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B cTatbe npuBefeHbl pesynsTaTbl N3yUYeHNA BELLECTBEHHOro COCTaBa W BO3PACTHbIE AATUPOBKM
KMMOEepPIMTOBLIX NOPOA [HoKeHCKOro, JlyyakaHcKoro, Apbl-MacTaxckoro, nonei, pacrnonoXeHHbIX B
CEBEpPO-BOCTOYHONM YacTV AKYTCKOW KUMOEpIMTOBOM MPOBUMHLMM. Ha 0CHOBaHWMM neTporpado-muHe-
pasiorMyecKmnx NPU3HaKoB BblfeNeHbl NeTporpapuyeckme pasHOBMAHOCTN KUMOEPIUTOB U YCTaHOB/e-
Ha NoCnefoBaTe/IbHOCTb 3TarnoB MUHepasoobpasoBaHus. MNeTpoXMMUYECKMe AuarpaMmbl NMoKasanm
CXOACTBO NePBUYHO-MarMaTU4eCcKmnx accoumaLmin KUM6epMToB 1 1amnponTOB; MHTEHCUMBHO KapboHa-
TU3MPOBaHHblE KMMOEPIUTBLI pacronaratoTcs B 06/1aCTU XMMUYECKUX COCTaBOB KapboHaTuUTOB. Mo pe-
3ynbTaTtaM CMUcTeMaTUyecKuX onpeaeneHuin Rb-Sr meTogoM abcontoTHOrO Bo3pacTa KUMOepIMTOBbIX
nopog, BbIMOMHAEMbIX B 1a60paTopun Macc-CcrnekKTpoMeTpruiecknux metogos aHanmsa IFABM CO PAH,
YCTaHOB/NEHbI NATb 3M0X KUMOEP/IMTOBOrO MarmMaTu3mMa: cpefHenaneo3oinckas, paHHeMe3030iickas (Tpu-
acoBas), NO3fHepCcKas, MenoBas 1 naneoreHoBas. B naneo3olickyto anoxy KMUMOGepanTOBbIA Marma-
TU3M LUMPOKO NPOSIBU/ICA Ha TEPPUTOPUM tora AKYTCKON KUMBEPNUTOBOW NPOBUHLMK. BCnbillKa KMM-
6ep/IMTOBOro MarmaTtvamMa B TeueHue Me3030CKON 3noxu 3aMKCMpoBaHa B ee CeBepHoOi vactu. Mo-
Ny4YeHHble 3HA4EHNSs) NePBUYHOTO M30TOMHOMO OTHOLLEHUS CTPOHUMSA (1)) ANS KMMOEPNNTOBbIX MOPOA
nonei KyoHanCKoi 30HbI CBUAETENLCTBYHOT O 3HAYNTENbHOWM M30TOMHON reTepOreHHOCT UX MPOTONN-
ToB. MpeanonaraeTcs, YTO KOMarmMaTMYHOCTb KMMOEP/IMTOB U aNbHENTOB, CXOACTBO KapboHaTU3npo-
BaHHbIX KMMOEPNNTOB 1 KapbOHATUTOB €CTb CIEACTBME 3BOMOLMN ONMBUH-LLENOYHOM MarMbl, 06yc-
NOBNEHHOV PEXMMOM NETYUUX.

KntoueBble CnoBa: KUMOEpANTI, allbHEUTbI, KUMOEPNMTOBbIe GpeKUMK, BO3pacT, Nons, TPyoKu.

PECULARITIES OF MATERIAL COMPOSITION AND THE AGE OF KIMBERLITE
ROCKS IN DUKEN, LUCHAKAN AND ARI-MASTAKH FIELDS OF YAKUTIAN PROVINCE

Z.A. Altukhova, A.l. Zaitscev
Institute of Geology of Diamond and Noble Metals, Yakutian Science Centre, Siberian Branch of RAS

The results of the studying of kimberlite bodies in Duken, Luchakan and Are-Mastakhs kimberlite
fields are represented in this article. Primary magmatic and metasomatic mineral associations are
recognized among kimberlites on the basis of petrographic and mineralogic evidence. Petrochemical
diagrams have shown similarity of primary magmatic mineral associations of kimberlites with lamproites
and carbonatization kimberlites with carbonatites. Geochronologic dating was made by Rb-Sr isotope
method on microlithic phlogopite from kimberlites and the groundmass of kimberlite breccias in
laboratory of mass-spectrometry method of analysis IGDNM SB RAS. The results of age determinations
of kimberlite rocks showed the existence of five epochs of kimberlite magmatism: Middle Paleozoic,
Early Mesozoic (Triassic), Later Jurassic, Cretaceous and Paleogene. The determination of primary
isotopic value of strontium (1) shows isotopic heterogeneity of kimberlite protolith.It is suppose, that
evolution of olivine-alkaline magma is defined by regime of volatile components. The formations of
olivine lamproites and olivine-phlogopite-perovskite kimberlites connect with high content H,O, but
carbonatization kimberlites and carbonatites are formed by influence of fluid phase with high content
CO, on the consolidation rocks.

Key words: kimberlite, alnoites, kimberlite breccias, age, fields, pipes.
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BBegeHune

B ceBepo-BOCTOYHOI YacTn AHabapCKoi
aHTEKNM3bl 3a/1eratoT COTHU Tesl, BbIMO/IHEHHBIX B
OONbLUNHCTBE CNyYaeB KUMOEPAUTaMU N albHeN-
Tamu B accoupaumm ¢ kapboHatutamu. B HacTos-
LLiee BpeMsi YCTaHOB/IEHO, YTO Ha APEeBHUX Mnnar-
(hopmax KMMOEPNUTOBbLIN MarmMaTu3M NposBAACS
HEOHOKPATHO M TECHO CBA3aH C TEKTOHOMarma-
TYecKMMM npoueccamu. OnpeeneHvie Bo3pacTa
KUMOEp/ITOBbLIX Te/, a TakKXKe Bo3pacTa TEKTOHO-
MarmaTu4eckor akTuem3aLuy nnaTgopmbl, C KO-
TOPOI MOXET ObITb CBA3aH KMMOEPIMTOBBIA Mar-
MaTu3M, UrpaeT BaXXHYHO POJib B U3YUYEHWUWN 3aKO-
HOMEPHOCTEN (POPMUPOBAHUSA KUMOEPIUTOB U B
MPOrHO3MPOBaHUN aMa3HbIX MeCTOPOXAEHUN.
Hay4Hyto 0CHOBY MeTOfa reoXpOoHO/IOr1YeCKoro
[aTnpoBaHnA, [OKa3aHHYI0 Ha MaTepuane psja
KMMOEPIMTOBBLIX NPOBUHLUMIA MUpa, U B NEPBYHO
ouepesb, AKYTCKOIN, COCTaBNAET NPUYPOYEHHOCTb
BCMbILLEK KMMOEPIUTOBOIO mMarmarmsma K rnepu-
OfiamM A/IMTeNbHOr0 UM KOHTPACTHOMO BO3[blMa-
HUSA KPYMHbIX Y4aCTKOB ApeBHUX nnatgopm. Ctpa-
TUrpauyecKnM OTpaXKeHNeM TakUX BO3[bIMa-
HUI ABNAKOTCA PernoHasibHbIE NepepbIBbl 0Ca-
KoHakornneHus [bpaxdgorens, 1984]. B npovecce
BEZleHMA KOMIJ/IEKCHBIX PaboT Mo U3y4eHWO 1 BO3-
pacTHOMY pacy/IeHeHN0 KUMOEPMTOB U POA-
CTBEHHbIX M MarmMatuToB FAKYTCKOA Kumo6epm-
TOBOWA MPOBMHLMM YCTaHOBIEHO, YTO 6ONEe NHTEH-
CVBHbI KUMOEPINTOBbIA MarmaT3mM NposiBU/ICS B
MNo3/HeieBOHCKO-PaHHEKapOOHOBYHO 3MOXY, Cpef-
HENO3AHWIA Tprac 1 NO3aHIoK topy [Bpaxdorens
n ap., 1997]. MNpun 3TOM B KXKHOW YacTn HAKyTC-
KO KUMOEP/IMTOBOIN NPOBUHLMM LUMPOKO pacrpo-
CTpaHeHbl CpeaHenaneo30McKre KUMGepIMToBbIe
Tena, Cpean KOTOPbIX OTMEYaroTCs MPOMBbILLIEH-
Hble MECTOPOX/EHMS, & Ha CEBEPE BCMbILLIKA KAM-
6epnMTOBOro MarmaT3Ma npuLLIach Ha Me3o3oi-
CKWIA Mepuog U KOPeHHbIe MeCTOPOXAEHUSA MoKa
He 06Hapy»xeHbl. B HacTosiLee BpeMs 60/1bLUMH-
CTBO MCC/efoBaTesieli CBA3bIBAIOT a/IMa30HOCHbIE
nons ¢ npoueccamy B3avMOAECTBUA BepXHei
MaHTWM W HN30B KOHTUHEHTA/IbHOM KOpbI, & UMeH-
HO, C MPUCYTCTBMEM a/IMa30HOCHOIO NPOTONNTA
[CyBopos, 1993; CathpoHoB 1 ap., 2001]. 3HaHve
BO3pacTa KMM6epAUTOBbLIX MPOTONIMTOB NO3BOSIS-
eT onpefenuTb UX BPEMEHHOE MOJOXKeHMe B 06-
Lei cxeme 3BOMIOLMN KOHTUHEHTAIbHON UTO-
cthepHOIN MaHTWM 1 yBA3aTb 3TU NPOLECChI C KOH-
KpPEeTHbIMM Fe010rMYecKMMmn cobbITuaMn. BmecTe
C TeM, 3KCNepuUMeHTasbHble faHHbIE M0 U3YYeHUo
YC/IOBWIA 3HYK/leaLuyn 1 pocTa aiMasoB MoKasbl-
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BalOT, YTO OHW MOTYT KPUCTaN/IN30BaTbCA B LUK-
POKOM Auana3oHe NPUPOLHbIX YC/OBUIA OT AyHU-
TOB [10 KapbOHATUTOB, YTO NOATBEPXKAAETCA a/lMa-
30HOCHOCTbIO NaMnpogupoB, KapboHATUTOB, KO-
matuuToB [Kaminsky, 2003].

C uenblo ycTaHOBNEHUA OCOGEHHOCTEN
KMMOEP/IMTOBOro0 MarmMaTusma B CeBepO-BOCTOY-
HOW YacTn FAKYTCKOW KUMOEPIUTOBOIN NPOBUHLMAN
MPoBeJeHO KOMMNEKCHOe M3yYeHWe BeLLeCTBEeH-
HOro COCTaBa 1 M30TOMHOE JaTUPOBaHue KuMbep-
NATOBBIX MOPOA, CnararLwmyx MarHUTOMeTpuYec-
Kue aHoManumn Ha Tepputopun [iokeHckoro, Jly-
yakaHCKOro n Apbl-MacTaxckoro nosei.

KpaTkas reonornyeckas xapakrepmucTnka
KUM6epnnToBbIX rnoneii KyoHamncKoi 30HbI

[JrokeHckoe, JlyyakaHckoe, Apbl-MacTtax-
CKOe KMMOEp/IMTOBbIE MONSA, PACMONOXEHHbIE Ha
BOCTOYHOM CK/IOHe AHabapcKoro MofHATUSA, B
mMexaypeube pp. bonblwaa n Manas KyoHanka,
06pasytoT Tak HasblBaembli KyoHanckuii y3en
(puc. 1). OHK NprypoYeHbl K AHabapCKo aHTeK-
N3 1 CeBepo-BOCTOYHOMY OKOHYaHWIO Hencko-
BOoTyoOMHCKOIM aHTeKn3bl. Ha rnybrHe um cooT-
BETCTBYET CTabWNbHbI apeBHUI (3,1 MAA. neT)
610K — JanablHCKUiA TeppeiiH [Cmenos u ap.,
2003]. Ha 60nblueli 4acTu COBPEMEHHOWN Tep-
putopun KyoHanckoro parioHa pacnpocTpaHeHbl
0CafloYHble OT/IOKEHUSA pudest, BeHAA U Kembpus,
BAO/b €r0 3arnafHow rpaHuLbl 06HXATCA apXeli-
CKvie nopofbl (hyHAaMeHTa. Apxeiickme Kpuctan-
NINYECKME CNaHLbl U FHelicbl CObpaHbl B KPYMHble
N30K/IMHa/IbHbIE CKNAfKN CEeBEpPO-3arafHoro npo-
cTnpanmns (320-340°). OcagouHble Nopodbl ¢ yr-
NOBbLIM HecornacuemM nepekpbIBatOT NOpPoLbl Me-
TamMOP(MYECKOr0 KOMI/IEKCA, HEMOCPeLCTBEHHO
Ha KOTOpPbIX 3a/1eratoT TeppUreHHO-KapboHaTHbIe
OTNIOXXEHWS BEPXHEr0 NPOTEPO30si — MYKYHCKOW
(KOHrnomepartbl, rpaBeninTbl, NeCTPOLBETHbIE
MeCcYaHUKM) N CTAPOPEYEHCKO (JONOMUTBI, Mec-
YaHUKKW, (UNIMTOBBIE CMlaHLbl) CBUT [Bpaxdo-
renb, 1984]. Bbliwe Mo paspesy 3a/eratoT U3BeCT-
HAKN HUKHEKEMOPUIACKOTO 1 CpeaHEKEMOPUIACKO-
ro sospacta. OT/IOKeHNs 0Caf04yHOro Yexsna rno-
noro (nog yrnom 1-5°) no nepukaMHaaM norpy-
XaloTCs Ha CeBepO-BOCTOK, BOCTOK 1 KOr0-BOCTOK.
KnmbepnntoBble Tena NpopbIBaldT TeppuUreHHo-
Kap6oHaTHble Nopoabl cpeaHepudencKoro-paH-
HEKeMOPMIACKOro Bo3pacTa v nepeKkpbIBatOTCA Ma-
NOMOLLHBIMW YETBEPTUYHBIMW OT/IOKEHUAMU.

MHOro4YncneHHble reou3nyeckme aHoma-
NN B Npefenax paccMarpuBaemori TeppuTopum,
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Puc. 1. Cxema pacnpefeneHns KUMOepMTOBbIX MOJel Ha TEPPUTOPUM AKYTCKOW KUMOBEpPUTO-
BOI nposuHuuK [Bpaxdorens, 1984; Brakhfogel, 1995].
BcTaBka: PaCI'Ipe,ElEHEHI/Ie KI/IM6eprl/ITOBbIX TeN B NMonax KyOH&I'ICKOVI 30HbI.

3aBEepPEHHbIE TOPHbLIMU BbIPabOTKaMW, BbIMOHEHbI
WHTPY3VBHbIMA 1 3KCMN03MBHLIMK MarmaTunyec-
KUMW NOpoAaMun NPUMEPHO OAMHAKOBOFO COCTa-
Ba, CBA3aHbl BO BPEMEHU 1 npocTpaHcTBe. Kum-
6epnMTOBbIE NONS XapaKTepPU3yHTCH KOMMAaKT-
HbIM pacnpeaeneHneM MarmaTuyecKmx Ten, CXoa-
CTBOM WX CTPYKTYPHO-TEKCTYPHbIX 0COGEHHOCTENA
1 YCNOBWiA 3aneraHuns. BmecTe ¢ Tem, nons nme-
0T CBOM MHAMBMAYa/bHble 0COBEHHOCTU, 06YC-
NOBMEHHbIE Pa3/IMYHbIM COOTHOLLEHWEM WHTpY-
3MBHbIX 1 3KCM/I03MBHBIX MPOLIECCOB (hopMMpOoBa-
HWSt MarMaTnyecKmx Ten, MHTEHCUBHOCTbLIO MeTa-
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COMaTUYECKUX N TUNepPreHHbIX npeo6pasoBaH|/||7|
N pasiMyHbIMU BO3PACTHLIMK pernepamu.

MeTporpadma nopog,
K1UMOepnnTOBOW hopMaLimm

Cpeayn nopof KumbepnnToBol thopmMatmm
BbILENAOTCA UHTPY3UBHbIE 1 IKCMNJIO3MBHbIE TUMbI
[Atnac..., 1983]. IHTpy3nBHbIMM NOpoaaMmn AB-
NAOTCA KUMOEPNUTBI U a/lbHEUTbI, K 3KCMNJI031B-
HbIM — OTHECEHbI KUMOEP/INTOBbIE BPeKYNM C Mac-
CVIBHOIN 1 aBTONNTOBOM TEKCTYPOI KUMOEPIUTOBO-
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ro uemeHta. Mopogpl MHTPY3MBHOM (aLum cnara-
tOT Jalikn U LUTOKW, KOTOPbIE YacTo UMEIOT rpyn-
MoBoe pacnonoXeHue. Jaiky MOLHOCTbIO OT 0,5
[0 2 MeTPOB MPOCNEXMBAKOTCA Ha paccTosHMe
150-300 meTpoB. KnmbepnuntoBble 6pekinn Bbl-
MONHAKT TPYOKW. B 60/bLLUMHCTBE Cy4YaeB LUTO-
KN 1 JaiKu CNOXKEeHbl KUMOEPNUTaMU, PeXe ab-
HerTaMu, 04eHb PEAKO CIKOAVCTbIMU NepUaoTUTa-
MW, CepreHTUHMTamu. Yatlle BCEro LUTOKN ABNSA-
OTCA CaMOCTOSATE/IbHbIMW 06pa30BaHUAMM, UHOT -
[ia OHU COMPSHKEHbI C TPyOKamu.

AJbHEVT bl U KUMOEPNNT bl NPEACTaBNAOT
c060i4 MacCcKBHbIe MI0THbIE NOPOAb! TEMHO-CEPO-
ro LBeTa ¢ nopg1poBoi CTPYKTYPO. KCeHoNNTI
0Caflo4HbIX MOPos pasmMepoM 2-3 CM COCTaBNAKT
rnepsble MPOLEHTLI U BCTPeYatTCs B OCHOBHOM B
MPUKOHTAKTOBBIX YacTAX Ten. BKoyeHns rny6ouH-
HbIX nopog (1-5 cm) co cnegamun pesopbuun n
pacTBOPeHWs NpefCcTaB/eHbl AyHATaMU 1 Nepuio-
TUTaMK C MePeMeHHbIM CofepXKaHueM CNroabl U
Me/IKUMUK KpucTannamu guoncuga. Mopdrposble
BblZle/leHNs NPeLCTaBNeHbl 3epHamy ONMBUHA (OT
30 0 60 %) C pa3/IMYHOM CTEMNeHbID CEPrEHTK-
HM3aLmKn, nnactmHkamu gnoronuta (ot 1 go 20
%), pefKo MOHTMYeNnMToM. bonee kpynHble (2-3
MM) KCEHOMOP(HbIE WUNN OKPYTI/ble BKParneH-
HWKW ONMBMHA ABNAKOTCA MakpoKpuctamu unu
KCeHOKpuCTainamu. B Takux 3epHax (pasmepom 5-
7 MM) HabnroaaeTCs BOTHUCTO., CTYMEHYATO. UK
6nokoBoe noracaHve. OfHAKO KpyrnHble 3epHa
O/MBMHA COCTaB/AOT He 6onee 1 %. MHorouuc-
NEeHHble, HePeLKO MAVOMOPMHbLIE KPUCTaIbI Me-
Hee 1 MM onpesenaT MeSIKoNoppUpPOoBYHO CTPYK-
TypY NOPOA MHTPY3MBHON (haumm. YacTo 0nmBKH
06pa3yeT CPOCTKM U3 [BYX WIW TPEX 3epeH.

AnbHENTbI NPUHALANEXAT K PeKOi rpynne
marmatmyeckmx nopog. Ha tepputopun Cnbup-
CKoi NNatthopMbl U3BECTHbI 23 UHTPY3UWN MOHTU-
YE/ININTOBbIX a/IbHENTOB, 60/IbLLIAA YaCTb KOTOPbIX
pacrosiaraeTcs Ha BOCTOYHOM CK/IOHe AHabapCKo-
ro maccmea U Tpu Ha Kyinockom NoAHATUN cpesu
BEPXHENa/Ie030MCKNX N HUKHEKEMOPUIACKMX OCa-
[OYHBIX, @ TaKXKe MeTamopduyecknx nopog. Mpu-
HaZ/1IeXXHOCTb a/lbHENTOB K KUMBEPNTOBOM thop-
maLmu, NOMUMO NPOCTPAHCTBEHHOM COMPSXXEHHO-
CTU M OLHOBO3PAaCTHOCTW CnaraemblX UMW Terl,
MOATBEPXKAAETCA TaKXKe CXOACTBOM COCTaBOB pAsa
nopogoobpasyowmnx MuHepanos [KopHuiosa u
ap., 1983]. Mo cocTtaBy OCHOBHOI Maccbl cpeaw
HWX Bble/IeHbl MOHTNYE/NINTOBbIE, MESTN/IUTOBbIE
N MVPOKCEHOBbLIE Pa3HOCTW.

