu3aumnn: snntepmasb-
HoW 3onoTo-cepebpaHon (Tuna LS — low sulphidation)
n megHo-nopouposoi [10, 14]. Pe3ynbratbl NpoBe-
[EHHbIX reosioropasBefoyHbIX PaboT yKa3blBalOT Ha
TO, YTO B HacTosALee BPeMA MPOMbILAEHHYIO LieH-
HOCTb OObEKTa onpefenseT snuTepManbHaa 30/10T0-
cepebpaHaa MUHepanun3auus.

CBefleHMA 0 BO3pacTe NPUBOAATCA MO pe3ysnbTa-
TaMm reosioro-cbémMouHbIx pabot M.E.bosapurHoBoI 1

Ap. B parioHe xpebta Kympou [2]. Bo3pacT naneosyn-
KaHa LUnw cooTBeTCTBYET 30MnencToleHy, ogHaKko
He ncKNtovaeTca 1 6onee no3gHee Bpems ero ¢op-
MUPOBAHNS — MO3AHUI NnencToLeH [2]. AGCONOTHbIN
BO3pacT 6a3anbToB XanuuKon CBUTbI, ONpeaenEHHbIN
K-Ar meTogom, coctaBnseT 86—68 mnH nert [1], uto oT-
BeYyaeT No3gHeMy Meny.

3onoTo-cepebpaHas MUHepanu3auna npencras-
NeHa MUKPOKBapUMTaMm € YOOroi BKpanieHHOCTbIO
PYLHbIX MUHEPANOB, KOJIMYECTBO KOTOPbIX PefKo npe-
BbllWwaeT 2-3%. B 1abn. 3 npuBeAEH XMMNYECKNI CO-
cTaB pya. MakcmanbHble 3HaueHus, ppm: Au (27,6), Ag
(152), Cu (118398), Zn (332 150), Pb (291 825), As (1933)
3adUKCMpPOBaHbI B MOANCYNbGUAHBIX Pa3HOCTAX.

Pynam cBONCTBEHHO 3HauMTeslbHOEe pa3Hoobpa-
3Ue TEKCTYP U CTPYKTYP. TeKCTYpbl — MPOXMIKOBO-CET-
YyaTad, NPOXWUIKOBO-BKparnfieHHas, Apy30BuaHaa
3neMeHTamMy 6peKUMeBNIHON N KPYCTUPUKALMOHHO-
nosiocyaton, 6peKumeBas, MaCCUBHasA — OTIMYALOTCA
pe3KoW HEBbIAEPXaHHOCTbIO PUCYHKa Aa<e B OQHOM
He6onblom WTyde (puc. 2). Npoxnnkoso-cetyartas
TEKCTYpa XapaKTepun3lyeTcsa Hann4ymem B3anmo nep-
NeHAVKYNAPHbIX NPOXUIIKOB KBapLu-raneHnt-chane-
pPUTOBOrO COCTaBa C YOOro BKpanieHHOCTbIO NUpMTa
MOLLHOCTbIO A0 2—-4 MM (CM. puc. 2, a). NpoKnnkoso-
BKparseHHaa OT/INYaeTCA cCoYeTaHNEM NPOXKMIIKOBOM
N rHe340BO-BKparJieHHOW TeKCTyp. PasHoopreHTH-
poBaHHble NepeceKalLmeca KBapLesble, KBapL-cha-
NnepuTOBblE MPOXKUIKNA NMEIOT MOLLHOCTb OT OLHOIO
[0 HECKOMbKUX MUITTIMMETPOB Cpeau JIH3 U THE3A COo
chanepnTom, NUPUTOM, FaJIEHUTOM 1 XallbKOMUPUTOM
(cm. puc. 2, 6). Opy3oBuaHas TeKCcTypa obyc/ioBrieHa
NPUCYTCTBMEM MANOMOPGHBIX NPO3PaYHbIX KpUCTa-
NoB KBapLa unm Keapu-cynbduaHoro (npenmyuyect-
BEHHO CchanepmnTOBOro) arperata, BbINMOJHALWNX MU-
KpOMonocTu B XuibHOW Macce. bpekumeBas TekcTypa
XapaKTepur3yeTca Hanmyem oCTPOYrosibHbIX 06/10M-
KOB rMApOTEPMAasibHO M3MEHEHHbIX NOPOoA, Norpy-
MEHHbIX B KBapu-agynAap-cynbPuOHbIA LeMeHT (Cm.
puc. 2, 2). E€é pasHoBMAHOCTb — BpekuneBngHas, Ko-
Topas oTnMyaeTca 6osee Crna)KeHHbIMU, Pa3MbiTbl-
MU KOHTYpamy pyaoBMELLAIOLLMX FOPHbIX nopog. Py-
Zbl MAaCCUBHOW TEKCTYPbl UMEOT raneHuT-chaneputo-
Bblll, UHOTAA XaNbKOMUPUTOBBIN COCTaB, obLyee Konu-
4YeCTBO PYAHbIX MUHepanoB He rnpesblwaet 75% ot
Nnowaam XulbHoOro rmapoTeEPMasIbHOro LieMeHTa (CM.
puc. 2, 0).

Hanbonee pacnpocTpaHéHHble CTPYKTYpPbI pya:
KpUCTaninyeckn-3epHUCTble — anioTpuoMopdHo-
3epHUCTas, rmMnuanomopPHo3epHUCTas, NONKMUANTO-
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[naBHble

2. MUHEPAJTbHbIA COCTAB KBAPLIEBbIX JIOPUTOB

Mnarvoknasbl (anb6uT) NaAlSi;Og

60%

KanueBsble nosnesble WMNaThl
KAISi;Og (Bago 7,11% )

20%
Keapu SiO,
15%
NeNe Okcnapl,

n/n SN1EMEHTbI

1 Sio,

2 TiO,

3 Al,O;
4 Fe,O5
5 FeO

6 MnO
7 Ca0

8 MgO
9 Na,O
10 K,O
11 P,Os
12 S

13 F

14 n.mn.n.
15 >
16 Cu
17 Zn
18 Pb
19 As
20 Ag
21 Au

BTOpOCTeI'IeHHbIe

K(Mg, Fe*);(SizAl)O;4(OH, F),

buotut

MnpoKceHbl

(Mg, Fe),[Si;06]

