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CTpoeHMe pyaHbIX MECTOPOXKAEHWI

HOBOE B MUHEPAJIOTUWN N TEOXUMUUK
ANATUT-MATHETUTOBbBIX Py MACCMBA
TOMTOP, CEBEPO-BOCTOK CUBUPCKOM
NNATOOPMbI

Mpusodsamcs Hogble OaHHbIe N0 MUHepano2uu U 2e0XUuMuu anamum-mae-
Hemumosbix py0 ToMMOPCKO20 MACCUBA, BK/IIOUAA 2/1d8HbIe U 8MopocmeneH-
Hble OKCUOHO-CUIUKaMHble MUHepasbl, Cyib@uoHble U KapboHamHsle peo-
Kue MUHepasibl, 8 MOM YucC/ie akyeccopHvle pedko3emesibHble (assl. Bnepavie
0719 Maccuea 8 kapboHame anamum-mMmazHemumosbix pyo U 8 hupume u3
HeghesluHOBbIX CUeHUMO8 0OHApyXeHo pyoHoe 30710mo. B anamum-mazHe-
mumosbix pyoax ycmaHoesieHsl nosvleHHsle KoHueHmpauuu U, Th, Sc, no-
380/1AI0WUe CHUMAMb UX UCMOYHUKOM 8bICOKUX KOHUeHmpayuli 8 kKapb6oHa-
mumax u ux Kopax ebleempugaHus. Ha 0CHOBAHUU pe3y/ibmamos u3y4eHus
meKcmypHO-CmMpyKmypHbix 0cobeHHocmel, MUHepasoauu U 2eo0Xumuu and-
mum-mazHemumosbix pyo0 npeodsoxeHd nocsedo8amesibHoOCMes 06pazosd-
HUS MUHEpaso8 8 Mazmamuyeckuli U Nocmmazmamudeckuti 3mansl, CUHXPOH-
Hble ¢ 21asHol ¢hasoli popmuposaHus kapboHamumoes maccuseda Tommop.

Kntoyesbie cnoga: Cubupckas naamegopmad, Tommop, ynempaocHO8HOU
wesouHoU KapboHamumossili Komnsiekc, Kamagopumel, hockopumel, ana-
mum, mazHemum, kapboHam, pedko3lemesibHble 31emeHmsl (P33), 3010mo,
naamuHa.

TomMTOpPCKMIA MaccB NMeeT OKpyryto Gopmy anameTpom ~20 KM
N KOHLEHTPUYECKM-30Ha/IbHOE CTPOEHMe, LeHTpalbHOe AAPO KOTO-
pOro nNonepeyHNKoM 5 KM CloXeHo KapboHaTuTamu 1 KapboHaTHO-
CUNMKaTHbIMK nopoaamu. KapboHaT!Tbl OKalMAAIOTCA C 3anafHoON 1
BOCTOYHOWN CTOPOH HedeNnH-NMPOKCEHOBLIMU Nopogamu (ovagonu-
TaMu) B BMAE HEMONHOro Kosbla WUPUHON A0 2 KM, BKIOYaIOLL M-
MW CepnoBuAHble Tea anaTuT-MarHeTUToBbIX pyg (puc. 1). BHewHAs
nepudepuinHaa YacTb MaccmBa (LWMPUHON 3—7 KM) CITOXKeHa Liesioy-
HbIMU 1 HeheNMHOBbLIMI CeHUTamu. Bce 3T nopoabl NpopbiBaloTCA
Hanbornee No3gHNMYK JarikaMun 1 TpyOKamu B3pbiBa NMUKPUTOB U anb-
HewnToB [15, 17, 24]. KomnneKkcbl nopog, cnaratoowme Maccms, HapAagy
C BbICOKO- 1 HM3KOTEMMNepPaTypPHbIMN MeTacoMaTUYeCKMMn npouec-
camu, B NpefnepmMckoe Bpemsa npetepneny MoLHble rMnepreHHble
npeobpasoBaHms, N Ha NOPOAAX KapOOHATUTOBOrO KoMmneKkca chop-
MMPOBaNNCb MOLLHbIE PYLOHOCHbIE KOPbI BbiBETPMBaHMA [12, 15].

B coctaBe ToMTOpPCKOro maccmBa, NPeACcTaBAEHHOTO MOSIMXPOH-
HbIMM KOMMJIEKCaMU LLEeNIOYHbIX U YNIbTPAOCHOBHbIX MOPOS C Kap-
6oHaTMTaMK, COAePaLLMUN YHUKalbHble pefiKo3eMenbHO-peKoMe-
TansibHble PyAbl, U3BECTHbI XWJIbHblE N IMH30BUAHbIE TeNa CUNNKaT-
HO-MarHeTUT-anaTuToBbIX NOpPoA. Ewé nepsbiMm nccnegosatenamm
B CEBEPO-BOCTOYHOM YacT! MacCMBa CPeamn AKYNUPaHrMT-MAOIUTO-
BOW Cepumn NMPOKCeH-HedeNMHOBbIX NOPOA, OKalMAaAWmUx Kapbo-
HaTUTOBOE AAPO, BbIAAB/IEHa N OKOHTYpPEeHa efe3opyaHas 3anexb Ka-
MadopuToB [19] C NPOrHo3HbIMK pecypcamu xenesa >1 mapg T[15, 17,
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Puc. 1. CXEMATUYECKAA TEONOMMYECKAA KAPTA TOMTOPCKOIO MACCUBA MOCTPOEHA HA OCHOBE FEOIOTMYECKON KAP-
Tbl A0HOPCKIX O6PA30BAHMI MACCUBA TOMTOP, COCTAB/IEHHOW A.B.TOICTOBbIM (1998 r.) 10 MATEPUATTAM TEOJIOT UYE-
CKOA CbEMKM 1974-1983 rr. W PE3YTITATAM PABOT 3BENAXCKOIA IPI:

1 — HMXHeTpuracoBble Tydbl, NaBbl NNaTo6a3anbToOB; 2 — NEPMCKME KOHIIOMEepPaThl, rpaBenTbl, NeCYaHKK, aneBponm-
Tbl, YINK; 3 — MeCYaHNKK, FPaBeNnTbl, aNneBPONTbI BEHAA; 4 — LONOMUTbI, CJIaHLbl, aneBPONTbI, NecYaHnkmn pudes; 5-7 —
KapOOHATMTOBLIN KOMMJIEKC: pefikoMeTasibHble (5), 6e3pyaHble KapOoHaTUTbI (6) 1 KamadopuTbl (7); 8-10 — KOMMNEeKC
CUSIVIKATHbIX NOPOJA: MeNKMe cekyLme Tena WENOYHO-yNbTPAaoCHOBHbIX Mopog (8), domaonuTsl (9), WenouHolie n Hedenu-
HoBble creHUTbI (10); 11 — TEKTOHMYECKME HapyLLeHNs; 12 — mecTononoeHne ckBaxunH 801 n 7209

22, 24], napameTpbl KOTOPOW MO U30IHUN a3pomar-
HUTHOW CbéMmKM 400 KA/M cocTaBaatoT 4x0,2 KM (cMm.
puc. 1). InybuHa 3aneraHusa KpoBnv PyAHOro Tena,
NepeKpbITOro IPCKAMM MOPCKMMUN OTNIOXKEHUAMMN, OT
25 o 40 m, yron nageHuna 75-80° Ha toro-toro-3anag.
CKBaXXMHaMM BCKPbITbl MarHeTUTOBbIE PYyAbl N BMe-
WwawlLme Nopoabl, Cpeamn KOTopbIX OKOHTYpPeH 6ok
pa3mepom 3500x(75-100) m.

B KOHTYpax MarHMTHOWM aHOManuu CyLlecTByeT ce-
pua cONMXeHHbIX KpyTonagalowmx pyaHbIX Tes, pas-
[AenéHHbIX 6510KaMy MNONNTOB, HeDENMHOBbBIX CUEHU-
TOB, CeKyLUXCA NOCTPYAHbIMK Aarikamu. B npepenax
enesopyaHon 3anexu kamMadoprToB YCTaHOBNEHDI

MPOMbILSIEHHbIE 3anacbl anaTUT-MarHeTUTOBbIX Pyd,
obpa3zytoLre mectopoxaeHre OHKyyYax (yyacTtok Pya-
HbI). Ha yyacTke KOXHbI NpY OLeHOYHbIX paboTax
TaK»Ke BblsAB/IEHbl OKUC/IEHHbIE anaTUT-MarHeTUTOBbIE
pyab [18].

