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PacTBOpeHre MAKPOKPHUCTOB OJINBMHA B KUMOEPJIUTOBOM
paciuiaBe npu BbICOKUX P—T-mapamerpax

N. A. I'psasnos, 3. A. Kapnosuy, 1. A. UmyTtus, E. U. XXumynes

Hucmumym ceonocuu u munepanocuu CO PAH um. B. C. Cobonesa, 2. Hosocubupck

AnHotauus. ONUBHH — TOMUHaHTHas (a3za B kuMOepnuTax. OH BCTpedaeTcs B BHIE BKpaIl-
JICHHUKOB JIBYX TUIIOB: ONUBUH | B BHJIE OTHOCUTENILHO KPYIHBIX 3€pEH OKPYIJION WK Hempa-
BubHOU opMbl U onuBuH II B Buae menkux (1o 0,5, peaxo 1 Mm) unuomMophHbIX KpHCTall-
JIOB, HO UMEIOIINX sIpa HETIPaBHIBHOH (GopMbl. B mocieanee BpeMs: akTHBH3HPOBAIACh AMC-
KycCHsl O IPOUCXOXJEHUH BKpPAIJIEHHUKOB OJMBUHA B KMMOepiuTax. IlocTeneHHO N1OMHUHU-
PYIOILEH CTAaHOBUTCS THUIIOTE32 O KCEHOTEHHOM MTPOHCXOXKICHUN BKPAIZICHHHKOB OJIMBHHA. OT
peLIeHHsI 3TOTO BOIPOCA 3aBUCHUT ONPE/ICICHUE COCTaBa UCXOIHON (MaTepUHCKON) KUMOEPIIH-
TOBOW MarMbl M B KOHEYHOM CUeTe KOHIIEIIIUS reHe3kca caMiuX KUMOepInToB. B padote npen-
CTaBJICHBI PE3yJbTaThl SKCIEPUMEHTAIBHBIX HCCICIOBAaHUN II0 PACTBOPEHUIO 3€PEH MPUPOJI-
HOTO OJIMBUHA B KUMOEPIUTOBOM paciuiaBe u3 TpyOku «HiopOunckas» ¢ nobdasnenuem Fe,0;
u CaCOj; pu Beicokux P—T-mapametpax (4 I'Tla, 1300 u 1500 °C). DkcrnepuMeHTHI IpOBEIe-
HBI C LEIbI0 MOAENUPOBAHUS U3MEHEHUS KCEHOIUTOB MAaHTHHHBIX IOPOJ (LyHUTOB) IPH IO-
MaJIAaHAU B TPOTOKMMOEPIMTOBYIO MarMmy. YCTaHOBJIEHO, YTO CLEHapuil U3MEHEHUs TyHHTa
BKJIIOYAaeT Ha IepBOil cramuu AedopMaruio Mopojasl ¢ 00pa3oBaHUEM TPEIIUH, B KOTOPHIE
MIPOHUKAET HEPABHOBECHBIH 110 COCTAaBY paciuiaB. B maipHeinieM nporcXoasiT YacTHYHOE pac-
TBOPEHHE MAaKPOKPUCTOB OJMBUHA C YMEHBILICHHEM UX pa3Mepa U IMporpeccupylomas Je3uH-
Terpanys nopojabl. DKCIEPUMEHTAIbHO IOATBEPXKAAETCA BO3MOXKHOCTb 00pa30BaHUs OKpPYT-
JBIX BKPAIUICHHHKOB OJIMBMHA IIPY B3aMMOAEHCTBUHM KapOOHATH3MPOBAHHOTO paciulaBa C Iie-
PHIOTUTOM (OJTUBHHOM).
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BBeaenne

K HacTosimeMy MOMEHTY KMMOEPIMTOBBIE TPYOKH B3PbIBa SIBISIOTCSI OCHOB-
HBIM KOPEHHBIM MCTOYHHKOM TAaKOTO IIEHHOTO MUHEpaja, Kak ajaMa3, KOTOPBIH,
COTJIACHO COBPEMEHHBIM IMPECTABICHUSIM, 00pa3oBajcs B MAaHTUHHBIX IITyOWHAX
[Diamond through Time ..., 2010]. BeaencTBue sToro reHe3nc KUMOEpIUTOB
BBI3BIBACT OCOOBIN MHTEpEC y uccienoBareneil Bcero Mupa. OCHOBHOE BHIMaHHE
IpU 5TOM BCE K€ yAENACTCs TJIaBHOMY MHUHEpaly — alMasy, HMEHHO €My IMOCBS-
IIIEHO OTPOMHOE KOJIMYECTBO HAYYHBIX M3BICKAaHHI, B TOM YHCIIC U SKCIEPHMEH-
TaIBHBIX paboT. Ha MuHepanax-cryTHHKaX aiMasza COCpPeJOTOYCHO UYTh MEHb-
mee BHUMAaHHE, TEM HE MEHEE OCTAI0TCS HEKOTOPBhIE HEPEIICHHBIC BOIPOCHI, B
YAaCTHOCTH KAacalolIMecss WX B3aMMOOTHOLICHHS C KUMOEPIHTOBBIM PACIIABOM,
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YCTOWYMBOCTH M COXPAaHHOCTH B HeM. MexIy TeM, Hccienys MHHEpasbl-
CIYTHHKH alMa3a U TMPOBOJASA UX COIOCTaBJICHUE C MOJOOHBIMH MHUHEpAIaMH U3
HEaIMa30HOCHBIX KHMOEPINTOB, BO3SMOXKHO YCTAHOBUTH KPUTEPHH aIMa30HOCHO-
CTH KUMOEPIUTOBOW TPyOKH: Tak, B KOHEYHOM HTOT'€ MOKHO TPUOIHM3UTHCS K
PEIIeHUIO TTI00ABHOM MPOOIeMBI — TeHe3uca anMasa.