(Ca, Mg, Fe),[Si,04],(OH),

Ca,Al(Fe**, Al),[Si,0,][Si0,]O[OH]

Amdurbonbl

anuaoT

Xnopwutbl

(Mg, Fe)s[Al, 5i)40:0(OH),15(Mg, Fe)(OH),

Pyabl nu metannbl N 2/2019

AKLEeCCOpHble

MarHetut Fe;0,
TutaHomarHetuT (Fe, Ti)Fe,O,

MnbmeHut FeO-TiO,

Coen CaTi[SiO,]O

Anatut

Ca14(PO,)s(OH, F, Cl),
(Fpo 3,47,Cl po 1,15%)

LinpkoHbl ZrSiO,

Kap6oHarbl (kanbuunt) CaCOs

baput BaSO,
Mupwurt FeS,
Coaneput ZnS

3. XMMUYECKMA COCTAB PYZ N0 IAHHBIM POA (%, ppm), UCT (ppm)

1
38,80
0,03
0,55

3,99

0,07
0,02
0,59
7,50
0,26
0,03
15,00
0,17
10,20
77,21
11587
324119
2102
1933
32,10
20,20

2
38,20
0,03
0,25

12,80

0,05
0,01
0,26
3,84
0,13
0,04
17,10
0,24
7,20
80,14
93355
153296
1768
652,00
152,00
10,20

O6pasLbl

3
27,80
0,03
0,68
12,60
4,66
0,02
6,00
0,55
0,72
0,02
0,04
15,90
0,23
0,21
69,44
118398
150,00
405,00
362,00
36,30
0,08

4
74,60
0,03
2,48

243

0,13
0,06
1,36
0,88
0,91
0,03
2,03
0,02
2,00
86,95
1229
29527
14132
<0,20
31,30
27,60

5
52,60
0,04
0,66
0,02
1,20
0,02
0,02
0,19
0,28
0,16
0,03
4,24
0,08
3,01
62,55
1671
17596
291825
<0,20
124,00
18,40

6
24,70
0,03
0,79

6,77

0,19
0,03
1,65
7,79
0,05
0,04
18,30
0,25
12,40
72,98
20863
332150
197,00
164,00
67,60
13,60

MpumeyaHmne. AHanu3bl 1-19 BbinonHeHbl B AHanuTryeckom ueHTtpe VIBuC [1BO PAH (r. MeTponasnosck-Kamuatcknia, H.U.HYebpoB.a,
A.O.CaposHukoBa (POA)), 20, 21 - B UMTM PAH (n. . T. YepHoronoBkKa, B.K.Kapangawes (MCMM)); okcuapl, S, F, n. n. n. B %, octanbHble — B

ppm; ana obp. NeNe 1, 2, 4, 6 — 3HaueHnA Fey,,
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Puc. 2. KOMBUHWUPOBAHHDIE TEKCTYPbI PY[] (nonupoBaHHbie wrydbi):

a - NPOXMNKoBO-ceTyaTas (CKB. 51, rnyburHa 128,6 m); 6 — NPOXUIKOBO-THe30BO-BKpanieHHas (CKB. 51, ry6uHa 143,7 m);
8 — Apy30BUHasA C aneMeHTamy 6peKuneBngHOM 1 KpYCTUOUKALMOHHO-NONOCYaTON; 2 — bpekuneBas; 0 — MacCUBHas; e —
NpoXKuNKoBo-bpekunesas (cks. 6, rnybuHa 10,6 m); Q — kBapy, Gn — ranenur, Sp — cdanepuT, Py — nupuT, Cp — Xanbko-

nMpuT

Bas. CreneHb nanomopdrama cynbduaos 3aBUCUT OT
bopmbl, pazmepa 1 xapakTepa cpacTaHWA KpUCTanu-
YecKux 3épeH. BcTpeyaloTcst SMynbCUOHHbBIE CTPYKTY-
pbl pacnaga TBEPAbIX PacTBOPOB (MUKPOBKIIIOUEHNA
xanbkonuputa B chanepute). CTpyKTypa SHAOTEHHbIX
KpaeBbIX KAEMOK OTHOCUTCA K UMCIYy pefKux. 3épHa
chanepuTa oKamneHbl KpyKeBaMy XanbKO3UHa.
Pyabl o6nagatoT CNIOXKHbIM MUHepasibHbIM COCTa-
BOM (Tabn. 4). naBHble pyaHble MUHepanbl — chane-
pWT, raieHnT, BTOPOCTENEHHbIE — MUPUT, XaJIbKONUPUT
(puc. 3). K peaknm oTHeceHbl 6neksnble pyabl (TEHHaH-
TUT, TETPA3[PUT), CAMOPOLHOE 3010TO, FeCCUT, NneT-
UWT, CUNbBAHUT, anTauT, XafibKo3nH, 60pHUT. Kunb-
Hble MVHeparnbl — KBapL, KapOoHaTbl, afdynsap, XJ0puT,
cepuuuT. lMnepreHHble MUHepanbl — cynbdaTtbl CBUH-
Ua, UMHKa, TEHOPUT, XpPU30KOJ1a, OKCUAbI Xenesa.
Cynbduabl (MnpuTt, chanepuT, raneHnT, XanbKomnu-
pUYT) WMPOKO pa3BUTbl Cpen PyAHbIX MUHEPANOB.
Cpanepum (cm. puc. 3) obpasyeT egUHNYHbIE 3EPHa,
arperaTbl pa3mepom ot 0,05 go 2-3 mm 1 rHé3zga 1-

2 CM, NPOXWUIIKKM U fIH3bl MOLWHOCTbIO OT 0,1 Ao 2,0 cm.
Ero uBeT — TEMHO-KOPUYHEBDIV 0 YEPHOrO (Mpenmy-
LeCTBEHHO MapmMaTuT). B oTpaEéHHOM cBeTe Habsto-
JaloTca ApKMe BHYTPeHHMe pedneKkcbl. MuHepanoru-
YecKUMU, MrHeparpaduyecknMmm 1 MeTogammn peHTre-
HOCMeKTpasibHOro MKpoaHann3a 060CHOBaHO Bblge-
neHve YeTblpéx pasHOBUAHOCTEN chanepuTa.