MenmiMToBble a/lbHEUTbI Pa3NYaeTCs Tek-
CTYPHbIMU 0COBEHHOCTAMM. Hapsagy ¢ MacCUBHbI-
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MU PasHOCTAMMU, CPeay albHeUTOB UHOTAA BCTpe-
4atoTCA NMOPOAbI C TAKCUTOBOM TEKCTYPOIA, 0COOEH-
HOCTU KOTOPOM ONpefenstoTcsa NPUCYTCTBUEM
060Cc061eHuiA (3-5 CM B AMameTpe) 0IMBUHOBOTO
MOHTWYeNIMTOBOr0, MENIMIMTOBOIO W (DIOronNuTOo-
BOro coctasa. OCHOBHas Macca albHeUToB C 0f-
HOPOAHOW TEKCTYPOil NpeacTaB/ieHa MeNMINTOM,
MepOBCKUTOM, PyAHbIMU MUHepanamu. ®noronut
NPUCYTCTBYET B BUAE UAVOMOPMHLIX MMNUANO-
MOP(MHbIX 3ePeH, CaratoLLmX NMHTEPCTULAN MeX-
Ay 60nee KpynHbIMK Tabnunuamu, Unmn KCeHomop-
(OHbIX BbIAENEHWIA, MOVKUIUTUYECKM BK/IHOYat0-
LMX 3epHa MOHTUYENNUTA U PYLHbLIX MUHEPASIOB.
Menunut, no pesynsratam PeHTreHOMeTPUYECKO-
ro aHa/sM3a, NpeLcTaB/ieH akkepMaHUTOM. B 601b-
LUMHCTBE C/ly4YaeB OH U3MEHEH W AnMarHOCTUPYeT-
A N0 XapaKTepHOM cnaiHocTW. ViHoraa B Menu-
NATe 0TMEYatoTCA PENUKTbI MUPOKCEHa.

Oc06eHHOCTY COCTaBa MOHTUYENINTOBbIX
aNbHENTOB ONPefensTCcA NPUCYTCTBUEM KpYyn-
HbIX (0,5-1,0 MM) 3epeH MoHTMuenmTa (1-2 %) no
(hopMe 1 pa3mepam CXOAHbIX C 0fIMBUHOM. MOH-
TUYENNNT, TaKXXe KaK U ONUBUH, 3ameLlatoTcs
CBET/N0-3e/1eHbIM U30TPOMHbLIM CEPMEHTUHOM MO
TpewuHKam 1 kapboHaTom no nepudepun. B
LUINGaxX MOHTUYENIUT GECLBETEH C NPAMbIM M0-
racaHviem, BbICOKUM CBETOMPENOM/IEHUEM U HU3-
Kum asynpenomneHvem nopagka 0,010. MHorga
OTMEYaeTCA HEYETKO BblpaXKeHHas CnaitHOCTb No
010 n pexxe 001. Mesnkue (0,02-0,10) nsometpuy-
Hble 3epHa MOHTUYENNNTa PAaBHOMEPHO pacnpese-
NATCA B OCHOBHOM Macce 1 06pasytoT KaliMbl Mo
nepugepun 3epeH OIMBMHA. Y3KME UHTEPCTULNN
BbIMO/IHEHbI CEPNEHTUHOM, Ka/lbLIUTOM, qioronu-
ToM. MocnegHuii 06pasyeT NNacTUHKM Ao 0,3 MM,
HaCblLLEHHble KpUCTa/I/IaMU MOHTUYENNTA, MNe-
POBCKMUTA W PYAHbIX MUHEPaI0B

MMPOKCEHOBbLIE &lbHENTbI CarakT LUTOK
ApKTuKa B Apbl-MacTaxckom nose. OCHOBHas
macca cocTtouT u3 cntogpbl (10-12 %), KNMHONMPOK-
ceHa (10 %), nepoBCKMTa, PYAHbIX MUHEPa/IOB U
M30TPOMHOr0 M1Hepaia (CeprneHTnHa?). KnuHonu-
POKCEHbI 00PasytoT YA/IMHEHHO-MPU3MaTUYeCKme
Kpuctanbl pasmepom 0,07-0,50 mm.

KumbepnnTol. NaBHble NOpoaoobpasyto-
e MUHepasbl OCHOBHOM MacChl KMMOEp/UTOB:
(p/IOroONuT, CEPMEeHTUH, KapboHaT BapbupyHOT B
LUMPOKMX Npegenax. MpeobnagatoLLee KONMYECTBO
OLHOrO M3 3TUX MUHEpPanoB B OCHOBHOW Macce u
MPUCYTCTBME €ro CPeay BKParIeHHUKOB fBUIOCh
OCHOBaHVEM [/151 BbIfe/IEHNS COOTBETCTBYHOLLNX
MUHepasibHbIX Pa3HOCTEN. YUnTbIBas, UTO B KUM-
GepnuTax NMOCTOAHHO NMPUCYTCTBYIOT MEPOBCKMUT,
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WNbMEHUT, (heppULLINUHENN U anaTuT B NepemMeH-
HbIX KONMYECTBaX, a TakXKe MOHTUYENINT, MeNn-
NIAT U NUPOKCEH, Ha3BaHWe Nopofbl KOHKPeTU3u-
pyeTca fo6aBneHeM NpeobnafatoLLero akLeccop-
HOro M1Hepana. MomMMMo NepBUYHOIO MUHEPasib-
HOro CcOoCTaBa, Ha BHELUHWIA 06/IMK KMMOEPIUTOB
OKa3blBaeT BNNAHVE U CTENEHb NPOABNEHNS MeTa-
COMaTMYeCKNX NPoLeccoB. B cBA3W € 3TUM Ha3Ba-
HWe Nopofbl YTOUHAETCA B COOTBETCTBUM C COAEp-
XXaH1em BTOPUYHBIX MUHEPA/IOB.

Takum 06pa3om, Ha OCHOBaHWW BbiLLieyKa-
3aHHbIX NPU3HAKOB Cpean KUMOEepIMTOB Bbiaene-
Hbl ONIMBUH (CepneHTUH)-PAOronmnT-NepoBCKUTO-
Bble, CepneHTUH (ONMBUH)-(DNIOroNUT-MOHTHYEN-
NNTOBbIE, METMNUTCOAEPXKALLME, CEPMNEHTUH (0NN~
BUH)-(hrioronnT-kapboHaTHble 1 KapboHaT (cep-
MeHTUH)-(PNOronnT-anaTMToBble PasHOCTW.

OnuBMH (CepneHTWH)-GNoronnT-nepoBCKu-
TOBble KUMOEPANTbI. XapaKTepHOn 0Ccob6eHHOC-
Tbt0 KUMOGEPNNTOB AaHHON pa3HOBUAHOCTY SABNS-
eTCA NOCTOSHHOE NPUCYTCTBME Menkux (1-2 cm)
BK/IHOYEHUIA (hNOronUTCOLEPXKaLLMX ONIMBUHUTOB
(cepneHTUHUTOB) C Pa3/IMYHON CTEMNEHLIO rpaHy-
NAUMKU U pacTBOpPeHUs. bonee KpynHble U3 HUX
e opMUpoBaHbl, MHOTAa Kak Obl «pacTalleHbl»
Ha (pparmMeHTbI. MNeTensyatas CTPYKTypa BKIKOYe-
HWI ONMBMHWTa 06YyC0BIEHa 06pa3oBaHNEM MPO-
YXW/KOB Ka/ibL!Ta U CeprieHTMHa, KOTopble passe-
NAKT NOPOAY Ha MenbyaiiLme 6/10Ku. MNacTUHKK
(hnoronuTa B X cOCTaBe NOVKUINTUYECKMN BKIIHO-
yatoT 6onee menkve (0,2 MM) TMNUAMOMOPMHbLIE
3epHa O/IMBVHA U COLEPXKAT MHOMOYMC/IEHHbIE 3ep-
Ha NepPOBCKMTA N PYAHbIX MUHEpPanoB. ONUBUH 1
(PIOTONUT YaCTUYHO 3aMeLLeHbl BypbIM M30TPOr-
HbIM CEPNeHTUHOM, Cpefu KOTOPOro pacrionara-
FOTCA arperatbl MeJIKUX 3epeH U30TPOMHOro MUHE-
pana n menunnta. KoHTakTbl ¢ KUMBEPIUTOM YeT-
Kue, n3BmamncTble. Bapnauum 06beMHbIX COOTHO-
LWeHUA NoprpoBbIX BblAENEHWUA Y OCHOBHOM
Maccbl B KuMbepnuTax [aHHOW pasHOBUAHOCTU
06ycnasnvBatoT NOPUPOBUAHbLIE U MOPHUPOBLIE
MUKPOCTPYKTYpbI. [opdhrpoBraHas CTpyKTypa no-
Ka/IbHbIX Y4aCTKOB MOPOAbI OMpesenseTcs npucyT-
cTBMEM BosbLioro Konunyectsa (60-70 06. %) pas-
HOpa3MepHbIX 3epeH O/IMBMHA U MOSTHOKPUCTASIIN-
YECKOIN CTPYKTYpOlM OCHOBHOI Macchbl npenmMy-
LLLeCTBEHHO (PNOronUToBOro cocTaea (puc. 2-1).

Oco6eHHOCTbL coCTaBa MOPOAbI 3aK/oya-
eTca B TOM, YTO [/19 ONIMBMHA XapaKTepHbl Npo-
Lieccbl pacTBopeHus. ViHoraa B pesynbTare pacT-
BOPEHWSA O/IMBUHA OT HEro OCTAtOTCA /INLLb OYEHb
MefiKne penuKTbl. MpoAyKTbl PaCTBOPEHUS Npea-
cTaBneHbl OypoBaTbIM HENpPO3payHbIM Me30CTa-

38

3MCOM C KapboHaTOM ¥ MeNKUMMK NnacTUHKamu
(bnoronuTa. Hepesko ABa WM TpU 3epHa ONMBY-
Ha pasgenstoTcs y3kon (0,2 Mm) KakiMol gnoro-
nUT-KapboHaTHOro cocTaea. BbigenstoTca nnac-
TUHKM [BYX reHepauuin onoronmTa. bonbLUMHCTBO
3epeH noronuta 1-in reHepauum ¢ YeTKO Bblpa-
YXEHHOW CNanHOCTbIO, MHTEHCUBHO OKpALLEHHbIX
1 NNEOXPOUPYIOLLIMX MO NPAMON CXeMe, B Pe3y/ib-
TaTe pe3opoummn N PacTBOPEHMS NPUOGPeNU OKpyr-
Nble UK o0BasibHble IOpMbI. IHOTAA PenKThbI Ta-
KMX MNIACTUHOK UMEIOT (DOPMY Y3KUX JIEHT C YeT-
KO BbIp@XXEHHOW cnaiHOCTbO. NHTepcTuumm (B
06beMe He >10 %) Mexay MenKUMU 3epHaMu O~
BMHA 1 KCEHOMOP(HbLIMM BblAeEeHUAMU (1oronu-
Ta BbINOJIHEHbI U30TPOMHbLIM CEPMNEHTUHOM C
MeNbYaiLLMU BblAENEHNAMU PYLHbIX MUHEPaOB.
dnoronuT 2-i reHepauyun obpasyet, MefKue, y3-
Kue, YOJIMHEHHble NNaCTUHKW, KOTOPble y4acTka-
MM pacronararoTcs Mexxay nopgrpoBbIMU Bble-
NEHUAMU OfIMBMHA W (hioronuTa U onpesenstoT
MENIKONPU3MaTUYECKYHO CTPYKTYPY OCHOBHOM Mac-
Cbl. B cepneHTMHe MHTEPCTULMIA 3aMeTHbI MeSIKue
MPU3MOYKM anatuta. YeTko BblpakeHHas nopgu-
poBas CTPYKTypa npucyLla pasHoCTAM C COAep-
YXaHVeMm MopgUpPOoBbIX BblAeNEHWUIA B Pa3INYHON
CTeneHn CeprneHTUHU3MPOBAHHOIO O/IMBKHA OKO-
no 30-50 %. Cpefin HUX KpyMHble 3epHa 0NMBUHA
COCTaB/AOT He 6oniee 5 %. JIeHTOYHO-MEePUCTbIE
BblZe/IEHNS CEPrEHTUHA B UX COCTaBe Onpeaens-
tOT MeTenbyaTyo CTPYKTYpPY. PeIMKTbl 0NMBUHA CO-
XPaHAKTCA KaK B KPYMHbIX, TaK 1 B MESIKUX 3ep-
Hax, pe3opbupoBaHHbLIX MUHEpPanamy OCHOBHOM
maccbl. B 60NbLIMHCTBE CNyyaeB Mefikue 3epHa
O/IMBUHA COAEPXXAT PEe/IMKTOBbLIE IPaHU, pexe OT-
MeyatoTCs OKpyr/ible, UHOr4a ANOMOpPMHbIE KpU-
ctanibl. OCHOBHa# Macca BbIMO/IHEHA U30TPOr-
HbIM CEPMNEHTVHOM C BbICOKVMM COAEpXKaHWeM re-
POBCKMUTA M PYAHbIX MUHepanos. CogepxxaHue
neposckuTta cocTtaenseT 10-15 06. %. B ocHoBHOW
macce OH 06pa3yeT UANOMOP(HbIE U30TPOMHbIE
3epHa cBeT/0-0yporo ugeta pasmepom 0,05 mm
(puc. 2-1), npucyTCTBYET B BUAE BK/IOYEHUI B
KPYMHbIX NAacTUHKax qoronuTa, obpasyeTr Kai-
Mbl MO Nepudepun 3epeH ONMBMHA U 3ameLLiaeT
WAbMeHUT. VIHorga B nopoje B He6ONbLUMX KO-
yecTBaxX MPUCYTCTBYIKOT MUPOKCEH W MOHTUYEN-
NNT. V13yyeHHble NMPOKCEHbI B 60/bLUIMHCTBE CBO-
em npeacTaB/ieHbl Anoncuaamn 1 Uoncua-as-
rutamu. CogepxxaHvie Cr,O, B HUX U3MEHSETCS B
nHtepsane 0,7-3,6 %, Na,O — o1 0,1 g0 3,1 %, a
AI203 —010,1 0o 4,1 %.

B knmbepnvtax cepneHTuH (0NMBUH)-chNo-
ronuT-MOHTUYENINTOBOIO COCTaBa B KayecTBe
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Puc. 2. MukpodgoTtorpatmm KumeepnnTos [JHOKEHCKOro Mons.

1 — Mpr3MaTYeCKU-3ePHICTas CTPYKTYPa KUMBEPNTA (hI0rONUT-NEPOBCKUTOBONO CoCTaga. YB. 100, 6e3
aHanm3atopa. 2 — MopgupoBbIe BbIAENEHUS OJIMBUHA, OKPY)XEHHbIE CMIOLUHON KaliMol MeNKo3epHUCTOrO MOH-
TuuennmTa. ¥B. 100, 6e3 aHanm3atopa. 3 — 3aMeLLieHre CepreHTUHU3MPOBAHHOTO OJIMBMHA W CEPIEHTUHA OCHOB-
HOIl Maccbl arperatoMm M30OMETPUYHBIX 3epeH MOHTUYeNIUTa pasmepom 0,05 M. ¥B. 100, Ge3 aHaimsaTopa. 4 —
VIHTEHCMBHO pe3op6upoBaHHas NNacTHKA (IIOTONMTa, «HEraTUBHBIE» UMK «TEHEBbIE» (HOPMbl PACKPUCTaNIN-
3alMM M30TPOMHOTO Me30CTasnca OCHOBHOM Macchl. ¥B. 160, ¢ aHa/M3aTopom.

On — o/MBWMH; B — NEPOBCKUT; MT — MOHTWYeNNT; N1 — dioronuT; Ch — CeprieHTMH.

NopgrpOBbIX BblAeNeHW NpeobnasaeT B pasny-
HOW CTeneHn CeprneHTUHU3MPOBaHHBIA O/IMBUH,
HepesKo C MOHTUYENIMTOBLIMU KaliMamu (puc. 2-
2). Heobxogumo 3amMeTUTb, YTO KaiMbl, COCTOS-
LMe U3 pasnnMyYHO OPUEHTUPOBAHHbIX 3ePeH MOH-
TU4YennnTa, 06pasyroTcs Kak no nepudepun 3epeH
HEen3MeHEHHOr0 O/IMBMHA, Tak 1 No NceBaoMopgo-
3am ceprieHTVHa Mo onneMHY. Kpome ToOro, y4ac-
TKWN ME/IKO3ePHUCTOr0 MOHTUYeNINTa pacnonara-
t0TCA B Npefenax ncesLomMopgo3 ceprneHTuHa. B
cnyyae, eCnm NceBAoMopo3bl CEPrEHTMHA MO
O/IMBMHY MO/THOCTbHIO 3aMeLLatOTCA MeNIKO3ePHHC-
TbIM MOHTUYENIUTOM, OHW COXPaHSOT (hopMy U
pa3MepHOCTb. TaKwue e arperatbl MeNKunx 3epeH
MOHTUYeNIMTa 06pasytoTcs Ha MeCTe U3MeHEH-
HbIX MIaCTUHOK (P/IOronnTa, O4epTaHNs KOTOPbIX
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yrafblBatoTCA N0 Ha/IMYMI0 TPELLUMH CNaliHOCTK.
[ns MOHTVUYENIMTa OCHOBHOW MacChl XapakTepHO
HepaBHOMEPHOE pacrpee/eHre 1 LWNPOKKe Bapu-
auun pasmepos (ot 0,01 go 0,6 MMm). YyacTkamu
M30METPUYHbIE 3epHa MOHTUYENNTA MOMHOCTLIO
cnaraloT OCHOBHYHO Maccy, MHOTAa MOXHO Hab/to-
[aTb Haya/lbHYl0 CTafMI0 ero KpUCTaninsauun:
«TEHEBbIE» UMW HeraTuBHbIe KPUCTasI/bl C HEYeT-
KUMW KpucTannorpauyeckumy o4epTaHUsMu
(puc. 2-4). O6bEM M30TPONHOIO CEPrEHTUNHA, Bbl-
MOJHAOLLLEr0 MHTEPCTULLM MEXAY 3epHaMW MOH-
TnyennuTa u pnoronuta, konebnetca ot 10 go 25
06. %. [03TOMY CTPYKTypa OCHOBHOI MacCbl MO-
XET ObITb MENKO3EPHUCTON MW TMNOKPUCTaNNIN-
4eckol. B KayecTBe aKLeCCOPHbIX MUHepanoB
OTMeueHbl MeNIKoNpU3MaTnyeckme 3epHa anarmTa



3.A. Antyxosa, A.W. 3aiiues

W YOJIMHEHHble Y3KWe MIaCTUHKW Menunuta, 6o-
KOBbIE rpaHy KOTOPbIX He UMET YeTKUX 0YepTa-
HWIA. I NOPOAbI TaKOro COCTaBa XapakTepHo Mno-
CTOSIHHO BbICOKOE COfepXKaHue pyaHbIX MUHepa-
NoB 1 nepoBckuTa. Cpefun pyLHbIX MUHEpasioB
npeo6nasatoT heppuLLInuHen. Hepeako B unbMe-
HUTE HabNKOJAIOTCA CTPYKTYpPbI pacnafa — TOHKue
MAaCTUHKM YNbBOLUMUHENMN.

