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AHATM3UPYIOTCS MPOOIIEMbI THATHOCTHKYA MArMaTHYeCKHX o0pa3oBaHMil, KOTOpPbIE Ha OCHOBE CBOETO
0€3BOJIHOTO, IMIETOYHOrO W TJIMHO3EMHUCTOrO COCTABA IMOJYYHIIH Ha3BaHUE «A-TPaHUTOMIBD). [IpOsIBICHHBIC
B PasIMYHBIX FCOJMHAMHYECKUX OOCTAHOBKAX W MMEIOUUE (B CHIIy CBOCH MEPBUYHO-MAHTHHHOW TIPUPOJIBI)
SIPKO BBIPAKEHHYIO PEIKO3EMENIBHYIO METAIIONEHUYECKYIO CIIEIIHATM3AIMIO 9TH KUCIIBIE HHTPY3UBHBIE 00pa-
30BaHUsI U UX BYJKAHUYECKHE MMPOU3BO/HBIE HMEIOT BAXXKHOE HAYYHOE U MpaKTHUecKoe 3HaueHune. OMHAKO HU
3HAYUTENILHOE KOJIMYECTBO MPEIOKEHHBIX KJIaCCH(DUKAIMOHHBIX CXEM H JIMarpaMM, OCHOBAHHBIX B TOM YHCIIE
Ha JOPOroCToAIUX aHAIUTUYCCKUX JaHHBIX, HU OKUBJICHHBIC }II/ICKyCCl/Il/I B Hay'-lHOl\/'I .m/lTepaType 06 ux aua-
THOCTHKE U JIByCMBICICHHOCTH YIIOMSIHYTOrO TEPMHHA TAK M HE TO3BOJIMIIHN TTOJYYHTh YETKOTO OIpPEICTCHHUS
UX KIACCU(UKAIMOHHBIX NPU3HAKOB. AHAIM3UPYS PE3yJIbTATHI PE/IIECTBYOUIMX HCCICAOBAHUN U OMUPAsICh
Ha 0COOEHHOCTH METPOXUMHUUYECKOTO COCTABA ITHX «A-THITMYHBIX» MOPOJ, aBTOP MpeyIaraet MpUHIUITNHAIb-
HO HOBYIO JUCKPUMHHAHTHYIO JUArpamMMy JUisl KJIaCCH(DUKAIMK MarMaTHYecKux 1mopoj 4-tuma. [IpoBeeH-
HbBI CPaBHHUTEIBHBIA aHAIN3 PACWICHEHUS! TPAHUTOB U CBSI3aHHBIX C HUMH KHCIBIX BYJIKaHHYECKUX IMOPOJL
(SiO, > 67 mac. %) Ha ocHoBe TpoitHo# auarpammel (Na,O + K,0)—Fe,0,*x5—(CaO + MgO)x5 u mupoko
MPUMEHSIEMbBIX B HACTOSIIEE BPEeMsi TCOXMMHUYECKUX HarpaMM MOKa3all MPperMYIECTBO MpeiaraeMoii aua-
rpaMMBl TIPU PACTIO3HABAHUU A-TPaHUTOUJIOB PA3JIMYHbIX T€OJAMHAMUYECKHX 0OCTAHOBOK.

A-munvl epanumog u puoaumos, nempoxumuyeckas kiaccuguxayus, S- u I-epanumouost, 2eoounamu-
yeckue 00CManosKu.

A-TYPE GRANITES AND RELATED ROCKS: PROBLEMS OF IDENTIFICATION,
PETROGENESIS, AND CLASSIFICATION

A.V. Grebennikov

The problems of identification of 4-type granitoids, igneous anhydrous alkaline aluminous rocks, are
analyzed. These rocks occur in different geodynamic settings. Owing to their mantle nature, they show distinct
REE specialization. These are felsic intrusive rocks, whose volcanic products are of crucial scientific and practi-
cal significance. However, neither the great number of proposed classification schemes and diagrams, including
those based on expensive analytical data, nor hot scientific discussions of their identification and the ambiguity
of the term A4-granitoids helped to determine their classification features in full measure. A principally new dis-
criminant diagram is proposed for the classification of igneous 4-type rocks, based on the analysis of earlier ob-
tained results and the petrochemical composition of these rocks. A comparative analysis of subdivision of gran-
ites and related felsic volcanic rocks (SiO, > 67 wt.%), based on the ternary (Na,O + K,0)-Fe,0,*x5-(CaO +

+ MgO)x5 and other widely applied diagrams, has shown the advantage of the proposed discriminant diagram
for the classification of A-type granitoids from different geodynamic settings.

A-, S-, and I-type granites and rhyolites, petrochemical classification, tectonic settings

BBEJIEHUE

[pesxme 4eM MpUCTYNHUTH K aHATUTHISCKOMY 0030py MaTepHajoB, MOCBAIMICHHBIX MarMaTHYECKUM 00-
pa3oBaHMSIM, MPOSBICHHBIM 3a4acTyl0 B aHOPOTCHHBIX (OT aHr. Anorogenic) 00CTaHOBKAaX M XapaKTEPHU3YIO-
mumest menounsiM  (Alkaline), Ge3BogubiM (Anhydrous) W B OmpeneneHHON CTENEHH TIITHHO3EMHUCTHIM
(Aluminous) cocTaBoM, 3aCITy>KUBIIMM 32 JOJTHE TOJbI 0KUBJICHHBIX HAYYHBIX JUCKYCCHU €Ille OJJHO Ha3Ba-
HHE — «ABYCMBICICHHBIE» (Ambiguous), He0OX0IUMO OCTAHOBUTHCS HA CAMOM TePMHUHE «A-TpaHUTH. Kak B
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3apyOeXHOM, TaK U OTEUECTBEHHOI JIUTEpaType, Aa U B KOHTEKCTE JAHHOW CTaThH OH UCIOJIB3YETCs KaK coou-
paTenbHbIH, B IIeJIOM 0003HAYAFONIUI 0COOBII THIT KUCJIBIX MarMaTH4ecKUX MMOPOJI, TOCKOJIBKY B paBHOMU cTe-
MICHW COOTBETCTBYET KaK MHTPY3UBHBIM, TaK U U3BEPIKEHHBIM IIPOU3BOTHBIM KHCIBIX MArMaTHIECKUX pacIuia-
BOB, CTOJIb IIMPOKO IPOSIBICHHBIX U B IIPOCTPAHCTBE, U BO BpeMEHU. B Bo3pociiem umcie myoaukanuii o
METPOJIOTUH, TEOXPOHOJIOTHH, TCOXHUMHUH U METAJUIOTEHUH A-TPAHNTOB, a B TIOCJIEHUE TOABI U B paboTax Mex-
nynaposHoro npoekta IGCP 510 (Global Correlation of A-type Granites and Related Rocks, their Mineralization,
and Significance in Lithospheric Evolution) reosiors mpuxoaaT K HEYTEHMIUTEILHOMY BBIBOJLY O TOM, UTO OOJIb-
IIMHCTBO MOCTABJICHHBIX BOIPOCOB O YETKOM OIPECICHNH NX OTIMYUTEIBHBIX MPU3HAKOB OCTAIOTCS BCE XKE
He perneHHbpIMH. bolree Toro, CymecTByIomue Ki1acCu(pUKaMOHHbIE CXEMbI 10 4-TUIIaM TPaHUTOHIOB HACTOJIb-
KO CJIOKHBI U IPOTUBOPEUUBBI, YTO MPUMEHEHNE UX JUIS TOW MM MHOM KOHKPETHOI IesT — BechbMa 3aTpy/I-
HUTENbHAS 3a1ada. B maHHOH cTaThe MPUBOANUTCS 0030p COCTOSIHUS MPOOJIEMBI HA OCHOBE aHAM3a HAYIHOU
JUTEPATYPhI, TOCBSIICHHOW KUCIBIM MarMaTHYECKAM IOpOIaM A-THIA, ¥ MPEIJIaracTcsi aBTOPCKas MaKCHU-
MaJIbHO YIPOIICHHAsI IETPOXUMHUYECKas AUCKPUMHHAHTHAS JUarpaMMa Ux pasjeneHus. PaccmatpuBaercst BO3-
MOYKHOCTbH MCIOJB30BaHMS €€ B KaUECTBE OJHOTO W3 MHCTPYMEHTOB BCECTOPOHHETO aHAIN3a MarMaTHIECKUX
KOMIDICKCOB TIPH METPOTCHETHYCCKUX W T€OINHAMUIECKUX TOCTPOCHHSX.

COCTOSHHUE ITPOBJIEMbI

Beenenune TepmuHa «A4-rpaHutel» npunuceiBaercs M. Jlozemny u Jl. Boncy, koTopsle Ha KOH(EpeHIUN
I'eonornyeckoii ciryx0br CIIIA B 1979 r. Tak oXapaKkTepHU30BaIH aHOPOTCHHBIC TPAHHUTHI, BBISIBIICHHBIC B pUQ-
TOBBIX 30HaX M CTAOMJIBHBIX OJOKaX 3eMHOHM KOPBI, XapaKTePH3YIOMINECs YMEPEHHOH MIETOYHOCTRI0 U KPHC-
TajanM3oBaBIMecs npu Huzkoi ¢yrutusnoctu H,O u O, pacmiaBos, a Taxxke BbicokoM otHomenun HF/H,O
[Loiselle, Wones, 1979]. CnipaBeanuBocTy paan He0OOXOAMMO 3aMETUTh, YTO Ha 3TOM k€ KOH(EPEHIIUN OCHOBO-
MOJIOKHUKK ayipaBUTHOW Kiaccuukammu rpanutouwnoB b. Yanmemr m A. Baiitr [Chappell, White, 1974]
caenanu 0000IMaomKil JOKIAM, A MPUBEIN TCHETHYECKYIO CXEMY, COAEPIKAIIYI0 YeThIpe OCHOBHBIX THUIIA
I'PAaHUTOB, PA3IMYAIOIIMXCS 110 COCTaBY MU UCTOYHUKY HopoA. [ToMrMo yke N3BECTHBIX B TO BpeMs S (BBICOKOT -
JTUHO3EMHUCTHIX)- U [(M3BECTKOBO-IIIENIOYHBIX )-TUIIOB, B UX CXEMY BOLUIA M-TpaHUTHI (TPOU3BOJIHBIC MAHTHH-
HBIX PacIUIaBOB) M HE IOJYYHBIIHE KaKOH-T100 ab0peBHuaTyphl rpaHUTHl aHOPOTCHHBIX 00JIacTeH, KOTOPhIC U
COOTBETCTBOBANIU A-rpaHutaM. 1 xota A. YallT npennoxuil IpUMEHUTENbHO K HUM TEPMUH «R-TUI», Aenast
YIOp Ha HX TPOUCXOXKIACHUHU U3 octatouHoro (Besidial) pacrmasa [Bonin, 2007], oH kak ciunikoM 0600maro-
UM TaKk U HE [OJIy4ns IPU3HAHUS B HaydHOM Mupe. IlepBas cTaTbs, B KOTOPOI MCIIOJIB30BAJICS TEPMUH «A-
TPaHUTBIY, IosBHIAch TOJIbKO B 1982 1. [Collins et al., 1982]. Ee aBTOpbI OTHECTH K A-TUITY TPAHUTHBIC KOMII-
nekcel FOro-BocTouHoli ABcTpanuu Ha OCHOBE BBICOKMX KoHIeHTpamuii Nb, Ga, Y u P3D, npu Hu3KHX
conepxkanusix Al (1), Mg u Ca. Pannsis kpuctaymu3anuu aMmpuoora (TaCTHHICUTA) U TO3HSST — OuoTuTa (aH-
HHUTa) OOBACHSUTNCH aBTOPAMHU KaK pe3yJbTaT oOoraiieHust marmarudeckux pacmiasos F u Cl. Mimu xe Boep-
BbI¢ OBIJIO YCTAHOBIICHO, YTO BBICOKHE 3HaUeHUs1 Ga/Al SBISIOTCS THIIMYHON YepTOit A-pacruiaBoB. DTO CBOMC-
TBO HAIIJIO OTPAXKEHHE B MOCIEAYIOMUX KiIaccupukannoHHbIX nuarpammax [Whalen et al., 1987]. Ha ocHose
otHoteHust Ga/Al n conepxanuii Zr, Nb, Ce u Y ObLIH MOCTPOCHBI SMITUPUYECCKHE TOJIS, paselistonie 4-
TUMBI TPAHUTOB U BOOOIIE OONBIIMHCTBO OPOTEHHBIX I'paHUTOMAOB. K coxkajeHHro, Ha 3TUX JUarpaMmax
KBapII-TIOJICBOIIIIATOBEIC TPAHUTOH B! /- U S-THITOB, XapaKTEPU3YIOITHECs BEICOKOU CcTeTeHbIo uddepeHpo-
BAaHHOCTHU, YaCTUYHO NEPEKPHIBAIOT M0JI€ A-TPaHHUTOB.