CdanepuT | cocTaBnsAeT ocHOBY KBapL-cdaneput-
NUPUTOBOW MMHEpPanbHOM accoumaumn. Bctpeyaetca
B BMAE OTAENbHbIX 3épeH M obpasyeT TecHble cpa-
CTaHUA C NUPUTOM U OTNINYAETCA NPaKTUYECKU no-
BCEMECTHbIM Pa3BUTUEM CTPYKTYpPbI pacnaga TBEPAbIX
pactBopoB. OHa 06ycnoBfieHa HannuMem SMynbCu-
OHHOW BKPaMIEHHOCTN MUKPOYaCTUL, XalIbKOMUPKTA,
OpPVIEHTMPOBaHHbIX MO 30HaM pocTa chanepuTa. Kpo-
Me xanbkonuputa, cbaneput | cogep>KnT BKIOUYEHUA
6neknbix pyg, nupuTa ll, kBapua. YacTo no kpasam 3é-
peH chanepuT obpacTaeT XaJIbKO3MHOM.

Cdanepur Il coBmecTHO ¢ raneHuTom obpasyeT cha-
NepuT-raneHNToBY MUHepasbHyto accoumaumio. Qop-
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4. MUHEPATIbHbIA COCTAB PY[

[vnoreHHble

MwuHepanbi
PyaHble

Coaneput ZnS

(aBHGIE [aneHuT PbS

Mupwt FeS,

BTopocTeneHHble
P Xanbkonuput CuFeS,

bneknbie pygbl
(TeHHaHTUT Cu;,AS,S;3,
TeTpasgput Cu,,Sb,S:;)
CamopogHoe 30n0T10 Au
[eccut AgTe
Metunt Ags;AuTe,
CnnbBanHuT AuAgTe,
Antaut PbTe
Xanbko3uH Cu,S
bopHuTt CusFeS,

Penkne

[MnepreHHble
MunnbHble
Keapuy, SiO,
Kanbuunt CaCO;
CynbdaTbl CBMHLA, LMHKa
TeHoput
. Xpu3okonna
Apynsp KAISi;Og OKcnabl Kenesa

Xnoput (Mn, Al)s(OH)4(Si, Al),
Cepuiyut KALL(SizAl)O;4(0OH),

Puc. 3. MUKPO®OTOTPAOUM PYAHBIX MUHEPANOB B OTPAMKEHHOM CBETE:

a - CKB. 56, rny6uHa 50,8 M; 6, 8 — CKB. 56, rny6uHa 51,9 m.; 2, 0 — cKB. 55, rnybuHa 37,1 m; e — ckB. 51, rny6uHa 103,7 m; Bn —
6neknble pyabl, Au — camopoaHoe 3071070, Cs — XaNbKO3WH; OCTaJibHble YC/1. 0603H. CM. puC. 2

Ma, pasmep, CTPYKTypa BblaeneHni cbaneputa CXoxu
C TaKOBbIMW MEepPBON pa3HOBUAHOCTU. [1na Hero xa-
pakTepHbl 06pa3oBaHNA COBMECTHO C FajIeHUTOM U
kBapuem. OH koppoaupyeT nupuT Il n pasbegaerca
KBapLeM, CeYETCA NPoXKMAKamm Gneknbix pya nim
xanbkonuputa. Kak npaBuso, KOHTakTbl chaneputa I
W raneHuTa posHble. [laHHaa pa3sHOBUAHOCTb OTANYA-
€TCA OT NepBON OTCYTCTBMEM SMYNIbCUOHHOW BKpan-
NTEHHOCTW XaNbKonmpuTa.

90

Coanepur Il accounnpyeT ¢ 6eKNbIMU pPyaamm 1
npepcTaBiieH N30MeTPUYECKNMU 3EpHaMu, pa3Mmepbl
N CTPYKTYpa KOTOPbIX CONOCTaBMMbl C MEPBON pas-
HOBMAHOCTbIO. HepegKo coaepXunT BKIOUEHNA rane-
HUTa, NMpUTa N KoppoaupyeTtca kBapuem. OTnnyaet-
CA pa3Hoobpasmem cpacTaHuii C 6neknbiMy pyaamu
n xanbkonuputom. Coaneput IV nponasneH B Brae oT-
JOeNbHbIX M30METPUYECKUX 3EPEH, THE3L, 1 CKOMEHNI
B KBapueBom cybctparte (0,1-2,0 mm).
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5. MPEICTABUTENbHBIE MUKPO30H/I0BbIE AHAJIU3bI COAJTEPUTA, %

WP S Mn Fe Zn (@) Hg Cu

n/n
1 33,52 0,39 1,26 6483 0,09 0,16 H.O.
2 3432 048 033 63,00 H.o. H.O. H.O.
3 32,65 H.0. 200 6625 040 H.0. H.0.
4 36,27 H.O. 764 5512 0,29 H.O. H.0.
5 3415 0,08 1,01 63,41 H.0. 0,30 H.0.
6 3364 0,18 334 5897 0,02 0,09 3,46
7 34,88 0,21 354 5996 024 0,02 2,90

)3 Kpmaaggg;v)lln\:tllqecme Pa3HoBupHOCTb
100,25 (ZNng,06F€0,02MNg01)0.9951,01 KneiodpaH
98,13 (Zng,94F€0,01MNG01)0,9651,04 KnenodaH
101,30 (ZnogsFe0,04)1,0:S098 Manoxenesucras
99,32 (ZnogoFe0,13)0,9351,07 Manoxene3ucras
98,95 (ZNno94F€0,02)0,9651,04 Knenodax
99,70 (ZNngg7F€0,06CU0,05)09851,02 Manoxene3ucras
101,75 (Znog7F€0,06CU0,04)0,9751,03 Manoxene3ncras

I'IpmmeanVle. H.O. — HE O6Hapy)KEHO,' 30ecb n B Tabn. 6-8 aHanu3bl BbINOSIHEHDI B na6opaTop|/||/| BYJIKAHOT€HHOro pyp,006pa3OBa-

Hua MBuC BO PAH (SEM Tescan Vega).