MNepBble faHHbIE O MUHEPANTOTUYECKUX U FreoXM-
MMYECKMX 0COOEHHOCTAX anaTUT-MarHeTUTOBbIX pya
TomTopCKOro MaccuBa npuBefeHsl B pabote A.BTon-
ctoBa [19]. O6HapykeHWe B 3TUX NMOPOAAX OLYTU-
Mbix konuyects U, Th, TR, Y, Sc n Au [1, 18] gnktyet
HeobXOQUMOCTb NPoBeAeHUA LOMONMHUTENbHbIX MU-
Hepanoro-reoOXMMnYeCKx NCCiefoBaHnm, Yemy 1 no-
CBslleHa HacToAwan paboTa. B ¢BA3M ¢ ocBOEHUEM
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6oraTtbix pys TOMTOPCKOro MeCTOPOXKAEHWUSA aKTyanb-
HOCTb M3yYeHUA COMyTCTBYOLWNX Xene3zo-dochop-
HbIX KOMMOHEHTOB HECOMHEHHa.

Cneuundunueckne nopoabl CUAMKaT-KanbLWT-mar-
HeTWT-anaTUTOBOrO COCTaBa U3BECTHbI CPean LWENOY-
HO-YNbTPAOCHOBHbIX KOMMJIEKCOB C KapboHaThTamu
Kak pockopuTbl [26], HENbCOHUTBI [25] N nopopabl
pyaHoro komnnekca [10]. NMo3gHee ana Hux 6bin Npeg-
NIOXEH HOBbIN TEPMUH «KamadopuTbI», T.e. MOPOAbI,
cofepXaliyme KanbLumMT, anaTtut, marHetuT n ¢opcre-
puvT [2]. XOoTA HeKoTopble uccnegoBaTeny npegnoyn-
TaloT NepBoe MCTOPUYECKOe Ha3BaHue «POCKOPUTY,
cynTan, YTo TEPMUH «KamadopuT» HaKNagblBaeT on-
penenéHHble MUHepasbHble NapareHHble orpaHnye-
HuA [8]. Bce CMHOHMMBI OTparkatoT cneunduyeckmne co-
CTaBbl OT/IYAIOLWNXCA APYr OT Apyra PyAHbIX Ten u3
pasHbix MecTtopoxkaeHuin. Mo knaccndumkauum A.ILby-
naxa n B.B./MBaHHuMKoOBa [3], KamadopuTbl NO MUHe-
pasibHOMy COCTaBY AeNATCA Ha YeTblpe rpynnbl: ¢ dop-
CTepUTOM, C MMPOKCeEHaMM 1 ambmbonamm, co Cho-
Aamu 1 6e3 cunukaTtoB. K Kaxgow rpynne oTHocATCA
HeKoTopble pa3HoBMAHOCTU. COrnacHO YNOMAHYTOM
Knaccmbukauum, no npeobnagamvlMm MrUHepanam
anaTUT-MarHeTUTOBbIe MOPOAblI MaccuBa TOMTOP MOX-
HO OTHECT K rpynne KamapoprToB CO C/oAamMu, pas-
HOBMAHOCTb — GIOronNUT-MarHeTUT-KaabLUTOBbIE C
anatmtom. BaxkHo OTMeTWTb, UTO anaTUT-MarHeTUTo-
Bble pyabl TomTopa cofepaT KapboHaT!TOBble 060-
cobneHVA 1 PenmKTbl MeTacoMaTU3MPOBaHHbIX BMe-
WawLWmx nopoa, a ycnosna obpasoBaHua anaTut-
MarHeTUTOBbIX PYA A0 KOHLUA He AcHbl. CooTBeTCT-
BEHHO BOMPOC O TOM, OTHOCATCA I nccnegyemble
nopofbl K Kamadpoputam, 0CTaéTca ANCKYCCUOHHBIM.
Jna yno6cTea onncaHma, aBTopbl COXpaHWM Ha3Ba-
Hue «kamadopUT», KOTOPbIM NOJSIb30BANINCL U paHee
[1, 16, 19], 3a ucknoUYeHem Tex cslyvyaes, Korga peyb
MOET 0 KapbOOHATUTOBbIX 060COONEHMAX N PENUKTaX
BMeLLaloLWwmx Nopoa.

Kamadoputbl cnaraloT Kak NMH30BUAHbIE Tena,
NPUYpPOYEHHbIe K KOHTaKTy GOVaoNnTOB U CUEHNTOB,
TaK W »KuUJbl, Tefla HenpasuibHON Gopmbl B accoLma-
uun ¢ kKapboHaTnTamm. VIx cTaHOBNEHNe Hayanocb B
[OKapOOHATUTOBbBIN 3Tamn M MNPOAOSKANOCh Ha NpPo-
TAXEHUN GOPMUPOBAHNA 1 M3MEHEHUA KapboHaTu-
TOB. BO3pacT KamadpopuToB, NonyyeHHbIN No Gpaoro-
nuTy, Konebnetca ot 800+2 pno 699+31 mnH net. U-Pb
[aTMpOBaHVe LMPKOHOB, BbinonHeHHoe C.I.Cky6no-
BbIM (I'Y BCETEW, nybnukauma B neyatu) U3 Hawimx
o06pa3uoB, nokasano Bo3pacT 400 Ma, uto no3Bonsa-
eT NpeanonoXmTb 6osee MOIOAON BO3pacT Kamado-
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PWTOB UMW, YYNTbIBAA 30HaNIbHOCTb LIMPKOHOB, FOBO-
pPUT O MHOFO3TaNHOCTY UX GOPMUPOBAHNA.

PesynbTtaTbl M3yyeHua maccvsa ToMTop MNpuUBO-
OATCA B TPYAAX MHOTMX UccnefoBaTtenei, B TOM YnNC-
ne v B HaWwmx nybnukaumnax nocnegHux net [4, 16, 21,
23 n gp.]. Haxogkm camopofHOro 3010Ta Henocpena-
CTBEHHO B nopogax maccmsa [20], a Takxe BbisiBNie-
Hue B GnusKalluen K Hemy poccbinu p. MasT xenesu-
CTOW NAATUHbI C CUNINKATHBIM BKJTIOYEHMEM, KOTOopoe
No MWHEPANoro-XMMmM4eCcKomy CoCTaBy UAEHTUYHO
menbrenrnty [9], nokasbiBaloT, UTO TOMTOPCKUI pya-
HO-MarmaT4ecKuii KOMMIEeKC MOXeT 0bnlafaTb BNOs-
He NpoAYKTMBHbIM GnaropofHOMeTasIbHbIM MOTEH-
unanom, TpebyoLwmmM fanbHenwero BHUMaTENbHOTO
paccMoTpeHuA.

QdakTrnueckuii matepman n MmeToabl NccefoBa-
HUIA. AHaNM3MpPOBaNcA NMPenmMyLLeCTBEHHO OpPUrKU-
HasNbHbIN KEPHOBbBIV MaTepuan, oTobpaHHbIN aBTopa-
MU 13 ckB. 801 rnybuHon 177 M, NponaeHHON npu
OLEHOYHbIX paboTax, BbIMOMHEHHbIX NPeAnprUATUEM
«AKyTcKreonorua» B npegenax CeBepHOro yyacTka
maccmBa TomTop [18]. nA cpaBHeHNA nccnenoBanncb
oTgenbHble 0bpasubl 13 Npob apyrux ckBaxkuH. Bee-
ro 6bl10 U3roTOBNEHO Y M3yyeHOo 225 wnndos n 225
aHWnndoB. Vicnonb3oBaHbl TPaaULNOHHbIE METOAbI
TEKCTYPHO-CTPYKTYPHOrO aHann3a MMHepasnbHbIX ac-
coumaunin B NPoxXoasLLemM 1 oTpaXxéHHOM cBeTe.

AHanuTnuyeckne nccnefoBaHWA BbIMOMHANUCL B
LeHTpe konnektnsHoro nonb3oBaHua UM CO PAH
(r. HoBocnbumpck). CoctaB MrHepanoB onpepensnca
NpY NOMOLLM 3/IEKTPOHHOIO CKaHMPYIOLEro MMKpo-
ckona ¢ nonesol smuccren TESCAN MIRA 3, obopy-
[OBaHHOIO 3HEProANCNepPCUOHHbIM CNEKTPOMETPOM
INCAEnergy 350 c petektopom XMax-80. MeTogom
CKaHMPYIOLEeNn 3N1eKTPOHHON MUKPOCKONUM 1 SHep-
roAnCNepPCMOHHON CMEeKTPOCKOMUN MPOaHann3npo-
BaHO 10 o6pa3uos (@aHanutukm H.C.KapmaHos, E.B.JTa-
3apeBa). XMnyecknin coctaB Npob nopop 13 KepHa
ckB. 801 (tabn. 1) onpenenéH MeTogoM PeHTreHo-
¢dnyopecueHTHOro aHanusa (PMA) Ha peHTreHodnyo-
pecueHTHOM cnekTpomeTpe ARL-9900-XP (aHanntmk
H.l.KapmaHoBa).

