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BO3PACT U TEOXUMMUS IMPKOHOB N3 KUMBEPJIMTOB AKYTUU

Aramen A.M.', 3aiinesa M.B.2, CepoB U.B., TosicToB A.B. ?

'UI'M CO PAH
agashev@igm.nsc.ru
2UIT YpO PAH.
SAK AJIPOCA

C wenplo yTOUHEHHsI Bo3pacta KUMOepIUTOB SIKyTCKOH alIMa30HOCHOM MPOBUHIIMY OBUTH N3yUeHBI
u mnpoxatupoBansl U-PD MeromoM I1HMpKOHBI M3 KHMOEpPIMTOBBIX TPyOOK Mup, AMakuHCKas H
WntepHanuonansHas MHUpPHHHCKOTO KUMOEPIUTOBOro moisi, TpyOku Psranka m Mano-Kyonamckas
Kypanaxckoro nons u Tpyoku Xaiipeiracrtax u Apyxx6a YoMypaaxcKoro mois.

MupuuHckoe noJie. beuto m3ydeno 15 nupkonoB u3 TpyOku Mup. Bee 3epHa KpyIHBIE Kilacca
+2MM, LIBETOBasi raMMa OT CBETJIO —KOPUYHEBBIX K CBETJIO JKEJITHIM U II0YTH OeCLIBETHBIM. B kaXkaoM 3epHe
BO3pAcCT OMpe/IesieH B 0JHOM Touke U Pb208/U238 Bo3pacT OTAEIbHBIX 3€PEH BaphbUpPYyeET B mpeaenax ot 345
1o 388 muumonoB net (Ma). KoHkopnaHTHBIH BO3pacT, pacCYUTaHHBIN 110 BceM 15 TH 3epHaM, COCTaBIIsIeT
363.5 +4.0 Ma 4T0 COOTBETCTBYET BO3pacTy KuMOepauToB 3toro mouis (Issuc u ap. 1980; Agashev et al,
2016). U3yueHo omHo 3epHO LupkoHa U3 Tp. MHTepHanumoHaidbHas. KOHKOpAAHTHBIH BO3pacT 3TOrO
UpKOHA cocTaisieT 365 £17 Ma. BonbIias ormmbka 00yciioBieHa OueHb HU3KUMH coaepxanusmu U u Pb
B 3TOM LHpKOHE. KOHKOpAaHTHBIA BO3pacT LUPKOHA U3 Tp. AMakHHCKas cocTaBiseT 359 +15 Ma uro
COOTBETCTBYET MOJYYCHHBIM paHee BO3pacTaM sl 3Toi TpyOKu no pytuiy u cdeny (Agashev et al, 2016).

Yomypaaxckoe moue. Tpyoka. Xaiipvieacmax Vzydeno 10 3epeH IMpKOHa U3 TPYOKH
XadppITacTaXx, 3epHa Kiacca +2MM CBETIO KOPHYHEBBIX M IHKENTOBATHIX OTTEHKOB. 3epHa ObLIH
MPOAHAIM3UPOBAHEI B OJTHOM TOYKE KaXKJI0€, U CIIEKTP MOTydeHHBIX Ph2%6/U238 Bo3pacToB cocTasmi oT 397
1o 432 Ma. KoukopaanTHbIi Bo3pacT (pUCyHOK 5) 1o BceM 9 Tu nupkoHam coctaniseT 418.8 +4.7 Ma uro
MOATBEpXKIaeT cymecTBoBaHne CHITypUHCKOTO dTama KHUMOEpIMTOBOro marmaruzma Ha Cubupckoit
atgopme.

Tpyoxa /[pyscoa. Ilpoananu3upoBaHo 9 3epeH HUPKOHOB u3 TpyOku Jpyx0a. OuH IUPKOH UMEET
Pb206/U238 po3pact 561 Ma, msth 3epeH ITUPKOHA UMeeT Bo3pacTa B mpenenax 415-438 Ma u emie 3 3epHa
nokazanu JleBoHCKuil Bo3pacT, B mpenenax 359-364 Ma. KoHKOpAaHTHBIN BO3pacT MO 5 TH IUPKOHAM
cocraisieT 426 £9.1 Ma uto cooTtBercTBYeT CHIlypHIICKOMY 3Tary KUMOEPIMTOBOIO MarMaTu3Ma Kak
IUpPKOHBI Tp. Xaiipeiracrax. KoHkopaauTHbIH Bo3pacT o 3 M nupkoHam cocTasigeT 361 +£9.0 Ma uto
COOTBETCTBYET JleBOHCKOMY 3Taly KUMOEPIUTOBOIO MarMaTu3Ma.

Kypanaxckoe noue. Tpyoxa Pamanka. beuio m3ydeno 10 3epeH IUpKOHOB U3 TpyOku PsTanka,
pasmep 3eper +2 MMm. Kaxjoe 3epHO ObLIO MpOaHATU3UPOBAHO B OJHOHN Touke. CHEKTp MOyYEHHBIX
Pb206/U238 pozpacToB coctasisieT oT 216 1o 251 Ma. KonkopranTHslit Bo3pacT coctasiseT 231.8 3.1 Ma
YTO COOTBETCTBYET TpHacoBoMy 3Taly KUMOEPIMTOBOTO MarMaTH3Ma.

ITo ¢opme pacnpeneneHus P35 Bce M3ydeHHBIC ITUPKOHBI SBISIFOTCS MAHTHUWHBIMU, T.K HMEIOT
TUMIUYHOE 11 MaHTUHHBIX IUPKOHOB pactpenenenne P33. OHu, ckopee Bcero SBISIOTCS YacThIO
METAaKpUCTHOM accouuanud KoTopas (opMHpYeTcs B TNpen-KUMOEpIUTOBBIA 3Tam MaHTHUHHOTO
METacoMaTo3a M M03TOMY Aal0T BO3PACT COOTBETCTBYIOIINH BHEAPEHHIO KUMOEPIIUTA.
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2. Agashev A. M., Orihashi Y., Pokhilenko N. P., Serov I. V., Tolstov A. V. and Nakai, S. 20016. Age of Mirny
Field Kimberlites (Siberia) and application of Rutile and Titanite for U-Pb dating of kimberlite emplacement by
LA-ICP-MS// Geochemical Journal, Vol. 50, pp. 431 to 43



COCTAB KVIMHOIIMPOKCEHA ! IHNITUHEJINAOB U3 KUMBEPJIUTOB
KNUMO3EPO (KAPEJINA)

Azaposa H.C.', boBkyH A.B.', HocoBa A.A.% I'apannn B.K.', Xonr X.JI.?

' T'eonornyeckuii paxynprer MI'Y umenn M.B. JlomoHOCORa,
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2 UTEM PAH,
nosova@igem.ru
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Pannenpotepoiizoiickue kumbOepnutsl Kumoszepo, pacmonoxkeHHble B mpenenax Kapenbckoro
KpaToHa, OTHOCATCS K Haubosee APEBHUM KOPCHHBIM MPOSABICHUSAM aMa30HOCHBIX MopoJ. Bozpact ux
¢dopmupoBanusi cootBeTcTByeT 1986+4 mmH. mer [1]. OcHOBHBIE WHAWKATOPHBIE MHHEPAIIBl 3THX
KUMOEPIIUTOB — XPOMILUIHMHEIUAB U WIBMEHHUT, B OUYCHb MaJbIX KOJIMYECTBAX MPHUCYTCTBYIOT MHUPOI U
KITMHOTIPOKCEH[2].

N3yden cocraB KiIMHONMUpoKceHa U XpoMmmmnuHenuaoB (37 u 50 3epeH, COOTBETCTBEHHO) W3
TsoKenoit ppakuuu kumbepiutoB Kumosepa. KoHnieHTpanum Mukponpumecei onpeaeneHsl MetogoM LA-
ICP-MS B nmaboparopun SampleSolution (Kuraii, YxaHs).

Kiunonmpokcen mnpencrasied xpomauornicuaom (Mg# = 84,6-93,7; Ca# = 44,6-49,7),
coaepxanmm (mac.%) 0,5-3,5 Cr203, 0,3-2,2 Al203, 1-2,6 Na20, 10 0,4 TiO2, cXOXHBIM IO COCTABY C
XPOMIHUOICHIOM M3 PaBHOMEPHO3EPHHUCTBIX JIEPLOJIWTOB, BEOCTEPUTOB M IHPOKCEHUTOB (£
WIbMEHUTOBBIX) [3]. DBONBIIMHCTBO M3y4YeHHBIX KIMHOMUPOKCEHOB HMEIOT CXOJHBIE CIHEKTpBI
pacrpeneneHus PEeNKO3EeMENbHBIX DJIEMEHTOB, NPH 3TOM OHH pe3Ko OOemHEeHbl TsbkenbiMu P30
OTHOCUTENFHO JIeTKUX. B mopasmnstomem OoipmmHCTBE 3epeH oTHomeHue (La/Yb)n pasno 5,1-28,7
(mopmupoBano k xoHAputy CI), oTmenbHbIe 3epHa 3HAYUTEIBHO 0OJE€ MHTEHCHUBHO NCTUICTHPOBAHBI
Tspkenpivu P33 ((La/Yb)n = 88,7-233,9, B eaunnuHbIX ciy4dasx 637,4). Cuextpsl pactpenenetus P33 st
OOJIBIIMHCTBA M3YYEHHBIX 3€pPEH B OOJIACTH JIETKHX 3JIEMEHTOB MMEET KYIoJoBUIHYIO (opmy. Kak
npasuio, (La/Ce)n u (La/Pr)n otHomenus < 1. XapaktepHbl BRICOKHE 3HaYeHUs1 oTHOIIeHUH (Dy/Yb)n u
(Gd/Ern (2,6—10,7 u 2,6—8,5, COOTBETCTBEHHO).

Oxono 12% u3ydeHHbIx 3epeH xpomumuHenuaos (Cr# = 81-93, 1o 0,6 mac.% Ti02, 10-13 mac.%
MgO) COOTBETCTBYIOT MAarHe3MOXPOMHTY aJIMa30HOCHBIX AYHHTOB W TapuOyprutoB. [Ipeobianaror
XPOMIIITAHEIHIBI JICPIIOJUTOBOIO apareHesuca, Bapbupymoiue no cocraBy (Cr# = 66-93, 1o 2,6 mac.%
TiO2, 9,7-13,5 mac.% MgO). Yacts 3epen (okoso 8%) oboramiena TiO2 (3,7-4,8 mac.%) u Fe203 npu
Cr# = 81-94. Haubonee BBICOKOXPOMHUCTBIE XPOMIIMMHENUABI XapaKTEPU3YIOTCS MOBBIILICHHBIM
conepxkanueM Ni (440-1100 ppm). bonee Boicokoe conmepxkanue Ni (1100—1330ppm) oTmedaercs amns
HU3KOXPOMHUCTBIX paszHocTeid. [IposiBieHa MOJOXKHUTENbHAsT 3aBUCHMOCTh MEXIY coJepKaHusMu Ni u
TiO2, Ni u FeO, Ga u Ni. B nepudeprudecknx 30Hax OONBIIMHCTBA M3YYCHHBIX 3€PCH IIMTUHEIHIOB
konnuecTBO MgO pes3ko cHIKaeTcs, yBenuunsaercs coaepkanue FeO, nossnsercsa npumecs MnO u ZnO.
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NPUMEHEHUE ONITUYECKON CHEKTPOCKOIIUU T PAHATOB IIPH IIOUCKAX
KUMBEPJIUTOBBIX MECTOPOKJIEHUHU
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O)IHI/IM H3 BECbMa S(b(l)eKTI/IBHI)IX CPCACTB U3YUCHUS I'PAaHATOB ABJIACTCA ONTUYCCKAA CIICKTPOCKOIUA
TOTJIONIEHNs. B 4acTHOCTH OKpacKa, YMCIICHHO BRIpaKeHHAs depes KoJopuMeTpuuaeckue mapamerpst (AK u pc),
MOJKET OBITh HCIIOJIF30BaHA B KAUECTBE HHANKATOPA (PH3UKO-XUMHUIECKUX YCIOBHI MHHEPAIO00pa3yIomen cpeapl
[1,2].

Ienpro maHHON pabOTHI SIBISUIOCH MIOKA3aTh C MOMOILBI0 METO/Aa ONTHYECKOH CHEKTPOCKOINH B
BUANMOMN 00J1aCTH BCIO HH(POPMATUBHOCTh, KOTOPYIO Mbl MOKEM IOJIY4UTH IIPH UCCIEAOBAHUU IPAHATOB.
Bes 00paboTka OT cTaguy perucTpaluyl CHEKTPOB MPOMYCKAaHHs IO ONpeleNeHHs MaparceHeTHYecKOn
MPUHAUIKHOCTH U [[BETA I'PAHATOB OCYIIECTBISIACH C MCIIONB30BAHUEM CIIEIHAIbHO pa3pabOTaHHOTO
MporpaMMHOro makerax [3].

[IpoBeneHo wucciemoBanue 1188 kpucrtamuioB rpaHatoB u3 9 o0bekTOB Majo-boTyoOuHCKOTO
aJIMa30HOCHOTO pailoHa MeTOoJlaM ONTHYECKOM CIEeKTpOMETpHUH MorjiomieHus. s Bcex pasHOBUIHOCTEH
rpaHaToB, IPUCYTCTBYIOLUINX B BRIOOPKAX, IO CHEKTPaM IOTJIOIIEHHS BBIYMCIISUINCE KOJIOPUMETPUIECKUE
MOKA3aTeNH ¢ OIpe/eNieHneM 1BeTa 1o kiaccudukanmmn MOK (B mepepacueTe Ha TONMIMHY KpUcTauia 1
MM). Jls vccnenyeMbIX TpaHaTOB XapaKTEPHO M3MEHEHHE OKPACKH OT KEJITO-OPaHXKEBOH 10 MypIypHO-
KkpacHod. B BeIOOpKax u3 TpyObok Mup, WuTepHamuonanbhas, TaxHas, pocceineli BomopasnenbHbie
ranedHuky, ['eopusuueckas, pydubs Yiiax u ydactka boryoOuHckuii mpeobnagaror (6omee 50 % ot
00IIero KoJM4ecTBa MPOaHATU3UPOBAHHBIX 3€PEH) KPUCTAIUIBI OPAH)KEBOTO M KPacCHOBATO-OPAHXKEBOT'O
uBera. B Bei6opkax u3 tpyoku um. XXIII ceezna KIICC, pyuss Hupokwuii B 50 % ot ob1mero konuyectsa
KpOME YKa3aHHbIX J[BYX LIBETOB, IOMNAJAIOT TIpaHaThl KPAacHOIo U JKENTOBATO-OPAH)KEBOI'O IIBETA
COOTBETCTBEHHO.

B o0miemM o0beMe Bcex U3ydeHHBIX KpHCTALUIOB Maiio-boryoOuHckoro palioHa mnpeo0JiagaroT
rpaHaThl U3 JIEPLOJINTOBHIX apareHe3ncoB (6onee 40%), B OCHOBHOM PaBHOMEPHO3EPHHUCTHIE JIEPLIOIHUTHL,
a TpaHaToB U3 BeOCTEPUTOB - 8,2% U 13 BeOCTEPUTOB C MOHMKEHHBIM OPTONHUPOKCEHOM -7,8%. Tosbko B
UCCIielyeMoi BBIOOpKEe W3 TpyOkM WHTepHalMOHAbHAS TPUCYTCTBYIOT TPaHAThl W3 TOTEHIMAIBHO
aIMa30HOCHBIX Tapuoypruto (1,1%) u u3 BepnutoB (1,7%), a B TpyOke TaexxHas - )KeJIBaKH rpaHATOB
(1,3%). B rpanarax u3 alIMa30HOCHBIX acCOLMALMKA MPeoOIagar0T KPUCTAIIIBI U3 OCHOBHBIX TITyOWHHBIX
MOPOJI — SKIJIOTUTOB, B YACTHOCTH, MAarHE3UAITbHO-)KENE3UCTHIX (B TpyOKax Mup-5%, MHTepHannoHanbHas
-6,2%, Taexnas -8,9%, um. XXIII cwezna KIICC -15,3%, B pocceinu BogopasaenbHas rajgeunuku -2,6%,
pyubs 3umuuit -0,9%, ywsactka boryoOunckuii -1,1%), a rpaHaToB M3 ajIMa30HOCHBIX IMCTEHOBBIX
SKJIOTUTOBCOJIEPKUTCS: B TpyOkax Mup -1,23%, Taexnas -7,6 %, nm. XXIII ceezna KIICC -8,1%, B
pyubsx Ymnax -1,9 % u Hlupokwuii -0,9% u B pocceinu ['eodpusndeckas -0,6%. CoxaepikaHue rpaHaTOB U3
AIIMa30HOCHOT'0 KOPYH/I0BOT'O SKJIOTUTA COCTABIISIET B TpyOKax VHTepHanmonansHast -4%, Taexnas -1,3%,
uM. XXII cwezga KIICC -2,7%, B pocceiniu BopopasaensHble rameyHuku-1,3%. I'panatel u3
MOTEHIIMAIBHO aJIMa30HOCHBIX AYHHUTOB MPHUCYTCTBYIOT B HEOOJBIINX KOJHYECTBAX TOJBKO B TPyOKax
Mup -1,84%, Taexnas -1,3% u um. XXIII cwezga KIICC -0,9%.

Hcnonp3oBaHne ONTHYECKON CIEKTPOCKONUM MO3BOJSAET pEIIaTh pPs BaKHBIX INPOrHO3HO-
MOMCKOBBIX 33jlad, TaKMX Kak: palOHMPOBAaHWE IO TpaHATaM C OINPENEJICHHBIMH XapaKTePHUCTUKAMU,
MIPOBOJIUTH CPaBHEHHE BEIOOPOK IPAHATOB U3 PA3UYHBIX IIIMXOBBIX OPEOJIOB U POCCHITIEN, OCYIIIECTBIISATH
MIPUBSI3KY POCCHINEN U NUINXOBBIX OPEOJIOB K KOHKPETHOMY M3BECTHOMY KOPEHHOMY MCTOYHHKY, CETIaTh
00BEKTHBHOE 3aKJII0UEHHE O TOM, YTO JaHHas BHIOOpKAa NMHUPONOB HE MPHHAIICKUT HU OJHOMY M3
M3BECTHBIX KOPEHHBIX NCTOYHHUKOB B JAHHOM paioHe.
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K HOBOMY «MHUPY OBOMJIEHHBIX BEJTUUMH»
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Uyt Oomnee cra ner Haszan mpodeccop Jlednuurckoro yHuBepcutTera Bombdranr OctBajibi
OIyOIMKOBAJ KHUTY 1107 HazBaHHeM «Mup oboiineHHbIx Bemausy [ 1]. B Hell o cymecTBy Oblia 3asiBiieHa
IporpaMma Ha3peBLIETO K TOMY BPEMEHM HCCIIEOBATENbCKOIO MPOpPhIBA B MUP MHUKPOCKOIMHYECKHUX
YyacTul, 0003HaueHBl OCHOBHBIC 3aJa4d M TPWIOKEHHS CPOPMHUpPOBABILICIHCA HAa 3TOW OCHOBE HOBOM
CaMOCTOSITETFHON HayKH - KosutongHou xumud. [Ipu3eiB B. OctBanbaa Hamen 100poxKenaTeTbHbIN OTKITUK
B yMax HccienoBaresiell. YKe B IepBble [10CIEI0BABLINE [I0CTIE 3TOr0 oAbl IPOU30IIENT BIEYATIIOLINMA
NPOPHIB B W3YYCHHU KOJUIOMAHBIX 4acTul. B 1925-1926 romax P. 3urMoHgM («OTKPBUI JTOCTYN B MHP
HeJOoCTYHBIX pa3mepoBy) u T. CBendepr ¢ XK. [lepper (3a mpopeIB B «MUP AMCKPETHBIX YACTHUID») OBLITH
ynoctoeHnsl HobGeneBckoii mpeMum.

Onnako mporpamMa B. OcTBanbia m3-3a MHCTPYMEHTAIBHBIX OTpPaHWYCHWH He OblIa Torzaa
peanu3oBaHa B OJMHOW Mepe. HOBEIiA STam BTOp>KeHUsS B «MUP 000IIEHHBIX BEJIHYMHY» Havyaucs OJIKe K
KoHIy 20-T0 cToNeTHs U OB CBA3aH C BBIJAIOIUMHUCS OTKPHITUAMH 80-X roJ10B (OTKPBITHE CYIIEPaTOMOB,
¢ynnepeHoB, MOABICHWE HOBOIO WHCTPYMEHTapus U T.O.) [TTaBHBIM OOBEKTOM Ha 3TOM JTalle CTajH
HaHOpa3MEpHbIE YACTHIBl M (DU3UKO-XMMHUYECKHE IMPOIEecChl Ha HAHOYpPOBHE. JTOT 3Tal CaMbIM
Cepbe3HBIM 00pa30M OTpa3WIICs Ha Pa3sBUTUHU HAYK O BELECTBE, HA MAaTEPHAJIOBEACHUH, KPUCTAIIIOrpaduu
Y MUHepaJoruy. B moBecTKy JHs BCTal BOOPOC O Pa3BUTHH HOBBIX HAyK, B TOM 4HCJI€ HAHOMHHEPAJIOTUH.

Haydnoe coo01iecTBO NpHU3HATIO YHUKAJIBHOCTD SIBIICHHH W TIPOLIECCOB B HAHOMHUPE, CIIEHU(DUIHOCTD
CBOMCTB HAHOOOBEKTOB M PE3KO MHTEHCH(HIIMPOBAIO UCCICAOBAHMUS B ATOM MEKIUCIUIUIMHAPHON O0OJIaCTH.
HecomHeHHO 1 TO, YTO Hay4YHas! THTEPBEHIIMS B HAHOMUP, OCOOCHHO B YaCTH MPUKJIATHBIX aCTIEKTOB Pa3BUTHS
HAHOHAYKM  (HAHOTEXHOJIOTHH) WMEeT HW  MOJMTHYECKOE  COMNpPOBOXACHHE  (HAIIMOHAJILHBIC
HAHOTEXHOJIOTHYECKUE HHUIMATUBBI) M 3TO OOCTOSITENHCTBO B OYEHb Ba)KHOM CTENEHU OIpeesseT
0COOEHHOCTH COBPEMEHHOI'0 dTara MUKPO- U HAaHOMCCIIEIOBaHUI BEIleCTBA, BOSHUKILIETO HA 3TOW OCHOBE
HaHOTeXHoJorn4yeckoro 6yma. He Oyzer npeyBeiandeHHEeM CKa3aTh, YTO NANO CTaJO «IOPOKHOM KapTOi»
COBPEMEHHOM HaYKH.

3HaYUTENbHBIA NpOrpecc B TMOHMMaHUM CBOMCTB HAHOMHpPA MBI CBSI3bIBAEM C pa3pabOTKON
KBaTapOHHOM KOHLETIMH [2-4], KOTopasi B 4aCTHOCTH, YIMBUTEIILHO MPOCTHIM 00pa3oM pelinia mpodiemy
3apOXK/IEHHS U pOCTa KPHCTALIIOB.

[lpu3HaBas BIHOJHE VYCHOEIIHBIA M MHOIOOOCHIAIOIIMI  XapakTep COBPEMEHHOIO — dTama
MHHEPAJIOTHYECKOr0 BTOP)KEHUSI «B MHP OOONIEHHBIX BEJIMYMH» Mbl OTMEYAEM, YTO TENEph HACTYIAeT
ouepenb s (opMHUpOBaHHS HOBOM MPOTpaMMbI HCCIIENOBATEIHCKOTO TPOPHIBA B MHUP CTaHOBSIIMXCS
JIOCTYIHBIMH JIJIsl U3y4eHUsI 00BEKTOB U MTPOIIECCOB B MHTEPBAJIE OT Pa3MEPOB OTIEIHHBIX aTOMOB M MOJIEKYJT
JI0 TIEPBBIX MUHEPAIBHBIX WHAWBHIOB (HAHOWHIMBHAOB). DTOT MPOTOMHHEPAIBHBIH MHUP — 3TO CETrOAHS
HOBBIA «MHp OOOWIEHHBIX BEIMYMH». UTO WHTEPECHO, Ui €ro MOKOpPEeHUs (opMHpyeTcss HE TOJBKO
TEOpeTH4eCKui 0a3uc, HO M CO37aeTCs COOTBETCTBYIOIIMH OKCIEPUMEHTANBHBI WHCTpyMEeHTapuil. B
YaCTHOCTH, XOPOLINE NEPCIEKTUBBI I U3yYEHUS IPOTOMUHEPAIIBHOTO MUPA CBSA3aHBI C BBEICHHBIM HEAABHO
B neiictBre EBponeiickiuM azepoM Ha CBOOOAHBIX HJIEKTPOHAX.

Paboma evinonnena npu vacmuunol GuHAHCOBOU NOOOEPICKe NPOSPAMMbL PYHOAMEHMATLHBIX uccredosanuil YpO

PAH (npoexm Ne 18-5-5-44).
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O BO3MOKHOCTH NPEOBPA3OBAHUS ®OPMbI BKJIIOYEHUI B AJIMA3AX
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Ha ocHoBe aHanmm3a Mop(hoNIOTHM BKIIOYCHWH OJMBHHOB B ajMa3aX HaMHU BBICKA3aHO
MPEITOJIOKEHIE O BO3MOXKHOCTH MpeoOpa3oBaHus GOpMBI BKITFOUCHHH, B Pe3yJbTaTe KOTOPBIX OHH MOTYT
MIPUHUMAThH HE CBOHCTBCHHYIO UM OTPaHKY, B YACTHOCTH OKTadIPUUSCKYI0, OyIydn yiKe BKIFOUYCHHBIMU B
anMasel [1]. B pa3BuTre JaHHOTO MPEANONOKEHHS MPOBEICHO U3yUCHUE TPAHUIIBI alIMa3-BKIIIOUCHUE C
ucronp3oBanueM  KP-criekrpockommu, TMokazaBmiee Hamuuue ¢urrommgHod  ¢asel  (puc.la, 0),
cootBercTBytoreii mo [2] SioO(OH)e, Si(OH)4 u monekynsapuoit Boge. C nomortipio [TOM Ha rpanuiie
BBISIBJICHBI BaKyoJIH ¢ (DJIIOMI0M B KpaeBoit 30He BKitoueHus (puc. 1B). Hanwuue duronna obecnieunBaeT
JUQPY3UI0 KOMIIOHCHTOB BKJIFOUCHHS M CO3/ACT MPEAMOCHUTKU JJIsi U3MEHEeHUs: ero mopdonoruu. Ho
OJTHOBPEMEHHO TpeOyeTcsi MacCoINepeHOC BEIeCcTBa aiMasa, KOTOpoe HEpACTBOPUMO B (UIIOMAHOM (aze u
OCYIIECTBISCTCS, BEPOATHO, IyTeM COOCTBEHHOW MOBEPXHOCTHON auddy3un aTtoMoB yriepoja.
TepMoMHAMHYECKH TPOIIECC HAMPABIICH HA MUHUMH3AIIUIO TIOBEPXHOCTHON SHEPTUH HA TPAHUIIE pasjena
(a3, ocyliecTRIIEMYI0 Yepe3 MepeorpaHky o0beMa, 3aHMMAeMOro BKIIOUeHHEM. KpHCTalibl anMa3oB
HMMEIOT BechMa OOJIBIIYIO BETHUYMHY ITOBEPXHOCTHOIO HATSHKEHUs, KoTopas At rpanu (110) pasua 10 000
H/m, T.e. aHOMaITBHO BBICOKA IO CPABHEHUIO C MTOBEPXHOCTHBIM HATSHKEHHUEM APYTHX TBepABIX Tel (~400-
500 H/m); Takoe cootHomeHue (~1/20) COOTBETCTBYET TBEPAOMY TEITy U )KUAKOCTH. [ToaToMy anma3s nMmeer
OeccropHoe MPEUMYIIECTBO B 0popMIIeHMM O00beMa M MEPEOrpaHseT €ro B OTPHIATEIbHBIA OKTadIP.
[Tpouecc MOXeT 3aTOPMO3UTHCS HA JO00M CTaanu, ecly anMa3 Iepeliel B reocdepy ¢ 0ojee HU3KOM
TeMIiepaTypoii, He oOecneumBaromieit muddysmro. MacconmepeHOC alMa3a B 30HE BKIIOUEHHUS MOYKHO
MPEIoJIaraTh 0 HATUYUI0 OECCTPYKTYPHBIX OpPEOJIOB BOKPYr BKJIIOYCHWH B KapTHHAX
KaTO/I0JIIOMUHECIIEHIINN: IUKBUIUPYIOTCS XapaKTEePHbIE YePThI 30HAIHOCTH, CBOMCTBEHHOM anMasy (puc.
1r).

Paboma svinonnena 6 pamkax eocyoapcmeennoeo 3aoanus, npoexm 0330-2016-0006.
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Puc. 1. A — BK/II0YeHHe 0TMBHHA B aJIMa3e U IPaHUNA BKIO4YeHHe — aaiMa3 (KP-kaprupoBanmne), 6 — cnekrp KP
¢urona Ha rpannne oJIMBHH-asIMa3, B - [I9M n3o6paxkenne BakyoJiei ¢ ¢pI0HI0M Ha rPaHAIE OJMBHH-AJIMAa3,
r — 0eccTPYKTYPHasi 30Ha BOKPYT BKJIIOYEeHHS OJTMBHHA B a1Ma3e (KaTOJ0TIOMHHECICHIUsT).
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BKUIIOYEHUSA IHIIUMHEJIN10B 1 NWJIBMEHUTOB BO ®JIOT'OIIMTAX TPYBKH
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TpyOka ManokyoHanckas, pacnojokeHHas B KypaHaxckoM KHMOEPIMTOBOM — TOJE,
XapaKTepU3yeTcsl TOIYIPOMBIIUIEHHOH alMa30HOCHOCTBIO. CIIOAbI U3 HEM3MEHEHHON KHMOEpIUTOBON
OpeKYHH CEBEPHOTO PYAHOTO CTOJ0a OTHOCATCS K HU3KO- (< 1 Mac.%) ¥ BBICOKOTUTAHUCTHIM (2,76 — 5,66
mac.% Ti0O) pasHoctsim. Cpeau mepBbIX Mo coaepkanuto FeO BIACISIOTCS JBE TPYHIbI (IOTOMHUTOB:
Huskoxenesucras (2,48 — 3,58 mac. %) u ¢ mOBBINICHHBIM cojepikanueM xenesa (7,08 — 8,33 mac.%).
Cpeny BBICOKOTHUTAHHCTBIX DPA3HOCTEH Takke MOXKHO BBIACIHTH JIBE TPYHIIBI CIIOJ C MHTEpBAJaMU
conepxanuit FeO (macc. %) 4,63 — 7,83 u 8,51 — 16,39. MakcumansHoe conepxkanue Cr,Os mocturaer
1,05 mac. %.

[TpakTH4yeckd BO BCEX 3€pHAX BCTPEYAIOTCS KPUCTAIUIMYECKHE BKIIIOYEHHS, IMPEACTAaBICHHBIC
NUKPOWIIBMEHUTAMH (MHOTa XPOMUCTBHIMHE). be3amarne3nanbHbIX WM HU3KOMarHe3UaIbHBIX WIBMEHUTOB
HE JMarHocTUpoBaHO. Takke IMUPOKO pPACHpOCTPaHEHBl INMUHEIHIBl PAa3IUYHOTO COCTaBa — OT
BBICOKOXPOMUCTBIX paszHocTer (max Cr.Oz 55 mac.%) 10 TuTaHOMarHeTUTOB. BKIToueHMsI OTMEUESHBI BO
BCEX Ipynnax CIJ, KpOME BBICOKOTUTAHUCTON U CaMOM BBICOKOKEIE3UCTOM.

B ogHOM U3 3epeH MUKpOMIBMEHHUTa (CPOCTOK € (PIOTOMMTOM) YCTAHOBJICHO BKIIOUCHHE
BBICOKOEIIE3UCTOTO OJIMBHHA (PHC), COCTAaB KOTOPBIX PUBENEH B TaOIHIIE.
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60um Electron Image 1

Puc. BkiioyeHue oiuBrHA (TEMHOE) B MUKPOUJIbLMEHUTE (CBETJIOE).

Taﬁ.lmua. Mmcp030H110m)1e AHAJU3bI COCTAaBA MMKPOUJIBMEHUTA U BKJIIOYCHHOT'0 B HEIr'o 0JIMBUHA.

Munepan | SiO2 TiO2 Cr203 FeO MgO Cymma
WIBMEHHUT | — 48,75 2,40 38,97 9,19 99,32
OJIMBHH 36,65 0,76 - 17,89 43,99 99,19

Paboma evinonnena 6 pavxax npoepammer ®HU «somoyus 3emnoti kopwvt Cesepo-Asuamckoeo Kpamoua, oazum-

VIMPAdA3UMOBHILL U KUMOEDIUMOBILL MASMAMUM, QIMAZ0HOCHOCHbL AKYymcKotl kumbepaumosou nposunyuuy (Ne 0381-2016-
0003).



KAPBU/I ’KEJIE3A KAK OJIMH U3 UCTOYHUKOB YIJIEPOJA J1JIA
OBPA3OBAHUS T'PA®UTA U AJTTMA3A B YCJIOBUAX JINTOCHEPHOM

Baranesa 10.B. ', Ilaassanos 10.H. ', bop3nos FO.M. !

'MT'™M CO PAH
bataleva@igm.nsc.ru

Kap6un xene3a (FesC, koreHuT) sABIseTCS Hanboiee BEPOATHBIM MHHEPAIOM-KOHIIEHTPATOPOM
yriaepoga B YCIOBHUSAX BOCCTAHOBJICHHBIX JIOMEHOB JHMTOC(EPHOH MaHTHH. IKCIEPUMEHTAIbHOE
MOJEIIUPOBAHUE YIIIEPOA-IPOAYLHUPYIOLINX MIPOLIECCOB B3aUMOICHCTBUS KOTCHUTA C BOCCTAHOBIEHHBIMU
U OKHCJICHHBIMH (IIIOMAAMH, a TaKKe C MaHTUMHBIMU CHJIMKaTaMHu, CyJb(UAaMH M OKCHUIAMHU
00yCJIOBIIEHO, IPEKAE BCETO, aKTYyaJIbHOCTHIO TPOOJIEMBI ONPEACIICHUSI HICTOYHHKA YTIIepo/ia B TIpoLieccax
MPUPOAHOTO anMa3z000pa3oBaHus. DKCIIEPUMEHTAIbHbBIC HCCIIeOBAaHNsI IPOBEICHBI B CUCTEMaX KapOu/I-
cepa, Kapoua-cyiabhua, KapOua-oKCUA U KapOuI-okcua-KkapOoHart, mpu gasienun 6,3 ['Tla, B nuaTEpBae
temmepatyp 900-1600 °C u mmutenpHOCTAX 20-60 4, HAa MHOTOIYaHCOHHOHM ammaparype BBICOKOTO
nmaBneHust «paspesnas cgepa» (BAPC). VYcranomneHo, 4to B3auMojelCTBHE KapOuaa xene3a C
MIPEUMYIIECTBEHHO cepHBIM (urroraoM wiu muputoM mpu T < 1100 °C mpuBOAXT K SKCTPAKINH yTiIepoia
u3 KapOuaa u oOpa3oBaHuio rpaduTa B accolManuy ¢ MTUppoTHHOM. [Ipu Gonee BHICOKHX TemrepaTypax
KpUCTAIM3anusi TpaduTa COMPOBOXKAAETCS TeHepalued CyabQUIHOTO H  METaluI-Cylb(pHIHOTO
paciuiaBoB. YCTaHOBJICHO, YTO B MeTaJlI-Cylib(uaHoM paciuiaBe npu T>1500 °C kpucrtammsyercs He
TOJIBKO TpaduT, HO ¥ MPOUCXOIUT pocT anmasza [1].

OKCIEePUMEHTAIBHO MPOJCMOHCTPUPOBAHO, YTO B3aUMOJICHCTBHE KapOWI-OKCHJ TMPUBOIUT K
(dopMHpOBaHHIO TpaduTa B aCCOLMUAIMU C KEIEIUCTHIMU OPTOMUPOKCEHOM WJIM TPAaHATOM, BIOCTUTOM H
koreruToM (1100 u 1200 °C), a taxxke pacmuiaBa Fe-C-O (1300-1500 °C). YcTaHOBIEHO, YTO OCHOBHBIMHU
npoueccamy, peanusyromumuca B cucrteMax npu 1100 u 1200 °C, ABIAIOTCS OKHCIECHHE KOTCHMTA,
IKCTpaKLUs yriiepoaa u3 KapOuaa v KpUCTAJUIN3aIMs METaCTa0MIBLHOTO IpaduTa, a Takke 00pazoBaHUe
xene3uctoix cunukaros [2]. IIpu T>1300 °C kpucramnuszauus rpadura U pocT aiMasa MPOUCXOIST B
pe3ysbTaTe PeIOKC B3aUMOACHCTBUS IPENMYILIECTBEHHO MeTanyeckoro paciuiasa (Fe-C-0O) ¢ okcunamu
U CWIHMKAaTaMH, a TakkKe MEK3EpPHOBBIM (pronmoMm. B pe3ysnbraTe SKCIEpPUMEHTOB B CHCTEME KapOW/I-
OKCHJI-KapOOHAT yCTaHOBIIEHO (pOpPMHUpPOBAHUE acCOIMANNY IpadUTa 1 MAHTUHHBIX CHIIMKATOB (TpaHaTa
WIA OpPTOIMPOKCEHa) ¢ BKIoueHHsMu pacmaBa Fe-C  u rpadura. DKCHEpUMEHTAJIbHO
MMPOAEMOHCTPHUPOBAHO, YTO OCHOBHBLIC MPONCCCHI B3aHMO}IeI7[CTBH;I B CUCTEMC OIIMCBIBAIOTCA PCAKIIUAMU
JeKapOOHATH3AINH, & TaKXKe YIIEepOA-TIPOIYIUPYIOIUMH PEIOKC peakuusmMu kapouaa xene3a u CO2-
¢monaa. JlaHHbIE TIPOLIECCHI MOTYT JIOKAJIbHO MPOUCXOIUTH B MIPUPOAHBIX OOCTAaHOBKAX, IPH CYyOLYKIINH
OKHCJICHHOTO KOPOBOI'O MaTepHajla B MeETalI-COAEpKalllie IOpOAbl BOCCTAaHOBJICHHOM MaHTHH.
OKCIIEpUMEHTANBHO JIOKAa3aHO, YTO HM30MpaTeNbHBIN 3aXBaT BKIOUEHHH METAUIMYECKOTO paciiaBa M
rpaduTa CHUIMKaTaMH, YCTOMUMBBIMH B ipucyTcTBur CO> dhiaronna, siBIsSETCS OJHUM U3 MOTEHIHAIBHBIX
MEXaHM3MOB COXPAaHEHUS! METAUTMYECKON (ha3bl M BIIEMEHTAPHOrO YIJIepoAa B MAaHTHHHBIX JIOMEHaXx,
TIOJIBEPTalONINXCsl IEpepadoTKe areHTaMK OKHCIUTENBHOTO METacoMaTO3a.

[Mony4yeHHsle pe3ynpTaThl MO3BONSIOT paccmarpuBaTh korenuT (FesC) B kauectBe
NOTEHIMAIBHOTO MCTOYHHUKA YIJiepoJia B MpoLeccax KpUCTAUTM3alMu Tpadura M ajiMasza B yCJIOBHUSIX
BOCCTAaHOBJICHHOM JInTOC(hEepHON MaHTHH, a B3aUMOCHCTBUS KapOu/Ia jxejie3a ¢ MaHTUIHBIMH (DJIFOUIaMHU,
CUIIMKATaMHU, OKCHJIAMH U CyIb(pHUIaMH, B XOJie KOTOPBIX pealn3yeTcsl SKCTPAKIUs yriepoja - Kak
BO3MOKHBIE MTPOLIECCHI II100aIbHOTO YIIIEPOAHOTO IIUKIIA.

Paboma evinonnena npu unarcosoti noddepoicke PODPU (npoexm 16-35-60024), a maxdice 6 pamkax 2ocy-
oapcmeenHoeo 3adanus (npoekm Ne 0330-2016-0007).
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OCOBEHHOCTH POCTOBOM 30HAJIBHOCTH AJIMA30B W3 KUMBEPJIUTOB
PA3HBIX PAHOHOB SIKYTHUH
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BHyTpeHHee cTpoeHre U pacnpeziesieHne CTPYKTYPHBIX Ae(eKTOB Mo 00beMy KpUCTAIIOB anMasa
OTpaKaroT crenuduKy ycmnoBuid ux oOpaszoBanus [1, 2]. Jns ycraHoBieHusi ocoOeHHOCTEH TeHe3uca
anTMa3oB B Pa3HBIX paifoHax SkyTum mpoBeneHo uccienoBaHue 100 KpHUCTAIDIOB M3 TEKYIIeH NOOBIYH
Tpybox Mup, HiopOunckas, Ynaunas, KOOuneitnas u Ailixan. OtOupannck BU3yanbHO 30HANBHBIC TIO
cBeucHHIO B Y ®-nmyuax kpuctayuiel kiacca -7+6 (SITY) okTasmpuueckoro u poMO0I0eKadAPHISCKOTO
raburyca I pasHoBugHocty o FO.JI. OpnoBy [3]. M3 anma30B OpreHTHPOBOYHO Yepe3 reOMETPHIECKUI
LEHTP OBLIM HM3TOTOBJICHBI IUIOCKOMApauleabHble INIACTHHKU ToamuHon 0,3-0,9 MMm. [l BeISBICHUS
0coOeHHOCTEd  BHYTPEHHETO CTPOSHHS KPHUCTAUIOB  HCIOJB30BAIMCH  CICAYIOIIUE  METOJBI:
KaTOJIOIFOMHHECIIEHTHAS TOTOTpad s, OISIPU3AIMHOHHO-ONTHIECKHAN, TFOMIUHECIIEHTHAS CTIEKTPOCKOITHS
u ®yppe UK-MuKpockonus ¢ nqeTaabHbIM KapTUPOBaHUEM (mIar okojo 50 MKM).

o rpanuIaM Ha KaTOAOIIOMUHECLEHTHBIX TONOrpaMMax u 1BeTy (otomomutecteHuuu (DJI) B
OoublIel YacTH M3YYEHHBIX TUIACTHHOK ajaMa30B BBIAENICHBI 110 JIBE POCTOBBIC 30HBI, HO MPUCYTCTBYIOT
KPUCTAJUTBI C TpeMs pPa3WYHBIMH 10 CHEKTPalIbHBIM CBoiicTBam obOmactsamu. HWK-uccrnenoBanus
TUTACTHHOK TTOKAa3aJId pe3K0oe BO3pacTaHHe KOHIEHTPAIlMH MPUMECH BOJIOPOJa B Hadaue HOBOW 00NacTH
pOCTa M MOCIEeyIolIee ee CHIKEHHIE 10 HYJIS TOYTH IS BCeX alMa3oB M3 YKa3aHHBIX TpyOok. Taxke B
KPUCTAIUIaX pacIpOCTPAaHEHBI 30HBI, B KOTOPHIX (PMKCHUPYETCS MOCTENEHHOE TIOHKEHNE TIPUMECH a30Ta B
mporiecce pocta. B To ke Bpems He HaOMIOAaeTCsl B3aNMOCBSI3H MEXKIY COAepKaHHuEM MpUMeced a3oTa U
BOJIOpOa Jake UIsI OAHOTO KOPEHHOTO0 HMCTOYHHKA Ha Pa3HbIX CTaAWAX KPHUCTAUIM3allMU aiMa3oB.
IoBsllIeHHBIE COAepXKaHUs IpUMeEcel B Havajie mpoliecca pocTa U ee OHMKEHHS K 3aBEepIICHUIO pOCTa,
BEPOSATHO, 0OYCIIOBJICHBI MIOCTETIEHHBIM 00 THEHHEM aIMa30TeHEPUPYIOIICH CPEIbl a30TOM U BOJOPOIOM
W, Ha Hall B3TJIS/, CBUACTEIHCTBYIOT O CMEHE OKHCIMTEIHHO-BOCCTAHOBHUTEIBHBIX YCIOBHIl B XOJIe
MOCIIEOBATENBHBIX CTAUI KPHUCTAITH3AIIH aJIMa30B.

Ha karomonmoMHHECHIEHTHBIX M300paKEHHUAX IUIACTHHOK alMa30B M3 Pa3HBIX MECTOPOXKICHHIMA
4aCcTO BCTpPeUYaeTCsl IIEHTPaAIbHAS 30HA C HHTEHCUBHBIMU CJIeIaMU pacTBOpeHus. B 3Toii 30He HabmoqaeTcs
MOCTENIEHHOE CHW)KEHHE BBICOKO arpermpoBaHHOTO a30Ta OT BBICOKMX 3HAa4eHHUH (y HEKOTOPBIX
kpuctawioB ot 2500 at. ppm npu 6oiee uem 90% B B-dpopme) no 150-200 at. ppm. OHa xapakrepusyercs
uHTeHCUBHOM cuHel DJI. bonblias pacpocTpaHEHHOCTh TAKUX 30H B aJIMa3ax U3 MECTOPOKICHUHN pa3HbIX
paiioHOB SIKyTHH CBUIETENBCTBYET O MACIITAOHOCTH JTOTO dTara aaMa3o00pa3oBaHus C MOCIETYIONIM
pacTBOpEeHHEM Ha OIIpe/eIEeHHOM JTale BpeMeHH. B anmmazax M3 pa3HbIX MECTOPOXKIEHHH Takke
pacipocTpaHeHbl Manoa3oTuctelie (or 50 at. ppm ¢ moHmxenweMm a0 10 at. ppm) 30HBI cO claboi
doromomunectieHimen. s anMazoB u3 Tpyook Mup m HropOuHCKas 3TO B OCHOBHOM HEOOJBIIUE
LIEHTPaJIbHBIC 00JIACTH, a ISl KPUCTAIUIOB U3 TPyOOK Y aaunas, FOOunelinas u Aixan — MpoMeXyTOYHbIC
u nepudepuitHble, IMEIOIIKe OOJIBIIYI0 POSBICHHOCTL U pacipocTpaneHue. Hepeako B kpucramiax us
TpyOok Y maunas, FOOuneinas u Aiixan sta nepudepuiinas o61acTb HapacTajia Ha OMUCAHHYIO BBIIIE 30HY
C MHTEHCUBHBIM pacTBOpeHHeM. [1Jisi KpUCTauioB u3 KuMOepIuToB Tpyook Mup u HropOuHCKast TUITHYHEL
MO3/IHAE TE€HEpalluK aJIMa30B C MOBBIIIEHHBIMM KOHLEHTpALMAMM a30Ta MPH Majol €ro arperamnmy, C
po3oBoii mnm ¢uonerooit ®JI, UMEHHO OHM B OONBIIEH CTENEHW OMNPENCIMIN AIMa30HOCHOCTh
BBICOKOIIPOYKTHBHBIX TPYOOK 3THX PaiOHOB.

[IpoBeneHHbIe HicCIETOBAHNS TIO3BOIMIIN BBISIBUTH CX0XKHE MPU3HAKH M CTaIMAJIHLHOCTh POCTOBOM
30HAJIBHOCTH ajIMa30B U3 pa3HbIX PaliOHOB SIKyTHH, MOATBEP)KAAIOIINE PETHOHAIBHYIO MPOSIBIEHHOCTh
NPOILIECCOB aJIMa3000pa30BaHUsl Ha Pa3HBIX T'EOJOTMYECKHUX 3Tarax, a TaKkKe YCTAaHOBUTHb Pa3IHUHs
POCTOBOI 30HATTLHOCTH aJIMa30B M3 Pa3HBIX HCTOYHUKOB, OIPEEISIONIAE HX THTIOMOP(QH3M.
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MOXHU AJIMA3OHOCHOT'O MATMATH3MA B CYITIEPKOHTUHEHTAJIBHBIX
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CBs13b MKy NPOSABICHUSIMH aIMa30HOCHOTO MarMaTi3Ma U CylepKOHTHHEHTAIBHBIMH LIUKIaAMHU
B 00IIEeM BHIE OTMeyalach B padoTax psaa MccieqoBaTesnieil, OONBIIMHCTBO KOTOPBIX OTHOCHIU STH
IPOSIBIICHUST K paclagy CYNepKOHTHHEHTOB. B 1okiame 3TOT BOIPOC paccMaTpUBaeTCsl Ha OCHOBE
pa3paboOTaHHOTO aBTOPOM CYNEPKOTHHEHTAILHOTO LHUKJIa NPONODKUTeNbHOCThI0 400 MIH Jer,
COCTOSILIETO U3 ABYX CTaiuii U ueThipeX (a3. CTaauu oTpaxkaloT CMEHY ABYX COCTOosHUM 3emiu: 1) oauH
KOHTHUHEHT - OIMH OKE€aH U 2) HECKOJbKO KOHTMHEHTOB-HECKOIBKO OKeaHoB. Kaxnas u3 3tux cranuit
COCTOWT U3 ABYX (pa3. B pamkax mepBoii cTaguu BeiAeneHa (pas3a arraoMepanny IpoIoDKUTENTsHOCTRI0 90
MJIH JIET, BO BpeMs KOTOPOW TPOUCXOIWT HHTETpallys, «CIUIaHue» YacTeld HOBOOOPa30BaHHOTO
CYNEPKOHTHHEHTA U NPUYICHEHHE K HEMY MOCJIeIHUX He3HAYMTEIbHBIX KOHTHHEHTAIbHBIX (YParMeHTOB
u ¢aza gectpykuuu (70 MIH JIET), XapaKTepU3YIOMIasicsS Pa3BUTHEM KOHTHHEHTAIBHOTO puUdTOreHesa.
Bropas craaus cogepxuT asy pacnazia CynepKOHTHHEHTa U 00pa30BaHMs «MOJIOJIBIX» OkeaHoB (90 MiH
net) u ¢pasy ero coopku (160 MiH JIeT) B KOTOPOH JOMUHHUPYIOT MPOLECChI CYOMYKIMHIA U KOJUTU3UH.
HenpepbiBHas nocnenoBaTeIbHOCTh CEMH YKA3aHHBIX LIMKJIOB B TEUCHUE MOCIEIHUX 3 MIPI JIeT 3eMIIU
co3J1aJIa HUKIMYHOCTE B TIpoliecce KOTOpoi (hOPMHUPOBAIHCEH U paclafainch CyNepKOHTUHEHTHI. AHAIH3
COBPCMCHHBIX MOAaHHBIX 10 JaTUPOBAHHBIM KI/IM6epJ'II/ITaM u JaMIpouTaM Ha (I)OHC yKaSaHHOﬁ
LUKJIAYHOCTU OOHAPY>KMBACT CIEAYIOIINE 3aKOHOMEPHOCTH:

AJMa30HOCHBIA MarmMaTu3M B HCTOPUM 3€MJIM KOHTPOJUPOBAICA CYNEPKOHTUHEHTAIbHOU
IUKIIMYHOCTBIO, MPOSABJIAACHE HEPABHOMEPHO HAa BCCX CTAAUAX U (1)333)( CYNEPKOHTUHCHTAJILHOT'O IMKJIa B
Pa3INYHbIX TCOAUMHAMHUYCCKHUX OGCTaHOBKaX.

HaubGonee macmrabHO (opMHpoBaHHE KHMOEPIUTOB M JAMIPOUTOB MPOUCXOIWIO B (a3sl
pacriaga U CcOOpPKM CYNEPKOHTHHEHTOB. JTO K€ OTHOCHUTCS W K MPOMBIIUICHHOH alMa30HOCHOCTH,.
KOTOpasi MOXKET BO3HHKATh B TEUCHUE KKIO0H U3 3THX ¢a3. Tak, anmmazHbie MecTopokaeHus: CHOnpckoit
iaTgopmbl GOPMHUPOBAIKCH  BO BpeMs cOopku [laHren, a MenoBele kuMOepnuTsl Kparona KaanBaanb
H0OxHoit Appuku B a3y ee pacnaza.

Ha CTagnu CYHCCTBOBAHUS CIIMTHBIX CYINIEPKOHTUHCHTOB OTMEYACTCSA MUHUMAJIBHOC KOJIMYCCTBO
JaTHPOBAaHHBIX KUMOEPIIUTOB U JIAMIPOUTOB, IPUYPOUYECHHBIX, B OCHOBHOM, K €€, 3aKII0UUTEIbHON (ase,
Ha rpaHuIe CO CTaANeH paciaja.

Ananus MHUPOBBIX JAaHHBIX IO IMPOABJIICHUAM aJIMAa30HOCHOI'O MarMaTtu3dMa B UCTOPUHU 3emau B
CBETE YKa3aHHOW 3aKOHOMEPHOCTH MO3BOJIHII BBIZICITUTh 3TIOXY aKTHBHOTO alMa30HOCHOTO MarMarui3Ma B
mitH JieT - 2885-2720, 2570-2320, 2170-1920, 1720-1520, 1370-1120, 970-720, 520-320, 170- (+80);
3MOXHU €r0 YMEPEHHOI0 WJIM HE3HAYUTENBHOTo mposeienus - 2610-2570, 2230-2170, 1830-1770, 1430-
1320, 1030-970, 630-570, 230-170 u 3MOXM OPAKTUYECKOTO OTCYTCTBHS ajJIMa30HOCHOTO Marmaruima -
2720-2610, 2320-2230, 1920-1830, 1520-1430, 1120-1030, 720-630, 320-230.

dopMupoBaHHE aTMa30HOCHOTO MarMaTu3Ma B OTIENBHBIX CYNEPKOHTHHEHTAJIbHBIX IHKIIaX
3emun mpoxoAwmsio Ha (oHE 0O0IIeH SBONOIMOHHON HANPaBICHHOCTH - YBEIUYEHUS aKTHBHOCTH ITOTO
MarMaTH3Ma BO BPEMEHH C Pe3KUM CKauyKOM B IIO3JHEM IPOTEPO30€, UTO KOPPEIUPYETCS C U3MEHEHHEM B
X0JIe caMOH LIUKIMYHOCTH-TIOSIBICHUN METakOHTHHEHTOB ['oHaBanb! u JlaBpasuu npu pacnazne Pogunum.

YcraHoBIIEeHHBIC 0CcOOEHHOCTH MIPOSIBIICHUHA JIMAa30HOCHOTO MarMaTu3ma B
CynepKOHTHHeHTaﬂBHOﬁ MUKIIMYHOCTH MOTYT OBITh HCIIONIBL30BAHBI B KAadeCTBE JOITOJTHUTEJIBHOT'O
KPHUTEPHS IPU IPOrHO3UPOBAHUH PETHOHAIBHON aJIMa30HOCHOCTH.
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“KokueTaBCKHil MacCUB” SBISAETCS CYyOAYKIIMOHHO- KOJUTM3MOHHOW 30HOU [l m 1p.] B
npezenax KOTOPOH TEKTOHWYECKM COBMEIIEHBbI (PparMEeHThl Pa3IMYHOIO YPOBHS INIyOMHHOCTH
naneocyOyKIIMOHHON 30HBL. OHM SIBISIOTCS PE3yJIbTaTOM  IMOTPYXEHHS B 30HY CYODYKIUU
KpaeBol uyacTu JokeMOpuiickoro KoOK4YeTaBCKOro MHUKpPOKOHTMHEHTa M HOCIETyIOLIUX
KOJUTU3MOHHBIX COOBITHH, CBA3aHHBIX C CTOJKHOBEHHEM MUKPOKOHTHHEHTA C OCTPOBHOM JTYTOW.
B pesynbpTrare cloXHBIX I€OJUHAMUYECKUX COOBITUH MeTaMOp(U30BaHHBIE B 30HE CYyOAYKLIUHU
NOpOJbl KOHTUHEHTAJIBHON KOPBI CBEPXBBICOKMX M BbICOKMX naBieHuil (UHP-HP) Obum
BBIBEJICHbI Ha IOBEPXHOCTh. lcciemoBanue mupkoHOB W3 anmazoHocHblx UHP- HP mopon
KyMIBIKOIBCKOTO MECTOPOXKIEHUs  MoKa3ajno [2-4 u Ap.],4TO UEHTpaJbHbIE YacTH 3€peH
XapaKkTepU3yIOT MPOTrPECCUBHYIO CTAIMIO MeTaMop(pu3Ma U UMEIOT Bo3pacT 537+7 MIH JeT, a
KaiiMBbl, cojieprKainasi Hu3KoOapuieckne MuHepaisl ampuboauToBoil (amnuu - 507+7. B kaiimax
LIUPKOHOB , COJIEPrKaIlMX BKIFOUEHUS aJIMa30B , BbIABJIEH Bo3pacT B 530+7 MIIH JIeT, a B sIpax
orpezeneHbl pa3Hbie Bo3pacTta oT 558 1o 1981miH net, xapakTepHble Ui AETPUTOBBIX IUPKOHOB
0CaZIOYHOTO uexJla MHKpOKOHTMHeHTa [2]. B kailimax uumpkoHoB, kortopsle Hecyr HP -
MUHEpPAJIbHBIE BKJIIOYEHMSI, ONIPEAEICH Bo3pacT B 527+5 MIH JIEeT, BKIIOUYEHUs TPaHyIMTOBOI
danuu - 528+8 MiIH JIeT ¥ BKIIFOYCHHS aMpUO0IUTOBOM daruu - 5265 mutH. net. HanpaBnennas
Y 3aKOHOMEpHasi KapTHHA 30HAJIbHOCTU BO BCEX 3€PHAX LIMPKOHOB, CMEHA COCTaBa MUHEPAJIbHBIX
BKJIFOUCHHUH, TO3BOJMIM MPEANON0XKHUTh , 4To K 528-523 mun ner UHP-HP nopoasr Obutn
9KCTYMHUPOBAHBI J10 yclioBui amdubommroBoii damuu (P=5-8 kbap u T=600-650°C, riyOuHbI
okoio 35 km). M3 neranpHOro omucaHust paszpe3oB KyMIBIKOJIBCKOTO MECTOPOXKACHUS U
0CaJI0uHBIX Mopoa Kok4yeTaBcKoro MUKpOKOHTHHEHTA XOPOIIO MPOCIEKUBAETCS KOPPEIALUS 1O
KOJIMYECTBEHHOMY M KAaueCTBEHHOMY COCTaBy IIOpOJ, a TakXke IO TEeOXUMHUYECKUM
xapakrepuctikam [1]. C npyroii ctoponsl, HoBoe Ar-Ar gatupoBaHue CioJl , cCGOPMUPOBAHHBIX
[0 MOpoJIaM pa3aMyHbIX yacTel KyMymyKoabCKOro MecTopoxaeHus anmas3oB (ckBaxuHa N 42
“FO6uneiinaa”, 1983 r., uarepsan 20-200 M ) nokazano WIMPOKUN pazdpoc 3HAUEHUN TaTUPOBOK
(Bcero BoceMb) B mpenenax 562-469 wmuH. ner. Bo3pacTbl 1aTMPOBOK COOTBETCTBYIOT BCEM
MEPEYUCIIEHHBIM BbIIIE CYyOIyKIIMOHHO-KOJIJIM3UOHHBIM COOBITUSIM, B TOM YHMCIIE€ BKIJIIOYAIOT U
Oonee apeBHIO AaTty B 562 muH. net. [lomyuyeHHblE NATUPOBKU CBHIETEILCTBYIOT, YTO M
aJIMa30HOCHBIE MOPOabl KyMIyKOJIbCKOTO MECTOPOKICHHUS, TaK K€ Kak M Bech ‘KokueTaBCKHit
MaccuB” MeTaMOp(PHUUECKUX MOPOJI, UMEIOT CIOKHYIO TEKTOHUYECKYIO IIPUPOY.

Hccnedosanus svinonnenst 8 pamkax cocyoapcmeennozo 3aoanus MI'M CO PAH (npoexmur 0330-2016-0014 u
0330-2016-0013) u npu gpurancosoii noodepicku epanma PODU 17-05-00833
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3KCHEPUMEHTAJIBHOE UCCJEJOBAHUE PEAKIIUN ®JIOT ONIUTU3ALINU B
MNPUCYTCTBUU ®JIIOUTA H20-KCL ITIPH 5 I'TA B TIPUJIOKEHHUU K
MPOBJEME MOJAJBHOI'O MAHTHMHOI'O METACOMATO3A.

Byreuna B.I'., Jlumanos E.B.!, Cagonos O.I'.!

' Uuctutyt skcnepuMenTanbHol Munepasiorun uM. [[.C.Kopxkunckoro PAH
valkil@yandex.ru

TUNWYHBIM MUHEPATLHBIM HWHAWKATOPOM MOIAIBHOTO MAHTHHHOTO METacoMaros3a sIBISETCS
¢oronut. [TosiBIIeHE 3TOrO0 MUHEpalla B MAHTHHHBIX MIEPUIOTHTAX B PE3YNILTATE UX B3AMMOJICHCTBHUS C
KaJMEBBIMU BOJHBIMH (ITIONIaMU 00BICHSACTCS 00001IeHHOM peakiuei [1-3]:

5MgSiOs + CaMg Al;Siz01; + [K20 + 2H,0] = KoMgeAlLSisO20(0OH)s + CaMgSizOs (1)

1.e. SEn + Grt + [K20 + 2H,0] = Phl + Di, xotopas siBiisieTcsi KOMOMHAINECH IBYX KPACBBIX PEAKIHiA

1/2Prp + 3/2En + [1/2K;0 + H,0] = Phl (2
1/2Grs +9/2En + [1/2K;0 + H>QO] = Phl + 3/2Di. 3)

B 3THX MOJIENBHBIX PeaKIUsX IIETOYHON KOMIIOHEHT MpeCTaBiIeH Juid HarssaHocTy B Buae KoO.
OnHako B peanbHbIX (rronnax K mpHCyTCTBYET B BHJIE COJEBBIX KOMIIOHEHTOB — XJIOPUIOB, KapOOHATOB
u T.7. B 1anHO# paboTe npuBeACHBI MPEIBAPUTEILHBIC PE3YJIbTAThI UCCIIeA0BaHus pH AaByieHuu S5 ['Tla u
temmeparypax 900-1250°C peakuwuii (2) u (3) B mpucyterBun daronga HO-KCl ¢ ucxogusimu Xker = KCI
/ (KCI + H;0) ot 0.05 mo 0.4. Ins BocmpousBeacHHS peaknuu (2) B KauyecTBE HMCXOTHOHM ObLia
HCIIONIb30BaHbI CMeCH Tens coctasa mupoma, Mg(OH), u SiO», B kotopoii comepxanne HoO coctaBuio ~
8 mac. %. B aty cmech nobarmsiiu KCl B pacdere Ha HeoOxomuMmbie Xkcl BO ¢cTapToBoM durrone. Jlis
BOCTIpOW3BeACHUA peakiuu (3) B cMech J00aBISIICS Tellb COCTaBa rpoccynspa. BzanmooTtHomenus a3 u
UX COCTaBBI B MPOAYKTAX OMBITOB YKA3BIBAIOT HA MOCIEIOBATEILHOE OCYIICCTBICHUE PEAKIINIi:

En + 1/3Prp + [2/3KCI + 1/3H20] = 1/3Phl + 1/3CI-Phl (@)
En + 1/5MgTs + [2/5KCI + 1/5H,0] = 1/5Phl + 1/5CI-Phl, (5)

roe MgTs — Mg-monekyna Yepmaka (MgAILSiOs), a CI-Phl — muuan TtBepmoro pacrtBopa
¢moronuta KMQzAISizO10Clo. DT peakimu 00ycaaBIHBAaIOT 3aKOHOMEPHOE HMCYE3HOBEHHME TpaHarta,
cHmwkenne coaepkanus Al B opronupokcere u poct kourentpaiuu Cl B HOBooOpa3zoBaHHOM ()JI0TONHTE
¢ yBenmuerueM cozepxkanust KCI 8 craproBom dutrone. B Ca-cozepikariieii cucteMe, pocT KOHIICHTPAIIMA
KCI Bemer k mectabmimn3ainvi OHPOI-TPOCCYIISIPOBOTO TpaHata ¢ 00pa3oBaHHEM KIMHOIMUPOKCEHA U
¢oromnuTa coryiacHo peakiuu (3). [To1o0HbIe B3AUMOOTHOIICHHUS XOPOIIIO U3BECTHBI B BEpXHEMAHTHHHBIX
KCEHOJIMTaX B KUMOEpIIMTax M MIeIOYHbIX 0a3anprax [Hamp. 4].

Takum o6pa3om, cooTHomeHus: Konientparmii Al B opronupokcene u Cl Bo ¢utoromure
COTJIACHO peaknuu (5) ABIAIOTCS XOpomnuMuy mokasarensmMu aktuHocTH KCl Bo duronme. Dti s dexTo
MOTYT OBITh B JaJbHEHIIIEM UCIIONB30BAHBI IS KOJHYSCTBEHHON OIEHKH ITOW aKTUBHOCTH, a, 3HAUUT,
kontenTparmu KCIl B BoHO-coMeBbIX (hiIrorIax B Mpoliieccax MOJAILHOTO MAHTHIHHOTO METaCOMAaTo3a.

Paboma evimonnena npu noodepoicke PODU (zpanm Ne 16-05-00266)
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SKCHEPUMEHTAJBHOE UCCJIEJOBAHUE ITPOIIECCA B3AUMOJIEVMICTBUSA
BOCCTAHOBJIEHHOT' O ®JIFOUJA C BA3AJIBTOBBIM PACIIJIABOM B
YCJIOBUSAX 3EMHOM KOPBI
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B mponomkeHnne HammX paHHUX WCCIeAOBaHWN [1] MpoBeneHO 3KCIepUMEHTaIbHOE M3ydeHHEe
KMHETHKH ¥ MEXaHN3MOB B3aUMOJIEMCTBHUSA B cucTeMe BoccTaHoBIeHHBIN (irons (Ho, CHy) - 6a3a16TOBBII
pacruiaB nipu aasienuu uronaa 100 MIla u temnepatypax 1200 - 1300 °C. DkcrieprMeHThI TPOBEICHEI C
UCTIOJIb30BaHHEM OPUTHHATIBHOM YCTAHOBKHU BBICOKOT'O Ta30BOTO JIABJICHHS. Y CTAHOBICHO B KHHETHUECKHIX
OTIBITaX, YTO HECMOTPS Ha BBICOKHI BOCCTAHOBUTEIBHBIN MOTEHIIMAT CHCTEMBI BOCCTAHOBIICHHBIN (ITIOU/
- paciuiaB, peaklMy OKUCIEHUs (IIIOMa U TIOJTHOTO BOCCTAHOBJICHHUS OKHCIIOB Fe B pacmiaBe He UAYT 10
KOHIIa. B pe3ynbrare MCXOJHO TOMOTCHHBIN 0a3albTOBBIA PACIUIAB CTAHOBUTCS T'€TCPOrCHHBIM, B HEM
00pa3yroTcs HeOOIbIINE KUAKOIOAO0HBIE METAITHIeCKHe 000c00IeHUs pa3Ho# cTpyKTyphL. (Puc. 1)

Trar

Puc. 1. MopdocTpyKTypa MeTAJIMYECKOro KeJie3a B paciiiaBe 0a3a/1bTa Kak pe3yJbTaT B3aUMOJEHCTBUS €
B0/I0P0/IoM (DeJiblii IIBET — METAJLIHYECKOe 7KeJ1e30, YePHbIil IBeT — cTeK/10 6a3anabTa, onbiT 2100, P(H2) = 100
MlIla, T = 1250 °C, AJMTeJbHOCTH ONBITA 5 4aCOB).

Takue cTpyKTypbl F€ 04eBHIHO HE ABISIOTCS CBH/ICTEILCTBOM IUTABIICHIS JKele3a Mo JaBICHHUEM
BOZIOpOAA MpHu TemmepaTrypax Ha ~ 290 °C MeHpIIMX TeMIepaTypbl IUIABJIEHUS YHUCTOTO jKejle3a Mpu
aTMOC(epHOM JAaBJICHUHU. DTO NPEICTABISETCS HE pealbHbIM. He MCKIIoYeHo, YTO Takue CTPYKTYpPbI
JKenme3a 00pasyroTcsl myTeM oOpa3oBaHMS KOAIMIHWKA BOCCTAHOBJIEHHBIX aTOMOB JKelie3a 3a CHeT CHII
MOBEPXHOCTHOTO HATSHKEHUS] B paciuiaBe Oa3alibTa. ITOT YCTAHOBICHHBIM JKCIIEPUMEHTAIBHO (aKT
BIIOJIHE COTJIACy€eTCsl C IPUPOIHBIMHU JaHHBIMH O HaXOAKaX HEOOMBIINX KOJTMYECTB METAIUIMIECKOH (asbl,
U TIPEX/IE BCETO0 JKeJe3a B MarMaTHYECKUX MOPOJIaX Pa3HOro COCTaBa M reHe3uca.

Paboma evinonnena npu nodoepoicke Ipesuouyma Poccutickou akademuu Hayx (npoepavma Ne 19).
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BO3PACT, PYJOHOCHOCTDb U T'EHE3UC CYIIEPPEJAKOMETAJIBHOI'O
IEJOYHOI'O KAPBOHATUTOBOI'O TOMTOPCKOI'O MACCHUBA (APKTHUKA)
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ToMTOpCKHii MacCHB MIETOYHBIX - KAPOOHATHTOBBIX TOPOJA (IUIomaabio 250 km? - KpynmHeHmmit
KapOOHATUTOBBIN MaccuB Mupa Pacmonoxen MaccuB B BocT. [Ipuanabapbe Ha Y KHHCKOM MOJHITUU U
oOpasyeT ¢ MmaccuBoM bormo u aBymsi HEBCKPBITBIMU MacCUBaMH Y IPKUHCKYIO MPOBHHLUIO IEIOYHBIX
nopos. Panee Bo3pact maccuBa oueHuBaiica oT 800 1o 200 muH. net. Ilo momyyeHHBIM HaMU JaTUPOBKaM
no nupkonam U-Pb mertomom u mo cmomam Ar/Ar mMetonoM BbBIIENSIOTCA 2 3tana (GpopMHpOBaHHUS
ToMTOpCcKOro mMaccuBa- Ajsl MHTPY3UBHBIX NOpoA U KapOoHaTtutoB 700 MIIH JIET U AJS BYJIKAHUYECKHX
nopon u pyn- 400 mutH. et. Hamu paspaboTtana HoBas cxema MarMatu3ma ToMTOpCKOTO MaccrBa.
HNutpy3uBHas cepusi. CaMbIMU PaHHUMH MTOPOJIAMH MaCCHBA SIBJISTIOTCS OJTMBHH-TIUPOKCEHOBBIE TOPO/IHI,
MUPOKCEHUTHl M Bi-IMPOKCEHUTHI, KOTOpBIE BCTpPEYAIOIIMECS B CKBAKHHAX B BHIC KCCHOJHUTOB.
Crenyromast Hopuusi MarMel Obli1a METMIINT-UHOIMTOBOTO COCTaBa, UMEIOIIAs U KIIIbHBIE aHaoru. [anee
BHE/IPSUTUCH HEe(ETMHOBBIE U IIEIOYHBIE CHEHUTBl MUACKHTOBOTO COCTaBa, 3anuMaromue 70% romaam
MaccuBa, NpuToM K-11enounbie CHEHUTHI 3HAYUTENBHO peobnanatoT Hall Na-He(eTMHOBBIMU CHEHUTaAMH.
KapOonaTturoBast cocTaBisoLIas OTAENUIACH KaK OT MEJMIUT-UHONINTOBOM TaKk U OT CHEHUTOBOW Marmbl.
Boiaensiorcsi KanbIMTOBBIC, KaJbLHUT- AOJIOMHTOBBIC, JOJOMUTOBBIE M AHKEPUTOBBIE PA3HOBUIHOCTH.
ATaTHUT- MarHETHTOBBIE U aNaTUT-CIIOAUCTHIE TIOPOJIBI, BEPOATHO, SIBISIOTCS HEIbLCOHUTAMHU M CBSI3aHBI C
KapOOHATUTOBBIMH MTOPOAAMHU.

Bynakannveckasi cepusi GOpMHUpPOBAHUS MAacCHBA, NPEACTBICHHAs 3(QQy3UBHBIMH IMOTOKAMH,
CHJIaMH H OJKWIBHBIMH TOPOJIAMH, JHATPEMOBBIMH OpeKYMsIMH U PYIOHOCHBIMH Ty()OBBIMHU
oOpaszoBanusaMu. Hanbonee paHHue W3 HUX - BYJIKAHHUTBI, CUIUIBI U QKN THUKPUT-TaMIIPOUTOBON CEpUU
NepeceKaoT paHHHE KapOOHATHTBI M CaMH CeKyTcsl Oosiee MO3JHMMH KapOOHATUTAMH, BO3MOXKHO
OTJIENMBILIUECS OT JIAMIIPOUTOBOM MarMmel. [1o KepHy CKBa)KMH 3Ta TOJIIIA UMEeT MOIIHOCTH He MeHee 300
M. 3aBepiuaercsi ByJIKAHUYECKasi JEATEIbHOCTh TUATPEMOBBIMH KHMOEPIUTONOAOOHBIMU OpEKUYHMSIMUA |
W3BEPKEHHUSAMH JIAMIIPOMTOBBIX M 3KCIJIO3MBHBIX 00pa30BaHMi - PyJOHOCHBIX KapOoHaTHO-(POoChaTHBIX
tydos (Fe, P, CO, Nb, TR), koTopble COXpaHWINCh B Kajblepe MPOCEAAHHS B IIEHTPAIbHOW YacTh
MaccuBa. OKCIUIO3MBHBIE PYAOHOCHBIE IOPOJbl KPHCTAUIM30BAINCH M3 IEPECHIICHHBIX PEIKUMU
aneMeHTamMu, GochopoM M KeJIe30M BOAHBIX M Ta30BBIX NPOIYKTOB, BbUIETas B arMoc(epy BMECTe C
Ty(poBBIM MaTepuansoM M OCAXKIAINCh Ha IOBEPXHOCTb B BUAE TOPU3OHTAIBHBIX II0JIOCYATHIX
BYJIKaHOT€HHO-0CQ/IOUHBIX 00pa3oBaHmid. Kpucrammuzamnus pyaHBIX MHUHEPAJIOB MPOHMCXOAMIA OBICTPO.
OTOT BBIBOJI TOJTBEPXKIACTCS CKPBITOKPUCTAIMUECKHM XapakTepoM (ochaTHO -peaKO3eMENTbHBIX
MOHAIMTONOAO0HBIX MUHEPAJIOB,  3eMJINCTON KOHCHCTEHLIMEH MUPOXJIOPOB, KOTOPBIE 00pacTaiu BOKPYT
KPUCTAUIMYECKUX 3aTPaBOK, OOpa30BaBIIUECS [0 W3BEPKECHUS. bBONBIIEHCTBO KPHCTAIUIMYECKUX
MuHepaioB uMmeroT pasmep menee 0.01 mm. Cpenu 3THX ByJIKaHOTEHHBIX OOpa30BaHUI BCTpEUArOTCS U
YYaCTKH CHJIEPUTOBBIX KapOOHATUTOB € KPUCTAJUIMYECKUM MUPOXJI0poM. Pyabr TomTopckoro maccua
komriekcHble u coaepxkar: Nb- g0 20%, TR- no 14%, Y- no 1,5%, Sc-no 0,1%, Zn- 1o 5%, V- no 0,8%,
Ba- 10 4%, Sr- no 7,5%, Ti- no 8%, Be - mo 0,03%. Criektpbl TR a1 KapOOHATUTOB U Py UMEIOT
OJIMHAKOBbIE KOH(OUTYPALIMH U OTINYAIOTCS TOIBKO OOIUMH COAEPKaHUSIMH.

JIByX3TamHOCTh BYJIKAHO-IUTYTOHMYECKOH JESTEIbHOCTH, CBSi3aHA C LUKIMYECKOH paboToi
IyOMHHOTO TUTFOMA, TPOPBABIIETOCs B HarboJee 0cIa0IeHHYI0 pUPTOBYIO 30HY Y JPKHHCKOTO MOTHSTHS.
Hanupix no wm3otormu b. I'. TlokpoBckoro (Sr, O m C) u Hamm faHHbie 1Mo wu3otormuu Sr-Nd
CBUJICTENILCTBYIOT 00 SHJIOT€HHOM NPOUCXOKACHUHU BCEX IMOPOJ U PYyA MaccuBa, OTBEPraroT MOAEIH
0CaZI0YHOTO MEPEOTIOKEHUS M 30H BTOPUYHOTO 00OTaleHNsI 00pa30BaHUs Py IHOTO KOMIUIEKCA MacCUBa
W HE TIPOTUBOpEUAT €ro BYJIKAHOTEHHOH HKCTUIO3MBHO-TY(OTEHHOM MpHpOJIE.

Paboma evinonnena npu noodepocxe Poccuiickoeo @onoa @ynoamenmanvnvix Hccnedosanuil
(npoexm Ne 18-05-70003)
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B rinyOMHHOM KCEHOJIMTE METacOMAaTW4YeCKd H3MEHEHHOI'O TPaHaTOBOIO JIEPLOJIUTA U3
KUMOepIuTOBO# TpyOkn O6HaKeHHas (00pazen O-125) BHYyTpH XpOMAaTIOMOIIITHHENN ObLTH 0OHAPYKEHBI
pelKkre BKIIOYEHHUS U3 TPYIIBI MarHETOILTIOMOHTa (MaTHACUT, UMAHTHT U ero Al- ananor). COBMECTHO ¢
TUMHU BKIIOYCHHUSMH B 3€pHaX XPOMAIIOMOIINMHENN OTMEUYEHBI: KaJbLUT, CEPIECHTHH, (IIOTOINHT,
JOJIOMHT U PYTHIL.

WmsHrHUT OBUT BIiepBBIC HaiiiecH B KUMOEPIUTOBBIX Naiikax nmpoBuHuuu lanbayn, Kutaii [1] B
aCCOIMAlMM C OJIMBUHOM, IMUPOIOM, MarHe3WajbHBIM XPOMHTOM, (DIOTOMHTOM, HIBMEHHUTOM, XPOM-
OUOINCHIOM, aNaTUTOM, LUPKOHOM, MYACCOHMTOM. TakKe, MMAIHTUT ObUl HaliiecH B H3MEHEHHOM
MarHe3ualbHOM XPOMHTE B KHMOEPIHUTOBBIX cHiUIax paiiona ['yanmamo (Benecysma) [2]. U3BecTHsI
HaXOJIKM BKITIOUCHUH NMIHTUTA B aIMa3ax, TI€ OH TAKKE aCCOLMUPYETCS ¢ TUMOMOP(HBIMA MUHEPaTaMU
rapuOypTrUTOBON aCCOIMAIINN: XPOMHUTOM, CyOKaIbIIUEBHIM XPOMHCTHIM TPAHATOM U SHCTATUTOM [3.4].

CocraB XpOMaJIOMOIINIUHENTN U3 HeaIMa30HOCHON TpyOku OOHaKeHHasi COOTBETCTBYET ITIaBHBIM
okcuaam (35,68-35,79 mac.% Crz03; 31,93-32,53 mac.% Al.Os; 16,1-16,39 mac.% MgO; 0,36-1,33 mac.%
TiO2), a cocTaB IMIHTHTa OTIMYACTCS OT PAHEE U3BECTHBIX HAXO/I0K 3HAUMTEIILHO BEICOKUM COZICPKAHUEM
Al;O3 (20,23-20,9 mac. %) u monmwkeHHsiM coaepxkanueM Cr.0s (30,2-30,5 mac.%). Tak, HIMIHTHT U3
kuMOepuToBeIX maek Kuras comepxkut Al,Osz (1,30-1,61 mac.%) u (36,94-37,06 mac.%) Cr.0s [1], u3
KUMOEPIIUTOBBIX CHUTOB Benecyasbl umanrut cootBercTByeT AlOs (3,61-3,95 mac.%) u (39,08-39,37
Mmac.%) Cr20s [2]. Ilo pe3ynbTaraM KpUCTAUIOXMMUYECKHX PAcyeTOB METOAOM KHCIOPOAA COCTaB
MaTHAacHTa W3 BKIIOYEHUH B XPOMAIIOMOIINHHEIH COOTBETCTBYET (opmyre (Koss Caozs Baoos
Sl’o,os)(Ti14,01 Crz,ﬁo Mgl,gg FE1,64 A|o,32 Mno,05)038. dnoromnur COICPKUT IIPUMECU Ti02 (1,34 MaC.%) u Cr203
(1,45 mac.%). Cocras pyruia: TiO2 (99,44 mac.%), Cr.03 (0,24 mac.%), FeO (0,21 mac.%).

OOpa3oBaHre MaTHAacUTa M HMDHIHTA C BBICOKUMH COICPKAHUSAMHM ANMIOMUHHS W Xpoma
TPEOJIOKUTEIHHO CBA3aHO C METACOMATHYECKHM U3MEHEHNEM MTOPOIbl B MAHTHHHBIX yCIOBUSX. TaKke,
uccinenoBanus  oouapyxennoir K-Al-Ti-Cr-comeprkareii  ¢asbl ObIIO  BBITONHEHO MeTOfAOM KP-
CHEKTPOCKOIHNH, YTO MOATBEPAMIIO €€ IPUHAAICKHOCTh K MUHEpalaM I'PyIIbl MarHEeTOITIOMOUTA.

dopMupoBaHHE PEIKUX BKIIOYEHWH WMIHTHTA W MaTHACHTa CBS3aHO C METaCOMaTHYECKHM
U3MEHCHHEM AIFOMOXPOMHTA B MAHTHHHBIX YCIOBHUSIX O] BIMSIHUEM (uitoraa, odoramenHoro Tiu K.
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APXAHTEJIbCKHUE AJIMA3BI B MCTOPUM OTKPBITHUS MECTOPOXXJIEHUM,
JOCTUKEHUAX, MOHOT'PA®UAX

I'apanun B.K.
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Hayunslii pykoBogutens, akagemuk PAEH, Jlaypear [Ipemun IIpaButenscrsa Poccuu B
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C umenem akagemuka Brnagumupa CrenanoBuda CoGoseBa cBs3aHa ucropust otkpsitist B CCCP
KpynHeiimeld B Mupe anmazoHocHol npoBuHIMH-SKyTckoii. B.C. CoboneB — oauWH U3 Te€X KPYMHBIX
YYEHBIX — T'€0JIOT0B, KTO MPENCKa3all 3Ty MPOBHHINIO HA OCHOBE aHAJIN3a FE€OJIOrMYECKNX, TEKTOHUIECKIX
U JPYrUX 3HAHUH O 3aKOHOMEPHOCTSIX pPa3sMEIIEHUM KPYMHBIX alIMa30HOCHBIX KJacTepoB Ha Hamei
rutanete 3emutst. [Ipu 3TOM CKOJNIBKO SIPKUX W TANaHTIUBBIX YYeHUKOB oH BocmuTal: A.Il. boopuesuy, I'.U.
CwmupHoB, A./l. XapekuB u np. U, koHeYHO, HEOOXOAUMO OTMETUTH B TOT (PAaKT, UTO MEePBbIe MOHOTpaduy,
MOCBSIIEHHBIE 3TOI HOBOH aIMAa30HOCHOM MPOBUHIIMY OBUIH HAIIMCAHBI [I0J] €r0 HAYYHBIM PYKOBOACTBOM.
Mgl ¢ 0cOOBIM TPETIETOM OTHOCUMCS K TIEPBOI KHUTE, HMEIOIICH MUPOBOE 3HaUeHUE, «AMasbl CHOupmy,
HamMCcaHHOH Tpymmoi ero yueHHUKoB (A.Il. bo6pueBny, .. CmupHOBa 1 Ap.) MO €ro pyKOBOJACTBOM U
Belmemei B cBeT B 1957 r.. JlecaTkn MoHOTpaduii, B KOTOPHIX pacCMATPUBAIHNCH pPa3HbIE BOMPOCHI
T'€0JIOTUH, IETPOJIOTUH, TCOXUMHH U MHHEPATIOTUH MECTOPOXKICHNUHN anMasa SIKyTCKol POBHHIINH, OBLIO
oImyOJIMKOBAHO € TEX MOp, HO Ta KHUTA MepBas. DTO BhI3BIBAET 0COOBIN TPEMeT U 0co00e OTHOIICHUE K
aBTOpaM KHUTH U K CAMOM KHUTE.