XvMmnuecknii coctaB cdaneputa MeECTOPOXKLAEHNA
npeacTaBneH B Tabn. 5. lna Hero xapakTepHo Heop-
HOPOAJHOE CTPOEHME B CBA3M C HEPaBHOMEPHbIM pac-
npegeneHvemM KOHLUEHTPAUNUA N30MOPPHbIX NprmMe-
cell XMMMYECKNX 3NIEMEHTOB B Npefenax OTaeNbHbIX
3EpeH.

Mo Hannuwio Xene3a BbigeneHbl ABe Pa3HOBMAHO-
cTun: 6esxenesncras — knenodat (Fe ot 0,00-1,26%)
1 ManoxkenesncTtasa C KoHueHTpaumamm Fe oo 7,64%
(cm. Tabn. 5). Mpy 3TOM ANs KPYMHbIX BblAENEHNI Xa-
pakTepHbl Hanbonee BbICOKME COQEPKAHUA XKene3a,
ANA MeNKNX — HU3KKe, LleHTpanbHble YacTu 6onee 060-
ralieHbl Xefe3oM No CPaBHEHWIO C KpaeBbIMU.

BTopble no pacnpocTpaHeHnto n3oMopdHble Npu-
MeCu — KagMuIA 1 MapraHeL, HO UX KONIMYeCTBO He npe-
Bblwaet 0,40 1 0,48% COOTBETCTBEHHO (CM. Tabn. 5).
Mukponpumecn megu obycnoBrneHbl HaNnYnem Mu-
KpoBK/oUeHUn xanbkonuputa. ObHapyxeHne pTy-
TV — OfjHa 13 peAKuX Haxof4oK ana chaneputos Boc-
ToyHoM KamuyaTku. OHa yCTaHOBNEHa B eQUHUYHbIX
3EpHax, 1 eé KonnyecTBo He npesbiwaeT 0,30%.

MepecyéTt Ha GopMyIbHbIE eAMHULBI Pe3yNbTaToB
XUMUYECKMX aHANTM30B MUHepana rnokasar, yto ¢pop-
MyJNbHbIV KO3 dULMEHT cepbl BapbupyeT B Npeaenax
TEOpeTNYeCcKoro 3HayeHus, pasHoro 1 (cm. Tabn. 5).

[aneHum — BTOpOW NO pacnpoCTPaHEHHOCTU PYA-
HbI MUHepan. BbiaBneHbl fBe ero pa3HOBUAHOCTU.
laneHuT | BCTpeyaeTca B OCHOBHOM B cdaneput-ra-
NEHNTOBOW MUHepPanbHOW accoumaLlmnmn, obpasyeT He-
npaBwbHble BbligeneHus (4o 2 mm), rHésga (go 1 cm)
M NPOXUIIKM MOLWHOCTbIO A0 5 MMm. OTaenbHble 3ép-
Ha HepeaKo KaTaknasuposaHbl. [aneHnT Il oTHoCUTCA
K KBapu-nnputoson accoumauun. NpeacrasneH pea-
KUMW BKIIOYEHMAMMN OT COTbIX gonen Ao 0,5 mm B nu-
puTe.

lMupum — rNaBHbIA N3 TPYNMbl BTOPOCTENEHHbIX
PYAHbIX MUHepanoB. Pazmepbl 3épeH BapbupyloT OT
0,2 no 3,0 mm. ObpasyeT yeTbipe Pa3HOBUAHOCTY, KO-
TOpble OTNNYAIOTCA B3aMMOOTHOLLIEHUAMN C KBapLeM,
chaneputom, xanbkonuputom, bneknbiMm pygamu, ca-
MOPOAHbIM 30/10TOM. B HebonbLoM KonuyecTse nu-
pUT BXOAMT B COCTaB CchanepuT-rafieHUToBom n cha-
nepuT-61eKNoBOPYAHOM MUHEPASTbHBIX acCoLMaLnii.

MupwuT | BCTpeuaeTca B KBapLU-NMMPUTOBON MUHE-
panbHOI accoumnayun B BUAE eQUHNYHbIX KpUCTan-
NOB, OTAENbHbIX HEMPaBUbHbIX 3épeH pa3mepamu
OT COTbIX Aonen Ao 2-3 MM, Ux arperatos B popme
rHE3, NNH3, TOHKNX NPOXUNKOB. IHOrga npocmat-
pVBalOTCA KPUCTansbl AEHAPUTOBUAHON CTPYKTYPbI.
MupwnT Il 06HapyxeH B popme HenpaBUIbHbIX 3épeH
pa3smepom oT gosien oo 2-3 MM B KBapu-chaneput-
NMPUTOBON MMUHEpanbHoOM accoumaumn. Yacto obpa-
3yeT ckonneHna B Gopme rHé3f, NMH3 B CpacTaHnu
co chanepuTom 1 KBapLem.

MupuT lll - menkne KpmucTannbl 1 3épHa Henpa-
BUbHON GOPMbl, OTHECEH K MUPUT-XanbKOMUPUT-
61eKNOBOPYAHON MUHepasibHON accoumaunn. Pasme-
pbl BbliAeNeHN BapbUPYIOT OT AecATbIX fonen go 1-
2 MmM. OH accoummpyeT € XanbKonMpuUTom 1 6neksbl-
MW pygamMu, MHOTAA COQEPXUT MefKne BKIUYEHNA
coaneputa, raneHuta. Muput IV nprucyTcTByeT B 30-
NOTO-NNPUTOBOK accoumauuv B Buae HenpaBuibHbIX
o6pa3oBaHuin pazamepomM 1-2 MM B KBapLie BMecCTe C
CaMOpPOAHbIM 30/I0TOM (CM. puC. 3).