Oc06eHHOCTbHO COCTaBa MeNUINT CoLep>Ka-
LLMX KUMOEPIT OB ABNAETCA NPUCYTCTBUE MUKPO-
LU/INPOB, BbIMOMHEHHbLIX KOPOTKONPU3MATUYECKU-
MU 1 YAJIMHEHHBIMW NTeACTaMN MeNUINTA C Xapak-
TePHOM aHOMa/IbHOM MHTEP(epPEeHLMOHHOM OKpac-
KOV 1 MOrnepeyHoit LWTPUXOBKOWA. CKONMeHNst Me-
NANUTa copasmepHbl NOPGUPOBLIM BblAENEHNAM
onmeuHa (0,5-1,0 Mm). Pa3nnyHble cTagumn 3ame-
LLEeHNA O/IMBMHA MOHTUYENIUTOM U MESIMSITOM
CBUAETEe/NbCTBYIOT O PEakUMOHHOW npupoge ux
06pa3oBaHusl, CBA3AHHON C BO3AENCTBMEM Kaslb-
LMACofiepXKaLLero 0CTaToyHOro pacrnnasa.

B kumbepnnTax pnoronmT-KapboHaTHOro
cocTasa NnopjupoBbIe BbILENEHNS ONMBUHA NON-
HOCTbO 3aMelLLLeHbl 3e/IeHOBATO-CEPbIM M30TPON-
HbIM CEPNEHTUHOM N KapOOHATOM, & B OT/E/bHbIX
3epHax pas3BMBaeTCs TEMHO-Oypbld MAAUHICUT C
XapaKTepHO aHOMasIbHOM OKpackol. BkpanneH-
HUKW (hnoronnTa He cofepXar BK/IOYeHUA U 3a-
MeLLatoTea kapboHaToM. bonee Menkue yaMHeH-
Hble NIACTUHKX (OronuTa pacnosnararTcs cpe-
AV MeNKO3epPHUCTOro KapboHaTHOro 6asuca.

PyfHble MWHepasbl B OCHOBHOM Macce WH-
TEHCMBHO Pe30p6MpPOBaHbl 1 COXPaHAIOTCA B BUAE
PEIMKTOB «CKeNeTHOM» hopMbl. Cpean HUX Tak-
e npeo6nafatoT peppuLLnuHeni. Ha yyacTtkax ¢
BbICOKMM coflepXaHneM KapboHaTta KasibLmT obpa-
3yeT MUKPOAUTBI B accoumalum ¢ Yo MHeHHbIMU
NAacTMHKamu (hIoronuTa U KpucTaniaMm anatu-
Ta, KOTOpble TaKkXKe CKIOHHbI (hopMUpoBaThb cie-
ponuTbl. KapboHat npeacTaBneH KaibLMTOM, Ya-
CTO C BbICOKUM (1-3 %) copepxaHnem MgO. Ha-
NYMe PeNnKTOB CEPNEeHTUHOBOIO Me3ocTasuca C
BbICOKVM COAEpXXaHUEM PYAHbIX MUHepasoB, Me-
POBCKMTA N MeNKUX KCEHOMOPWMHBIX BbleNneHNi
anaTtuTa CBUAETENbCTBYET O 60see No3aHeM 0bpa-
30BaHUM KapboHarta B 3T1x nopogax. ObpasosaHve
npu3maTnyecknx BbigeneHuin anatuta (0,5-1 Mm)
1 ero 60see LUMPOKOE pacrpocTpaHeHre Ha yyac-
TKax NpevMmyLLecTBEHHO Kap6OHATHOro coCTaBa
yKasblBaeT Ha napareHeTU4eckue B3avMOCBA3N
3TUX MUHEPA/IOB U BbICOKOTEMMNepaTypHbIe YC/o-
BMS UX 06pa30BaHms.

B kap6oHaT (cepneHTwH)-dnoronuT-ana-
TWUTOBbIX Pa3HOCTAX Ka/lbLWT 3aMeLLaeT ncesao-
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MOP(O3bl CEPreHTHA N0 OIMBUHY U MOMHOCTLIO
cnaraeT OCHOBHYHO Maccy B BUfe arperara Menkux
3epeH ¢ MUKPONUTOBbLIMK 06pasoBaHuaMun. Cogep-
XaHue kapboHaTa cocTaenseT 75-80 06. %, ana-
TMTa — 0K0Mo 10 06. %. MepoBCKUT U pyAHble
MUHepasibl HabNtOAA0TCA B BULE PE/IMKTOB.
KnmbepnnToBble 6pekummn xapakTepusy-
tOTCA MepeMeHHbIM COfepXaHem pasHopasmep-
HbIX BK/IHOYEHWI YNbTPAOCHOBHbIX MOPOL, 3K/10-
FMTOB M KCEHONMTOB 0CafoYHbIX nopog. Kpowve
TOro, B HeGO/MbLUMX KOMMYeCTBaX BCTPeYaroTCs
KCEHONMNTbI MeTaMop(UYecKnX nopog, 06/10MKM
nopog, TparnmnoBoi opmaLmn 1 BKIKOYEHNUS Men-
KOMop(h1poBOro KMMOGepnTa, CXOLHbIE Mo CTPYK-
TYPHO-TEKCTYPHbIM O0CO6EHHOCTAM C UHTPY3MB-
HbIMW NOPOLAMM, BbINONHAKOLMMN JAAKN U LUTO-
K. BKNOYeHWs yNbTPaoCHOBHbIX NOPOZL npea-
CTaB/eHbl NepuaoTMTamMu, ONMBUHUTAMU, NIEPLO-
NATamu, ceprneHTUHUTaMK, UHOTAA C NUPOMOM.
dnoronuTcogepaline ynbTPaoCHOBHbIE BKIO-
YeHWS 1 CNHOAWTLI CBA3aHbI MeXAY CO60l nocTe-
MeHHbIMK Nepexofamu. lNepsble COCTOAT U3 POM-
6MYeCKOro M MOHOK/IMHHOIO nupokceHa (50 %),
onmeuHa (5 %), ceprneHTrHa (20 %), dioronurta
(25 %). CopgepxxaHuve gpioronuta B CIKOAUTAX CO-
cTasnseT 60 %, Kpome TOro, NPUCYTCTBYIOT POM-
OGMYECKUIA 1 MOHOK/IMHHBIA NPOKCEHbI 1 CEpMeH-
TVH. B 6pekumnax BCTpeyaroTcst 06/10MOYHbIEe 3ep-
Ha NMPONOB C KeNN(UTOBOW NPepbIBUCTON Kaii-
MOW, UNbMeHWTa, Xpomauoncuga. BkaoueHus
KUMOEepINTOBOro coctaBa pasMepoM 2-3 CM CO-
cToAT 13 thnoronuTa — go 30 %, nepoBckuTa — 4-
10 %, ruaporpoccynspa — Ao 19 %. Mopduposble
BblA€NeHNs, NpeLCTaBeHHble UANOMOPHHbIMU
3epHamMu CeprneHTUHU3MPOBAHHOIO O/IMBMHA Pas-
mepom 0,2-0,6 MM, cocTasnatoT 40-45 %. Menko-
3epHUCTas OCHOBHAs Macca COCTOUT K3 dioronu-
Ta C NPUMECHI0 KapboHaTa, CeprneHTNHa, X10pu-
Ta, NePOBCKMTA, SIeMKOKCeHa 1 pyaHoro. Mo Tek-
CTYPHbIM 0COBEHHOCTAM KMMOEepAnTa-LeMeHTa
BbILENATCA KMMOEP/IMTOBbIE HPEKYNU C MacCUB-
HOW 1 aBTONUTOBOW TEKCTypamu.
KnmbepamToBble 6pekynn ¢ MaccuBHOM
TEKCTYpoi. B nx coctase N0 CPpaBHEHUIO C KUM-
GepnvTamn oTmeyaeTcs 6osee BbicOKoe (5-10 %)
cogepXKaHue KpynHbIX (MakpOKpPUCTOB) O/IMBMHA
B BU/E OKPYI/IbIX NN 0Ba/IbHbIX 3€PeH pasmepoM
1-5 MM, XOTA TaKkxe Npeo6afatoT NaNoMopgHbIe
¥ TUNUAMOMOpPQHbLIE BKParnieHHUKIN O/IMBMHA BTO-
poi1 rpynmnbl pasmepom 1-2 mMm. MuHepanoruyec-
Kune pasHOCTV OCHOBHOI Maccbl aHa/IorMYHbI Ta-
KOBbIM KUM6epniMToB. MNpeobnafaloT CeprneHTUH
(0IMBWH)-(h1IOrONUT-NEPOBCKUTOBbLIE Pa3HOCTM.
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dnoronut B BUAE NPU3MATUYECKUX KPUCTa0B
XenToBaTo-0yporo LiBeTa paBHOMePHO pacnpeje-
NEeH cpefin OCHOBHOM Macchbl. MepoBCKUT U pya-
HbIi MMHepan pasmepoM 0,1-0,2 MM cnararoT Kaii-
Mbl BOKPYT hnoronuta. IHTepcTULmmM 3anonHaoT
CeprneHTVH, KapboHar.

B aBTOMMTOBLIX KMMOEPANTOBbIX 6peKyn-
AX cofiepXkarcst Menkue (2-3 cm) saepHble 1 6e3bs-
[EepHble aBTONNTbI U UX KONMYECTBO He MpeBblILLa-
eT 3-5 06. % [AnTyxoBa, 1990]. ABTO/UTOBbIE
KUMOEPNTOBbIE BpeKYnKn, cnaratowme TpyoKu
JlyyakaHckoro n Apbl-MacTaxckoro KumbepamnTo-
BbIX MOJIEN, XapaKTepU3yrTCA «ropoLlYaTbiM»
06/MKOM BCNeACTBYE NPUCYTCTBMA MESIKUX aBTo-
NINTOB — FOPOLUUH, KoTOpkle cocTasnaoT 50 % ot
o6Lero o6vema nopogpsl. OHW NpeACTaBNAKOT CO-
60V B 6ONBLUMHCTBE Cy4vaeB NOPQUPOBbIe Bblae-
NEeHNA CepneHTUHN3NPOBAHHOTO O/IMBMHA C PELKU-
MW peIMKTaMm ONIMBMHaA pasmepom 1-2 MM (MHOr-
na 0,5-30-40 MM), OKpY>KeHHbIe Y3KMMK apaHNTO-
BbIMM 060/104KaMN KUMOEP/IMTOBOIO COCTABA.
Pefiko afpamuy fBNSKOTCA 06/I0MOYHbIE 3epHa Mu-
pona, WibMEHWUTa, KIMHO- 1 OPTOMUPOKCEHA U
06/10MKM MeTamMOp(PU30BaHHbIX N3BECTHAKOB,
BK/HOYEHUSA Y/IbTPAOCHOBHOIO COCTaBa. ABTO/IUTO-
Bble 000/104KMN NPeLCTaB/EHbl Me/IKO3ePHUCTbIM
arperaTtom (oronuTa, CeprneHTuHa, Kaabuura ¢
MOCTOSHHON NpUMeCHI0 NepoBckuTa (2-3 %) 1
(heppuwinuHenein (3-5 %). B aBTonnToBbLIX 060-
NOYKaX HEKOTOPbIX TPYOOK HabNHOAAeTCA YETKO
Bblp@XeHHas MUKpPOMTOBas CTPYKTypa. MuKpo-
NATBI MENIMNINTA U Y3KONPU3MATUYeCKMe NNaCTUH-
Kv (hnoronuTa pacnonaratotcs napasniesibHo KoH-
Typy 060104KK. B 60nee KpyrnHbIX aBTONUTaX 3a-
MeTHa MUKponopgupeas CTpyKTypa. Nopdurposble
BblAeNleHna npeAcTaBneHbl ncesgomMopdosamm
cepneHTMHa no onvBMHy. OHM pacnonararTcs
cpeau CepreHTUH-X0pPUT-KapboHaTHOro 6asunca ¢
1306MMeM MEPOBCKMUTA U PYAHbIX MUHEPaNoB.
CBA3ytoLLasA Macca, B KOTOPYH) BK/IKOUYEHbI aBTO/NN-
Tbl, COCTOMT U3 KapboHaTa ¥ CeprieHTHa B pas-
HbIX KonmuecTBax. Kpome TOro, npucyTCTBYIOT
xnoput (10 %) v dpnoronut (5-10 %).

OCO6EHHOCTM XMMMYECKOro cocTaBa
MUHEPasIoB

OnuBuH. o AaHHBIM MUKPO30HAO0BLIX OM-
PefieNleHniA cocTaB ONIMBUHA B KMbGepnnTax [to-
KEHCKOrO MONsi XapaKTepu3ytoT Bapuaumm Koad-
(huLMeHTa MarHesnanbHoCTY B Npefenax Fo,, . v
FO,, ,,- CPaBHeHMe Koa(huLIMeHTa MarHe3NasbHO-
CTW B 3epHax ONMBMHA KUMGEPSUTA U aBTONNTO-
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BOM KMMOGEp/IMTOBOM 6pekynn aHomanmmn 33/63
(puc. 3A) nokasano, 4To MakKCUMyM MarHus npu-
XOLMTCA HA OTHOCUTENBHO KPYMHbIE 3epHa 13 aB-
TONUTOBBLIX KUMBEPNNTOBLIX Bpekymnin. ITa 06-
NacTb COOTBETCTBYET COCTaBaM KCEHOKPUCTa/I0B
O/IMBMHOB U3 KMMOEPUTOB 1 TaMnpounToB [Jlam-
npouTbl..., 1989]. B MOHTUYENNUTOBbIX KMMOEP-
nuTax u anbHeutax (aH. 108/63, 12/63) coctas
O/IMBMHA YKeNe3nCTblii 1 60NbLUMHCTBO TOYEK pac-
nonaraetcs B UHTepsase Mg, ., C MakCUMyMOM
Mg, (puc. 3A).

Takoii ke cocTaB ONMBUHA UMEKT MOHTH-
4eNNNTOBble afibHeUTLI B Apbl-MacTaxckom nosne
[Hvkunwos, 1984]. bonee pasHOO6pa3HbIil cocTas
VIMELOT 3epHa U3 ONUBUH-MOHTUYENIAT-MENUINTO-
BbIX (puc. 3A, aH. 129/63) 1 NMPOKCEHCOAEePXKALLIMX
(aH. 102/63) kmmbepnnToB. MMCTOrpaMMbl MoKa-
3bIBAOT MPUCYTCTBME ABYX reHepaLuii 0MBrHa C
YeTKOW rpaHuLeii pasaena Fo,,. BbicokomarHesu-
a/lbHble Pa3HOCTN XapaKTepu3yoTCs COLePXKaHu-
em (hopcTepuToBO MONeKysbl 94-96 %. N3 nuTe-
paTypHbIX JaHHbIX N3BECTHO, YTO B Y/IbTPAOCHOB-
HbIX NOPOAAaX Pe3ko NpeobnajatoT O/IMBKHLI C CO-
JepXxaHviem opcTepuToBO MoneKy bl 92-93 %,
6onee XenesncTble NX pasHoCTU (86-88 % Fo) co-
[lepykartcs B KaTak/nasnpoBaHHbIX gyHUTax [Boyd,
Nixon, 1978]. Takoi1 e »ene3ncTblil COCTaB NMe-
0T UANOMOP(HBIE KPUCTAN/IbI ONIMBUHA, 06pa3o-
BaHVe KOTOPOro CBA3bIBAKOT C KpUCTanm3aumen
13 KMM6epIMTOBOro pacnsasa [bapatukos, 1988].

