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MUTPALIUSI PACILTIABOB B MAHTHM MO 30HAMU CIIPEJIMHTA H
OBPA3OBAHHE JIYHUTOB 3AMEIIEHUS: OB30P INPOBJIEMbI

B.I. Baranosa, I.H. CaBeabeBa®

Hiccmumynt 2eoxtMul i GHUmMuHeckon Xumule M. B.H. Bepnadcrozo PAH, 119991, Mockea, ya. Kocweuna, 19, Poccua
* [ eonoeuyeckuti unemunmym PAH, 119017, Mocksa, waiceackuit nep.. 7, Poceus

TpeacTannes 0630p COBPEMEHHOTO COCTOAHUA MPOGIEMEl TPAHCIIOPTA MalTHHHBIX PACIUIAROB YEPL3
BEPXHIOI0 MAHTHIO B 30HAX CHpenHra. PaccMOTpeHbl TCOXHMHUECKHC JIAHHbIE I PC3YILTATEL ONPEACCH IS
MOPHCTOCTH MAHTHH, HAKIAIBLIBAIOUIME OTPAlHYeHHA Ha YCIOBHA MUIDALMH PacIIaBos. Ocoboc BHuMaHHC
yIeISCTCS MEXAHH3MAM TPAHCIIOPTA MAHTHIHBIX Marm i cnocodaM (QOKYCHPOBAHHA PAcCCAHHOIO MEXK3CP-
HOBOIO TIOPOBOIO MPOCAYMBAHMS B TCHCHKE PACILIABOB 110 Karmanam. OGCYKCTCS [UIOTE3a PEAKUHOHHOTO
BIAHMO/ISIICTBHA MAHTHITHBIX MarM ¢ BMEIIAFONIMMU IEPHIOTHTAME W 0OpPa30BaHNe YHUTOB 3aMCIICHHI B
xo/e 3Toro npouecca. Tpusogutes 0630p paboT, COAEPHKALINX PE3YIbTAThl MONCELIX, TEOPCTHHECKHX H TCOXH-
MUHECKHX HCCC/I0BAHMIT, MOCBEHHBIX W3y eHHEO PCAKUMOHHOI MUIPAIIHH MArM W €€ POTH B 00pa30BaHIN
JIYHHTOB B MAHTHITHBIX paspe3ax o@uoanTos. PaceMOTPEHB! albTePHATHBHBIC MOJIEIIH thopMHpOBAHHA TYHHTOB
B ManTni. [IPCICTARIEHBl PE3YILTATEL IKCIICPHMEHTATBIILIX HCCICIOBAHHIL 10 PCAKITHOHHOMY B3aAMMO/IEHCT-
B0 PACTIIAR/IEPUIOTHT.

Marnmutinele nepudomumsl, MUZpayua pacniasd, PEaKyUoRRoe ROPOGOE MEHEHIE, dyrumel 3aMeen,
ohuorumn.

MELT MIGRATION IN THE MANTLE BENEATH SPREADING ZONES
AND FORMATION OF REPLACIVE DUNITES: A REVIEW

V.G.Batanova, and G.N.Savelicva

The state of the art of the problem of mantle melt transport through the upper mantle bencath spreading
zones is reviewed. The geochemical data and physical properties of the mantle constraining the melt migration
processes are considered. The review concentrates on the ways of mantle magma transport and mechanisms of
the localization of diffuse intergranular porous melt percolation into the channel flow. The hypothesis of the
reaction of migrating mantle magmas with wall peridotites and the formation of replacive dunites as a result of
this process arc discussed. We examine the publications on the ficld, theoretical, and geochemical studies of the
reactive melt migration and its role in the dunite formation in the mantle sections of the ophiolites. Alternative
models of the dunite origin in the mantle arc also tested. The results of experimental studies of the melt/perido-
tite interaction are presented.

Keywords: mantle peridotites; mell migration; reaetive porous. fAow; replacive dunites; ophiolites

BBEIAEHHWE

B psimy nporieccos 00pa3oBaHus U OBOMOLMA MAHTHITHBIX MarM HaHMEHEe OHATHBIMA OCTArOTCA LPO-
1ecchbl, MPOUCXOAIIIE BO BPEMS TPAHCNIOPTA PACILIABOB UCPC3 KOHBEKTHPYTOMIYI0 MAHTHIO [Carlson, 1992]. B
TO 7K€ BPCMS OT MEXAHW3MOB MHTPALIMH MAHTHHHBIX MarM 3aBHCHT KaK COCTaB pacIlaBoB, H3THBAKOTIMXCA HA
[IOBEPXHOCTE, TAK M COCTAR MAHTHHHBIX NEPHAOTUTOB. MOKHO NPenonarars, 970 MeXaHH3MBL, o0ccrednBao-
11 GhICTPBIH N10/TEeM DOUIBIITHX MAce Pacryiasa, PHBOAAT K MUHUMA/ILHOMY B3aH MOJICHCTBHIO MarM C BMEIa-
FOLMME TlepuaoTHTaMu. [IpH MeUIeHHOM TOPOBOH MUIPAIlIH MarM B MEK3EPHOBOM MPOCTPAHCTBE COCTAR Kak
CAMHX PacILIaBOB, TAK M BMEIIAKOUIMX TTOPO MOKET CHIIBHO MEHATBCS B PE3yJIbTaTe MpOICCCOB B3anmoyietic-
TBHsl, MPOUCXO/IAIINX PH M3MEHEHHH TEMIEPATYphl W JIaBICHHUS. JInsa m3yucHHS MPOLICCCOB, CBA3AHHBIX C
TPAHCIIOPTOM MAHTHHHBIX MarM, HeoOXOIMMO MCCIeNoBaTh 00nacTH MaHTHM, YEPe3 KOTOPhIE MPOMCXOJTHITO
JBHKCHHE 3HAUMTETLHBIX Mace paciuiapa. Takue odnacT pacmon0KCHBI O CPC/IHHHO-OKCAHHHECKUMH xpe0-
tamu (COX) B COBPEMEHHBIX OKeaHax. 3a TOCIC/HHE JBa JECATHICTHA, Onaroiaps HOBbIM reoHu3H4YCCKUM
TAHHBIM ¥ TEOXHMUIECKMM HCCTIEI0BAHHSM 0OPA3loB, NOMYYEHHbIX B PE3y/IbTare AparnpoBamis i riy0oko-
BOJIHOTO GYPCHHS B OKCAHaX, JOCTUTHYT 3HAYMTENbHbI MPOrpece B MOHUMAHHH TPOIECCCOB, MPOUCXOIAIIHX
npu noabeme Marm noji COX. Ojaro obnacTi MaHTHH 1071 COX HeZoCTYIHbI [Tl IPSMBIX JeTa/IbHBIX HaOmH0-
JENHii, 4TO He M03BOJIAET ONHO3HATHO HHTCPTIPETHPOBATh MHOTHE JaHHbIE. B TO ¢ BPEMs BO3MOXKHOCTE NPO-
CTPAHCTBEHHOTO W3YYCHHs MAHTHITBIX OPOJ Aat0T OQHONHTOBBIE KOMILIEKCEL, IIPC/ICTABIAOIIAC coboii r1ac-
THILL, COCTOSTIHE U3 OKeAHHUECKOT KOpbl M BEPXHEH MaHTHH, C(OPMUPOBAHHEIE B IPCBHHUX NOBO/IHEIX LIEHTPAX
cupeuHra i O0IyLMPOBANHBIE HA KOHTHHEHTATBHBIC OKPAHHbI [Coleman, 1977]. HeemoTps Ha TO, 4T0 010~

© B.I. Baranosa, I.H. Cagenscsa, 2009

992




TUTOBBIC KOMILIEKCHI ()OPMHUPYIOTCS B Pa3/IMUHbIX TEKTOHMYECKHUX OOCTAHOBKAX M MPH PA3THUNLIX PCKUMAX
CTIPEINHTA, HAKJIA/[bIBAIOIIMX OIIpeIeTenble crienuduyeckie 0coOeHHOCTH HA UX CTPYKTYDPY M BelleCTBEHHEII
cocras [Dilek, 2003; Nicolas, Boudier, 2003], nx 00pa3oBaHne CBS3aHO CO 3HAYUTENLHOI MarMaTHYeCcKOH aK-
THBHOCTEIO, (POPMUPYIOLIEH OKEaHHIECKYTO KOPY, B TOM 9HCIIC U HaAcyOnyKinonnoro tuna. Bo Muorux opuo-
JIUTOBBIX KOMIUICKCAX IPEACTABISHLI MHOTOKHIIOMETPOBEIE PA3pe3bl MAHTHIHHLIX TIOPO]T, 103BOAOLINE HCCTE-
JI0BaTb POLECCH], TPOMCXOAUBIING NPH MUIPALUMKM MAHTUIHBIX PACTITTABOB K [I0BEPXHOCTH. 3agadeli JlaHHOH
padoThl sBACTCS 0030p COBPEMENTEIX TIPE/ICTARICHUI 0 ITPOLECCaX TPAHCTIOPTA PACIIABA B KOHBEKTUPYIOlCHT
MaHTHH, 0a3upyrounxes Ha uccaegosanuaX COX 1 ohHoaNTOBBIX KOMILIEKCOB. [TOCKO/ILKY MUTpaIus pactiia-
Ba B MalTHH HEPa3pPhIBHO CBA3aHA ¢ IPOOIeMOoii 00pa3oBaNys PCakiiMOHHBIX IYHATOB, 0COO0C BHUMAHHE yiie-
JICHO paboTaM, TTOCBAIIENTBIM CTPYKTYPHBIM H F€OXHMHYECKHM 0COOEHHOCTSIM MAHTHIHBIX TYHHTOB O()HOIUTO-
BbIX KOMILIEKCOB. B 0T/IembHOM pa3iere paccMOTPeHE IKCIEPHMEHTATEHBIC MCC/IeI0BAHHA 110 B3aHMO/1eHCTBUIO
pacIuIaB/MaHTHHHEBIHA MEPU/I0THT, IPOMCXOIAIIEMY TIPH MUTPALIMH MarM B MAHTHH U TIPUBOZSANIEMY K 0Opa30Ba-
HHIO IYIHTOB,

OCOBEHHOCTH NMOJBEMA MAHTHIHbIX MAT'M MOJ] COX

B nacrosiuice spems ¢hopMyIHPOBAIO MPEACTABICHHE O TOM, YTO JKCTPAKIHA MAHTHHHBIX MArM W3 Mari-
TUd B 30HaX crpeaunra moj COX npoucxomdT myTeM GOKYCHPOBAHHOTO TCUEHHS PACTUTABOB MO XMMHYECKH
n30MMpoBanHEIM Kananam [Nicolas, 1986, 1990; Spiegelman, Kenyon, 1992; Hart, 1993; Kelemen et al., 1995a;
Suhr et al., 2003]. Paccmorpum, Ha yem 6a3HpyIOTCA DTH TIPEICTABICHUA,

IMognem MmanTHiiHBIX Marm B COX — nporiecc XHMHYECKH W30/ IMPOBAHHLIA. Mcclic/l0BaHus cocTa-
BOB 00PA3LOB OKCAHUYCCKUX 0a3a7bTOB M aOHCCATLILIX TIEPHAOTHTOR OKA3bIBAIOT, UTO TOIBEM MAHTHITHBIX
MarM yepes BepXuroio ManTHio 1o/ COX 10/KeH NPOMCXOIHTh B YCIOBHAX XHMHUYCCKOH M3omsuuu [Stolper,
1980; Kelemen et al., 1992]. Kak n3BectHo, Ga3aibThl CpeIMHHO-0KeaHuyeckux xpedtos (BCOX) obpasyrotcs
B PE3YJILTATC YACTHYHOIO [1/1aBJeHH IPH aTnabdaTHIecKoH NeKOMITPECCHH MaHTHHHBIX TEPHUIOTHTOB TIOJ TICH-
Tpamu cripeivdra [McKenzie, Bickle, 1988]. Ognaxo GompmumnctBo mpumutuBHbx BCOX HepaBHOBECHBI ¢
OCTATOYHBIMH NIEPUIOTHTAMH IPH HU3KWUX JaBIeHUAX. Hampumep, npu 31X gaBaeHHAX GOMLITHHCTBO IPHMH-
uBHbIX BCOX cuinbHO HenocklmeHs! opTomupokceHoM [Stolper, 1980], B To BpeMs kak manmas MHHEPaJibHAs
(hasa sBIAETCA OMHOI U3 INIABHBIX B OCTATOYHBIX ICPHIOTHTAX. D10 0OBICHAETCS TEM, 9TO COCTABEI YACTHYHBIX
PacIUIaBOB, HAXOAAILUXCS B PABHOBECHH C MAHTHIHBIMH HEPUIOTHTAMHU, CHIILHO 3aBUCAT OT TaBlenud (puc. 1).
YMeHbllICHHE JlaBiicHus B 0a3a/1bTOBOM CHCTEMe TPHBOIMUT K PACIIIHPEHHIO 10JIs OJMBUHA OTHOCHTEIBLHO TTH-
POKCEHOB, TaK 4TO PACILIABbl, KOTOPbIE MOSBISLIHCH IPH PABHOBECHH C OTHBUHHOM U [IHPOKCEHAMH [IPH BEICOKOM
IaBIEHNN, TIPH Gonee HU3KOM — OyJIyT HACBIIEHHBIMH TOJILKO OMUBHHOM (CM. puc. 1), M3BeCTHO Takxke, 4TO
BCOX npencrasnsor codoil cMech 0a3anbTOBBIX PacIaBoOB, 00PAa30BABUINXCH B PABHOBECHH C EPHIOTHTAMH
Ha pa3HeIX MyOHHax B ruiassuieiica mantuiiaoit kononune [Klein, Langmuir, 1987; Salters, Hart, 1989; Kinzler,
Grove, 1992; CoGoner, Humuzy, 1992; Cobones, 1996]. Bompumncrso BCOX MMEHT cOCTaBEI, COOTBETCT-
BYIOIIHC PABHOBCCHIO ¢ MAHTHIHBIMH TIepHIOTHTaMHU Ha Ioyourie domee 30 km Huke yp. M. [Kelemen et al.,
2000]. Heparnorecue bBCOX ¢ 0pTONMPOKCEHOM Ha MEHBIINX [IyOHHAX TIOKA3LIBACT, YTO PACIIABLl JOIKHLI
NPOHTH NECATKH KHITOMETPOB HEPE3 BCPXHIOK MAHTHIO 03 1IepeyPaBHOBELIMBAHHUS C OPTOTTHPOKCCHOM U3 OKPY-
KAKIMX MEPHIOTUTOBR. B TO e BpeMs H3BECTHO, 4TO OPTOMHPOKCEH ObICTPO PACTBOPSETCS B HENOCHIIIEHHBIX
oTuM MuHepaiom Oasanprax [Brearley, Scarfe, 1986]. Ta-
KM 00pa30M, 1715 COXpaHeHHs HeJOCHIIICHHS OPTONHPOK- Cpx
CEHOM, PACIUIABBl NIPU NMOABEME K TTOBEPXHOCTH JOIKHEL
ObITH XUMHYECKH H30JTHPOBANLI OT TICPHJIOTUTOB.

ADMccanpHble MePUIOTHTHL, IParHPOBAHHEIC WITH
TIO/IHSTHIC B CKBA)KMHAX HA OKSAHCKOM JIHE, TIPEICTaBIIf-
10T oo TYIroIIaBKuil OCTATOK MOCe IUTABIEHUS, PH
xoTopom obpasyrorcs BCOX. AGuccanbHbie MEPUIOTHTH
CYIIIECTRCHHO 00C/IHCHBI HCCOBMECTUMBIMU HIEMEHTAMH-
MPUMCCAMH H UMCHOT CHIIbHO ()PaKLIHOHHPOBAHHEIE CIIEKT-
Dbl PACIPECIC/ICHUA JETKUX PeIKO3eMENbHEIX ATEMEHTOB
(P33) otHocuTensHo TsKeasx P33 [Johnson et al., 1990;

Puc. 1. lpoexnnusa 6a3aibTOBOIO TeTpajipa Ha MJOC-
kocTh Ol—Cpx—Si0,.