Mo 0co6eHHOCTAM XMMYeCKoro coctaBa (Tabn. 6)
yCTaHOBJIEHbI iBE PAa3HOBUAHOCTY NNPUTA: CTEXMO-
MEeTPUYECKUI 1 cofepXKalyui Npumech MbilwbsAKa (80
6,79%). XapaKTepHOW YepTol NMPUTOB MECTOPOXKAE-
HWUS CNTY>KWUT UX 30HANIbHOE CTPOEHUne, 06YCIOBEH-
HO€ NOKallbHbIM KOHLEHTPUPOBAHNEM MblLUbAKA NO
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OTAENbHbIM MUKPO30HaM. Takoe CTpoeHue BbisiBie-
HO 6Gnarofapa NPUMEHEeHW0 MeTOAOB aHanNuTuye-
CKOW CKaHUpYIOLLen 3N1eKTPOHHON MuKpockonuu. lMe-
PecyéT Ha GopMysbHbIE efMHNMLbI Pe3ynbTaToB XU-
MUWYECKUX aHaNn30B MHepasa nokasan Hebonblune
OTKJIOHEHUA OT CTEXMOMETPUN. B oTaenbHbIX pasHo-
BUAHOCTAX OTMeYaeTca geduumnT cepbl (CMm. Tabn. 6).

Xanekonupum obpa3yeT HernpaBUibHble KCEHO-
Mop¢Hble BblgeneHus (0,1-0,7 mm) B arperaTtax ¢ nu-
puToM, GneknbiMn pygamu, chanepuTom, KBapLeM.
Mo pacnpoCcTpaHEHHOCTM YCTYNAET NUPUTY, HO BCTPe-
yaeTcA NpakTuyeckn Bo Bcex accoymauumax. OCHoB-
HaA ero macca NpMypoyYeHa K NUPUT-XanbKoNupuT-
6neknosopygHom accounauumn. NoscemecTHO npu-
CYTCTBYeT B BuUAE 3MYNIbCMOHHOW BKPanJjieHHOCTU B
chanepute |. MNpn M3yyeHUN ero XMMMYeCcKoro cocTa-
Ba KaKMX-IMOO 3N1eMeHTOB-MPUMECEN Ha YPOBHE UyB-
CTBUTENbHOCTU NTOKAJIbHOrO MUKPO30HAOBOrO aHanu-
3a 06HapyxeHo He 6bino.

breksnbie pyObl OTHECEHDBI K UMCNy peaKux, Ho TeM
He MeHee GMKCMPYIOTCA NOBCIOAY BO BCEX BblAeNEH-
HbIX MUHepPasnbHbIX accoumalmax Kak B BUAE MeNKNX
BK/toUeHU (8o 1 Mm) B chanepunTe, rafieHnTe, NMpu-
Te, TOHKUX NPOXUSIKOB, KAEMOK, rMaBHbIM 06pa3om
BOKpYr chaneputa, Tak 1 B Gopme HenpaBuibHbIX Cpa-
CTaHW C Xanbkonuputom (cm. puc. 3). B HekoTopbIx
cnyyasx 6neknble pyabl opmupytoT 6onee KpynHble
ckonneHua co chaneputom lll, pexe KBapuem, a Tak-
e C NUPUTOM, Xanbkonuputom, chaneputom lll.

B oTpakéHHOM cBeTe LBeT M3MeHAETCA OT ONINB-
KOBOr0O O CBETNO-CEPOro. M3yueHne 6neknbix pyg C
MOMOLLbIO CKaHVPYIOLLEro 3NeKTPOHHOIO MUKPOCKO-
na no3BoJINIIO BbIABUTb BHYTPEHHEE HEOLHOPOAHOE
(30HanbHOE) CTpoeHme, 0OYCIOBIIEHHOE NTOKANbHbIM
KOHLEHTPUPOBaHMEM MbllLbsKa, CYypbMbl, cepebpa,
UMHKa, Kagmua. HazBaHua 6neknbix pya npuBogaTca
cornacHo KnaccudurKkauum, npegnoxxerHom H.H.Mos-
roson, A.M.UennHbim, 3.M.CnnpugoHosbim [9, 12]. Bbl-
LeneHbl HECKOIbKO MMHEepPabHbIX BULOB, MEX- 1 BHY-
TPVBUOOBbLIX Pa3HOBMAHOCTEN: TeHHAaHTUT (As no 3,80
dbopMynbHbIX eanHuy), TeTpasaput (Sb 3,50 ¢op-
MYJbHbIX €QUHUL) 1 MPOMEXKYTOUHbIE YNeHbl — TeH-
HaHTUT-TeTpasapuT. K BHyTpMBMAOBbBIM OTHECEHbI ZN-
TEeHHaHTUTbI, Fe-TeHHaHTUTbI, Zn-Fe-TeHHaHTUTbI, Zn-
TeTpasapuThbl, cepebpocopepalyme Zn-TeTpasgpu-
Tbl, ZN-TETPa3apPUT-TEHHAHTUTDI, cCepebpocoaeprKaLlme
TETPA3[PUT-TEHHAHTUTBI, cepebpocoaepaliune Zn-
TETPAdAPUT-TEHHAHTUTBI (Tabn. 7).

Linpokne Bapuaymm KOHLEHTpaUun UuHKa (oT
1,22 go 14,35%, uto cooTtBeTcTBYeET OT 0,29 A0 3,36
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6. PECTABUTENbHBIE MUKPO30H/I0BbIE AHATU3bI
As-COJEPXALLETO MUPUTA, %

PV i
dopmynbl
1 46,41 5298 2,02 101,40 (FeqooASp03)10:51.08
2 4942 4412 6,05 9987 (Feq,13AS010)1,2351,77
3 4374 4954 635 100,08  (FepgsASo11)1085192
4 4557 5245 1,85 99,94 (Feo,99AS0,03)1,025198
5 43,43 50,37 6,79 101,15 (Feo,96AS0,11)1,0751,03
6 4527 5245 327 101,10  (FeqssASe0s) 035107
7 4585 5238 228 100,51  (FepsoASo0s)i0sSier
8 4508 51,28 543 101,80  (FegesASo00)1075103
9 4557 50,70 3,95 10046  (Fe100ASo0s)106519

bOpMynbHbIX efMHAL) — XapaKTepHaa 0COOEHHOCTb
TETPasapPMTOBON cocTaBnALen (cm. Tabn. 7). MNosce-
MeCTHO MPUCYTCTBYET Xene3o B Konnyectse ot 0,39
40 6,59% (nnm ot 0,11 go 1,76 dbopMynbHbIX eQUHNLL);
6onee oaHol GOPMybHOWN eAnHNLIbI OBGHAPY»KEHO B
Fe- n Zn-teHHaHTUTax.