MuHepanoro-reoxummnyeckrie 0co6eHHOCTM ana-
TUT-MarHeTUTOBbIX pyA. CoCTaB nopog v pygd, cnarato-
WX rnaBHoe Teno kamadoputos mectopoxaeHnsa OH-
Kyyax 1 M3y4YeHHbIX HaMK, NprBOANTCA B Tabn. 1. B no-
popax yctaHoBneHO Hanuume P33 go 1%, ThO, go
0,1%, Y,0; po 0,4%. MakcmarnbHble UX KOHLIeHTpa-
LM XapaKTepHbl 418 MaCCVBHbIX anaTUTOBbIX pyd 13
kamadopuTos. CogepxaHne Nb,O; gocturaet 0,23%,
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1. COCTAB NOPOA 1 PYQ 1O PA3PE3Y CKB. 801, macc. %

I'ny6MV|Ha, Mopopabl, pyabl SiO, TiO, AlLO; FeOg, MnO
26,4 Kamadoputbi 37,55 2,01 18,70 13,41 3,03
274 Anodovigonutbl 42,27 1,53 22,68 10,19 0,26
35,2 AnatutoBble pyabl 15,19 0,69 540 2,62 0,23
41,9 Kamadoputbl 36,79 2,02 19,05 10,89 0,32
48,0 Kap6oHatuTbl 7,08 0,13 2,55 1533 0,46
59,5 Kamadoputbi 25,59 5,15 897 16,71 046
61,6 MarHetuToBble pyabl 20,56 3,69 848 45,38 0,68
62,9 Kamapoputbi 20,41 2,38 493 12,82 044
63,95 Kamadoputbl 31,14 3,17 11,12 22,64 043
102,8 Anodougonutel 49,70 0,80 19,71 7,39 0,16
11,1 Kap6oHaTuTbl 11,33 1,80 443 844 047
111,9 Anodoungonutel 37,52 2,16 19,04 11,19 0,28
112,6  AnatutoBble pygbl 0,61 0,49 033 4,30 0,63
119,6 MarHeTtuToBblE PYAbLI 6,67 4,19 2,65 73,38 1,18
124,6 MarHeTtuToBblE pyabl 28,65 3,51 1041 37,20 0,69
134,6 Kamadopurtbl 37,41 7,08 1462 1930 0,16
144,9 AnodovponuTtbl 36,37 2,22 1509 986 0,23
166,4 Kap6oHaTuTbl 8,62 216 564 1,41 0,17
176,6 Kamadopurtbl 28,04 1,36 10,11 11,43 0,35

MgO CaO BaO SrO Na,0 KO P,Os SO; m.mm. X

3,42
3,14
0,22
513
9,81
7,22
9,01
12,41
10,99
1,90
6,51
548
2,98
1,82
9,52
545

8,12
7,40
39,34
10,65
27,35
14,41
3,21
17,67
5,31
3,12
31,68
11,43
50,38
2,48
2,37
4,57

0,77
1,92
0,10
0,41
0,06
0,10
0,08
0,24
0,26
0,74
0,05
0,31
0,06
0,05
0,10
0,10
0,18
0,77
0,18

0,10
0,09
0,59
0,25
0,12
0,30
0,08
0,15
0,19
0,17
0,50
0,25
1,08
0,13
0,03
0,15
0,45
5,65
0,52

0,65
1,01
0,16
3,48
0,01
0,12
0,54
0,90
0,41
1,41
0,01
3,16
0,21
0,13
0,11
0,85
2,20
2,80
0,24

3,70
2,45
3,73
4,83
1,43
543
3,51

2,88
6,93
11,45
2,86
5,22
0,09
0,85

545
1,40
7,63
0,13
6,05

0,70
0,94
23,46
2,22
0,22
3,99
1,51
0,07
0,90
0,21
8,11
2,24
23,16
0,58
0,58
2,30
1,35
0,15
2,03

0,09
0,27
1,48
0,94
0,12
0,43
2,74
0,49
5,27
0,61
0,42
0,84
0,90
5,54
1,32
0,57
0,16
0,18
0,51

7,58
5,67
3,80
2,85
35,29
10,79
0,23
23,88
0,91
2,57
23,07
0,12
12,61
0,24
0,08
5,78
9,28
28,38
10,97

99,85
99,81
97,00
99,84
99,95
99,69
99,70
99,68
99,69
99,93
99,67
99,25
97,83
99,90
100,04
99,72
99,68
99,65
99,84

3,70
0,36
8,54

10,96
43,22
19,52

MpumeuvaHne. AnoponaonnTbl — METaCOMATNUECKN N3MEHEHHDbIE U KapOOHaTU3poBaHHbIE GONZONNTDI.

MaKCMMaJsibHble KOHLEHTpaLu OTMeYeHbl B MacCKB-
HbIX MarHeTUTOBbIX pyfAax C 60MbWNM KONMYECTBOM
cynbdupos. Cogepxarue TiO, B MaCCMBHbIX MarHeTu-
TOBbIX pyAax c obunvem cynbdpugos gocturaet 7%,
HO CHUXKAeTCA [0 NMOJSIHOIO OTCYTCTBUA B MAaCCMBHbIX
anaTUTOBbLIX pyAax M MHTEHCUBHO KapboHaTU3npoO-
BaHHbIX yyacTKax. [loBcemecTHO OoTMeyvaeTcA npu-
cytctBue V,0s, ZrO,, Zn0O, CuO, SrO, Cr,0; n NiO ot
0,0n po 0n%, n3peaka BcTpeyatrotca MoO; n WO; B
konunyectBax ot 0,00n po 0,0n%.

[naBHble MUHEpPasbl anaTUT-MarHeTUTOBbIX PyA —
TUTAaHOMarHeTUT, anaTuT, KapboHaTbl, 6MOTUT, BTOPO-
CcTeneHHble N aKLeCCOpHble — MUPOKCEH, HedennH,
aHanbLum, XnopuT, ambrbon, MyCKOBUT, MeNTAHUTO-
Bbl/i FpaHaT, KBapL, pyTusn, pasnnyHble cynboumbl,
XNOPUT-CNOANCTbIE arperaTbl, KApOOHaTbl pefKose-
MeJIbHbIX 3/1IEMEHTOB U Ap.

MwuHepanbHbI COCTaB M3yyaeMblX NMOPOL, 3HAUU-
TeNbHO BapbupyeT, B OCHOBHOM B npepfesnax (B 06b-
éMHbIX %): 30-70 marHeTuTa, 10-50 KapboHaTOB, 5-

60 anatwuTa, 5-15 6rnotnTa, 5-15 cynbdupos, 1-2 rng-
poKc1AoB xene3a 1 1-5 npouymx MmuHepanos. CocTaB
N3MEHAETCA B 3aBUCMMOCTU OT NPOCTPAHCTBEHHOMO
pacrnonoXeHns — OHWM MOryT ObITb B Pa3fIYHON CTe-
neHn KapOOHATU3NPOBAHHbLIMK, NPOPaABOTaHHbIMK
rMapoTepMasibHO U NMOABEPXKEHbI TMMNepreHHbIM Npo-
ueccam. [InA HUX xapakTepHo 60blloe KONMYeCTBO
PEeNNKTOBbIX MUHEpPanoB CUAMKATHbIX Nopof — Hede-
JINHOBBIX U LWENOYHbIX CUEHUTOB, YSIbTPAOCHOBHbIX
LLLeNIOYHbIX NMOPOof, a TakKe KapboHaTUTOBbIX 060C06-
NeHnn.

®opma 3épeH MUHepanoB B anaTUT-MarHETUTO-
BbIX pyZax BapbupyeT OT NaMOoMOPPHbIX N30METPUY-
HO-MOMNIOHaNbHbIX (MUPUT, MarHeTUT, TUTAHWT, LMpP-
KOH, anaTuT, rpaHaT, HedennH) 1 npruaMaTuIeckmnx
(NMMpoKceH, 6apuT, MUANEPUT) A0 UroSIbYaTO-BOSIOKHU-
CTbIX (CTPOHUMAHWT, MAPWU3UT, CONN FrasloreHoB) 1 Nna-
CTUHYATO-YeLWynyaTbix (BMOTUT, MYCKOBUT, XNTOPUT).