B konne 70-x rogoB — Havane 80-x romoB mpouutoro ctoietusi B CCCP Obiia oTKpbITa HOBast
aJMa30HOCHAs MPOBHHIMA — ApXaHrenbckas, nepsas B EBpome. C Hee MONIIM OTKPHITUA aMa3HBIX
MectopoxaeHnii B Gunistaanm, Kanane u ap. crpanax. OTo Takxke OBUIO 3MOXadbHOE COOBITHE, U OHO
3are4yaTiieH0 BO MHOTMX Tpylax, B TOM 4YHCJIE M KalmMTaJIbHBIX MOHOrpadusx. U 3zeck HeoOXooumo
OTMETHTH B TNEPBYIO ouepenb MOHOrpaduio «ApxaHrenbckas anMa3oHOCHas HpoBuHIMs» (1999). Dta
KHHTa — IePBBI 0000Ia0NIHii TPY/I, B KOTOPOM OCBEILIEHBI BOIPOCHI T€0JIOTHH, IETPOXUMHUHU U TEOXUMUH,
MHUHEPaJIOTHUH MOPOA U MUHEPAIOB KUMOEPIUTOB U POJICTBEHHBIX UM IOPOJ ApXaHTeJIbCKON MPOBUHIINY.
C 1999 r. ObuM ONYONMKOBAaHO HECKOJBKO (YyHIAMEHTANbHBIX TPYJOB, MOCBSIICHHBIX Pa3HBIM
TeHETUYECKMM U TPaKTUUYECKUM BOMPOCAM H3Y4YeHHS KHMOEPIUTOBBIX IOPOA W TOHUCKAM HOBBIX
MECTOpPOXKAEHUH anMa3za. OHM caMbIM CYIIECTBEHHBIM 00pa30M MOMOTAJIM OTKPHIBATH HOBBIE TEJIa B ATOH
NPOBUHLMHM M PACIIUPATh HALIM 3HAHUS O TeHE3Mce aiMa3a M KUMOEpIuTOB. MOXKHO € TOpIOCTHIO
OTMETHTB, YTO BCE 3TU KHUTH OBLTN HAIIMCAHBI 10T PyKOBOJICTBOM JIOKTOPOB I'€0JIOTO-MHUHEPATIOTTUECKIX
Hayk I'.II. KynpsBuesoit u B.K. 'apannHa ¢ e JMHOMBIIINTMHHUKAMU —TI€PBOOTKPBIBATESIMU, KOJUJIETaM U
yaenukamu (B.B. Bepxxakom, E.M. BepuuessiM, H.H. I'onoBunsiMm, B.B. Tpersuenko u ap.)

U BoT nocneanss kaura «Apxanrensckue anmassl. Hosble ganabie» (2017), B koTopoit 0000111eHbI
BCE HOBBIE JIaHHBIE 00 anMa3e W3 MECTOPOXKICHHH ApPXaHTEeNbCKOW MPOBUHIUU (MOPHOIOTHS |
¢u3nuecKue CHEKTPOCKONMYECKHE NapaMeTpbl). DTO MEpBbIH 0000maomuii Tpyd [0 anMmasaM H3
MECTOPOXKICHIN ApXaHTeIbCKOW MTPOBHHIIMH. U 3Ta KHUTA IOIBOANT OTPEICIICHHBINA HTOT U3YICHIS dTOM
IIPOBUHIIMM U JAE€T OCHOBY JJISI HOBBIX OTKPBITUI MECTOPOXKICHHUN ajMasa Ha ceBepe EBponelickoi yacTu
Poccun.

U, Ge3 BCIKOrO COMHEHHs, MOKHO OCO0O OTMETHUThb, YTO BIHMSIHHE TPYAOB akanemuka B.C.
Co0osieBa, 1 B TIEPBYIO 04Yepeib, €r0 MEPBbIX MOHOTpadUii, MOCBSIIICHHBIX aaMa3zaM CHOUpPH, JOCTATOYHO
BEJIMKO, U, XOTsI C Te€X MOp MPOILUIO MHOTO BpeMeHu (Oonee 50 jeT), MOXKHO C YBEpEHHOCTBIO OTMETUTD
MCTOPUYECKYI0 HAayYHYIO LEHHOCTb TpynoB akanemuka B.C. CoboseBa Ha QopMupoBaHuEe alMa3HBIX
Hay4gHbIX mKoJl B CCCP u Poccun, KOTOpBIE SIBISIIOTCS. OCHOBOM JIJIsT pa3pabOTKH HOBBIX HICH B 00iacTu
TeHe3uca ajaMasa 1 ero CITyTHUKOB M PacIIMpeHNs MUHEPAIbHO-ChIPbEBOI 0a3bl /I YCIIEITHOTO Pa3BUTHS
SKOHOMHUYECKOI Moy Poccun.
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I'EOJIOT'OPA3ZBE/IOYHBIE PABOTBI HA AJIMA3BI I'PYIIIIBI AJTPOCA

I'apanun K.B., ToacroB A.B., CepoB U.B.,
HImakos U.U., KoBaabuyk O.E., Komkapesn /I.A.

AK «AJIPOCA» (ITAO)
garaninkv@alrosa.ru

AJIPOCA — xpymHe#mas poccuiicKas anaMa3o[00BIBAalOIIas KOMITAHHS, Ha JOJ0 KOTOPOM
npuxoautcs 27% mupoBoi 1 95% poccuiickoit 1oosran anMazoB. OnepanoHHas AeITeNbHOCTb [ pynmb
AJIPOCA cocpenoroueHa B qByx perunoHax Poccuiickoit @eneparm — B Pecrry6mmke Caxa (SIkytus) u
ApxaHrensckoit 0071acTH, a Takke Ha appukanckom koaTuHeHTe. C 2009 roga AJIPOCA — MupoBO# Tuaep
mo o0béMaM J0OBIUM anMa3oB (B Kaparax), qoObya anmaszoB B 2017 r. cocraBuma 36,6 MIIH Kapar.
AJIPOCA pacnonaraet KpylHEHIINMH B MUpe AOKa3aHHBIMH 3anacaMu aiamasoB (1,172 mupa kapat mo
uroram 2017 T. B COOTBETCTBHH C OTEUECTBEHHOH Kitaccudukarmeit, mpupoct 57,8 MITH Kapat 110 UTOTaM
2017 r.) u caMoii MMPOKON acCCOPTUMEHTHOM JIMHEHKOM aaMa30B.

Opnoit u3 crparermueckux unener AJIPOCA sBnsercs omnepexaroliee 3KOHOMHYECKU
3¢ (deKTHBHOE BOCIPOHW3BOJICTBO BEHIOBIBAIONIECH MHHEpaNbHO-ChIpbeBoM 0Oazel  (MCB).  Amnamus
BocrionHeHns: MCB nokasbiBaeT, 4To Ha MPOTSDKEHUH MOCIETHEr0 AECATHIICTHS A0 HACTOSIIETO0 BPEMEHH
JaHHas 3ajada ycnemHo pemraercs. CrienuanucTbl Te0J0ornyeckoil ciyObl OCYIIECTBISIOT PadOThl Ha
TEPPUTOPUHN BOCEMH alIMa30HOCHBIX paiioHOB PecryOnuku Caxa (SAxyrtusi) Poccuiickoit ®enepanmu, a
Takke B ApXaHrelbckoi oonacth, B Pecriyonmke Arrona u botcBane.

B 2017 rogy ObL1 3aBepilicH MPOIECC PEOPraHU3aluu reonoropassenounoro komiuiekca (I'PK)
AJIPOCA — co3aaHbl TpH HOBBIX CTPYKTYPHBIX TIOAPA3/CICHHUS C YUETKO ONPENEICHHBIM (YHKIIOHAIOM,
SICHBIMH W TTOHSTHBIMU TIETISIMH U 331a4aMu Ha Ommkaiimme 10-12 met. OOmiast 9uciIeHHOCTh pabOTHHKOB
B I'PK kommanuu cocrtasisier ceronns 2 230 uenmoBek. 3aTpaTsl Ha npoBeaeHue ['PP cocraBunu 7,782
mipa. pyo. 'PK AJIPOCA ocraercss KpyNHEHIIMM Cpelyd TOpHOM0OBIBAOIIMX Kommanui Poccun. B
pamkax pazutus gestenbHocTd [ PK AJIPOCA aktyanusupoBana nporpamma ['PP go 2030 r. B 2017 r.
HayaTa pa3Bellka IIIyOOKuX Topu30HTOB TpyOok IOOuneiinas u 3apHuna.

[IpoBeneHsl oneHoUHBIE pabOTHI Ha YeTBEPTOW ouepenu pocchimu HropOuHckas. PeamnzoBaHbl
npoekTel ['PP Ha mouckoBbix cragusx B Manoboryobunckom, blreraatmackoM, CpemHeMapXWHCKOM,
HannpiHo-AnakurckoMm, Mynckom, IIpuneHckom u AnabGapckom paiioHax SkyTuu, 3uMHEOEpeKHOM
paiione ApxaHrenbckoii obmacTy. Pemens! 3aauu 1Mo BHITOTHEHHIO IIJIAHOB MHHOBAI[MIOHHOTO PAa3BUTHS U
TeXHUYECKON MosepHHu3armu Kommnanuu.

B 2018 r. B mogpasnmenenusx AK AJIPOCA mpomomkurcs paboTa 1O KOHICHTpAIMH H
ONTUMM3ALIMH IPOU3BOICTBEHHBIX MPOLIECCOB, HAaNIPaBjIeHHas Ha noBbimieHue 3gdexruBHoctu I'PP, poct
MPOM3BOJMTENBHOCTH TPY/Ia M Ka4ecTBa BIMOMHIEMBIX padot. [Ipencrout yreepxkaenue B 'K3 oTueTos ¢
MOJICUETOM 3aracoB B pasMepe 1,4 MIIH KapaT 1o pocchlsiM pek D0ensax, bummsax-npuroku-3, Ouyoc u
Jlsacerep-lOpsix. Bynyt npomomxkensl paboTel 1o paszBeake Tpybok FOOuneiiHas m 3apHuna, HayHETCS
pas3Bejika TITyOOKHUX TOPU30HTOB TPYOKH Y 1auHasl.

[Ipennonaraercst cTapT ONEHOYHBIX pabOT Ha 5-i ouyepenm poccwinn HropOuHckas. BakHbiM
MEpONPHUITUEM OYZIET SIBISATHCS COBEPIICHCTBOBaHME PabOTHI TOpHO-00OoratuTenbHbIX Gpadpuk BI'PD. B
amnpene HayHyTcs OypoBble pabOT Ha TEPPUTOPHH PECHyONMKHM AHrOJNa — B paMKax npoekra Kpanro.
IIpomomxarcs moucKoBble pabOTH Ha TEPPUTOPHUH SIKyTHH, B TOM YHCJIE B paMKaxX IBYX HOBBIX POEKTOB
Anakur-Mapxunckuii 1 CpenneBwmoiickuil. [lpeanonaraercs passutue padbor B Mano60TyoOMHCKOM
paiione, blrplartuackom, Anakut-MapxuHCKOM U HakbIHCKOM KMMOEPIIMTOBBIX MOJISIX.

B cpeanecpounoii nepcnektuse ['PP OyneT cocpeioToueHbl Ha peain3aiuy MOMCKOBO-OLEHOYHBIX
U pasBesiouHbIX pabot B Poccuiickoit denepanuu u 3a pydexom. [lepen moapaznenenusimu ['PK crout
NEePBOCTENCHHAs 3aJadya — OTKPHITUE HOBBIX MECTOPOXKICHHMH anMasza. B aTol cBa3u Oosblas poib B
MpPaKTHKe pabOT OTBOAWTCS UX MIPOTHO3HOMY, KCIIEPTHOMY M HayYHO-aHAITUTHIECKOMY COITPOBOXKIEHHIO.
[upokwii epedeHsh COBPEMEHHBIX T'€0J0r0-TeO(U3NIECKIX METOA0B, HCIIONb3YEMbIH CIIeNHaTNCTaMu
AJIPOCA, oTBevaeT CJIOXHBIM YCIIOBHAM IOMCKOBBIX paboT. B mocnennue romasl ocoboe BHUMaHUE
yIensercsi BHEAPEHUIO HHHOBALMOHHBIX METOJOB IIOMCKOB, BBIPA0OTKE OOIIEre0JOrHueCcKuX,
reo()U3UUECKUX U BELECTBEHHO-UHANKALMOHHBIX KPUTEPUEB IPOTHOZUPOBAHUSA, UTO SIBJIAETCS 3aJI0IOM
HOBBIX OTKPBITHI B OMrbkaiiiee BpeMsl.
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B mpenenax 3anagHoro CanrmieHa, CIOKEHHOTO METATEPPUTCHHBIMH KOMIUICKCAMH U
MarMaTHYeCKHMMH MHTPY3UBaMH KHCJIOTO M OCHOBHOTO COCTaBa, PACIPOCTPAaHEHbI NAKH KaMIITOHUTOB.
OnHu OTHOCSTCS K HarOOoJIee MOJIOIOMY TIPOSIBIICHHIO 0a3UTOBOT0 MarMaTu3Ma B peruone ~444 miH jer [ 1,
2] m comepKaT MHOXKECTBO HIKHEKOPOBBIX M MAaHTHHHBIX KCEHOJHMTOB, 3HAYUTEIBHYIO JOJIO CPEIN
KOTOPBIX 3aHUMAIOT JKUJIbHbIC MAHTHIHbIC TICPHOTHTHI IIIMHENICBOH (anuy rayouHHoCTH [3, 4].

JletanbHOE MHUHEPATOTHYECKOE U TEOXUMHUUECKOE HCCIIeIOBAHIE KCEHOINTOB OOHAPYKUJIIO CIIC]IBI
WHTEHCHBHOTO TpocaunBaHus u auddysnn meracomatmdecknx (monaos/paciiaBoB. Ha KoHTakTe c
amMpurO0-HIOTHITUT-KITMHOTIMPOKCEHOBOM JKWIION coxpaHunuchk auddy3nonHbie npoduiam odorameHus
kak 1o rnaBHeIM (Ti02, FeO, Na;O u ap.), Tak u o peakum snementam (La, Ce, Zr u np.), a ucxomHas
JePLOIUTOBAs MUHEpaJIbHAs acCOLMALMs 3aMelleHa BepIMTOBOM. B 30He mepexona JepuoiuT — BepIuT
COXPAaHWIIUCH PEUKTHI OPTONMPOKCEHa B KiMHONHMpokceHe. CoxpaHuBinecs AU Gy3noHHbIE Tpodhum
CBHUJICTENILCTBYIOT O TOM, YTO BHEIPEHHE JKMJI MPOU3OILIO HE3a0JITO JI0 3aXBaTa M BBIHOCA KCEHOJIHUTOB
Ha MTOBEPXHOCTH. M30TomHEI cocTaB St 1 Nd ampuboI-¢horonuT-KIMHOMAPOKCEHOBOM JKUJIBI B TIpeIeax
OIIMOKH COBIAAET C TAKOBBIM BMEIIAIOIINX KAMIITOHUTOB, YTO YKa3bIBaeT Ha (POPMHUPOBAHUE MIETOYHO-
0a3UTOBOrO paciuiaBa IMpH IJIABICHHAM MaHTHU, MPOHMW3aHHOW XWJIaMH MOJ00HOTO cocraBa. JaHHEBIC
BBIBOJIBI TOJITBEPXKIAIOTCS M DKCIEPUMEHTAIbHBIMH HCCIEJOBAaHUSIMU, YKA3bIBAlOUIMMH Ha TO, YTO
o0pa3oBaHHE IIEIOYHBIX, OOTaThIX KallieM pAacIUIaBOB, HAWOOJEE XOPOIIO COTJIACYeTCs C MOJIEIBI0
TUTABJICHUS aCCOIMAIIMY MAHTHHHBIA EPUIOTUT + (IIOTOMUT-CONEPIKAITUE KHUIBI [S].

B kceHonmrax ¢ aMm(uOOIOBBIMH KHJIaMH HaOJIOJAIOTCS OPTOMHPOKCEHUTOBBIE PEAKIIMOHHBIE
30HBI, COIIOCTAaBHMBIE IO TOJIIMHE C CaMOW JKWIOH, HO aud(dy3noHHBIE NPO(GMIM BO BMEIIAIONIEM
JEepUONIUTe OTCYTCTBYIOT. (DOpMHpOBaHME OPTONMUPOKCEHA SBISETCS CIECACTBHEM PEaKLIUH OJIMBHHA
JISPIIOJINTA C BOJHBIM CHJIMKATHBIM paciuiaBoM/QuironioMm. M3oTonHbie xapakrepuctuku St u Nd maHHOH
JKUIIBI  COBMAJAIOT C TaKOBBIMH [IpaBoTapiamkuHCKOro TraOOpOWAHOTO MacCuBa, HMMEIOIIETO
HaJICYOQyKIIMOHHBIE XapaKTepUCTUKU [6], 9TO yka3piBaeT 00 00pa3oBaHMU C(HOPMHUPOBABIIMX €rO
pacIIaBoB B pe3ysbTaTe IUIaBJICHUSI MAHTHH, 000TralieHHOH aM(QrOO0IOBBIMU KHUIIAMH.

Paboma evinonnena 6 pavixax cocyoapemeenroeo 3adanus (npoexkm Ne 0330-2016-0006) npu noddeporcke Poccuiickoeo
Donoa Pynoamenmanviwix Hccneoosanuii (npoexm Ne 15-05-05615).
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VYrnepoacopepkamum ¢uronaM B 3HAOTEHHBIX Ipoleccax MPHHAIISKUT BakHas poisib. Kak
nmokazan B.C.Co6oneB [1] B mpormeccax pyaoreHe3a ¢ TTyOWHOW WX 3HAYCHHWE BO3PACTAeT, HAUMHAS C
oOpa3zoBanus NOIMMOPGHBIX MOAU(UKALK yriepoaa - anMasa 1 rpaduTa B BOCCTAHOBUTEILHOH cpelie.

BoccraHoBieHHBIE U OKUCIIEHHBIE ()OPMBI yIiiepoAa MOCTOSHHO MPUCYTCTBYIOT BO (uIroHgax
30JI0TOPYIHBIX MECTOPOXKACHUA EHUCEHCKOro Kpsbka, 3ajleraloluXx B IOpoAax 3€MHOU KOPBI,
MeTaMOP(HU30BaHHBIX OT 3€JICHOCIAHIICBOH, AMHI0T aM(puOOIUTOBOI 710 rpaHyInTOBOM anutii [2, 3, 4, 5].

UccnenoBanre QIIOWAHBIX BKIIOYCHWH B CaMOPOAHOM 30JI0Te, Cylb(uaax U KBaple
30J0TOpYMHBIX MecTopoxaeHuit: Coserckoe, ['epden, borynaiickoe u IlanmMOMHCKOE MOKa3amo, 4TO
(dbopMHpPOBaHHE 30JI0TOCOAEPKAILMX PYX HIPOUCXOAMIO NPH T'EeTEPOreHU3alUu BOIAHO-YTIIEKHCIIO-
YIJIEBOIOPOIHBIX (IIIOUAOB B MHTEpBaje Temrepatyp ot 150 no 490°C u maenenuii ot 0.2 mo 3.3 kOap.
@OnouaHbIe KOMIIOHEHTBI, 3aKOHCEPBHPOBAHHBIE B CAaMOPOAHOM 30JI0T€, cylabhuaax H KBaple,
MIPEJICTaBJICHBI OOIIUPHOMN TPYIIIION YTIIEpOACOAep AKX coequHeHni (apaduHbl, onedrHbI, HadTEHBI,
apeHbl, TMOKCaHbI, (PypaHbl, ajabJCTHIbl, KETOHBI, KAPOOHOBHIC KHCIOTHI M COCIAMHCHUS, COACPIKAIIUC
ranorensl (Cl m F), Si, S u N. Onrouasl 3010TOHOCHBIX KBapIEBBIX KU IO CPaBHEHUIO C
HE30JI0TOHOCHBIMU oOoramieHsl CO2, yraeBogopoaaMu, cepo- U a30TCOAEPKALMMU COCTUHEHUSIMU, IPU
3TOM CTENEHb BOCCTAHOBJICHHOTO COCTOSHHS pPynooOpasyrommx (IoUI0B BO3pacTacT ¢ IIIyOWHOH.
q)HIOI/IIlLI TAaKOro COCTaBa BBICTYIIAIOT B POJIM TJIABHBIX arc¢HTOB IIEPCHOCA 30JI0Ta U APYTrUX PYAHBIX
3JIEMEHTOB B KOHLIEHTPALMAX JOCTATOUHBIX AJ151 OPMUPOBAHUS MECTOPOKICHHUM.

Takum oOpaszoM, yriaepojcoiepxamye (GuIonapl NPUHUMAIOT aKTHBHOE Y4acTHE HE TOJIBKO B
ryOMHaX 3eMHBIX HeJp, Tlie oOpa3yloTcsl aliMa3bl, HO M B 3€MHOW Kope, (OpMHUpYs 30JI0TOpPYIHbBIE
MECTOPOIKICHHUS.

Paboma svinommena 6 pavixax 2ocyoapcmeennozo sadanusi HUP UTM CO PAH (Ne 0330-2016-005)
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ME3OIPOTEPO30MCKU MAHTUMHBIA MATMATU3M CUBUPCKOI'O
KPATOHA
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CBuzerenbCcTBA  MAarMaTu4eckoll  akTHMBHOCTHM — ME30NPOTEPO30sl  KpailHE  OrpaHH4YEeHHO
NPEICTaBICHBl Ha IPEBHUX KPAaTOHAX, YTO MO3BOJIIO PACCMATPHUBATH JAHHBIN OTPE30K IE€OJIOrHYECKOM
HUCTOPHUH KaK YacTh «IIEPUOJIa TI00aIbHOM HeonpeaeaeHHOCTHy [ 1], «3emiiu cpeHero Bo3pactay [2], wiu
«cKy4uHoro Muntrapa jiet [3]. Ha miomanu Cubupckoro kpaToHa Ha CETOHSIIHUN IEHh N3BECTHO JIUIITH
HECKOJIBKO MarMaTH4ecKuX KOMILIEKCOB, Y€l Me30IPOTEPO30MCKUI BO3pacT MOATBEPKACH HaASKHBIMU
JTATUPOBKaMU (CM. 0030p U CCBUIKU B [4]), 3T0: TaliKK ¥ CUJUIBI BOCTOYHOTO (hitanra kparoHa (Cerre-/labaH,
1339 + 54 mutH net), naiiku Anabapckoro muta (1513 £51 1 1503 + 5 mutH 1eT) 1 Y PKUHCKOTO aBJIaKoreHa
(1074 £ 11 mua ner). HoBeie naHHBIE, copeprkamiuecs: B TaHHOW paboTe, CBUACTEILCTBYIOT O Ooiee
HIMPOKOM PaCTIpOCTPAaHEHNUH 0a3UTOBBIX KOMILJIEKCOB ME30MPOTEP030s1 Ha Ttomand CHOUPCKOro KpaToHa.
B uactHocTH, B mpenenax OJEHEKCKOro BBICTYNAa (yHAaMEHTa OTMEYCHBI 0a3UTOBBIE HHTPY3HH C
Bo3pactoM 1473 + 24 miH nert, oreuatonue cocraaM OIB, oOpazoBaHHBIE TPU HETIOCPEICTBEHHOM
y9acTHUH BeIlecTBa MaHTHHHOTO IrfoMa [5]. JlonepuTsl, clararomiue Nalkd B IOT0-3alagHON YacTh
no0epexbs 03. baiikai (patiod noc. Jluctesiaka u ['onoycrHoe) uMeroT Bo3pacT ~1350 MiH et [6], a ux
NETPOXMMUYECKUE XAPAaKTEPUCTHKU U HMHIUKATOPHBIE T€OXMMUYECKHE OTHOIIEHHS HECOBMECTHMBIX
3JIEMEHTOB, TaKXKE YKa3blBAlOT Ha OJM30CTh COCTAaBOB 3TUX JojiepuToB Oazampbram THma OIB.
CpenHeuepeMIaHCKH MaccHB pactionokeHHbIH B [llapeipkanraiickom BeicTyme Gyngamenta CuOMpCKoro
KpaToOHa, CJI0XeH radb0OpounaMu, UMEroIMME Bo3pacT 1258 + 5 muH jet [5] u cocrael Osin3kue k OIB.
ITpu 3TOM, BO3PACT U COCTaBBI ATUX rabOPOHI0B OJIM3KH K COCTaBaM M BO3PACTY AOJIEPUTOB THTAHTCKOTO
paguaNbHOTO JaitkoBOTO posi Makensu [6].

TakuM 00pa3oM MOKHO OTMETHUTh, YTO BCE IEPEUYMCICHHBIC BBIIIE ME30MPOTEPO30HCKUE
0asuroBble KoMILIEKCHl CHOMPCKOro KpaToHa ObuH ¢(hOPMHUPOBAHEI B 00OCTAaHOBKAX KPYITHOMACIITaA0OHOTO
BHYTPUKOHTUHEHTAIBHOTO PACTSDKEHMS NPH yYacTUH BEIIECTBA MAHTUHHBIX IUIIOMOB, NPH TOM, YTO
BO3PACTHBIC aHAJIOTH OOJBIIMHCTBA 3THUX COOBITHI MPUCYTCTBYIOT HA CeBEpHON OkpamHe JlaBpeHTHH.
JanHple BBIBOJIBI TOATBEP)KAAIOT TUIOTE3y O CYIISCTBOBAaHMM Ha 3eMje  JOJNTOXKHBYIIETO
TPAHCIIPOTEPO30MCKOro CyNepKOHTHUHEHTA [ 1; 6].

Paboma svimonnena npu nooodepoicke PODU (npoexm Ne 16-05-00642).
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COBPEMEHHBIE NOAXOJbI K ITPOC'HO3UPOBAHUIO U TIOUCKAM
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OBCTAHOBKAX.
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B Hacrosimee BpeMs 3a1a4a BCKPBITHS KUMOEPIUTOBBIX TeJl, KaK MPaBHJIO, PEIIACTCs B MEPBYIO
ouepenb YBEJINYCHHEM 00beMOB OypeHHs. DTOT MOAXO MOXHO Ha3BaTh 3KCTeHCUBHBIM. K coxxareHuto,
OH sIBIISIETCS JOMUHHpYIOMM. Kpome Toro, pemieHue OaHHOW 3alaud CBS3BIBAIOT C Pa3pabOTKOH,
BHE/IPEHUEM TOTO MJIM MHOTO HOBOT'O MOWCKOBOTO METOJIA, KOTOPBIH TTO3BOJIUT BBISIBUTH KUMOECPIUTOBEIC
TpyOKH, a 3a4acTyI0 BBISIBUTD Cpa3y aIMa30HOCHBIE TPYOKH. PeaabHOCTE ke TakoBa, YTO 0OBEKT, KOTOPBIN
INPUXOANUTCS UCKAaTh 00JalaeT MPOU3BOJIBHBIMHU NapaMeTpaMy HICHTU(QUKALUHU, T.€. OH MOXET OBITh
abCOJIIOTHO TIO0 Pa3sHOMY BBIp@KEH B TeO(PU3MYECKUX TONAX, MOXKET CYIIECTBEHHO Pa3JIn4aThCs II0
COJEePKaHUI0 MUHEPAIOB-UHINKATOPOB, MOTYT CO3/1aBaThCs OPEOJIbI PACCESIHUS MUHEPAJIOB-UHINKATOPOB
KUMOEPIINTOB, POCCHININ aJIMa30B, @ MOXKET UX He ObITb. Opeossl MUHEPaAIOB-MHIUKATOPOB M POCCHINTU
aJIMa30B P OMPEAEIIEHHBIX I'€0JIOIMUECKUX YCIOBUAX MOTYT CYIIECTBEHHO yJIaJI€HbI OT CBOMX KOPEHHBIX
HCTOYHUKOB. B cBA3M ¢ TeM, YTO MOWCKU B HACTOSIIEE BPEMsl IPOBOASTCA UCKIIOUUTENBHO B CIIOKHBIX
MIOHMCKOBBIX OOCTaHOBKaX, T.e. B IpelesiaX, TaK Ha3blBAEMBIX 3aKPbITBIX TEPPUTOPHH, MOIy4YECHHUE
OJIHO3HAYHBIX MPSIMBIX MPU3HAKOB aJIMa30HOCHOCTHU KpaiiHe 3aTpynHeHo. Bcé 3aBucut oT ocodeHHOCTEl
(opMHPOBaHUSI OCaJOYHBIX KOMILJICKCOB TIEPEKPhIBAIOLINX KUMOEpIuThl. [103TOMY B IOJOOHBIX palioHaX
OCHOBHOM YIOp JeNlaeTcsi Ha BbIIENEeHUE Te0(QU3MUECKUX WM MHBIX aHOMAJIUi, KOTOPBIE MOTEHIMATBHO
MOTYT OBITH CBSI3aHBI C KUMOEPIUTOBBIMU TPYyOKaMH.

B 3TOM OTHOIIEHNH KpaiiHe Ba)XKHOH 3ajjaueii siBisieTcs 3aa4a 000CHOBaHHOI'O BEIOOPA TIIOMIAeH
0] TIOCTAHOBKY TOMCKOBBIX paboT Ha OoOHapy>KeHHWE HOBBIX MecTopoxkieHui anmazoB. [IHUI'PU B
TedeHne mnocienHux 30 ser 3aHWMaeTcs pa3pabOTKOW METOAHWK MPOTHO3WPOBAHUS MECTOPOXKACHHUN
aJIMa30B B Pa3IUYHBIX TOMCKOBBIX 00CTaHOBKAX.

Bri6op mioniazei mpoBeeHUsT MOMCKOBBIX Pa0OT COTJIACHO 3TUM pa3paboTKaM MPOBOJAUTCS B
paMKax, NPHHATBIX MHHEpPareHMYeCKMX TakcoHOB. OIlleHKa NPOTHO3HBIX pecypcoB Kareropuu Ps
COOTHOCHTECSI C IIOIIAJIbI0, BBIEIECHHOM KaKk IPOTHO3UPYEMOe alIMa30HOCHOE MoJie. Pazmeprl mogoOHBIX
wiomaiei cocrapnsor 10 1500 - 2500 km?. [hnoma m noJo6HBIX Pa3MEPOB BBIAEISIOTCS PH POBEIEHUH
pabot macmraba 1:1000000 - 1:200000. Ha momansx ¢ onieHeHHBIMU pecypcamu Kareropuu Ps craBsrcs
COOCTBEHHO TIOMCKOBBIE paboThl. [Ipy mpoBeaeHny 3THX paboT NPOBOANTCS JTOKAIN3ALMS yYACTKOB paHra
KyCTOB TeJl. B mpenenax mogoOHBIX y4acTKOB COCPENOTAYUBAIOTCS pabOTHI, HANPpaBJIEHHBIE HA BCKPHITHE
aJIMa30HOCHBIX KHMOEpiHTOBBIX Ted. OIeHKa pecypcoB KaTeropuu P, mpoBOIWTCS TSI BCKPBITHIX
aIMa30HOCHBIX Tell. KpoMe Toro nomyckaercs OlieHKa pecypcoB KaTeropuu Pz Ui yyacTKoB paHra Kycra
TEJI B TOM CJIydae, KOrJia HeTIOCPEICTBEHHO C 3TUM yJacTKOM CBSI3aHa POCCHINb aiMa3oB. Macmrab pabot
1:200000 - 1:50000.

PaboTsl Ha KaXI0M 3Tarie B OCHOBHOM HYT MO OJHOH TEXHOJOTHYECKON CXeMe:

1 - mpenBapuTenpHas JOKaJIU3alys NPOTHO3HPYEMOIO alMa30HOCHOTO KMMOEPIUTOBOTO MOJI
(JIOKanpHBIX YYaCTKOB paHra KyCTOB Tel B €ro Mpejaenax) Ha OCHOBE TI€0JIOrO-T€O(PH3NIECKHX
MPEOCHUIOK;

2 - BeIAIBJICHUE B IpEeiax NpeABaPUTEIbHO BBIICICHHBIX MOJIEH (YyU4aCTKOB) MPSMBIX IPU3HAKOB
JIMAa30HOCHOCTU B BUJIE OPEOJIOB paccesHHsI MUHEPAJIOB-MHIUKATOPOB KUMOEPIINTOB, POCCHIEH alIMa3oB
C IENBI0 PENIeHNs BOIIPOCa O MOTEHINAIBHON MEPCIIeKTUBHOCTH IIIOMIA el ISl TOCTaHOBKH MOMCKOBBIX
paboT Ha BBISIBICHHE MECTOPOXKICHUH aTMa30B.

3 — pa3pabotka 3(P(PEeKTUBHOrO MPOTHO3HO-IIOMCKOBOTO KOMIUIEKCA, YYUTHIBAIOILEIO
re0JIOrN4ecKoe CTPOCHUE TEPPUTOPHUI BEJEHUS IIOMCKOBBIX paboT, a Takke O0COOEHHOCTEHW MX Ie0JIoro-
reo()U3NIECKO U3yYEHHOCTH.

Kpaiine BakHOH 3amaueii, KOTOpas AOJDKHA PEIIAThCS HA BCEX CTalusX padoT, sSBIAETCS 3agada
NpoBelleHHsT  Taneoreorpa@uveckux  PEeKOHCTPYKIMHA JIIsl  PElIeHHs BOIMPOCOB  OCOOCHHOCTEH
(dopMupOBaHHS OCAJOYHBIX KOMIUIEKCOB, B KOTOPBIX (hOPMHPOBAINCE OPEOJIBI PACCESHHS MHHEPaIOB-
WHINKATOPOB KUMOEPIUTOB U POCCHINH aJIMa30B, HALICJICHHBIX B IIEPBYIO OYepe/Ib Ha pEelICHHE BOIIPOCa O
JAJIbHOCTH UX TPAHCIIOPTHUPOBKU OT IHOTEHLIUAIBHBIX IEPBOUCTOYHHUKOB.
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Xnopunbl 06Hapy)eHbl BO MHOTHX KuMmOepnuTax mupa [1] . KumGepnuroBas TpyOka Y madnas-
BocTouHas - eqMHCTBEHHBIN OOBEKT, T HAPSAY ¢ MHOTOYMCICHHBIMHU TPOSBICHUSIMH XJIOpa HaiIeHBI
0o0oco0iileHHBIE XITOpUA-comeprkalne cerperamd. OHM MMEIOT Pa3IUYHBIA COCTaB OT CYIIECTBEHHO
XJIOPUHBIX 70 XJIOPUAHO-KapOOHATHO-CHIIMKATHBIX. KpaliHue THIIBI AeTaNnbHO U3YUYEHBI U MIPEATIOI0KEHO
MarMaTH4ecKoe MPOHMCXOXKICHUE Uil XJIOPHIHO- KapOOHATHBIX cerperaumid [2] W ocaJo4yHOE IS
CYIIECTBCHHO—XJIOPUIHBIX [3,4]. OOBEKTOM HacTOsIIeH pabOThl SBISIOTCS 30HAJIBHBIC CYIICCTBCHHO
XJIOPUZIHBIE CEeTPEeraliy, O3BOJSIOIINE YCTAHOBUTh CBA3b MEXKy H3yUCHHBIMU PaHEE CeTrperalusiMH.

Pe3koe paznnune accouuanuii BKIFOUEHUH B KPa€BOM M LICHTPAJIbHOM 30HaX MO3BOJIAIIO BBIIEINUTH
JIBE TeHepaluy ranurta. Yerkas rpaHdia nepexoja reHepanuil 00ycioBiIeHa H3MEHEHHEM MOPQOIOTUH
BKITFOUEHUH cuibBrUHA. KapOOHaTHBIE BKITFOUSHUS — CaMbIi BaYKHBINA MPU3HAK OTIUYUS KPAaeBOM YacTH OT
[EHTpaIbHON. B eHTpaabHON YacT KapOOHATHBIE BKIIFOUEHHUS OTCYTCTBYIOT, B KPA€BOUW BCTPEYAIOTCS B
BHUJIC KAJIBIIUTA B aCCOIMAIIUY C PACBYMHUTOM, a TAK)KE PACIUIABHBIX CYJIb()aTHO-KapOOHATHBIX BKIIFOUCHU.

Xapakrep W3MEHEHUS accoLManui BKJIFOUECHHI CBUJICTEIBCTBYET B MOJIb3Y
BBICOKOTEMIIEPATYPHOTO TpeoOpa3oBaHMs TalluTa KpaeBOW 30HBL. Bo3aeiicTBME HOCHUT Kak TEIJIOBOM
XapakTep, Tak 1 OOMEH BEIECTBOM, YTO MO3BOJIET CYMTATh KPACBYIO 30HY — 30HOW B3aMMOJACHCTBHUS C
KHUMOEPIUTOM.

ComocraBjieHue accoUuanuii BKIIOYEHUH B Pa3IMYHBIX XJIOPHIA-CONEPXKALIUX CErperanusix
MO3BOJIICT MPEANOJIOKUTh, YTO OHHM OTPAKAIOT pPAa3HbIE CTAAMHM H3MEHEHHS MeTaMOp(U30BAHHBIX
OBAIIOPUTOB O0CAOYHOTO MPOHCXOXKIACHUA IIPpU BSaHMOHeﬁCTBHH C KI/IM6epHI/ITOBbIM pacijiaBoM, OT
M30XUMHUYECKOT0 J10 00pa30BaHUs XJIOPHI-COIEPKALIMX CErPeraliii CMEILIaHHOTO IPOUCX 0K ICHHS.

Paboma evimonnena npu wacmuynoti noodepoicke Poccutickoeo @onoa @ynoamenmanvivix Hccnedosaruii
(npoexm Ne 18-05-00682).

CchUIKu:

1. Baker D.R., Aippa A., (2018): Halogens in Mafic and Intermediate-Silica Content Magmas, Chapter 6 in: The
Role of Halogens in Terrestrial and Extraterrestrial Geochemical Processes, D.E. Harlov and L. Aranovich (eds.)
Springer Geochemistry, Springer International Publishing AG, https://doi.org/10.1007/978-3-319-61667-4 6

2. Kamenetsky, V.S. etal., (2014): Towards a new model for kimberlite petrogenesis: Evidence from unaltered
kimberlites and mantle minerals. Earth-Science Reviews, 139: 145-167

3. Tpummnua C.H., u ap. (2014): Integrated paleomagnetism and U—Pb geochronology of mafic dikes of the eastern
Anabar Shield region, Siberia: Implications for Mesoproterozoic paleoaltitude of Siberia and comparison with
Laurentia // J. of Geol. V. 108. Ne3. P. 381-401

4. TIlaparun B.B. u np. (2001): Munepanorus n netporpadust XJI0pu1-coAepKalux Hoxyaed Marepuansl ¢ caifta
"Bcé o I'eosmorun” http://geo.web.ru/.



mailto:tussaa@yandex.ru
https://doi.org/10.1007/978-3-319-61667-4_6
http://geo.web.ru/
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ITopomer cBepxBeICOKMX H BbICOKMX pmaieHudt (UHP- HP) mmpoko pacmnpoctpaHeHsl B
Llentpanbaoit A3un © HanOoJiee MOJHO MPEACTABICHBI K XOPOIIO M3Y4YEHBl B CIEAYIOIIUX CKIaI4aThIX
nosicax: Yaran-Y3yackom (I'opubiit Anrait) 1 KokderaBckom (Ceepubrit Kazaxcran) (1-5).

[No3gremoxemOpuiickas Yaran-Y3yHckas aKKpelMOHHO-KOJUTM3WOHHAS 30Ha CHOpPMHUpOBaHA B
pe3ynbTaTe CyOQYKIMH OKEaHMYECKOW KOpPhl M CTOJIKHOBEHHEM MaJICOCUMAyHTOB C NPUMHTHUBHON
OCTPOBHOHM Jyroi, 4T0 MPHUBEIO K SKCTYMAalWW pPa3orpeThiXx B 30HE CYOAYKIHMU Tell O(HOIUTOBBIX
NEPUAOTUTOB, SKJIOTMTOB M TPAaHATOBBIX aM(UOOIUTOB B COCTABE CEPIICHTUHUTOBOIO MEJIAHXKa.
CoBMECTHO OHH MapKHPYIOT 30HY HaleOCyOAYKIIMOHHOTO KaHAlla , PACIOJIOKEHHOTO MEXKIY KPYIHBIM
TEJIOM MaJleOCUMayHTa M KOMIUIEKCAMH MOPOJT IPUMUTHBHON OCTPOBHOM TyTH.

KembOpuiickas KoxueTaBckas akKpeLHOHHO-KOJUIM3MOHHAs 30HAa COpMHUpOBaHA B PE3yJIbTaTe
KOHTHHEHTAIBHON CYOMYKIINH W TOCIEIYIOIeH KOJUTH3HA MHUKPOKOHTHHEHTA C OCTPOBHOHM Iyroil. D10
npuBeNo K (OPMHPOBAHHMIO  CIOXKHO Je(POPMHPOBAHHOTO B HM3OKIMHAIBHBIC CKJIAJKH I1aKeTa
TEKTOHHYECKUX IJIACTUH, MPEACTABICHHOTO IOPOJaMH MHUKPOKOHTHHEHTA, METaMOpP()U30BaHHBIMU Ha
Pa3IMYHBIX YPOBHSX TIIYOMHHOCTH NalieocyOMyninoHHOM 30HEI. OOpa3zoBaHHbIE B 30HE cyOmykimu UHP-
HP nopojbl BKIItOUEHBI B TEKTOHUYECKUI MAaTPUKC IIapa- U OPTOTHEHCOB , BKIIIOYAIOIIUN TaKKE MEJIKHE
U CIOpaJUYCCKU PaCHpOCTPAHCHHBIC JIMH3bl YJBTPAOCHOBHLIC IIOPOA. B PE3YIBTATC CIOXHBIX
reoquHamudeckux coObrtmii UHP-HP  moponbr Obutn BEIBEIEHBI HAa TOBEPXHOCTH B COCTaBe
TEKTOHHMYECKOTO  Meramenamka  (MaJieoCyOMyKIIMOHHOTO  KaHalla), PACIONOXKEHHOTO  MEXIY
COXpaHUBIIEMCsI (pparMeHTOM JoKkeMOpuiickoro KokueTaBcKoro MUKPOKOHTUHEHTa U aKKpPEI[MOHHBIM
KOMIIJIEKCOM OCTPOBHOM JyTH.

Hccneoosanust evinonnenvt 6 pamxax ocyoapemeennoeo 3adanust UTM CO PAH (npoexmor 0330-2016-0014 u 0330-
2016-0013) u npu gpunarcosoti noodepoicku eparnma PODH 17-05-00833
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Cynbdusr sBNSIOTCS HanbOIee PacIIPOCTPaHEHHBIMHU BKITFOUCHUSIMH B ajiMa3ax U3 KUMOEPIIUTOB,
NpU 3TOM COCTaB CyJIb(QHUIOB MO CoAepKaHWI0 Ni YeTKO CBS3aH C IVIaBHBIMH THUIIAMHU IaparcHe3HCOB
BKJIOUCHUIL: YIBTPAOCHOBHBIM U 9KJIOTHTOBBIM [1-3].

B HacTosmeit paboTe npeacTaBaeHb! SKCIEPUMEHTAIbHbIE PE3yJIbTATHI I10 POCTY aJIMa3a B METaI-
CEepO-YIIIEPOIHBIX CHUCTEMaX C JOIBTEKTHYECKUM conepikaHueM cepbl B cucremax Fe-Ni-S-C u Fe-S-C
[4,5] npu maBnenum 5.5 +0.2 I'Tla u temmeparypax 1300 m 1350 £25 °C, coorBercTBeHHO. B
3KCHEPUMEHTaX ¢ cojepxaHuem cepbl MeHee 14 mac.% B cucreme Fe-Ni-S-C Obuin BbIpalieHbl CBETIIO-
JKENThle KpUCTauTbl anMmaza BecoMm 10 0.8 kapar. B mpoaykTax ombITOB OBUTM HMIACHTU(HUIIMPOBAHEBI
MOHOCYIB(UAHBIA TBEPABI PAaCTBOpP, BBICOKOTEMIIEpATYpHBIA MEHTIAaHAWUT, TeHUT, (Fe,Ni)-kapbua u
MepeKprucTaIUIN30Bannblil rpadur. B cucreme Fe-S-C BrIpamieHpl anMaspl MPHA COAEPIKAHWU CEPHI 110
OTHOLICHHUIO K METAJUTy B KondecTBe 5 Mac.%. Y CTaHOBIEHO, 4TO ajMas npu pasieHuu 5.5 ['Tla moxer
KpUCTAJUIM30BAThCS B OYCHBb Y3KOM TemrmeparypHoM auamazone — ot 1300 mo 1370 °C [6]. OcHOBHBIMU
¢azamu, 0OHapyKEHHBIMU B MPOJYKTAX OMBITOB OBLIM TBEPABIA PAacTBOp yriepona B xKenese, Cyabhua
)Kenesa (muppoTuH), kKapouasl xkenesa (Fe3C u Fe7C3) u nepexkpucrammzoBanubii rpadut. Kak nzBectHo,
MUPPOTHH — OJIH U3 Hauboliee paclpoCTpaHEHHBIX CYIb(UAOB BO BKIIOUEHHUAX B MPUPOIHBIX anMasax
[2,3]. Bbu u3yuen coctaB ¢uronIHON a3kl U3 BKIOYCHHUN B BBIPAIICHHBIX aliMa3ax, I YCTAHOBJICHO
IPUCYTCTBHE IIUPOKOTO CIIEKTPA YIIIEBOAOPOIOB.

B mmonepckoit padore H. B. CobGoneBa [7] ¢ coaBropamMu TOKa3aHO, 4YTO BKIIOYCHHS
rapi0ypruToBOro rnapareHe3uca TUIHYHBI JIJI OKTadIPHUSCKHUX aaMa30B u3 kKuMoepnutos Skyruu. Takue
KpHCTAJIbl COAEPKAT BKJIIOYCHUSI CAMOPOTHOI'O JKejle3a COBMECTHO ¢ cyOkanbuueBbM Cr-nupornom, Mg-
OJIMBUHOM, XPOMHUTOM M HNEHTIaHAMTOM. IIpH 3TOM OTCYTCTBYIOT MPH3HAKH TE€HE3HCa 3THUX ajJMa30B B
CBerI‘J’IY6I/IHHLIX YCJIOBUSX, HA YTO YKAa3bIBA€T OTCYTCTBUC Maﬁ[{)KOpHTOBOI‘O KOMIIOHC€HTA B I'paHaTax u3
BKItoueHuit [7]. Takum oOpa3oM, TeHEe3MC YacTH MPHUPOJHBIX aIMa30B MOXKET OBITH CBSI3aH C METayll-
CyJb(QUIHBIMH PACILIaBAMH.

Paboma evmonnena npu noddepoicke Poccutickozo Hayurnozo @onda (npoexm Ne 17-17-01154)
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MNETPOJIOI'US KUHMBEPJIMTOB TPYBKN UYKYKCKASA
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KumbepnutoBass TpyOka Uykykckas HaxoAWTCsi Ha BOCTOKe AJakuT-MapXWHCKOTO
KHUMOEPIUTOBOTO TOJIS 3anagHo-SKyTckoit ATMa30HOCHON MPOBHHIIMK M MMEET HETPaBWIbHYIO (OpMY,
ONMM3KYI0 K OBalbHOM. JIIMHHAs OCh ee OPHEHTHPOBaHA B CEBEPO-BOCTOUHOM HampapieHuu (CB-60°).
Pasmep moBepxHOCTH TPYyOKHM HAa ypOBHE MOBEPXHOCTH KapOOHATHOTO IOKOJs coctaBiseT 180x150 M,
wiomas —20866 M2, uto, cornacHo « IHCTPYKIMH 110 MPMMEHEHHIO KJIACCU(DUKAIIMH 3a11aCOB K KOPEHHBIM
MECTOPOXKACHUSIM anmMaszoBy [MHCTpyKus. .., 1984], mo3BoisieT OTHECTH €€ K KIaccy MEIKUX Tell.

B Bepxwneli yactu TpyOKa UMeeT MPUIOBEPXHOCTHBIN pacTpyO. [ToBepXHOCTH pyAHOrO Tena mox
MEPEKPHIBAIOIIAMHU TTOPOJIaMHU TIOJIOTOBOTHHCTAS, C TepenanoM BeIcOT 10 20-25 m. TpyOka ciokeHa, B
OCHOBHOM, aBTOJIUTOBBIMU KUMOEPIUTOBBIMU OPEKUUSAMH, B KOTOPBIX MHOTJAa OTMEYAIOTCS KpPYIHBIE (10
20-25 M) KceHONMMUTHl KapOOHATHBIX TIOPOJA OpAOBHKAa. ['0pazgo peke OTMedaloTcsl MOpPHUPOBEIC
KHUMOEPITUTEIL.

ABTOJIMTOBBIe KUMOepauToBble Opexkuuu (AKDB) TpyOxm Uykykckas MpencTaBisIOT cOOOM
IUIOTHYIO TIOPOAY TOJlyOOBaTO- M 3€JIEHOBATO-CEPOTO IBETA, XapaKTEPHOH aBTOIMTOBOW TEKCTYPHI, C
op(hUpPOBOI CTPYKTYPOU OCHOBHOM Macchl. KceHOreHHbBIN MaTepua npecTaBiieH 00JJ0MKaMHU TIIMHUCTO-
KapOOHaTHBIX mOpo okous (o 40-60%), 3HauntensHO peke (1-5%) — obmoMKaMu MeTaMOPPHUIECCKHUX
nopoa ¢yHaamenta. OcHOBHas Macca IOPOJbI MENKO-TOHKO3EPHHUCTAsl, CEpIECHTHH-KapOOHATHOTO
cocrana. [TophupoBbie BRIICIICHUS COCTABIAIOT 10 15-25% 00beMa Hopo/Ibl M IPEICTABICHBI, B OCHOBHOM,
nceB1oMopd03aMy CEPIIEHTHHA M KaJIbIIUTA 10 OJIMBHHY Pa3MEPOM OT MEPBBIX MM 10 3-7 CM.

[To marnaBIM IeTpOTpadmueckoro ananu3a AKD TpyOxu Uykykckast COIEp>KUT aBTOIUTHI OKPYTIION
U oBaIbHOW (opMmBl, pazmepoM 0,4-10 mm.

Hop¢uposrie kumodepautsl (I1K) nMeroT xapakTepHBIi 3eT€HOBATO-CEPHI WM TOIy0OBaTO-
cepelii 1Bera. CrpykTypa mnopox mnopdupoBas, Tekcrypa MaccuBHas. CopepikaHHE KCEHOTCHHOTO
marepuana B [IK, mpencraBieHHOro, Kak MPaBHIO, OOJOMKAMH TIMHHUCTO-KAQpOOHATHBIX TIOPOJ, HE
npesbimaet 1-2% ot oObemMa mopoibl, U3peKa Bo3pacras 10 5-7%. B HezHaunTenbHOM KomHuecTBe (10
1-3%) ormeuaroTcsi 00II0MKH METaMOPHHUUECKUX MTOPOJ KPUCTAIUINYECKOro ¢pyHaaMeHTa, pasmepom 0,1-3
cM, m3penka a0 7-8 cM, IMpelncTaBieHHble THeWcamMu u cinaHnamMu. OCHOBHast Macca IOPObI
TOHKO3EPHHUCTAsl, CEpIIEHTHH-KapOoHaTHOrO coctaBa. [Ipeobiagaer KaibIUT, 0Opa3yrOMMiA 3epHa
YIUIMHEHHOH (OpMBI, OTMEUAETCsl TAaKXKe 3aMETHOE KOJIMYECTBO XJIOpUTa M (UIOronuTa B BUAE TOHKHX
tabmuuek W 1wiactThHOK [2]. IlopdupoBrie BKpamjaeHHUKH, NPEICTaBICHHBIC, IJAaBHBIM 00pa3oM,
niceBIoMop(h03aMu CEPIICHTHHA M KAITBIIUTA [0 OJINBUHY, HHOT/A C IPUMECHI0 OKHCHO-PY/IHOTO MUHEpaIa,
coctaBmsioT 10 20-25% o6bema moposl.

Wzyuenne MuHepanoro-nerporpapuueckiux 0coOeHHOCTEH METPOJIOrHH KUMOEPIINTOB MO3BOJISIET
KOHCTAaTHpPOBaTh, YTO TpyOka UYyKyKckas — THIWYHBIH TIPEICTaBUTENb AJaKUT-MapXHUHCKOTO
aJIMa30HOCHOTO paiioHa, IEPCTIIEKTUBEI KOTOPOTO K HACTOSAIIEMY BPEMEHH JIaJIeKO He ucueprnansl [3].
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B.C. Co06oseB Oonplioe BHUMaHKE YACTSUT H3YUCHUIO IETPOIorHH TpanmoB CHOMPCKOro KpaToHa
[1]. On mokasan oCHOBHBIE OCOOCHHOCTH METPOrpauuecKoro U METPOXUMUISCKOTO COCTaBa (pOpMaIuu
TPaIlllOoB M €€ CBA3b C IPYyruMu (QOpMalUsIMM M IIPOBEJI COIIOCTABICHUE C APYTMMH TPAIIOBBIMU
NpOBUHIMAMH. B Hacrosiiee Bpems Tpammbl pacCMaTpUBAIOTCS KaK HEOThEMJIEMas COCTaBHAsI 4acTh
KPYIHBIX U3BepKeHHBIX NMpoBUHLKH (LIP), cBA3aHHBIX ¢ rTyOWHHBIMA MaHTUHHBIMH TUTIOMamH [2,3].

B mocnemnune rompl Oonblloe BHHMaHWE yAeNseTcs u3ydeHuto MarmMatusma LIP um wux
METaJUIOTeHUH. ODTH BOMNPOCHI HAMHU pAaCCMOTPEHbl Ha mpuMepe nepMo-TpuacoBbix LIP Azum —
Cubupckoii, DMmeimanbckoit, Tapumckoii [3], a Taxke qokemopuiickux LIP Cubupckoro kparona [4]. Ha
fore CHOMPCKOTO KpaTOHa INHPOKO MposiBiaeHbl pasHoBo3pacTHeie Cu-Ni-DIIT mecTopokaeHus,
acconuupyromiue ¢ ynprpamapur-MmaduroBsiM marmaru3moM LIP. Uuneiickoe mectopoxaenue (1880 mumH
ner) cszano ¢ Coionepuop LIP (Kanana). Moko-JloBbiperckuii uuTpy3uB n Kunramickoe Cu-Ni-DIIT
MecTopokaeHue orBedaroT @pankiuuckoit LIP. Yaukanbubie Cu-Ni-OI1T mectopoxnenns Hopunbckoro
paiioHa mpUypodeHbl K HamOoJee BBHICOKOTEMIEpATypHOH oOsacTu mposiBieHus TpannoB CuOMpCKoro
kpaTtoHa (250 MJIH JIeT), KOTOpas pacCMaTpUBAeTCs KaK IICHTpalbHAs 4YacTh TOJIOBBI TIYOMHHOTO
MaHTHHHOTO TuTIoMa. [IpruypodeHHOCTh TIIATHHOHOCHBIX Cu-Ni MECTOPOXKICHUH K IIEHTPATBHBIM 4aCTsAM
IUTIOMOB XOPOLLIO MPOSIBIEHA 7151 DMEUIIAHbCKOro U TapuMCKOro mitoMoB.

['maBHBIME YepTaMHu, OTIPENEISIOIINMY CIen(UKY MarMaTu3Ma u Metajuioreanu LIP, apnstorest:
1) ordernuBas KOppedsAUUs pPa3HBIX THUIIOB OpPYIEHEHHUS C ONpeeSeHHbIMU 3TalaMu IPOSBICHUS
0a3UTOBOrO, IIENOYHO-0A3UTOBOTO M TPAHUTOMTHOTO Ma3MaTu3Mma; 2) pa3BUTHE CBOEOOPa3HOTO
KOMILJIEKCa OpyAeHeHH s, BKirouatoiiero — marmarudeckoe Cu-Ni-Pt u Fe-Pt; rugporepmansaoe Ni-Co-
As, Au-As, Ag-Sb, Au-Hg, Sb-Hg u crparudopmuoe Cu; 3) 30HaNbHOE pacupeneeHne pa3HbIX THIIOB
OpYyICHEHUSI OTHOCHTENBHO TIIeHTpoB LIP: mpemmymiectBennas nokamusamms Cu-Ni-Pt, Fe-Pt B
LEHTPAJIBHBIX X 30HaX, a THAPOTEpMaIbHOTO — B nepudepuyeckux yactsax LIP; 4) apeanbHo-0uaroBbiit
XapakTep pa3MelleHus OpYACHEHHs; 5) eAnHas I0CIeJ0BaTeNbHOCTh (HOPMHUPOBAHUS PasHBIX THIIOB
opylieHeHus; 7) 3aBUCUMOCTh MaclITa0OB pa3BUTHUS OpyAeHEeHus1 oT 00bemMoB LIP 1 MoiHOCTH TITIOMOB.

Paboma svimommena 3a cuem cpedcms mezazpanma PH® (npoexm No 2016- 220-05- 135);
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B pabote mpencraBieHs AaHHBIE MO COIEP)KAaHWIO dJeMeHTOB rpymnmsl Tuiatuasl (OII) B
YHHUKaJbHO CBEKUX KCEHOJIMTaX KUMOEpPIUTOBOM TPyOKM YIadHas: METaKpUCTAJUIMYECKUX TYHUTAX
(onmMBHHAX), 3€PHUCTBIX M JIe(OPMHUPOBAHHBIX MEPHIOTHTAX. MerakpucTasIMYecKHe IyHUTHI, CaMble
JEIUICTUPOBaHHbIE W3 MEPUAOTHTOB BepxHed MaHTuu [1], pacmonararoTcs B MaHTUIIHOM paspese,
MIPEIONOKUTENbHO, Ha TiayonHax 140-180 kM [2, 3]. JedopmupoBaHHBIE EPHIOTUTHI MPEACTABISIOT
KOpHeBble 4YacTu JitochepHort manThm (180-220 xMm [2], 200-230 xm [3]). PaBHOMepHO3epHUCTHIC
MEPUAOTHTHI PACIPOCTPAHEHBI 10 BceMy Auarna3ony riryous. Pacnpenenenue DI B M3y4eHHBIX THUIAX
nepunoTuToB pasznuyHo (Puc. 1). Merakpucraainuyeckue AYHUTBI M 3€PHUCTBIE NEPUAOTUTHI MUMEIOT
mmpokui auanaszon no Ir, Os, Ru (M-3I1I). /ledopmupoBaHHbIe TEpHAOTUTE HA00OPOT XapaKTEPU3YIOTCSI
onuskumu ciektpamu pacnpeaencuus D11 B uarepsane Os-Pt. Tonbko cogepkanust Pd u Re mokassiBarot
IIMPOKWE BapHallM¥, B OTIWYME OT AYHUTOB M 3€PHHUCTHIX MEPUIOTHUTOB. 3E€PHUCTHIC MEPHUIOTHTHI
XapaKTepU3yITCI CXOKUMH ¢ nyHUTaMu pactpeneneausmu U-OI1I". Mb1 npeamonaraem, 9To o0eqHEHHE
Pt u Pd B MerakpucramnmuecKux AYHHTaX MPOUCXOAMIIO BO BpPEMS BBICOKOH CTEMEHHW YacTHYHOTO
IUIaBJICHUS, TAaK KaK 3TH JJIEMEHTBHI SIBJSIIOTCS HECOBMECTHMBIMU. 3€pHHUCTBIE IEPHUIOTUTHI HMEIOT
MOJIOKUTENBHYO Koppernsuto Mexay JIII" u FeoOs u otpuniatensuyro xoppemnsiuio D11 ¢ Al,Oz+CaO.
Bo3moxno, oboramenue DI B 3epHUCTBIX MEPUIOTHTAX MPOUCXOJUIIO 32 CUET KEJIE3UCTOH (a3bl BO
BpeMsi MAHTHIHHOTO MeTacomMaro3a. B nedopMHUpOBaHHBIX MEPHAOTHTAX HET XOPOIIEH KOPPEISIIUI MEKITY
riaBHBIME dnieMeHTaMu 1 DI1I, Ho ecnu OpaTh KpalfHUE 3HAYESHUS TPEHIOB, TO 3aBUCUMOCTD HAa0ITFOTAeTCsl.
Ms1 npenaraeM cIokHY!O Mozens oo DI B nedopMrpoBaHHBIX EPUAOTHTAX: Ha HAYaTbHON
CTaJiu BO BpeMsl MAaHTHUHHOTIO MeTacomarosa mopojisl obeansnuck M-OIII' B pesynbpTare yBenmudeHus
MOJAJILHOTO KOJIMYECTBa IpaHaTa U KIMHONMpOoKceHa. Ha 3akmounTtensHOl cragnu oboramenne Pd u Re
BO3MOXXHO SIBIISUIOCH PE3yJbTaTOM OTCaAKH CYOMHKPOHHBIX CYIbQUIHBIX (a3 B MEXK3EpHOBOE
MIPOCTPAHCTRBO.
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Puc.1 — Pacnipenesienue JIII" B nepuI0TUTOBBIX KCEHOJIUTAX TPYOKH YaauHas (Axyrus).
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OCOBEHHOCTH HOJIMT'EHE3A AJIMA30B U3 [’OCCI)IHEI‘/'I CEBEPO-BOCTOKA
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Uzyuenne Mopdoaornyecknx 0COOSHHOCTEH anMa30B U UX (PU3NYECKUX CBOMCTB U3 KOPEHHBIX U
POCCBHIITHBIX MECTOPOXKIeHUH ceBepa CHOMPCKOH MIaThOPMBI TO3BOIMIO 10 KOMIUIEKCY XapaKTEPUCTHK
aJIMa30B, B YACTHOCTH 110 AJaHHBIM HH(paKpacHoU criekTpockonuu (Puc.1), onpenennTs UX TUIBI U YK€ 110
HUM IPOBOANTH aHAIIN3 BEIOOPOK, palOHUPOBAHUE TEPPUTOPHH, IENATh IPOTHO3HBIC BHIBOIBI IS CEBEPO-
BocToka CHOMpCKON MIaT(opMBl.

Briznenens! cnenyromue TUIB aJIMa30B:

I Tun anmasoB. AnMasbl B OCHOBHOM C MajbIMH M CPEIHUMH KOHLEHTPALUSIMU NIPUMECH a30Ta,
UMEIOIUEe HEOONbIINE KOHIEHTpPaUMH B2-IeHTpoB cpemHuX W OONBIIMX Pa3MepoB, YTSKEICHHBIH
M30TONHBIA cocTaB yriepoxa. [lo mopdomornu 3TO namMHHApHBIE, peke — OKpyrjble ainmasbl |
paznoBugHocTH 1o FO.JI. OpnoBy, npu npucyrctBuu IV u Il pasHoBuanoctu. KopeHHble HCTOUHHKH —
KUMOEPIIMTOBBIC TeJa C HU3KOH MJIH CpeAHEH alMa30HOCHOCTBIO.

II T anmazos. OOIIee colep)KaHue a30Ta B 3TUX ajMa3ax BhICOKOE — 00bI4HO Oosiee 600 at. ppm,
KOHIIEHTpAIH IIACTUHYATHIX 00pa3oBaHuii B2 noBeIeHa mpu ux ManoM (B cpenneM 20-25 HM) pazmepe
(vB2>1370 cm-1); obneruyeHHbIH N30TOMHBIN COCTaB yriiepoa ammMasoB (00sraHO MeHee -15%0 613C). Ilo
MOpPGOIOrUU 3TO KPUCTAIIBI | pa3HOBUAHOCTH B OCHOBHOM OKPYTJIbIE, PEIKO JJaMUHAPHBIE, OCCIIBETHEIE,
cepele, JUIOBO-KOpUYHEBBIE, a Takxke MHIuBuABI V, VII pasnoBuanoctel mo 1O.JI. OpnoBy, mpuuem
cojiepKaHue KpUCTAUIOB | pasHOBUIHOCTH B cpeaHeM B 3 pasa Gomblie, yeM V u VII pazHOBHUIHOCTEH.
KopeHHbIE HCTOYHUKH — MECTOPOXKIEHHS HEBBIICHEHHOTO TEHE3HCa C IPEANONIOKUTENLHO BBICOKOM
aJIMa30HOCHOCTBIO.

III Tum anma3zoB — amMa3bl IMIIAKTHOTO TeHe3uca. KopeHnbie HCTOUHUKY — opo sl [lonuraiickoii
actpobsiembl. OtHOcsTcs kpuctamsl XI pasnoBunHoctn no lO.JI. OpnoBy co cneunpuveckumu
MOPGOJIOrHIECKUMH U ONITHKO-CIIEKTPOCKOITMYECKUMH XapaKTEPUCTUKAMH.
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Puc.1 — Coaep:xanue a3ora u ero arperanus (a), kodpunuuent noryomenusi B2-nenarpa (6), noyioxenne
MAaKCHMYMA 0JIOCHI Noryiomenusi B2-nentpa (B) u xapakrepucTuku B2-nentpos (r) B anmazax I n 11
BbIIeJICHHBIX THIIOB.



YAPHOKHUTHU3ALUA OCHOBHBIX U YJIIBTPAOCHOBHBIX 'PAHYJIUTOB: POJIb
OJIIONIHBIX PACCOJIOB, MUHEPAJIOT'O-'EOXUMHNYECKHUE U
IHAPATEHETUYECKUWE TPEH/1bI, MOAEJIb 9BOJIIOLIUN

Kopuxoscknii C.I1.

NT'EM PAH
korikovsky@yandex.ru

W3ydenne mocneoBaTeIbHOCTH YapHOKUTH3AIMHA OCHOBHBIX U YJIBTPAOCHOBHBIX OECKBApIEBBIX
Opx-Cpx£Grt-Hbl-Plca rpanynutos [1,2,3],panchopmupyromuxcs B jelikokparoBeie Opx+Grt-Bt-Hbl-
Plna-Kfs-Qz anarexTnueckue SHIEPOOUAPHOKHUTBI, C MAaKCHMAIIBHOW HATJISAHOCTBIO OKAa3bIBAET, UTO
nporecc HEBO3MOXKEH B PaMKax TPAIUIHOHHOW MOJENM YaCTUYHOTO CyOM30XMMHYECKOTO IUIaBIICHUSI
nopox («yipTpameraMopdu3May), TOCKOJIbKY YapHOKUTH3AIMS M TPAaHUTH3ALMS MOJOOHBIX MOPOJ, KaKk
BBIICHSCTCS, CONPOBOXKIAIOTCSI MHTCHCUBHBIMU TPOSIBICHUAME HHTepcTHIMaIbHOTO Si-Na-K+Al-H>0-
CI(F) meracomaro3a. B rpanynurax mpu 3ToM (GOpMHPYIOTCs JieiikokpaToBeie Anz-, Kfs- u Qz-
peakioHHble KaiiMbl Bokpyr OpX, Cpx, Grt, Hbl, sBnsrommecss npoxykroM HHOUIBTpaLUK KpeMHE-
IIEJIOYHBIX PACcCOJIOB MIyOMHHOTO MPOUCXOKACHHS, (POPMHUPYIOIINX TaKkkKe ceTh MeTacomarnueckux Olg-
Qz-, Kfs-Bt-Qz, Opx-Olg-Kfs-Qz u ap. sxuok ¢ mosbimeHHbIM conepikanreM Cl nmu F B o6orareHHbIx
Ti Bt u Hbl. MeTtacomaro3 mpuBOAMT K HapacTaroiei aedasupuKanui MeTaba3uTOBBIX T'PAHYJIHUTOB,
BeIHOCY M3 HUX Mg, Fe, Ca, Ti, V, Cr, Zr u HREE, u npusnocy Si, Na, K, Al, Sr, Ba, CI(F), uro xoporio
BU/THO Ha BapHalMOHHBIX JAMArpaMMax Uil YapHOKUTH3MPOBAHHBIX OCHOBHBIX T'paHyJIUTOB. Jlumb B
3aTPOHYTHIX TPEIBAPUTEIHLHON METaCOMATHYECKOW JISHKOKpaTH3amueld MOJO0HBIX MOpoaax, OOBIYHO C
npuOIKEeHHEM K (ITIOUIONPOHUIIAEMBIM KaHaIaM M TPELIMHAM,B HUX HAYWHACTCS YaCTHYHOE IJIaBJICHHE,
NOCTENECHHO TpeBpaiaroliee ux in Situ cHavana B TEHEBbIE MHUTMATHTBl CO CKHAIUTAMH I'PaHYJIUTOB, a
3aTeM - B AaHATEKTUYECKUE YaPHOKUTOMIBI.

OTJIMYHBIM HMHAWKATOPOM HEM30XUMHYHOCTH MpoLecca SBISIETCS CHCTEMATHYECKHH pOCT
Kee3ucTocTH (Xre) HOPO M MUHEPAJIOB MEPBUYHBIX TPAHYJIUTOB B X0JI€ YapPHOKHTU3AINH, HHOTIA B 2-
2.5 pa3a. 1 94T0 Ba)KHO - JKEJIE3UCTOCTH MEITAHOCOMBI (PECTUTA) U JIEHKOCOMBI COTIPSKEHHO BO3PACTAIOT 10
XOJ/ly TIpOIlecca, 4TO eIle pa3 JO0Ka3blBaeT OUIMOOYHOCTH MOJENH YJbTpameTamopduiMa B 3aKpBITON
cucteMe. MertacomaTtuueckas J0aHaTeKTHUecKas neOa3uuKanusi TPaHyIUTOB MPOMCXOMUT Ha ITHKE
TPaHyINTOBOTO MeTaMop(dr3Ma i BOm3u Hero, ipu T 750-900° u P 5-12 k6. Kpome TepmobapomeTpun
00 3TOM roBOpHUT HOBOOOpa3oBanue acc. OpX+Kfs+Qz, u psita peakMOHHBIX CTPYKTYp, CBSI3aHHBIX C
YaCTHYHBIM MPOTPaHbIM paznokenuem Bt u Hbl Pacuers, cocTaBbl )KUIKMX BKIIFOUSHHUH, H CIIOCOOHOCTH
paccoyioB  pacTBOPSATh Jla)Ke€ OCHOBHBIE U  YJIBTPAOCHOBHBIC TPAHYJIHMTHl JIOKAa3bIBAIOT, YTO
YapHOKUTU3UPYIOIIUE (IFOM/IBI — 3TO arpeCcCHBHBIC XJIOPUIHBIE WM (TOPUIHBIE PACCOIIBI C CYMMapHOH
KOHIICHTpAIMeH coneBbiX koMrnoHeHToB 10 0.45 [1,2,3]. Beinocumeble nipu nedazuduxanmu Mg, Fe, Cau
gactb Al 00bIMHO paccenBaloOTCS 3a MpelaeiaMH Opeoja uapHOKMTH3anmu. Ho mpu  ObICTpoit
HEWTpaJIU3alui PacCOIOB OHU MOTYT MEPEOTIIaraThCsi BHYTPU OpeoJia B BUJE CEKYIIUX METaHOKPATOBBIX
6asudpukatHeix  OpX-CpX-Grt-Hbl-Plca-kuia, wWiM  TOHKHMX — MENAHOKPATOBBIX  OTOPOYEK  BOKPYT
BO3HHUKAIOIIMX aHATEKTOMAHBIX YapHOKUTOB. P-T mapamerpbl 00pa3oBaHus M MapareHe3UChl TAKUX KK
uneHtnanbl P-T napamerpam nuka Meramopdusma u yapHoKuTH3aimu. [10100Has CBSI3aHHAS C BIUSHUEM
GuronI0B Mozenb (GUKCUPYeTCs TPH YapHOKUTH3AIUHU (TPaHUTH3AIMHU) BBICOKO-T® mopoa j000ro
COCTaBa, HO SIpYe BCEr0 OHA BHIPa)KEHA HA TpaHC(HOPMAIK OCHOBHBIX/YJIBTPAOCHOBHBIX MTOPOI.

Paboma svinonrena npu noodepoicke Poccuiickoeo @onoa @yroamenmanstuvix Hecnedosarnuti (npoexkm Ne 15-05-04956)
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BO3PACTHBIE H TEOXUMHUYECKHUE UCCIENOBAHUSI KUMBEPJIUTOB
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Mamok® C.C.
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SMHCTHTYT re0XMMHH, MUHEPAJIOTHH 1 pyaooopasosanus, I'TI, Ykpauna, Kues

[IpoBeneno o6o6meHre HOBBIX (97 onpenenennii) u muTepaTypHbIX U-Pb BO3pacTHRIX NaHHBIX IO
UPKOHAM JUTI KUMOEPIIMTOB U POACTBEHHBIX Topo AxyTtckoii npoBunimy (SIKIT). C 6onbmioii cTeneHbo
JOCTOBEPHOCTH IOJATBEPXKICHO cymiecTBoBaHue B mnpeaenax SKII deTsipex 3M0X aKTHMBHOCTH
KuMOepuToBOro Byiakanusma (in Ma) — 1) 429-408, 2) 369-344, 3) 228-217, 4) 175-147. ConocraBieHue
KOHIIGHTpAllMid HEKOTepeHTHBIX d3JeMeHToB (HD) B mupkoHax W BO BMEMIAIONIMX KAMOEpIUTax
(n3yueHHBIX paHee [1]) u3 pa3sHbIX MOJel yka3blBaeT Ha MPAMYIO UX KOppelsiuio. bonee BbICOKH ypoBEeHb
cogepxxanusi HO oTrmeuaercst B uMpKOHaX U3 KUMOEPIIUTOB M POJCTBEHHBIX NMOPOJ PsAa CEBEPHBIX MOJIEH
(Apsi-Macraxckoe, CrapopeunHckoe, Kyoiikckoe). OOpamjaercsi BHUMaHWe Ha MPOCTPAHCTBEHHYIO H
BPEMEHHYIO CBS3b KUMOEPIUTOBOTO M MICIOYHO-0a3abTOMIHOTO ByIKaHu3Ma. OOCYKIAr0TCsl IPHYNHBL
BO3HUKHOBEHHS KHUMOEPIMTOBOIO BYJIKAHH3MA. AKLEHTHPYETCS BHHMAaHHE Ha IPUYPOYEHHOCTH
Pa3sHOBO3PACTHBIX MNPOSIBICHUNA KUMOEPIHWTOB K HPOTSHKEHHBIM 30HAM — KOPUAOpPaM, KOTOPOE MaeT
OCHOBAaHHE TOBOPUTH O CYIIECCTBEHHOH, BO3MOXHO, PEIIAIOIICH POIH AONTOXHUBYIIUX TPAHCHOPMHBIX
Pas3IoMOB, JOCTHTAIOIIMX acTeHOC(epsl B WHULHMUPOBAHMM KHUMOEpPIMTOBOTO BynkaHu3Ma. Hepemkas
CHHXPOHHOCTh (POPMHUPOBAHUS KUMOEPIUTOB B Pa3sHbIX MPOBHUHIMAX, HA PA3HBIX MaTePUKaX IO3BOJISIOT
MPEIOJIOKUTD, YTO OJHOW M3 MPUYUH aKTUBU3AIMK KUMOEPIUTOBOTO BYJIKAaHU3Ma CITY>KWJIM NMIIAKTHBIE
coObITHsl KaracTpoduyeckoro s Bced 3emun Macmraba. [lo-BuauMomy, He ClOy4aiiHO, 3IOXHU
nposiBiieHusT KuMOepnutoB Ha CuOMpcKo miaTgopMe NPUYypOUYSHBI K TIpaHHULAM CMEHBI KPYITHBIX
cTpaTUrpadUuecKux eIuHHL (3p, NEPHUOJIOB), B YACTHOCTH, CUIIYP-AE€BOH, J€BOH-KapOOH, CpeAHNH TpHac-
HIDKHUH TpHac, 1opa-Mell.
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Puc. 1. I'ucrorpamma pacnpeneienusi U-Pb Bo3pacToB KHMGEPIMTOBOr0 BYJIKAHN3MAa, ONPe/ieeHHBIX 10
nupkoHaM [2,3] n nupKoHaM (HacTosiIee UccIeq0BaHue).
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MATUKOOPIUHUPOBAHHBIM KPEMHHUIA B CHJIIMKATAX: HOBBIE TAHHBIE
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B 2019 rony ucnonnutcs 70 ner co nmHsA Beixoaa B cBeT MoHorpaduu akaa. B.C. CobGonera
«BBeneHns B MUHEPAIOTHIO CHIIMKATOBY, B KOTOPOH OBLI MPOaHATM3UPOBAH IUPOKUI CIEKTP JaHHBIX T10
MIPUPOTHBIM CHIIMKATaM M CAENaH PsI TIIyOOKHX 0000IIeHNH, KacalomuXxcs 0COOEHHOCTE UX CTPOSHUS,
oOpazoBanuss u  mpeoOpasoBanmsa.  M3nokeHme  Marepuana B OTOH  KHUTE€  MPOHHU3AHO
KPUCTAITIOXUMUYECKUM COJIEPKAHUEM — KPUCTAINIOXMMUYECKUE PACcCyKACHUS KPACHON HUTBIO MIPOXOIAT
yepe3 BCIO TKaHb KHUTH W TIPHUBJIEKAIOTCA UIA OOBSCHEHUS] CaMbIX Pa3sHOOOPA3HBIX OCOOCHHOCTEH
CHJIMKATOB, OyJb TO ONTHYECKHE CBOWCTBA, YCTOWYMBOCTH WM TeHesnc. B 1949 romy ObUIO M3BECTHO
HeMHOTUM Oonee 100 CTPYKTYpHBIX THIIOB CHIIMKATOB, TOAABIISIONIEE OONBIIMHCTBO U3 KOTOPBIX UMEIH
CBOMX MpPEJCTaBUTENCH B I[apCTBE MHHEpasoB. [IpakThyecku BO Bcex W3 HUX (3a UckimoueHueMm SiP207)
aToMbl Si MMENH TeTpasPHUYCCKYI0 KOOPAMHAIMIO, a CTPYKTypa Oblia oOpa3oBaHa OOBEIUHEHHEM
TeTpasapoB SiO4 mrub0 Mex Iy coboi, THO0 ¢ KOOPANHAIIMOHHBIMH MO APAMH APYTHUX KaTHOHOB. C Tex
MOp KPHUCTAIUIOXUMHUSI CHIIMKATOB C TETPadpUUECKUMH aHHOHAMH OYpHO pa3BUBAeTCs, PUYEM HOBEIC
TOTIOJIOTHYECKHUE THUITbI CUIMKATHBIX aHHOHOB IPOJIOJDKAIOT OTKPBIBATHCSA U 10 cero aus [2]. Bmecte ¢ Tem,
¢ Havyasa 1960-x T070B OjiHA 3a IPYrOi CTaIU MOSABIATHCS PAOOTHI MO0 BRICOKOOAPHUECKUM CHIIMKATaM C
HIECTUKOOPAMHUPOBAHHBIM KpeMHHEM. UHCIIO TaKUX CHIIMKATOB HEBEJIMKO CPAaBHUTEIHHO C YHCIOM (a3 C
VSi, HO WX 3HAaYeHMe I MHUHEPAIOTHM M TEOXMMHM TPY/AHO TEPEOLEHHTh, - COIJIACHO MOCIEIHUM
nmojcyeraMm, OOJbIIAS 9acTh MAHTHH 3€MJIM MPEICTaBICHA MEPOBCKUTONONOOHBIMH (aszamu ¢ V'Si.
HeongHokpaTHO  BBICKa3bIBAIMCH ~ OOOCHOBaHHBIE TIOAO3PEHHUS, 4YTO TMEpPexoJ OT TeTpa- K
TeKCaKOOPAWHUPOBAHHOMY KpeMHHIO (4—>6) NpPOUCXOIUT HE CKadyKoM, a depe3 IMPOMEXYTOUYHOE
NEHTAaKOOPAMHUPOBAaHHOE cocTosiHue (4—>5—>6). McciaenoBaHusi CHIMKATHBIX PAacIUIaBOB M CTEKOJ
MeronoM AAMP npu yCnoBHsSIX BEpXHEH MAaHTUM MOKA3aJM, YTO IIATEPHAS] KOOPAWHALUS KPEMHHUS B 3TUX
cpelax JoJbkHa ObITh npeodianaromieii [3]. [lepBoii HeopraHuYecKoi CTPYKTYPOH, I KOTOPO# yAaIoch
onpezienuTs npucytcTBue VSi, 6buta BeicOkoOapuueckas (aza CaSioOs [4], B KOTOpOi YacTh aTOMOB
KPEMHHSI UMEET TeTparoHabHO-MUPaMUIaIbHyI0 KoopAuHamio. [locienHue uccne oBanus CHITMKATOB
NpY BBICOKHX JIABJICHUSX C HCIIOJIb30BAHUEM CHHXPOTPOHHOTO H3NIYyUCHHS MOKAa3alH, YTO IsTepHAas
KOOpAMHALUS KPEeMHUs XapaKTepHa JJIsl MeTacTaOMIIbHBIX MOAU(HKALUI MHOTHX CHJIMKATOB, BKIIOYAs
MUPOKCEHBI [5,6], KapKacHble U CIOMCThIE CHIMKATHI [7,8]. DTH naHHBIE MPEACTaBIAIOT cOO0l HOBYIO
CTpaHHIly B KPUCTAJIOXMMHUH CHJIMKATOB U MOTYT MPUBECTH K 3aMETHBIM KOPPEKTHBAM CYIIECTBYIOIINX
NPEACTaBICHUH O COCTOSIHUM CHIIMKAaTHOTO BELIECTBA B INTyOMHHBIX reocgepax 3eMiH.
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IOxnas okpamHa Cubupckoit miatdopmel (IIpucasape) SBISETCS MEPCIEKTUBHBIM PETHOHOM B
OTHOLICHWH OOHApY>KEHHS MECTOPOXKIEHHH anMa30B pa3iIM4YHBIX T€HEeTHYEeCKHX THIIOB. B menom mo
PETHOHY aJMa30HOCHBIE M IMOTEHIHAIbHO AJIMAa30HOCHBIE BBICOKOKAJIMEBBIE MarMaTUThl IPUYPOUYEHBI K
Ypukcko-TyMaHIIETCKOW TEPUKPATOHHOW 30HE paHHENPOTEpo30iickoro 3anoxkeHws. Hawmbomee
MEPCIEKTUBHONW TEPPUTOpUEH Al 0OHApy>KEHHS KOPEHHBIX MCTOYHUKOB aliMa30B SBIISETCS Y TUHCKAs
wiomaab (Hwkueynuackuii, Yynckuii u Taimerckuii padionsl). Ha sToli TeppuTOpuu 0OHApY>KEHBI
MHUHEPaJIbI-CITyTHUKH ajIMa3a - IUPOIIBI ¢ BBICOKUM cozepxkanreM Cr u Hu3kuM coaepxkanueM Ca, a Takxke
XPOMIIMUHENUAB 1 THUKPOUIBMEHUTHI (pa3Mep OTACIBHBIX 3€peH A0 4 MM, XOpOIIeH COXPaHHOCTH),
KOTOPBIE 110 COCTaBY OJIN3KK MAKPOMIEMEHUTAM U3 IPOMBIIIJICHHO aTMa30HOCHBIX KUMOEPIUTOB SKyTHH.
BaxHpIM KpuTepueM [Uid  ONpEIETCHHS IEPCIEKTUBHOCTH AAHHOW TEPPUTOPUH SBUIMCH HAXOIKU
aJIMa30B B AJUTIOBHAJIBHBIX OTJIOKEHUIX JIEBOOEpEXkbs p. Y aa.

