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H. M. KOPOJIEB, JI. Il. HUKUTUHA (UTT]I PAH),

B. H. SMHYEHKO, 2KOAO ®PAHCUIIIKY (I'opno-pyanoe o6mectBo «Karoka», AHro;a)

OK/IOIT'NTOBBIE KCEHOJIUTBI N3 AJIMA3OHOCHBIX KUMBEPJIUTOB TPYBOK
KATOKA U KAT-115 (KPATOH KACCAH, 3AITAIHAA ADPUKA)

MMUHEPAJIOTHS, YCJIOBUS OBPA3OBAHMSI

BnepBbie npUBOAATCS JAHHBIE 10 MHHEPAJILHOMY COCTABY M YCJIOBHSIM 00PA30BAHUS JKJIOTHTOB, KOTOPbIE
npeodIagaoT CPead MAHTHITHBIX KCEHOJIMTOB, BbIHECEHHBbIX KumOepautamu Tpyook Karoka m Kar-115.
Tunsl 3KJI0rMTOB (BHICOKOITHHO3€MHCThIE, HU3KO- H BbHICOKOMArHe3uayibHble), XUMUYECKHil COCTAB IO-
PO000OPA3YIONIMX MUHEPAJIOB W KPHCTALUIM3ANKS B YCIOBHUSAX AJIMA3HOH (haluu CXOIHBI C IKJIOTUTAMH U3
MaHTHH paHHeI0KeMOpuiickux KpatoHoB MeH, KaanBaanbckoro u Cubupckoro. MHorocTaauiiHasi 3B0JIi0-
s 3KJIOTUTOB KAaK CJIeICTBHE HEONMHOKPATHOIO M3MEHEHHs] TePMAJbHBIX PeKMMOB B MAHTHH O KPATO-
HoM Kaccam 3aneyatieHa B M3MeHEHHH COCTaBa MOPOA000OPA3YIOIMX MUHEPAJIOB U AKLECCOPHBIX PYTHJIA
U 1MpKoHa. B akiIoruToBeIx KceHoJuTax Tpyoku Karoka mpucyTcTByloT pyTHiBI ¢ conepxkanunem Nb,O;
no 11,0 Bec.% (uabMeHOPYTHIbI), peBbimIaOmuM 00bryHOE (1m0 8,0 Bec.%) comepxkanue Nb B pyTmiaax
aJIMa30HOCHBIX 3KJIOTMTOB M 00pa3ylINX BKIIYEHHS B aaMa3ax [6, 51]. YuurTeiBas, 4To KHMOEPIUTOBAS
Tpyoka Karoka — omHa u3 Gorareidmmx aJiMa3oHOCHBIX TPYOOK MUpa, PA3yMHO NOJIaraTh, YTO HAXOXKIEHHE
WIbMEHOPYTHJIOB B KHMOEPIMTAX W BHIHOCHMbIX UMM MAHTHIHBIX KCEHOJMTAX MOXKET CJIYKHTb BaXKHBIM
MHHEPAJIOTHYECKHM MPH3HAKOM BBICOKOW NMPOAYKTHBHOCTH KMMOEPIMTOBBIX TeJ HA aIMa3bl.

KitoueBbie cnoBa: kpamon Kaccau, eepxuss manmus, 3K402Umbvl, mepmooapoMempus, 8biCOKOHUO-
Ouesble pymunbl.

The first data on the mineralogical composition, PT equilibrum conditions of mineral assemblages of
eclogite xenoliths from the upper mantle beneath craton Kassai are represented in the paper. The types
of eclogites, low- and high-MgO, the chemical composition of mineral and crystallization in a diamond
phase are similar to eclogites in the mantle, underlying Man, Kaapvaal and Siberian cratons. Multi-stage
evolution of the eclogites as a result of repeated changes in thermal regimes in the mantle beneath the
craton Kassai captured in changing the composition of the rock-forming minerals and accessory rutile.
Rutiles from the high-MgO eclogites contain Nb,O; to 11.0 wt.% (ilmenorutile) exceeding the usual (up
to 8.0 wt.%) content of Nb,O; in rutiles of diamondiferous eclogite and forming inclusions in diamonds
[6, 51]. Take into account for that Catoca kimberlite pipe is one of the richest diamond-bearing pipes of
world, it is believed that the presence ilmenorutiles in kimberlites and their mantle xenoliths can be an

important mineralogical sign of high productivity kimberlite on diamond.
Keywords: craton Kassai, upper mantle, eclogites, termobarometry, high niobium retiles.

B GosnbiimHCTBE MOziesiel BepXHeil MaHTUX 6oraTbie
OJIMBUHOM I'paHATOBbIE MEPUNOTUTHI PACCMaTPUBAIOTCS
KaK ee¢ TJIaBHBbIC KOMITOHEHTBI. DKJIOTUTHI W ITHUPOK-
CEHUTHI MO HEKOTOPHLIM olieHKaM [40] cocTaBislIOT He
6osiee 5% KOHTUHEHTAJIbHOW JIMTOCHEPHOIl MaHTUU,
a Ha JOJII0 3KJIOTUTOB IMPUXOAUTCS MeHee 2% [46].
HecmoTpst Ha 3TO, KCEHOIUTHI OOHAPYKEHbI B KMM-
oepsutax kpatoHoB Kaamnsaan [29, 34, 35], 3umb6a0Be
[23], Men [11, 12, 25], CneiiB [10, 24], Cubupckuii
[7, 13, 26, 27, 30, 50] u CeBepo-Kuraiickuii [54]. A-
Masbl ¢ BKJIIoUeHussMU E-Tumna HaxomsTcs B Kumoep-
JINTAX Y JTAMITPOUTAX MOBCEMECTHO [22], OOIBIIMHCTBO
HauOoJiee KPYIHBIX aIMa30B OOHApPy>XKE€HO MMEHHO B
skjorutax. CyliecTBOBaHUE ajiMasa B 9KJIOTUTaX CBU-
JIETETBCTBYET O TOM, YTO OHU 0Opa30BAIMCh B MAHTUU
U SIBJISIIOTCS BBICOKOOApUUeCKUMU nopogamMu. E-tun
BKJIIOUEHUI B aJiMa3ax BCTPEUaeTCsl 3HAUUTEIbHO pexe,
yeM P-tum, 310 yKaseiBaeT Ha TO, uto npu 5—6 I'Tla
(150—180 kM) 2KJIOTUTHI HEe ObLIU IJIABHOI COCTaBIsI-
foiieit B MaHTUM [21]. OgHaKO 3KJIOrMTaM MPUIKCHI-
BaeTCs BaKHAsI pOJIb B TIOCTPOCHNH T€OIMHAMMUYECKIX
Y TEOXMMUYECKUX MOJIeIel B3aMMOAEHCTBUSI MAHTUHU U
3eMHOI KOphI. Borpoc o nmpoucxoxkaeHu MaHTUIHBIX

AKJIOTUTOB JIO CUX TIOp HEJb3sI CUMTATh OKOHYATEJb-
HO pellIeHHBbIM. B nmuoHepckux paboTax Mo 3KJI0ruTaM
13 KUMOEPIMTOBBIX TpyOOK KaamBaanbckoro KpaToHa
[33, 48] npeamnoyiaraaoch, 4YTO 3KJIOTUTHI UMEIOT Mar-
MaTUYECKUI TeHe3uc. IpocnuauTbl 1 KUAHUTOBBIE
SKJIOTUTBI PaCCMAaTPUBAIMCh KaK paHHHE MUPOKEHO-
BbIE WA IMMPOKCEH-KOPYHIOBBIE KYMYJIATEI, KOTOPEIE
MoJBeprajuch UHTEHCMBHOMY CYOCOJIMIYCHOMY pac-
mamy ¢ oopa3oBaHMEM KMaHWUTA U rpaHata [48]. 3atem
00pa30BbIBAIMCH OoJjiee OOraThle XKeJe30M 3KJIOTUTHI,
coiepxaliyMe MUPOKCEH U I'paHaT B KayecTBE COJIM-
IyCHBIX (pa3 M (paKIMOHUPYIOIINE B CTOPOHY OoJjiee
MarHe3UaJIbHbIX OMMHIHEPaTbHBIX 9KJIOTUTOB. [1o3aHee
B NIPUHUUNUAIBHO MHOM METPOreHETUYECKOM MOIEIN
SKJIOTUTHI PACCMATPUBAIMCh KaK MPOMYKTHI CYOIyII-
pPOBaHHOI B MaHTUIO OKEaHMYECKOI KOpBI, MpeaBa-
PUTEILHO U3MEHEHHOM MOJ BO3AECHCTBUEM MOPCKOM
BOIBI M 3aTeM IIPe0Opa30BaHHONW B MAHTUITHBIX YCIIO-
BUSIX MPU BBICOKUX TEMIepaTypax U naBieHusx [34].
DTO MoATBepKAAeTCsl AeTaJIbHBIMU UCCAEAOBAHUSIMU
B OKJIOTMTaX TCOXMMHUU PEIKUX DJIEMEHTOB M PaauoO-
TeHHBIX M30TOMOB B cucteMax Sm-Nd, Rb-Sr, Lu-Hf,
Re-Os [11; 12, 27, 28, 29, 49, 50], yTo B HacTosllee
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BpeMsI IPUHUMAET OOJIBLIMHCTBO MCCeaoBaTeeil. 3a
3TO TOBOPUT U Pa3INuKMe M30TOITHOTO COCTaBa KHUCJIO-
polla B MAHTMITHBIX 3KJIOTUTAX U MEPUIOTUTAX, a TaK-
JKe LIMPOKME Mpedesbl KojaebaHuii 3HadyeHuin 50 B
9KJIOTUTAX, OJIM3KWE K TMpenesiaM B COBPEMEHHBIX
obuonutax [26, 27, 29]. KpoMe TOro, M30TOIMHbI
coCTaB yrjieposia B aiMaszax u3 akjaoruton (8°C ot +3
10 —34 %o) oTanMyaeTcs OT TAKOBOIO B ajaMasax Iie-
punotuToBoro maparenesuca (§°C = —5 + 4 %o) [40,
44]. Ipennonaraercs [26], 4T0 MAaHTUIHBIE SKJIOTUTHI
OBUIM TeHEepHPOBAHBI B TJI00AIBHO MPOSIBUBIIEMCS B
MepHoJ MO3THEr0 apxesl CyOIyKIIMOHHOM IIpoliecce,
MO3TOMY M pa3idyust MEXIy SKJIOIMTaMM U3 MaHTUU,
MOACTUJIAIONIEN KPATOHBI, OUYE€Hb MaJIbl.

