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I'eoxpoHoJOrHMs MIEJOYHBIX MArMATHYECKHX NMOPOJ M METACOMATHTOB
Pa6unoBoro maccuBa (IOxHnas SIKyrus)
Ha ocHoBe u30TONMHO-reoxumudeckoro (U-Pb, REE) uccienoBanusi nupkoHa

OO0CyKIalI0TCSl HOBbIE JIAHHBIE MO T€OXPOHOJIOTMH HIEJIOYHBIX MATMATHYECKHUX MOPOJ U CBS3AHHBIX
¢ HUMH MetacomatuToB PsaounoBoro cuenuroBoro maccuBa (IOxuas SIKyTus), nosyuyeHHble HA OCHO-
Be KCIOJIb30BAHUS COBPEMEHHBIX MPENU3NOHHBIX M30TomHO-reoxponoyorndeckux (U-Pb, SHRIMP II)
u reoxummyecknx (REE+TE, SIMS) metonos uccienoanus mupkona. Ilokazano, 4To paanosiorndecKuii
BO3PACT KPUCTAUIN3ANMN STHPHH-ABIUTOBBIX IEJ0YHONOJIEBOIINATOBBIX CHEHUTOB AJIIAHCKOTO Iy TOHHYE-
cKoro komiuiekca 142—143 Ml Jiet, a meI0YHBIX JaMIPO(GUPOB U IPYNTUBHBIX OPEKYMIl C JIAMIIPOUTOBBIM
eMEHTOM TOOYKCKOro runaduccaabHoro kommiekca 136—141 mun jget. CuenuT-nopdupsl 1aiiKoBO# cepun
aJIJAHCKOT0 KOMILIeKCca MoKa3aau paauoJornyeckuii Bozpact 133 + 5 muH jer. BoicokoremneparypHbie
arupuHoBbie (heapaumarutel chopmupoBammcs 132 + 2 mMuH Jer Ha3al, a CMEHSIIOME MX BO BpeMeHH
okoJiopyanbie rymOeuTsl (qtz+kfs+ser/ms+ank+/-bar) 125—133 mun Jert. Temneparypa KpucTamM3anun
UPKOHA U3 CHEHNTOB AJJAHCKOTO KOMILIEKCa, onpe/eieHHas no «Ti-B-IHPKOHe» re0TepMOMETPY, OLIEHNBA-
erca 3nayenneM 830 °C, cueHUT-nOpUPOB HAiKOBOI cepun 3TOro ke Kommiekca — 880 °C. Temneparypa
KPUCTATM3AIMHA IIUPKOHA W3 STUPHUHOBBIX (heapammaTtuToB — 560—600 °C, a u3 0KOJIOPYIHBIX TYMOEHTOB
npuomsuTensHo 650 °C. U3yuenne pacnpenesenus conepxanuii REE B mupkoHax nokasajo, 4To HMPKOHbBI
u3 eapqmmaturoB Menee odooramensl cymmoii REE (ot 30 no 1000 r/T) no cpaBHeHHIO ¢ MPKOHAMM U3
opeoJioB rymMOenTH3aMI, B KOTOpbIX coaepxkanne cymvmbl REE ot 1500 mo 7000 r/T, 4T0 COMOCTABUMO
C YPOBHEM HAKOIUIEHHS 3TUX 3JIEMEHTOB B AKIECCOPHBIX NMPKOHAX M3 MCXOJHBIX MArMATHYECKUX MOPOJ
annanckoro (400—7000 r/t) n Todykckoro (300—3000 r/T) KOMILIEKCOB.

KittoueBbie CI0Ba: 2e0XpOHOM02US, WeA0UHbIEe MACMAMUYecKue nopoobl, MemacoMamumsl, 2eoXUMus
PedK03eMeNbHbIX AeMenmos, yupkoH, Paounoewiii maccus, Oxcnas SAxymus.

N. V. SHATOVA (VSEGEI), S. G. SKUBLOV, A. E. MELNIK (IPGG RAS, Mining University),
V.V. SHATOV, A. V. MOLCHANOYV, A. V. TEREKHOV, S. A. SERGEEV (VSEGEI)

Geochronology of alkiline magmatic rocks and metasomatites
of the Ryabinovy stock (South Yakutia)
based on zircon isotopic and geochemical (U-Pb, REE) investigations

New data on the geochronology of alkaline magmatic rocks and associated metasomatites of the
Ryabinovy stock (South Yakutia) is based on U-Pb isotopic (SHRIMP II) and geochemical (REE+TE,
SIMYS) investigations of zircons. Geochronological age of crystallization of aegirine-augite alkali-feldspar
syenites of the plutonic Aldan Complex is 142—143 Ma, whereas alkaline lamprophyres and eruptive breccias
with lamproitic matrix of the hypabyssal Tobuk Complex were formed in the age range of 136—141 Ma.
Syenite-porphyries of dyke series of the Aldan Complex Yielded a crystallization age of 133 + 5 Ma. High-
temperature aegirine-bearing feldspathic alteration was formed in the age range of 132 + 2 Ma, whereas
its replacement by gumbeitic (qtz+kfs+ser/ms+ank+/-bar) alteration dates at 125—133 Ma. Temperature
of zircon crystallization of syenites of the Aldan Complex, revealed by «Ti in zircon» geothermometer, is
estimated at 830 °C and of syenite-porphyry at 880 °C. Temperature of zircon crystallization of aegirine-
bearing feldspathic altered rocks varies from 560 to 600 °C, whereas temperature of zircon crystallization
of gumbeitic wallrock alteration is approximately 650 °C. Zircons from feldspathic altered rocks are less
enriched in REE (from 30 to 1000 ppm) than zircons from haloes of gumbeitic alteration. REE contents
in zircons from gumbeites vary from 1500 to 7000 ppm, comparable with the values of REE concentrations
in accessory zircons from initial magmatic alkaline rocks of the Aldan (400—7000 ppm) and Tobuk
(300—3000 ppm) complexes, respectively.

Keywords: geochronology, alkaline magmatic rocks, metasomatites, geochemistry of rare earth elements,
zircon, Ryabinovy stock, South Yakutia.

BBEJIEHMUME. Psi6buHoBoe pynHoe ToJjie, B reo-
JIOTUYECKOM CTPOCHMHU KOTOPOTO IJIaBHAsl POJb MPU-
HaIJICKUT ME3030MCKUM IIEJIOYHBIM MarMaTHIeCKIM
nopoaam PssouHoBoro maccuBa, pacnosioxeHo B LleH-
TpalbHO-AJNJAHCKOM pyaHOM paitoHe HOxnoil Aky-
. K ceBepo-BOCTOYHOI 3HIOKOHTAKTOBOM YacTU

MaccuBa MPUYPOUYEHO OJHOMMEHHOE 30JI0TO-MEIHO-
nmopuUpoBOe MECTOPOKACHNE, PYIHbIE Teaa KOTOPOTO
OTJIMYAIOTCSI MPOXMIKOBO-BKPAILUIEHHEIM XapaKTepoOM
MPOSBIIEHUS 30JIOTOPYAHON MUHEpATU3aLH, JIOKAT-
30BaHHOI Ha ABYX PYAOHOCHBIX yyacTKax — MycCKoOBH-
TOBBIU 1 HOBBIIA.