HocratouHo JuinTesnbHOE BpeMs (@ 3a4acTyio U CeroJHs) B Hay4HOH JuTepaType A-rpaHuTOUbl OTOXK-
JIECTBIISJIN ¢ BHYTPUILTUTHBIME TpaHuTouaaMu (WPG) Ha ocHOBe 0cOOCHHOCTEH X T€OXUMHUYECKOTO COCTaBa.
Ha muarpammax [Ix. [Tupca [Pearce et al., 1984] u H. Xappuca [Harris et al., 1986] oHu nonagainy riiaBHbIM
obpaszom B none WPG. YuutsiBas BbIcOkHEe cofepkanust cyMmMsl menoueif (Na,O + K,0), a Tounee armauro-
BBII XapakTep 3Tux pacioiaBoB (Na + K > Al), Obiia npetoskena HOBas KilacCH()UKAIOHHAS AUarpaMMa IS
pasnenenus /-, S- u A-tunos [Maeda, 1990]. Heobxoanmo 3aMeTUTh, YTO YHIOMSIHYThIE KIAacCH(PHUKALUH, BO
MHOI'OM JAOHOJHSS APYr Apyra, AOCTaTOYHO YETKO Pa3lesisioT KHCJble MarMaTHYECKUE MOPOJIbl, UMEIOLIe
MPSMOE MAaHTUITHOE MPOUCXOKACHUE, HAIPUMED, IEIOYHbIC PUOTUTHI (KOMEHANUTHI U MAHTEJIEPUTHI), OT KO-
POBBIX paciuiaBoB (/- u S-tum). B To ke BpeMst OHM HE YYUTHIBAIOT BCETO MHOTO0OPA3Hs ITHX YHHKAIBHBIX
MIPOU3BOAHBIX MarMaTHUECKUX PacIiaBoB. KoMeHANTHI (MeHee MIET0OYHbIE U XKEJIEe3UCThIC, HO OoJiee TINHO3e-
MUCTBIE PUOJIUTHI) OTMEUEHBI HA BYJIKaHUYECKUX OCTPOBaX, PACIOJ0KEHHBIX BKPECT MPOCTUPAHUS CPEIUHHO-
OKeaHHUYeCKHX XpeOToB: 0. Bosnecenus, byse, [lacxu, [IuTkspH u npyrue, 1 Ha KOHTUHEHTAX, II¢ OHU acCo-
MUAPYIOT C KPYIMHBIME pU(TOBEIME cucTeMamu (Kenus, Duonus) wiu NpuypodeHbl K yIacTKaM KPYITHBIX
TEKTOHMYECKUX auciokanmii (3anagnas yacte CIIA, ABctpanus). [Tantenneputsl (0osee mienoyHbIe U xKele-
3WCTHIC, HO MCHEE TIIMHO3EMHUCTHIC PHOJINUTHI) OOBITHO HAOIIOAAIOTCS Ha KOHTHHEHTANBHBIX pudTax (Bocrou-
Ho-Adpukanckuii, KpacHoe mMope), a Takke Ha OKEaHMYECKHX OCTPOBAaX, MPEACTABISIONINX NMPOIOJIKCHUE
Mopckux 1uiato (0. ['pan-Kanapust, o. Keprenen, Azopckue octpoBa). COBMECTHO KOMEHIIUTHI U TTAHTEIIICPH-
TBI BCTPEYAIOTCS KpaifHe peako. B mpepenax ogHOro BylKaHa OHU OMMCAHBI TOJNBKO B paiioHe Adapckoro
pudra (Oduonus).
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Uro kacaeTcsi BBICOKOTJIMHO3EMUCTBIX A-TPAaHUTOB, MPEICTABICHHBIX PAIlaKUBU U MOJAOOHBIMH UM TTOPO-
JaMH KOPOBOT'O TPOMCXOXACHUS, TOYKA MX COCTAaBOB OOBIYHO PAcroiaraioTcsi BOJIM3M T'pPaHUYHOW OO0JIaCTH
WPG—VAG (rpanutsl Byikanuudeckux ayr) [Pearce et al., 1984] unu obnactu FG (ppakumoHupoBaHHBIX
rpanutoB) [Whalen et al., 1987] u, Takum 00pa3oM, He BIIOJIHE COOTBETCTBOBAIIH MIPHHATOMY K TOMY BPEMCHH
orpeeneHuio A-tuma. Bo MHOrOM Giiaromapst TakoMy HECOOTBETCTBHUIO OBLIO MPEIIOKEHO HCIIOTb30BaTh Tep-
MHH «IOCTKOJUTM3HOHHEIC» B KAYECTBE aHAJOra A-TpaHUTOB B CBS3U C HX OOIBIION pacIpOCTPaHEHHOCTHIO B
Pa3IMYHBIX THITAX KOJUIM3HOHHBIX 00cTaHOBOK [Sylvester, 1989]. B a0 xe Bpems 1. Manuap u I1. [Tukkommu
MIPEUIOKUIIM HOBYIO CEPHIO JIMCKPUMHHAHTHBIX JIHArpaMM Ui paszelieHusi TpaHuTonioB [Maniar, Piccolli,
1989]. Cpenu aHOPOTEHHBIX KOMILJICKCOB OHH BBIJCIIMIIM TPAHUTOU/IBI, CBSI3aHHBIC C pU(TaMU, TPAHUTOH/IHI
KOHTHHEHTAIILHBIX SITMOPOTCHHBIX TIOJHITHH, OKEaHUYECKHE TNIArHOTPAHUTRL. BripodeM B uX Kiaccu(UKaIum,
kak 1 Ha quarpammax Jx. [Tupca ¢ coaBropamu [Pearce et al., 1984], He HaMIIOCh MECTa MOCTKOJTU3MOHHBIM
rpanuronnaM. Jl. Pomxep u . 'punGepr nonsitanuch 0ObANHUTE ATU MOHATHS, BBIJCIHB CPeU A-TpaHUTO-
UJI0B TTOCTOPOTEHHBIE M COOCTBEHHO aHOPOTCHHBIC: TPAHNUTHI AaHOPTO3UTOBBIX (PAaNakuBU) U IIEJIOYHbIC TPaHU-
TOHJIBI KOJIBbLIEBBIX KoMILIeKkcoB [Rogers, Greenberg, 1990], T.e. OCHOBBIBasiCh UCKIIOYUTENIBHO HA T€OAMHAMHU-
YeCKUX 00CTaHOBKAX UX MPOSBJICHHUSA, @ HE HA FTEOXMMUYECKUX MapaMeTpax.

Bornee npucransHOro BHUMaHUS 3aCIyKUBAIOT uccienoBanms [.H. D0u, moapa3aenuBIiero rpaHATOUIBI
A-THIa Ha JIBE TPYIITBI HA OCHOBE COJIEPKAHUS B HUX paccessHHBIX 31eMeHToB (Y, Nb, Ce u Ga) u, B 4acTHOC-
TH, oTtHoeHuss Y/Nb [Eby, 1992]. BaxxHo oTMeTHTb, UTO TpeiokeHHas quarpamMma [.H. D0u morna ObITh
HCTIONB30BaHA TOJBKO JUIS MOPOJ, KOTOPHIC TMOMATaroT B MO BHYTPUIUIUTHBIX TPAHUTOHMIOB HA CXEMax
Jx. Iupca ¢ konneramu [Pearce et al., 1984] u 4-tumoB Jx. Yosiena ¢ coapropamu [Whalen et al., 1987].
B rpynmy ¢ HuszkuM Y/Nb (MeHee 1.2) BOIUIH KHCJIbIE MarMaTU4eCKHE MOPOJIbI OKCAHMYECKHX OCTPOBOB H
KOHTHHEHTAIILHBIX PUPTOB aHOPOTCHHBIX 00CTaHOBOK. [Ipemmnomnaranock, 94To 3TOT THI MOPOJ CHOPMHUPOBAH
U3 NCTOYHHUKA TMTOCTABJISIBIINX 0a3a]bThl OKeaHnIecKuX ocTpoBoB (OIB) B oO6cTaHOBKaxX BHYTPUIUIUTHOTO HIIH
pudToBoro okpyxenus. [ pynma c 6onee BbicokuM Y/Nb, COOTBETCTBOBABIIAS ITUPOKOMY JUAMTa30HY T€0INHA-
MHUYECKUX 00CTaHOBOK (B TOM YHCJIE KOJUIM3UOHHBIX U COCTABIIAIONIUX UCKIIOYEHUE aHOPOTEHHBIX TPaHUT-pa-
MAaKWBH), BO3HUKJIIA 32 CYET 0a3albTOBOI0 UCTOYHHKA KOHTHUHEHTAJIBHBIX OKparH U oCTpoBHBIX IyT (IAB) nnu
B pe3yJIbTaTe YaCTUYHOTO IJIaBJIeHUs KOpbl. OHUM U3 BaXKHBIX BBIBOJOB Npodeccopa MaccauyceTcKoro yHu-
BEpCUTETA ABISACTCS 3aKIIOYEHHE O TOM, YTO A-TPAaHUTOM]IBI MOTYT OBITH 0OpPa30BaHbI CAMBIMH PA3JIMUHBIMU
MYTSMH, KOTOPBIC HE BCET/Ia COOTBETCTBYIOT aHOPOTEHHOMY PEXHMY. B 4acTHOCTH, BBISICHUIIOCH, YTO HE BCE
TPaHUTEI NIEPBOM IPYIIIEI (A,) ABIAIOTCS MPOM3BOIHBIMU M-pacIIaBoB, a BTOPOW (A,) — HNOATHUIIOM [-rpaHH-
TOB, Kak rmojpa3zymeBaiocsk emnie B. Kommmnazom ¢ coaBropamu [Collins et al., 1982]. [leiicTBUTENBHO, TIOBTOP-
HOE BBITIIABJICHHE MarMaTHYECKUX PACIUIABOB U3 KOPBI, YK€ UCTIBITABIIECH YaCTHIHOE IUTABJICHUE U TEM CaMbIM
UMEIONICH HU3KUE COACPKaHMS KpeMHUs, Kanus u Fe/Mg, MOmKHO MPUBOAUTE K MHBIM COICPIKAHHUAM ITHX
AJIEMEHTOB B Ka3aJloch Obl THIMMYHBIX 4-TpaHnuTax. K coxanenuto, npeacrariennsie [.H. D0u naHHbIe, HECOM-
HEHHO CBHIFPABIUE OYCHb BAKHYIO POJb HA TEPBBIX dTamax, He pas3leNissioT A-TpaHUThI Ha JBE JUCKPETHBIC
TPYMIIBL, a, CKOpee, WLTIOCTPUPYIOT (Kak Moka3aHo B padore [Bonin, 2007]) conpsskeHHOCTH MOJIEH MOCTKOI-
JU3UOHHBIX ¥ TOCTOPOTCHHBIX U Jlajiee O BHYTPUIUIMTHBIX TPAHUTOUIOB, (hOpMUPYS 00JIaKO HEeompeaeieH-
HOCTU BOIb TpaHHLbl rpynn 4,—A,. CiegoBaTensHo, NpH IPUMEHEHUH JAHHOH AMarpaMMbl HEOOXOIUMa
00JIbIIas OCTOPOKHOCTH, 0OCOOEHHO B YaCTH BBIBOJOB 00 MCTOUHUKAX MarMaTHYeCKHX PacIlIaBoB.