Cepebpo — TUNOMOP®HbIN SNeMEHT GNIEKIbIX PyA.
Ero cogep»aHusa He npesbiwatoT 4,38% (TeTpasgput-
TeHHaHTuTbl: Ag 0,65, Sb 2,21, As 1,31 popmynbHbIX
eavHuu). CneflyeT OoTMETUTb, UTO Ans cepebpocoaep-
MKaLMX pa3HOCTeN C BbICOKMM ero cogepaHunem xa-
paKTepHbI NMOBbILLEHHbIE KOHLIEHTPaLMW N30MOPOHbIX
MeTanoB — LMHKa 1 Xene3a, CyMMa KOTOPbIX 0ObIYHO
CoCTaBnAeT OKomo nnm 6onee AByx GOPMysbHbIX eau-
HUL (cm. Tabn. 7).

Kagmuin — oivH 13 pefKrx XMMUYECKMX SeMeH-
TOB 6neknbix pya. O6bHapyxeH B Zn-TEHHaHTUTaX B
KOHUEeHTpauusax, He npesbiwatowmx 0,09%.

CamopooHoe 3010mo obpasyeT KOMKOBUHbIE,
OKpYI/ible Y UHTePCTULMaNbHbIE BblAeNEeHUsA, pexe —
nHanBupyanbHble o6ocobneHus (cm. puc. 3). Paame-
pbl konebntoTca ot 0,001 go 1 mMM. Ha MrKpoypoBHe
BbIAIB/IEHO CJIOXKHOE MOPUCTOE, rybuaToe, ckeneTHoe
cTpoeHue. LiBeT 3010TVH OT 30/10TUCTO-XKENTOTO, 3€-
NEeHOBATO-KENTOro 0 KPaCHOBATO-XENTOrO, UYTO 06Y-
C/IOBNIEHO BapuvauusaMmn nprumecein cepebpa 1 meau
(Ag 7,20-17,38%) (tabn. 8). OHO accoummpyeT C KBap-
Lem, NMPUTOM, pexe C Tennypruaamu.

Tennypudsl NpeacTaBieHbl reCCUTOM, NETLUTOM,
CUNbBaHUTOM. feccnT — Menkne BKoUYeHNA (o aeca-
TbIX AONIeN MUIMMETPA) B KBapLie U XanbKonupure,
MHOTa MUKPOBKPAMNIEHHOCTb B NMPUTE, COBMECTHO
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C CaMmOpPOAHbIM 30110TOM. Tennypuapbl 3010Ta (NeTuuT,
CMNbBAHUT) NPUCYTCTBYIOT B BUAE HE3HAUNTENbHbIX
BbligeneHui (0,01-0,50 mm) HenpaBwbHOM GopMbI, a
TaKXe CPOCTKOB C NMUPUTOM, BNeKnbiMK pygamm u ca-
MOPOAHbIM 30/10TOM.

Kpuctannbl xaneko3uHa v 6opHuma obpasytoT
NJIOTHbIE 3ePHUCTbIE arperaTbl (10 5 MM), TOHKKeE npo-
KUK, MrnHepanbl BCTpeYvaloTCca B CpacTaHUAX co
chaneputom 1 B BMAE BKIOYEHUI B raneHmTe. Yacto
Takue arperaTbl KOPPOANPOBAHbI, a BK/IOYEHUA rane-
HUTaA OKarMJIeHbl MMHepanaMm Mmeau.

KunbHble MUHepasbl — KBapL, KanbunuT, agynsap,
XJI0pUT, cepnuunT. K8apy pacnpoCcTpaHEéH NpakTuye-
CKM BO BCEX MMHEpPaASIbHbIX accoumaumax (0cobeHHo
B KBapu-NMpuTOBOW, KBapL-Nuput-chanepmtoBon).
Kak npaBuno, 3To eAnHMYHbIEe arperatbl pa3mepom
1-2 MM 1 KpUcTannbl, Hanbosee KpyrnHble 13 KOTOPbIX
JOCTUralT 5-7 MM B ceyeHUW. BoigeneHo HeCKonbKo
pa3HOBUAHOCTEN.

Keapy | (kBapu-nuputoBasa accoumauus) otmeya-
eTCA COBMeCTHO ¢ nupuTtom |. Makpockonuyecku oH
cepoBaTo-6eblil, CBETNIO-CEPLIN N XapaKTepusyeTcs
anoTPMOMOPPHO3EPHUCTON U TUNUANOMOPPHO3EP-
HUCTOW CTPYKTypamu, pa3mep 3épeH 1-2 mm.

Mpo3pauHbin KBapy Il oTnnuyaetca annotpuomop-
bHO3epHUCTON CTPYKTYpPOI. Kpuctansbl 3Tol pasHo-
BUAHOCTU UMELOT BbITAHYTYIO GOpMy 1 pa3mepbl OT 2
Lo 7 mm. KBapuy Il oTHocuTcA K KBapu-nuput-chane-
pvTOBON accoumauum 1 BcTpeyvaetca ¢ nuputom Il n
caneputom |. KBapu | v kBapy Il TecHo cBA3aHbI aApyr
C APYroM 1 OTHECeHbl K NPOAYKTMBHOMY TUMY, Crlara-
foLLeMy OCHOBHYIO MaccCy pyAHbIX Ten.

Keapu lll v IV cxoxmn no xapakrepnctnkam C KBap-
uem ll. Kak npaBuo, 3To MenKkosepHUCTble 06pa3o-
BaHuMA. Keapy Il accounmpyeTt ¢ raneHutom | n coa-
neputom I, a kBapy, IV — ¢ xanbkonmputom, 6neknbi-
M pygamu, chaneputom lll.

Kap6oHamel (KanbLuT) NpuHagnexaT K rpyrnrne BTo-
pocCTeneHHbIX XXWIbHbIX M1HepanoB. Makpockonuye-
CKM VX UBET 6eNbli, pexe C *KeITOBAaTbiIM OTTEHKOM.
DTO eAMHWNYHbIe KPUCTabl U arperartbl KPYynHoO- ”
CpedHe3epHNCTOro CTpoeHns. KanbumT accoymmpyet
C KBapLiem, 06HapyKMBaeT HEOLHOPOLHOE CTPOEHME,
00YyC/IOBNIEHHOE 30HaJIbHbIM pacrpeneneHnem map-
raHua u »enesa.