[TonydeHsbl epBhIe pe3yIbTaThl U3YUYEHUS MUHEPa-
JIOTUM U YCJIOBMiII 00pa30BaHUsI 9KJIOTUTOBBIX KCEHO-
JIUTOB U3 KUMOepauToBbix Tpyook Karoka n Kar-115
(kpatoH Kaccau, AHroia), HauboJjiee pacipocTpaHeH-
HBIX B HUX Cpeay MaHTUHHbBIX KCeHOIUTOB. HesHauu-
TEJIbHYIO YaCTh KCEHOJIMUTOB COCTABJISIOT MEePUIOTUTHI
(rpaHaToOBbIE JEPUOJUTHI U OyHUTHI). [IpeobnanaHue
SKJIOTUTOB CPelX MAaHTUMHBIX KCEHOJUTOB SIBJSICT-
cs penkoctblo. OHO HaOMOMAETCsI B KUMOEPIUTOBBIX
TpyOKax KoMruiekca Koiimny, 30HIMPYIOIKNX MaHTUIO
moxa KpaToHoM MeH, a Takxke B KUMOEPJIMTOBOI TPyO-
ke PobGeptc Bukrop, npopsiBatolieii KaanBaanbckuii
KpaToH. [eoxuMuueckast XapaKTepUCTHKa SKJIOTMTOB,
U-Pb Bo3pacT u reoxuMust HIUPKOHOB M3 KCEHOJIMTOB
OyayT nmpeacTaBieHbl BO BTOPOii cTaThe. JlaHHbIE 00erx
cTaTeii Imociyat 6a30ii I TOCTPOeHUsT 000CHOBaH-
HOI I'MIIOTE3bl IIPOMCXOXKIECHUSI SKJIOIMTOB B KOHTHU-
HEHTAJIbHOM JTUTOC(hEpHON MAHTUU PETUOHA.

Teonornyeckoe MosioKeHne KMMOEPIMTOBBIX TPYOOK
Karoka u Kar-115. CrpykTypHOe nojioxxeHue Kumoep-
JIMTOBBIX TeJl B Ipeaeax kpatoHa Kaccau (puc. 1) KoH-

10°0'0"E

20°0'0"E

TPOJUPYETCS PETMOHAJBHOM TEKTOHUYECKOU CTPYK-
Typoit — kopugopom Jlykana [2, 3, 45]). Apxeiickuit
BO3pACT KpaToHa MOATBep:KAaeTcs AaHHbIMU Sm-Nd
METOIa O BO3pacTe KCEHOJUTOB IPAHUTO-THEMCOB U3
kuMbepnutoB Tpyoku Kartoka (2600 muH jet). Huk-
HSISI TpaHULA JUTOCHEPHOM MaHTUU TOJ KPAaTOHOM,
0 JAHHBIM INIOOAJIBHOM CeiiCMUYECKOM ToMorpaduu,
pacmonaraetcs Ha TayomHe 300—400 xwm [14].

Tpyoka KaToka BXOOMT B UMCJIO KPYIHEHIIUX MO
pasmepaM (915 x 990 m, miowanp 63,6 ra) U passe-
JTAaHHBIM 3aIlacaM aJIMa30B KMMOEPIUTOBBIX TeJl B MUPE.
DTO €1ab03pOAMPOBaHHAS TaJICOBYJIKaHUUYECKAsT T10-
CTpOIiKa, CJIOXKEHHAs MOJUIeHHBIMM KOMILIEKCAMK
MOpoJl KUMOEPIUTOBOI (popMaliuu, pa3TuIHBIMU TIO
COCTaBY, NeTPOOU3NIECKIUM CBOMCTBAM U CTEIIEHM ajl-
Ma3zoHocHocTH [2]. Teonmormueckass momensb (puc. 2),
OCHOBaHHAas Ha TaHHBIX U3YyICHMS TJTYOOKMX TOPU30H-
TOB TpYOKU [4, 41], ipeacTaBisieT COO0 CTPYKTYpPHBIE
B3aMMOOTHOLIEHMSI M COCTaB (POPMUPYIOIIUX €€ I10-
JIMTEHHBIX KOMIUIEKCOB KuMmoOepauToB. U-Pb Bo3pact
LUPKOHOB U3 KuMOepauToB 118 MiH net [45]. Tpyo-
ka Kar-115 pacnonoxkeHa B 7 KM K ceBepy OT TPYOKH
Karoxa. Pazmepni ee 340 x 800 M, a ruioniaab 0KOJI0O
29 ra, 4TO ITO3BOJISIET OTHECTH €€ K KATerOpMU KPYITHBIX
KNMOepIUTOBBIX Ted. I1o Habopy meTporeHeTMIeCKIX
KOMILIEKCOB 00€ TpyOKM aHaJOTMYHbI, HO B TpyOKe
Kart-115 numerorcs aBa MoaBOASIINX KaHa/Ia HA YPOBHE
JUaTpeMbl, 00BEAMHEHHBIX O0IIEH KpaTepHOIl Baau-
Hoit (puc. 3) [4].

MeToapl MCCIeAOBAHUA. XMMUICCKU COCTAaB MM-
HEepaJioB Ha YPOBHE TJIABHBIX 2JIEMEHTOB OIpPEACNIEH
metonom SEM-EDS B UI'T] PAH Ha ckaHupyroiieMm
asieKTpoHHOM MuKpockore JEOL JSM-6510LA ¢ sHep-
rogucrnepcroHHoi mpucraBkoit JED-2200. Tonkue
MOJIMPOBAHHBIE TUIACTUHKM ITOPOJ HAIIBUISUIUCH YIJie-

30°0’0"E 40°0'0"E

110°0'0"S

P
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Zimbabwe

Craton 20°0'0"S

30°00"S

Puc. 1. TTonoxkenue Tpyoku Karoka (oTMeueHa 3Be3q04Kkoii) B mpenejax kopuaopa JIykana, OKOHTYPEHHOTO IITPUXOBBIMH JIM-

Husivu [45]
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Puc. 2. I'eonornyeckuii pa3pe3 kumoepauToBoii Tpyokun Karoka no nayounst 600 m [4, ¢ m3mMeHeHusiMu|

AR, — BMmematomue tHelicol (7, §); KBM — maccuBHbie kumbepiautoBeie 6pekunn (/); CnKb — caiogucteie KUMOEPIUTOBBIE
opekunn (5); KTh-1 — tydobpexkunu 1-it dasbr (1, 5, 6, 7); KTB-2 — tydhobpexkunn 2-it dasbr (2, 3); BKC — 6pekunn Kce-
HosutoBoro «ciost» (9); AKb — aBronuroBbie kumbepnutoBsie Opekunu (10); KI1 — maiitku mopdupoBbix kumobepautos (71);
KT — mroksepku Tydhdusutos (12); K3I1 — kumbepnutbl 30HbI mepexona (2); BOIl — ByjaKaHOreHHO-Ocago4YHasi acCOLALIMS
(2, §); MOII — necuanuku dhopmamvu Mutepkanap (3, 4); Pg,—N, — mecuanuku rpymnmnsl Kamaxapu (3, 7); Qy', Q> — a/UTiOBHIA.
KpacHble TUHUM — pa3BeJOYHbIe CKBAXKMHBI
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Puc. 3. I'eonormyeckuii pa3pe3 kumoepauroBoii Tpyoku Kar-115 no rayounst 350 m [4, ¢ usmeHeHusMm |

VYca. 0603H. ¢M. Ha puc. 2

ponoM. TouyeuyHble ompenesieHUs] cocTaBa MUHEpaIoB
BBITNIOJIHSUIACH C MCITOIb30BaHUEM 3JICKTPOHHOTIO JIy4ya
C yCKopstoluM HarpsixkeHueM B 20 kaB 1 Tokom 5 HA,
pa3Mep MsTHa 3 MKM. BpeMsi HakoruieHMs KaxXJa0ro
crekrpa 50 ¢, B KaueCTBE CTaHAAPTOB UCIIOIb30BAINICH
MIPUPOIHBIE MUHEPAJIBI, YUCTHIC OKCHIBI M MCTaJLIbL.
Jis KoppeKIuu MaTpuuHoro aggexra mpuMeHsacs
anroput™m ZAF.