NHaukaTopaMu ycnoBuin Kpuctaninsaumm
onvBuHa aBnatoTca npumecn CaO, NiO. Mo gax-
HbIM [Mitchell, Fritz, 1973], dpeHOKpUCTLI ONIMBK-
HOB M MAMOMOP(HbIE KPUCTaN/Ibl OCHOBHOM Mac-
Cbl B OO/BLUMHCTBE C/lyYaeB 30Ha/bHbI M0 COAEp-
aHuto Ni,SiO,, UMetoLLEro TEHAEHLIMIO K yMeHb-
LUEHNIO B MepuUdepmnitHbIX 30Hax. COrnacHo 3Kc-
nepvMeHTa/IbHbIM AaHHbIM [MuHepansl..., 1974]
B cucteme Mg,SiO, - Ni,SiO, npu Kpuctanmsa-
uMm 13 pacnnasa cofep>xaHne Ni KOMMOHeHTa
YBE/IMYMBAETCA MO Harpas/IeHNO K Kpasm Kpuc-
Tanna. Mpadmkmn Bapmaumin cogepxanmin NiO un Ko-
aphuumeHTa MarHesuanbHocTu (puc. 3b) nokasbl-
BalOT pas/ivyve TPeHA0B 3aBUCKMMOCTU AaHHbIX
KOMMOHEHTOB B MeTporpapnyeckmx pasHoOBUAHO-
CTAX KUMOepNUTOB. B 0nMBKH (CeprneHTuH)-(o-
ronuT-nepoBCKMUTOBLIX pasHocTax (puc. 3B, aH.
33/63) copepxaHue HUkens sapbupyeT o1 0,05 o
0,5 Bec. % 1 TpeHA 3aBUCUMOCTU He MPOCIeXM-
BaeTcA. B MOHTUYenMTOBbIX pasHocTax (aH. 37/
63) Ha rpaduke HabnogaeTcs yBennyeHne HuKe-
NA U KO3APhULMEHTA MarHe3naibHOCTH, B TO Bpe-
MS Kak B namnpouTtax 3anagHoii ABCTpasmm OT-
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meyaeTcs o6wmin TpeHs ysenudeHus NiO ¢ FeO
[NamnpounTel..., 1989]. JaHHble koadduumneHTa
XKenesncToCTN U YETKO BbIpaXKeHHad OTpuLaTe lb-
Hast Koppenaums ux c cogepxarmem NiO (puc. 3b)
[0Ka3bIBatOT, YTO OCHOBHAsA Macca O/IMBMHA Kpu-
cTa/M3oBanach 13 pacnnasa 60raToro >ene3om.
OTcyTCTBME KOPPENALMN MarHe3nasibHOCTH
¢ NiO B 3epHax 13 0IMBUH-(IOrONUT-NEPOBCKM-
TOBbIX Pa3HOCTEN N WX >KeNne3ncTbl COCTas CBYU-
[eTeNbCTBYIOT B MO/b3y TOr0, YTO GO/MBLUMHCTBO
3epeH ONMBMHA ABNAKOTCA KCEHOKpUCTanIamu,
TOYHee pennKTamu PIoronUTCogepPXKalmnx LyHu-
TOB. MpUMeECh Kanbuma B ONIMBUHE, MO MHEHUIO
HeKoTopbIX nccnegoateneit [Simkin, Smith, 1970],
CNYXXUT NoKasarenem rnyouHbl KpUcTannmnsalmm.
YCTaHOB/NEHO, YTO NMPUMECH Ka/ibLUWsA B ONVBUHE
YBENNUMBAETCA OT MIYTOHUYECKUX K runabuc-
Ca/ibHbIM Y 3(hhy3MBHBIM MOPOAAM.
CooteeTcTBytOLWMe rpadmku (puc. 3B) un-
NOCTPUPYIOT MOJSIOXKUTENbHbIE KOPPeNnALMn Mar-
He3nasibHOCTU onmBMHa ¢ CaO, MnO B 0ONMBUH-
(hnoronuUT-NepoBCKMTOBLIX KUMbGepnTax. B 6onee
MarHesmanbHbIX 3epHax KoHueHTpauun CaO u
MnO cocTtaBnatoT cooTBeTcTBEHHO 0,4-1,0 1 0,3-
0,5 Bec. %, B MeHee MarHesuabHbixX (Fo, ..) UX
KOHUeHTpauun konebntotcs B npegenax 0-0,25
Bec. %. BHe 3aBMCMMOCTM OT BeMUMHbLI opcTe-
PUTOBOIO KOMMOHEHTA BbIAENATCA KaK HNU3KOTU-
TaHWUCTbIE, HM3KOXpomucTble (o 0,1 Bec. %) onu-
BWHBbI, TaK 1 3epHa c 6osee Bbicokum (0,2-0,4 Bec.
%) cofep)XaHneM 3TUX 371eMeHTOB 10 JaHHbIM
KO.IM. bapatukosa [1988] HavMeHbLLUNIA pa3bpoc
3HaueHuin Cr,0, 1 CaO 1MeOT KCEHOKPUCTbI 0NK-
BWHA, B TO BPEMSA KaK B (DEHOKPUCTAX N MUKPO-
KpucTannax HabnofalTcs 3HaYuTeNbHbIEe Bapua-
LMW 3HAYEeHWUIA 3TUX 3M1eMEHTOB. B cooTBeTCTBUU
C 3TUMM [aHHLIMK, MOXHO NMPELNoNoXnUTbL 6onee
BbICOKYO CTEMeHb COXPaHHOCTU KCEHOKpUCTasl-
NOB O/IMBMHA B KUMGEp/InTax OfIMBUH-(IOrONnT-
MepoOBCKMTOBOrO coCTaBa. B MOHTUYENINTOBbIX
Pa3HOBUAHOCTAX MPeobnafatoT PEeHOKPUCTLI 0/n-
BMHA, KPUCTaNNM3YIOLLMECs 13 KMMOGEPIUTOBOM
MarmMbl. B ONIMBUH-MOHTUYENIUT-MENNIONTOBBIX
KMMOEPNNTAX KCEHOKPUCTBI U (DEHOKPUCTLI NpK-
CYTCTBYIOT NMPUMEPHO B PaBHbIX KO/IMYECTBAX.
®noronuT. BONBLUNHCTBO NIACTUHOK (/10-
ronMTa XapakTepusyroTca NepeMeHHbIM COAepXa-
Huem FeO, TiO, (3-6 Bec. %) Npu NOCTOAHHO Bbl-
COKMX 3HAYeHWAX MHo3emMa. 'mctorpaMmmel Bapy-
aumin marHesnansHocTn (puc. 4A) nNokasbiBatoT
YeTKMe pas3inuma cocTasa Cog U3 neTporpagu-
YeCKMX pasHoCTel KuMbepnnToB. Bbicokue Ben-
YMHBI KO3PULMEHTA MarHe3VNabHOCTY OT/INYa-
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tOT CNFOAbI U3 MENUIUTCOAEPXKALLMX KMMOEPIMTOB
(aH. 129/63), MOHTUYENNIUTOBLIX a/lbHEUTOB (aH.
12/63) 1 ceprieHTUH (0NNBWH)-(DIOrONUT-MOHTU-
4eNINNTOBLIX KMbepnnTos (aH. 108/63). Mpagu-
KU 3aBUCMMOCTU KO3(h(hMLMeHTa MarHe3mabHOC-
™ n ALO,, TiO, (puc. 4b,B) nokasbiBaloT, 4TO
CMoAbl B 3TUX MOpoAax BbICOKOTUTAHUCTbIE C
BbICOKUM COflepXXaHneM rnunHo3semMa. XKenesucrble
thnoronutel (80-88 %) C HU3KUM cofep>KaHnem
TiO, npeobnafatoT B CeprneHTUH-POronnT-Kap6o-
HaTHbIX (aH. 72/63, 45/63, 199/63) n cepneHTnH-
KapboHaT-anatuToBbIX (aH. 58/87) pasHOCTSX.
Bonee yeTkue pasnnumsa XMMUYECKOro cocTasa
OTMeuyeHbl AN (hnoronuta pasinyHbIX MNosen.
JKenesucTtble cnofbl 3a)MKCUPOBaHbI B CEPEH-
TUH-(PIOroNUT-KapboHaTHLIX KuMbepnuTax, cna-
ratowyx aHomanuto 10/49 JlyuyakaHCcKoro Kumbep-
NUTOBOrO nons. Ha rpatmkax Bapmawmin Koagdhu-
LieHTa MarHesumanbHocTn u AL O,, TiO, (puc. 4b)
(hioronuTbl JTy4akaHCKOro nosis BbIAENAHTCA HU3-
KUM COofiep>kaHneM rnyHo3eMa 1 TutaHa. OcobeH-
HOCTW cocTaBa (pioronmTa 13 onMBUH-IOroNmUT-
MEepOBCKUTOBbLIX KUMOEPIMTOB, CNararoLmx aHo-
manuto 104/91 Apbl-MacTaxckoro nons, ornpeje-
NAKTCH HAIMYNEM XKENE3UCTBIX Y MarHe3naibHbIX
TUNOB C BE/IMYNHON NPEPLIBUCTOCTU U3MEHEHUS
KoaphuLmeHTa marHesnansHocT 4 % (puc. 4A).
UeTkas rpaHuua Mexzay marHesvasnbHbIMU 1 XKe-
Ne3nCTbIMK CoCTaBaMu MPOXOAUT MO BENNYUHE
Fo,,. Bblaensemble pasHOCTW OT/IMYAKOTCS KOHLIEH-
Tpauuammn TUTaHa, Xxpoma n mMapradua. CooTseT-
cTBytoLme rpatmku (puc. 4B) nokasbiBatoT 60/ee
BbICOKME KOHLIEHTPaLMN XpOMa B OfIMBUH-MOHTU-
YeNIUT-MENUINTOBbIX KUMOEpPITax 1 OTCYTCTBUE
B3aMMOCB3ei B COflepXKaHnM Xenesa 1 MapraHua.
3 nuTepaTypHbIX LaHHbIX U3BECTHO, YTO KpUC-
Ta/INM3aums gaoronmTa MOXeT NMPOUCXOANTL MpY
BbICOKUX [aB/IEHNSAX KaK W3 pacnniasa, HacblLLeH-
HOTrO Ka/micofepxaliumM (aomaom, Tak 1 B pe-
3ynbTare B3avMOZAENCTBYS 3TOrO pacnniasa C runo-
reHHbIMW MUHepanamu. LLIMpokuii uanasoH co-
cTasa (pioronuTa B 0/IMBUH-(IOTONUT-MENUATO-
BbIX KMM6epnutax 06yCnoB/IEH MPUCYTCTBUEM
60/ee MarHesuasibHbIX KCEHOKPUCTaNN0B 1 bonee
XKENEe3NCTbIX NNACTUHOK 2-1 reHepaumn, Kpuctan-
NN3aumMa KOTOPbIX MPOUCXOAWNA U3 KUMOEPINTO-
BOro pacnsaBa. bonee BbICOKas Xene3nctocTb
thnoronuta JlyyakaHckoro u Apbl-MacTaxckoro
none, BeposATHO, 06yC/I0BNEHa NpeobnajaHnem
(hrioronnTa 2 reHepauuu, obpasoBaHne KOToporo
MPOUCXOAWMO Kak M3 KMMOep/IMTOBOrO pacrniasa
(KoathdhmumeHT marHesvnansHocTn 82-86 %), Tak
1 B pe3y/ibTate npoLiecca BO3AeNCTBMA (tongHo
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Puic. 4. TucTorpammbl pacnpesenieHns MarHesuanbHocTu (A) v rpadimkin koppenauuii ALQO,, TiO,,

Cr,0,, MnO n 100Mg/Mg+Fe B cntogax 13 KUMbepsMToB [ItoKeHCKOro, Apbl-MacTaxckoro v ﬂyqa-
KaHckoro nonei (b, B).

YcnoBHble 0603Ha4eHWA NeTporpadnyecknx pasHOBUAHOCTEN KUMBEPIUTOB:

B: 1 — cepneHTWH (0NMBUH)-(IOrONMUT-NEPOBCKUTOBBIE (aH. 72/63, 06p.72631, [iloKeHCKoe nosne); 2 — cep-
NEHTWH (ONIMBUH)-hNOrONUT-KapoboHaTHbIE (aH. 72/63, 06p. 72634-2, [llokeHCOoe None); 3 — OIMBUH (CEPEHTUH)-
MOHTUYenmT-noronmtoBble (aH. 108/63, 06p. 108635, [okeHckoe none); 4 — KapboHaT-hIoronuT (XNopuT)-
anatuToBble (aH. 58/89, 06p. 588711, [ilokeHCKOe None); 5 — CEPNEHTMH (ONMBMH)-IOrONUT-Kap6oHaTHbIE (aH.
10/49, o6p. 104914, JlyyakaHCcKoe Mofe).

B: 1 — cepneHTUH (0NMBWH)-(DIOronuT-Kap6boHaTHOro (aH. 72/63, 06p. 72634, [llokeHCKoe None); 2 — onu-
BUH (CEPNEHTUH)-MOHTUYENNMT-MenunmToBble (aH. 104/91, Apbl-MacTaxckoe nosne); 3 — 0UBUH-OIOroNnUT-Me-
nnnuToBble (aH. 129/63, JlyyakaHCKoe nose); 4 — CeprneHTUH (ONMBWH)-(aoronuT-kapboHaTtHble (aH. 45/63, Jly-
YyakaHCKoe Nosne); 5 — 0NMBUH (CepNEHTWH)-MOHTUYeNIUT-pnoronutosble (aH. 108/63, [lokeHCKoe none).
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(hasbl, LLIMPOKO MPOABNEHHOrO B 3aTMX nonax. OT-
Nn4mnTeNbHblE 0COBEHHOCTM (noronuta mMeTaco-
MaTUYeCKOro reHesunca — BbICOKas XenesncTocTb,
HO HW3KWE COLepXXaHWs rMMHO3eMa U TUTaHa.

PyaHble MUHepanbl B KUMGepauTax npeg-
CTaB/IEHbl MEPOBCKUTOM, WUbMEHUTOM, (eppuLL-
NUHENAMN 1 XpoMwnuHenugamu. OHU UMeKoT
LUMPOKOe pacnpocTpaHeHne B OCHOBHOM macce,
rae obpasyroT 060C06/1eHHbIE 3epHA Pa3INYHON
CTerneHn nanomoppmama, pasmepbl KOTOPbIX He
npesbiwatoT 0,1 MM, 4acTo 06pasytoT CPOCTKU C
WNbMEHUTOM, 06PaM/IAKOT 3epHa OIMBMHA U ABNS-
tOTCA BK/IOUEHVAMW B OIMBUHE U hnoronuTe.

XapaKTepHO 0CO6EHHOCTLIO M3YUYEHHbIX
KUMOepNNTOB [JHOKEHCKOro 1 Apbl-MacTaxckoro
Mosei ABNAETCA LUMPOKOe pacnpocTpaHeHue dep-
puwinuHeneil. OHW UMET 3HauMTe/bHbIE Koneba-
HVA cogepxaHunii CaO, TiO,, ALO,, Ho npuvep-
HO oguHakoBble MgO, FeO, MnO, NiO. B ux co-
CTaBe BCNEACTBUE OYEHb LLUMPOKO MPOSB/IEHHOIO
n3omMopr3Ma KaTMoHOB B BUAE TBEPAbIX PaCcTBO-
POB NPUCYTCTBYIOT WiNuHenn MgAlO,, marHesun-
ocpepputbl (MgFe,0,), marHeTuT (FeFe,O,) 1 ynb-
BowwnuHenu (Fe,TiO,). 3amellieHe TPEXBANIEHT-
HbIX KaTUOHOB COMMXKAET aIlOMOLLINMHENN C (ep-
PULLNVHENAMA U XPOMLUMUHENUAAMMN.

B 13yyeHHbIX MeTporpafuyecknx pasHo-
BUAHOCTAX KUMOGEPNNTOB B COCTaBe TBEPAbIX pa-
CTBOPOB (heppuLLINUHeNel NpeobnafatoT Y/bB/LL-
MUHEeNN U MarHesnoeppuTbl. VX cogepykaHue
BapbupyeT oT 30 A0 46 mon. % (puc. 5A). Cogep-
YKaHue LUNNHENIEBOr0 KOMMOHEHTA U3MEHSAETCS OT
10 go 16 mon. %. BennunHa MarHeTUTOBOrO MUHa-
na Konebnetcs B npegenax 2-4 nam 10-15 mon. %.

B 0/MBUH-(PNOronnT-nepoBCKUTOBBIX pas-
HOCTAX MarHeTUT NPakTU4Yecku oTcyTCTByeT. OT-
NINYNTENbHOW 0COBEHHOCTHIO AaHHON pa3HOBUA-
HOCTV KUMOEP/IMTOB AB/ISETCA NPUCYTCTBYE MUHA-
na wnuHenu B konnyectee 10-12 mon. %. Mpu-
MEPHO TaKOe >Xe COOTHOLLEHWE KOMIMOHEHTOB (hep-
PULLINUHENeA 0TMeYaeTcs M A1 MOHTUYENINTO-
BbIX pasHOCTel. B 0TAenbHbIX 06pasuax cogepxa-
HWe MUHana WnuHenn coctasnset 20-22 %, npu
3TOM KO/IMYECTBO MarHe3vopeppuTa yMeHbLLaeT-
cs g0 23-27 %. B cocTaBe (heppulLnuHeneii 13
CeprneHTUH-(IOroNUT-KapOoHATHBIX KUMGEPIUTOB
BE/IMYMHA MarHeTMTOBOr0 MUHasa COCTaBNAET He
meHee 10-12 mon. % npwn OTCYTCTBUM LLINUHENN.
MakcrmansHoe ero cogepxxaHue — 15-20, a B 0T1-
JenbHbIX 06pasuax — fo 40 mon. %, 3adukcupo-
BaHO B (DEPPULLINUHENAX M3 KapboHaT-(h1oronuT-
anaTuToBbIX KuMbepnnToB. CofepxkaHue LnuHe-
NN B HUX cocTasnset 2-3 %.
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Mpadmky Koppenaumii KoaghpuLMeHTOB xe-
Ne3nCTOCTN U TUTAHUCTOCTU (heppuLLNUHEneit
noATBEPXKAAKT O/IM3KMIA cOCTaB ONIMBUH-(IOrO-
MUT-MEPOBCKMUTOBBIX M MOHTWUYE/ITOBbIX Pa3HO-
CTei 1 oTnYne KapboHATM3NPOBAHHbIX KUM6Gep-
NINTOB CePNEHTUH-(I0ronnUT-KapboHATHOrO 1 Ccep-
NeHTUH-KapboHaT-anaTUToBOro coctasa (puc. 5b).
B aToM psAgy nopog npocnexuBaeTca TeHAeHUmMA
YBENMYEHUA 3aKMCHOTO XXefe3a U YMeHbLUeHNs
TUTAHUCTOCTM B cOCTaBe (eppuLLnuHeneid. Mpu-
YMHOMI YBE/IMYEHUS MarHeTUTOBOI COCTaBNSAOLLEl
(heppuLLINMHENei B KapboHaTU3NMPOBaHHBIX PasHO-
CTAX KMOepnunTa AB/ISeTCA BO3pacTaHue napuu-
aNbHOro JaeneHus kucnopoga [Masnos, Peseppar-
T0, 1965]. O6oraLyeHve nocTMarMaTu4eckKmnx pa-
CTBOPOB KMC/I0POAOM, MO MHEHWIO aBTOPOB, MOBbI-
LIAET UX LLENOYHOCTb U NMPUBOAMT K BO3pacTaHWIo
aKTMBHOCTW TPEXBA/IEHTHOI0 Xe/e3a 1 MarHus.

MeTpoxmMm4yeckme 0Co6eHHOCTU
nopos KMmbepiMToBon thopmaumm

KnmbepnuTbl, cnararoLpe aHoMany nosnei
KyOHanckoi 30Hbl, N0 CPaBHEHWUIO C KUMBEepIMTO-
BbIMU BPEKYMAMM KXKHBIX MOSel AKYTCKOM npo-
BUHLMMN XapaKTepu3yoTcs NoBbILLEHHbIMU COAep-
YXKaHUAMUN OKCUJ0B TUTaHa, Kaulns, dKenesa U Kaslb-
uma. Bo Bcex TMnax nopog oTMeyaeTcs OTHOCU-
Te/IbHO BbICOKOE coaepxaHue P,O,, KOonM4ecTso
KOTOpPOro Koppenupyetcsa ¢ cogepxaHnem CaO.
OTHOCKTENbHO MOBbILLEHHOE coAepXkaHue Na,O
(oo 0,8 mac. %) xapakTepusyeT cOCTaB MeNIUT-
CofepXKaLLMX pa3HOCTel, MMEOLLMX criopagnyec-
Koe pacrpocTpaHeHme (Tabsn. 1). AflbHeUTbI OT/IN-
4aroTca OT KUMGepnuToB 60osee BbICOKUM Cofep-
aHuem SiO,, Fe,O,, Ho 60/1ee HU3KUMW 3Ha4EHN-
AMU NETYyUMX KOMMNOHeHToB — CO,, H,O (Tabn. 2).

XvMunyeckmne 0CobeHHOCTU KUMOEPINTOB
pa3/IMYHbIX MOJENR NNKOCTPUPYIOT AnarpamMbl 3a-
BUCMMOCTM OKCWAO0B OT KO3P(ULMEHTa MarHe3u-
anbHocTU: 100MgO/(MgO+FeO+Fe,0,). Bennun-
Ha AaHHOr0 OTHOLLEHMA AN BCEX NOPOA Bapbupy-
et o1 45 po 75 (puc. 6).

BbIcOKMe ero 3Ha4YeH1s onpeaenstoTcs npe-
06/131at0LLLMM COfepXKaHNEM 3epeH ONMBUHA, HU3-
Kue — XapaKTepHbl 415 UHTEHCUBHO M3MEHEHHbIX
KuMbepnnToB. CTeneHb kapboHaTM3aL MM OTpaXKa-
toT TpeHabl koppenauun Cao, CO,, Fe,0O,, PO,
MgO, FeO, H,0, Na,0 ¢ BennunHoii koadpmLm-
eHTa MarHesunasbHOCTU. B 06/1aCTV BbICOKMX 3Ha-
yeHuit Si0,, TiO,, K,O pacnonaratotcs TO4Km co-
cTaBa KMMOGEPNUTOB M anbHENTOB [HOKEHCKOrO,
NyyakaHckoro nonei. VIHTEHCMBHO U3MEHEHHbIe



3.A. Antyxosa, A.W. 3aiiues

A AH. 108/63 AH. 199/63
100 1 . 100
i
801 80 N
60- 60
404 40
20- 201
0 0
AH. 129/63 AH. 33/63
SO
S
AH. 72/63 AH. 103/63
100 T 100 T
80 801
60 60
40 40
20 201
0 0
1 3 M4 5
b
1,7 1 A A
O
=124 A ©
iy u
&
0,7 - [
X X Xx >2$y>2<< M
0,2 1 T T 1 I
0,4 0,5 0,6 0,7 0,8
Fe*I(Fe*"+Mg)

61 02 A3 X4 A5 O6 R7

Puc. 5. inarpaMMbl COOTHOLLEHUIA MUHANOB (A) 1 Bapuaummn koahguumneHTos Fe?/(Fe?*+Mg) —
Fe**+Ti (b) heppunLnvHenein B neTporpapuyecknx pasHOBUAHOCTAX KUMOEPINTOB U albHEUTOB [to-
KeHCKoro, JlyyakaHckoro 1 Apbl-MacTaxckoro nosnei.

A: MuHanbl: 1 — ynbBOWMNMWHENb;, 2 — MarHETUT; 3 — LUNWHeNb; 4 — MarHesnogepput; 5 — skobeut; 6 —

MarremuT.