Kumbepmut BakeH He TOJNBKO KaK WUCTOYHUK aiMmasza. biaromaps WMEHHO
3TOW M3BEPKEHHOH MOpoJie MOsABUIACH BO3MOXHOCTH 3arjIiHYyThb B MAaHTUHHBIC
rryounasl 3emin. KumMOepIuToBEIf paciiiaB, U3Beprasch U3 MaHTHWHBIX TTyOHH,
BBIHOCHUT K MOBEPXHOCTH 3eMJIM KCEHOJIUTHI MIyOMHHBIX nopoj [Cobones, 1974,
1983]. Cuuraercsi, 4T0 yJIBTPAOCHOBHBIC HOAYJIU B KMMOEpIUTaX — KCEHOJIUTHI
BEIIECTBAa BEpXHEW MAaHTHUHU — HE MPETEPIEeBAOT 3HAYUTEIHHBIX U3MEHEHUU MpPHU
TPAHCIIOPTUPOBKE MX K MOBEpXHOCTH 3eMiu. C Opyroil CTOPOHBI, €CThb JaHHBIE
[Kyronmmn, Aradonos, Uenmypos, 1976], uro mpu HaxokaeHWH B 0a3albTOBOI
MarMe yJIbTPAaOCHOBHBIE HOIYJIM MOJBEPTajNch HMHTEHCUBHOMY (DHM3HMKO-
XUMHYECKOMY BO3JIEHCTBHIO, KOTOPOE BBIPAXKAIIOCHh B IIPEUMYIIIECTBEHHON JI€31H-
TErpaIyy MMPOKCEHUTOB 110 CPABHEHHIO C TIEPHIOTHTAMH, C TIOCIIEIYIONM YMEHb-
HICHWEM JI0JIM MUPOKCEHUTOB B O0IIEH Macce TPaHCIIOPTHPYEMBIX KCEHOUTOB.

B mocnengnue roapl 3aMETHO BBIPOC MHTEPEC K BOMPOCY YCTOMYUBOCTH MHU-
HEpPaJOB M3 MAHTHH K arpeCCMBHOMY BO3JEMCTBHIO KHMOEPIMUTOBOH Marmsl. B
JKcIepuMeHTANEHOM wuccnenoBanuu [Kimberlite ascent by ..., 2012] mokasan
MEXaHM3M AaCCUMWIANNK MaHTHWHBIX MUHepanoB. Tak, pacTBOpEHHE OpPTOIH-
pOKCeHa MpU MPOXOXKICHUM Yepe3 MaHTHiHYI0 JuTocdepy mpHUBOAMT K obora-
LICHUI0 KapOOHAaTHUTOBOIO pacillaBa KPEMHHEM U 3aMETHOMY IMaJCHHUIO PacTBO-
pumocTtu CO, B paciuiaBe, 4TO B CBOIO OY€pEh CIIOCOOCTBYET CHIBLHOMY BBIJE-
JeHnIo (QIIOMIHON (a3bl, YMEHBIIEHHIO MJIOTHOCTH MarMbl M, KaK CIEICTBHE,
YCKOPSIOMEMYCSl TTOIBEMY KHMOEPIUTOBOM MarMbl C yBEIMYCHHEM ee 00bheMa
[Kimberlite ascent by ..., 2012].