Mo oTHoCUTENbHOMY pasmepy 3épeH nNpeobnapa-
0T NopPUPOKNACTAYECKUE CTPYKTYPbI, B MEHbLUEN
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cTeneHn pacnpocTpaHeHbl nopdurpobdnacTmyeckas,
HepaBHOMEpPHO3epPHUCTas, Peflko BCTpeYyaeTcsa pas-
HOMepHOo3epHUcTas. Pasmepbl 3épeH OCHOBHbIX MU-
HepanoB KamapopuToB (MarHeTuT, anaTut, 6GUOTUT)
[OCTUraloT MePBbIX CAHTUMETPOB (J0 5 cm), a pegkme
BblAeNeHNA PYAHbIX Y aKLeCCOPHbIX MMHEPANioB MO-
ryT UMeTb OYeHb MefKMe pa3mepbl JO HECKOMbKMX
MUKPOMETpPOB (puc. 2-5).

[lns rpaHaTa, TUTaHUTA, NOJMIEBbIX LWMNATOB, LMPKO-
Ha, MMPOKCEHOB, amdrbona, MyCKOBMTa, XJIOPUTA,
ckanonuTa, HebenvHa, UNbMeHUTa, YNbBOLWMNUHENN,
apMankonuTa, pyTua, nceBgopyTuna, KapboHaTos,

801/119,7 801/124,6
C
/ CP\
Py
Py
2 mm 500 pym
—_ —_
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NMpwWTa, rafeHnTa, chanepuTa, XaabKonmpuTa, PoKc-
6eunta, 6bapuTta, bapuToLenecTHa XapakTepHbl pas-
Mepbl UHANBMAOB MPenUMyLLeCcTBEHHO OoT 1 MM Jo
5 MKM, AnA conen ranoreHoB, 30/10Ta, NMPOXJIOpPa,
MUNIepUTa, NUPPOTUHA — <5 MKM. o Kpuctannumu-
HOCTU KaMapopuTbl NPeaCcTaBieHbl B OCHOBHOM ajl-
NOTPUOMOPHO3EPHUCTBIMU, NANOMOPOHO- 1 TUM-
NaNOMOpPdHO3EPHUCTBIMU CTPYKTYpamu. B anatut-
MarHeTUTOBbIX pyAax npeobnajatT MacCUBHbIE U
OGpeKUreBMAHbIE TEKCTYPbI, KOTOpPble MOTYT cofep-
»aTb NPU3HAKM BKPAMJIEHHON, NATHUCTON N MPOXNJI-
KOBOW TEKCTYP.

801/35,2 801/35,2

2 mm 500 ym

| ES——

Puc. 2. KAPBOHATHO-CYNIbOUAHOE THE310 N KAPEOHATHO-CYNIbOUAHBIE MPOXUIKWA B MACCUBHOM TUTAHOMATHETH-
TE, OBP. 801/119,7; WAUOMOPOHbBIE U TUMTNAUOMOPOHDIE KPUCTANIBI NMAPUTA B KANbLIUT-CEPULIUTOBOM ATPETATE,
OBP. 801/124,6; BKPANNEHHOCTb NMUPUTA B MACCUBHOM ANATUTE C KAPBOHATHBIMU NPOXWITKAMHU, OBP. 801/35,2; BKPA-
MNEHHOCTb UAUOMOPOHOIO MAPUTA B MACCUBHOM ANATUTE, OBP. 801/35,2. ®OTO B OTPAXXEHHOM CBETE, HUKOMN NA-

PAJUTENbHDI:

Ap - anatuT, Ca - kanbuuT, lIm — nnbmeHnT, Mt — marHeTnT, Ms — myckoBuT, Py — nupuT, Ccp — xanbkonuput

801/119,7 801/124,6

Py
0,5 mm 1 mm
| I —— —_

Puc. 3. KCEHOMOPOHBIE BbIAENEHWA CYNbOWI0B B KAPBO-
HATHOW XWNE C PENIMKTAMI MATHETUTA, OBP. 801/119,7;
KAPBOHATHO-CYNIbOUAHBIE MPOMWUIKN, CEKYLIUE MAC
CUBHBIA TUTAHOMATHETUT, OBP. 801/124,6. ®0TO B OTPA-
KEHHOM CBETE, HUKONM MAPATNENbHbI:

0603H. CM. Ha puc. 2
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50 ym 45 uym

Puc. 4. KAPBOHATHBIE MHE3JJA B MACCMBHOM AMATHTE,
OBP. 801/62,9. CKAHUPYIOLLIMI INEKTPOHHBIA MUKPOCKON,
CbEMKA B PEXXMME OBPATHOPACCEAHHDIX JNEKTPOHOB

Ap - anatuT, Bt - 6uoTtuT, Ca - KanbuuT, Str — CTPOHUMUAHUT,
Par — napusunT, Bsn — 6acTHe3unT, Syn — CUHXU3UT
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4 um

—

Puc. 5. CAMOPOJIHOE 30/10T0 B KAPBOHATE KAMAOOPUTOB
(@) ¥ NIUPUTE U3 LLENOYHBIX CUEHUTOB MACCUBA TOMTOP
(6). KAPTUHbI B OTPAXXEHHDIX JNEKTPOHAX

5um

TumaHomazHemum — OAVNH N3 OCHOBHbIX MMHEpa-
noB KaMadopuUTOB U MarHeTUTOBbIX PyA — MO AaH-
HbIM MMKPO30OHAOBOro aHanm3a NoCTOAHHO Copep-
XuUT npumech TiO, B npegenax nepBbiX NPOLEHTOB,
peako gocturaa 10-20%. Kak npaBmno, otmevatoTca
Takxe npumecn ALO;, MnO un V,0; — nepBble fgecATble
npoueHTa, nHorga 1%. B TutaHomarHeTuTax C BbICO-
Kum copepaHnem TiO, Hepeako HabnogalTcs Npo-
OyKTbl TBEpAoda3HoOro pacnaga, npeacrtaBieHHble
TOHKOMTACTUHYATBIMU 11 BEPeTEHOO6Pa3HbIMU Bblaie-
neHuAMN nibmeHuTa. [1o cpaBHEHMIO C BMeLLaLWmnm
TUTAaHOMarHeTUTOM B UnbmeHute (51-52% TiO,, 40—
47% FeO,g,) NOHWKeHO cogeprkaHue V,0s, pegko fo-
cturatowee 0,5%, HO MOBbLILWEHO KOIMYECTBO Npume-
v MnO (0,3-2, pexe no 4-6%), a Takke Nb,Os — ot
nepsbix gecAtbix o 1,8%. MiHoraa unbmeHUT obpa-
3yeT CaMOCTOATeNbHble 3épHa MNIACTUHYATON, OKPYT-
Non unu HenpasunbHo Gopmbl (cm. puc. 2, 3).

B accoumauunmn ¢ TUTaHOMarHETUTOM U UNIbMEHU-
TOM BCTpeuvalTca Mefbyalne BblaeneHnsa pytuna
NJAaCTUHYATON U UroNbYaTON GOPMbI Y HENPaBUSIb-
Hble MUKPO3EpHa NceBfoOpyKKTa. B pyTnne nocto-
AHHO copepxunTtca npumecb FeO (0,3-1,9%) n Nb,Os
(0,7-2,3%), cnopagnyeckn npucytctaytoT Al,O;, CaO u
V,0; — He 6onee 0,5%. NceBOOGPYKUT, COCTOALWNIA 13
59-62% TiO, 1 30-34% Fe,0;, copepXunT He3Hauun-
TenbHoe KonuyectBo npumecein Al,O;, MgO, CaO,
V,0s no 0,5% un 3HauntenbHoe — MnO n Nb,Os, go-
cTuratoLee B HeKoTopbIx 3épHax 7 1 4% cooTseTCT-
BEHHO.