© IllaroBa H. B., Cky6aos C. I'., Meashuk A. E., IllatoB B. B., Momuanos A. B., Tepexos A. B., Ceprees C. A., 2017
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Puc. 1. Cxema reooru4eckoro crpoennss PsOMHOBOro pyaHoro mosisi, COBMeHIEHHAs1 ¢ NceBaopebed)oM MECTHOCTH

1 — yeTBepTUYHbBIE AJJIIOBUAJIbHBIE OTVIOXKEHHUSI; 2 — rab0pPO-MOHLIOHUTBI, MOHIIOAMOPUTHI, MEJIAHOKPATOBbIE CUEHUTBHI, LIEJTOYHbIE
roronuT-nMpoKceHOBbIE JTAMITPOMGUPHI M APYNTUBHBIE OPEKUMH C JIAMITPOUTOBBIM LIEMEHTOM (MOOYKCKUL 2UNAOUCCANbHbIL KOMPACKC
K)); 3, 4 — andanckuii unmpysuensiii komnaexc K, (3 — mopdupoBUaHbIE 1IETOYHOIIOICBOIINATOBbIE STUPUH-ABIUTOBbIE CUEHUTHI
I dasbl, 4 — 1IET0YHOIOIEBOIINATOBbIC STUPUH-aBIUTOBbIE CUEHUTBI, CUEHUT-TIOPpMUPBI 1 HOpAMapKuThl 11 dasbl); 5 — necuaHuku
MOJIMMUKTOBBIE C MPOCJIOSIMA M JIMH3aMU I'PaBEJINTOB, KOHIJIOMEPATOB U aJeBPOJUTOB (roxmunckas ceuma J,); 6, 7 — wdomckasn
cepus V,—€, (6 — cybapKo30Bble MECYaHUKH, MECYaHUCThIC TOJOMUTHI, aJIEBPOJIUTHI, IPABEINTbI, KOHIJIOMEPAThbl, 7 — JA0JOMUTHI,
TJIMHUCTBIE TOJIOMUTHI); 8 — npomeposoiickuii memamoppuueckuii komniekc PR, (ambubdonoBsie, OMOTUTOBBIE M OMOTUT-TPAaHATOBBIE
IPAHUTO-THEMCHI, THEMCOBUAHBIE TPAHUTBI, KPUCTAIMUYECKHUE CIIaHLIbl); 9 — TEeKTOHWYeCKUe HapylleHus (a — raBHble, 6 — BTO-

pocTeneHHbIe)

Psa6uHOBBIN MaccuB, IPOPHIBAIOIIINIA THEUCHI U Tpa-
HUTO-THENChl JOKeMOpPUs, KapOOHATHBIE, TEPPUTEH-
HO-KapOOHATHBIE U TEPPUTEHHbBIE OTIOXEHUS BEHAA
U IOpBI, TIPEICTABISIET OO0 MHTPY3UBHOE TEJIO Pa3-
MEpOM 8 X 5 KM, KOHTPOJIMPYEMOE 30HOH MepecedyeHust
AxokyTckoro mMepuamoHaibHOro U HOXyXTHHCKOTO
CeBEepPO-3aMalHOTO KPYITHBIX PETMOHATBHBIX PA3JIOMOB.

MaccuB umeer (GopMy HENPaBUIBHOTO 3JUIUII-
couaa, JUIMHHAasi OCb KOTOPOTO OPUEHTHPOBAaHA Ha
ceBepo-BOCTOK. KomblieBoe CTpoeHME MaccuBa MOMI-
YEepKUBAETCS XapaKTepPOM pPacHpOCTpaHEHUS B HEM
MHOTOYMCJIEHHBIX JAHKOBBIX T€Jl M OCTAHILIOB KPOB-
JIM BMEUIAIOIIUX TOPOMA, MPEICTABICHHBIX NTOJOMMU-
TaMU U TEPPUTEHHBIMU OTJIOKEHUSMU BEHAA U IOpPbI
(puc. 1).

B ctpoennu Psi6nHOBOTrO MaccuBa BhIIESIIOTCS] TPU
0Js10Ka, KOTOpHbIE M0 reorU3nIecKUM JaHHBIM Ha TTyOu-
He 150—200 M OT MOBEPXHOCTU OOBEANHSIOTCS B OJHO
uHTpy3uBHOe Teno. [lo manusim A. H. Yrpiomosa
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u I I1. IBopHuka [13], MmaccuB uMeeT (popMy JOTIOINUTA
¢ TTaJlcHMeM KOHTaKTOB K ero IeHTpy. [Ipu cpaBHU-
TeJIbHO HE3HAUMTEJIbHBIX pa3Mepax MacCUB OTIIMYAETCS
OOJIBIIMM Pa30pPOCOM TUIYTOHUYECKUX, TUMA0MCCaTb-
HBIX, a TAaKXKe OpEKYMEBBIX, THAPOTEPMATLHO-METACO-
Matudeckux (I'M) u pynHBIX oOpa3oBaHUIA.

B pesynbrate Hammx paHee ITPOBEACHHBIX MCCIIE-
noBaHUiA [15] ocylllecTBIeHbI BellleCTBeHHAs (KJIacCcu-
duxaimonHas) uneHtTudukamus u nsoromnHoe (U-Pb
n Rb-Sr) maTupoBaHMe MIETOYHBIX MarMaTHIeCKHUX
nopoa Psg6MHOBOro pyaHOro moJisi U MokKa3aHo, 4TO
OoJibllIast YacTh 0ObeMa IMOpPOol, YIACTBYIOIIUX B CTPO-
eHun PsgO6uHOBOro maccuBa, MPUHALIEKUT K BBICO-
KOKAJIMEeBBIM IIEJIOYHOITOJIEBOIITATOBEIM CHEHHUTaM,
CUEHUT-TIOpdUpPaM U KBapLEBbIM CUEHUTAM d40AHCKO-
20 NAYMOHUYECK020 KOMNAeKca W CMEHSIOIIMM UX BO
BpPEMEHU IIEJOYHBIM JIAMITpOo(UpaM U 3PYNTUBHBIM
OpeKUYMsSIM C JIAMIIPOUTOBBIM LIEMEHTOM MOOYKCK020
2UunaduccanbHo20 Komniekca.

Pecuonanvnas eeonoeus u memannoeenus Ne 69/2017



BHyTpeHHMe, Oojiee 3poauMpOBaHHbIE Y4YaCTKU
Ps161HOBOTrO MaccuBa CJIOKEHBI 1IEJI0UHOTIOIEeBOIIITA-
TOBBIMH STUPUH-aBTUTOBEIMU crieHUTaMu I ha3bl BHe-
JNIpEeHUs allaHCKOro KOMILIeKca, Toraa Kak 1eJI0YHO-
MOJIEBOIIIIATOBbIE ATMPUH-ABTUTOBBIE CUEHUTHI, HOP/I-
MapkKuThl U cueHuT-nopdupsl 11 ¢assl oOHaxawTCs
B HaMeHee 3pOIMPOBAHHOI CeBEpO-BOCTOUYHON YacTu
MaccuBa Ha ydyacTkax MyckoBuTOBBIN U HoBBIH, Ie
IIUPOKO PacCTIPOCTPAaHEHBI TaKxKe M THITa0MCCaIbHBIC
MarmMaTuyeckue mopojbl TOOYKCKOTro KOMILIEKCa.

Ha ocHoBe ucrnosnb3oBaHUs ABYX Pa3iUYHbIX U30-
TonHbIX cucteM — U-Pb mo uupkonam m Rb-Sr mo
aKIIECCOPHBIM alaTUTaM, a TAaKXKe 10 TopoJoo0pasyro-
IIMM MUHepaaM (KaJueBbIM MOJIEBBIM IIMNaTaM, 3THU-
pUHAM 1 OMOTUTAaM) — TIOJIy4YeH paHHEMEI0BON—IT03I -
HEIOPCKUI BO3paCT KPUCTAIIU3ALIMU TOPOJI, BBILLIEYTTO-
MSIHYTBIX MarMaTUYeCKUX KoMIuiekcoB 120—147 miaH
et [15].

B nmanbueimem [9, 12, 16—18, 27| MuHepanoro-
nerporpacduyeckoe U3ydyeHue U KapTUPOBAHUE OPEO-
JIOB TUAPOTEPMATbHO M3MEHEHHBIX TTopon Ps6mnHOBO-
o PYAHOTO TOJIS TOKa3aJu, YTO MPOLECC BHEAPEHMUS
U JUTUTEIBbHOTO CTaHOBJEHUS PIO0MHOBOTO CHEHUTO-
BOTO MaccHBa CONpoBOXmajcs dopMupoBaHnrueM ['M
30HAJILHOCTU TLJTYTOHOT€HHOTO TUIIA.