OnuBuH sABIsieTCsS OAHOM M3 HOMUHMpYIomMX (a3 B kumbOepnurax [Brett,
Russelle, Moss, 2009]. Ha ocHoBe pa3mepa 1 MOp(HOJIOTHH 3ePEH BBIACIAIOT JIBE
nomysiiiui onmBuHA [Skinner, Clement, 1979]. OnuBun | Tuna npenacraBiseT
€000 MaKpOKPHUCTHI — 3epHA HETPABMIIBHON (DOPMBI, OKPYTIIBIE FITH TTOTyOKPYT-
neie 3epHa. B kumbepnuTtax TpyOku «Y naunas-Bocrounas» onuBuH | Tna mpu-
CYTCTBYET B BUJIE OKPYTJIBIX M OBaJbHBIX KPUCTAIIOB MIIM B BHUJIC YTIIOBATHIX 00-
JIOMKOB CO CTJI&KEHHBIMHU KpasMu. [Ipu 3TOM 3epHa 4acTo pa30HUTHI TpeIIHHAMH.
OnuBuH coaepxut 85-94 moin. % ¢GopcTepuTOBOr0 KOMIIOHEHTa, HO OOJBLIMH-
ctBO 3epeH umeeT Fo > 91 [Olivine in the Udachnaya-East ... , 2008]. Iucnoka-
UOHHBIE CTPYKTYpHI, HeMauoMopQHas GopMa CBUAETENBCTBYIOT, YTO ATH OJIH-
BUHBI ObUTH e(OPMUPOBAHBI Tiepell MOMaJaHueM B KUMOepIMTOByr0 Marmy. llo
MHeHnto Patterson ¢ coaBropamu [Patterson, Francis, McCanless, 2009], omuBusbI |
THUIA SBJISIOTCA KCEHOKPUCTAJUIAMH 110 OTHOLIEHUIO K KUMOEpIMTOBOMY pacIlIaBy.
[onararot, 94T0 ONMMBHUHBI TAHHOW T€HEPAIH CHAYasa ObUIM 3aXBadeHBI PACIIIABOM
Ha TJIyOWHe, 3aTeM YacTUYHO OTUUTH(OBAHBI, PACTBOPEHBI U MEPEKPUCTAIITN30BAHBI
IpH ToIbeMe U B KOHeUHOM cuere pereHepupoBansbl [Olivine in the Udachnaya-
East ..., 2008]. OnuBunsbI | THMa UMEIOT 1OCTATOYHO HIMPOKOE PACIPOCTPaHEHHUE
B KUMOEPIUTOBBIX TPyOKax B3pbIBa — OHM BCTpeYeHBI B kuMbepnurax [pennan-
muu, Kanager n FOxaO0#t Adpuku [Olivine and the ..., 2010].
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Bropas monynsmus (onmwBuH Il THna) — uapomMopdHBIE WM TOYTH HIUO-
Mopdubie Menkue (< 0,5 MM) KpUCTAIIBI, UMEIOIIUE Aapa HeMPaBUIBHONU (HOPMBEI.
Hampumep, ommBun Il Thma B kumOepnutax TpyOkum «YmauHas-Bocrodnasy
npezacTaBiieH oTHocuTenbHo Hebonmpmumu (0,05-0,8 MM) orpaHeHHBIMH 3epHAMHU.
®ocrepuroBblii  KoMmoHeHT coctaBmier 30-70 wmom. % [Olivine in the
Udachnaya-East ... , 2008]. K sToMy e THUIy OJIMBHHA OTHOCAT M KPUCTAILIH3a-
LHOHHBIE KalMBbl, OKpPY’KalolIe 3€pHAa KCEHOKPHCTOB OJIMBHHA (T. €. OMUBHUH |
tuna) [Olivine and the ..., 2010]. CuuTaroT, 4T0 (HEHOKPUCTHI U KalMbl HA MaK-
POKpHCTaX KPUCTALIM3YIOTCS HENOCPEACTBEHHO U3 KHUMOEPIUTOBOW Marmsl
[Brett, Russelle, Moss, 2009]. OnuBuns! 1l THNA Tak)Ke UMEIOT MIHPOKOE PacIpo-
CTpaHEeHHE B KUMOEPJINTOBBIX TPYOKax B3pbIBa, MOJJOOHO NEPBOW IeHEepaLli, OHU
3aukcupoBanbl B kuMOepiutax ['pennannun, Kananst u FOxuoit Adpuxu [Oli-
vine and the ... , 2010].

B HacTosiiee BpeMsi GOJNBIIMHCTBO HUCCIIEOBATENEH CKIOHIETCS K TUIIOTE3e
0 KCEHOTeHHOM mnpoucxoxkaeHun onuBuHa | Tuma [Olivine in the Udachnaya-
East ..., 2008; Brett, Russelle, Moss, 2009; Patterson, Francis, McCanless, 2009;
Olivine and the ..., 2010; Morphology and surface ..., 2014; Paragenesis and
complex ..., 2015]. Cumraercs, 4TO KCEHOKPHUCTHI OJHMBHHA | MOSBISIOTCA
BCJIEJICTBUE NIE3UHTErPallii HOLYyJEH MaHTHUHHBIX MOPOJ, a MX creuruueckas
MOPQOJIOTHS OTPEACIIICTCS TPOIeCCaMi PACTBOPECHHS W/WiIHM abpa3wul 3epeH B
KUMOEPIUTOBOW (MM 1aXke B MPOTOKUMOepIuTOBoii) Marme. [Ipu 3TOM oT pere-
HHS 3TOTO BOIPOCA 3aBHUCHT OTNpPEIEICHHE COCTaBa MCXOIHON (MaTepHHCKOM) KHM-
OepIMTOBOM MarMbl U COOCTBEHHO KOHIIETIIIMS I'eHe3nca camux kumoepiutos [Kopy-
lova, Matveev, Raudsepp, 2007; Mitchell, 2008; The nature of erupting ... , 2009].

Panee OBIJIO 3KCHEPUMEHTANBHO YCTAHOBJIECHO, YTO IPH PACTBOPEHHU B
KAMOEPIUTOBOM pACIUIaBe CHIIMKATHBIX MUHEPAIOB U3 MAaHTUIHBIX KCCHOIUTOB,
TaKUX KaK OpTO- ¥ KIMHOIUPOKCEH, TPaHaT, OJIUBUH, BCE MPEACTaBICHHbIC MUHE-
panbl SBISIOTCS B Pa3HOM CTETEHHW HEYCTOMYMBBIMU K BO3JCHCTBUIO KMMOEpIH-
TOBOTO paciuiaBa. B m3yueHHOM HMHTEpBaje TeMIepaTyp HaOIIOAAeTCs CIELyIo-
miasi 3aBUCHMOCTh 1O ckopocTu ux pactBopenus: Cpx>Opx>Gar>0Ol [The
stability of ortho- ..., 2013]. DxcnepumenTtsl npoBoawn npu gasiaeruu 4 I'lla u
temriepatypaoM uaTepBaie 1300-1500 °C, mpu 3TOM HCTIOIB30BAIN IPUPOTHBIHA
kuMOepaut u3 Tpyoku «Hropounckas» [The stability of ortho- ..., 2013].

Tem He MeHee BO3HUKHOBEHHE 3€PCH OJIMBHHA CIIENU(DHIESCKONW OKPYTIION
(¢opMBI TP PACTBOPEHUH B KUMOEPIMTOBOM paciljiaBe 3KCIEPUMEHTAIBLHO HE
OBUIO MONTBEPXKIICHO. B HacTOsIEM COOOIEHUH PUBOISITCS TIEPBBIE Pe3yIbTa-
TBI SKCIIEPUMEHTOB 110 JAHHOMY BOIIPOCY.