Anamum npepcTaBneH rmnnanomMmopeHbIMm Kpu-
CTannamu, 4yacto obpasyoLyMy TeCHble UX CpacTa-
HUSA, KoTopble 3aHMMaloT Ao 10-15% oT o6béma Ka-
MadopunTOB, B aNaTUTOBbIX PyAax — 3HAUUTENIbHYIO
YyacTb nopogpbl. Mo coctaBy anaTuT n3 KamapopuToB

MaccuBa ToMTop NpefcTaBfieH CTPoHUMeBbIM GTop-
anaTuToM, B KOTOPOM MO 23 MUKPO30HAO0BbIM aHanu-
3aM NOCTOAHHO npucyTcTBytoT F (3,4-5,2%), SrO (1,7-
5,7%), a Takxe onpegeneHbl Ce,0; (go 0,5%), La,0;
(mo 0,3%), a B otaenbHbix 3epHax U Nd,O; go 0,24%.
Kak 6b1n10 nokasaHo paHee [19], Hanbonee CTPOHUU-
eBble ¢TOpPaNaTUTbl XapaKTePHbl A1 MarHETUTOBbIX
pya MmectopoxaeHnsa OHKyYax 1 MAONNTOB, B TO Bpe-
MA KaK anatutbl N3 NUKPUTOB U KapOOHATUTOB Me-
Hee oborauleHbl CTPOHUMEM. Bapuauun snemeHToB
npumecern P33 1 ¢pTOpUCTOCTU anaTUTOB OTpPaKaioT
nonuctaguiHoe npeobpasoBaHne KamadpopuToB K
KapboHaTMTOB B pe3ysibTaTe aBTOMETaCcOMaTUUeCKO-
ro rMgpoTePManbHOrO HaNoXKeHWA pPefKo3eMeslbHON
MUHepanu3auum n nx nocneyoLwero runepreHHoro
n3meHeHus [7].

buomum agnaeTca ogHMM 13 Hanbonee pacnpo-
CTPaHEHHbIX MHEepPanoB KamadopnToB TOMTOPCKOro
MaccuBa. Mo xummnyeckomy coctaBy citofbl Kamado-
PUTOB 3aHMMalOT NPOMEXKYTOUYHOE MONOKEHNE B PA-
4y dnoronut — aHHWUT C CyLLeCTBEHHOWN fonen cnge-
podunnuToBoro MuHana (puc. 6, a), N0 HOMeHKNaTy-
pe oTBeyatoT 6uotuToBon cepumn cniog [14]. Cpeam
HUX MOXHO BbIAENUTb iBE Pa3pO3HEHHbIe Pa3HOCTY:
dnoronnt (3anuTble KPY»KKN Ha AvarpaMme) U aHHUT
(He3anuTble Kpy»kKK). DnoronuT oTIMYaeTCA He Tosb-
KO BbICOKOW MarHe3uanbHocTbio (12-16% MgO), Ho 1
YCTONUMBBIM MOBbILEHHbIM cofepxaHnem MnO, Ko-
Topoe Bcerga >0,7% v pocturaet 1,15%, B T0 BpemA
KaK B aHHUTe ero Konuyectso He npesbiwaeT 0,35%
(trabn. 2). Obe pa3sHOBMAHOCTM OMOTUTA XapaKTepwu-
3YI0TCA NOBbILWEHHOW TUTaHUCTOCTbo OT 0,4 Ao 3,6%
TiO,. YacTo ero nnacTMHKN UMEIT 30HaNbHOe CTPO-
eHVe — MarHesmasbHoe AP0 1 bonee Xenesncrble
Kpas. KenesnctocTb NOBbILEHA U BAOMb KapOoHaT-
HbIX MPOXWUJIKOB.

Momrmo cntop, 6MOTUTOBOW cepun, B kamadopu-
Tax BCTpeyaeTca MyckoBuT. [ocnegHun, kpome FeO
(0,6-5,6%), He comepXNUT Kaknx-nnbo apyrux npume-
cen, [OCTYMNHbIX MUKPO30OHZOBOMY onpegeneHuio. B
OTIMYMe OT BUOTUTOBLIX CNIOA MYCKOBUT NMpencTaB-
NeH meNikoyewynyaTbiM CepuULUMTOBbIM arperaTtom.
AccoummpyeTt ¢ 6MOTUTOM, XJTOPUTOM, KAaOJIUHUTOM.

AHOpaoum B kamadopuTax obpasyer TEMHO-Oy-
pble OKpyr/ible 3épHa C peMKTaMu KpUCTanaInyeckmnx
$OopM 1 NAOTHbIE aNNOTPUOMOPPHO3EPHUCTBIE CKONM-
neHuA. NpaHaT NpeacTaBieH TUTAHUCTbIMK PAa3HOBUA-
HOCTAMU, KOTOPble TPAAULIMOHHO Pa3fensaioTca Ha Me-
NaHUT (3aNUTble KPY>KKIM Ha puUc. 6, 6) 1 LLOPNOMUT (He-
3annTble KpY»KKn). B menaHuTe copepxuntca meHee
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MupanscnuT 9]
0 (Mg,Fe,Mn),Al[Si,O,,]
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NaAl(Si,O,) NaFe*(Si,0,) AmbaToapuHuT
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50 CTpoHUMaHuT 50 bactHesuT
Sr(CO), REE(CO,)F

Puc. 6. ANATPAMMbI MUHATbHBIX COCTABOB BMOTUTOB (a), TPAHATOB (6), NTUPOKCEHOB (), KAPGOHATOB PEJIKMX U

PELKO3EMENbHBIX INEMEHTOB (2)

6% TiO,, B Wwopnomute — ot 6 go 8% (cm. Tabn. 2), uto
cooTBeTCTBYeT 22-24% Ti-aHApagnToOBOro MmMHana.

CepeH BCTpeyvaeTca B BUAE CMIOWHBIX MaccC U 3ep-
HUCTbIX arperaToB, pexe B BUAE rMNMAMOMOPPHbIX
KpucTannos pasmepom Ao 1 cm. B coeHe MUKPO30OH-
[LOBbIM aHanM30M YCTaHOBJIEHbl nNpumecy (Bec. %):
AlLO; (0,2-0,5), FeO (1,5-2,6), V,0; (ao 0,4), ZrO, (mo
1,1), Nb,Os (go 1), T.e. no cogepaHuto oH 6AN30K K
MUHepany u3 kapboHatutos [11].

lMupokceH B KamadopurTax, NO-BUAMMOMY, ABNA-
eTCA PennKTOBbIM MUHEpPaNom MNepBUYHbIX dounpo-
NNTOB 1 NpPeACTaB/ieH HeNpepbIBHOWM cepuen OT 3ru-
PVH-aBrMToB A0 MPaKTUYECKN YMCTOro 3rmpurHa (cm.
puc. 6, 8). NMupokceHbl cogepaT <19% CaO, He 60-
nee 3% Al,Os;, noBbiweHHoe KonuyectBo Na,O (cm.
Tabn. 2.) n cornacHo knaccndurkaumm Ca-Mg-Fe n Na-
nupokceHoB [13] nonagatoT B Mosie arMprH-aBrmToB
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(Npu copepaHum 2,8-9,9% Na,O). MunpokceHbl ¢ 6onb-
LWINM KONIMYECTBOM HaTpUA 3aHMMAIOT NoJie SruprHa.
HeghenuH Takxe, BEpPOATHO, — PENUKTOBbIA MUHE-
pan oT NUPOKCeH-HedENMHOBbIX MAaTEPUHCKUX MOPOS.
Mo xvMmnyeckomy coctaBy HedennH 13 KamapopuToB
TomTopcKoro maccuBa (cMm. Tabn. 2) cogepkuT B Mos. %:
NaAlSiO, 76,7, KAISiO, 23, SiO, 0,3, T.e. MuHepan 6nu-
30K K ngeanoHon ¢opmyne HedenvHa NasK[Al,Si,O;6]
C He3HauunTenbHbIM AednUNTOM KpemHeséma. Yale
BCTpeYaeTcsa MUHeparn, No cocTaBy ONM3KNIA K AHAsTb-
yumy (cm. Tabn. 2). CnepoBaTtenbHO, NOsABMIEHNE 3TO-
ro MMHepasna 3gecb BMOJIHE 3aKOHOMEPHO, Tak Kak
OH MOXeT 06pa3oBbIBaTb 3rMpUH-aHaNbUUM-Hede-
NIMHOBYIO acCOLMaLMIo B LLETIOYHbIX Mopogax.
Opmoknas B Kamadoputax COpepKnT Hebonblloe
konunuectBo Na,O n CaO - He 6onee nepBbix fecs-
TbIX JONel NpoLeHTa, HO B HEM YacTo MOBbIWEHA
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2. COCTAB CUJIMKATHBIX MUHEPANOB U3 ANATUT-MATHETUTOBBIX PY[, TOMTOPCKOTO MACCUBA, macc. %