B: MeTporpaduueckre pasHOBUAHOCTU KUMBepPAUTOB: 1 — 0NIMBUH-(NOronnT-nepoBckunToBble (aH. 33/63);
2, 5 — 0NMBMH-MOHTHYENANT-(hnoronuToBble (aH. 103/63, 108/63); 3, 7 — cepneHTUH-PNOronnT-KapboHaTHbIE (aH.
72/63, 199/63); 4 — KapboHaT-anaTuT-MarHeTUTOBbIE (aH. 58/87); 6 — ONIMBMH-HIOrONNUT-MENUNTOBBIE (aH. 129/63).
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OCOBEHHOCTW BELWWECTBEHHOIO COCTABA V1 BO3PACT
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Puc. 6. Bapuauum 0CHOBHbIX OKCWUIOB B 3aBMCUMOCTM OT BEIMUUHBLI OTHOLLEHMS 100MgO/
(MgO+FeO+Fe,0,) B kumbepnmtax [tokeHcKoro (1), JlydakaHcKoro (2), BUpUruHanHekoro (3) 1 Apbi-
MacTaxckoro (4) nonei.
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3.A. Antyxosa, A.W. 3aiiues

KUM6epnTbl Apbl-MacTaxckoro nons otiMyaeT
BbICOKOE COAep>KaHue M1HO3eMa, OKMCHOrO >Ke-
nesa un Huskoe — Na,O u P,O,. 3aKOHOMEPHOCTY
pacrpeeneHuns rnasHbIX OKCUA0B ABUICL OCHO-
BaHVEM [/11 pacyeTa MHAeKCa KaJMeBon creuma-
nmsauumn nopog K,0/Na,O u SiO,/MgO, 6onee
KOHTPACTHO OTpakatoLmX 3h(heKT BbiLLea4ymBa-
HUA Kanns 1 Npeobpas3oBaHns NepBUYHBIX MOPOS,
(puc. 7). Ha rpathmke COOTHOLLEHWIA AaHHbIX KO-
3(PULMEHTOB TOUKM COCTaBa KUMBEPIUTOBBIX MO-
pog, 06pasytoT BbITAHYTOE MOJIe B Npeaenax nHTep-
Bafa M3MeHeHus koaduumenTa SiO,/MgO ot
0,75 0o 2. BennunHa Kannesoi cneunanmsalmnm
(K,0/Na,O) kone6netca ot 1 o 30 (puc. 7A).
BOMbLIMHCTBO TOYEK cocTaBa KumbepnmTos [to-
KEHCKOro Mosisi UMEKOT LUMPOKUIA pa3bpoc 3Hade-
HW1 3TOro KoaumumeHTaoT 5 fo 30. Ans Knumbep-
nnToB Apbl-MacTaxckoro, JlyyakaHCKoro nosnei
BeNMYMHA AaHHOro MHAEKCa n3meHsetcs ot 0 go
10. Bapuauuu cogepxanuin K0, MgO, CaO, a
TaKXKe NeTy4ynmx KOMMOHEHTOB B KUMOGepmMTax v
albHenTax OnpefenatTCs HepaBHOMEPHLIM pac-
npeseneHneM nopoAoodpasyroLmnx MUHEPasoB 1
pas/IMYHON CTeneHbo KapboHaTusauun. Ha rpa-
(nke koppensauum KO ¢ MgO (puc. 7b) ueTko
BbIeNATCA 061aCTU COCTABOB NeTporpagpuyec-
KMX PasHOCTEN C pa3fIMyHbIM cofepXkaHnem qro-
ronuTa, O/IMBMHA, CeprneHTUHa 1 kapboHara. MeT-
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POXMMUYECKME OCOBEHHOCTWN CEpPrneHTUH (onn-
BWH)-(h10rONUT-NEPOBCKUTOBbLIX KUMOGEPNTOB
(NepBMYHO-MarMaTU4eCcKmX accoLmaLmii) xapakTe-
PU3YHOTCA KaK MakCUMaslbHO BbICOKWUM, TaK U HU3-
kum cogepxkaHnem K,O, Npy BbICOKMX 3HAYEHUAX
MgO, TiO,, 1 136bITO4HON, N0 cpaBHeHuto ¢ CO,,
OKMCbO Kanbuma (none 1). Knumbepnntsl Kap6o-
HaT (CepneHTuH)-thnoronuT (X10pUT)-anaTnToBO-
ro coctasa (rnone 4) Takxke UMEOT LUNPOKMIA pas-
6poc 3HaueHnin K,O, HO NPy HU3KMX BENMYMHAX
MgO. MOHTUYENNNTOBbIE KUMOEPIUTLI XapaKTe-
PU3YHOTCA M3MEHUMNBOCTBIO coAepxxaHnsa K,O u
Y3KVMM AMana3oHoM 3Ha4YeHW MarHe3naibHOCTK.
OC06eHHOCTBIO MX XMMUYECKOro COCTaBa B/IseT-
Csl BbICOKOE cogepxkaHue CaO npu HU3KUX 3HaYe-
HUAX YINeK1cnoTol (none 2). Ha anarpamme SiO,,
MgO u CaO (puc. 8) OTUETINBO BbIAENAOTCA
BbICOKOMarHe3uasbHble 06/1acTh, oTpaxaroLme
O/IMBUWH (CeprneHTUH)-PNOronuT-NnepoBCKNTOBbIE U
CEeprneHTUH (ONMBUH)-MOHTUYENINT-(DIOrONNTO-
Bble COCTaBbl KMMGEPNUTOB [JFOKEHCKOrO MNONS.
®urypaTuBHble TOYKN ONUBUH-(NOTOMUTOBBIX
NaMnpouTOB B COCTaBe Ten Apraiin n dnneHgeinn
3anagHoint AscTpanuu [JlamnpowuTsl..., 1989],
pacnonarascb B 06/1aCTV BbICOKMUX 3HAYeHWUN
OKCUAa MarHus, CMeLlalTca B CTOPOHY yBenu-
YeHMA KpeMHuUcTocTU. KapboHaTt-thrioronmT-ana-
TUTOBbIE KUMBEPINTBI [IHOKEHCKOrO, JTy4akaHCKO-

MgO

Puc. 7. Mpacmku Koppensauum Koadduumentos SiO,/MgO — K,O/Na,0 (A) n KO — MgO (b) B

neTporpaguyecknx pasHOBUAHOCTAX KMMOepInToB [toKeHCKOro, Apbl-MacTaxckoro nonei B cpaBHe-
HWK C lamnponTamy ABCTpa/IuM 1 KapboHaTUTaMu.

Pa3HOBMAHOCTU KMMOepPnMTOB. [loKeHCKoe none: 1 — onvBUH (CEpPreHTUH)-(I0rONMUT-NepoBC-
KUTOBbIE; 2 — CEPreHTUH (ONIMBUH)-MOHTUYENAT- (DIOTOMNUTOBbLIE; 3 — CEPrEeHTUH (ONMBMH)-(Ioro-
nuT-KapboHaTHbIe; 4 — KapboHar(CepneHTVH)-(IoronuT-anaTuTosble. Apbl-MacTaxckoe rnone: 5 — onm-
BUH (CepneHTMH)-(IoronnT-nepoBCKMTOBbLIE; 6 — CepNEHTUH-(0NMBUH)-MOHTUYENUT-(DIOrOMNUTOBbIE;
7 — KapboHaT (CepneHTUH)-oronuT (XNI0PUT)-anaTUToBbIE; 8 — MOHTUYEN/IUTOBLIE aNlbHEUTLI 9 —
namnpouTbl TPy6oK Apraiin, aenaHg [JlamnpouTsl..., 1989]; 10 — kapboHaTuTbl [MapLumHLes, 1974].
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m 1
e 2
A 3
O 4
A s
50,
KumbGepntime a, Kumbeprnumosnie
uaaneumti/-‘ .1'-\ (?'peKquu
30 0.
e KA
Tamnpoums \“A Ka;p60Hamumbl
J v
10 30 50 70 90 30 50 70 90
Sio, CaOo CaO+MgO+FeO H,+CO,+n.n.n.
+Fe,0,+TiO,

Puc. 8. Kumbepnutbl rokeHckoro (1), JlydakaHckoro (2), Apbl-MacTaxckoro (3), bupuruHaunii-
cKoro (4), v Monurait-Ctapas (5) noneit Ha gnarpamme SiO,~MgO-CaO (A) 1 auarpamme Xonwmca (B).

ro n Apbl-MacTaxckoro nosei n KapboHaTuTbl,
n3yyeHHble B.K. MapmHuesbiM [1974], o6pasy-
tOT MONA TOYEK C BbICOKMM COAEpXaHUeM Kaslb-
ums. TOYKM cocTaBa MOHTUYENIUTOBLIX Pa3HOC-
Ten KMMOEepNNTOB 3aHMMAKOT NMPOMEXYTOUHYHO
061acTb M MMEKT MOCTemNeHHbIe Nepexofbl Kak ¢
O/IMBWH-(/I0rONUT-NEPOBCKUTOBBLIMU Pa3HOCTAMM,
Tak M C KapboHat (ceprneHTuH)-goronut (Xno-
pwvT)-anaTuToBbIMU.

Ha gnarpamme Xonmca coctasbl Kumbep-
NIATOBbIX NMOPOA, M3yYeHHbIX nonei (puc. 8b) xa-
PaKTepU3ytTCA Y3KUM AManasoHoM KosebaHui
(heMNYECKNX KOMMOHEHTOB ¥ HU3KUM COLepXaHu-
eM NIeTy4ymx KOMMOHEHTOB. TOYKM cocTaBa Kap-
GOHATM3MPOBAHHbIX KMMOEP/INTOB TakXKe CMeLLe-
Hbl K 06/1aCT/ UHTPY3UBHbIX KapbOoHATUTOB, a pac-
MOJIOXKEHWEe (UTYPaATUBHBIX TOUEK OfIMBUH-(/IOrO0-
MUTOBbIX /TAMNPOUTOB U KUMOEPNUTOB OTpaXkaeT
CXOACTBO X XMMWNYECKOro COCTaBa.

TakvM 06pa3om, NeTpoXmmmyeckKune oco-
GeHHOCTV KUMbepnmnToB KyoHanckoro paioHa on-
PefenarTCAa YETKUM pasnnymemMm XMMUYECKOro
COCTaBa MepB1YHO MarMaTUyecKnx accouuauunii u
6onee NO3AHMX MeTacomaTuyeckux. MpueeseH-
Hble BbILLIE NETPOXMMMUYECKME AMarpaMmbl Noka-
3bIBAIOT KOMarMaTu4yHOCTb a/lbHEUTOB, KUM6Gep-
NINTOB, KapPOOHATUTOB U FeHETUYECKOe CXOLCTBO
KUMOEPAUTOB M NaMMpPOUTOB ONMBUH-CDIOrONNT-
MepoBCKM1TOBOIO COCTaBa.
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Bo3pacT KnmbepnmMToBbIX NOPOL
KyoHancKoi 30HbI

MeToaunka onpegeneHus Rb-Sr n3oTonHo-
ro BospacTa. [latmposaHue K1MOepMToB 130TOn-
HbIMW MeToAaMWn MpeacTaBnseT OnpefeseHHYO
C/TIOXKHOCTb, 00YCNOB/IEHHYIO WX BeLLeCTBEHHO
HEOLHOPOAHOCTLI0. ITU NOPOAbl NPeACTaBNAT
COOOM reTeporeHHy CMecb PeCTUTOBBIX, NPOTO-
MarmaTu4eckmnx 1 KCeHOreHHbIX MUHEPasioB pas-
HOrO reHesunca 1 Bo3pacTa, a Takxe nosgHemarma-
TUYECKMX MUHEPASIOB, Caratolwmnx CBA3YHOLLYHO
matpuuy. 3 HUX TOMbKO NO3AHEeMarMaTuyecKuii
MWUHEpPanbHbIA KOMMNAEKC Hanbonee KOPPEKTHO
(hMKCUpYET peasibHblii BO3pacT AaTUpyeMbIX Te.
B ceasytouwleri matprue (CM) KumbepnmnToBbIX
nopoj, eMHCTBEHHbIM MWUHEpanoM, NPUrogHbLIM
Aans Rb-Sr meToga onpeseneHns Bo3pacTa, ABs-
eTCS MUKPO/IMTOBLINA (h1OronuT, BblAeNeHNe KOTo-
poro n3 CM [ocCTaTouHO TPYLOEMKO U C/IOXKHO.
Moatomy ana Rb-Sr gatmpoBaHUs KMM6epAUTOB
Hamy MCNo/b30BaHbl BasioBble NPobbl CM, gaH-
Hble MO KOTOPbIM OTHOCATCA K KaTeropmm «nopoa-
HbIX BHYTPEHHMX M30XPOH». [ns aHanm3a Rb-Sr
cuctembl CM KnuM6epnnToB 0T6upanmch Nnilib
CBEXMe KMMOepNUTOBbIE NOPOAbI, 6e3 NPU3HAKOB
BUAVMMOI TUMNEepreHHoN, rmapoTepManbHOi, MeTa-
COMaTUYeCKO NpopaboTkK, a 418 faTpPoBaHNS -
06pasLibl ¢ cofepxaHmem B HUX 6onee 1 % K0,



3.A. Antyxosa, A.W. 3aiiues

(6onee 1 % cntogbl) n 6onee 10 %, kapboHaTOB.
Copep>xaHue NepoBCKUTOB B NMOPOAE HE [O/MKHO
npesbIwaTs 2-3 %. OLHOBPEMEHHO 19 KOPPEKT-
HOM MHTepNpeTaLymn pe3y/bTaTtoB U30TOMHOIO BO3-
pacta ¢ Kaxgoro obpasua oTovpanuchk paxumm
AN19 U3yYeHNs NeTpoXMMMUYeCKOro cocTasa, Ko-
NINYECTBEHHOIO COLEPXKaHNA MHANKATOPHbIX a/e-
MEHTOB rpynnbl Fe, cogep>kaHus (POHOBbIX 3fe-
MEHTOB CMeKTpasibHbIM aHaIM30M, (Pa3oBoro (Mu-
HepanbHOro) coctaBa MeTOAOM PEHTrEHOBCKOM
AndpakToMeTpun.

MoarotoBka CM KMMGepnToB A1 U30TOM-
HOro aHasm3a NpPoBOAMNIOCH MO MeToauKe [Bpax-
(horensb, Kosanbckuia, 1978] ¢ yganeHuem us o6-
pa3LOB KCEHOreHHOro Marepuasna u 3epeH Kpyn-
Hee 0,3 mMm. Rb-Sr cuctembl CM KnM6epnunTos
n3yyanuchb gugdepeHLMpoBaHHO: MO Bal10BOMY
coctasy CM, no cunmkatHoin (C®) n kapboHart-
Hoi (K®P) hpakumsm matpuubl. PasgeneHve 06-
pasLa Ha CUIMKATHYI 1 KapboHaTHYH0 (pakumm
OCYLLeCTB/IAIOCH C NPUMEHEHVEM MATKOW KMUCNOT-
Hoi 06paboTkm [3aiues v ap., 1992]. 310 Nno3Bo-
NANo n3mepsaTb napameTpbl Rb-Sr cuctem He me-
Hee TpeX a/IMKBOT 0bpasLia 1 faTmposaTb 0bpasel,
METOLOM BHYTPEHHEN N30XPOHBI. 30TOMHbIN CO-
CTaB CTPOHLMA 06pa3L0B ONpejenscs Ha Macc-
crnektpomeTpe MIN-1201-T 6e3 fo6aBNeHNA HANW-
KaTopa, a u3vepeHue ¢ ogepxaHuii Rb n Sr npo-
BOAWIOCb METOAOM ABOMHOMO M30TOMHOIO pa3bas-
neHwvs [3aiues v gp., 1992]. BHyTpeHHsAs norpeLu-
HOCTb M3MepeHNs OTHOLLEHNS &7Sr/%Sr He npeBbI-
waet 0,03, npu BOCNPON3BOANMOCTI Napasiesb-
HbIX onpefeneHunii cogepxaHunii Rb, Sr n 8 Sr/eSr
He xy>e 0,52, 0,50 n 0,035 % COOTBETCTBEHHO.

HecMOTpsa Ha JOCTaTOYHYIO aHasMTUYec-
Ky TOYHOCTb MOMYYEHHbIX AAaTUPOBOK, B psfe
CNy4yaeB OTMeYatoTCs BapuaLum Nx 3Ha4eHuiA, Be-
POSITHO B CBA3N C TEOXUMWUYECKUMU OCOBEHHOC-
TAMUW MOBEAEHUA U30TOMHOW CUCTEMbI NPU pas-
JMYHBIX TE0NIOrNYecKNX npoueccax. Moatomy
M30TOMHbIE 4aTbl HAMW UCMO/b30BaHbI B KOMIM/IEK-
Ce C BO3PACTHbIMW Fe0/I0rMyYeCKUMI SaHHbIMU.

130T onHasi reoXpoHO/orms
KUMOEPINTOB KyOHaMNCKOiA 30HbI

B pe3ynbTaTe cMCTEMATUYECKMX ONpeaene-
HUIA Pa3NIMYHBIMK METOaMV 130TOMHOIO BO3pac-
Ta KUMGEPNNTOBLIX MOPOA, Ha CEBEPO-BOCTOKE
Cm6MpCKoii NNaT(hopmbl YCTAHOBNEHO MPOSIBNEHE
MSTV 3M0X KUMGEP/IMTOBOIO MarmMaTiaMa: cpeaHe-
naneosoiickas, paHHeMe3030lickas (TpuacoBas),
no3aHetopcKas, MenoBas 1 NaneoreHosas. dTo
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HaMHOr0 PacLUMPKI0 BO3PACTHOW AManasoH npo-
SIB/IEHWA KMMOEepNUTOBOro Marmaru3ma B npeje-
nax KyoHanckoi 30Hbl, KOTOpbIA N0 reonoruyec-
KM [aHHbIM BHayane [aTMpoBasica Kak nepmo-
TPUacoBbIin 1 cpegHetopckuii [bpaxdgorens, 1984],
W NULLb NO34Hee 415 paja Ten BUpurnHAMHCKOro
MoNs Ha OCHOBE NaJIMOHONOMMYEeCKNX HaxoLoK
OblN yCTAHOB/IEH NO34HEMEIOBOI M NaeoreHoBbI
Bo3pacT [Kosanbckas v gp., 1995]. HekoTopekle 13
3TUX Tef BblAn faTUPOBaHbI PasHbIMU U30TOMHbI-
MW MeTofaMmn 1 B pasHblX flaboparopusax mupa,
4TO MO3BO/I/IO OLEHWUTb CTENeHb KOPPEKTHOCTM
MOMYYeHHbIX pe3ynbTaToB. KOHKOPAAHTHbIE 3Ha-
YeHWUs U30TOMHbIX BO3PACTOB M0 KUMOEPIUTOBbIM
Tenam, BePOATHO, OTPAXaKT BPeMs UX CTaHOB-
NeHuns, B TO BPEMSA KaK AWCKOPAAHTHbIE MOTYT
ObITb 0BYC/IOB/IEHbI HEKOTOPLIMM FE0/I0rMYeCKNMU
npoueccamu, CBA3AHHbIMU C HEOLHOKPATHbIMU
aTanaMmn TEKTOHO-MarmaTuyeckoin akTusM3aLuu
1ccneayemMoro pervoHa.

Apbl-MacTaxckoe nosne. YnbTpaoCHOBHOM
LLEe/IOYHON MarmMaT3M Ha ero Tepputopun Bbin
NPosiBNeH B TeYeHWe NATK anox (Tabn. 3).

CpepHenaneosoiickas anoxa B npegenax
Mons BblAeNSETCA HaMWU YCNOBHO Y B OCHOBHOM MO
[aHHbIM HEMHOTOUYMC/IEHHBIX U30TOMHBIX AaTUPO-
BOK. Rb-Sr faTbl aTOro Bo3pacta 3aMKC1poBaHb!
B KMMbepnutax u3 Tpybok bymepaHr n AH-10/98
(288-382 MnH. net). OgHO onpefeneHne nonyye-
HO AN KUMGEPNUTOBOW Gpekunn TpybKu Xapgax
(314 MnH. NeT) 1 No merakpucTanny gnoronuta
13 MenoBoin Tpyoku Mepmb (370 MAH. NeT), aHa-
NN3npoBaHHOro bpuctoy ¢ coasTopamu [Brisrow
et al., 1991]. CnefyeT OTMETUTb, YTO B 06pa3Liax
13 TpyoKM BymepaHr 1 Xapgax HabnogaeTcs oou-
NIie MefIKOro KCeHOreHHOro mMatepuana (nosnesoi
LUnaT, NMPOKCEH U BUOTUT), UTO CrnocobCTBYeT
MOBbILLEHWIO BEIMYMHBI JATMPOBOK Mopod. Kum-
6epnnTbl TPYOKM Xapgax no Hanbosee YMCTO OTO-
6paHHbIM 0bpasuam nmetoT Rb-Sr Bo3pact 216-
227 MH. NeT 1 O0TBEYaroT TPMAcoBOI anoxe. Ans
Tpy6ku Anba K-Ar MeToA0M (PEHOKPUCTOB (h/1o-
ronuTa AByx o6pasuoB onpegeneH Bo3pact 342
MJ/IH. NeT, a 419 MUKPO/UTOB (pioronuta U3 mar-
puULbl Nopog, — 242 M/H. NeT. Takum 06pasom, B
Tpy6Kax Me3030/CKOro Bo3pacTa PUKCUPYHOTCA
PE/IMKTOBbIE U30TOMHbIe JATUPOBKN CpeaHenase-
030MCKO 3MoXu 1 TONbKO AN Tena AH-10/98 He-
NMOCPeLCTBEHHO OnpeseneH Bo3pacT 368 MJH. feT.
Mo3Tomy Ans 4OCTOBEPHOr0 YCTAHOBNEHUSA HaN-
4na MarmaTtu3Ma cpeaHenaneo30ickol anoxu Tpe-
OyroTCS AOMOMHUTENbHBIE AeTa/lbHble U30TOMHO-
reoXpOoHO/OrMYECKME UCCNeLOBaHNS.