BaneHTHOE cocTOsIHME Keje3a M COOTHOIIEHUE
Fe’*/Fe?" onpenensiuch MetogoM MéEcchayapoBcKoit
cnektpockornuu B UT'T PAH. U3mepenust mpounsso-
IWJIACH TIPU KOMHATHOM TeMIlepaType W MOCTOSTHHOM
YCKOPEHUU B MHTEpBaJie CKopocTeii oT —7 1o +7 mMm/c.
Hcrounukom y-uznydenust ciayxui ’Co B matputie Cr
akTuBHOCTBIO 50 MKu. JI7151 KanuOpoBKY CIIEKTpOMETpa
HCMOJIb30BAIOCHh METaTMYecKoe keyne30. OToOpaHHbIe
oA OMHOKY/ISIPOM MMHEpPaIbl PaCTUPAINCh B BUOPO-
MesbHuIe. OOpa3el MoMeINIaics B araTOBYIO KariCyiry
C alleToHOM 0e3 AOoCTyIa BO3ldyXa, YTOObl M30eXaTh
OKHCJICHMS Xejie3a B IIpoliecce pacTHpaHHs. 3aTeM
00pasibl CMENIMBAIUCh C TIOJUITUIEHOM M TPECcco-
BaJIUCh B BUJIe KOHYCa, HOPMaJib K 00pa3yolieil KoTo-
POTO COCTaBIIsUIa C HAIIpaBJICHUEM TaMMa-U3JIydeHUs
yros B 54,7°, 4TO UCKJIIOYAJIO aCUMMETPUIO CITEKTPOB
BCJICCTBUE MPEUMYILIECTBEHHON OpUEHTALIMX YaCTHIL
HUcclieayeMoro MuHepasa. [ITOTHOCTh IMOTJIOTUTENS
Mo MPUPOTHOMY 3Kejle3y 5 Mr/cM? AmNIpoKcHUMalius
CMEKTPOB MPOBOAMIACH COBOKYIMHOCThIO JIMHUM (op-
bl JJopenua. OTHocuTelbHOEe KojmdyecTBo Fe?* u Fe’*
B CTPYKType MUHEPAJIOB OIPEAEISIOCh IO MHTETPaJTb-
HBbIM MHTEHCUBHOCTSIM 1y0JIETOB, COOTHOCUMBIX C 3a-
KHCHBIM U OKHCHBIM XeJie30M. [I1 BceX MUHEPAJIOB,
KpoMe TpaHaTa, MpPearnojarajioch, YTO BEPOSITHOCTD
addexkTa Méccbayspa omMHaAKOBaA IJIsI MOHOB XeJie3a
pa3HOI BAJICHTHOCTU W B Pa3IMIHBIX MO3ULUAX. [l
IpaHATOB MCIIOJIb30BaIach IOINpPaBKa, YIUTHIBAIOIIAS
pasIuuHylo BelnunuHy 3¢ dexra Meccbayapa mist aTo-
MOB KeJe3a, 3aCelISIOIINX OKTa3IpUIeCKIe 1 T0IeKa-
sapuyeckue nmo3uuuu [55]. CKOpOCTHBIE MapaMeTpbl
CIIEKTPOB ompeneeHbl ¢ morpemHoctbio 0,01 mm/c.
[MorpewHocts onpeneiaeHus orHoumenus: Fe**/ZFe B
ctpyktype muHepasios +0,005—0,01.
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IleTporpacus u MuHepaJorus 3KJIOTMTOBBIX KCEHO-
JutoB. Cpeyn 3KJIOTUTOB BBIIEISIOTCS BRICOKOMAarHe-
3uanbHble (H-MgO), HuzkomarnesuanbHbie (L-MgO)
U BboIcoKormuHo3eMucToie (H-Al,O,) pa3HOBUIHOCTU
(Tabm. 1)*. HuskomMarae3naabHbIe SKJIOTUTHI CIIOKEHBI
rpaHaTOM MUPOI-AIbBMAaHIWMHOBOTO psiia M HU3KOMar-
HEe3UaJIbHBIM OM(DaLMTOM, B KauyecTBE aKleCCOPHOTO
MUHepaJja IIPUCYTCTBYET PYTUJI C HU3BKUM COACpP>KaHU-
eM Nb,O; (10 1—1,2 Bec.%). Bce oHn MeloT rpaHobia-
CTOBYIO CTPYKTYpY. BbiIcOKOMarHe3uaabHble SKJIOTUThI
CJIOKE€HBI MUHEpaJIaMU C ITOBBIIICHHBIM COACPKaHUEM
MarHus. [paHar B HUX TIpeICTaBIICH ITMPOIIOM, a KJIU-
HOITMPOKCEH BbICOKOMAarHe3uajbHbIM OMMalLIUTOM.
OCO0OEHHOCTBIO MTaHHBIX MOPOJ SIBJISICTCS HAJIU4UE B
HUX HUOOMEBOI Pa3HOBUIHOCTU PYTHJIA — WIBMEHO-
PYTUJIIOB, B KOTOPBIX comepxkaHue Nb,Os cocTaBisieT
8—11 Bec.%. MHorma B KpaeBbIX YacTsX 3epeH PyTUia
HaOII0AAI0TCS YYacTKU pazmepoM He bosiee 10—15 MKM
¢ comepxanueM Nb,O; mo 20—25 Bec.%. Ctpykrypa
SKJIOTMTOB 3TOT0 THUIIA MIPEUMYIIECTBEHHO MOpGhUpO-
OsacToBasi, coueTarolasics Jubo ¢ mojocyaroi, abdo
C HESIBHO CJIaHIIEBAaTOM WM MAacCCUBHOI TEKCTYpOA.
BBICOKOTTTMHO3eMHUCThIE 3KJIOTUTHI CJIOKEHBI BHICOKO-
HaTPUEBBIM OMDAIIUTOM TpaHATOM, B KOTOPOM IpOC-
CYJISIPOBBI MUHaJI HE3HAUMTEJIbHO MpeodjagacT Hamg
MUPONOM U aTbMaHAUHOM. B HEOOIbIIOM KOJIMYECTBE
TIPUCYTCTBYIOT KMAHUT W KOPYHII.

Bo Bcex TMmax 5KJIOrMTOB B TOU WJIM MHOM CTETIeHU
pa3BUTa BTOPUYHASI MUHEpAIU3aLMs, TIPUypOICHHAS
IJIABHBIM 00pa30M K TpeIIMHAM, IMPOXKUIKAM, MEX-
3€pPHOBBIM KapMaHaM, e 3a4acTyl0 MUHEepasibl UMEIOT
yeTKue Kpucrtajiorpadudyeckue odepranusi. OCHOB-
HbIE BTOPUYHBIC MUHEPAJIbl — aM(pUOO0JI TapTaCUTOBOTO

* YcnoBHbIe 0003HAYEHUsST MUHEPAIOB: Ab — anbout, Aeg —
9TUpUH, Alm — anbMaHauH, Amf — ambuodos, Ap — anarut, BaFsp —
OapueBbIil TIosieBol mmat, Bt — 6motut, CpX — KIMHOTUPOKCEH,
Cr-Prp — Cr-niupon, Crn — KopyHua, Di — nuoncua, En — aHcTaTuT,
Fo — dopcrepur, Fs — deppocunurt, Grs — rpoccynsip, Grt — rpaHar,
IIm — wnbmenur, Jd — xaneut, Mgt — marHetut, KFsp — KanueBblit
moneBoit mmar, Ol — omuBrH, Omp — oMdarut, OpX — OPTOITUPOKCEH,
Phl — dnoronurt, Pl — nnarnoknas, Prp — nupor, Prv — nepoBcKuT,
Rt — pyrwun, Srp — ceprienTH, Wo — BOJUIACTOHUT.




MuHepaoru4ecKuii COCTaB KCEHOJIUTOB

Tabauya 1

PasHOBMIHOCTH TToponoo6pa3yrole MUHEpPaIbl AKIIecCOpHbIe MUHEpaJIbl Bropnumbie
KCEHOJIUTOB Grt Cpx Opx ol Rt * (+Ilm) I[pyme MUHEpPaAJbL
DKno0eumol
Bricokornu- Prp 29—-33 | (Wo+En+Fs) 39—46 - - Nb,O; Crn Amf, Ap, Pl,
HO3EMUCTHIE Alm 29-31 Jd 54—61 (mo 1,5 Bec.%) BaFsp, Srp

Grs 33—40
Huskomarne- | Prp 35—-48 | (Wo+En+Fs) 55—-65 - — Nb,O; — Amf, Ap, PI,
3UaJIbHBIE Alm 33—45 Jd 31-44 (mo 1,5 Bec.%) KFsp, Bt,
Grs 1628 Aeg 0—6 Srp
Bricokomar- Pro 67—75 (Wo+En+Fs) 73—80 — — Nb,O; — Amf, Ap,
He3UaJIbHbIE P Jd 20-25 (6—11 Bec.%) BaFsp, Bt,
Alm 17-23
Aeg 0-5 Ta,O4 Srp
Grs 4—10
(mo 1 Bec.%)
Ilepudomumut
Gr-71epLoauT Cr-Prp Cr-Di En Fo (ZFe ~ — - Phl
~ 8 Bec.%)
HyHur - - - Fo (ZFe ~ - IIm, Phl, Srp
~ 17 Bec.%) Mgt, Prv

* Comepxxanue Nb,O; u Ta,Os B pyTue.

psina, OMOTUT, (PIIOTOITNT, alaTUT, HATPUEBHIE TIJIaTUO-
KJ1a3bl, KaJueBble MOJIEBbIC IIMAThl, CEPIICHTHH.

Ipanamul N3 SKIIOTUTOBBIX KCEHOIUTOB (Ta0II. 2) OT-
HOCSITCS K TTMPOIT-aJIbMaHIMHOBOMY Psity. MUHATBHBI
COCTaB TPaHATOB HU3KOMAarHe3uaJbHbIX SKJIOTUTOB:
Prp 35—48 Alm 33—45 Grs 16—28 (puc. 4). OH 61130K
K COCTaBy IrpaHaTOB M3 KCEHOJWUTOB HU3KOMAarHe3u-
aJIbHBIX 3KJIOTUTOB B KUMOepauTax koMmruiekca Koii-
ny kpatroHa Men [11], Tpyoxku Newland KaarnBaamnb-
ckoro kpatoHa [35] u CeBepo-Kuraiickoro kparoHa
[54]. B rpaHaTax BbICOKOMAarHe3uajbHbIX 3KJIOTMTOB
comepxKaHue MarHe3uaJbHOro MuHajaa okojo 70%, u
aTbMaHAMHOBBIT MUHAJI TIpeobsiagaeT Haa I'POCCYIIs-
poBbIM (puc. 4). Ux MuHanbHbIN cocTtaB: Prp 67—75,
Alm 17-23, Grs 4—10. IpaHaTbl U3 BHLICOKOTJIMHO3E-
MHUCTBIX 9KJIOTUTOB XapaKTePU3YIOTCS TTPUOIUZUTETHHO
OIMHAKOBBIM COAECP>KaHMEM ITMPOIIOBOIO U aJIbMaHI-
HOBOTO MWHAJIOB M HE3HAUUTEIbHBIM IIpeoOIagaHu -
eM rpoccyisipoBoro muHana: Prp 29—33, Alm 29-31,
Grs 33—40. Takoii cocTaB UMEIOT TpaHaThl U3 KUaHU-
TOBBIX SKJIOTUTOB BBICOKOOAPMYECKOTO MeTamMopdu-
yeckoro komrmiekca (UHP metamorphic complex)
Cesepo-Kuraiickoro kpatoHa [56].