B 0KOJIOMHTPY3UBHOM IIPOCTPAHCTBE LIMPOKO pac-
MIPOCTPAHIINCH TTPUKOHTAKTOBEIE OPEOJIbI CKAaPHUPO-
BaHWsA, (PCHUTH3AIINN W TIPOIMIUTH3AINN C OTYET-
JIMBBIMU TIPM3HAKaMM KOHIEHTPUYECKU-30HAIbHOIO
CTPOCHMUSI, YHACIEIOBAHHBIMM BO MHOTOM OT 3JUIMII-
cougHoi (popMbl camoro PsiorHoBoro maccuBa. B ero
BHYTPEHHUX YACTSIX BBIIEJSIOTCS OPEOJIbl BBICOKOTEM -
TepaTypHOil (PeNBAIITATU3AINN U CMEHSIONIEH ee BO
BpPEMEHHU OKOJIOPYAHOI TyMOEeUTU3alluU.

DeupuHoswle gheavownamumsl — TUTIMIHBIE aBTOME-
TacoMaTtuyeckue OarM3MarmaTuueckue oobemMHbie I'M
oOpa3oBaHusl, MPOsIBIeHHbIE B mopoaax PsOouHoBO-
ro MaccuBa B BUIE Pa3HOOOpa3HbIX MO MOPGhOIOTUU
KPYITHOKPUCTAJUTMIECKUX TIETMATUTOIIOMOOHBIX arpe-
raToB 3aMeILeHMST U MEPEKPUCTALTU3ALUM: XU, THE3],
U MPOXUIKOB HEPEeIKO C MapajlieJIbHO-1IeCTOBAThIM
(Ipy3UTOBBIM) M pagvaIbHO-TYINCTBIM BHYTPEHHUM
cTpoeHueM. B reonornueckoii autepatype MmoaoOHbIe
TUAPOTEPMAIUThl HEPENKO HAa3bIBAIOT MOPUUHbIMU
cueHumamu WA Keapuesvimu cuerumamu [3], Tak Kak
OHM OOBIYHO COXPAHSIIOT BHELIHUI (MarMaTOreHHbIN)
00JIMK 3aMelllaeMbIX UHTPY3MBHBIX ITOPO/I.

Tymbeums, WO THAPOTEPMATUTHI KBapIl-
KaJIUIIIaT-CepPULIMT-KapOOHATHOTO COCTaBa, Kak
Haubojee MPUOJMXKEHHbIE MO BPEMEHM K Ipollec-
Ccy pymooOpa3oBaHMS, HECYT OCHOBHOI 00BEM IIpO-
XKWJIKOBO-BKPAIUIEHHOW 30JI0TO-CYJIbMUIHON pyI-
HOM MUHepalu3alyuu Ha ydacTKaX MYCKOBUTOBBIN
n Hosolit PgounoBoro mecropoxaenuda [1, 2, 4, 5].
OKoOJIOpyIHBIE TYMOCUTOBBIC WM3MEHEHUS B IIOPO-
nax, TPOSIBJSIOTCS, KaK IPaBUIO, B BMIE TOHKUX
(MmomHOCTRIO OT 2—3 mo 10—15 MM) HOpPOXUIKOB
KBapl-KaJuIlIIaT-CepULIMT-aHKePUTOBOTO COCTaBa
WIN MSITHUCTBIX KBapll-KaJWIlINaT-aHKePUT-CePUIINT-
MYCKOBUTOBBIX arperaToB, <«IIPOHM3BIBAIOIINX» BECH
0o0beM paHee (enabAlnaTu3uPOBaHHBIX CHUEHUTOB
aJIIaHCKOI0 KOMILJIEKCa.

WM3yyeHne 3aKOHOMEpPHOCTEW pacmpemeaeHus
UTTPUST U PEAKO3EMETbHBIX 3JIEMEHTOB B MCXOIHBIX
LIEJTOYHBIX MarMaTUYECKHUX MOPOAaX U B UX TUIPOTEP-
MaJbHO M3MEHEHHBIX Pa3HOCTSIX Iokasano [18], uro
1IeJIOYHbIE MarMaTUYeCcKMe TOPOJAbl, yJ4acTBYIOIIUE
B CTpoeHUM Ps0MHOBOro MaccuBa, XapaKTepU3YIOTCS
MMOHMXEHHBIMIA OTHOCHUTENIFHO KJIApPKOBOTO YPOBHS
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colep:KaHUSIMHM UTTPUST M BCEX TPeX TPYII peaKo3e-
menbHbIX 7ieMeHTOB (LREE, MREE u HREE). InaB-
Hble MUHepasbl-KoHLeHTpaTopbl REE B Marmaruue-
CKHMX TOpOJax aJJlaHCKOro U TOOYKCKOTO KOMILIEK-
COB — IIMUPKOH, amaTUT, TUTAHUT, TUTAaHOMArHETUT.
Kpome Toro, B HUX BBISIBIICHBI TaKXKe M COOCTBEHHBIC
muHepaibl REE — MoHaluUT, KCEHOTUM, CJIOXHBIE T10
COCTaBY OKCHIIBI XeJie3a.

Pasnodamuansaeie I'M o6pasoBaHUsI B mopoaax
Ps6riHOBOTO PyIMHOTO TOJISI, CBSI3aHHBIE C MTPOLIECCOM
BHEAPEHHUS U UTUTEIBHOIO CTAHOBJIEHUS OTHOMMEH-
HOTO CHEHMTOBOIO MacCHBa, NMPUBEINU K TIIYOOKOMY
rnepepacnpenesieHUI0 UTTPUSI U BCeX TpeX TPYII pei-
KO3EMeJIbHBIX 2JIEMEHTOB. YCTaHOBJIEHO, YTO (pOpMMU-
pOBaHNE BO BHYTPEHHMX YacTSIX PsSOMHOBOTO cUeHU-
TOBOTO MacCUBa BBICOKOTEMIEPATYPHBIX 32UPUHOBbIX
geavownamumos 1 CMEHSIIOIIMX UX BO BPEMEHU Cpe/I-
He-HU3KOTEMIIepaTypHBIX 2ymOeumos BHI3BAIO CYIIE-
CTBEHHBII BBIHOC U3 Cpelbl MUHEpPaI000pa3oBaHUs
UTTPUS U PEIKO3EMETbHBIX 3JIEMEHTOB.

Kak B denpammnaturax, Tak u B rymOeuTax, IO
CPaBHEHUIO C MCXOOHBIMM MarMaTHYeCKUMHU II0pPO-
JlaMU aJJJaHCKOTO M TOOYKCKOI'O KOMILJIEKCOB, PE3KO
COKpalllaeTcsl CIMUCOK MHUHEPaJIOB-KOHIIEHTPATOPOB
REE. ®aktnyeckn ocTaeTcs OOMH LIMPKOH, TaK KakK
anaTuT, TUTaHUT, MoHalUT, ¢ocdatel REE pacTBopsi-
muchk B xoue I'M mpeoOpasoBaHUSI TOPOA U YXOAWJIU
U3 cpelbl MUHEPaI000pa30BaHMUS.

LlupKoH Kak TJIaBHBIA MMHEpaa-KOHIIEHTPaTOp
REE o0pa3oBbiBajicsl He TOJBKO Ha CTaAMU MarmMaTh-
YeCKON KpUCTaIn3aluy MOpoJ alIaHCKOTO U TOOYK-
CKOI'0 KOMILIEKCOB, HO U B X01¢ (DOPMUPOBAHUS MUHE-
paJbHBIX arperaToB BHYTPUUHTPY3MBHBIX MeTacoMa-
TUTOB: 32UPUHOBBIX PeabOwnamumos U OKOJOPYIHbIX
eymbeumos, 3aMelIaOINX MUCXOMHbIE MarMaTU4ecKue
nopoabl Psg0MHOBOro MaccuBa, YTO MOXET ObIThb
KWCMOJIb30BaHO JISI U30TOIMHOrO JaTUPOBAHUS ITUX
ruapoTepManuToB jokanbHbiM U-Pb MeTomom (SIMS
SHRIMP II) mo mupkoHny.