OCOBEHHOCTW BELWWECTBEHHOIO COCTABA V1 BO3PACT

Tabnuua 3

30TOMHbIe onpeseneHns Bo3pacTta Nopos KMMOepiMToBoin opmaLmm
B [JlOKeHCKOM, JlyyakaHCKOM, Apbl-MacTaxCkom nosisix KyoHamnckoi 30HbI

MeTporpaguyeckne pasHOBUAHOCTM
Ne | Ne aHoManmm Ne npo6bl | Bospact lo Mmﬁepgnﬁbm COCTEB A
[roKkeHcKoe nosne
CpepgHenaneosoiickas anoxa KnmbepnnTsl
1 [12/63 126311 348+16 |0,70311+0,00009 | CepneHTUH-(PNOroNUT-MOHTUYENINT
2 |43/63 436311 330+1 0,70562+0,00001 | CepneHTUH-MOHTNYeNNUT-DI0ronnT
3 |94/63 946311 321+1 0,70393+0,00008 | CepneHTUH-thnOronuT-KapboHaTt
6 |129/63 1296341 323+12 |0,70522+0,00007 | CepneHTUH-MennanT-haoronut
7 1199/63 1996311 310+1 0,7034840,00001 | KapboHart (cepneHTuH)-xnoput
8 |74/63 746311 332+1 0,7043240,00001 | CepneHTUH-MOHTUYENNT-PYAHbIN
9 128/89 2889101 318+1 0,70594+0,00001 | KEM cepneHTUH-thnoronuT-KkapboHat
Mes3o3oiickas anoxa
Cpeannit--no3gHnii Tpuac (Tor.s)
10| 36/63 36631111 |[233+11 |0,70483+0,00010 [OnMBUH-MOHTUYENNNT-(NOTONNUT
11/90/63 906312 235+1 0,70421+0,00001 | ONMBMH-()NOrONUT-NEPOBCKUT
12(104/63 104631 205+1 0,70466+0,00001 | CepneHTUH-thnoronuT-kapboHat
Mo3gHss opa MaccuBHas KUM6ep1ToBas 6pekyns
13|31/63 316321 162+1 0,70499+0,00001 | CepneHTMH-MOHTUYENNNT-KapboHaT
14|31/63 316332 171+1 0,70614+0,00001 | Kap6oHaT (cepneHTWH)-noronut
16|45/63 456332 158+1 0,70739+0,00001 | CepneHTUH-thnoronuT-KapboHat
17|46/63 46632 167+1 0,70466+0,00001 | CepneHTUH-(hbOronnT-KapboHat
18[102/63 1026331 149+1 0,70490+0,00001 | KapboHaT-cepneHTUH-PAoronnT
19(108/63 108/63-5 180+1 0,7063610,00001 | OnMBUH-(PAOrONUT-PYAHLIN
20| 22/89 228911 16842 0,70445+0,00008 | Kap6oHat-pyaHble-hnoronut
21|28/89 288921 1751 0,70586+0,00001 | CepneHTUH-KapboHaT-(horonut
22|28a/89 28a-8931 |162+1 0,70587+0,00001 | KBA cepneHTUH-KapboHaT-hnoronut
ANbHENTbI
15/33/63 336331 16945 0,7049740,00006 | MOHTWYENANT-MENNINTOBBIN
23| Ypanouka Ap-Yp/1 179+17 |0,70702+0,00007 | AfbHEUT MEMINTOBbI
24| Ypanouka Op-Yp/1 170£1 0,70537+0,00001 | CepneHTUH-MOHTUYeNNNT-KapboHaT
Kumbepm sl
25|94/63 946312 150+£12 |0,70410+0,00008 |CepneHTUH-(OronuT-KapoboHaT
26|42/89 42893-1 179+22 ]0,70381+0,00016 |CepneHTUH-(IOrONUT-NEPOBCKUT
27144/89 448943 158+24 0,70507+0,00017 | CepneHTUH-MOHTUYENNNT-KapboHaT
28|53/89 538913 163+13 |0,70572+0,00012 [CepneHTUH-(OronnT-KapoboHat
29|56/89 56894 163+1 0,70517+0,00001 | ONMBMH-(hNOrONUT-NEPOBCKUT
BupurnHanHcKoe nosne
PaHHeme3030/cKas anoxa KnmbepnnTsl
30{98/65 98653 268+12 |0,70517+0,00012 | OnmBUH-KapboHaT-oronut
31| 95/65 95652 22245 |0,70621+0,00005 | K3POOHATU3MOBAHHAS K/MGRPAWT.
6pekumns
Mo3aHeme3030/icKasn anoxa
32]109/65 [109651  [173+1  [0,70430+0,00001 |CepneHTuH-(hnoronnT-kap6oHat

ﬂyHaKaHCKOE none

PaHHeme3030iickas (T,.3) anoxa

Kap6oHaTu3npoBaHHas 6pekyuns

33| JlbIxyaH-2 102 22019 0,70579+0,00009 | KapboHaT-XnopuUT-CEpNEeHTUH
34| JlbIx4yaH-2 102 22716 K-Ar

35| JIblIxyaH-2 105-1 229+15 |0,70602+0,00016 |KapboHaT-CepneHTUH-XNopuT
36| OtpuuatensHasa | 120-1 15049 0,70543+0,00012 | KapboHaT-cepneHTUH-QAoronunt
37| OtpuuatenbHasa | 120-1 22919 K-Ar
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MpogonkeHune Tabnmubl 3

MeTporpaduyeckre pasHOBUAHOCTH

Ne| Ne aHoManmm Ne npo6bl | Bo3pacT lo o
MwHepanbHbIn coCcTas
ABTONNTOBaAsA KMMBepNMTOoBas bpekyms
asTonnThl (1,2), ceasytowas macca (3, 4)

38| fama-2 24610 |K-Arno nopoge |1. dnoronuT-cepneHTUH-NepoBCKUT

39| KpacuBas 253£10 |K-Arno nopoge |2. MenunuT-hnoronuT-pysaHble

40| An. 89/68 23848 K-Ar o nopoge 1. CepneHTUH-NMMPOKCEH-MENUINT-
noronut

41| MNo3gHas 23248 K-Ar no nopoge | 3. CepneHTUH-KapboHaT-(hioronut

42| Mo3gHas 217 U-Pb no umpkoHy | 4. Kap6oHaT-CepneHTUH-X10puT

43| MNo3fHas 2368 MeTop TpekoB

40| OBoliHas 24019 K-Ar no nopoge | CepneHTUH-NUPOKCEH-(N0ronunT

41] 15/95 1511 1777 0,70478+0,00008 | KapboHaT (cepneHTuH)-(noronut

Bopopasgen Monwurait-Ctapas

Mo3gHsAs topa Knumbepnn sl

42|24/87 248701 133 ONVBUH)-(hNOrONUT-NEPOBCKUT

43|58/87 588711 160+4 0,70558+0,00008 | Kap60oHa-x/10pnUT-CEPNEHTUNH

Apbl-MacTaxckoe nose

Cpe,qunaneo30|7|CKaﬂ anoxa

44| bymepaHr AM-bm/1  [280+£7* |0,70342+0,00022 | CepneHTUH (0NMBWH)-PIOrONUT-NEPOBKUT
45| bymepaHr AM-bm/2  |382+1* |0,70373+0,00001 |CepneHTHH (0NMBWH)-(IOrONUT-NEPOBKUT
46| bymepaHr Bce teno | 3224101 |0,7037+0,0031
47| Am-XA/1 Xa-5150/3 |314+5* |0,7041+0,00010 |CepneHTUH-hNOrONUT-NepoBCKUT
48| Anbha Ka-119 342 K-Ar no qinoronuty | CepneHTUH (0IMBUH)-(PNOronuT-NepoBKUT
49| Anbtha Ka-119 342 K-A rno cnoronuty | CepneHTUH (0MBUH)-(DNOronuT-NepoBKNT
50| Anbtha Ka-119 254415 | K-Ar no gnoronuty
KumbepnnTosas 6pekunst. KceHonmMTbl —
30%
51| AH-10/98 10983 368419 |0,70498+0,00020 | \BTOMWTbI. CepneHTuH-(roronu-
MepoBCKUT

ABTO/MTOBAs KUMGEPIMTOBAs 6peKkuus

CpepHuin Tpuac AsTommThI (1,2), ceasytowan macca (3)

52|1//98 1981 178+12 |0,70558+0,00010 |1.dnoronut-KapboHAT-NEPOBCKUT
53| 1//98 1982 171224 |0,70548+0,00015 |2 OMMBMH-(nOTOMAT-KapGOHaT-
MepoBCKUT
54|72//63 72634-2 22611 0,70491+0,00001 |3.KapboHaT-XxN0OpUT-pYAHLIi
55| AH-1/98 (n=6) Bce teno  |179+16 |0,70551+0,00003 |Rb-Sr nsoxpoHa (n=6)
CpegHuii-nosgHuii Tpuac (To.s) Kumo6epmT kapboHaTU3MPOBaHHbIiA
56| 106//91 106912-1 |214+70 |0,70504+0,00012 |CepneHTUH-KapbOHAT-X/T0PUT-MarHeTuT
57(105/91 105914 15949 0,70456+0,00006 | Kap6oHaT-X/I0pUT-CEPNEHTUH
MaccuBHas KUMbepMToBas 6pekuns
58 Xappax 216+11 |0,70784+0,00025 CepneHTUH (OI'IVI/IBI/IK)-tb}'IOFOI'II/IT-
AM-XA/2 NepoBCKUTOBbLIV
59 Xappax 29744 0,7047+0,00011 CepneHTuH (OI'IUMBI/IK)-(beOFOI'II/IT-
AmM-XA/3 NepoBCKUTOBbLIN
Xappgax Bce teno  |241+60 |0,7056+0,00014 |Rb-Sr nzoxpoHa (N=9)
ANbHENTbI
60| ApKTuKa AM-Ap-1 [213+28 [0,70617+0,00016 | ONMBUH-MOHTUYENINT-NEPOBCKUT
61| ApKTUKa AM-Ap-1 216426 |0,70623+0,00013 | OfnMBUH -NMUPOKCEH-MEPOBCKUT
62| ApKTUKa AM-Ap-1/2|235+12 | 0,70412+0,00007 | ONMBUH-MENUNNT-NEPOBCKUT
63| ApKTUKa Bce teno | 213613 |0,706206+0,00007 | Rb-Sr nsoxpoHa (N=6)
64| ApkTuka 23244 |UrPDTIO
MepOBCKUTY
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Ne | Ne aHoManmm Ne npo6bl | BospacT lo HETporpaCtJVILIECKVIe PasHOBMAHOCTY
MwHepanbHbIA cocTas

65| ApKTUKa 239 K-Ar
ABTOMMTOBasA KMMOBEPAMTOBasi bpekyms

66| Heb6ainbbIT-1 AM-He-1/1 | 221+1 0,70477+0,00001 | KapboHaT-(hnoronut-anatnt

67| HebaiibbIT- AM-He-1/2 (21914 0,70486+0,00007 | KapboHaT-thnoronut-anatut

68| He6ainbbIT- Bce teno  [226+6 0,7047940,00008
Kumbepnu sl

69| He6ali6biT-3 AM-He-3/2 | 229+37  |0,70796+0,00050 | O/MBMH-(OrONMT-MOKTUENT-
NepoBCKUT

70| He6ainbbIT-3 Bce eno  [226+30 [0,7081+0,0003 ONUBMH-(PNOrONUT-NEPOBCKAT

71| Mavansl-3 Am-Ma3/1l |205+1 0,7065+0,00001 | KapboHaT-(hnoronut-anatnt

71| Mayvansl-3 Am-Ma3/2 206148 |0,70831+0,00013 |Kap6oHaT-hioronut-anaTut

72| Mavanbi-4 AM-Mad/l |206+1 0,70673+0,00001 | KapboHaT-cepneHTUH-PIoronunT

73| Moiimosouka Dm2- 999+3 Ur-Pb no CepneHTUH (0NMBUH)-hIOronnT-

5238/2 MepoBCKUTY MepoBCKUT
Npe3- Ur-Pb no CepneHTuH (0NMBUH)-(IOronuT-

74| XyTypyK-3 53?47/1 NepPOBCKUTY HGSOBCKVIT ( "¢

Mo3gHss topa MaccuBHasi KUMOepIMToBas Gpekuns

75| AH-11/98 11984/1 149 0,70467 KapboHaT-(h1oronnT-cepneeHTuH

76| MongpHas AM-TMo/2 [100+£14 |0,70529+0,00013 | CepneHTUH-KapboHaT-IoronuT-anaTnT

77| MNonsapHan-2 Mn-226/12 |[157+65 |0,70441+0,00024 |CepneHTWH-KapboHaT-(hnoronunt

78| MonspHas-2 AM-Mo/3 |172* BbIBETpenbIin MerakpucT gioronuta

79| MongpHas-2 AM-TMo/3  |152+4 0,7052+0,00018 | Mefikune NaacTUHKW Coabl

80| MonspHas Bce Teno  |101+18 |0,70605+0,00019 |Rb-Sr nsoxpoHa (n=6)

Men MaccuBHasi KAMOGepIMToBas Gpekuns

81| Mepmb KMe-119 | 99+56 0,70552+0,00114 | CepneHTWH-KapboHaT-(horonnT-anaTnTt

82| Mepmb Ab-lMe-1 100+14 ]0,70529+0,00013 [CepneHTUH-KapboHaT-QAoronunT

83| Mepmb Bce teno  [101+12 |0,70539+0,00020

84| MNepmb Kle-119 370* Merakpuct pnoronura

ManeoreHosas anoxa AbHENTbI

85| Bera-2 AM-By-2/1 5130 |0,70634+0,00009 | OMBMH-MOHTUHENN-pOTONNUT-
NepOBCKUTUT

86| beta-2 AM-Be-2/2 |55+1  |0,70628+0,00001 |O/MBUH-MOHTUYEAN-(prIOrOMMUT-
NepoBCKUTUT

87| beta-2 Bce Teno  [54+4 0,70631+0,00003 | Rb-Sr nsoxpoHa (n=6)

88 |baprbigamanax-1 | AM-ba-1/1 [53+4 0,70622+0,00004 | ONMBUH-MENNUANUT-(PAOTONUT-NEPOBCKUT
ABTOAMTOBas KUMbepNMTOBas bpekuns
asTo/mMThl (1), cBasyowan macca (2)

89 [paprbigamanax-2 | AM-Ba-2/1 |52+1 0,70647+0,00001 1. CeprienTuH-hnioronuT-kapooHar-
NepoBCKUT

90 [bapreigamanax-2 | AM-ba-2/2 | 55+4 0,70634+0,00006 |2. KasbLuT-cepneHTUH-AOronnuT

91 |baprblgamanax Bce Teno 5415 0,70640+0,00008

Mpumeuarune. KEM — maccmBHas kumbepnmtosas 6pekuns. KBA — aBTonnToBas KMM6epnMToBas 6pekums.

* — 06pasLbl C 06MIMEM MESIKOro KCEHOreHHOro Matepuasa (MosieBoi LWNAT, NMUPOKCEH, APEBHUIA(?) 6UOTUT).

** — Rb-Sr AaTMpoBKK BbIMONHEHBI B YHUBepcuTeTe ButTtBatepcpaHs (r. MoraHHc6ypr, FOAP) [AnTyxoBa,
1990]; U-Rb patuposku no nepoBckuUTy u3 paboTsl [Boratnkos u ap., 2004], no uupkoHy [Bpaxdorens, 1984].
[JaTnpoBKK No MeToLy TPEeKoB B LMpKOHax 13 paboTsl [Bpaxdorens v gp., 1997]. K-Ar fatrpoBky nosyyeHbl B
WIFABM AHLL CO PAH (r. AKyTCK).

CpegHe-no3gHeTpuacoBas anoxa. Ynbrpa-
OCHOBHOIA LLENOYHOM MarmMaTu3m 3Toro nepvoga

YBEPEHHO AaTUPYETCA Kak Mo reo1ormMyeckum aaH-
HbIM [Bpaxdoresb, 1984], Tak ¥ M30TONHLIMW Me-
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Togamu. Metogom Rb/Sr nonyyeHbl Tpracosble
[AaTUPOBKM Ana nopog Tpy6ok Xapgax (216-227
MJTH. 1eT), Mavanbl-3 1 Mavyanbl-4 (205-206 MAH.
net), Heb6albbIT-1 N HebanbbIT-3 (219-229 M/H.
net), ApkTuka-1 (235 MSH. fIeT), LWITOKA APKTMKA
(213-216 mnH. neT) n Ten AH-72/63 (226 MNH. neT)
n AH-106/91 (214 mnH. neT). And anbHeMToB
TPy6ku ApkTuka-1 nmeetca U-Pb fatmposka (me-
Tog SHRIMP) no neposckuty (232 MAH. neT)
[KvHHM 1 gp. 1997] 1 nonyyeHHas HaMm Mo rno-
pose K-Ar metofom gata — 239 M/H. fieT. 3T0
MO3BONSAET YBEPEHHO MOBOPUTL O CPeAHEeTpUaco-
BOM BO3pacTe 3TuX nopog. bnvskue 3HavyeHus U-
Pb Bo3pacTa no nepoBCKUTam OnpejeneHbl Ans
KUMOEpPNNTOB TPYOOK [0iMMOoBOYKa-2 (229 MIH.
net) n Xytypyk-3 (224 mnH. net) [KvHHM 1 ap.,
1997]. AnbHenTbl LUTOKa APKTUKa Hapsay ¢ Tpu-
acoBoi Rb-Sr 1aTMpoBKOM UMELOT fiBa onpegese-
Hua Bospacta K-Ar MeTofioM C OMOJSIOKEHHLIMU
3HaveHNAMM (168 1 93 MAH. NeT), YTo, BEPOSATHO,
CBUZETENbCTBYET O BO3AENCTBUM Ha MOPO/b! LUTO-
Ka no3gHMX MpoLEeCccoB B CBA3WN C MOC/ELYHOLWM-
MU 3Tanamu TeKTOHOMarMaTnyecKoi akTBm3aLmm
B npegenax KyoHarnCKoi 30Hbl.

FOpckas anoxa. Mo gaHHbIM Rb-Sr meToza
[aTVPOBaHNS, K 3TOIN 3MOXe OTHOCATCA KUMbepu-
Tbl TPy6OK AH-1/98 (171-178 mnH. net), AH-11/
98 (149 mnH. net), AH-105/91 (159 MAH. net) u
MonspHoW-2 (152-157 MAnH. neT). Mo faHHbIM
[Bristow et al., 1991], ana merakpuctanna gno-
ronuTa n3 KUM6epnuToB Tpyoku MonspHas-2 no-
nyyeHa Rb-Sr gata — 172 MAH. feT.

MenoBas anoxa npescTas/eHa KumbepnvTa-
MU AByX Tpy6ok: MNepmb (99 1 104 mMnH. neT) un
MonsapHas (100-109 mnH. net). Meonornyeckas
[OCTOBEPHOCTb 3TUX JATVPOBOK MOATBEPXKAeT-
CA NaMHONIOTUYECKUMW UCCMIEAOBAHNAMWN KUM-
6epnMTOBbIX Ten bupurnHAMHCKoro nons Kyoxarn-
CKOWi 30HbI. Tak, B Tpybkax MI'PU, epacum u
Jo6pusH o0bHapy)keHa cnopa ¥ NblnbLa BepxHe-
MEe/I0BOro BO3pacTa, a B Tpyokax NyfoK 1 Bbiwwika
X1l ycTaHOBNEH CMeLLaHHbIA TaKCOHOMUYECKIIA
COCTaB CMop M MblibLbl MO3L4HEMENIOBbIX-PaHHe-
naneoreHoBbIX (hopMm [Kosasbckas v ap., 1995].
370 TaKXKe faeT reosiornyeckoe 060CHOBaHME Ha-
NNYNI0 B Npefenax 30Hbl NajeoreHoBON 3MOXM
YNbTPA0CHOBHOTO LLENOYHOro Marmatmsma, uk-
cupyemoro no pesynstatam Rb-Sr gatupoaHus
anbHenToB Tpy6okK beTa-2 (51-55 msH. net), bap-
roigamanax-1 (53 MAH. net) n KMM6epINTOBbLIX
aBTONUTOBBIX Gpekunii N3 Tpyokm baprbigamanax-
2 (52-55 mnH. neT).