KomrmiekcHpIMH MeTOaMu BIIEpBbIE HccleoBaHbl 17 anma3oB pasmepoMm okoiio Imm. Ilo
Mophororuu, OONBITMHCTBO KPUCTAIDIOB OTHECEHH! K | pasHOBHaHOCTH 10 Kitaccudukanuu FO.JI. Opnosa
[1], mpemcraBneHBl JIaMUHAPHBIMH KpPUCTAJIAMH OKTa3ApPHUYECKOro, pPOMOOJOIEKa3ApUIECKOro u
MIEPEXOIHOTO MEXAY HHMH Ta0uTyca, 00pa3yloUIMMH HETPEPBIBHBIA P KPUCTAJUIOB C JIAMUHAPHBIM
CTPOGHHEM TpaHei, Ha KOTOPHIX MPAaKTUYECKH OTCYTCTBYIOT MpPHU3HAKW MeXaHH4YecKoro u3Hoca. [1aTh
KPHUCTAJJIOB UMeNu Oec(hOpMEHHBIE OYEePTaHUs C SIBHO BHIPAKEHHBIMM IPU3HAKAMU H3HOCA U ClelaMH
ynapa. Ha nByx KpucTamiax OTMEYEHBI 3€JIeHbIE ISTHA NMUTMEHTALMH, CBSI3aHHBIC C paJUallMOHHBIM
NopaskeHHeM B pocchitisix. McenenoBanus e ek THO-PUMECHOTO COCTaBa AJUTFOBUAIBHBIX aIMA30B C SIPKO
BBIPa)KEHHOM JIEACHIIOBOM CKYJBIITYpOH, MOKa3aJ0 HEBBICOKOE COJIEpKaHUE a30Ta B UX cocTase. B ogHOM
0e3a30THOM anmasze 0OHapy>KEeHbl MUHEPaJbHble CYOMMKPOCKOIMYECKHE BKJIIOUEHHS, PEACTaBICHHbIC
Ca-kapboHarom, B niepudeprueckoil 30He KoTopbix HiaeHTuunmposansl K, Fe, Ba, Sr - coxepxaiue
kapOoHaTsl. [1o paHee OmyOJIMKOBaHHBIM JJAHHBIM, THIT KOPEHHOTO MCTOYHHUKA CBSI3aH C aIMA30HOCHBIMU
nsamnpoutamu [lpucasabst (MHrammHcKoe 1oje), B KOTOPBIX JOMUHHUPYIOT OKpyribie anmasel [2, 3].
[Mony4eHHble paHee JaHHBIE CBHICTEIBCTBYIOT O MOJWIEHHOCTH aMa30B B Mpejeiax FKHOW OKpauHBI
Cubupckoii tiardpopmel [4]. OmHako MOPQOJIOrHUECKUE OCOOCHHOCTH OOJBIIMHCTBA H3YyUEHHBIX
KPHCTAJJIOB ajiMa3a, OTCYTCTBHE MEXaHMYECKOI0 M3HOCA Ha MX IMTOBEPXHOCTH, IPUCYTCTBUE XaPAKTEPHBIX
MHUHEPaJIOB-CIIyTHUKOB ajiMa3a JaeT BO3MOXHOCTH IPEIIOJIOKUTh CYIIECTBOBAHHE KUMOEPIMTOBOIO
KOPEHHOI0 HCTOYHMKA B Ipejenax Y IUHCKON aaIMa30HOCHOMW ILIOIIAIH.

Pabora BeImonHeHa npu nopaepikke Poccuiickoro HayuHoro ¢gonza (mpoekt Ne 18-17-00101) u
Poccuiickoro ¢oHaa GhyHIaMEHTATBHBIX HccneaoBanui (mpoekT Ne 16-05-00841).
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[lomwraiickuii METEOPUTHBIN KpaTep - KpyHHas KoiblieBasg CTPykTypa amamerpom 100 kw,
oOpa3oBaBuuiicst 35,7 MIIH. JIET Ha3aJ, PaclojiOKEH B CEBEPO-BOCTOYHON YacTH AHa0apCKOro LIWTA, B
npeznenax 6acceitna p. Ilonuraii. 3;0BUTHI M TAraMUTHI - 3TO OCHOBHBIE BEICOKO aJIMa30HOCHBIE MMITAKTHBIE
noponsl [lormmmraiickoro xparepa [1]. ObpazoBaHme aiMa3oB MPOM3OILIO B pe3yibTare TBEPAO(ha3HOTO
nepexoja rpaduTa MOpoJ MUILEHH IOJ JeicTBHEM yAapHOW kommpeccuu [2]. [lanHoe uccienoBaHue
MPOBENICHO Ha psae 00pa3loB 3I0BUTOB, OTOOPAaHHBIX B MEPHUOJ IKCIIEANLIMOHHBIX padoT 2014 roxa.

B oTHOIIEHNM cOCTaBa OCHOBHBIX M PEIKO3EMENIbHBIX 3JIEMEHTOB 3F0BUTHI MICHTUYHBI TATAMUTAM
W BHYTPUKpaTepHbIM rHeiicam kpatepa [lomurait [3]. 3roButsl npenctasnensl: 1) go 70 06.% MoHO- u
MOJIMMUHEPATBbHBIMHU CTEKJIaMHM TUTaBlieHUs; 2) 5-7 00.% AuaniekToBbIMU cTekiaamu; 3) ao 25 00.% -
¢dbparMeHTsl MOPOA MHUILIEHH W UX MuHepansl; 4) 3-5 00.% akkpeunonHsle nammwui [2,4]. Crekina
IUIABJICHUST XapaKTEPHU3YIOTCSl INAJKOW, MOPUCTOW, «BCIIEHEHHON» TEKCTYpOM, HEPEAKO CO ClelaMu
TEYCHHS, HWMEIOT amnorHeicoBelii coctaB Qz+kfs/Qz+Pl/Kfs+plag. Cpenu aMamieKTOBBIX CTEKOI
npeobmagaoT MackeaeHUT (0T AbsoAns Ory 10 Ab2iAnsOrse) U NEmaTENBEPHUT, peke «amo-Tu» U «aro-
grty. BeisiBiieHo Gosee 25 pasHoBumHOCTel MuHepanoB [6]. TTopomooOpasyromumu sBistiorest Qz, Kfs
(Orgl.ggAbz.g), Pl (Ab33.4gAn65.430rg.2), Ap, Ch't, Mica. K AKIICCCOPHBIM OTHOCSTCS Grt (Alm4g.7oSpeo.
28ANdo-3Gro1-18PYr2-40), 1M (Crizs100Geio-oPyro-1sHemo.s), PX (Dio-1Hdo-1ENs3.65FS34-46; Disg-73Hd19-27EN5-8FSo-
4), Amf, Zr, Mnz, Sphen, Crt, Baddeleyite, Scheelite, Britholite, Sulf. BrisaBnenst camoponnoe Fe, Ru-
nigrin, Armalcolite u Zhanghengite (CuZn). Munepanoobpa3oBaHne CONMPOBOXKIAIOCH METACOMATO30M
¢ mpuBHOCOM/BRIHOCOM psima anemenToB (K, Na, Fe, Si, Mg, Ca, Al u Ti). B 60ibIIMHCTBE MUHEPAIIOB
3I0BUTOB PETUCTPUPYIOTCS CIIEAbl YAAPHOTO (LIOK-) MeTaMop(hu3Ma: INHEWHbIC TPEHUIMHBI U TUIaHAPHBIE
JeopManyy, B IOPOAax - JUAIUIEKTUYECKUE CTEKJIa U CTEeKJa IiaBieHus [S]. MakcuMambHbIM napaMeTp
umnakTHoro coobiTus o T (>1700°C) MoxeT ObITh OLIEHEH 1O HAJMYHIO JICATEIbEPUTOBBIX IIJTUPOB.

Pe3yanaTBI HACTOAIIETO MUHEPATIOTIO-TICTPOJIOTHYCCKOT0 M3YyUCHUS IMOJHOCTHIO NOATBEPKAAIOT
THIIOTE3y 00pa3oBaHUS 3IOBUTOB W3 B3pPBIBHOTO 00Jaka, TMepeMelIaBIIUXCS B MpoIlecce
KpaTrepooOpa3zoBaHus IyTeM OaNTMCTUYECKOTO WIIM CPAaBHUTENLHO CBOOOAHOTrO pasinera [6].

Paboma evinonnena npu noodepoicke Poccutickoeo @onoa @ynoamenmanvhvix Hccnedosanuii (npoexm Ne Ne 0330-
2016-0006).
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Ha  ocHOoBaHWMM  CpaBHHUTENBHBIX  MHHEPAJOTMYECKHX  HUCCICIOBAaHUH  KCEHOJIUTOB
METaKpHCTAUTMYECKUX rapuOyprut-gynutoB (ML) ¢ cyOkaidbluMeBBIM XPOMHCTBIM TTHPOIIOM |
MUHEPAJIHHBIX BKIIFOUEHUH B aiMa3ax ObIIO ycTaHOBIEHO, uTo MI'J] SBISIOTCS MaTepHHCKIMH MTOPOIAMHU
Cubupckux nepuaoTUTOBBIX anMasoB [1,3,4]. MccrnenoBanue HOBOHM Kosutekinuu kceHoiquToB MIJ u3
VHHUKaJIbHO CBEXKEro 0JIoka KMMOepIUTOB TpyOKH Y IadHas TakKe TMOATBEPIUIIO OJIM30CTh XUMHUYECKUX
coctaBoB MuHEpasioB MI'J] 1 MuUHEpabHBIX BKIFOUCHUH B amMasax [2].

B pesynbrate npoBENEHHBIX ACTAIBHBIX MHUHEPAJOTMYECKHX M T'€OXMMHUYECKHX HCCIICIOBAHHN
kceHOIUTOB MI'Jl MBI OOHapyXWiH CleAbl MHOTOCTQJAUHHOTO METACOMATHYECKOTO OOOTaIleHUs C
ydactueM (IIFOMIOB/paciUIaBOB pa3HOTO cocraBa. Hawmbonlee MmMO3MHHMN SMU30 METACOMAaTHYECKOTO
mpeoOpazoBaHUs CBS3aH C KUMOEPIMTOBBIMH W TPEIKAMOEPIHUTOBHIMU  (DIIFOMIaMu/pacIiaBaMHu.
BzanmopeiictBue ¢ Takumu hiarongamMu QUKCUPYETCs o 00pa30BaHUIO KeT(PHUTOBOM KaiiMbI Ha TpaHaTax,
3aMEIIEHUI0 OPTOMUPOKCEHA KIMHOMMPOKCEHOM U (OPMHPOBAHUEM IKHIBHOW HWHTEPCTUIIMOHHOM
acconuanuy JDKepQUIIePUT+MArHEeTUT+MOHTHYEIUTUT, HEYCTOWYMBOW TPH BBICOKMX JaBICHUSIX.
MeToioM BTOPUYHO HMOHHOH Macc-CIIEKTPOMETPHU OBUIO MPOBEJICHO HCCIENOBaHUE pacHpeIeieHus
pPEIKUX W PpEeAKO3EeMENbHBIX JJIEMEHTOB B TpaHaTax JUlsl BBISIBICHHS BHYTPEHHEW 30HAJIbHOCTH. B
pe3yibTaTe UCCIeI0BAaHMM YCTaHOBIICHO, YTO B IOAABIISIOIIEM KOJIMUECTBE UCCIEJOBAaHHBIX 3epeH (>90%)
oOHapyXHBaeTCs 30HATBHOCTh KaK II0 TJIABHBIM, Tak u mo peakuM snementam (Ca, LREE, Sr, u mp).
Bonbirast 4acTh rpaHaToOB MMeeT S-00pasHbie CIeKTphl pacnpenenenus REE, koropeie o6pazoBanucek npu
BO3/Ie¥icTBUY KapOOHATHTOBOTO (hIIFOMIa/paciiyiaBa Ha AeTuieTHpoBaHHbI 1o REE rpanar.

In situ Re-Os natuposanue cyinbhumaos 8 MI'J] 00HapyKUBaeT JBa BO3PACTHBIX Talla B IBOJIIOIIHN
MI': Tro 3,51-3,0 mupa niet u Trp 2,12-1,87 mupp ner. Haunbonee qpeBHUE Bo3pacTa OTPaXKarOT BPEMsI
¢dopmupoBanuss MI'Jl B nemnetupoBanHoi nutochepe Cubupckoro kpartoHa. [lanmeornporepo3oiickue
BO3pPAcTa OTPaXKar0T METaCOMaTHYECKOe MpeoOpa3oBaHue aIMa30HOCHOH JTUTOC(EPHON MAaHTHHU BO BpeMsl
amajbpraMalii OTICJIbHBIX apXeHCKUX TEPPEHHOB B COBPEMEHHYIO CTPYKTYpy CHOMpPCKOro KpaToHa.
Hanuuune coxpaHuBIecs 30HATBHOCTH B TPAHATAX 110 TVIABHBIM U PEJKUM DJIEMEHTaM CBUCTENbCTBYET
0 caMOM THocieAHeM JTame mnpeobOpasoBaHust MI'Jl, cBA3aHHOM ¢ KUMOEpPIMTOBBIMH MU
NPEAKUMOEPIUTOBBIMH (IIIOUaAMU/PACTUIABAMH.

Munepanoeuyeckue uccnedosanust ObLIU GbLINOIHEHbL 8 PAMKAX 20CY0apcmeenHo2o 3a0anus (npoekm Ne 0330-2016-
0006), npu noddepacke eparnma PODU Nel6-05-01052. [eoxumuueckue u usomontsie ucciedo8anus Obiiu GbINOIHEHbL NPU
noooepaicke npoexkma PH®D Ne]8-17-00249.
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Baxxnoe 3HaYeHne 11 yCTAaHOBJICHUS XUMHUYECKOrO M (pa30Boro cocraBa IiyOMHHBIX 000JI0UEK
3eMiIM MMEeT W3yueHHE MOBEICHUS IPUMECHBIX 3JEMEHTOB. PacTBOPMMOCTh MUKPOAJIEMEHTOB B (pazax
BBICOKOT'O [IABJICHHS Majl0 H3ydeHa, XOTS Jake HeOONbIIMEe KOMUYECTBA STHX JIIEMEHTOB MOTYT
CYLIECTBEHHO MOBIHATh Ha (PU3UKO-XUMHUUYECKHE ITapaMeTphl BAXKHEHIINX MAaHTUHHBIX PAaBHOBECUM M Ha
KPUCTAIUIOXUMHAYECKHE OCOOCHHOCTH MaHTHHHBIX (a3 [1; 2]. Jlns TuTaHa XapakTepHBI HEBBICOKHUE
BaJIOBbIe KOHIeHTpaluu B ManTuu 3emiu (~0,2 mac.% TiO, B muponure) [3], omHaKo OoraTble THTAHOM
(a3oBble accoMallii MOTYT BOBHUKATh B PE3YJbTaTe OTPYKEHUSI OKEAHMYECKOH KOPBI B MAHTHIO.

Jnst Toro yToObl YCTAaHOBUTH MAaKCHMAIbHYIO PAacTBOPHMMOCTb THTaHa B MAaHTHHHBIX (hazax, a
TaKXKe €ro BIMSHHE Ha MapaMeTpbl (a3oBbIX MPEBpALICHUH OBUIO MPOBEICHO SKCIEPUMEHTAIBHOE
M3yYEHUE CUCTEMBl SHCTATUT-TEHKENNUT B MKUPOKOM nuana3zone faasieHuit (10 — 24 I'Tla) u moctosHHON
temneparype 1600°C. Bpimo ycTaHOBIEHO BIHSHHA THTaHA Ha (U3UKO-XUMHUYECKHE I1apameTphl
MaHTUHHBIX PAaBHOBECUH, a TaK)Ke YCTAHOBJIEHbI KPHUCTAJIOXMMHUYECKHE OCOOEHHOCTH (TapaMeTpsl
AJIEMEHTAPHOM STYeWKN) HEKOTOPHIX YUACTBYIOIINX B PEaKLUsIX ¢a3s.

DKCIIEPUMEHTBI 10 HCCICIOBAHHIO MO cTabmibHOCTH Na-Ti-HpokceHa ObUIM MPOBEICHBI B
Yuusepcurete Ixume (Marysama, Anorns) mpu P = 10-24 I'Tlau T = 1000—-1300°C Ha MHOTOITyaHCOHHOM
amnmapare BBICOKOTO jaaBiieHus. B 3aBucumoct oT P-T ycnoBuii OCHOBHBIMHU (ha3zamH, MOJTYYECHHBIMU B
ombITax, asroTcs Na-Ti-mupokcen (mpu 10 I'TTa) u Na-tipokcen B accormanuu ¢ ¢paszoit Na(Ti1sMgos)Oa
co cTpykTypo# kanpuunodeppura (pu 16 I'lla). C ysennuenuem nasnenus a0 24 I'Tla o6paszyercs MgSiOs
OpM/KMAaHUT C BBICOKUM coOJiepaHueM Hartpuss M TuraHa. ColepXaHue IEpevYHcIeHHbIX (a3 B
JKCIIEPUMEHTANBHBIX 00pa3iax He Huxe 90 00.%.

®a3oBble accolMaliy, nomydeHHbie B omnbitax npu 10 I'Tla, Brmroyator Na-Ti-mupokcen. s
JaHHOT'O MMPOKCEHA XapaKTEPHbI MEJKNE HANOMOP(HBIE KPUCTAIIIBI PU3MATHIECKOT0 00JINKA pa3sMepoM
110 30 MKM. DITeKTPOHHO-30H/I0BbIe aHATU3BI MUHEpaia (Mac.%: Si0; 57.23, MgO 9.52, Na,0O 14.39, TiO,
17.41, cymma 98.55) ykaspiBarOT Ha €ro OJM30CTh K HJICAIBLHOMY CTEXHOMETPHYECKOMY COCTaBY
Nao.99(Mgo.51 Ti0.47)Si2.0306. YCTaHOBIICHO YMEHBLICHHUE COICPIKAHMUS TUTAHA C YBEJIUYCHUEM TEMIIEPaTypPbl
or 1000 mo 1300°C. Ilpu naBiaenmu 16 I'Tla ¢a3oBble accolnuanuy BKIIOYAOT Na-MAPOKCEH
(NaMgo5Si2505) B accormaruu ¢ (azoit Na(Ti1sMgo.s5)Os co CTpyKTYpOit Kanbino(heppuTa U CTHIIIOBUTOM.
Na-nmupokceH npeacTaBisitoT co00l UIMOMOPGHbBIE KPUCTAIBI HPU3MAaTUIECKOTr0 00JIMKa pa3MepoM 10
30 mxm. Kpucramiel xanenuodeppura Menkue u pocturatoT 10 mxm. [lpu naBmenun Gonee 24 I'lla
nosieyisiercst MgSiOs opumxkmanut ¢ 17 mon.% MgTiO3. Munepair o0pa3yeT MacCUBHbIE TPEIIIMHOBATHIC
arperarsl ¢ pa3MepamMH OTACIbHBIX 3epeH A0 70 MkM. MIHTepecHo, 4To coaepikaHne HATpHs B JaHHOMH ¢ase
nocruraet 3.8 mac.% NazO.

Paboma svinonnena npu noooepoicke spanma Ipesudenma Poccutickoti @edepayuu 0t MOTOObIX KAHOUOAMOB HAYK
(MK-1277.2017.5) u Poccutickozo @onoa @ynoamenmansiwix Mccnedosanui (Nel 7-55-50062).
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MPOBJEMbI IOMCKOBOH MUHEPAJIOT U HA 3AKPBITBIX TEPPUTOPUAX

Cepos U.B, Hukudoposa A.1O.

AK AJIPOCA (ITIAO)
seroviv@alrosa.ru, nikiforovaay@alrosa.ru

Il mommepaHWS MHHEPATBbHO-CHIPBEBOM 0a3bpl IS aaIMa30[00BIBAIONTUN  TIPEIITPUATHH,
HEOOXOMMO ee IOCTOSHHOe BocmoiHeHne. MOHI Jerko OTKPHIBAEMBIX Tell B HACTOSIIEE BpeMs
npakTuiecku ucdepnaH. C TMOBBIIIEHHEM CIOXXHOCTH T'€OJOTHYECKUX OOCTAaHOBOK W YBEJIHYECHHUEM
MOIIIHOCTH TMEPEeKPHIBAIOIINX TOPOA 3(PPEeKTUBHOCT MPUMEHEHHS AUCTAHIIMOHHBIX TeO(PH3NISCKUX
METOJIOB TIOWCKa CHIDKaeTca. B 3Toil TpeOyroTcs HOBBIE METOAMYECKHE IMOAXOIBI K OCYIIECTBICHUIO
reosnoropasseounsix padot (I'PP) Ha anmassl

VI FTEOTUN.

1 FTEOTUN. i FEOTUMN. V rEOTUN. y
m 7 . | TeppureHHble OTNOKEHUA
ManomoLuHbIA TeppureHHble otnoxenusa|  Mopoasl Tpannosoi Mopoae! TpannoBo# e —
MeTon / Feotun BNMKBHATLHO- K W NpoAYKThI KOp chopmalium 3anerawLe thopmayum Ha ocuogaummanﬂ e —
[enioBUankHLIA NoKpos BLIBETPHBAHMA Ha TepPPUTeHHBIX KUMOepnUTOBMeLLaKLLEM puop!
MODCKMX W JebTOBbIX
A0 3M MOLHOCTLIO 20-200m OTIOXKEHUAX Lokone & =
PaiioHupoBaH1e NNacToBbIX MHTPY3UI,
AspomazHumHan ceemka-10 rpagveHToMeTpuYeckan cbemMKa cucTeMamu
DAARCS00, Jessy Star
M MnowagHsLIe CheMkm, MpoceeunsaHue, Mpoceeunsanwe,

CelicMopazeedka 2D-3D lnowagHele CLeMKN e ! P ! P : MNpoceeuneanue

npoceeynBaHne cpeJHeyacToTHaA cpefHeyacToTHaA

KapTuposaHne
MazHumopassedka-5 MNpouseoacTBO Mpou3soAcTBO PP
MEKTPanMoBbIX OKOH

Kocmogpomomempus 4o 100 m OnbITHElE paboThl HewnndopmatneeH OnbITHEIE paboThl
Onexmpopaseedka-5
PaduosonHosas
L e OnbITHO-NPON3BOACTBEHHEIE paboThI
leopadapHan cueMKa Mpenien BO3MOKHOCTH Mpeaen BOaMOXHOCTH Mpefen BO3MOKHOCTH
Bnexmpomomozpadghus
TexmoHotbusuKa + TEeNeBLIOBED + TenesLrBEp + TeneskloBep + TeneebloBep
Mouckoeas mMuHepanozus MepBUYHLIA NOTOK Ba3ankHblil ropuaocHT Ba3sankHbIi rOpU3oHT Ba3anbHblid ropuU3oHT HeundopmaTueeH HeuHdopmaTeeH
KArc-5 OnNbITHO-NPOM3BOACTBEHHBIE paboTbl
A:p;n::rnwmrennypmecuan OnbITHBIE paboTbl OnbiTHble paboTbl OnbITHBIE PaboTHI
MexcKBaXUHHOE
e e OnbITHEIE paBoTh! OnbiTHEIE paGoThl OnbITHBIE paGoThl
EoMIeRCURSE SIS BakHo Baxkto Bano BaHo

memodos

TpaguuuvoHHbiMU HanpasieHusMu ['PP mpu mouckax MeCTOpOXKIEHUN anMa3oB SIBISIOTCA
reoJiornieckue M Teodu3nyeckue padOThI, OCYIIECTBICHHE TOPHO-OYPOBBIX paboT, NabopaTopHbIE
uccienosanusa. Cpeau 3TUX HaNpaBIeHWH Ha paHHMX cTagusax I'PP mmpoko nmpuMeHSIOTCS MpOTrHO3HbBIE
MIOCTPOEHUS, MHHEPareéHU4eCKOe palOHMPOBAaHUE, CTPYKTYPHO-TEKTOHMUYECKHUH AaHAIN3 TEPPUTOPHIN
TIOMCKOB, KOMIUIEKC a’poreou3nuecKux padoT, MHUHEpaJOrmyeckoe ONpoOOBaHWE W MHUHEPAJIoro-
T€OXUMHUYECKHE UCCIIETOBAHHUS.

MuHepanoro-reoXuMH4ecKie HCCIEN0BaHUs CBA3aHbl C M3yUYEHUEM WHAMKATOPHBIX MHUHEPAJIOB
kumOepnuToB (MMK) — anmasa, onuBuHa, TpaHaTa, KIMHOMMPOKCEHA, MIIBMEHUTA U XPOMHUTOB. PazButue
anmapaTHOro KOMIUIEKCA pacIIMPsieT BO3MOKHOCTH H3YUeHHSI MOP(OJIOTUN M XUMHU3Ma 3THX MUHEPAJIOB C
NPUMEHEHUEM Pa3IMYHBIX METOJOB HCCIEIOBAHHUNA: MUKPOCKOIIHNH, CIEKTPOMETPHH, TUPPAKTOMETPUH
3JIEKTPOHHO-30HI0BOT0 MUKpOaHaJIA3a.

BaxneiimyuM HampaBiieHHEM TpPU 3TOM SBISIETCS BBIPA0OTKA MHHEPAIOTUYECKHX KPUTEPHEB
OIIEHKH MOTEHIIHAIIEHON aJIMa30HOCHOCTH KHMOEPIHTOB, YTO B CBOIO OdYepenb TPeOyeT MpHMEHEHUS
M3BECTHBIX TeHeTndyeckux kinaccupukanuii HWMK, ycranoBieHuss (axkTopoB, BIMAIOIMX Ha
MOTEHIIMAIBHYIO M PEAbHYI0 aTMa30HOCHOCTh KUMOEPIINTOB U POJCTBEHHBIX UM ITOPOI.

Kpome 3TOro, nmoakimroueHue K IOUCKOBOMY KoMIulekcy uccienoBanuii MMMK mukpoanmvasos
(menee 1 MM): uccienoBanue MOp(OIIOTUH, TPaHYIOMETPHYECKOTO COCTABA, TPOTHO3 IO BHIXOY KPYIHBIX
KJIACCOB alMa30B — JaCT METOJMYECKYI0 OCHOBY JJsi pa3pabOTKHU M  COBEPLICHCTBOBAHUS
MHUHEPAJIOrMUECKUX KPUTEPUEB MOTEHLUAIBHON U PEaIbHOW alMa30HOCHOCTH KUMOEPIIUTOB I paboT
CTa/INY OLIEHKH U Pa3BEJIKH, a TAKXKE IPOTHO3HON OLIEHKN HOBBIX TEPPUTOPHH.



BJIMAHUE NETPOI'EHHBIX KOMIIOHEHTOB HA TOIIOJIOT'HIO JIMKBUAYCA
XPOMMITMHEJIUJIA (MOJEJIb SPINMELT-2.0) M HEKOTOPBIE COOBPAKEHUSA
O 'EHE3UCE XPOMUTUTOB

Hukouaaes I'.C.', Apuckun A.A.%, bapmuna I'.C.!

'TEOXHU PAH um. B.1. Bepnanckoro
gsnikolaev@rambler.ru
2 'eonornueckuii paxyabrer MI'Y um. M.B. JlomoHocoBa

Ucnonwiys moxens SPINMELT-2.0 [1,2], npoBeieHO HCCIIEIOBAHUE TOIOJIOTUU JIUKBUYCHOM
MOBEPXHOCTH U COCTaBa MIMMHENNAA AJISl CEPHU PACIUIaBOB, IPOM3BOAHBIX OT MOJAEIBHOro cocrasa Bl,
amnmpoOKCHUMHUPYIOIIET0  pOJOHAadYallbHyl0 MarMmy bymBenbackoro kommiekca (Wilson, 2012).
BapbupoBanue coctaBa MOAETBHBIX CUCTEM MPOBOAMIOCH IYTEM IOCIENOBAaTENFHOTO AOOABICHUS WU
BBIYMTAHUS U3 UCXOTHOTO paciuiaBa MuHepanooodpasyromnmx kommonentos (Fo, Fa, En, Fs, Di, An, Ab).

Ycranosneno, onmBuHOBBIe MuHanmbel (FO, Fa) mpakThueckn HE BIHMSIOT HA TEMIIEPATypy
JTUKBUyCa XPOMINTUHENN A, 3HAYMMO CKa3bIBasiCh HA MarHe3WaIbHOCTH XpoMuTa (MQg#). JlobaBnenue k
paciuiaBy En- u FS-kOMMOHEHTOB OKa3bIBaeT HE3HAYUTENLHBINA APPEKT Ha COCTAB KPUCTAILTH3YIOLIETOCS
IIMTHENN/IA, ¥ BBI3BIBACT ClIa00€ MOHIKEHNE eTo JIMKBUAYCHOW TeMIlepaTyphl. Y BelIn4YeHHEe KOJIMYeCcTBa
Di B pacruiaBe NPHBOJHUT K MOHIKCHHIO TEMIIEPATyphl JIMKBHIYCa, NPAKTHYCCKH HE BIHUSIS HA COCTaB
mmuHenuaa. JlobaBieHne miarnokia3oBbix MuHaiaoB (An, Ab) npuBoAMT K yBEMUCHHIO TEMIIEPaTypHl,
MpUYeM BapHalluK IIEPBOT0 KOMIIOHEHTA OKa3bIBAIOT 3HAUMMOE BIIMSHUE Ha COCTAB IITTMHEIN/IA, BAPHALIUH
anpOuTa - HeT.

B ycnoBusix GuiabTp-peccHHra paciiaBoB MpH KOMIAKIIUA PACCIOCHHBIX KYMYJISTHBHBIX TOJIII
MarMaTHYeCKHX Kamep CTpaTH(QOPMHBIX HHTPY3UBOB CIEIyeT IMPEIONOKUTh IepeypaBHOBEIIMBAHUC
(GHUIBTPYIOMIETOCs paciulaBa ¢ OKPYKAIOIIMM €ro KyMYJISITOM. Y CTaHOBJICHHBIE OCOOCHHOCTH TOIIOJIOTHUH
JHMKBHAYCa XPOMIIIHHEINIA BO3MOKHO 00ECIIEUMBAIOT COOTBETCTBYIONINE M3MEHEHHS PacTBOPHMOCTH
HIMUWHENU1a B QUIBTPYIOIEMCS paciijlaBe U ero rnepepacnpeesieHre, B YaCTHOCTH cOpoC MIMWHENUAa Ha
CBOETO pOJia TEOXUMHYECKOM Oapbepe MpH peaklMh paciijlaBa C TIOJEBOIIINATOBONH MaTpHIEeH
HPOTOAHOPTO3UTOBBIX IPOCIIOEB.
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Puc.1 — Biusinne Bapuanuii neTporeHHbIX KOMIIOHEHTOB PACILIABA HA TeMIIEPATypy JUKBHAYCA IINMUHEINIa

HA IpuMepe MoJeJbHOro coctasa Bl. M3omiersl nposeneHsl 4epes 5 mac.%

Paboma semonnena npu noodepoicke Poccuiickozo Hayunozo @omnoa (npoexm Ne 16-17-10129).
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METAMOPO®UYECKHUE HHAUKATOPbI OBCTAHOBOK AKTUBHOI'O
TEKTOI'EHE3A (HA IPUMEPE KOMIIVIEKCOB EHUCEUCKOI'O KPAKA)

Jluxanos U.U., Peepaarro B.B., Ho:xkun A./l., Iloasiacknii O.I1., KpbLioB A.A.

UI'M CO PAH
likh@igm.nsc.ru

Metamopu3Mm SBISCTCS CICACTBHEM M WHAWKATOPOM TEOAMHAMUKA M MarMaTu3Mma, a
KOPPEJSIHUS 3TUX TPOIIECCOB IMO3BOJISIET PEKOHCTPYHPOBATH MOCIEIOBATEILHOCTh COOBITHIA IIPU Pa3BUTHH
nurocdepsl. [ BBISICHEHHS TEKTOHO-MarMaTHYECKUX MPHYUH Pa3BHTHUS Pa3HBIX TUIIOB MeTamopdu3zMa
BeChMa TEPCIEKTUBHO ucciieqoBanue P-T-t Tpenmon. Mx uHTepmnperalrusi MpeacTaBisieT A0CTATOYHO
CJIOXHYIO MPOOJIEMY B 00JACTSIX MOJIUIUKIMYECKOTO Pa3BUTUS MOABIIKHBIX IMOSCOB, TJIC PA3HBIC THIIBI
MeTamMoppu3Ma codeTaroTcss apyr ¢ apyrom [l]. DTH codeTraHus CBHIETENBCTBYIOT O pPa3HBIX
TeoMHAMIYECKIX 00CTAaHOBKAX U OTPa)KaIOT ONPE/ICIICHHBIC T€0JIOr0-TeKTOHMICCKHE 3aKOHOMEPHOCTH B
SBOJIIOIIMM 3€MHOM KOpbl. B mokiame 3T BONpOCHl OOCYXKAAOTCS Ha IPUMEPE JTOKEMOPHICKHX
MeTaMOpPUUECKUX KOMIUICKCOB EHmMcelickoro kpsbka [2], XapakTepH3YIONIMXCS MPOSBICHUSMU
KoHTakToBOTO [3] 1 30HamEHOTO LP/HT [4] MeTamopdu3ma, 00yCIOBIEHHBIMA MarMaTUu4eCKUM TEIIOM,
u koyutuznonnoro MP/HT [5] u HP/LT [6] metamopdu3ma, CBA3aHHBIMU C HaJBUTaMU, U CYOIyKIUEH, a
TaK)Ke TMPOSBJICHUAMHU CTpecC-MeTaMoOppu3Ma B pe3ysibraTe eOpPMAIMOHHBIX MPOIECCOB B CIBUTOBBIX
30HaxX [7] wu ymeTpaBsicokoTemnepatypHoro UHT rpanynmroBoro meramopdusma [8]. B pesynbrare
pexoHCTpyKimu P-T-t TpeHI0B 3BOMIIOIMK METaMOP(HUIECKUX KOMIUIEKCOB YCTAHOBJICHBI MHINKATOPHBIC
MPU3HAKK OCHOBHBIX THUIIOB MeTaMOppu3Ma B Pa3JIUYHbIX TEKTOHMYECKHUX OOCTaHOBKax. AHau3
TCOJIOTUYECKUX SBICHUI B COYETAHHMM C MATeMaTHYCCKHM MOJCIMPOBAHUEM HCIIONB30BANCS st
MOCTPOCHUSI TEKTOHO-TEPMAIIBHBIX MOJEJICH 3BOJIIOIUK TporeccoB Meramopdusma. HHTepnperarus
HOBBIX JAHHBIX IMO3BOJIMJIA BEISIBUTH BAXKHBIC METPOJIOTUYECKUE U T€OTMHAMHYECKUE CIeACTBYs [2, 6,7, 9,

10].
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KUMBEPJINTHI TPYBOK BAPBLIAVICKOI'O KYCTA XOMITY-MAHCKOI'O TOJISA
(IIEHTPAJIBHAA AKYTHS)
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olei-oleg@yandex.ru

B 1oxHON wactm SIKyTCKOTO TOAHATHS B pe3ynbrare reon3muecKkux W OypoBBIX paboT,
npoBefeHHbIX B 2014-2015 rr. reomoramu l'ocygapCTBEHHOIO YHHMTAapHOIO TOPHO-TE€OJIOTHYECKOIO
npennpuarus Pecnyommku Caxa (Axytus) "Sxyrckreomorus”, ObUIH OTKPHITHl KUMOEPIUTOBBIE TPYOKH
Haban wu Ampenbckas, oOpasyromme bapbumaiickuii KycT paHee OTKpbITOroXomiy-Maiickoro
kuMOepinuToBoro mosst [1]. TpyOku mpopbiBatloT KapOOHATHBIE OTJIOKEHHS BEPXHETO KeMOpHs |
nepekpbIThl (105-140 M) IOPCKMMHU TEppPUICHHBIMH OTIOXEHUSMH. OHH CJI0XXKEHBI KUMOEpIHTOBOM
OpexJmeit u TopGUPOBEIM KHUMOEPITNTOM, BETIIECTBEHHBIH COCTaBKOTOPBIX B IeJIOM
onHOTUNEH.OCHOBHBIMH KPYITHBIMH KOMIIOHEHTaMH TOPOJ] TeNl SBISIOTCS KapOOHATH3MPOBAaHHBIE
nceBIoMOp(03bl CEPIICHTHHA TT0 MaKPOKPUCTAJJIaM M BKPaIUIEHHUKAM OJIMBUHA KCEHOJUTHI OCaJI0YHBIX
MOPOJ U CEPHEHTHUHUTOB, a TAaKXXe€ MAaKPOKPUCTHI MHUPONA, XPOMILMUHEIUIOB U INHUKPOMIBMEHMTA.
OcHoOBHasE Macca HauMEHEEe WM3MEHEHHBIX MHUKPOYYAaCTKOB KHUMOEPIMTOB 3TUX TEJI MHUKpPO3CpHHUCTas
CJIO’KEHA TMPEHMYLICCTBEHHO MEJKOIIACTHHYATHIM (DJIOTONMHUTOM, C KCEHOMOP(MHBIMH BBIACTICHUSIMU
kapOOHaTa W pEIKHMH PETUKTAMU CEpIeHTHHA. KpoMe Toro, BUAOBOH HAO0Op MEPBUYHBIX MUHEPAIIOB
ME30CTa3uca MPEICTaBICH: XPOMILUIMHENNAAMH, amnaTuToM, (uoronurom, Ba-dmoromutom. Cremyer
OTMETHTh PEIKOEC NPUCYTCTBUEMHKPO3EpEH NHpKOHAa W Oajmenenta. s obomx Tenm xapakTepHa
HAJIOKCHHAsi WHTEHCHBHaskapOoHaTH3auus. M3ydeHHble TpPYOKHM cOpPMUPOBAHBI OJXHOTHUITHBIM
KUMOepnuTOBeIM ~ cyOcTtparoM. IlocT- W mo3gHeMarMaTHUecKHe  MPOLECCHI,  ONPEIeUBILNE
OKOHYAaTeJIbHBI SHIIOTEHHBIH MUHEPAIBHBIA COCTaB MOPOA TaKKe BO MHOTOM WMICHTHUYHBEL. BBIBOIBI,
MOJy4YeHHBIE 10 pe3yibTaTaM NeTporpado-MHHEPATOTHYECKOTO H3YyYSHHs TOPOA, TOATBEPIKAAIOTCS
pe3yibTaTaMU HOIYKOJNYECTBEHHOI'O PEHTIeHO(a30BoOT0 aHanu3a npod KuMOepauToBbIX opo. JanHoe
WCCIICIOBAHNE IIOKa3bIBACT, YTO B LEJIOM Ui MOPOJ TPYOOK XapakTepeH OJHOTUIHBIM COCTaB, a
HEKOTOpbIE  OTIMYHUS  OOYCIIOBIIEHBI ~ Pa3MYMSAMH B  WHTCHCHUBHOCTH IPOSIBICHUS  TIO3]HE-,
MOCTMAarMaT4ecKruX U TUTIIEPreHHBIX TPOILIECCOB B Mpe/eiaX KakI0ro KUMOEpIUTOBOTO Tela.

Wzyuenne neTpoXxuMHUECKNX OCOOCHHOCTEH MOPOA MOKa3ajio, YTO OHM MOJBEPraluch MO3AHE-
MOCTMAarMaTu4ecKuM U THIIEPTeHHBIM W3MeHEeHUsM. [1o cofiepkaHuIo TTIaBHBIX NIETPOTEHHBIX AJIEMEHTOB
KuMOepiuThl TpyOok Jlaban u Ampenbckasi SBISIFOTCS YMEPEHHO- U BRICOKOTHTAHHCTBIMU. [IpucyTcTBre
HEU3MEHEHHBIX KUMOEPIIMTOBBIX IMOPOJ Ha TITyOOKHX TOpH30HTaX TpyOku Ampenbckas (Mg—Fe, Beicoko-
Ti u Hm3ko-K merpoxuMuYecKHid THI) MOXET CBHJCTENLCTBOBATh O €€ IOTCHIHAIbHOM
MUHEPAJIOTHUECKON aIMA30HOCHOCTH, YTO MOATBEPKIACTCS HaXOAKOH JIBYX MUKPOKPHCTAIIOB B TPYOKe
Anpenbckas.

Paboma svimommena 6 paviax 2ocyoapcmeennoeo 3aoanus npoexkm (Ne 0381-2016-0003)
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dopma kpucTaia aaMasa HeceT Ha ce0e OTIeuaToK aHU30TPOIUHU KPUCTAI000pa3yolieil cpebl
Y TIPU UCTIOJIb30BaHUU YETKHX METOJMUYECKUX MPHUEMOB W3MEPEHUs U aHaln3a CHMMETPUH MCKaKEHHOH
(GOpMBI KpUCTAJIOB MOXET SBISATHCS IONOJIHUTENBHBIM HCTOYHUKOM HH(pOpManmuu o0 YCIOBHAX
anmaszoo0Opa3oBanus. Kak mnpaBuiio, peanbHas (opma KpucTaiia Jajleka OT COBEpIICHHOW B CHUILy
Pa3IMYHBIX CKOpocTeil pocta ero rpaHeil. Takue uckaxkeHHbIE POPMBI MOKHO ONMHUCHIBATH HECKOIBKHMHU
XapaKTepUCTUKAMH, W3 KOTOPBHIX HambOosiee MH()OPMATUBHOW SBIAETCS BHAMMAs CHUMMETpUs (OPMbI
Kkpucramwia. E€ Bu3yaipHOE onpeaeseHne OCIOXKHEHO B CIy4ae MajblX MCKaKeHUH (POpMBI KpHCTa/Ia U
YpeBaTo cyOBEKTHBHBIMHU OIICHKAaMHU, a Takxke Hed(pheKTUBHO B ciaydae 00paboTKu OONBIIOTO KOINYEeCTBa
00pa3IoB IS TOTyYeHUs CTATUCTHYECKON HH(OPMAITIH.

Jns aHanu3a MCKaXEHHBIX (OpPM KpHCTAUIOB anMas3a KyOMYEeCKOro, OKTa’3[pUYecKOro u
J0I€Ka’ IpUUECcKOro rabuTycoB pa3paboTaHa crenuaibHas METOANKA, OCHOBAHHAS HA M3MEPEHHH JT0KHBIX
pebep KpHucTaia U PacCTOSIHUN MEKAY €To NapaljieIbHBIMH IPaHsIMHA. ABTOpaMH CO3/1aHO MTPOrpaMMHOE
MPUIOKEHHUE, TO3BOJISIOLICE B MHTEPAKTUBHOM PEXHME BHOCUTH PE3YJIbTaThl H3MEPEHUN, MOACIHPOBATh
M0 HUM TpEXMEpPHOE M300paskeHre (POPMBI KpUCTAIJIA U OLICHUBATh €€ BUANMYI0 CHMMETPHUIO C TOMOIIBIO
moauduuupoBannoro Metona U.M.1Hadppanosckoro [1] (puc. 1). B pe3ynbrare nmpoBeeHHOTO aBTOpaMH
aHanM3a peajbHbIX (OpPM KpUCTAUIOB ajMa3a IOJY4YCHbl HHIUBHUIYaJbHbIE CHMMETPUIHbBIC
XapaKTePUCTUKU, OTPAXKAIOLINE TUIOMOP(HBIE OCOOCHHOCTH OKTa’IPUYECKHX KPHUCTAJUIOB aiMasza M3
KUMOEPIIMTOBBIX TPYOOK U pocchinell SKyTCKO# amMa30HOCHOM MPOBUHLINY. BBISBIICHB HHANBUAYaTbHEIC
0COOEHHOCTH CTaTUCTHYECKOTO PACcTIPOCTPaHEHUs] KOMOMHATOPHBIX PAa3HOBHUHOCTEH OKTa’Jpa U BHUIIOB
BU3YyaJIbHON CHMMETPHUHN OKTa3PUIECKUX KPUCTAIIIOB.
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Uctopryecku mepBblii aHanu3 MpoOIeMbl TeHe3rca ajiMas3a, OCHOBAHHBIM Ha METPOIOTHUECKUX
UCCJICJIOBAHUSAX M pe3yJibTaTaX dKCIEPUMEHTOB MO CHHTE3y anMasa, caenaH B.C. Cobonesbim [1]. Ilpu
pa3paboTKe COBPEMEHHBIX MOJENEH IeHe3rca ajiMasa B Pa3IMYHbIX T€OJUHAMHYECKHUX OOCTaHOBKAX
NPUHIMIIMAIGHO BaKHBIMH BOMPOCAMH  SIBJSIFOTCSA COCTaBbI aIMa3000pa3yIolIMX Cpell, MCTOYHUKH
yriaepoga ¥ BO3MOXKHBIE MEXaHHW3Mbl KPHCTAJUIM3ALUH anMasza. DKCIEPUMEHTATbHOE MOJISINPOBaHNE
MO3BOJIIET ONpPENCNIUTh Kakue M3 MPEANojaraeMblXx Cpel MOTIYyT JAEHCTBOBaTb B  KadecTBeE
anMazoobpasyrouux B obnactu P-T mapameTpoB, xapakTepHbIX A1 reHe3uca OOJIbIINHCTBA IPUPOAHBIX
anmasos (P=4-6 I'Tla, T=900-1500°C) [2].

CpaBHUTENBHBI aHANH3 aIMa3000pa3yroIell CIIOCOOHOCTH pAa3IMYHBIX Cpel TPOBEACH Ha
MHoOromnyaHcoHHoi ammapatype DBAPC Ha 0OCHOBE KOJIMYECTBEHHOI'O OIpPEACICHUA CTEICHU
TpaHchopmaluy rpaduTa B anMa3 B 3aBHCUMOCTH OT cocTaBa mpH noctosHHbIX P, T, t mapamerpax.
YcTaHOBIEHO, YTO B 3aBUCHMOCTH OT COCTaBa CpPebl YCIOBUS KPHUCTATM3AllMHM ajiMas3a CyIIEeCTBEHHO
pasnmuunbl. Kak mpaBuino, MuHuUMaibHble P-T mapameTpbl cuHTE3a anMasza He JUMHTHPYIOTCS
TEMIIEpaTypOil COOTBETCTBYIOIIUX HBTEKTHK, a cooTBeTcTBUE P-T mapaMerpoB TepMOAMHAMUYECKOU
CTaOMIILHOCTH aJIMa3a sIBIISICTCS HEOOXOAMMBIM, HO HE IOCTATOYHBIM YCJIOBHEM. [1o skcriepuMeHTalbHBIM
IaHHBIM B nHTepBaie temmeparyp 900-1500°C B auamazone masnenuit 4-6 ['Tla oOpa3oBanne anmmasa He
ycraHoBieHo Bo ¢monmax cuctembl C-H-N-S, a Takke B cHIHMKAaTHBIX W CyJIb(UIHBIX pacIljiaBax.
OddexTuBHBIME aTMa3z000pa3yommMu cpenamu npu P-T mapamerpax TuTocGepHON MaHTHU SIBIISIOTCS
yJIbTpalleOYHbIe KapOoHaTHbIe paciuiaBsl, coaepxkamniue HoO u CO», dparouasr HoO-CO2 u pacriiaBsi
nepexonnslx MetauioB. Ilpu mobGaBnenum H20, a3zora u cepbl MeTauI-yIJepogHBIE pacijiaBbl
TpaHCHOPMHUPYIOTCS U3 AIMa3000pa3yIONINX B TpaQuT-TPOYHPYIOIIHE.

Haubonee croxxHbie BOMPOCH MPOOJIEMBI TEHE3HCa alMa3a CBA3aHbI C BHISBICHUEM MEXaHHU3MOB
KpUCTAUIM3aLlMK ajMa3a B JIMTOCEPHOH MAaHTHHM. OKCHEPUMEHTAIBHO M3YYEHBl MEXaHH3MBbI
KpHCTAUIM3aLMH aiMa3a B Ipolecce CUHTE3a U3 rpaduTa, NepeKpUCTAIUIN3alUK B TPAJUEHTHOM I10JIe, B
pe3yapTaTe 3BOJIOIUHN COCTaBa CPEbl, MPH CHIDKEHUH TEMIIepaTyphl, a TaKXKe 3a CYET OKHCIUTEIbHO-
BOCCTAaHOBHUTEJBHBIX peakiuuid. OLEHEHbl T'paHUYHBIE YCJIOBHUSI JIEHCTBUS Pa3lMYHBIX MEXaHH3MOB
KpHCTAIUIM3alMU ajJMa3a U BO3MOXKHOCTh MX pealu3allid B NpolLeccax reHe3uca ainmasa. B kauecTse
MOTCHIMANBHBIX ~ WCTOYHHKOB  yIJiepoJa TpH O0pa30BaHWU  aiMa3a pPacCMOTPEHBI  Tpadur,
yraepojacoaepxkaiie  Qumongasl  (yrimesomopoasl u  CO2), kapOuabl u  kapOoHatel. Ha ocHoBe
9KCIIEPUMEHTAIILHOTO MOAEIMPOBAaHUS 000CHOBaH HanboJiee BEPOSITHBI MEXaHU3M 00pa30BaHUs anMasa
B pe3yabTaTe PeIOKC B3amMojieicTBUi [3]. B paMkax mpeaiokeHHOM MoJieinn KapOOHATHEIE PacIiaBhl U
CO; durona, oOpa3yromuiics 3a CUeT peakiuii JeKkapOOHATH3alMU, PAacCCMATPUBAIOTCA KaK CPEibl
KpUCTAUIM3alMd W KaK MCTOYHMKHM YIJIEpoJa, a B KauecTBE BOCCTAHABJIMBAIOMIMX AarcHTOB
9KCTIIEPUMEHTAIILHO 00OCHOBAHbI CAMOPOAHBIE METAJIBI, KApOUBI, CYyIb(GHUIBI U BOAOPOLI.

Paboma evinonnena 3a cuem spanma Poccutickoeo Hayuroeo ¢honoa (npoexm Ne 14-27-00054)
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Hambonee axtyampHON 3amadeit B OOMACTH pOCTa KPHUCTAIDIOB aiiMas3a SIBISETCS TOIyYCHHE
agMa3oB € 3amaHHBIM HAObOpOM W  KOHIIGHTpamued  aeeKTHO-MPUMECHBIX  ImeHTpoB  [1].
DKCTepuMeHTaIbHbIE NCCIIEIOBAHNS IPOBENEHHI B MHPOKOoM nuamna3zoHe P-T mapameTpoB u cocTaBoB Ha
OecmipeccoBoii ammaparype BAPC, paspabortannoit 8 UI'M CO PAH. HaubGonee kpymnabie (o 6 xapar)
BBICOKOKAa4eCTBEHHbIE MOHOKPHCTAJUIBI TOJy9eHHI B POCTOBBIX cumcreMax Ha ocHoBe Fe, Ni u Co.
Omnpe/eneHo BIMSHAE OCHOBHBIX POCTOBBIX YCIIOBHH (TeMIepaTypa, JaBIeHHE, CKOPOCTh POCTa, COCTaB
Cpenmsl KPUCTAIM3allii, THUI W KOHIEHTpAIHs JIETUPYIOIIed MpuMecH) Ha (OPMHUPOBAHHE pPeaTbHOI
CTPYKTYpBI KPUCTAJIOB anMasa (JeeKTHO-IPUMECHBIE LEHTPHI, HAPSDKCHUS, TMHEHHbIE W TUIaHApHbBIE
nedexTol). B pe3ynbTaTe BOCHpOM3BEACHBI OCHOBHBIE THUIBI KPUCTAIUIIOB, CYLIECTBYIOUINX B MPHPOJE, a
TaKKe TIOJyYeHBl anMasbl, HE WMEIOIIME MPUPOAHBIX AHAJOrOB:  HU3KOJAMCIOKAIMOHHBIC,
MOJYIPOBOAHUKOBBIE C P- U N-TUIIOM MPOBOJUMOCTH, & TAK)Ke KPUCTAIUIBL, JISTHPOBAHHBIE OJJHOBPEMEHHO
0OpOM U a30TOM.

B kauectBe 3 EeKTHBHBIX METONOB MoAM(UIMpOBaHUS Ae(HEKTHO-IPUMECHONW CTPYKTYpPHI U
W3MCHEHHUS CBOKMCTB ajiMa3a MPUMEHEHBI BBICOKOOapuueckuii omkur (1o 2650°C), paguanroHHbIC
BO37IeiicTBHA (00TydeHHe IEKTPOHAMHU) U HOHHAsI UMILTaHTanws. [loka3aHpl MepCcreKTUBEI MPUMEHEHUS
KPUCTAJUIOB C 33/IaHHBIMU CBOMCTBAMH B Ka4ECTBE 3JIEMEHTOB PEHTTEHOBCKON W WH(MPAKPACHOW ONTHKH,
JIETEKTOPOB HOHU3UPYIOIINX H3IIy4YeHUH, Sp2-Sp3 TeTepOCTPYKTYP ISl MUKPOIIEKTPOHUKH M alTMa3HBIX
HAKOBAJICH.

B mocnexame ronbl 0coOBI HHTEPEC K ajaMasy OINpenessieTcss BO3MOXKHOCTBHIO CO3JaHHS B €r0
pelIeTke ONTHYECKH AaKTHUBHBIX IEHTPOB, MEPCIEKTUBHBIX ISl KBAaHTOBBIX TEXHOJOTHUH U JIPYTHX
BBICOKOTEXHOJIOTHYECKIX TPUMEHEHUH. B HacTosIIee Bpems NIeT aKTUBHBIN IIOUCK HOBBIX POCTOBBIX Cpel
Ut cuHTe3a. Hamu mpoBeeHbl UccaeIOBaHUs 10 KPUCTAJUIM3AUK aiMa3a B HOBBIX U MaJOM3yYCHHBIX
cucremax P-C [2], S-C [3], Sb-C [4], Sn-C [5], Ge-C [6], Cu-C [7] u B pacmiaBax Ha ocHOBe Mg [8].
OmnpeneneHbl TpaHUYHBIE YCIOBUS M MEXaHHM3Mbl KpHCTAUIM3allMM anmasza. Jloka3aHo BXOXKAEHHUE
npumeceit Cu u Ge B pemeTKy CMHTE3WPOBaHHBIX aiMa3oB. CriekrpockonnueckumMu metogamu (DJI u
OIIP) obocHoBaHO (POpMHPOBAHME repMaHUNH-BAKAHCHOHHBIX ONTHYCCKUX M MapaMarHUTHBIX IIECHTPOB.
Iloxazana nepcnekTuBHOCTE (GeV LIEHTPOB JI MCIIOJIB30BaHMS B KA4ECTBE SYEEK KBAHTOBOM maMATH [9]
Y TeMIepaTypHbIX AaT4ukos [10].

Paboma svinonnena 3a cuem epanma Poccutickoeo Hayunoeo ¢gonoa (npoexm Ne 14-27-00054), a makoice 6 pamkax
2ocyoapcmesento2o 3a0anust (npoexm Ne 0330-2016-0007).
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Ixepdumepur B KpecroBckoif HHTpy3un Obl1 OOHapy)keH B TIEPBHUYHBIX PaCIUIABHBIX
BKIIIOUCHUSIX, MOHO- U TMOJHCYIbGUAHBIX TN00ynax, a Takke W B HKEPPHUILEPUT-THAPOTPAHATOBBIX
000CO0ONIEHNSAX MOTHYCIUINTOBEIX TOpoA. BKimodeHnss OBUTM TIpeacTaBiIeHBI Tpemsl TuUmamMu. | T
MPUCYTCTBOBAJI B SiApaxX BKPAIUICHHUKOB IMIEPOBCKUTA M 3€PHAX MOHTHYEIUINTA U COOTBETCTBOBAN OJHOM
U3 pPaHHUX CTaJAWH KPHCTAJUIM3alMH MaTEpPUHCKOW JapHUT-HOPMATHBHOM IIEIOYHO-YIHTPAOCHOBHON
Marmbl, 000TaIeHHOH BOIOH 1 IPYTUMH JIeTyduMHu KoMtoHeHTamH [ 1]. Cpean gqouepHux ¢a3 BKIFOUESHUH
oTMevanncek: KiauuHonupokcen (Cpx), cepmentun (Srp), ¢duoromut (Phl), amatur (Ap), medemun (Ne),
ruaporpanatr (hGrt), marmerur (Mgt), mxepdumepur (Dj), mexromut (Pct), xampuumt (Cal). Il Tun
BKJIFOYCHUH OTMEYaJcs B IEPOBCKUTE U MOHTHYEIUTHTE, a ||| — B mepoBcknTe, MOHTHYEIUTHTE U MEJUIIUTE.
[osienenue |l u 11l TMMOB pacruTaBHEIX BKITFOYEHHI OBLIO CBSA3aHO C MposiBIeHHeM okomo 1230-1250°C
HECMECUMOCTH ¥ OT/ACICHHEM OT MarMbl  BBICOKO(DIIOMIN3UPOBAHHOTO  BOJOCOJEPIKAIIETO
MaJIOKPEMHHCTOI'O  paciuiaBa, OOOTallleHHOTO WHIeT0YaMHd M CyIb(QUAAMH, COMPOBOXIABIICIOCS
TEKTOHWYECKHMH MOABIKKAMH H JIpOOIICHHEM KPUCTANTH3YIONIMXCS MUHEPAIoB. B cocraBe BKITIOUEHHMI
Il Tuma mpucyrctBoBanu: hGrt, Srp, Dj, Phl, Cal, Mgt. 1l tTun Bkarouenuit 6611 peactasien CpX, Ne, Ap,
Mgt, Dj, Cal, Pct. xepduinepur-ruaporpaHaToBbie 000CO0ICHHS OBUTH IPUYPOUYECHBI K BKPAIUICHHUKAM
THUTAHOMArHETHTA M IIEPOBCKUTA M OTXO/ISAIINM OT HUX TPEIIMHAM B MOHTHYEIUTUTE. MUHEpaIbHBIN COCTaB
JOKepUIIEPUT-THIPOTPaHATOBEIX 000CO0ICHHI COBMECTHO C UX OKPYKEHHEM OBLT aHAJIOTHYEH COCTaBY
Birouenuit Il Tuma: B Hem otmeuaercst hGrt, Dj, Srp, Phl, Cal, Mgt. TTomoOHast HAEHTHYHOCTH JaeT
OCHOBAHHE CBS3BIBATH 00pa3oBaHKe [HKePPHUIICPUT-TUAPOTPAHATOBBIX 000CO0ICH I, KaK U BKIFoueHui |
THIA, C TPOCTPAHCTBEHHBIM OTICICHUEM M  KPUCTALIM3AaLUeH  BBICOKOQIIOMIU3UPOBAHHOTO
MaJIOKPEMHHCTOI'O paciijiaBa, OO0OTalIeHHOTO BOJIOH, MIejdo4aMu H cynbhuaamu. Kpucramimsanus
paciiaBa COMpOBOXKIalach MHOTOKPATHBIM TPOSIBICHUEM CHIMKATHO-CYIb(PHIHON HECMECUMOCTH U
BO3HUKHOBEHHEM TJIOOYJSPHBIX, SMYJIBCHEBHIHBIX M MHPMEKUTOBBIX CTPYKTYp B JUKepduiepur-
THIPOTPAHATOBBIX ~ O0OCOOJEHWSX, a Takke o0pa3oBaHHEM JUKePUINIEPUTOBBIX TIIOOYT U
NONUCYTbGUAHBIX  BBIZCICHUHA B THIPOTpPaHAT-KaJbIIUT-CEPIIEHTHHOBOM cyoOctpare. HMHorma B
JDKepOUIIEPUT-THAPOTPAHATOBBIX ~ 000COOJICHHSAX  OTMEYaeTcsl  YKPYNHEHHE JUKep(UIIEPUTOBBIX
BBIZICJICHUH C 00pa30BaHMEM KaeMOK, ITOJIOCOK, JKHJIOK, YTO OOBSCHSETCS OOJNBIION MOJBHKHOCTHIO U
MaJIOi BSI3KOCTBIO CynbhumoB. [IpucyrcTBytomme B KepQUIICPHT-THAPOTPAHATOBEIX 000COOJICHHIX
pellkre 3epHa XU3JIEBYIUTa, TOJUIEBCKUTA, TICHTJIAHANTA YacTO UMEIOT Ty K€ ()OpMY BBIIEIECHUI, 4TO
JDKEpOUILEPHT, YTO TOBOPUT 00 MX OJHOBPEMEHHOM M COBMECTHOM KPHCTAIUTM3ALMH H3 OJJHOTO M TOTO K€
paciiaBa. XUMHUYECKUI cOCTaB JpKepHIIepuTa 13 MOHO- U MOJNUCYIb(QUIHBIX TI00YI, JKepPUILIepUT-
THJPOTPAHATOBBIX 000COOJIEHMI ¥ BKIOUEHHH | Tuma Xapakrepusyercs, Kak W B OOJBIIMHCTBE
kuMOepiuToB Skytum, BeicokuM (12.1-16.7 mac. %) Ni n HuskuM (0.1-0.9 mac. %) Cu. CocraB xe
oxepduieputa u3 Bkimodenut |1 u 111 Tuma otnmmuaercs monmkenabiMu (3.3-1.6 Mac.%) KOHIIEHTpAUIMUA
Ni u moBeimenHbiME (40.9-52.2 mac.%) Fe u cymecrsennbivu B |11 Tre BrimoveHuit konnuectBamu Cu:
ot 7.6 no 10.6 mac. %.

Paboma evinonmnena npu gunancosoti noodepsicke POOU (npoexm Ne 17-05-00285a) u PH® (npoexm Nel4-17-
0060211).

Ccebuiku:
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KPHUCTAJUTM3alUH JIADHUT-HOPMATUBHOHM ILEOYHO-YIbTPaMa(UTOBOH MarMbl:JaHHbIE H3YYEHUs] PaCILIaBHBIX
Brirouenuit // Ilerponorust, T. 26. Ne2. C. 163-177.
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BYJIKAHUYECKHUE OKCT AJIAIIUOHHBIE CUCTEMbI OKUCJIMTEJBHOI'O
THUIIA - MUHEPAJIOTMYECKHIA U TEOXUMHUYECKHIA YHUKYM

IlexoB U.B.! 2, AraxanoB A.A.%, 3yokoBa H.B.!, Komuiakosa H.H.!, llunankuna H.B.",
Canpaaos @./1.", fAnackypr B.O.!, Typukosa A.I'.", Cunopos E.I'.*
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AkTHBHBIE (yMapoipHBIE TMONIA ByJKaHa Tombaumk Ha Kamdatke — camblil sipKuil mpuMep
SKCTAJSIIIMOHHBIX MUHEPano00pa3yIomrX CHCTEM OKHCIHTenbHOro tumna. B ¢ymaponax Tonbaumka Ha
CEroHs JOCTOBEPHO YCTaHOBJIEeHO Ooiee 250 MUHEpATbHBIX BHAOB, 106 M3 KOTOPHIX BIIEPBBIE OTKPHITHI
3mech, B T.4. 61 — aBTopamu Hacrosimed paboTel. PazHOOOpasme u cBoeoOpasne 3TOW MUHEpaTH3AIHN
00yCJIOBIEHO YHUKANBbHBIM JJIsI MPUPOAHBIX OOBEKTOB COYETAHHEM (PH3MKO-XUMHUYECKHX YCIOBHU M
MEXaHH3MOB €€ (hOPMHPOBAHMS: TO BBHICOKHE TEMIEpaTyphl (HaaeKHO 3aduKkcupoBanubie — 10 750°C),
atMoc(epHOe [aBieHHWE, OYeHb BHICOKas (PYTHTHBHOCTh KHCIOpOAa (UTO OOYCIIOBIEHO CMEIICHHUEM
BYJKaHHMUYECKOT'O Ta3a C BO3yXOM), Fa30BbIi TPAHCIIOPT OONBLIMHCTBA KOMIIOHEHTOB, MPSIMOE OCaXKACHUE
13 Ta30BOM (pa3bl MHOTUX BHICOKOTEMIIEPATYPHBIX MUHEPAIIOB, CTICHIU(pUYECKAs TCOXUMHUSI Ta30B, B T.4. HX
pes3Kkast 00OralleHHOCTh IIETOYHBIMU METAUIAMH M XaJbKOQHUIBHBIMHU 3JIEMEHTaMH. OTO HPUBOIUT K
CIJIHBIM OTJMYMUSM II0 CPaBHEHHIO C JAPYTMMH MNPUPOAHBIMH CHUCTEMaMHM B IIOBEACHHUM MHOTHUX
XMUMHUYECKUX KOMIOHEHTOB, OCOOCHHO B PAacHpeaeliCHHH UX MEXIy (Qa3aMi, K MPOSBICHUIO HEOOBITHBIX
cxeM m3oMop¢u3zMa B MUHEpajax, K pealn3aludl O4eHb CBOCOOPA3HBIX KPUCTAIUIMYECKUX CTPYKTYyp. B
HACTOSIILIEM COOOLICHUH ceJlaHa IOMNbITKA Ha TpuMepe Toa0aurka OCBETUTh HEKOTOPbIE crieln(UIECcKUe
T€OXUMHKO-MUHEPATOTUIECKAE YEPThl COBPEMEHHBIX (PyMapoJbHBIX MHHEPATOO0pa3yIOIUX CHCTEM
9TOTO THUIIA.

Tax, B Ton0aunHCKUX (hyMaposiaXx yCTAaHOBJIEHO 55 apceHaToB, IpHyYeM Bce 0€3BOIOPOHbIE — 3TO
HOBBI XMMHUKO-TEHETHYECKUM THUIl MBIIIbSIKOBOM MHUHEpaau3alud. ApceHaThl AAr0T 34eCh '"yparaHHo"
OoraTble CKOIUICHUS, U CPEIU HUX — caMble Ooratkie mmenodamu (>17 mac.% Na,O+K,0) u tutanom (10
28 mac.% TiO2) MuHEpasbl 3TOr0 XMMHYECKOTo Kiacca. bosblasi 4acTh BaHaAWsl CKOHIIEHTPUPOBAaHA B
COCTaBe apCeHAaTHO-BAHAAATHBIX TpaHaToB psna Oepuenuut—iuedeput. CunrMkaTHas MHHEPATH3ALUSI
OKa3allach MIUPOKO Pa3BUTa B BEICOKOTEMIEPATYPHBIX (PyMapoJbHBIX OTIIOKeHHsIX. OHa TpejicTaBlieHa B
OCHOBHOM  TIOJIGBBIMH  IIMAaTaMH,  CIIOJIaMH,  [UPOKCEHaMH,  (QOpCTEpUTOM,  aHIPAJUTOM,
¢enpAmIaTONIaM1, YaCTO HEOOBIYHBIMH 110 XMMUYECKOMY COCTaBY. B HUX THIMYHBIMH 3aMEIAIOIIUMH
Si kommonentamu BeicTymaroT As® [comepxkannme AS;Os mocrturaer 42 mac.% B IMOJNEBHIX INIATaX
(punatosur) u 3 mac.% B dpopcrepure] u P, a na mecto Al, Mg, Fe Bxomsat Cu, Zn, Sn. T'atouH comep ut
1o 3.7 mac.% MoOsz u 1o 1.7 mac.% WOs3. XapakTepHblil KOMIIOHEHT (DyMapOJIbHBIX LINUHEIUI0B — MEb,
BILIOTH J10 0Opa3oBanust KynpoumnuHen u $hassl CUALO4 (1o 27 mac.% CuO). CypbMa KOHLIEHTPUPYETCSI
B OKCHMIax psga pyTHI—Tpuryruut (1o 53 mac.% Sb,0s). IIupoko pacmpocTpaHeH SKCTasSIAOHHBIN
KaCCUTEPHUT, HO TJIAaBHBIH HOCHUTENb OJIOBAa 37eCh — SN-couepkammii rematut (1o 7 mac.% SnOy).
Baxuneiimmmu koHnentpatopamu W, Mo u B okazanuce HOBble QropOopaTh! psiaa padaodopura (mo 20
Mac.% WOj3). B askcramsuusx ¢ymapon Tonbaumka pas3Bura cyiabhaTHas M XJIOpPHIHAS Ie3UeBast
MUHepaIu3aIus, B T.9. 00Hapy»x)eHo camoe 6oratoe CS npupoaroe coennnenne — Cs,ZNCls (44 mac.% Cs).
TpexBaleHTHBIH TAUIMH BBICTYNAET BHI000pa3yIOIIMM KOMIIOHEHTOM B Xjopuaax (mo 40 mac.% Tl B
kajgurawmre). OTop JEMOHCTPUPYET YETKYIO CBS3b (DOPMBI HAXOXKICHUS C TemIlepaTypoii: Bbie 300—
350°C hopMupyroTCsl TOIBKO OKCOCOJIHU C JIOTIOIHUTEIBHBIM aHHOHOM F~ (hropcuimkatel, propcynbdarsi,
¢dTopapcenatsl, ¢propboparsl U Ap.), a HIKe — TONbKO (ropunsl. Bomopox m yrimepon BooOmie He
(bUKCHpYIOTCS B MUHEpallaX, KpUCTAJUTU3YIOLIMXCS B 3THX cucteMax npu t > 150-200°C.

Paboma evinonnena npu noodepoicke Poccutickoeo Hayunozo @onoa (npoexm Ne 14-17-00048) 6 uacmu munepanoeo-
ceoxumuteckux uccrnedosanuit u Poccutickoco @onoa Dynoamenmanvivix Hccnedosanuti (npoexm Ne 17-05-00179) ¢ uacmu
U3YHEHUA KPUCANIOXUMUU IKC2ATAYUOHHBIX APCEHAMOS.



B3ANMOCBS3b OTHOCUTEJBHOM PACIIPOCTPAHEHHOCTH B 3EMHOM
KOPE MACC MHTPY3HUBHBIX U Y®®Y3UBHbBIX IOPO/I B PSITY KUCJIBIE-
OCHOBHBIE C 3AKOHOMEPHOCTSIMHU BSI3KOCTHU MAT'M

epcuxos I.C.

DM PAH, persikov@iem.ac.ru

Muoro gner wHazan B.C. CoOoneB mnpeaoxun o0OOCHOBaTh TNPUUYMHY OTHOCHTENBHOM
pacripoCTpaHEHHOCTH MacC HMHTPY3UBHBIX M 3(QQY3UBHBIX MOPOJ KHCIOTO, CPEAHET0 W OCHOBHOTO
COCTaBOB B 36MHOH KOpe Ha OCHOBE IOHUMaHMS 3aKOHOMEPHOCTEH BA3KOCTH BOJHBIX MarM B IEPEMEHHOM
Mojie TeMIlepaTyp W JaBlEHHH. YBBI, B T€ TOAbl PEIINTh 3Ty MpobieMy OBUIO HE peasbHO, T.K.
9KCIEPUMEHTAFHO-TEOPETHYECKHIE HCCIIEOBAHMSI BI3KOCTH TaKUX PACIUIABOB MPH BBICOKHX JIABJICHHSIX
TOJIbKO HauMHaIUCh. [Iponuro mouTH mojBeKa TAaKWX HCCIIEAOBAaHMH, IJIABHBIM PE3yJbTaATOM KOTOPBIX
cTana paspaboTaHHas (U3MKO-XUMHYECKass MOJENb IOCTOBEPHBIX IIPOTHO30B U PAaCUCTOB BS3KOCTH
TeTepPOreHHBIX MarM MPaKTUIECKH JIF0OOT0 COCTaBa B IEPEMEHHOM II0JIe TEMIIEpaTyp U AaBICHUN 36MHOM
KOpbI U BepxHel MaHTuu [1, 2]. Tem caMbIM MOSBUIIACH peaibHass BOZMOKHOCTD PEIICHUS YIOMSHYTOM
npobiemel. Ha pucynke 1 mis mpumepa npuBEIEHbl 3aKOHOMEPHOCTU BSA3KOCTH BOJOCOIEPKAILIMX
rpaHuTHBIX MarM nipu T, P — mapameTpax conumyca (CHHUH IIBET) M JIMKBUAYCA (KPACHBIH LIBET) B YCIIOBHAX
MPaKTUYECKH MOJIHOTO AMana3oHa ryOuH 3eMHOU KOPBHI.

rpaHl/lTHLIe MarmMbl

10

9 y = 6.9989x %' y=5.8644x %"
R'=0.87 R*=0.86

Logn (n - nya3 = 0.111ac)

Copep:kanue BoJIbI B Marme, mac. %

Puc. 1. 3akoHOMepHOCTH BSI3KOCTH BOJAHO-TPAHUTHBIX MarM B yciaoBusx 3eMHoi kopbl (P(H20) =100 atm —
3 Koéap, Pawur. - 1o 10 Koap, T =650 — 1100 oC)

CpaBHUTENBHBIN aHATIN3 PE3YIBTATOB, IPEACTABICHHBIX HAa Puc. 1, MOKa3bIBaeT, 4YTO TPAaHUTHBIE
Marmbl ¢ CojJiep>KaHHueM BOABI 2 - 8 Mac. % SBISAIOTCS BBICOKONOJABIKHBIMU PAcCIUIaBaMH B IIHPOKOM
JMana3oHe TEMOJAMHAMMYECKHMX IAPAMETPOB M ITyOouH 3eMHoi Kopsl (1 — 30 km). Ux BsaskocTs (~10° myas)
CoM3MepHMa C BA3KOCTBIO 0a3anbToBBIX 3((y3UBOB U 3THUM OOBSICHIETCS B YAaCTHOCTH, OAHOPOJHOCTD
OTPOMHBIX MaCCHBOB TPAHUTOUIOB OATONIMTOBOM (opmariui. HarpoTus, Tepsist 5Ty BOAY MPH JeTa3aluy B
ycinoBusiX 3 Qy3uBHOM U CyOBYIIKaHWYIECKOH (harnidi 3eMHOM KOPBI, CYOTMKBHTYCHBIC TPAHUTHBIC MarMbl
CTaHOBATCSA CTOJb BaskuMu (~108- 10° myas), 4To OHM 10 CyIECTBY TEPAKOT CIIOCOOHOCTH K M3IMAHMAM Ha
JTHEBHYIO TOBEPXHOCTh W M3BEPralOTCsi CPABHUTENHFHO DPEIKO B BHAE OKCTPY3UH WM B3PBIBHBIX
KatacTpopu4ecKnx H3BEpKeHUH. VX CTaHOBIEHWE W KPHUCTAUIM3ALMSA IPOMCXOIUT B OCHOBHOM B
IUTYyTOHUYECKOH ¢anmu. FIMeHHO Takoil 3aKOHOMEPHOCTBIO BSI3KOCTH OOE3BOKEHHBIX T'PAHUTHBIX Marm
MOYKHO OOBSICHUTH CYIIECTBEHHO OOJIbIlIEe pACIPOCTPAHEHUE B 3eMHON KOPE MAacC HHTPY3UBHBIX IPaHUTOB
10 CpaBHEHHUIO C () (PY3HUBHBIMU PUOITUTAMHU.

Paboma evinonnena npu noooepaicke npoepamvimut Ne 19 Ipesuouyma PAH.

Cchuiky:
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V. 9. A-02262. SRef-ID: 1607-7962/gra/EGU2007-A-02262.

2. Persikov E.S. & Bukhtiyarov P.G. (2009): Interrelated structural chemical model to predict and calculate viscosity
of magmatic melts and water diffusion in a wide range of compositions and T-P parameters of the Earth’s crust
and upper mantle. // Russian Geology & Geophysics. V.50. No 12. P. 1079-1090.



IKCHEPUMEHTAJIBHOE MOJAEJINPOBAHUE METACOMATO3A B
CYIIPACYBAYKIIMOHHOU MAHTHH: POJIb CYBCTPATA U PEXXKUMA
MHUTI'PAIIU KOMIIOHEHTOB

Hepuyk AJLYL2, SAnackypt B.O.', I'pud¢un B.3,
Iyp M.IO. |, Teiin C. 3, 3unoBnea H.I'.!

! Kadenpa nerponoruu, I'eonornueckuii -t MI'Y um. Jlomonocosa, Mocksa
alp@geol.msu.ru
2 DM um. J1.C. Kopxkunckoro PAH, UepHoronoBka
3 HaumonansHslii uccnenopatenbekuii nentp «GEMOCy,
Yuuepcurer Makkyopu, CuagHeid, ABCTpaius.

[IpuBonsTCS pe3yabTaThl ABYX IKCIIEPUMEHTAIBHBIX CEPUHA, MOJECIUPYIOLINX KOPOBO-MaHTHIHHOE
B3aUMOJICHCTBUE B 30HE CyOAYKLMH, BBIIOJIHEHHBIX HAa YCTAHOBKE MOPIICHb-LIMIMHAP C HNPUPOIHBIMHU
obpasuamu u cmecsimu MuHepasios mpu 750-900 °C u 2.9 I'Tla. B nepBoii cepuu u3ydanuch 0COOCHHOCTH
METaCOMaTHYECKOTO HW3MEHEHHUs] AyHHTa M JIepHOJMTa (AHAJIOTM MAaHTHM), a TaKkKe MepeHoca
MHUKPO3JIEMEHTOB, BBIIEIIEMBIX U3 KapOOHATU3UPOBaHHOTO aM(PuO0INTa (aHAJIOT CYyOAyIIPYFOIIeH KOPHI)
BO BpeMsi ero sxnorutu3anui [ 1]. Ilepenoc 311eMeHTOB U3 KOPOBOT'O B MAHTHIHBIC CyOCTpaThl POUCXOMIT
B PEXHMax IMPONHUTHIBAIONIETO, (OKYCHUPOBAHHOTO M AH(P(y3HOHHOTO TOTOKOB, KOTOPBIE BBIHOCHIIU
pacIuias, yriaepoa 1 Booy U3 MeradazutoBoro cios. [IponuTeiBarommii MOTOK NpUBOIMI K PACTBOPEHHIO
KJIMHOITMPOKCEHAa M o0OpaszoBanuio mapareHesuca OpxxGrtxMgs+Chl B mepumotutsix. Murpamus
OJIMHAKOBBIX TI0 COCTaBY KMIKOCTEH uepe3 TyHUT U JEPLOIUT NIPUBOIMWIA K 00pa30BaHUIO TPan0yprura.
@DOKYCHpPOBaHHBI IMMOTOK BIOJb OOKOBBIX CTEHOK KamcCysl co3maBan mapareresuc OmpxPhntQz B
MeTaba3uTe U Cerperalnuy paciuiaBa, OTJEJICHHbIE OT CI0€B NEPHIOTHTA XO035HHA C HOBOOOPA30BaHHBIM
naparenesucom  OmpxGri+Phl+Opx+Mgs. Inuddy3noHHBINI MOTOK MPUBOAMI K 0Opa30OBaHUIO
PEaKIMOHHBIX 30H, CJIOKEHHBIX apareHesncoM Opx+MgstGrt Ha rpaHuLaX c10€B KOHTPACTHOT'O COCTaBa
(MeTaba3uT-IepUAOTHT, paciIaB-IepUIOTUT). [ eoXxnMuueckue 0coOEHHOCTH PaciiIaBOB YKa3bIBaET Ha UX
CXOJICTBO C BEICOKOTTIMHO3EMHUCTHIMU a/IakKuTaMH. MeTacoMaTo3 B JyYHUTOBOM CJIO€ H3MEHWII clieKTpbl P30
B JyHUTE, NeMOHCTpHUPYS 3 ¢eKT XxpomaTorpaduyeckoro (pakiMOHUPOBAHUS IIPH MPOMHUTHIBAIOLIEM
MOTOKE paciiaBa. MeTtadasut npu B3aUMOAEHCTBUN METa0a3UT-JIEPLOIUT ocTeneHHo oboramancs LREE
B TO BpeMs KaK JIepLoJuT, Haoo6opot, obenHsuics LREE oTHOCHTENEHO UCXOHBIX COJIEpKaHU, OTpakas
NEPEHOC 3JIEMEHTOB MPOTHB HANpaBJICHUs IOTOKa >XMAKOCTH. Bo BTOpol cepun MoAeIMpoBaioch
B3aUMOJICHCTBUE ITIayKO(aHOBOIO ClaHLIa C rapuOypruToM M BeOCTEPUTOM C LEJIBI0 YCTaHOBIICHUS
BJIMSIHUSI MAHTHHHOTO cyOCTpaTa Ha MPUBHOC-BEIHOC KOMIIOHEHTOB W XapaKTep METacoMaTo3a Ha TPaHHMIIe
KOpa-MaHTHS B 30HE CYOyKIWH [2]. DKCIIEPUMEHTHI IEMOHCTPUPYIOT, YTO CYIIECTBEHHO BOIHBIN (IIION
(c pacTBopeHHBIMHU B HeM KoMroHeHTaMu 1 CO2), BBIIEIMBLIMICS U3 INIayKO(aHOBOIO CJIAHIIA, CO3AAET B
MaHTUHHBIX cyOCTpaTax pasHble MHHEpalbHbIE MapareHe3Wchl, OTIWYaromuecss mo xumusmy — Na-
conepxxammii B Bebcteputre UM K-conmepxkammii B rapuoyprute. Ilpu 3ToM KommiieMeHTapHBIE s
BeOcTepuToBoro ciost kanuid u CO2, a 171t rapiOypruToBOro — HATPH, OCTAIOTCS B METa0a3UTOBOM CIIOE.