Wnoii myTh BeIOpan b. bap6apus, monbsITaBIIMKACS UCIIOI30BaTh KOMIUIEKC KpUTEpHUEB (MUHEpaJIOrHyec-
KHX, TEOJIOTHYECKHUX, TCOXUMHUYCCKHX, B TOM YHCJIC W U30TOIHBIX) IS pa3feicHUs TPAHUTHBIX CepHi U Ha
3TOM OCHOBAHUU CYAHTH O MPOUCXOKICHUU MarM M Fe€OINHAMUYECKUX 00CTaHOBKax MX oOpaszoBaHus [Barba-
rin, 1999]. Nim BbIIeTICHBI KpailHe BBICOKOTJIMHO3EMHCTBIC (S-THIT), H3BECTKOBO-IICJIOUHBIC OPOTEHHBIC H Cpe-
JTIHHO-OKEaHMYECKHE TOJICUTOBBIC TPAaHUTOUIBL. K coXaleHnto, B ero KiacCH(HUKAINIO BOILTH TOJBKO arman-
TOBBIC A-TPaHUTHI, U KOTOPBIX MOAPa3yMEBaIOCh MAHTHHHOE TPOUCXOXKICHHE, a A-TPAHUTOUIBI KOPOBOTO
MIPOUCXOKJICHUS HE HAIIIM U B HEH CBOETO MECTa.

OCHOBBIBASICh Ha ONBITE U CYIIECTBYIOIINX TCHETHYECKUX CXeMax (X HacYMThIBaJIOCh Ooee 20) mpeapl-
Iyumx uccienosarened, P.b. @pocT ¢ coaBTopamMu Mpeayokui HETPAAUIMOHHYIO KIacCU(DUKALNIO KHCIIBIX
MarmMaTH4ecKuX MOpoJ, UCXOAs U3 UX METPOXUMHUUYECKOTo cocTaBa [Frost et al., 2001]. B aToif cuctemaTHke 3a
OCHOBY ObUIH PUHSTHI TPU OCHOBHBIX XUMUYECKUX MapameTpa: 1) unaekc xkenesucroctu FeO*/(FeO* + MgO) >
>0.486 + 0.0046xSi0, mac. %, MO3BOJIAIONIMI pa3AesATh MarHE3UAIbHBIE U JKENIE3UCThIE (COOCTBEHHO A-THII)
IPaHUTOHBL, 2) MOAUGHUIMPOBAHHBIA 1IET0YHO-U3BeCTKOBUCTHIN uHAEKC M. IMnkoka — (Na,O + K,0-CaO)
(MALI) u 3) uagexc Hackimenus rimHozeMoM (ASI), mpeacraBisiomuii Mojekysipaoe otHomreHne Al/(Ca—
1.67xP + Na + K) u marommii BO3MOKHOCTB Pa3[eUTh KHCIBIE MarMaTHIEeCKUE TIOPOIBI Ha BEICOKOTIIMHO3E-
muctbie (ASI > 1.0), ymeperno rmuHozemuctbie (ASI < 1.0, mpu (Na + K) < Al) u armautosbie (ASI < 1.0, HO
(Na + K) > Al). Mcrnonb3yst 9T TUarpamMMbl, aBTOPbI HE TOJBKO BBIJICIMIN 00JaCTH paclpOCTpaHEeHUs A-TH-
MIOB TPAHNUTOU/IOB, HO M Pa3/ICIIIN UX BIOCICACTBIH HA BOCEMb T€OXMMUIECKUX TPYIIL, XapaKTCPU3yIOITHXCSI
Pa3TUYHBIM IPOUCXOKACHUEM U HAIIPaBICHHOCTHIO ABOMIIOINY TpaHUTHBIX cepuil [Frost, Frost, 2011]. B wact-
HOCTH, OHHU TMOKA3aJId, YTO YMEPEHHO TNIMHO3EMHUCTHIC KEJIE3UCThIE TPaHUTOUIBI MOTJIH (POPMHUPOBATHLCS B pe-
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,’ \ N’ I}
Bbicokoe Hnskoe .-~ acgﬁ,\’zaﬁgﬂm AN
nasneHve naenexve ” VL S
InddepeHumnaums MapumnaneHoe LucbchepeHumaLs MapumnansHoe HundbdepeHumnaumns HnddepeHumnaums
TONEeNTOBbIX nnasrneHne Kopbl 6A3ANLTOB nnasrneHne Kopbl 6azansToB LLIeNOYHbIX
6a3ansToB (Hn3koe gaenexue) (Hn3Kkoe faBnexue) nepexogHoro Tuna 6a3ansToB

Puc. 1. Cxema, HIIIOCTPUPYIOLIAsl NMETPOreHe3UC PAa3JIMYHbIX THIOB :KeJe3UCThIX rpaHuTouaoB [Frost,
Frost, 2011].

3ynbrate AudQepeHmranuy ToISUTOBBIX 0a3albTOB. B mporecce mapiuaibHOTO MIaBICHHUS TPAHUTHOW KOPBI
puoOpeTanach BRICOKAS MIIMHO3EMHUCTOCTh, TIPU ATOM TIABJICHHE KBAPII-MTOJEBOIINATOBBIX TIOPOJ B YCIOBHUSIX
HU3KHX JIABJICHUI MOTJIO MPHUBOAMTH K KPUCTAJUIM3ALMU M3BECTKOBO-IIETIOYHBIX YMEPEHHO TIMHO3EMHUCTHIX
rpaHuTou10B. B pesynbrate quddepenHnpannn 0a3aibTOBBIX MarM IMIEJI0YHOTO UM MPOMEKYTOYHOTO COCTa-
BOB, COITPOBOKAAIOIIEHCS KOPOBOM acCUMUIISILIUEH, (POPMHUPOBATIUCH armauToBble IPaHUTOUABI (puc. 1).

AHanu3upysl CyLIECTBYIOIIME CHCTEMAaTHKH, HEOOXOJUMO BBIJACIUTh JUCKPUMUHAHTHYIO JUArpaMMy
C. . BenuxocnaBurckoro [2003], y4uThIBaOLIyI0 OOIBIIOE KOTHMYECTBO SMIMPUUECKUX JaHHBIX, XapaKTepH-
3YIOIIUX T€OXUMHYECKUAN COCTAaB KHCIIBIX MarMaTHUECKHUX TIOPOJI, M, TAKHM 00pa3oM, Ooiee IpUeMIIeMYIO JUIs
reoIMHAMUYECKON TUIH3aluy. M XOTs pecTaBIeHHBIN UM OMHAPHBIN rpadUK HE HMEET MPSIMOTO OTHOIICHHS
K A-TpaHUTOWAAM, OH JOCTATOYHO YETKO Pa3IeisieT MO BHYTPUILUTUTHBIX, KOJUTM3HOHHBIX U CYOTyKIIMOHHBIX
rpaanTOnIOB. K coxaneHnio, Ha IpakTHKE TPYIHO 00ECIICUNTh €ro OCHOBHOE YCIIOBHE — HAIMINE ITHPOKOTO
CIEKTPa TeOXUMHUYCCKHX JTAaHHBIX:

X =(196.203xSi0,) + (753.953%TiO,) + (481.96XAL0;) + (92.664xFeO) + (521.5xMgO) + (374.766%Ca0) +
+(7.571xNa,0) — (584.778xK,0) — (0.379xBa) — (0.339xSr) — (0.733xRb) — (0.429xLa) — (3.33xCe) —
— (5.242xNd) + (10.565xSm) — 19823.8;

Y =(1292.962xSi0,) + (4002.667xTi0O,) + (1002.231xAL0,) + (1297.136xFe0) + (262.067xMgO) +
+(1250.48xCa0) + (1923.417xNa,0) + (1009.287xK,0) + (0.3634xBa) — (0.325xSr) — (0.701xRb) +
+(0.8015xLa) + (3.347xCe) + (2.68xNd) + (10.11xSm) — 126860.

B nocnennee Bpemst B 3apyOeKHOM JIHTepaType HabIonaeTcs: CTpeMIICHHE CO31aTh YHUBEPCaIbHbIC THa-
TPaMMBI, CIOCOOHBIE pa3/IeNIUTh MarMaTHIEeCKHe MOPO/Ib! (B TOM YHCIIE ¥ TPAHUTHI) B 3aBUCUMOCTH OT ITPOSIB-
JICHUSA UX B CaMbIX PA3JIMYHBIX IT'COJANMHAMHNYICCKUX obcranoBkax. K COXKaJICHU1O, HOI[O6HI)IC I'pa(l)I/IKI/I IIOMHMO
TOT0, YTO TPEOYIOT ONPEACIICHHOH CTAaTHCTHYECKOH 00pabOTKH, XapaKTEPU3YIOTCS JOBOJIBHO TPYIOSMKHM H
CJIOXKHBIM NIEPecUYeTOM aHAJIMTHYECKUX TaHHBIX. B yacTHOCTH, K TAKOBBIM OTHOCHTCS HEJIaBHO OITyOJIMKOBaH-
Hast quarpamma [Verma et al., 2013]:

X = (0.051xIn(Ti0,/Si0,),,) +(0.226XIn(ALO,/SIO,) ) + (~1.77xIn(Fe,0,/Si0,), ;) + (1.83xIn(Fe0/SiO,), )+
+ (-0.065xIn(MnO/Si0,), ;) + (0.134xIn(MgO/Si0,), ) +(0.225xIn(Ca0/Si0,),,) + (0.742xIn(Na,0/SiO,) )+

+ (-1.78xIn(K,0/Si0,),;) + (0.146xIn(P,04/Si0,) ;) — 2.12;

Y = (1.09xIn(TiO,/Si0,),,) + (~1.65¥In(ALO,/Si0,),,) + (~1.19xIn(Fe,0,/Si0,), ) + (1.03xIn(Fe0/Si0,), ;) +
+ (0.82xIn(MnO/SiO,), ;) + (0.026xIn(MgO/Si0,),,) + (0.223xIn(Ca0/Si0,),,) + (0.212xIn(Na,0/Si0,),,,) +
+(0.085xIn(K,0/Si0,),,) + (-0.85xIn(P,04/Si0,) ) + 2.54.