Hokasano nonosenue 0a3aIbTOBOH IBTCKTHKH MPH Pa3HLIX TARTICHH-
AX, HOJIYUEHHOE Hd OCHOBE 3KCHEPHMEHTANBILIX AAMTEIX (MOTH(HITH-
posasa no |Stolper, 1980]). Ol — onusun, Cpx KIHHOMHPOKCCH,
Opx— OPTOLHPOKCEH. ol

Opx Si0O;
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Johnson, Dick, 1992; Kelemen etal., 1995a; Dick, Natland, 1996; Batanovaetal., 1998]. bosisumncTso abuccaiib-
HBIX TIEPUIOTHTOB HepaBHOBecHb ¢ BCOX Mo cpaBHEHHIO ¢ HCCOBMECTHMBIMH HJICMENTAMU-NIPUMCCAMH. Cy-
IeCTBenHOe 0OCTHEN e NePHIOTHTOB HECOBMECTHMEIMH /ICMEHTAMH A0CTHIACTCH TONBKO LIPU IITABIEHHH N0
(paKIHOHHOMY MEXaHH3MY WIIH MEXaHH3MaM, O/IM3KUM K (PAKIMOHHOMY (KPHTHHYECKOE, IHHAMUYECKOE 1 He-
npepuiBHOE Nastenne) [Maaloe, Scheie, 1982; Johnson, Dick, 1992; Cobones, Mnumusy, 1992; Sobolev, Shi-
mizu, 1993]. [lpu dpakuMOHHOM MIaBIeHnH Kakaas HeOOMbIIAs YacTh HOBOOOPA30BAHHOIO (MTHOBEHHOIO)
paciiaBa yoansercs U3 067acTu niasnenmis. Tak Kak OTH PaciuiaBbl SKCTParupyoTes U3 001acTu 1uiasienis
OdeHb MaabiMH TopauaMu (Meree | 06.% oT 1HOpobl), OHH JOIKHBL ICPBOHAYATLHO JABUIATHCH TTOCPEACTBOM
MEIK3EPHOBOTO IOPOBOIO TIpocaduBatms [Johnson et al., 1990]. ITpu MonenHpoBaHMHM MCXAIIM3MOB ILTAR/ICHHS,
6IM3KHX K (DPaKIHONIIBEIM, BBOIMTCS TIOHSTHE MC/K3EPHOBOH Moporosoit nopucrtoct [Maaloe, 1982; Cobones,
[Hemrzy, 1992]. Yiatenue pacriiasa u3 00nacTH TITABIe s HATHHASTCA [10C/E JOCTHKEHHS 3a/1aHT0H BeIUUH-
1LI IOPOrOBOIT TOPHCTOCTH, H KaKIasi MOCIC/LYIOMAs TIOPHHA PAcIUIaBa NCKTodaeTcs. Jas 1oro 9TO0BI 00€IHCH-
HIbIe NEPUAOTHTET 00PA30BATHCE MYTEM YACTHIHOTO IL1BIICHHS, TpeOyeTcs HH3Kast 10porosas moprucTocts (~| %)
[Johnson, Dick, 1992; Batanova et al., 1998]. [Ipa HenpcpLIBHOM MIIaBIEHHE 3TOT NOPOI TOPUCTOCTH COXPAHACT-
cs B mopoze [Langmuir et al., 1977; Maaloe, Scheie, 1982]. [1epuaoTuthbl 0TpakaloT paBHOBCCHC C nocaenHe
nanbonee 0OC/HENHOI NOPIMEH MTHOBEHHOI'0 pactiaba. OOpa3oBaBILMCCS TIPH PA3HBIX JABJICHUAX MTHOBEHHbIC
pacryiasbl, TOAHUMASCH BBEPX, CMEIIMBAIOTCA H 00pa3yIOT arperarHele paclaBbl, KOTOPLIE U IPENCTARISIOT CO-
Goit BCOX [Kinzler, Grove, 1992; CoGones, Illumusy, 1992; Sobolev, Shimizu, 1993; Cobones, 1996].

[lonarawor, 4TO OTMEUYEHHOC OTCyTcTBME paBHOBecus Mexkay BCOX u abuccanbHbIMH 1ICPHIOTHTAMH
CBHIETENbCTBYET 0 ToM, 4t0 dKkcTpakius BCOX 3 MaHTHH MTPOHCXOAMIIA ITYTEM H30IHPOBAHHOTO TEYEHNUS pac-
mmasa. TTo nojcderam X. Ueavopu [Iwamori, 1993], 6ouce 80 % Beex Gasanstos, renepupyembix nox COX,
JOMKHb! OBITH IOCTARJICHEI Ha TIOBEPXHOCTE C COOMI/ICHHEM YCI0BHIT XUMUUECKOU H30.ISILIHHL.

[Moabem manTriinbix MarM B COX — nponecc GOKYCHpOBaHHbIi. Bo3HUKAeT mapaioke — abuccans-
HEle Tep/IOTHTEL HMEHOT COCTAaBHI, 06pa30BaHie KOTOPhIX MPOHCXOHIIO TIPH TIOCTOSHHOM YJATeHIH HeGosk-
LIMX TIOPIMIA paciiiaBa TOCPEACTBOM MOPOBOrO Npocaunsanis. OIHAKO, ecau Obl PACCEAHHOE MCHA3EPIOBOE
1I0POBOE TedeHue OBITO MPeodIa/aloNIiM MeXaHH3MOM TPAHCTIOPTA PAaciLIaBoB MO XpedTamu CMPEAnHra, TO
MHTpamust GOJBIIOTO KOTMYCCTBA PAaciaaBa, 00pa30BaHHOrO B Gonee ryOMHHEIX HacTaX JICKOMITPECCHOHHOH
MATITHIHOI KOJIOHIEI, 4epe3 OCTATOYHBIE IEPUIOTHTEL IPHBETa Obl K OONTHPHON peakiuu, YMCHBIIAKOIIECH HilH
TOITHOCTHK YHHUTOKAIOIICH B HUX (paKIMOHAPOBAHHBIC CIIEKTPb! PACTIPEASICHIS HECOBMECTUMBIX /ICMCH-
Tos-npuMeceii [Spicgelman, Kenyon, 1992; Iwamori, 1993; Hart, 1993]. Kpome Toro, peakuius paciiias/nepumio-
THT, TIPOMCXO/IAIIAS Ha HeOOUILIMX TTyOHHAX, IPUBOAMIA OB K 00pa30BaHHIO PACTIABOB, OJIM3KMX K HAChILLC-
HHIO OPTONHPOKCEHOM 1pH HuskoMm aarienuu [Kelemen, 1990]. Tlockoneky sToro He nabmronacres, OBITO
BBUABHHYTO MpPEIIOJI0KEHHE O TOM, YTO JACTHUHBIC PACTLIaBbl POKYCHPYIOTCS B KPYTIHBIE TPAHCIIOPTIILIE CETH
[Spiegelman, Kenyon, 1992], koTopbI¢ 110 aHANOTMM € APYTUMY TPUPOAHBIMU TPAHCTTIOPTHBIMH CCTAMH (peunas
CCTh, KPOBEHOCHAs M OPOHXMAILHAA CHCTEMbl YCTOBEKA) MPEJCTABLIOT COOOI (paKTaibHOC J1EPEBO [Hart,
1993]. Oxnako 310 He OTBEpracT BO3MOKHOCTH PAcCEeSHHOTO TMOPOBOI0 NIPOCATHBAHHA HCOOJBITMX MOPLMI
pacriiaBa Npy NU3KAX OTHOWIGHIAX pacruias/mopona. Hamprmep, [I. bpyrenmu ¢ coapropamn [Brunelli ¢t al.,
2006] nokasanu, yTo COCTABBI KJIMHONHPOKCEHA H3 aONCCalbHbIX TEPUIOTHTOB Pa3jioMa Buma (AranTHdeckuit
OKearl) CBIICTC/IBCTBYIOT 0 ¢i1aboM B3anmozciictsu (0.1— 1 %) ¢ paciuiapamu, (hopMUPY HOIITAMHCS B BEPXHCIi
yacTy 067acTH maaBicHus. [yGuHHbIC PACTLIaBbl, 00pasylonMecs B oae cTabniibHOCTH TpaHaTa U Hanodoree
0BOraleHNble HECOBMECTHMbIMU HICMEHTAMH, HOJHUMAKTCA MOCPEACTBOM (POKYCHPOBAHHOIO TPATCTIOPTA.

BasKHBIM apI'yMEHTOM B [10J1b3y TEYEHHUs PACTITABA 110 H30THPOBAHHbIM (POKYCHPOBAHHBIM KaraIaM sB1i-
FOTCS JTAHHBIE O HW3KAX BEIMYMHAX MAHTUHHOM MOPUCTOCTH W BBICOKMX CKOPOCTSX MOAbCMA MaHTHIHbIX pac-
nnasos. BeMuHHEl MaHTHIiHO# TToprcTOCTH 1—2 % OUEHEHE! Ha OCHOBC JIAMIBIX MO COCTABAM a0HCCaIbHbIX 1
obuoMTOBLIX mepy;1oTuToB, no U/Th n3oTonHOMY HepaBHosecnio B BCOX [McKenzie, 1985; Beattie, 1993a,b]
W 110 pe3ymbTaram reodusnueckix necnenopanuii [Forsyth et al., 1998]. Huskue seanuHbl MaHTHHHOH nopuc-
TOCTH IPOTHBOPEUAT JAHHBIM O BBICOKMX CKOPOCTAX NOJBeMa paciuiaBoB (50 M/roa), OUEHEHHbIM Ha OCHOBE
HepaBHosccus B cuctemax 20Th/Z8U u 22%Ra/20U yuist 6asaisToB Mcnanauu [McKenzie, 1985; Bourdon et al.,
1996; Jull, McKenzie, 1996]. ns 10ro 9To0bI paciiias ABUIANCH C TAKOI CKOPOCTEIO NOCPEACTBOM MOPOBOIO
TeueHus, MAHIMAIbHAS TIOPHCTOCTh JI0JKHA COCTARNSTE ~4 %o B IEPUAOTUTAX C PA3MEPOM 3CPCH 2 MM [Kelemen
etal., 1997]. CnenosarenbHO, s 00BACHEHHA O0JIBIION CKOPOCTH MOABEMA MaTM Ha MOBEPXHOCTD Heo0X01MMO
NpE/NOIaraTh CyLIECTBOBAHHC JIOKATLHEIX 00/1aCTeH ¢ BbICOKOH IIOPUCTOCTBIO.

CeiicMAdecKye JaHTbe TIOKa3bIBAk0T, YT0 006/1acTh miasicHus ManTHy 1o/1 COX mouTy Ha JiBa Mopsaka
Gonblie, 9eM 061acTh B OCH XpedTa, TIe IPOMCXO/IHT aKKPCIUA MarMaT4eckoil kopsl. Harpuvep, pesyibrars
HccIenoBannit o BocTouHO-THXOOKeaHCKOMY TOIHATHIO CBUACTCIBCTBYIOT O TOM, 4TO OCHOBaHME OOMACTH
I1aBleHus, pacnonokeHnoe Ha rayoude 120—150 kM mox xpeOTOM copeiuHra, HMEeT LIHPHHY HECKOIbKO
coten kunomeTpos [Forsyth et al., 1998]. B To k¢ Bpems u3JMAHHE PAaCILIaBOB HA MOBEPXHOCTE M AKKPELIMs
OKEaHMYECKOH KOpbl TPOMCXOAT B Y3KOI 2-KUIIOMETPOBO# 301e B OCCBOM HacTH xpeOra [Vera et al., 1990].
Taknm 00pa3oM, IIPH TIOTBEME MarM MPOHCXOAHT HOKYCHPOBAHHE U3 MIHPOKOH 0014CTH TIIABNEHUS B Y3KYIO
301y oz XpeOTOM.
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BO3MOHBIE MEXAHW3MBI IOJABEMA MAATHHHBIX MATM [10J COX

Mbl BUIHM, 4TO JBIDKETHE PACIUIABOB B MAHTHH TIO KAHATIAM SBISCTCS 060CHOBAHHbIM pemrenrem o0enx
IpobIeM: KaK XUMUYECKOH H30IAIHH PACTIIABOB OT OCTATOYNEIX ICPUAOTHTOB, TaK 1 OBICTPOIT TPAHCIIOPTHPOE-
KM paciiiaBa MpH COXPaHCHHM PETHOHA/IbHO-HU3KOH mopucroctu [Nicolas, 1986; Sleep, 1988; Spiegelman,
Kenyon, 1992; Richardson, McKenzie, 1994; Kelemen ct al., 1995a]. beuiu MPENNOKCHBI 1B OCHOBHBIX MeXa-
HI3Ma (POKYCHPOBAHHOTO XMMHYECKH H307THPOBAHHOIO MIOJBEMA MAHTHHHBIX MArM K [10BEPXHOCTH.

ITepBrrit npenonaraet, 410 B pe3y;IETaTe THPAR/IMYECKOTO TPEIIMHOOOPA3OBAHUS B MAHTHH 06Pa3yroTCs
OTKPBIThIE KaHaJibl (IaHKH), IO KOTOPBIM PACTUIAB GhICTPO IOTHUMAETCSH K nosepxHocTH [Nicolas, 1986, 1990);
Sleep, 1988; Suhr, 1999; Suhr et al., 2003]. B oTom ciryuae H30IA1IHA OCYILECTBIAETCS 3@ CUET BHICOKOI] CKOpO-
CTH TOABEMA. [MAPABIMYECKHC TPEIMITLI BOHUKAKT B MAHTHH TOI/A, KOLAA JaBjicHue (IIFOMIA IPCBBIIAeT
TIPEC/! IPOYHOCTH TOpo/1 Ha paspoie [Nicolas, 1986; Sleep, 1988]. Ecin cymmiecTBy 0T HE0GX0/1MMbIE TPATHCH-
THI JIaB/ICHHUS, PACTITaB MOXKET IBUTAThCs 110 HATIPABIENHI0 K 00pa30BaBIINMCs TPELIMHAM B [IPeIeTax JUINHbI
ynnotaenus [Ribe, 1986; Takahashi, 1992]. CiraGocTh rumoress! TpeluH006pa3oBaHust COCTOUT B TOM, UTO
YaCTHYHO PaciliaBlIeHHas, BA3Kas acTeHOCepa, BCPOATHO, He ABIAETCS JOCTATOYIO XPYHKOil IS TOTO, YTOGHI
B Heii mponcxoau1o obpasoranue tpenmn [Kelemen et al., 1995b]. OnHAKO TOTHOCTHI HCKIIOMHTE BO3MOK-
HOCTE TaKOI'0 PoIecca Hellb3s.

Bropoii mexanusm 0w npeanoken 1. Keaemenom. O moapasymesaeT OPMHPOBAHHE B MAHTHHM KaHa-
7TOB BBICOKOII TIPOHHIIACMOCTH B PC3Y/IbTATE PACTBOPEITHS TBEPAbIX (a3 Tpu HOKYCHPOBAHHOM PEaKLMOHHOM
1I0POBOM TEYEHHH 110AHUMAOIIETOCa pacmuiaBa [Kelemen, Dick, 1995; Kelemen et al., 1995a, 1997, 2000; Aha-
ronov et al., 1995].

HMHTepecHo, 4T0 00a MeXalH3Ma TPAHCIOPTa MAHTHHHBIX MArM IIPETOIarakT 00pazoBaHKue B ManTHH
PEaKIMOHHBIX IYHUTOB (Jly HUTOB 3ameltickus) [Suhr, 1999; Suhr et al., 2003]. Ipu GhicTpoM TedeHHM paciiaBa
IO TH/IPAB/IMYECKHM TPEIIMHAM, BIOb 110C/1eAHUX HOPMHPYIOTCH KAaHMBI PEAKIIMOHHBIX TYHUTOB, MOLIHOCTE
KOTOPBIX HC NPEBLIIACT MEPBBIX CAHTUMETPOR. DTH YHHUTHI HE HIPaKOT BasKHOH POJIM B TPAHCIIOPTE PacILIaBa.
Bo Bropoii Momemn TyHUThI, 06pa3yIONMECs NpU PEaKUHOMHOM [OPOBOM TEHCHMH, BBITONHSIOT KJIHOYEBYHO
POJIb B MUTPAIlMK PACILIABA, TTOCKOJIbKY MPEICTABNAIOT COOO0H KaHATLI BRICOKOH noprcTocTr [Kelemen et al.,
1995a]. Beicokas nOpHCTOCTE JTyHUTa BO3HHKACT B PC3YJIbTATe yMEHDIICHHs! YAETBHOTO 00heMa IOPOIET 33 CUET
PAcTBOPCHUA MUPOKCETOR, BXOMLIMINX B COCTaB nepuaoTuta. [Ipeamonaraercs, 4To NpH peakLMOHHOM TIOPOBOM
TEHEHHHM MOIyT 00Pa30BEIBATLCA JyHUTEI MONIHOCTBH) /10 HECKOIEKHX COT METPOB, TIO KOTOPBIM PACIITABbI MOJI-
HUMATCs BBEPX, e KOHTAKTHPYS ¢ BMEIA0ILUMMH IePUIOTHTaMH. B nyHuTax MeTpoBoil MOLIHOCTH Wiu Go-
JICC M307141HA PAcTIaBa JIOCTUTASTCA 32 CHCT TOrO, YTO OCHOBITAA Macca MOCTIETNEr0 HAXOAMTCS 3a TIPE/ICTaMH
paccrosiius AU dY3HOHHOr0 PaBHOBECHS ¢ BMELLAOLIMMHE TTOPOIAMH, TAK KaK PACTIIaBbl, IOIHHMATOIIHCCS 10
BbICOKOTIOPUCTOMY AYHUTOBOMY KaHA1y, HAXOIATCA B PABHOBCCHUM TOJBKO C MHHCPAIdMHU TYHHTa — OIUBHHOM
u xpommninensto [Kelemen et al., 1997; Braun, Kelemen, 2002].

Heo0xoauMocTs peakiuuy BEIIIETaqHBAHNSA THPOKCEHOB U 00Pa30BAHUS TYIMHTOB HAXOIUTCS B BHIMMOM
IPOTUBOPEYHH ¢ (PAKTOM OTCYTCTBHS HACKIIEHHMS OPTOMHPOKCEHNOM OOIBIIMHCTBA OKCAHHUECKHX 0a3alIbTOB
HPY HU3KOM JaBIENHNA. PaspelieHne 9Toro poTHROPEUHS 3aKTI09aETCA B TOM, 9TO JOJIS PACILIABOB, PEaTHPYIO-
KX ¢ IMPOKCENaMH ¥ 00pasyIomnX TyHHT, 3HAYUTEIbHO MEHBIIE J0JIM PACIUIABOB, KOTOPbIE ABHTAIOTCS MO
YHKC rOTORBIM TYHHTOBLIM KaHAIAM Ha MOBEPXHOCTL, HC YYACTBYS B PEAKIMH. JTO BIOTHE BO3MOXKHO, €CJIM
TPAHCIOPT QOKYCHPYETCs B FOTOBBIE TYHHTORbIC KaHallbl. ITocTe TOT0 kak TeueHne OKyCHPYEeTCs B TYMHTOBbIX
KaHamax, 00pa3oRaHue HOBBIX TYHHTOBbIX TeJl IPAKTHYECKH PEKPAIAETCSA, TTOCKOJIbKY PACILIAB ABIKCTCS Ge3
B3aWMOJICHCTBHS ¢ OKpYKarolumMu nopogamu. KpoMe Toro, B 00LIMPHO# TWTCpaType M0 OKEaHHUYECKUM 6a-
3a/lbTaM OIHCAHBI TOILKO C/IMHMYHBIE CITydal PAcILIaBOB, HACHILEHHLIX OPTOINMUPOKCEHOM TIPU HU3KUX JaBliC-
nusix [Kamenetsky, Gurenko, 2007]. 3To mo3BoAeT MPearoiararh, YT0 OONBUIMHCTBO PEAKIHOHHBIX PACILTA-
BOB, BU/JIMMO, HE TOCTHIAeT MOBCPXHOCTH.