Takum o0pa3oM, BOCXOASIIME MOTOKM JKMIAKOCTEH M3 CyOAyHMpYIOLIed IUIMTBI HE Bcerna
"(hepTUIM3UPYIOT" TOPOJIBI MAaHTUHHOTO KIMHA, a Ha TpaHWIe CcyOaylupyromed Kopsl U MaHTHU
CO3JIAIOTCS YCIIOBHSL JJIsi Pa3sHOHAIPABICHHOW MUrpallii KOMIIOHEHTOB, YTO MOXET OTPa)XKaThCs Ha
XapakTepe MeTracoMaro3a B MaHTHHHOM KIIMHE, COCTaBE MEPBUYHBIX MarM WM 3BOJIOLHMU COCTaBa MOPOJ]
CyOIyIIPYIOIEH TUTUTHI.

Paboma evinonnena npu noddeporcke Poccutickoco @onda Dynoamenmanviwix HMccnedosanui (npoexm Ne 16-05-

00495).
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3AKOHOMEPHOCTH B PACHPEJEJEHUE KOHIIEHTPAIIUIA AJIMA30B B
METAMOP®UYECKOM CYBCTPATE (I10 PE3YJIbTATAM AETAJIBHOU
PA3BE/IKN HA KYMBIKOJIBCKOM MECTOPOXJIAEHMUE)

ITeunuxos B.A.

OI'bY HHUT'PU
pechnikovb6@mail.ru

C momeHTa niepBoit myOnukarw# [ 1] o BKITIOYEHUIX MUKPOAIMa30B B TpaHaTaX MeTaMop (praecKux
mopoy mpomnio 30 jeT. 3a 3To BpeMsl HaIll IPEACTaBICHIS 00 aTMa30HOCHOCTH METaMOP(PUICCKUX TTOPO.T
CYLIECTBEHHO paclIMpWiINCh. TeM He MeHee, TOBOpUTh O TOM, 4YTO 53Ta mpobjeMa pelieHa —
npexzaeBpeMeHHo. Hmwxke npuBonsTCs NaHHbBIE, B KOTOPBIX aKLEHT JEJIaeTCs He Ha OTHeNIbHbIE (DAKTHI, a
Ha BBISIBJICHHBIE 3aKOHOMEPHOCTH Ha KyMIBIKOIbCKOM MECTOPOKACHUE (ITATTOHHBIH O0BEKT).

Kymnpikonbckoe M-e pacmonokeHo Ha KokueraBckom MaccuBe, BOMM3M 03. KyMIbIKOIb.
[MpocnexuBaercss B CB-FO3 nanpasnenue Oonee yem Ha 1 kKM 1 BappupyeT 1o mupuHe oT 250 M Ha CB
¢manre mo 50 M Ha F03.

Crpykrypa KyMIbBIKONBCKOTO M- OOYCIIOBJIEHA Pa3HOBO3PACTHBIMH W Pa3HOMACHITAOHBIMU
npoueccamu [2,3]. 3C3 ¢uiaHr MECTOPOKACHUS OTpaHHYEH rPaHaT-MyCKOBHUTOBBIMH rpannTamu, BEOB —
MUTMaTUTaMd. Bwmemaronmii anmasel Meramopduueckuii cyocrpar Ha 80% cocTouT W3 TIpaHar-
OMOTUTOBBIX T'HEHCOB, B TOJIIE KOTOPHIX PACIIOJIOKEHBI OyIUHBI SKJIOTHTOB M I'PaHAT-TIMPOKCEHOBBIX
nopof (5%), a Takxke JMH30BHUIHBIE TPOCION CUIMKATHO-KapOOHATHBIX M OMOTUT-KBAPLEBBIX IMOPOJ
(15%). Bee nopoast umetror FO3-CB npoctupanue ¢ kpytbimu yriaamu (60-70%) nagenns na IOB. Kpome
3TOTO B IPAaHULAX MECTOPOXKICHHSA, MPEUMYIIECTBEHHO B T'HEHCOBOM CyOCTpaTe, BBIACIAIOTCS Y3KHE
(mmpuHOH 10 15 M), BeTBAIMIMECS IO MPOCTUPAHUIO, 30HBI METACOMATUTOB C TPaduTOBOH U CyNbOUAHOMI
MUuHepaiu3amuei, conpspkenasle ¢ CCB cuctemoit paznoMoB. [lopoabl MHTEHCHBHO XJIOPUTU3UPOBAHBI.
Haiiku nmua6aszoB, cocpenorodeHHsie Ha CB Quranre M-s, CeKyT Bce NEpEUHCIICHHBIE BBIIIE MOPOIHBIC
pasHoctu. Camasi MojoAas CyOIIMPOTHAs CUCTEMa PA3JIOMOB pa30OMBAET CTPYKTYpY M- Ha OTICIIbHBIC
0JI0KH, KOTOpPBIE CMEIIEHBI OTHOCUTENBHO APYT Apyra (B30pOco-CABUTH) Ha MEPBbIE AECATKH METPOB.

HeranbHoe onpoOoBaHUE BCEX MOPOA B 00bEME M- BBISIBUIIO, YTO PyIHOE (aJIMa30HOCHOE) TEJO
UMeEeT JIMHEHHO-BETBSIEeCsS CTPOCHHUE, COIPSKEHO C METACOMATHUECKHMMH IOPOAaMH M 3aHUMAaeT
CeKyliee IMOJIOXKEHHUE TI0 OTHOUICHHIO K MeTaMop(hUYecKUM TopojaaMm. BeliaepikaHHBIE MakcHMalbHBIC
COJep)KaHUsl ajMa30B [0 TPOCTHPAHHWI0O W Ha TIyOWHY KOHTPOJIUPYIOTCS JIMHEHHBIMH 30HAMHU
METaCOMAaTHUTOB.

AnMazHass W TpauTOBas MUHEpANIM3alliM HMMEIOT TECHbIe MaparcHeTHYecKne CBs3H [4].
MUKpOHHBIE pa3Mephl KPUCTAIUIOB aliMa3a U BCe U3JI0KEHHOE BHIIIIE 3aCTaBIISIET T0-HOBOMY B3TJISIHYTh Ha
NPOIIECC aJIMa3000pa30BaHusl B 3eMHOU KOpe.
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BJIAIUMUP CTEITAHOBHUY COBOJIEB KAK JTUPEKTOP
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Bnamgumup Crenanosuu CoboneB (30 mas 1908 — 1 centsiOps 1982) — Beinaromuiicst yueHsli u
OpraHu3aTop, OJMH U3 CO3AaTeNIeH THBOBCKOM, a 3aTeM CHOMPCKOM HaydHOW IIKOJBL. SIPKUM CTpaHHLIaM
omorpatdun B.C.CoboneBa MOCBAIIEHO 3HAUYNUTENbHOE KonmmdecTBOo myonukanuii [1-4]. Tlociaennuit ron
cBoeii xxm3HH (¢ 9 anpens 1981 no 1 centsidps 1982 roaa) oH sIBASIICS JUPEKTOPOM MHHEPAJIOTHYECKOTO
myses UM.A.E.@epcmana AH CCCP (upine PAH). CoxpaHuBiinecs apXuBHBIE JOKYMEHTHI, KaTaJlOTH
00pa3oB My3esi M BOCIOMHHAHHUS COTPYOHHMKOB IIO3BOJISIIOT JAOMNOJHUTH OHOrpaduio eme OIHOH,
Tparudecku 00OpBaBIICHCS CTpaHUIICH.

ABTOBUOIPA®USA

axamemuxa COBOMEBA BIAJVMWPA CTENAHOBAYA

PaMuans, WMi, 0TYECTBO

Pommrcss B 1908 roxy B r. Jyrancke B ceMbe aprwurepmiicxoro odmuepa.

Oren ymep B 1916 r. B r Knese, MaTep youra Gamumramz B IS20 r, B3 I,

Kynancxe. Xux B cemse zena, OcTpaxopa Huxoxas fxomreBmya, amsoxaTa B

Puc.1 — ®parment aBroouorpapuu B.C.CobdosieBa u3 MunMy3ses PAH.

B apxuBe xpanutcs nuuHoe neno akajgemuka B.C.CoGoseBa (puc.2), OT3BIBBI-PEKOMEHIAIIUN
akageMukoB A.A.Tpodpumyka u JI.C.KopkMHCKOro, KONMUM TUILUIOMOB U CIpaBoK. CIHUCOK Hay4YHBIX
TPYAOB 1 n300petrenunit cogepxut 231 mydmukaruto (o 1977 rox).
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Puc.2 — ®parment JmuHoii kaprouku B.C.Co6oieBa u3 MunMyses PAH.

Bcero 3a rox mpebpiBanus Ha mocty aupektopa, B.C. CoboiieB Oopranm3oBai CTPOUTEIHCTBO
nabopaTopHOrO KOpIyca W PEKOHCTPYKIHIO OSKCIO3HMIUM My3es, 3aKOHUCHHYI) €ro Y4YeHHKOM
A.A.T'010BUKOBBIM, HHHIIHATH3UPOBAII HOBBIE HAYYHBIE UCCIICIOBAHMUS.
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KCEHOJIMTHI IOJJUMHUKTOBBIX BPEKYN N3 KUMBEPJIUTOB CUBUPCKOM
INJIAT®OPMbI

IMoxuienko JLH.!, Apanacoes B.IL!, Moxuaenko H.IT.12

"YIT'M CO PAH, 2 HT'Y
lu@igm.nsc.ru, avp-diamond@mail.ru, chief@igm.nsc.ru

[NomumukToBast Opexdwsi mpeacTaBiIsieT co00il CIOKHBIA PEeNKHid THUI TIYOWHHBIX MAaHTHHHBIX
nmopon. B MexayHapomHOH JHUTEpaType OMUCAHO OKOJIO NECSATH aHAJIOTWYHBIX 00pa3ioB u3 HOkHOI
Adpukn u SAxyrun [1-3]. GakTryecku, 3T0 KOHTIOMepar (JparMeHTOB MOPOJ PA3HBIX MMapareHe3ucoB U
OTHOMMEHHBIX MHHEPAIOB MIMPOKOTO CIIEKTpa COCTABOB (IIPUMEpPHI COCTABOB TPAHATOB U CIIIOJ CM B
Tabmure 1, KOMIIOHEHTHI B Mac.%; JIJIs CpaBHEHUS MPHUBEACH IpaHaT U3 S-2 — MOJMMHKTOBOM OpeK4nu
TpyOKu ChIThIKaHCKas [3]).

Tabauna 1 — Bapuanuu cocTaBoB 0JHOMMEHHBIX MMHEPAJIOB M3 NOJMMHKTOBBIX Opexunii UV162/09
(TpyOka YaauHas, ueHTpajbnas yactbs Cudupckoro kparona) u SH-18/20 (rpyoxa Hosbpnckasi, ceBepo-
BOCTOYHAsA YacTh CHOMPCKOro KpaToHa)

o0pasen UV162/09 SH18/20 S-2 UVv162/09 SH18/20
MUHEPAJ rpaHar rpaHar rpaHar ¢uoronur daoronur
SiO2 40.6-42.4 41-41.7 41.3-42.2 39-41 38.6-44
TiO2 0.7-2.21 0-1.3 0.3-1.19 1.7-8.4 2.4-4.7
Al203 19-21.7 19.3-21.7 18.6-21.4 7.8-13.9 9.7-15.1
Cr20s 0.55-2.04 0.76-5.32 0.13-5.33 0-1.1 0.8-1.3
FeO 10.85-13.19 8-10.4 7.3-12.4 4.8-9.6 4.4-5.7
MgO 14.68-20.89 18.5-20.3 17.2-21.1 20.1-23.3 20.4-25.6
CaO 2.23-6.16 4.7-6.4 4.31-7.36 0-1.6 -

Na20 H.O. H.O0. 0.01-0.15 0.1-04 0.3-0.7
K20 H.O. H.0. H.0. 9-10.4 6.8-9.9

ONMBUH ¥ WIBMEHHUT B M3YUYEHHBIX 00pasiiax Toxke HeomuHopoausr: 1) UV162/09: Ol Mg# 85.6-88,
IIm Mg# 24.2-50.2, Cr,0O3 0.3-3.9; 2) SH-18/20: Ol Mg# 87.5-91.6; IIm Mg# 39.5-42.9, Cr,O3 0.9-7.3
PaBHOBeCcHE MHHEPAIBbHBIX ACCOIMAIMN OTACNIBHBIX YYaCTKOB MO3BOJsieT ompeaeiuth P-T ycrmoBus
HEKOTOPBIX ATANoB (hopmMupoBanus 3TUX cioxHbIx mopoa: UV162/09: 1) grt+opx — 1200°C-6 I'Tla; 2) Al-
opx—Al-cpx — 1100°C-2I'Tla. Hopmanu3oBaHHble 10 XOHApHUTY oOpasibl P30 B rpanarax SH18/20
HPOSBIISIOT PA3IMYHYIO CTEIIEHb ¥ XapaKTep 000TallleH s, yKa3blBasi Ha pa3Hble HCTOYHUKH METacOMaTo3a
U (MJIM) Ha HECKOJIBKO 3TAIoB ATOTO Tporiecca. B renom, 60ibioe pa3sHoodpa3rue MHHEPAIbHBIX COCTABOB
U XMMHYECKHX COCTaBOB OJHOMMEHHBIX MHHEPAIOB, HAJIWYHME MEIKO3CPHHCTBIX MUHEPAIOB Hapsay C
KPYITHBIMH HX BBIJICJICHUSIMHU, 30HaJIBHOCTh MUHEPAJIOB, CTPYKTYPBI pacmaja, KeTu(pHUTOBbIC KaliMbl — BCE
9TO CBHETEIILCTBYET O KpaiHe HEPaBHOBECHBIX YCIOBUSIX U ObICTpOM (HOPMHUPOBAHHH IOPOJI,
HOJTyYCHHBIX TIEPEMEITUBAHUEM KOHTPACTHBIX COCTABOB Ha OOJIBIION IIIyOWHE B MaHTHHU 10 BHEIAPCHUS
KUMOEPIIMTOBOTO PacIliaBa.

Paboma svinonrena npu noodepoicke Poccuiickoeo @onoa @yroamenmanstuvix Hecnedosarnuti (npoekm Ne 16-05-00811)
u 6 pamiax npoexma Ne 0330-2016-0006.
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OCOBEHHOCTH OBPA30BAHUA MO3AUYHO-BJIOYHbBIX AJIMA30B U3
KUMBEPJIUTOBOU TPYBKU 3APHUIIA

Parosun A.JL.'2, 3earenusos J.A."2, Illanknii B.C."?3, Kynep K.D.*
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UI'X CO PAH
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KumbepnuToBas TpyOka 3apHuiia — nepBas TpyOka, otkpbitast JI.A. Ilonyraesoit B 1954 r. [1] B
Hangeiackom monre JlanasiHo-AJTaKUTCKOTO paiioHa SIKyTCKOW allMa30HOCHOW MPOBHHINHU, B 14 KM Ha
BOCTOK OT T. Ymaunblii. BonpmmHcTBO KprctammoB anmasza (>95%) u3 tpyOku 3apHuna otHocUTCS K |
pasHoBuAHOCTH TO Kinaccudukanmu Opnosa [2], Takke BCTPEYAIOTCS cepble MOJUKPHUCTATHYECKHE
arperartsl (V11 paznoBumHOCTB), KpUcTaLIbl ¢ 0001049kt IV 1 KyOHI || pazHOBHIHOCTH. OTHAKO, B TPYOKE
BCTPEYAOTCS TAK)KE TEMHO-CEPbIE BIUIOTh O YEPHBIX AJIMa3bl, [0 MOP(OIOrHIeCKIM IpU3HAKaM OJIH3KUe
K V u VIl pa3HOBUIHOCTSIM.

B Hacrosimeit pabote mpuBeneHb! pe3yabTaThl UCCIEIOBAHUS MO3aUYHO-OJIOYHBIX aJIMa3oB U3
KUMOepIuTOBO# TpyoKku 3apHuma. [1o psaay Mopdonornueckux Npru3HAKOB U CIENU(DUIECKOMY BHEIITHEMY
00JIMKY 3TH aiuMa3bl OJHM3KH K IIUPOKO PAaCHpOCTPaHEHHBIM B POCCHIMSIX CeBepo-BocToka CHOMpCKOH
m1aT(GOpPMBI TEMHO-CEPBIM MO3aMYHO-0JIOUHBIM anMaszaM V u VII pa3HOBHIHOCTEH, KOPEHHBIE HCTOUHUKH
KOTOPbIX [O HACTOSIIETO BPEMEHH HeW3BeCTHHl. HecMOTps Ha CXOJHOE BHYTPEHHEE CTPOCHHE
WCCIICIOBAHHBIX alMa30B W3 TpPyOKWM 3apHMIAa W anuMa3oB M3 pocchiliell, (opMUpOBaHUE TaKOM
cnenn(UIecKoil BHyTPEHHEH CTPYKTYPbI IPOUCXOAUT 110 Pa3IMYHBIM MEXaHU3MaM. B oTiindne ot anMazos
V u VII pa3HoBHIHOCTEH, BHYTpEHHSSI CTPYKTypa KOTOPBIX 00pa3oBajiaCh B pe3yibTaTe MpPOIECCOB
pacIieruieHnsT KPUCTAJUIOB [3], KpHCTaTM3alusl alMa3oB W3 KHUMOepiIuToBOil TpyOkm 3apHuUIA
MPOMCXOAMIA IO HHOMY MexaHu3My [4]. YkpynHeHue CyOMHIMBHIOB OT SJACPHBIX YacTeH, MMEIOIINX
OTYETIIMBOE IOJUKPUCTAJUIMIECKOE CTPOEHUE, K TNepuepuitHbiM, ¥ 00pa3oBaHHE pajraIbHOMI
BHYTPEHHEH CTPYKTYpbl MpPOUCXOOWJIO B pe3ylbTare pa3BUTHS HHAMBUAOB HA MEPBUYHO
MOJIMKPUCTAINTUYECKUX 3aTpaBKax COMNIacHO 3aKOHy reoMeTrpuueckoro orbopa [5]. I[IpoBeneHHble
WCCIIEIOBAHNS TOKa3aJld, YTO PAa3NU4Ms STHUX ABYX TPYNI KPUCTAIUIOB OTPAXKAlOTCS HE TOJNBKO B
MeXaHu3Max (OpMUPOBaHUS BHYTPEHHEH CTPYKTYpPHI, a TaKXKe B NapareHe3uce BKIIOUEHHH, Ae(eKTHO-
NPUMECHOM COCTaBE M M30TONHOM COCTaBe yriiepoAa. B oTiamume OT pOCCHINMHBIX MO3aMYHO-OJOYHBIX
anmMazoB V u VII pa3sHOBHIHOCTEH, N3yUeHHBIE KPUCTAIUILI M3 TPYOKH 3apHHIIA COJEPKAT BKIIOUCHUS
NEPUAOTUTOBOTO MapareHe3uca (OJMBHHBI M CyOKalbLMEBBIE XPOMCOJEPIKAILIME MHUPOIBI), HMEIOT
TUIWYHBIE [T IPUPOAHBIX KUIMOEPIHUTOBBIX anMa30B cogepkanus azota (0-1761 ppm) u pacnpenenenus
MPUMECHBIX [ICHTPOB B 00beMe 00pa3ioB (B COOTBETCTBHHU C «OTIKHTOBOI MOJICNBIO CTETICHb arperaiuu
A30THBIX 1Ie(DEKTOB MOHMKAETCS OT HEHTPAIBHBIX YacTell K nepuepuitHbIM), a TaKKe XapaKTepU3yIOTCs
OOBIYHBIM «MaHTUHHBIMY» U30TOITHEIM COCTaBOM yTiiepoza oT -1.9 1o -6.2 %o d1BC (cpenuee -4.2%o).

Paboma svinonnena 6 pamxax cocyoapcmeentozo 3adanus, npoexm Ne 0330-2016-0007 npu nodoepoicke PODPU Ne 16-
05-00614.
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N30TOIIHBIE XAPAKTEPUCTHUKHU AJIMA30B, ObPA3OBAHHBIX I10
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B pesynprare 3KCIEPUMEHTAJbHBIX HCCICIOBAHUI  OKHMCIMTEIBHO-BOCCTAHOBUTEIBHOTO
B3aUMOJIEHCTBUS METAJUINIECKOTr0 XKeJe3a ¢ KapOOHATOM MarHus M KaJIbLHs IIPU BBICOKUX TeMIlepaTypax
¥ 1aBIeHusX [ 1] oTydeHbl CBUAETENBCTBA (POPMUPOBAHKS AIMAa30B ¢ IMUPOKMMH Bapranusamu 5°C. Hamu
MOJy4eHbl JIaHHBIE 00 W30TOMHOM cocTaBe 10 KyOOOKTa’IpUUECKUX KPHUCTAUIOB anmasza (27
OTIpeJiesIeH i), KOTOphIe ObUIM M3BJICUYEHBI M3 aMITyJibl mocie 3kcrnebpumenTa npu 6.5 I'Tla u 1550°C.
HecMOTps Ha €IMHCTBEHHBIM MCTOYHMK yIJIEPOIa, MPEICTaBIeHHbIH KapbonaToM ¢ 8°C = +0.2%o VPDB,
KPHMCTAJLIBI aaMasa BapbupyioT 1o 83C ot -0.5 10 -17.1%o. Benuuuna 8*3C ocrarka xapGoHara mocie
JKCIIEPUMEHTa BhIpocia 110 +1.4%o. OOpa3oBaHHBII Ha MECTe METAJIMUECKOTO JKeye3a KapOu1 HalpOTHB,
00eHEH TSHKENBIM M30TONOM 110 -6.5%0. OO1iee paciipeneneHue N30TOMNOB yriepona Mexay ¢dazamu B
IKCIIEPUMEHTE COOTBETCTBYET HEIABHHM DE3YJIbTaTaM TEOPETHYECKHX M OKCICPUMEHTAIBHBIX
ucclieoBaHni PppakMOHUPOBAHKSI H30TOMOB yriepo/a npu Beicokux PT-napamerpax [2,3].

J‘ AnMa3sbl, KpUCTaUIM30BaBIIHECS
B BOCCTAHOBJIEHHOH YacTH CHCTEMEI
Anmasel Y-Thna CPaBHUTCIIBHO OJTHOPOHBI 1o

n=1357 H30TOMHOMY COCTaBy yriepoga ¢ 8-°Cp

=-4.55%o0 (sd =1.33, n=16). Kpucraisl,
U3BJICYEHHBIE W3 KapOOHaTa, HMEIOT
Oonee [IFPOKHE BapHanuu "
CYIIECTBEHHO 0o0Jiee HH3KOE 3HAUCHHUE
"""""""""""""""""""""""""" 8BCep = -7.10%0 (sd = 4.58, n = 11).
Aase Sorsna OOmiee pachpeneiieHue MOJyYEeHHBIX
0-997 M30TOIHBIX COCTABOB YIJIEPO/a XOPOIIO

COOTBETCTBYeT pacmpeneienuro d°3C
1‘—-"”1 MPUPO/IHBIX aJIMa30B C MEPUIOTUTOBBIMU
u SKJIOTUTOBBIMHA MUHEpaJIbHBIMHA

T+t rrrrrrrrrrr e T T

Hacrosmmas pabota  [] BoccTaHOBJIEHHAS YacTh

n=27 Il OKHCJIEeHHAs YacTh BKIIFOUCHHUAMU (PI/IC. 1).
| | ﬂ HOqueHHOG B OKCIICPUMCHTC
40 -35 30 25 20 -15 -10 -5 0 5 pacnpenenenne &BC  anmasos, Kpuc-

3°C, % VPDB TaJUTU30BABIINXCS W3  EIWHCTBEHHOTO
WCTOYHHKA YTJIEPOJia, COOTBETCTBYIOLIETO IO U30TOIMHOMY
COCTaBy MOPCKHM OCQJOYHBIM KapOoHaTaMm, HMeEET

Puc. 1.—Cpasnenne pacnpenenenuii 5:°C 3HAYUTENBHOE CXOJACTBO C  pacmpeneieHneMm O0°C
NPHPOJHBIX 47IMa30B ¢ BKJIIOYEHUSIMH Pa3JIHYHbIX MaHTHUHHBIX aaMa30B. Hamm JAAHHBIC YKa3bIBArOT HA TO, YTO
THUIOB ¥ KPUCTAJJIOB a/IMa3a, NOJYYEHHbIX B MIPU OKUCIUTEIbHO-BOCCTAHOBUTEIIEHOM B3aUMOJICHCTBUU
pe3yJibTaTe B3aUMOAeliCTBHSA MeTAVINYeCKOro cy6]1yup1pyeMoro MOPCKOTO Kap60HaTa C
eJe3a ¢ YHCTHIM KapOoHATOM. BOCCTAHOBJICHHBIM  BEIIECCTBOM  MAaHTHUHA  BO3MOXKHAa
KpUCTaJLUIN3ALHS aIMas3oB C U30TOITHBIMUA

XapaKTepUCTUKAMHU YIJIEPOa, UICHTUYHBIMU MAHTUHHBIM.
Hccnedosanus guinonmervl npu noddepaicke epanma Poccutickoeo Hayunoeo ghonoa Ne 14-27-00054
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I'padur ¢ kybudeckuM rabUTyCcoM KpPHCTAJUIOB B MIPUPOJE BCTpeUaeTcst KpaiiHe penko. MuHepan
ObuT OOHApYXEH B METEOPUTAX B aCCOLMAIMU C alMa30M M Ha3BaH KIH(TOHWUTOM. B 3eMHBIX moponax
HaunboJiee MpeICTaBUTENIbHBIE MPOSBICHHS KyOMUECKUX IrpadUTOB OMUCAHBI B MaQUT-yIbTpaMapuTOBOM
maccuBe benu-bymep B Mapokko M B caMOpOIHOM 3Kelie3e M3 TPalmoBBIX HHTpPY3Mid CHOMpCKOiM
iaTdopmbl. OTHOCUTEIBHO MPOUCXOKACHHUS KIM(TOHNTA HET OIHOM IcHOCTH. B MeTeopuTax u mopoaax
Benun-bymepa npeanonaraercst, 4To KIMGTOHUT SIBISETCA MCEBAOMOP(O30i MO KAKOMY-TO KyOH4eCKOMY
MUHEpaly Wiu napamopdozoil mo anMasy, a B Tpanmax (opMuUpoBaHHE accolManuu KiIH(TOHHTa C
CaMOPOAHBIM KEJIE30M IPOUCXOANIIO B BEPXHEH MAHTHH C IIOCJIEAYIOIIUM BEIHOCOM UX B THIIA0OMCCATBbHYIO
kamepy[1].

B TpammnoBbIX MHTPY3USIX C CaMOPOJHBIM >Kelle30M CBsi3aHbl Pt-Fe-meranbHble MecTOpOXAEHUS,
KOTOpBIE IMEIOT MOBbIMeHHbBIe coaepkanust Ni, Co, Cu, Pt, Pd [2]. B pynoHOCHBIX mOpoaax HaOIIFOJat0TCs
BKJIIOUEHUs TpaduTa, KOTOPHII 00pa3yeT IIACTUHKY, MEJIKOYEIIYUaThle arperarsl, paIuaabHO-TyYHCTBIX
cepousl, Konbla, MUKPO- U HAHOTPYOKH, KOHYCBI, €XH, JyKOBHLbI U T.O.. KyOudueckue KpucTaibl
rpaduTa HaXOAATCS TOJIHKO B OOTATHIX TYOUATHIX PyJax cCaMOpOJHOTO *kene3a. OHM 00pa3yroT ONMHOYHBIC
menkue (0,1-0,5MM) KpuCTaibl, CPOCTKH U PEXke MOJIMKpUucTaumueckue arperarsl (1o 0,5x0,9 cm),
KOTOPBIC HAPACTAIOT HAa CHIIMKATHYIO OI0KKY (puc.l). KonnyecTBo KyOUMKOB rpaduTa B pyax MUAPOKO
BapbupyeT. B mpode Becom 200-300 r KOJTUYECTBO UHAUBUIOB KIU(PTOHUTA MOKET JOCTUTATh HECKOJIBKUX
coreH [1]. B mopogax ¢ GeqHON BKpaluIEHHOCTBIO CAaMOPOIHOTO Kejle3a KIM(PTOHUT He BCTpeuaercs. B
CaMOPOJIHOM JKeJIe3€¢ YaCcTO OTMEUaeTcsi KOTEHUT B BHJE (PEHOKPUCTOB, CTPYKTYp pacmhaga U KaéMOK Ha
rpaHuIe ¢ KIMQTOHUTOM U TIOpojoii. B xkene3e GoraroM CTpyKTypamu pacrajia KOTeHHTa KIN(PTOHUT HE
BCTpeYaeTcst ¥, HaoOOpOT, MpH OOIBIIOM KONWYECTBE BBHIACICHHH KIMQTOHNTA HAXOAKH KOTCHHUTA
NPEACTaBISIOT PEAKOCTb.

A— = E . & 70 i
Puc. 1. Hoamkpucranandeckuii arperat KyOukos rpajpura (cjieBa) U KyOnyeckue KpucTaibl rpagura ¢
NOBPeXAEHHBIMH BePLIMHON U TPAHMHU KYOMYeCKMX «(QyTJIAPOB», KOTOPbIe BCKPbIJIM BHYTPEHHUMH

CTPYKTYPUPOBAHHBIN rpa¢uTOBBIi HANMOJIHUTEIb (B LIEHTPe U CIIPaBa).

KyOuueckne kpuctamisl Tpadura HMEIOT pa3MdHOE BHYTpEHHEE HalojHeHue. B cpesax
KPHUCTAIUIOB B HUTH(axX MOXKHO BUJETh TUNIOTHO YIIAKOBaHHBIE TOHKOYENIyiUaThle rpaUTOBBIC arperarsl,
KOTOpbIe 00pa3yroT cEepOKPUCTAILTBI C CEKTOPHATBHBIM MOTACaHUEM, WIIM PBIXIIbIE 110 BHJY Ha H3JIOME
CpacTaHus TUIACTHHYATBIX U CTPYKTYPUPOBAHHBIX Gopm rpaduta (cMm. puc. 1). Ha rpansx xyba gacto
OTMEYAIOTCS CTPYKTYPHI POCTA, B BUJIE MPSIMOYTOJIBHBIX CTYTIEHYATHIX HAPOCTOB.

VY xiudronuTa Kyondeckyro (GopMy UMeEET TOJIBKO TOHKWH BHEITHHN (Y TIsip KpHCTaa, BHYTPH
KOTOPOTO HaXOAWTCSI CTPYKTYPUPOBAHHBIN rpad)UTOBBI HAMOJHUTENb. OTHOCUTENBHO MPOUCXOKACHUS
BHEIIHUX KyOmueckux ¢GopmM rpaduroBoro Qyriaspa MOXKHO MpeAroyaratb, YTo MPH B3aUMOICHCTBUH
YIJIEBOIOPOJIOB C PYIOHBIMH KOMIIOHEHTaMH BO3HHMKaJIM CBOEOOpa3HbIE KOMIUIEKCH TIpadura ¢
NEePEeXOHBIMU METaJUIaMH, 10| BIMSIHUEM KOTOPBIX HPOMCXOAMI KaTAINTHYECKUN pacmaj] yriepoaHOHn
CETKH U CO3JaHue KyOM4YeCKO# CTpyKTyphl rpadura [3].
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Brinenenue 31MeMEHTOB CTPYKTYPBl KHMOEpIHMTOBOTO TOJs HAa OCHOBE KOMIUIEKCA TE€OJIOro-
reo()U3NUECKUX HCCIEAOBAHUN B KOMIUIEKCE C MajeoreorpaguyeckuM aHaIM30M U pe3ylbTaTaMu
MHUHEPaJIOTHUECKOTr0 aHAIN3a TTO3BOJISIET POBECTH KPYITHOMACIITAOHBIN MPOTHO3 MOMCKOBBIX OOBEKTOB B
paHre «KMMOEPIUTOKOHTPOIUPYIOMIUN Pa3iiomM» - «KycT KUMOEpIUTOBBIX TpyOok» B ' MC-TexHONOTHAX B
TPaNIMOHACHIICHHBIX paiioHax. [Ipy OIEHKE OCTAaTOYHBIX MEPCIEKTHB yYacTKa B OCHOBY IIOJIOXKEHBI
CTPYKTYpPHO-TEKTOHMYECKHE INpU3HaKM (yHOaAMEHTa W OCaJO0YHOrO Yexja, ONpeAelEHHBIE 10
reopU3NUECKUM JaHHBIM (MarHUTO-, TPaBH- M CEMCMOpa3BelKa), HUTMXOMUHEPAIOTUYECKUE TaHHBIC,
BOCCTaHOBJICHHBIH Maneopensed KapOOHATHOTO LOKOJISL, JOCTUTHYTAasl IVIOTHOCTh IIOMCKOBOW CETH.

HToroBpIii IPOrHO3 aaMa30HOCHOCTH ydacTKa ObuT BeIMOJHeH Ha ocHoBe ['MC-texHONOTHII B
cucteme «ArcViewy, IpUMEHAEMOM MPHU CpeIHEMACIITaOHON IPOTHO3HOM OLICHKE TEPPUTOPHH Ha aJIMa3bl
st mucta [ocreonkaptei-200 Q-49-XXI, XXII [1]. DTallOHHBIMH OOBEKTaMHU SIBJSUIMCH W3BECTHBIC
KUMOEPIIMTOBBIC TEJa Ha IUIoLa u yyacTka: 21 TpyOka u 9 qaedqHbIX Tell, B TOM YHCIIE 1Ba MECTOPOKICHUS
(tp. FOOuneiinas u KpacHonpecnenckas). B kauecTBe NeEpCHeKTHBHOW paccMaTpuBaiach 30HA
nuHamudeckoro BiusiHUs (3IB) BeIOpaHHOTO KpHTepus, KoTopas obecrieunBana 100% «3axBaT» Beex
M3BECTHBIX KUMOEPIUTOBBIX TeEIl.

KonTpons mposiBiIeHHN KAMOEPIUTOBOTO MarmMaTtu3Ma — JOCTaTOYHO MHOTO(AKTOPHEIH.
BonpmmHCTBO  HccienoBarenel NpuAep)KMBAeTCs MHEHHUs, YTO Ha YydJacTKaX, OTHOCHMBIX K
MEPCICKTUBHBIM Ha TOMCKA KUMOEPIHUTOBBIX TeN, NOJDKHBI MPOSBIATHCS MaKCHMalbHOE KOJIHMYECTBO
KpUTEpHUEB TPOTHO3a W TPHU3HAKOB KHMOepiuTtoBoro Marmaru3ma. llocmemoBarensHpiMu [UC-
nporenypamMu (co3mpanue OydepHOIl 30HBI, KIMITUPOBAHWUE M «B3PBIBAHHE») OIPEIEISUIUCh YYaCTKH,
MEePCIIEKTUBHbIE HAa KUMOEPIINTHI, KaK IUIOIIAIH, HA KOTOPBIX MPOSBIEHBI BCE YYACTBYIOIINE B MPOTHO3E
CTPYKTYpHBIE KPHUTEPUH — HHIUKATOPBI CUCTEM pPYAONOABOASIINX KAaHAJIOB, PyAOpPACHpeNeNsIomein
CHUCTEMBl WM BTOPUYHBIX (3aBHCHUMBIX) MNPHU3HAKOB («IEMACKUPYIOIIUX CHCTeM»). JlaHHBIE Y4YacTKH
paccMaTpUBarOTCs HAMM KaK MOTEHIMAbHbIE CTPYKTYPHBIE JOBYIIKH, OJIarONpHUITHBIE IS JIOKAIU3AUN
KUMOEpIMTOBOro opyneHeHus. CTeneHb HX MEPCHEKTHBHOCTH (PaHXUPOBAaHUE [UIA ONpelesICHUS
0uYepEAHOCTH MOMCKOBBIX padoT) yCHIMBaIach MITMXOMHUHEPATOTHUECKUMU KPUTEPHUSIMH.

MuHepanornueckre OpeoJibl HHIUKATOPHBIX MUHepanioB kumoepnutoB (MMK) no conepkanmto B
MUPOIIaX XpoMa U HATMYHIO B HUX alMa30B pa3fiesUINCh Ha BLICOKO-, YMEPEHHO- U CI1a00TEPCICKTHBHBIE.

Hdns apeBHUX BBICOKONEPCHEKTUBHBIX opeosioB UMK «3ona BausHus» no 1000 m [2],
pacrpocTpaHsiack B CTOPOHY OJIMKalIIero Bojopas/enia HuKHENale030HCKOro morpedeHHoro pebeda.

B kadecTBe y4acTKOB BTOpOH Ouepeny OCTaBJIECHBI IMEPCIIEKTHBHBIE YYaCTKH 3a IpeaesaMH
HIJTMXOBBIX OPEOJIOB, BBIACICHHBIC HA OCHOBE COUETAHUS TOJIBKO CTPYKTYPHBIX KpUTepUeB (0OCTaHOBKH, B
KOTOPBIX JI0JIEPUTHI 3aJIETAI0T HAa KapOOHATHOM II0KOJIE, yYacTKH cJ1abo pacuieHEHHOTO peibeda U T.1.).

Takum o00pa3oM, H3 TMONyYEHHBIX TMEPCIEKTHBHBIX Yy4YacTKOB TmocienoBarensHbpiMu [ HC-
npouesypaMu ObITM MCKIIIOYEHBI TUIOIIAAN C BBICOKOM CTEMNEHBIO OMOMCKOBAHHOCTH TOPHO-OYPOBBIMHU
Metogamu. [lpu nanpHedIeM pacCMOTPEHMHM HCKIIOYAINCh YYacTKM C IJIOMIANbI0 MeHee | ra, B
pe3yibTaTe Yero BhIJeNICHbl Hauboiee MepCreKTUBHbBIC YYaCTKHU JIJIsl 3aBEPKU OYPOBBIMU paboTaMHu.
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Kcenonutel kopoBbIX MeTaMOp(UIECKUX MOPOA B KUMOEPIUTaX - KU K IO3HAHUIO CTPOSHUS,
IBOJIONMU M OOpa30BaHMS KOHTHMHEHTAJbHOM KOpbl. B maHHON paboTe nNpUBOISTCA Ppe3yiabTaThl
JETaJbHOTO TETPOJIOTHYECKOTO H3YYCHHUS! KCEHONIUTOB Ma(HUUECKHX TPAHYJIUTOB M3 KUMOEPIMTOBON
TpYOKH Y mauHasi, pacroiIoKeHHOH B JlainnbiH-ATaKUTCKOM KHMOEpIuTOBOM Toje B Skytnn. KceHomnTsl
MIPEJICTaBJICHBI IOPOAAMH C TPAHOOIACTOBOM KPYITHO3EPHUCTOM CTPYKTYPOH, CII0KEHHON HAHOMOP(PHBIMU
u cyOunanoMophHBIMU 3€pHAMU KIMHOIMPOKCEHA, TpaHaTa M IUIarMOKiIa3a, a B OJHOM M3 00pa3lioB —
ckamnojura. PysHbie MUHepasbl IpeacTaBiIeHbl THATAHOMAarHETUTOM, HIBMEHUTOM U CYTIb(QUIaMH JKelle3a.
Bo Bcex oOpasiax pa3BHTHI PErpecCHBHBIN MeTaMopdudeckuii amdubon, a Takke Oolee MO3THHE
MPOAYKTHI B3aMMOJICHCTBHUS TPAHYIUTOB C KUMOEPIUTOBONH MarMoi.

3épua rpanata (Xmg = 0.31 u Xca = 0.17) u mmaruoknaza (Xca = 0.30) romorennsl. JlokanbHast
HEOJHOPOIHOCTh HX COCTaBa Ha OTHCJIBHBIX KPaeBbIX YYacTKax CBs3aHa C METaCOMAaTHYECKUMHU
peakuusMH C KUMOEPJIMTOBBIM pacilaBOM. B KIMHONMpOKCceHe ke Ha0moAaercs OT4ETINBas
30HAJIBHOCTh. BHYTpeHHHE YacTH KPHUCTaUIOB MMEIOT BBLAEpP)KaHHBIN cocTaB (Xmg = 0.74) u coxmepxar
mgamenu pacnaja (puc. 1, b), BbIOJTHEHHBIE OKCHIAMU JKelie3a U OPTOIMPOKCeHOM. Paree coobrmanocs [2,
3], 4To B NaMeIAX pacnana NPUCYTCTBYET HHBEPTUPOBAHHBIN MMKOHUT, YKa3bIBAIOLIUM HA TEMIIEPaTypy
kpuctaumm3anuu Beie 1000°C. KpaeBble 30HbI KPUCTAIUIOB, CBOOOIHBIE OT CTPYKTYP paciaja, 001ajaioT
0oJiee BEICOKOI MarHe3MaIbHOCTHIO, 3aBUCAIIEH OT KOHTAKTHPYIOIIEro MUHEpana: Xwg ~ 0.78 Ha rpanuie
¢ rpaHarom, Xmg ~ 0.73 - c¢ marnoknazom. M kailimbl, U Aapa NHUPOKCEHOB coxepxar 1-2 moin. %
skafgeuToBoro u §-10 mon. % 3rupuHOBOro MUHAIOB. CKaloONIUT OTHOCUTCA K CHJIbBUAJIUT-MEHOHUTOBOMY
pany.

st BoccraHoBieHus: P-T ycnoBuii Mmeramopdu3Ma U1 ABYX MPEICTaBUTENBHBIX 00pa3lioB ObLT
paccuntad 3 (EKTUBHBIA XMMUYECKUN COCTAaB C YUETOM SACPHBIX YacTe KIMHONMHMPOKCEHa U 0e3 HUX.
JIyis 3THX COCTABOB C MOMOIIBIO Tporpammuoro komriekca Perple X [1] 6butn moctpoeHs! (a3oBbie
JuarpamMmbl (IICEBJIOCEUEHHS), a 1O TOJIOKEHUIO M30IUIET COCTaBOB MHHEPAIOB, COOTBETCTBYIOIIMX
NPUPOJIHBIM, OllcHeHbI HcKoMble P-T ycioBus ~0.8 I'Tla u ~680-700°C mist maparenesuca Gt + Cpx + Pl
(£ Scp). Ouenku Temreparypsl corjiacytorcs ¢ pesyibratamu Gt — CpX reorepMoMeTpuu.

MojenupoBaHue MOKa3bIBAECT, YTO TPAHYIUTHI ObUIM COPMHUPOBAHBI HAa TpPaHWIE HWXKHEH U
cpeauell kopbl. Ilpum 3TOM simepHBIE 4YacTH KPHUCTAUIOB KIMHONMPOKCEHa HE OTHOCATCA K
METaMOpP(HUUECKOMY TapareHe3ucy, a, BEPOSTHO, MPEICTABISIIOT HENEepeypPaBHOBELICHHBIC PEIMKTHI
FOBEHWJILHON KOPBI, C(OOPMUPOBAHHON U3 MarM OCHOBHOTO cOCTaBa [3] - MPOAYKTOB AEKOMITPECCHOHHOTO
TUTaBJICHUS TIOIHUMAIOLIEHCSl acTeHOC(EpHI.

Paboma semonnena npu noodepoicke Poccuiickozo Hayunozo @omnoa (npoexm Ne 18-17-00206).
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OKIoruT-rHeiicoBbii kommuieke MapyH-Key — onnn u3 kimoueBblx it IlonmspHoro Ypana u
paccMaTpUBaeTcsl Kak MHIUKaTop PZ cyOayKIMOHHO-KOITM3UOHHBIX mporeccoB [1 u cchuiku Tam]. OH
pacmoiokKeH B MaJeOKOHTHHEHTATBHOM cekTope [lomsaproro Ypana u BTAHYT ~ Ha 70 KM. ¢ ceBepa Ha for
BJIOJIb 30HBI [JIaBHOTO YypaJbCKOTO pa3noma. B roxkHOW ero wyacTu: OyAMHBI W JUH3BI 3KJIOTHTOB, Grt
yIBTpaMaQuTOB U IKJIOTUTH3UPOBAHHBIX TA0OPOMIOB B METaMOP()HU30BAHHBIX BYJIKaHOTEHHO-OCAIOYHBIX
nopoax [2]. Panee BHIMaHNE yIETIIOCH B OCHOBHOM IKJIOTHTaM [CCBHUIKH B 3]. MakcuMambHbIE JaBICHUSL
st Hux: 21-23 kbap, 660-690 °C [1]. Ilo manaeM Grt-OpX reorepmobapomerpun yiabrpamMaduToB [3,
nepBbIe JaHHBIE TI0 TpEM oOpasiamM| nmoponasl komuiekca ucnbitann UHP metamopdusm. B Hactosimee
Bpemsi Hamu u3ydeno 14 o6pasios Grt nepuoautoB u Grt-Ol BedcTeputos. 1o 7 u3 Hux moaydersr UHP
OIICHKH THKa MeTamopdusma ¢ MakcuManbHbIMH P-T mapamerpamu 38-39 x6ap, 830-850 °C, uro
COOTBETCTBYeT cyOnaykuun 010ka MapyH-Key Ha rybuny no 117 km. P-T mapaMeTpsl perpeccMBHOTO
stamna (24.5-14 kbap, 695-575 °C) coBnagarT ¢ JaHHBIMU 10 SKIJIOTHTaM.

BrineneHo HECKOJIBKO MHHEPAJIBHBIX ACCOLMALUM OTPa)KaIOIIMX MHOTOCTaIUIHBIE W3MEHEHUS
npu MeTaMop(u3Me MarMaTu4ecKoro MpOTOJIMTa BO BpeMs CYOLyKIIMU M SKCTYMAaIlUH.

1. MuHepansl MarMaTHYecKOTO 3Tarna, COXPaHUBIIUE PEIMKTOBYIO KYMYJISTHBHYIO CTPYKTYPY:
kymyiaycubiii Ol-1, umaTepkymynycubie Opx-1 u Cpx-1, Bxmouenuss CrSpl-1 B Hux. Ilo maHHBIM
YnoBkuHOH [2] u HamuM moneBbM HabOmromeHusM 2017 1. B Tenax Grt ynmeTpamMaduTOB COXPaHSIOTCS
peMKTOBbIe y4acTku Pl mepraoTHTOB (10 TIEPBBIX METPOB).

2. Munepainsl nporpeccuBHoro Metamopdmusma: Gri-1 (low-Mg; peakne penmKTOBBIE Sapa),
pe3opOrpoBaHHbIe BKIFOYeHHs SPl-repiHuTa B rpaHare.

3. Munepansl nuka Mmeramopdusma: Grt-2 (high-Mg), low-Al-Opx-2 (penukToBble siapa B
nop¢upobiactax); Briarouenue Cpx-2 B Gri-2.

4. Munepaibl perpeccuBHoro meramopdusma: Grt-3 (low-Mg), high-Al-Opx-3 (cepeauna u kpas
nopdupodnactos, 3¢pua marpukca), Grt-4 (low-Mg high-Ca; nomens! u Brons tpenms B Grt-3), Cpx-3,
Ol-2, Amp-napracur, CrSpl-2, Mgs, Dol, Cal. Ouu GopMHPYIOT OCHOBHOW TEKCTYPHO-CTPYKTYPHbIi
o0muk mopox. I[locienHue uCHBITANM CUIIBHBIE PETPECCHBHBIE NPEOOpa3oBaHUs, HA YTO YKa3bIBaeT
npeobnaganne Grt-3, kapOoOHATHI U MUPOKOe pa3BUTHE aM(UOOa, YTO CBHJIETENHCTBYET 00 aKTHBHOM
ydacTuH (hIIron/1a Ha 3TOM 3Tare. DBOJIONMS COCTaBa rpaHara npu MmeramMmopdusme onucaHa B [4].

Penuktel mmarunonepupotutoB B OyamHax Grt ymeTpamadurtoB, rabOpOHWAOB B OIKIOTHTAX,
NETPOXMMUYECKUE COMOCTABICHUS, OCOOCHHOCTH cOcTaBa rpaHara [5] CBHUAETENIBCTBYIOT O TOM, YTO
MPOTOJUTHI AKJI0ruToB U Grt ynerpamaduroB MapyH-Key npeacrapiisiin coboit 6a3uT-yiibTpada3uToBbIN
MacCHB, COPMHUPOBAHHBIN B 3eMHOM Kope emé A0 cyOaykuuu. BrocieacTBuu mopoabl MaccuBa ObLIU
cyOnyunpoBaHsl B MaHTHIO, HctibiTand UHP MeTamopdusm 1 3KcryMupOBaHbI K 36MHOM MIOBEPXHOCTH.
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IHEPBAS HAXOJAKA KAMA®OPUTOB B ACCOIMAIINUA C AIMA3OHOCHBIMH
KUMBEPJIUTAMHU TPYBKH KATOKA (CB AHI'OJIA)
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KumbepnutoBoe mone Karoka pacmonoxeHo B Ipefenax CHUCTEMbl INTyOMHHBIX Pa3jlOMOB,
Ha3piBaeMoOH «kopugopoM Jlykana» mmpunaoil 50-90 kM U mpoTsxeHHocThio Ooinee 1200 xm [2]. B
npefenax 3TOro  Kopuaopa (QHUKCHPYIOTCS MHOTOYMCICHHBIE KHMOEPIUTOBBIE TpPyOKH U Tema
KapOOHATHTOB, MPUYEM TMOCIEIHNAE MPHUCYTCTBYIOT TONBKO B foro-3amagHoi dactu [3]. IlpucyrcrBue
KaJblIuTa B KUMOepnuTax mnoisi Katoka, pacmosioxKeHHOT'O B CEBEPO-BOCTOYHOM YacTH KOPHAOPA, OOBIYHO
OOBsICHACTCA TO3[HEH THIPOTEPMAIbHON NpopabOTKON KUMOEPIUTOB VYIIIEKUCIBIMU (QIrougamMu
rryouHHOTO TeHe3uca [1].

Kamadoputel B mpenenax kapbepHoro moiisi Kartoka mnpeiacTtaBieHbl cepue U3 Tpex HJacK
MOIIHOCTHIO OT 0.25 110 0.6 M, MPUYPOUCHHBIX K KUMOCPIUTOBMEIIAIOIIEH TU3bIOHKTHBHON 30HE BOCTOK-
CEBEpO-BOCTOYHOTO MPOCTHpaHus. Bce naiiku mpuypodeHbl K 30HaM APOOJICHUS] U MHJIOHHUTH3ALUHU B
rHelcax, 4acTO UMEIOT HEBBLACPKAHHYIO MOIIHOCTh U M3BHJIUCTHIE, COIJIACHO CIIAHLIEBATOCTH, KOHTAKTHIL.

[Topona ciokeHa TOHKO3EPHUCTBIM arperaToM J0JIOMHUTA, KadbIuTa (Majo), anaTuTa, CMEKTHTA U
MarHe3uaJbHOI0 TUTAHOMAarHeTUTa, B KOTOPOM XaOTHYHO pachpeesieHbl IceBAOMOPGO3bI IO OJHBUHY
(CepmieHTHH ¥ THIPOOKHUCIBI JKeJle3a), peXe BKpAaIUICHHHUKH MNuKpownabMeHuta (puc. 1). Pasmep
BkparienaukoB 0,1 — 0,3 mm. M3 akneccopueB BCTpedaroTcs OaJJIeIeUT, MOHAIUT W PEIKUH
peaKo3eMelnbHbIN BaHaaat — yakpumiaut-(Ce).

Puc.1. KaMa(l)Opl/ITI HC€B}IOM0p(l)03l)l o0 OJIMBUHY U IMKPOUJTBMEHHUT B JOJJOMUT-KAJIbIUUT-ANMATHUT-
TUTAHOMATHETUTOBOM MAaTpPHUKCE

Hcxonst u3 BBIIEU3IOKEHHOTO MOXHO KOHCTATHPOBATh (DAKT, YTO MPUCYTCTBHE KAPOOHATHTOBBIX
MOPOJI B CTPYKTYPHO-TEKTOHHYECKOM Yy3Jie, BMENIAoNneM KUMOEPIUTOBbIE TPYOKH Ha CEBEPO-BOCTOKE
AHTOJIBI HE ABIAETCS OTPULIATENBHBIM PU3HAKOM ITPOMBILIUIEHHONW aJIMa30HOCHOCTH, KaK 3TO CUMTAIIOCh
panee. [locneanee Mo3BOAET MEPEOLEHUTH MEPCHIEKTUBBI AIMa30HOCHOCTH TEPPUTOPUMA C COBMECTHBIM
HaXOKJIeHueM KapOOHATHTOB W KUMOEPIUTOB B IpejesiaX KaK CeBepO-BOCTOYHOM, TaK W IOT'0-3ariaJHON
yacTsax kopuaopa «Jlykamay.
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IF'EOJIUHAMMUKA APXESL: HA IPUMEPE ®PEHHOCKAHAUHABCKOI'O X
NHAUUCKOI'O IIUTOB
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l'eogmaamuka panHeil 3eMiHM, HECMOTpPS Ha OTPOMHBIM Tporpecc B 00IacTH WM3YyYeHHUS TOKEeMOpHUS B
MOCJIETHUE TOJBI, OCTAETCSl MPEAMETOM OCTpPHIX AucKyccuid [1]. Jlemo B TOM, 4TO, ¢ OAHOH CTOPOHBI,
apxelcKkre KOMIUIEKCHI U CIOKEHHbIE MU 4acTH JUTOC(Epbl UMEIOT ONPEAETICHHOE CBOeoOpas3ue: a) 1o
0COOEHHOCTSIM CTPOCHUS (IPaHUT-3€JICHOKAMEHHbIE U TIPaHyJINTO-THEHCOBBIA 0O0JIACTH, apXencKue
KPaTOHBI XapaKTePHU3YIOTCSI MOIIHON JTUTOC(HEpOi C MAaHTHIHBIMU KIIISIME), 0) 10 HaOOpy BXOISIINX B UX
cocTaB TMOpoA (TPaHUTOMIBl TOHAIMT-TPOHAEMUT-TPAHOAUOPUTOBOW  acCOLMALMM, KOMATHHTHI,
CaHYKUTOH/BI, I1OJIOCYATHIE JKEJIE3UCThIE KBAaPLUTHI), B) 0 OTCYTCTBUIO PsAla KOMIUIEKCOB (Hampumep,
TIOKa He Hali/IeHbl apXeHCKHe TIayKo(paHOBbIE CIAHIIBI), T') IETPOJIOTUIECKUE HCCIEI0BAHMS PEBHEUIIIHX
OKEaHWYECKUX KOMIUIEKCOB MOKA3bIBAIOT, UTO apXeHcKasi OKeaHnvecKast kopa Obia 6osee MomrHo#: 25-30
KM, IPOTUB COBPEMEHHBIX 7 KM.

C npyroii cTOpOHBI, pe3yIbTaThl IaJICOMarHUTHBIX UCCIIEIOBAHUI apXesl yBEPEHHO yKa3bIBAOT Ha
JBWKEHHE JTUTOC(EPHBIX TUIUT B 3TO BpeMs, IPUYEM CO CKOPOCTSMH OJM3KUMH K COBPEMEHHBIM [2 W
cceiku TaMm|. Kpome Toro, B CTpoeHHHM MHOTMX apXeWCKHMX CTPYKTyp, Hampumep, Kapenbckoi u
benomopckoii mposuHIMAx PeHHOCKaHIMHABCKOTO HTa [3] 1 byHnenkxanackoro kpatona Maaniickoro
[4] Bemyuryro poip HUrpaiOT IMOKPOBHBIE, aKKPEIMOHHBIE CTPYKTYpHl, MIMPOKOE pA3BUTHE HMEIOT
WHINKATOPHbIE MarMaTHYECKHEe M MeTaMOp(UYeCKne KOMIUICKCHI: BYJIKAHUTHI M3BECTKOBO-IEIOYHON,

OOHWHUTOBOHM, aJaKUTOBOW Cepuid, MeTaMOp(HUUecKHe KOMIUIEKCH SKIOTHTOBOM (amuu - mmis
CyOQYKIIMOHHBIX IPOIIECCOB; S-TPAaHUTHI, MeTaMop(UYecKhue KOMIDIEKCHl KHAHUTOBOH  (ammm
FJ'Iy6I/IHHOCTI/I, TCKTOHUYCCKUE TIOKPOBBI - JId KOJIJIM3WOHHBIX. HpI/IH]_[I/IHI/IaIIBHO BaXXHO JIA

NaJICOTEOANHAMUYECKUX ~ PEKOHCTPYKLHMH, dYTO B  pacCMaTpUBaeMbIX  PETHOHAX  IMOPOJIHI,
METaMOp(HU30BaHHBIE B YCIOBHMAX JKJIOTMTOBOW (amuu, M CyOOyKLHMOHHBIE BYJIKAaHUTHI OJIM3KH IO
BO3pacTy. Y cTaHOBJIeHb Ha DEHHOCKAHMHABCKOM HIUTE M apXeHCKUe CynpacyOlyKIIMOHHBIE O(QHOTUTEI
[3 u ccpuikm Tam]. bazanbT-KOMaTHMTOBBIE KOMIUIEKCH - HHANKATOPHI ITFOMOBBIX ITPOLIECCOB - HIMPOKO
PasBUTHI B apXeiCKUX 3€JICHOKAMEHHBIX Iosica, B TOM uuciie, PeHHocKaHaMHAaBCKOro u VHauickoro
HIMTOB. ApXeiCKHe CTPYKTYPBI, COOCTABIUMbIE C KOHTHHEHTAJILHBIME pUPTAMH, TAK)KE U3BECTHBI HA ATHUX
muTax [3, 4 ¥ CChUIKU TaM].

Takum o00pa3om, Me30-HeoapxeicKue TIeoJIOrHYecKHe KOMILIEKChl (DEeHHOCKaHIMHABCKOTO MU
WHauicKOro LIMTOB YKa3bIBAIOT HAa TO, YTO Ha4yMHasi ¢ 3 MIpH JeT Ha 3emie ObUTM HpOSIBICHBI
CyOIyKIIMOHHBIE, KOJUTM3HOHHBIC, TUTIOMOBBIC, KOHTHHEHTAILHO-PU(TOTCHHBIE M CIPEJUHIOBBIE (TI0-
KpaifHell Mepe, B 3a/1yroBbIX OacceiHax) reoquHaMuueckue npoueccbl. OHU UMENH 3HAYUTENbHbIE YePThI
cxozcTBa ¢ (aHEepO30MCKUMH, HO, O-BUAMMOMY, PEaJH30BBIBATIICH B YCIOBHS Oojiee ropsueil MaHTHH,
NpeJoNpeAeUBIIEH, B TOM YHCIIE, ¥ OONBIIYI0 MOIIHOCTh OKEAaHHMYECKOH TUTOChEephI.

Paboma evinonnena npu noodepacke PODU (npoexm Ne 17-55-45005 UH/I-a).
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B crarwe, oTkpoiBiIei xypHan «['eomorust u reodusnkay, mpeAcTaBIsABIIeH coO0i AOKIan Ha
OJTHOM W3 MepBbIX roanyHbIx 00mmx coopannit CO AH CCCP, 6b110 BriepBbIe BEICKa3aHO PEANOI0KECHUE
0 BO3MOXXHOM YYaCTHH TIIyOMHHBIX yTIEBOJOPOIOB B 00pa3oBaHmM anmasos [1].

Wzyuenne BKIIIOYEHHWH B anMa3ax BBIIBWIO JIBa TJIABHBIX TI'COXMMHUYECKHX  THIIA
anMazoobpasyronie cpeipl CyOKpaTOHHOW juTocepbl — YIBTPAOCHOBHOW (NEPUIOTUTOBBIN) U
SKIIOTUTOBKIH [2]. YcioBus mpupoaHoro odbpazoBanus anmasza: P = 5,7 I'Tla, T = 1150°C Bocripou3BeieHbI
SKCIIEPUMEHTANIBHO 1151 KapOoHaTtHOTO (hurronaa [3].1ns SIKyTCKruX anmMasoB JIOOBIX pa3MepoB, OT MUKPO
(<1 Mm) o kpynHbIX Kpuctamios (> 10,8 kap. 1o 200 kap.) Kak FOBETHUPHOTO TaK U TEXHHYECKOTO Ka4eCTBa
[4, 5] Y-tun npeobnamaet mia kumOepautos (> 90%), HO cymecTBeHHO Oosiee HU30K U1t CeBepHBIX U
VYpansckux pocceineit (< 30%). B monukpuctaiuimueckux arperartax (ITA), wu3BecTHBIX,
NPEUMYIIECTBEHHO, B TpyOkax Mwup M VYpauHas, 3TO COOTHONICHHE, MPHOIU3UTENHHO OIMHAKOBO.
BONBIIMHCTBO aIMa30B D-TUIA XapaKTEPU3YIOTCS IMMPOKMM MHTepBanoM 3HadeHui 8°C: ot -34%o0 10
3%o0 PDB [6].

AHanmu3 Ta30BOW CMeCH, M3BJICUEHHON W3 (PIIOMIHBIX BKIIOYCHUH TPH YAapHOM pa3pylICHHN
KPUCTAJUIOB aliMa3a U3 KUMOepIuToB TpyOok Y aaunas u IHTepHAIMOHANBHAS, POCCHITIeH Ypaa, a TakKe
rpaHara U3 alMa30HOCHOTO 3KJIOTHTa [7] BBIOJHEH HAa Ta30BOM XpOMaTO-Macc-criektpomerpe Thermo
Scientific (USA) DSQ Il MS/Focus GC. Bcee uccnenoBanHbie aiMasbl U TpaHAT COACPIKAT YIIICBOIOPO/IbI
U WX TpOW3BOAHBIE: anmudarmdeckue (mapaduHbl, oneduHBI), IUKIHYecKHue (HADTEHBI, apeHbl),
KHUCIIOPOACOJEPKALLUE, a30T-XJIOP U cepocoaepkamue coenuaenus, a takxe COz u HoO.

B 01HOM W3 TUIMYHBIX OKPYIIIBIX JOJEKadIPUUECKUX aIMa30B M3 POCCHINel Ypaia, HMEoIero
MOJIOYHO O€JIyI0 OKpacKy, OOHapyXEeHbl MeJIbYalIIie OPUEHTHPOBAHHbBIE OKTadApPHUECKUE (IIOMIHBIE

srrouenus (< 1 um). Ero 8*C -8,5%o0 PDB.MornekysspHbiii N2 B TBEpIOM COCTOSHUHM TTOATBEPK1eH KP-
cnekrpockonned (40 % otH.). B 3TOM anmase, Mo Bcel BEPOSTHOCTH, MMEIOIEM CYyNepriyOnHHOE
npoucxoxjenue [8, 9] BeusBiens takke H.O (26%o01H.), CO2 (3%o0T1H.) 1 yriaesogopoas! (31% oTH.).
MetaHn Bo Bcex HM3y4YEHHBIX 00Opaslax oOHapyXeH B HUUYTOXKHOM KonmdectBe, mMeHee 0,03% oTH. u
MOJIHOCTBIO OTCYTCTBYET B [TA.

Paboma evinonrera npu noodepoicke Poccutickoeo Hayunoeo @onoa (npoexm PH® Ne 14-17-0060211).
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PACHPEJIEJIEHUE YIVIEPOJA U A30TA MEXKIY METAJUIMYECKOU 1
OJIIOUTHOU PAZAMMU ITPU 6.3-7.8 I'TTA U 1200-1400°C: CJIEJACTBHUE JJI51
TJTYBUHHBIX IIAKJIOB JETYYUX B METAJLJI-HACBIIIEHHOM MAHTHH
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B BOCCTaHOBIIEHHBIX JOMEHAX MaHTHU NpH ¢GyrutuBHOCTH Kucnopoma (fO.) BOmu3m Oydepa
xkene30-BIocTHT (IW) OCHOBHBIMH KOHIIGHTPAaTOpaMy yTJIepoAa U a30Ta MOTYT BHICTYNATh CAMOPOJHOE
Kene30, qurrona u anMas/TpaduT, a IS a30Ta Takke W Kaluhcomep)kKampe CHIHKaTHeIe (a3el. Hamm
MpOBeJIeHbI ccTeMaTnieckue uccienoBanus pacteopumoct C u N B MeTaiumyeckux Qaszax u QIoune,
CTaOMIIbHBIX B YCIIOBUSX BEPXHEH MaHTHH.

B Fe—FesC—FesN cucreme OoraTelii yriepoaoM M a30TOM METAIMYECKAN pacIUlaB HUMeEeT
3HAYUTENBHYI 00macTh cradbmnsHocTy ipu 7,8 I'Tla m 1350 °C, o ects P-T mapameTpax MOIENAPYIOLIINX
YCIIOBUSIX OCaXICHUS MeTaTn4eckoi (asel B acteHocdepe. Hutpun xenesa e-FesN moxer comepxats 10
2.0-2.5 mac.% C u o 6.0-7.3 mac.% N B paBHOBecuu ¢ paciuiaBom u juib 1.0 mac.% C u 3.2 mac.% N B
paBHOBecuu ¢ y—Fe. PactBopumocts azora B nementure (FesC) ve npessimaet 0.5 mac.%. Takum oOpazom,
NIPY paCTBOPEHUH BCETO YIIIEPOAa U a30Ta U3 UCTOIECHHOM JIETYYHMMH MaHTHH B OCXKIAIOIIEMCS MeTale
OyayT CTaOMIIbHBI METAITMYECKHH pactuiaB u aycteHuT (y-Fe), a mpu skctpakuuu C u N u3 oborameHHOH
JICTYYUMH MaHTHH - METATMYCCKII pacruiaB u Kapous skenesa (FesC).

B 6exnom azorom C-O-H-N ¢uronne npu fH, 86am3u IW Gydepa npeodnamaror Ci-Cs ankansl,
BCE OCTAJIbHBIE KOMIIOHEHTHI HAXOIATCA B cilemoBBIX KoHIeHTparnwsx. MetannvuH (CH3N) B takom
¢uronze sBISETCS OCHOBHBIM KOHIIGHTpaTOpoM aszota. [Ipu Tex ke ycnoBusx B OoraToM a3oToM (uironse
nomunupyer ammuak (NHs), mpucyTcTByeT MOJEKYISApHBIA a30T M Jierkue ainkanbl. Takum oOpazom,
nosegeHne CH3N KoMIIOHEHTa B BOCCTaHOBJIEHHOM (UIIOWAE MOKET KOHTPOJHPOBATH A30THBIA LUK B
OenHOM a3oToM mepuaoTUTOBON MaHTHH, 2 NH3 B OTHOCHTENIBHO 00OTaleHHONH a30TOM 3KJIOTHTOBOMH
manTid. Poct fO2 10 3HaUeHUH «BOTHOrO MaKCHMYyMay MPUBOIUT K OKUCIICHHIO JICTKUX JIKAHOB JI0 BOJIB,
a a30TCOJEpPKALINX KOMIIOHEHTOB J0 MOJEKYIApHOro asora. IIpu moabeme Goratoro yrieBomopoIaMu
¢uronaa U3 BOCCTAHOBICHHOW acTeHOC(EpPhl B OTHOCHTENBHO OKHCICHHYIO JINTOC(HEpPY KOHIICHTPAIIHS
yriiepoja Bo QIoH/e J0KHA CHIKAThes ¢ 15 10 5 Moi.%. Beiienenue npyu OKHCIEHUH yIiIEBOAOPOIOB
3JIEMEHTAPHOTO YIIIEpoa I0JDKHO 00ecedrBaTh HEOOXOAUMBIE YCIOBUS U1l KPUCTAJUIN3ALMH aJIMa3a.

B nenaceiennoit C- u N cucreme Fe-C-O-H-N npu 6.3 T'Tla, 1300°C u fH, konTponupyemoii IW
wm MMO Oydepamu B paBHOBecuu ¢ duronmom, cocrosmuM w3 NHz, HO, ankanoB wu
KHCIOpocoaepKaux Y B (B 0cHOBHOM cIMPTOB U 3 UPOB), cTaOMIIBHBI Y-F& u MeTayuinyeckui paciuias.
B yraepon Haceimennbix ycenousx npu 6,3 I'Tla u 1200-1300°C mexy kapOUIoM sxesie3a U 0oraThiM
azotoM Qurongiom unet peakius: FesC + N = FesN + Cgrpm, B KOTOpoil 00pa3yercsi HUTpH]I Kenesa, a
npu 1400°C nosiBnsieTcst Gorateiit a30ToM paciias. CocTaB paBHOBECHOT'O (IIIOMIA BapbUPYyeET OT O0raToro
NHs 1o 6oraroro H>O (Bo Bcex ciyudasx NHs/N2>1) ¢ cymecTBeHHO# npuMechlo ankaHOB. B OemHbIX
a30TOM, HO YIJIepoA-HachlleHHBIX oOpasuax npu 7,8 [Tla, 1400°C u neOydepuposannoit fH, B
paBHOBecHH ¢ (DITFOHMJIOM, COCTOSIIIEM U3 aJKaHOB, KUCTIOpoacoaepxamux YB (B 0CHOBHOM KapOOHOBBIX
kucioT) u Ny, crabuieH oOOTameHHBIA a30TOM METANIMYeCKUU paciuiaB. [lomydeHHBIE TaHHBIC

IMMO3BOJIAIIOT CACJIATh BBIBOJ, UTO IIPpU P-T napameTrpax BerHeﬁ MaHTHU B PABHOBECHUU C METaJINYeCKOMN

o o Me/Fl Me/Fl
dazoii crabunen otHocurenbHo 6oratbiii C 1 N gumrona. Ouenku mokaseisaroT, uto D /FL < Dy / H,

TakuM 00pa3oM, CPOACTBO a30Ta K MeTaulMdeckoil ¢aze Bblle, ueM yriepoaa. B astom ciyuae,
BOCCTaHOBJICHHBIN (DITFOH]T MOKET OBITH P GEKTUBHBIM TPAHCIIOPTEPOM JIETYUHX U3 METAII-HACHIIIIEHHON
MaHTUH B OKHCIEHHYI0 JuTtocdepy. OpnHako Oosnee BBICOKOE CpPOJICTBO OyJeTr o0ecredrnBaTh
n30MpaTeTbHOE HAKOIUIEHHE a30Ta B METAJUTMUECKOH ¢a3e, W MOBBIIIECHHYIO MOABMKHOCTH YIIIEpoaa B
cocraBe (ronHON (a3bl. BrIsBIeHHBIE 3aKOHOMEPHOCTH JIOJKHBI CYIIECTBEHHBIM 00pa3oM OIpe/IeNsTh
rITyOMHHBIE MUKIIBI YIIIEPOAa U a30Ta B METAIJI-HACHIIIEHHONH MaHTHH.

Paboma evinonnena 3a cuem sparma Poccutickoeo Hayuroeo ghoroa (npoexm Ne 16-17-10041).
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W3oTonHeIi cocTaB yriepoaa anMa3oB U3 KUIMOEPJINTOB IOKA3bIBAET, YTO MHOTHE aiMa3bl UMEIOT
3HayeHus 613C OTIUYHBIC OT TUIMMYHO MAHTUHHBIX METOK [1-3 1 cChUIKU BHYTpH |. PasymMHOe 00bsicHeHNE
U1 (pUKCHUPYEMBIX BEICOKMX M OY€Hb HU3KUX 3HAUCHUH H30TOIHOIO COCTaBa YIJIEpo/1a aJIMa30B YKa3bIBAET
Ha HEOOXOAMMOCTh BOBJICUEHHMS B KauecTBE OJHOTO U3 BO3MOXHBIX — KOPOBOTO MCTOYHHKA.
MHOrouncCleHHblE JAaHHBIE 10 H30TONMHOMY COCTaBy KHUCIIOPO/Ja MHHEpAJIOB JKJIOTHUTOB TaKXKe
CBUJICTENILCTBYIOT, YTO 3TH 00pa3oBaHUs, B MEPBYIO OYepeIb KUAHHTOBHIC, KODCHTOBBIC JKJIOTHTHI H
JpyTue pa3HOBUIHOCTH BHICOKOTJIMHO3EMHUCTHIX HKIOTUTOB (Tpynma C), a TAKKe allbKPEMHUTBI U, BEPOSATHO,
HEKOTOpbIE MUPOKCEHUTHI SBJSAIOTCS MPOM3BOJHBIMH KOPOBBIX Topoj [4]. B Toxe BpeMms cyliecTByeT
JIUCKYCCHOHHAs allbTepHATUBHAS TOYKA 3pEeHUs 00 00pa30BaHUM MUPOKCEHUTOB U MAHTUIHBIX 3KJIOTUTOB
B PE3yJIbTaTe aKKyMYJISILMHM OCTATOUYHBIX MarMaTHYECKUX PaCIJIaBOB.

s yctaHoBIeHHsI cocTaBa CyOKOHTHHEHTaNbHOH JutocdepHoit Mmantun (CKJIM) u BBIsSBICHHS
MaTEPHHCKOU Cpelibl 00pa30BaHus aIMa30B B Pa3HbIX KUMOEPIUTOBBIX MOJISX SIKYTCKOW MPOBUHIIMN HAMH
WCIIOJIb30BaHbl OPHUIMHANBHBIC JaHHBIE IO  H30TONHOMY COCTaBy KHCJoOpoaa rpaHaroB u3 250
anMasocoepKalux KCeHONMUToB u3 TpyOok HropOunckas, Y naunas, Komcomonbckas 1 Ipyrux, a Takxe
JUTEpaTypHbIC TaHHBIC TT0 CIUHUYHBIM KCCHOIUTAM U3 APYrUX TpyOoK. /laHHbIE 10 U30TONHHU IpaHaTa u
KJIMHOTIMPOKCEHA U3 aJIMa30HOCHBIX 3KIIOTUTOB BBHIMIOJHEHBI B CTAHAAPTH3UPOBAHHON abopaTopuu 1o
eMHON MEeTONWKe, KOTopas AeTadbHO oOcyxaeHa B [4]. i wucciemoBaHwid M30TOMHOTO COCTaBa
KHCJIOPOJ1a OTOMPAINCh BU3YaJIbHO YHCTHIE HE30HAJIbHBIC TPAHATHI M KIIMHOIMIIPOKCEHBI.

Uzoronnbiii coctap 30 KIMHONMPOKCEHA U3 SKIOTHTOB BAPBUPYET B Tpeenax ot 2.8 10 6.7 %o
M PACIIOJIOKEH NPEUMYIECTBEHHO BHYTPH pPsiia YCTAHOBJIEHHOTO IJIsl 3KJIOTMTOBBIX KCEHOJIHUTOB W3
Cubupckoii wiathopmsi (2.8-8.0 %o [3]). BOABIIMHCTBO U30TOIMHBIX COCTABOB KUCIIOPO/Ia TPAHATOB TAKKE
PacmoIokKeHO BHYTPH psifa CPEIHUX MaHTHIHBIX 3HaUeHUH (5.54+0.4 %o), otHaKO ps 00pa3IoB, B IEPBYIO
ouepeab U3 SKIOTUTOB TpyOKH HIopOMHCKast, BBIXOAUT 3a Mpeielibl MAHTUIHBIX 3HaYeHnH [4].

HccnenoBanusa M30TONMUM yriepona alMa3oB BBITOJHEHB B IIOCKOMAPAUIETBHBIX IIACTHHKAX
tommuHoN 0,3—0,9 mm. [[is yTo4YHEHUs BHYTPEHHETO CTPOEHHsI KPHUCTAJUIOB W BBIOOpa mpoduien
M30TOIHOIO aHAJIM3a UCIIOb30Bajlach KaTONOIIOMHHECIIEHTHas Tonorpadus. M3 npoaHann3upoBaHHBIX
18 00pas310B aJiMa3HBIX IIACTHH U3 KCEHOJIUTOB TpyOKku HropOuHCcKast 00Jie MOJIOBHHBI TOKA3aJId 3HAYCHMSI
51%C oTimuHbIE OT MAHTHIHBIX METOK [5].

O060011eHne pe3yabTaToB MO3BOJSIET JOCTATOYHO YBEPEHHO KOHCTATHPOBAThH IIMPOKOE ydacThe
cyOayupoBaHHbIX mopoa B coctaBe CKJIM pasnuunbix moseit SIKyTCKoil MpOBUHIIMHM U OCOOEHHO SIPKO
MIPOSIBJICHHBIN BKJIAJ CyOMynHMpOBaHHBIX KOpoBBIX mopoa B CKJIM okpamnHbX moneid (Haksrackoe),
KOTOpbIe HE TOJBKO COCTABISIIOT CYLIECTBEHHYIO YacTh MaHTHMHOro cyOcTpara, HO M ONpPEAEISIOT
BBICOKYIO 2JIMa30HOCHOCTh MaTEpUHCKHX opo naHHoro cermeHTa CKJIM Cubupckoit miathopmsl.
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Ha ocHoBannm m3ydenns coctaBa 583 3epeH MUPONOB M3 PA3TMYHBIX KHMOEPIUTOBBIX TPYOOK
SAxyTtun, Obla onpeeieHa 3aBUCUMOCTb MEXKTy COACPKaHUAMHU OKCHJIOB HUKEIIS U aJJIOMHHUS B TTMPONax
U aJIMa30HOCHOCTHIO TPyOOK. B mmpomax ycraHoBieHa oOpaTHas KOPPENSAIHS MEXKIY COACPKAHUSIMHU
OKCH/IOB HUKENS W ATIOMHHHSA: C BO3PACTaHHEM COJCp)KaHWsS NPHMECH OKCHAA HUKENS YMEHBIIAeTCS
conep:kanue rauHo3ema. MzBectHo [1], uTo Temneparypam, O1aronpusTHBIM AJsl 00pa30BaHUs aIMa3oB,
COOTBETCTBYET COZEPKaHHE OKCUAa HuKens 27-83 ppm, gaHHbIE colEpKaHUs XapaKTepHbI AJIsl MTUPOIIOB
CO CPEIHUM COZIep)KaHHeM TInHO3eMa Ha ypoBHe 19,5 mac.% Al;Os. 1 dem Bbiiie colepskaHue MHUPOTIOB
TaKOTO cOCTaBa B TpyOKe, TeM BHIIIE aMa30HOCHOCTH (pHc.l): B MHTEpeCyOIlyl0 Hac 00JacTh (TOYKH
KpacHOTO I[BETA) MOMAaJIH COCTABBI MUPOIOB U3 BEICOKOAIMAa30HOCHBIX TeJl HaKBIHCKOTO OIS

Puc.1 — lInarpaMma cOOTHOLIEHUH OKCHI0B HUKeJIS U AJIIOMHUHMSA B IUPoNax (KpacHble TOYKH — MUPONbI U3
BbICOK0AJIMA30HOCHBIX TeJ)

AnpoObanust 1aHHOTO KpuTepusi Ha mpuMmepe TpyOku Jlyene (AHrona) mokaszana, 4To HanOoiee
BBICOKHE coziepkanusi mupornos Takoro cocrasa (NiO 27-83 ppm, Al:Oz 16-23 mac.%) xapakTepHsI 1ist
Ooiiee BBICOKOAIMA30HOCHBIX OJIOKOB (puc. 2). Takum 00pa3oMm, HCIONB30BaHHE JAHHOTO KPUTEPHS
HanboJiee IpHEeMIIEMO IIPU IPOTHO3HOM OIEHKE aIMa30HOCHOCTH Pa3JIMUHBIX OJIOKOB B IIpE/eNax OJHOM
TPYOKH.
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Puc.2 — Copep:xanue nupomnos (Bbl/e1eHbI KPACHBIM IBeTOM) ¢ coep:xkannemM NiO 27-83 ppm B 6j0kax
pa3u4HOl anMa30HocHOCTH TPYOKH Jlyene (AHroJia)
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Bepxusiss manTHs 3emin WMeeT yIbTPaOCHOBHOM COCTaB, B CBSI3M C OTHM DOJIb JBOJIOIUH
YIIBTPAOCHOBHOTO paciijiaBa UMeeT 0co00€ 3HAUYEHHUE ISl IOCTPOCHUS MOJIEIH TIIyOMHHOTO MarMaTru3ma.
B kauecTBe MojieH 3TOTO sBIIeHUS BeIOpaHa ciuctema CaO-MgO-Al,03-SiO,, ananus Tonosoruu Ga3oBoit
JIuarpaMMbl KOTOPO# IMOKa3bIBaeT, YTO TIyOWHHBIA yIBTPAOCHOBHOW COCTaB, CPOPMHUPOBABIIHUNCS Kak
oTpaxkenne (yHmameHtarpHONW BTekTHKH L=F0+Cpx+Opx+Ga npu nasnenusx Hike 2,6 ['Tla mo
nmasienus 1,5- 1,6 I'Tla MeHsieT xapakTep IJIaBJICHUS HA IEPUTCKTHUYCSCKUH, C OT/ICIICHUEM MarHe3UaIbHbIX
¢a3 TakMx Kak OJUBUH, OPTONMPOKCEH M IINHHEIb. FEro cocraB mpuOMmKaeTcss K
MJIarHOKJIa3HOPMATUBHBIM CcOCTaBaM M Tpu JaBieHusix Huxe 1,5 I'lla cocTtaB octaToyHOro pacruiaBa
MOMajaeT B 00JaCTh XapaKTEPHU3YIOIIUX COCTaBhbl 'lieaouHo3emenabHoro Tpenma" [1, 2]. IlnaBnenue
nproOpeTaeT IBTEKTHUECKHN XapaKTep, W dBOIIONMS COCTaBa paciuiaBa NpH JalbHEWIIeM MOHMWKCHUH
JABJICHUA TIPOUCXOAUT COTJIACHO TPEHAY IIEIOYHO3EMENbHON CepHuH, TAe 0Co00€ 3HAYCHHE HMEET
KpUCTAIUTH3AMOHHAs! T depeHIHaIINS AT nOKIa30B.