Metoauka uccaenoanuii. C moMoIIbl0 COBPEMEH-
HBIX MPELUU3UOHHBIX M30TOMHO-T€OXPOHOJOTUYECKUX
(U-Pb) u MmkposzoHmoBbix reoxuMmmiecknx (REE)
METOIOB OBbLIO M3Yy4eHO CeMb MpPeACTaBUTEIbHBIX
00pa310B MarMaTUYeCKUX TOPHBIX MOPOJ, YUYaCTBYIO-
IIUX B cTpoeHMM PsOomHOBoro maccuBa (puc. 2—4).
JIBa M3 HUX MpUHAUIEXKAT K TJIaBHOU (pa3e BHEIPCHMUS
aJlJaHCKOTO TUIYTOHUYECKOro KOMILIeKca (0o0paslibl
MT-59, MT-63A — 1IeI0YHOMNOJIEBOIITIATOBLIE 3TH-
PUH-aBTUTOBBIC CHEHUTHI), IBA — K TOOYKCKOMY THITa-
ouccaabHOMy Komiuiekcy (obpasubsl 1031 — mupok-
ceH-(noronuToBbIil tammnpodup u 1003 — spynTuB-
HasT OpeKYMs C JIAMIIPOMTOBBIM IIEMEHTOM) W OIWH
(06p. SH-8 — cuenut-nopdup) — K JailKoBOil cepuu
aJITaHCKOTO KoMIIeKca. JIBa oOpa3iia XapaKTepu3yioT
HauOoJiee IHUPOKO PACTPOCTPAHEHHBIE CPEeIUd MOPOL
MaccuBa METaCOMAaTUTbl — STUPUHOBBIN (DeTbAIIIaTUT
(00p. 1028) m oxomopymHblii TymMOent (00p. 1005),
3aMelIaoIe CUEHUTHI alIaHCKOTO KOMILJIEKCa.

ITpoGoroaroToBka, MeTOAMKa MUHEPAJIOrO-TIETPO-
rpacrIecKOro MCCIeIOBaHUS TTOPOI M OIpEIeIeHUS
UX cocTaBa B oTHouleHuU riaBHbIX (XRF) m penkux
(ICP-MS) syemMeHTOB MOAPOOHO M3JIOKEHBI B paboTe
B. B. IllatoBa u coaBToposn [15].

Bo3pact uupkoHa omnpenensiacs JOKaJIbHBIM
U-Pb MeTogoM Ha BTOPMYHO-MOHHOM MUMKPO3OHIE
SHRIMP II (LU BCET'EN) [30]. s BBIOOpa TOUEK
JIaTUPOBAHMSI B 3€pHaAX HCITOJb30BAIMCH ONMTUYECKUE
(B mpoxonsiieM U OTpaK€HHOM CBeT€) M KaTOIO0JII0-
MUHecIieHTHBIe n3o0paxeHus: (CL) mupkoHa.
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Puc. 2. Cuenursl rasnoii (a3l Buenpenus (4, b) u cuennt-nopdups 1aiikoBoii cepun (B) a11aHCKOr0 IUIYTOHHYECKOT0 KOMILIEKCA

Cnesa — dororpacdun 06pa3oB (JTMHA MacIITaOHOU JIMHENKHU 2 cM). Cnpasa — mukpodoTtorpadun numdos (yB. X2,5; HUKOIU+).
To xe Ha puc. 3 u 4.

A — 006p. MT-59 — cpenHesepHUCTbII TOPHOUPOBUIHBIN 1IETOYHONOIEBOLINATOBbIN STUPUH-ABIUTOBbIN cueHUT. [Topduposbie BbI-
IieJIeHUs B TIOpoJie MPEeACTaBIeHbl MPEUMYLLECTBEHHO albOMTU3MPOBAaHHBIM opTokiIasoM (Kfs). Drupun-aBrut (Aeg) B Buzie 3epeH
KCeHOMOp(dHOro 00;11Ka KOHLIEHTPUPYETCS B THIMTUAMOMOPGHO3EPHUCTOM MATPUKCE UCXOIHOI TTOPObI, ACCOLIMUPYSI C KAJTMLITIATOM,
JIbOUTOM UM B MEHBILEH CTENEHU C KBapLEeM.

b — 06p. MT-634 — cpenHe3epHUCTBI paBHOMEPHO-3€PHUCTBI 1IEI0YHOTIOEBOIITIATOBbINM STPUH-aBrUTOBbIM KBAPLIEBbI CUSHUT
¢ (eNbALTNATUTOBBIM 30HAJILHOTIOCTPOSHHBIM MTPOXUIKOM LIEJIOYHOIMOEBOLITAT-OTUPUHOBOIO cocTaBa. McxomaHblii cMeHUT (Ha
yHaaJieHuu OT (heJbAIINaTUBOro MPOXUiIKa) cocTouT Ha 15—20 % u3 srupuH-aBruta Aeg, Ha 3—5 % u3 kBapua Qtz u Ha 70—75 %
U3 aTbOMTU3MPOBAHHOTIO KajMIlaTa (OpTokia3a-MUKpokiauHa) Kfs.

B — 06p. SH-8 — cuenut-nophup naiikosoii cepuu. [Mopona cocrout Ha 30—35 % u3 nmopdupoBbix BbiAedeHUN opTokiaza Kfs
1 Ha 65—70 % 13 TMIUINOMOPGHO3EPHUCTOTO MATPUKCA, CJIOKEHHOTO B PA3JIMYHOI CTETICHH OPUEHTUPOBAHHBIMKM MUKPOJICHCTAMK
KaJIMIIIAaTa, B UHTEPCTUIIMSIX KOTOPBIX COCPENOTOUYEHBI KCEHOMOPMHBIe arperatbl U OTAEIbHbIC 3¢pHA STUPUH-AaBIUTa Aeg.

O6pasell Si0,, % Fe,04.,, % MgO, % Na,0, % K,0, % Zr, 1/t U,r/t  XIREE, 1/t
MT-59 61,9 4.8 0,90 2,9 9,7 158 2.8 113
MT-63A 63,8 4,7 0,14 3,5 10,1 408 1,2 41
SH-8 61,5 4.6 0,59 2,5 10,0 156 2,5 132
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Puc. 3. ®eapmmmartutsi (4) u rymoeutsl (b), chopMHPOBAHHBIE 0 CHEHUTAM IJIaBHO# (a3bl BHEIPEHHs AJJAHCKOT0 KOMILIEKCA

A — 00p. 1028 — NOTHOTIPOSIBIEHHbIN KPYITHO-CPETHEKPUCTAIUINIECKUIT MUKPOKIIMH-3TUPUHOBBIN arperat (heJibAInaTuToB ¢ Mac-
CHUBHBIM «COTOBBIM» BHYTPEHHHMM CTPOEHUEM, CIOXCHHBIN Ha 45—50 % u3 MukpokinHa u Ha 50—55 % u3 srupuHa. «COTOBBIN»
00JIMK arperaTa (eabIInaTuTa o0yCIOBICH PABHOMEPHBIM pacIpenesieHeM OTHOCUTENbHO UIUOMOPGHBIX KPYITHBIX KPUCTAJUTOB
MUKpOK/IMHA Mi, 3aK/IIOYCeHHBIX B MEIKOKPUCTAIUIMYECKUIT STUPUHOBBIN Aeg MaTPUKC CO CIYTAHHO-BOJIOKHUCTHIM BHYTPEHHUM
cTpoeHueM (yB. X5; HUKOIUT).

b — o6p. 1005 — rymbeuT KBapL-MYCKOBUT (CEpULIMT)-aHKEPUT-KAIUIINATOBOTO COCTaBa, CIOXEHHBIN KPYMHBIMU KpHCTaJIaMKI
Oyporo kanuuimnara — oprokiasza Kfs, K MHTEpCTULMSAM KOTOPBIX MPUYPOUEHbl OOUIbHBIE CKOTUIEHUS cepuluTa-MyckoBuTa (Ms),

cojepKallie peaKyr BKParIeHHOCTh KCeHOMOPMHBIX BbiaeaeHU muputa Py (yB. x2,5; HUKOIMT).