Emie ogHuM acniekToM mpo0eMbl U3YYEeHUS U TUIU3AlUU A-TPAaHUTOMIOB SIBJISETCS PACIPOCTpaHEHHAs
HHTEpIIpETaIys UX KaK IMPOU3BOIHBIX PACIUIABOB BOCCTAHOBICHHOTO THIA. BenencTaue atoro, Gakty cymect-
BOBAHUSI MArHETUTOBBIX CEPUl CpeIN TPAHUTOUIOB A-TUIIA HE YACTUIOCH JOCTATOYHOTO BHUMAHUS, TOCKOIIb-
Ky B 3TOM CJIy4ae OHM HE OTBEYaJIM TOUHOMY OIpPEJCICHUI0 A-TPAaHUTOB, 4, CKOPEE, COOTBETCTBOBAIIU U3BECT-
KOBO-IIEJIOYHBIM (OpPOTE€HHBIM), WK [-TpaHuTaM. Takue TPaHuThl, COACPIKAIINE MOJATLHBIA MarHETUT, OBLIH
BIIEPBBIC ONKCaHbI UMEHHO Kak A-tun Ha Tepputopun CIHIA JIx. Arnepcornom u WM. benaepom [Anderson,
Bender, 1989]. B 2007 r. u Opa3uiibcKkue yUeHbIC, H3y4asi TPAHUTOHIIBI OacceiiHa p. AMa30HKa, TaKKe 00Hapy-
KUJIH, YTO 3TH MOPO/BI, IPHHAAJISKAINE MATHETUTOBON CEPUHU, UMEIOT BHICOKHE KO3()(DUITMEHTHI KEJIEe3UCTOC-
TH TI0 BaJIOBOMY COCTaBy, OMOTUTY M aM(HUOOITy, UTO MPEATIoaracT KPHCTAIUIN3AIHIO COOTBETCTBYIOIINX pac-
IUTABOB B OTHOCHTENBHO BOCCTaHOBICHHBIX ycnoBusx [Dall’Agnol, Olivera, 2007]. Ha 3ToM OCHOBaHHHU OHH
MIPUIILIH K BEIBOAY, YTO MAarHETUTOBBIC U MIBMEHUTOBEIE cepuu (B onpenenennu C. Mmuxapsr [Ishihara, 1977])

adj

adj adj.
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HE BCET/A SIBJISIOTCS SKBUBAJICHTAMH OKHCJICHHBIX U BOCCTAHOBJICHHBIX A-TPaHUTOUAOB. {7151 TOJOOHBIX MOPOA
aBTOPAaMH BBOAUTCS TEPMHH «OKHCIICHHBIN A-TUI», @ UX KPUCTAJUIN3AIMS MPEATIONAraeTcsi U3 MarM C CyIiecT-
BEHHBIM COZIepKaHueM BObI (> 4 Mac. %), epBHYHBIM HCTOYHUKOM KOTOPBIX MOTJIM OBITh KBAapI[-T10JIEBOILITIA-
TOBBIC MOPOABI HIXKHEH KOPBL. Y TOUHSIFOLIMN TEPMUH «OKHCICHHBIN A-TUI BHOCHUT ellie OOJIBIIYI0 Heonpee-
JICHHOCTH B IOHUMaHUE A-TPaHUTOHIOB B I[EJIOM, IIOCKOJIBKY OOJIBITUHCTBO KIaCCU(PHUKALUKI, PACCMOTPEHHBIX
BBIIIE, HE CIIOCOOHBI OTIMYHTH MOJO0HBIE 00pa30BaHUsl Kak OT COOCTBEHHO A-TPaHHUTOB, TaK U OT OPOTCHHBIX
M3BECTKOBO-IIEJIOYHbIX, U [-IPaHUTOB.

CyMMupYsI N370)KEHHOE BEIIIE, TIOMBITAEMCSI BEIICTUTH OCHOBHBIE OCOOCHHOCTH A-rpaHnTonioB. Ux ac-
COITMANINH 3aKapPTHPOBAHEI HA BCEX KOHTUHEHTAX (BKIIOUasi AHTAPKTHIY), a BpeMst 00pa30BaHUS BaPBUPYET OT
Heoapxest (0Kouto 2.7 MIIp/ JIeT) 10 KaitHo30s (10 MitH et u MoJioke). JIocTaTOYHO peaKue st HUKHEH KOpbI
(xax, HaMpUMep, HEKOTOPBIC YAPHOKUTOBBIE KOMIUICKCHI), OHM OOBIYHBI JJIs1 OMM3MOBEPXHOCTHBIX, CYOBYIIKa-
HHUYCCKHUX YPOBHEH, T1ie (POPMUPYIOT KOJIBIIEBbIC KOPHETIOABOIINE KaHAJIBI Kalbaep. B 0cHOBHOM HX Kiaccu-
(UIMPYIOT KaK KBapLEBBIC CHEHUTHI, YMEPCHHO INIMHO3EMHCTHIC M arfanTOBBIC MPAHUTHI, a BYJIKAHUYCCKHUE
AHAJIOTH — KaK BUTPO(QUPOBBIC PHOIUTHI, KOMEHUTHI U MAHTEICPUTHL. /{711 HUX THIUYEH IEJIOYHO-U3BECT-
KOBBII JI0 IIETOYHOTO, JKEJIE3UCTHIN BATIOBBIN COCTaB, BHICOKHE KOHIICHTPAIIMK KPYITHOUMOHHBIX JTUTO(PHIBHBIX,
BBICOKO3apsaHbIX (mpexae Bcero, Nb, Ga u Y), peaKo3eMenbHbIX JIEMEHTOB (32 UCKIIOUEHHEM €BPOIIUs) U
HHM3KHe copepxaHus Str, Sc, V, oOunue rajgoreHoB, oco0eHHO F. A-rpaHUTBI OYEeHB JIETKO BBIIBHTH HA OCHOBE
MHHEPaJIBHOTO COCTaBa: IPUCYTCTBHUS )KEIE3UCTHIX CHITHKATOB ((hepporeneHoeprura, pepporacTHHIrCuTa, (ams-
JWTA U AaHHWTA) WIH XapaKTePHBIX JUIS arTauTOBBIX Pa3HOCTEH ATUpUHA, ap(pBEICOHUTA U PUOCKHTA, a TaKKe
NEPTUTOBOTO NOJEeBOro mara. [1ockoiabKy rpaHnuThl 4A-THIIa OTMEYEHBI B aCCOLIMALMM C OCHOBHBIMU H3BEp-
JKEHHBIMH IIOPOJAaMU U Ha KOHTUHEHTAaX, U Ha OKEAaHMYECKOM JIHE, UX IPOUCXOXKJIEHUE CBSA3BIBAIOT C MAHTHUH-
HBIMHU TTPOU3BOIHBIMHU IIEIIOYHBIX paciuiaBoB. M3oromubie cootHomeHus (Rb-Sr, Sm-Nd) ykaspiBaroT Ha npu-
CYTCTBHE B HHMX MaHTHHHBIX METOK. OHH XapaKTepH3YyIOTCSI BBHICOKUM METAJUIOTCHHYCCKUM ITOTECHIHAJTIOM,
KOTOPBIN OBII BIIEPBBIC OTMEUEH NPH n3ydeHnu rpaHutoB Hurepun [Bowden et al., 1987]. Ilomumo F, Y, Zr u
TPYTIIBI PEIKO3EMENbHBIX 3JIEMEHTOB, A-TPaHUTOU/IBI U3BECTHBI M KaK UCTOYHHMKH Sn, a Takxke W, Ta, Nb u Be.
Sn-In MuHepanuzanus CBOWCTBEHHA Tona3zoBbiM rpaHutaMm Cesepo-Bocrounoii u IlenTpansHoil bpasunun
[Botelho, Moura, 1998]. FeO-Cu-Au nposiBIeHUS MapareHeTUYECKU CBS3aHbI C A-TpaHUTaMu 1Tata Muccypu
(CIIIA) [Kisvarsanyi, Kisvarsanyi, 1990] u ABctpanuu [Pollard, 2006]. Yto ke kacaeTcs reoIMHAMUYCCKUX
YCIIOBUM UX TPOSIBIIEHUS], TO OHU OTMEYEHBI B CAMBIX Pa3JIMYHbIX 00CTAaHOBKAaX — OT BHYTPHILUIUTHBIX A0 Ipa-
HUI] CKOJIBKEHUS TUIUT. 3a4acTyl0 A-rpaHUTbl U PUOJIUTHI ACCOLUUPYIOTCS ¢ MAaHTUHHBIM ITIOMOM, TaKUe Kak
(paiismuToBle proTHTHI MennoycTona. OHE BCTpEUaroTcss B 00/MACTSIX KOHTHHEHTATLHOTO pH(TOreHe3a, Ha-
MpUMep, TPaHUTHBIC KOMITICKCH Adpuku, FOxxHoi AMepuku u ceBepo-BoctouHoi yactu CILIA, oOycnoBiieH-
HBIE PACKPBITHEM ATJIAHTHUYECKOTO OKEaHa, a TAK)KE CBA3aHbI C KOMIIJIEKCAMH, YCTAHOBJIIEHHBIMHU B 30HaX KpyII-
HOMACIITA0HBIX KOHTHHEHTAJLHBIX pacTshkeHud (MpoBHUHIMS bacceiitHoB m XpeOTOB Ha 3amalHOW OKpauHe
CLIA).

METOJIMKA Y PE3YJIbTATHI HCCJIEIOBAHUN

B mombiTke co3/1aTh YHUBEPCAIBHYIO JHAarpaMMy, CIIOCOOHYIO JMCKPUMHHHMPOBATH A-TPAaHUTOHUIBI OT
OCTaJIbHBIX THITOB, OBLT UCTIOIB30BaH aJIbTEPHATHBHBIH MOJIX0] OBITYIONEMY MHEHHUIO O TOM, YTO CIieIudryIec-
KHe 0COOEHHOCTH MarMaTH4eCKUX MOPOJI U3-3a HE3HAYUTEIBHBIX PA3IUYMi B COCTABE OCHOBHBIX IETPOTEHHBIX
OKCHJIOB AJIsl TOPOJ] OJIM3KON KPEMHEKHCIOTHOCTH BBISIBUTh HEBO3MOXKHO. OJTHAKO U CYIIECTBYIOLIUE KIaCCH-
(buKalMyU rPaHUTHBIX TTOPOJI, OCHOBAHHBIE HA YYETe KOHIEHTPAIUN PACCESHHBIX U PEIKUX JIEMEHTOB, HE CIIO-
COOHBI OIHO3HAYHO JUArHOCTUPOBATh X B OTHOLIECHUH MCTOYHHMKA M TEKTOHUYECKOW MpUHAANIEKHOCTH [Frost
et al., 2001], HOCKOIBKY paccessHHBIC AIEMEHTHI B KUCIBIX PacIliaBax (B OTIIMYHE OT 0a3aIbTOB) OOBIYHO SIBIISI-
10TCs1 HeKorepeHTHBIMU [Bea, 1996]. Takue snemenTsl, kak P39, U, Th u Zr, BXOAAT IIaBHBIM 00pa3oM B CO-
CTaB aKIECCOPHBIX MUHEPAJIOB: alaTHTa, IIUPKOHA, CPeHa, OPTHTA U MOHAIUTA. [IpyTHe 3JeMEHTHI, BKIIOYast
Nb 1 Y, KOHIEHTPUPYIOTCS B OKCHIAX U aM(UO0Iax, NX COACPIKAHUS OTPAXKAIOT HCTOPHIO KPHCTAIUTN3AIIH 1
HEKOTOPHIe HHTEHCUBHBIE TapaMeTpHl ((PYTUTHBHOCTH KHUCIIOPO/Ia M BOJBI) 3TOTO Tporiecca. KopoBast koHTaMu-
Haluys TakKe OOBIYHO OKA3BIBACT TOpa3fo Oojblliee BIMSHHUE Ha COICP)KAHHS PACCESIHHBIX AJIEMEHTOB B Ipa-
HUTHBIX, HEXKeJIM 0oJiee OCHOBHBIX paciuiaBax. TakuMm oOpa3oM, BHIOOp METPOTCHHBIX 3JIEMEHTOB B KaueCTBE
OCHOBBI CHCTEMAaTHKH 3aKOHOMEPEH.