ITo ortHomenuto k moxenphoi cucremMe CaO-MgO-Al,O3-SiO,, mpuposHbIe paciiiaBbl BCEraa
coacpixar HIGHO‘IHOﬁ, HanOBBII\/'I KOMIIOHCHT, @ B TOPHBIX IMOPOJAaXx IIJIaruOKJIa3bl BCCTAa MpCACTaBJICHDI
HENPEPBIBHBIM PSIOM TBEPIBIX PACTBOPOB aHOPTUT-aNbOUT. [103TOMY Ha cOocTaB OCTAaTOYHOTO pacriaBa
BJIMSET MPOLIECC KPUCTAIUTM3AMOHHOHN AuddepeHnpanny miarnokinasa. B 3Tom npouecce npu ocaxxajeHuu
KPUCTAUIMTOB IJIATHOKJIa3a MPOUCXOIUT yAaJeHUE KalbI[MeBOr0 KOMIIOHEHTa M3 paciliaBa, a COCTaB
OCTaTOYHOTO paciiaBa CMENIAeTCS B CTOPOHY KPEMHE3EMHUCTHIX, HATPOBBIX COCTABOB OJIU3KHX TI0 CBOEMY
coctaBy K rpanutaMm. Criemyer 0co00 OTMETHTh, YTO MPOIECC KPUCTAILTU3ANUOHHON auddepeHanum
o0ecreynT MoyuyeHre OCTATOYHOTO pacijlaBa XapaKTEPHOTO JJIS TPAaHUTOB TOJIBKO B HEPABHOBECHBIX
YCIIOBUSIX — TPUHYAUTEIHHOM YIAJIEHUH KPUCTAIDIMTOB IUIATMOKIa3a M3 OONACTH KPUCTAJUIM3AIHN
HBTEKTHUYECKOTO paciiaBa. B 3aMKHYTOW cucTeMe Ipu JOCTHKEHHH TEPMOJAMHAMUYECKOTO PaBHOBECHS
pPaBHOMEPHOM pacrpeie/icHUH KOMIIOHEHTOB pe3yJIbTaTOM OKOHYATEILHOM KPHCTAUIM3aluu OyayT
MOPOJIbl OCHOBHOT'O COCTaBa - THIa rabopo.

Takum 00pa3zoMm, TpW SBONIONHMU YJIBTPAOCHOBHOI'O MarMaTHUYECKOTO pAaCIlIaBa BBIJEISIOTCS
YCTBIPC (l)am/m IJIABJICHUS - TPU O9BTCKTUYCCKOI'O TUIIA U OAHY IICPUTCKTUYCCKOTIO. Ka>1<):[a;1 U3 3TUX (baHI/Iﬁ
3aHUMaeT 00NacTh AasneHus npuonusutensHo B 1,0 I'Tla. [pu naBinenusx ke 1,5 I'Tla B 1Byx danmsx
C OBTEKTHYECKMM THIIOM IUIABICHUS TMPOIECC OBOJIOIHMKA COCTaBa MarMaTHYeCKOro paciuiaBa,
OCIIOKHSIETCS KPUCTAIUTM3ANMOHHON nuddepeHnuanieii TBEPABIX pacTBOPOB IUIATMOKIA30B, YTO
TI03BOJISIET IBOJIIOIUOHUPOBATH COCTABY OCTATOYHOTO paciljiaBa B 00JIaCTh KBAPIIHOPMATUBHBIX COCTABOB,
MOTOOHBIX TPAHUTHBIM MarMam.

Paboma svinonnena 6 pamxax npoexma HUP (0330-2016-0016.
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[locne OTKPBITHSI MECTOPOXKACHUHA anMa3oB B SIKyTHUHM BBIMONHEHBI KOJOCCANIbHBIE OO0BEMBI
reonoropassefounsix padbor (I'PP), kotopeie obecmeunnu coszgaHWe MOLIHOM CHIpbEBOW 0a3bl Ha
necstunerus. K HacTosimeMy BpeMEHM BCE OTKpPBITHIC ILIOIIAAM B mpenenax JanasiHo-OneHekckod u
Bunroiicko-Mapxunckoit MuHepareHnuecknx 30H (JJOM3 m BMM3), BMemamommx MeCTOpOKIACHUS
anmaszoB Mup, Y aaunas, Alxan U3y4eHbl YAOBIETBOPUTENbHO. [103TOMY BBIABIEHHE HA OTKPHITON 4acTH
SIKyTun HOBBIX aJIMa30HOCHBIX PAOHOB MajoBeposTHO. Hamuuume mon Tonmied Me30-KalHO30MCKHX
OTJIOKEHUI MPAMBIX [IPU3HAKOB KUMOEPIUTOB YKa3bIBA€T, YTO AJIMA30HOCHBIN IIOTEHIINAT TEPPUTOPUH HE
UcYepmaH, 4To U MOATBepAWSIoch OTKphiTHEeM B 2015 romy B mpenenax BM3 nHoBoro blreiartunckoro
aJIMa30HOCHOTO paifoHa [1]. DTO OTKpBITHE BHIABHTACT Ha IMEPBBIM IDIaH MEPEKPBITHIE IUIomand BM3,
npencrasisromue naTepec 1t [ PP AK «AJIPOCA» (ITAO), HO MporHO3UPOBAHNE HOBBIX MOTPEOSHHBIX
MECTOPOKACHUH CBA3aHO C PSIOM MPUHIMITHAIBEHBIX MPO0IeM HayYHO-METOIUIYECKOT0 XapaKTepa.

Hayunslii BbBIOOp muiomageid ans mnocrtaHoBku [PP cocraBmser mepByro mpobiemy u
npeaycMaTpuBaeT pa3pabOTKy HaIeKHBIX MPOTHO3HBIX MPEINOCHUIOK W ITOMCKOBBIX IPU3HAKOB, Ha
KOTOPBIX MOTYT OBITh pa3pabOTaHbI JOCTOBEPHBIE KPUTEPHUH IMPOTHO3HPOBaHMA. JTa pabora TpedyeT
W3y4YeHUs] 3aKOHOMEPHOCTEH JIOKATN3aIMK KUMOEPIUTOB B AJIMA30HOCHBIX pailoHax, MIPUYyPOYCHHOCTH HX
K KUMOEPIUTOKOHTPOJIUPYIOIUM CTPYKTYpaM B COBOKYITHOCTH ¢ MHHEPAJOIMYECKUMH MIPU3HAKAMH, Ha
0a3e KOTOPBIX BO3MOKHA Pa3pabOTKa HAJAEKHBIX KPUTEPHEB UX IPOTHO3UPOBaHUA. B cBsI3U ¢ HcTOLIEHHEM
CBIPbEBOI 0a3bl B SIKyTHH, POTHO3UPOBAHHE HOBBIX MEPCIEKTHBHBIX PailOHOB BEChbMa akTyajbHO. [1o
HalleMy MHEHHWIO, Takas pa0oTa JOJDKHAa WATH 10 JBYM HalpaBJCHUSM: NPOTHO3MPOBAaHHE Ha
NPUHIMIIMAIBHO HOBBIX TEPPUTOPHSX, a TaKKe B MpelesaXx M3BECTHBIX palloHOB. MeToauKa MOWCKOB
OCHOBaHa Ha ONpoOOBaHWM 0a3aJbHBIX TOPHU3OHTOB IMEPEKPHIBAIOLIMX OTIOKEHUH C JOKaIH3auuei
OpEoJIOB HMHAMKATOPHBIX MuHepaioB kumbepiutoB (MMK). HesnauutenbHoe WX KOIUYECTBO B
NEePEKPHIBAIOIINX HEMH()OPMATHBHBIX OTJIOKEHHAX TpeOyeT HapaOOTKu OOnbLIOro o0beMa KepHOBOTO
MaTepuaja, YTO BechbMa 3aTpaTHO M IUKTYeT HEOOXOAMMOCTh BHEAPEHMS HOBBIX TexHonoruil I'PP c
TIOBBIIIIEHNEM MHTEJUIEKTYalIbHOM cocTapisionieil reoiornyeckoro nepconana ' PK AJIPOCA.

Heo0xoaumocTh coBepuieHcTBOBaHUsI MeToauku I'PP npu nporHo3upoBaHuy anMa3zoHOCHBIX
PaiioHOB Ha HOBBIX TEPPUTOPHUSX, PACIIOTIOKEHHBIX B CIIOKHBIX T€0JIOTMYECKUX 00CTAHOBKAX, COCTABIISIET
OCHOBHYIO TIpoOJieMy, CYTh pPELIeHUs] KOTOpOW — B KapJUHaJIbHOM IIOBBIIIEHUH HX HAayKOEMKOCTH.
WHHoBaimoHHBIE pPa3pabOTKH JODKHBI BHEIPATHCS KAaK HA PETHMOHANBHOW CTaauM, HAayMHAs C
JUCTAHIIMOHHOTO M3Y4EHHs] HOBBIX TEPPUTOPUH (MCIOIB30BaHHE KOCMOCHUMKOB BBICOKOT'O Pa3pelleHHs,
Y BBICOKOTOYHOW Te0(H3HUKH), TaK ¥ HA BTOPOM 3Talle, B MpejieNax MepCreKTHBHBIX IUIOMIaAel B paHre
aJIMa30HOCHBIX paiioHOB. [Ipy 3TOM crieyeT npeaycMoTpeTh BHEAPEHHE HOBBIX T€OXUMHUECKUX METO/I0B
(razoBast xpomatorpadus) u IT-rexHonoruit 00paboTku MaTepuaioB. ClenyrOmuii 3Tan — BbIAEICHUE
00BEKTOB paHra «KMMOEPIMTOBOE IOJIE» C 3aBEPKOH KOMIUIEKCHBIX aHOMAJMH, COBEPILIEHCTBOBAHUEM
AHATUTUYECKUX METO/I0B, BKJIIOYas BHEAPEHUE HHTPAreOCKOMUN MEXCKBaKIMHHOTO MPOCTPAHCTRA.

IepcnexTuBbl A1 nocraHoBku ['PP pernonanbHOM cTaany ¢ BBIETEHUEM HOBBIX AIMa30HOCHBIX
paiioHOB aBTOpHI cBs3bIBalOT ¢ Yapo-CHHCKOM 30HOH TIIIyOMHHBIX pPa3ioMoB (ceBep AJIAHCKON
AHTEKJIN3bl), @ B paHTe aJIMa30HOCHBIX PAOHOB, PEKOMEHIYEMBIX IS TIONCKOB, BRIIEISIOTCS MypOarickas
u lOnerunckas momianu (FOKHBIA W ceBepo-BOCTOUHBIN (manrm BM3), rae B Onmmkailiime Tojbl
npejpiaraeTea cocpenoTounts ['PP ¢ rapaHTHpOBaHHBIM MMONIOKUTEIBHBIM PE3yJIbTaTOM [2].
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COCTABIJIETYUYHUX KOMIIOHEHTOB B UMITAKTHBIX AJIMA3AX U3
MOIMUT ANCKOMN ACTPOBJIEMBI, POCCHSI
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HUI'M CO PAH, e-mail: tomilen@igm.nsc.ru

Matepuanom i UCCIICIOBAHUS TTOCITYKUIM UMITAKTHBIC aJIMa3bl U3 TaraMUTOB MECTOPOXKICHUSI
CkanpHOE Ha oro-3amagaoM duanre [lomuraiickoit actpooiems [1]. IMIIakTHBIE alMa3bl IPEICTaBICHBI
TECHBIM CpacTaHueM Tpex (a3: KyOmdeckoil (COOCTBEHHO anmas), TeKCaroHaJbHOW (JOHCACWUINT) U
ocrarouHoro rpadura [2]. B 3aBUCHMOCTH OT coOTHOmICHWs (a3 aiaMas3bl Pa3IMYarOTCs MO IBETY:
«CBETJIBIC» — MPEHMYIIECTBEHHO KyOW4deckas (asza, «cepble» — CMeCh TpexX (a3 ¢ mpeoldiiagaHueM
KyOM4YeCKOH, «TeMHBIE» — 3HAUWTENbHOEe KommdecTBO Tpadwura. COCTaB JIETydMX KOMIIOHEHTOB B
UMIIAKTHBIX ajMa3axX I BCEX IIBETOBBIX TPYNI ObLT HM3YYCH METOJOM Ta30BOM XpoMaro-macc-
criektpomeTpuH [3- 5].

PesynpraTel ra3oBOr0 XpomMaTo-Macc-CIEKTPOMETPUYECKOrO aHaIW3a IOKa3ald, YTO JIETY4He
KOMITOHEHTBI, 3aXBAY€HHbIE MIMITAKTHBIMU aJIMa3aMH, COCTOAT, B OCHOBHOM, U3 PA3IUYHBIX YTIIEBOIOPOIOB
Y UX TPOU3BOJHEIX - 76.7 % ansa «cBeTisix», 60.9 % mst «cepsix» u 71.7 % mis «reMubx». KonmdectBo
ani(paTHYECKNX YTIEBOJOPOIOB B «CBETIIBIX», «CEPBIX» M «TEMHBIX» anmazax coctasisieT 41.4, 16.4 u
19.5 %, cooTBeTcTBeHHO. [IpHuem n3 «ierkux» npenesbHbIX yIiIeBOIOPOIOB BO BCEX aiMa3zax OOHApYKeH
tonbko Oytan - or 0.04 mo 0.13 %. IIpu 3TOM KOJIMYECTBO «CPEOHHX» M «TSDKENBIX» TMPeNeTbHBIX
YIIIEBOJIOPO/IOB B paccMaTpuBaeMbIx anMmasax coctaBisieT oT 4.2 mo 33.3 % (Cs-C12— 6.2, 42 u 52 % u
C13-C17 —33.3, 8.6 1 10.9 %, cooTBeTCTBEHHO). Y CTAHOBJICHBI TAKXKE IIUKITMYECKUE U TETEPOITUKINIECKIE
YIIIeBOAOPOIBL: apeHsl U Gypansl (5.6,5.0 9.1 % u 1.9, 1.4 u 4.4 %, coorBercTBeHHO). CyIIECTBEHHBII
06’LCM JICTYyYHMX KOMIIOHCHTOB, 3aXBAaUYCHHBIX «CBETJIBIMU», «CCPBIMHU» H «TCMHBIMW» ajiMas3saMu,
MIPUXOJIUTCS Ha KUCIOPOACOAEPIKAIINE YTIIEBOAOPOABI - CIHPTHI, albIETHIIbI, KETOHBI U KapOOHOBBIE
kucnothl (27.8, 38.2 u 38.7 %, COOTBETCTBEHHO) U cepocojepikaiiie coequHenus - 4.6, 15.3 u 11.1 %,
COOTBETCTBEHHO. Y CTaHOBJICHBI TakxKe a3oT (oT 0.6 mo 1.6 %) u azorcomepxarniue coequnenus (ot 0.5 mo
1.5 %). Ilpuuem HauOoJIbIIEE KOJIMUECTBO a30Ta M a30TCOJICPIKAIIMX COCAMHEHUH XapakTepHO IS
«cBenbix» anMazoB — 3.1 %. Copepxxanume HoO 111 «CBETHBIX», «CEPBIX» U «TEMHBIX)» ajIMa30OB
cocraBisieT 9.1, 11.1 1 5.3 %, a CO2 — 6.5. 11.5 1 10.4 %, cOOTBETCTBEHHO.

TaxnMm o6pa30M, ucxoasda U3 IMOJYUYCHHBIX IaHHBIX, MOXHO OTMETHUTHL, YTO KpHUCTAJLIU3alUsA
MMIIAKTHBIX aJMa30B TIPOWCXOJWIA TP aKTHBHOM ydacTHH (IFOMIHON (asbl, B COCTaBe KOTOPOM
CYIIIECTBEHHYIO POJIb UTPAIIA Pa3lIMYHbIE YTIEBOJOPOIBI U UX MPOU3BOHBIE. OCHOBHBIM HCTOYHHUKOM
¢ron0B, CKOpee BCero, ObUTH MOPOJbl MHUIIEHHU, MCIIBITABIINE IIOKOBBIH METaMOP(GU3M TPU BBICOKHX
TEeMIIepaTypax 1 JaBICHUIX.

Paboma svmonnena npu noodepoicie Poccutickoeo Hayunoeo @onoa (npoexm Ne 17-17-01154) u Poccutickoeo @onoa
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COCTAB JIETYYUX KOMIIOHEHTOB 13 CVD AJIMA30B
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3a mocneqHue TPUALIATD JIST HHTCHCHBHOE pa3BuThe nonyuran meroast CVD (chemical vapour
deposition) BeIpamuBaHus aiMa3oB MPH TEPMHUUYCCKOW THCCOIMAIMA MOJIEKYJISIPHOTO BOJOPOAa M
ra3000pa3HOro UCTOYHHKA yriiepo/a (00BIYHO MeTaHa) B Iiasme mpu Temneparype Boiie 2000 °C [1-5].
«CrannmaptHas Mojenb» pocta CVD anma3oB ocHOBaHa Ha TUArHOCTHKE B TuiazMe mMoiekyn CHa, CoHo,
CoHs 1 pamukanos CHs [4, 5]. [Ipu sToM mpeamnonaraeTcs, 4To peaabHbIA COCTaB Ia30BOM CMECH MOKET
OBITH OOMiee ciioxkHbIM [1, 2, 4, 5]. B nokiaje npeacTaBiacHbl pe3yabTaThl ONPEACICHHS COCTaBa Ia30Boi
¢a3bl, 3axBauenHoit CVD anmaszamu nipu pocTe, METOAOM ra3oBOi Xpomaro-macc-crekrpomerpun (GC-
MS) [6]. UccrenoBanue BBITOIHEHO ¢ 00pa3aMy MOJMKPUCTAUINIECKUX M MOHOKpUcTaunyeckux CVD
anmvaszos PC L 0100-0100-0500PL., mpomssenenusimu Elements Six a De Beers Group Company.

Pesynbraret GC-MS nokaszanu, 4To JeTy4re KOMIIOHSHTHI, 3aXBaUC€HHBIC MTOJIMKPUCTAIUTHYECKUMHU
1 MoHOKpHucTaumdeckumu CVD anMaszamu mpu pocte, COCTOSIT, B OCHOBHOM, M3 YTJIEBOJAOPOJOB M HX
Npou3BOAHBIX - 72.2 u 82.1 %, cooTrBeTcTBeHHO. U3 Heoprannueckux razoB npucyrctsyeT H20 22.6 1 0.9
% m CO2 - 04 u 93 %, coorBercTBeHHO. KonmdecTBO anupaTHYECKUX YTICBOAOPOIOB B
MOJIMKPUCTATUNTMYECKUX M MoOHOKpucTtamueckux CVD anmazax cocrasuser 19.7 u 12.6 %,
cooTBeTCTBeHHO. llpmdyeM B ra3oBod (haze 00OMX anaMa30B OTCYTCTBYIOT <JIETKHE» IIpeJeIbHbIE
YTIEBOIOPOABl - METaH, 3TaH, HpomaH u OyraH. OOHapyXeHBl TOJIBKO «CPETHUE» U «TDKEIBIE»
npenenbubie yraeBoaopoabl (Cs-Cio - 3.8 13.9 % u C13-Ci7 - 9.5 1 1.9 %, cOOTBETCTBEHHO). Y CTAHOBJICHBI
TaKXe [UKINYECKUe yriaeBomoponasl: HadTeHsl U apeHsl (4.0 u 5.4 %, coorBercTBeHHO). CylieCTBEHHbII
00BeM ITeTy4nX KOMIIOHEHTOB, 3aXBAa4YCHHBIX MOJIHKPUCTALIHYECKIMA U MOHOKpucTamtmaeckumu CVD
anMasam¥, MPHUXOAWUTCS Ha KHUCIOPOJCOJEpIKallle YTIEBOJOPOABI - CIUPTHI, albICTHIIBI, KETOHBI U
kapOoHOBBIE KHCIOTHI (47.7 u 63.7 %, COOTBETCTBEHHO). YcraHoBieHbl Takke a3zoT (0.1 %) u
aszorconepxamue coenunenust (4.2 u 6.0 %, coorBercTBeHHO). IlpuueM MoneKymsIpHBIN a30T ObLI
00HapyKeH TOJBKO B MOJUKPUCTADIHYSCKHUX ajMa3ax.

Takum 00pa3oM, HCXO/s W3 TOIYYEHHBIX JaHHBIX, peajbHas ra3oBas cpefia, U3 KOTOpOil pocin
uccnenoanabie CVD anmasel, oka3anack 0osee CI0XKHOH, UeM YUUTHIBAET «CTaHAPTHAS MOJENb». A30T
B Ta30BOH CMeCH MPHUCYTCTBOBAal B OCHOBHOM B CBSI3aHHOW (hOopMe B CIIOKHBIX YTIIEBOJOPOJHBIX
COCJIMHEHUSIX, YTO, BEPOATHO, U onpeaenuio Tiun CVD anmazos kak 1.

Paboma evimonnena npu noodepoicke Poccutickozo @onoa @ynoamenmansivix Hccnedosanuii (npoexm Ne 18-05-00761)
u Poccutickoeo Hayurnozo @onoa (npoexm Ne 17-17-01154).
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IHOBEPXHOCTHBIE U BHYTPEHHUE MUHEPAJIBHBIE ®A3bI B AJIMA3AX V-
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[IpencraBieHsl pe3ynbTaThl HM3ydeHHs MHHEpanbHbIX (a3 B anmazax V-VII pasHoBugnocTn
METOAaMH 3IEKTPOHHOW MHUKPOCKOIIHU, MUKPO30HAOBOI'O aHAIN3a U CIIEKTPOCKOIIMH KOMOMHAIIMOHHOTO
paccestHuS (paMaHOBCKas CIIEKTPOCKOMus). M3yueHne MuHepanbHBIX (a3 Ha MOBEPXHOCTH anMasa, B
MOJIOCTAX CKOJA, BO BHYTPEHHHUX TpPEUIMHAX W IyCTOTaX pacTBOPEHMs, a TaKKe BKIIOYEHHBIX B alMas
HEOOXOUMO JJIsl ONpeACIeHUS SHAOTCHHON TTOCTTEHETHUECKOW UCTOPUH TaKuX KpUCTasioB [1]. Aamasbl
V-VII pa3sHOBUAHOCTH XapaKTEPU3YIOTCSl OJIOUYHBIM CTPOCHHMEM, BBUAY YETO IUIOXO IOAAAIOTCS
pactmoBke u numdoBke. Ha ToBepXHOCTHM anMaza oOOHAapyKEHBl CHIIMKAaTHBIE (a3bl, He
JUarHOCTHPOBAHHBIE KaK MUHEPasbl, B BUJE TOHKUX INIACTUHOK X HAPOCTOB. 3epHa MOJIEBOTO MIMaTa 4YacTo
3aMOJHSIOT SIMKH pacTBOpeHHs. Bo BHYTpPEHHHMX MOJOCTSX M TPELIMHAX PAacIlOIOKEHHBIX Ha TPaHUIax
0JI0KOB, BCKPBITHIX IIPU PAcKOJIe KPUCTAIIIOB, OOHAPY>KEHBI 3€pHA MUKPOMIIBMEHUTA, Cyb(ara KaJablus,
KaJIbIIUTa U IIUPKOHA. 3€pHa MUKPOMIBMEHUTAa MMEIOT IUIACTUHYATOE CTPOEHHE C HEPOBHBIMU KpasiMH,
TUIOTHO TIPWJIETal0T K CTeHKe TpemuH. Pasmep KpymHBIX BblAenaeHui He npesbimaer 50 Mxm. [lonocTtu
TPEIINH HePEIKO 3arOTHEHBI CylIb(aToM KalblUi C 3€pPHUCTON CTPYKTypoH. LlupkoH mpu3martndeckoit
¢dopmel pasmepom 20x50 MkM oOHapykeH BO BHyTpeHHEH TpemuHe. [loBepXHOCTh 3epHa HEpOBHas,
npuMecH He ycraHoBieHbl. Mertogom KP  crmektpockomumu B mepudepun  anmasa  in-Situ
UACHTU(OUINPOBAHBl CyIb(QUAHbIE BKIOYeHHA (xanbkonuput) (puc.l). CymbpQumbl mpeacTaBleHBl B
PasHOM CTEMEHM HCKAKEHHBIMH KpHCTAIAMU OKTa3apuieckoil ¢opmbl. PasMepbl WHAWBUAOB HE
npeBbIIAaT 30 MKM.
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Puc.1 — KP cnekrtp cynbGuAHBIX BKIOYCHUI.

JletanbHoe M3ydeHHe OOHAPYKEHHBIX CHIIMKATHBIX (pa3 Ha TIOBEPXHOCTH KPHCTAIIA, IEPBHYHBIX
MHUHEpaJoB (MUKPOMJIBMEHHUT, LHUPKOH) BO BHYTPEHHHX IIOJIOCTSX, & TaKKe CYIb(QHUIHBIX BKIIOYCHUH
MIOMOJKET B yCTAaHOBJIEHUH T'€HETHYECKON MPUPObI TpaHcnopTepa anMasos V-V pazHoBuaHocTH.

Paboma noocomoenena no npoexmy «Cmpamezuyecku 8adicHble UObL MUHEPATLHO-CHIPLEGBIX PECYPCOB U OCOOEHHOCIL
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MEKMOHUKA, MAZMAMU3M, 2E09KON02UA, COBEPUICHCINBOBAHUE HOUCKOBbIX U NPOSHOSHBIX MexHOoN02Uly IIpospammbl KOMAIEKCHbIX
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cpepot na 2016-2020 200b1».
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Ha ocHoBe neTanbHOrO MHKpPO30HAOBOI'O M3YyYEHMS COCTAaBAa M 30HAJIBHOCTH COCYILIECTBYHOLIUX
MHUHEpaJoB (IpaHaTa U MUPOKCEHA) OIPEeNIeH XapaKkTep MeTaMopprUeCcKOi IBOMIOLUN MaKCIOTOBCKOTO
9KJIOTUT-TJIayKO(AHCIAHIIEBOTO KOMILIEKCA HAa IOKHOM Ypanie, BBIBICHA NEPHOAMYHOCTH €ro
(dbopMHUPOBaHUSI M KOHKPETHBIE TEPMOJMHAMUYECKHUE TapaMeTPhl MUHEPAIO00pa30BaHMsI Ha KaXKAOM 3TaIle
MetamopuzmMa. MaKCIOTOBCKMM 3KIOTMT-TIayKO()aHCIAHIEBbI KOMIUIEKC XOpOLIO M3BECTEH Kak
cyOnykuuoHHblii  kommiekc Boicokoro (HP) — cBepxseicokoro (UHP) JNaBJICHUSA CpEOHE -
MO3/THETIaJIe0301CKOro Bo3pacTta. XapakTepHble ¢a3bl cBepxBbicokoro (UHP) maBienus (ceBapoMopdo3sl
KO3CUTa 1O KBaplly, rpaduToBble KyOOHIBI MO anMasy, BKIIOYEHHUS MHKPOAIMasa) ONMCAaHBl paHee B
sutepatype [1-5]. HoBble aHanuTHUecKkue JaHHbBIE [T0 COCTaBYy IpaHaTa U KIMHOIMPOKCEHA MOATBEPIKIAl0T
BBICOKOOAPHBIN XapaKkTep MPOUCXOKACHUS SKJIOTUTOBBIX ITOPO/I, KOTOPBIE IPUCYTCTBYIOT B HIDKHEH 4acTH
KOMILJIEKCAa B BHJE€ MHOTOYHMCIICHHBIX JINH3, OyIUH U MPOCIOEB CPEeH IN1ayKO(aHOBBIX M IOJICBOLINAT-
CIIFOJTUCTBIX CIAHLIEB.

TepMobGapoMeTpuiecKkue pacueTsl MapaMeTpoB MeTaMopdu3Ma OSKIOTHTOBBIX —acCOUAIN
BBITIOJTHEHBI HA OCHOBE MHKPO30HIOBOTO M3YYEHHUS COCTaBa M 30HAJIBHOCTH COCYLIECTBYIOIIMX (a3 B
napareHesuce Grt+Cpx£Pl+Qz ¢ wucnomp3oBanmem Grt-Cpx rteorepmomerpa Ilaysmma [6] u
ycoBepiieHcTBoBaHHOTO PI-CpX-Qz reobapomerpa [lepuyka [7]. I'panar B sknorutax MakCIOTOBCKOTO
KOMITJIEKCa MTPaKTUUECKU BCETAa 30HaJIeH, 00J1aiaeT NpsIMOi, 0OpaTHOW U MHBEPCHOHHOW 30HAJBHOCTEIO,
B TO BPEMSI KaK COCTaB KJIIMHOIMMPOKCEHA MEHSEeTCs He3HaUUTeNbHO (Xug ~ 22-40 mon. %). [lnarunokmnas mo
cocTaBy OJIM30K K albOUTY M, CKOpee BCEro, sBJsieTcs: OoJyiee MO3AHUM MUHepaioM. BenenctBue 3roro,
COCTaBBbl cocyliecTByomux (a3 B Pl-cogepkammx 5KI0rHTax OTpaXkaloT MapaMeTphl 3aKII0UUTEIbHBIX,
OTHOCUTENFHO HU3KOTEMIIEPAaTYPHBIX CTaANM SBOJIIOLMH KOMIUIEKca. TpeHAbl H3MEHEHHUS TeMIIepaTyphl 1
JaBJICHUs] TPU KPUCTAIUIM3AalMK 30HAJBHBIX 3€peH IpaHara (OT LEHTpa K Kpaiw) B PAaBHOBECHH C
KIMHOTIMPOKCEHOM HCCIICAOBAIUCH B 00pa3liax pa3HOW CTENEHW BBIBETPHBAHUS, W3 IEHTPAJbHBIX M
KPAaeBbIX YacTel KPYIHBIX OYAMH, U3 SKIOTUTOBBIX mpociioeB B Grt-Cpx-GIn-Mu-Qz marpukce, B KpYITHBIX
noppupoOIACTUYECKHUX 3ePHAX IPaHATA U B MEJIKUX HOBOOOPA30BaHHBIX KPHCTAJLIAX U3 OCHOBHOM MacChl
NopoIbl. 3epHa TpaHaTa ¢ MPSMOW ¥ 00paTHOH 30HATbHOCTBIO, YaCTO MPUCYTCTBYIOIINE B OJTHOM 00pasIie,
(UKCHPYIOT CONpsHKEHHBIE MPOTPECCUBHBIE M perpeccuBHble P-T TpeH/bl, OTAENBHBIX 3TANOB Pa3BUTHS
KoMmIiekca. Ha oOcHOBe MONyYeHHBIX NAHHBIX BBUIENAIOTCS, IO KpaiHeH Mepe, 4YeThIpe 3Iu30.a
MeTaMOp(pHUUECKUX NpeoOpa3zoBaHuil MakCIOTOBCKOro KoMILIeKca. Bo3pacTHele AaHHBIE OTAENBHBIX
9TamnoB [3, 4, 8] B COBOKYIIHOCTH ¢ apaMeTpamMu Mmetamopduszma oopa3yroT eaunbiii P-T-t TpeHy pa3Butus
KOMILJIEKCA, KOTOPBIA ONpeAessieT IOJIOKEHHE TIpaJdeHTa MeTaMOp(UYecKOoro Mojisi BO BpeMs €ro
9KCTyMaLUH.

Ta6auua 1 Ilapamerpsl MeTaMopduYecKOii IBOJTIOLMH IKJIOTUTOB MaKCIOTOBCKOr0 KOMILJIEKCa

Ne IIporpaanasi BeTBb Perporpagnas craaus Bo3zpact, Ma
n/n

T=800-900 °C, P=3,5TI'Tla T=910—730 °C, P=3,5I'lla 533+4,6
T=500-790 °C, P=2,5-3,0 I'lla | T=740—610 °C, P=2,5—1,4 I'Tla | 392-485
T=460-680 °C, P=1,1-1,5ST'lla | T=690—430 °C, P=1,3—1,0 I'Tla | 360-465
T=310-515 °C, P=0,9-1,2 I'Tla | T=545—310 °C, P=1,0—0,6 I'la | 320-335
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A30T U BOJAOPO B KPUCTAJIJIAX AJIMA3A U ITPOBJIEMBI EI'O TEHE3UCA

Xavarpsu I'.K.

OI'bY LITHUI'PU, Mocksa

Bomnpockl, cBi3aHHBIE ¢ MPUPOAOI MCTOYHHKA Yriepoja aiMmasa U ¢ TiyOuHHOW Mopdomoruen
aIMa30HOCHOMH cpefibl B pyHIaMeHTe mIaT(opM 0 HACTOSIIETO0 BPEMEHH OCTAIOTCA JUCKYCCHOHHBIMU.

CuHreHeTn4Hble IPUMECH B KPUCTAJUIAX ajiMa3a HECYT BaXKHYIO MH(YOPMAIMIO 00 YCIOBUSX €T0
pocTa B MaHTHH 3eMJM. A30T M BOAOPOA - TJaBHbIE M Haumboiee pacHpoCTpaHEHHBIE MPUMECH B
MPUPOAHBIX KpUCTa/Iax anmasa. bonpiioii Bkinaa B u3ydenue 3tux npumeceii BHec E.B.Co0oneB, KOTOpEIii
II0KAa3aJl, YTO OHU BXOJST B CTPYKTYPY aIMa30B KUMOEPIUTOB, IPHUEM a30T — H30MOPGHO ¢ 00pazoBaHUEM
MHOT'OYHCIIEHHBIX ONTHYECKH aKTUBHBIX LIEHTPOB, @ BOJOPO] — XUMHUUYECKH CBSI3aH C YIJIEPOAOM aJIMa3HOMN
pemetku. C nmpumenenneM HK-cnekTpockonmuu aBTOpPOM H3y4YEHBI 3aKOHOMEPHOCTH pacIpelleleHus
MpUMeceit a30Ta ¥ BOAOPOIa B MPUPOIHBIX amMasax (bomee 5,5 Teic. 00pasmoB u3 96 MeCTOpOXKIACHHMIA), a
TaKkke B 00beMe OTIENbHBIX KpHCTaLIOB (94 00pasima).

A3OTHBIE M BOJOPOJHBIE IIEHTPHI B IMPHUPOJHBIX KpHCTaslaX ajMas3a BCErJa COCYIIECTBYIOT,
HECMOTPSI Ha Pa3HyI0 MPUPOY XUMHUIECKHX CBSI3€H, a X KOHLIEHTPAIUX 00HAPYKUBAIOT MTOJIOKHUTEITBHYIO
KOPPEJILMI0. DTO yKa3blBaeT Ha OOIIHOCTh MCTOYHHKOB a30Ta W BOJIOPOJA, a B CYMME C IAaHHBIMH IIO
pacrpeneneHuo H30TONOB yIiiepoaa U (a30BbIX MPUMECEH OPraHN4YeCKOro BELUIECTBA B KPUCTAJUIAX — HA
y4acTHe MEPBUYHO OMOTEHHBIX KOMIIOHEHTOB B O0pa30BaHMHU aiMa3a U3 KUMOEPIHUTOB M JIAMIIPOUTOB.
[TosTOoMy He ciyyaiiHO, YTO B aiMasze SIPKO HPOSIBISETCS YCTOHYMBAs accoLUanus yriaepona, a3ora H
BOJIOPOJa, XapaKTepHasi Uil OPraHUYeCKUX coeiuHeHn . TakuM 00pa3oM, eCTECTBEHHO 3aKIII0UEHHE, YTO,
M0 MEHBIIIEH Mepe, YacTh MPUPOAHBIX AIMa30B 00pa30BajIach 3a CYET SK30T€HHBIX OPTraHUYECKUX BELIECTB,
MOTPY>KEHHBIX Ha OoybplMe TIIyOWMHBI, YTO COTJIACYETCS C BBICKa3aHHBIMH paHee WICSIMH H
npencrasineHusmu - Y.1llapna, B.C.Co6oneBa u H.B.CoGoneBa, O.I.CopoxtmHa ¢ coaBTOpamu,
®.B.Kamunckoro u psga Apyrux UCCIEI0BATENICH.

st comocTaBieHus] KOJUIEKIMI aiMasa W3 pa3HbIX MECTOPOXKICHHH MO OO0IEeMy COJepKaHUI0
azota B kpuctamiax (Nt oT 0 o 2000 at.ppm) u moie ero arperuposanHoii B-hopmer (%Ng ot 0 1o 100)
aBTOPOM BBIZICJICHBI IIPEACTABUTENIbHBIC TPYIIbI KPUCTAIUIOB — MOIYJISILUH, TJIaBHBIE - JOMHHUPYIOIINE
CpeJlv MHAWBHJIOB B K&KA0H TpyOKe wih pocchinu (>50%) u BropocTeneHHble. B cooTBeTCTBHE C MOIETBIO
B.P.Taiinopa ¢ coaBropamu (1990), ykazaHHbIE IapaMeTpbl XapaKTEPU3YIOT TeMIeparypy oOpa3oBaHuUs
anMasza npu (QUKCHPOBAHHOM BPEMEHH €ro HaxoxlIeHus B MaHTuu. [lo pacnpezenenuio asora B
KpUCTaJUIaX C YYETOM HAJIWYUS B HUX BKIIOUYECHUH YIBTPAOCHOBHOM M 3KIIOTMTOBOM aCCOLMIIUM, a TaKKe
BBICOKOOApUYECKUX MUHEPAJIOB (MEHKOpUTA, (eppHIleprKiIa3a u Jp.), BCe TOMYISLIUHN pa3eisoTcs 110
YCIIOBHSIM 00pa30BaHusl HA IIECTh THIIOB.

B psany momynsaumii ©MeeT MecTO TEHJEHIMS YMEHBIIEHHUS COJEp>KaHHUS a30Ta W yBETUUEHHUS
CTENEHH ero arperanuu (OT MapHOW K YEThIPEXaTOMHON KOH(HUTypalud aToMOB) B KPHCTALTHYECKOM
peLIeTKe arMasa, YTO COOTBETCTBYET YBEMUEHHUIO TEMIIEpaTyphbl ajaMa3oo0paszoBanus. Ilpu sTom cambie
HHM3K0a30THbIE («Oe3a30THBIeY») anmmasbl (Nt < 20 at.ppm) Hanbosiee BBICOKOTEMIIEPATyPHBIX MOMYJISIN
OJTHOBPEMEHHO SBISIOTCS W CaMbIMH TIYOMHHBIMH, TaK KaK WMEHHO OHH COJIep)KaT BKIFOUCHHUSI
BBICOKOOApUYECKUX MHUHEpajoB. M3 3Toro ciemyer, 4ro ryiaBHas MPUYMHA HAapacTaHHUs TEMIIEPaTyp
anMa3zoo0pa3oBaHusl CBsi3aHa C TIyOWHOW. BBIABICHHAs TEHIOCHLUS XapaKTEPHU3YeT BEPTHUKAJILHYIO
30HAIBHOCTh MOMYJSUi. B normonHenne ycranomieHo, uro Ha CHOHMpCKoOl IutatdopMme pasMmeleHne
TJIaBHBIX TOMYJISIIMIA aaMa3a UMeeT JIByXCTOPOHHIOK (C 3JI€MEHTaMH KOHIIEHTPUYHOCTH) JIaTepaIbHYIO
30HAJIBHOCTh, @ UIMEHHO: HanOoJiee BHICOKOTEMIIEpAaTypHbIE U IITyOWHHBIE HOMYJISILUU PACIOI0KEHBI B
LEHTpe, a HAaUMEHEee - COOTBETCTBEHHO Mo mnepudepun. CodeTraHWe BEPTUKAIBHOM M JaTepaibHOI
30HAFHOCTH TJIABHBIX TIOMYJISALUE JaeT oOlee NpejcTaBIeHHe O TPEXMEPHOW MOP(HOIOrHH OCHOBHOMN
TeoJIOr0-CTPYKTYPHOHN 30HBI, B KOTOPOM MPOUCXOAMI POCT KPUCTAJUIOB ajiMasza. JTa CTPYKTypa AOJKHA
YUUTHIBAThCS P MUHEPAreHUUECKOM PaiOHUPOBaHUH (PpyHIaMeHTa mIaT(OpMBbl.



CHROMITE AND OLIVINE HOSTED MELT INCLUSIONS REVEAL MIXING
BETWEEN LAMPROITE AND KAMAFUGITE MELTS (EVIDENCE FROM
RYABINOVIY MASSIF LAMPROITES, ALDAN SHIELD)

Chayka L.F.' 2, Sobolev A.V.?*4, Izokh A.E. ' %2, Batanova V.G. ? %, Krasheninnikov S.P. *

' V.S.Sobolev Institute of Geology and mineralogy SB RAS
ivanlab211@gmail.com
2 Geology geophysics Department, NSU,
3 IS TERRE, Grenoble, France
* Vernadsky Institute of Geochemistry and Analytical Chemistry RAS

Melt inclusions (MI) hosted by olivine and chromium spinel as well as their host minerals from
Ryabinoviy massif lamproites were studied. Unhomogenized MI are crystallized, their homogenization
with following quenching was conducted using Nabertherm RHTV 1700 vertical pipe furnace [1].
Quenched glasses were analyzed with EPMA and SIMS. Compositions of their host minerals were
determined using EPMA including high-precision olivine analysis [2]. Temperatures of olivine
crystallization were estimated using “Al-in-olivine” thermometer [3].

MI studies revealed that Cr-spinel-hosted and olivine-hosted Mls have contrasting compositions.
According to chemical classification [4], most of Cr-spinel-hosted Mls correspond to lamproites (low-Ca,
ultrapotassic) while most of olivine-hosted Mls have distinct kamafugitic affinity (high-Ca, Na-K-alkaline).
Their geochemical trends comprised with bulk rock compositions and host mineral chemistry imply mixing
of these two melts, which took place at temperature about 1200 °C. Immediately after or even during mixing
between these melts the carbonate-silicate-salt immiscibility occured [5]. According to our data, U, Th, Nb,
Ta and LREE distributed into carbonate-salt fraction being trapped by fluoride, phosphate and sulphate
complexes.

Chemistry of the studied MI, chromium spinels and olivine, and isotopic data [6] imply ancient
(AR-PR) lithospheric mantle sources for these melts, enriched by ancient subduction processes with key
role of carbonate metasomatism. Although having contrasting compositions, observed kamafugite and
lamproite melts could be generated from sources of similar chemistry, probably from DM with glimmerite
or phlogopite pyroxenite domains [7]. Kamafugite melt was generated in CO,-saturated conditions due to
extensional decompression. Lamproite melt is thought to originate due to the following ascending of deep
thermal, F and SOs-bearing, flux. Such spatial and temporal coexistence of kamafugite (high-Ca, K-Na-
alkaline) and lamproite (low-Ca, ultrapotassic) magmatism can particularly explain an unusually wide
range of rock compositions and their diverse alkalinity features among Central Aldan Mezosoic igneous
complexes.

The research is supported by Russian Scientific Foundation (project No 15-17-20036); analytics
in France is supported by grant Labex OSUG@2020 (Investissements d’avenir — ANR10 LABX56).
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CMEIIEHUE JIAMITPOUTOBOT'O 1 KAMA®YTMTOBOI'O PACILJIABOB B
JAMKOBBIX MTOPOJIAX PABMHOBOI'O MACCHBA (LIEHTPAJILHBIN AJIJIAH):
MO JAHHBIM UCCJEIOBAHMS PACILIABHBIX BKJIIOUEHUI B OJTUBUHAX 1
XPOMIITTAHEJINAIAX

Yaiika U.PD.' 2, CoboseB A.B. * 4, U30x A.D. ' %, baranoBa B.I'. * 4, Kpameaunnuxosn C.II. *

' UII'M CO PAH ivanlab211@gmail.com
2 I'eonoro-reodusnyueckwnii paxkynprer, HI'Y,
* 1S TERRE, I'peno6sb, @panius
‘TEOXU PAH

Wzyuanuce pacriyiaBHbIE BKIIOYSHHS B OJIMBUHAX M XPOMILTIHHEIHIAX U3 TaMIPOUTOB PsionHOBOTO
MaccuBa, a TaKKe WX MHHEepanbl-xo3ieBa. Hemporpersie BKIIOYEHHS PAaCKPUCTAIIM30BaHbI,
TOMOTEHH3AIUSI C MOCIIEAYIONICH 3aKaIKON MPOBOAMIACH B BepTHKaIbHON TpyOuaToit meun Nabertherm
RHTV 1700 [1]. CocTaB MONMy4eHHBIX 3aKaJIOYHBIX CTEKOJI OMPEACISIICS C TIOMOIIBI0 MUKPO30HI0BOTO U
SIMS ananu3oB. CocTaB MUHEPAIOB-X035€B OMPEIEISIICS C IOMOIIBI0 MHUKPO30HIOBOTO aHAIM3a, B TOM
YHUCIIe - BHICOKOTOYHOW METOAWKH MPHUMECHOTo aHanmm3a onuBuHA [2]. TemmepaTypsl KpUCTaUIA3AHAN
OJIMBWHA OIEHUBAINCH IO OJMBUH-IITIIHEIEBOMY TepMoMeTpy [3].

[lony4yeHHble AaHHBIC CBUICTEICTBYIOT O KOHTPACTHBIX COCTaBax BKIIOUCHHH M3 OJHMBUHOB U
xpommmuHenuaoB. [lo xummdeckoi kmaccudukanuu [4] BKIIOYEHHS B XPOMIIIHHETNAAX OTBEYAIOT
nammponty (ynerpa-K, am3ko-Ca), Torma xak BKIIOUYSHHS B OJIMBHHE TI0 COCTaBy OJrKe K KaMapyruTy
(Na-K memnounocty, Bbicoko-Ca). OCHOBBIBasICh Ha F€OXUMHYECKUX TPEHIAX M COCTaBaX MHUHEPaIOB-
X0351€B, MMOKA3aHO, YTO UMEJIO MECTO CMEIIIEHUE dTUX MarM Ipu Temmeparype okoio 1200 °C. IIpoueccsr
CHJIMKaTHO-KapOOHATHO-COJIEBOI HECMECUMOCTH, ITOKa3aHHBIC B MPEIBIIYIINX UCCIETOBAHUIX [5] MOTITH
MPOMCXOANTH KaK IMOCIEe CMEIISHHsI STHX MarM, Tak U BMmecTe ¢ HUM. OCHOBBIBasiCh Ha MOJYYEHHBIX
JMaHHbIX, mpeanonaraercs, uro Th, U, Ta, Nb u LREE mepepacnpenensnucs B KapOOHATHO-COJIEBYIO
¢paxuuio, 06pasys kommiekchl ¢ F, Cl'u SO4*

[TomyuenHbIe TaHHBIE W U30TOMHBIN COCTaB M3yUEHHBIX TOPOJ [6] ykaspIBatoT Ha npeHmid (AR-
PR) nmutocdepHblii MAHTHIHBIA UCTOYHUK, 0OOTAICHHBIN B X0JIe JPEBHUX CYOIYKIIMOHHBIX MPOIIECCOB.
HecMoTps Ha pa3nndHbIE COCTaBhI, PACIUIABhI, OTBEYAIOIIUE TIPOAHATN3NPOBAHHBIM BKJIFOUEHUSM, MOTIIN
00pa3oBaThcs M3 MCTOYHHMKA OJTHOTO THIIA, IPEJICTABICHHOTO OOETHEHHBIM MEPHIOTHTOM C y4acTKaMHU
TJIUMMEPHUTOBOTO WM  (PIIOTOMUT-MUPOKCEHUTOBOro coctaBa [7]. KamadyruroBass marma mpu 3TOM
BBITIJIABIISUIACH B XOJIe HU3KOTEMIIEPATypHOTO JAEKOMIIPECCHOHHOTO TUIABJICHUS B YCIOBHSX HACBHIIICHUS
KapOOHATOM, a TMOCIIEAOBaBIINIA 32 JeKoMIIpeccrer mpuBHOC Tetuia, F u SOz u3 Hmkenexaiielr MaHTHN
MpUBENl K BBIIUIABIICHUIO OoJiee  BBICOKOTEMIIEPATYpPHOH JaMmpouToBoi MarMbl. llomoOHas
MPOCTPAHCTBEHHO-BPEMEHHAsI CBS3b KaMa(yTUTOBOI'O W JIAMIIPOMTOBOTO MarMaTH3Ma MOKET YaCTUYHO
OOBSACHATH HEOOBIYHO IIMPOKHE BapWAIlMM COCTABOB W IMIEIOYHOCTH TMOPOJ, TPEJCTABICHHBIX B
BBICOKOKaJIMEBOI Me3030iickoil LlenTpanbHO-AIaHCKON IPOBUHIUY.

Paboma evinonnena 3a cuem cpeocme epanma PH® (npoexm No 15-17-20036); uccredosanuss 6o Dparyuu

nodoeporcarvt 2panmonm Labex OSUG@2020 (Investissements d ‘avenir — ANR10 LABX56).

CchlIKkn

1. Krasheninnikov S.P. et al., Experimental Testing of Olivine-Melt Equilibrium Models an High Temperatures //
Doklady Earth Sciences, 2017, 475. Ne2. P 919-922

2. Batanova V.G., Sobolev A.V., Kuzmin D.V., Trace element analyzis of olivine: High-precision analytical method
for JEOL JXA-8230 electron probe microanalyser // Chem. Geol. 2015, vol. 419, pp. 149-157

3. Coogan L.A., Saunders A.D., Wilson R.N., Aluminium-in-olivine thermometry of primitive basalts: Evidence of
an anomalously hot mantle source for large igneous provinces // Chem. Geol. 2014, 368. 1-10.

4. Foley S.F. et al., The ultrapotassic rocks: characteristics, classification and constrains for petrogenetic models //
Earth Science Reviews, 1987. 24. P. 81-134

5. Rokosova E. Yu., Panina L.1., Shonkinites and minettes of the Ryabinoviy massif (Central Aldan): composition
and crystallization conditions // Russian Geology and Geophysics. 2013. 54. P. 613-626

6. Yaiika 1.®., BaciokoBa E.A. MuHepasorusi, T€OXUMHUs W HM30TOIHUS JAMIIPOMTOBBIX MOPOJ TOOYKCKOro
KOMIUIEKCa M UX CBS3b ¢ AU-pyIOHOCHBIM MacCHBOM PsSOMHOBEIN // MeTajmoreHus: APEBHUX W COBPEMEHHBIX
okeanos. 2017. 1. C. 38-51



7. Forster M.W. et al., Melting and dynamic metasomatism of mixed harzburgite + glimmerite mantle source:
Implications for the genesis of orogenic potassic magmas // Chem. Geol. 2016. DOI:
10.1016/j.chemge0.2016.08.037



PACIIVTABHBIE BKJIIOYEHUSA U IEPUTEKTUYECKHUE PEAKIIUM B
MATMATHYECKOM IIETPOI'EHE3UCE

Yynuu B.I1.' 2, Ky3pmun /I.B.', Cmupnos C.3.', Tomuienko A.A.'

' IT'M CO PAH chupin@igm.nsc.ru
2 HoBocuOupckuii rocy1apCTBEHHbIN YHUBEPCUTET

[lepurekTHueckue sBIEHHUS B IpoLlecCaX MarMaTU4ecKOoW KPUCTAJUIM3ALMU  HIMPOKO
pacnpocTpaHeHbl, HO O HUX U3BECTHO HE MHOTO. MarmMaTnyeckue NepuTeKTHIECKUE PEaKIU — peaKium,
B KOTOPBIX OJHU MHHEPAJbl 00Pa3yrOTCs 3a CUET IPYTUX B IPUCYTCTBUU MarMaTU4eCcKHUX pacljlaBOB Kak
Ha ()OHE CHIDKEHMS TEMIIEpaTyphbl, TAK U IIpH ee oBbllIeHuH. [locieanee 00bIYHO IPOUCXOANT B 00JaCTAX
reHepalnuy KOpoBBIX MarM. B manHOM paGoTe MbI IPEACTaBUM IIPUMEPHI EPUTEKTUIECKUX ABJICHUN HA
PaHHUX CTaAWSAX MarMaTHYECKOro IETPOreHE3NCa, M CIIOCOOBI MX PEKOHCTPYKLHH C NPHUMEHEHHEM
pacIIaBHBIX BKJIIOYECHUH.

OOpa3oBaHre KUCIBIX PACIUIAaBOB IPOHMCXOAWUT B pe3yJbTaTe aHATEKCHUCa KOPOBBIX MOPOJI Ha
MPOTrPECCUBHBIX CTAIUSIX MeTaMopdu3Ma B IIMPOKOM AHala3oHe AaBieHWH. Tak Kak MepuTeKTHYecKas
KpUCTAJUIM3alMs TPOUCXOANT U3 PAaHHUX MOPUUI pacIuiaBa, UMEHHO 3TOT pacIljlaB 3aXBaThIBAETCs B BUJIE
BKIIFOUCHUH. B oTiauume OT OOBIYHONM MarMaTHUYeCKOM KpUCTA/UIM3alMd O0pa30BaHHWE MHHEPAIOB
MPOMCXOANT HE 3a CUET MEepecHIEHHs paciuiaBa, a 3a cyeT Aud(dy3uH BelIecTBa pasiararolerocs
MUHEpaja K BHOBb 00Pa3yIOLIUMCS.

[lepBryHbIE BKIIIOYEHHS MEPUTEKTUYECKUX PACIUIABOB BIIEPBBIC OBUIM OOHApy)KEHBI TpaHaTe,
KJIMHO- U OpPTONHMPOKCEHAaX, KHaHUTE, CKANOJIUTEe M JPYrMX MHHEpalaX KCEHOJUTOB TPaHyJIUTOB U
SKJIOTUTOB B IICJIOYHBIX 0a3ajibTOMAAaX M3 HEOreHOBBIX nuatpeM B. Ilamwmpa [1, 2]. [lo3aHee nogoOHbIe
BKIIIOUCHUSI OOHapyKeHbl B TpaHaTe TPaHyJIUTOB M3 JIpyrux paiioHoB [3]. HeoOblunas accommanus
MUHepaJoB oOpa3oBanach Ha TiayOmHax Oomee 40 kM (>12 kOap) NMpW WHKOHTPYPHTHOM IIIABJICHUU
METa0a3UTOBBIX U METAIEIUTOBBIX IOPOA C 0OPa30BaHHEM PUOJIUTOBBIX PACILIABOB.

Hpyroii npumep AEMOHCTpUPYET 00pa30BaHHE TEMHOLBETHBIX MUHEPAJIOB U3 KUCIIBIX PacIljIaBOB
o0enHeHHbIX Mg 1 Ca npH 11aBJICHUH METa0a3UuTOB, CBSI3aHHOM C Pa3BUTHEM MaOTIyOHHHBIX (< 3 kOap)
0YaroB OCTPOBOJYKHOTO KHCIJIOTO ByJKaHHW3Ma. PacriaBHblE BKIIOUEHHS IUIATMOPHOIMTOBOTO COCTaBa
coJepkarcsi B IUIarMOKJIa3aX M MUpOKceHax Mg OasanbToB BynkaHa Menesmmii bpat B Kanbpaepe
Mengexxbeld U 1alMTOBBIX NeM3 Kanbiaep JIbBunas Ilacte u nepemeiika Berposoro Ha octpoe Utypyn
(Kypunbckue octpoBa) [4]. B mepBoM ciydae cocTaB pacIUIaBHBIX BKIJIIOUEHMH HE XapakTepeH UL
TUMUYHBIX 0a3a7bTOBBIX MUHEpaAIOB. Bo BTOpOM — cOCTaB TEMHOIIBETOB HE THUIMYEH JJIS1 KUCIBIX MTOPOJ,
MaTEepUHCKHE PACIUIaBbl KOTOPHIX MPEICTABIEHBI CONEPKAIIMMUCA B HUX PACIJIaBHBIMU BKJIIOYECHUSIMHU.
O0pa3zoBaHue MUPOKCEHOB MPOUCXOAMT Oaroaps pasyioskeHuo aMmpurooa Mpu IIaBIeHIH MeTaba3uToB
KOpBI OCTpOBa NpHU TeMmIiieparypax, npebimatonux 850 — 900°C. Bospacratoliee B pe3yiabTaTe 3TOrO
napuyaibHOe JIaBICHWE BOJABI TMPHUBOAMT K JecTaOWIM3allii KIWHOMUPOKCEHA M 00pa3oBaHUIO
BBICOKOKAJIBIIEBOTO TUIATMOKJIa3a 1 OPTOMMMPOKCEHA B IPHUCYTCTBUHU KUCIIOTO pacIliaBa.

Takum o00pa3oM, HEOOBIYHBIE COYETAHUS COCTABOB MHHEPAIOB M COCTaBOB pacIIaBHBIX
BKJIIOUEHHUH B KHCJIBIX MarMaTHUECKUX MTOPOJax U MOpoJax BEICOKHX CTYIEHEH MeTaMopdu3Ma BEposiTHEE
BCETO CBSI3aHBl C MEPUTEKTUUYECKUMH SIBICHUSIMH W MOTYT OBITh WHIMKATOPaMH pPAaHHUX CTaJui
00pa3oBaHMs KUCIIBIX MarM B pa3IHMYHBIX T€OINHAMUYECKUX 00CTaHOBKAX.

Paboma evinonnena npu nodoepoicke cyocuouu Ha gbinonHerue 2ocyoapcmeennoo 3aoanus UM COPAH Ne 0330-
2016-0005, Poccutickoeo @onoa @ynoamenmanvhvix Hccnedosanuit (npoexmor Ne 16-05-00894, 18-05-00819), komnaexcrou
npocpammul Hayyunvx uccredosanuti CO PAH .1 (npoexm Ne 44).
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HOBBIE MUHEPAJIbBI B )KEJIE3BHOM METEOPUTE YAKHUT (IIAB), BYPATUSA
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Kenesnsrit mereopur Yakut (IIAB, 3.96 xr) Obmm Haiimen B 2016 romy B bayHTOBCKOM
OBeHKkuiickoM paiione bBypsarum, Poccus. B oTamume OT Jpyrux JKENe3HBIX METEOPUTOB OH
XapakTepu3yeTcst 0oraTeiM MUHEpPANbHBIM pazHooOpasueMm. Kamacur siBisieTcs TiaaBHOH (a3oil B 5TOM
meteopute (>98 00.%). IlepBuuHbIe BTOPOCTENEHHBIE W AaKIECCOPHBIE MHUHEPAJbl MPEICTABICHBI
mpeitbep3utoM (pabautrom), HUKEIb(POCPHUIOM, TIHHUTOM, KOTEHHTOM, TPOWJIHUTOM, TETPATIHUTOM,
JOOpeenToOM, KaJTMHUHUTOM, KapicOepruroM, cQaaepuToM, YaKHTUTOM, MEAbI0, MOTEHIHAILHBIM
munepasioM CuCrS2 u HenaeHTUHuuupoBaHHOH Mo-dazoi. KpymHbie (10 1 cM) HOAynmH TpOWIHT-
JOOpPEEeMTOBOTO COCTaBa Takke OObIYHBI st MeTeopuTa. Octanbhbie Gas3bl (Ni-MarHeTHT, IEHTIaHINT,
XU3JEBYIOUT, aBapyWUT-HHUKENb, a Takke Ni-rérut, akareHuT, Ni-cumepur, Ca-Fe-xapOoHATHI, THIIC,
HeuneHtuumpoBanneie Ni-Fe-Cr-cynshun, Bogasie Fe-pocdar u Ca-Fe-cynbdar) oTHOCATCS K pazHbIM
CTaJuAM €ro 3eMHOro 3amemieHus [1-3]. MereopuT YakuT COAEPKUT MIUPOKUN CIIEKTP SK30TUIECKUX
muHepaioB (xkapucoeprutr CrN, chaneput ZnS, xorenut Fe3C, mukenshocdun (Ni,Fe)3P, xanuanauT
(Zn,Fe)Cr2S4) u sngercs ronotunoM st yakutura VN (IMA 2018-003) u dazer CuCrS2.

Yakutut Ob1 oOHapykeH B Menkux (mo 100 pm) TpomnuT-moOpeenuTOBBIX BKIFOYCHUSIX B
KaMacHTe, a TaKke B KPYHHbIX (10 1 cM) TponnuT-100peenuToBbIX HOMYsX. BONBIIMHCTBO BKIIOYCHUIT
MPEJICTABRJICHBI YePEIOBAHUEM CIIOCB TPOWJIMTA M J00peenuTa; + mpeloep3ut, Maraetut, pexxe CuCrS2.
VYakutur (<5 pm) siBisieTcs 0JHON M3 caMbIX paHHHX (a3 B Takux acconmanusx (Puc. 1). On oOpasyer
W30METpUYHbIC (KyOWdecknue) KpucTauibl (B AoOpeennTe) WM OKpyrible 3epHa (B mpeitdepsute). Ero
smmmprueckas gopmyna (n=53) - (V0.91Cr0.07Fe0.02)1.00N1.00. B cTpykTypHOM TiIaHE OH OJIM30K K
kapncoepruty CrN u ocoopuuty TiN. M3-3a MajibIx pa3MepoB HE yAaIoCh MPOBECTH MOHOKPUCTAIBHYIO
cbeMKy Ut yakututa. CTpyKTYpHBbIE JaHHbIe ObUIM TIONydYeHBI JJIsi Tpex 3epeH npu nomorm EBSD
Mmetoauku (Puc. 1) B comocraBieHnn co CTpyKTYpHO# Mojienblo i cuateTndeckoro VN (ky6., Fm-3m, a
=4.1328(3) A) [4]. D1u naunble BhIABUIM HapameTp MAD = 0.14-0.370 (best-good fit).

®a3za CuCrS2 BO3MOKHO SIBJISIETCS BTOPBIM HOBBIM MUHEPAJIOM B METEOPUTE Y aKUT U BBISIBJICHA B
MesKuX (70 50 pm) TPOMIUT-I0OPEETUTOBBIX BKIIIOYEHHUSIX B KAMACHTE B aCCOLMALUU C JOOPEeINTOM,
TpounuToM, mpeidep3utom (+ yakutur). E€ cocras - Cu0.94Fe0.09Cr0.97S2.00. Ilpenmnonaraercs, 4yTo
o nojobuto ¢ cuaTeTrkoit CuCrS2, ara aza siBisiercs TpuroHaidbHol (R3m mnmm R-3m; a = 3.48 A, c=
18.70 A) u cTpyKTYpHO OTHOCHTCS K TPYIIIE KOCY3JICUIBEPUTA.

f 5 MAD=037°, EBroin
f Adv. FitIndex=3.25
S 5 iy 3 WY

Dbr+Tro

5

Puc. 1. BSE ¢gororpadus ¢pochua-rponinToBoro BKIYeHns1 B kKamacurte, Knkyun kapTuHKu
(McxonHAasi ¥ MHIEKCHPOBAHHASI) H OPHEHTAINS JUISI KPUCTAJLIAa yAKMTHTA, MeTeopuT Yakut. Ua —
yakutut; Dbr+Tro — noOpeenut+rpomnut; Mgt — maruerut; Sch — mpeiidepsur; MAD — cpennee
YTII0OBOE OTKJIOHEHHE B COTMOCTaBIeHNH ¢ cuHTeTHIecKnM VN,

Paboma evinoanena npu noooepoicxke PODOU (epanm 17-05-00129) u Axma 211 I[lpasumenscmea P®
(coenawenue N 02.403.21.00006).
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KOKYETABCKOU CYBAYKIINOHHO-KOJIVIN3NOHHOU 30HbI

I anxuii B.CY%3, fIroyrn 2.4, Kossmenko O.A%, Parosun A.JL.Y3 Ckysosaros C.10.2,
Co6oJes H.B.!

'UI'M CO PAH
shatsky@igm.nsc.ru
2 T'eonoro-I'eopusnuecknii pakynprer HI'Y
SUTr'X CO PAH
4 Xummaecknii mHCTHTYT Makca ITnanka

YnerpaBeicokobaprueckue moponbl (UHP) KokderaBckoit cyOayKIMOHHO-KOJUTH3MOHHOW 30HBI
paccMaTpUBAIOTCSL KaK MOJCTBHBIN OOBEKT IS M3Y4YEHHUS MOJBMKHOCTH DIIEMEHTOB 30HAX CYOIyKIUU
KOHTHHEHTANBbHOTO ThMa. OHAKO CJIOKHOCTh B MHTEPIPETALIMH TTOTYUYEHHBIX JAHHBIX 3aKITI0YACTCS B TOM,
YTO HE HM3BECTHA IPHUPOAA MPOTOJUTOB OOJBIIMHCTBA THUIIOB BBICOKOOAPUYECKUX METaMOPPHUUECKHX
nopon. IlomyueHHBlE HaMH HM30TONHO-TEOXMMHUYECKHE JaHHBIE JalOT BO3MOXKHOCTh BBICKA3aTh
OpEANoNIOKeHHe O [ABYX THNAax WX TNporonuToB. KapOoHaTHble MOPOABI, MHPOKCEHUTHI H
MUTMAaTHU3UPOBAaHHBIE THEHCHI 3amagHoro 0soka (9 obpasior) oOpaszyoT Sm-Nd n30XpoHy yroi HaKIoHa
KOTOpOoi oTBe4aeT Bozpacty 1052+44 mmH ner. DTOT Bo3pacT OMM30K K Bo3pacty (hOpMHUpOBaHUS
rpanurorHericoporo ¢pynaamenta (1,2-1,05 mupn ner) [1,2]. Ha ocHOBaHWYM 3THX JaHHBIX MBI IPUHAMACM,
YTO NPOTOJIUTAMH 3THX HOPOA SBSUIUCH MOpoAb! GyHAaMeHTa. B Takoil TpakTOBKE MX r€OXMMUYECKUE
O0COOCHHOCTH MOTYT OBITh HE CBSI3aHHI C TpoIleccaMi BhICOKOOapmueckoro Mmeramopdusma. OTcyTcTBrE
CBUJICTEINILCTB TUIABJICHHUS 3TUX MOPOJ IPH METAMOP(PU3ME CBEPXBBICOKHX JIABICHHIH MOYKET OOBICHSATHCS
TEM, 4TO paHee OHHM OBUIM MeTaMOpP(H30BaHbI B YCIOBUIX TPAHYIUTOBON (anuu Metamopdusma. B To ke
BpeMs1, B Pa3IMYHOIN CTENEHHU JIEIUIETHPOBAHHBIE BHICOKOTIIMHO3EMUCTHIE MOPOJbI yyacTka bapunHckuii
00pa3yroT Sm-Nd 3poxpoHy, HAaKJIOH KOTOPO¥ oTBevaeT Bo3pacTy S05+75 MIIH JieT, 4TO JaeT OCHOBaHUE
HpeAnoiaraTh YaCTUYHOE IJIABJICHHE THX MOPOJ Ha craauu 3kcrymarmu. Grt-Phe-Ky crnaHisl uMeroT
XapakTep paclpeieieHus] HeCOBMECTHMBIX 3JeMEHTOB Onm3kuil k PAAS, B To jxe BpeMsl TrpaHodenbChl
(Grt+Ky+Qtz) merieTnpoBaHbl B OTHOIIIEHUH IIE€JI0T0 psijia anemeHToB, Bkmroudas K u LREE. Panee 65110
MIPEINOI0KEHO, YTO MPOTOIUTAMH aIMA30HOCHBIX MOPO/JT ABJISIOTCS MOPOIBI NIECYAHO-CIIAHIIEBOM TOIIIN
HIapbIKCKOW CBUTHI [3]. OJTHAKO 3TOMY POTHUBOpEYAT JaHHbIe H3y4eHus: Sm-Nd cUcTeMBbl B 3THX MOPOJax
[4]. Tlopombl mIAPBIKCKOW CBUTHI XapaKTEPHU3YIOTCS KOJICOAHWAMH BeMWUYUHBI end(t) oT +4,1 mo -3,3 u
BEJIMYMHAMH MOJIEIBHOTO Bo3pacTa ot 1,9 1o 1,25 mipz ser, B To ke Bpems y opo/, npereprnenmux UHP
MeTaMOop(U3M BellM4rHa end(t) BapbupyeT ot -7,6 10 -13,2, a BeJIMYMHBI MOJICIBHOTO BO3pacTa ot 3,7 110
2,3 muip1 1€T. DT AaHHBIE SICHO YKa3bIBAIOT Ha TO, YTO MPOTOIUTAMH BBICOKOOAPHUYECKUX MOPO HE MOTIIH
OBITH MOPOABI IAPBIKCKON CBUTHI.
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[IpencraBieHsl pe3yabTaThl HCCIAEAOBAHUS TPUPOAHBIX 00Pa3LOB MOJIMKPUCTAIMIECKHUX aIMa30B
pa3HOTO MPOMCXOXIEHHUS C ITIOMOIIBI0 PEHTICHOBCKOH (ha3oBoii Tomorpadum, 3D peHTreHOBCKOU
mudpaku W HHQpaKpacHOW creKkTpockonuu. M3ydeHsl oOpasmsl kapOboHamo w3 pocceineit AP,
MEJIKOKPUCTAJUIMIECKUH OOpT (IMaMOHIUT) U3 TpyOKH Y nauHasi, 00pa3ibl SKYTUTA U UMIIAKTHBIE alMa3bl
[omuraiickoro kparepa. Tomorpaduueckue UCCICIOBaHUS MPOBEAEHBI C TPOCTPAHCTBEHHBIM
paspemienueM 0.7 MUKPOH/TIUKCENb.

BrusiBrieHB! IPUHOMIUAIBHBIE PA3IUUUS MEXKIY CTPOCHHEM MMIIAKTHBIX aJIMa30B U SKYyTHUTa OT
JOpyrux o0pasnos. (i UMIIAKTHBIX 00pa3IoB MOPUCTOCTh OTCYTCTBYET, OTMEUAIOTCS TOJIBKO OTJENbHBIE
TpeumHbl. B Toxe camoe Bpems, MOPUCTOCTh KapOOHAaI0 M KUMOEPIUTOBBIX MOJMKPUCTATTUYECKUX
anMazoB pocturaet 3-10 00.%; NpUHIMNHATIBHBIX PA3IUUUil B paclpeieIeHIH [IOp U BKJIIOYEHUH MEXKAY
STUMH TUIIAMH aJIMa30B He oOHapykeHo (puc. 1).

Puc.1 — PesyabTarsl ¢a3oBoii Tomorpaguu. Ciesa — kapoonano u3 AP, nentp — kumbepnroBslii 00pasen,
crnpaBa — AKyTHT.

Pasmep anmasHBIX 3epeH B KUMOEPIUTOBBIX MOJUKPUCTAIUIAX W B OJHOM M3 KapOOHaI0 ObuI
CJIMIIKOM MaJl (MeHee 2 MUKPOH), 4TO CJIENIAJI0 HEBO3MOYKHBIM aHai3 UX (POpPMBI M MPOCTPAHCTBEHHOTO
pacrionoxenus. st 1Byx kapOOHaI0 Takoi aHaln3 ObUI MIPOBENEH, YTO MO3BOJIMIO BIEPBBIC BBISIBUTH
TEKCTYPHUPOBAaHHOCTH KapOOHano (pHc. 2) M yCTaHOBUTh, YTO, MO KpailHEH Mepe, YaCTUYHO TEKCTypa
CBsI3aHa ¢ Tporeccamu JiepopMarum.

Puc.2 — 3D-nudpaknus. CneBa — mpocTpaHCcTBEHHOE pacnpesiejieHne 3epeH B kapoonago. CnipaBa —
npoexknus (GyHKIUH pacnpegeaeHUs] OpPHEHTANUI 3epeH Ha I1ockocTh (001).
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AnmazonoOsiBatomue paiionsl I'anbl, Kor-n1’MiByapa u Manu Xopo1o u3BeCTHEI, B TO BpeMsl Kak
POCCHINIETIPOSIBIICHHUS aJIMa30B M X BO3MOXKHBIEC IEPBOUCTOYHUKY B Bypkuna daco elie Majao U3y4eHBI.
B 1964-1967 rr. Ha roro-3anane bypkmra ®aco Oputa mpoBeaeHa MacmITaOHAas KOMITAaHUS IO
MIOMCKaM aliMa30B, CONPOBOKIaeMasi OPOOOBaHUEM PYCIIOBBIX oTioXeHuH pek Komoé and Léraba. [Ipu
KPYITHOOOBEMHOM OIPOOOBAHNH PEYHOTO aJUTIOBHUS OBLIO MOIY4EHBI IEPBHIE ACCATKH KPUCTAIUIOB aIMa3a.
ConepxaHue anMa30B B POCCHIIAX OKa3aJoch HEPEHTA0ENbHBIM W MHTEpeC K HHUM yrac.
[lepBorcTOYHMKAMH aIMa30B B POCCHIISIX CUUTAINCH IPOTEPO30HCKUE KOHIIIOMEpaThl popmanuu bupum.
I'eomoruueckas MoO3uIMA FOT0-3amajia CTPaHbl ONpPEACISIeTCS] BEHI-KEeMOPUHCKUMH 0CaJOYHBIMU
nopoAaMu (IIECYaHUKH U CJIAHLbI), HECOTTACHO MEPEKPHIBAIOLINE ME30NPOTEPO30HCKYIO BYIKAHOT€HHO-
ocafgounyio Qopmammio bupum. Orta Qopmanmus B CBOIO oOdepenb HECOIJIACHO 3ajeraer Ha
HaJ’ICOHpOTCpOE}OﬁCKHX rpanuTax ¥ MUTMaTuTax. OTOT KOMILIEKC IMopoJ MpOPLIBACTCA )Z[aﬁKaMH u cuiljiaMu
JOJICPUTOB ME30301CKOT0 BO3pacTa, 00pa3yonix KOJIbIIEBYIO CTPYKTYPY. CTPYKTYPHO-TEKTOHUYECKH 3TH
(hopMaIi KOHTPOJIUPYIOTCS TPAOSHOM CYOMEPHINOHATHFHOTO IPOCTHUPAHUS, CEKyIIeM KpaToH MbaH [2].
Hannune anma3oB B pycioBOM aJUTFOBHM TOBEPX PaHHEMAJIC030MCKUX OCAJOYHBIX OTIOKEHHN
IMOCTAaBUJIO BOIIPOC O CYHICCTBOBAHWHN HEHM3BECTHBIX KOPCHHBIX KI/IM6epHI/ITOBBIX HCTOYHHUKOB aJIMa30B;
BO3pacT KUMOEPIHUTOBBIX TEI MPEATIONATANICS KaK TOCIe-KeMOpUHCKAN, U CKOpee BCEro, Me3030ickuit [1].
Kananckas kommanus Southern Era Ltd B 1999-2000 rr. uHHAIIMEpOBaIa MOMCKOBBIE PaOOTHI IO
IMIOUCKY KOPCHHBIX MCTOYHUKOB aJIMa3OB Ha BOAOpA3ACiiaX HAa3BaHHBLIX PCK. B PE3YIbTATEC IMOUCKOBBIX
pabor Obula JIOKaTM30BaHA IUIMXOMHHEPATOTHYECKas aHOMalus, cojepiKaias KAMOEpIUTOBBIE
XPOMIIMHENUABl U TpaHaThl HPEANOJOXKHUTEIBHO JKJIOTUTOBOro cocrtaBa (puc.l). CrabonsHomeHHas
noBepxHocTh 3epeH VMK cBumeTenscTBOBasia 00 MX OnM3KOM miepeHoce. B panbHeiiieM KoMIaHus
NpeKpaTmia 37IeCh TOUCKOBbIE Pa0OTHI 10 MPHUYMHAM 3KOHOMHUYECKOTO XapaKTepa U yIula U3 CTPAHBI.
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Puc.1 —/iuarpaMMa cocTaBOB XpOMIITIHMHeEH Y4acTKa ¢ KOHTYPOM COCTaBOB M3 BKJIIOYEHMIl B aama3ax.

Asmopw svipadicarom 6brazooaprocmuv kanadckou komnanuu Southern Era Ltd u nepconamvno Mr James Napier 3a
NpedoCmagieHHble MAMEPUATDL.
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B Hacrosmieit paboTre MBI OIICHMBAcM alIMa3HBIA TMOTEHIHMAN ceBepa BocrouHo-EBporelickoi
1aT(OpMbI, OCHOBBIBASACH HA TaHHBIX adPOMArHUTHON CHEMKHU W PE3yNbTaTaxX M3y4eHUs MOP(OIOTHH U
XHUMHYeCKoro coctaBa 1513 3epen MHOMKATOpHBIX MUHepanoB kumoOepnutra (MUMK; mupon, onuBwH,
XPOMIIUOTICH), UACHTU(DHUITUPOBAHHBIX B IINIMXOBBIX MTP00ax, KOTOPBIC OBLTN OTOOpPaHBI HA TEPPUTOPHIX
YEeTBIPEX MCCIEAYEMBIX TUIOMAICH, PACIIONIOKEHHBIX B CEBEPO-BOCTOYHON (B Tpenenax ApXaHTelnbCKON
AnmazonocHo [IpoBuniumn, AAII) u roro-zanagHoi 4dacTsx ApxaHrenbckoil oOmactu (puc.l). Bee
ucclieyeMble TUIONIAIN PAcoI0KEHBI B Ipeenax qpeBHUX kpaToHoB: Konbckoro (tumomany «P» u «K»),
Kapenbckoro (mmomane «L») u Ilenkypckoro (miomans «S»). Ha ocHoBanmm cocraa MK u
TepMOOapPOMETPUIECKAX PACUCTOB IS MUPOMOB M XPOMIUOICHIOB OBUIO BBISIBICHO, YTO MapaMeTphl
nutocepHoil MaHTHU MO H3Yy4aeMBbIMU TEPPUTOPHUSIMH, Takue Kak, coctas (70-80 % nepuonutsr, 6-17 %
rapuOyprutsl, 2-10 % BepnuThl), cTpoeHHe (HIKHASA rpaHuua B uHTepBaie ~ 190-230 kM; MOIIHOCTBH
«anMazHoro okHa» ~ 60 — 100 kM) u TepManbHbIi pexuM (35-40 MB/M?), THIMYHBI 171 THTOC(EPHOI
MaHTUU MHPOBBIX KUMOEPIMTOBBIX NpOBHHIMH, BkIrodas M AAIL JlocTaTouyHO BBICOKOE KOJIMYECTBO
UMK c nepBuuHOi MarMaTiyeckoi noBepxHocThio (17-39 % ma nuponos; 92-100 % ni1st onuBuHOB; 12-
40 % I XpOMIUOIICHIOB), CBUAETEIHCTBYIOT O BO3MOXKHOM MPHUCYTCTBHHA MECTHBIX KHMOEPIUTOBBIX
WCTOYHUKOB Ha TEPPUTOPUSAX BCEX YEThIpeX IUIOmaAel. Bbicokoe KOMMYecTBO MHUPONOB aIMa3HOM
accormaruu (11-30 %) moryt yka3plBaTh Ha NOTCHIHAIBHYIO aIMa30HOCHOCTh HCTOYHHMKOB. Ha
OCHOBaHUM TIOJIYYCHHBIX Pe3yJIbTaTOB, MOXKHO YTBEPXAATh, YTO HCCIEAyeMbIE IUIOMIATd MOTYT OBITh
PEKOMEHIOBAHBI JIJIsl IIOMCKOBO-PA3BEIOYHBIX pa0OT Ha ajMasbl, C BRICOKOH BEPOSTHOCTHIO OOHAPYKEHUS
Ha WX TEPPUTOPUIX HOBBIX MOTEHIIMATBHO aTMa30HOCHBIX KUMOEPIIUTOB.
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POSSIBILITY FOR CRYSTAL MORPHOLOGY CHANGES IN INCLUSIONS FROM
DIAMONDS

Afanasiev V.P.%, Logvinova A.M.!, Ugapieva C.C.2, Fedorova E.N.!

1V.S. Sobolev Institute of Geology and Mineralogy
avp-diamond@mail.ru
2 Institute of Geology of Diamonds and Precious Metals
sargylana-ugapeva@yandex.ru

Studies of diamond-hosted olivines suggest that they may change crystal morphology and acquire
uncommon habits (e.g., become octahedral) after being entrapped [1]. Raman spectroscopy applied to check
this possibility revealed a fluid phase (Fig. 1a, b) composed of Si;O(OH)s, Si(OH)4 and molecular water
[2] at the olivine/diamond boundary, while transmission electron microscopy showed fluid-filled vacuoles
at the inclusion margin (Fig. 1c). The fluid can maintain diffusion of components inside the inclusion and
create prerequisites for its morphological changes. However, these changes would require mass transfer of
diamond, insoluble in the fluid phase, which may occur by natural surface diffusion of carbon atoms.
Thermodynamically, the process tends to minimization of the surface energy at the phase boundary by
reshaping the volume occupied by the inclusion. Diamond crystals have very high surface tension (10,000
N/m for the (110) face), up to 20 times higher than in other solids (~400-500 N/m), the difference being
like that between a solid and a liquid. Therefore, diamond has obvious priority in shaping and changes the
volume into a negative octahedron. The process can stop at any stage if the diamond passes into a colder
zone which fails to maintain diffusion. Diamond mass transfer within the inclusion may be inferred from
the presence of amorphous aureoles, without typical diamond zoning (Fig. 1d), around the inclusions in CL
images.

The study was carried out as part of government assignment (Project 0330-2016-0006

Fig. 1. a: olivine inclusion in diamond and olivine/diamond boundary (Raman mapping); b: Raman spectrum
of fluid at the olivine/diamond boundary; c: TEM image of fluid-filled vacuoles at the olivine-diamond
boundary; d: amorphous zone around olivine inclusion in diamond (CL image).
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AGE AND GEOCHEMISTRY OF ZIRCONS FROM THE YAKUTIAN KIMBERLITES
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To define more accurately the age of kimberlites from the Yakutian diamondiferous province, U-
Pb method was used for dating zircons from the Mir, Amakinskaya, and International kimberlite pipes of
the Mirny kimberlite field, the Ryatanka and Malo-Kuonamskaya pipes of the Kuranakh field, and
Khairygastah and Druzhba pipes of the Chomurdakh field.

Mirny field. Fifteen zircon grains from the Mirny pipe were studied. All grains are large (+2 mm
in size) varying in color from light-brown to light yellow and almost colorless. The age of every grain was
determined in one point and Pb2%/U?%® age of individual grains varies from 345 to 388 Ma. The concordant
age, estimated from 15 grains, is 363.5 £4.0 Ma which corresponds to kimberlites age of this frield
(Agashev et al., 2016). One zircon grain from the International pipe was studied. The concordant age of
this grain is 365 =17 Ma. The large error is due low U and Pb content in this zircon. The concordant age of
zircon from the Amakinskaya pipe is 359 +15 Ma which is consistent with the previously obtained ages for
this pipe obtained by rutile and sphene (Agashev et al., 2016).

Chomurdakh field. Khairygastah pipe. Ten zircon grains (+2 mm in size) of light brown and
yellow colors from the Khairygastah pipe were studied. Each grain was analyzed at one spot, and the
obtained Pb2% / U%3 ages range from 397 to 432 Ma. The concordant age (Fig. 5) for all 9 zircons is 418.8
+ 4.7 Ma, which confirms the existence of the Silurian stage of kimberlite magmatism at the Siberian
Platform.