MeToauka HCCJIeA0BaHUA

OKCIIepUMEHTHI TTPOBEACHBI Ha 0ECITPECCOBOM MHOTOITyaHCOHHOM arapare
BBICOKOT'O JIaBJICHUsS TUTA «paspe3nas chepa» («BAPC») mo meromuke, UCTIONb-
30BaHHOM B pabortax A. U. Uenmyposa ¢ coaBropamu [The conservation of an
aqueous ... , 2012, The stability of ortho- ... , 2013]. Slgefiky BEICOKOTO AaBIEHUS
(AIB) u neranu ajis peakiiMOHHOTO 00beMa U3rOTaBIMBAIIU U3 CMECU TYTOILIAB-
kux okcuaoB ZrO,, CaO, MgO. [l HarpeBanusi 00pasmoB B MPoIecce dKCIEePH-
MEHTOB TPHUMCHSUIH TPyOuyaThlii Tpad)UTOBBIM HArpeBaTeslb C MOJIMOJICHOBBIMU
ToKOBOAamH (puc. 1).

M3zBecTust MpKYTCKOro rocy1apcTBEHHOTO yHHBEPCHTETa
Cepus «Hayku o 3emze». 2019. T. 28. C. 3447
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Puc. 1. Cxema cO0OpKH STYEHKH BBICOKOTO JTABJICHHS

1 — topueBas TabieTka ¢ MOJMOAEHOBBIM TOKOBOAOM; 2 — MOJUOJCHOBBIH TOKOIPOBO-
JUIIAN TUCK; 3 — 3aIMparonias BTYJIKY ¢ peakKMOHHBIM 00beMOM TabJIeTKa U3 OKCHAa MarHus;
4 — rpacduToBBIi HarpeBaTesb ¢ IPaUTOBBIMU KpBIIIKAMH; 5 — BTYJIKAa M3 OKCHAA MarHus,
M30JMPYIOIIAsl PEaKIHOHHBIN 00beM; 6 — peaKIHMOHHBIN 00beM; 7 — KOHTeHep U3 TYroIuIaB-
Kux okcunoB ZrQ,, CaO, MgO; 8§ — repmonapa PtRh (30/6)

Jns w3mepenust Temrepatypsl B SBJl ucmonszoBamu tepmonapy PtRh
(30/6). lononaurenpHO ObLIa mpoBeneHa KamuOpoBka SBJl mo temmepatype
TIJIABJICHUS] YUCTBHIX BEIIECTB, TakuxX Kak Ag, Au, Pt, mpu BBICOKOM JaBJIEHUH C
y4eTOM TOTpaBKu Ha naBieHue [ToHkoB, 1979]. TodHOCTE ONpeneneHus TeMIe-
patypsl B oOpasuax cocraBmsiia +25 °C. JlaBneHune ompenensuiv Mo mpeaBapH-
TENPHO OTKATMOPOBAHHOIN KPUBOM, BEIpaXKarolllel 3aBHCUMOCTD NaBieHus B SIBJ]
OT JaBJIEHWS Macia B TUApocUcTeMe ammapara. s xanauOpoBKM NaBiieHUS B
s4elike MCIONb30BaIM pernepHble BemecTBa PbSe, Ba u Bi. Ilo u3BectHOMY mo-
JIOKEHUIO JIMHUU paBHOBECHs rpadur — anma3 B P—7-KOOpIUHATaX BHOCHIIM IO-
IpaBKy Ha U3MEHEHHE (YBEJINYEHUE) NaBJICHUS NIPU HAIPEBAHUU STYEHKU BBICOKO-
ro masienus [Kennedy and Kennedy, 1976]. TouHOCTh OnpeneieHus IaBiICHUS
Mbl oneHuBaeM B +0,2 ['Tla. OxnaxkneHue oOpa3IoB OCYIIECTBIISLIN 3aKaJIKON
(2-3 ¢) — oTkITIOUEHNEM 3JIEKTPOTOKA Ha HarpeBatesie. Ceprsl U3 YETBIPEX JKCIIe-
pumeHTOB Obuia mpoBeneHa npu nasieann 4 I'Tla, Temmeparypax 1300 wu
1500 °C, pmutenbHOCTBIO | 1 2 4. BRIOpaHHBIH TeMIlepaTypHBIA JHana3oH Hallux
OTIBITOB MMEET HWKHIOIO TPAHUILY, COOTBETCTBYIOIIYIO OOLIEIPUHATON 17151 00pa-
3oBaHusa KUMOepauToBBIX MarM, — 1200—1300 °C [Fluid and melt ... , 1989]. Ilo-
BhIeHne Temnepatypbl 10 1500 °C o0ycinoBneHo HEOOXOAUMOCTBIO MOTYUYSHHUS
OoJiee BHICOKOM CTETEHH IUIaBIeHUsI KUMOEPIINTa B OTIBITE.

JUTMTENbHOCTD 3KCIIEPUMEHTOB BBIOUpPATIM UCXOIS U3 IKCHEPHUMEHTAIBHOM
OLIEHKH CKOPOCTH NPOCAYMBAHMS BOIHO-YTJIEKUCIOTO (hIIOMAa B yJIBTPAOCHOB-
HO# mopone, cocraBubmieit 0,3—0,4 mm/a npu 1100 °C, 4 T'Tla [Experimental
estimate of ... , 2015].
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Jns uccnenoBanus ucnons3oBaiu kuMOepnut H-1 w3 tpyOkm «HropOun-
ckas» (Skytus, Poccus). 3epHa onuBHHA ObUTH BBIICTICHBI U3 HOAYJICH IIIMHENE-
BOTO JICPLIOJINTA LIETIOYHBIX 0a3anbTouzoB MoOHroauu, Opaayu 3epHa HEIpaBUiIb-
Ho# (popmel pazmepoM 0,5—1 mm (puc. 2).