Mozienb peakIHOHIIOr0 (JOPMUPOBAHHUS TYHUTOB Takke Ga3upyeTcs 1a MoJCBhiX HAOMIOTEHNsAX, KOTOPLIE
CBHICTC/IbCTBYIOT O TOM, 9TO OOJILIIMHCTBO TyHUTOBLIX TE WIIH, 110 Kpaiftieif Mepe, uX KpaeBsble 9acTu oOpasy-
HO0TCA MYTEeM 3aMeIlenna BMelLaoumx nepuaotutos [Boudier, Nicolas, 1972; Jlecuos u ap., 1973; Hobpenos u
ap., 1977; Dick, 1977b; Beauncxnit, 1979; Casenbesa u ap., 1980; Jobpeuos, 1981; Quick, 1981b]. Ilpeio-
TTaracTes, 4T0 JLyHUTbl 3aMeIlenns 00pasyloTcs B PesylbTaTe PAcTBOPEHHS TMHPOKCCHOB M KPHCTAslIM3alHH
OJIMBMHA NPU MUTPAIMH IOPOBLIX PACTII4BOB Yepe3 MaHTHiinbIc nepuaotutsl [Nicolas, 1986; Kelemen et al.,
1995a,b; Kelemen, Dick, 1995; Suhr, 1999; Suhr et al., 2003]. B cBsi3u ¢ 3TUM Mpe/ICTABIAETCA BAKHBIM pac-
CMOTPCTH MOP(HOIOrHIO TYHHTOBLIX TCI M MX COOTHOIICHHE C BMCHIAMOLINMH TEPHI0THTAMHA.

ManTHiiHBIE IYHHTbI 0QHOIHTOBLIX KOMILICKCOB: NoJIeBble Hadaronenns. Kaxk npasuio, B oduonu-
TOBhIX KOMILICKCAX [PCACTABICHB! BEPXHHC |5—20 KM MaHTHH, HAXOLALIEHCS TIOJT TOHKOM KOPOH OKeaHuyec-
KOro TMna. JlyHHTBI COCTABISIOT OT 5 /10 15 % MaHTHHHLIX TOPO/1 0QHOTUTOBEIX KoMr1ekcos [Caselnera, 1987:
Kelemen et al., 1995a]. Onn npencrasisatot coboit moposel, Goaee yem na 90 % coCTOAMIE W3 OJIMBHHA C He-
OONLIINM coTepAKaHNEM aKIeCCOPHOIT XPOMIIITHHEIIM H IMPOKCEHA.
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Puc. 2. CooTHOUIEHHS TYHHTOB H LINHHEIEBBIX rapudypruToe B MaHTHiiHOI cekunn oduoantos (Boiika-
po-CeinbuHCKHI Komiieke, [Moasipubtii Ypai).

a — KHIA IyHHTOB MowHoCTbio 30 cM B rapubyprite, 6 — o0pa3oBaHHe TyHHTOBOIH CETKH — CHCTEMbI METKHX MEPECEKAIOMIMXCA YHH-
TOBBIX K11 B rapubypruTe, 6 — PenKT INHHEIEBOro rapudyprura B IyHHTOBOM TE/IE MOLUHOCTBIO HECKOILKO METPOB, 2 — JAYHHTOBAs
AHIA C PA3IyBaMHU B [10J10CHATOM LITTHHEICBOM rapudyprure: JYHUTOM 3aMEIIAKOTCA T010Ck rapudypruTa, NpeuMyLIecTBeHHO obora-
lieHHble opronupokcenom. Hz — mnunenesslii rapubyprut, Du — ayHur.

JleTanbHble M0JICBbIC HCCIIEAOBAHNSA 1YHHTOBBIX TEJl IPOBEACHBI 11 O(HOINTOBBIX KOMIUIEKCOB: TpHHH-
i, CeBepnas Kanndopuus [Quick, 1981a,b]; Oman, Caynosckas Apasus [Braun, Kelemen, 2002]; XKoseduna,
ropsl Knamar, Operon [Kelemen, Dick, 1995]; Muranc, Kackaausie ropst [Kelemen et al., 2000]; bait-og-Aii-
muac, Heohayumiena [Suhr, 1992; Suhr et al., 2003]; Tpoonoc, o. Kunp [Batanova, Sobolev, 2000; Buchl et
al., 2002], Boiikapo-Ceibutckuii, [Toaspueiit ¥Ypan [[lo6penos u ap., 1977; Casenwvepa u ap., 1980, 2008; Ca-
Besibera, 1987].

VeTaHOBIICHO, YTO JAYHHTOBBIE Tella XapakTepHu3yloTes 00IMMU 0COOEHHOCTAMH CTPOCHUS M B3aUMOOT-
HOlIEeHHUI ¢ BMemaromumu nopoaamu [Capenbera, 1987; Kelemen et al., 1997; Suhr et al., 2003]. BonpmmuucTBO
JIYHHTOB MPeICTABIAIOT c000ii Tea AMCKOPIaHTHBIE M010CYaTOCTH BMEIIAOIIHNX EPHAOTHTOB, HMEIOIINE JKH-
71000pa3Hy10, JTMH30BHIHYI WM LHIHHApUUYecKyto GopMy (pHc. 2, a). Menkune Kuiibl nepecekaioTcs Moj He-
OOITBIIMME yTIaMH, 00pa3ysi JIyHHUTOBYIO ceTKy (cM. puc. 2, 6). KOHTakTBI ¢ OKpYy:KaloLMMH rapudyprutamMmu
00BIYHO Pe3KHE: HCUe3HOBEHHE OPTOMMPOKCEHA MPOMCXOANT B MaciTabe pasMepa 3epHa Mopojs! (B OCHOBHOM
<1 cm). [TouTr Bee IYHUTBI COJAEPIKAT HE3HAYHTEIBHOE KOJTHYECTBO MUpOKCeHa. Jn1uHa TyHHUTOBBIX Tel Bapbu-
PYEeT OT HECKO/IbKHX CAHTHMETPOB J10 HeCKolbkHX KunomeTpoB [Casenbesa, 1987: Kelemen et al., 1997]. Kpyn-
HbIE JIYHHTOBBIE TEJIa YaCTO MPEJACTABIAIOT co00i KiacTepbl Gosee MelKHX AyHUTOBBIX Ten. Hanbonee kpyn-
HbI€ JIYHHTOBBIE TeJa MMEIOT MOIIHOCTh [0 HECKOJIbKMX COTE€H MeTpoB. MHOrMe Tena JyHMTOB COAepiKar
peJIMKTBI rapudyprutoB (cM. puc. 2, ). BOin3u KpynHBIX TyHHTOBBIX Tel 00bIYHO HAaOII0IAOTCS YEPThI 3aMe-
uieHus menkoro Macmrada. Hanpumep, ecid BMEIIAIONIME MEPHAOTHUTBI HMEIOT MMOJI0CYATOCTh, TO JYHHTAMH
3aMEIArOTCS MOI0Ckl rapudyprura, o0oraleHHble OPTOMMPOKCEHOM (cM. puc. 2, 2). OObIuHO Takke oOpa3oBa-
HHE TYHHTOBBIX «3aM1aTOK» BO BMEILAKOUIMX MEPUA0TUTAX UIH 00pa3oBaHHe TyHUTOBLIX HLTHPOB [CaBenbeBa,
1987: Suhr et al., 2003]. Haubonee aeranbHas kapra AyHHTOB 3ameltenus onybnukosana [TH. CapenbeBoii wis
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Puc. 3. CrpoeHue 30Hbl KOHTAKTA IYNHTOBOTO Tesla B rapudyprure 110 aanusiv [CaBennena u ap., 1980,
2008].

I — I‘&puﬁ)’pl'}l'[bl, TOHKHE JIMHHH — OYHHTOBLIC HITEI MOTITHOCTRID MCHCC 10 CM, 2 — [0JI0CUATOCTL B rapuﬁypmrax, 3— AYHHThL,
HKHPHBIM LYHKITHPOM HOKA34HbL XPOMHTHTLL. CTpc:!xa C IIHEI)pCIﬁ HampaniICcHHE | ¥T0/I CRIIOHEHHA THHEHITOCTH.

BOHKapO-CBIHLHICKOTO KoMrutekca [Mossiproro Ypana (puc. 3) [Casenbesa u ap., 1980, 2008; Casenbesa, 1987].
OcoOCHHOCTH KOHTAKTOBBIX COOTHOMISHHH MeKIy IYHHTAMH H BMCIL@IOLIMMH TapidypruTaMH BOHKAPO-ChlHb-
HHCKOT'O KOMILIEKCA CBHIETENBCTBYHOT O TOM, YTO JYHHUTh] ObUIM CHOPMHPOBAHEI B PE3YJILTATE 3aMELLIEHHUS TTe-
PUAOTUTOB MpaKTHUeCKH Oe3 M3MeHeHHs o0beMa. [IyHHTORBIC Kujlbl 00PA3YIOT CETKY, COMEPKAIILYIO PEIUKTEI
rapiOypruros. KoHTakThl MeKay AyHHTaMH U rapuOypruTaMu peskue, 0e3 cic/ioB Apo0ieHus i H3MEHEHHUs]
3ePHHCTOCTH MHHEpanoB 00cux 1opod. [lepecekas nomocuatocTs, IyHHTOBBIE KHIIBI HE CMELIAIOT ee. B Gnokax
rapuOypruToB CPeIn JyHUTOB MOTOCYATOCTE COXPAHSCT CBOK OPUCHTUPOBKY. JTO CBHIETENLCTBYET O TOM, 4TO
npu GOpMHUPOBANHH TYHHTOBBIX M/l HE TIPOHCXOINI0 BPAILICHHUS IWIH CMEMIENns rapidypruToBeix 010K0B. B
JYHUTOBBIX KWJIAX Y KOHTA4KIa ¢ rapnOyprHTaMH MPHCYTCTBYIOT CKOTIICHMS OPTOMMPOKCEHA, COXPAHUBIINE
OPHEeHTHPOBKY nonocuatocTu [Casensesa, 1987]. H.JT. JoOpeLos npeionokui, 970 IyHUTEL, BEPOSTHO, CI1y-
MM KaHA1aMH 1714 npocauKBaronelica mTAKpuToroit xnakoctu [[lodpeuos u ap., 1977; dobperos, 1981].

PEAKIITMOHHOE MMOPOBOE TEYEHHWE U OEPA30OBAHME JYHUTOB

CBA3b MEKITY JIyHHTOBBIMH TeIAMH U TPAHCIIOPTOM PACILIABOB PACCMATPUBAIACH €1lle B PAHHUX paboTax
[Boudier, Nicolas, 1972; Dick, 1977a; Quick, 1978; [lobpenos, 1978, 1980, 1981; ToGpeuos, 3onenmaiin,
1985; Bodinier, 1988]. Hanpimep, B cBocii moznenu naparckenca H.JI. JTobpenos [1981] npejuionarai, yro npu
MPOCAYMBAHKUHN PACIIIABA YePe3 MAHTHIO «Ha yponTe MpocaduBalomIerocs paciiiaga OyaeT NPOHCXOIHTEL HOBOC
[IaBJIEHUE Ha KOHTAKTE 3epem, W paciuiar Oyier cam 1pokiiajibiare cebe mopory. Ha mporpeccusnom sTame
IPOCAYUBAHKE IPOUCXOIHUT CIUTOMNEIM (POHTOM, 00YCIOBIHBAA (POPMUPOBAHUE CHIBHO HCTOIIEHHOTO JIyHUT-
rapidypruToBoOro KoMiLickea. B HauanbHO# MM HA perpecCHBHOI CTaINH MPOCAYMBAHUE JIOKATU3YETCS B BUJIC
OTIEeNBHLIX CTPYH, TIe Q)opMprIOTCﬂ Tpy000Opa3Hbie T€/1a U CeTh AT JYHHTORY.

Teopernyeckoii 0cHOBOII Ipouecca 00pa3oBaHus IyHHTOB 3aMCILCHHS ABIAETCS KOHIEMITHA BIIOTHE HOJ1-
BIJKHBIX KOMIIOHEHTOB M BEITEKAIONIAs M3 HCC TCOPHs Mcracomarnueckoil somamsnoctn JI.C. KopxkuHCKOro
[Kopxunckuid, 1982]. B yacTHOCTH, cleICTBHEM 3TOH TEOPHH ABISETCS MPEICKa3aHHe PE3KOro KOHTAKTa Mpo-
JYKTOB PE4KLUMOHHOIO 3aMelleHNs Ha (POHTE JBHKEHHA PEeaKIMOHHOIO paciuiaBa (GhIromaa) U cTpeMilcHHe
TPOIYKTOB 3aMCIICHHS K MOHOMMHEPAIBHOMY COCTABY. JTH CBOHCTBA IIOMHOCTHIO ROIUIOLIAOTCSA B CTPYKTYPE
M COCTaBe TYHUTOBLIX Wi Hanbosice 1101H0e pasBuTHE MO/IC/Ib PEAaKLIMOHHOTO 00pa3oBaHHs JIyHHTOB I10/1Y-
yuiia Onarogaps paboram ILB. Kenemena [Kelemen etal., 1992, 1995a,b, 2000; Kelemen, 1997; Braun, Kelemen,
2002], B KOTOPEIX paccCMOTPCHA OTEHUUATLHAS BO3SMOKHOCTh IBHKEHHS PACTIIABOB, [10/IHMMAIOLIMXCA B Mafl-
THH, 110 CAMOOPraHU3YHIHMCS TYHHTOBLIM KaHalaM.
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TeopeTuueckue acneKThl 06Pa30BaHus JyHHTOB 3aMelleHusi: 6ananc Macesl u 3Hepruu. Ilpu p3an-
MOJICHICTRHH TIOIHMMAKOLICTOCA PACTIIABA C MEPHUIOTHTOM MPOMCXO/IAT PEAKIIMI PACTBOPEHHUS [TMPOKCEHOB H
KpUCTaJLIM3aIiN HeGoab1oro KommyecTea onuBuHa [Kelemen et al., 1995b], KoToprie MPUBOAAT K yBEIMUCHHIO
MACChl KHMJIKOCTH M TIOpucTOCTH TBepaoit (assl. LB, Kenemen nokasan [Kelemen, 1990], uto sx30tepmuyce-
Kuit 3peKT KPUCTATM3aLMH OJMBHHA TI0YTH TIOTHOCTHIO KOMIEHCHPYET SHAOTCPMUUCCKAN QQEKT peakimu
PACTBOPEHMs 1HPOKCENOB. Tenio, BbIIC/%CMOE TIPH KPUCTAJTH3AINHA OTMBMHA (HA Kau/[BIi TPaMM), TIPHMEPHO
8 1.3 pa3a BELIIE, YeM Tem10, PACXOTYEMOe 1isl [LIABJICHNS MHPOKCEHOB, TaK YTO TPOTEKAKOLIUE IPU 110CTOSH-
HOM JIaBJIEHHH PeaKiuy MCHKITY HACHIIIEHHBIM OJMBHHOM PAacrliIdBOM W ITHPOKCENCOepKaLIeH TBCP10i (hazoii
NMPUBOIAT K YBEIHUCHHIO MacChl KUAKOCTH (1IPH MTOCTOSHHON dHTANbIUK Wix Temnepatype) [Kelemen et al.,
1995b]. TIpu yMCHBIICHAH JaBIeHUS, KAK 3TO IPOMCXOIHUT B CITyYae MOAbeMA TBEPIOI0 MAHTHITHOTO BEIIECTBA
u pacriaBoB B ManTuu 1o COX, nabmonaercs cuie OOMbIlee YBC/IMYCHUE MACChl KUIAKOCTH. PacTBOPHMOCTE
[IMPOKCENA B HACBILICHHBIX OIMBMHOM MAHTHITHBIX MarMax 3aBMCHT OT MX cocTaBa u PT-napamerpos. Hem
DOJIBIIC Pa3HALIA MEKAY HAYATBHLIM TaBICHUEM ILIAaBICHHS 1 KOHEUHbIM JIABICHHEM PeaKLnU, TEM BhIIE pac-
TBOPHMOCTD MHPOKCCHOB B pacmiase [Stolper, 1980].