B HM3KOMarHe3nanbHBIX ¥ BBICOKOTJIMHO3EMUCTHIX
9KJIOTUTAaX YCTAHOBJICHO TTOJIMCTaaUitHOE TTpeodpa3o-
BaHUE IPAHATOB, BbIPAXAIOLIEECI B YBEJIUYEHUU CO-
nepxannst MgO u ymenbsieHnn CaO u FeO B nepu-
(bepruecknx, 0OBIYHO METKO3EPHUCTBIX 30HAX 3epeH
(puc. 5, a). lIpodunu pacnpeneneuus Mg, Fe, Ca B
3epHax TpaHaTa IOKa3aHBl Ha puc. 5, 6. TpeHabl n3-
MEHEHMS COCTaBa TPaHaTOB U3 TPEX KCEHOJUTOB BUIHBI
Ha muarpamMme Prp—Alm—Grs (puc. 6, a). Takoir Tvun
30HAJTLHOCTH YCTAHOBJICH U B TpaHaTax M3 SKJIOTUTO-
BBIX KCEHOJMUTOB B KuMbOepnutax Koiiay [25]. B BbI-
COKOMAarHe31aJbHbIX 9KJIOTUTaX MTOI00HbBIX MI3MEHEHUI
He OOHapyXeHO.

Kaunonupoxcenvt 3Ki10ruToB (Tada. 3) OTHOCST-
cs K oMmdanuram (puc. 7). Comepxanue MgO, CaO,
AlL,O; 1 Na,O B HUX KOJIeOIeTCs B IIMPOKUX TIpee-
sax. OMbanuT u3 HU3KOMarHe3uaJabHbIX 3KJIOTUTOB
otHocuTcs K Ca-Na rpyrrne, ero MUHaJbHBIM COCTaB:

(Wo+En+Fs) 55—65, Jd 31-44, Aeg 0—6. Omdanu-
Thl BBICOKOMAarHe3uaJbHbIX SKJIOTUTOB OTINYAIOTCS
MOBBIIIEHHBIM cosiep)XaHueM MgO. VX MUHaIbHBIIM
coctaB: (Wo+En+Fs) 73—80, Jd 20—25, Aeg 0-5.
KamHonmupoKceHbl BBICOKOTJIMHO3EMUCTBIX JKJIOTH-
TOB OTHOCSITCSI K BBICOKOHATPUEBBIM OMaInTam:
(Wo+En+Fs) 39—46, Jd 54—61.

Prp
(MgsAIZ[SiO4]3)
0

100

A WODN =

0

0’ ’ 1(’) '2(,) '36 '4(’J '5(’) '66 '7(,) 'BC’) '9(’) '10,0
Grs Alm
(Ca,AL[SIO,]) (Fe™ AL[SIO,],)

Puc. 4. Tpoiinag auarpaMmMa MHHAJIBHOTO COCTaBa IPAHATOB
M3 BEPXHEMAHTHIHBIX KCEHOJMTOB. MMHAJBI PACCYNTAHBI MO
[32]. Ha auarpaMMy HaHeceHbI TOJIBKO COCTABBI HEHTPAIBHBIX
yacreil rpaHaToOB

1—3 — 2Ky10rUThI (BHICOKOTJIMHO3EMHUCTBIE, HU3KOMAarHe3ualib-
HbI€, BHICOKOMAarHe3uajabHbie); 4 — JePLOIUThI
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XUMHYECKHIi COCTAB IPAHATOB U3 IKJIOTHTOBBIX KCEHOIUTOB

Tabauya 2

opaser | N, | sio, | 1o, | Ao, | cro, | Fe0o, | RO | Mno | Mgo | a0 | Cywwa
Boicokoenunoszemucmote 3xK102umol
kat-14 core 9 39,31 0,19 22,63 0,09 0,00 14,78 0,17 8,83 13,88 99,88
kat-14-1 1 39,72 0,40 22,60 0,13 0,00 16,06 0,21 11,48 9,26 99,86
kat-9 core 6 39,41 0,32 22,67 — — 14,31 0,27 8,03 15,01 100,10
kat-9 rim 1 39,5 0,32 22,31 — — 14,13 0,24 7,78 15,71 100,08
kat-9-1 1 39,97 0,23 23,11 — — 13,76 0,19 9,16 13,58 100,00
kat-9-11 3 39,64 0,38 22,62 - — 14,96 0,25 10,11 11,89 99,93
kat-9-111 1 40,43 | 0,26 | 264 | - - 1502 | 023 | 1097 | 10,45 | 100,00
kat-9-1V 1 40,20 0,62 22,77 — — 14,20 0,44 12,23 9,36 99,82
Hu3KOMd€H€3uaﬂbele SKA02UMbL
kat-1 ink 2 39,86 0,26 22,81 — — 17,13 0,29 11,16 8,50 100,02
kat-1 core 21 39,63 0,28 22,46 0,06 0,11 18,54 0,28 11,49 7,17 99,93
kat-1-11 4 40,76 0,35 22,77 0,03 0,09 14,26 0,34 15,72 5,75 99,97
kat-1-111 2 41,00 | 036 | 2300 | - - 1272 | 032 | 17,44 | 518 | 100,12
kat-1-1V 1 41,62 0,56 22,73 0,02 — 11,63 0,41 18,22 4,83 100,05
kat-3 core 4 39,05 0,24 21,99 0,02 0,18 21,15 0,38 9,05 7,99 99,86
kat-3-1 5 39,50 0,11 22,28 0,05 0,16 19,66 0,38 10,36 7,59 99,95
kat-3-11 1 40,60 0,40 22,18 — — 17,02 0,45 13,02 6,33 100,00
kat-3-111 1 40,49 | 032 | 22,88 | 0,21 - 1509 | 037 | 1470 | 595 | 100,06
kat-3-1V 1 40,80 0,61 22,47 0,40 — 13,34 0,53 16,85 5,00 100,08
kat-11 core 5 39,34 0,18 22,45 0,13 0,00 17,30 0,24 10,51 9,73 99,89
kat-13 core 6 39,25 0,18 22,50 0,13 0,00 16,02 0,18 9,74 11,91 99,89
kat-13-1 2 39,24 0,20 22,52 0,15 — 16,84 0,23 10,39 10,34 99,89
kat-5 core 6 39,60 0,10 22,51 — — 19,17 0,39 10,65 7,60 100,09
kat-5-1 3 40,02 0,19 22,48 — — 17,85 0,41 12,29 6,75 100,08
kat-5-11 1 39,53 0,17 22,58 — — 17,98 0,56 11,56 7,62 100,17
kat-15 core 10 40,54 0,28 23,03 0,02 — 14,29 0,26 14,67 6,88 100,05
BblCOKOMaZHe3Ha./leble IKa02UmMbl
kat-2 core 9 | 4147 | 010 | 2362 | 006 | — | 11,51 | 037 | 1886 | 3,98 | 100,00
Kat-18 core 7 | 4136 | 013 | 2362 | 019 | — | 1150 | 025 | 1958 | 327 | 99,93
kat-18 rim 1 41,14 | 0,08 | 23,56 | 025 - 1,04 | 031 | 2007 | 345 | 99,94

Ilpumeuanue: 3necy 1 B cnefyromux tadnuuax: N, — KOJIMYECTBO TOYEK ONpPEJENEHNUs; COTe — LIEHTPAIbHBIE YaCTU 3EPEH; Iim — Kpa-
eBble yacTu 3epeH; ink — BkitoueHus; [—IV — 30Hbl u3MeHeHus: cocraBa. Conepxanue Fe,O, ornpeneneHo merogoM MeéEccbayapoBCKoit

CIIEKTPOCKOITUU.

B ximmHONMMpOKceHaX HU3KOMAarHe3uaJlbHBIX 1 BbI-
COKOTJIMHO3EMUCTBIX SKJIOTUTOB HEPEIKO Mepudepuii-
HBIE 9aCTHU 3epeH IO MOP(MOJIOTUU U COCTaBy OTJIMYA-
IOTCSI OT OTHOPOIHBIX, HEHAPYIIEHHBIX IIEHTPAIbHBIX
30H. MIx Mopdosorus mogodHa IeKOMIIPECCHOHHBIM
CTPYKTypaMm «pactpeckuBanus» (crinkled) [53]. Kpome
TOTO, B HUX HAOJIIOAAIOTCS YMEHBIIIEHUE COIepPKaHUsI
Na,0, Al,O, u yBenuueHue CaO u MgO 1o cpaBHEHUIO
C COCTaBOM LIEHTPaJIbHBIX YacTeii 3epeH (puc. 6, 6). I1o-
JIOOHas1 KOMITO3UIIMOHHAsT 30HAJIbHOCTh OIMKMCaHa U B
MMUPOKCEHAX 3KJIOTUTOB U3 KUMOEPIUTOB KOMILIEKCa
Koiiny kparona Men [25].