1 MM

Puc. 2. UcxonHble KPUCTAIIBI OJIMBUHA

JlaHHBIE XMMHYECKOTO aHaln3a KUMOEpIUTa W OJIMBHHA IPHUBEICHHI B
tabn. 1. Hactosimue npupoansie o6pas3ipl KUMOEPIUTa U OJMBUHA IPUMEHSINCH
Hamu B pabore [The stability of ortho- ..., 2013]. CormacHo rumoTe3e 0 KCEHO-
TEHHOW MPHUPOJIC BKPATNICHHUKOB OJIMBHHA COCTaB IIPOTOKUMOEPIUTOBOM MarMbl
JOJDKeH OBITh O0OTralieH KeJe30M, B OTJIMYME OT COcTaBa KumbOepnurta [Brett,
Russelle, Moss, 2009]. Kpome Toro, mpenronaraercsi CylecTBeHHO KapOOHATH-
TOBBIH cocTaB npoTokuMoOepnutToBoid Marmel [Olivine in the Udachnaya-East ...,
2008]. OTa TengeHLMs cOOIIONACTCS, B YACTHOCTH, AJIsl COCTaBa yibTpamaduye-
ckux Jamrnpogupos obnactu Capdaprok (Sarfartoq), 3anaagnas ['pennannus, co-
nepxxamux 10 70 % oxpyriieix MakpokpuctoB osnuBuHa [Chang, 2000]. ITosTromy
B 00pasnbl kumbepnura nobasneHsl Fe,0O; u CaCO; (cM. tabm. 1). [Ipupoansriii
KUMOEPJIUT IpOoOWIM U MEepeTHpay Ha MIapOBOHW MENbHUIIE B MOPOLIOK 0 pa3-
Mepa 3epeH MEHee 5 MKM.

JIJis1 IPUTOTOBJICHUST HCCIIEIOBATEIBCKOTO 00paslia MCIONB30BAN CIEIH-
albHBIE Ipecc-pOPMBI pa3HbIX pa3MepoB. OOpasIbl U AeTany BHyTpeHHeH cOOpKU
SBJl mpeccoBany Ha CHENMANBHOM THApaBiIMuYeckoM mpecce. [Ipumensun asa
THTIa COOPKH UCCIIEA0BATEIHECKOTO 00beMa.

M3Bectust MpKyTCKOro rocy/1apCTBEHHOTO yHUBEPCUTETA
Cepus «Hayku o 3emze». 2019. T. 28. C. 3447
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Tabnuya 1
XUMUYECKHIl cOCTaB KHM6epHI/ITa 1 OJIMBHHA, UCIIOJIb30BAHHBIX B OIIbITaX
Cocras,
Komnonent Kumb6epiut H-1 JloGaBka TIPUBEICHHBIH OnuBHH
k 100 %
SiO, 32,08 0 25,53 40,47
TiO, 0,47 0 0,37 0,01
Al O; 3,71 0 2,95 H.O.
Cr,0; H. 0. 0 H. 0. 0,04
FeO+Fe,0; 6,91 15 wmr (Fe,0;) 17,43 9,00
MnO 0,14 0 0,11 0,14
MgO 31,05 0 24,71 49,62
CaO 7,63 10 mr (CaCQO3) 10,53 0,04
Na,O 0,47 0 0,37 H.O.
NiO H. 0. 0 H. 0. 0,41
K,O 1,74 0 1,38 H.O.
P,O;s 0,31 0 0,25 H.O.
I1/TI01 16,18 0 16,37 H.O.
Cymma 100,68 0 100 99,96

*H. 0. — HE OIPEIEIICHO.

BapuanT 1: Ha Becax B3BEILMBAJIU JIBE HABECKHM KUMOEPIUTOBOTO MOPOIIKA
o 200 MT, 3aTeM MEepBYI0 HaBECKY KUMOCPIUTOBOTO TIOPOIIIKA 3aCHITIAIA B COOT-
BETCTBYIOIYIO Tipecc-hopMy H ToanpeccoBbiBany. [locie B mpecc-¢popmy mome-
M 3€pHa OJMBHHA, 3aTE€M 3acChIlald BTOPYIO HAaBECKYy KMMOEpIMTOBOTO MO-
pomika. [locie nmpeccoBkr Ha THIPABINYECKOM MPECCE MOTydascs o0pasell B BH-
Jie TFTMH/IPa, KOTOPBIA MMOMEIaIH B TPaUTOBBI HarpeBaTelNb; 110 TOPIaM yCTa-
HaBJIMBAIM B CIEAyIOUIeH MOCIeNOBAaTCIBbHOCTH TPadUTOBYIO  KPBILIIKY-
MEPeropoJIKy, TabIeTKy u3 okcuaa nupkonus (Zr0O,), TpaduTOBYI0 TOKOBOJHYIO
KpHIIKy (puc. 3).