[IpousBeaeHHbIC OLEHKH TOKA3bIBAKOT, YTO PACTBOPUMOCTE MUPOKCEHA B OAHHMAIOIIEMCA PACTIaBe co-
cTaBaseT okono 1 mac.% ero Macchl Ha 1 kGap mexkommpeccunt [Kelemen et al., 1997]. B pesynnrare nonbema
pacniaos B ManTHH 1og COX HPOMCXOJNT YCTOHUMBBIH IIPOIECC PACTBOPCHUS IMPOKCEHOB, MPHBOMALLHI K
YBETHUEHHIO IIOPUCTOCTH 1 00pa3oBanuio JyHHToB. Pacuer 6ananca macc nokasai [Kelemen etal., 1995b], uto
MaKCHMATBHOE KOJIMHECTBO TyHHTA, KOTOPOC MOKET 00pa3oBarhes, OITM3KO K KOMHYECTBY paciiiasa, chopMupo-
BAHHOMY 071 XpeOTOM, U cpeiel cTenenu wiasieHns (oxkono 10 %) [Kinzler, Grove, 1992]. Dra onenka npex-
110JIaTAET, 9T0 BeCh 00Pa30BANILIH PACIUIAB NPOPCArHPOBAIL ¢ IICPH/IOTHTOM Ha CBOEM ITYTH K [OREPXHOCTH, UTO
1& COOTBETCTBYCT JIAHHLIM TEOXMMHH H MOKCT PACCMATPHBAThCA TOMLKO Kak BepXuuii npejiei. C apyroii ctopo-
TBI, OUEBHIHO, YTO KONHUECTBO JAYHHTA YBEITHUHUBAETCSA OT MANNMATBLHOH BEIMYMHbI B HAYAIE KOJIOHHBI IL14B-
JIeHUs JI0 MAKCHMAIBbHOM — Ha Ipaiiile MaHTHH M Kopbl. [loCKOIbKY Bech paciuiaB, (POPMHPYIOLIMH OKCaHH-
4ECKYH KOPY, TPOXOIHT 4CPE3 HECKOIBKO MOCISIHUX KHITOMETPOB BepxHeH ManTuu nox COX, B 910l HAaNMeHee
r1yGHHHON MAHTHM J0MKHO KOHICHTPHPOBATHCS HauOO/IbIIee KOIMUECTRBO JlyHHUTOB. Taknm o0pasom, peaibk-
HBIE OLICHKH COJEPKAHUS JYHHTOB B BEPXIHX YaCTAX KOJOHH, HOTYYEHHbIC JUIS O(hHOIHTOBBIX KOMILICKCOB
(5—15 %), HaxO/ATCA B TIpeenax OKH/IacMBIX 3HaUEHHUA,

[Tpu noaseme pacmaapos 110 COX ero KOIUYecTBO H IOPUCTOCTH B 30HAX TPANCIIOPTA OyAYT NOCTOAHHO
YBEIMYMBATECS. DTO IPOUCXO/MT BCMEACTBHE A00AB/ICHHS YACTUYHbIX PACTITIABOB H3 OKPYKAIOILMX NCPUAOTH-
TOB, N0OJIBCPTAIOIIHXCS AEKOMIIPECCHOHHOMY ILJIABJICHUIO H PEAKIIMK PACTBOPEITHS.

PeakunonHasi HHQUILTPALHOHHAS HECTAOHIBHOCTE. [TodeMy paccessHHOe MOPOBOC TEHEHHE HaTlHA-
eT oKyCHPOBaThCS B KaHa b7 OTITHM U3 BO3MOKHBIX MEXaHM3MOB JIOKATH3ALUHH TeUEHUS ABIACTCA PEaKINOH-
Has uHQMILTpamuonHas Hecrabumsiocts (PHH) [Kelemen et al., 1995b, 1997; Spiegelman et al., 2001]. I1. Op-
Tonesa ¢ coasropamu [Ortoleva et al., 1987] nokasaiu, 4TO BOJAHBIC PACTBOPLI, TEKYILHE 4YEPE3 MOPUCTYIO
TIOPOIY H PEArupYIOIIME ¢ €¢ MHHEPATBHEIMH KOMIOHCHTAMH, YCTAHAR/IMBAIOT B TIOPOJE ABUIAIONIMACS peaK-
LHOHHBI (ponT. ITo Mepe NPOABMKEHNS H3-3a JICHCTBHS PeaKIMOHHON HIQHIBTPALMOHHOM HCCTaOHITLHOCTH
yror pponTt npuoGpeTact 3yduaryro gopmy. B pesynsrare peakiiii pacTBOPEHHs BO3HHKAKOT HAHANILIBIE HEOAHO-
POANOCTH MOPHCTOCTH TTOPoabL. Tam, ri¢ NOPHCTOCTE GosiblIe, YeM B APYrHX 00JIACTSAX, BLIIIE CTAHOBUTCH M
TOKATBHBI NOTOK BOJBL DTO HPHBOJMT K YBEIHYEHMIK) CKOPOCTH PEaKLMH PACTBOPEHHS MUHepa/los, Oorce
OBICTPOMY TOKAIbHOMY YBETHUEHUIO IPOHMIIAEMOCTH H, B CBOTO OYepe/ib, BbI3bIBACT YCKOPEHNE ABHACHHA PC-
aKIMONIOro GpoHTa. JIoKanbHOE yBe/IMYCHHE TTOTOKA IPUBOJIUT K €T0 3aXBaty U3 OJIM3IEKALIHMX TOYCK, B KOTO-
phix TIoTOK 3ameasctcs (puc. 4, a) [Ortoleva et al., 1987]. PUH Ouina npeanoxena B KadecTBe MeXaHU3Ma
JIOKATM3aIMHE paciuiasa B KaHanabl B BepxHeil mantun [Kelemen et al., 1995b]. T1.b. Kenemen ¢ coaTopamu
MTPEMONOKKIIM, 4TO PACTBOPEHUE IMPOKCEHA B HACBILICHHEIX OTMBHHOM Marmax SBISETCS aHaa0roM HOpoBOTo
Tedenust GIOM/1a HEPE3 YACTUYHO PACTBOPHMYIO nopojy. s cHCTeMbl NIEPUIOTHT—O0a3a/IbTORRIH PACTIIaB
BLIO [I0KA3aHO, UTO B Pe3yJIbTaTe PEaKIHH 1 IPELIIOYTHTENBHOIO PACTBOPEHHS MUPOKCEHa 00pasyeTcs 10mor-
HUTETbHOE KOJIWYECTBO paciviapa. CIeJICTBHEM 3TOIO SBISETCS 10Ka/IbHOC YBETHICHHE IOPUCTOCTH W TIPOHH-
[{AEMOCTH, KOTOPKIC TIPHBOIAT K BO3PACTANHIO MOATOKA HOBLIX TOPLMI pacriiaBa B 30HbI pacTBopeHus [Kele-
men, 1990: Kelemen et al., 1990; Daincs, Kohlstedt, 1994]. Takum oOpa3om, BOZHHKAET 00paTHas CBA3b MEKITY
110TOKOM pacILIaBa M PACTBOPEHUEM, RbI3bIBAIOMIAs JIOKA/IM3ALUHIO IOPOBOIO TCHCHUSA B BRICOKONPOHHIIACMBIX
kanatax pacrsoperms [Kelemen et al., 1995b; Aharonov et al., 1995; Spiegelman et al., 2001]. bnaronaps BeI-
COKOil IOPUCTOCTH HOBOOOPA30BANHOTO KaHAId PACTBOPEHHUS, PACCCAHIOE B 00BbEMe NIOPO/Lbl I0POBOE TEUEHHE
cTaHOBUTCH (DOKYCHPOBAHHEIM M BEITATMBACTCS B HAMPABIeHMH (MITIOMIHOTO MOTOKA (CM. pHC. 4, 0).

M. LImurensman ¢ coaBTopamu [Spiegelman et al., 2001] mpencraBuiii 4MCJICHHOE PELICHHE YPABHCHUSA
17151 PEaKIMOMHOTO NOTOKA (IIONAA B BA3KO-IcHOPMUPYIOLICHCS MpoHHLaeMoit cpejie. MX MOIenipoBaHue 110-
KA3a/10, 4TO TIPOLECC W3ONPATETEHOTO PaCTBOPCHUS B TBEPOH CPEIe, OABEPratoLICHiCs YITTOTHEHHIO, IIPH Ha-
THYHH BEPTHKATBHOTO IPa/INCHTA PACTBOPUMOCTH, MPHBOIUT K 3HAYUTENLHOMN JTOKAIM3AINN TeYeNHS, TaK YTO
90 % noToka pacIIapa KOHUENTPHPYETCs B KaHANEL, 3aHuMatoime menee 20 % nocrynHoii mnomann. Hecera-
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Puc. 4. Peakunonnass unuarrpannonnas necra-
OMiIbHOCTEL M 06pa30BaAHNE BHICOKONOPHCTEIX KAHA-
JIOB PacTROPCHHS.

d — BLITATHRAHWE KAHATOB B HALPABICHHWH 1I0TOKA, TTO JAHHBIM
[Ortoleva ctal., 1987]. [oTok peakuuonmioro (uironaa yeumsaercs
0 HANPABICHHE K YYACTKAM, T/1€ IIPOHCXO/IUT HPeANOYTHTE/ bHOE
PAcTROPEHNE MUITEPabHbIX da3, BEkBas Gonce BhicTpoe mepeme-
LIEHHC PCAKIMOHHOTO (POHTA B 3TOM MECTE; § — BOIHHKHOBEHHC
Ma/1bLeo0pasnoi CIPYKTYPLT PCaKUMONIIOND (POHTA 33 CHET Lep-
BOTMAY/ILHBIX HECOTHOPOAHOCTER TIopucTocTH M (hoKycHposanis
TCHCHHA B BBRICORKOTOPUCTBIX KAamanax pactsopcHus. LUtpuxorsie
THIWH LOKA3LIBATOT HOIOKEHNC PeAKUUMOHIOTO (POHTA N0 Mcpe
POCTA BREPX AYHHTOROTO KaHd/ld.

OWJILHOCTE YCHJIMBACTCS YIUIOTHEHHEM MaHTHITHOTO BC-
[IeCTBA, BCJICACTBHE KOTOPOIO MEk/1y KaHAlIaMu obpa-
3YIOTCs HCMpOHWIAcMble obmactu. JIns mpumeHeHHs
MOJIYYEHHBIX PC3YIbTaTOB K YCAOBUAM MAHTHH 3eMii
OB HCII0b30BAH JIMHEHHLII aHAIH3, TTOKA3aBIIIHIT,
ato nocpenctsom PHH 3a nepuon 100 000 get moxer
(hopMHpPOBATBCS yCTOIUMBAA CHCTEMA KaHAJIOB C pas-
buskoit 1—200 m. Bnaromaps PUH, B camux ayHHTAaX
MPH OOPENENeHHbIX YCI0BHAX MOTYT 00Pa30BLIBATHCS
«OTKPBITBIE» 3aM0JHEHILIC PACIUIABOM TPYOLI.
l'unoresa coenumsiloweiics TpancnoprTHOI
ceTH KaHanoB, Mogemh TpaHCmopTa pacniuaBoB 1o
AYHHTOBbIM KaHalIaM 3aMeLIENns npeanonraraet oopa-
30BaHHE BETBAIICHCS TPAHCIIOPTHOI cetu. B Teopern-
HECKHX pacyerax, TPOBC/IEHHBIX JUls MOIENH peak-
LUHOITHOI'0 OPOBOTO TCUEHHA, B KOTOPO# PACTBOPUTEND
MHIDUPYET HepC3 YacTHYHO PACTBOPHMYI) TOPOBYHO
cpeay [Aharonov et al., 1995], moka3aHa BOSMOKHOCTD

a
7/ ™ <—— Hogoe nonoxexue
/ \ peakuuoHHoro hpoHTa
/ \
PEEN
@ <Z— HauansHoe nonoxenve

PEaKUWOHHOro hpoHTa

<= HanpagneHue notoka

o

||| Tapusyprur

'HanpasneHue notoka

00pasosanus coeNMHAIOLIEHica TpaHCopTHO ceTi. Kanabi pacTBopeHus CPacTaTCA B MAHTUH TI0 HalpaBIie-
HHIO BBEPX, IIPH YCAOBHHM YBEITHHCHUA PACTBOPMMOCTH B DTOM HampaBlicHUH. [lapbl HeGONBINMX Kanaiop
COETMHAIOTCS B D0JICe KpynHBIC. B KakI0M COEAMHENNH YHCII0 KAHATIOB yMENBIIAeTCs B /Ba pasa, a OTOK B IBA
pasd yBEMTUHMBACTCS, TPUBOLI K BO3HHKHOBENHIO 3aKOHA CTENICHHOI 3aBHCHMOCTH MCH/ly 4acTOTOH BCTpeuae-
MOCTH KaHAJIOB i HX MOUIHOCTEIO. JIeTalbHOC KAPTUPOBAHHE MAHTHHIEIX KOMILTEKCOR oduonurop Wrrasica,
Owmana i npoBesen bl aHamH3 HOPM, pa3MEPOB, OTHOCHTENBHOI PacTIPOCTPAHEHHOCTH H pacrpeneneHus ay-
HUTOBbIX TET TOKa3a1d, YTO MONOKEHHE [10CTEIHNX B MAHTHIHEBIX pa3pe3ax d>TMX OHOIMTOB HOTIHHSAETCS
3aKOHY CTEMEHHOI 3aBHCHMOCTHI MEY/1y Y4CTOTOI BCTPCYAEMOCTH M UX PAa3MEpOM. YCTaHOBIEHITEIE 3aKOHOMeEp-

HOCTH TO3BOJIM/IM CO3/1aTh CXEMY COeIMHsIolIeiics
TPAHCTIOPTHOM ceTH pacrmaBoB og COX ((ppakTans-
O€ jIepeBo) (pHc. 5). OTa cerh 00pa3yeTCs IPH CIIMSHIUH
HCOOMIBIINX TYHHTOBBIX KaHAI0B B Gosee KpyTiHbie. I1o
HAaMpaBIEHUIO BBEPX K OCH XpedTa MPOWCXOAUT yBe-
JMYEITHE MOUIHOCTH JIYHHTOBBIX KAHATIOB W yMEHLIIC-
nne ux xonuvectsa [Kelemen et al., 2000]. IIpeanona-
raeTcsd, Y10 KPYMHBIC Tena JIyHUTOB, Onarogaps Mx
OONbILOI MOIIHOCTH, ABIAKTCS MPOBOAHHKAMH [T1aB-
HOIo TMOTOKa pacriaroB B LeHTpax crpeaunra [Kele-
men ct al., 1997 Braun, Kelemen, 2002].

Puc. 5. Cxemarnyeckoe wu300pakeHHe COeqHHSIO-
LeHest ceTH AYHUTOBbIX Kanaos nox COX, no 1an-
HeiM [Kelemen et al., 2000; Braun, Kelemen, 2002].

! — actenocdepa, 2
Kag Kopa, 5

IyHuTeL, 3 - rocdepa, 4 — MarMaTHgec-
— HALIPABICTIHE TeUEHNS MAHTHIHOTO BCICCTBA.
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Jloka/iM3a1Hg TedeHHs paciiiaBa H o0pa3oBanie KaHAJIO0B 10/l 1eficCTBHEM MEXaHHYeCKHX HeCTa-
ouibHocTeil, PUH aBageTca npumepoM (JM3HKO-XHMHUYECKON HECTAOMILHOCTH, B PE3YIbTATE KOTOPOH MOKCT
MPOMCXOAMTHL CCIPEeralys paciuiasa u 00pa3oBaHHE Kananop pacTBopcHus. Tem rie MeHee HauaibHbe CTAUH
cerperaluu paciiaBa | ero OPraHu3aluy B KAHAJIbI OCTAIOTCS HAMMCHCC MOHATHBIMH, H CPE/IH HCCIIE0BATEICH
leT €IMHOTO MHCHHMs O MEXaNN3Max 3THX MPOLECCOB. Bo MHOrHX TEOPETHYCCKHX W DKCIIEPUMEHTAIbHbBIX pado-
TaX PAacCMaTpPUBAKOTCS MOJICITH JIOKAIH3ANMH PACIUIARA U 00pa30BaHMsA CETKM KaHalOB B MAaHTHH BCIIEACTBHE
MEXaHMUYCCKHX HCCTAOMILHOCTEH, BO3HUKAKIMX (101 AelicTBUEM cTpecca [ Stevenson, 1989; Spiegelman, 2003;
Holtzman et al., 2003; Katz et al., 2006; Holtzman, Kohlstedt, 2007].

IunoTesa MEXaHHUYECKOH CCIPEralii paciiaBa B MaHTHH DasupyeTcs Ha Mogenu CTHMBeHCOHa [ Stevenson,
1989], Mpeanon0KUBLICTO, YTO JISBHATOPHOE HANPSUKCHUC MOXKET YIIPaBIATh Cerperaluci pacriasa. Jta Mo-
/1eJlb OCHOBAHa Ha TOM, YTO B PC3Y/IETATE CYIIECTBOBAHMS CUITBION 3aBUCHMOCTH MEXKIY BA3KOCTHIO TBEPIOTO
BCIICCTBA W KOMMYIECTBOM CO/ICPKAIIETOCS B IEM paciljiaBa HEOONLIINE BapHALMK B KOJIMUCCTBC PACIITABA BLI-
3BIBAIOT BAPMAIMH BA3KOCTH. DTH [POCTPAHCTBEHHLIE BApHAIMU BEYT K JIOKATbHBIM M3MEHEHUM CPCHCH
BEJIMYMHBI CTPECCA, KOTOPBIH 3aCTaBiIseT PACcILIaB IBUraThes B Oosee ocnabneHHble 001aCTH, Bhi3biBast HX Jailb-
Helimee pasymiotHerHue. HectaOUNBHOCTE pa3sBUBAETCA /10 TEX MOP, MOKA PACIUIAB HE [ICPECTAET Cerperupo-
BaTLCA, U TIOJI0CH], 00OrdNICHHBIE PACTIIABOM, HE OTAE/SITCA OT o0nacTeil, 00eIHCHHbIX PACTUIABOM, HEKOTO-
pLIM XapakTepucTHdcckuM HHTepBanoM. [I. CTMBCHCOH MPEANONOKMI, 4TO HTOT MHTEPBAN JOIKEH ObiTh
MeNBIIe UTHHBI YILIOTHCHHS, 110 O07blIe pasMepa 3¢pHa.