OCHOBHBIM METPOXUMUYECKHM MapaMeTPpOM JJisi A-TPaHUTOB, KaK ObLJIO YK€ OTMEYEHO paHee, SBISCTCS
ux skene3uctoctb. He cmyuaiino aBTOpel padots! [Frost, Frost, 2011] Bcien 3a P. Kpuszepom ¢ komneramu
[Creaser et al., 1991] ormerunu, uro 3a 30 JIeT CyLIECTBOBAaHUS TEPMHUH «A-THUI» YTpaTHI MEpPBOHAYATIBHOE
3Ha4YeHue, a Hanboliee MoAXoAsIIee Ha3BaHUE IJIsl ATUX THUIIOB MarMaTU4YeCKUX MOPOJ] B HACTOALIEEe BpeMs —
«ferroan» (xKene3ucTsIil), BeCbMa TOUHO XapaKTePHU3YIOLIEe UX CYIIHOCTb U OCHOBHBIE OTIIMYUTEIIbHBIE YEPTHI.
OOBEKTHBHO TOBOPSL, JKEIIE3UCTOCTh PACILIaBOB, (DOPMHUPYIOMINX A-TPAHUTHI, [0 HalIeMy MHEHUIO, 00yCIIOBIIE-
Ha OTHIOJb HE BBICOKAMHE COJCPKAHUSIME 3aKHCHOTO W OKHUCHOTO JKele3a, a Oiarogaps o4eHb HU3KHM (3avac-
TYI0 OJIU3KUM K HYJIO) COACpKaHMUsAM MarHus. OueHb HU3KUE COEPKAHUS IPYTOro TEPMOQPHIIHLHOTO HJIEMEHTA
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(Na20+K20)

Fe,03%5 (CaO+Mg0)*5

Puc. 2. Tpoiinble neTporeHeTuYecKkne IHArPaMMbI:

a — (Na,O + K,0)—Fe,0,*x5—(CaO + MgO)*5 (momn. xon.); 6 — Nb—Y—Ce (r/1) mns rpanutoB A-tuna [Eby, 1992]. 4, — momne
KPEMHEKHCITBIX [TOPOJT OKEAHHIECKUX OCTPOBOB, KOHTHHEHTAIBHBIX PH(PTOB U TOPSIYUX TOYCK (3ATHTHIC CHMBOJIBI), CHOPMHUPOBAHHBIX U3
6a3aJIbTOBOTO HCTOYHNKA OKEAHNYECKUX OCTPOBOB BHYTPHUILTHTHOTO MIIM PH(PTOBOIO OKPYMKEHHs; A, — T10JIe TPAHMTOUJIOB MOCTKOJLIH-
3MOHHBIX, TIOCTOPOTCHHBIX M aHOPOTCHHBIX TEOMMHAMHICCKAX 00CTAHOBOK (HE3AMTHIC CHMBOJIBI), C(OOPMUPOBAHHBIX M3 6a3aIBTOBOrO
HCTOYHHKA OCTPOBHBIX IYT M KOHTHHCHTAJBHBIX OKPAWH MM KOPOBOIO HCTOYHHKA TOHAIHUTOB M IPAHOAUOPHTOB, HIIH YACTHYHBIM IITaB-
JICHHEM KOPBI.

Ca u Boicokne Na u K — emie onHa cnenngudeckas yepra A-rpaHUTOB. 3aKOHOMEPHOCTSIMU COOTHOIIICHHSI
9THUX JIEMEHTOB B A-pacijiaBax aBTOp U PyKOBOJCTBOBAJICS MPH IOCTPOCHUN AMCKPUMHUHAHTHBIX AHArpamMM.

Jis mocTpoeHus AuarpaMM OBUTH HCTIONB30BaHbI OITyOJIMKOBAHHBIC JaHHBIC XUMHUYECKOTO COCTaBa II0-
pon A-tuma (B ob1el crioxxHoctr 6osiee 900 aHaMU30B, B TOM 4Kciie 185 1 OKHCICHHBIX A-TpaHUTOB), OTpa-
KAFOIIME XaPAKTEPUCTHKH UX PA3IMYHBIX (allalbHBIX THIIOB (TPAHUTOB, TY(HOB, HTHUMOPHUTOB, JIaB, SKCTPY-
3UBHBIX TeJN) M3 Hamboiee H3BECTHBIX B MHPOBOM MacmTade MPOSBICHUI (B TOM HYHCIE YYTCHHBIC B
knaccuukannonHubix noctpoerusx [Whalen et al., 1987; Eby, 1992; Frost et al., 2001]). Kpome sToro, B cpas-
HUTENBHBIX IETsIX B 0a3y JaHHBIX ObUIM BKIIIOUEHBI Pe3yibTaThl 0KOJIO 600 XUMUYECKUX aHAJTM30B, MPEICTaB-
JSIONIME COCTaBbI IPYTHX THIIOB TPAaHUTOUIOB, B TOM 4Hcie S- U [-Tunos (Tabnuina). B BEIOOpKY BKITIOYAIUCh
TOJBKO MarMaTudeckue Hopofsl ¢ coaepxanueM SiO, Oonee 67 mac. %, He NMOJBEPKEHHBIE 3HAUUTENILHBIM
BTOPUYHBIM U3MEHEHUSM, IOTEPH MPH MPOKATUBAHUHU B KOTOPBIX He MpeBblmany 4 mac. %. Mckioyanucs aHa-
JH3BI OPOJI, IPEACTABIIIOMNX (PparMeHTHl CTEKOI, (DBsIMME, a TAKKE IKCTPEMAIIbHBIC PA3HOCTH — IMPECTa-
BUTEIH KPAHUX WICHOB BHICOKOAM(D(EPEHIIMPOBAHHBIX PACIDIABOB M MPOIYKTOB JHKBaIUU. COCTaBBl OBLIH
nepecuuTanbl Ha cyxoil ocrarok u npuseneHsl K 100 %. MonekynspHble KOJMYECTBA PAaCCUUTHIBAIUCH IO
CTaHAApTHBIM MeToauKaM [YerBepukos, 1956].

B pesynpraTe moCcTpoeHHST MHOTOYNCIICHHBIX AMITMPUIECKUX cXeM Oblla HalaeHa Hambosee mH(popMa-
THBHas TpoiHas auarpamma (Na,O + K,0)—Fe,0,*x5—(CaO + MgO)x5, ocHOBaHHasi HA MOJIEKYJIAPHBIX KO-
JTMYECTBaX METPOTSHHBIX DIIEMEHTOB (pucC. 2, a). JlaHHast TuarpaMMa 1o3BoJisieT HaMHOTo 3 dexTuBHel pase-
JUTh COCTABHI TIOJTHIIOB A-TPaHUTOUIOB, BeiAeneHHbIX [.H. D61 [1992] (cMm. puc. 2, 6).

BriHeceHHBIE COCTABBI PA3MHYHBIX (DAIllMANBHBIX THUIIOB MAarMaTHUCCKUX Mopoj (okxoio 1500 xumuuec-
KHX aHAJIM30B) 00pa3yloT Ha MPEACTaBICHHON AuarpaMMe TpU OCHOBHBIX moiist (puc. 3, a). IlepBbie 1Ba mos
(4,, A,) COOTBETCTBYIOT KHCIIBIM MarMaTH4eCKUM IOPOAaM 4-THUIla Pa3IMuHOTO BO3pACcTa U I€0ANHAMHYECKUX
00cTaHoBOK (opmupoBanus (cM. Tabmuily). OHM 1OCTaTOYHO YETKO (C HE3HAUYUTEIbHBIM MEPEKPBITHEM, OKOJIO
2—3 %) 000c00IEHBI OT MPOYUX THIIOB KUCIBIX MAarMaTHYeCKUX MOPOJ, BKIFOYAIOMINX /-, S-TUIIBI TPAaHUTOB
OCTPOBHBIX AYI' U aKTUBHBIX KOHTMHEHTAJIbHBIX OKpauH. VIHTepecHO! M BakHOW OCOOEHHOCTBIO JHAarpaMMbl
SBIISIETCS] KOHLEHTPALKs TOYEK COCTaBa KaXJI0ro U3 NposiBI€HUI A-TpaHUTOB TOJBKO B OJIHOM U3 BBIEJIIEHHBIX
noJieit (cM. puc. 3, 6). VickiroueHue CoCTaBIISIFOT JIMITL CyOCOIBBYCHBIC M THIIEPCOJIbBYCHBIC TPAaHUTHI 3ara/l-
Horo Memena (cm. Tabmuity). OJHAKO JBOMCTBEHHOCTh HX COCTABA, @ TAK/KE IEHE3MCA M YPOBHEH 3aJ10/KEHHS
MarMaTH4eCKHUX paciljlaBOB OTMEYEeHa B 1enoM psje myonukarwmii [Capaldi et al., 1987; Tommazini et al.,
1994]. Kpome sT0ro0, cymecTByeT U o0mast 3aKOHOMEPHOCTh IIEPBUYHBIX OTHOIICHUH CTPOHIIUS JJISI COCTaBOB

1364



(Na,0+K,0) (Na,0+K,0)
(95,5,0)

(66,34,0) (62,25,13)

(40,60,0) (45,17,38)

(21,67.12) (21,39,40)  (19,27,54)

Fe,0%x5 (Ca0O+MgO)x5 Fe,0%x5 (Ca0+MgO)x5

(N820+K20)

8731/%65r,=0.7055-0.7773

&4

87S1/%83r,=0.7031-0.7073

Fe,0% x5 (CaO+MgO)x5

Puc. 3. luarpamma (Na,O + K,0)—Fe, 05 x5—(Ca0 + Mg0)x5 (Mo1. Ko.1.).

G—6 — TIOSICHEHHE CM. B TEKCTe. 4, — MO0JIe KPEMHEKHCIBIX MOPO]] BHYTPHILIUTHEIX F'€0IMHAMHIECKHX 00CTAHOBOK: OKEaHHIECKHX OCT-
POBOB M KOHTUHEHTAJIbHBIX PU(TOB; 4, — KHCIIbIe MArMaTHYECKUE aCCOLMALMH, MPOSIBICHHbIC B FOAMHAMUYECKUX YCIIOBUAX BHYTPH- U
OKpPaMHHO-KOHTHHEHTAJILHOTO THIOB. [10JIs pa3/ieneHsl JIMHUSAMU C KOOPJHHATAMH.

Pumckumu nudpamu 0003HaYEHBI TOJISI KMCIIBIX MArMaTHYECKUX MOPOJ] TIIaBHBIX TeOJHHAMUYECKUX 00CTaHOBOK, 10 JaHHbIM [HaymoB
u 1p., 2010]: I — obcTaHOBKH MPOSIBICHHST MAHTHHHBIX IUTFOMOB B YCIIOBUSIX OKEAHWYECKUX IUIUT (OKEAaHMYECKHUE OCTPOBA M JIABOBBIC
w1aTo); Il — 06cTaHOBKM BHYTPUKOHTHHEHTAIBHBIX pU(TOB 1 001acTel! KOHTUHEHTAIBHBIX Topsiunx Touek; 11 u IV — obcranoBKH, CBSI-
3aHHBIE ¢ CyOAyKUHOHHBIMU TIponeccamu (111 — 30HBI OCTPOBOLYHKHOIO MarMaTH3Ma, 3aJ10)KeHHbIE Ha OKeaHHUecKoi kope, IV — 30HbI
MarmMaTu3Ma aKTHBHBIX KOHTHHEHTAJIbHBIX OKPAaUH, BOBJICKAIOIINE B MPOIECCH MarMooOpa30BaHusi KOHTHHEHTAIbHYIO KOpy); V — 00-
CTaHOBKH 3aJlyrOBOTO CIIPEAUHTa. /, 2 — rpaHuThl 4 ,- U A,-TUIIOB COOTBETCTBEHHO; 3 — IIPOYUE THIIbI TPAHUTOMIOB: CHHKOJIM3UOHHBIE,
I'DAHUTHI BYJIKAHWYECKHX YT U KOHTHHEHTANbHBIX OKpanH (S- u [-turbl) u ap.; 4 — okucieHHsiii A-tuil. Fe,0F — cymmapHoe skeneso,
nepecuntannoe B hopmy Fe,O,. IIpumep nepecyera mac. % B MOI. KOI.:

CaO (mo.) = CaO (mac. %) x 1000/56.08;

MgO (mon.) = MgO (mac. %) x 1000/40.32;

Fe,O; (mom.) = Fe, 0, (Mac. %) x 1000/159.68;

Na,O (mom.) = Na,O (mac. %) x 1000/61.99;

K,0 (mon.) = K,O (mac. %) x 1000/94.20.