HaubGosnee pactpocTpaHeHBbI Cpeau aKIeCCOPHBIX
MMHEPAJIOB B 3KJIOTUTAX PYTUI M KEJIE3UCTO-OKCHU/I-
HbIe MUHEpaJbHBIe (ha3bl. B KceHOMMTaX BBICOKOTIIN-
HO3EMUCTBIX 3KJIOTUTOB, KPOME PYTHJIA, IPUCYTCTBYET
Takke KopyHH, Kotopeiii comepxut TiO, 0,30 u FeO
0,51 Bec.%.
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PyTun mipucyTcTBYeT B ABYX Pa3sHOBUIHOCTSIX —
COOCTBEHHO DyTWJIa B HU3KOMArHe3UaJlbHbIX U BbI-
COKOTJIMHO3EMUCTBIX IKJIOTUTaX U MJIbMEHOPYTHUJIA B
BbICOKOMAarHe3uajJbHbIX 9KjJ1oruTax (tabJ. 4). B Hu3ko-
MarHe3uaJbHbIX ¥ BbICOKOTJIMHO3EMUCTBIX DKJIOTUTAX
pYTWI 00pa3yeT JIMOO BHITSIHYTHIE C MIPSIMOYTOJbHBIMU
OUepTaHUSAMU, JIMOO M30METPpUYHBIE 3epHa. OH TIpu-
CYTCTBYET KaK Ha IPAaHUILIEC 3€PEH IrpaHaTa v MMPOKCeHa,
Tak W B BUJE BKJIIOUEHUI B 000MX MuUHepanax. B co-
craBe pyruna FeO no 2,0 u Nb,Os 1o 1,0—1,2 Bec.%.
B wibMeHOpyTHIIaX BBICOKOMArHE3UaIbHbBIX 9KJIOTUTOB
conepxanne Nb,Os 8,0—12,0 Bec.%. OHO 3HAYUTETHHO
npeBbllaeT odoblyHOE coaepxaHue Nb,Os B pyTunax
U3 AJIMa30HOCHBIX 9KJIOTUTOB U BKJIOYEHUSX B ajiMa-
3ax ot 1,0—1,5 go 8,0 Bec.% [6, 51]. OgHaKo B KUM-
OepauTax aaMazoHocHoll Tpyoku Opana (borcBaHa)
00HapyXeHbl HOLYJIM PYTUJIOB, coaepxkamux Nb,Oj
1o 21,0 Bec.%, xXOTsI B 1IeJIOM YCTaHOBJIEHHBIC BapHa-
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Puc. 5. Menko3epHucTbie KaiiMbl BOKPYT 3€pPeH rpaHATAa U3 HU3KOMATHE3UAIbHOTO KJIOTMTA
A—6/an; b — BSE; B — npocdunu pacripenenenus Mg, Fe, Ca B 3epHe rpaHaTa U3 HU3KOMAarHe3UajibHOTO 3KJI0ruTa. A — napameTp

3J'[CMCHTapHOI7I STYEUKU JJIST COOTBETCTBYIOLIMUX 30H

LMY B colepkaHny Huobus ot 2—3 no 21 Bec.% [23].
B 13y4eHHBIX HAMU BbICOKOMArHe3MaIbHbIX 3KJIOIMTAX
B KpaeBBIX YaCTSIX HEKOTOPHIX 3epeH pyTHJIa HaOJIro1a-
I0OTCSI y4acTKu pa3MmepoM He Oosiee 10—15 MKM ¢ co-
nepxanueM Nb,O; mo 20,0—25,0 Bec.%. Jlus orBeta
Ha BOIIPOC, MPEICTABIISIOT I 3TH YIACTKU BKITIOUCHHE
KaKOro-To HIOOMEBOTO MUHEpajia B pyTHJie, TpeOyeTcst
X JajJbHelilllee ucciaegoBaHue.

B 3epHax pyTuia yacTto HabOJIOJAIOTCS CTPYKTYPHI
pacmana, B KOTOPBIX JlaMeJIU IIPEACTAaBICHBI MIIbME-
HutoM (puc. 8). Io pacnonoxeHuo Jamesei wibMme-
HUTa MOXHO BBbIIEIUTH JABa TUIIa CTPYKTYp pacrana.
B nepBom, HauboJjiee pacnpocTpaHEHHOM, JUHEHHbIE
JlaMeJiv 00pas3yloT pelieTyaTyio CUCTEMY C IByMsI TIpe-
0o0IafaloIMMU HaMpPaBJIeHUSIMU, TTepeCeKaloMMUCS
non yrimom oT 101 mo 108° (puc. 8, A). B omHoM m3
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A Prp b
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(Ca,AL[SIO,],) (Fe** AL[SIO,],) J

Puc. 6. Tpennpl n3menenusi cocraBa

A — TpaHaTOB U3 KCEHOJUTOB BHICOKOTJIMHO3EMUCTHIX (/) U HU3KOTJMHO3eMUCTBIX (2, 3) akiorutoB Ha auarpamme Prp-Alm-Grs
(327U ThIe 3HAUKKM — COCTaBbI LIEHTPAJIbHBIX, HEM3MEHEHHBIX YacTeil 3epeH). [Isi cpaBHEHUS TIOKa3aH COCTAB BHICOKOMArHe3UalbHbIX
9KJIOTUTOB (4) U IpaHATOBBIX JIEPLIOJIUTOB (J);

b — KIMHOMMUPOKCEHOB M3 HU3KOMAarHe3uaJbHbIX 3KJIOTUTOB (/, 2) OT LIEHTpaJbHOI YacTH 3epeH (YepHble 3HAUYKM) K KPaeBbIM
30HaM (LBeTHbIC 3HauKu) Ha auarpamme Q—J ([36]; Q = Ca + Mg + Fe?*, J = 2Na); BbicOKOMarHe3uajbHble 9KJIOTMTHI U TpaHa-
TOBBIC JIEPLOJIUTEL (3, 4)

Tabauya 3
XUMHYECKHii COCTAB KINHOMUPOKCEHOB U3 IKJIOTHTOBBIX KCEHOJINTOB
Ob6paselt Nowp SiO, TiO, AlO, Cr,0, Fe,0,* FeO,, MnO MgO CaO Na,O Cymma
Bovicokoeaunozemucmoie IKA02UMbL
kat-14 core | 2 56,27 0,27 16,99 0,04 - 2,14 0,01 6,24 11,01 7,06 100,00
kat-9 core 7 56,68 0,31 16,18 — — 2,13 0,06 6,14 9,91 8,59 100,00
kat-9-1 1 55,71 0,50 18,52 - - 2,58 — 4,84 8,29 9,57 100,00
HuskomaenezuanvHvle IKa02UumbL
kat-1 core 7 55,37 0,33 9,47 0,15 0,95 4,96 0,05 9,93 14,59 5,10 100,05
kat-1 rim 1 55,00 0,38 5,85 0,13 1,02 5,32 — 12,79 17,40 3,13 100,10
kat-1-1 2 54,44 0,65 8,30 0,07 — 5,16 0,10 11,79 15,24 4,26 99,99
kat-1-11 2 52,70 0,34 7,00 0,19 — 6,96 0,12 11,02 18,81 2,90 100,13
kat-3 core 10 | 55,23 0,33 8,28 0,16 2,17 6,34 0,05 9,73 14,76 5,11 100,20
kat-3 rim 2 53,05 0,30 4,73 0,13 2,54 7,42 0,08 13,21 19,51 1,61 100,28
kat-3-1 1 54,76 0,32 3,82 1,21 — 4,74 0,15 15,38 16,85 2,76 100,09
kat-3-11 4 53,86 0,46 5,81 0,23 — 6,97 0,03 11,21 17,93 3,48 100,13
kat-3-1I1 2 52,90 0,48 6,22 0,17 — 7,31 0,10 10,93 18,71 3,15 100,15
kat-11 core | 3 56,01 0,27 12,88 0,16 0,89 3,23 0,01 8,25 13,17 5,99 100,06
kat-13 core | 5 55,82 0,27 13,11 0,16 0,49 3,02 0,02 8,26 13,29 5,99 100,00
kat-5 core 14 | 55,72 0,41 9,45 0,03 - 5,19 0,04 9,55 13,79 5,82 100,00
kat-5 rim 1 54,13 0,44 6,49 — — 5,40 0,22 11,98 18,21 3,13 100,00
kat-15 core | 9 55,71 0,55 9,93 0,08 — 4,20 0,03 10,04 13,68 5,79 100,00
kat-15-1 2 54,70 0,53 6,20 0,16 — 4,63 0,12 13,86 16,34 3,47 100,06
Bovicoxomaenesuanvrvle sxn0eumol
kat-2 corel | 11 56,04 0,24 4,84 0,16 2,05 3,06 - 14,34 18,32 2,93 100,13
kat-2 core2 | 3 55,46 0,19 5,57 0,15 2,03 3,02 - 13,77 18,01 3,69 100,06
kat-18 core | 3 55,33 0,35 6,23 0,22 2,13 3,10 — 13,28 17,46 3,86 100,04
kat-18-1 1 3,54 0,33 3,54 0,31 — 3,36 — 14,87 20,92 2,03 99,94

* CM. mpumMed. K Tabi. 2.
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Puc. 7. Ilonoxenne GpurypaTuBHbIX TOYEK KJIMHOMUPOKCEHOB M3 KCEHOIMTOB JKJIOTMTOB M IPAHATOBBIX JIEPIOJUTOB HA KJIACCH-
¢ukanmonnbx muarpammax [36]). Ha amarpaMMy HaHeceHBbI COCTABBI TOJbKO IEHTPAJIbHBIX YACTEl KINHOMMPOKCEHOB