CTpYKTYpHBIE UCCIIE/(0BAHIS MANTHIIEIX Pa3pe30B O()MOTUTOB BBISBH/IM CBsA3b IKCTPAKIIMH H MHT ALK
$a3aTkTOBLIX PACILIABOB ¢ BHICOKOTEMITEPATYPHBIMY AeopMaltuaMy MaHTHHHBIX 1epuaoTuToB [Nicolas, 1986].
VelioBHAs cXeMa JBHKEHHs PACIUIaBa B JIMATTHPE O 001acThi0 CIIPEIHNTa Ha pasHbIX [1yOuHAX — B XOJIC 3a-
POKIEHHUS, Pa3sBUTUs M TPAHC(OPMALIIHA PacILIaBa, @ TAKXKE CXEMATHYECKOE MOI0KEHHE IJI0OCKOCTHEIX aedop-
MAIHOHHBIX CTPYKTYP («IOKATLHBIX TUIOCKOCTEH C/IBUTa») B MEPHAOTHTC OTHOCHTCIIBHO TPAMHIL THH3bI MaH-
TuiiHpix pecruros Obia mpemnoxkeda [.H. Cascnsenoit [1987] (puc. 6, a). Jletaqpiio ponb COBHIOBBIX
nedopmanmii mpr GOPMUPOBAHUH JIyHHTOBBIX Tel paccMoTpeHa B padote [Kelemen, Dick, 1995]. Asropsi 11o-
Ka3alM, 4TO MUIPAIMS PACTUIABOB CKBO3b rapliOyprUTEI COMPOBOK/I/1achk 00pa30BanyieM TYHUTOB BO/b C/BH-
TOBBIX 30H Ha 11yOouHe Menee 30 kM u npu Temiieparypax 950—1100 °C. beuto npeamnonoxeno, 4to GoKyCcupo-
BaHHasg MMIpalud pacrmaBa oOyCIOBIeHA CyLICCTBOBANHEM IPA/MCHTA JIABJIIEHUS MEKIY MATepualoM ¢
pasTMYHBIMU (PU3MYCCKHMH CBOICTBAMH H ObICTPO# MH(DUIBTPaALIMEH paciliaBa BIOIbL OPHEHTHPOBAHHBIX I'Pa-
HHLL 3€PEH B MAHTHIIIOM TEKTOHHUTE.

To nanuemM A. Tommasu ¢ coasropamu [ Tommasi et al., 2006], B rapudyprurax xp. Mroppeii (Kananckue
Kop/iMJibepbl) COXPaHMIKCh CJIC/Ibl HCOIHOKPATHOTO CHHKMHCMATHYECKOTO U (DOKYCHPOBAHHOIO IPOXOMKACHHSL
paciLiaBa CKBO3b PECTHTHI Ha 11yOuHax MeHee 70 kM. Pacnpe/ienienye TyHUTOBbIX M1, 3aMCCTHBIINX rapuoyp-
TUTBbI, KOHTPOJIMPYETCS OPHUEHTUPOBKO# [1JI0CKOCTH YTLUIOIEHHOCTH MHHEPAIOB rapii0ypruTos

Posib BbICOKOTEMMEpATYpHBIX AedopMarii mprn GOpMUPOBAHHH TYHHTOBLIX Tel B rapulyprurax Obiia
yctanobieHa 1 Ha [Monsiprom Ypane [Caseabesa n jip., 1980, 2008]. Ha npuvepe BOHKapO-CBIHBUHCKOIO KOMII-
MIEKCd [OKA3aHO, 9TO CHCTEMA AYHUTOBBIX #HIT B TapIOyprurax 3akOHOMEPHO OPHEHTHPOBAHA OTHOCHTENILIO
TAaKMX MICMEHTOB KPYTTHOMACIITa0HO# CKIa KN TedeHHs rapiOypruToB, Kak 3aMOK, IIdPHHP 1 0CCBAs TIIOCKOCTB,
T.C. M0JI¢ HATIPSKEHMH KOHTPOJIWPOBAIIO IYTH IBMKEHHs PAcIliaBa, MapKMPOBAHHBIC Jly HHTOBBIMH TelTaMH (CM.
puc. 6, &). [Ipu 3TOM CyNIECTBOBANA ONpee/IeHHas aCHHXPOHHOCT [103/IHETO ITaMa MPOHHKAOLIHX I1aCTHYCC-
KHX Te(hopMaluii, OTBETCTREHHBIX 3a TOABIEHHE CKIA/KH TEUEHUS, H CKOJIOBO-C/IBUTOBBIX (HEMPOHHKAIOLINX)
seopmanmii ¢ 06pa3oBaHMEM CETKH QyHHTOBBIX KMl Pacmipenenenue u MOpdo/Iorus XpOMHTOBEIX Tell CPean
JLYHUTOB JIOTIOITHAET XapaKTCPHCTHKY YCIOBHE MUIPALIMM PACTIIABOB. :

CyulecTBeHHOE Bo3pacTanie U (epeHIHanbHOI0 CTpecca 6,—a, NpH GOPMHPOBAHUHU TYIHTOB OTpa-
JKEHO W B YBEJIUYEHHHM YCTKOCTH KPHCTAIOONTHYCCKUX OPHEHTUPOBOK OJMBHHA DTHX MOPOI B CPABHCHHH C
rapudypraramu. Yem OOJBIIE Mepa YHOPSIOYCHHOCTH CHCTEM BHYTPHKPHCTAUIMYECKOTO TPAHCIALMOHHOIO
CKOMbKEHHA (1J10CKOCTH/TIIOCKOCTEH CKOJIBKCHUS H HAIIPABJICHHS CKOJIBKEHHUS) OJIMBUHA, TEM BbIIIIC CKOPOCTD
nethopMmaliuii Npy yCIOBHH MOCTOAHHOI Temiicparypeul. bonee CHiIbHBIC MAKCHMYMBI OPHEHTHPOBKH ONTHYEC-
Knx oceif (0coGeHHO MAKCHMYMBI N, OJIBHHA) B lyHHTaX OTHOCHTE/ILHO rapulypriTOB yCTAHOBIEHbI BO MHO-
IHX OMOTHTOBLIX KOMILTeKcax: Ha [lomspHom Ypase, B Omane, xp. Mroppeit [Tommasi u ap., 2006].

Brusiue cTpecca Ha CETPETaliio ¥ MepeMeLICHHE PAcTliaBa NOATBCPIKIAcTCd DKCTIEpUMEnTalbHO [Katz
et al., 2006; Holtzman, Kohlstedt, 2007]. IIporesicHa cepua 1ab0paTOPHLIX OTIBITOB O CETPErallky Paciuiaga B
ONTMBHHOBOM CYOCTpATe MPH PasauuHbIX COOTHOMICHHAX Ae)OPMAIHH CIBUTa H YPOBHSX CTPECCd. YCTaHOBIe-
HO, 4TO NpH JIchOPMAITHIX PACTIIER MUTPHPYET B CETh BETBAIIMXCA KU, OKPY/KAIOLIMX JIHH3bI PACTIIABCOAEP-
Kalleii 1opostst (cM. puc. 6, 6). Tlpu cIBATOBLIX TedopmaniaX GOPMHPYIOTCA [10/10ChI, 00OTAlIEHHbIE pacia-
BOM. MOUIHOCTE W OpPHEHTHPOBKA OJTHX TONOC [10Ka3bIBAIOT UETKYH 33BUCHMOCTH OT BEIHUMHbI
auddepennmansHoro ctpecca. [Ipy BhIBC/ICHHH MAHTHIHBIX MOPOI B KOPY MOJ LEHTPOM CIIPEIHHTa CKOPOCTh
medopManuii BO3pacTaeT OT LHeHTpa 00IaCTH MIIABTEHHS K Kpaw 07T0Ka, aKKPETUPYIOLIErocs K auTochepe, u
HaHGOIbIIEe KOTHYECTBO PACILIABA POXO/IMT HMEIHO Yepe3 3TH KPaeBbIe 30HBI (CM. PUC. 6, ).
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Puc. 6. CXEMhI, H/UIHCTPHPYLIHE NPOCTPAHCTBEHHYIO Cerperamuio pacijiaBa 104 30HaMH cpeJdHHra.

a - CXEMa JIBIKEHHA paciuiasa B Auauupe non obnacteio cnpeaunra [Casensesa, 1987]. TTynkTHpHBIE IMHHY — TPAEKTOPHH TEUCTINA
BemiccTRa. 1--3 - CTAIMM 3aPOKIICHHA, Pa3BHTHA U TPaHCHOPMALMH PACILIABA (CEPOe) Ha PAIEIX TTYOHHAX, CTPEIKH — HAPABICHHC
TCUCHTHA PACTINARA, TYHKTHPHRIC THHHH B JIMH3AX (BPE3Kd 3) — CXEMATHUECKOE HONOKEHHE TTOCKOCTHRIX NC(hOPMALMOHHBIX CIPYKTYD
(«TOKATLHLIX TTOCKOCTCH CIRHTa») B MAHTHIIHOM LIEPUAOTUTE OTHOCHTEILHO IPAHML JIHH3LI PECTHTOR, § — TONOKEHHE JIVHHTIOBBIX
Tell, MAPKHPYHLIMX MYTH TPAHCIOPTHPOBKH PACTINAROR, OTHOCHTCIRHO CTPYKTYP MIACTHHECKHX W XPYIKOIUIACTHYCCKHX Ic(opMarimii
MAHTHITHbIX LEPHAOTHTOB BOHKAPO-ChIHBHHCKOTO KOMIICKca B oficTanoBke naacyOaykumonnoro cupeuudra |Casensesa u ap., 2008].
T CXEMATHHECKOE HOJIOKEHHE IYHHTOBLIX Tel B AehOopMHPYEMLIX rapudypruTax OTHOCHTEIEHO OCEROH 4actv KpylHOMacwTabHoi
CKIAAKH; B MANTHHIILIX pCCTHTAX Ha TTyGuHax 15—35 kM QOPMUPYHIICH KPYLIHBIE CKIALKH TEUCHHS ¢ KPYTLIMH MapHupaMu; 2 — cxe-
Ma NPeHMYLICCTBCHION OPHCIITHPOBRKA JIYHHUTOBBIX KM/ M Tell — B 3aMKaX M [IaPHUPAX CKIAN0K MI4CTHYCCKOTO TCHCHNUS (TTTPHXOBAs
MHHA — TIONOCYATOCTE S, AMNCHNOCTE — cTpeiku L), 11 BOIHUKAT 30HE PA3PALKN HAUPSUKEHHIT (TOBLILICIINOI TPOHHIIAEMOCTH),
MmenHo 3TH 30HBI HCOONL3YIOTCA MOANHMAIONIHMHCA PAcTIaBaMH (CTPCTKN), H B HHX QOPMUPYHOTC AVHHTEL (CHIOUINEIC THIHA —
HMIIBL, CEPOE — KPYMIILIC TETa); € — CCTPCTalliA Paciyiapa B YCIOBHAX cTpecea, 1o AaHHsM |Holtzman, Kohlstedt, 2007]. IItpuxoemie
JIMHHM B TMH38X — NOKAILHLIE IIOCKOCTH C/IBHTA, CRCTIRIC 00MACTH B THH3AX — NONOCK, odorauenHsle paciiasom. KopoTkue cret-
JTRIE CTPEIIKH — OPHEHTHPOBKA CTPECCd, YEPHBIE CTPEIKH — HAMPAaBIeHHe TeUSHHA PACTIIaBa; @ THIOTETHHECKOE IPOCTPAHCTBEHHOE
pacTipeicnciie ceTperaiuii pacnnara (cremioe), 00pa3yrMXCH 1101 AefiCTBHeM crpecea 101 CPeIHHIIO-0KCAITHYCCKHM XpedTom, 110
ganteM [Iloltzman, Kohlstedt, 2007]: 1 CpeUHHO-OKeaHH9eckuit XpedeT, 2 — rpajiMeHT paclpene/IeHus PACIIABA OT THTOCHCEI
(cmpara) Kk LeHTPY MiasieHus — pudrroBoi 3oHe (C1eBa); CTENeHE UTABIEHN BO3PACTACT K TPATTHIIC ¢ ITHTOChepoii: fenoe — olacTn,
HACHINICHHAA PACIUIABOM M OTAE/bHbIE LAYKH PACINABA; CKOPOCTDL AeOPMALMH MHHHMANLIA B TICHTPE [UIABACHHA, Y10 [IOKA34HO BHU3Y
na mpodune; TyOyaApHas (hopMa CTPYKIYP ¢ PACILIABOM B 3TOH 004CTH 1deT OCHOBAHUS NPSANONATATE, 9TO TIARYHECTh JUECh AB/IIETC
npeobranaomeii cumoil, popmupyronteii cerperanuy paciuaga. 3 — ckopocts sedopManuil BO3PACTACT OT MCHTPa 00JACTH 1LIABIEHUS
K ¢ kpaio (k muTocdepe).

Mopenan [l]()pMHpDBaHHﬂ JAYHHTOB B MAHTHH. Kak PaccMOTPEHO BBILIE, TYHUTLI 3aMEIIICHUA B MAHTHH
MOLIYT dJOpM HPOBATHCA, UHO?)‘ PH NOPOBOM PEAKIIHOHHOM TEUYCHUH PACILIABOB BCIIC/ICTBHC PHH J1H60 B nopo-
BBRIX PEaKOHOHHLBIX 30HaX BIOIL TPEIHIHWH, 10 KOTOPLIM JIBHTAJICH pacilias,. J'[HGU BIOJL OCTAOTeHHEIX CIBHTO-
BbIX 30H B [ICPHAOTHTAX, KyId PACILIaB MHTPHPYET MMOT IelicTRHEM cTpecca. ﬂpymmw CJIOBAMH, IYHHTHI 3aMe-
IlleIIHH 00pa3y10’rcs B MalTHH TOT/I4, KOI'la paciliaBsbl, Ld)OpMHpOBaHHbLC B pe3y/1bTaTe HaCTHYHOTO TITABICHHUA
lICpld,JOTld Ta 11PH OTHOCHTC/IBHO BBICOKOM JAaBIIEHHH, CHOBA PEarupyroT C MHM TIPH doJsice HH3KOM. CJ]E,JI)'QT oT-
MECTHUTb, 4TO B AYHHTAX, [IPEICTABIAIOIIHX IMOPOBLIE .peaKHHOHH{Je 30HELI BAONE TPCUIMH, 4aCTO HabamaTe
IMHPOKCEHUTOBLIC HIIH 1'366[)081;]6 YHacTKH, C(l)OpM HPOBAHHBIC [TPH KPUCTAIIH3ALHH 3aX0POHEHHBIX OCTATO4-

‘HBIX pacriaBob. [loapobno 3toT criocob pacemarpusascs I 3ypowm [Suhr, 1999].

Kpome Toro, MaHTHHHbIC JlyHUTbI O()MOIHTOB MHOIZIA HHTEPIPETHPYIOTCH MTHO0 Kak JIaiKH KYMYJ/IATOB,
00pa30BaBIINECS Ha MECTE TPEIIHNH, 3aMTOJTHCHHBIX 3¢pHaMi omrerHa [Nicolas, Jackson, 1982; Takahashi, 1992],
MO0 Kak TYrorulaBKHii ocTaTok, ¢hOpPMHPOBABLIMIICS NPH OYeHb DOBIINX CTEMEHAX TITAB/ICHMS MAHTHIHBIX
nepugotutos [Jackson, Ohnenstetter, 1981].
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Puc. 7. ®azoBble COOTHOIIEHHS B MAHTHIHHOM NepHao-
THTe NPH NJIABJEHHH B 3aKpPbITOil cucreme (Moandn-
uupoBana no [Walter, 2003)).

Cpx — wmHonupokce, Opx optomipokceH, Pl TUIATHOK1A3,
Lhz — nepuonurt, out — nunmn weacznoserns Pl, Opx, Cpx.

PaccmarpuBas BOIIpoc 0 KyMYITATHBHOM TEHE3HCC
JIYHHTOB, CIIC/LYCT YYMTbIBaTh, YTO CKOPOCTH IBHKEHHS
pacruiaBa 1o TPEInHE BC/IMKa U JOCTATOUHA 17151 o0ecreye-
HUs auadaTHyecKoro pexkuma. AnnabaTHaecku MoqITHMa-
HOIILMECH PACIJIaBbl B MAHTHH He OyIyT HACHIIIEHEI HUKAKH-
MU MHMHEP/IbHbIMU (a3aMH, B TOM YHCIIE H OIMBHHOM
[Hojiep, 1979]. Tloaromy aist TakHX pacIuiaBoB oOpa3oBa-

Conupyc

Temneparypa, °C
o
[==]
o

1300+ HHE TYHATOB B Pe3yNbTare (PpakiMOHHON KPUCTALTM3AIIHH
MpasaroBsii OJTMBHUIIA B MaHTHH ManoscposTHo [Kelemen et al., 1995a].