1365



HOPOA KXKIOr0 YCIOBHO BbLIEICHHOrO IO 4, U A,. Tak, nepBblil U3 HUX XapaKTepH3yeTcs 0ojaee HU3KUMU
HepBUYHBIME OTHOLICHUAMH 7Sr/*¢Sr,, B TO BpeMsi KaK COCTaBbl BTOPOTO CBHJIETEILCTBYIOT O 3HAUYUTECIEHOM
BJIMSIHUH Ha MX (POPMUPOBAHUE IPOIECCOB ACCHMIIIALIUN KOPOBBIM MaTepraiioM (cM. Tabmuily, puc. 3, g). Xa-
PAKTEPHO, YTO COOTHOILICHUS H30TONOB CTPOHLUS AJ HIDKHHX 4acTell BYJIKAHUYECKUX Pa3pe3oB A,-Tuma
O0OBIYHO MAaKCHMAJBbHBI M TIOCTCIICHHO YMEHBINAIOTCS BBepX Mo paspedy [Kysemun, 1985; Grebennikov,
Maksimov, 2006]. Ha nuarpammy Takxe ObUTH BBIHECEHBI COCTaBbI «IPOOJIEMATHUHBIX» TPAHUTOHIOB OKHC-
JICHHOTO A-THma (CM. TaOJUIy) ¥ MarMaTH4ecKHX PacIUIaBOB PA3JIMYHBIX T€OJIMHAMHUYCCKAX O0OCTAHOBOK IO
JIAHHBIM M3YYCHHUs paciuiaBHbIX BKitoueHwid B.b. HaymoBeM ¢ coaBTopamu [2010] (6onee 2000 onpenerne-
Huit). Bce OHM B 11€710M XOPOIIIO BIKMCHIBAIOTCS B BBIACICHHBIC MMOJIS (CM. pHC. 3, 8).

OBCYKJIEHHME PE3YJIbTATOB

AHanu3 1aHHBIX, BBIHECEHHBIX Ha IpeularaeMyro TPOHHYIO JuarpaMmy (CM. puc. 3), TIO3BOJISIET C OTpe-
JIEICHHOH OCTOPOXKHOCTBIO CBSI3bIBATh MarMaTHMYECKHUE KOMIUIEKCHI ¢ TON MM MHOU reoiMHaMUuecKoi oocTa-
HOBKOI{, TTOCKOJIBKY T€OXMMHUYECKHE OCOOCHHOCTH I'PAaHUTHBIX MarM IMpPEeXk/Je BCETO OTPAXKaloT COCTAB MX HC-
ToyHUKA. bornee Toro, BynkaHWdeckue (Kak W WMHTPY3UBHBIC) (hallly SBIAIOTCS HMPOU3BOIAHBIMH CIIOKHOTO
COYETaHMs XapaKTEPUCTUK BHYTPHUKOPOBBIX PACILIABOB, Oa3UTOBBIX MarM M 0CaJouHOro cyocrpara. Hukakast
JuarpaMMa He MOXET 3aMEHHUTh BCECTOPOHHHI aHAJIN3 JaHHBIX TI0 COCTaBY M M30TONHBIM CBOWCTBAM Marma-
THYECKUX TIOPOJ, A TAKKe MX CTPYKTYPHOMY IMOJIOKEHHIO M BO3PACTY AJISI TOTO, YTOOBI MOHATH UX TEHE3HC U
reoIMHAMHUYECKHe YCIoBHA popMupoBanus. [109TOMy nanee mpuBOAATCS JTHIIE 0000IIAONINE BBIBOIBI, XapaK-
TEpHBIC B LIEJIOM JUIS Ka)KA0H M3 BBIJECICHHBIX TPYII, a JaHHAs AUarpaMMa IpeasaraceTcsl B KadecTBE OJJHOTO
U3 UHCTPYMEHTOB BCECTOPOHHEIO aHAIM3a MarMaTH4eCKUX KOMIIIEKCOB.

THIMYHBIMU NIPEACTABUTEIAMH I'PYNIBI A, SBIIAIOTCSA TPAaHUTOMIBI OMMOJAIBHBIX MarMaTHYECKUX Ce-
puii, 00pa3oBaHHBIE B YCIOBHAX INI00AILHOIO KOHTMHEHTAIBLHOIO U OKEaHHYeCKoro pudrorenesa. B mone 4,
MONAJalT KHCJIble MarMaTHYECKUE aCCOLUALINY, CBSA3aHHbIE C JIOKAJIbHBIMU PEXUMAMU PACTSKEHHUS, MIPOSB-
JIEHHBIMU B T€0JUHAMHUECKHX YCIOBUSAX BHYTPU- U OKPAaUHHO-KOHTUHEHTAIBHOTO TUIOB. [lo-BuauMoMy, nep-
BbIE€ 00YCIIOBJICHBI IPOLIECCAMHU FOPU30HTANBHOTO PACTSKEHUS U PACIIMPEHUs B KOpe B MaciITabe Bcell miaHe-
TBHI U PA3PBIBOM CIUIONIHOCTH JUTOC(HEPHBIX IIUT. BTOpeie — ¢ pudrorene3om, BEI3BAaHHBIM PACTSHKCHUEM H
YTOHEHHEM KOHTHHEHTAJIBHOH KOPHI (BCJICICTBUE MOCTCYOIYKIIMOHHBIX ¥ MOCTKOJUIM3MOHHBIX IIPOIIECCOB) 03
WIN C YaCTUYHBIM PAa3pbIBOM €€ CIUIOUIHOCTH M IOCIEJOBAaTECIbHOM 3aMOJHEHHH OO0Pa30BAaBIIMXCS MEXKITY
HUMH 3USHUN TTOXHIMAIOIIMMCS W3 MAHTHHU 3€MIIN TOPSIYUM TTyOMHHBIM MarMaTHYeCKUM MaTepUaioM.

Kak cnenyer u3 Tadauupl, 4 ,-Tui o0pa3yercs B YCIOBHUAX BHYTPUILIMTHOIO MarMaTU3Ma: BO BHYTPHUOKe-
AHMYECKOH cucTeMe (OKeaHHYECKHE OCTPOBA) WM Yy JUBEPICHTHBIX TPAHUI] TUTOC(HEPHBIX IIUT B XOJIOTIHBIX
BHYTPHKOHTHHEHTAIBHBIX PH(TAaX, TAKNX KaK PH(TOBBIC MOsACa WM 30HBI TPEXJITydEeBHIX COCAWHEHUH, T/
CTPYKTYpHBIE YCIOBUsI 00pa30BAHUSI MarMaTUTOB OOYCIIOBIEHbI YUCTBIM Pa3JBUIOM 3a CUET OTHOCUTEIBHO
OecnpensITCTBeHHON MPOHUIIAEMOCTH INTyOHMHHBIX paclIaBOB WIM MAaHTUHHBIX IUtoMoB [[lo6peros, 2003]. O6
9TOM JK€ CBHIETEIBCTBYET OTPOMHOE KOJIMYECTBO AAHHBIX H30TOMHBIX UCCIIEI0BAHMHN (CM. CCBUIKH B TaOIHIIE),
HaIpsAMyIO yKa3bIBAIOIIMX Ha 00pa3oBaHME KUCIBIX PAacIUIaBOB MOCPEACTBOM AU(QepeHnnanuy meT0qHONR
WIIN TIPOMEKYTOUYHOI 0a3aJbTOBON MarM U Ha MMHUMAJIbHOE BIMSHHUE MPOLIECCOB MX KOHTAMUHAIIUH KOPOBBIM
MaTEpUAIIOM.

Hanporus, rpanuts! S- u /-TUIOB (Pe3yJbTaT NEPEIIABICHUS OCAAOUHBIX MM U3BEPKEHHBIX MOPOL),
00e/THCHHBIE MAHTHHHBIMH 3JIEMEHTAMH, BBITUIABIIAIOTCS B 3aKPBITOM CUCTEME, CYLIECTBYIONIEH Y KOHBEPIeHT-
HOH TpaHUIBI IUINT, TAE JOCTYIl MAHTHIHOTO BEIIECTBA MEPEKPHIT CYONYIMPYIONIMM /MM CTarHUPYIOIIAM
ciOOM okeaHW4Yeckol MHTHL. WX ¢opmupoBanue 00yCIOBICHO CIOKHBIMH ITPOLECCAaMH IPeoOpa3oBaHMs
MEPBUYHBIX MarM 110 Mepe MPOJBIKEHHS K OBEpXHOCTH. Tak, cornacHo padore [/lobpenos u ap., 2012], ocHo-
BaHHOH Ha JAHHBIX celficMoToMorpaduu, GUKCHPYeTCs 10 MATH yPOBHEH CTAaHOBIECHHS PAcIiaBa: YPOBEHb Je-
THJIpaTallud ¥ YaCTUYHOTO IUIABJIEHUS €130 C OTIEJIEHUEM PacIlIaBOB — BOJHBIX (UIFOUI0B U HOCIEAYIOIUM
UX TIEpEMEIleHHEM B TOPOAbI MAaHTUITHOTO KIIMHA; 00pa30BaHME MarMaTHUCCKUX OYaroB U KOHTAMUHAIIUH pac-
IUIaBOB MaHTHHHBIM MaTepHanoM; (GopMHpoBaHIe HA IPaHUIIE KOPa—MAaHTHs KPYITHOTO 09ara, 000raIeHHOro
JIEeTy4YUMU KOMIIOHEHTaMU; 00pa30BaHUe BHYTPUKOPOBBIX OUaroB M, HAKOHell, (HOPMUPOBAHHE BEPXHEKOPOBO-
ro (0—>5 kM) ouara ¢ JagbHEHIINM NPOTEKAaHUEM MTPOIIECCOB ACCUMIIAIMN U An(depeHInaNu.