BGElE [ gy Tio, ALO, Fe0, FeO  MnO  Mg0  CaO  NaO K,O s
buomumei
26,4 39,40 2,27 11,84 0,00 17,31 0,80 14,81 0,27 0,00 8,27 94,96
26,4 35,10 2,84 13,58 0,00 31,71 0,35 5,36 0,00 0,00 8,87 97,80
62,9 35,10 2,74 11,20 0,00 32,51 0,21 3,98 0,17 0,00 9,37 95,28
62,9 37,84 2,35 10,71 0,42 19,21 0,66 14,33 0,00 0,13 9,88 95,53
124,6 37,45 1,42 11,88 0,00 28,96 0,00 8,16 0,14 0,00 9,33 97,34
124,6 37,73 2,85 10,88 0,36 22,05 0,89 12,34 0,00 0,00 9,80 96,90
144,9 37,35 2,27 10,79 0,53 22,38 1,03 12,48 0,00 0,00 9,86 96,68
Myckosumei
264 44,88 0,00 35,42 5,36 0,00 0,00 0,00 0,00 0,00 10,18 95,84
102,8 45,09 0,00 37,61 1,09 0,00 0,00 0,00 0,00 0,08 11,40 95,27
AHOpaoumel
26,4 33,49 7,31 0,57 26,03 0,71 0,56 0,33 31,50 0,28 0,00 100,77
26,4 35,14 3,59 0,49 27,61 1,02 0,52 0,28 31,48 0,30 0,00 100,42
62,9 32,15 6,86 0,74 25,43 0,65 0,59 0,51 30,96 0,38 0,00 98,27
lupokceHel
26,4 52,26 0,22 0,51 8,00 7,07 0,57 8,89 18,03 3,41 0,12 99,07
59,6 50,89 2,12 0,23 31,26 0,00 0,00 0,63 0,74 12,75 0,06 98,68
61,6 53,13 0,30 0,57 5,89 8,14 0,68 9,37 19,08 2,80 0,02 99,99
62,9 53,88 0,12 2,95 28,00 0,00 0,00 0,46 0,27 14,26 0,07 100,01
62,9 53,41 0,00 0,45 7,85 6,02 0,72 9,62 18,48 3,46 0,09 100,11
144,9 53,35 0,00 0,66 21,69 2,00 043 3,38 8,22 9,38 0,22 99,32
Hegpenun
61,6 41,77 0,00 33,08 0,00 1,90 0,00 0,00 0,15 16,31 7,42 100,64
AHansyum
144,9 50,32 0,00 27,16 0,00 0,68 0,00 0,00 0,00 17,04 0,00 95,20

MpumeuaHune. CopepxaHue Fe,0; paccuntaHo No cTexnomeTpuyeckon Gopmysne MmHepana.

KoHUeHTpauma BaO go 1-2%, B pegkux cnyyasax 5-
10%, yto coctaBnsaet 11-21 mon. % Uenb3naHOBOro
KomnoHeHTa BaAl,Si,Og, T.. OHN OTHOCATCA K Gapue-
BOMY nosieBomy wnaty ruanodany — (K, Ba)AlSi;Og.

LjupkoH obpasyeT namoMmopdHble TeTparoHasnb-
Hble KPUCTANAVKN UNK KCeHOMOPGHbIE MHTEPCTULN-
anbHble BblgeneHnsa HebonbluMX pa3mepoB. B HEM
dUKCMpyeTcA HesHauuTenbHOe copepkaHue npu-
Meceil neTporeHHbix anemeHToB — TiO,, Al,Os;, FeO,
MnO, CaO, Na,O, K,0, 06bl4HO He npeBblwatoLee
nepBblX AeCATbIX NpoLeHTa. B Takom e Konuyectse
npucyTtcTBytoT npumecn BaO, SrO, Sc,0;, Pr,0; u
Nd,0s, a Ce,0;, ThO,, UO,, HfO, n Nb,Os ycTaHaBnu-
BalOTCA B Hanbonee oWyTUMbIX KONMYECTBaX, YacTo
B npegenax 0,5-1, pexe 1-2%.

KapboHamel B Kamadoputax 1 cofepalymxca B
HUX KapboHaTUTOBbIX 060COONEHNAX B OCHOBHOM
CNOMKEHbI KanbLMTOM, pexe AOTOMUTOM, aHKEPUTOM,
BCTPeEYaTCA MefIKue U MUKPOCKOMNUYeckue Bbige-
neHusi kKapboHatoB Sr, P33. B KanbuuTe, Kpome neT-
pOreHHbIX Npumecei, Yacto GuKcnpyeTca Hannume
owyTUMbIX KonuuyecTs Sr, P33 (tabn. 3), npnuém cym-
Ma P33 moxeT gocturatb 7-14%. B kamadopurTtax Tom-
TOPCKOro MaccuBa AOBOJIbHO YacTO OTMeYaloTcA OT-
ZenbHble Menkune BblaeneHna GTopKapObOoHATHbIX MU-
Hepanos P33 (cm. puc. 4) n bapuincogepxaLmx CTPOH-
LMaHNTOB. [103TOMYy aBTOpPbI BbIHEC/IM COCTaBbl 3TUX
napareHeTnyeckn B3aMMOCBA3aHHbIX MMHEPANIOB Ha
TponHyto auarpammy Ca—-REE-Sr (cm. puc. 6, o), roe
BMAHO, YTO HefaneKko OT COCTaBa KalbLUTOB, coaep-
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Xawwmx P33, pacnonaratotca TOUKN CUHXM3UTa U da3,
nonagaroLmnx B NPOMeXXYTOUYHOE MONOXKEHNE MeXaY
napu3nTom 1 6acTHE3IUTOM.

Mapusum xapakTepur3yeTcsa cOCTaBOM, BN3KUM K
¢dopmyne Ca(Ce, La),(COs)sF,, HO ¢ 6bonee HM3KMM cO-
aepxaHuem CaO, obycnoBeHHbIM, BO3MOXKHO, 130-
MOP®HbIM 3aMeleHneM KanbLua APYrMMU MeTpo-
reHHbIMu anemeHTamu. Cymmbl P33 n konuuectso F B
napuvsnte 13 Kamapoputos (cM. Tabn. 3) coBnagatoT C
[OAHHbIMM aHaNM30B NOAOGHbIX MUHEPANOB U3 Apy-
rMX U3BECTHbIX 06BEKTOB KapboHaTuToB [11].

Amb6amoapuHum obbepnHAeT 6onbLluylo Fpynny
MUKpOCKONunYecknx ¢as, coctaB KOTOPbIX HA gumar-
pamme (cMm. puc. 6, 2) pacnpegenseTca mexgy 6act-
He3MTOM U CTPOHUMaHMUTOM. 1o Mepe yBenunuyeHun
CoAEePKaHUA KanbLmaA NX COCTaB NOCTENEHHO NPU6K-
»aeTcA K Touke KapbouepHaunTa, T.e. MOXHO npeano-
NOXWTb, UTO MeXAy amMbaToapUHUTOM U Kapbouep-
HaMTOM CyLLeCTBYeT HenpepbiBHbIA TBEPAbIN pacT-
Bop. CriefyeT OTMETUTb MOBbILIEHHOE COAepPKaHMe B
ambatoapuHuTte Y,0; n ThO,, gocturatowee 1 un 1,3%
COOTBETCTBEHHO.

CMmpoHYUAaHUM xapakTepusyeTcsa 3HaUUTENbHbIM
cofepaHnem Kanbuma 1 6apus, 4To Bblpa)kaeTcs B
NOABNEHNN BbITAHYTOrO KaJibLMO-CTPOHLNAHUTOBO-
ro nond npv HeGONbLIOW MONIEKYNAPHON fone npu-
mMecel P33. Takum 06pa3omM, MOXKHO 3aK/IOUNTb, UYTO
B Kamapoputax TOMTOPCKOro MaccuBa WNPOKO pas-
BMTa pefgkoMeTanbHaa ¢TopkapOoHaTHasA MUHepa-
nn3auns, BblpaXeHHas B 06pa3oBaHuNN TPEX Npepbl-
BUCTbIX CEpUn TBEPAbIX PAaCTBOPOB MeXAy KanbLu-
TOM — 6acTHe3MTOM, aMbaToOapPUHUTOM — KapboLep-
HaUTOM U CTPOHLMAHNUTOM — KaJibLIU'TOM.

Cynbghudel B KamadopurTax LWMPOKO pacnpocTpa-
HeHbl U NpeACcTaBfeHbl NPenMyLLECTBEHHO MUPUTOM,
XanbKonupuTtom, chaneputom, B MeHbLUIEN CTEMNEHN
raseHNToOM, MMPPOTUHOM, MUITIEPUTOM, POKCOENTOM.

MupuT BCTpeyaeTcs B BuAe TPEX Pa3HOBMAHO-
cTen: npnomopdHbIX Ky6oKTasgpmnieckmx n Kybmye-
CKMX KPUCTAINIOB M UX CPOCTKOB; anfioTpMoMopdHo-
3ePHUCTBIX arperaTtoB; MaCCUBHOMO XWUIbHOMO MMPK-
Ta (cm. puc. 2, 3). B oTHowweHn nprumecein ngmnomopod-
HbI NMUPUT YKCT, ANIA KCEHOMOPOHOro XapakKTepHa
npumecb Co (go 5%), pna xunbHoro — npumechb Ni
(mo 0,6%).