Ob6paselt SiO,, % TiO, % Fe,0;46, % MgO, % Na,0, % K,0, % Zr, /T U, r/t >REE, r/T
1028 60,2 2,21 9,6 0,8 4.4 9,1 5800 14,8 217
1005 58,7 0,16 2,2 0,3 0,3 13,3 2380 9,4 22

ConepxaHue penkuX U peaKo3eMeJbHbIX dJIeMEeH-
toB (REE) B 1iupkoHe onpeneaeHo Ha MIOHHOM MUKPO-
3oHme Cameca IMS-4f (1@ OTUAH) [14] B Tex xe
TOYKaX, B KOTOPBIX ObUT M3MEPEH U BO3PACT JIOKAJIb-
HbiM U-Pb metonom. Ipu monyyeHun «aHOMaJIbHBIX»
JIAHHBIX TI0 COCTaBy IIMPKOHA aHAJIM3bl JAyOJUpOBa-
JIUCh C HEKOTOPbIM CMEILEHWEM OT CTaporo Kparepa.
OtHocuTeNbHAsl OLIMOKA M3MEpeHUs IJisl OOJIbIINH-
cTBa peaKkux aeMeHToB 10—15 %, mopor o6HapyXeHUs
sneMeHTa B cpeaHeM 10 mr/T. TemriepaTypa KpucTas-
JIM3alMK IIUPKOHA OMpenessiach Mo «i-B-IIMPKOHE»
reotepmometpy [28]. [Ipu mocTpoeHUN CIIEKTPOB pac-
npeneneHusi REE coctaB nupkoHa HoOpMUpoBajcs Ha
coctaB xoHaputa CI [24]. Tabauuyst ¢ anasumuveckumu
O0aHHBIMU, He BKAIUEHHble 8 MEeKC CIambl NO Npu4UHe
3HAYUMenbHOo20 e€ 00seMa, npedocmasasIomes asmopamu
10 3anpocy Ha 31eKMPOHHYH NOYMY.

PETHOHAJIBHAA TEOJIOTI'HA

AJITAHCKMI KOMILUIEKC

HEVW3MEHEHHBIE MOPOJIbI

DrupuH-aBrUTOBbII 1EJI0YHONO/IEBOIINATOBDI CHe-
Hut, 00p. MT-59 (puc. 2). UccrnenoBaHHbIil IMPKOH
MPEACTaBICH B PAaBHOM IIPOTOPINM CIa00YITMHEH-
HbIMU (K03d. yaauHeHus1 Ky cp. 1:3) U okpyribiMu
3epHaMu pa3MmepoM He Bbiie 50—100 MM (puc. 5).
VImuHEeHHBIE 3epHA COXPAHSIOT, KaK IPaBWIO, TOH-
KOTIOJIOCYATYI0 POCTOBYIO OCHMUISILIMOHHYIO 30HAaJIb-
HOCTb, CBMJCTEJbCTBYIOLIYI0O O MArMaTUYECKOM IeHe-
3uce mupkKoHa. OOHAKO IMOYTHM BCEe 3epHA IIMPKOHA
HECYT cJiefbl M3MEHEHMI M TNepeKpHUCTaIU3alluu,
BbIpaXalolKecss B KOPPOAUPOBAHHBIX TI'PaHUIAX
3epeH U HAIMYUM TOHKUX KaeMOK oOpacTaHus 6e0ro
u cBemio-ceporo orreHka B CL. MHorna 30HbI u3me-
HEHUsI 3aTParMBalOT M LEHTPAJIbHYIO 4acTh LIMPKOHA,
OCHWUISIIMOHHAS 30HAJIBHOCTh MCUYE3aeT, CTPYKTypa
3epHa (MT-59-3) cTaHOBUTCS MSITHUCTO-CEKTOPUASIb-
Hoi1 (puc. 5).
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Puc. 4. Illenounsie namnpodupst (4) u apyntuBHbie Opekunu (b) TOOYKCKOr0 runaduccajbHOro KOMILIEKCa

A — o6p. 1031 — cpenHe-MeTKOKPUCTAIUTMYECKHE MEeIaHOKPATOBbIE, O0OTAIIEHHbIE KITMHOMMUPOKCEHOM U OMOTUTOM-(hJIOTOTTUTOM,
IeJI0YHbIe JamMIpodupbl (MUHETTHI). [TopdupoBsie BbineneHus ouorura-diaoronuta (Phl) 3akiodyeHbl B MEJIKOKPUCTAUTMYECKUIA
TPaXUTOMIHBIA KAJTMUILIATOBBI MATPUKC C MUKPOBKJIIOUEHUSIMU 3epeH KapOOHATU3UPOBAHHOTO 3TMPUH-aBruTa (yB. X5; HUKOJIU).

b — 06p. 1003 — spyntuBHasi GpeKYMsi C JAMIIPOMTOBBIM LIEMEHTOM CJIOXeHa o0oMKamu (35—40 %) 111eJ0YHOIOIEBOIINMATOBBIX
CHUEHMTOB M KCEHOTEHHBIMU OCKOJIKAMU KPUCTAIUTOB Kanuinmara Kfs, «miaBaoimMu» B TaMIPOUTOBOM LIEMEHTE TEMHO-0YpPOro 1BeTa
(55—60 %), mpenctaBIeHHOM, KaK MPaBUIO, UAUOMOPDOHBIMU (EHOKPUCTAJUIAMU MarHe3uajJbHOro oJuBUHA ((hopcTepuTa)
Ol (10—15 %), 3akJIl0YeHHBIMA B MUKPOKPUCTAIIMYECKUI arperart, mpeicTaBIeHHbI OPTOMUPOKCEHOM (aBruToM-auorncuaom) Opx
(40—45 %), BbricOKOTUTAaHUCTHIM GuoTUTOM-dtoronutoM Phl (15—20 %) u BbicoGapueBbiM Kanuimatom (3—5 %) (yB. x2,5; HuU-
Koau+).

O6paselt Si0,,%  Ti0,% = Fe,0u% Mg0,% Na0,%  K0,% Zr, 1/t U,r/t  SREE, 1/t
1031 60,2 0,5 5,0 2,2 43 6,6 134 2,8 129
1003 54,2 0,5 6,6 9,9 1,5 8,3 188 1,7 80
1003 maTpukc 47,0 1,1 9,8 17,5 0,4 5,9 — — —

MT-59-3.1  MT-59-1 MT-59-52 MT-59-10.1 MT-59-1.1 MT-59-11.1

O MT-59-12.1 O
MT-59-3.2 O
) 2 ge 3 O

MT-59-7 .1 O O

MEse s MT-59-1.2

SH-8-4.2

SH-8-4.3 O

N O

\ O Puc. 5. KatonomomMuHeceHTHbIE H300PazKeHHs N3yYEeHHBIX 3e-

PEeH HUPKOHOB U3 IeJIOYHONOJIEBOLINATOBBIX STHPUH-ABIUTOBbIX

SH8-52 suss2 (OO CHEHHTOB IIABHOI (ha3bl BHEIPEHHS AJTIAHCKOIO KOMILIEKCA
SH-8-4.1 (00p. MT-59) u cuennt-nopupos AaHKOBOW Cepun ANAaH-

50 MKM SH-8-3.1

ckoro Komiuiekca (0op. SH-8)
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BrienieHo okoyio 7 3epeH IIMPKOHOB, OTJIMYal0-
LIUXCS OT OCTAJIbHBIX IMPAKTUYECKU YEPHOMU OKPACKOM
B CL. 3epHa okpyrJioif popMbI U30METPUYHbI, YACTh UX
3aTPOHYTa M3MEHCHUSIMHU B BHUIE HEUCTKUX Pa3BOIOB
oenoro orteHka (MT-59-7) B CL (puc. 5).

U-Pb Bo3pact uupkoHa u3 cuenura MT-59 143 +
+ 3 mMuH JleT MO TIepecevYeHUI0 TMCKOPAUM Ha Trpa-
¢uxe Tepa-Baccepoypra (puc. 6). IIpumeyaTtenasHo,
yTO (hUTypaTUBHBIE TOYKHU IIUPKOHA, OTIMYAIOIINECS
YEepPHBIM OTTEHKOM, COACPKAT MAaKCUMAJIbHOE KOJIMIE-
CTBO HepaguoreHHoro Pb u yganeHbl OT mepecedyeHust
C KOHKOpAUEH.