Bapuanr 2: HaBecky kumOepiauToBoro nopoika (400 Mr) nepeMermnBaiy ¢
3epHaMH OJIMBHHA, MIPU 3TOM JIOCTHUTAJIOCh PABHOMEPHOE paclpeieieHue 3epeH
OJIMBMHA B TOPOIIKE KUMOEPINTA, YTO MCKIFOYAN0 KAaCaHWe WX JPYT C JAPYTOM.
[ony4yeHHYIO TaKMM 00pa30M «CMECh» KUMOEPIUTOBOTO MOPOIIKA U 3EPEH OJIH-
BHMHA nomemanu B Pt-ammymy. 3aTtemM amiysly 3aBapuBajM, ONPECCOBBIBAIN B
npecc-popme mopomkoM MgO u momemanyd B rpaUTOBBIA HarpeBaTenb (CM.
puc. 3). OTOT BapuaHT COOPKHU MPUMEHSIIH TSI TPOBEPKH TOJIOKEHHSI O BO3MOXK-
HOCTH PacCTpPECKHBAaHUS 3€pPEH OJIMBUHA Ha CTaJUM CKaThs oOpasla B amlmapare
«BAPC»y.

[Tocne axcneprMeHTOB 00pa3lbl pacIMINBAIN BAOIh BEPTUKAIHHONW OCH H
UCCIICZIOBAIM IOl ONTHYCCKUM MHKpockoroM MC2-Zoom. CoctaBsl (a3 ompe-
JIeISUTA ¢ TIOMOIIBIO CKaHUPYIOMIETO 3JEKTpOoHHOro Mukpockona MIRALMU u
X-ray-mukpoananuzatopa JXA-8100, a Taxke 3IEKTPOHHOIO MHKPO30HAA
CAMEBAX-micro B Uncturyte reonornn u munepanornu CO PAH (Hosocu-
oupck).
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Puc. 3. Cxema cOOpPKH peakIMOHHOTO 00bEeMa SIUEHKH BHICOKOTO AaBJICHUS

1 — TabneTKa U3 OKCUIA HUPKOHUS, 2 — rpadUTOBas KPBIIIKa-IIeperopojka; 3 — KuMoep-
JNT; 4 — KPUCTAUTBI OJIMBHHA; J — IUIATHHOBASI amMiyia; 6 — TpadUTOBbIA HarpeBaTelb ¢ rpa-
(DUTOBBIMU TOKOBOJHBIMH KPBIIIKaMH; 7 — MOPOIIOK OKCH/Ia MarHus, 3alOTHSIOIINA HEPOBHO-
CTH [UTATHHOBOM aMITyJIbI

Pe3yabTaThl U 00CyXKIEeHHE

B omnsiTe, mpoBenernom npu 1500 °C, KCEHOKPUCTHI OJMBHHA IMOJHOCTHIO
pacTBOPWIINCH B paciulaBe KUMOepiuTa 3a 2 4.

B o0pasuax nmocie onbiToB, mpoBeaeHHbIX npu 1300 °C (1 u 2 1), KCEHOKpH-
CTbI OJIMBHHA COXPAaHWINCh, HO UCIIBITAIM YACTUYHOE PACTBOPEHHE U MPHOOpenu
okpyriyto popmy (tadi. 2, puc. 4).

Tabnuya 2
VYcenosust sxcnepumenTos (4 I'Tla)
Howmep omnsita T,°C Bpewms, 1 IIpumedanue
4-3-15 1300 2 YacTuuHOE pacTBOpPEHHE OJIMBHHA
2-19-15 1300 2 UYacTtryHOoe pacTBOpEHUE OJIMBUHA
2-36-15 1300 1 YacTuuHOE pacTBOpPEHHE OJIMBHHA
2-37-15 1500 2 [TosHOE pacTBOpeHHE OJMBHHA

Puc. 4. Oxpyriible KCEHOKPUCTHI OJIMBUHA, 00pa30BaBIIUECS
B PE3yJIbTaTe YaCTHYHOT'O PACTBOPEHHUS

H3BecTus MpKyTcKOro rocy1apcTBeHHOr0 yHHUBEPCUTETA
Cepusi «Hayku o 3emne». 2019. T. 28. C. 3447
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[Ipu 3TOM BCe KCEHOKPHUCTHI IOCIIE OIBITOB OKAa3aJIMCh CHIBHO Pa3OUTHI
TpelIMHAaMH, B KOTOpbIE TIPOHUKAN paciuiaB kumoOepnurta (puc. 5). Janusiii npo-
[IECC TPOMCXOIMII BIUIOTH /IO TIOJTHOM E3WHTETPAIH WCXOMAHBIX 3ePEH OJNMBHHA
Ha OTJENbHBIEC PparMeHTEHI.

Puc. 5. TIpOHUKHOBEHHUE paciijiaBa KUMOEpIUTa
B PACTPECKUBABILUICS KPUCTAJII OJIMBUHA

B skcnepumente ¢ Pt-ammysoil, B KOTOpOM 3€pHa OJIMBUHA HE KacalucCh
IpyT Apyra, pacTpecKuBaHus He Habmoaaisock. OCHOBHas Macca 00Opas3IoB Mocie
OTIBITOB COCTOSIJIA M3 KPYIHBIX BBITSHYTHIX HOBOOOPA30BAHHBIX JIEHCT ONMBHHA,
MEXIy KOTOPBIMH HaXOIWJICS arperar O4eHb MEJKHX 3€peH KIMHOMHMPOKCEHa,
CIIFONIbI, KAJIBLIMTA, IIMTUHENM U MarHeTuTa. B MpOAyKTax OmbITa, MPOBEJECHHOTO
mpu 1500 °C, kTUHONHPOKCEH He OOHAPYXKEH. XUMHUYECKHH COCTaB HOBOOOPa3o-
BAaHHBIX JICHCT OJMBWHA TpuBeneH B Tabi. 3. Takas cTpykTypa obpasmoB chop-
MHUpOBaJIaCh BCIIEJCTBUE OBICTPOTO MX OXJIAXKICHHS MPU 3aKajike. 3aKaJO4HbIN
OJIMBUH XapaKTEPU3yeTCs TOBBIIMICHHBIM COJEP)KaHUEM XKelle3a M KalbIUs I10
CPaBHEHUIO C COCTABOM MCXOAHBIX KCEHOKPHCTOB OJINBHHA.