AOyniAp pacnpoCTpPaHéH B NMOAUUHEHHOM KOMu-
yecTtBe. Ero Kpuctannbl xapakTepusyTca 4OBOSIbHO
MenKuMn pasmepamu, nopagka 0,09 mm, MeloT pom-
6uyeckyto n pombosuaHyto bopmsbl. Bctpeyaetca B
accoumaumm ¢ KBapuem n nuputom. Pombuyeckne
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8. MPEACTABUTENbHBIE MUKPO30HI0BbIE AHATTU3b
CAMOPOJIHOT0 3010TA, %

NeNe n/n Ag Au >
1 14,31 86,44 100,75
2 16,43 85,12 101,91
3 16,59 82,14 98,73
4 16,62 85,77 102,39
5 15,34 84,87 100,21
6 7,20 94,66 101,86
7 16,68 85,43 102,11
8 16,74 82,18 98,92
9 17,21 82,18 99,39
10 17,38 80,71 98,08
11 16,98 83,47 100,46

KpUCTanbl OTINYAKTCA 30HaNbHbIM HEOAHOPOAHbIM
CTPOEeHMeM 3a CYET oboraleHna oTaeNbHbIX MUKPO-
30H Gapuem B KonmyecTtse o 8,97%.

[MnepreHHble MUHepanbl — cynbdaTbl CBUHLA U
LMHKa, TEHOPUT, XPU30KOJIa, OKCMAbI »Kene3a — pas-
BUTbl MOBCEMECTHO.

[a30BO-XNAKMNE BKIOUEHMA N3yYanucb B obpas-
Lax pyAa c HAMOONbLWINM KONTMYECTBOM PYLAHbIX MUHE-
panoB U C XOPOLWO PacKpPUCTANIN30BAHHbIM KBap-
uem. Cpeamn HUX B COOTBETCTBUM C Knaccudukaumen
H.[N.EpmakoBa BblgeneHbl nepBuYHbIE, MHUMO BTOPUWY-
Hble, BTOPUYHbIe BKtoueHus [3, 71. Mo ¢pasoBomy co-
cTaBy - 370 ABYyx¢a3Hble ra3oBo-Xnakme, ogHodpas-
Hble ra3oBble 1 MHOrodasHble pa3HoCTU. Pazmepol
BKJTIOUEHUI U3MeHATCA OT 2-3 Ao 30 MKM.

Mpo3pauHble nanoMopdHble KprCTanibl KBapua
Il copepaT NnpeacTaBUTENIbHOE KONMNMYECTBO NEPBUY-
HbIX, BTOPUYHbIX M MHUMO BTOPUYHbBIX Fa30BO-KUAKMX
M ra3oBblX BKAOYEHNN. [NA NepBUYHDBIX BKIIOUYEHWUI
XapaKTepPHbl LWUMPOKNE BapraLnumn pa3mepoB 1 06bE-
MOB ra3oBoW ¢a3bl (0T 25-30 go 90-100%). Cpeau BTO-
PUYHbIX, MHMO BTOPUYHbIX BCTPEYAIOTCA PacCLLUHYpPO-
BaHHble BKJIlOUEHMA pa3mepoM Ao 30 MKM, KOoTopble
pacnofaraTca NpervMyLeCcTBEHHO BAOJb TPELH.
KoaddpuumeHT 3anonHeHnsa Bakyosiel BTOPUYHbBIX
BKNtoveHun coctasnaet 40-50%. MHMMO BTOpUYHbIe
NPUYypPOYEHbl K MUKPOTPELLMHAM KPUCTANIOB KBapLa.
STa rpynna BKIIOYEHWIA UMEET «HeraTuBHYo» Gopmy
C MefiKMMK pasMmepamu o 5 mkm. Temnepatypbl ro-
MoreHusaumm BapbupytoT oT 110 go 290°C. KoHueH-
Tpauua cosieil B pacTBOpax BKJIIOUEHWUIA COCTaBnAeT
~2 Mmacc. % NaCl-3kB.
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WNtak, mecTopoxaeHne Kympou ABNAETCA OgHUM
N3 NepcneKkTUBHbIX BYNIKAHOMEHHbIX TMAPOTEPMarb-
HbIX 30JI0TO-CepebpPOo-NoNMMETAINYECKUX 0ObeEK-
ToB BocTtouHon KamuaTtku. OHO OTnMyaeTca Hannuiem
ABYX TUMOB PyZ: KNacCMUYeCcKUX annTepmasnbHbIX (Ty-
na LS - kBapu-agynap-kapboHaTHble) 1 MeHO-NopP-
bUpoBbIX (XxanbKoNMPUT-60PHUT-XaNIbKO3NHOBBIX). B
HacTosLlee BpeMs MPOMbILIEHHYO LEHHOCTb MecTo-
pOXAeHNA onpefenaeTt snuTepMasibHoe 30/10To-ce-
pebpaHoe opyfeHeHmne. TeKCTYpbl pya KOMOVHMPO-
BaHHble C NpeobsiaflaHNeM MPOXUIIKOBO-CETUYATOM,
NPOXKNJIKOBO-BKPAM/IEHHOM, APY30BUAHOMN C dNeMeH-
TaMu 6peKkureBMAHON N KPYCTUMKALMOHHO-NONOC-
yaTol, bpeKureBoi, MaCCUBHO.

Co6CTBEHHO 3NUTEPMaNbHOE OpPYAEHEHME Nped-
CTaBNEHO 30HAMU XXWJIbHOW U MPOXWUIKOBO-BKpan-
NEHHON MVHepanu3auun. Pyabl OTIMYAOTCA CIIOMHbIM
MUHepasibHbIM COCTaBOM C HEPaBHOMEPHbIM pacrpe-
fJeneHneM PYAHbIX U KWUbHbIX $a3: 0T MacCUBHbIX
CBMHLOBO-LIMHKOBBIX 0 YOOro BKpanseHHbIX KBapL-
aaynAp-KapOOHATHBIX 1 NPOXMUIKOBO-CETYATBIX Xaslb-
KOMUPUT-60PHUT-XaNbKO3MHOBBIX pa3HOCTeN. Bbige-
NATCA HECKOMNBKO Pa3NYHbIX MPOAYKTUBHBIX MUHE-
panbHbIX accoumnaLmin: KBapu-chanepuT-nupuToBas,
chaneput-6neknoBopypHas, chaneput-raneHMToBas,
KBapL-NMpuToBas, NMMPUT-XanbKONNPUT-61eKN0BO-
py4Has, 30710TO-NMPUTOBAsA, 30110TO-KBapLeBas.