ITo conepxanuto REE npoaHanu3upoBaHHBIN LUP-
KOH MOXHO pa3ienuTb Ha aBe rpymmbl (puc. 7). Iep-
Basl TPYyIIIa — BCe 3¢pHA MIMPKOHA C OCHUJUISIIIMOHHOMN
30HAJLHOCTBIO — OT/IMYaeTcs nuddepeHIINPOBaHHBIM
xapaktepoM pacnpeneneHuss REE ¢ yBeanuyeHunem
coaepkaHud ot jgerkux K TskeabiM REE. Conepkanue
cymmbl REE 961 1/1, Luy/Lay ot 174 mo 13 925 3a cuer
nepeMeHHoro conepxanus gerkux REE, Ho B cpenHeM
nmocturaet 3HaueHusT 4905. [1posiBiIeHa TTOIOKUTETbHAS
Ce-anomamusa — Ce/Ce* 4—117, cp. 117. Eu-anomanus
y LIMPKOHA 3TOM TPYIINbI OTpUIIaTeSIbHASI, HO BhIpaxKe-
Ha HecuibHO (Eu/Eu* cp. 0,56). ITo xapakrepy pac-
npeneieHuss REE nupkoH mepBoii rpymnibl OTBEYaeT
LIMPKOHY MarMaTU4YecKoro resesuca [22].

Ilo pacnpeneneHUI0 OPYIMX PEAKMX 3JIE€MEHTOB
IIUPKOH 3TOW TPYIIITBI MMEET OTHOCHUTEIBHO HU3KUIA
ypoBeHb coaepxkaHust — Li He 6ogee 0,2, P cp. 121 1/T,
Ba u Sr He npeBsimmaer nepsbix r/T. Comepxkanue Hf
JIOCTAaTOYHO BBIIEpXKaHo, ¢p. 7108 r/T. Comepxkanud Y,
Th u U He npeBbIIalOT 0OBIYHBIX 11 MArMaTUYeCKO-
ro mupkoHa 3HaueHuit, Th/U cp. 0,7 moarBepxmaeT
MarMaTHYeCcKWil TeHEe3WC 3TOM TPYIIIBI IIMPKOHA.

Conepxanue Ti cp. 29 r/T, yTo OTBevaeT ycpemd-
HEHHOM TeMmIepaType KpUCTaJUIM3allMyd LUPKOHA
okoio 830°C [28]. Comepkanme Ca JOCTUTACT 3Ha-
yeHuit 212 mpu cp. 126 r/T. YYUTHIBasi IOJOXM-
TENIPHYIO KOppesinuio comepxkanus Ca ¢ IpyruMu,
HehOpMYJIbHBIMU IS LIMpKOHA 3jeMeHTamu Ti, Ba
U Str, MOXXHO CUMTATh YBEJIMYEHME €ro KOHIICHTpalUuu
YYTKUM WHINKATOPOM ITOCTMAarMaTHYeCKOTO HM3Me-
HeHus uupkoHa [21], KoTopoe, OgHAKO, B HalleM
ciyyae He 3aTpoHyno U-Pb cuctemy, — Bce TOUKHU
TEPBOM TPYIIIBI PACIIOIOXEHBI BOJM3W KOHKOPIUN
(puc. 6).

YepHbiii B CL LIUPKOH pe3Ko OTAMYaeTCs 10 XapakK-
tepy pactpenencHust REE (puc. 7). CieKTpsl mpakTide-
CKM TOPU3OHTAJIbHBI B 00J1acTH Jierkux U cpegHux REE
3a CYET MOBBIIIIEHHOTO COIEPKAHUS 3TUX 3JEMEHTOB.
Cp. conepxanue jerkux REE B LIMpKoHe 3TOi1 TpyMIThI
1566 /1, uto 6osiee yeM B 30 pa3 peBLIILIACT AHAJIOTUYHOE
3HaYEHMeE IS TTPEeIbIIYILeH TPYIIbl HIMPKOHA. B obmactu
TskenbiX REE cniekTpol cmaboauddepeHInpoBaHHbIE
(Luy/Gdy cp. 10,6), obiiiee conepxkanue Tskebix REE
HE3HAYUTEJIbHO IMPEeBBIIIACT YPOBEHb COIAEpPXKAHUS
tskensix REE B mpempimymieit rpymme mupkoHa (cp.
2172 n 908 r/1). [MonoxurenbHasg Ce-aHOMaINS C1a00
BeipaxkeHa (Ce/Ce* cp. 3,56) 1 OIMHAKOBO IPOSIBICHA
BO BCEM IIMPKOHE BTOPOIA TpyImbl. Eu-aHomanmst mpak-
tyecku orcytctByeT (Eu/Eu* cp. 0,87). Takoit xapak-
tep pacnpeneieHusi REE mo3BossieT oTHeCTH HUPKOH
91Ol Tpynnbl K I'M Tury, o6pazoBaHue KOTOPOIO CBSI-
3aHO C MTHTCHCUBHBIM BO3IECTBIEM (hTIOMIHOM (ha3bl
[11, 23].

Yepupiii B CL IMpPKOH, KpOMe TOTO, XapaKTepH-
3yeTcs MOBBIIICHHBIM COAEPKAaHUEM PEAKUX DIICMEH-
ToB: P ¢cp. 969, Y 3224, Nb 125, Th 3938, U 5552 r/T.
B 3Toli TpymIe s1eMeHTH CBSI3aHBI IPYT C IPYTOM

PETHOHAJIBHAA TEOJIOTI'HA

TTOJIOKUTEIBHBIMU KOPPESLIMSIMHU, YTO TTOATBEPXKIACT
HX 3aKOHOMEPHOE BXOXIEHUE B CTPYKTYPY LIMPKOHA 10
KCEHOTHUMOBOI cxeMme uzomopdusma [8, 20]. Conepka-
HUE KaJblLMs TaKXKe MoBbIIeHHOE (cp. 642 1r/T). OHO
He KOPPEeJIUpPYEeTCsl C COAep>KaHMEM BBICOKO3apSIIHBIX
5JIEMEHTOB, HO OOHApY:KMUBACT ITOJOXUTEIBHYIO KO-
pensguuio ¢ TUTaHoM (cp. 851 mMpu MHUHUMAJTBHOM
127 r/1). B aTOM ciyyae TemriepaTypa, pacCuMTaH-
Has 1Mo «Ti-B-LUPKOHE» TEPMOMETPY, HEKOPPEKTHA,
TTOCKOJIBKY TEPMOMETP OTKaJIMOPOBAH Ha COCpKaHUE
Ti He Boie 50 r/t [28]. IToBhllIeHHOE comepKaHUE
Ca u Ti u uX TOJIOXUTEIbHAS KOPPEISILINS YKa3bIBAlOT
Ha BO3IEWCTBME METaCOMaTUYEeCKUX IPOIECCOB, 000-
raiaonmx IMPKOH HECOBMECTUMBIMU 3J€MEHTaMU.
Cpennee 3HaueHne Th/U B IMpKOHE BTOPOI TPYIIITHI,
Kak 1 TepBoit, octaeTcst Heu3MeHHbIM 0,71, yBeauum-
BaeTCsl BapuaOeJIbHOCTh MHAMBUAYAJIbHBIX 3HAYCHUI
Th/U ot 0,11 mo 1,42.

Cuenut-nopgpup, oop. SH-8 (puc. 2). Llmpkon
MpeacTaBieH M30METPUUYHBIMU 3€pHaAMU pasMepoM
B morepeyHuke He Oojee 50—70 Mxm. B kaxmgom
3epHE MPUCYTCTBYIOT YUYACTKA W 30HBI, BBIICIISIOIIN-
ecsa O6enpiM otrteHKoM B CL (puc. 5). DT ydacTKu
MOTYT 3aTparuBaTh KaK IOYTH BCIO TUIOIIAIb 3E€peH
uupkoHa — SH-8-3 u SH-8-6 (puc. 5), Tak u ocra-
BaThCsl B BUIE JOKAIbHBIX Pa3MbIThIX MSATEH WJIM TOH-
KX KaeMOK.