XanbkonupuT NpuUCyTCTBYeT B BUAe KCeHOMopd-
HbIX BblAeNeHNn B cynbOUAHbBIX NPOXKMIKaX, anodpu-
3ax W 3anbbaHAax KapOOHATHbIX MPOXWUIKOB (CM.
puc. 2, 3). O6bpasyeT efiBa 3aMETHYIO IMYNIbCUOHHYIO
CTPYKTYpPY pacnaga B coanepuTe.
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CdanepuT npefcTaBfiieH BKPanjIeHHOCTbIO MANO-
MOpP®HbBIX 3épeH pasmepom go 10 mKM, KoTopasa Jo-
Kanu3yeTca Ha rpaHuvuax 3épeH MarHeTuTa B cupe-
PUTOBbIX MPOXW/KaX Ha KOHTaKTe C TUTAHUTOM, MpPU-
YPOUEeH K rpaHuuam CTPYKTyp pacnaga uibmeHuTa
B marHetute. Ana cbanepnta xapakTepHbl nNpumecu
Fe no 7, Cd go 1,5 n Cu no 1,2%, B MeHbLINX KOonnye-
CTBaxX BCTPeYalTCA pa3HOBUAHOCTU 6e3 npumecer.

laneHnT 06pasyeT BKpamnjieHHOCTb HeGOoMbLINX (B
cpefHeM 5-10 MKM) M30MeTPUYHbIX 3épeH B Cynbdu-
Zax (MupuTte 1 XxanbKonupuTe), LMPKOHE, KapboHaTax
1 rpaHare.

MuppoTnH KpalHe peako duKcupyeTca B Buge
pPennKToB B NMPUTE, KOTOPbIM MPaKTUYECKM MOSTHO-
CTbIO 3amelLaeTcA. XapakTepHO Hanuume npumecem
Co m Ni.

Mwunneput obHapy»keH B KanbLuute, UMeeT BbITA-
HYTbI 0ONUK 1 KpucTannorpadpuueckre oyepTaHus.
[OnnHa 3épeH 2 MKM, WrprHa 1 MKM. YCTaHOBEHDI
npumecn Co ot 0,6 no 5,6%.

Pokcbent no coctaBy otsevaeT popmyne Cu, S,
npeactasneH 3épHamu gnnHon o 0,4 MM, LWMPUHON
0,1 MM, OTMEYaKLWMMNCA B MUPUTOBbBIX XKUJTKaX.

Cynegpamel B KamadopuTax NnpepcTaBieHbl 6apu-
TOM 1 BGapuToLenecTMHoMm. bapuT HaxoguTca B BUge
namomopdHbIx Kprctanios go 20 mkm, baputouene-
CTUH 06pa3yeT TOHKME KaéMKI B XJIOPUTE TONLLUHOW
[0 3 MKM Ha KOHTaKTe KpUCTaniankos 6apuTa n Kao-
NIMHUT-XJIOPUT-CEPULNTOBOrO arperara.

B kamadopuTax Tak»Ke NPUCYTCTBYIOT COJIU 2a/10-
2eH08, OHaKO K HacToALEeMY BPEMEHM NX TOUYHBIN CO-
CTaB [OCTOBEPHO He onpenenéH BBUAY MUX ManeHb-
KOro pasmepa W, Kak cneacTaue, 6onbLion norpet-
HOCTW n3mepeHui. [loCTOBEPHO BbIACHEHO NNLWb TO,
yto B KapboHaTe KamapopmuToB NPUCYTCTBYIOT CONMM
xnopa v 6opa. Conun MMET UTrONbYATO-BOSIOKHUCTbIN
065K UM 06pasyloT BKPaANJIeHHOCTb 3épeH Henpa-
BUIbHOW GpopMbl.

MNonyyeHHble faHHbIe MO3BONWAN NPEAMNONOXKMNTD,
YTO CMIMKATHO-MarHeTUT-anaTUTOBble PyAbl MaccvBa
TomTop 06paszoBanvcb B TPU 3Tara: MarMaTUyecKuii,
rMapoTEPMAnbHbI U rMnepreHHbln. Hauano popmu-
pOBaHMA M3yYaeMbiX MOPOS CBA3AHO C BHELPEHMEM
dounpgonnTtoB (HedbenH-NMMPOKCEHOBbIX MOPOA, YPTUT-
AKYNMPaHrnToBoro paga). lNpw nocnegytowem BHeq-
PEHUN LWENOYHBIX N HepeIMHOBbIX CUEHUTOB NMPOUC-
XOAUNIO UX MeTacoMaTuyeckoe npeobpasoBaHue, B
pe3ynbraTte yero NosABUINCb CKOMJIEHUA MacCBHOIO
TUTAHOMAarHeTuTa, anaTuTa U KpynHonmacTMHyaTble
arperatbl ¢noronuta. MNpn 3TOM B anaTuT-MarHeTu-
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TOBbIX pyfAax HabMAATCA PENMKTOBbIE MUHEpPanbl
NepPBUYHbBIX CUNIMKATHbIX HepennH-NMUPOKCEHOBBIX
nopog. B nanbHerwem, BO BpemMsA CTaHOBJIEHNA Kap-
OGOHATMTOB, MHTEHCMBHas KapboHaTm3auma chopmu-
POBaBLUMXCA PaHee Mopog MOCTENEeHHO nepexoanTt
B rvapoTepmasnbHbIli 3Tan. Mpy Bo3gencTeum Kapbo-
HaTUTOBOro GJiOMAA anaTUT YaCTUUYHO WM MOJIHO-
CTblO 3amellaeTca KapOoHaTOM (CM. puC. 4), NPUYEM,
B6M131 HOBOOOPA30BaHHOrO KapboHaTa anaTuT OTNu-
yaeTcA Mo CoCTaBy OT MacCUBHOIO KaMadoprUTOBOro
anatmTa. MaccuBHbIN KamapopuTtoBbi anatut (Ap II)
ABNAETCA CTPOHLUMEBbIM pefKo3emesibHbiM dTopana-
TUTOM, @ anaTuT B6MM3M KapboHaTHbIx rHE3L (Ap )
npakTUYecKkn He coaepXunTt ctpoHumua, TR n F. B 1o
Xe Bpemsa, KapOoHaT B rHE3ax COAepPKUT NpMmecK
TR, Y un Sr, BnnoTb Ao o6pa3oBaHua KapbOHATOB 3TUX
anemeHTOB. CornacHo A.l.bynaxy v B.B.MiBaHHu1KOBY [3],
[NA NOSIHOrO 3aMeLLeHNA anaTiTa KapboHATOM HyX-
Hbl HM3KasA akTMBHocTb H,PO, (Iga(PO,)? <10°¢), makcn-
ManibHble AnA npouecca KapboHaTu3auuy Temnepa-
Typbl (550-600°C), BbicoKowenoyHasa cpeaa (Iga(H*)
<107) n Bbicokaa akTnBHocTb CO, (Iga(CO,) >107). Or-
PaHWYEHHOCTb 3TUX YCNOBUN KPANHUMN YKa3aHHbI-
MW 3HaYeHMAMY NPUBOAMT K TOMY, UTO B mpepenax
MaccvBa He BeCb anmaTWUT 3aMellaeTcAa KalbLWTOM.
3HaunTenbHan ero AoNA COXpaHAETCA B BUAE PenuK-
TOBbIX, He MOJIHOCTbIO Pe30POMPOBAHHbBIX 3EpPeH U
NX arperaTos.

Kak y»ke oTmeuanocb, anatuT n3 kamaboputos
AnaeTcA Sr-GTopanaTUTOM C BbICOKAMM COLEpPKaHN-
amu Y, TR n Th. MNpouecc 3ameLeHns anatuta Kap6o-
HaTom o0ycnioBMBaeT cneundruecknin cocTas Kap-
6OHATHbIX NPOXKUIIKOB U THE3[, 0OHAPYKEHHbIX BHY-
TPW anaTuTa. YCTaHOBJMIEHO MOBbILWEHNe cofepaHuna
Sr, Y, TR, Th (cm. puc. 4) ansa kap6boHaTOB BHYTPM ana-
TUTa BMJIOTb A0 MOABJIEHUA CPefn HUX CTPOHUMAHN-
Ta 1 ¢TopKapboHaToB P33 (6acTHE3MTA, CUHXU3UTA,
napmsura).

Mocne KapboHaTU3auMK Havanca rmapoTepmanb-
HbI 3TaM, KOTOPbIA pa3fensaeTcsa Ha KapboHaTHO-
cynbduaHyio U HedbennH-cKanonmuToByto ctagun. B
3TOT 3Tan BO3HUKNY KapboHaTHble, CynbduraHble, Kap-
60HaTHO-CyNbGUAHbIE NPOXWUIIKKA, KOTOpble 3aTeMm
cekyTca HedbeNnMHOBBbIMU 1 CKanoanToBbIMK 06pas3o-
BaHMAMM. B TeueHne 3aKknioUMTENBHOrO rMnepreHHo-
ro stana MNOABWINCb FMAPOCIOAbI, FNHUCTbIE MU-
Heparnbl, okcugbl u rugpokcugbl Fe n Mn [1]. Asto-
pbl He WCKMYaT yyactue B GopmMmMpoBaHMM ana-
TUT-MarHeTUTOBbIX PYA MPOLECCOB NNKBALMOHHOIO
pasfeneHuna pacnniaBoB. [1nA nonHoro o6bAcHeHMA
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ycnosuii GopmmpoBaHma nopos Heobxoaumo npo-
BeAieHNe AONONIHUTENbHbIX NCCIe[0BaHNN.