Tabnuya 3
Xumuueckuit cocras onuBruHa (OLIT) 13 0CHOBHO#H Macchl 00pa3IoB KUMOEpIUTa
nocse omnbitoB rpu 4 I'Tla (mac. %)

SiO, | FeO+Fe,0; | MgO | Ca0 | NiO | Cymma
Omeit 2-36 (1300 °C, 2 4)
40,78 10,72 48,11 0,49 H.o. 100,09
40,35 13,43 45,49 0,62 0,42 100,3
41,12 10,36 48,95 0,20 0,28 100,9
40,50 10,32 48,31 0,25 0,33 99,70
39,73 12,72 46,32 1,01 0,47 100,23
Ompit 2-37 (1500 °C, 2 1)
40,33 12,26 47,36 0,64 0,47 101,06
40,33 13,03 46,15 0,49 0,5 100,5
40,37 10,43 49,46 0,34 0,31 99,9
40,05 10,96 47,94 0,24 0,36 99,55
40,18 10,68 47,92 0,22 0,57 99,58
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Pe3ynbTaThl MPOBENEHHBIX YKCIIEPHUMEHTOB CBHJCTEIBCTBYIOT, YTO UCIOJb-
30BaHHbIC KCEHOKPHUCTHI OJHMBHHA HE SBJSIOTCS PABHOBECHBIMU C PAaCILIaBOM
kuMmbepiuta H-1, oboramenHoro xeine3oM u KanbieM. HaobopoT, kuMOepiuTo-
BBII pacriiaB MPEACTaBIsIET COO0I arpecCUBHYIO Cpeay, COCOOHYIO pacTBOPATH
KCEHOKPHCTBHI MarHe3najabHOTO ONMBUHA. [IpU 3TOM NepBOHAYAIBHO HEMPABUIIb-
Has uX (opMma mpeodpasyeTcs B OKPYIJIYIO, YTO XapaKTE€pHO W Ul MPHUPOAHBIX
KUMOEPIIUTOB.

KpyrmHble OKpyrIibie KCEHOKPUCTHI OJMBHHA U3 KUMOEPIUTOB TaKXe 4acTo
pasOUTHl CUCTEMON TpPEUIMH. B HAIMX 3KCIEPUMEHTaX, BEPOSTHO, 3TO SIBICHHE
BO3HHMKAJIO €Il¢ Ha JTamne NOoAbeMa JIaBIICHUs BCIEACTBHE CYNICCTBYIONIMX
HanpsbkeHui B kpuctaiutax onuBuHa [Olivine and the ..., 2010]. Ilocae storo
IpH TUIABJICHUH KUMOEPIHUTOBOTO IOPOIIKAa pacijiaB MPOHUKAT B TPEMIWHBI U
JIC3MHTETPUPOBAT KCCHOKPUCTBI Ha OT/AENbHbIe (parmMeHTsl. Takum oOpasom,
(hakT TPOHMKHOBEHHS KMMOEPIUTOBOTO paciuiaBa Mo TPEIIMHAM BHYTPb 3€peH
OJIMBHMHA SIBJISIETCS] OJHUM U3 KPUTEPHEB OTJIMYMUS MPOIecca pacCTBOPEHUS OJIMBH-
Ha OT abpa3uu 3epeH.

AHaNOTHYHBIN MpoLece, BO3MOKHO, HMEJI MECTO U B MPUPOAHBIX 0OBEKTaxX
B YCIJIOBHSIX TPaJiM€HTa JABJICHUA NPH MoJbeMe KuMOepauToBoii marmel. Ho mo-
SIBIICHUSL CIIEHU(PHUUECKUX KOHLEHTPHUUECKUX TPELIVH, NapajiebHbIX IPaHULaM
3epeH, aHaJIOTHYHBIX TPUPOIHBIM 00pa3nam [Morphology and surface ... , 2014],
He 3auKcupoBaHo. [103TOMY B OKpyIJIeHMH KCEHOKPHCTOB OJHMBHHA B IPUPOJI-
HBIX 00BEKTaX, BO3MOYKHO, IMEJI MECTO U MPOoIlecC adpa3uu 3epeH ONMBUHA (COB-
MECTHO C MPOLIECCOM PAaCTBOPEHUs) MPU NoJgbeMe KUMOepiauToBoil Marmel [Oli-
vine and the ..., 2010; Morphology and surface ... , 2014].