Yci. 0603H. cM. Ha puc. 4

Tabauya 4
Xumuueckuii coctas (Bec.%) PyTHIIOB U3 KCEHOJIMTOB HU3KO- M BEICOKOMATHE3HAIBHBIX IKJIOTHTOB
O6pasert Nowp SiO, TiO, Al,O4 Cr,0, FeO,, MgO CaO Nb,O; Ta,O4 Cymma
Hu3skomaenesuanvHvie 3K102umbl
kat-3c 1 0,12 97,81 0,66 — 0,57 — — 0,84 — 100,00
kat-3r 3 0,15 97,53 0,38 0,17 0,80 — — 0,87 — 99,90
kat-3c 1 0,24 98,40 0,59 - 0,37 — — — — 99,60
kat-3r 1 0,13 98,02 0,12 - 1,62 — — 0,12 — 100,01
kat-3r 1 0,14 98,78 0,30 — 0,78 — — — — 100,00
kat-11c 1 — 96,97 0,86 0,35 1,22 — — 0,60 — 100,00
kat-13c¢ 1 0,17 96,55 1,14 0,20 1,29 0,13 - 0,34 — 99,82
kat-15¢ 4 0,35 97,68 0,30 - 0,52 0,10 - 1,07 - 100,02
Bvicokomaene3zuanvHble IKA02UMbBL
kat-18¢ 1 0,19 87,97 0,56 0,85 3,13 0,23 — 7,06 — 99,99
kat-18c 5 0,15 87,82 0,51 0,94 2,99 0,11 — 7,49 — 100,1
kat-18c 6 0,17 81,72 1,00 0,89 6,37 1,03 — 8,82 — 100,00
kat-18¢ 8 0,37 87,15 0,96 0,59 3,80 0,26 — 6,87 — 100,00
kat-18¢ 9 0,14 86,25 0,54 0,95 3,49 0,16 — 8,46 — 99,99
kat-18r 10 0,38 80,25 1,02 0,76 6,46 1,52 — 9,61 - 100,00
kat-18c 11 0,20 86,03 0,97 0,87 2,84 0,03 — 9,05 — 99,99
kat-18c 12 0,14 76,05 1,18 0,8 10,53 2,73 — 8,57 — 100,00
kat-18r 13 0,37 85,57 0,88 0,85 3,14 0,03 - 9,16 — 100,00
kat-18r 16 0,44 87,85 0,46 0,77 3,16 — — 7,32 — 100,00
kat-18¢ 25 0,38 87,05 0,98 0,62 2,79 0,20 — 7,97 — 99,99
kat-18c 26 0,31 76,80 1,06 0,51 11,02 2,62 — 7,67 - 99,99
kat-18r 27 0,29 87,19 0,75 0,71 2,70 0,35 — 8,02 — 100,01
kat-18r 28 0,32 69,30 1,36 1,14 4,95 0,54 - 21,09 1,30 100,00
kat-18r 29 0,93 63,50 1,32 0,72 7,23 1,06 - 23,84 1,40 100,00
kat-18r 32 4,51 54,23 2,65 0,94 6,34 3,65 — 24,97 2,17 100,01
kat-2r 1 0,20 83,07 0,78 0,45 4,34 0,49 — 9,83 0,84 100,00
kat-2c 2 0,04 82,61 0,73 0,29 5,27 0,42 — 9,87 0,77 100,00
kat-2c 3 0,45 85,44 0,34 0,74 3,33 0,13 - 9,27 0,30 100,00
kat-2r 4 0,32 85,16 0,47 0,44 3,84 0,21 0,22 8,45 0,89 100,00
kat-2r 7 0,39 83,98 0,69 0,50 3,81 0,69 — 9,43 0,51 100,00
kat-2c 13 0,20 95,75 — 0,48 0,80 — 0,19 2,57 — 99,99
kat-2c 14 0,34 94,63 - 0,76 1,16 — 0,22 2,89 — 100,00
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BEC 20kV

BEC 20kV

Puc. 8. Crpykrypsl pacnaga B pyruie (tunsl 4 u b). Jlamean npeacTapieHbl WIbMEHATOM

Tabauua 5
Xumuueckuii coctas (Bec.%) WIbMEHUTOBBIX JaMeJIeil B 3epHAX PYTHIOB M MJIbMEHHUTOBBIX KaiiM
BOKPYT 3€peH PYTWIA U3 KCEHOIMTOB HU3KOMATHE3HAJIBHBIX 9KJIOTUTOB

O6paszert Nowp Sio, TiO, AlO, Cr,0, FeO MnO MgO Cymma
kat-3 Ic 1 0,26 55,68 0,21 - 40,06 1,59 1,85 99,65
kat-3 Ic 1 0,16 57,20 0,22 0,19 38,87 1,34 2,01 99,99
kat-3 Ir 1 0,35 53,90 - - 40,57 1,79 3,39 100,00
kat-3 Ir 1 0,29 55,49 0,19 - 35,99 1,55 6,18 99,69
kat-3 ed 2 0,10 54,86 0,22 - 35,30 1,56 7,72 99,74
kat-3 ed 1 0,34 52,22 0,84 - 40,50 1,56 4,47 99,93
kat-3 ed 1 0,27 53,53 0,10 - 39,11 1,69 5,20 99,90
kat-3 ed 3 0,24 54,46 0,18 0,10 37,49 1,54 6,00 100,01
TIpumeuanue: Ic — namMesb B LIEHTPe 3epHa pyTuia; Ir — saMenp Ha Kpaio 3epHa pyTiia; ed — MIBMEHHUTOBast KaiiMa.

Tabauua 6
XuMHYeCcKHii cocTas (Bec.%) MUHEPAJIOB IPAHATOBOTO JIEPIOIATA

Munepan Sio, TiO, ALO, Cr,0, FeO Fe,0,* MnO MgO CaO Na,O NiO Cymma
Fo 40,79 0,01 0,20 — 7,90 0,35 — 50,18 — - 0,45 99,87
En 57,97 0,07 0,58 0,22 4,67 0,33 0,08 35,60 0,31 0,08 0,12 100,02
Di 54,84 0,27 3,01 2,08 2,02 0,82 - 15,22 19,22 2,51 - 99,98
Grt 41,56 0,38 21,39 3,16 7,96 0,32 0,21 20,46 4,54 — - 99,98

* CM. TIpuMed. K Taou. 2.

00pa3IoB BCTpPEYEH CPOCTOK pyTWJIA, TJAe B OIHOM,
OOJIbIICI YacTU JIaMeJU IepPeceKaroTcsl Moj YIIOM B
101—108°, a B mpyroii, MEHBIIICH, 3TH YIJIbI BAPbUPYIOT
M COCTaBJISTIOT B cpemHeM okoyio 145°. JIms BTOpO-
ro TUIA CTPYKTYp pacliaja XapakTepHO IMapajlleibHO
OPHUEHTUPOBAHHOE PACITONIOXEHNE BOJTHUCTBIX WIN U3-
BUWJIMCTEIX Jameseil (puc. 8, b). XUMUUIECKUI COCTaB
WJIBMEHUTA yAaJoCh OINPEIEIUTh TOJBKO B OMHOM 00-
pasiie (Tabs. 5). B meHTpanpHOI YacTy 3epeH pyTuia
B namensax He 6osee 2,0 Bec.% MgO. K kpaio 3epeH
conepxanue MgO mocreneHHO yBeauuuBaetcsi. Mib-
MEHUT 00pa3yeT He TOJbKO JaMeJIM, HO U KaiiMbl BO-
KpYT 3epeH pyTWia, B IIEHTPEe KOTOPBIX HAOIIOMaI0TCs
CTPYKTYpBI pacranga, v coaepxanue MgO B kaiiMax
WibMeHuTa nocturaer 7,7 Bec.%.
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3epHa XKeJe3UCTO-OKCUIHBIX MUHEPATbHBIX (ha3 Ka-
BEPHO3HbBIC, MUKPOIIOPUCThIC, KpaliHe HEOMHOPOIHBIE.
OCHOBHOI KOMIIOHEHT X XMMUYECKOTO COCTAaBa — XKe-
ne3o (6osee 60 Bec.% FeO,,,). [IpumMecu npeacTaBieHbl
NiO no 20,0, MgO o 5,0, CuO no 3,5, MnO no 2,0,
SO, mo 1,5, V,05 1o 1,1 Bec.%.

CocTaB MUHEPAJIOB B KCEHOJIUTAX TPAHATOBBIX JIEP-
LOJUTOB (TabJ1. 6) HE OTJMYAETCST OT TAKOBOTO B OJHO-
MMEHHBIX TOpPOJAX CPeAr MaHTUMHBIX KCEHOJUTOB B
KUMOepJIMTax ApeBHUX KpaToHOB. MccienoBaHue co-
cTaBa MMHEPAJIOB SKJIOTUTOBBIX KCEHOJIMTOB ITO3BOJISIET
celaTh CIICAYIOIINE BbIBOIBL:

— MPUCYTCTBUE CTPYKTYP pacriajia B pyTujiax CBUIE-
TEJIbCTBYET 00 M3MEHEHUU TeMIIEPAaTypPHOIO peXuMa B
MAaHTUU, BEPOSITHEE BCETO O IMOHMKEHUN TEMIIEPATYPhL;



— MNepeKpUcCTAIM3alus JaMeseld WJIbMEHUTA C
o0pa3oBaHUEM BOKPYT 3epeH pyTuja WJIbMEHUTOBBIX
KaliM ¢ BBICOKMM coaepxaHueM MgO oTpaxkaeT najib-
HEWIINI 3Tall YBEJIMYEHUSI TEMIIEPATyphl U TaBJICHUS,
CBSI3aHHBIN, BEPOSTHO, C TIOTPY>XEHUEM;

— M3MEHEHHE COCTaBa I'PaHATOB B CTOPOHY YBEJIM-
yeHus B Hux MgO u ymenbiienust FeO u CaO takxke
SBJISIETCS CBUIETEIILCTBOM BO3pacTaHUS TEMITEpaTypbl
U IABJIEHUSI B MAHTUMU.

YcioBusi paBHOBECHS MHHEPAJBHBIX ACCOIMAIMIA B
kceHoiutax. [1pu ouenke PT mapameTpoB obOpa3oBa-
HUS MaHTUWHBIX KCEHOJMTOB OOBIYHO IPUMEHSIIOTCS
pa3IMIHBIC HA0OPHI TEPMOOAPOMETPUUECKUX UHCTPY-
MEHTOB, W €CJIM ISl MEePUIOTUTOB CYIIECTBYIOT MO-
BOJIbHO HAICXHBIE W COTJIaCOBaHHBIE Ie00apOMETPhI
U TEOTEPMOMETPHI, TO KOPPEKTHOE OTIpeaesieHre
TepMOOAPUYECKUX TTapaMeTPOB SKJIOTUTOB JOBOJbHO
TpyAHas 3amadya, TaK KaK MUHepaJbHas acCOIMAIlWs
SKJIOTUTOB BKJIIOYACT TOJIBKO I'pPaHAT W KIIMHOIIMPOK-
ceH, pacrnipeaeneHue snemeHToB (Fe, Mg u Ca) mexay
KOTOPBIMM 3aBHCUT KaK OT TEMIIEpaTyphl, TaK U OT
nasineHus. ng ouenku PT mapamMeTpoB MaHTUIHBIX
SKJIOTUTOB Ha CETONHSIIHUI NeHb HET COIJIaCOBaH-
HOM CMCTEMbI I'€OTepMOMETPOB M OCOOEHHO Treoba-
pomeTpoB. MccrenoBaresiM NMpUXOAUTCS TIpUOeTaTh
K KOCBEHHBIM CMOCO0aM OLICHKU MapaMeTpoB paBHO-
Becus: OO MPUHUMATH IS pacueTa TeMIIepaTyphl
HEKOTOpOE 3HAuYeHUE JABJICHUS JIJISI BCETO MCCIIeIye-
MOT'0 KOMILUIEKCa SKJIOTMTOBBIX KCEHOJUTOB, JIMOO UC-
IIOJIb30BaTh TEOPETUIECKIE T€OTePMBI, PACCIMTAaHHBIC
M0 MOIIHOCTH TeIUIOBbIX MOTOKOB [43]. B mocinenHem
ciyyae TpeOyeTcsl 000OCHOBaHUE BbIOOpa IeOTEPMBbI C
3aJaHHOM MOIIIHOCTBIO TETUIOBOTO IOTOKA.