Druzhba pipe. Nine zircon grains from this pipe have been analyzed. The Pb?¢/U%® age of one
zircon grain is 561 Ma and the age of five grains ranges from 415 to 438 Ma, while three other grains had
the Devonian age varying from 359 to 364 Ma. The concordant age of 5 zircons is 426 +£9.1 Ma which is
consistent with the Silurian stage of kimberlite magmatism as well as zircons from the Khairygastah pipe.
The concordant age of three zircons is 361 +9.0 Ma which corresponds to Devonian stage of kimberlite
magmatism.

Kuranakh field. Ryatanka pipe. We have analysed 10 zircon grains from the Ryatanka pipe with
the grain size of +2 mm. Every grain was analyzed in one point. The spectrum of the obtained Ph2%%/U?%
ages varies from 216 to 251 Ma. The concordant age is 231.8 £3.1 Ma which corresponds to the Triassic
stage of kimberlite magmatism.

According to the REE distribution pattern, all studied zircons are of mantle origin as their REE
distribution is typical for mantle-derived zircons. Most probably, they are part of megacryst association
which is formed during pre-kimberlite stage of mantle metasomatism and consequently yield the age
corresponding to kimberlite intrusion.
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APPLICATION OF OPTICAL SPECTROSCOPY OF GARNETS IN THE SEARCH
FOR KIMBERLITE DEPOSITS
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One of the most effective means of studying garnets is optical absorption spectroscopy. In
particular, the color expressed numerically through the colorimetric parameters ((A« and pc) can be used as
an indicator of the physicochemical conditions of the mineral-forming medium [1, 2].

The aim of this work is to show the information value that can be obtained from the garnet study
using optical spectroscopy in the visible region. The whole processing including registration of transmission
spectra to determination of the paragenetic pertaining and garnet’s color was carried out using specially
developed software package [3].

About 1188 garnet crystals from nine objects of the Malo-Botuobinskiy diamondiferous region
have been studied applying an optical absorption spectrometry method. Using absorption spectra, we
calculated colorimetric parameters with color definition by the 10C classification (recalculated on the
crystal thicknesses of 1 mm) for all the garnet varieties in the samples. The studied garnets varied in color
from yellow-orange to purplish red. Crystals of orange and strong reddish orange color (more than 50% of
the total analyzed grains) are dominant in the samples within the studied pipes: Mir, International,
Taiezhnaya, Vodorazdelnye galechniki placers, Geophysicheskaya, Ullakh stream, and the Botuobinskiy
area. The samples from the pipes such as the XXIII Congress of the CPSU and Shirokiy Stream in roughly
half the instances, except for two above- mentioned colors, contain garnets of red and yellow-orange color,
respectively.

A total volume of all studied crystals from the Malo-Botuobinsliy district are dominated by garnets
from lherzolite parageneses (more than 40%), mostly equigranular lherzolites, while garnets from
websterites are 8.2% and from websterites with reduced orthopyroxene make up 7.8%. Only the samples
from the International pipe contain garnets from potentially diamondiferous harzburgites (1.1%) and from
verlites (1.7%), while the Taiezhnaya pipe contains garnets nodules about 1.3%. Garnets from
diamondiferous associations are dominated by crystals from the basic deep-seated rocks (eclogites), in
particular, magnesian-ferruginous (in pipes Mir - 5%, International - 6.2%, Taiezhnaya - 8.9%, XXIII
Congress of the CPSU - 15.3%, in placer Vodorazdelnye galechniki - 2.6%, Zimniy stream - 0.9%,
Botuobinskiy area - 1.1%), and the content of garnets in diamondiferous disthene eclogites is as follows:
in pipes Mir -1.23%, Taiezhnaya — 7.6%, the XXIII Congress of the CPSU - 8.1%, in the Ullah stream -
1.9%, in Shirokiy stream - 0.9%, and in the Geophysicheskaya placer - 0.6%. The content of garnets from
diamondiferous corundum eclogite is as follows: pipes International - 4%, Taiezhnaya - 1.3%, XXIII
Congress of the CPSU - 2.7%, placer Vodorazdelynye galechniki - 1.3%. Garnets from potentially
diamondiferous dunites occur in small amounts only in pipes Mir - 1.84%, Taiezhnaya - 1.3%, and XXIII
Congress of the CPSU — 0.9%.

The application of optical spectroscopy provides a means for solving a number of important
forecasting and searching tasks, such as: to perform zoning on garnets with specific characteristics, to
compare garnets from various types of concentrate aureoles and placers, to correlate placers and concentrate
aureoles with particular orebodies, and make an objective conclusion that the particular pyrope samples do
not belong to any of the known orebodies in the given area.
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OCEANIC ZIRCON AS A PETROGENETIC INDICATOR
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Morphology and geochemical features of zircon separates from a variety of rocks from Mid-
Atlantic Ridge have been studied with a variety of methods. Magmatic zircon in the gabbroids crystallized
from differentiating magmatic melt in a number of episodes, as follows from the systematic rim-ward
increase in the Hf concentration, and also often from the simultaneous increase in the (U + Th) and (Y + P)
concentrations. These tendencies are also discernible (although much less clearly) in zircons from the OPG.
Zircon in the OPG is depleted in REE compared to the least modified zircons in the gabbro, which suggests
that the OPG were derived via partial melting of gabbro in the presence of seawater-derived concentrated
aqueous salt fluid. Another reason for the REE depletion might be simultaneous crystallization of zircon
and apatite. The CL-dark sectors, which are found in practically all of the magmatic zircon grains, have
Y/P (a.p.f.u.)>>1 which most likely resulted from OH accommodation in the zircon structure, a fact
suggesting that the OPG parental melt contained water. High-temperature hydrothermal processes induced
partial to complete recrystallization of zircon (via dissolution — re-precipitation), a process that was
associated with ductile and brittle deformations of the zircon-hosting rocks. The morphology of the
hydrothermal zircons varies depending on pH and silica activity in the fluid from weakly corroded
subhedral crystals with typical vermicular microtopography of the crystal faces to completely modified
grains of colloform structure. Geochemically, the earlier hydrothermal transformations of the zircons
resulted in their enrichment in La and other LREE, except only Ce, whose concentration, conversely,
decreases compared to that of the unmodified magmatic zircons. Published experimental data on the
partitioning of Zr and Hf between felsic melts and Zircon (Zrn), and on the solubility of Zrn and hafnon,
HfSiO4 in melts with variable ASI index have been used to derive an equation of the Zr-Hf

1531 i X5 X G : . .
geothermometer: T = ——————— with Ky = = , Where X';—concentration of Zr and Hf in Zrn
In K, +0.883 XMXE

(s) and melt (m), ppm, and T — temperature, K. Constant concentration of Zr in Zrn of 480000 ppm is
applied for temperature calculations. It is shown that the increase in the Hf content from cores to rims often
documented in magmatic Zrn results from fractional crystallization of Zrn with preferential consumption
of Zr from the melt. For differentiated granitoid series the temperature corresponding to the beginning of
Zrn crystallization in the early (least evolved) cumulates should be estimated based on the composition of
the central parts of large grains with the highest values of the Zr/Hf ratio. Application of the thermometer
to mafic and intermediate rocks may be hampered due to so-crystallization of Zrn with oxides and Fe-Mg
silicates with elevated Zr and Hf content. The new geothermometer has some advantages over those based
on zircon saturation index [1, 2] and on Ti in Zrn [3], as it does not depend on major oxides composition
of the melts and on the correct estimates of the SiO2 and TiO2 activities. Calculations of the Zr and Hf
fractionation trends with the assumption of Rayleigh fractionation allow estimating the temperature at
which separation of the more evolved portion(s) has occurred.

The work is supported by the Russian Scientific Fund (project Ne 18-17-00126)
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EFFECT OF ALKALIS ON THE REACTION OF CLINOPYROXENE WITH Mg-
CARBONATE AT 6 GPA: IMPLICATIONS FOR PARTIAL MELTING OF
CARBONATED LHERZOLITE
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The reaction between clinopyroxene and Mg-carbonate is supposed to define the solidus of
carbonated lherzolite at pressures exceeding 5 GPa [1]. To investigate the effect of alkalis on this reaction,
subsolidus and melting phase relations in the following systems have been examined at 6 GPa:
CaMgSi,06+2MgCO3 (Di+2Mgs); CaMgSi;Os+NaAlSi0s+2MgCO3 (Di+Jd+2Mgs);
CaMgSi>2Os+Na:Mg(CO3). (Di+Na2Mg); and CaMgSi»Os+K2Mg(COs). (Di+K:Mg) [2]. The Di+2Mgs
system begins to melt at 1400 °C via the approximate reaction CaMgSi»Og (clinopyroxene) + 2MgCOs
(magnesite) = CaMg(COs). (liquid) + Mg,Si»Os (orthopyroxene), which leads to an essentially carbonate
liquid (L) with composition Caos6Mgo.44CO3 + 3.5 mol% SiO.. The initial melting of the Di+Jd+2Mgs
system occurs at 1350 °C via the reaction 2CaMgSi»Os (clinopyroxene) + 2NaAlSi»Os (clinopyroxene) +
8MgCO; (magnesite) = MgsAl;Siz012 (garnet) + 5MgSiO; (clinopyroxene) + 2CaMg(COs), (liquid) +
Na,COs (liquid) + 3CO. (liquid and/or fluid), which yields the carbonate liquid with approximate
composition of 10Na;CO3-90CagsMgosCO3 + 2 mol% SiO,. The systems Di+Na;Mg and Di+K;Mg start
to melt at 1100 and 1050 °C, respectively, via the reaction CaMgSi»Os (clinopyroxene) + 2(Na or
K)2.Mg(COs), (solid) = Mg,Si»Os (orthopyroxene) + (Na or K)sCaMg(COs)4 (liquid). The resulting melts
have the alkali-rich carbonate compositions Na;CapsMgos(COs3); + 0.4 mol% SiO, and 43
K2CO3-57Cap.4MgosCOs + 0.6 mol% SiO,. These melts do not undergo significant changes as temperature
rises to 1400 °C, retaining their calcium number and a high Na,O, KO, and low SiO,. We suggest that the
clinopyroxene—Mg-carbonate reaction controlling the solidus of carbonated lherzolite is very sensitive to
the carbonate composition and shifts from 1400 to 1050 °C at 6 GPa, which yields K-rich carbonate melt
if the subsolidus assemblage contains the K:Mg(COs), compound. Such a decrease in solidus temperature
has been previously observed in the K-rich carbonated Iherzolite system. Although a presence of eitelite,
NaMg(COa),, has a similar effect, this mineral cannot be considered as a potential host of Na in carbonated
Iherzolite, because the whole Na added into the system dissolves as jadeite component in clinopyroxene if
bulk Al/Na > 1. The presence of jadeite component in clinopyroxene has little impact on the temperature
of the solidus reaction decreasing it to 1350 °C at 6 GPa.

The work was supported by supported by Russian Science Foundation (project no. 14-17-00609-77).
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The Yoko-Dovyren layered massif (YDM or Dovyren intrusion, Northern Baikal region) is a part
of 728 Ma Dovyren Intrusive Complex, including the YDM, associated mafic-ultramafic sills, and dykes
of olivine-rich to olivine-free gabbronorite. The major intrusion includes a succession of olivine
orthocumulates to OI-PIl and gabbroic adcumulates, demonstrating C-shaped distribution of incompatible
elements, so that rocks from the inner horizons are 3-5 fold depleted in with respect to the relatively thin
contact zones. This evidences an open-system behavior of the Dovyren chamber, assuming that 60-70% of
basaltic melts had to have been expelled from the chamber during its consolidation. This should be taken
into account, if one tries to understand the origin of several types of sulfide mineralization within the YDM
(including PGE-reefs), as well as the formation of a sub-economic Cu-Ni sulfide deposit related to the
gabbroic dykes and ultramafic sills below the lower contact of the YDM [1,3]. To recover conditions of the
formation of the sulfide mineralization, we used the capability of the COMAGMAT-5 model to simulate
crystallization of sulfide-saturated olivine cumulates [2].

Modeling parental magmas and sulfide compositions. Comparisons of complete cross-sections
of the YDM in the center and its margins demonstrate differences in the geochemical structure that reflect
variations in parental magma compositions. Combining petrochemical reconstructions for most primitive
rocks and calculations using the COMAGMAT-5, it is shown that the central and peripheral parts of the
intrusion formed by olivine-laden parental magmas ranged in their temperatures by 100°C, approximately
from 1290°C (~11 wt% MgO, olivine Fo88) to 1190°C (~8 wt% MgO, olivine Fo86). Thermodynamic
modelling for a chilled picrodolerite (Ol-orthocumulate containing 0.05 wt% S and 24.4 wt% MgO)
suggests that the most primitive high-Mg magma was S-undersaturated, whereas its derivatives became S-
saturated at T<1240-1200°C. To evaluate probable evolution of the original immiscible sulfide liquid, we
combined these results with known sulfide-silicate melt partition coefficients. The modeled trajectory has
been compared with average ‘most primitive sulfides’ from a chilled gabbronorite and basal
plagioperidotites, calculated from pre-determined proportions of Po-Pn-Cpy-Cub and their average trace
element concentrations obtained by LA-ICP-MS [1]. The calculated Cu/Pd vs. Pd values were found to
match closely several natural bulk sulfide compositions. However, overall, our modeling predicts much
higher concentrations of Pd and particularly Au and Pt than what is observed in the samples. To resolve the
program, we performed similar comparisons with the 100%-sulfides, calculated from the whole-rock
compositions. In this case, modeling results match most primitive sulfide compositions observed in the
basal zone of the YDM. Further reconstruction was aimed at the sulfide crystallization history, starting
from separation of a PGE-depleted MSS. Results of these calculations demonstrate a close match of the
modeled ISS-like liquid residues with Cu-rich PGM-containing sulfides occurred in the Main Reef.

This work was supported by the Russian Science Foundation (RSF, grant No. 16-17-10129).
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Kimberlites carry a dense cargo of olivine. Although normally referred to as "macrocrysts"”, at many
locations much of this olivine is present in the form of intact or disaggregated multi-grain micro-xenoliths
of dunite. The best evidence of a xenolithic origin is found in textures and fabrics within olivine grains,
which are best seen in petrographic studies, particularly under crossed nicols. Dislocation structures in
olivine grains and mobile grain boundaries between grains record deformation in the solid state in the
presence of fluid, such as would occur in the lithosphere. Other olivine habits, such as subhedral non-
deformed tablets, result from recrystallization during transit of kimberlite magma to the surface.

Within individual micro-xenoliths, olivine compositions are very constant, but the population as a
whole displays a large variation in Fo content accompanied by lesser variation in Ni and other minor
elements. In contrast, in thin marginal zones surrounding dunitic micro-xenoliths and isolated olivine grains
in the kimberlite matrix, the Ni content plummets as Fo content remains nearly constant. These olivine
margins are believed to have crystallized directly from the kimberlite melt. If a high Ni partition coefficient
is adopted, crystallization of olivine alone, without opx dissolution, can explain the trends.

From these results we propose that almost all olivine in kimberlites, with the exception of the
marginal zones, was derived from fragments of dunite that was produced during interaction between mantle
peridotite and CO,-rich fluid from the asthenosphere, a process that removed silicate minerals other than
olivine produced silica-bearing kimberlite melt. The entire range of olivine compositions within dunitic
micro-xenoliths results from this interaction and there is little evidence that any kimberlitic olivine was
derived from disaggregation of fragments of normal mantle peridotite.
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WATER IN THE ACHAEAN KOMATIITES: RESULTS OF THE MELT INCLUSION
STUDIES.

Asafov E. V.1, Sobolev A.V. 12, Gurenko A.A.2, Portnyagin M.V. 1% Arndt N.T. 2,
Batanova V.G. 2, Krasheninnikov S.P. !
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Komatiites are the ultramafic volcanic rocks that were first described as distinct type of rocks in
the Komati Formation of the Barberton Greenstone Belt (South Africa)[1]. Komatiites contain more than
18 wt.% MgO and result from the decompression mantle melting under extreme pressures and temperatures.
These volcanic rocks are predominantly related to the Archaean terrains and are typically recognized by
the spinifex textures — dendritic olivine or pyroxene crystals that formed due to temperature gradient in the
rapidly quenching komatiite lava flows. Though komatiite magmas are generally considered as extremely
hot and dry, the mode of their origin and initial volatile contents in the komatiite magmas are still debated
[2,3,4]. High MgO contents of the komatiites coupled with the high eruption temperatures suggest the high
degrees of mantle melting and, overall, higher mantle temperatures in the Archaean. Thus, incompatible
element geochemistry of komatiites reflects the composition of their mantle source and puts additional
constraints on the Earth’s cooling history. Still, there are several problems concerning the interpretation of
the komatiite geochemistry.

The first problem is that most of the reported komatiites were significantly altered and
metamorphosed after the eruption and the volcanic glass in the komatiites is devitrified or replaced by
secondary phases and geochemists are lacking the direct information on the volatile contents in komatiite
magma. In this case the best proxies for reconstructing the original melt compositions are the melt
inclusions trapped in the unaltered magmatic minerals. And the second problem is that can we rely on the
data obtained from the melt inclusions and how can we prove that they reflect the original melt
composition?

Here we report the state of the art research on the melt inclusions in olivine from the 2.7 Ga Abitibi
(Canada) and Belingwe komatiites (Zimbabwe) [3,4] and 3.3 Ga Weltevreden komatiites (South Africa).
The analytical data obtained by SIMS (secondary ion mass spectrometer) demonstrates the presence of
significant amounts of water in the trapped melts. These suggest that the original liquids contained H-O (up
to 0.6 wt.% H,0) depressing the liquidus temperatures by ca. 40-50 °C compared to the dry estimates. The
presence of water in the komatiite magma is also confirmed by the indirect Sc/Y olivine-melt temperature
estimates. However, the strong enrichment of the evolved melt inclusions in the FeO rich olivines with
chlorine reflects possible contamination of the komatiite magma with the crustal material at the late stages
of crystallization.

The work was supported by the Russian Science Foundation (project No. 14-17-00491
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MODELS OF MANTLE STRUCTURE BENEATH SIBERIAN CRATON ACORDING
TO KIMBERLITE XENOLITH AND XENOCRYSTS
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Large number of the xenolith from Daldyn and Alakite regions (Udachnaya, Zarnitsa, Dalnyaya,
Komsomolskaya, Sytykanskaya - new original data) [1, 2, 3] and xenocrysts were used to reconstruct the
mantle column beneath the Siberian craton with the mono- and polymineral methods [2]. In Daldyn region
the step structure of the mantle section and geotherm is common while in Alakite and regions where the
metasomatic associations prevail the geotherm are smooth. Similarity of the inclinations and left part TRE
spectrums for the Cpx (and Gar) for the separate mantle terrains and individual pipes evidences for the
formation of geochemical features due to the focused melt flows mainly during the super plum events.
Some association reveals the disequilibrium between Cpx and Gar. The time of the hydrous mantle
metasomatism is higher for the Daldyn region is much older and refer to the spinel facie of mantle while
for Alakit to all mantle column with oldest at the top.
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Fig.1. PTX diagrams and structure of mantle columns beneath Zarnitsa and Komsomolskaya pipes according
to xenoliths data. Symbols sets see [1,2]

Supported by the RBRF project Ne 16-05-00860 and Project of Presidium SB RAS Ne 0330-2016-0010

References:

1. Ashchepkov I.V., Logvinova A.M., Ntaflos T., Vladykin N.V., Downes H. (2017) Alakit and Daldyn kimberlite fields,
Siberia, Russia: Two types of mantle sub-terranes beneath central Yakutia?// Geoscience Frontiers, V. 8, No4, P. 671-692.

2. Ashchepkov 1.V., Ntaflos T., Logvinova A.M., Spetsius Z.V., Vladykin N.VV. Monomineral universal clinopyroxene and
garnet barometers for peridotitic, eclogitic and basaltic systems.// Geoscience Frontiers, V 8, Ne 4, 2017, P. 775-795

3. Ashchepkov L.V., Agashev A.M., Logvinova A.M., Kuligin S.S, Tychkov N.S., Vavilov M.A., Minin VV.A., Ovchinnikov
Y.1, Tolstov A.V., Vladykin N.N., Kostrovitsky S.I., Alymova N.V., Ntaflos T., Prokopiev S.A., Salikhov R.F., Stegnitsky
Y.B., Karpenko M.A., Shmarov G.P., Downes H., Smelov A.P., Babushkina S.A. Layering of the lithospheric mantle
beneath the siberian craton: modeling using thermobarometry of mantle xenolith and xenocrysts // Tectonophysics. V.634,
Ne 4, P.55-75.



TO ANEW "THE WORLD OF NEGLECTED DIMENSIONS"
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More than a hundred years ago Professor W. Ostwald from the University of Leipzig published his
book entitled "The world of neglected dimensions"” [1]. The book has set forth the program of a research
breakthrough into the world of microscopic particles, implying that this was a science in its own right called
colloid chemistry. The Ostwald’s appeal resonated with the researchers. In the first years that followed,
there was an impressive breakthrough in the colloidal particles study. In 1925-1926 R. Zygmondi ("opened
access to the world of inaccessible sizes™) and T. Svedberg together with J. Perren (for a breakthrough in
the "world of discrete particles™) were awarded the Nobel Prize.

However, W. Ostwald’s program was not fully implemented due to the instrumental limitations. A
new stage of the invasion into " the world of neglected dimensions" began at the end of 20th century and
was associated with the outstanding discoveries in the 80s (the discovery of superatoms, fullerenes, the
appearance of new tools, etc.). The main object at this stage was nanosized particles and physicochemical
processes at the nanoscale. This stage sufficiently affected the development of the sciences of matter,
materials science, crystallography and mineralogy. The agenda raised the question of the development of
new sciences, including nanomineralogy.

The scientific community recognized the unique character of phenomena and processes in the
nanoworld, the specific properties of nanoobjects, and sharply intensified research in this interdisciplinary
area. There is no doubt that scientific intervention in the nanoworld, especially in the applied aspects of the
development of nanoscience (hanotechnology), has political support as well (national nanotechnology
initiatives), and this circumstance to a very important extent determines the features of the current stage of
micro- and nano-investigations of the substance that arose on this basis nanotechnology boom. It is no
exaggeration to say that nano has become the "road map" of modern science.

Substantial advance in understanding the properties of the nanoworld is attributed to the
development of the quataron concept [2-4], which, in particular, surprisingly simply solved the problem of
the nucleation and growth of crystals.

Recognizing quite successful and promising character of the current stage of mineralogical invasion
into “the world of neglected dimensions," we note that it is time to develop a new program of exploratory
breakthrough into the world of objects and processes accessible to study in the range from the sizes of
individual atoms and molecules to the first mineral individuals (nanoindivides). This protomineral world is
today a new "world of neglected dimensions". It is worth noting that not only a theoretical basis has been
established for its conquest, but an appropriate experimental toolkit is also being created. In particular,
promising outlook for studying the protomineral world is related to the newly introduced European free-
electron laser.

The work was carried out with partial financial support of the basic research program of the UrB RAS (Project No. 18-5-
5-44).
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The Early Proterozoic Kimozero kimberlites located within the Karelian craton are the most ancient
primary manifestations of diamondiferous rocks. The age of their formation corresponds to 1986+4 Ma [1].
The major indicator minerals of these kimberlites are chromespinelides and ilmenite with minor amounts
of pyrope and clinopyroxene [2].

The composition of clinopyroxene and chromespinelides (37 and 50 grains, respectively) from the
heavy fraction of the Kimozero kimberlites has been studied. The concentrations of microimpurities are
determined using the LA-ICP-MS method at the SampleSolution Laboratory (China, Wuhan).

Clinopyroxene is represented by chrome-diopside (Mg# = 84.6-93.7, Ca = 44.6-49.7) containing
(wt.%) 0.5-3.5 Cr;03, 0.3-2.2 Al;,03, 1-2.6 NayO, up to 0.4 TiO2, which is compositionally similar to
chrome-diopside from equigranular lherzolites, websterites and pyroxenites (+ ilmenite) [3]. Most of the
studied clinopyroxenes have similar REE spectra, however, they are sharply depleted in HREES relative to
LREEs. The majority of grains have the (La/YDb), ratio equal to 5.1-28.7 (CI chondrite-normalized), while
individual grains are more intensively depleted in heavy REEs ((La/Yb), = 88.7-233.9, occasionally up to
637.4). The REE distribution spectra for the majority of grains are dome-shaped in the LREE area).
Typically, the (La/Ce), and (La/Pr), ratios are <1. The values of (Dy/Yb), and (Gd/Er), (2.6-10.7 and 2.6-
8.5, respectively) are typically high.

About 12% of the studied chromespinelide grains (Cr# = 81-93, up to 0.6 wt.% TiO,, 10-13 wt.%
MgO) correspond to the magnesiochromite of diamondiferous dunites and harzburgites. Chromespinelides
of Iherzolite paragenesis are prevalent, varying in composition (Cr# = 66-93, up to 2.6 wt.% TiO,, 9.7-13.5
wt.% MgO). Part of the grains (about 8%) are enriched in TiO (3.7-4.8 wt.%) and Fe;Os, Cr# = 81-94. The
most Cr-enriched chromespinelides are characterized by an elevated Ni content (440-1100 ppm). A higher
Ni content (1100-1330 ppm) is noted for low-Cr varieties. The positive dependence between the contents
of Ni and TiO2, Ni and FeO, Ga, and Ni was revealed. The peripheral zones of the most of spinel grains are
characterized by drastically decreased MgO and increased FeO contents and appearance of MnO and ZnO
impurities.
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SPINELIDE AND ILMENITE INCLUSIONS IN PHLOGOPITES FROM THE
MALOKUONAPSKAYA PIPE
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The Malokuonapskaya pipe, which is located in the Kuranakh kimberlite field, is characterized by
subcommercial diamond content. Micas from the unaltered kimberlite breccia of the northern ore column
belong to the low (<1 wt.%) and high-titanium (2.76-5.66 wt.% TiO,) varieties. Two groups of phlogopites
are distinguished by FeO content among the first variety: low-iron (2.48-3.58 wt.%) and with an elevated
iron content (7.08-8.33 wt.%). The high-Ti varieties are also distinguished into two groups of micas with
FeO contents (mas.%) 4.63-7.83 and 8.51-16.39. The maximum Cr,Oscontent amounts up to 1.05 wt.%.

Almost all grains contain crystalline inclusions represented by picroilmenites (occasionally
chromic). No magnesian-free or low-magnesian ilmenites have been found. Spinelides of various
compositions are also widely distributed, varying from high-chromium varieties (max Cr,O3 55 wt.%) to
titanomagnetites. Inclusions are found in all groups of micas, except for the highly titanic and the most
highly ferrous ones.

One picroilmenite grain (intergrowth with phlogopite) has the inclusion of highly ferruginous
olivine (Fig.) whose compositions are given in the Table.
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Fig. Inclusion of olivine (dark) in picroilmenite (light).

Table. Microprobe compositional analyses of picroilmenite and olivine inclusions

Mineral SiO2 TiO2 Cr20s FeO MgO Total
ilmenite - 48.75 2.40 38.97 9.19 99.32
olivine 36.65 0.76 - 17.89 43.99 99.19

The work was carried out within the framework of the FSR program "Evolution of the Earth crust of the Northern Asian
craton, basite-ultrabasic and kimberlite magmatism, diamond content of the Yakutiam kimberlite province™ (No. 0381-2016-0003).



IRON CARBIDE AS ONE OF THE SOURCES OF ELEMENTAL CARBON FOR
GRAPHITE AND DIAMOND FORMATION AT THE CONDITIONS OF THE
LITHOSPHERIC MANTLE
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Iron carbide (FesC, cohenite) is the most likely host of carbon at the conditions of the reduced
domains of the lithospheric mantle. Experimental modelling of carbon-producing processes of cohenite
interaction with reduced and oxidized fluids, and with mantle silicates, sulfides and oxides is motivated by
the importance of the problem of determining the source of carbon in the processes of natural diamond
formation. Experimental investigations were carried out for 20-60 h using multi-anvil split sphere type
high-pressure apparatus (BARS) in the carbide-sulfur, carbide-sulphide, carbide-oxide and carbide-oxide-
carbonate systems at 6.3 GPa and 900-1600 °C. It was found that the interaction of iron carbide with
predominantly sulfur fluid or pyrite at T < 1100 ° C leads to the extraction of carbon from carbide and the
formation of graphite in association with pyrrhotite. At higher temperatures, the crystallization of graphite
is accompanied by the generation of sulphide and metal-sulphide melts. It was established that in the metal-
sulphide melt at T>1500 ° C not only graphite crystallizes, but diamond growth also occurs [1].

It has been experimentally demonstrated that the carbide-oxide interaction leads to the formation
of graphite in association with ferrous orthopyroxene or garnet, wustite and cohenite (1100 and 1200 °C),
and Fe-C-O melt (1300-1500 °C). The main processes in the systems at 1100 and 1200 ° C are the oxidation
of cohenite, the extraction of carbon from carbide and the crystallization of metastable graphite, and the
formation of ferrous silicates [2]. At T>1300 °C, graphite crystallization and diamond growth results from
the redox interaction of predominantly metallic melt (Fe-C-O) with oxides and silicates, as well as
intergranular fluid. As a result of experiments in the carbide-oxide-carbonate system, the formation of the
association of graphite and mantle silicates (garnet or orthopyroxene) with inclusions of the Fe-C melt and
graphite was established. It has been experimentally shown that the main processes of interaction in the
system can be described by decarbonation reactions, and carbon-producing redox reactions of iron carbide
with CO.-fluid. These processes can occur locally under natural conditions, when the oxidized crustal
material is subducted into metal-containing rocks of the reduced mantle. It was experimentally proved, that
the selective capture of metallic melt and graphite inclusions by silicates, that are stable in the presence of
CO:-, fluid, is one of the potential mechanisms for preservation of the metallic phase and elemental carbon
in mantle domains, undergoing alteration by agents of oxidative metasomatism.

The obtained results allow to consider cohenite (FesC) as a potential source of carbon in the graphite
and diamond crystallization processes at the conditions of the reduced lithospheric mantle, and the
interaction of iron carbide with mantle fluids, silicates, oxides and sulphides, during which carbon
extraction occurs, as possible processes of the global carbon cycle.

This work was supported by the Russian Foundation for Basic Research (project 16-35-60024), as well as within the state
assignment (project Ne 0330-2016-0007).
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The internal structure and distribution of structural defects within the volume of diamond crystals
provide insight into the specific conditions of their formation [1, 2]. To establish features of diamond
genesis in different Yakutia districts, about 100 crystals from the current diamond production of the Mir,
Nyurbinskaya, Udachnaya, Yubileinaya, and Aikhal pipes have been analyzed. For examination we
selected the -7 + 6 (SITY) class diamond crystals of octahedral and rhombododecahedral habit attributing
to variety 1 according to the classification proposed by Orlov [3], which were visually zoned in UV rays.
Plane-parallel plates of 0.3-0.9 mm thick nearly intersecting their geometric center, were prepared of
diamond crystals. To reveal specific features of the crystal internal structures the following methods were
used: cathodoluminescent topography, polarized light, luminescent spectroscopy, and Fourier infrared
microscopy with detailed mapping (with step about 50 pm).

According to the boundaries of the cathodoluminescent topograms and the photoluminescence
(PL) color, two growth zones were identified in the most studied plates of diamonds but crystals with three
zones varying in spectral properties were found as well. IR examination of plates of almost all diamonds
from these pipes showed a drastic increase in the concentration of hydrogen impurity at the beginning of a
new growth zone and its subsequent decrease to zero. In addition, crystals contain zones with a gradual
decrease in the nitrogen impurities during growth process. However, no correlation is observed between
the contents of nitrogen and hydrogen impurities even for one primary source at different stages of
diamonds crystallization. The increased content of impurities at the beginning of the growth process and its
decrease towards the completion of growth is probably due to the gradual depletion in the diamond-
generating medium by nitrogen and hydrogen, which, in our view, is indicative of a change in redox
conditions during the successive stages of diamond crystallization.

The cathodoluminescent images of diamond plates from different deposits frequently show intense
traces of dissolution in the central zone. In this zone one can observe a gradual decrease in high aggregation
state of nitrogen from high values (2500 at. ppm in some crystals with more than 90% in the B form) up to
150-200 at. ppm. It is characterized by intense blue PL. A wide occurrence of such zones in diamonds from
various Yakutian deposits suggests a large scale of this diamond formation stage followed by dissolution
at a certain time span. Diamonds from different deposits also show low nitrogen zones (from 50 at. ppm up
to 10 at. ppm) with weak photoluminescence. Diamonds from the Mir and Nyurbinskaya pipes have such
zones basically in small central parts, while in crystals from the Udachnaya, Yubileinaya, and Aikhal pipes
they are of wide occurrence and distribution in the intermediate and periphery parts. Frequently, in the
crystals from the Udachnaya, Yubileinaya, and Aikhal pipes, this peripheral zone overgrew the above zone
with intense dissolution. Diamond crystals from the kimberlites of the Mir and Nyurbinskaya pipes are
represented typically by late generations of N-rich diamonds with little aggregation, with pink or violet PL.
These are precisely the diamonds which were responsible for the diamond content of the highly productive
pipes in these regions.

Results of our studies revealed both the similarities and stages of diamond growth zoning from
various Yakutian provinces, providing evidence for regional specifics of diamond formation processes at
different geological stages and differences defining their typomorphism.
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Relationship between the occurrences of diamondiferous magmatism and supercontinental cycles
was generally reported in works of many researches most of whom attributed these occurrences to the
supercontinents breakup. Here this issue is considered in terms of the supercontinental cycle of 400 Ma
long consisting of two stages and four phases, which was developed by the author. The stages reflect
changes in the two states of the Earth: 1) one continent - one ocean and 2) several continents - several
oceans. Each of these stages consists of two phases. The first stage consists of the agglomeration phase (90
Ma long) including integration, "adhesion™ of parts of newly-formed supercontinent and the attachment of
the last minor continental fragments, and the destruction phase (70 Ma long) characterized by the
development of continental rifting. The second stage involves the phase of supercontinent breakup and the
formation of "young" oceans (90 Ma) and the phase of its assembly (160 Ma) which is dominated by
subduction and collision processes. A continuous sequence of seven above mentioned cycles during the last
3 billion years of the Earth’s history resulted in the cyclicity represented by alternating formation and
breakup of continents. Analysis of modern data on kimberlite and lamproite dating has revealed the
following regularities:

Diamondiferous magmatism in the Earth’s history was controlled by supercontinental cyclicity
which occurred unevenly at all stages and phases of the supercontinental cycle in different geodynamic
settings.

Formation of kimberlites and lamproites mostly occurred during the phases of breakup and
assembly of supercontinents. This is true also for commercial diamond content which may appear during
each of these phases. Thus, diamondiferous deposits of the Siberian platform formed during Pangaea
aggregation, while Cretaceous kimberlites of the Kaapvaal Craton, South Africa, formed during the
disintegration stage.

The stage of existence of unified supercontinents is characterized by small amounts of dated
kimberlites and lamproites confined mainly to its final stage at the boundary of breakup stage.

Analysis of the world data on occurrences of diamondiferous magmatism in the Earth’s history, in
view of the mentioned regularities, allowed us to distinguish the following epochs of active diamondiferous
magmatism (Ma):- 2885-2720, 2570-2320, 2170-1920, 1720-1520, 1370-1120, 970-720, 520-320, 170-
(+80); epochs of its moderate and minor occurrences - 2610-2570, 2230-2170, 1830-1770, 1430-1320,
1030-970, 630-570, 230-170, and epochs of practical absence of diamondiferous magmatism are 2720-
2610, 2320-2230, 1920-1830, 1520-1430, 1120-1030, 720-630, 320-230.

Diamondiferous magmatism in individual supercontinental cycles of the Earth has formed
against the background of general evolutionary trend: an increase in the activity of this magmatism over
time with a dramatic jump in late Proterozoic which is consistent with the changes in the cyclicity itself
resulting in the appearance of such megacontinents as Gondwana and Laurasia during the break up of
Rodinia.

The established features of the diamondiferous magmatism in supercontinental cyclicity can be
used as an additional criterion for forecasting of the regional diamond content.




EXPERIMENTAL STUDY OF THE INTERACTION BETWEEN THE REDUCED
FLUID AND BASALT MELT UNDER THE EARTH’S CRUST CONDITIONS
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Following up upon our previous investigations [1], we carried out experimental study of the kinetics
and interaction mechanisms in the reduced fluid (H2, CH4) - basalt melt system at a fluid pressure of 100
MPa and temperature range from 1200 to 1300°C. The experiments were performed using original high-
pressure gas device. The kinetic experiments showed that despite the high reduction potential of the reduced
fluid-melt system, the fluid oxidation reactions and the complete reduction of Fe oxides in the melt do not
proceed to completion. As a result, the initially homogeneous basaltic melt becomes heterogeneous with
formation of small liquid-like metal segregations of various structures (Fig.1).

Fig. 1. Morphostructure of metallic iron in the basalt melt as a result of interaction with hydrogen (white
color is metallic iron, black color is basalt glass, run 2100, P(H2) = 100 MPa, T = 1250°C, duration of run is 5
hours.

Such Fe structures are apparently not indicative of iron melting under the hydrogen pressure at
temperatures of ~290°C lower than the melting point of pure iron at atmospheric pressure. This seems to
be unreal. It is not ruled out that such iron structures may form as a result of aggregation of reduced iron
atoms due to surface tension forces in the basalt melt. This experimentally established fact is in a good
agreement with the natural finding of small amounts of metallic phase, specifically iron, in magmatic rocks
of various composition and genesis.

The work was supported by the Presidium of the Russian Academy of Sciences (program No. 19).
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GEOCHRONOLOGY AND CONDITIONS RESPONSIBLE FOR THE FORMATION
OF DIAMONDIFEROUS METAMORPHIC ROCKS OF THE KOKCHETAV
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The Kokchetav massif is a subduction-collision zone [1, etc.] where the fragments of the
paleosubduction zone with varying depth level are tectonically superimposed. They are resulted from
submerging of the marginal part of the Precambrian Kokchetav microcontinent into the subduction zone
and subsequent collisional events related to collision of the microcontinent with the island arc. As a result
of complex geodynamic events the rocks of the continental crust of ultrahigh and high pressures (UHP-
HP), metamorphosed in the subduction zone, were brought to the surface. Examination of zircons from
diamondiferous UHP-HP rocks of the Kumdykol deposit showed [2-4, etc.] that the central parts of zircon
grains characterize the progressive stage of metamorphism and have an age of 537 = 7 Ma, while the rims
containing low-baric minerals of the amphibolite facies are dated by 507 = 7 Ma. The rims of zircons
containing diamond inclusions have an age of 530 = 7 Ma, whereas their nuclei have ages varying from
558 to 1981 Ma, characteristic of detrital zircons from sedimentary cover of the microcontinent [2]. The
rims of zircons containing HP-mineral inclusions yielded an age of 527 + 5 Ma, while that of inclusions of
the granulite facies is 528 + 8 Ma and inclusions of the amphibolite facies is 526 + 5 Ma. A directional and
regular pattern of zoning in all zircon grains, as well as the change in the composition of mineral inclusions
suggested that by 528-523 Ma the UHP-HP rocks were exhumed to amphibolite facies (P = 5-8 kbars and
T = 600-650 °C, with a depth of about 35 km). A detailed description of the sections of the Kumdykol
deposit and sedimentary rocks of the Kokchetav microcontinent shows a good correlation with respect to
the quantitative and qualitative composition of rocks, as well as their geochemical characteristics [1]. On
the other hand, a new Ar-Ar ages on micas sampled from various parts of the Kumudukol diamond field
(well no. 42 Yubileianaya, 1983, interval 20-200 m) showed a wide range of datings (eight in total) ranging
from 562 to 469 Ma. The ages of dating correspond to all above-mentioned subduction-collision events,
including the more ancient date of 562 Ma. The obtained dates suggest that both the diamondiferous rocks
of the Kumudukol field and metamorphic rocks of the Kokchetavsky massif have a complex tectonic nature.

The work was carried out within the framework of the state assignment of the IGM SB RAS (projects 0330-2016-0014 and
0330-2016-0013) and with the financial support from the RFBR (grant 17-05-00833).
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EXPERIMENTAL STUDY OF PHLOGOPITIZATION REACTION IN PRESENCE OF
H20-KCL FLUID AT 5 GPA: APPLICATION TO MODAL MANTLE
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Phlogopite is a typical indicator mineral of modal mantle metasomatism. Its occurrence in mantle
peridotites as a result of their interaction with potassic fluids is explained by the general reaction [1-3]:

5MgSiOs + CaMg Al;Siz012 + [K20 + 2H,0] = KoMgeAlLSisO20(0OH)s + CaMgSizOs (1)

1.e. 5En + Grt + [K,0 + 2H,0] = Phl + Di, which is a combination of two bounding reactions

1/2Prp + 3/2En + [1/2K20 + H,0] = Phl (2
1/2Grs +9/2En + [1/2K;0 + H2QO] = Phl + 3/2Di. (3)

Alkaline component in these model reactions is represented as K,O for clarity. Nevertheless in real
fluids K exists as salt components — chlorides, carbonates etc. This study represents preliminary data
obtained for reactions (2) and (3) with presence of H,O-KCI with initial Xxc = KCI / (KCI + H,0) from
0.051t0 0.4 at 5 GPa and 900-1250°C. For reaction (2) gel of pyrope composition mixed with Mg(OH): and
SiO, with 8 wt. % H20 was used. KCI was added to the mixture in amounts that allow to get required Xkci
in initial fluids. For reaction (3) gel of grossular composition was added to the mixture. Phase relations and
compositions in the run products indicate to the subsequently occurring reactions:

En + 1/3Prp + [2/3KCI + 1/3H,0] = 1/3Phl + 1/3CI-Phl 4)
En + 1/5MgTs + [2/5KCI + 1/5H,0] = 1/5Phl + 1/5CI-Phl, (5)
where MgTs — Mg-Tschermak molecule (MgAI;SiOs), and CI-Phl — end-member

KMgsAlSiz010Cl; of the phlogopite solid solution. These reactions govern regular disappearance of garnet,
decrease of Al content in orthopyroxene and increase of Cl contents in the appearing phlogopite on increase
of KCl in the initial fluids. In the Ca-bearing system increase of KClI in the fluid leads to destabilization of
pyrope-grossular garnet followed by formation of clinopyroxene and phlogopite by reaction (3). Similar
relations are well-known from the studies of upper-mantle xenoliths from kimberlites and alkaline basalts
[for example 4].

Thus, ratios between concentrations of Al in orthopyroxene and CI in phlogopite according to
reaction (5) are good indications of KCI activity in the fluid. These effects can be further used for
guantitative estimations of KCI activity, and thus concentrations of KCI in the aqueous fluids in the modal
mantle metasomatism.

The study was supported by RFBR grant Ne 16-05-00266
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CHROMITE AND OLIVINE HOSTED MELT INCLUSIONS REVEAL MIXING
BETWEEN LAMPROITE AND KAMAFUGITE MELTS (EVIDENCE FROM
RYABINOVIY MASSIF LAMPROITES, ALDAN SHIELD)
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Melt inclusions (MI) hosted by olivine and chromium spinel as well as their host minerals from
Ryabinoviy massif lamproites were studied. Unhomogenized MI are crystallized, their homogenization
with following quenching was conducted using Nabertherm RHTV 1700 vertical pipe furnace [1].
Quenched glasses were analyzed with EPMA and SIMS. Compositions of their host minerals were
determined using EPMA including high-precision olivine analysis [2]. Temperatures of olivine
crystallization were estimated using “Al-in-olivine” thermometer [3].

MI studies revealed that Cr-spinel-hosted and olivine-hosted MlIs have contrasting compositions.
According to chemical classification [4], most of Cr-spinel-hosted Mls correspond to lamproites (low-Ca,
ultrapotassic) while most of olivine-hosted MIs have distinct kamafugitic affinity (high-Ca, Na-K-alkaline).
Their geochemical trends comprised with bulk rock compositions and host mineral chemistry imply mixing
of these two melts, which took place at temperature about 1200 °C. Immediately after or even during mixing
between these melts the carbonate-silicate-salt immiscibility occured [5]. According to our data, U, Th, Nb,
Ta and LREE distributed into carbonate-salt fraction being trapped by fluoride, phosphate and sulphate
complexes.

Chemistry of the studied MI, chromium spinels and olivine, and isotopic data [6] imply ancient
(AR-PR) lithospheric mantle sources for these melts, enriched by ancient subduction processes with key
role of carbonate metasomatism. Although having contrasting compositions, observed kamafugite and
lamproite melts could be generated from sources of similar chemistry, probably from DM with glimmerite
or phlogopite pyroxenite domains [7]. Kamafugite melt was generated in CO»-saturated conditions due to
extensional decompression. Lamproite melt is thought to originate due to the following ascending of deep
thermal, F and SOs-bearing, flux. Such spatial and temporal coexistence of kamafugite (high-Ca, K-Na-
alkaline) and lamproite (low-Ca, ultrapotassic) magmatism can particularly explain an unusually wide
range of rock compositions and their diverse alkalinity features among Central Aldan Mezosoic igneous
complexes.

The research is supported by Russian Scientific Foundation (project No 15-17-20036); analytics in France is supported by
grant Labex OSUG@2020 (Investissements d avenir — ANR10 LABX56).
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Sulfides are the most common inclusions in diamonds from kimberlites, whilst by Ni content the
sulfide composition is clearly related to the main types of inclusion parageneses, ultramafic and eclogitic
[1-3].

The work reports on experimental results of diamond growth in the metal-sulfur-carbon systems
with a pre-eutectic sulfur content in the Fe-Ni-S-C and Fe-S-C systems [4, 5] at 5.5 + 0.2 GPa and
temperatures of 1300 and 1350 + 25 °C, respectively. In the experimental Fe-Ni-S-C system with sulfur
content of less than 14 wt%, light-yellow diamond crystals up to 0.8 carat have been grown. The
monosulfide solid solution, a high-temperature pentlandite, tenite, (Fe, Ni)-carbide and recrystallized
graphite have been identified in the products of experimental runs. Diamonds have been grown in the Fe-
S-C system with sulfur content of 5 wt% with respect to the metal. It was established that diamond at 5.5
GPa can crystallize in a very narrow temperature range from 1300 to 1370 °C [6]. The main phases found
in the products of the experiments were solid solution of carbon in iron, iron sulphide (pyrrhotite), iron
carbides (FesC and Fe;Cs), and recrystallized graphite. Pyrrhotite is known to be one of the widespread
sulphide inclusions in natural diamonds [2, 3]. The study of fluid phase composition from the inclusions in
the grown diamonds revealed a wide range of hydrocarbons.

The pioneer work of N.V. Sobolev with co-authors [7] showed that inclusions of the harzburgite
paragenesis are typical of the octahedral diamonds from Yakutian kimberlites. Such crystals contain native
iron inclusions along with subcalcium Cr-pyrope, Mg-olivine, chromite and pentlandite. At the same time,
there are no signs of the genesis of these diamonds under the ultradeep conditions, which evidence the
absence of a majorite component in garnets from inclusions [7]. Thus, the genesis of some natural diamonds
may be associated with metal-sulfide melts.

The work was supported by the Russian Science Foundation (project No. 17-17-01154)
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Peritectic phenomena are widespread in the magmatic process, but not much is known about them
in details. Magmatic peritectic reactions are the reactions in which some minerals are formed consuming
others in presence of magmatic melts both on decrease and increase of temperature. The latter frequently
occur in the magma generation areas. In this study we consider examples of peritectic phenomena at the
early stages of magmatic process and their reconstruction via melt inclusion study.

Generation of felsic melts is a result of crustal anatexis in the course of progressive metamorphism
in the wide range of depths and pressures. Peritectic crystallization proceeds from the early portions of
partial melts, which are entrapped as melt inclusions. Contrary to ordinary magmatic crystallization new
minerals grow due to diffusion of substance from decomposing minerals to the newly formed, rather than
due to oversaturation of melt.

Primary inclusions of peritectic melts were first recorded in garnet, clino- and orthopyroxenes,
kyanite, scapolite and other nominally metamorphic minerals in granulite and eclogite xenoliths from
Tertiary alkaline basaltoids of the E. Pamirs [1,2]. Later such inclusions were found in granulitic garnet
from other localities [3]. Formation of such unusual mineral paragenesis occurs at 40 km (> 12 kbars) on
HPHT incongruent melting of metabasic and metapelitic rocks along with generation of rhyolitic melts in
the thickened lower crust of Pamirs.

Another example includes formation of Mg-rich femic minerals from low-Mg and low-Ca
plagiorhyolitic melts that were generated on LPHT (< 3 kbar) melting of metabsic rocks in the course of
evolution of shallow reservoirs of felsic volcanism in the island arcs. Plagiorhyolitic melt inclusions were
found in plagioclase and pyroxenes from Holocene Mg-basalts of Menshiy Brat volcano in the Medvezhiya
caldera and dacitic pumices of Pleistocene-Holocene Plinian eruptions of Lvinaya Past and Vetrovoy
Isthmus calderas at the Iturup Island (Kuril Islands) [4].

Felsic compositions of melt inclusions are not typical for basaltic minerals from the Menshiy Brat
volcano. In case of Vetrovoy Isthmus and Lvinaya Past dacites high Mg#s of femic minerals are not
common for felsic rocks, which parental melts were trapped by those minerals as melt inclusions. Melt
inclusion study shows that femic minerals trap partial melts that were generated due to reactional melting
of amphibole-bearing precursor rocks at temperatures more than 850 — 900°C. Sometimes pyroxenes
themselves are the products of peritectic reaction of the amphibole dehydration. Increase of H.O partial
pressure in the course of dehydration melting results in destabilization of clinopyroxene and formation of
orthopyroxene-high-Ca plagioclase assemblage with rhyolitic melt.

The reported examples show that unusual combinations of compositions of melt inclusions and the
host minerals in felsic magmatic rocks and high-grade metamorphic rocks are most likely related to
peritectic reactions and can be regarded as indicators of early stages of felsic magma formation in different
geodynamic settings.

The study was supported by Russian Federation State Research Subsidy 0330-2016-0005, RFBR grants 16-05-00894, 18-
05-00819, Complex Program of SB RAS Fundamental Research 11.1 (project #44).
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Ultrahigh and high pressure rocks (UHP-HP) are widespread in Central Asia and are most fully
represented and well studied in the following folded belts: Chagan-Uzun (Gorny Altai) and Kokchetav
(Northern Kazakhstan) (1-5).

The Late Precambrian Chagan-Uzun accretionary - collision zone is formed as a result of
subduction of the oceanic crust and the collision of paleosimount with a primitive island arc, which led to
the exhumation of bodies of ophiolitic peridotites, eclogites and garnet amphibolites heated in the
subduction zone as part of serpentinite melange. Together they mark the zone of the paleosubduction
channel, located between the large paleosimount body and the rocks of the primitive island arc .

The Cambrian Kokchetav accretionary collision zone is formed as a result of continental subduction
and subsequent collision of a microcontinent with an island arc. This led to the formation of a complex of
tectonic plates, deformed into isoclinal folds, represented by microcontinent rocks metamorphosed at
various depth levels of the paleo-subduction zone.

The rocks formed in the subduction zone of UHP-HP are included in the tectonic matrix of para-
and orthogneisses, which also includes small and sporadically distributed ultrabasic lenses. As a result of
complex geodynamic events of UHP-HP, the rocks were brought to the surface as part of a tectonic
megalange (paleosubduction channel) located between the preserved fragment of the Precambrian
Kokchetav microcontinent and the accretion complex of the island arc.

The research was carried out within the framework of the state task of the IGM SB RAS (projects 0330-2016-0014 and
0330-2016-0013) and with the financial support of the RFBR grant 17-05-00833.
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We have determined the character of the metamorphic evolution of the Maksyutov eclogite-
glaucophane shist complex in the Southern Urals, the periodicity of its formation and the specific
thermodynamic parameters of mineral formation at each stage of metamorphism based on a detailed
microprobe study of the composition and zoning of coexisting minerals (garnet and pyroxene). Middle -
Late Paleozoic Maxyutovsky eclogite- glaucophane-shist complex is known as a subduction complex of
high (HP) - ultrahigh (UHP) pressures. The characteristic phases of ultrahigh (UHP) pressure (coesite
pseudomorphs after quartz, graphite cuboids after diamond, microdiamond inclusions) have been described
previously in [1-5]. New analytical data on the composition of garnet and clinopyroxene confirm the high-
pressure origin of eclogitic rocks, which were found in the lower part of the complex in the form of
numerous lenses, boudins and interlayers among glaucophane and feldspar-micaceous schists.

Thermobarometric calculations of the metamorphism parameters of eclogite associations were
performed on the basis of a microprobe study of the composition and zoning of coexisting phases in the Grt
+ Cpx = Pl + Qz paragenesis using the Grt-Cpx geothermometer by Powell [6] and the improved PI-Cpx-
Qz geobarometer by Perchuk [7]. Garnet in the eclogites of the Maksyutovsky complex is almost always
zoned, has a direct, reverse and inversion zoning, while the clinopyroxene composition varies
insignificantly (Xy ~ 22-40 mol %). The composition of the plagioclase corresponds to albite, which
indicates its later formation. Therefore, the compositions of coexisting phases in Pl-containing eclogites
correspond to the parameters of the final, relatively low-temperature stages of the complex evolution. The
trends of temperature and pressure variations during the crystallization of zoned garnet grains (from the
center to the edge) in equilibrium with clinopyroxene were studied in samples having different weathering
degree: from central and outer parts of large boudins, from eclogite layers in the Grt-Cpx-GIn-Mu-Qz
matrix, in large porphyroblastic garnet and in small newly formed crystals from the rock matrix. Garnet
grains with a direct and reverse zoning, which are often found in one sample and demonstrate the conjugate
progressive and regressive P-T trends which indicate individual stages of the complex development. Based
on the obtained data, at least four episodes of metamorphic transformations of the Maksyutov complex are
defined. The age data of the individual stages [3, 4, 8] considered together with the metamorphism
parameters form a common P-T-t trend of the complex formation, which determines the position of the
metamorphic field gradient during its exhumation.

Table 1 Parameters of metamorphic evolution of eclogites of the Maksyutov complex

No Prograde branch Retrograde branch Age, Ma
1. T=800-900 °C, P=3.5 GPa T=910—730 °C, P=3.5 GPa 533+4,6
2. T=500-790 °C, P=2.5-3.0 GPa | T=740—610 °C, P=2.5—1.4 GPa | 392-485
3. T=460-680 °C, P=1.1-1.5 GPa | T=690—430 °C, P=1.3—1.0 GPa | 360-465
4, T=310-515 °C, P=0.9-1.2 GPa | T=545—310 °C, P=1.0—0.6 GPa | 320-335
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ALROSA is a largest Russian diamond mining company, which shares 27 % of world and 95 % of
Russian diamond production. Activity of the ALROSA Group is concentrated in two regions of Russian
Federation — Sakha (Yakutia) Republic and Arkhangelsk area, as well as in Africa. ALROSA is a world
leader in diamond production (in carats) since 2009. Diamond production in 2017 reached 36.6 million of
carats. ALROSA possesses the world largest approved diamond reserves (1.172 billion of carats by the end
of 2017 according to domestic classification, increase of reserves by the end of 2017 was 57.8 million
carats), and widest assortment line of diamonds.

The advancing, economically effective reproduction of exhausting mineral resource base (MRB) is
one of the strategic aims of ALROSA. Analysis of MRB increase shows that this task is successfully solved
for last decade until the recent time. Geological survey staff carry out works within the areas of eight
diamond-bearing districts of Sakha (Yakutia) Republic of Russian Federation, Arkhangelsk area, as well
as in Republic of Angola, and Botswana.

Reorganization of geoprospecting complex (GPC) of ALROSA was accomplished in 2017. Three
new departments with clearly defined functionality, clear and understandable aims and tasks for coming
10-12 years were created. Total amount of GPC staff today is 2 230 persons. The expenses for
geoprospecting works (GPW) were 7 782 billion roubles. GPC of ALROSA still is the largest among the
mining companies in Russia. The program of the ALROSA GPW is actualized until 2030. Prospection of
deep horizon of Yubileynaya and Zarnitsa pipes were started.

Estimating works had been carried out in the fourth project phase of Nyurbinskaya placer. GPW
projects have been conducted on the search stages in Malobotuobinsky, Ygyaatinsky, Srednemarkhinsky,
Daldyn-Alakitsky, Munsky, Prilensky, and Anabarsky districts of Yakutia. Tasks on accomplishment of
innovation development plan and technical modernization had been solved.

In 2018 ALROSA departments will continue works on concentration and optimization of
production processes aimed to increase of GPW efficiency, increase of labor performance and a quality of
works. Approval in SCR of reports including calculation of reserves by 1.4 million carats in placers of
Ebeliakh, Billiakh-tributary-3, Ochuos and Lyasger-Yuriakh rivers are coming. Prospection works in
Yubileynaya and Zarnitsa pipes and deep horizons of Udachnaya pipe will continue.

Start of estimation works at 5™ project phase of the Nyurbinskaya placer is planned. Improvement
of activity of VGPE processing factories should be an important event. Drilling on the territory of Angola
within Kwango project should start on April. Searching activity will continue on the territory of Yakutia,
including two new Alakit-Markhinsky and Srednevilyuisky projects. Development of works in
Malobotuobinsky district, Ygyaatinsky, Alakit-Markhinsky and Nakynsky kimberlite fields are planned.

In the medium term, GPW will be concentrated on the searching-and-estimating, and prospecting
works in the Russian Federation and abroad. The first-rank task, which is assigned to GPC departments, is
a discovery of new diamond deposits. According to this task, significant role of their forecasting, expert,
scientific and analytical maintenance is expected. Wide list of state-of-art geology-geophysics techniques,
used by ALROSA staff, corresponds to complex prospection conditions. Last years a special attention was
paid to introduction of innovation search methods, development of geological, geophysical, and substance
indicator forecasting criteria. This is the base for new discoveries in the nearest time.
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The name of Vladimir Stepanovich Sobolev is inseparably linked to discovery of world largest
diamondiferous province — Yakutian province in USSR. V.S. Sobolev is one of those outstanding
geoscientists, who predicted this province based on geological, tectonic and other knowledges on
distribution of large diamondiferous clusters on our planet Earth. He brought up number of talented
students: A.P. Bobrievich, G.1. Smirnov, A.D. Kharkiv etc. In addition, it is necessary to stress that the first
books, devoted to this new diamondiferous province, was written under his scientific supervision. We
regard the first book “Diamonds of Siberia”, which is of worldwide importance, with a special awe. It has
been written under his supervision by the group of his students - A.P. Bobrievich, G.I. Smirnov, and some
others, and published in 1957. Since then tens of books, which consider different questions in geology,
petrology, geochemistry, and mineralogy of Yakutian diamond deposits, have been published, but this one
was the first. This caused the special awe and special attitude to authors and to the book itself.

New diamondiferous province — Arkhangelskaya, first in Europe, was discovered in USSR by the
end of 70ties and beginning of 80ties of the last century. It preceded the discovery of diamond deposits in
Finland, Canada and other countries. This was also a historical event, which was imprinted in many
publications, including fundamental books. First of all, it is necessary to mention here the book
“Arkhangelsk diamondiferous province” (1999). This book was the first generalization, in which the
problems of geology, rock geochemistry, mineralogy of kimberlites and related rocks of Arkhangelsk
province were highlighted. Several fundamental works, devoted to different genetic and practical questions
of study of kimberlitic rocks and search of new diamond deposits were published since 1999. They helped
significantly to discover new kimberlite bodies in this province. They helped also to enhance our knowledge
about the nature of diamond and kimberlites. It should be noted with honor that all these books have been
written under the supervision of doctors in geology and mineralogy G.P. Kudryavtseva and V.K. Garanin
with like-minded associates-discoverers, colleagues, and students — V.V. Verzhak, E.M. Verichev, N.N.
Golovin, V.V. Tretyachenko.

Now about the last book “Arkhangelsk diamonds. New data” (2017), which generalizes all new
data on diamonds from Arkhangelsk province deposits — morphology and physical and spectroscopic
parameters. This is the first generalization on diamonds from deposits of the Arkhangelsk diamond
province. This book sums up results of study of this province and provides the basis for new discoveries of
diamond deposits on the north of the European part of Russia.

Undoubtedly, we can specially note the strong influence of academician V.S. Sobolev studies, and
first of all, his first book on Siberian diamonds. Although long time has been left since than (more than 50
years), we can state confidently that the results of academician V.S. Sobolev works had a historical
scientific influence on formation of diamond research schools in USSR and Russia. These schools form the
basis for development of new ideas on the genesis of diamonds and its satellite-minerals, for development
of diamond raw material base for successful growth of economic power of Russia.
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The intensive investlgation of CaCOj3 phase diagram during last years [1,2,3,4] results in finding
of several new phases, stabilising at pressures above 30 GPa. In the present work we show our part of the
work on investigation of these phases. Theoretical calculations was performed with density functional
theory, quasi-harmonic approximation (VASP code) and crystal structure prediction evolutionary
algorithms (USPEX package), experiments — with diamond anvil cell at 13ID-D of GSECARS (Advanced
Photon Source).

Performed structure prediction revealed the new CaCOj; structure with P2;/c symmetry, which is
most energetically favourable in the pressure range of 32-46 GPa. Analysis of atomic arrangement shows
that found structure is the analogue of deformed aragonite, based on which we called it aragonite-II.
Performed experiments confirm existence of aragonite-11 at 35 Gpa and reveal a new polymorph observed
at 35 and 50 GPa and named CaCOs-VII. It is structural analogue of P2;/c-1 [3] with unit cell parameters
of P24/c-h [3]. Calculations of Gibbs energies shows that aragonite-11 is the low-temperature low-pressure
polymorph in comparison with CaCOs-VII, which stability field spread up to the melting point (Fig.1).
Being stable within pressure range of 25-50 GPa, CaCOs-VII is stable form of CaCOs in upper part of the

lower mantle.
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Fig.1. P-T phase diagram of CaCOs based on theoretical (lines) and experimental (points) data.

The research was supported by Ministry of Education and Science of Russian Federation (Grant Nos. 14.825.31.0032 and
MK-3417.2017.5) and state Assignment Project No. 0330-2016-0013.
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Ridge-ridge-ridge triple junctions are among the most remarkable features of global plate tectonics
but their nucleation and evolution remains incompletely understood. Here, we employ 3D numerical models
to study the processes of the nucleation and evolution of triple junctions induced by multi-directional
lithospheric extension. The simulations show that two major classes of junctions develop: (i) transient
guadruple and triple plate rifting junctions formed by the initial plate breakup that are gradually converted
into (i) stable triple oceanic spreading junctions formed by the accretion of new lithosphere. Quadruple
junctions break into two diverging triple oceanic spreading junctions connected by a linear spreading center
lengthening with time. This process gradually decreases the length of deforming boundaries between four
diverging rigid plates and thus the integral mechanical resistance of these boundaries to the spreading. The
geometry of triple oceanic spreading junctions varies from asymmetrical T-junctions to ideal 120°
junctions. The structure of these junctions includes two crucial tectonic elements: oceanic ridges (spreading
centers) and intra-plate ranges (triple junction traces) dividing crust accreted from different spreading
centers. The geometrical steady state is achieved within several million years. We propose a new
geometrical theory of a migrating steady state triple junction, which describes its structure as a function of
the relative plate velocities in a moving triple junction reference frame. The relative plate velocities define
the orientations and growth rates of respective intra-plate ranges. Orientations and lengthening rates of
oceanic ridges are in turn given by the average relative velocity of two adjacent plates. The steady state
triple junction migration velocity satisfies the condition of minimal cumulative ridge lengthening rate
weighted by the square root of the spreading velocity, which is proportional to the energy dissipation per
unit ridge length. Geometry of triple junction thus maximizes the rate of the mechanical energy dissipation
decrease (or minimizes the rate of the mechanical energy dissipation increase) in the spreading system. Our
analytical theory agrees well with the results of the numerical simulations and natural data (Gerya and
Burov, 2018).
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Carbon-bearing fluids are of paramount importance in endogenous processes. Their significance
in the ore-forming process, as shown by V.S. Sobolev [1], increases with depth, beginning with the
formation of carbon polymorphic modifications such as diamond and graphite in a reducing medium.

The reduced and oxidized carbon species permanently present in the fluids of gold deposits of the
Yenisey Ridge, occurring in crustal rocks, metamorphosed from greenschist, through epidote amphibolite
to granulite facies [2, 3, 4, 5].

Fluid inclusions study of native gold, sulphides and quartz from the gold deposits Sovetskoe,
Gerfed, Bogunajskoe and Panimbinskoye showed that auriferous ores formed during the water-carbon-
hydrocarbon fluids heterogenization in the temperature range from 150 to 490°C and pressures from 0.2 to
3.3 kbars. Fluid components conserved in native gold, sulfides and quartz are represented by a large group
of carbon-bearing compounds (paraffines, olefins, naphthenes, arenes, dioxanes, furans, aldehyds, ketons,
carboxylic acids and compounds containing halogens (Cl and F), Si, S and N). Fluids of the gold-bearing
guartz veins as compared to gold-free veins are enriched in CO., hydrocarbons, sulfur- and nitrogen-bearing
compounds and the degree of reduction of ore-forming fluids increases with depth. Fluids of such
composition can transport gold and other ore elements in concentrations sufficient for the formation of
deposits.

Thus, carbon-bearing fluids are actively involved both in the deep interior of the Earth where
diamonds form and in the Earth’s crust forming gold deposits.

The work was carried out within the framework of the State research assignment of the IGM SB RAS (No. 0330-2016-005
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Camptonite dikes are widespread within the western Sangelen composed of metaterrigenous
complexes and igneous rocks of acid and basic composition. They are considered to be the youngest basite
formations in the region of about 444 Ma age [1, 2] and contain abundant lower crust and mantle xenoliths
dominated by lode mantle peridotites of the spinel facies [3, 4].

A detailed mineralogical and geochemical study of xenoliths revealed traces of intense percolation
and diffusion of metasomatic fluids/melts. The contact with the amphibole-phlogopite-clinopyroxene vein
preserved diffusion profiles enriched both in major (TiO2, FeO, Na20, etc.), and trace (La, Ce, Zr, etc.)
elements, while the initial Iherzolite mineral assemblage is replaced by wehrlite one. In the Iherzolite -
wehrlite transition zone orthopyroxene relicts in clinopyroxene are preserved. The preserved diffusion
profiles suggest that the vein intrusion took place shortly before xenolith trapping and carrying out to the
surface. The Sr and Nd isotope composition of the amphibole-phlogopite-clinopyroxene vein is consistent
with that of the enclosing camptonites within the error, which suggests the formation of an alkaline-basic
melt during melting of the mantle penetrated with veins of similar composition. These conclusions are also
supported by experimental studies indicating that the formation of alkaline K-rich melts is in good
agreement with the model of melting of the mantle peridotite + phlogopite-bearing veins assemblage [5].

Xenoliths with amphibole veins show the orthopyroxenite reaction zones that are comparable in
thickness to the vein itself but there are no diffusion profiles in the enclosing Iherzolite. Orthopyroxene
formed as a result of the reaction of olivine Iherzolite with an aqueous silicate melt/fluid. Sr and Nd isotopic
characteristics of this vein coincide with those of the Pravotarlashkinskiy gabbroid massif having
suprasubduction characteristics [6] which indicate that its parental melts were produced by melting of the
mantle enriched in amphibole veins.

The work was carried out within the framework of the State assignment (project No. 0330-2016-0006) with the support of
the Russian Foundation for Basic Research (project No. 15-05-05615).
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Evidences of the Mesoproterozoic magmatic activity are of limited occurrence in the ancient
cratons, which suggest that this period of geological history can be regarded as part of "period of global
uncertainty" [1], "Middle Age Earth" [2], or "dull billion years" [3]. Only a few magmatic complexes are
known within the Siberian craton, whose Mesoproterozoic age is supported by reliable datings (see review
and references in [4]), namely, dikes and sills of the eastern flank of the craton (Sette-Daban, 1339 + 54
Ma), dikes of the Anabar shield (1513 £ 51 and 1503 + 5 Ma) and the Udzhinsk aulacogen (1074 + 11 Ma).
The obtained new data have shown a wider occurrence of the Mesoproterozoic mafic complexes within the
Siberian craton. In particular, mafic intrusions (1473 + 24 Ma) compositionally similar to OIB produced
with participation of the mantle plume substance were identified within the Olenek uplift [5]. Dolerites
composing dikes from the southwestern coast of Baikal Lake (Listvyanka and Goloustnoye villages)
yielded age of about 1350 Ma [6], while their petrochemical characteristics and indicative geochemical
ratios of incompatible elements also show compositional similarity of these dolerites to OIB-type basalts.
The Srednecheremshansky massif located in the Sharyzhalgai uplift of the Siberian craton basement is
made up of gabbroids (1258 = 5 Ma) [5] and has compositions similar to OIB. In addition, the age and
composition of these gabbroids are similar to those of dolerites of the giant radial Mackenzie dike swarm

[6].

Thus, it may be noted that all of the above-mentioned Mesoproterozoic mafic complexes of the
Siberian craton formed under conditions of large-scale intracontinental extension with the participation of
the mantle plume substance, while the age analogs of most of these events are present in the northern
margins of Laurentia. These conclusions support the hypothesis of the existence of a long-lived
transproterozoic supercontinent on the Earth [1, 6].

The work was carried out with the support of the RFBR (project no. 16-05-00642).
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Nowadays intensive drilling activity is undertaken to uncover the kimberlite bodies. This approach
may be called extensive drilling. Unfortunately, this method is prevalent. Additionally, the solution of this
task includes development and implementation of particular exploratory methods which can help identify
kimberlite pipes or even reveal diamondiferous pipes at once. The reality is that the object, which has to be
searched, has arbitrary identification parameters, i.e. it can be variously represented in geophysical fields,
differ by the content of indicator minerals, may form dispersion halos of minerals-indicators of kimberlites,
diamond placers, or may lack them. The halos of indicator minerals and diamond placers under certain
geological conditions may occur far from their native sources. Due to the fact that searching at the present
time are carried out in complex search environments, i.e. within the limits of so-called closed territories,
obtaining unambiguous direct signs of diamond content is extremely difficult. Everything depends on the
features of formation of sedimentary complexes overlapping kimberlites. For this reason, the primary
emphasis is placed on geophysical and other anomalies potentially related to kimberlite pipes.

In this respect the most important is the task of reasoned selection of areas for prospecting works
on new diamond deposits. In the last 30 years, the CSRGRI develops the prediction methods for diamond
deposits in various prospecting environments.

The selection of areas for carrying out prospecting works in accordance to these developments is
performed within the framework of accepted minerogenic taxons. Economic evaluation of the category P3
resources is related to the area identified as a predicted diamondiferous field. The sizes of such areas are as
large as 1500 - 2500 km?. Areas of this size are allocated for works performed in the scale 1: 1000000 - 1:
200000. The areas with the estimated resources of the category P3 are put in actual search operations.
During these works, localization of sites with body cluster rank is carried out. Within such sites, the works
focuses on uncovering the diamondiferous kimberlite bodies. The estimation of category P2 resources is
carried out for the uncovered diamond-bearing bodies. In addition, estimation of resources of category P2
for sites with body cluster rank is allowed in the case when diamond placer is directly related to this site.
The scale of works is 1: 200000 - 1: 50000.

In each stage the works are carried out according to the following technological scheme:

1 - preliminary localization of the predicted diamondiferous kimberlite field (local sites with body
cluster rank) based on geologic-geophysical prerequisites;

2 —identification of direct evidences of diamond content in the form of scattering halos of indicator
minerals of kimberlites and diamond placers within the pre-identified fields (sites) in order to solve the
problem of potential areas prospects for setting prospecting works for the discovery of diamond deposits.

3 — development of effective prognostic-prospecting complex considering the geological structure
of the studied territory and specific features of their geological-geophysical state of exploration.

The paramount task to be solved at all stages of works is the performance of paleogeographic
reconstructions for revealing features responsible for formation of sedimentary complexes with the
occurrences of the scattering halos of indicator minerals of kimberlites and diamond placers. The primary
aim of these works is to solve the problem of their haulage from the primary sources.
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Chlorides are found in many kimberlites of the world [1]. The Udachnaya-Vostochnaya kimberlite
pipe is the only object where isolated chloride-containing segregations have been identified along with
numerous manifestations of chlorine. The composition of these segregations varies from essentially
chloride to chloride-carbonate-silicate. The detailed analysis of the extreme types showed that chloride-
carbonate segregations [2] have magmatic origin, while essentially chloride segregations [3, 4] are of
sedimentary origin. The subject of this study are zonal essentially chloride segregations which provide a
means for establishing a relationship between the previously studied segregations.

A drastic difference between the associations of inclusions in the marginal and central zones
allowed us to distinguish two halite generations. A distinct transition of generations is due to a change in
the morphology of sylvite inclusions. Carbonate inclusions are the most important indicator of the
difference between the marginal and the central parts. The central part have no carbonate inclusions, while
in the marginal part they occur in the form of calcite in association with rasvumite as well as melt sulfate-
carbonate inclusions.

The nature of change in the associations of inclusions is in favor of a high-temperature
transformation of halite in the marginal zone. The effect has both a thermal character and an interchange of
matter, which makes it possible to regard the marginal zone as an interaction zone with kimberlite.

The comparison of associations of inclusions in various chloride-containing segregations suggests
that they reflect the different stages of alteration of metamorphosed sedimentary-derived evaporites during
the interaction with kimberlite melt, from isochemical to the formation of chloride-containing segregations
of mixed origin.

The work was partially supported by the Russian Foundation for Basic Research (project No. 18-05-00682).
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HIMALAYA-TIBET : FROM CONTINENTAL SUBDUCTION TO CONTINENTAL
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The Himalayan-Tibet range is one of the best documented continent-collisional belts and provides
a natural laboratory for studying subduction processes. High-pressure and ultrahigh-pressure rocks with
origins in a variety of protoliths occur in various settings: accretionary wedge, oceanic subduction zone,
subducted continental margin and continental collisional zone. Ages and locations of these high-pressure
and ultrahigh-pressure rocks along the Himalayan belt allow us to evaluate the evolution of this major
convergent zone'.

(1) Cretaceous (80-100 Ma) blueschists and possibly amphibolites in the Indus Tsangpo Suture
zone represent an accretionary wedge developed during the northward subduction of the Tethys Ocean
beneath the Asian margin. Their exhumation occurred during the subduction of the Tethys prior to the
collision between the Indian and Asian continents.

(2) High to Ultrahigh-pressure rocks preserved all along the Indus-Tsangpo suture were formed
during the early stage of subduction/exhumation of the Indian northern margin during the Paleocene—
Eocene ; They marked the transient (10 Ma) continental subduction of the Indian continental margin

The timing of the ultrahigh-pressure metamorphism indicates that the initial contact between the
Indian and Asian continents likely occurred in the western syntaxis at 571 Ma. West of the western
syntaxis, the Higher Himalayan Crystallines were thinned. Rocks equivalent to the Lesser Himalayan
Sequence are present north of the Main Central Thrust. Moreover, the pressure metamorphism in the
Kaghan massif in the western part of the syntaxis took place later, 7 m.y. after the metamorphism in the
eastern part, suggesting that the geometry of the initial contact between the Indian and Asian continents
was not linear. The northern edge of the Indian continent in the western part was 300 to 350 km farther
south than the area east of the Nanga Parbat syntaxis. Such “en baionnette” geometry is probably produced
by north-trending transform faults that initially formed during the Late Paleozoic to Cretaceous Gondwana
rifting?2. Finally, high-pressure to ultrahigh-pressure rocks in the western Himalaya formed and exhumed
in steep subduction compared to what is now shown in tomographic images®. In Tibet, no HP to UHP rocks
are tectonically exhumed due to absence of erosional processes. Only HT eclogites are brought back to the
surface as xenoliths in alkaline volcanic rocks suggesting the absence of « true » continental subduction in
Tibet and more probably continental underthrusting processes, related to a soft continental lithosphere®.

The work was supported by the by CNRS-INSU (France), NSERC(Canada) grants and the DSP-Tibet project founded by
the Agence National de la Recherche (ANR-13-BS06-012-01)
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NITROGEN AND HYDROGEN IN THE DIAMOND CRYSTALS AND THE
PROBLEMS OF ITS GENESIS
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The nature of the carbon source of diamond and the deep morphology of the diamondiferous areas
in the platform basement remain controversial to this day.

Syngenetic impurities in diamond crystals are the source of information about the conditions of its
growth in the Earth's mantle. Nitrogen and hydrogen are the main and most common impurities in natural
diamond crystals. A great contribution to the study of these impurities was made by E.V. Sobolev who
showed that they are a structural element of the lattice of kimberlitic diamonds. Nitrogen impurities are
included in structure with the formation of numerous optically active sites, and hydrogen is chemically
bonded to carbon in diamond lattice. Regularity of distribution of nitrogen and hydrogen in natural
diamonds (more than 5.5 thousand samples from 96 deposits), and within individual crystals (94 samples)
were studied using the IR spectroscopy.

Nitrogen and hydrogen centers in natural diamond crystals always coexist, despite the different
nature of chemical bonds, and their concentrations show a positive correlation. This indicates the common
source of nitrogen and hydrogen and in addition with the data on the distribution of carbon isotopes and
organic matter phase impurities in crystals indicates the participation of primarily biogenic components in
the formation of diamond from kimberlites and lamproites. Therefore, it is not accidental that the stable
association of carbon, nitrogen and hydrogen, which is characteristic of organic compounds, is observed in
diamond. Thus, one can suppose that at least some of the natural diamonds were formed due to exogenic
organic substances immersed in great depths, which is consistent with the assumptions of U. Sharp, V.S.
Sobolev, N.V. Sobolev, O.G. Sorokhtin with co-authors, F.V. Kaminsky and several other researchers.

Representative groups (populations) of crystals - dominant among individuals in each pipe or placer
(> 50%) and secondary, were selected to compare the diamond collections from different deposits by two
different parameters: the total nitrogen content in the crystals (Nt from 0 to 2000 at.ppm) and the fraction
of its B-aggregated form (% Ng from 0 to 100). According to the model by Taylor et al. (1990), these
parameters characterize the temperature of diamond formation for a known residence time in the mantle.
All populations are divided into six types according to the formation conditions by the distribution of
nitrogen in crystals and taking into account the presence of inclusions of ultrabasic and eclogite
associations, as well as high-pressure minerals (majorite, ferripericlase, etc.).

The populations show a tendency to decrease the nitrogen content and increase its aggergation
degree (from a pair to a four-atom configuration of atoms) in the diamond lattice, which corresponds to
increase of the diamond formation temperature. At the same time, the lowest-nitrogen (“'nitrogen-free™)
diamonds (Nw: < 20 at.ppm) of the highest-temperature populations are the deepest, since they contain
inclusions of high-pressure minerals. Therefore the main reason for the diamond formation temperature
increase is related to the depth. The revealed tendency characterizes the vertical zoning of populations.
Additionally, it was found that the location of the main diamond populations on the Siberian platform has
a bilateral (with concentricity) zoning: the highest-temperature and deep populations are located in the
center, and the lowest-temperature populations - on the edge. The combination of vertical and lateral
zonation of the main populations gives a general idea of the three-dimensional morphology of the main
geologic-structural zone in which the growth of diamond crystals occurs.
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I will provide a review of models on the thermal history of the Earth which have been proposed
from parameterized convection models and the petrology of basalts and komatiites. The model of Davies
[1] scales convective heat loss to mantle potential temperature Tp, in contrast with the models of Korenaga
[2,3] which advocate sluggish convection. The Korenaga model predicts Tp was 1500-1600°C in the
Archean, and has been supported by PRIMELT petrological modeling of basalts [3]. This model predicts
residues with Mg#s of 92-93, which agrees with those observed as harzburgite xenoliths in kimberlite [4].
Models of Davies [1] and Ganne and Feng [5] predict the Archean ambient mantle was cooler in Tr by
about 150°C; they also predict lower Mg#s, in contrast with what is observed [4]. Hot Archean ambient
mantle is also consistent with volatile-depleted melting, although this is difficult to rigorously constrain.

Mantle plume models for Archean komatiites predict high Te that was higher than ambient mantle.
Melt inclusions in olivines from Alexo and Pyke Hill [6] show the parental magma contained significant
H0, about 0.7%. Similarly, MgO-SiO- contents of the komatiite primary magmas are not consistent with
volatile-free melting [7]. However, it takes a lot of volatiles to compromise Tp estimates [7], and the mantle
plume model will remain secure as long as the primary magma contained no more than about 1% H,O and
5% CO.. However, uncertainties in degassing and the petrological calibrations might compromise this
interpretation.

A difficult question is how Archean komatiite sources acquired H,O and CO,. Ingassing by
subduction may have been limited by degassing during partial melting in a hot Archean mantle. One
possible resolution to this problem may be primordial ingassing in a transient cool Hadean mantle [7].
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The work presents data on composition of platinum group elements (PGE) in the uniquely fresh
xenoliths from the Udachnaya kimberlite pipe: megacrystalline dunites (olivines) and granular and
deformed peridotites. Megacrystalline dunites, the most depleted peridotites from upper mantle [1], are
located in the mantle section presumably at depths of about 140-180 xwm [2, 3]. Deformed peridotites
represent the root parts of the lithospheric mantle (180-220 km [2], 200-230 km [3]). Equigranular
peridotites are widespread over the entire section. PGE distribution differs in all types of studied peridotites
(Fig. 1). Megacrystalline dunites and granular peridotites vary broadly in Ir, Os, Ru (I-PGE) contents.
Deformed peridodites, on the contrary, are characterized by similar spectra of PGE distribution in the Os-
Pt interval. The Pd and Re contents only show wide variations as opposed to dunites and granular
peridotites. Granular peridotites are characterized by I-PGE distribution similar to that of dunites. We
suppose that depletion in Pt and Pd in megacrystalline dunites occurred at high degree of partial melting as
these elements are incompatible. Granular peridotites have positive correlation between PGE and Fe,0s;
and negative correlation between PGE and Al,O3+Ca0O. PGE enrichment in granular peridotites occurred
probably at the expense of ferruginous phase during mantle metasomatosis. Deformed peridotites show no
clear correlation between major elements and PGE while the extreme trend values show some correlation.
We propose a complex model of PGE evolution in deformed peridotites: at the initial stage during mantle
metasomatism rocks depleted in I-PGE due to increase in modal garnet and clinopyroxene contents. At the
final stage the Pd and Re enrichment probably resulted from the submicron sulfide phases jigging into
intergranular space.
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Fig. 1 — PGE distribution in Udachnaya pipe peridotite xenoliths (Yakutia)
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The Chukukskaya kimberlite pipe is located in the east of the Alakit-Markhinskoe kimberlite field
in the western Yakutian diamondiferous province and has an irregular close to an oval shape. Its long axis
is northeast trending (SE-60°). The surface size of the pipe at the level of the carbonate cap surface is
180x150 m with a surface area of 20866 m?, which is classified, according to the "Instruction for applying
the classification of reserves to primary diamond deposits" [Instruction ..., 1984], as small bodies class.