I'panuTonzpl A,-THna, COCTaB KOTOPBIX 00YCIIOBJIEH, IO-BUUMOMY, AUCKPETHON IIPOHUIIAEMOCTBIO JIU-
TOC(hepHBIX IIUT MAHTHHHBIMU PaclIaBaMH, COPOBOXKAAIOIINXCS CYIIECTBEHHO BOCCTAHOBICHHBIM XapaKTe-
poM (iarona, HECYT CIebl B3aUMOJICHCTBHS KOPOBBIX MarM ¢ 0OOTaleHHBIM MaTepHaIOM MOUIUTOC(EPHOI
MaHTUM ¥ 00pa3yroTCs B MHBIX, 4eM 4 ,-Tun, ycaosusx. Hanpumep, onn dopmupyrores B mectax (zanan CIIA,
Jansaniit Bocrok Poccun, FOB ABctpanust u p.), Te UMEET MECTO IIO0ANIbHAS CMEHA Te0IMHAMUYECKOM 00-
CTAHOBKH, KOT'JIa OPTOrOHAJIBHOE (BCTPEUHOE) IBMXKEHHE TUTUT Y KOHBEPTCHTHOM IpaHHUIlb! (CYyOMyKIHs) MOXKET
CMEHUTBCS HA UX CIBUTOBOE MEPEMENIEHUE OTHOCUTENBHOE JIPYT JIPyra, 4YTO COOTBETCTBYET MOHSATHIO TPAHC-
(hopMHasT KOHTHHEHTAJIbHAS OKpanHa [ XaHdyK U 1p., 1997]. B aToM citydae morpy>KeHHBIH cI130 (4acTh TUTUTHI
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B 30HE CyOAYKIIMM) U caMa OKEaHW4ecKas! ITUTa (BHE 30HbI CyOyKIIMH) 32 CUET HAXO0XK/JCHUS Ha pa3HbIX T'MII-
COMETPUYECKHX YPOBHAX OyayT o0najgaTh pasiUYHBIMU JUHAMHYECKHMH XapakTepucThkamu. [lostomy Ha
TIyOnHaX, He MPEBBIIIAIOIINX MEPBBIX AECATKOB KHJIOMETPOB, MOTYT 00pa3oBaThCsi Pa3phiBBI c190a B BHjE
KPYTOHAKIIOHHBIX CTPYKTYP COCIBUTOBOTO PACTSDKCHHS, KOTOPBIC U 00SCIIEUHBAIOT IIPOHUIIAEMOCTbD JIJIsl MaH-
TUIHOTO BemiecTBa. BumiMo, Hanbonee ONaronpHsATHBIMH y4acTKaMH, 0Opa3yIOIIUMH ITOIBOSIINC KaHAJbI
JUTST MAaHTUITHOTO BEUIECTBA, SBILIFOTCS 30HBI TPAHC(OPMHBIX Pa3IOMOB, TIOTPY’KEHHBIX O] aKTUBHYIO KOHTHU-
HEHTalIbHYI0 okpaunHy (Erumer, 3anaaHbrii Memen, Bocrounas bomusus n Ip.).

Hpyrum yciosueM o0pa3oBaHUs IPAHUTOB A,-THIAa MOTYT ObITh YYaCTKM KOHBEPIEHTHBIX (KOJUIM3HOH-
HBIX) TPaHHUII TUTUT, OPUCHTHPOBAHHBIC IO YIIIOM (HE OPTOTOHAIBHO) K HANPABICHHUIO MX ABWXCHUS. B aToM
cinyvae Ha oOmmeM QoHe aedopmanuii cxatus OyJeT HMETh MECTO CIIBUTOBasi COCTABIISIONIAs CMEIEHUH (pe-
MM TpaHCIpeccun). B pesynbraTte Takoro ABMKEHMS (IOCT/TIO3AHCKOUTU3HOHHBIC 00OCTaHOBKH) 00pa3yloTCs
OIICPAIOIINE CTPYKTYPBI PACTKCHUA, TPOCTUPAHUE KOTOPBIX COBIIAAACT C HAIIPABJIICHUEM JABUKCHUSA IIJIUTHI.
[Mpumepamu, IPOSIBICHHBIMH B OZOOHBIX 00CTaHOBKaX, sABIsOTCS A-rpanutsl C3 Unnun, Taue-1lans, 0x-
Hoii I'pennanauu, KO3 Cubupckoro kpaTtoHa u ap.

B orinune oT mepeuncieHHbIX IPUMEPOB, OTMEYEHHBIX Ha FPAHUIAX JUTOCHEPHBIX IUIHT, CYLIIECTBYET
elle ofHa rpynmna A,-rpaHUTOUIOB, IIPOSIBICHHAS B 30HAX BHYTPHKOHTHHEHTAJILHOIO PacTsDKeHuUs. [Ipumepom
TaKMX 06CTAHOBOK MOYET OBITh caMasi GOIbIIas ByIKaHHuecKas cucTemMa CeBepHOi AMepyKkn — MemnoycToH-
CKasl CylepKaibJepa, BOSHUKIIAS HAJl TOPTIYAMU MAHTUHHBIMA ITOTOKaMH (TUTIOMaMM) M SIBISTIOMIASICS. YaCThIO
(CB npogormkenuem) mpoBuHIE baccelinos u Xpedtor [Smith et al., 2009] — kiraccuveckoro npuMepa HHTSH-
CUBHBIX CABHUToBbIX jedopmaruii. [Togo0HbIe qedopmanny BEI3BaHBIL, 110 OJHUM JdaHHBIM [Best, Christiansen,
1991], oTkaToM MM 3aKyChIBAHHEM Ha MOCTCYOIYKIIMOHHBIX (TOCTKOHBEPIEHTHBIX) CTAANSIX aKKPETHPOBAH-
HOT'O OKEaHHYECKOTO Ci1d0a ¢ MOoCICAYIOMUM €ro YTOHEHUEM U MHTCHCHUBHBIM PACTSXKCHUEM U BO3JbIMaHUCM
acTeHOC(EepHOTro Iuanupa, o0ycIoBUBIIETO MarMaTusM A-tuma. Ilo apyrum [PudTorennsiii marmarusm. ..,
1991], — morpy>keHueM CHPeANHTOBOT0 XpeOTa Mo KOHTHHEHTAIbHYIO IUINTY. [lepekpbIThie MaHTHITHBIE AHA-
MUPBI TOCTYKUIH UCTOYHUKOM KOPOBOTO PU(TOreHe3a U COMYTCTBYIOIIET0 eMy Mmarmarusma. JlanbHeiimee
noponsuranne CeBepo-AMeprkaHCcKoi mmTel B FO3 HampaBieHn: ¢ 0JHOBPEMEHHBIMH ITPOLIECCAMU BHYTPH-
KOHTHHEHTAJIIBHOTO PACTSHKEHUS, BBHI3BAHHOI'O CMEHOW TeoAHaMHuueckoro pexxuma [Jones et al., 1996], o0yc-
JIOBWJIO pa3pacTaHre MaHTHUHHOTO auanmpa (Twioma), n3oraytoro B C3 HampaBICHUH U BBHI3BABILETO WHTCH-
CHBHBII Pa3orpeB KOHTHHEHTANBHON JHTOChEps! ¢ (DOPMUpOBAHHEM MEIIOYCTOHCKOM CymepKaibaepbl,
3aMOJTHEHHOH Ty(paMu U TaBaMu A-PUOJIATOB.

Heo6xoamMo OTMETHTB, UTO PEXHMBI PACTSDKEHHS, OTMEUCHHBIC IJISI O0OMX THIIOB A-TPaHUTOHIOB,
HUMEIOT CyIlecTBeHHbIe pa3inuus. Tak, P.B. bak ¢ coaBropamu [Buck et al., 1988] Beinensuim 1Be Mojaenu o0-
pasoBaHus pUPTOBBIX cucteM: «Simple shear» n «Pure shear». B mepBom ciiyuae nedopmary uayT O THITY
C/IBHUTA TOJIBKO B CyOTOPH3OHTAIBHOH INIOCKOCTH, BO BTOPOM — YTOHCHHE KOPBI HJICT 3@ CUET PACTSDKCHHUS B
oboux HampapieHUsX. OJIHAKO ATH PeKUMBI Aedopmaluii, kak mokaszaHo B padote [CkisipoB u ap., 1997], B
Oomnblreit Mepe OMPEAEssIIOTCSI HE CTOJIBKO YCJIOBUSMH HAMpPSDKEHHS U COCTABOM CPEbl, a TIIABHBIM 00pa3oM
3aBUCST OT TEPMAJIBLHOTO COCTOSHUS KOpbl. Kak M3BECTHO, CYIIECTBYIOT JiBa KpaliHUX Tumna aedopmanuit —
Xpynkoe ¥ mactudHoe. Ilpu Xxpynkux nedopmanusx ¥ XOoJOIHOH Kope (KIaccHuecKHil KOHTHHEHTAJIbHBIM
pudToreHes — A,-TuI) B3aUMOAEHCTBUE MAHTUHHBIX MarM ¢ KOPOBBIM MAaTEPHUaIOM SIBIISIETCS MUHUMAIIbHBIM.
Ecnu e Ha IyTH WX ABIKCHUS TOSIBISICTCSL pa3orpeTas BI3KOTEKymIas (TUIacTUYHAs) CpeNia, TO CYIIECTBYET
BEPOSITHOCTH MOJTHOM OCTAHOBKH MPOIBIKCHHSI MATMaTHIECKOTO paciiiaBa ¢ (POPMHUPOBAHAEM HHTPY3UBHBIX
TEJ WM TIPOMEKYTOYHOTO OYara ¢ IOCIeIyIONIIMHI ITPOPBIBaMH HaBepX. B 3ToM cirydae BepOsSTHOCTH KOHTa-
MMHAI[MU CHJIBHO Bo3pacrtaeT (4,-tum). Kpome Toro, ¢opma moaBOJAIIEro MarMaTH4eCKOro KaHalla TaKKe
MMEET 3HAUYUTEIBHOE BIMSHUC HA MPOIECCH aCCUMIISIIUU. B ciydae BepTHKaIBHOTO NMPOPHIBA TETNIOBOE BO3-
HeﬁCTBHe Ha BMCIIAOMIXE MOPOabl OTPaHUICHO (HepBBIe CaHTI/IMeTpBI), JaXXe 1 TEJI B ICCATKU METPOB MOIII-
HOCThIO. Eciy e Ha ompeieIecHHOM ypOBHE IIPOUCXOJUT PACTEKAHHE MarMbl (JIOMOJINT, CHILI | T.II.), TO MOIII-
HOCTH 30HBI TETIJIOBOTO BO3ACHCTBUS BO3PACTACT HA MOPSIKU. BaskHBIM 3aKitodeHUEeM 3Toi paboTsl [CKISIpOB
u f1p., 1997, cMm. puc. 1] siBasiercs HaTM4YKMe Pa3IMIHON CTEIEHN KOHTAMHHUPOBAHHBIX MarM B 3aBUCHUMOCTH OT
MOJIOKEHUSI X B 30HE PAa30IrPeBa, 4YTO BO MHOT'OM OMNPEAEIAET CI0KHOCTh OJJHO3HAUYHOTO OIPE/IEIEHHs Fe0Au-
HaMHUYECKOH 00CTaHOBKH MPH HCIIOJIB30BAHUH TOJIBKO FTEOXUMUYECKHX COCTABOB MarMaTHYecKuX mopoj. B o
K€ BpPeMsI PaCCMOTPEHHBIE YCIIOBHS BO MHOT'OM OINPEAENAIOT cHeli(rKy BBIIUIABICHUS A-TPaHUTONUIOB U, B
4aCTHOCTH, UX IoJpa3jencHus Ha 4 - U A,-TUIIbL