TepmobapomeTpuueckue mapameTpbl 00pa3oBaHUs
MU3y4aeMbIX SKJIOTUTOBBIX KCEHOJMTOB OIEHUBAINCH
Cc TIoMOLIbI0 Heckonbkux [8, 17, 31, 37, 42] rpa-
HaT-KJIMHOMUPOKCEHOBBIX NeOTEPMOMETPOB (TabJ. 7,
puc. 9), pacueT AaBJICHUI OCYILECTBISICI IO Teo-
TEpME C MOILHOCTBIO TemioBoro rmnoroka 40 mBt/m?
[43]. BbiOOp MMEHHO 3TOIl reoTepMbl CBSI3aH C TEM,
YTO MPAaKTUYECKU BCe COBpeMeHHble oleHKu PT ma-
paMeTpoB IS MaHTHHU IIOA IPEBHUMH apXeHCKUMU
KpaTOHAMM, K KOTOPBIM OTHOCHUTCSI M KpaToH Kac-
cau, onu3ku K Heit [9, 15, 18—20, 52]. Ha a1y xe
reoTepMy JIOXKATCS TOYKM KCEHOJMTOB TI'PaHATOBBIX
JIEPIOJIUTOB U3 KUMOEPJIIMTOB UCCIIEAYeMbIX TPYOOK.
[TonyyeHHbIe 3HAYEeHUSI MO BCEM TIeoTepMOMETpaM

Tabauya 7
Yeaosus pasuosecus (T, °C / P, k0)
rpaHaT-KJIMHONMUPOKCEHOBBIX accounaunﬁ B OKJIOrUTaX

P85 EG79 NO06 K00 A94
Boicokomaenesuanvrole
1080 / 49 | 1050 / 47 | 1300 / 69 | 1090 / 50 | 950 / 40
990 /43 | 1100 / 51 | 1170 / 57 | 920 /38 | 1060 / 48
Hu3KOMa€H€3Uaﬂbel€
1090 / 50 | 1070 /49 | 1160 / 56 | 1210 / 60 | 1210 / 60
1060 / 48 | 1050 /47 | 1100 / 51 | 1200 / 59 | 1180 / 58
1090 / 50 | 1080 / 49 | 1150 / 55 | 1240 / 63 | 1250 / 64
1060 / 47 | 1020 / 44 | 1020 / 45 | 1090 / 50 | 1030 / 45
1110 / 52 | 1050 / 47 | 1010 / 44 | 1150 / 55 | 1080 / 49
1360 / 75 | 1310 / 70
BblCOKOZﬂMHO3€MuC’mble
1120 /52 | 1070 /49 | 970 /41 | 1130 / 53 | 1110 / 51
1100 / 51 | 1080 /50 | 940 /39 | 1100 / 51 | 1120 / 53

¢ npuMmeHeHueM reorepMmbl 40 MBT/M? B KauecTBe
OapoMeTpa TOKa3bIBaIOT COOTBETCTBHME CO 3HAYCHU-
SIMM TITapaMeTPOB PaBHOBECHUS, PACCUYUTAHHBIMH IS
SKJIOTUTOBBIX KCEHOJIUTOB U 3KJIOTMTOBBIX BKJIIOYE-
HU B ajMaszaX M3 KUMOEPJIMTOBBIX TPYOOK IPYIHX
perrnoHoB Mmwmpa. PT mapameTpbl BBICOKOTJIMHO3E-
MUCTBIX 3KJ0ruToB 39—41 x6ap u 940—970 °C, oHu
Oonu3ku K asoBoii rpaHuie rpacdur—anmas [16].
HuskoMarHe3manbHBIC SKIOTUTHI OBUIM BBIHECEHBI
C TJIyOMH, COOTBETCTBYIOIIMX OOJACTU CTAOMIBHOCTU
anmMasa: 3HaueHus1 P u T, ycTaHOBJEHHbBIE IJISI HUX,
44—56 x6ap u 1010—1160 °C. BeauuuHbl TeMITepaTyp
W JaBJCHUI, OIpeaesieHHbIe IJIs BbICOKOMarHe3uaib-
HBIX 3KJIOTUTOB, CJEIyeT BOCIPUHUMATh KPUTHUIECKHU
(60—70 x6ap, 1050—1300 °C), ogHaKO OHM BCE BBILLE
TaKOBBIX UISI HU3KOMarHe3uaJbHbIX U BbICOKOTJIMHO-
3eMUCTBIX 3KJIOruToB. YBeiauueHue PT mapamerposn
paBHOBECHUS TPaHAT-KJIMHOMMPOKCEHOBBIX accollna-
LM B BKJIOTUTAaX OT HU3KO- K BBICOKOMAarHe3uasb-
HBIM COOTBETCTBYET BO3pAcCTaHMIO MarHe3uaJbHOCTH
TPaHaTOB M KJIMHOMMPOKCEHOB U yMeHbIleHno Na,O
B KJIMHOMMPOKCEHE.

YcnoBust obpa3oBaHUs JIEPLOJUTOB OLIEHUBAJIMCH
MpY TIOMOINU CJIEAYIOIINX WHCTPYMEHTOB: OPTOITH-

E A
ib--7

Puc. 9. PT ycioBusi paBHOBecHsI IKJIOTHTO-
BbIX KCEHOJMTOB M3 KHMOEPJUTOB TPYOKH
Karoka

O1ueHKa napaMeTpoB Mpou3BeIeHa Mo rpaHar-
KJIMHOIIMPOKCEHOBOMY TeoTepMoMeTpy [37] ¢
HMCIIOJIb30BaHUEM OapomeTpa [47] (He3anuTbie
3HAYKU) ¥ T€0TePMbI MOIIIHOCTBIO TEILJIOBOTO
noroka 40 mMBt/m? [43] (3aauThie 3HAYKK).
Uudpsl B paMKe — 3HaYSHUST TEIJIOBOTO TMO-
TOKa Ha COOTBETCTBYIOLIMX reotepmax. Kpu-
Basi paBHOBecHsI rpaduT—anMa3s prBeIeHa 1Mo
TaHHBIM [16].

Okaoruthl: I, 4 — BBICOKOTJIMHO3EMUCTHIC;
2, 5 — BBICOKOMarHe3uajibHble; 3, 6 — HU3KO-
MarHe3uaybHble; 7 — KpUBasi «CyXOTo» COJIM-
Jyca 9KJIOrUTOB B uHTepBase 40—70 kbap [1]
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POKCEH-KJIMHOIMIpoKceHoBoro T98 [53] u rpanar-op-
tonupokceHoBoro NG10 [39] TepmomeTpoB, rpaHaT-
opTonupokceHoBbIX 6apoMeTpoB T98 [53], NG85 [38],
a TaKxKe TpaHaT-OPTOIMPOKCEHOBOTO TeoTepMobapoMe-
tpa N10 [5]. Bce MHCTpYMEHTHI MOKAa3aau XOPOIIYIO
COIVIACOBAHHOCTh Pe3yJbTaTOB. MakcumajbHas pa3-
HUIIAa B OlLIEHKax TemriiepaTypbl 40° mpu MOrpenIHOCTH
ornpeaesieHUus okoso 45—50°, MakcuMasbHasl pa3Hulla
B OLIEHKAaX JaBJCHUS 5 KOap MpU MOrPelIHOCTH OIpe-
nenenus 3—4 k6ap. P u T mapamMeTpsl AJIs1 JI€pLOJUTOB
38—42 kb6ap u 900—940 °C.

Oocyxnenne. OTHUM U3 TJIABHBIX SBJISICTCS BO-
MPOC O MPOUCXOXIACHUN SKJIOTUTOB B JUTOCHEPHOI
MaHTUU JaHHoro peruoHa. Bricokue PT mapameTpsl
paBHOBeCHUsS MWHEPAJbHBIX aCCOIMALNIA SKIIOTUTOB
CBUIETEJbCTBYIOT 00 UX MAHTUITHOM MTPOUCXOXKICHUM.
BBICOKOTTMHO3eMUCThIE SKJIOTUTH C(HOPMUPOBAJIVICH B
YCIOBUSX, OM3KUX K (ha30BON rpaHulle rpadput—animas
Ha riryorHax nopsinka 100—130 kM, HUBKOMarHe3uaib-
HBIE — B YCJIOBMSIX, COOTBETCTBYIOIIMX CTAOMIBHOCTH
anMasza Ha rayouHax mnopsiaka 140—180 km. IMonoxe-
HUE BbICOKOMAarHe3uajJbHbIX 9KJIOTUTOB B pa3pe3e He-
BO3MOXHO OIIPEICTUTh OTHO3HAYHO IO MMEIOIINMCS
obpa3siiam, ckopee BCero OHU OTHOCSITCSI K TJIyOMHaM
Himke 160—170 kM. OmHAKO TPOTOJMUTHI SKIIOTUTOB
1 MeTamMopdudecKask IBOTIONUSI 3THUX MOPOI MEHee
SICHBI. B HacTosIee BpeMsl IIUPOKO TIPUHSTA TIETPO-
reHeTu4yeckoi moaenb [34], moarBepkaaeMasi MHOTO-
YUCJIIEHHBIMU HCCIIEIOBAHUSIMU M30TOITHOIO COCTaBa
KHUCJIOpOJia B CAMUX 9KJIOTUTAX M U30TOITHOTO COCTaBa
yriaepoja B ajiMaszax M3 3TUX nopof. CoriacHo 3Toi
MOJIE/IM, 3KJIOTUTHI paccCMaTPUBAIOTCS KaK MPOAYKTHI
CyOnyIMpOBAaHHOM B MAHTHUI0 OKEAHWYCCKOM KOPHI,
MpeaBapuTeIbHO U3MEHEHHOM MO/ BO3AEMCTBUEM MOP-
CKOM BOJBI M 3aTEM IPeOoOpa30BaHHON B MAHTUMHBIX
YCIIOBUSIX TIPU BBICOKMX TeMIlepaTypaX W JaBJICHUSX.
Onupasich Ha MPeAJIOKEHHYIO MOJIEb, a TAKXKe Ha I0-
JIydeHHBbIE TaHHBIE T10 TeTporpaduu, MUHEPAIOTUN 1
TepMOOapoMeTprr, HanboJjiee BEPOSITHO CIEMyoliee
MPEIOJOXKEHNE: BbICOKOIJIMHO3EMUCThIE 3KJIOTUTHI,
IPUYPOUYEHHBIE K BEpXHEI 4aCTU MAHTUMHOIO pa3pesa,
c(opmMupoBaIMCh TITABHBIM 00Pa30M 3a CUeT MaTepuaia
OKEaHWYECKOM KOPbl; HU3KOMAarHe3nuaabHble IKJIOTUThI
XapaKTepu3yloT CAeAYIOlIYI0, 0ojiee ITyOOKYIO CTyIIeHb
MPpoOpadbOTKU TOTrpyKaloIerocs cji3da, Ha OJHOM U3
MOCJAEAHUX 3TANOB KOTOPO C(hOPMUPOBAINCH BbICO-
KOMarHe3uajJbHbIe SKJIOTUTHI, BO3MOXHO, Hdaxe TP
YY4aCTUM COOCTBEHHO MAHTHITHBIX NCTOYHHUKOB.