The upper part of the pipe has a near surface bell end. Under the overlying rocks, the orebody has
gently undulating surface with a height varying from 20 to 25 m. The pipe is mainly composed of autolithic
kimberlite breccias occasionally containing large (up to 20-25 m) xenoliths of the Ordovician carbonate
rocks. Porphyry kimberlites are of rare occurrence.

The autolithic kimberlite breccias (AKB) of the Chukukskaya pipe are dense rocks of bluish and
greenish-gray color with a characteristic autolithic structure and porphyric texture of the groundmass. The
xenogenic material is represented by fragments of clay-carbonate rocks of the cap (up to 40-60%), rarely
(1-5%) by fragments of metamorphic rocks of the basement. The groundmass is fine-grained of serpentine-
carbonate composition. Phenocrysts make up 15-25% of the rock volume and are mainly represented by
pseudomorphs of serpentine and calcite over olivine from the first mm to 3-7 cmin size.

According to petrographic analysis, AKB of the Chukukskaya pipe contain autoliths of round and
oval shape, varying in size from 0.4 t010 mm.

Porphyry kimberlites (PC) are of distinctive greenish-gray or bluish-gray color. The rocks have
porphyric texture, while the structure is massive. The content of xenogenic material in PC, represented
typically by fragments of clay-carbonate rocks, does not exceed 1-2% of the rock volume, rarely increasing
to 5-7%. Minor (up to 1-3%) fragments of metamorphic rocks of the crystalline basement with a size
varying from 0.1 to 3 cm, occasionally up to 7-8 cm, are represented by gneisses and shists. The groundmass
is fine-grained of serpentine-carbonate composition. Predominant calcite forms elongated grains, of wide
occurrence are appreciable amounts of chlorite and phlogopite in the form of laths and plates [2]. Porphyric
phenocrysts represented mainly by pseudomorphs of serpentine and calcite over olivine, sometimes with
an admixture of the oxide-ore mineral, make up to 20-25% of the rock volume.

The study of mineralogical and petrographic features of kimberlites petrology allows us to state
that the Chukukskaya pipe is a typical representative of the Alakit-Markhinskiy diamondiferous region,
whose prospects are currently far from exhausted [3].
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V.S. Sobolev paid much attention to the petrology of the Traps of the Siberian Craton [1]. He
showed the main features of the petrographic and petrochemical composition of the traps formation and its
connection with other formations and compared them with other Traps provinces. Traps ( flood basalts) are
now considered to be an integral part of Large Igneous Provinces (LIPs) associated with deep mantle
plumes [2,3].

The magmatism and metallogeny of Large Igneous Provinces (LIPs) has received considerable
attention in recent years. Detailed studies on these problems were reported only for the relatively young
LIPs, such as Siberian, Emeishan, Tarim [3], and Precambrian LIPs of Siderian craton [4]. In the south of
Siberia, the platinum-bearing massifs might be united into three age groups: Late Paleoproterozoic (Chiney
complex, Malozadoisky massif), Late Mesoproterozoic (Srednecheremshansky massif), and
Neoproterozoic (Kingash complex, Yoko-Dovyren massif, and massifs in the center of the East Sayan
Mts.). On paleogeodynamic reconstructions, the position of the studied massifs is the evidence that three
most precisely dated events in North Canada continued into southern Siberia: In the period 1880-1865 Ma,
it was the Ghost-Mara River—Morel LIP; at 1270-1260 Ma, the Mackenzie LIP; and at 725-720 Ma,
Franklin LIP. In Siberia, the mostly productive massifs with respect to PGE—-Ni—Cu mineralization are those
linked with the Franklin LIP: Verkhny Kingash, Yoko-Dovyren, and central part of the Eastern Sayan
Mountains. The unique Cu-Ni-EPG deposits of the Norilsk region are confined to the highest temperature
region of the Trap zone of the Siberian craton (250 Ma), which is considered as the central part of the head
of the deep mantle plume. The affinity of platinum-bearing Cu-Ni deposits to the central parts of the plumes
is well manifested for the Emeishan and Tarim plumes.

Following characteristics of the metallogeny in large igneous provinces to be revealed:

1) the close linkage between different mineralization types and particular pulses of mafic, alkaline
mafic, and felsic magmatism;

2) the specific combination of mineralization types, which include magmatic Cu-Ni-Pt and Fe-Pt;
hydrothermal Ni-Co-As,Au-As, Ag-Sh, Au-Hg, Sb-Hg and stratiform Cu;

3) the zoned distribution of mineralization types relative to LIPs’ centers, with Cu-Ni-Pt, Fe-Pt and
stratiform Cu mineralization localized in a LIP center, and hydrothermal mineralization bound to a LIP
periphery;

4) the essential contemporaneity of the formation of each mineralization type in LIPs, and the
existence of coeval but spatially separated Cu-Ni-Pt, Ni-Co-As and Au-As deposits;

5) the unified succession of ore-forming events;

6) the close relationship between the extent of mineralization and LIP igneous volumes, which in
turn depend on the plume heat power.

The work was carried out at the expense of the RNF megagrant funds (project No 2016- 220-05- 135);
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Since the first discovery of diamonds in basaltoids of the Icha volcano complex in Sredinny Ridge,
Kamchatka, Russia [1], a series of diamond finds was made in various magmatic rocks of Kamchatka: in
meimechite dyke and lamproite-like tuffs in eastern Kamchatka [2], in the Philip ultramafic massif [3], and
recently in fresh basaltic lavas of the Tolbachik fissure eruptions [4, 5]. In addition, we report finds of
polycrystalline diamonds made in placer deposits from the Valizhgen Peninsula in Koryakia and recent
lavas of the active Avacha volcano. These polycrystalline aggregates are composed of diamond grains, 1-
10 um in size, cemented (not sintered) by various SiC polymorphs, native Si®, silicides, tridymite, tilleyite,
graphite, and amorphous material. Diamond grains contain inclusions of silicides, native f-Mn, tungsten
and boron carbides, which are uncommon for both monocrystalline diamonds and carbonado. The structural
and compositional features of diamond crystallites and associated minerals are characteristic for chemical
vapor deposition (CVD) mechanism of formation.

The current information allows to distinguish several groups of differently formed terrestrial
diamonds. (1) Static high P-T diamonds from kimberlites, lamproites and other deep-seated magmatic
rocks; upper-mantle and lower-mantle diamonds occur within this group. (2) Diamonds from chromitites,
the origin of which is still debatable. (3) Diamonds from metamorphic “ultra-high pressure” rocks. (4)
Polycrystalline diamonds from volcanic rocks formed via the CVD mechanism. (5) Some enigmatic
varieties of diamond, such as carbonado, formed, most likely, within the Earth’s crust under low P-T
conditions. Hence diamond is a polygenetic mineral, which may be formed within a wide range of physic-
chemical conditions.
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CHARNOCKITIZATION OF MAFIC AND ULTRAMAFIC GRANULITES: THE ROLE
OF FLUID BRINES, MINERALOGICAL-GEOCHEMICAL TRENDS, EVOLUTION
OF MINERAL ASSEMBLAGES, AND AN EVOLUTIONARY MODEL

Korikovsky S. P.
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Petrological and geochemical studies of charnockitization processes in mafic and ultramafic quartz-
free Opx-Cpx+Grt-Hbl+Bt-Plca granulites [1,2,3], which are transformed into leucocratic Opx-Grt-Bt-Hbl-
Plna-Kfs-Qz anatectic enderbo-charnockites, have shown that this process cannot be adequately described
within the framework of the traditional model of partial melting (so-called ultrametamorphism) because
during charnockitization of mafic Si- and alkali-poor crystalline schists, silicic granite—charnockite anatexis
is preceded by more and more intense Si-Na-K+Al-H,O-CI(F) metasomatism. Thereby mafic minerals
(Opx, Cpx, Grt, Hbl, Bt) in the mafic granulites are surrounded by newly formed leucocratic (Anz-Olg) and
Kfs-Olg-Qz reaction rims and the rocks themselves are penetrated by networks of newly formed Olg-Qz-,
Kfs-Bt-Qz, Opx-Hbl-Olg-Kfs-Qz, (sometimes with Scp) and other types of metasomatic veinlets, in which
Bt and Hbl are rich in Ti, CI, or F because of silicic-alkaline halide-bearing composition of the brines and
a certain temperature increase. Metasomatism of this type leads to progressively more intense debasification
of the mafic granulites, i.e., removal of Mg, Fe, Ca, Ti, V, Cr, Zr, and HREE from them and simultaneous
introduction of Si, Na, K, Al, Sr, Ba, CI(F), as seen in variation diagrams for charnockitized mafic
granulites. The partial melting of mafic granulites first of all occurs in their leucocratized domains, which
are localized along fluid conduits and fractures, so that the granulites are in situ transformed first into
nebulitic migmatites with granulite skialiths and eventually into anatectic charnockites.

A good indicator of a non-isochemical nature of the process is the continuous growth in the Fe mole
fraction (Fe#, Xr.), sometimes by factors of 2-2.5, of both the rocks (primary granulites) and their minerals
in the course of charnockitization. It is important that the Fe# of the melanosome (residue) and leucosome
simultaneously increase in the course of the process, which is in conflict with the model of
ultrametamorphism in a closed system. The metasomatic pre-anatectic debasification of granulites takes
place at the peak of granulite metamorphism, or when this peak is progradely approached, at T 750-900°
and P 5-15 kbar. Along with thermobarometric data, this also follows from the origin of the charnockite
assemblage Opx+Kfs+Qz and various reaction textures produced by the partial prograde decomposition of
the most ferrous Bt and Hbl. Calculations, analyses of liquid inclusions, and, first and foremost, the ability
of brines to dissolve mafic and ultramafic granulites indicate that charnockitizing fluids are aggressive
chloride and fluoride brines whose total concentrations of salt components reach 0.45 [1,2,3]. Mg, Fe, Ca,
and partly Al removed in the course of debasification, are partly disseminated outside charnockitization
aureoles, and can be partly redeposited at rapid neutralization of the brines and yield cutting melanocratic
basificate Opx-Cpx-Grt-Hbl-Plc, veins or thin melanocratic rims around anatectic charnockite bodies. The
identity of the P-T parameters of the mineral assemblages of the granulites, nebulitic migmatites replacing
them, the anatectic rocks, and the debasificate and basificate metasomatites demonstrates that all of these
rocks were produced within the frameworks of a single petrologic cycle at a fluid-dominant regime.

This study was financially supported by the Russian Foundation for Basic Research, project no. 15-05-04956).

References:

1. Aranovich L.Ya (2017) The role of brines in high-temperature metamorphism and granitization // Petrology.
V.25. Ne 5. P. 491-501.

2. Korikovsky S.P., Aranovicch L. Ya. (2010) Charnockitization and enderbitization of mafic granulites in the
Porya area, Lapland Granulite Belt, Southern Kola Peninsula// Petrology. V. 18. Ne 4. P. 320-349.

3. Korikovsky S.P., Aranovicch L. Ya. (2015) Charnockitization of feldspar-free orthopyroxene-clinopyroxene-
phlogopite metaultramafite in the Lapland Granulite Belt, Southern Kola Peninsula// Petrology. V. 23. Ne 3. P.
189-226.



THE INFLUENCE OF K AND NA ON NI PARTITIONING BETWEEN OLIVINE AND
SILICATE MELT

Koshlyakova A.N.', Sobolev A.V."2, Krasheninnikov S.P.', Batanova V.G. '?, Borisov A.A.?

' V.I. Vernadsky Institute of Geochemistry and Analytical Chemistry RAS
an.koshlyakova@gmail.com
2 Institut des Sciences de la Terre (ISTerre) Université Grenoble Alpes, Grenoble, France
3 Institute of Geology of Ore Deposits, Petrography, Mineralogy and Geochemistry RAS

Olivine is one of the most widespread minerals of Earth’s mantle. Consequently, olivine-melt
equilibrium is used in petrological models to determine the conditions of formation and evolution of mantle
melts. Nickel contents in magnesian magmatic olivine are widely used to indicate mantle source lithology
[1]. At present, there is a large amount of experimental data on Ni partitioning between olivine and melt.
However, the authors usually use low-alkali compositions and note the loss of alkalis during the
experiments [2-8].

We present the results of more than 40 high-temperature experiments at atmospheric pressure, in
which the contents of alkali in the melt are maintained high during the experiments. The starting
compositions were mixtures of Hawaiian picrites and lamproites of Gaussberg with addition of MgO.

Quenched runs were analyzed by EPMA at ISTerre, Grenoble, France. The experimental olivines
and glasses were found to be compositionally homogeneous, glass varies in different experiments in terms
of alkali content: K>O 1-11 wt% and Na»O 0.3-8 wt%. The results obtained, as well as the data on low-
alkalis experiments, were used to establish a quantitative model of the dependence of the Ni partitioning
coefficient on the melt composition and temperature. A strong positive correlation of D(Ni) on the K>O
content was observed.

This work is supported by Russian Science Foundation (project Ne14-17-00491).
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Generalization of original (97 analyses) and published data of U-Pb zircon ages from kimberlites
and related rocks of the Yakut province (YKP) has been made. Four stages of activity of kimberlite
volcanism (in Ma) - 1) 429-408, 2) 369-344, 3) 228-217, 4) 175-147 have been confirmed with a high
degree of reliability. A comparison of the incompatible element concentrations (IE) in zircons and in the
host kimberlites (studied earlier [1]) from different fields indicates a direct correlation between them. A
higher level of IE content was observed in zircons from kimberlites and related rocks from some of northern
fields (Ary-Mastakhskoe, Starorechinskoe, and Kuoykskoe fields). Spatial and temporal relationship of
kimberlite and alkaline-basalt volcanism is evident. The reasons for the occurrence of kimberlite volcanism
are discussed. Attention is focused on the spatial relations of the different age kimberlites to extended zones
— corridors, which allows discussing the significant, perhaps decisive role of long-lived transform faults
reaching the asthenosphere in initiating kimberlite volcanism. The frequent synchronization of kimberlite
formation in different provinces and on different continents suggests that one of the reasons for the
activation of kimberlite volcanism was impact events of a catastrophic scale for the whole Earth.
Apparently, it is not a coincidence that the epochs of kimberlite occurrence on the Siberian platform are
confined to the boundaries of the change of large stratigraphic units (eras, periods), in particular, the
Silurian-Devonian, Devonian-Carboniferous, Middle Triassic-Late Triassic, Jurassic-Cretaceous.
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Fig. 1. Distribution of U-Pb ages for kimberlite volcanism, determined by zircons from [2] and zircons from
current study.
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BREATHING OF VOLCANOES:
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Figure 1. Snapshots of 4D tomography models for Nevado del Ruiz (left) and Mount Spurr (right) with
possible interpretation. Background is the distribution of VVp/Vs ratio in the vertical sections crossing the
volcanoes (brown — high Vp/Vs, liquids; blue — low Vp/Vs, dry rocks, gases).

We have developed an algorithm of repeated tomography that was implemented for studying
different active volcanoes. The first example is Nevado del Ruiz in Colombia that is active since 2010.
Beneath the volcano edifice, we have detected an anomaly of high Vp/Vs ratio that represents a shallow
magma reservoir saturated with fluids. In the period from 2010 to 2014, this anomaly decreased the volume
and amplitude, which represents gradual escape of fluids from the magma reservoir. In 2015-2016, this
anomaly increased again that is explained by income of a new portion of fluid-rich magma from deeper
sources. Such periodic “breathing” of magma reservoir is in agreement with the degassing regime and
magma dome emplacement. Similar results were obtained for Galeras, another active volcano in Colombia.

We also performed repeated tomography studies for the Mount Spurr in Alaska. We explored the
seismic structure beneath the volcano for the period from 1996 to 2012. Similarly as in the case of Nevado
del Ruiz, in all time windows, we observed a large anomaly with high Vp/Vs ratio located right beneath
the volcano. In episode 2, we observed a considerable ascent of the anomaly to approximately 2 km. We
propose that these changes represent the fluid migration in the magma system that affects the partial melting
and degassing processes in the plumbing system and controls the eruption activity of Mt. Spurr.

The repeated tomography studies performed for Mt. Spurr, Nevado del Ruiz and Galeras have
revealed considerable changes of seismic velocities occurred within a few years. These temporal variations
can be caused by fluid migration, which, in turn, affects the processes of melting/crystallization and
degassing. All these factors control the occurrence of volcanic eruptions.

This study has been supported by RSF Grant 14-17-00430 and RFBR Grant 16-05-00477 and Complex program of SB
RAS grant #44 0330-2018-0026.
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SPECIFIC FEATURES OF DIAMOND POLYGENESIS FROM PLACER DEPOSITS
OF THE NORTHEASTERN YAKUTIAN DIAMONDIFERIOUS PROVINCE

Kovalchuk O.E., Bogush I.N.
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oleg.kovalchuk@mail.ru

Study of the morphological characteristics of diamonds and their physical properties from the
primary and placer deposits of the northern Siberian platform allowed us to determine their types based on
the diamonds characteristics, in particular data of IR spectroscopy (Fig.1). Using these data, we analyzed
sampling, performed zonation of territory, and make prognostic conclusions for the northeastern Siberian
Platform.

The following types of diamonds are distinguished:

The type (I) diamonds are mainly with small and medium concentrations of nitrogen impurities,
having small concentrations of B2-centers of medium and large sizes, and heavy carbon isotope
composition. By morphology, these are laminar, more rarely rounded diamonds of | variety according to
Yu.L. Orlov, with the presence of IV and Il varieties. Primary sources are kimberlite bodies with low or
medium diamond content.

The type (1) diamonds have total atomic nitrogen content of more than 600 ppm, the concentration
of plate formations B2 is increased with their small (on average 20-25 nm) size (vB2>1370 cm-1); light
carbon isotope composition (typically less than 15 %o *C). By the morphology, the crystals of the | variety
are mostly rounded, rarely laminar, colorless, gray, lilac-brown as well as individual crystals of the Orlov’s
V, VII varieties, while the content of | variety crystals is on the average three times larger than the V and
VII varieties. The primary sources are the deposits of an unknown genesis with presumably high diamond
content.

The type(lll) diamonds are of impact genesis. The primary sources are the rocks of the Popigay
astroblem. The crystals belong to the Orlov’s XI variety with specific morphological and optical-
spectroscopic characteristics.
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Fig.1. The nitrogen content and its aggregation (a), the absorption coefficient of the B2 center (b), the position
of the maximum absorption band of the B2 center (c), and the characteristics of the B2 centers (d) in the I-
and I1- type diamonds.



HIGH-TEMPERATURE LOOP-TECHNIQUE EXPERIMENTS: THE NEW
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Understanding the principles of olivine-melt equilibria in terms of element partitioning at high
temperatures is the key factor to more precise and clear interpretation of the mantle magma generation
processes at early stages of Earth evolution and in Lunar mantle conditions [1,2]. Development of the EMP
analytical protocols for trace elements in olivine [3] provide the new approach for numerical modelling and
petrological reconstructions. New high-temperature loop experiments conducted in a one atmosphere gas-
mixing Nabertherm furnace in Vernadsky Institute [4].

Hawaiian and Siberian picrite powdered and doped by major element oxides (SiO2, TiO2, Al203,
CaO0) and different amount of olivine used to reach the liquidus temperature up to 1600 °C for komatiites
crystallization modelling. About 200 olivine-silicate melt pairs obtained at experimental conditions ranging
from 1300 to 1600 °C and oxygen fugacity of dANNO +2.

For more than 60 experiments devoted reproduce the Moon and Chondrite redox conditions Fe-
wire used as a container at temperatures 1200-1500 °C and from -1 to -3 l.u. below IW buffer. Oxygen
fugacity level has been chosen to reach equilibrium conditions of silicate melt and metal phase [5] to prevent
neither precipitation of Fe in the silicate melt nor dissolution of Fe-wire. Glass compositions characterized
by negligibly low Fe** contents due to very low oxygen fugacity. During the experiments, olivine crystals
grow with very homogeneous compositions through the time of up to 100 hours with the relative standard
error of 0.015 mol.% Fo#.

Testing of equilibrium conditions during the experimental runs and in the product compositions let
to a new high-precision EMP analysis dataset of coexisting olivine and glass. Those experiments provide
important information on major and trace element partitioning at extreme redox and temperature conditions
and could be a good starting point for a new numerical modelling assessment of the magmatic processes T-
fO, parameters and Kgq calculations.

Research was made with financial support of Russian Science Foundation (project Ne 14-17-00491) and Russian
Foundation for Basic Research (project Ne 17-05-00856).
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PENTACOORDINATED SI IN SILICATES: NEW DATA
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In 2019, seventy years will have elapsed since academician V. Sobolev published his Introduction
into Mineralogy of Silicates [1] where he analyzed a wealth of data on natural silicates, with implications
for their structure, formation, and alteration. The book focuses mainly on crystal chemistry:
crystallochemical considerations make its main tune and are invoked to explain various features of silicates,
including optical properties, stability fields, and genesis. At that time, only slightly more than 100 structure
types of silicates were known, most of them having their representatives in the natural mineral world.
Almost all mineral species (except for SiP.0O7) have tetracoordinated Si atoms and a structure consisting of
SiO4 tetrahedra bound either with each other or with the coordination polyhedra of other cations. Since
1949, the crystal chemistry studies of silicates with tetracoordinated anions have been in rapid progress,
and ever new discoveries of silicate anions are appearing [2]. On the other hand, numerous publications on
high-pressure silicates with hexacoordinated Si came out, one after another, since the 1960-s. These
varieties are fewer than the phases with 'VSi, but they are of exceptional value for mineralogy and
geochemistry: according to recent calculations, most of the mantle consists of perovskite-like phases with
VISi. In this respect, an intermediate pentacoordinated phase was reasonably inferred to exist between 'VSi
and V'Si (4—5—6) rather than direct jump-like transition from tetra- to hexacoordinated Si (4—6). NMR
studies of silicate melts and glasses at upper mantle PT conditions show that most of Si should be
pentacoordinated [3]. VSi coordination in an inorganic compound was first identified in a high-pressure
phase of CaSi.Os with tetragonal pyramidal coordination of some Si atoms [4]. According to recent high-
pressure SR data, pentacoordinated silicon is typical of many metastable silicate modifications, including
pyroxenes [5, 6] and framework or layered silicates [7, 8]. These results open a new page in the crystal
chemistry of silicates and may call for major revision of the existing views on the state of silicate material
deep in the Earth’s interior.
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Ureilites contain up to 6 wt.% C as interstitial aggregates in peridotite matrix along with sulfide
and iron phases. They are scarcely studied by means of transmission electron microscopy (TEM). Here we
performed detailed mineralogical and microstructural study of ureilites Novo Urei and JAH 054 with
particular attention to identification of microinclusions in carbon aggregates. The samples were polished
using Ar-ion milling to avoid contamination of carbon aggregate surface during conventional polishing.
Samples for TEM were prepared using focused ion beam (FIB) technique.

Two generations of olivine (primary Fais.2o and recrystallized Fai.s) and orthopyroxene (primary
with Fsg and recrystallized Fsio-15) were identified in Novo Urei. Primary mineralogy includes also sulfides
(dobreelite, keilite) and FeNi-metal. Similarly, JAH 054 contains two generations of olivine (Faiz-z and
Fas.4) and orthopyroxene (Fszs and Fsi-3). Accessory minerals include troilite, daubréelite, FeNi-metal and
chromite. Clinopyroxene and ultrafelsic glass (SiO2 = 75-82 wt.%, Na,O = 2-3 wt.%) were identified in
smelted zones of both meteorites. Quenched SiO: crystals in this glass are represented by cristobalite
(identified by Raman spectroscopy). In addition secondary minerals in JAH 054 include chlorite and
anhydrite.

Using electronic diffraction, we identified diamond, graphite and lonsdaleite in carbon aggregates.
The diamond crystals in Novo Urey (up to 20 pm) were much larger than in JAH 054 (<100 nm). EDS
mapping of carbon aggregates in FIB films indicates that diamond zones do not contain any inclusions,
whereas graphite-bearing zones contains inclusions of kamacite and Fe-Cr sulfide. We also investigated
microinclusions in smelted zones of olivine and orthopyroxene recrystallization areas around carbon
aggregates. These zones contain abundant voids and also sulfides, cohenite and possibly lawrencite. New
mineralogical findings support multistage origin of ureilite during stochastic impact events at least one of
which was of catastrophic characters [1, 2] and contradict with hypotheses of formation of smelted zones
by reduction of Fe from olivine.

The work was supported by the Russian Foundation of Basic Research (projects no 17-05-00851).
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Southern margin of the Siberian craton (Sayan area) is a promising region for the discovery of
diamond deposits of various genetic types. In general, in the region, diamondiferous and potentially
diamondiferous high-potassium magmatites are correlated with the Urik-Tumanshet pericratonic zone of
the Early Proterozoic origin. The most promising area for discovering ore bodies of diamonds is the
Udinskaya area (Nizhneudinsky, Chunskiy and Tayshet regions). On this territory, minerals-satellites of
diamond were discovered: pyropes with high Cr content and low Ca content, as well as chromespinelides
and picroilmenites (the size of individual grains up to 4 mm, well preserved), similar in composition to
picroilmenites from industrial diamondiferous Yakutian kimberlites. An important criterion for
determination the prospects for this territory was the discovery of diamonds in alluvial sediments on the
left bank of the river Uda.

Complex methods were used for the first time to study 17 diamonds about 1 mm in size. Based on
morphology, most of the crystals were classified to the 1st type according to Yu.L. Orlov classification [1].
They are presented by laminar crystals with octahedral, rhombic-dodecahedron and intermediate habitus,
forming a continuous series of crystals with a laminar structure of the faces, on which practically don’t
have signs of mechanical deformation. Five crystals were of irregular shape with pronounced signs of
deformation and traces of impact. On two crystals, green spots of pigmentation associated with radiation
damage in placers were noted. Studies of the defect-impurity composition of the alluvial diamonds with
pronounced candy sculpture showed low nitrogen content. In the nitrogen-free diamond, submicroscopic
inclusions of Ca-carbonate were discovered. Inclusions of K, Fe, Ba, Sr-containing carbonates were
identified in the peripheral zones. According to the previously published data, the type of the indigenous
source is associated with the diamondiferous lamproites of Sayan area (Ingashinskoe field), in which the
rounded diamonds are dominant [2, 3]. The data obtained earlier indicate the polygenetic origin of
diamonds within the southern margin of the Siberian platform [4]. However, the morphological features of
the most of the studied diamond crystals, the absence of mechanical deformations on their surface, the
presence of characteristic diamond minerals, makes it possible to assume the existence of a kimberlite
source within the Udinsk diamondiferous field.

This work was supported by the Russian Science Foundation (project No. 18-17-00101) and the Russian Foundation for
Basic Research (project No. 16-05-00841).
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Based on comparative mineralogical studies of xenoliths of megacrystalline harzburgite-dunites
(MHD) with subcalcium Cr-rich pyrope and mineral inclusions in diamonds, it was established that MHD
are the parent rocks of Siberian peridotitic diamonds [1,3,4]. The study of a new collection of MHD
xenoliths from a unique fresh block of the Udachnaya kimberlite pipe has also confirmed the similarity of
chemical compositions of MHD minerals and mineral inclusions in diamonds [2].

As a result of detailed mineralogical and geochemical studies of MHD xenoliths, we found
evidences of multi-stage metasomatic enrichment involving fluids/melts of different compositions. The
most recent episode of metasomatic modification is associated with kimberlitic and pre-kimberlitic
fluids/melts. Interaction with such fluids is recorded by the formation of a keliphytic rims on garnets, the
replacement of orthopyroxene with clinopyroxene, and the formation of a veined interstitial association of
djerfisherite + magnetite + monticellite, unstable at high pressures. We used SIMS to carry out a study of
the distribution of trace elements in garnets to determine the internal zoning. As a result, it has been found
that in the overwhelming number of investigated grains (> 90%) zoning is detected both for major and for
trace elements (Ca, LREE, Sr, etc.). Most garnets have S-shaped REE distribution spectrum, which were
formed during reaction of carbonatitic fluid/melt with REE depleted garnet.

In situ Re-Os dating of sulphides in MHD reveals two age stages in the evolution of MHD: Trp
3.51-3.0 Gaand Trp 2.12-1.87 Ga. The most ancient ages reflect the time of MHD formation in the depleted
lithosphere of the Siberian craton. The Paleoproterozoic ages reflect the metasomatic transformation of the
diamondiferous lithospheric mantle during the amalgamation of individual Archean terranes into the
modern structure of the Siberian craton. The presence of the zoning for major and trace- elements indicates
that the latest stage of the MHD transformation associated with kimberlitic or pre-kimberlitic fluids/melts.

Mineralogical research was carried out within the framework of the state assignment project (project No. 0330-2016-0006),
with the support of the RFBR grant (project No. 16-05-01052). Geochemical and isotopic studies were supported by the Russian
Science Foundation (project No. 18-17-00249).
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The Popigai impact crater, a large ring structure, 100 km in diameter, originated at about 35.7 Ma
in the northeastern Anabar shield within the Popigai River catchment. The crater consists mainly of suevite
and tagamite, which are diamond-rich impact rocks [1]. Diamond formed by solid-phase conversion from
graphite in target rocks as a result of impact compression [2]. We used a number of suevite samples
collected during the field trip of 2014.

Suevite is identical to tagamite and within-crater gneiss in the Popigai crater in its major-element
composition and REE patterns [3]. The suevite samples are composed of up to 70 vol.% mono- and poly-
mineral melt glasses (i), 5-7 vol.% diaplectic glass (ii); 25 vol.% fragments of target rocks and their minerals
(iii); and 3-5 vol.% accretionary lapilli (iv) [2, 4]. The melt glasses have smooth, porous or foamy textures,
often with traces of flow, and an apogneiss composition of Qz+kfs/Qz+PI/Kfs+plag. The diaplectic glasses
are mainly maskelynite (AbsoAns1Ory to Ab21AnsOrse) and lechatelierite or, less often apo-Tu and apo-grt.
The mineralogy of suevite comprises more than twenty five identified species [6], including the rock-
forming QZ, Kfs (Ol’gl.ggAbz.g), PI (Ab33.4gAn55.430r9.2), Ap, Ch't, and mica, as well as the Grt (A|m43.7osp60.
28ANdo-3Gro1-18PYr2-40), 1M (Crizs100Geio-oPyro-1sHemo.s), PX (Dio-1Hdo-1ENs3.65FS34-46; Disg-7sHd19-27EN5-8FSo-
4), Amf, Zr, Mnz, Sphen, Crt, Baddeleyite, Scheelite, Britholite, and Sulf accessories. The samples also
contain metallic iron, Ru-nigrin, armalcolite, and zhanghengite (CuZn). Mineral formation was
accompanied by metasomatism with loss and gain of elements (K, Na, Fe, Si, Mg, Ca, Al, and Ti).

Most of minerals in suevite bear signatures of shock metamorphism, such as linear cracks and
planar deformation; diaplectic and melt glasses themselves evidence of the impact origin [5]. Lechatelierite
lenses indicate that the impact event reached a temperature of > 1700°C.

The obtained mineralogical and petrological results fully confirm the hypothesis of the suevite
origin from an explosion cloud by mixing as a result of ballistic or relatively free dispersion during the
crater formation [6].

The work was supported by the Russian Foundation for Basic Research, Project No. 0330-2016-0006.
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Jadeitite, or jadeite jade, is a metamorphic rock composed predominantly of the mineral jadeite,
NaAl[Si>0s]. About 20 jadeitite occurrences are presently known [1]. This rare rock-type is associated with
serpentinite-matrix mélange units generated in subduction zones, but the genesis of such mono-mineralic
Na-Al-Si-rich rocks is still debated. Early petrological studies [2][3] suggested formation by comprehensive
metasomatic replacement of blocks of igneous, metamorphic or sedimentary protoliths in the serpentinite
via high-pressure aqueous fluids (“R-type jadeitites” [4]). Later, Harlow and coworkers (see summary in
[1]) advocated the concept that massive jadeitites form by direct precipitation from a high-pressure aqueous
fluid (“P-type jadeitites” [4]). Detailed criteria to distinguish P- and R-types have now evolved ([5][6] and
references therein), and occurrences are being reinvestigated.

We have studied the serpentinite mélanges of the Rio San Juan Complex of the Dominican Republic
[7]. Here, jadeite-rich rocks occur as loose blocks and also as concordant layers or discordant veins in
lawsonite blueschist, allowing primary contact relationships to be studied: 1) Major/minor element analysis
indicates that derivation of many jadeite-rich rocks by isochemical overprinting or simple metasomatic
recrystallization (desilification, addition of CaO or Na,O) from oceanic plagiogranite is possible (R-type).
2) SIMS U-Pb dating, REE and trace-element analysis as well as oxygen isotope ratios of zircon indicate
growth in a magmatic rock and not in a hydrothermal environment (R-type). Zircon from loose blocks and
both interlayered jadeitite and blueschist host is indistinguishable in age (~115 Ma) and composition.
Younger domains ~75 Ma in age may date jadeitite later formation. 3) Discordant jadeitite veins with crack-
seal features are P-type, but contain no zircon. 4) Very few jadeitites show oscillatory jadeite growth
indicative of open-system P-type. 5) 125 analyzed primary aqueous-fluid inclusions in jadeite, quartz,
apatite and lawsonite yield a well-defined mean of 4.5+1.1 wt% (£1 s.d.) NaCl equiv in both P- and R-type
jadeite-rich rock [8], indicating a pervasive homogeneous fluid.

P- and R-type processes can be considered to be end-member scenarios in both space and time in a
subduction zone. Hybrid genetic processes should be expected.
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Subduction of the tectonic plates provides a large flux of carbonates, predominantly calcite,
incorporated in the oceanic sediments, hydrothermally altered basalts and peridotites [1]. Previous
investigations have shown that Ca-carbonates can be transported down to the depths of the deep upper
mantle without sufficient decarbonation and melting beneath the island arcs [1]. The presence of Ca-
carbonates at the depth’s exceeding 200 km is proven by the findings of Ca-rich mineral inclusions in super-
deep diamonds, including dolomite and calcite [2].

One of the factors which will control preservation of carbonates in the deep mantle is the redox
conditions. Oxygen thermobarometry measurements on garnet peridotites from cratonic lithosphere reveal
that mantle becomes more reduced with depth [3]. Below 250-300 km mantle rocks would contain metallic
Fe [3]. Findings of metallic iron and iron carbides as inclusions in diamonds [4] are in good agreement with
this concept. Under such conditions, carbonates and carbonatite melts will react with Fe dispersed in the
silicate rocks with formation of reduced carbon phases diamonds or carbide [5].

In the present work, we studied CaCOs/olivine-Fe system, which allows to model phase relations
in the carbonate-peridotite system in the presence of metallic iron. Experiments were conducted at 6 GPa
and 1100-1300°C with duration 2, 12 and 24 h using multianvil apparatus. Samples were analyzed by EDS
and Raman spectroscopy.

In all samples, substantial amount of aragonite was preserved, while iron was detected only in
experiment with the shortest duration. Formation of merwinite (Mw), monticellite (Mtc), ferropericlase
(Fp), graphite (Gr) and silicate-bearing carbonatite melt was observed. All new phases form distinct layers:
Mtc, Fp and Gr were detected at the contact with olivine; whereas Mw, Fp, Gr and carbonatite melt are
located at the contact with aragonite. Such compositional variations allow to propose following reactions:

Mg.SiO; (Ol)+CaCOsz+Fe—CaMgSiO4 (Mtc)+[2MgO+FeO] (Fp)+C (Gr) (1)

2 CaMgSiO; (Mtc) + CaCO3+2 Fe—CazMgSi>Os (Mw)+[MgO+2 FeO] (Fp)+C (Gr) (2)

The present experiments show the possible mechanism of monticellite and merwinite formation.
Mtc is a typical mineral of kimberlites and alkaline rocks. Mw was found with Ca-carbonate and olivine in
diamond inclusions from Juina, Brazil [2]. Formation of both minerals can be considered as an indicator of
the CaCOs metosomatic activity in the ultramafic assemblages. Further evolution of the peridotite system
will possibly lead to the formation of clinopyroxene.

This work was supported by the Russian Foundation of Basic Research (projects no 18- 35-00104).
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The behavior of impurities has important implications for the chemical and phase compositions of
the deep Earth material. Solubility of trace elements in high-pressure phases has been poorly studied yet,
but, even in minor amounts, they may influence the physicochemical parameters of mantle equilibria and
crystal chemistry of mantle phases [1, 2]. The mantle stores quite small amounts of titanium (~0.2 wt.%
TiOz in pyrolite) [3], but Ti-rich mineral assemblages may form during subduction of oceanic crust.

The maximum solubility of titanium in mantle phases and its effect on phase change parameters
were studied in experiments with an enstatite-geikielite system at pressures from 10 to 24 GPa and a
constant temperature of 1600°C. The studies revealed the influence of Ti on the parameters of mantle
equilibria and placed constraints on unit cell sizes of some phases involved into reactions.

The stability field of Na-Ti-pyroxene was determined experimentally at the University of Ehime
(Matsuyama, Japan), under P = 10-24 GPa and T = 1000-1300°C, on a multi-anvil high-pressure apparatus.
Depending on P-T conditions, the run products included main phases of Na-Ti pyroxene (at 10 GPa) or Na
pyroxene coexisting with the Na(Ti1sMgo.s)O4 phase that has a calcioferrite structure (at 16 GPa); the 24
GPa runs produced MgSiOs bridgmanite with high Na and Ti contents. These phases made up at least 90
vol.% in the experimental samples.

The Na-Ti-pyroxene obtained in the 10 GPa runs occurred as small euhedral prismatic crystals,
within 30 um, with a composition (57.23 wt.% SiO2, 9.52 wt.% MgO, 14.39 wt.% Na,O, and 17.41 wt.%
TiO2, a total of 98.55 wt.%, according to EMPA) proximal to the ideal Nao.gg(Mgos1Tio.47)Si2.0306
stoichiometry. Higher-temperature runs (1300 instead of 1000°C) yielded minerals with lower Ti contents.
The 16 GPa runs led to the formation of Na-pyroxene (NaMgosSi.50¢), the calcioferrite Na(Ti1.sMgos)Oa
phase (within 10 um crystal), and stishovite. The MgSiOs bridgmanite that formed at >24 GPa occurred as
massive cracked aggregates of up to 70 um grains and contained 17 mol.% MgTiO3 and up to 3.8 wt.%
NazO.

The study was supported by grant MK-1277.2017.5 from the President of the Russian Federation for young candidates of
science and by grant 17-55-50062 from the Russian Foundation for Basic Research.
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THE FE-FE2P PHASE DIAGRAM AT 6 GPA
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Fe—P is one of the basic phase diagrams for understanding the core formation in asteroids and
planets. Recent finding of high-pressure minerals in iron meteorites [Holtstam et al., 2003; Litasov and
Podgornykh, 2017] and abundance of complex Fe-Ni-P-S quench textures with unusual bulk compositions
indicate great importance of the study of related systems at elevated pressures. Although high-pressure
modifications of meteorite appear under shock conditions for the short time, static high-pressure
experiments are more relevant for interpretation of these processes relative to shock wave experiments,
where duration of shock is too short to model meteorite impacts. We have experimentally determined the
Fe—Fe,P phase diagrams at 6 GPa and 900-1600 °C. Experiments have been conducted in ceramic
(3Mg0O-4Si0,) capsules using a uniaxial multianvil apparatus ‘Discoverer’ installed at IGM SB RAS,
Novosibirsk.

The Fe—Fe;P system has two intermediate compounds: FesP and Fe,P (Fig. 1a). The Fe-FesP
eutectic is established at 1075 °C and 16 mol% P. The FesP compound melts incongruently at 1250 °C to
produce Fe,P and liquid containing 23 mol% P. The Fe;P compound melts congruently at 1575 °C. In whole
studied temperature range, metallic iron dissolved measurable amounts of P suggesting an existence of
limited solid solutions of P in Fe. The maximum P content in Fe, 4.2-5.2 mol%, is established at 1100—
1200 °C. A comparison with the Fe-FeP phase diagrams at 1 atm and 23 GPa indicate similar phase
relations, whereas eutectic and peritectic temperature gradually increases.
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Fig.1 Fe-FezP phase diagram
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USING MICRO-RAMAN TECHNIQUE TO ESTIMATE CO2 CONTENT IN MELT
INCLUSIONS FROM KAMCHATKA
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Melt inclusions (MIs) in olivine, which can escape degassing during magma ascent and eruption,
provide direct information about volatiles (e.g. H20, CO, S, Cl, F) in primitive magmas [1-3]. Melt
inclusions often contain fluid bubbles, which were shown contain a major fraction of CO; initially dissolved
in melt at the moment of inclusion entrapment. Previous studies have shown that fluid density in the bubbles
can be quantified using micro-Raman technique [4]. The data can be used to calculate the bulk CO, content
in melt inclusions. In the course of this study, the micro-Raman technique to measure CO; fluid density
was established using Horiba Labram HR800 machine in IGM RAS in Novosibirsk. On the initial stage of
the project, we made an instrument specific calibration between the Fermi diad distance and CO; density
of fluid bubbles (Fig.1a). This calibration together with accurate determination of the size, shape and
volume of melt inclusions and their bubbles was used to identify decrepitated inclusions, type of fluid
bubble (shrinkage, fluid dissolution, fluid excess) and to estimate minimal CO- content in parental magmas
of Kamchatka (Fig 1b). The data is used to estimate minimal CO; contents in parental magmas of a number
of volcanoes in Kamchatka, magma crystallization pressure and to evaluate CO; contribution of the mantle
and subducted slab in the magma sources.
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Fig. 1 Raman-spectra of a typical low-density CO: fluid bubble inside M1s and calibration line for CO-
density (a). Diagram (b) shows data on bubbles CO: densities and their relative volumes for studied
Kamchatka arc Mls. The curves show minimum COz2 contents of MIs accounting only their bubbles.
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MANTLE MELTING CONDITIONS BENEATH KARYMSKY VOLCANO,
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The composition and origin of parental subduction-related magmas is one of fundamental problems
of petrology and geochemistry. Here we present new data on the composition of olivine phenocrysts, melt
inclusions and inclusions of chromium spinel in olivine from high Mg# basalts of Karymsky volcano [1].
The conditions of parental magma origin of Karymsky volcano were quantified using modern methods of
micro-element thermobarometry. The parental magmas were estimated to crystallize at 1114+27 °C [2] and
oxygen fugacity of AQFM=1.5+0.4 [4]. The low temperatures are in agreement with direct determination
H2O content in melt inclusions [2, 3], which showed that the parental melts contained at least 4.5 wt.%
H>O. Primary melts of Karymsky volcano originate from about 12% melting of an E-DMM - like peridotite
source [5] at a temperatures of 1230+15°C and pressure of ~1.5 GPa as estimated using models [6, 7]. The
mantle temperature estimates are lower than those obtained earlier for Kamchatkan volcanoes [6] and
indicate that the peak temperature conditions in the mantle wedge beneath Kamchatka may not exceed 50°C
below the solidus of dry peridotite.
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RECENT DISCOVERIES IN SUPER-DEEP DIAMONDS

Fabrizio Nestola
Department of Geoscience, University of Padova, Italy

Itis reported that a very small portion (about 6%) of the world diamond population could be defined
as “super-deep diamonds” (Stachel and Harris 2008). Such diamonds are those believed to form at depths
in the mantle below about 300 km (see the recent work by Anzolini et al. 2018) and in a few cases it is
reported that they could crystallize at depths even higher than 600-700 km (Pearson et al. 2014; Smith et
al. 2016; Nestola et al. 2018). Such diamonds are definitively different with respect to those defined as
“lithospheric diamonds” as they usually show a lower nitrogen content, a significant degree of plastic
deformation, always irregular shapes, but more important, super-diamonds show a series of mineral
inclusions totally different from those found in lithospheric diamonds. The talk wants to explore the most
recent discoveries found in super-deep diamonds from the hydrous ringwoodite inclusion found within a
Brazilian diamond in 2014 (Pearson et al. 2014), to the that of metallic iron found in super-deep diamonds
from Letseng mine (Lesotho) (Smith et al. 2016), to the very recent discovery of the first natural CaSiOs;
perovskite inclusion found within a diamond from Cullinan mine (South Africa).
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EFFECT OF MINERAL-FORMING COMPONENTS IN MELTS ON THE LIQUIDUS
SURFACE TOPOLOGY OF CR SPINEL (MODEL SPINMELT-2.0): IMPLICATIONS
FOR CHROMITITE GENESIS
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The topology of the liquidus surface and the composition of Cr spinel have been studied, using the
SPINMELT-2.0 [1, 2] model, in a series of melts derived from the model composition B1 that approximates
the parent magma of the Bushveld complex. The compositions of the model system were varied by
successive input or withdrawal of mineral-forming components (Fo, Fa, En, Fs, Di, An, and Ab) to and
from the primary melt.

The modeling results show that olivine endmembers (Fo, Fa) cause almost no influence on the Cr
spinel liquidus but affect the magnesian ratio (mg#) of chromitite. The effect of the En and Fs components
added to the melt on the composition of crystallizing Cr spinel is minor: it slightly decreases its liquidus.
Increase in Di contents in the melt reduces the liquidus but does not influence the spinel composition.
Plagioclase endmemebers (An, Ab) cause temperature increase; the spinel composition depends on
variations of An but is indifferent to Ab.

The melt exposed to filter pressing, during compaction of cumulate masses in the magma chambers
of stratiform intrusions, is expected to reequilibrate with the surrounding cumulate. The discovered features
of the liquidus surface topology in Cr spinel may be responsible for the respective changes in its solubility
in the filtered melt, as well as for its redistribution. The latter may include precipitation of spinel on a
geochemical barrier when the melt reacts with the feldspar matrix of protoanorthosite layers.
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Fig.1 Variations of melt components vs. spinel liquidus: model composition B1. Isopleths are at every 5 wt. %
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METAMORPHIC INDICATORS OF ACTIVE TECTONIC SETTINGS (EXAMPLE
FROM YENISEI RIDGE)
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Metamorphism is a consequence and an indicator of tectonic and magmatic activity while
correlation of these processes has implications for the sequence of events in the history of the lithosphere.
Investigation into P-T-t trends is a promising tool for identifying tectonic and magmatic causes of
metamorphism. Interpretation of these trends in the multistage cyclic evolution of orogenic belts that
experienced different types of metamorphism in various combinations is a challenge [1]. These
combinations record different tectonic settings and certain geological and tectonic patterns of the crust
growth. These issues are discussed for the case of Precambrian metamorphic complexes of the Yenisei
Ridge [2] produced by contact [3] and zoned LP/HT [4] metamorphism under magmatic heat, as well as
collisional MP/HT [5] and HP/LT [6] metamorphism associated with thrusting and subduction; stress
metamorphism induced by deformation in shear zones [7]; and UHT granulite metamorphism [8]. The
reconstructed P-T-t trends in the evolution of metamorphic complexes are indicators of the types of
metamorphism in different tectonic settings. Thus, the tectono-thermal history of metamorphism has been
traced by modeling based on analysis of geological events. The new data can be used in petrological and
geodynamic reconstructions [2, 6, 7, 9, 10].

References:

1. Reverdatto, V.V., Likhanov, L.1., Polyanskiy, O.P., Sheplev, V.S., Kolobov, V.Yu., 2017. Causes and Models of
Metamorphism. 1zd. SO RAN, Novosibirsk, 331 p. (in Russian)

2. Likhanov, LI, Nozhkin, A.D., Savko, K.A., 2018. Accretionary tectonics of metamorphic complexes in the
western margin of the Siberian craton. Geotektonika 52 (1), 28-51.

3. Likhanov, I.1., Reverdatto, V.V., Sheplev, V.S., Verschinin, A.E., Kozlov, P.S., 2001. Contact metamorphism of
Fe- and Al-rich graphitic metapelites in the Transangarian Region of the Yenisey Ridge, eastern Siberia, Russia.
Lithos 58, 55-80.

4. Likhanov, L.I., Reverdatto, V.V., 2011. Neoproterozoic collisional metamorphism in overthrust terranes of the
Transangarian Yenisey Ridge, Siberia. Int. Geol. Review 53 (7), 802-845.

5. Likhanov, L.I., Polyansky, O.P., Reverdatto, V.V., Memmi, I., 2004. Evidence from Fe- and Al-rich metapelites
for thrust loading in the Transangarian Region of the Yenisey Ridge, eastern Siberia. J. Metamorph. Geol. 22,
743-762.

6. Likhanov, LI., Régnier, J.-L., Santosh, M., 2018. Blueschist facies fault tectonites from the western margin of the
Siberian Craton: Implications for subduction and exhumation associated with early stages of the Paleo-Asian
Ocean. Lithos 304-307, 468-488.

7. Likhanov, L.1., Reverdatto, V.V., Kozlov, P.S., et al., 2015. P-T-t constraints on polymetamorphic complexes of
the Yenisey Ridge, East Siberia: implications for Neoproterozoic paleocontinental reconstructions. J. Asian Earth
Sci. 113, 391-410.

8. Likhanov, IL.I., Nozhkin, A.D., Reverdatto, V.V., et al., 2016. Metamorphic evolution of ultrahigh-temperature
Fe-Al granulites in the Southern Yenisei Ridge and tectonic implications. Petrologiya 24 (4), 423-440.

9. Likhanov, L.1., Reverdatto, V.V., Kozlov, P.S., et al., 2015. P-T-t recconstruction of the metamorphic history of
the southern Yenisey Ridge (Siberian craton): petrological implications and relation with super-continental
cycles. Russian Geology and Geophysics 55 (6), 1031-1056.

10. Likhanov I.1., Santosh M. (2017): Neoproterozoic intraplate magmatism along the western margin of the Siberian
Craton: implications for breakup of the Rodinia supercontinent. Precambrian Res. 300, 315-331.



KIMBERLITES OF THE BARYLAI CLUSTER IN THE KHOMPU-MAYA FIELD
(CENTRAL YAKUTIA)
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Geophysical surveys and drilling in the southern Yakutian uplift run in 2014-2015 by the
Yakutkgeologiya State Mining Enterprise of the Sakha Republic (Yakutia) revealed the Daban and
Aprelskaya kimberlite pipes that make up the Barylai cluster in the previously discovered Khompu-Maya
kimberlite field [1]. The kimberlites intrude Upper Cambrian carbonate deposits and are buried under 105
to 140 m of clastic sediments. The pipes consist of kimberlite breccia and porphyritic kimberlite of generally
homogeneous lithology. The main rock components include carbonate pseudomorphs of serpentine after
olivine macrocrysts and phenocrysts; sedimentary and serpentinite xenoliths; as well as macrocrysts of
pyrope, Cr spinel, and Mg ilmenite. Fresh sites in the kimberlites have a fine-grained groundmass composed
mainly of fine-flake phlogopite with anhedral segregations of carbonate phases and sporadic residual
serpentines. There are also poorly crystallized residual primary phases of Cr spinel, apatite, phlogopite, and
Ba phlogopite, as well as scarce micrometer grains of zircon and baddeleyite. Both kimberlites underwent
formation of secondary carbonates and share similarity in the composition and in the late magmatic and
postmagmatic origin of the constituent minerals. The inferences from data on petrography and mineralogy
of the kimberlites are consistent with the results of their semi-quantitative XRD analysis. Some composition
difference between the two pipes is due to different rates and extent of late magmatic, postmagmatic and
supergene processes. These processes are recorded in major-element compositions of the Daban and
Aprelskaya kimberlites, which have moderate and high titanium contents, respectively. The presence of
Mg-Fe, high-Ti and low-K fresh kimberlites deep in the Aprelskaya pipe suggests its diamond potential,
which was confirmed by discovery of two diamond microcrysts in the rocks.

The study was carried out as part of government assignment (Project 0381-2016-0003)
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GROWTH PROCESSES OF DIAMOND FUNCTIONAL CRYSTALS AND PROSPECTS
OF THEIR APPLICATION
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One of the most urgent problems in the field of diamond crystal growth is the production of
diamonds with specified set and concentration of defect-impurity centers [1]. Experimental studies are
performed in a wide range of P-T parameters and compositions using the BARS high-pressure equipment
developed at IGM SB RAS. The largest (up to 6 carats) high-quality single-crystal diamonds are obtained
in the growth systems based on Fe, Ni, and Co. The influence of the main growth conditions (temperature,
pressure, growth rate, crystallization medium composition, type and concentration of dopants) on the real
structure of diamond crystals (defect-impurity centers, stresses, linear and planar defects) is determined. As
a result, the main types of diamonds that exist in nature are reproduced, and diamonds that do not have
natural analogs are produced: low-dislocation crystals, semiconducting crystals with p- and n-type
conductivity, and crystals co-doped with boron and nitrogen.

High-pressure high-temperature (HPHT) annealing (up to 2650°C), radiation damage (electron
irradiation) and ion implantation are applied as effective methods for modifying the defect-impurity
structure and changing the properties of diamond. The prospects of using crystals with the given properties
as elements of X-ray and infrared optics, ionizing radiation detectors, sp2-sp3 heterostructures for
microelectronics and diamond anvils are demonstrated.

In recent years, a special interest in diamond is determined by the possibility of creating in its lattice
optically active centers, promising for the emerging quantum technologies and other high-tech applications.
Currently, new growth media for diamond synthesis are actively investigated. We have carried out studies
on the crystallization of diamond in new and poorly explored systems P-C [2], S-C [3], Sb-C [4], Sn-C [5],
Ge-C [6], Cu-C [7] and melts based on Mg [8]. The boundary conditions and mechanisms of diamond
crystallization are determined. The occurrence of Cu and Ge impurities in the lattice of synthesized
diamonds is proved. Spectroscopic methods (PL and EPR) substantiate the formation of germanium-
vacancy (GeV) optical and paramagnetic centers. The prospects of GeV centers for use as quantum memory
nodes [9] and temperature sensors [10] are established.

This work was supported by the Russian Science Foundation (grant No. 14-27-00054) and state assignment project (project
No. 0330-2016-0007).
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EXPERIMENTAL MODELING OF DIAMOND
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The problem of diamond formation was approached on the basis of petrological studies and
experimental results on diamond synthesis in the works by V.S. Sobolev [1]. The key issues in modern
models that explain diamond formation in different tectonic settings include the composition of the growth
medium, carbon sources, and possible crystallization mechanisms. Experimental modeling shows which
media can maintain diamond growth at typical natural P-T conditions of 4-6 GPa and 900-1500 °C [2].

The diamond crystallization capacity of different media was compared in experiments on a multi-
anvil split-sphere high-pressure apparatus according to the degree of graphite-to-diamond conversion, as a
function of composition at constant P, T, t parameters. The conditions of diamond crystallization depend
on the composition of the growth medium. The lowest P-T parameters of diamond synthesis are not limited
by the respective eutectic reactions while their fit to the diamond stability field is a necessary but not
sufficient condition.

In the experiments at 900-1500°C and 4-6 GPa, diamond synthesis occurs neither in C-H-N-S fluids
nor in silicate and sulfide melts. On the other hand, H,O- and CO,-bearing ultra-alkaline carbnate melts,
H.0-CO: fluids, and melts of transitional metals are efficient diamond-forming media at the P-T conditions
of the lithospheric mantle. As H»O, nitrogen, and sulfur are added to the charge, metal-carbon melts
transform to graphite producing ones.

The most challenging problems of diamond genesis concern diamond crystallization mechanisms
in the lithospheric mantle. These mechanisms were studied experimentally by diamond synthesis from
graphite, recrystallization in a gradient field, growth medium evolution, cooling, as well as redox reactions.
The experiments provide constraints on the boundary conditions of different diamond crystallization
mechanisms and on the possibility of their effectuation during diamond genesis. The considered potential
carbon sources include graphite, carbon-bearing fluids (hydrocarbons and CO), carbides, and carbonates.
According to the experimental results, diamond forms most probably by redox reactions [3]. In the
suggested model, carbonate melts and CO; fluids that form by decarbonation reactions are considered as
crystallization media and as carbon sources, while elemental metals, carbides, sulfides, and hydrogen are
reducing agents.

The study was supported by grant 14-27-00054 from the Russian Science Foundation
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Djerfisherite in Krestovskaya Intrusion have been discovered in primary melt inclusions, mono-
and polysulphide globules, and in djerfisherite-nydrogarnet clusters in monticellite-containing rocks.
Inclusions were represented by three types. Type | was present in the nuclei of perovskite phenocrysts and
monticellite grains and corresponded to one of the early stages of crystallization of the parent larnite-
normative alkaline-ultrabasic magma enriched with water and other volatile components [1]. Among the
daughter phases of the inclusions clinopyroxene (Cpx), serpentine (Srp), phlogopite (Phl), apatite (Ap),
nepheline (Ne), hydrogarnet (hGrt), magnetite (Mgt), djerfisherite (Dj), pectolite (Pct), calcite (Cal) were
detected. Type Il of inclusions was found in perovskite and monticellite, and 111 in perovskite, monticellite
and melilite. The appearance of types Il and 11l of melt inclusions was associated with the immiscibility at
1230-1250 ° C and separation of a highly fluidized water-containing silicon poor melt enriched with alkalis
and sulphides from magma, accompanied by tectonic fragmentation of crystallizing minerals. In the
composition of type Il inclusions hGrt, Srp, Dj, Phl, Cal, Mgt were present. Type Il of inclusions was
represented by Cpx, Ne, Ap, Mgt, Dj, Cal, Pct. Djerfisherite-hydrogarnet segregations were confined to
phenocrysts of titanomagnetite and perovskite and cracks in the monticellite. The mineral composition of
the djerfisherite-hydrogarnet segregations together with their surroundings was similar to that of type Il
inclusions. It contains hGrt, Dj, Srp, Phl, Cal, Mgt. This similarity gives grounds to associate the formation
of djerfisherite-hydrogarnet segregations, as well as type Il inclusions with the spatial separation and
crystallization of a highly fluidized low-silica melt enriched with water, alkalis and sulphides.
Crystallization of the melt was accompanied by a multiple manifestation of silicate-sulfide immiscibility
and occurrence of globular, emulsion-like and myrmekitic structures in djerfisherite-hydrogarnet
segregations, as well as formation of djerfisherite globules and polysulphide precipitates in hydrogarnet —
calcite - serpentine substrate. Occasionally, in the djerfisherite-hydrogarnet segregations the enlargement
of the djerfisherite is noted with the formation of ridges, strips, veins, which is explained by the high
mobility and low viscosity of sulfides. The rare grains of hizlewoodite, godlevskite, pentlandite, which are
present in the djerfisherite-hydrogarnet segregations, often have the same morphology as djerfisherite,
which indicates their simultaneous and joint crystallization from the same melt. The chemical composition
of the djerfisherite from mono- and polysulphide globules, djerfisherite-hydrogarnet segregations and type
Il inclusions is characterized, as in most kimberlites of Yakutia, by high (12.1-16.7 wt. %) Ni and low (0.1-
0.9 wt. %) Cu. The composition of the djerfisherite of type Il and Il inclusions is distinguished by low
(3.3-1.6 wt.%) concentration of Ni and high (40.9-52.2 wt.%) Fe and in the Il type inclusions by sufficient
amounts of Cu: from 7.6 to 10.6 wt. %.

This work was supported by the RFBR (project No. 17-05-00285a) and the RSF (project No. 14-17-00602P).
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Anisotropy of the growth medium leaves imprint on the shapes of diamond crystals, which may
thus provide additional knowledge on the diamond formation conditions if appropriate methods are used to
measure and analyze the symmetry of distorted crystals. The natural crystals are commonly imperfect
because their faces grow at different rates. Such distortions can be described with several parameters,
especially visible symmetry, which is the most informative. Visual examination may be subjective and
poorly efficient in the case of minor distortion or great numbers of samples to be measured for statistical
data.

We suggest a new method for analysis of distorted cubic, octahedral, and dodecahedral diamonds
by measurements of false crystal edges and spacing of parallel faces. The data are processed with a specially
designed software that allows interactive input of measured variables, subsequent modeling of 3D crystal
images, and visual assessment of symmetry using a modified method of Shafranovsky [1] (Fig. 1). The
obtained symmetry parameters represent typical features of kimberlitic and placer octahedral diamonds
from the Yakutsk diamond province. The modeling reveals specific patterns in the statistical distribution
of combinatory octahedral species and types of visible crystal symmetry.
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Fig. 1. Software interface for analysis of visible symmetry in diamond crystals

The study was carried out on contract with ALROSA company No. 02-NIR-V-17 of 13.03.2017
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DISTRIBUTION OF DIAMONDS IN METAMORPHIC ROCKS: EVIDENCE FROM
DETAILED EXPLORATION AT THE KUMDY-KOL DEPOSIT
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The views of the diamond potential of metamorphic rocks have expanded considerably for thirty
years after the first publication on diamond microinclusions in metamorphic-hosted garnets [1].
Nevertheless, the problem remains insufficiently investigated. This study focuses more on the patterns of
diamond distribution revealed at the Kumdy-Kol deposit rather than on specific facts.

The Kumdy-Kol deposit, a reference site, is located within the Kokchetav metamorphic complex,
near Lake Kumdy-Kaol. It is traceable for more than 1 km in the NE-SW direction and varies in width from
250 m in its NE flank to 50 m in the southwest.

The structure of the deposit results from processes of different ages and scales [2, 3]. It lies between
garnet-muscovite granites in WNW and migmatites in ESE. The diamond hosts are composed of 80%
garnet-biotite gneiss that enclose eclogites and garnet-pyroxene boudins (5%), as well as silicate-carbonate
and biotite-quartz lenses (15%). All rocks strike in the SW-NE direction and dip steeply (at 60-70°) to the
southeast. There are also narrow (<15 m) branching zones of strongly chloritized graphite- and sulfide-
bearing metasomatites among the gneisses striking along an NNE system of faults. All these lithologies are
cut by dolerite dikes concentrated in the NE flank. The youngest W—E system of oblique reverse faults
splits the deposit into blocks shifted a few tens of meters one relative to another.

According to detailed sampling within the deposit, the diamond-bearing body has a linear-
branching structure, is associated with metasomatic rocks and crosscuts the host metamorphics. The
maximum diamond contents continuous along the strike and in depth are controlled by linear zones of
metasomatites.

The occurrences of diamond and graphite show close paragenetic relationship [4]. The above
considerations, together with micrometer sizes of diamond crystals, allow a new perspective on diamond
formation in the crust.
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Active fumarolic fields of Tolbachik volcano in Kamchatka is among most prominent examples of
an exhalation mineral-forming system with high oxygen fugacity. By the time being, more than 250 mineral
species have been identified in the Tolbachik fumarolas, out of which 106 first discoveries, including 61
species discovered by the authors. The mineralization is exceptionally diverse and remarkable by a specific
combination of physicochemical conditions and formation mechanisms: high temperatures (up to 750°C
reliably observed) and atmospheric pressures, very high fO, (due to mixing of volcanic gases and air), gas
transport of components, precipitation of many high-temperature mineral phases directly from the gas
phase, particular gas chemistry (very high enrichments in alkali metals and chalcophile elements). These
properties of the Tolbachik fumarolas are responsible for particular behavior of many chemical
components, especially their partitioning between phases; unusual patterns of isomorphism in minerals;
and formation of peculiar crystal structures. We use the case of Tolbachic volcano to highlight some
features of mineralogy and chemistry in modern fumarolic mineral-forming systems of this kind.

The Tolbachik fumarolas contain 55 arsenates, all anhydrous: a new type of As mineralization,
which occur in extremely rich accumulations, including minerals with the highest contents of alkalis (>17
wt.% Na,0+K20) and titanium (up to 28 wt.% TiO.). Most of vanadium resides in As-V garnets of the
berzeliite-shaferite series. Abundant silicate mineralization in high-temperature fumarolic deposits occurs
mainly as feldspar, micas, pyroxene, forsterite, andradite, and feldsparic modifications, often with unusual
chemistry. As® (up to 42 wt.% As,Os in feldspar (filatovite) and 3 wt.% in forsterite) and P in these mineral
species typically substitute for silicon, while Cu, Zn, and Sn substitute for Al, Mg, and Fe. Hauynite
contains up to 3.7 wt.% MoOs and 1.7 wt.% WOs;. Fumarolic spinels commonly contain copper and often
exist as Cu spinel and the CuAl,O4 phase (up to 27 wt.% CuO). Sb resides in rutile-tripuhyite oxides (up to
53 wt.% Sh,0s). Exhalation cassiterite is widespread but most of tin is hosted by Sn-bearing hematite (up
to 7 wt.% SnO_). New fluoroborates host most of W, Mo and B (up to 20 wt.% WO3). The Tolbachik
fumarolic exhalations also bear sulfate and chloride Cs mineralization, including the natural compound
Cs2ZnCl, with the greatest Cs enrichment (44 wt.% Cs). Trivalent thallium is a species-forming component
in chlorides (up to 40 wt.% TI in kalithallite). Fluorine speciation distinctly correlates with temperature:
only oxonium salts with an additional F~ anion form above 300-350°C (fluorosilicates, fluorosulfates,
fluoroarsenates, fluoroborates, etc.) and only fluoride crystallizes at colder temperatures. No hydrogen and
carbon are found in minerals crystallized at t > 150-200°C in these systems.

The study was supported by the Russian Science Foundation (Project 14-17-00048) for mineralogical and chemical
analytical work, as well as by the Russian Foundation for Basic Research (Project 17-05-00179) for crystal chemistry of exhalation
arsenates.
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Crust-mantle interactions in a subduction zone have been studied in two sets of experiments on a
piston-cylinder apparatus at 750-900 oC and 2.9 GPa, with natural samples and mineral mixtures.

The first set of experiments focused on metasomatism of dunite and Iherzolite (mantle analogs), as
well as on transport of elements released from carbonated amphibolite (slab analog) undergoing
eclogitization [1]. Elements were transported from the crust to the mantle by impregnating, concentrated,
and diffuse fluxes which entrained melts, carbon, and water from the metabasaltic layer. The impregnating
flux led to dissolution of clinopyroxene and formation of the Opx+Grt+Mgs+Chl assemblage in peridotite.
Migration of compositionally similar fluids through dunite and lherzolite maintained the formation of
harzburgite. The concentrated flux along the capsule walls produced the Omp+Phn+Qz assemblage in
metabasalt and caused the segregation of melts detached from peridotite, with a secondary assemblage of
Omp=Grt+Phl+Opx+Mgs. The diffusion flux formed Opx+Mgs+Grt reaction zones at the boundary
between compositionally different layers (metabasalt/peridotite, melt/peridotite). The melts were
geochemically similar to high-Al adakites. Metasomatism changed the REE spectra of dunite which showed
chromatographic fractionation in the case of the impregnating flux. As a result of metabasalt-lherzolite
interaction, LREE increased progressively in the former but decreased in the latter, relative to the primary
composition, i.e., the transport of elements was counter to the fluid flow.

The other set of experiments simulated the interaction of blueschsit with harzburgite and websterite,
with implications for the role of the mantle substrate in the input and release of components and for the
style of metasomatism at the crust-mantle boundary in subduction zones [2]. Aqueous fluids (with dissolved
components and COy) that released from blueschist produced compositionally different mineral
assemblages: Na- and K-bearing assemblages in websterite and harzburgite, respectively, while K and CO;
complementary to websterite and Na complementary to harzburgite remained held in metabasalt.

Thus, the ascending slab-derived fluids not always fertilize the mantle wedge, while the conditions
at the slab-mantle boundary are favorable for migration of components in different directions. This may
affect the style of metasomatism in the mantle wedge, the composition of primary magma, and the evolution
of the slab material.

The study was supported by the Russian Foundation for Basic Research (Project 16-05-00495).
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DISTRIBUTION OF FELSIC AND MAFIC INTRUSIVE AND EXTRUSIVE ROCKS IN
THE CRUST: CORRELATION WITH MAGMA VISCOSITY PATTERNS
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Many years ago, V.S. Sobolev suggested to account for the relative distribution of felsic,
intermediate, and mafic igneous rocks in terms of viscosity patterns of hydrous magmas under varying
temperatures and pressures. However, it was impossible to check the hypothesis at that time, when
experimental and theoretical studies of the viscosity of hydrous melts at high pressures just began. After
almost fifty years of research, a physicochemical model has been created that allows reliable viscosity
prediction for heterogeneous magmas of any composition in a variable P-T field in the crust and upper
mantle [1, 2]. See example calculated viscosities of hydrous granitic magmas at the solidus (blue) and
liquidus (red) PT conditions (Fig. 1) over an almost complete range of crustal depths.
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Fig. 1. Viscosity of hydrous granitic magmas at crustal pressures and temperatures (P(H20) = 100 atm — 3
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According to the modeling results (Fig. 1), granitic magmas with 2-8 wt. % H-O are highly mobile
melts in a large range of PT parameters and crustal depths (1 — 30 km). Their viscosity (~10° Poise) is
commensurate with that of basaltic lavas, which provides the homogeneity of huge granitic batholiths. On
the contrary, granitic magmas that loose water upon degassing in volcanic and subvolcanic facies of the
crust become highly viscous (=108 - 10° Poise). Such viscous magmas cannot outpour but rather erupt
relatively seldom as extrusions or in explosive catastrophic events, and most often emplace and crystallize
as plutonic facies. The high viscosity of anhydrous granitic magma explains why intrusive granites are more
abundant than extrusive rhyolites in the crust.

The study was carried out as part of Program 19 run by the Presidium of the Russian Academy of Sciences.
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VLADIMIR S. SOBOLEV: DIRECTOR OF A.E. FERSMAN MINERALOGICAL
MUSEUM
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Vladimir S. Sobolev (30 May 1908 — 1 September 1982) is a prominent scientist and science
manager, a founder of schools of thought in Lvov and then in Siberia. Many bright episodes of his biography
have been described in multiple publications [1-4]. In the last year of his life (from 9 April 1981 to 1
September 1982), he headed the A.E. Fersman Mineralogical Museum, Russian Academy of Sciences. The
preserved archive accounts, catalogs of samples, and memoirs of his colleagues allow adding another tragic
page to the biography of Sobolev.
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Fig. 1. A fragment of Sobolev’s autobiography. Mineralogical Museum.

The document reads:

AUTOBIOGRAPHY of academician Sobolev Vladimir Stepanovich.

Born in 1908, in the town of Lugansk, in a family of an artillery officer. The father died in 1916 in
Kiev. The mother was killed by bandits in 1920 in the town of Kupyansk. V.S. lived with the family of his
grandfather, Ostryakov Nikolay Yakovlevich, a lawer, in...

The archive stores the dossier of academician V. Sobolev (Fig. 2), references by academicians A.
Trofimuk and D. Korzhinsky, copies of his various certificates. The list of publications by V. Sobolev (till

1977) includes 231 items.
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Fig.2. A fragment of V.S. Sobolev’s dossier. Mineralogical Museum.

For only one year when he was the Museum director, V.S. Sobolev organized the construction of a
Laboratory building and the renovation of the museum exposition, which was finished later by A.
Godovikov, his disciple, and launched research in new fields.
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THE SYSTEM Na2COs-CaCOs AT 3 GPA: LINK BETWEEN PHASE RELATIONS AND
VARIETY OF Na-Ca DOUBLE CARBONATES AT < 0.1 AND 6 GPA

Podborodnikov 1.V., Shatskiy A.F., Arefiev A.V., Rashchenko S.V., Rashchenko S.V.,
Chanyshev A.D., Litasov K.D.

IGM SB RAS, NSU,
podborodnikov@igm.nsc.ru

It was suggested that alkali-alkaline earth carbonates may have a substantial role in petrological
processes relevant to metasomatism and melting of the Earth’s mantle. Because natrite, Na,COs, Na-Ca
carbonate (shortite and/or nyerereite), and calcite, CaCOgs, have been recently reported from xenoliths of
shallow mantle (110-115 km) origin [1], we performed experiments on phase relations in the system
Na,CO;—CaCO;z at 3 GPa and 800—1300 °C [2]. We found that the system has one intermediate compound,
Na,Cas3(COs3)s, at 800 °C, and two intermediate compounds, Na,Ca(COs). and Na,Caz(COs)s, at 850 °C.
CaCO:s crystals recovered from experiments at 950 °C and 1000 °C are aragonite and calcite, respectively.
Maximum solid solution of CaCOs in NaxCOs is 20 mol% at 850 °C. The Na-carbonate—Na,Ca(COs),
eutectic locates near 860 °C and 56 mol% Na,COs. Na,Ca(COs); melts incongruently near 880 °C to
produce Na,Cas(COs)s and a liquid containing about 51 mol% Na,COs. Na,Cas(COs)4 disappears above
1000 °C via incongruent melting to calcite and a liquid containing about 43 mol% Na.COz. At 1050 °C,
the liquid, coexisting with Na-carbonate, contains 87 mol% Na,COs. Na-carbonate remains solid up to 1150
°C and melts at 1200 °C. The Na,COs content in the liquid coexisting with calcite decreases to 15 mol% as
temperature increases to 1300 °C.

Considering the present and previous data, a range of the intermediate compounds on the liquidus
of the Na,CO3;—CaCOs join changes as pressure increases in the following sequence: Na,Ca(COs), (0.1
GPa) — NayCa(CO0s),, NazCasz(COs)s (3 GPa) — NasCa(COs)s, NaCaz(COs)s (6 GPa) (Fig. 1). Thus, the
Na,Ca(COs). nyerereite stability field extends to the shallow mantle pressures. Consequently, findings of
nyerereite among daughter phases in the melt inclusions in olivine from the sheared garnet peridotites [3]
are consistent with their mantle origin.
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Fig.1 — Variety of double carbonates established in the Na2CO3-CaCO3 system at < 0.1 GPa (Niggli, 1916;
Kroger et al., 1943; Cooper et al., 1975), 3 GPa [2], and 6 GPa (Shatskiy et al., 2013, 2015).

The work was supported by the Russian Foundation for Basic Research (project No 17-05-00501).
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Three different cycles of kimberlite emplacement are known inside the Siberian Platform (SP):
Middle Paleozoic, Triassic, and Jurassic (e.g., Davis et al., 1980; Brakhfogel, 1995; Kinny et al., 1997),
and near 1300 kimberlite bodies in 29 fields formed between Silurian and Jurassic times were found inside
the platform. U-Pb dating of “kimberlite” zircons from 31 kimberlite bodies of 19 kimberlite fields
(Malkovets et al., 2017) allowed to define the next cycles of kimberlite formation: Late Silurian — Early
Devonian (423-407 Ma), Late Devonian — Early Carboniferous (370-344 Ma), Late Triassic (235-222 Ma),
and Jurassic (160-145 Ma). All the economic kimberlites of SP are of Middle Paleozoic age, and this feature
was connected with significant changes of structure and composition of its lithospherc mantle (LM) under
influence of sublithospheric melts of the Siberian Permo-Triassic Super Plume (Pokhilenko, Sobolev, 1998;
Pokhilenko et al., 1999, 2015). Thus, all the prospects of discovery of new large diamond deposits inside
the SP are related with a new finds of high-grade kimberlites of Middle Paleozoic age, and this require a
solution of two connected problems: 1) discovery of a new fields of potentially diamondiferous kimberlites;
2) revealing of economically efficient diamond deposits inside these fields.

A comparative analysis of existing to date results of a complex studies of xenogenic material of the
LM origin from the Siberian kimberlites of different age combined with results of study of the LM minerals
from the terrigene sediments of the SP Northern part showed a presence of high perspectives of discovery
of several new fields of high-grade kimberlites of the Middle-Paleozoic age inside the territory between
Lena and Anabar Rivers: 1) to South and 2) to North from the Kyutyungde Graben; 3) to West and 4) to
East of Udzhinsky Uplift. There is necessity of correction of exploration methods and their adaptation to
the regional conditions for successful solution of this problem.

This study was supported by RFBR Grant # 16-05-00811 and IGM Basic Project # 1X.130.1.1. (0330-2016-0006).
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PROSPECTS FOR DISCOVERY OF MIDDLE PALEOZOIC DIAMONDIFEROUS
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Middle Paleozoic (Silurian) and Mesozoic (Triassic, and Jurassic) major events of kimberlite
emplacement in the Siberian Craton produced around 1300 bodies in 29 fields [1-3]. U-Pb dating of zircons
from 31 kimberlites in 19 fields [4] revealed Late Silurian — Early Devonian (423-407 Ma), Late Devonian
— Early Carboniferous (370-344 Ma), Late Triassic (235-222 Ma), and Jurassic (160-145 Ma) cycles of
kimberlite magmatism. All economic kimberlites of the region emplaced in the Middle Paleozoic when the
structure and composition of the cratonic lithospheric mantle (LM) underwent significant changes under
the influence of sublithospheric melts derived from the Permian Triassic Siberian Superplume [5-7]. Thus,
discoveries of new large diamond deposits in the Siberian craton can be expected from Middle Paleozoic
kimberlites. For this two coupled problems should be solved: (1) discovering new potentially
diamondiferous kimberlite fields and (2) revealing economic diamond deposits in their limits.

Judging by the available data on xenogenic material of the LM origin in the Siberian kimberlites of
different ages and on LM minerals in clastic sediments from the northern craton part, several yet unknown
fields of Middle Paleozoic high-grade kimberlites may exist between the Lena and Anabar Rivers, south
and north of the Kyutyungde basin and west and east of the Udzha Uplift. Their discovery requires
appropriate adaptation of the exploration methods to the regional conditions.

The study was supported by Grant # 16-05-00811 from the Russian Foundation for basic Research and was carried out as
part of the IGM Basic Project # 1X.130.1.1. (0330-2016-0006).
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XENOLITHS OF POLYMICT BRECCIAS FROM THE SIBERIAN KIMBERLITES

Pokhilenko L.N.!, Afanasyev V.P.!, Pokhilenko N.P.1?

1'IGM SB RAS, 2 NSU
lu@igm.nsc.ru, avp-diamond@mail.ru, chief@igm.nsc.ru

Polimict breccia is a complex rare type of deep mantle rocks. Less than ten similar samples from
South Africa and Yakutia were noted in the international literature [1-3]. In fact, it is a conglomerate of
different-parageneses rocks fragments and the same named minerals of a wide range of compositions
(examples of garnet and mica compositions see in Table 1, components in wt%; for comparison, there is a
composition of garnet from S-2 - polymict breccia, Sytykanskaya pipe [3]).

Table 1 — Composition variations of of the same name minerals from polymict breccias UV162/09
(Udachnaya pipe, the central part of the Siberian craton) and SH-18/20 (Noyabrskaya pipe, north-eastern
part of the Siberian craton)

sample UV162/09 SH18/20 S-2 UV162/09 SH18/20
mineral garnet garnet garnet phlogopite phlogopite
SiO2 40.6-42.4 41-41.7 41.3-42.2 39-41 38.6-44
TiO2 0.7-2.21 0-1.3 0.3-1.19 1.7-8.4 2.4-4.7
Al203 19-21.7 19.3-21.7 18.6-21.4 7.8-13.9 9.7-15.1
Cr203 0.55-2.04 0.76-5.32 0.13-5.33 0-1.1 0.8-1.3
FeO 10.85-13.19 8-10.4 7.3-12.4 4.8-9.6 4.4-5.7
MgO 14.68-20.89 18.5-20.3 17.2-21.1 20.1-23.3 20.4-25.6
CaO 2.23-6.16 4.7-6.4 4.31-7.36 0-1.6 -

Na20 n.d. n.d. 0.01-0.15 0.1-0.4 0.3-0.7
K20 n.d. n.d. n.d. 9-10.4 6.8-9.9

Olivine and ilmenite in the studied samples are also heterogeneous: 1) UV162 / 09: Ol Mg # 85.6-
88, llm Mg # 24.2-50.2, Cr203 0.3-3.9; 2) SH-18/20: Ol Mg # 87.5-91.6; llm Mg # 39.5-42.9, Cr203 0.9-
7.3 The equilibrium of the mineral associations of the individual sections makes it possible to determine
the P-T conditions of some stages of the formation of these complex rocks: UV162/09: 1) grt + opx - 1200
° C and 6 GPa; 2) Al-opx-Al-cpx from the garnet rims - 1100 ° C and 2 GPa. REE-patterns of a garnet from
SH18/20, normalized on chondrite, show a different degree and nature of enrichment, indicating different
sources of metasomatism and/or several stages of this process. In general a large variety of mineral
compositions and chemical compositions of the same name minerals, the presence of fine-grained minerals
along with the large grains of those minerals, composition zonality, exsolution structures, kelifitic rims -
all indicate extremely unbalanced conditions and the rapid formation of rocks obtained by mixing contrast
compositions at great depths in the mantle before the capturing them by the kimberlite melt.

This work was supported by the Russian Foundation for Basic Research (project No. 16-05-00811) and within the
framework of project No. 0330-2016-0006.
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POSSIBLE MECHANISMS FOR THE YAKUTSK-VILYUI LIP FORMATION:
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Dyke swarms extending for hundreds of kilometers with a cumulative thickness of hundreds of
meters to kilometers are a specific feature of continental rifting, and are widely used in tectonic plate
reconstructions. It has been known that many of the large igneous provinces (LIPs) are spatially associated
with intracontinental sedimentary basins, particularly with rift-related ones. In relation to the problem of
the Vilyui basin origin [1, 2] and the associated Yakutsk-Vilyui LIP (Siberian platphorm) [3], it is vital to
establish time correlation between the dyke intrusion and the stages of extension and rapid subsidence in
different parts of the basin. New “°Ar/*Ar isotope ages are obtained for nine Middle Paleozoic mafic dykes
of Yakutsk-Vilyui LIP and all recently published dates are summarized. We estimated the volume of mafic
magmatism in the Vilyui paleorift and in the whole of the Middle Paleozoic Yakutsk-Vilyui LIP of the
Siberian craton. The total minimal volume of Middle Paleozoic magmatism produced in the Yakutsk-Vilyui
LIP amounts to about 100-215 K km?, which is much less than the earlier estimates.

Backstripping method of the basin analysis has been used to analyze sedimentation data on 14
boreholes, within an area of 400x250 km along the longitudinal and transverse axes of the Vilyui basin.
Two stages of rapid subsidence are recognized. The first rifting stage happened in the Middle-Late
Devonian at 400-375 Ma. The second foreland stage was recorded in the Middle-Late Jurassic at 190-140
Ma. The reconstructions show that the lithosphere thinning is nonuniform over depth. The mantle
lithosphere usually stretches more than the crust: by a factor of 1.2-2.0 against the 1.1-1.4-fold in the crust.
The expansion due to dyke intrusion was estimated within about 6%. The greatest extension is predicted
for the deepest (up to 14 km) central part of the Linde depression (by a factor of 1.43-1.83) and for the
neighboring Tangnary depression (by a factor of 1.39-1.77). The degree of extension decreases toward the
periphery of the Vilyui basin.