OCHOBHBIM OTIHYHUTEIGHBIM NETPOXUMHUCCKIM MPU3HAKOM A-TPAaHUTOWIOB, KaK BHIHO 3 TIPEICTAB-
JICHHOU HarpaMMEI (CM. pucC. 3), SIBISIETCS COOTHOIICHHE IBYXBAJCHTHBIX OTHOCHTEIHHO HEOOBIINX TEPMO-
(GUIBHBIX U KPYMHBIX MIETOYHBIX KaTHOHOB. [Iporiecc mpeoOpa3oBaHus cOCTaBa TOPHON MOPOALI (pacIuiaBa) ¢
aHaAJIOTUYHBIM NpuBHOCOM oHUX (Si0,, Na,O u K,0) u BeiHocom apyrux (MgO, FeO u CaO u ap.) xumunuec-
KHX KOMITOHEHTOB, M3BECTHBIH B INTEPAType KakK MaIMHI€HHO-METAaCOMAaTHUECKOE IPaHUTO00pa3oBaHue, o0yc-
JIOBJIEH OCOOCHHOCTAMH (DIIOMJHOTO PEXHMMa, a UMEHHO BO3JCHCTBHEM BOCXOISIINX TPAHCMAarMaTHYCCKHX
pacTBopoB, (GOPMHUPYIOLIUXCS B Pe3yJIbTaTe Jlera3alid MaHTUH. DTH (QIouabl 001aaloT SIPKO BRIPaKCHHBIM
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BOCCTAHOBHTEJIBHBIM MOTEHIIMAJIOM, YTO HAXOAUT CBOE OTPaXKCHHE B MUHEpaloruu A-pacmiaBos. [lupokas
pacrpoCTpaHEHHOCTh B BYJIKAHHYECKUX aHanorax A-rpaHutoB ((pepporeaeHOepruta, pepporumnepcresa, BbICo-
KOJKEJIE3UCTOTr0 OMOTHUTA, (asuTUTa), MPAKTUIeCKOEe OTCYTCTBHE MAarHETHTA NPU OOWINH MIBMEHUTA, HHU3KAsI
CTCIICHb OKHUCJIEHHOCTU BYJIKAHHUECKHUX CTEKOJ, IPUCYTCTBHE CAMOPOJAHBIX (ha3 xkKeje3a, KOTCHUTA U Myacca-
HHUTA HAPSITy C JaHHBIMHA XpOMaTOTpadu U COCTABOM (DIFOMIHBIX M PacIUIaBHBIX BKIIOUCHHH, a TAK)Ke 3HAUN-
TEJILHON POJIBIO B MPOSIBIICHHUSAX TAKOTO BYJIKAHW3MA B3PHIBHBIX, IKCIDIO3UBHBIX SBICHUI TO3BOISIOT MPEIIIO-
JaraTh y4acTHe B cocTaBe (uiron1a BOJAOPOAHOM (YrieBo1opoiHOH, propucToit) coctasistomei [ peOeHHIKOB
u jp., 2012]. Ocobast poiab BOAOPOI-YIICBOJOPOIHOTO (UIFOHIA 3aKITFOYACTCS B CO3/IaHUU JICTIOTMMEPHU3H-
PYIOLLETO BO3IEHCTBHSI Ha KpeMHEKHCIbId paciuias [besmen u ap., 2005], criocobcTBytomero amophu3aniu
KPUCTAJUINYECKUX coeanHeHui. [locnenHee oOBsCHIETCS BCTYIUIGHHEM BOAOPOAA B PEAKIHUIO C CHIIMKATHBIM
KHCJIOPOZIOM 3THX rpynmnupoBok [[IpupomaHbie crekna..., 1987], 4To ocnadiseT ero cBs3b C KDEMHHEM H CIIO-
cOOCTBYET B KOHEYHOM HTOTE HX PA3pyLICHUIO, a C IIOHIKCHUEM TEMITEPaTyphl U Ae(IFOHIH3alny (CTeKIOBa-
HUIO) — eIlle OJIHOW XapaKTEepPHOH 4epThl A-BYJIKaHUTOB. JlemonuMepusanus, a Takke paspylIeHHe MPekKe
BCETO KAPKACHBIX TTOJICBOIIIATOBBIX CHOOTAKCHCOB TI0/T BO3/ICHCTBHEM BOJIHO-BOJOPOIHOTO (IIIONAA BMECTE C
OIIETIAYUBAIONIIM (P PEKTOM IMPUBOAUT K U3MCHEHHIO CTPYKTYPHOU MO3HIIUH aTFOMUHUS (CMEHE €r0 KOOP/IH-
Hanuu ¢ IV Ha VI). D10 urpaet kiodeByio posib B IEPECTPOHKE CTPYKTYPHI pacljiaBa, CHUKEHHUIO HA TTOPSIAKH
ero BsizkocTH [Dnensbaym, 1980] 1 B KOHEUHOM UTOTE ONpEAeseT TaKOW HEOOBIYHBIN HaOOp MUHEPAIbHBIX
accormarnmii. OTMEUCHHbIE 0COOCHHOCTH MUHEPAIFHOTO COOTBETCTBHSA (ha3 COTTIACYIOTCS C TECOPETHUSCKIMU H
9KCIEepUMEHTAIbHBIMU BeIBolaMu B.H. Auduiorosa ¢ coaBtopamu [1982].

Taxum 00pa3oM, pa3muaus B MUHEPAJIOTHIECKOM U TEOXUMHYECKOM COCTaBax A-TPaHUTOB U COITYTCTBY-
IOMIAX UM BYJIKAHUYECKUX ITOPOJl OT CUHKOJUTU3MOHHBIX TPAHUTOB BYJIKAHUYECKUX AYT M KOHTUHCHTAIBHBIX
OKpauH (S- ¥ [-TUIIOB) A0 IPYTHX KUCIBIX MarMaTHYeCKHX 0Opa3OBaHMiA, MPOSBICHHBIX B Mpeaenax KOHBEp-
TeHTHBIX T'PaHMI] TUTOCHEPHBIX IUINT, TIABHBIM 00pa3oM cBs3aHbI ¢ quddepennmaniell BHyTpUKOPOBEIX pac-
TUIABOB IIPU aKTUBHOM YYaCTUU BOCCTAHOBJICHHBIX (CYIIECTBCHHO-BOJOPOIHBIX) (DIIFOUIOB, HCTOUHHKOM KOTO-
PBIX B IIpollecce 0O0pa30BaHUsI KUCIBIX MarM SBJSUIOCH OOOTAIICHHOE BELIECTBO MOATUTOCHEPHOW MaHTHU.
MoKHO IpPEIOoI0KHUTh, YTO PA3INYUE COCTAaBA I'PAHUTOB A,- U A,-THIOB, BHIPAKAIOUIEECS B yMEHBUICHUH
MaHTHITHOTO BEIIECCTBA B TIOCJICAHEM U3 HUX, 3aBHCUT KaK OT CTPYKTYPHBIX YCIOBHHA MPOHUIIAEMOCTH UTS TIIy-
OMHHBIX pacIJIaBOB, MOCTYHAIOIINX HAa BEPXHHE TMIICOMETPUYECKHE YPOBHHU JHUTOC(EPHI, TAK U MX B3aHMO-
JEHCTBHSI ¢ KOPOBBIM MaTEPHATIOM.

IIpeanosxenHas aBropoM TpoiHas auarpamma (Na,O +K,0)—Fe,0,*x5—(CaO + MgO)x5, ocHOBaH-
Hasi Ha MOJICKYJSIPHBIX KOJMYECTBAaX METPOTEHHBIX OKCHJIOB, MO3BOJSET JOCTATOYHO HANIEKHO Pa3AeiuTh
A-TpaHUTOHMIBI M KUCIBIE MarMaTH4YecKue oOpa3oBaHMs IPYTHUX THUIOB. BrlieneHHBIC MOIS cpein A-THIOB
COOTBETCTBYIOT JIByM IETPOTCHETHUCCKIM THUIIaM, BOSHUKIINM B pe3yibTaTe TU(PPEepeHINANNH IEIT0UHO-0a-
3aJIbTOBBIX MarM IpH HE3HAYUTENBHAIX TPOLECCAX ACCUMUIALMH (A,) U 00yCIIOBIEHHBIX 3HAUUTEIbHBIM KOH-
TaMUHHUPYIONTIM B3aUMOJCHCTBHEM MAaHTHHHBIX PACIUIABOB C KHCJIBIM MaTepPHAIOM KOHTHHEHTAIBHON KOPEI
(4,). K npumenenuto npeniaraeMol JuarpaMMbl AjIs HHTEPIIPETALUU I€0OANHAMUUECKUX YCIOBUH 00pa3oBa-
HUS CJIelyeT MOAXOIUTh KpailHe OCTOPOKHO — B Ka4eCTBE MCIOJIB30BAHUS €€ KaK OJJHOTO M3 HHCTPYMEHTOB
BCECTOPOHHETO aHAJIM3a MOIYICHHOH Te0IOTHIEeCKON U TMETPOIOTO-TeOXNMIUECKOi nHpopMmanuu. Tem He Me-
Hee HepBbli TUI (4,) IPEUMYIIECTBEHHO 00pa3yeTcs B YCIOBHUAX BHYTPHUIUIUTHOIO MarMaTHU3Ma: BO BHYTPH-
OKEaHMYECKOW cucTeMe (OKeaHWYeCKHe OCTPOBA) WM Y TUBEPTeHTHBIX TPAHUI] TUTOCHEPHBIX IIUT B XOJOI-
HBIX BHYTPUKOHTHHEHTaNBHBIX pudTax. Bropoil (4,) — B mocT(1103/HE)KOIIM3UOHHOI 00CTaHOBKE, a TAKKe
IIPU CKOJBKCHUH JIMTOC(EPHBIX IUTUT U HA IMO3AHUX CTAIHUIX PA3BUTHS TOPSIUX PUPTOTCHHBIX CTPYKTYP.

[Ipu uHTEpHIpeTauu NEeTPOXUMHUECKUX JaHHBIX HEOOXOIUMO YYUTBIBATH Psiji OrpaHUYCHHH, BBEIICH-
HBIX aBTOPOM TIPH anpoOaryy TaHHOH AWarpaMMBbl, — HCITOIB30BATh TOIBKO KHCIBIE MarMaTHIeCKUE TOPOIEI,
coJiepKaHue KpeMHe3eMa B KOTOPBIX MpeBbIlaeT 67 Mac. %; HCKIIOYUTH OPOJIbl, OABEPKEHHbIE BTOPUYHBIM
HAJIO)KEHHBIM M3MEHEHHSIM M MPEJICTABIISAIONINE BYJIKAHHUECKUE CTEKIIA, PbIMME UIH UX (ParMEeHThI, a TaKXKe
3KCTpeManbHble pasHocTH (Si0, > 80 mac. %) 1 NPOAYKTHI IUKBALMH; I KaKI0T0 KOMIIIEKCa MarMaTHyec-
KHUX TOPOJ PEKOMEHAYeTCS MPUMEHATh 95%-i JNOBEpUTENbHBIM MHTEpBal, YTO MOMOXET JOOUTbCS MaKCH-
MaJIbHOM TOCTOBEPHOCTH; OCMOTPUTEIBHO MOJXOIUTh MIPH TPAKTOBKE COCTABOB OKHCICHHBIX (MAarHETUTOBBIX )
A-TpaHNTONIOB (B TOM YHCJIE TOCTKOJUTU3HOHHBIX) B CBS3U C Bo3pacTaHueM obmacTtu nepekprtust (1o 10 %) ¢
BbICOKOU (D hepeHINPOBAHHBIMY /- U S-TUIIOB B caMOW HIDKHEH 4acTu moss A,.

ABTop BeIpaxkaeT OnarogapHocts S.B. Kysemuny (MI'M CO PAH, r. HoBocuOupck) 3a moMolip B MoJy-
YEHMH J0CTyIla K MEXIYHapOAHbIM XKypHallaM U pepakruposanuu pykonucu, C.A. Kacatkuny, B.K. [TonoBy
(IABI'M IBO PAH, r. Bmagusoctok) u T.B. Jlonckoit (U3K CO PAH, r. MUpkyTck) 3a I10/I0OTBOPHBIE HAYYHBIE
KoHCyibTauuu. OtaensHas 6narogapHocts B.I'. Xomuuy (ABI'U IBO PAH, r. Bnagusoctok), O.M. Typku-
Hoii (MI'M CO PAH, r. HoBocubupck) u E.B. Cxsipoy (M3K CO PAH, r. UpkyTcK) 3a KpUTHUECKUE 3aMeya-
HUSI, TIO3BOJIMBIINE 3HAYUTEIBHO YIIyUYIIUTh KAYECTBO CTATHH.
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