1200 nepuonuT B ciyuae Gonee MeaTeHoro JIBHKEHUs PAaciliaBOR, B yC-
TOBHSIX TEPMATLHOTO PAaBHOBECHS C OKPYIKAIIICH MAHTH-

eif, MOKeT MPOUCXOTUTD KPHCTAIUIM3AIMS OIMBHHA, OTHAKO

e RN R 5 BMECTE C peaKineil PaCTBOPCHHS [IMPOKCEHOB, UTO SKBHBA-

anniiae. PHa JICHTHO TIPOIECCaM 3aMELIeHHs, PACCMaTPHBAEMbIM BLIIIE.
B ycnoBusx auTochepsl MPHMHTHBHBIC KOHIYKTHBHO OC-
THIBAIOLIME PACTLIABBI MOTIYT 33CTAUBATECA B TPEIIHHAX, YTO OYIET CONPOBOXKIATELCSA HACKIIIICHUCM OJIHBMHOM H
€ro Kpucrajiuzaumcii. Ipu 91om BO3MOKHO, 4TO QPAKIMOHHPOBAHHBIH OCTATOYHEIH pacIIaB OyIeT OTKHMATh-
CsL OT KyMYIIOCA, OCTABIAA TyHHTOBBIC HPOKKIKH, BCpoATHO, TAKHC MCXaHU3MBI UMEIOT MECTO, HO OOBACHHTH
C MX MOMOIIEIO 00Pa30BaHHUE MPOTKEHHBIX MOIIHBIX IYHHTOBBIX T€Jl B MAHTHH, TAK 3Ke KaK 1 CETKH TIePeCeKa-
FOTIMXCH KU, 3aTpy/iHnTelbHO. Kpome Toro, kak Oyner 110Kda3aHO HMKE, XMMHYECKHIT cocTap MHTIEpaioB B
JYHUTAX HCBO3MOKHO OOBICHHUTD, €C1HM IPEANONATATh HX YHCTO KyMYJIATUBHBIH [EHE3NC.
' JUst TOro 4todsl B PC3YJITATE MIABIEHUST MAHTHHHBIX MEPUIOTHTOB 06pa30Baics OCTATOK, COCTOALIMH
TONLKO M3 ONHMBHHA W XPOMIIMHCIH, HCOOX0/AMMO, 4TOOBI CTCIICHE IUlaBIeHus mopon mpessimana 40 %
[Asimow, Stolper, 1999]. Kak creayer u3 3kClCpUMCHTANBHBIX JaHHBIX, JUIsS 3TOTO B 3aKPBITO#H cucteme Tpeby-
1oTcs TeMreparypel Beie 1470 °C npu nasnennn 6onee 1 I'Tla (puc. 7). O4eBuHO, 410 YCIOBHS TAKOTO paB-
HOBECHS 3MAYNTENLII0 BLIIIE TIO TEMMEPATYpe BCeX OLENOK 00pa3oBanuda 0a3allbTOB CPCIAMHHO-OKEaHHYECKHUX
xpedror: T=1320--1350 °C, P =1.0—1.5 I'Ta [CobGoner, 1996; Herzberg et al., 2007]. B ycnousax Hamcy6-
TYKIIMOHHOTO CTIPEINHTA, B TIPUCYTCTRHH ITOBBIIICHHBIX COTEPKaHNIT BOJTRI, BO3MOKHO HOCTHKEHHE Dollee BLI-
COKHX CTCIICHCH TUIABICHUS W, CIIC/0BATEIbHO, Dosiee neTomicHHbIX ocraTkos [Gaetani, Grove, 1998; Falloon,
Danyushevsky, 2000]. Oamako Mopdoiorust yHUTOBBIX Tell IPOTHBOPEUHUT MX 00PA30BAHMIO [IYTEM ILTABIIE-
Hus. Eciii IyHHTOBbIE Tela MPeaCTaBIsIOT Pe3yNbTaT JaCTHYHOIO MIIABIEHAS, TO HEOOXOIUMO NPC/UION0KHUTE
CYLIECTBOBaHHE OOMBIINX JOKAIbHBIX FPaIMEHTOB TEMIIEPATYPhI B KOHBEPTUPYIOMIEH MAHTHI. DTH IPajIMCHThI
JIOJGKHBI JIOCTHIaTh MACUITA00R B I'PALyChl HA CAHTUMET], YTO HC LPCIACTARISETCS BO3MOKHBIM ISl TUTACTHIEC-
KOH cpenbl, KOTOpOil ABiAerca acTeHochepHas mantusa. Kpome Toro, MuHepanbHBI U XUMAYECKHH COCTaRbI
MAHTUHHBIX JYHHTOB O(QHOIMTOBBIX KOMILIEKCOB IPOTHBOPEYAT MX 00pa30BaHHIO B Ka9eCTBE TYTOTIIABKOTO
OCTaTKa (CM. cel. pasaen).

MAHTHHHBIE JVHUTBI O®GHOTATOBBIX KOMILJIEKCOB: HCCIEJTOBAHHE COCTABA

['mmotesa o ToM, YTO TYHHTOBLIE Tela B MAHTHHU, BEPOATHO, MAPKUPYIOT 30MEI MOTbeMa MAHTHIHBIX pac-
I71aBOB, TIPUBJEKIa BHUMAHUE K AeTATbHOMY H3YUEeHHIO BeLIECTBEHHOIO COCTaBa JyHHTOB M BMEIIAIONINX Tapil-
OypruToB OPHOTHTOBLIX KOMILTEKCOB. 316Ch MBI CyMMHpYeM NaHHBIE 3THX HCCIeI0BaHHH.

JeTanbHble HCCIEI0BAHHS COCTABA MHHEPAJIOB [0 pPa3pe3aM vepe3 IVHATOBBIE TeJla H BMeNIa-
e rapudyprutol. [© 3yp [Suhr, 1999; Suhr et al., 2003] u3yuun coctaB MHIEPATOB MO MPOGUIIAM HYCPE3 1y~
HHUTEI ¥ rapuOypruTsl And 60 pasauunsix Ten Mommnoctsio oT 10 10 40 M B kommnexcax Tofibn Maywrun, Hopa
Apm u brnoy-mu-Jlayn opuonutos baii-od-Ainsaaca. OH nokasan, yTo Ha rpaHHIE IVHHT—TapUOypruT cy-
LIECTBYET Pe3Kuil TPaaIneHT cocTaBa MuHepanoB (puc. 8, a, 6). TIpu 3TOM 01MBHHBI GOIBIIMHCTBA IYHHTOB TIO
CPARHCHHIO C OJIMBUHOM rapldypruTos xapakrepusyred donee BeicoknM Fo (Fo = 100-Mg/(Mg + Fe?')) u co-
nepxanuem CaO u donee HU3KUMHK cojepxkanusamu NiO. XpoMIIMHUHENs TYHHTOR OTMYacTCs OT TAKOBOM rapi-
Oypruros Gonee Beicokum Cr# (Cr/(Cr + Al)), 6onee Bbicokumu cojiepkanusmu Fe'* n TiO,. Habnronaercs ot-
cyterBue koppemsiuui mexk 1y Cré# wnnnenu u cogepxanuem NiOu Fo g onueune. [To paspesy nyHuT—rapulOyprut
OTMEUEHb] CHCTEMATHUECKHE BAPUALIMH COCTABA, 3aBUCALIMC OT MOLUIHOCTH JYHUTOB: YeM MOIIHEe IyHHTOBOE
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Puc. 8. Bapuaunn cocrapa (Mac.%) 0/MBHHA H XPOMUIIIMHCIH MO Pa3pesam 4Yepe3 JIVHUTOBLIE TeJia H
BMeIIAIoNne NepHAOTHTEI B ouosnnTax brii-od-Aiindnica, no 1anusiv [Suhr et al., 2003].

a— xommneke bioy-Mu-Tlayr, 6 komiuexe Toitn Mayurus. Du— gymntsr, Hz — rapuyprith,

TeJ10, TeM Rble coxepikanue TiO, B wnnueiu 1 Hike codepixkanuc NiO B omsune [Suhr et al., 2003]. Otme-
HEHO TAKKC, YTO N0 MEPE YBEJIMUCHHA MOIIHOCTH IYHUTOBBIX TEJN, COCTaB MHHEPAJIOB CTAHOBUTCA Golice ped-
PaKTOpILIM — BO3pacTaeT Fo omieuna u Cr# wiinean. OGHapyXeHo ABa JlyHUTOBLIX T¢/14, B KOTOPLIX COJIEp-
kanus Fo u NiO B 0/1MBHHE BBIIIE, YeM BO BMEINAIOMMX rapudypruTax (cM. puc. 8, 6).

OTmMedeHHEIC 0COOEHHOCTH COCTaBa HE MOTYT GLITL OOBACHCHK HU PECTHTOTCHHBIM, HH KYMY/IATHBHbIM

oOpaszoBanueM JyHHTOB. JIyHUTBI-KYMYIISThl JIOJKHBI MMETh Ooee HU3KHI Fo 01MBHHA, YeM BMEIAOLINE TTe-

* PUAOTUTEL J{yHHTEI-pecTUThl BMECTe ¢ 6o/ce BhicokuM FO MO CpaBHENHIO ¢ NEPHIOTHTAMH IOJKHBI MMETh
Ooaee Huskoe conepxkanme CaO u Bricokoe NiO B onuBuHe, a conepkanus Fe’™ u TiO, B XpOMIIITHHEIH JIO/TK-
Hbl ObITh HIKE. [ 3yp nposest uncieHHOe MOOETHPOBAHNE MTOBE/ICHUS [TIaBHBIX anemeHTor (Mg, Fe) u amemen-
ToB-nipumecei (Ni, Sc, Nd) npu obpasosanun 1yHUTa U3 rapuOypruta B pe3y/ibTaTe peakimii pacTBOPCHHA—
ocaxaenus: rapuOypruT + pacmaasl = onusun + pacnaas 2 [Suhr, 1999; Suhr ct al., 2003]. Beino mokazaHo,
uTo Ha Fo onMBHEA B 3TOM Cllyyae BIMSET KOITHHECTBO OCAK/IAKLIErOCcs HOBOOOPA30BAHHOIO OTHBHHA H Ha-
ganeieii Mg# = Mg/(Mg + Fe?') murpupyromniero paciuiasa. Eciiu rapuGypruT v MUIpUpyrOLLMii pacriiaB Haxo-
AATCA B PAaBHOBCCHMM C QIMBMHOM OJHHAKOBOH MarHE3WaJIbHOCTH (NIPH MOJCIMPOBAHMM HCIIOIB30BATICH
Fo=91.3), 10 Fo B onusune aynutos Oyiier Bhiute, yeM B rapudyprute. Eciu npocauusarommiics pacmnas Ha-
XOMUTCS B PABHOBCCHHM ¢ OJMBUHOM Oonee MarHesuasibHbiM (Fo = 93.3), gem onusun rapubyprura, To Fo B
OJIMBHHE IYHHTOB, 00pa3yoIMXCcs B peaKlHy, YBeTHYHBaeTca enie 3HaunTenbree. Comepikannc NiO B on1uBH-
HE JIyHUTa HHKE, 9€M B rapiOypruTe u3-3a pacTBOPEHHS OPTOMHPOKCCHA. DTOT PE3Y/ILTAT MOYTH HE 3aBHCHT OT
MarHe3uaabHOCTH HCXOIIOTO pacriliara.

Hainu nannble no coctaBy 0/1MBUHA M3 LITHHEIEBLIX JTEPUOTHTOR, rapii0ypruToB H yHHTOB MAHTHIIHbIX
pa3pe30B OUOINUTOBOIO KoMilicKea Tpoomoc IMOKas3bIBAIOT, YTO OJIMBHHBI IyHHTOB XapakTepH3yrorcsa Oonee
HU3KUM comepkannem NiO orHocuTensHO TepHAOTHTOB (puc. 9). TIpH 3TOM ONMBHH TYHWTOB [10KA3bIBAET
CUNBHBIA pa3dpoc B couepxanun Fo. OMMBHIBI JyHHTOB WMCHOT ropasmo Ooree Hu3koe cojiepxkanue NiO
(Mac.%), 4eM To, KOTOPOE 0H/1ACTCs IPH BEICOKHX CTEMEHSAX TIaBICHHS MaHTUIHBIX TIEPHIOTHTOB. JList cpaB-
HCHMS Ha pUc. 9 MOKa3anbl COCTaBhl 0JIMBMHOB U3 apXeicKuX KoMaTHHTOB [Sobolev et al., 2007], kotopsie Jiciic-
TBUTC/ILHO ABJIAKTCS PE3yIbTATOM BEICOKMX CTCIEHEH miiaBneHua Mantuu [Armdt, 1986].

JleralibHOC M3yueHHME COCTaBa MUHEPAIIOR 110 Pa3pe3aM JyHUTOB U BMEIIAIONMINX 1ICPH/I0TUTOB IIPOBE/Ie-
HO 7715t KomiuickeoB JKoseduna u Tpunntn [Morgan ct al., 2008 |. ITepBblii — oTHOCHTCs K rapu0ypruToBoMy, a
BTOPOH — K JicpuoauTosoMy moatumy oduonunror [Boudier, Nicolas, 1985]. Mceneinopanusa no3Boauay Bel-
SIBUTh ICOXHMUUECKUE PA3INYMS TIEPEX0/la B [10C/IeJ0BATe/IbHOCTH TYHHT— rapilyprut u AYHUT—Taprdyp-
it siepronnt, B kommniexce JKosednna cocrasel 0OJIMBUHA W XPOMUIMTHHETH SBIAI0TCA (PyHKUMEI pacmoroske-
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0455 _ Puc. 9. Conepxanue NiO (mac.%) u Fo B onuBH-
0.46- i HaX U3 IYHHTOBBIX Te/l 1 BMEWAKNX NEPHIOTH-
0.44- TOB (IUIHHEAEBbIX JICPUOJUTOB H rapudypruTos)
koMmiLiexkea Tpoojoc.
o 0.42
=% I — nepuonmtel, 2 — rapudyprutel, 3 — ayuutel. JIna cpasnenus
g 0.40+ fe) HOKAZAHO MoJe apxeicnmx KOMATHHTOB.
=
o 0.38+ O0 -
z * AR
0.36- HUS MHHEPANIOB B paspe3c JIyHUT—I1apuldyprut
0.34- [Morgan et al., 2008] (cm. puc. 10, @). Ha rpaumnme
& OCIIETHET0 HAOIIOIACTCS aCUMMETPUYHbII [PAIUEHT
0.32 coctaBa. B ayHuTe morpanuumnniii cnoif mmupe, 4em B
0.30 : | | rapubyprute. B obuonurax Tpunutu u3Menenne co-
90 91 92 93 cTaBa OJIMBHIIA, IITTHHETH W [TUPOKCCHOB 110 POQuisnm
Fo TAKKe ABIsCTCs PyHKUMEH OT UX PACTIOTOKEHHS B pa3-
[o]r [o]2 | e ]3 pe3e OYHUT—INTMHHENEBLIH TapudypruT — MIMUHCIIC-
BbIH  JICPLOJIMT—ILIATMOKIA30BBIH  IEPLOAUT  (CM.

puc. 10, 6). ITpu nepexone AyHUT — rapudypruT — nepuoaut Fo onusrHa coxpanseTcs MOCTOAHHEIM (Foy), a
B [IATMOKIA30BbIX JEPLOANTAX yBenuuuBaercs 10 Fo,, ,. Conepxanue NiO B onMBUHE IYHUTOR HIKE, HEM B
omnBHHE raproyprutor. Yeenudenue NiO B o/iMBHHE 1apiOYPTHTOR J10 TOCTOSHHOM BEJIMYMHbL IPOMCXOANT Ha
HHTepBalle MPOTAKENOCTLI0 2 M 0T KOHTAKTa ¢ iyHUTaMu. [lorpalmaHbIif c10i B IyHUTAX TOHBIIIEC, YCM B rapi-
6yp|‘n'l‘ax H J]CpllOJ[H']'aX.

IIpumenenue unciensoro mogenuposanns [Morgan et al., 2008] nokazano, 4To B 000HX OPHOTHTOBEIX
komrnexcax (Kozeduna 1 TPHHUTH) JIONOJIHNTEIBHO K TCHEHHIO PACIUIABA NAPAIICIBHO KOHTAKTY TYHHT—
rapidyprut 00J1bIIOC 3HAYCHHUC UMEIA MUTPALIMS PACIIABA, HALIPAR/ICHHAS CPIeHANKYIAPHO 3Toit rpanuue. B
crydae Komriekca JKosedruna MUTpalms paciiasa Iuia i3 BMEMalmnX rapiOypruToB B lyHHTOBbIH KaHal. B
KoMIutekce TpuHHTH Ha0bOpOT — MHTpalNs pacriaBa OblTa HalpaBieHa OT AYHHTOBOTO KaHala BO BMEHIAK0-
1LIMC 1apulypIruThl.

Taknm obpazom, cOCTaB MHHCPAIOB JIYHHTOB W MX BapHaIMH TIO Pa3pely JIyHUT—1apiOypruT Heib3s
OOBSICHHUTE C TIOMOIIBIO PECTHTOTEHIION HITH KYMYTATHBIOH rHnoTes GopMupoBanus IynHToB. Hanbomee Bask-

a a
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Hz | h ;
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Puc. 10, Bapuamun coctapa (Mac.%) oJMBHNA H XpPOMIINHHEIH MO pa3spe3aM udepe3 IVHHTOBLIE Tesa H
BMeIIalone nepuaoTuTel B opuoantax CeBepHoii AMepukH, 10 gaHHbiM [Morgan et al., 2008].

a — xomiuiexe JKozeduna, 10C/Ie10BATEIBHOCTE Ny HIT—UIIHHEeBEIT Tapridyprut. [IITpHXOREIMH THHHAMHE OTMEICHA MOIIHOCTh 110I-
PHHHYHOIO CIOA MEXUY UYHUTAMH (KupHas) u rapudypruramu (toHkas); 0 — KoMmaeke TPHHHTH, NOCAeL0BATEIBHOCT JIYHHT—LIIN-
Helesblil rapudypru1—IuuHHe1eBbIH J1epLoIHT—ILIarHoK1a30Bb1i epriomuT. [IITpuxoRsMYu THHHAMH TTOKa3aHO HATHYHC TMOTPaHHIHOTO
CJI0H MEHLY JIEPLOINTAME (HPHAA) M IUIAIMOKIA30BEIMY J1epUOAnTaMit (Tonkad). Lhz - mmumenensiii neprionnt, Plag Lhz - nnaruo-
KJIA308kLIH JEPIOIHT.
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Puc. 11. Conepxanune P32 B KIMHONHPOKCEHAX M3 TYHHTOBBIX TeJ H BMECLIAIONIHX rapudypruroB (a) u
() cocTaBel paci1aBoB, PABHOBECHBIE ¢ KIMHOMHPOKCEHOM 3 AyHuToB (1) w rapudyprutos (2), opuosn-
ToB OMmana, no 1anneiv [Kelemen et al., 1995a].

Jlns cpapHenus MOKa3aHb! COCTABL! HOPMA/ILITEIX W JACILIETHPOBANIEIX (IITPUXOBAS THHWSA) BCOX, no sanneim [Kelemen et al., 1995a].