KakuM Obl HM ObUTIO BeIIECTBO MPOTOJMUTA, YXkKe
cOpMUPOBABIINCH, BCE BHIIEICHHBIC TUITBI 3KJIOTH-
TOB TIOABEPIJINCH BO3IECHCTBUIO MAaHTUITHBIX ITPOIIEC-
coB. MHoroctanguiiHble MpeoOpa3oBaHUsl SKJIOTUTOB
KakK CJIeACTBME HEOTHOKPATHON CMEHBI TepMabHBIX
PEXMMOB B MAHTUM JAHHOTO PeTHOHA 3aIleyaTicHBl B
U3MEHEHUH COCTaBa MOPOA00OPa3yIOIIMX MUHEPATIOB
M aKlIeCCOPHOTo pyTwiaa. B 30HAJIbHBIX IpaHaTax W
MMMPOKCEHAX YCTAaHOBJICHBI YBEIMUCHIE KOHLICHTPALIUN
MgO u ymenbiieHue FeO u CaO B KpaeBbIX 30HaX
3epeH, CBUICTCIBCTBYIONINE O TTOBBIIMICHUM TeMIIepa-
Typbl. CTPYKTYpBI pacliaja B PyTUJIAX C BBIICICHHEM
JlameJiel MJIbMEeHUTA U MOCIeAYIOIIeH IMepeKpucTaliv-
3aliyeit 1amesneii ¢ oOpa3oBaHUEM BOKPYT 3epeH pyTuia
WJIBMEHUTOBBIX KaliM, XapaKTepU3YIOIINXCST TTOBBITIICH-
HbIM cofepxxaHueM MgQO, a Takke MpuKpaeBbie (asbl ¢
aHOMAJIPHO BBICOKUM conepxkaHueM Nb,Os B MJIbMEHO-
PYTHJIaX BEICOKOMAarHe3MaIbHBIX SKJIOTUTOB OTPAXKaIOT
Mo KpaifHell Mepe JBa 3Tana U3MEHEHUST TepMajbHOTO
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cocTostHUsI MaHTHH. [1epBrhIit 3Tall — MOHIDKEHNE TEM-
nepaTypbl, IPUBEALINI K pacriaay PyTUIOBBIX TBEPIbIX
pPacTBOPOB, BTOPOil 3Tall — MOBBIIIEHUE TEMITEPATyPhI
¥ TaBJICHUs, IIPY KOTOPBIX MPOUCXOAMIA TIEPEKPUCTAII-
JI3aLMsl UJIbMEHUTOBBIX JlaMesielt U oboraleHue uib-
MEHUTa MarHUEeM, a pyTUJa HUOOUEM.

BaxkHoili xapaKTepuCcTUKOI BbICOKOMarHe3uajJbHbIX
aKJIoruToB KaTtoku siByisieTcsi IpuCcyTCTBUE B HUX PYTU-
J10B ¢ conepxkanueM Nb,O; o 11,0 Bec.% (MiabMeHODpY-
TUJIBI), TIPEBBIIIAIOIINM OOBIYHOE COMePXKaHe HIOOUS
B pYTWJIaX aJIMa30HOCHBIX 3KJIOTMTOB U 00pa3yIolIuM
BKJTIOUeHUs B aiMasax 1o 8,0 Bec.% [6, 44, 51]. Tonbko
B PYTWJIaX M3 SKJIOTMTOB aJIMa30HOCHBIX KUMOEepu-
TOBBIX TPYOOK BOTCBaHbI YCTAHOBJIEHBI PYTUJIBI C CO-
nepxanvem Nb,Os mo 21,0 Bec.% [23].

Takum o6pa3oM, LIIBMEHOPYTUJIBI C aHOMAaJIbHO BbI-
COKMM coaepKaHueM HUOOMSI MOTYT paccMaTpUBaTbCS
B KauecTBe KPUTEPUsT aIMa30HOCHOCTU KMMOEPJIUTO-
BBIX T€JI, 110 KpaliHE Mepe Ha IMOMCKOBBIX IUIOLIAISIX
CeBepHoIi AHTOJIbI, @ BOBMOXHO, U B IPYTMX PETMOHAX.

Pe3syabraThl H3yd4eHus MITHEPAITHLHOTO COCTaBa SKJIO-
TUTOBBIX KCEHOJUTOB U3 KUMOEpIuToB KpaToHa Kac-
cau.

TwIbl 3KJI0TUTOB (BHICOKOTIMHO3EMHUCTHIC, HI3KO-
U BBICOKOMAarHe3rajabHble) B BEpXHE MaHTUU IO Kpa-
ToHOM Kaccau mo MuHepaaoTuu M yCJaI0BUSIM KPHUCTaI-
JIN3AIUU B aJIMa3HOM (halliy CXOTHEI C SKJIOTUTAMHU W3
MaHTHH, MOACTUIIAIOIICH Ipyre KpaTOHbL. KceHOMUThI
KuMOepnToBoit TpyOKu KaToka xapakTepusyoT Bellie-
CTBEHHBI COCTaB JUTOCHEPHON MAHTUU Ha pasidd-
HBIX TIyOMHaX. Bepxu paspesa Ha Iri1yOuHax Imopsiaka
100—130 xm B obJlacTu CTaOMIIBHOCTU TpaduTa Ipei-
CTaBJICHBI TMIEPUIOTUTAMHU U BBICOKOTJIMHO3EMUCTHIMU
skjorutamu. Ha rmyounax mopsinka 140—180 kM mpe-
00J1a1a10T HU3KOMarHe3uaabHble 9KJIOruThl. [1onoxe-
HUE BEICOKOMAarHe3MaIbHBIX 3KJIOTUTOB B pa3pese He-
BO3MOXKHO OMNpPENeIUTh OJHO3HAYHO IO MMEIOIIMMCS
oOpaslamM, cKopee BCero OHU OTHOCSITCS K TJIyOMHam
Huxke 160—170 kM.

Ha MHorocraauiiHyo 3BOJIIOLMIO 3KJOTMTOB Kak
CJIeICTBME HEOTHOKPATHOM CMEHBI TePMaJbHBIX pe-
)KMMOB B MaHTUU moj KpatoHoMm Kaccau (AHroja)
yKa3blBaeT MU3MEHEHME COCTaBa IMOPOA00O0pPa3yIOIIUX
MHHEPAJIOB B aKIIECCOPHOM PYyTUJIe. AHAJIN3 3TUX MU3-
MEHEHUI TTO3BOJIMIT BBIIEIUTD ABa ITOCIEHOBATEIBHBIX
aTamna; MepBblii — TMOHMWXEHMWE TeMIlepaTyphl, DUK-
cupyeMoe IO HaJWuMIO 3epeH pyTujia ¢ CUCTEeMaMM
pacmaza TBepAbIX pacTBOPOB; BTOPOW — ITOBHILICHUE
TeMIIepaTyphl U TaBJIeHUs, HabI0gaeMoe 1o XapakTepy
TOJIMCTAINAHBIX U3MEHEHUI TPaHATOB M KIIMHOIIMPOK-
CEHOB, a TaK:Ke yBeJImueHrne Mg B TaMeJIsIX MUIbMCHHUTA
OT LIEHTPaJIbHOI YaCTU 3epeH K KpaeBoil U MPUKpaeBbIe
BBICOKOHMOOMEBBIE (ha3bl B PyTMJIAX, YTO, BEPOSITHEE
BCETO, SIBJISIETCS CIIEACTBHEM ITePEKPUCTAUIN3AINHN.

B BbIcOKOMarHe3uaabHbIX 3KJIOTUTOBBIX KCEHOJU-
Tax TpyOku KaToka mpuUCyTCTBYIOT PYTUJIBI C COASPKa-
HueMm Nb,O; 1o 11,0 Bec.% (MIbMEHOPYTHJIBI), TIPEBbI-
matomum oosraHoe (1o 8,0 Bec.%) conepkanue Nb,Os
B pyTWJIaxX aJIMa30HOCHBIX SKJIOTMTOB U 00pa3yIOIINX
BKJIIOUEHHUS B aamasax [6, 51].

VYuuTteiBas, 4To KUMOEpAUTOBas Tpyoka Karoka sB-
JISIeTCS OIHOM M3 OoraTeiilnnx aaIMa30HOCHBIX TPYOOK
MHpa, MOXHO ITT0jlaraTh, YTO HAXOXICHUE MJIBMEHO-
DPYTUJIOB B KUMOEPIUTAX M BBIHOCUMBIX UMW MaHTUIA-
HBIX KCEHOJIMTaX MOXET CIYXXUThb BaXKHBIM ITPU3HAKOM
BBICOKOI TIPOAYKTUBHOCTH KUMOCPIMTOBBIX TEJ Ha
aJMasbl.
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