MonyyeHHble pe3ynbTarbl Fe0XPOHOSION K-
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YeCKUX UCCNefoBaHUiA He NO3BONSAKOT Ha JaHHOM
aTane OUeHWUTb 06bEM MarmaTuyeckmx nposiBe-
HUIN K&XXA0M 30Xy B nNpefenax nons. Pacnpege-
NeHWe U30TOMHbIX AaTUPOBOK MO 3noxam npeg-
nonaraet, YT0 OCHOBHOM MapoKCU3M KUMOEpIn-
TOBOr0 Marmarusma Ha AaHHON TeppuTopun npu-
XOAMTCA Ha TPMacoBOe BpeMs.

[okeHcKoe none. B npegenax nons Hanbo-
Nee LUMPOKO MPOSIBUINCH [1BE 3MOXM KUMBepInTO-
BOro MarmatuamMa: cpefHenaneo3onckas, npeg-
CTaB/leHHass UCKNHOUYUTENbHO KUMOGEpMTamu, u
topcKasi, NpeacTaBneHHas Kak KuMmbepnmTamu, Tak
N KUMOEPNUTOBLIMI GPeKUMAMU. B MeHbLUEl CTe-
MeHN NPOSB/IEHbI KUMBEPINTbI TPMACOBOWA 3MOXN.

CpegHenaneo3oiickas anoxa KuMoepanToBo-
ro Marmarvama BrepBble YCTaHOB/IEHa B Npeenax
[JrokeHckoro nona (7 ten). ViHTepBan M30TOMHbIX
par 310-367 MnH. neT AaeT 0CHOBaHWE OTHOCUTb
(hopMmpoBaHne KMMOGEPIUTOBLIX MOPOA, cnarako-
WX PSS aHOManM, K No3aHeLeBOHCKOM-paHHe-
Kap6oHOBOW anoxe. CpeaHenaneo30nckme KUm-
6epnnTbl JaHHOrO MONS, B CPaBHEHWUM C NO3AHE-
IOPCKUMU, OT/IMYAKOTCS 3aMETHBIM CHUXKEHUEM
cogepxaHnii SiO,, TiO,, CaO, n K,O npu pasHbIx
KONIMYeCcTBaxX CYyMMapHOro »e/ie3a 1 kapboHaTHO-
CTW Ha (POHE MOBbILLEHHbIX cogepxaHnii MgO un
H,O*, 4To 04eBMAHO CBS3aHO C YBE/MYEHUEM B
HMX CBEXEro O/IMBUHA U YMEHbLUEHNEM OKUC0B
MOHTWYENNINTOBON COCTaBNAOLLEN.

PaHHeme3030lickas (Tpuacosas) anoxa
K1MMOep/IMTOBOro MarmatusMa Ha Tepputopun [io-
KEHCKOro nons 3athmkcupoBaHa Bnepsble (3 Tena),
XOTA [ATUPOBKM 3TOr0 BO3pacta OTMeyeHbl B 10
KUMOEPUTOBBLIX MONAX, U 3Ta 3noxa npu3HaHa
OLHOW 13 caMbIX pacnpocTpaHeHHbIX. B HacTos-
LLiee BpeMsi K 3TOW 3Mnoxe 0THOCUTCA (POPMUPOBa-
HVe KMMOEPIMTOB C M30TOMHbLIM BO3pPacToM 231 u
235 MH. neT. Knmbepnutbl gaHHOro Bo3pacta
OT/IMYAIOTCS BbICOKUM cofepxaHuem SiO, (27-
31 %), TiO, (3,2-4,5 %), BbICOKOVA 06LLEi Xese-
3ncTocTbio (12-15 mac. % FeO+Fe,0,), pasnny-
HOW CTeneHblo CepneHTUHM3aUUN (OTHOLLEHME
MgO/SiO, cocTasnseT cooTseTcTBEHHO 0,68, 0,82
n 0,57) 1 nepeMeHHbIM COLEPXXaHNEM KasibLuTa
(o1 6 o 21 06. %). MIHTepBan M30TOMHbLIX AaTr —
140-210 MAH. NeT No3BonseT A4sd 60MbLLIMHCTBA
aHOMaNui BbILENNTb MO3AHEIOPCKYHO 3MOXY KUM-
6epnMTOBOro MarmaTusmMa.

Mo3gHeropckas anoxa B 4aHHOM MoJe ume-
eT HamnbosbLee pa3suTre (16 Ten). 3Ha4eHUsa 130-
TOMHbIX OaTMPOBOK BapbupytoT oT 122 o 180
M/IH. JIET, MPU MakCUMyMe pacrpefeneHus ux B
nHTepsase 160-170 mnH. net. Cpegm nopog AaH-
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HOro BO3pacTa pacnpocTpaHeHbl KUMOEPNUTbI
(hIoronnT-ceprneHTMHOBOIO U (haoronuT-Kapbo-
HaTHOr0 COCTaBa N KUMBep/IMTOBbIE BPEKYNN, XU-
MUYECKMIN COCTaB KOTOPbIX onpegensietcs 6onee
HU3KVM COAepXaHWeM CyMMapHOro Xere3a, OKCU-
[0B TUTaHa, MapraHua n 6onee BbICOKMM cofep-
YaHVeM NeTy4nx KOMMOHEHTOB.

JNyyakaHckoe nose. bonee paHHWe n3oTon-
Hble onpeseneHns K/Ar MeToaoM KUMOepanToB 13
Tpy60oK [BoiiHas, OTpuuatenbHas, MosgHas, Kpa-
cuBas, dama, JlbixuaH [Bpaxdgorens, 1984] sathmk-
CMpOBa/IM PaHHEME3030/CKYtO (Tpracosyto T,-T,).
3710 cornacyeTcs ¢ LaTUPOBKaMU MOMyYeHHbIMM
MeToAam Tpekos (236 MH. neT) [Komapos, ny-
nvH, 1990] n U-Rb metogom no umpkoHny (217
MAH. neT) [Aasuc n ap., 1980] ana kumbepnmTos
Tpy6ku Mo3gHas. Rb-Sr meTogom no nopoge ans
TPY6KU JTbIX4YaH-2 YCTaHOBNEH TaKkXKe TPpMacoBblii
BO3pacT (220-229 M/H. NeT), a ANa KUMOGepnmToB
Tpyokun OTpuuatensHas n aHomanuu AH-15/95
nony4yeHbl HOPCKUe AaTMpoBku (160-177 MAH.
net). Bo3MOXHOCTb NposABNeHUA marmatu3ma
FOPCKOM 3MOXWN He UCK/THYEHa, HO TpebyeT npoBep-
K1 Lpyrumun “30TOMHLIMWU MeTogamu Ha 6Gornee
[eTabHOM MaTepuane, Tak Kak ans 60/bLUNHCT-
Ba KMMOepNUTOBbIX NOPOL, XapaKTepPHO UHTEHCHB-
HOE runepreHHoe M3MeHeHWe 1 noxas Npuroj-
HOCTb MaTepuana ansa ueneit Rb-Sr gatmpoaHus.

3Tanbl 3BoNOLMN
KUMOepINTOBOro MarmaTtumsma

MeTporpaguyeckoe U3yyeHne NOKasbIBaeT,
4TO BblfeNsieMble MYHepasbHble accoLmaLmmn KUM-
Oep/MTOB OTPAXKAKOT ONpe/eNieHHble OTPE3KU 3BO-
NOLMK KUMGEPIMTOBOIO npoLiecca. 3tan ryouH-
HOro MUHepas006pa3oBaHNs CMEHSETCA KpucTan-
nn3aumeli MMHepanoB B KOPOBbLIX YCMIOBUAX U 3a-
BepLLaeTCs MeTacoMaTU4eCcKMMm NpeobpasoBaHu-
AMU NPy BO3LENCTBUM (/IOMAHON (ha3bl Ha KOH-
CONVANPOBAHHYIO MOPOAY.

MarmaTwuyeckuin aTan. Beigensemas nep-
BUYHO-MarMarunyeckas OiMBMH (CepneHTUH)-(no-
ronuT-NepoBCKMTOBAas accouuaums B Kumoepiu-
Tax UMeeT TeCHble B3aVMOCBSA3M N0 CTPYKTYPHbLIM
0COGEHHOCTAM W1 COCTaBy MWHEPAsIOB C PeNnKTa-
MU (DIOroNUTCOAEPXKALLMX AYHUTOB, B Pa3/INYHOA
CTeneHy NoaBepraBLUMXCS FPaHyNALMmn 1 pacTso-
peHuto. Hannuve B LyHUTaX M BMeELLAKOLLMX UX
KMMOepnTax «CpPOCTKOB» O/IMBUHA U (pIOronmTa,
KOTOpble OTAENAOTCA APYT OT Apyra Y3KUMM Kail-
Mamu Me/IKO3ePHUCTOr0 MOHTUYENINTA UIN Kap-
boHata, Habntofaemble «Cnefbl» PacTBOPEHUS, B
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pe3y/nbTaTe KOTOpbIX 06pa3ytoTcA OfMHaKOBble
MUHepasibHble (hasbl, CBUAETE/bCTBYIOT B NO/b3y
TOro, YTO UCXOAHBIMU MOPOLAMK, NPY M1aBeHNUN
KOTOpbIX 06pa3oBasiacb KumbepnnToeas Marma,
Obl/IN He TONbKO (DIOronNUTCoAepXKalLime epLonm-
Tbl, HO U OIMBUHUTBI MW BYyHUTBI. MopdurpoBna-
Hble KUMOEp/INTbI ONIMBUH-(IOTONUT-NEPOBCKU-
TOBOrO COCTaBa fAB/IAKOTCA MEPEXOAHbIMU pPasHo-
CTAMU MeXZAy LyHUTaMu U KUMGepsmTamu Tako-
0 >e COCTaBa C YeTKO BbIPaXXEHHOW NopthnpoBoN
CTPYKTYpPOIA.

O TeCHOI B3aMMOCBA3N 3Tana rnyouHHOIo
MUHepanoo6pa3oBaHNA 1 KpucTanmsaumm nop-
(hMPOBbIX BbIENEeHNIA B KOPOBbIX YC/IOBUSAX CBU-
[eTenbCTBYET BbICOKAs XEeNe3ncToCTb BO/bLUNH-
CTBa M3YYEHHbIX 3epeH, COMoCTaBMMas CO 3Haue-
HUAMM TakoBbIX B AyHuTax [Boyd, Nixon, 1978].
KpynHble 3epHa onuBuHa cocTtasa 94 % Fo us3
aBTO/IMTOBOMN KMMOEPIUTOBOMN GpeKunmn ABNAKOTCA
KCeHoKpucTaniamu, 06pa3oBaHHbIMU B pe3y/ibTa-
Te [e3uHTerpauuy nepuonutos. LLlenouHas cpe-
[la 1 BbICOKOe cogepxaHue B pacrninase CaO cno-
COo6CTBOBa/IM KPUCTA/IM3aLMM 60/MbLLIONO KoNnYye-
CTBa Me/SIKUX BbIAENIeHNA NepoBCKMTa.

O6pasoBaHue ¢oronuTta 60/bWMHCTBO
nccnegoBsaresnei CBA3bIBAKOT C METACOMATUYECKU-
MU npovueccaMu B BepXHel MaHTuW. MapareHesuc
cTaguu rnybuHHOro MetTacomarosa onpefensercs
pa3BUTMEM Ka/MeBbIX MUHepanoB ((proronuta,
amubona n mKepdulepnTa), a TaK)Ke BbICOKO-
MarHe3uanbHOro WibMeHWUTa, AMoncuaa, cynbhu-
[0B U CeprneHTMHa N0 MaHTUMHBLIM YNbTPAOCHOB-
HbIM nopogam [Conosbesa 1 Ap., 1994]. B kceHo-
NIATax yNbTPAOCHOBHbIX NMOPOZ NePBUYHAs Coaa
¢ cogepxanuem Cr,0, 0,8-1,0 %, B cocTaBe BTO-
puyHoii cogepxanne Cr,O, o 2 %. B cooTseT-
CTBUW C BblLLECKa3aHHbIM, BbICOKO MarHe3uab-
Hble C/HOAbI C BbICOKMM COLepXXaHWeM rMHO3eMa
1 HA3KUM COAEpXKaHNEM XPOMa B MOHTUYENINTO-
BbIX a/lbHEUTaX U KMbepiuTax, ABNATCA Kee-
HOKpucTamn. OTHOCUTENIbHO CNOAbI 2-0i reHepa-
L1 BbII0 3aMEYEHO, YTO CKOM/IEHWS MENKUX UAK-
OMOPMHbIX MIACTUHOK HOBOOGPa30BaHHOIO (1o-
ronuTa, BO3HMKAKT Ha Y4YacCTKax YaCTUYHO WK
MO/IHOCTLIO PaCTBOPEHHbIX KPYMHbIX NIACTUHOK,
4TO ABNAETCH MOATBEPXKAEHVEM JIOK/IbHOIO Me-
pepacnpefenenuns kanus [Mocnenos, 1973].

HauanbHas cTagus MUHepanoo6pa3oBaHus
B KOPOBbIX YCNOBUSX U KPUCTINN3ALIMA OCTaTOU-
HbIX Pacn/jaBoB pas/MyatoTcsa No PyruTMBHOCTM
NeTy4nx KOMMOHEHTOB ¥ Temnepartype. 3TK pas-
nnyms 06ycnaenMBatoT LUMPOKOE pacnpocTpaHe-
HWe peakLVOHHbIX 3aMeLleHni i MUHepaioB nop-
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(hbMPOBbIX BbIJENEHWIA Ha 3Tane KpucTanamsauum
OCTaTOYHbIX pacnnaBoB. Peakuun 3ameLleHuns
(DMKCMPYHOTCS NOSBNEHNEM MOHTUYENTUTOBbIX
KaliM no nepudgepumn 3epeH onMBMHaA 1 horonu-
Ta, CeprneHTUHM3aLMeli 0NnBMHa, 06pasoBaHNeEM
KaliM NepoBCKMUTOBOIO U (heppULLINNHENEBOrO CO-
cTaBa BOKpYr uibmeHuTta. LLInpokoe pacnpocTpa-
HeHWe B U3y4YeHHbIX KUMbepmMTax peppuLLnmHe-
Neli yKasblBaeT Ha 060raLeHHOCTb OCTaTOYHOro
pacriasa )ene3oM 1 TUTaHOM, HaKOM/IEHNEe KOTO-
PbIX NPOVCXOAUNIO B pe3ynbTare KpucTaimsaumm
MarHe3nanbHbIX 1 a/ItOMOKa/IbLLMEBBIX CU/IMKATOB
B YC/TIOBMSIX HU3KOTO NapuuasibHOro AaB/ieHuns.

B pesynbTare aHanm3a pacnpegeneHus oc-
HOBHbIX MWUHa/I0B PYAHbIX MUHEPasioB U Ha OC-
HOBaHUW 3KCMEPUMEHTA/bHBLIX LaHHbIX MOXHO
NPeAnoNOXNUTb, YTO KUMBEP/IUTLI MEPBUYHOIO
ONMMBUH-(PIOrONNT-NEPOBCKUTOBOr0 COCTaBa M
MOHTUYEN/IMTOBbIE Pa3HOCTU KPUCTaNIM30BA/IUCH
B YC/OBUSAX HU3KMX 3HaYEHWI NapLmanbHOro Aas-
NeHus kucnopoga. PacueTbl k. depxyreHa [Ver-
hoogen, 1962] nokasanu, 4To C NOHUXXEHNEM [aB-
NEHNA YNCTas YNbBOLUMWHENb MOXET CYLLEeCTBO-
BaTb /UL NpW 601ee HN3KNX 3HAYEHUSAX Mapum-
afbHOTrO AasneHus kucnopoga (10-%06 atm. npwu
700°K 1 10-% atm. npu 298°K). MepBryHbIE Y/ib-
BOLLMUHENN He COXPaHAKTCA BCMEACTBUE OKUC-
NeHUsl, CONPOBOXXAEMOr0 3aMeLLeHNEM WTbMEHN-
Ta, cornacHo peakuwu 6Fe,TiO, + O, =2 Fe,O, +
6FeTiO, [Basta, 1961]. Mpy 3TOM ynbBOLLNMHE-
NI MOTYT OKWUCAISTLCA U B FYOUHHbIX YCOBUAX
B MpoLecce OCTbIBaHMS MarMbl B paBHOBECUMW C
0CTaTOYHbIMW BOAHbIMU (hntomaamun [baganHr-
TOH, JlnHacnu, 1964]. Beicokoe cofepkaHue yib-
BOLUMMWHENN 1 MarHesvoeppuTa B cocTase ep-
pULLINUHENel CBUMAETENLCTBYET O TeMnepaType
KpucTannusaumm nopsgka 600°C, 4to cornacyet-
CA C JaHHbIMN KpUCTaNNn3aumyM MOHTUYENATA U
MenunmnTa. 3aBepLuaeTcs 06pa3oBaHue KUMbepn-
TOB MPOPabOTKOMN IETYYNMM KOMMOHEHTaMMN KOH-
CONNAMPOBaHHON NOPOAbI.

MeTacomaTuyeckuii aTan. B pesynsrate
aHa/in3a napareHeTMYeCKNX accoumaLmin MrHepa-
JIOB YCTaHOB/EHO, YTO CEPNEHTUH-(IOTONUT-Kap-
60HaTHble 1 KapboHaT-PNOronNuT-anaTMToBbLIE CO-
CTaBbl KMMOEP/INTOB OTPaXKatoT HepaBHOMEPHOE
BO34eNCTBME (hItoMAa Ha KOHCONUAMPOBAHHYHO
nopogy. B MHTEHCMBHO Kap60OHATU3UPOBaHHbLIX
KMMOepIMTax MUHepasibHbI COCTaB CTaHOBUTCS
MPevMyLLeCTBEHHO KapbOHATHbIM, YTO HaXo4uUT
OTPaXXeHVe B 0CO6EHHOCTAX XMMMUYECKOIo COCTa-
Ba. CogiepxaHue SiO,, MgO B Takux nopogax
onyckaetca fo 10-12 %, npu yparaHHbIX 3Haye-
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HMAX OKCMAO0B KapOOHATHOM COCTaBNAOLLEN. YBe-
nnueHne cogepxans P,O, 1 WNPOKWIA AnanasoH
Bapuaunii K, O cBA3aHbl C KpucTannusaluen ana-
TTa 1 (hnoronuTa. BbICOKOXKENe3UCTbIV (oronnt
METacoMaTU4eCKOro reHesuca ¢ HU3KUM Cofepika-
HWeM 1IMHO3eMa U TUTaHa CoMnocTaByM C MeTaco-
MaTn4ecKnM (oronuTom KapboHatuToB [HepHbl-
Lwesa, 1981]. MNpucyTcTBYE CMHOAbLI TAKOrO COCTa-
Ba B KUMOEPNUTOBbLIX Nopogax JlydakaHCKOro u
Apbl-MacTtaxckoro nosnei o6ycnosneHo 6onee
LUMPOKO NPOSIB/IEHHON Ha TEPPUTOPUM ITUX NOSel
(hONAHON (ha3oii.

CpaBHeHMe cocTaBa (heppuLLINUHeneit nep-
BMYHO-MarmMaTu4yeckoin accoumaumm u MeTacoma-
TUYECKN U3MEHEHHbIX KUMOEpPIUTOB MokKasano
yMeHbLUeHWe cogepxkaHus Ti, Bo3pacTaHune oKuc-
HOI0 Kefe3a W, Kak CneAcTeume, yBeMyeHme B Co-
CTaBe TBEPLblX paCTBOPOB MarHeTUTOBOW COCTaB-
NAKOLLEN, YTO, BEPOSATHO, 0OYC/IOBMIEHO BbICOKUM
YPOBHEM NIETYHECTU KWUC/IOpPoJa B YC/IOBUAX BO3-
[eicTBUSA KapboHaTHOro thonaa.

Takum 06pa3om, 3BOMOLUSA KUMOEPIUTO-
BOW CUCTEMbI ONpejenseTcs yBeNnyeHnem posu
NeTyuux, BNAOTb 0 06pa3oBaHUA CaMOCTOSATESb-
HOW cprtonaHONM (hasbl, U U3MEHEHNEM 0OBEMHBIX
COOTHOLLIEHWIN ee KOMMOHEHTOB, a UMEHHO, YBe-
nnyeHnem CO, Ha 3aKNoUMTENbHbIX 3Tanax gop-
MUPOBaHUS.