ITo mrecT TOYKaM pacCYUTaH KOHKOPIAHTHBIN
U-Pb BospacT nupkoHa 133 + 5 mun jet (puc. 6).

Crrektpnl pactipenenenuss REE Bo Bcex mpoaHa-
JIMBUPOBAHHBIX TOYKAX MOAOOHBI U 00pa3ylOT Y3KYIO
nosiocy (puc. 7). Cymmaproe cogepxanre REE ot 605
mo 1730 r/t. Xapakrep pacrpenenenuss REE mudde-
PEHIIMPOBaH IO Mepe ITepexoma OT JIETKUX K TsoKe-
apiM REE (Luy/Lay cp. 1566). Eu-aHomanus wiu
OTCYTCTBYET, WUIM CJIaOOBBIpaXKeHHAas, OTPUIIATEIIb-
Hasg (Eu/Eu* cp. 0,81), mposiBieHa MOJOXUTETbHAS
Ce-anomanus (Ce/Ce* cp. 14,8). Eciu cpaBHUBaThH
COCTaB MO PEAKUM 3JIEMEHTaM IMPKOHA U3 CHEHUT-
nopdupa SH-8 ¢ HuupKoOHOM €O caeaaMUu OCLMJIISILIM -
OHHOI1 30HaIbHOCTU U3 cueHuTa MT-59, To B cpenHemM
conepxxanug Li, Hf, Y, Sr 6nmusku. Copepxanue doc-
¢dopa u KanbLuus B LIUpKOHe U3 00p. SH-8 HecKoJbKO
Menble (cp. 57 u 34 r/1). Conepxanue Ti cp. 51 1/7,
YTO OTBEUYaeT CpeIHEN TeMIepaType KpUCTALIN3allnu
mupkoHa okono 880°C [28]. Comepxanme Th m U
noBbiieHHOe (cp. 1168 u 1474 r/T) MO CpaBHEHUIO
¢ IMPKOHOM CO CJIefaMU OCHWIISIIIMOHHON 30HAIBHO-
cti u3 cueHuta MT-59, HO ropasao HUXe, YeM ObLIO
YCTaHOBJIEHO B IIUPKOHE uyepHoro orreHka B CL u3
00p. MT-59. Benmmumua Th/U 6mm3ka mis IupKoOHa
n3 obeux npood, cp. 0,76 musa SH-8.

YMEPEHHO UM3MEHEHHBIE MOPO/H

@eapANATH3UPOBAHHBIA cHEHHT, 00p. MT-63A
(puc. 2). LIupkoH B OCHOBHOM IIpeICTaBJIeH M30Me-
TPUYHBIMHU 3epHAMM pa3MepoM He Bbime 100 MKM.
YacTh 3epeH coxpaHseT Cleabl OCHUUISIIIMOHHON
POCTOBOI1 30HAJILHOCTU B TeMHO-cepbIx ToHax B CL, HO
TPAaHUIBI 3epeH TP 3TOM KOPPOAMPOBAHBI M 0OpPOC-
JIM TOHKUMU KaeMKamu. [IprMepHO MOJIOBMHA 3epeH
3aTpPOHyTa MOCTMAarMaTUYeCKUMM M3MEHEHUSIMU pa3-
HOM CTeTIeCHW MHTEHCUBHOCTH, MPOSIBICHHBIMU (par-
MEHTAapHO B BUIE YYACTKOB, OTIMIAIOIINXCS OEJIBIM
orteHKoM B CL. LIupkoH MOXeT OBbITh MpaKTUUYECKU
LIEJTMKOM TTpeoOpa30BaHHBIM. B Takmx ciyJasx Bce 3ep-
Ha (MT-63A-3) UMeIOT He XapaKTePHBIiA 11T IUPKOHA
Oesblit OTTeHOK (puc. 8), MHOIIA CrIeU(PUIECKYIO sSUe-
uctyio ctpykrypy (MT-63A-8 u MT-63A-15).
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Puc. 6. Tnarpammsi 2"Pb/2°Pb — 233U /2%6Ph [29] u 2°Pb/*3¥U —
207Pb/?35U [26] ¢ KOHKOpAMSAMM [IJIsi HMPKOHOB M3 CHEHMTOB
aJIIaHCKOro Komiiekca (oopasuslt MT-59, MT-63A, SH-8),
Opekunii 1 JamMnpoupoB TOOYKCKOro Komiuiekca (00pa3ibl
1031, 1003), xapakTepu3yIONMX BO3PACT MATMATHYECKOM KPH-
CTAJUTM3ALMH TIOPOJI, 2 TAKKE C KOHKOPAUSIMHM sl HUPKOHOB U3
deapammaruto (00p. 1028) u rymoeutos (oop. 1005), chop-
MHPOBAHHbIX 10 CHEHNTAM AJIAHCKOTO0 KOMILIEKCA W XapaKTe-
pu3ylonmMx Bo3pact noctmarmarudeckoro I'M mpomnecca, cBs-
3aHHOTrO ¢ BHenpenneM PsounoBoro maccusa (T, Ha rpadukax)
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IMo nmeBsiTM TOUKaM oTpenesieH KOHKOPIAHTHBIN
Bo3pacT 1upkoHa 142 £ 3 mumn Jer (puc. 6).

Lupxon ceporo orrenka B CL ¢ comepxkaHueMm
REE or 836 10 3220 r/1. B uupkoHe ¢ MakcuMaib-
Ho nuddepeHIUpoBaHHBIM pacripeneneHueM REE —
touku MT-63A-15.1 u MT-63A-11.1 (puc. 7) — npo-
SBJICHa OTYETAMBas ToJioxuTeabHas Ce-aHoOManus
(Ce/Ce* 45,1 u 29,2). B ocTaibHBIX TOUKaX LIMPKOHA
Ce-anomanus penymuponaHa (Ce/Ce* cp. 3,0). Otpu-
nateabHass Eu-aHomanusi BO BceX TOYKax LHUPKO-
Ha ceporo orteHKa B CL mpakTuyeckud OTCYTCTBYET
(Eu/Eu* cp. 0,89). Pe3ko BeImensieTcsl OOUH CIIEKTP
pacnpeaeneHust REE — MT-63A-11.2 (puc. 7), 3a cueT
MOBBILLIEHHOTO conepxkaHus jJerkux REE Hak/IoH criek-
Tpa IPUOOpETaeT «OTPUIIATEIbHBIN» XapaKTep B 00a-
ctu jerkux U cpenaux REE nipu coxpaHeHuu «moso-
KMTEJIBLHOTO» HAaKJIOHA B 00JacTU TsLKeJIblX. CIeKTp
REE mis 310l TOUKM HamoMHWHAeT (OPMY KPBLIbEB
TITULIBI JUTSI MUHEPAJIOB U3 30H MHTEHCUBHOM ITionI-
Hoit nepepaboTku [10]. PaHee momoOHBIE CIIEKTPhI, HO
¢ oTpuiatebHOM Eu-aHomanmeit ObLTM yCTaHOBICHBI
IIJISI CVUTbHO M3MEHEHHOTO LIMPKOHA U3 PYyTOHOCHBIX
Ha REE cuenutoB fcTpedeiikoro MECTOpoXaeHUs Ha
VYKkpanHcKkoMm 1ure [6].

Conepxanue cymmbl REE Koppenupyetcs ¢ coaep-
KaHWeM He(OPMYIbHBIX IJIS LIMPKOHA 3jeMeHTOoB Ca,
Sr, Nb, atakke Y u U. Conepxxanne ¢pocchopa HeBeTM-
KO M TOJIbKO B OHOM Touke TpeBbimiaet 100 /1, B 1ByX
JIPYTUX TOYKaX OHO HIXE MOpora YyBCTBUTEIbHOCTH,
Th/U 1,2. IIpumedaTeabHO KpaiiHe HU3KOE COmepKa-
nue Hf B Tpex Toukax mupkoHa — He Bbiie 5000 /T
(ta6u. 3). Conepxanue Ti oT nepBbIX 10 361 /T COOT-
BETCTBYET TeMIlepaType Kprctaum3annu okojo 600 °C,
YTO CKOpee BCEero 0OYCIOBJIEHO MOCTMArMaTUYeCKUM
MeTacoMaTUYECKUM MpeoOpa3oBaHUEM 3ePEH LIMPKOHA.