The data independently obtained by isotope-geochronological and backstripping analysis suggest
two models for the development of the Vilyui basin. A numerical thermomechanical model is first
developed for studying possible relations between two mechanisms: intraplate extension (passive rifting)
and mantle magmatic diapir (active rifting). The first model is based on observations in spreading
sedimentary basins. Older magmatic feeder channels normally occupied marginal positions, which were
consistent with crustal spreading away from the axial zone of dyke intrusion. The spatial age distribution
analysis of the dykes did not reveal their younging in the direction from the marginal zones to the central
axis of the rift basin.

The second scenario has been based on the model of a magmatic or “active” rifting. Active rift
models in which the driving forces providing for extension are generated by mantle plume impingement on
the base of the lithosphere. Two major pulses of mafic magmatism are identified. Isotope ages of the dykes
vary from 373-374 Ma at the time of main peak of dyke intrusion to 362-364 Ma at the second peak. This
sequence of dyke intrusion may be due to the area expansion during basaltic magma underplating beneath
the crust. The combined model shows the contribution of the far-field extension forces and the effect of
convective flows around the mantel plume with the temperature of 1500°C in the magmatic heat source
operating for a period no less than 10 Ma.

This research was partly supported by RFBR (grant no. 17-05-00848) and Program of the SB RAS Presidium (projects no.
28and 53).
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Melt inclusions in olivine are unique probes of primitive melts, providing insights into the
composition and evolution of mantle-derived magmas [1]. The amount of published melt inclusion data is
rapidly growing and has a significant impact on the current models of mantle magmatism and its sources
in different geodynamic settings over the entire Earth’s history. Interpretation of the melt inclusion data is,
however, strongly relayed on belief in that the processes occurring in melt inclusions after their entrapment
in host mineral are well understood and can be tracked using numerical modeling.

Ten years ago we initiated a systematic study of melt inclusions in olivine using experiments at
precisely controlled P-T-fO, conditions and in presence of volatiles. The aim of these studies is two-fold:
1) to investigate whether melt inclusions are able to resist changing conditions in host magma (cooling,
decompression, degassing, mixing) and preserve their initial composition, and, if not, 2) to reconstruct the
initial composition of melt inclusions by forcing their re-equilibration at conditions of entrapment in
olivine.

In this talk, we will give an overview of our published [2-4] and new results, and perspectives. In
particular, we will summarize data of hydrogen diffusivity in olivine, its mechanisms and the time scales
of melt inclusion re-equilibration. We will show that hydrogen loss from melt inclusions causes large
changes in major element composition of melt inclusions. These changes are not olivine crystallization and
Fe-Mg exchange and, therefore, they are overlooked or misinterpreted in published studies. Our more recent
data provide evidence that fluorine also can exchange rapidly, yet not as fast as hydrogen, between melt
inclusions and external melt, causing decoupling of fluorine from other halogens and incompatible elements
in inclusions. Further, we will show how experimental homogenization at high H,O pressure can be used
to reconstruct the initial CO; content in primitive island-arc melts. Finally, we will introduce our research
plans, which include a global assessment of CO, abundance in primitive arc magmas, study of redox
equilibria and its preservation in melt inclusions, and reconstruction of cooling rates of melt inclusions
using experimental calibration.
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The Zarnitsa kimberlite was the first pipe discovered by L. Popugaeva in 1954 [1] in the Daldyn
field of the Daldyn-Alakit district in the Yakutian diamond province, 14 km east of Udachnyi town. Most
of the Zarnitsa diamond crystals (>95%) are of variety I according to Orlov’s classification [2] and the
others are gray polycrystalline aggregates (variety VIII), crystals with selvages (IV), and variety Il cubes;
there are also dark gray, almost black diamonds morphologically similar to varieties V and VII.

We report new data on mosaic diamonds from the Zarnitsa kimberlite, which share some
morphological features and appearance with placer mosaic diamonds of varieties V and VII found in the
northeastern Siberian craton and coming from yet unknown primary deposits. Although being similar, the
crystal structure of the Zarnitsa kimberlitic diamonds and their placer counterparts formed in different ways.
The structure of the varieties V and VII placer diamonds results from splitting of crystals [3], while the
Zarnitsa diamonds crystallized by geometric selection on originally polycrystalline seeds [4, 5]. The latter
mechanism implies coarsening of grains from distinctly polycrystalline cores toward the periphery and
formation of a radial structure [4]. As we have found out, besides the different structure formation
mechanisms, the two groups of crystals differ in mineralogy of inclusions, defects and impurities, as well
as in the carbon isotope composition. Unlike the mosaic placer diamonds of varieties V and VI, those from
the Zarnitsa kimberlite (i) enclose peridotitic minerals (olivines and subcalcic Cr-bearing pyropes), (ii)
contain the amounts of nitrogen typical of natural kimberlitic diamonds (0-1761 ppm); (iii) have a particular
distribution of impurity centers over the samples (nitrogen defects become less aggregated from core to rim
according to the “annealing” model); (iv) show typical mantle 33C values (-1.9 to -6.2 %o; -4.2%o on
average).

The study was carried out as part of government assignment (Project 0330-2016-0007) and was supported by the Russian
Foundation for Basic Research (Project 16-05-00614).
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An experimental investigation of the interaction of metal iron with Mg-Ca carbonate at high
temperature and high pressure [1] delivers evidence of a possibility of generation of wide variations of
carbon isotope ratio in diamonds grown via this mechanism. Twenty-seven measurements were done on a
total of 10 cubo-octahedral crystals, which were recovered from the single ampoule where the RedOx
interaction took place at 6.5 GPa and 1550°C. Despite using single carbon source with 8**C equal to +0.2%o
VPDB, the diamond crystals show a range of 6**C values from -0.5 to -17.1%0 VPDB. The rest of carbonate
after the experimental run have shown shifting of its 3*3C up to +1.4%o. The newly formed iron carbide has
83C = -6.5%o. The general distribution of carbon isotopes between phases in the system is in agreement
with recent theoretical and experimental results of carbon isotope fractionation at high PT-conditions [2,3].
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Fig.1 — A comparison of distributions of carbon isotope
compositions of natural diamonds with certain types of
mineral inclusions and of diamond crystals, generated via
RedOx reaction of metallic iron and pure Mg-Ca carbonate.

Diamonds grown in the metal-
rich part of the system are relatively
constant in their carbon isotope
compositions  with average &%°C
value -4.55%o (sd = 1.33, n = 16). Those
diamonds recovered from the carbonate
dominated part of the capsule show a
much wider variations and significantly
lower average 8'°C value -7.10%o (sd =
458, n = 11). Overall distribution of
obtained &'C values fits well the
distribution ~ of  carbon  isotope
compositions of natural diamonds of
both peridotitic and eclogitic suits of
mineral inclusions (Fig. 1).

The experimentally observed
distribution of diamond’ §'*C using a
single carbon source with carbon isotope
ratio of marine carbonate is similar to
that found in certain classes of natural
diamonds. Our data indicate that the **C
distribution in diamonds that resulted
from a redox reaction of model marine
carbonate with reduced mantle material
is hardly distinguishable from the 5'3C
distribution of mantle diamonds.

This study was supported by the Russian Science Foundation under Grant No. 14-27-00054.
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CUBIC GRAPHITE IN THE NATIVE IRON OF SIBERIAN TRAPPS

Ryabov V.V.

IGM SB RAS
trapp@igm.nsc.ru

Graphite with a cubic crystal shapes is scarce in nature. It was observed in meteorites in association
with diamond and called cliftonite. The most representative locations of the cubic graphites are described
in mafic-ultramafic Beni Bousera massif in Morocco and in the native iron from the trapp intrusive bodies
of Siberian platform. The nature of cliftonite is not clear. It is supposed that cliftonite from meteorites and
Beni Bousera massif is a pseudomorph after either some cubic mineral or was formed after diamond. The
cliftonite with native iron in trapps was supposedly formed in the upper mantle with subsequent
transportation in the shallow magma reservoir [1].

Native iron in the trapp intrusive bodies as related with Pt-Fe ores with elevated concentrations of
Ni, Co, Cu, Pt, Pd [2]. Inclusions of graphite, which form platelets, flake aggregates, radial spheroids, rings,
micro- and nanotubes, cones, bulb- and hedgehog-like aggregates, were observed in the ore-bearing rocks.
Cubic crystals are observed only in rich sponge-like ores of the native iron. They form small single (0,1-
0,5 mm) crystals, clusters and rarely multicrystal aggregates (up to 0,5x0,9 cm), which grew over the silicate
matrix (Fig.1). The amounts of graphite cubes vary largely. The sample weighting 200-300 g can contain
up to several hundreds of cliftonite crystals [1]. On the other hand cliftonite has never been found in rocks,
which are poor in native iron. Cohenite in native iron is frequently observed as phenocrysts, exsolution
textures and as rims at the boundary between the cliftonite and the rock. The iron with abundant exsolution
lamellas of cohenite never contain cliftonite. On the contrary, when iron contains abundant cliftonite the
cohenite is rare.

Fig. 1. Polycrystalline aggregate of graphite cubes (left) and damaged at the corner and faces cubic “boxes”,
which revealed internal regularly textured graphite filling (right and center).

Cubic graphite crystals have different internal filling. The petrographic thin sections reveal densely
packed fine-flake graphite aggregates, which form either spherocrystals with sectoral extinction in the
polarized light, or loose intergrowth of platelet and textured graphite individuals (see Fig. 1). The rectangle
step-like growth textures are frequently found on the cube faces.

Only outer rim of the cliftonite crystal has cubic shape. It is filled by textured graphite. It can be
supposed that the nature of cubic shapes of the graphite boxes is related to interaction of hydrocarbons with
ore components leads to formation of specific carbon-transition metal species, which affected the catalytic
decomposition of the carbon lattice and formation of the cubic graphite structure [3].
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During exhumation from the lower crust, high-grade complexes actively interact with ancient
cratons. The interaction produces fluxes of fluids and magmas from the buried cratonic sequences to the
overthrusting granulites. Composition of these fluids and magmas is predetermined by composition of
granite-greenstone material of the adjacent cratons. The Archean greenstone sequences commonly include
carbonate lithologies varying from marine dolomites to hydrothermal calcite veins. Such carbonate-bearing
layered sequences could serve as sources both for CO, and granitoid melts invading the granulites.

In the present study, we report evidences for carbonate-bearing source for granitoid magmas
effecting the Southern Marginal Zone (SMZ) of the Neoarchean Limpopo complex, South Africa [1]. These
magmas intruded the SMZ in the period of time 2.67-2.68 Ga after metamorphic peak (2.71-2.72 Ga) during
the exhumation of the SMZ onto the Northern Kaapvaal craton [2]. Following to fluid inclusion data and
mineral equilibria modeling, the magmas carried CO-rich fluids. Recently we reported the 5*Cppg values
for graphite (-6.5 t0 -8.6 %o) and fluid inclusions (-4.10%1.2 %o) from the granitoids [3]. These values differ
from 6*Cpps = -15.0 t0 -12.5 %o, which have been known for graphite from metapelites of the SMZ [4].
We assumed that the magmas and their fluids have originated from the source outside the granulite complex.
The «heavy» isotope signatures correspond to the source within the cratonic greenstone sequences, which
involved Archean hydrothermal carbonate veins (53Crpg >-9 %o).

In addition, we present new data of the carbonate-bearing polyphase inclusions in garnets from the
granitoids. Following to morphology, these inclusions were interpreted as inclusions of crystallized
carbonate-silicate melts. The inclusions contain predominantly (Mg, Fe)COs with Xug = 0.24 - 0.78. A
common silicate component of the inclusions is Fe-Mg-bearing pyrophyllite. Raman spectra revealed CO-,
CH, and liquid H2O in the inclusions. Carbonate-silicate inclusions coexist with polyphase inclusions
composed of biotite, quartz, K-feldspar, plagioclase, sillimanite, which represent relics of granitic melts.
Carbonate-silicate and silicate inclusion show compositional trends, that implies genetic relations between
carbonate-silicate and granitic melts.

Relics of the fluidized carbonate-silicate melts in garnets of the granites support the conclusion on
the carbonate-bearing source for the granite magmas deduced from the carbon isotope study. Depletion of
the inclusions in Ca and enrichment in Mg, Fe and Al implies that this source included metapelites
intercalated with carbonate rocks. During anataxis, this source produced some carbonatitic melts, which
were subsequently dispersed in the voluminous granite melts, while issued CO- propelled granite intrusion.

Study is supported by the Russian Scientific Foundation (project 18-17-00206).
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The large-scale prediction of exploration targets like “kimberlite-controlling fault” — “kimberlite
cluster” in areas of trap magmatism is based on detection of kimberlite field elements by geological and
geophysical surveys coupled with paleogeographic analysis, with the use of GIS technologies. Prospects
for residual diamond potential are assessed proceeding from the knowledge of basement and sediment
tectonics as revealed by geophysics (magnetic, gravity, and seismic surveys with the appropriate survey
density), as well as from heavy mineral concentrate (HMC) sampling and reconstructed topography of the
carbonate basement paleosurfaces.

The diamond potential of a license area in Yakutia (21 pipes and 9 dikes, including two deposits of
Yubileinaya and Krasnopresnenskaya) was estimated by medium-scale ArcView GIS modeling for Sheet
Q-49-XXI, XXII of the Geological Map-200 [1], with reference to the known kimberlites. The zones of
dynamic influence that covered all known bodies (100%) were considered as having high potential for the
presence of kimberlites.

Kimberlite magmatism has multiple controls. Most researchers agree that high potential should be
assigned to an area with the greatest number of kimberlite magmatism signatures and prediction criteria.
Successive GIS procedures (Buffer, Clip, Explode) were applied to identify potentially kimberlite-bearing
sites which comply with all selected structural criteria: ore guides, ore distribution systems, and secondary
(dependent) signatures (demasking systems). These sites are considered as potential structural traps for
kimberlite mineralization. Their prospects and the respective ranking for sequence of exploration works
were supported by HMC criteria.

The high, moderate, and low prospects of the dispersion trains of kimberlite indicator minerals
(KIMs) were estimated from Cr contents and the presence of diamonds in pyropes.

For highly promising old KIM trains, the influence zone up to 1000 m [2] spread toward the next
watershed of the buried Lower Paleozoic topography.

Second-priority sites are those beyond the KIM trains, which were identified proceeding uniquely
from structural criteria (settings in which dolerites lie on the carbonate basement, zones of smooth
topography, etc.).

Thus, successive GIS procedures allowed excluding the areas explored by drilling from the list of
highly promising sites. Sites less than 1 ha were excluded at the next stage. Finally, the most promising
sites were outlined for drilling checks.
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Xenoliths of crustal metamorphic rocks in kimberlites provide insights into the structure, evolution,
and continental crust growth. We report the results of detailed petrological studies of mafic granulite
xenoliths from the Udachnaya kimberlite in the Daldyn-Alakit kimberlite field of Yakutia. The xenoliths
are composed of coarse granoblastic euhedral or angular particles of clinopyroxene, garnet, and plagioclase
(scapolite in one sample), as well as opaque minerals of titanomagnetite, ilmenite, and iron sulfides. All
samples contain regressive metamorphic amphibole, as well as later products of granulite interaction with
kimberlite magma.

Garnets (xmg = 0.31 and xca = 0.17) and plagioclases (xca = 0.30) are homogeneous, with local
heterogeneities at some rim sites resulting from metasomatic reactions with kimberlite melts.
Clinopyroxenes show distinct zoning, with compositionally uniform cores (xmg = 0.74) containing exsolved
iron oxides and orthopyroxene (Fig. 1, b). Inverted pigeonite reported previously from the exsolution
lamelli [2, 3] indicates crystallization at >1000°C. The rims, free from exsolved phases, have higher Mg
contents depending on the contact mineral: xmg ~ 0.78 for garnet and xmg ~ 0.73 for plagioclase. Both rims
and cores of pyroxenes contain 1-2 mol. % jadeite and 8-10 mol. % aegirine. Scapolite belongs to the
silvialite-meionite series.

The P-T conditions of metamorphism were reconstructed by calculating the bulk chemistry of two
representative samples, with and without clinopyroxene cores. Equilibrium phase diagrams
(pseudosections) were plotted for these compositions using the Perple_X software [1], and the sought P-T
conditions were estimated from the composition isopleths corresponding to naturally occurring minerals:
~0.8 GPa and ~680-700°C for the Gt + Cpx + PI (+ Scp) assemblage. The obtained temperature estimates
are consistent with the results of Gt — Cpx geothermometry.

Modeling shows that granulites originated at the lower-middle crust boundary. The clinopyroxene
cores do not belong to the metamorphic assemblages and may be non-reequilibrated remnants of juvenile
crust composed of mafic magmas [3] produced by decompression melting of rising asthenospheric material.

The study was supported by the Russian Science Foundation (Project 18-17-00206).
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Serpentinite mélanges in the Rio San Juan Complex (RSJC) host HP-metamorphic tectonic blocks
such as blueschist, eclogite, orthogneiss, marble, metapelite, cymrite-bearing rocks etc., as well as a variety
of quartz-free and quartz-bearing jadeitites and jadeite-rich rocks. Such mélanges form within subduction
channels of intra-oceanic arc systems [1, 2].

The different rock types reveal a broad diversity of PTt-paths that are nevertheless closely
interrelated and reflect the evolving dynamics of the subduction zone over a time interval of more than 60
Myr. The highest PT conditions are recorded in the early stages of subduction-zone evolution, and PT-paths
can be both clockwise and anticlockwise with low (“warm’) P/T-gradients. The maximum PT-conditions
of about 800°C/2.5 GPa are recorded in eclogites; a Lu-Hf-isochron age yields 103.9 Ma. Omphacite-
bearing blueschists document a continuous cooling and steepening of the PT-gradient, and the recorded
peak metamorphic conditions are 500-550°C/1.6-1.8 GPa at 80.3 Ma (Rb-Sr on Phe-Amp-WR). Very steep
(“cold”) P/T-gradients are derived for jadeite blueschists; Rb-Sr-ages (Phe-Amp-WR) of 62.1 Ma and Ar-
Ar ages of 71.9 Ma date the peak metamorphic conditions of 360-380°C at about 1.7 GPa [1].

The principal types of jadeite-bearing rocks observed in the RSJC can be categorized as (1)
jadeitites s.str. (matrix-quartz-free, albite-bearing, > 90 vol% jadeite), as well as (2) jadeitites s.str. (quartz-
bearing) and jadeite quartzites (JQ) which grade into jadeite-lawsonite quartzites (JLQ) and even lawsonite
quartzites (LQ) [2]. Independent of the formation process envisaged (“P-type” or “vein precipitation™ versus
“R-type” or "metasomatic replacement” [3, 4; see also 5]), petrographic observations such as omphacite
rims enveloping jadeite crystals or late omphacitite veins and pumpellyite+lawsonite veins in blueschist
country rocks of the jadeitites indicate a change of the fluid toward more Ca-rich compositions. In this
respect, it should be noted that the formation of jadeitite has its analog in a process that also typically occurs
in serpentinite rocks, i.e. the process of rodingitization [6].
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In this paper, we assess the diamond potential of the north of the East European Platform, on the
basis of aeromagnetic survey data and the results of studying the morphology and chemical composition of
1513 grains of indicator minerals from kimberlite (IMK, pyrope, olivine, Cr-diopside) identified in the
slime samples that were collected in the four studied areas, located in the northeast (within the Arkhangelsk
Diamond Province, AAP) and the southwestern parts of the Arkhangelsk Region (Fig. 1). All investigated
areas are located within the ancient cratons: Kolskiy (area "R" and "K"), Karelian (area "L") and
Shenkursky (area "S"). Composition of the IMK and mineral thermobarometry for pyrope and chrome
diopside showed that parameters of the lithospheric mantle under the studied territories, such as
composition (70-80% lherzolites, 6-17% harzburgites, 2-10% verlites), structure (lower boundary in the
interval of 190-230 km, the thickness of the “diamond window” is about 60-100 km) and the thermal regime
(35-40 mVv/m?) are typical of lithospheric mantle of the kimberlite provinces around the world, including
the AAP. Relatively high amounts of IMK with a primary magmatic surface (17-39% for pyrope, 92-100%
for olivines, and 12-40% for Cr-diopsides) indicate possible presence of local kimberlite sources in all four
areas. High amounts of pyrope from the diamond association (11-30%) may indicate the potentially high
diamond content of the sources. Based on the obtained results, it can be stated that the studied areas can be
recommended for prospecting for diamonds, with a high probability of finding new potentially diamond-
rich kimberlites.
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Fig.1 Tectonic scheme of the north of the East European platform.
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The Marun-Keu eclogite-gneiss complex is among key metamorphic complexes of the Polar Urals
that records Paleozoic subduction and collision events [1 and references therein]. It extends for ~70 km
from north to south along the Main Ural Fault in the paleocontinental sector of the region. In its southern
part, the complex consists of eclogitic boudins and lenses, Grt peridotite, and eclogitic gabbro among
metamorphic volcanic-sedimentary rocks [2]. Previous publications focused mostly on eclogites [3 and
references therein] that formed under maximum pressures of 21-23 kbar and temperatures of 660-690 °C
[1]. UHP metamorphism of the Marun-Keu rocks was revealed by Grt-Opx geothermobarometry of
peridotite (first data on three samples were reported in [3]). By the time being, we have analyzed 14 samples
of Grt lherzolite and Grt-Ol websterite and obtained maximum P-T estimates of the metamorphism peak
for 7 samples: 38-39 kbar and 830-850 °C, corresponding to subduction to a depth of 117 km. The P-T
parameters of the regression stage (24.5-14 kbar, 695-575 °C) are within the range for eclogite.

Several mineral assemblages found in the samples record multi-stage metamorphic changes of the
igneous protolith during subduction and exhumation. They represent the stages of

(i) magmatism, with preserved residual cumulate textures: cumulus OI-1 and intercumulus Opx-1
and Cpx-1, with CrSpl-1 inclusions. According to data of [2] and our field observations of 2017, Grt
peridotites preserve remnant Pl peridotite (up to a few meters);

(ii) progressive metamorphism: Grt-1 (low-Mg; scarce relict cores), resorbed Spl hercynite in
garnet;

(iii) metamorphism peak: Grt-2 (high-Mg), low-Al-Opx-2 (relict cores in porphyroblasts); Cpx-2
inclusion in Grt-2;

(iv) regressive metamorphism: Grt-3 (low-Mg), high-Al-Opx-3 (core and rims of porphyroblasts,
matrix grains), Grt-4 (low-Mg high-Ca domains and zones along cracks in Grt-3), Cpx-3, OI-2, Amp-
pargasite, CrSpl-2, Mgs, Dol, Cal. These phases form the structure and texture of the rocks which underwent
strong regressive alteration, judging by predominant Grt-3, carbonates, and abundant amphibole, which
indicates involvement of fluids at the respective stage. The evolution of garnet chemistry during
metamorphism was described in [4].

Remnant plagioperidotite in Grt peridotite boudins, gabbro in eclogite, as well as major-element
correlations and garnet composition features [5], indicate that the mafic-ulatrmafic protoliths of the Marun-
Keu eclogite and Grt peridotite emplaced into the crust before subduction; then they sank into the mantle,
experienced UHP metamorphism, and were exhumed.

References:

1. Kurenkov, S.A., Simonov, V.A., Shatsky, V.S., et al., 2005. Regional tectonics. Transactions, Geol. Inst. Issue
561. Book 2. Kzakhstan, Tien Shan, Polar Urals. Nauka, Moscow, 130-157. (in Russian)

2. Udovkina, N.G., 1971. Eclogites of the Polar Urals. Nauka, Moscow, 191 pp. (in Russian)

3. Selatitsky, A.Yu., Kulikova, K.V., 2017. First data on UHP metamorphism in the Polar Urals. Doklady Erath Sci.
476 (6), 681-684.

4. Selatisky, A.Yu., Kulikova, K.V., 2017. Evolution of garnet chemistry during metamorphism of peridotites in the
Marun-Keu UHP complex, polar Urals. Bull. Inst. Geol. Komi SC UrB RAS, 8, 36-43.
(http://geo.komisc.ru/images/stories/vestnik/2017/272/36-43.pdf)

5. Selatitsky, A.Yu., Kulikova, K.V., 2018. Garnet chemistry: implications for crustal genesis of the protoliths of
the UHP peridotites in the Marun Keu complex (Polar Ural). Bull. Inst. Geol. Komi SC UrB RAS, 2, 38-47.
(http://geo.komisc.ru/images/stories/vestnik/2018/278/38-47.pdf)


http://geo.komisc.ru/images/stories/vestnik/2017/272/36-43.pdf
http://geo.komisc.ru/images/stories/vestnik/2018/278/38-47.pdf

PROBLEMS OF SEARCHING MINERALOGY IN THE COVERED TERRITORIES

Serov 1.V., Nikiforova A.Y.

'«(ALROSA» JSC, Mirny, Russia
seroviv@alrosa.ru, nikiforovaay@alrosa.ru

To maintain the mineral resource base for diamond mining enterprises, it is necessary to constantly
replenish it. The stock of easily developed bodies is now almost exhausted. With the increasing complexity
of geological settings and the growing thickness of overlapping rocks, the effectiveness of the remote
geophysical search methods decreases. Therefore, new methodological approaches of geological
prospecting works (GPW) for diamonds are required.
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The traditional methods of GPW in the search for diamond deposits are geological and geophysical
works, mining and drilling operations, and laboratory research. Among this approaches in the early stages
of GPW predictions, mineralogical zoning, structural and tectonic analyses of the exploration territories,
complex of aerogeophysical works, mineralogical sampling and mineralogical — geochemical
investigations are widely used. Mineralogical — geochemical investigations are connected with the studies
kimberlite indicator minerals (IMK) — diamond, olivine, garnet, clinopyroxene, ilmenite and chromites.
The development of the instrumental facility expands the possibilities to study the morphology and
chemistry of these minerals using various research methods: microscopy, spectrometry, X-ray
difractometry and electron probe microanalysis.

The most important direction in this case is the development of the mineralogical criteria for
estimation the potential diamond content of kimberlites, which in turn requires the application of known
genetic classifications of IMK, determination of the factors that affect the potential and actual diamond
content of kimberlites and related rocks

Besides that, the addition to the prospecting complex of IMK research of IMK microdiamonds (less
than 1 mm): the study of morphology, granulometric composition, the forecast for the output of large classes
of diamonds - provides a methodological basis for the development and improvement of the mineralogical
criteria for the potential and actual diamond content of kimberlites for the evaluation and exploration stage,
as well as the predictive assessment of new areas.
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Earthquakes whose signals are depleted in high frequencies (low frequency earthquakes, LFE) are
systematically observed beneath volcanoes and in the deep roots of tectonic faults. Volcanic LFE are
considered to be related to pressure perturbations that are caused by nonstationary fluid transport in volcanic
and hydrothermal systems. The sources of tectonic LFE are associated with fluid-enabled shear transients
at brittle—ductile transition zones of active faults. In both volcanic and tectonic environments, the fluid pore
pressure is one the main parameters controlling the LFE generation.

We present here two cases when the LFE observations were used to infer time dependent fluid pore
pressure transport at depth. First, we observe the LFE in the Guerrero region of the Mexican subduction
zone and argue that the transient changes in their occurrence rate are caused by a pore pressure fluctuation
related to the migration of the metamorphic fluids updip along the subduction interface. As a second case,
we present observations of LFE that occurred in 2011 2012 within the Klyuchevskoy volcano group in
Kamchatka, Russia. We show two distinct groups of LFE sources: events that occurred just below the active
volcanoes, and deep LFE at depths of 30 km in the vicinity of a deep magmatic reservoir. We report
systematic increases of the LFE rates prior to volcanic eruptions with the initial activation of the deep LFE
sources that reflects pressurization of the deep reservoir and consequent transfer of the activity towards the
surface through. We interpret this migration of the LFE activity as being caused by the diffusive pressure
pulse propagation associated with the unsteady fluid transport trough a system of vertically connected thin
channels.

The reported observations suggest that the variations in the LFE occurrence rates can be used to
follow the evolution of the fluid pressure and provide evidence for the unsteady fluid transport at depth in
subduction zones.



NEW MINERAL SPECIES IN IRON METEORITE UAKIT (I1AB), BURYATIA
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Iron meteorite Uakit (1IAB, 3.96 kg) was found in 2016 in the Baunt Evenk district, Republic of
Buryatia, Russia. Unlike most of iron meteorites, it is characterized by highly diverse mineralogy. Kamacite
is dominant in the meteorite (>98 vol.%). Minor and accessory primary minerals are: schreibersite
(rhabdite), nickelphosphide, taenite, cohenite, tetrataenite, daubreelite, kalininite, troilite, carlsbergite,
sphalerite, uakitite, cooper, potentially new mineral CuCrS; and unidentified Mo-phase. The large troilite-
daubreelite nodules (up to 1 cm) are common of the Uakit meteorite. Ni-rich magnetite, pentlandite,
heazlewoodite, awaruite-nickel as well as Ni-rich goethite, akageneite, Ni-rich siderite, Ca-Fe-carbonates,
gypsum, and unidentified Ni-Fe-Cr sulfide, hydrated Fe-rich phosphate and Ca-Fe-sulfate are related to
different stages of the terrestrial alteration [1-3]. The Uakit meteorite contains a lot exotic accessory
minerals: carlsbergite CrN, sphalerite ZnS, nickelphosphide (Ni,Fe)sP, kalininite (Zn,Fe)Cr.Ss, cohenite
FesC; and it is holotype specimen for uakitite VN (IMA 2018-003) and CuCrS; phase.

Uakitite was observed in small troilite-daubreelite inclusions (up to 100 um) in kamacite and in
large troilite-daubreelite nodules (up to 1 cm). Most such inclusions represent alternation of layers of troilite
and daubreelite, + schreibersite, magnetite and rare CuCrS,. Uakitite (<5 pm) is one of early minerals in
these associations (Fig. 1). It forms isometric (cubic) crystals (in daubreelite) or rounded grains (in
schreibersite). The empirical formula (n=53) is (Vo0.91Cro.07F€0.02)1.00N1.00. It is structurally related to
carlsbergite CrN and osbornite TiN. Single-crystal X-ray studies for uakitite could not be carried out
because of the small size. Structural data were obtained for three uakitite crystals using the EBSD technique
(Fig. 1) and fitted to the structural model of synthetic VN (cubic, Fm-3m, a = 4.1328(3) A) [4]. These data
show the parameter MAD = 0.14-0.37° (best-good fit).
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Figure 1. BSE image of a uakitite-containing phosphide-sulfide inclusion in kamacite, the Kikuchi
patterns (initial and indexed) and orientation for uakitite grain, Uakit meteorite. Ua — uakitite; Mgt
— magnetite; Sch — schreibersite; Dbr+Tro — daubreelite + troilite; MAD — mean angular deviation in
comparison with synthetic VN.

The phase CuCrS; may be the second new mineral found in the Uakit meteorite. It was observed in
small phosphide-sulfide inclusions (up to 50 um) in kamacite in association with daubreelite, troilite,
schreibersite and rare uakitite. Chemical composition is Cug.esFeo0sCrog7S200. It is suggested that in
similarity with synthetic phase the Uakit mineral may be trigonal CuCrS, (R3m or R-3m; a=3.48 A, c =
18.70 A) and seems to belong structurally to the caswellsilverite group.

This work was supported by RFBR (grant 17-05-00129) and the Act 211 of the Government of the Russian Federation
(agreement N 02.A03.21.0006).
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THE ORIGIN OF MINERAL INCLUSIONS OF “MIXED” PARAGENESIS IN
DIAMOND - CONSTRAINTS FROM HIGH-PRESSURE EXPERIMENTS
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It was argued that lithospheric diamonds were formed from carbonate-rich melts [1]. The partial
reduction of these melts should cause precipitation of silicate solutes simultaneously with diamond. Our
experiments in the carbonate-silicate system of kimberlitic composition at 6.5 GPa and 1200-1600 °C
suggest that decreasing bulk CO., which accompanies reduction, should change the mineral assemblage co-
precipitating with diamond in following sequence: coesite eclogite (Coe + Cpx + Grt) — pyroxenite (Cpx
+ Opx + Grt) — lherzolite/wehrlite (Ol £ Opx + Cpx + Grt) (Fig. 1) [2]. This would explain the formation
of diamonds from group A eclogite with mineral inclusions of “mixed” paragenesis, where two phase
coesite and clinopyroxene (Jd;DigsEnsFss) inclusions and garnet (PrpzaAlms7Grsg) inclusions are located at
the central zone and olivine (Fogs) inclusions are much closer to periphery [3]. In our study clinopyroxene
with close composition (JdioDissEnsFss) was observed in coexistence with coesite at 1200 °C and bulk CO2
of 31 wt%, whereas olivine appears at bulk CO; of 15-23 wt%.
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Fig.1 — The temperature-bulk CO: plot illustrating mineral assemblages coexisting with melt during partial
melting of anhydrous Udachnaya-East kimberlite at 6.5 GPa versus temperature and bulk CO:2 content.
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TWO TYPES OF PROTOLITHS OF DIAMONDIFEROUS METAMORPHIC ROCKS
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Ultra-high-pressure rocks (UHP) of the Kokchetav subduction-collision zone are considered as a
model object for studying the mobility of elements in subduction zones of the continental type. We do not
know the nature of the protoliths of most types of high-pressure metamorphic rocks, which causes difficulty
in the interpretation of the data. We can suppose two different types of their protoliths on the basis of
isotope-geochemical data. Carbonate rocks, pyroxenites and migmatized gneisses of the western block (9
samples) form the Sm-Nd isochron with a slope corresponding to 1052 =+ 44 Ma. This age is close to the
age of formation of the granitic gneiss basement (1.2-1.05 billion years) [1, 2]. Therefore, we assume that
the protoliths of these rocks were the rocks of the basement. In this interpretation, their geochemical features
may not be related to the processes of high-pressure metamorphism. The lack of evidence for the melting
of these rocks during ultra-high-pressure metamorphism can be explained by the fact that previously they
were metamorphosed under the conditions of the granulite facies metamorphism. At the same time, the
depleted high-alumina rocks of the Barchinsky area form the Sm-Nd erochron, whose slope corresponds to
505 + 75 Ma, which suggests partial melting of these rocks at the exhumation stage. Grt-Phe-Ky shists have
distribution of incompatible elements close to PAAS, while granofels (Grt + Ky + Qtz) are depleted in a
number of elements, including K and LREE. It was previously assumed that rocks of the sandy slate series
of the Sharyk Formation are the protoliths of diamondiferous rocks [3]. However, this contradicts the data
on the Sm-Nd system in these rocks [4]. The rocks of the Sharyk Formation are characterized by
fluctuations in the eNd (t) from +4.1 to -3.3 and in the model ages from 1.9 to 1.25 billion years, while in
the UHP metamorphic rocks eNd (t) varies from -7.6 to -13.2, and the model ages range from 3.7 to 2.3
billion years. These data clearly indicate that the rocks of the Sharyk Formation could not be the protolith
of the high-pressure rocks.
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NEW DATA ON THE STRUCTURE OF POLYCRYSTALLINE AND IMPACT
DIAMONDS: DATA BY PHASE TOMOGRAPHY AND 3D-DIFFRACTION
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This work represents the results of the study of natural polycrystalline diamonds with different
origin using X-ray phase tomography, 3D X-ray diffraction and infrared spectroscopy. Carbonado samples
from placers of the CARs, fine-crystalline bort (diamondite) from the Udachnaya tube, samples of yakutite
and impact diamonds of the Popigai astrobleme were studied. Tomographic studies were carried out with
a spatial resolution of 0.7 microns per pixel.

The major structural differences of impact diamonds and yakutite from other samples were
revealed. The porosity is absent in impact samples, only single fissures are observed. At the same time, the
porosity of carbonado and kimberlitic polycrystalline diamonds reaches 8-10 vol.%; there were no
fundamental differences in the distribution of pores and inclusions between these types of diamonds (Fig.
1).

Fig.1 - Results of phase tomography. Left - carbonado from the CAR, center - kimberlite pattern, right -
yakutite.

The size of diamond grains in kimberlite polycrystals and in one of the carbonado was too small
(less than 2 microns), which made it impossible to analyze their shape and spatial arrangement. This
analysis was carried out for two carbonados and allowed to identify the textured carbonado (Fig. 2) for the
first time and establish that, at least partially, the texture is associated with deformation processes.

Fig.2 - 3D diffraction. Left - the spatial distribution of grains in carbonado. On the right is the projection of
the distribution function of grain orientations on the (001) plane.
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The diamond mining areas of Ghana, Cote-d'Ivoire and Mali are well known, while alluvial
diamond deposits and their possible primary sources in Burkina Faso have been insufficiently studied.

A large diamond prospecting activity was applied in the 1964-1967 in the south-west of Burkina
Faso. It was accompanied by testing the riverbed sediments of the Komoé and Léraba rivers. The first
dozens of diamond crystals were obtained at large-volume testing of river alluvium. Interest in them was
extinguished as diamond content of these deposits proved to be unprofitable. The primary sources of
diamonds in alluvium were supposed to be Proterozoic conglomerates of the Birim formation.

The geological position of the country south-west is determined by the Vendian-Cambrian
sedimentary rocks (sandstones and shales), discordantly overlapping the Mesoproterozoic volcanogenic-
sedimentary Birim formation. This formation, in turn, lies discordantly on Paleoproterozoic granites and
migmatites. This rock complex is broken by Mesozoic dolerite dykes and sills, which form a ring structure.
These formations are controlled by the submeridional graben, which intersects the Main craton [2].

The presence of diamonds in alluvium that lies over early Paleozoic sedimentary deposits raised
the question about the presence of unknown indigenous kimberlite sources of diamonds. The age of
kimberlite bodies was assumed to be post-Cambrian, and most likely Mesozoic [1].

The Canadian company Southern Era Ltd in 1999-2000 initiated prospecting works for the search
for indigenous diamond sources on the watersheds of these rivers.

The prospecting works allowed to locate mineralogical anomaly, containing kimberlite
chromospinelides and garnets of supposedly eclogite composition (Fig. 1). The weakly worn surface of the
grains of the IMK suggests their short transfer. Further, the company ceased these works for economic
reasons and left the country.
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Fig. 1 - Compositions of chromespinels of a site; contour shows compositions from inclusions in diamonds.

The authors are grateful to the Canadian company Southern Era Ltd and personally to Mr James Napier for the provided
materials.
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VARIETY OF IMPACT DIAMONDS AND MECHANISMS OF THEIR FORMATION
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Impact diamonds can form giant deposits of high quality technical material [1]. It is widely accepted
that impact diamonds are being formed by solid-phase diffuse-less mechanism of graphite-to-diamond
transition under shock pressure of > 30 GPa proved in many studies and described in detail [2]. At the same
time not only graphite of metamorphic rocks can be affected by impact processes but sedimentary organic
matter containing rocks where the last can be resulted in high pressure phases up to after-coal diamond [3].
By present the only two astroblemes with after-coal diamonds have been found — the giant Kara astrobleme
(65 km in diameter) and accompanied Ist -Kara astrobleme (25 km in diameter). Since the interest to impact
diamonds has been raised last time with the novel wide interest from scientists and possible practical use
[4, 5] the novel data on impact diamonds and impact objects are very actual. Here we present a comparison
of after-graphite and after-coal diamonds and mechanisms of their formation. The detail study of the after-
coal diamonds allow to present a novel their systematization following on their structural features co-
following by different morphological features and physical properties. The most novel find is a new impact
diamond variety presented by after-organics diamond paramorphs [6]. From the complex data on after-coal
diamonds it is following that they can be formed by low-distance diffuse mechanism offered to low ordered
carbons by Borimchuk et al. [7].

The study has been supported by RFBR (project # 17-05-00516).
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The Catoca kimberlite field is located within a 50-90 km wide and >1200 km long system of large
faults (Lucapa corridor) [1] and comprises multiple kimberlite pipes and carbonatite bodies (the latter are
restricted mainly to the southwestern flank of the corridor) [2]. The presence of calcite in the Catoca
kimberlites in the northeastern corridor part has been commonly attributed to their later hydrothermal
alteration by deep carbonated fluids [3].

Kamaphorites were found as three dikes, from 0.25 to 0.6 m, along a kimberlite-bearing ENE fault
zone within the Catoca quarry. All dikes follow zones of shearing and mylonitization in gneisses, often
vary in thickness and have curved contacts adjusted to schistosity. The rocks are composed of a fine
aggregate of dolomite, calcite (a small percentage), apatite, smectite, and Mg titanomagnetite, with
chaotically distributed pseudomorphs after olivine (serpentine and iron hydroxides), and less often 0.1-0.3
mm Mg ilmenite phenocrysts (Fig. 1). The accessories include baddeleyite, monacite, and wakefieldide-
(Ce), a rare REE vanadate.

Fig. 1. Kamaphorite: pseudomorphs after olivine and Mg ilmenite in a dolomite-calcite-apatite-
titanomagnetite matrix

Therefore, the presence of carbonatite in the tectonic cluster that accommodates kimberlites in
northeastern Angola does not rule out economic diamond potential, contrary to the previous views. Thus,
a revision is required for the diamond potential of areas with coexisting carbonatite and kimberlite within
both the northeastern and southwestern Lucapa corridor.
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ARCHEAN GEODYNAMICS: CASE STUDIES OF THE FENNOSCANDIAN AND
INDIAN SHIELDS
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In spite of considerable recent progress in Precambrian research, geodynamics of the early Earth
remains a subject of discussions [1]. Archean complexes and the respective lithospheric zones have a
number of specific features: (i) they comprise granite-greenstone belts, granulite-gneiss zones, and Archean
cratons with thick lithosphere and mantle roots; (ii) the lithologies include TTG granitic rocks, komatiites,
sanukitoids, banded iron formations, while some lithologies are missing (e.g., Archean blueschists have not
been found yet); (v) Archean oceanic crust was much thicker than its modern counterpart (25-30 km against
7 km, according to petrological data).

On the other hand, paleomagnetism of Archean rocks provides solid evidence of plate motions, at
velocities close to those at present [2 and references therein]. Furthermore, thrust-fold belts, accretionary
wedges, as well as igneous and metamorphic complexes indicative of different tectonic settings are known
from Archean units, such as the Karelian and Belomor provinces in the Fennoscandian shield [3] and the
Bundelkhand craton (India) [4]. Namely, calc-alkaline, boninite, and adakite volcanics along with eclogitic
metamorphic complexes provide evidence of subduction processes, while collisional events are recorded
in S granites, kyanite-facies metamorphics, and thrusts. Note that eclogitic metamorphic rocks are roughly
coeval to subduction volcanics, which is important for paleogeodynamic reconstructions. Archean
suprasubduction ophiolites have been found in the Fennoscandian shield [3 and references therein]. Basalt-
komatiite complexes, which record plume activity, are widespread in Archean greenstone belts, including
those in the Fennoscandian and Indian shields, where they coexist with structures comparable to continental
rifts [3, 4 and references therein].

Thus, the Mesoarchean-Neoarcahean complexes of the Fennoscandian and Indian shields record
events of subduction, collision, plume magmatism, continental rifting and seafloor spreading (at least in
backarc basins) since 3 Ga ago. They were quite similar to the respective Phanerozoic processes but
apparently occurred in the conditions of hotter mantle which can account for the greater thickness of the
oceanic lithosphere.

The study was supported by the Russian Foundation for Basic Research (Project 17-55-45005 IND-a).
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The compositional and thermal heterogeneity of mantle critically affect magma production and
compositions and cannot be easily distinguished from each other. The way to resolve this ambiguity is an
independent estimation of temperature and composition of mantle sources of various types of magma.

Here | summarize experimental development of new version of olivine-spinel geothermometer
based on partition of Al between olivine and spinel and application of this geothermometer to different
primitive lavas of Mid Ocean Ridge Basalts (MORB), Ocean Islands Basalts (OIB), Large Igneous
Provinces (LIP), lamproites, kimberlites, komatiites and lavas from Supra-Subduction Zones (SSZ). The
new version of olivine-spinel geothermometer differs from published versions [1,2] by taking into account
strong dependence of partition coefficient of Al between olivine and spinel from Fe*® and Ti contents in
spinel. It does not depend on volatile contents in melt and does not require assumption of source
composition.

The results suggest significant variations of crystallization temperature for the same Fo of high
magnesium olivines from different types of mantle-derived magmas: from the lowest (down to 1000°C for
kimberlites and lamproites) to the highest (up to over 1550°C) for Tortugal picrites (Caribbean LIP) [3].
These results confirm the low temperatures for lithospheric magmas (lamproites), moderate temperature of
the mantle sources of MORB and SSZ magmas, high H,O contents (over 2wt%) of SSZ primary magmas
and higher temperatures in the mantle plumes.

The established liquidus temperatures and compositions of primary melts allow estimating potential
temperatures of their mantle sources [4]. The lowest temperatures (lower than 1250°C) were found for
lithospheric mantle sources of lamproites. The highest potential temperatures over 1600-1700°C are found
for the largest LIPs: Caribbean, Siberian, and North Atlantic. The sources of OIBs yield significant range
of potential temperatures: 1400-1550°C, positively correlated with magma production rate. Original
temperature of proto-kimberlite melt source was likely close to lowest temperature of OIB sources. MORBs
yield potential temperature between 1250-1400°C, positively correlated with ridge spreading rate. Potential
temperatures of SSZ mantle sources are typically within the range for MORB, suggesting origin of SSZ
primary melts by H,O fluxing of convecting mantle wedge. Exceptions are some boninites, which require
higher temperature and plume related sources.

The results generally agree with estimations of mantle temperatures based on Fe-Mg partition
between olivine and melt [5], and strongly confirm mantle plume theory and external source of H,0O in SSZ
mantle.

This study was funded by the Russian Science Foundation grant number 14-17-00491).
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The Earth is the only planet in Solar System with Plate Tectonics (PT). While PT is definitely
among the most important geological processes, an understanding of how PT was initiated and which
factors controlled its evolution over Earth’s history still remains incomplete and controversial. It is broadly
accepted that secular cooling of the Earth is the most important factor. While supporting the idea that
Earth’s cooling was significant, I’'m going to show in this presentation that the rise of continents and the
availability of continental sediments are strongly underappreciated but likely even more important factors
controlling evolution of PT.

Another broadly accepted idea is that large-scale subduction operated on Earth only since about
2.8-3 Ga and before that most of the deformation and material flow occurred below the lithosphere and
tectonic style was either of stagnant-lid or soft-lid type. I’'m going to challenge this idea and suggest that
special type of extensive and large-scale subduction with retreating slabs was active at least between 3.5
and 3 Ga and later has evolved into global PT.

In addition to mantle convection, the necessary condition for initiation and stable operation of PT
is maintaining low strength along plate boundaries, particularly along the subduction zone interfaces.
Examples from the South American Andes and other subduction zones show that unconsolidated
continental sediments filling the trenches serve as an efficient lubricant for subduction. If these sediments
are lacking, friction in the subduction channel and strength of the plate boundary is significantly increased.
I suggest that lubrication of subduction by accumulation of sediments at continental edges and in trenches
played a crucial role during the evolution of PT on Earth since the mid-Mesoarchean (3Ga). The large
erosion events associated with rise of continents and contemporaneous global glaciations produced
increased volumes of sediments that facilitated lubrication of subduction interfaces and stabilized or
intensified PT. The cyclic behavior of PT on Earth since the mid-Mesoarchean can be interpreted as a
balance of power between PT, controlled by secular cooling, and the efficiency of lubrication along
subduction interfaces, controlled by accumulation of continental sediments in trenches.

The largest surface erosion and subduction—lubrication events occurred at the end of two periods
of major global glaciation, in the Paleoproterozoic (2.3 Ga) and particularly after the ‘snowball’ Earth epoch
in the Neoproterozoic (0.7 Ga). The latter event likely started the modern episode of active and stable PT.
The reason of so-called “boring billion” (c. 1.75-0.7 Ga), when PT processes were suppressed, was likely
a shortage of continental sediments in the oceans that caused poor lubrication of subduction interfaces and
resulted in unstable or sluggish subduction and intermittent PT.

Finally, I propose that period between ca. 3.5 and 2.8-3 Ga was associated with mantle plumes- or
impact- induced subduction initiation events. Such events resulted in special type of subduction, i.e. large-
scale retreating subduction zones which intensively produced, but not destructed continental crust, in
agreement with geochemical data.
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The first paper published in the new scientific Journal of Siberian Branch of Academy of Sciences
by V.S. Sobolev represented his report at one of early annual meetings of Academy [1] suggested on
probable significance of hydrocarbons and CO, for diamond formation. Diamond inclusion studies
established two main types of Earth’s mantle environment for diamond formation within subcratonic
lithosphere: ultramafic (peridotitic) and eclogitic [2]. Formation conditions of natural diamonds reproduced
experimentally most closely as P =5.7 GPa and T = 1150°C for carbonate fluids [3]. For Yakutian diamonds
of any size from micro (< 1 mm) up to large crystals (> 10.8 cts and up to 200 cts) of any quality [4, 5]
peridotitic (U-type) dominates for kimberlites (more than 90%) and is considerably lower for northern and
Uralian placers (< 30%).This relation is approximately equal for polycrystalline diamond aggregates (PA)
typical mostly for Mir and Udachnaya pipes. The majority of E-type diamonds is characterized by the wide
range of §!3C values from -34%o to 3%0 PDB [6].

Volatile components in diamonds from Udachnaya and Internatsional’naya kimberlites, Ural
placers and from garnet of a diamondiferous eclogite from Udachnaya [7] were analysed by GC-MS using
a Focus GC/DSQ Il MS (Thermo Scientific, USA). All investigated diamonds and garnet contain
hydrocarbons and their derivatives, represented by aliphatic (paraffins, olephines), cyclic (naphtenes,
arenes) and oxygenated hydrocarbons, nitrogenated and sulfonated compounds, CO,, H.0.

One typical dodecahedral diamond from the Uralian placers was found to contain abundant primary
oriented (< 0.1 um) octahedral fluid inclusions caused a milky color of the whole crystal. Its §%Cis -

8.5%0 PDB. Molecular nitrogen in solid state, confirmed by Raman spectroscopy (40% rel.) along with
H20 (26% rel.), CO; (3% rel.) and hydrocarbons (31% rel.) are identified in this diamond most probably
having superdeep origin [8, 9]. Methane is found in negligible amount, less than 0.03% rel. and was
completely absent in PA.

This work was supported by RSF grant 14-17-0060271.
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C AND N PARTITIONING BETWEEN METAL AND FLUID PHASES AT 6.3-7.8 GPA
AND 1200-1400 °C: IMPLICATIONS FOR DEEP CYCLES OF VOLATILES IN
REDUCED
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Most of carbon and nitrogen in the reduced mantle at the oxygen fugacity about the iron-wiistite
(IW) equilibrium reside in metallic iron, fluids, and diamond/graphite; K-bearing silicate phases also
contain some nitrogen. We studied systematically the solubilities of C and N in the metal and fluid phases
stable under the upper mantle conditions.

C- and N-rich metal melts in the Fe—FesC—FesN system have quite a large stability field at 7.8 GPa
and 1350°C, i.e., at the P-T parameters corresponding to precipitation of the metal phase in the
asthenosphere. Iron nitride e-FesN can contain up to 2.0-2.5 wt.% C and 6.0-7.3 wt.% N equilibrated with
the melt but only 1.0 wt.% C and 3.2 wt.% N in equilibrium with y—Fe. Nitrogen solubility in cementite
(FesC) is within 0.5 wt.%. Thus, the metal melt and austenite (y-Fe) can be stable in the precipitating metal
when all carbon and nitrogen from the mantle depleted in volatiles have been dissolved, while the metal
melt and iron carbide (FesC) become stable upon C and N extraction from the mantle enriched in volatiles.

N-poor C-O-H-N fluids at IW-buffered fH, contain abundant C1-C,4 alkanes, at trace amounts of all
other carbon species, and metaneimine (CH3N) as the main N host. Light alkanes are likewise main carbon
species in N-rich fluids, at the same redox conditions, but most of N occurs as NH; and N». Thus, the
nitrogen cycle must be controlled mostly by CHsN in reduced fluids in N-poor peridotitic mantle and by
NHs in N-rich eclogitic mantle. Increase in fO, to the water maximum (CW) leads to oxidation of light
alkanes to water and N-bearing species to N2. Carbon in HC-rich fluids which rise from the reduced
astehnosphere to the relatively oxidized lithosphere decreases from 15 to 5 mol.%, and the elemental carbon
released upon HC oxidation can maintain diamond crystallization.

The y-Fe and metal melt phases are stable in the C- and N-depleted Fe-C-O-H-N system at 6.3 GPa,
1300 °C and IW- or MMO-buffered fH,, in equilibrium with a fluid consisting of NH3, H-0, alkanes, and
oxygenated HCs (mainly alcohols and esters). In an C-saturated system, at 6.3 GPa and 1200-1300 °C, iron
carbide reacts with an N-rich fluid to form iron nitride: FesC + Ng = FesN + Cgrpm, While N-rich melt
appears at 1400 °C. The equilibrium fluid compositions vary from high NH3 to high H,O contents (in all
cases NH3/N»>1), with quite high concentrations of alkanes. The N-rich metal melt is stable in equilibrium
with a fluid consisting of alkanes, oxygenated HCs (mainly carboxylic acids) and N, synthesized in N-
depleted but C-saturated conditions at 7.8 GPa, 1400 °C, and unbuffered fH,. Therefore, the fluid with

relatively high C and N enrichment is stable in equilibrium with the metal phase at the upper mantle P-T

parameters. Estimates show that DY /" < DM'*/F! | i.e., nitrogen has greater affinity to the metal phase than

carbon. In this case, reduced fluids can be efficient carriers of volatiles from the metal-saturated mantle to
the oxidized lithosphere. However, the greater iron affinity is expected to provide selective accumulation
of N in the metal phase and high C mobility in the fluid phase. These patterns should control deep carbon
and nitrogen cycles in the Fe%-saturated mantle.

The study was supported by the Russian Foundation for Basic Research (Project 16-17-10041).
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The carbon isotope composition of diamonds from kimberlites shows that many diamonds have
813C values that are different from typical mantle signatures [1-3 and references there in]. A reasonable
explanation for the observed high and very low values of the carbon isotope composition of diamonds
requires involvement of crustal material as one of the possible sources. Numerous data on the oxygen
isotopic composition of minerals from eclogites also indicate, that these rocks, especially kyanite, coesite
eclogites and other varieties of high-alumina eclogites (group C), and also alcremites, and probably some of
pyroxenites are derived from crustal rocks [4]. At the same time, there is a discussed alternative view on the
formation of pyroxenites and mantle eclogites, which envisage them as a result of accumulation of the
residual magmatic melts.

To establish the composition of the subcontinental lithospheric mantle (SCLM) and to reveal the
parental media for the formation of diamonds in different kimberlite fields of the Yakutia province, we used
novel data on the oxygen isotope composition of garnets from 250 diamond-containing xenoliths from the
Nyurbinskaya, Udachnaya, Komsomolskaya and others pipes, and also published data for individual
xenoliths from other pipes. Data on the isotopic compositions of garnet and clinopyroxene from diamond-
bearing eclogites were obtained in a standardized laboratory using a unified methodology, which was
discussed in detail in [4]. Visually clean non-zoned garnets and clinopyroxenes were selected to study the
oxygen isotopic composition.

580 values of eclogitic clinopyroxenes vary from 2.8 to 6.7 %o and lie predominantly within the
set for eclogite xenoliths from the Siberian platform (2.8-8.0 %0 [3]).The majority of the garnet oxygen
isotope compositions are also located inside the range of the average mantle values (5.5£0.4 %o), however,
number of samples, predominantly from the eclogites from Nyurbinskaya pipe, are outside of the mantle
values[4].

Studies of the carbon isotopy of diamonds were performed with 0.3-0.9 mm thick plane-parallel
plates. To clarify the internal structure of the crystals and to choose the profiles of isotopic analysis,
cathodoluminescence topography was used. Among the analyzed 18 samples of diamond plates from
xenoliths of the Nyurbinskaya pipe more than half showed 5'°C values different from the mantle signatures

[5].

The systematization of the results allows us to state confidently the wide participation of the
subducted rocks in the structure of the SCLM of various fields of the Yakutian province and a particularly
pronounced contribution of the subducted crustal rocks to the SCLM of marginal fields (Nakynskoye),
which not only constitute an essential part of the mantle substrate, but also determine the high diamond
content of the parent rocks of this segment of the SCLM of the Siberian platform
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Relationship between the Ni and Al oxide contents in pyrope and the diamond content of the pipes
was determined on the basis of study of compositions of 583 pyrope grains from different Yakutian
kimberlite pipes. There is an inverse correlation between the contents of nickel and aluminum oxides in
pyrope: AlO; content decreases on increase of NiO content. It is known [1] that 27-83 ppm of the nickel
oxide corresponds to temperatures favorable for the formation of diamonds. These contents are common
for pyrope with an average 19.5 wt% Al>Os. The higher the content of such in the pipe, the higher the
diamond content (Fig. 1). Compositions of pyrope from the diamond-rich bodies of the Nakynskoe field
fall in the area of interest (red points).
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Fig.1 - Nickel and aluminum oxide ratios in pyrope (red dots - pyropes from diamond-rich bodies)

Test of this criterion on example of the Luele pipe (Angola) showed that the highest contents of
pyrope with such composition (NiO 27-83 ppm, Al,O3 16-23 wt%) is common for more diamond-rich
blocks (Fig. 2). Thus, the use of this criterion is most acceptable estimation of the diamond content in
different blocks within a single pipe.
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Fig.2 - The pyrope content (highlighted in red) with a NiO content of 27-83 ppm in blocks of different
diamond content of the Luele pipe (Angola)
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The upper mantle of the Earth has an ultrabasic composition; therefore the role of the ultrabasic melt
evolution is of particular importance for the construction of a model of deep magmatism. The CaO-MgO-
Al>,O3-SiO; system was selected as this model. The analysis of the phase diagram of this system shows that
the deep ultrabasic composition, which is a reflection of the fundamental eutectic reaction L = Fo + Cpx +
Opx + Ga changes the character of melting to peritectic with the separation of Mg-bearing phases such as
olivine, orthopyroxene and spinel at less than 2.6 GPa to 1.5-1.6 GPa. Its composition becomes closer to
plagioclase-normative and at pressures below 1.5 GPa the composition of the residual melt falls into the
region of the "alkaline-earth trend" [1, 2]. The system begins melting eutectically, and compositional
evolution of the melt with a further pressure decrease corresponds to the trend of the alkaline-earth series,
where crystallization of plagioclases is of particular importance.

In the model CaO-MgO-Al,0s-SiO; system, melts always contain an alkaline, sodium component,
and plagioclases in rocks are always represented by a continuous series of anorthite-albite solid solutions.
Therefore, the process of the plagioclase crystallization affects composition of the residual melt. Calcium
component is removed from the melt during the precipitation of plagioclase crystallites and composition of
the residual melt is shifted toward siliceous, sodium rich compositions that are similar to granites. It should
be noted that the process of crystallization differentiation favor appearance of residual melt characteristic
for granites only under non-equilibrium conditions such as compulsory removal of plagioclase crystallites
from the region of crystallization of the eutectic melt. In a closed system, when the thermodynamic
equilibrium is reached, the uniform distribution of components will result in the final crystallization of
gabbro-type rocks.

During the evolution of the ultrabasic magmatic melt, four melting facies were determined: three
eutectic type and one peritectic. Each of these facies spans within approximately 1.0 GPa. At pressures
below 1.5 GPa evolution of the magmatic melt composition is complicated by the crystallization of the
plagioclase solid solutions in two facies with a eutectic type of melting, which favors compositional
evolution of the residual melt to the quartz-normative compositions similar to granitic melts.

This work was supported by the RF state assignment project No. 0330-2016-0016.
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A colossal geological exploration, which ensured the creation of a resource base for decades, has
been accomplished after the discovery of diamond deposits in Yakutia. All discovered areas within the
Daldyno-Olenekskaya and Vilyuisko-Markhinskaya mineragenic zones (DOMZ and VMMZ), containing
the Mir, Udachnaya, and Aikhal diamond deposits have been studied satisfactorily. Therefore, the discovery
of new diamond-bearing areas in this part of Yakutia is unlikely. The presence of direct signs of kimberlites
beneath the Mesozoic-Cenozoic strata indicates that the diamond-bearing potential of the territory has not
been exhausted. This was confirmed by the discovery of a new Ygyatta diamondiferous region within the
VMMZ in 2015 [1]. This discovery makes most important the covered areas of VMMZ, which are of
interest for the geological exploration by ALROSA Company. But the forecasting of new deposits is
associated with a number of principal scientific and methodological problems.

The science-based choice of areas for geological exploration is the first problem and involves the
development of reliable forecasting background and search features on which reliable forecasting criteria
can be developed. This work requires studying the regularities of kimberlite localization in diamond-
bearing areas, their confinement to kimberlite control structures in combination with mineralogical features
on the basis of which it is possible to develop reliable criteria for their prediction. The forecasting of new
promising areas is very important because of the depletion of the diamond raw material resources in
Yakutia. Such study should include forecasting both in new territories and within known areas. The search
method is based on testing basal horizons of overlapping sediments with localization of halos of indicator
minerals of kimberlites (IMK). Their small amounts in overlapping uninformative sediments require the a
large volume of core material, which is very expensive and requires introduction of new geological
exploration technologies with the enhancement of the intellectual component of the geological staff of the
ALROSA GRE Company.

Improving of the methodology of geological exploration in forecasting of diamond-bearing areas
in new territories located in complex geological settings is the main problem. The solution of this problem
is to increase the linkage of existing methods to the science. Innovative developments should be
implemented both at the regional stage, starting with the remote study of new territories (use of high-
resolution space images and high-precision geophysics), and at the second stage, within the prospective
diamond-bearing areas. At the same time, it is necessary to envisage the introduction of new geochemical
methods (gas chromatography) and IT-technologies for processing materials. The next stage is the
allocation of objects of the "kimberlite field"-type with the verification of complex anomalies, the
improvement of analytical methods, including the introduction of intra-geoscopy of space between wells.

Prospects for regional geological exploration with the allocation of new diamondiferous areas are
attributed to the Charo-Sina zone of deep faults (north of the Aldan anteclise), and diamondiferous areas
recommended for prospecting, the Murbai and Yuleginskaya areas (the southern and northeastern flanks of
the VMMZ) , where concentration of the geoprospecting works with guaranteed positive result is proposed
in the coming years [2].
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Over the last thirty years, CVD (chemical vapor deposition) methods of diamond growth using
thermal dissociation in plasma of molecular hydrogen and gaseous source of carbon (usually methane) at
temperatures above 2000°C have been intensively developed [1-5]. The "standard model" for the growth
of CVD diamonds is based on the diagnosis in the plasma of the molecules CHa, C;H,, C:Hs and -CHs
radicals [4, 5]. It is assumed that the actual composition of the gas mixture can be more complicated [1, 2,
4, 5]. This study presents results of gas chromatography-mass spectrometry (GC-MS) determination of
composition of gas captured by CVD diamonds during its growth [6]. Samples of polycrystalline and single-
crystal CVD diamonds PC L 0100-0100-0500PL produced by Elements Six a De Beers Group Company
were studied.

GC-MS results showed that the volatile components captured by polycrystalline and single crystal
CVD diamonds consist mainly of hydrocarbons and their derivatives - 72.2 and 82.1%, respectively. From
inorganic gases there are H,O (22.6 and 0.9%, respectively) and CO; (0.4 and 9.3%, respectively). Amounts
of aliphatic hydrocarbons in polycrystalline and single-crystal CVD diamonds is 19.7 and 12.6%,
respectively. The gas phase of both diamonds does not contain "light" saturated hydrocarbons - methane,
ethane, propane and butane. Only "medium™ and "heavy" saturated hydrocarbons were detected (Cs-Ci2 -
3.8 and 3.9% and C13-C17 - 9.5 and 1.9%, respectively). Cyclic hydrocarbons: naphthenes and arenas (4.0
and 5.4%, respectively) were also found. An essential volume of volatiles is composed of oxygen-bearing
hydrocarbons: alcohols, aldehydes, ketones and carboxylic acids were detected in the gas phase of both
diamonds (47.7 and 63.7%, respectively). Nitrogen (0.1%) and nitrogen-bearing compounds (4.2 and 6.0%,
respectively) were also found. Moreover, molecular nitrogen was defined only in polycrystalline diamonds.

Thus, based on the data obtained, the real gas environment from which the investigated CVD
diamonds grew was more complex than the "standard model”. Nitrogen in the gas mixture was present
mainly in nitrogen-bearing hydrocarbons. That is a possible reason why the studied CVVD diamonds belong
to the type II.

This work was supported by Russian Foundation for Basic Research, project No 18-05-00761 and Russian Science
Foundation, project No 17-17-01154
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Impact diamonds from tagamites (rocks remolten by the impact) were sampled at the Skalnoe
deposit in the southwestern flank of the Popigai impact crater [1]. The Popigai diamonds are tightly grown
aggregates of cubic (diamond properly), hexagonal (lonsdaleite), and residual graphite phases [2]. The
relative percentages of the phases control color variations in diamonds: mostly cubic light-color varieties,
a mixture of three phases with a predominant cubic phase in gray diamonds, and abundant graphite in dark
varieties.

According to gas chromatography-mass spectrometry (GC-MS) [3-5], volatiles entrapped in the
impact diamonds consist mainly of hydrocarbons (HCs) and their derivatives: 76.7 % in light-color, 60.9
% in gray, and 71.7 % in dark diamonds. The contents of aliphatic HCs in the three color groups are,
respectively, 41.4, 16.4 and 19.5 %. Light alkanes are restricted to 0.04 to 0.13 % butane, while the contents
of medium (Cs-C12) and heavy (Ci3-C17) alkanes are from 4.2 to 33.3 %: 6.2, 4.2 and 5.2 % and 33.3, 8.6
and 10.9 % in the three groups, respectively. Other HC species are: arenes (5.6, 5.0 and 9.1 %) and furanes
(1.9, 1.4 and 4.4 %), in the three groups, respectively; oxygenated hydrocarbons (alcohols, aldehydes,
ketones, and carboxylic acids), as well as sulfur-bearing compounds entrapped in light, gray, and dark
diamond varieties: 27.8, 38.2 and 38.7 % (O-bearing species) and 4.6, 15.3 and 11.1 % (S-bearing species),
respectively. The nitrogen species are N2 (0.6 to 1.6 %) and N-bearing compounds (0.5 to 1.5 %), especially
in the light-color varieties (3.1 %). The H,O contents in the three color groups are 9.1, 11.1 and 5.3 %); the
respective amounts of CO; are 6.5. 11.5 and 10.4 %, respectively.

The obtained results suggest involvement of fluids rich in HC species and their derivatives during
crystallization of the impact diamonds. The fluids most likely came from target rocks that underwent shock
metamorphism at high temperatures and pressures.

The study was supported by the Russian Science Foundation (Project 17-17-01154) and the Russian Foundation for Basic
Research (Project 18-05-00761).
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Early Cambrian (Pan-African orogeny, ca. 600 Ma) amalgamation of the Gondwana supercontinent
through linear hot orogenic belts occurred in Africa and Southern India. These orogenic belts are
characterized by ultrahigh temperature (UHT, >1000°C) metamorphic events, which have played a
fundamental role in the development and stabilisation of the continents. Granulite and UHT-metamorphism
are linked to major episodes of supercontinent amalgamation at least since the late Archean, traces of which
having been found in virtually all known supercontinents so far [1]. Depending on the geodynamic setting
(continent collision or basin-inversion after lithospheric thinning), the duration of these UHT-episodes is
variable, from less than 15 Ma in the recent granulites from Hokkaido (Japan) or Seram (Indonesia) to more
than 100 Ma in the long-lived and slowly-cooled Napier complex (Antarctica) [2]. But whatever their age
or geodynamic settings, minerals of all UHT-granulites worldwide contain a great quantity of primary fluid
inclusions, containing dense or superdense (> 1.1 g/cm®) mantle-derived CO,. It shows that, during UHT
events, large quantities of mantle-derived CO, were injected into the continental lower crust [3]. The
occurrence of these syn-metamorphic CO- fluids is so systematic in UHT granulites, that it can be assumed
that they played a critical role in the genesis of the extremely high temperatures reached during this
metamorphism. In addition to CO- another fluid is present, namely high-salinity aqueous brines, the source
of which can be the sedimentary protolith, the mantle, or both [4]. Both fluids were immiscible at peak
metamorphic conditions, but they became miscible and mutually reactive at decreasing pressure and
temperature.

The amalgamation of the Gondwana supercontinent lasted for more than 400 Ma, starting about
1000 Ma ago in the Trivandrum bloc, India and ending in Eocambrian times (ca. 600 Ma) during the Pan-
African orogeny, which affected Africa, Madagascar, Sri-Lanka and Southern India. At this time, the large
fluid influx in the lower crust caused instability, leading to breakup and disruption of the supercontinent
immediately after its final amalgamation [4]. Elimination of the UHT-granulite fluids occurred rapidly
during post-metamorphic uplift, with important consequences for both at local and regional scales. Local
scale (10 to 100’s m.) effects are due to the intergranular migration of brines, resulting in the formation of
granulite mineral assemblages at the periphery of the main granulite complex (incipient charnockites,
granulite “islands”). Less mobile CO> fluids can only migrate through crustal-scale (10 to 100 km) shear
zones, probably caused by major earthquakes. CO; fluids can either be reduced, resulting in graphite veins
[5], or oxidized, resulting in the quartz-carbonate shear zones found in the vicinity of many granulite
terranes [6].
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The results of studying mineral phases in V-VII diamonds by electron microscopy, microprobe
analysis, and Raman spectroscopy are presented. The study of mineral phases on the diamond surface, in
cleavage cavities, in internal cracks and dissolution caverns, as well as those that included in diamond is
necessary for determining the postgenetic endogenous history of such crystals [1]. Diamonds of the V-VII
variety are characterized by a block structure, which complicates cutting and polishing. Silicate phases, not
diagnosed as minerals, were found on the diamond surface in the form of thin plates and outgrowths.
Feldspar grains often fill the pits of dissolution. Grains of picroilmenite, calcium sulfate, calcite and zircon
were found in the internal cavities and cracks located on the boundaries of blocks, opened during the
breakdown of crystals. Picroilmenite grains have a lamellar structure with uneven edges, adhere closely to
the wall of cracks. The size of large precipitates does not exceed 50 microns. The spaces within cracks are
often filled with calcium sulphate with a granular structure. Prismatic zircon 20 x 50 pm was found in the
internal crack. The surface of the grain is uneven, impurities are not established. Sulfide inclusions
(chalcopyrite) were identified by the Raman spectroscopy on the diamond edges in situ (Fig. 1). Sulfides
are represented by distorted octahedral crystals. The sizes of crystals do not exceed 30 microns.
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Fig. 1. Raman spectrum of sulfide inclusions.

A detailed study of the detected silicate phases on the surface of the crystal, primary minerals
(picroilmenite, zircon) in the internal cavities, and sulfide inclusions will help to determine the genetic
nature of the transporter of types V-VII diamonds.

This work was supported by the project ‘Strategically important types of mineral resources and features of the geological
structure of investment-attractive territories of the Sakha Republic (Yakutia): metallogeny, tectonics, magmatism, geoecology,

improvement of search and forecast techmologies’ of Program of complex scientific research in the Republic of Sakha (Yakutia) aimed
at the development of its productive forces and social sphere during 2016-2020

References

1. Oleinikov OB, Pavlushin AD, Popov A.V. Postgenetic minerals and microglasses of diamond V of variety from
the alluvial deposit of Holmoloch and their genesis // Otechestvennaya geologiya. 2007. Ne 5. Pp. 77-83
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The Tomtor alkaline-carbonatite massif (250 km?) is the largest one in the world. It is located in
the East Prianabarie at the Udzha uplift and together with the Bogdo massif and two unexposed massifs
forms the Udzha province of alkaline rocks. Previously determined ages of the massif ranged from 800 to
200 Ma. The obtained U-Pb zircon and Ar/Ar mica ages suggest two stages of formation of the Tomtor
massif: 700 Ma for intrusive rocks and carbonatites and 400 Ma for volcanic rocks and ores. We have
developed a new scheme of magmatism for the Tomtor massif.

Intrusive series. The earliest rocks of the massif are olivine-pyroxene rocks, pyroxenites and Bt-
pyroxenites which occur as xenoliths in the drill holes. The next magma batch was of melilite-ijolite
composition, which also had lode analogs. This was followed by intrusion of nepheline and alkaline
syenites of the miaskite composition, occupying 70% of the massif area, in which K-alkaline syenites
significantly prevail over Na-nepheline syenites. The carbonatite constituent was separated both from
melilite-ijolite and syenite magma. Calcite, calcite-dolomite, dolomite and ankerite varieties are
distinguished. Apatite-magnetite and apatite-micaceous rocks are probably nelsonites and are associated
with carbonatite rocks.

Volcanic series is represented by effusive flows, sills and lode rocks, diatreme breccias and ore-
bearing tuffs. The earliest volcanic rocks, sills and dykes of the picrite-lamproite series intersect the early
carbonatites and are cut by later carbonatites, separated most likely from lamproite magma. Drill core shows
that this unit is at least 300 m thick. The volcanic activity is terminated by diatreme kimberlite-like breccias
and eruptions of lamproites and explosive rocks such as ore-bearing carbonate-phosphate tuffs (Fe, P, CO-,
Nb, TR) that are preserved in the subsidence caldera in the central part of the massif. Explosive ore-bearing
rocks crystallized from agueous and gas products which were oversaturated in rare elements, P and Fe and
carried away into the atmosphere together with tuff material and deposited on the surface as horizontal
banded volcanic-sedimentary rocks. Ore minerals crystallized rather quickly. This conclusion is supported
by cryptocrystalline nature of phosphate-rare earth monazite-like minerals and earthy consistency of
pyrochlores, which overgrew the crystalline seeds formed prior to the eruption. Most of the crystalline
minerals are less than 0.01 mm in size. Siderite carbonatites with crystalline pyrochlore occur locally in
these volcanogenic rocks. The ores of the Tomtor massif are complex and contain Nb up to 20%, TR up
to 14%, Y up to 1.5%, Sc up to 0.1%, Zn up to 5%, V up to 0.8%, Ba up to 4%, Sr up to 7.5%, Ti up to 8%,
and Be up to 0.03%. The TR spectra for carbonatites and ores are similar and differ only in total contents.

The two-stage volcano-plutonic activity is associated with the cyclic activity of deep-seated plume
penetrating the weakest rift zone of the Udzha uplift. The isotope data by B.G. Pokrovsky (Sr, O and C)
and our data on Sr-Nd isotopes suggest the endogenous origin of all rocks and ores of the massif and discard
the models of sedimentary redeposition and zones of secondary enrichment describing formation of the ore
complex. At the same time these data are consistent with the volcanogenic explosive-tuffaceous nature of
ore complex.

The work was carried with the support from the Russian Foundation for Basic Research (project No. 18-05-70003)
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Rare inclusions of magnetoplumbite group (matiasite, yimengite and its Al-analog) inside
chromalumospinel were found in the deep-seated xenolith of metasomatically altered garnet Iherzolite from
the Obnazhenaya kimberlite pipe (sample O-125). Along with these inclusions, chromalumospinel grains
contain calcite, serpentine, phlogopite, dolomite, and rutile.

Yimengite was first discovered in kimberlite dikes in Shandong Province, China [1] in association
with olivine, pyrope, magnesian chromite, phlogopite, ilmenite, chrome-diopside, apatite, zircon, and
moissanite. Yimengite was also found in the altered magnesian chromite in the kimberlitic sills of the
Guaniamo District (Venezuela) [2]. The yimengite inclusions occurred in diamonds in association with the
typomorphic minerals of the harzburgite assemblage: chromite, subcalcium chromous garnet and enstatite
[3, 4].

The major oxide composition of chromalumospinel from the Obnazhenaya non-diamondiferous
pipe is as follows (35.68-35.79 wt.% Cr,03, 31.93-32.53 wt.% Al,O3, 16.1-16.39 wt.% MgO, 0.36- 1.33
wt.% TiO;) whereas the yimengite composition differs from the previously recorded occurrences by
substantially higher Al,Os content (20.23-20.9 wt.%) and reduced content of Cr,03(30.2-30.5 wt.%). Thus,
yimengite from China's kimberlite dikes contains 1.30-1.61 wt.% Al.O; and 36.94-37.06 wt.% Cr,03 [1],
while yimengite from Venezuela kimberlitic sills contains 3.61 -3.95 wt.% Al,O3 and 39.08-39.37 wt.%
Cr20s [2]. According to the crystallochemical calculations by the oxygen method, matyasite composition
from inclusions in chromalumospinel corresponds to the formula (Ko.esCao.24Bao.0sSro.os)
(Ti14.01Cr260M01 ssFe1.64Alo82Mno05)Ozs. Phlogopite contains impurities of TiO; (1.34 wt.%) and Cr,0;
(1.45 wt.%). The rutile composition is TiO> (99.44 wt.%), Cr.03 (0.24 wt.%), FeO (0.21 wt.%).

The formation of matiasite and yimengite with a high Al and Cr contents is presumably associated
with a metasomatic alteration of rocks under the mantle conditions. The studies of identified K-Al-Ti-Cr-
bearing phase were performed using Raman spectroscopy technique which confirmed its relation to the
magnetoplumbite group minerals.

The formation of rare yimengite and matiasite inclusions is associated with metasomatic alteration
of alumochromite under mantle conditions influenced by the Ti- and K-rich fluids.
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Bridgmanite (Mg,Fe)SiOs, a high pressure silicate with a perovskite structure, is dominant material
in the lower mantle at the depths from 660 to 2700 km and therefore is probably the most abundant mineral
in the Earth. Although synthetic analogues of this mineral have been well studied, no naturally occurring
samples had ever been found in a rock on the planet’s surface except in some shocked meteorites. Due to
its unstable nature under ambient conditions, this phase undergoes retrograde transformation to a pyroxene-
type structure. The identification of the retrograde phase as ‘bridgmanite’ in so-called superdeep diamonds
was based on the association with ferropericlase (Mg,Fe)O and other supposedly lower-mantle minerals
predicted from theoretical models and HP-HT experiments.

In this study pyroxene inclusions in diamond grains from Juina (Brazil), one single-phase (SL-14)
and two composite inclusions of (Mg,Fe)SiOs; coexisting with (Mg,Fe);Al;SizO12 (SL-13), and with
(Mg,Fe);AlLSiz012 and (Mg,Fe).SiO. (SL-80) have been analyzed to identify retrograde phases of former
bridgmanite. XRD and Raman spectroscopy have revealed that these are orthopyroxene. (Mg,Fe).SiO4 and
(Mg,Fe);AlLSisO12 in these inclusions are identified as olivine and jeffbenite. These inclusions are
associated with inclusions of (Mg,Fe)O (SL-14), CaSiO; (SL-80) and composite inclusion of
CaSiOs+CaTiOs; (SL-13). XRD patterns of (Mg,Fe)SiOs inclusions indicate that they consist of
polycrystals. This polycrystalline textures together with high lattice strain of host diamond around these
inclusions observed from EBSD may be an evidence for the retrograde phase transition of former
bridgmanite.

Single-phase inclusions of (Mg,Fe)SiOs in superdeep diamonds are suggested to represent a
retrograde phase of bridgmanite and fully inherit its initial chemical composition, including a high Al and
low Ni contents [1, 2]. The composite inclusions of (Mg,Fe)SiOs; with jeffbenite and other silicate and oxide
phases may be interpreted as exsolution products from originally homogeneous bridgmanite [3]. The bulk
compositions of these composite inclusions are rich in Al, Ti, and Fe which are similar to Al-rich
bridgmanite produced in experiments on the MORB composition. However, the retrograde origin of
composite inclusions due to decomposition of Al-rich bridgmanite may be doubtful because each of
observed phases may represent single-phase inclusions, i.e. bridgmanite and high pressure phase of
(Mg,Fe)s;Al,Siz012, with similar compositional features [4].

This work has been supported in parts by RFBR (16-05-00451, 17-55-50062) and SBRAS (IDP 17).
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It is well accepted that the cratonic mantle formed by extensive melting during Archean, which left
highly refractory residua and was followed by percolation of fluids and melts that metasomatized most of
the lithospheric mantle. Due to the paucity of mantle xenoliths representing the pristine highly refractory
mantle and the difficulties in performing high pressure (P) and high temperature (T) experiments in
refractory compositions, phase relations, redox state and geochemical process in these mantle domains are
still poorly understood. Some of the unresolved questions are: i) What are the phase relations of refractory
peridotites at P > 2 GPa? ii) What is the effect of Fe®*" on phase relations? iii) How does Fe®* partition
between spinel, garnet and pyroxenes? iv) Are the available spinel-based oxybarometers reliable at P > 2
GPa?

In this project we tackle the above issues by both investigating a suite of natural samples and
performing high-P and high-T experiments. The natural samples are harzburgite and dunite xenoliths and
inclusions in diamonds from the Murowa kimberlite, Zimbabwe, which are rare examples of pristine, highly
refractory mantle fragments [1]. °"Fe Mdssbauer analyses of natural Cr-spinel, garnet, clino- and
orthopyroxene, have been performed using the synchrotron Mdssbauer source (SMS) available at the
Nuclear Resonance beamline 1D18, ESRF, Grenoble. The high-P and high-T experiments are being
performed using a multi-anvil apparatus and starting material resembling the composition of a harzburgitic
xenolith from the Murowa kimberlite. P-T conditions cover the range 3-6 GPa and 1000-1400 °C and run
products are olivine + orthopyroxene + spinel + garnet. Careful preparation of the starting material and long
experimental duration allowed good attainment of equilibrium, which is suggested by the textures and
compositions of the run products.

One of the main results of this work is the difference in Fe**/ZFe in Cr-spinels between mantle
xenoliths (0.04-0.09) and diamonds (0.09-0.14). Application of currently available oxybarometers [e.g., 2]
indicates oxygen fugacity (fO2) values of 3 log units below the quartz-falayite-magnetite oxygen buffer
(QFM) for the xenoliths and 1 log unit below QFM for the diamond inclusions. This would suggest an
increase in fO2 with pressure and anomalous highly oxidized conditions during diamond formation.
Notably, the first experimental results show an increase of Fe** with P, suggesting that such highly oxidizing
conditions recorded in the inclusions in diamonds might be related to a possible overestimation of fO; at
higher pressures.

The work was supported by the Alexander von Humboldt foundation.
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