B3anMOOTHOLLIEHME KI/IMﬁeprI/ITOB,
aJ/IbHENTOB, JTaMIMPONTOB U Kap60HaTI/ITOB

Kak 1 Bce marmatuyeckvie nopopbl, KUm-
6epnnTbl HE UMEKOT YETKMX NPUPOAHbLIX FPaHWL,
C OfjHOI CTOPOHbI, CO LLENOYHO-Y/IbTPAOCHOBHbI-
MK, a C Apyroli — ¢ KapboHaTUTOBLIMM NOPOAAMN.
Bo MHOrux cnyvasx nposisieHue KuMoepanTo-
BOr0 Marmaru3ma npoCcTPaHCTBEHHO accouumpyeT
C ApYrvMy MarMaTyeckumm nopogamu. 3. CKUH-
Hep n B. CkotT [Kimberlite..., 1979] onucanu ce-
pyI0 flaek B Npefenax KumbepnuTosoro nong Mpe-
TOpUS, Cpean KOTOPbIX 4acTb AaeK BbINOSHEHa
KMbepamMTamu, 4acTb nfamnpogrpamu. Kak noka-
3a/1 CCnefoBaHNs BELLECTBEHHOIO cocTasa Mo-
pog KnuMbepnnToBoli (hopMauun, anbHenThbl Y
KAMGEPIMTbI UMEIOT OAMHAKOBbIE CTPYKTYPHbIE
0CO6EHHOCTY 1 CBAi3aHbl MOCTEMEHHbIMW Nepexo-
JaMM Kak No XMMUYECKOMY COCTaBy BKpan/ieHHu-
KOB, TaK ¥ M0 MUHEPa/IbHbIM accoLyaLmMaM OCHOB-
HOW Maccbl. BMecTe ¢ TeM afibHeUTbI B OT/INYME
OT KUMGEPINTOB XapaKTepu3ytoTCA NOBbILLEHHO
LLLeNIOYHOCTHIO U BbICOKUM COLEPXKaHMEM PefKo-
3eme/IbHbIX 3N1eMeHTOB. MepexoAHbIMM Nopoaamu
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MPOMEXYTOUYHOI0 COCTaBa MeXay 3TUMU TUNnaMu
ropoa, ABNAOTCA ONIMBUH (CepneHTUH)-(aoronuT-
MOHTUYENINTOBbIE Y MEIMIUT-NNPOKCEHCOAEPXKa-
wme KumoepnnTbl. KomarMaTMyHOCTb 3TUX MO-
poj OTpaxkaeT AuarpaMma Xosmca, Ha KOTOpoM
neTporpapuyeckme pasHOBULHOCTU KUMBEP/IUTOB
N aNbHEMTOB 06pa3ytoT eAMHOe Nose. IBOSHOLUUS
KMMOEPNUTOBLIX pPacniaBoB npy (hopMUpoBaHM
WHTPY3UBHOM CEPUN KUMOEPINT-aNIbHEUTOBLIX
MOPOZ 3aK/ovanach B YBEMUYEHUN COAEPXKaHWI
CO, 1 H,O B annKasbHbIX 4acTaX UHTPY3UiA, rae
KPUCTaINN30BA/IUCL KUMGEPIUTOBBIE MOPOAbI Cep-
MeHTUH-(PIOroNUT-KapHbOHATHOrO COCTaBa, KOpHe-
Bble YaCTWN KOTOPbIX NPeAcTaB/ieHbl MOHTUYENN-
TOBbIMW U MENUIUTOBLIMU KUMGepiuTamun. Benea-
CTBME 3TOr0, a/lbHEUTbI B BO/bLUEN CTENEeHN pac-
MPOCTpaHeHbl Ha TeppuUTOpPUM rNy6OKO3POANPO-
BaHHbIX Monein.

Knum6epnmTbl 01MBUH-(NOronmT-nepoBCKu-
TOBOr0 COCTaBa UMEKT BbICOKYIO CTeMeHb CX0f-
CTBa C ONMBMHOBLIMW namnponTamy 3anagHou
ABCTpanuu, XoTs, B Lie/IOM, KUMOBepMTbl U nam-
MPOUTbI N0 MUHEP/ILHOMY 1 XUMUYECKOMY COCTa-
BY YETKO pa3nnyaroTcs. JlTaMnpounTbl NpUHaANexXar
K BETBM YNbTpaKaIMeBom cneyuanmnsaumum, B KOTo-
pbIX cogepXkaHve K,O BapbupyeT oT 4 oo 12 mac.
%. VX TUNOMOP(MHBLIMU MUHEpanamun SBAAKTCA
Ka/imeBble MONeBble WNATbl, NeALUT, PUXTEPUT,
npangepwT, BaaeHUT. B namnpontax oTCyTCTBY-
tOT MEePBUYHbIE Ka/TbLMT, CEPNEHTUH U MOHTUYeEN-
NNT, 06bIYHbIE NS OCHOBHOW Macchbl Kumbepnu-
TOBOW (hopMaLym. CXOLACTBO OIMBUH-(HIOrONUTO-
BbIX acCOLMaLMiA, N3yYeHHbIX B NpeAenax Bbille-
ONMCaHHBbIX MO/l 1 BbINOMHAKOLWWMX JaliKK B TPY-
60YHbIX cucTeMax Aprainn n dnneHaein, 3akmnto-
yaeTcA B PacnpoCTPaHEHHOCTU BK/IKOYEHUI 0Nn-
BUHWTOB 1 0AMHAKOBOM Habope nopoaoobpasyto-
LLMX U aKL,eCCOPHbIX MUHepasnoB. YepTbl CXOACTBA
3TUX MOPOZ, He CNyYaliHbl, a ABNAKTCA CleACTBM-
eM 0CobeHHOCTel neTporeHesnca nx hopMmnpoBa-
HUA. CUMTaeTCs, YT0 KUMOEPIUTLI U NaMMpouTbI
06pa3oBanncb B pe3ynbTate He6GO/bLLIOW CTeNeHM
naasnieHns GnoronnToBOro NepUAoTUTA, PyTUIO-
BOro rapuéypruta mbo KatakiaspoBaHHOIO Ay-
HUTa. Pewarowas ponb Ana 06pa3oBaHUA KUM-
6epMTOB 1 TaMNPOUTOB NPUHAANEXNT (DYruTmB-
HOCTM KMCNOPOAa, TakK Kak 3TOi BENMYMHON on-
pefensieTcs posb KapboHaToB. [aHHble No cocTa-
BY WnuHenu [Foley, 1986] 1 XMMUYeckuii coctas
(heppyuILLINMHENEN YKa3bIBatOT Ha BOCCTaHOBUTE/Ib-
Hble YC10BMS 06pa30BaHNs 0IMBUHOBBIX /1aMMPO-
WTOB N ONIMBUH-(NOrONUT-MEPOBCKUTOBBIX KUM-
6epnutoB. O6Laa Mogens 06pasoBaHUsA Kumoep-
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NATOB U NIaMNPOUTOB, N0 MHEHWIO 6OMbLUMHCTBA
nccneposartesnieid, ceszaHa ¢ ryorHHLIM NOLbEMOM
Avanvpa u nnasfeHnemM OTHOCUTENbHO ropsaYeit
HeMcToLLEeHHOI acTeHocepbl [Nixon, 1981].

MpucyTcTBrE KUMBEPANTOB, KapboHaTK-
TOB 1 MOPOS, NPOMEXYTOYHOIO COCTaBa B OfHUX
N TEX Xe Tefax — LUMPOKO M3BECTHbIN reonoru-
YeCKMI (haKT Kak B KPYMHbIX MaccuBax LLenovHo-
Y/IbTPAOCHOBHbIX MOPOA, TaK U B OTHOCUTE/IbHO
MESIKUX KUMOepnuTOoBbIX. Pe3ynbTarbl U3y4eHUs
Kapb0oHaTUTOBbLIX 06pa3oBaHUii CeBEPO-BOCTOKA
AKYTCKOW KUMGEPIMTOBOM NPOBUHLMN, acCOLUM-
PYHOLLMX C KUMBepMTaMu, OTpaXKeHbl B paboTax
B.K. MapLunHuesa [1974], B.B. KoBanbCKoro ¢ co-
asTopamu [1969], E.B. YepHbiwesoi, [1981]. Oc-
HOBHbIMW NPU3HaKaMu, N0 KOTOPbIM MPOBOAUTCA
rpaHunLa mexzay kapboHatutamu 1 KapboHaTusn-
POBaHHOW NOPOLONA, ABNAKOTCS CTPYKTYpa Nopoabl,
MUHepasbHbIA 1 XUMUYECKUWiA cocTaB. 1o JaHHbIM
E.A. YepHbliwesoi [1981] dopcTepuToBble Kap6o-
HaT1Tbl cocToaT 13 dopctepuTa (5-50 %), B cpes-
Hem 20 %; cmogbl (5-8 %), B cpeaHem 10 %, u
KanbuuTa. 3mMeHeHnem nopog B 1 ctaguio ABns-
eTcs 06pa3oBaHue Xenes3ncToro (ioronuTa, KOTo-
pbli 06pasyeT yellyinyarble CKOMIEHUS, YacTo
“MetoLLve rpyboCKeNeTHyo opmy. B HMX npu
NOCTOSIHHOM 3HaueHuM K,O oTmeyaeTcs yMeHb-
LLIeHWe IMMHO3eMa 1 BO3pacTaHuve XKene3mucTocTy.
Cniofbl Takoro e coctaBa pacrnpocTpaHeHbl B
M3YUYeHHbIX HaMW CepreHTUH-KapboHaT-anaTuTo-
BbIX KuMbepnunTax. CornacHo NUTepaTypHbIM AaH-
HbIM, B KapboHaTuUTax, Hapsagy C KanbLUTOM K
anaTuToM, OAHWM W3 CaMbIX PacrnpoCTPaHeHHbIX
MWUHEpasoB SBNSETCA MarHeTUT, B COCTaBe KOTO-
pOro NOCTOSHHO NPUCYTCTBYHOT NpumMecy Ti, Mg,
Al, Mn. lNepBoHaYa/IbHOE CofiepXKaHne YNbBOLLMNK-
HENM B MarHeTuTte, N0 AaHHbIM aBTOpPa, COCTaB-
nsano 30 mon. %, B nepecyete Ha UibMeHUT — 20
mon. %. MarHe3nodeppnT B MarHeTuTe COCTaB-
nset okosno 10 mon. %. AKLECCOpHbIe MUHepasbl
npeAcTaBeHbl NEPOBCKUTOM U Ka/lbLPTUTOM.

B v3y4eHHbIX HaMW MHTEHCUBHO KapboHa-
TU3MPOBAaHHBIX NOPOAAX OTCYTCTBYET HEM3MEHEH-
HbI O/IMBWH, a NPeobnajaloLLMMM BTOPUYHLIMM
MUHepanamm ABNAKTCA KapboHaTbl, CPeAn KOTOo-
PbIX LUIMPOKO pacnpocTpaHeH A0NoMuUT. MarHetut
NPUCYTCTBYET B BU/E MUHaa B COCTaBe (heppuLL-
nuHenein. HecMoTpsA Ha TO, YTO XMMUYECKWIA CO-
CTaB KapboHart (cepneHTUH)-QAoronut (XNopur)-
anaTuTOBbIX MOPOL MMEET BbICOKYH) CTEMNeHb CXOA-
CTBa C kKapboHaTnTamu, no cnocoby 0bpazoBaHus
OHW SBNAKOTCA MeTacomaTuTamu. CregyeT 3ame-
TWUTb, 4TO 06pa30BaHVe KapOHOHATUTOB B KPYMHbIX
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LLLeNI0YHO-YNbTPAOCHOBHbLIX MacCcuMBax HEKOTOPbIe
nccnefoBaTe/nin Takxe CBA3bIBAKOT C BO3LENCTBU-
em (bIIon40B Ha NepBuYHbIe nopogsl [CaMoiinos,
1977]. CxofACcTBO MeTacoMaTMYeCcKmX NnpoLeccos B
KPYMHbIX MaccmBax LLEN0YHO-YNbTPa0CHOBHbIX
Mopog, ¥ KUMOePIUTOBbIX MarmMaTuTax onpegens-
eTcsa yseinueHnem CO, B cocTase quitomaHom da-
3bl Ha 3aK/FOYMTE/bHbIX 3Tanax CTaHOBNEHWS Mar-
MaTMYeCKOW CUCTEMbI, HO MacLuTabbl ee NposB-
NEHVA CYLLLECTBEHHO pa3ninyatoTcs. Pas3inyHas nH-
TEHCUBHOCTb MPOSABAEHNA (IOVMAHON (hasbl Ha
PasNMYHbIX TMMNCOMETPUYECKMX YPOBHSAX KMMOep-
NATOBLIX TE/ U B PasHbIX MoNAX onpesensercs
COCTaBOM M 3BOJIHOLMEN NPOTONNTOB.

O Bo3pacTe NpOTO/INTOB
KUMOGepNTOBON MarmMbl

MonyyeHHble 3Ha4YEHUS NEPBUYHONO U30-
TOMHOrO OTHOLLEHUS CTPoHUMA (1)) Ans Kumbep-
NNTOBbIX NOPOA noneli KyoHanckol 30HbI CBUAe-
TeNbCTBYHOT O 3HaYMTE/IbHOW M30TOMHON reTepo-
reHHOCTM KX npotonuTos. Ana nopog Apbl-Mac-
TaxXCKOM 30HbI UX BeNMYMHa BapbupyeT o1 0,7034
o 0,7081, ansa OrokeHckoro nond — ot 0,7031 go
0,7074, pna BupurmHgnHckoro nong — ot 0,7034
fo 0,7078 v ana JlyyakaHckoro — ot 0,7048 no
0,7060. 3Ta M30TOMHas reTeporeHHOCTb OTMeYa-
eTcs faxe B rpefenax psafa KOHKPETHbIX Ten
(Ypanouka, YuebHasn-3, gainika OceHb, Mayanbl-3
N T.4.). JOMUHMPYOLWAa YacTb MOMYYEHHbIX 3Ha-
YeHWiA 1, oTBeuaeT o6oralleHHOMy MaHTUIAHOMY
NCTOUHUKY (g (T) = 1,78-57,55). B T0 Bpems Kak
nopoAb! paga Ten (Tena bymepaHr, ApkTuka-1 B
Apbl-MacTaxckom norse, faliku NMKPUTOB B paii-
oHe Onoby BupurnHanHckoro nons, AH-94/63,
AH-104/63, AH-199/63, AH-12/63, AH-42/89 B
[IIOKEHCKOM M0/1e) MEeNN AenneTUPOBaHHbIA MaH-
TUIHBIA UCTOYHUK (g, (T) = -0,47...-14,27), pac-
cUMTaHHble HaMu Mo Sm-Nd M30TOMHBIM AaHHBIM
[Kostrovitsky, Morikiyo, 1998; boraTtukos 1 gp.,
2004] 3HaveHus g, (T) Ang KUM6EPSIMTOB TPYOOK
JbixyaH, Oama (JlydyakaHckoe none), MonspHas n
CnoptumeHas (Apbl-MacTaxckoe rnose) MMeroT Mno-
NoXuTenbHble BeNnYMHbl (+1,78...+4,46) xapak-
TepHble ANA LenNeTMPOBaHHOIO MaHTUIAHOMO Mpo-
TonuTa. s nopog Tpyokm BukTopus nonyyeHa
oTpuuatenbHas BennumnHa g, (T) = -2,93, uTo
npeanosaraet nx PopmMmMpoBaHne U3 06oraLleHHo-
ro MaHTWUINHOrO pe3epByapa.

MogenbHbii Sm-Nd Bospact (T(Nd),,,) xa-
paKTepusyeT Bpems (DOPMUPOBAHUSA [ern/eTUpo-
BaHHbIX MPOTO/IMTOB MOPOZL 3TUX TeNl B UHTEpBa-
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ne 533-688 M/H. fieT, a oboraweHHOro (Tpyoka
BukTtopus) — 1067 mnH. net Hasag. bnmskoe co-
OTHOLLEHVME 3Ha4YeHUIA MOAEbHbIX AaTUPOBOK 060-
raleHHbIX 1 AeneTMpoBaHHbIX MPOTOUTOB MO-
ny4yeHo n no Rb-Sr cucteme ynbTPaOCHOBHbIX
LeNIOYHbIX Nopog, KyoHarcKkoi 30Hbl. 3T aatu-
POBKM ObIIN paccymTaHbl NO ABYCTaAUAHON MO-
nenn [Moller et al., 1998] ¢ KOPPeKTUPOBKOM KX
Mo BpeMeHN (POPMUPOBAHUSA TEN.

3HaueHus T(Sr),,, 060ralleHHOro MaHTuii-
Horo npotonuTa B Apbl-MacTaxckom nosne Bapb-
NPYT OT 642 10 1443 MAH. NET NpU SOMUHUPY-
lollleM UX pacnpefeneHun B nHTepsane 850-900
M/SIH. NIeT; B bupurmuHgnHckom none — ot 640 go
1346 MnH. neT ¢ gsyma mMakcumymamm (800-900
1 1050-1200 mnH. fieT); B JHOKEHCKOM nose — oT
660 fo 1211 MAH. neT (MakcMMyMbl pacripegene-
Hus: 750-850 1 900-1100 msH. nieT). B JlyyakaH-
CKOM 110/1e 3Ha4eHMs MOJE/bHbIX BO3PacToB 060-
raleHHbIX NpoToNnToB BapbupytoT oT 730 Ao
1025 MAH. neT.

JennetnpoBaHHble NPoToNUTLI B Apbl-Ma-
CTaxCKoM ro/ie UMET MOZeNbHbIV BO3pacT 582-
760 MnH. net, B BupurnHanHckom none — 524-
678 MnH. net, JloKeHCKoM — 553-732 MSH. fieT.
XapaKTepHO, 4TO MeXy BO3pacToM Marmaruyec-
KUX Ten B npegenax 30Hbl U MOLENbHbIMY BO3pa-
cTamy UX NPOTO/IMTOB HET SBHOW 3aBUCUMMOCTH,
T.e. OZLHOBO3PACTHble Marmbl MOI/IY BO3HUKATb U3
pa3HOBO3PaCTHbIX Cyb6CTpaToB 1 HaobopoT. B To
XE BPeMS HaMeyaeTCs TEHAEHLMSA NOBbILLEHWS pa-
AVOTEeHHOV COCTaBNAOLLENA B U30TOMHOM COCTaBe
CTPOHUMS OT APEBHUX K MOJSIOAbIM Marmaruyec-
KUM MPOSABNEHMAM B Mpefenax KMMOepInToBbIX
noneii KyoHanckoi 30HbI.

TakvM 06pa3oM, YNbTPA0CHOBHbIE LLIEM0Y-
Hble NopoAabl KyoHanckol 30Hbl POpMMPOBaA/INCH
13 Pa3HbIX MO U30TOMHbIM XapaKTepPUCTUKaM MaH-
TUNAHBIX CyOCTPaTOB, CTAHOBNEHME (M MOAU(UKa-
LIMS) KOTOPbIX MPOUCXOAWSIO B Pa3Hble 3Tarnbl TeK-
TOHOMarmMaT14yeckom akTmsBmsauuy pervioHa. Mo
JaHHbIM B.P. LLInyHTa [1987] Ha ceBepo-BOCTOKe
Cubupckoli NnatgopMbl B NO3LHEM AOKEMOPUK
Ob1IM NPOSABNEHbI MHOTOYUC/IEHHbIE LMK/IbI MNa-
NeopudTOBOro passuTuA. Bpems (opmuposaHus
060rateHHbIX MPOTO/IMTOB COBMAZAET C Bblfe/NeH-
HBIMW UM UMKIaMW PUPTOrEHHOro MarmMatmsma
MOBbILLEHHON LLEN0YHOCTY Ka/IMEBOI Crneuuanm-
3aumm — 1350-1300, 1170-1200, 1000-1050, 840-
890, 650-680 M/H. neT, a ¢ LMKnamu npossieHns
marmaruama ¢ MakCMMa/lbHON OCHOBHOCTbLHO (760-
780, 600-610 M/H. f1eT) accoummupyeT 0b6pas3oBaHue
[enneTMpoBaHHbIX MaHTUMHBIX Cy6CTPaTOB.
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