HbIMH PE3YJIbTaTaAMH PACCMOTPEHHDIX BbILLE HCCIEI0BAHNH SIBIAETCS TO, UTO OHM 110Ka3ailu: 1) COCTaB pasiny-
HBIX JIyHHTOBLIX T¢I BHYTPH OJIHOTO O(QHOIMTOBOIO KOMIIICKCA CHIIBHO BAPLUPYET M OMPENENsCTCs [TIaBHbIM
00pa3oM COCTaBOM MHIPHPYIOLLCTO PACIUIABA; 2) HA JTHTONOrMYECKOH IPaHMLEe pasiena IyHHT—rapuOyprur
Ha01H01aeTCsl PC3KUIL TPATHEHT KOHIIEHTPALMIE COCTABA MUHEPATIOB; 3) IPOCTPAHCTBEHHBII HHTEPBAT Ha Ipa-
HHULE DYNHUT —1apubdypruT (MOrpaHAYHbI €/10ii), a MPOTSKEHUH KOTOPOIo MPOUCXOAMT W3MCHEHHE COCTaBA
MUHEDAIIOB, HC LIGHTPHPOBAH OTHOCHTCI/ILHO 3TOTO pazjieia (eMm. puc. 8, 10). CaBur norpaHHyHOro cos, Bepo-
ATHO, CBA3AIL C TCHEHMEM PACTI/IaBd IIOTIEPCK JIMTOIOTHYECKOH I'DAHHIILI.

KanHonmupokcen ManTHIAHbIX AyNHTOB. MaHTHITHEIE JlyHUTE OHOIUTOBEIX KOMIIEKCOB [1OYTH BCET-
Aa conepskat KmuHonupokeen [Kelemen et al., 1995a; Suhr, 1999; Buchl et al., 2002; Suhr et al., 2003; Morgan
et al., 2008]. Tlocne/iuii BeTpedacTes B AyNUTAX B BUAE MHTEPCTHLMOHHEIX 3CpeH, 9aCTO ACCOLIMNPYIOLIUX C
XPOMIUIHHENBIO. Pacnpenenenyc kiMHOTMPOKCEHa B pa3pe3ax AyHUT— rapubypruT 110Ka3blBacT, YTo OH He
MONKCT ABIATLCA (DA30H, OCTATOMHOM OT YaCTHYHOIO IUIABICHMS, MOCKONBKY B 3TOM Cllyuae ero KOJIMYECTBO
JIOJIKHO OBITO Obl YBETMYNBATHCSA 110 HATPABISHUIO K TPAHHIIC ¢ rapubypruTaMu, 4ero He HabmioaeTes [Suhr,
1999]. Kpome 1010, cocTaBbl KJIMHOMHPOKCCHOB U3 IYHHTOB M I'apLUOYPTHTOR CHIIBIO OTHYAIOTCH JIPYT OT Opy-
T'd 10 COACPIKANHIO HCCOBMECTUMBIX MUKpOd/iemMeHToB (P33, Ti, Zr, Y). KnunonupokceH /lyHHTOB, BEpOSITHO,
00pasyercs Ha MOCIEMHUX CTAIHAX MUIPALMH PACILIABOB, KOTAA TPOXOIALIHII 110 Kanally pacniadB Ha4YMHAeT
OCTBIBATE M HACKIILAETCA OJIMBUHOM H KiIMHONMPOKceHoM. Jlist odburomiror OMana Obl10 MOKA3aHO, YTO KITHHO-
TIMPOKCEN U3 rapLOypruTOBR HMEET COCTaBbl, HepasHoBecHbIC ¢ BCOX, U sBIsSeTCS 0CTATOUHON MHHepaTbHO#
(hazoit, coxpanupueiics nocue nuasneHus nopox [Kelemen et al., 1995a]. B To e BpeMs KIHHOMUPOKCCH U3
AYHHTOBBIX TCJ1, 3aKTIOYCHHBIX B 3THX rapuOypruTax, MMeeT cocTaBbl, Ou3kne k papHoBecHbiM ¢ BCOX u Byn-
kauuTamu Omana (puc. 11). XpoMminuHens U3 IyHHTOB TOKe MMECT COCTABBI, Oau3kie K wnuneny 3 BCOX.
Ha ocHoBe 21010 c1eman BbIBOI 0 TOM, 4TO AYHHUTBI NIPE/ICTABILIA COOONM KaHABI TPAHCIIOPTA PACILIABOB.

OcoberHOCTH cOCTaBa K/IMHOTTHPOKCEHA U3 TYHHTOB CBS3aHBI C OCOOEHHOCTAMM COCTABA MArM, obpa3sy-
IOIHXCS B TEOJAMHAMUIECKOH 0DCTAaHOBKE (JOPMUPOBAHHS TOIO HIM HHOIO OQHOIMTOBOTO KOMILieKca. Tak,
ManTHiHpIe JynnThl Tpoonoca, 00pasoBanne KOTOPOIo CBA3AHO C HAACYOTYKLHOHHEIM CLIPEIMITOM, cozepiKar
KITMHONUPOKCEHEI, PABHOBECHBIC C PACTLIABAMM, OIM3KMMH K DOHHHUTAM BEPXHUX TIO/lyILIEYHEIX JIaB KOMIUTEKCA
[Buchl et al., 2002]. B Bepx1iekopoBoii 9acTy paspesa ohHOIHTOB baii-op-Aiinsnaca npeobaagaoT nopoisL, 1o
cocray ommskie kK BCOX, B KpyIHBIX MaHTHHHBIX TYHATAX KOMILTEKCA yCTAHOBICHAI KIHMHOTHPOKCEHE], PaB-
HOBECHBIE TOJILKO ¢ YIETPao0e/IHeHHEIMK pacitaBamy [Suhr et al., 2003]. OTcyTcTBue B STHX AyHUTAX KIHHO-
TTHPOKCEHOB, PABHOBECHBIX C paciiiaBamu, Oiskumu Kk BCOX, /1aeT BO3MOKHOCTE NIPE/0aarars, 410 3TH Jy-
HHTEI HC y4aCcTBOBAJIM B OCHOBHOM TPAHCIIOPTE PACILIABOB, & (POPMHPOBATIHICE BAIH OT OCH Xpe6Ta B 10POBBIX
PEAKLHOHHBIX 30HAX BOKPYI TPEIIHH.

Hanuune B MaHTHIHBIX yHHTaX KIMHOMHPOKCCHA, 0COGEHHOCTH €ro COCTaBa i pacripejie/ieHUs B paspe-
3¢ IyHUT—IapubypruT CBULCTEALCTBYIOT O TOM, HTO JlyHHThI HE SBIAIOTCS MAHTHIHBIMI PCCTUTAMH H MOTYT
[IPECTAR/IATH COOOH KaHalIbl, 10 KOTOPHIM PACTITARKI JIBUrA/IUCE K TIOBEPXHOCTH.

Bricokocuaepoduibubie saementsl (BCI) u usoronst Re-Os. Conepxanne BEICOKOCHAEPO(HIIBHEBIX
snementos (Os, Ir, Ru, Pt, Pd, Re) 1 H30TONOB peHnst # 0CMUA U3YHEHO B IHHTAX W BMEINAIONIMX rapudyprurax
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GW Puc. 12. CnexkTphl pacnupenc/ielus BbLICOKOCHIEPO-
(UABNBIX 2EMENTOB B IyHHTaX otpuosmtos Tpoo-

joca, o aannbiv [Buchl et al., 2002].

| — nymurel; 2 — WIMHHEIEBRIC JEPIOTHTEL 3 — DOHWHHKIK, BEPX-

HHC NOXYILEYHEIC Japbl. TOHKHC THHHH — KOMATHHLbI Kocromyxim
[Puchtel, Humayun, 2005].

oduosmtos Tpoogoca [Buchl et al., 2002, 2004]. BC2
ABISIOTCS COBMCCTHMBIMH € KPUCTAILTHYCCKOH (hasofi
(cynb(pmaoM) B IPOIECCE HACTUTHOIO TUIAB/ICHUA H T10-
TOMY HaKailTHBAIOTCs B MAHTHHIIOM HCTOYHHKE [Shirey,
Walker, 1998]. Kpome Toro, oHu 061aj1ator pasHoii cTe-

Obpasew/XoHapnT

0.00001 | T | T | [eHbIO CORMECTHMOCTH C KpUCTALIN4eCcKoit pasoii: Os,
Os Ir Ru Pt Pd Re g

Ir, Ru 6osiee, a Pt, Pd, Re MmeHee COBMECTHMBIE 3JIEMEH-

(o] 2 [o]3 o1 [Bamnes et al., 1985]. Baaromaps 5Tomy, MpH 4acTH-

HOM IUIABIEHHH MAHTHH DJIEMEHTHI NCPBOH TPYIIbI
HAKATUTHBAIOTCA B OCTATOYHOM MEPUIOTUTE B OOMBLICH CTCMEHH, TeM BTOPOiT. DTOMY e MPUHIIAITY LIOT1HUHS-
eres 1t Re—Os M30TONHAS CHCTeMa, OCHOBaHHast Ha pacnaje 'Y'Re — 187Qg, [lpu 1UTABNEHHH MAHTHU PEHUH
MPEMMYILECTBEHHO YXO/MT B PACILIaB, a ocMHii HakamwmBaercs B octarke [Reisberg, Lorand, 1995]. 3to Beaer
K 3KCTPEMA/ILHOMY (PPaKIHOHHPOBAHHIO Re/Os OTHOLICHUS M1y KOPOBBIMH M MaHTHITHBIMH TIOPO/IaMH, H3-
KUMH, OIM3KHMH K XOHIPHTOBBIM (0.1275), OTHOIIEHUAM 1870)s/1%50s B MAHTHITHBIX MOPO/1AX H BHICOKMM — B
JPEBHHUX MMPOAYKTAX ITaBICHHA.

VeTaHOBIEHO, YTO JIHUTBI MAHTHHHOI'O Pa3pe3a KOMILICKC Tpooaoc XapaKkTepU3yIOTCs COOePHAHUCM H
pacnpe/tenenreM BCD 1 n30Tonos Re —Os, HE THITHUHKIMU KaK [UIF TIEPHIOTHTOB, 00pa30BaBILIKXCH TIPY Hac-
THIHOM TIIAB/ICHHN MAHTHH, TAK U [Jist IPOIYKTOB (DPaxiFOHMPOBAHHS W KPUCTAIIH3AITMH pacruiagos. OTHO-
uerie 3708/"8808, _ g\ ney (0.1335—0.1374) B jtyHuTaX BbIlIE, 4CM B rapudyprurax (0.1288—0.1311), 1o
GIM3KO K OCTPOBOMYKHbIM BylKkaHuTam. Ha konTakTe rapibypruT— IyHUT TIPOMCXOAUT OBICTPOE yBEITHUCHNE
orromcHms '¥0s/'%¥0s. PaIMOreHHOC 3HAYCHHE OTHOLICHIH H30TONOB OCMIA HCBOSMONKIO 0OBACHUTL HAKOII-
sienvem 870s B pe3ynbTaTe Pajli0aKTHBHOIO MPUPOCTA CO BPEMEHH o6pasosanus Macensa Tpoomoc (90 miH Ter)
[Buchl et al., 2002, Tak KaK KOPPEKIS Ha BO3PACT He3HAUMTEIbHA.

Crekrpel pacnpesencaus BCH B aynuTax (puc. 12) CXOKH C TAKOBBIMH GOHUITHTOB BEPXHHX MO/TyILIEY-
weix 1as Tpoogoca, OT/IMYAsACk OT LOCTEAHHX Gonee BEICOKMM ypoBHeM Koitentpaimii BC3. Ocoboi qepToit
crextpoB pacripejenenus BCD B ayHATaX sBIACTCA dpaxumonuposanuc Os u Ir 1pyr oT Apyra ((Os/Tr),, = 0.6)
[Buchl ct al., 2002], 4To He XapaKTEPHO AL MPOLCCCOB TIaBIeHus ¥ KpycTaui3aurn. Takie CleKTpbl, BAAU-
MO, OTPaKaroT 06pa30BaHie TyHNUTOB B PE3YJILTATC MPOCATUBATHA qepes rapLOyPruThl PACILIABOB C MOBhIIICH-
aeiM '$70s/1$80s, THIMYHEIX JUTs HA/ICYOLy KIMOHHOM 0OCTAHOBKH, B KOTOPO# (hopMUpOBaIHCE oduomuTsl Tpo-
onoca. TIo3TOMY BBICOKOE OTHONIEHHE H30TOIOB OCMHA M PacIpe/CIcH we BCD B nymmrax 00bACHSETCH
HATHYHCM B HUX CMCCH OCTATOMHOTO MAHTHHHOTO W MarmMaTHieckoro cynb(iaa, 00pa30BaHHOIO U3 MHTPHPY-
HOITHX HAICYOTYKLMOTHBIX PacIlTaBoB.

OBPA3OBAHUE JIYHUTOB 3AMEIIEHHA: JKCIIEPUMEHTAJILHBIE JAHHBIE

WUcceIoBaHHs 110 B3aUMOACHCTBHIO 6a3a/IETORbIN PACTLIAB/TIEPUIOTHT BCE CILIE OCTAIOTCH HEMHOTOYHC-
JICHUBIMM TIO CPaBHCHHIO C JKCTIEPUMEHTAMH N0 HACTHIHOMY mapieini Bemectsa. Hambosce paHHHe
[Kelemen et al., 1990] — mpoBOAKIHCE € [EIbIO OmpeIeneH sl BIMAHAS PeaKIHii pacruiaB/iepuI0THT Ha CO-
cTas pacruiaBa. B pesyssTare Ob110 0OHAPYKEHO HECKONBKO BaXIILIX ocobeHHOCTEl pacTBOpeHus rapidyprura,
HO YCTIOBHS MPOBENCHUS SKCTIEPHMEHTOB HE MO3BOIMIM CHEJIATE BLIBOILI O KHHETHKE MPOTCKAMIHWX NPOTEC-
con. Toc/enyomee M3yucHUe OBIIO HANpPABIEHO Ha BLISCHCHUE PAAA KOHKDETHBIX BOIIPOCOB, CBA3AHHEIX C
IIPOIECCAMI MATPAIIWH PACTLIdRA 1 PCAKLHUH paciuias/iepuiotut. Tax, 3anadeit nccnenosannit M, Jlaiineca u
11. Konsmrenra [Daines, Kohlstedt, 1994] 6w1710 OMpe/cTeHIe BAHAHISA PEaKIIHH pacruias/MepuI0THT Ha Mexa-
HE3MBT F KHAETHKY MHIDAIIH PAaciliaBa B MAHTHHHBIX TIOPOJAX M TECTHPOBARNE FUTIOTE36I O TOM, UTO PEAKLIHUS,
IPOMCXO;1AMIas TP MATPALNK PAcTIaBa, MOKET CMOCOBCTROBATH MEPEXOAY OT MOPOBOTO TEHEHMSA K TEHCHHIO
1o kananam (runoresst PUH). Cepust SKCNepuMCHTOB 110 pCaKIMOHHOMY PacTBOPEHHUIO rapudyprura v epuo-
nura B 6a3anbToBBIX pacuiasax [Morgan, Liang, 2003, 2005] 6bLna HanpaBeHa Ha BhIACHEHUE KUHCTHKH 11PO-
1eccoB Tpanchopmarin 1apudyprut — IyHHT, ACPUOIAT — rapuOypruT —> AYHHT W IIPHYHH BO3HHKHOBEHHUA
rPaIMeHTOB COCTABA HIEMEHTOB Ha KONTaKTe AyHUT/rapuOyprut, XyHUT/TapuOypruT/aepionuT, yCTaHOBICH
HBIX B OQHONHMTOBBIX KomTLiekcax. C. JlamGapt ¢ coastopamu [Lambart et al.. 2008] uccnenosanu phexrs!
(hOKyCHPOBAHIIS PACILIABA B BHICOKOMPOHWIIAEMBIX KaHaIaxX H WX BAMANHEC Ha XMMHIECKHIT COCTAB TO/IHAMA-
[Mxcs 6a3aIbTOB, Ha TIPONOPIMY H COCTAB TBEPABIX (a3 OKPYKAIOMHNX MEPHIOTHTOS.

1006

Ba|



Oxcnepumentn: M. [laitneca u JI. Konburreara [Daines, Kohlstedt, 1994] mposogwmwce nipu 7= 1250 °C,
P =0.3 I'TTa B HuKeneBOIi Kancyne. B kadccrse crapToBLIX MaTCPUAIOR MCIOIB30BAINCEH TBEPALIE THCKH HIPC/I-
BAPHTC/IbHO CIIPECCOBAHHBIX CUHTETHYECKHX MEPHI0THTOB, COCTOANIMX U3 Pa3/IMUHbIX MPOMOPIIHI OTHBHHA U
OPTONMPOKCEHA, U MIENOYHLIX 0a3akToB. YueHbie 00HapyKuin 00pa3oBaHIe PEaKIIHONHON 30Hb! (PCAKLHMOH-
HOI'O CNI051) Ha TPaHNIE raprudypruT—pacivias. B 51oil 30HC Bech NUPOKCEH pacTBOPSIIC, a ppakuus paciiaba
1 pasMep 3epen OIMBHHA yBeTHuuBaiuck. Habnopanoch Takke pasBUTHE TOHKUX BhITSHYThIX [d/1bLEB, COCTO-
ALIMX H3 CMECH OJHBHH + PaciulaB, MPOHMKAKIINX B rapudyprut. Takas maanpueoOpasHas CTPYKTYPa MOKET
ABJIATBCA CAEICTBHEM peakIMOoNIolH uHpubTpaimoHHol HecrabuibHoct (PUH) u, Takum obpasom, noa-
TBCPHJIAET BO3MOKHOCTE 00pa30Balig caMOOPraHH3VIOUIHXCS TYHHTOBbIX KAHAJIOB.