3akioueHne

Takum 00pa3om, clieHapHii U3MEHEHUS JIyHUTA BKIIIOYAET Ha MEPBOM CTaIUH
nedopManuio mopoasl ¢ 00pa3oBaHUEM TPEIUH, B KOTOPbIC IIPOHUKAET HEPAaBHO-
BECHBII MO cOCTaBy paciiaB. B panbpHel1IeM MPOUCXOIUT YACTUYHOE PacTBOpE-
HUE MaKpOKPHCTOB OJIMBHHA C YMEHBIIEHHEM WX pa3Mepa M MpOorpeccupyromas
JE3UHTErpanus IMOpPOJAbl. DKCIEPUMEHTAIbHO IIOATBEPXKAAETCS BO3MOXKHOCTh
00pa3oBaHUsl OKPYIJIBIX BKPAIUIGHHUKOB OJNMBUHA IPU B3aWMOJECHCTBUH KapOo-
HaTU3UPOBAHHOI'O PACIUIaBa C MEPUAOTHTOM (OJUBHHOM). I'peHiaHickue jgam-
npodupsr [Chang, 2000] moryin 00pa3oBaThCcsi Ha paHHEH CTaJUHM IIpoLecca, MPH-
BEJIIIICH K TeHepariii KUMOEPIUTOBOM MarMel ¢ yMEeHbBIIEHHOH noieit (o 30 %)
OKPYTJIBIX MAaKpOKPHCTOB OJMBHHA. BMecTe ¢ TeM B pe3ynbTare pe3opOLuu Onu-
BHHA TI0 TPEIIUHAaM 00pa3yroTcsi OoJiee Melkue 3epHa HeMpaBHIbHON (HOPMBI, U,
BEPOSITHO, 0€3 WX IepeMeIIeHUs] M HHTEHCHBHOIO CTAJIKMBAaHUS MacCOBOTO
OKpyTJIEHUsI 3epeH He Oyner mpoucxoauts. Ho mporecc abpa3uu MakpOKpHUCTOB
OJIMBMHA B pPaMKax JaHHOH paboTsl He m3yuaics. Bo3moxHo, mpoueccy abpasun
CIOCOOCTBYET O4YEHh HHM3Kas BSI3KOCTh KuMOepiuroBoro paciuiaBa [Chepurov,
Pokhilenko, 2015]. CnenyeT y4uThIBaTh TaKke BO3MOXKHOCTH YBEIUUECHUsI KOHIICH-
TpaluK OKPYIJIBIX MAKPOKPHCTOB IIPU UX OTCAJKE B pacIulaBe. JKCIEPUMEHTAIBHO
MOKa3aHO, YTO TPH BBICOKHX P-T-mapameTpax CKOpOCTh OTCaJKH MHHEPAIoOB B
KAMOEPIUTOBOH MarMe MOXKET COCTaBJISATh A0 1 M/4 U BBIIIE B 3aBUCHUMOCTH OT
IUIOTHOCTH U pa3Mepa KpuctayuioB [Experimental estimation of the rate, 2011].

M3zBecTust MpKYTCKOro rocy1apcTBEHHOTO yHHBEPCHTETa
Cepus «Hayku o 3emze». 2019. T. 28. C. 3447
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Dissolving Macrocrists of Olivine in a Kimberlite Melt at
High P-T Parameters

I. A. Gryaznov, Z. A. Karpovich, I. A. Ishutin, E. I. Zhimulev
Sobolev Institute of Geology and Mineralogy SB RAS, Novosibirsk

Abstract. Olivine is found in kimberlite in the form of two types of phenocrysts: olivine I in
the form of relatively large grains of round or irregular shape and olivine II in the form of
small (up to 0,5 rarely 1 mm) idiomorphic crystals, but having irregularly shaped cores. It is
believed that type I olivine xenocrysts appear due to the disintegration of nodules of mantle
rocks, and their specific morphology is results by the processes of dissolution and / or abrasion
of grains in kimberlite (or even in protokimberlite) magma. The determination of the composi-
tion of the initial kimberlite magma and, ultimately, the concept of the genesis of the kimber-
lites themselves, depends on the solution of this question. It was previously experimentally
established that among silicate minerals from mantle xenoliths, olivine is most stable when
dissolved in kimberlite melt at high temperatures and pressures. However, the occurrence of a
specific rounded form of olivine grains which were dissolved in a kimberlite melt was not ex-
perimentally confirmed yet. This report presents the first results of experiments on this topic.
The experiments were carried out on a pressless multi-anvil high-pressure apparatus of the
“split sphere” type (BARS). A series of four experiments was carried out at a pressure of 4
GPa, temperatures of 1300 °C and 1500 °C, with a duration of 1 and 2 hours. Kimberlite N-1
from Nyurbinskaya pipe (Yakutia, Russia) was used as a starting sample. Olivine grains were
extracted from the nodules of spinel lherzolite from alkaline basaltoids of Mongolia. Following
the hypothesis of the xenogenic nature of olivine phenocrysts, the composition of the proto-
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kimberlite magma should be enriched with iron in comparison with the composition of kimber-
lite. In addition, a substantially carbonatite composition of the protokimberlite magma is as-
sumed. Therefore, Fe,O; and CaCO; are added to the kimberlite samples. The results of the
experiments show that the olivine xenocrysts used are not in equilibrium with the N-1 molten
kimberlite enriched with iron and calcium. On the contrary, the kimberlite melt is an aggres-
sive medium capable of dissolving the xenocrysts of magnesian olivine. At the same time, their
initially irregular shape is transformed into a rounded one, which is also characteristic for natu-
ral kimberlites. The large, rounded xenocrysts of kimberlite olivine are also often contains
many cracks. In our experiments, this phenomenon probably occurred even at the stage of
pressure increase due to the existing stress in the olivine crystals. After that, when the kimber-
lite powder was melted, the melt penetrated into these cracks and disintegrated the xenocrysts
into separate fragments. A similar process may have occurred in natural objects under pressure
gradient conditions during the rising of kimberlite magma. Thus, it was experimentally con-
firmed the possibility of the formation of rounded phenocrysts of olivine during their interac-
tion with a carbonated melt.

Keywords: kimberlite, olivine, high pressures and temperatures, experiment.

For citation: Gryaznov LLA., Karpovich Z.A., Ishutin I.A., Zhimulev E.I. Dissolving Macrocrists of Olivine in a
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