[MaBHbIN pyaHbIN MUHepan — chanepuT — cogep-
XKUT XKeneso, KagMum, mapraHel, meab, pTyTb. [lep-
Bble [1Ba 3/IeMeHTa pacnpefeneHbl B chanepute cpas-
HUTENIbHO PaBHOMEPHO. BbiABNEeHbl He3HaUNTeNbHbIe
Bapvauuun B pacnpegeneHnn xenesa, 3aBucawme ot
pa3mMepoB 1 MUKPOCTPYKTYPHOW NO3nLmUn MrHeparna.

B pe3ynbraTe KOMMIEKCHbIX MUHEPANOro-reoxu-
MUWYECKUX UCCNe[OBAHUN C MPUMEHEHNEM COBPEMEH-
HbIX aHaNUTUYECKNX METOAOB MOJNyYeHbl JaHHble O
bopmax HaxoxAeHNA Ba)KHbIX B MPOMbILLIIEHHOM OT-
HOLUEHNM XUMNYECKNX SN1eMEHTOB: 30/10TO — CaMOpOof-
HOe 30/10TO, NETUWT, CUIbBAHUT; cepebpo — breksble
pyZabl, SNeKTPYM, reCCUT, NETUUT, CUIbBAHWUT; TENNYP —
reccut, NeTUUT, CUNbBAHWT, anTauT; Mmegb — chanepur,
Xanbkonuput, 6neknble pyabl, Xalbko3UH, 6OPHNUT;
CBUHEL, — FraneHunT, anTanT; UMHK — cdanepuT, bneknble
pyabl; KagMuin — chaneput, 6neknble pyabl, XanbKo-
3UH, GOPHUT; TOKCMYHbIE 3/IEMEHTbI: MbIWbAK — NK-
puT, 6neksble pyabl; pTyTb — chanepur.

B npoayKkTMBHOM KBapLie oOHapy»KeHbl ra3oBo-
XnIKue BKoYeHUA claboMrHepann3oBaHHbIX -
poTepManbHbIX PacTBOPOB C TeMnepaTypamm romo-
reHmnsaumm 110-290°C.

TeKCTYpHO-CTPYKTYpPHble 0COOEHHOCTU pya, pas-
HoOGpa3ne MUHepPaNbHOro COCTaBa, Halnyme MblLlib-
AKcopepKallero nuputa, bapuiicopepkallero agy-
NAPa YKa3blBAIOT Ha CIOXHbI MHOrOCTaAUHBIN NPO-
uecc GopmMMpOBaHMA MECTOPOXKAEHMNA, KOTOPbIN
NPONCXOAMA B NPUMNOBEPXHOCTHBIX YCIOBMAX N CO-
NpoBOXJanca 6peKkyrpoBaHueM.

Paboma ebinosiHeHa npu ¢puHaHco8ol Nooodepx-
ke epaHmos [JBO K2009_P3_IpB_C08, POOU 12-05-
31369.

Asmopel sbipaxarom 671a200apHOCMb COMpPYOHU-
Kam nabopamopuu 8yJIKaHO2eHH020 py0oobpazo8aHus
MBuC []BO PAH B.B.Kynukosy, B.®./lyHekosy, A.A.lna-
moHosy — noMowb 8 06pabomke KaAMeHHO20 Mmame-
puana, P.H.Kynukosou — uszomosneHue waugos, nna-
CmuHoK; AHanumuyeckozo yeHmpa UBuC []BO PAH
A.O.CadosHukosoli, H.WHebposol, ACUL| UIMTM PAH
B.K.KapaHoawesy — 8binosiHeHUe aHAAUMuU4eckux pa-
6om; 2eonozam 3A0 «bbicmpuHckaa 2opHasa Kkomna-
Husa» u 1uyHo H.M.bonewakosy, J1.A.be3pykosou — npe-
docmasJsieHue KaMeHHO020 Mamepuana u 803MOXHOCMb
Ucnonb308aHus 2eosno2udeckux 0aHHelx; Oxford Instru-
ments B.B.Ko3sosy — nonesHele pekomeHOauyuu 8 pac-
uémax opmyn MuHepasos; peyeHeHMam — 3da pAao
UeHHbIX 3ameydyaHudl.
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MINERALOGICAL-GEOCHEMICAL ORE FEATURES FOR KUMROCH DEPOSIT,

EASTERN KAMCHATKA

V.M.Okrugin "2, K.O.Shishkanova’, T.M.Philosophova'
("Institute of Volcanology and Seismology FEB RAS, Petropavlovsk-Kamchatsky;
2Vitus Bering Kamchatka State University, Petropavlovsk-Kamchatsky)

The Kumroch deposit is one of the most promising ore deposits in the Kamchatka region. It is located in the cen-
tral part of the East Kamchatka volcanic belt and belongs to complex polygenic type with gold-silver (LS type) and
porphyry copper mineralization. This paper presents the actual material obtained with the integrated mineralogical-
geochemical study of gold-silver mineralization. There are three ore types: gold-quartz-adular, gold-polymetallic and
porphyry copper. Texture-structural features, mineral and chemical composition, modes of precious and base metals
occurrence and some features of ore genesis have been studied in detail. Using modern methods of local physical
and chemical analysis, typomorphic features of sulfides Zn, Fe, Pb, fahlores and tellurides of Au, Ag are characterized.
The following mineral associations are distinguished: quartz-sphalerite-pyrite, sphalerite-fahlore, sphalerite-galena,
quartz-pyrite, pyrite-chalcopyrite-fahlore, gold-pyrite, gold-quartz. The temperatures and composition of ore-forming

solutions are estimated.

Key words: Kumroch gold-silver-polymetallic deposit, ore formation, Eastern Kamchatka, sphalerite, pyrite, fahlores.