OnwiTel no pacrsopeHuto rapudypruta (7= 1250—1290 °C, P = 0.6 0.75 I'TTa) B 0a3a1bTOBBIX U NEp-
nomuta (7= 1300 °C, P =1 I'Tla) B 6a3ansTOBLIX M aHAe3UTO0A3aTLTOBLIX PACIIABAX IPOBOIMINCEL C HCTIONE-
30BAHHCM PCAKIIMOHHBIX 1P, COCTOAMINX W3 CHHTE3NPOBAHHLIX CTepkHeH 0a3aibTOB U MEPUIOTHTOB, B Pa3ic-
neHHbIX rpapuroM MonudueHoBbIX Karcynax [Morgan, Liang, 2003, 2005]. B sxcnepumenTax Habmionanochk,
YTO PEAKIIMOHHOE PacTBOPEHHE rapudypruta NpUBOIUT K 00pazoBaHni0 Oe3NMPOKCEHOBBIX PACTIIABCOICDKA-
uux ayHuToB. Ha rpanuiie iynura u rapudyprura o0pasyeTcs peskuii MUHepalibHbiil GPOHT: KOTMYECTBO Op-
TOMMUPOKCEHA pe3ko cHuxkacres oT 40 % B rapudyprute 1o 0 B ayHuTe. YeTaHOBJICHO, YTO TOILIMHA 00pa3yIo-
LIETOCS QYHUTOBOTO CIIOA MPOINOPIMOHANIbHA KOPHIO KBaPATHOMY U3 BpPEeMeHH YKCIIEPUMCHTA, 8 CKOPOCTh €ro
pocTa orpaHM4eHa CKOpPOCTLIo TUM(Y3UM 111aBHBIX 3ICMEHTOR B paciuiaBe. BAOTL pe3KOoro MHHEPAIbHOIO
dponTa 0dHApyKEH MIUPOKNH MOIPAHUUHBIH CI0H, B KOTOPOM COAEPIKAHHS TTABHLIX JICMCHTOB M 2/1€MEHTOB-
NpuMeced B MITEPCTHIIHATEHOM PACIUIABE U OTMBUHE CUCTEMATHYECKH BAPLUPYIOT KAK (DYHKLIMA PACCTOSHUS W
BpeMeHH. bEITo OTIPE/ICIICHO, YTO 0IMBUH 00pa30BaBIIHXCA JYHHTOB COCTONT U3 HCCKO/ILKUX TeHepalinii, BKITIO-
YAIOIINX PETTUKTHI #)ICP OJIMBHHA W3 raplOypruTa 40 3KCIePHMEHTa, KOTOpble 00pacTalT KaiiMaMi HOBooOpa-
30BaHHOTO OJIMBHHA M JEHAPHTOB HOBOOOPA30BAHHOIO OJMBHHA B PACIIIABE. DTO TIO3BOJMIO 110JATBEPIUTE
1IPENOI0KEHUE O TOM, YTO TYHHT 00pa3ycTcs B Pe3ylibTaTe PCaKIIMH PACTBOPEHHS OPTOTIHPOKCCHA M, YACTHY-
110, OJIMBMHA W CI'0 MOBTOPHOH KpHCTaLIn3auuy. Peskuii MuUHEpanbiLIil (PoHT M ILIMPOKUIL TOTPaHHYHEIH CITOi
ABJIAKOTCA PC3y/ibTaTamy Kak 3ddeKxra pacTBOpenHa OPTONHPOKCEHA W OJMBMHA HA TPAHUILIE Pa3iena TYHHT—
rapudypruT 1 NOBTOPHOH KPHCTATIN3AIMN ONHBUHA B YHUTE, Tak H JIn(dy3uoHHOTO 06MeEHa MEKITY KPUCTAI-
namu u pacnnasoM. IIpouece pactBopenns u MOBTOPHOTO OcaskIeHUs Obl/I IPOBEPEH pacueToM Oamanca Mace ¢
MCIOIB30BAHUEM COCTaBOB MUHEPATIOR M PacijiaBa. DTOT PACHCT 110Ka3all, YTO pacTBOpeHue | T OPTOMHPOKCEHA
w3 rapudyprura B 2 r paciiaBa OpHBOIHT Kk ocaxkaenuio 0.6 T moBooOPa30BaHHOIO OJMBHHA M YBETHUETHIO
KOITHHCCTRA PACIIABRA J10 2.4 I, 4To cormacyeTcs ¢ faHHbIMH paboTsl [Kelemen, 1990]. Pesynbsratel sxkcniepumen-
TOB (KOHUEHTPALIMOHHBIC NPOQUIM paciilaBa H MHHEPAIOB, CKOPOCTE PacTBOPCHUs) OblIM HCMOIb30BAHEL B
MOZETHPOBANHH, TTIOKa3aBIIEM, HTO TOJIbKO 01HO Auddy3MOHHOE pacTBOpeHHe MecrnocobHO IPHBCCTH K 00pa-
30BaHHWIO JIYHHTOR LIMPHHOI D0Jlee HeCKOIBKUX METPOB 3a BpeMs nmogbema ManTHu 101 COX. s dbopmuposa-
11151 DOJIBIIHX JIYHHTOBBIX TCJI HEOOX0AMM NOATOK PAcl/laBa B 30HY PEAKIHH (BEICOKOC OTHOLLEHHE PACILIAB/ O~
poia). Cocrap 00pasyrOIIMXCS TyHHATOB U TPaJHeNTLl COCTaBa OMMBHHA BJIOJb IPAHULILI FApIOypruT—IyHHT
3aBUCAT OT COCTABA PEAKIMOHHOIO PacIiIaBa.

B pesynerare pacTBOPCHHS JICPHOINTA B 0a341bTOBOM paciiaBe GOpMHPYIOTCS MTOCIIE/[0BATEILHOCTH Iy-
HUT + NOpoBLIH paciiaas — rapudyprur — sepuonut (JAIJT) wau rapubyprut — nepronut [Morgan, Liang,
2005]. ObpasopaHue TOH WK HHOM OCTENOBATENLIIOCTH 3aBHCHT OT CTEHCHH HACHIILIEHMS PEarHpyIOIero pac-
J1aga onuBuHoM. Jdyuutsl B ITJI He comepikaT MHPOKCENOB, a B rapildyprurax odeux mociaeqoBaTensHOCTC
OTCYTCTBYET KIMHOMHPOKCEH. ABTOPEI OTMEHAKT, 410 NPOPUIM KOHIICHTPALMIT HA TPAHHIE TapibypruT—/y-
aut uan JAIJL nonyyeHHble B 3KCTIEPUMEHTAX M ONHCAHHEIE JUIA O(HOIHTOBBIX KOMIIIEKCOR, KAYECTBCHHO 110-
XOKH, OTHAKO MOCTENNHE ABIAIOTCA Topas/io 60sice c10xHBIMU. TIPUPO/IHbIE TYHHTHI B OTIIHYHE OT MOJIYYCHHbIX
JIYHHTOB COIePIKAT KIHHOMUPOKCEH.

C. Jlambapr ¢ coasropamu [Lambart et al., 2008] cBon IKCIEpHUMEHThI IIPOBOAMIM HA YCTAHOBKE ILIH-
JIUH/IPp—110pHICHB, POKYCHPOBAHME PACIIIaBa IPOMCXOINI0 MTHOBEHHO 1IpH AasicHuu 1.25 TTla. D1u axcniepu-
MEHTHI, TaK K¢ KaK W TCOPCTHYCCKUe pacueTsl [Asimow, Stolper, 1999], mokaszamu, 4To JCKOMIIPECCHOHHOE
TUTARJICHMC JICPILOJIUTOB HC MOJKET IPUBECTH K IIOJIHOMY PACXOJ0BAHHIO OPTOTTMPOKCCHA M 00pa30BaHUIO TYHHA-
ToBoro pecrura. IlonHoe pacxonoBaHue OpPTOMHPOKCEHA NOCTHTAeTes Omarojaps (OKyCHpOBaHHIO pacIlIaBa.
MMocnenHee NpUBOAUT K YBeIUUEHHIO KO3 dHIMENTa I8 OPTOTHPOKCEHA B PCAKLMM ILIABIEHHS U BBI3LIBACT
cro OblcTpoe ynandeHue M3 pectuta. laBiaeHne, IpH KOTOPOM MOXKET 00pa3OBLIBATHCS IYHHTOBBIH OCTATOK,
CHITBHO 3aBUCHT OT BCJIMYMHEI (pakropa hoKycupoBanus paciiaea (()), MOKa3LIBaroero, BO CKOJLKO pas yBe/IH-
guBaeTcA 00mIas Macca JKHIKOCTH B cucteme. B akenepumenrtax npu P = 0.5 u 0.8 ['Tla obpasosanne q1yHuTa
nocturanocs npu £ = 4 u § (otHomenne pacniaas/mopona 0.26 u (0.62). J{ns aaenenns seime 1 ['lla gymmt dop-
MUPYETCSI IIPH OY€Hb BbICOKUX (DOKYCHPYIOIHX (akTopax >23. 3T MoKa3bipaet, 4to 00pa3oBanie TyIHTOBbIX
KaHaJIOB MOJ 30HO0H CIIPEIHHTA, BEPOATHO, MPOUCXOINT B HHTEpRalie jariaeHuii ot 1.25 mo 0.5 I'Tla. Huxke sroro
HHTepBasa, BUANMO, TpeodaanaoT NPoNeccsl PacCesHHOTO TTOPOBOIO TEUEHMS, A BhILIE (B KOPE) — TEUCHMS 110
TPEIIHTIAM.
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Takim 06pazoM, pe3yIbTaThl HCCASTOBAHHI MOJTBCPANITH BO3MOKHOCTL 00pa30BaHusg IyHUTOB IyTeM
B3aMMOICHCTBUS [ICPH/I0THT/0a3aNbTOBLIH pactiaB # GOpMUPOBAHUA JIYHUTOBRIX KaHasos seaeacTerue PHH.
CucTeMaTHYECKHE BAPUAIIHA COCTABOB OJIHBHHA W MHPOKCEHOB B pa3pe3ax AyHUT—rapuOyprut u rapidyp-
TUT—IIEPLOJIUT, MOJIYYEHHbIC B IKCHCPUMCHTAX, [TOXO0KH Ha Te, YTO HaOMI0JAalTCs B MAaHTHIHbIX paspesax ou-
ONHMTOB. YCTAHOBIIEH UHTCPBA/ AABJICHUH, IPCANOYTHTETBHEIH 1118 GOPMUPOBAHMSA OYHHTOBbIX KAHAJIOB B MAH-
THH. BMecTe ¢ TeM yCTaHOBIEH Pl OTIHYMH MEKIY PC3yJIETaTaMU IKCTIEPUMEHTOB H TPUPOIHBIMH 0ObEKTaMH.
DTH OTIHYHKS OOBACHAKTCS rOpa3/10 0olibIICH CIOKHOCTRIO IPOLECCOB, ACHCTBYIOLIMX B MAHTHH, HCM TC, KOTO-
PhIC MOJKHO BOCTIPOM3BECTH B TaOOpaTOPHH. '

JARJHOYEHHE

CoBpeMeHHBIE MOJEIN TPAHCIOPTA PACIIABOB B KOMBEKTHPYIOLIEH MaHTHH 0a3HPYHOTCA Hd U3YUEHHH
CPE/IMHHO-OKEATHYECKUX XPeOTOB COBPEMEHHbIX OKeaHOB W MAHTHIHHEIX pa3pe30B O(PHOMNTOBLIX KOMIMIEKCOB.
TCOXMMMUYCCKHC JIAaHHBIC W OLIEHKH MAaHTHHIION MOPHCTOCTH CBU/CTC/ILCTBYHOT O TOM, YTO [10/IbCM PACIUIABOB K
nogepxHoct B MauTHu oa COX mpoucxoauT myTeM GOKyCHPOBAHHOIO TEHCHHS 110 XUMHYECKH H30JIHPOBaH-
HbIM KaHaJ1aM, MEXaHU3MBbI, BLI3LIBAIONIHE OPTANH3ANNI0 PACCESIHHOIO B 00bEME 110PO/ibl MCK3CPHOROTO 110PO-
'BOTO MPOCAUMBAHMS BTCHCHHE TIO KAHATIAM, OCTAIOTCH HAUMEHEE OHATHBIMK. B KauecTse CliocoGoB JIOKan3a-
UMM Te4eHMs PAacIUiaBa TPEIOKEHEl MOJENH: THAPABIMYECKOIO TpeliMHooOpa3oBaHus; o0pa3zoBaHus
CAMOOPTANH3YIONIUXCA KAHAIOB PACTBOPEHUA 1101 ACHCTRUEM PEAKIIMONHOH HNHILTPALIHOHIOH HecTaOHIL-
Hoctr (PUH) 1 Mexamniueckoil Tokannu3aliy paciulaBa o/ Bo3/cicTeIHeM cTpecca. [lo-suanmoMy, 1Ba mocnes-
HUX MEXaHH3Ma JICHCTBYIOT BMECTE, YCHIWBas JApyT Apyra. HecMOTps Ha OTCYTCTBHE €AWHON TOUKM 3PEHHUS O
MEXaHM3MaxX TPAHCIOpTa paciuiasa, OoJbIIMHCTBO HCCTIeoBaTelel CXOAATCA BO MHEHHH, YTO HE3aBUCHMO OT
KOHKPETHOIO ¢rnocoda JIBHKEHH PAcillIaBoB, DTOT MPOLECC CONPOBOKAAETCA 00pa30BaAHUEM B MAHTHH 1YHUTOB
3aMEIIeHHs B Pe3Y/IbTATC PCAKIIMH PaciiaB/IePUIOTHT. 3TOT MEXAHH3M HE OTBEPraeT BO3MOKHOCTH CYLLIECTBO-
BaHMS KYMYJISTHBHBIX JIYHHTOB, 0COOEHHO B KOPOBBIX KoMILIeKcax. OHAKO MHOTOUUCIIEHHbBIE TYHHTOBbIC Te/1d
B MAHTHH MapKUPYHOT 00J1aCTH LICPCIBUKCHUA PACIIIABOB, MIPEICTABIIAN CIEAbLI KAHAIOB, 10 KOTOPBIM IIPOUCXO0-
JUT WX MUTpauns. JyHHUTEL 3aMelle s MOTYT 00pa30BblBaThCA B OPOBLIX PEAKIIHOHHBIX 30HAX B0 TPEIIHI,
10 KOTOPhIM JIBUTANICS pacrias, TH00 BIONL 0cIableHHbIX CABUIOBBIX 30H B IICPUIAOTHTAX, KY1a MUIPHPOBaII
pacIias moa AedcTeueM crpecca. Kpome Toro, JyHHTH MOTYT IPEeACTaBIATh KaHabl, (GopMUpYIOLLIKECS IPH
[IOPOBOM PEaKLMOHHOM TeHeHIH paciiaBos Beneacteue PHH. JlyHUTOBbIe KaHaIbl BRICOKOH NOPUCTOCTH 0O3-
BOJIAIOT paciuiaBam 3G QeKTUBHO 0TS ThCs 0T 00J1aCTH MIABIEHH U IOIHUMAThLCA Ha TOBEPXHOCTD, COXPaHIL
CBOH M3HAYAIBHBIA COCT4B. TEOPETHUECKOE MOJICIIMPOBAITNE, TaHHBIE IKCIEPHMEHTANLHBIX HCCISA0BAHUIH U
H3yuenne MPUPOIHBIX 00BEKTOB CBUIETEIbCTBYHOT O BOBMOKIIOCTH 00pa30Balis TaKHX KaHaI0B B MAHTHH 1101
COX B unreprane jasnenuit 1.25--0.5 I'lla. Ha 66mbumux riyOunax, BUAUMO, 1ipeodiiajiact paccesHHOE 110po-
BOE TEUEHHE PACILIABOB, @ HA MCHBINNX — JIBHIJKEHHE 10 TpeluuHaM. Takum o0pasom, BEpOATHO, OCHOBHOMR
ofbeM MarM Mo 30HaMH CIIPEIHHTa MOIHUMAETCS Ha [I0BEPXHOCTE 110 IYHHTOBBIM KaHalaM, BOKPYT KOTOPBIX
HeOOoNBIag 9acTh PACIIABOB MUTPUPYET IOCPEICTBOM PCAKLIHOHHOTO TIOPOBOTO TEYEHHS.

‘HecMoTps Ha 3HAYMTENBHBIE OpOrpece, TOCTUIHY TR B M3YJeHHH MPOIECcCOB TPaHCIOpTa pPacliaBoB B
MAHTHH MO IEHTPAMH CIIPEIHHIA U CBA3aHHOIO ¢ HUMHM 00pa30BaHNA MaHTHHHBIX TYHHUTOR, BCE €IIIe HEMIIOTO-
YHCIIENNLIMH OCTAIOTCS KaK KCIIEpPUMEHTa/IbHbIe paboThl TI0 B3auMoAelicTBHIO 0a3aILTOBLIH paciias/mepuio-
THT, TAaK U JICTATBHEIC HCCIETOBAHNS TIepexoaa TYHUT—rapudypruT B MaHTHITHEIX pa3pe3ax oduomuTtos. Ioc-
JeHee MPEACTaRrIACTCs Handonee BakKHBIM TS BBIABICHHUA OCOOEHHOCTECH MUIPALMKM MArM B PasjiMyHbIX
reofnHaMPYecKUX 00CTaHOBKAX M(WIM) PesKMMaX CHPC/IHNTA, MIHPOKO MPeACTaBIeHHLIX B OHOTHTOBBIX KOM-
riekcax. B ¢BS3M ¢ 3TUM MPHHLKUIHAIBHYI HHAOOPMAIIHID MOTYT MPEI0CTaBUTEL KOMIUIEKCHLIE: HCCIIeIOBANNS,
TIpOBEIENHLIE ¢ MPUMEHEHHEM MPELMU3HOHHBIX FCOXHMHYECKHX METOIOB, M BKIIOYAIONINE KaK ONpeNeeHHe
CO/IepIKaHMif TeCOBMECTUMbIX MUKPO3IEMEHTOB B MUHEPaaX, TaK U BLICOKOCHAEPO(UILHEIX 3TeMEHTOB H H30-
toroe Re-—Os B nopomax.
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