B Kap6oHaTe C NOBbIWEHHbIM COAEPKAHMEM St 1
P33 npu nomoLm 3neKTPOHHOrO CKaHUPYHOLEro Mu-
Kpockona HabntogaeTca Hanmume Menbyanwnx BKIO-
yeHuin, cogepxawux wénouun, F, Cl, Br n S, xota He
yOaéTcAa yCTaHOBUTb MX KayeCTBEHHbI MUHepanb-
HbIll cOCTaB. B 0gHOM 13 TaKnx BKNOUYEHUIN Kamado-
puta (ckB. 801, rny6buHa 59,5 M) obHapy>KeHO 3epHO
CamMoOpOoAHOro 30510Ta pa3mepom 1 MKM (cm. puc. 5).
Mo gaHHbIM MMKPO30OHAOBOrO aHanu3a B HEM cofep-
XaTcs, Bec. %: Au 74,67, Ag 5,53, Cu 2,33, Si 0,26, Al
0,1, Fe 0,22, Mg 0,03, Ca 7,03, Na 0,26, K 0,13, Ba 1,27,
Sr 2,5, Cl 0,05, O 5,61. MoXXHO MpeanosioXKnTb, YTO
snemeHTbl, nomnumo Au, Ag n Cu, 3aMMCTBOBaHbI B
CBA3M C MasibiM pa3mMepoM 3epHa 30/10Ta U3 BMeLLato-
wero Kap6oHaTa Npu 3axBaTe 3NEKTPOHHbIM 30H-
ZOM OKpy»atolero cybctpata. B Takom cnyyae Hop-
MasiM30BaHHbIA COCTaB CaMOPOAHOro 3o50Ta byaert
AUgo5Ags,CU,s. NMogobHOE TOHYalILee MUKPOBKJIIO-
yeHue 30/10Ta NNacTMHYaTon GopMbl SANHON ~5 MKM
npu TonwuHe 0,5 MKM HalleHo TakXe B O4HOM 06-
pasue wenouHbix cneHmToBs [20] n3 ckB. 7209 B Tpe-
WwyrHe nupuTa (CM. puc. 5). B 3Tom 3epHe 3010Ta MUK-
PO30HAOBbLIM aHanM3oM onpepeneHbl, Bec. %: Au
44,47, Ag 27,55, Fe 15,41, S 26,52. OueBMaHO Takxe,
yTO 3HauuTenbHoe KonmyecTBo Fe n S 3aMmcTBOBa-
HO 13 BMeljalouero cybcTpata — nupuTa, T.e. Npw
nepecuérte cogepxaHua 3onoTa n cepebpa Ha 100%
NoSly4YM MPUMEpPHBIN cocTaB Aug,Agss.

MNprHMMana BO BHUMaHMe NepBble HaXoAKM 30/10-
Ta, HaCbILWEHHOCTb, CYAA MO aHaNn3y BKIKOYEHUN B Kap-
6oHaTe, KapboHaTuToBoro ¢nronga HCl 1 yuntbieas
BbICOKME cofepkaHna cynbduaos B Kamaboputax u
KapboHaTuTax [6], MOKHO NPeANONOXNUTb Hanuune
30/10TOr0 OpPYAEHeHNs B Mopodax maccvsa TomTop.
MNpu 3ToM, BepoATHee BCero, 30/10Toe opyAeHeHne
NPUypoYeHOo K KapboHaTUTam, NPOCTPaHCTBEHHO U
reHeTU4YecKmn CBA3aHHbIM ¢ KamadpopuTtamu [5].

B pesynbrate npoBeAEHHbIX KOMMIEKCHbIX Uccne-
ZJoBaHuI 06pa3uoB nopopg 13 cke. 801 mecTopoxae-
HMA anaTUT-MarHeTuToBbIX pya OHKyyax 6bino ycTa-
HOBJIEHO, YTO TeNO CMIIMKATHO-MArHeTUT-anaTUTOBbIX
nopopa, Ha3BaHHoe paHee Kamadoputamu [1, 16, 19],
cofepunT 060cobneHNa KapboHaTUTOB, MeTacoMaTu-
YeCcKn N3MEHEHHDBIX KapboHATU3NPOBAHHbBIX pounam-
TOB, GOMAONMNTOB, LWENOYHbIX N HEDENMHOBBIX CUEHW-
TOB. [laHHOEe HabnofeHne CBUAETENbCTBYET O CHOX-
HOM 1 [ONrOBPEMEHHOM GOPMMPOBAHMUN U3YYaeMblX
nopoga. Ha ocHoBaHMN TeKCTYPHO-CTPYKTYPHOro aHa-
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N33, MUHEPAanorum 1N reoXuMmn CUANKaTHO-MarHe-
TUT-anaTUTOBbIX Mopof mecTtopoxpaeHna OHKyuax
npensioxeHa NnociefoBaTeslbHOCTb 06pa3oBaHNA MU-
HepanoB ¥ MOKa3aHo, YTO anaTUT-MarHeTUTOBbIE PY-
Abl MaccuBa ToMTOp — nonureHHble obpa3oBaHuUs,
CTaHOBJIEHME KOTOPbIX MPOUCXOANSIO B COOCTBEHHO
MarMaTUyecKnuin U NoCcTMarMmaTMyeCcKmnin 3Tanbl, CUH-
XPOHHble C 06pa3oBaHMeM rnaBHbIX $a3 MaccuBa.

CunnKaTHO-MarHeTUT-anaTUTOBbIE PYAbl ABAAIOT-
cA KomnnekcHon pygown Ha Fe u P ¢ nonyTHbimn TR.
Kpome Toro, oHu — Ba)KHbI UCTOYHMK MHbOPMaLum
ONA onpefeneHnsa nNpuunuH obpasoBaHUA YHUKamb-
HbIX KOHLEHTPaLuui nosie3HbIX KOMMNOHEHTOB B Kap-
60OHaTUTOBbIX MaccuBax. [na nopon AaHHOro KoM-
nnekca maccvBa ToMTOp BMepBble BbIABNEHO Hanu-
yre U, Th, Sc. B kKapboHaTax 1 anatute obHapy»eHbl
CyllecTBeHHble KoHUeHTpauumn TR, Th, Y.

BblABMHYTO npeanonoxeHue, yto Hanbonee Be-
POATHbIM MCTOYHUKOM 30J10Ta B Npefesniax Macc1Ba
TomTOp cny»KaT paHHWe pyAHble KapboHATUTbI U He-
bennHoBble CeHNTbI, KOTOPbIE, MO HalLeMY MHEHWIO,
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NEW DATA ON MINERALOGY AND GEOCHEMISTRY OF APATITE-MAGNETITE ORES
OF THE TOMTOR MASSIF, NORTHEAST OF THE SIBERIAN PLATFORM

L.N.Baranov'?, AV.Tolstov'3, A.\V.Okrugin*, A.P.Sleptsov®

('V.S.Sobolev Institute of Geology and Mineralogy SB RAS, Novosibirsk, 2Novosibirsk
state university, *PJSC «Alrosa», Mirniy, “Diamond and Precious Metal Geology Institute
SB RAS, Yakutsk, *Co Ltd Yakutskgeologia, Yakutsk)

New data is given on mineralogy and geochemistry of kamaforites (apatite-magnetite ores) of Tomtor massif,
including oxide-silicate main and secondary minerals, sulfide and carbonate rare minerals including accessory
rare-earth phases. Ore gold was for the first time found in the carbonate of apatite-magnetite ores and in the pyrite
of nepheline syenites within Tomtor massif. Elevated U, Th and Sc concentrations allowing to consider them as the
source of high concentrations in carbonatites and their crusts of weathering were found in apatite-magnetite ores.
Based on study results of texture-structure features, mineralogy and geochemistry of apatite-magnetite ores, the
sequence of complex ores mineral formation at the magmatic and post-magmatic process stages synchronous with
the main carbonatite phase of Tomtor massif formation is offered.

Keywords: Siberian platform, Tomtor, ultrabasic alkaline carbonatite complex, kamaforites, foskorites, apatite,

magnetite, carbonate, rare-earth elements (REE), gold, platinum.
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