Lupxon 6enoro orreHka B CL oTimyaeTcs MOHK-
XKEHHBIM cofepxaHuem Bcero crnektpa REE (mpu-
MepHO B 5 pa3 Huxe Hopmbl nipu cp. REE 307 r/T).
CoxpaHsieTcsT XapakTep CHeKTpoB — auddepeHIm-
poBaHHBI OT Jierkux K TskeabiM REE ¢ momoxu-
tenpHOit Ce-aHomanueit (Ce/Ce* cp. 7,3) u cuib-
HO peayLuMpOBaHHOI oTpulaTesibHON Eu-anomanuei
(Eu/Eu* cp. 0,79). Kak u B mpeabIaymieil Tpyrme,
OIWH M3 CIeKTpoB — Touka MT-63A-11.3 (puc. 7)
nMmeeT (GopMy KpbUTbeB NTUIBI. O0¢ aHOMaJIbHBIC
no xapaktepy pacrnpeaeseHuss REE Touku nmpkoHa
OTHOCATCS K OTHOMY 1 ToMY ke 3epHy — (MT-63A-11
(puc. 8), mpuueM B ABYX IPYIUX TOYKAX B ITOM XKe
3epHe MaHHbIA 2GhdEKT He MPOSIBIECH.

ITo comepxkaHUIO PEAKUX DJIIEMEHTOB LIMPKOH Oe10-
TO OTTeHKa IIPEXIEe BCEro OTIMYAETCS IMOHMKEHHBIM
comepxanueM Y cp. 326, Th 200 u U 114 r/1. Conep-
>KaHWE NPYTUX PeAKUX 3JIEMEHTOB B LIMPKOHE Oeoro
OTTEHKA ITePeKPBIBACTCS C JIMAITAa30HOM COACPKaHUIMA
9TUX K€ 2JIEMEHTOB B IIUPKOHE CEpPOro OTTeHKa. B Tpex
TOYKaX Takxke 0OHapyKMBaeTCs KpaifHe HU3KOe coaep-
xkanue Hf — 3006 r/t.

METACOMATHUTBI

OrupuHoBblii (GeTbANMATAT MO cHenuty, oop. 1028
(puc. 3). B nuzyuyeHHOM 0Opasiie YCTaHOBJIEHBI KpPyT-
Hble (10 200 MKM B MoIepeuyHnKe) 00JOMKM JIMO0 Oec-
¢dopMeHHBIE 3epHA IIMPKOHA. YUIMHEHHBIX KPUCTAJIJIOB
npakTudecku Het (puc. 9). PocroBas ocluuISIIMOH-
Hasl 30HAJILHOCTb B TeMHO-cepbiX ToHax B CL mpo-
SBJIEHA TT0 CpaBHEHUIO ¢ TyMOenToM-1005 B MeHbIIIEM
KOJIMYeCTBe 3epeH. bojee xapakTepHa ceKTopuaabHast
30HAJbHOCTh. [IPUCYTCTBYIOT 30HBI U3MEHEHUS IIMP-
KOHa, ukcupyeMbie 1o 6eyomy orteHKy B CL. OHuU

PETHOHAJIBHAA TEOJIOTI'HA

MeHee MacIITaOHBbl M 3aHUMAIOT He 0oJiee YeTBEpTH
IUTOIIAAU 3epeH LIMPKOHA.

[MpoBeneHO maTMpoBaHME TOJIBKO HEM3MEHEHHBIX
JTOMEHOB IIMPKOHA. [10 BOCBMI TOYKaM ITOJTYYeH KOH-
KOpIAHTHBIN Bo3pacT 132 £ 2 muH Jet (puc. 6).

VYpoBeHb comepxanust cymmbl REE B mmpkoHe
¢ cepbiM oTTeHKOM B CL He3HauuTesneH — cp. 483 npu
pazopoce ot 217 mo 1021 r/T (puc. 7). B Tpex nmpoaHa-
JM3upoBaHHBIX Toukax (1028-7.1, 1028-10.1 m 1028-
10.3), pacnonoxeHHbIX B TeMHO-cepoii B CL (0osee
BBICOKOYPAHOBOI) 4acTU 3epeH, CIEKTpP pacripeaesie-
ausa REE 6onee muddepenmmposan — Luy/Lay cp. 155
(Taba. 4), nposiBieHa mojioxkutenabHass Ce-aHoManus
(Ce/Ce* cp. 17,3). B ocTaIbHBIX MSATH TOUYKAX CIEKTP
pacnpeneneHuss REE mpakTtuuecku ropusoHTa-
nen (Luy/Lay cp. 12,6), Ce-aHOMaIuss OTCYTCTBYET
(Ce/Ce* ot 1,04 no 2,28).

st mupKoHa M3 3TOW TPYMITBI KpaiiHe HU3KO
conepxaHue docdopa. B yeTbipex ToOUKax OHO HUXKE
ropora onpeaeaeHus, B ocTaibHbIX ¢p. 73 1/T. Comep-
XaHue Y TakxKe HU3koe — cp. 242 mpu paszdpoce OT
28 mo 588 r/t1. dnst mpyrux penkux simeMmenToB (Ti, Ca,
Sr, Nb) xapakrepeH 3HaUUTEIbHBIN (B 5 pa3 u Gosee)
pa3dopoc comepKaHWU, CBUIACTEIBbCTBYIONINI O IIPO-
SIBJICHUY HEPaBHOBECHBIX ITOCTMAarMaTUYECKUX MeTa-
coMatuueckux npoiieccoB. Th/U cp. 0,24 ornuyaercs
5THM OT IMPKOHA M3 TyMOeuTa.

LlupkoH 6enoro orreHka B CL cofepXuT ele MeHb-
mee KoanvyectBo cyMMmbl REE — cp. 93 r/T. Tpu npodu-
g pactipenenenust REE cnabonnddepeHumpoBaHHbIE,
JIBa MPAaKTUYECKU TOpU3OHTaAIbHBIE (puc. 7). [Tonoxu-
tenbHass Ce-aHomamus penyuupoBaHa, Eu-anomanusa
cnabasi, oTpuLIaTeIbHAS.

B mmupkoHe 6e10ro OTTeHKa COAePKUTCS e1le MEHb-
mee KojaumdyecTBo ¢ocdopa (B aByx Toukax 11,6 r/T,
B TpeX IPYIWX HILKe Iopora ooHapyxkeHms). CpemHee
coliep>XaHue TUTaHa, 3a UCKIoUYeHueM Touku 1028-
7.2, 1,1 1/1, 4TO OTBeUaeT TeMIepaType oOpa3oBaHMS
mupkKoHa okoisio 560 °C, Y cp. 89 r/t, Th m U Taxxke
HIKe B 3 pa3a U 0oJiee MO CpaBHEHUIO C ITUPKOHOM
ceporo orteHka B CL. Th/U octaeTcs mpuMepHO Ha
npexHem yposHe — 0,19.

I'ymbent no cuenury, oop. 1005 (puc. 3). Llupkon
OHOTUITHBIN — MPE00JIagaIOT 3epHa YIJIMHEHHOM (hop-
MBI (Ky ot 1:2 o 1:3) ¢ BeIpaxkeHHBIM ITPU3MaTHIEeCKIM
rabutycom (puc. 9). OcHoBHasl 4acTb 3€peH — LIMPKOH
C OCUWJUISILIMOHHONM 30HAJIbHOCTBIO U YepeayIOLINMU-
¢S yJacTKaMM ceporo 1 depHoro orreHka B CL. Kak
TPaBUJIO, OCHWIISIIIMOHHAST 30HAJIbHOCTh KOHTPACTHA,
HO B HEKOTOPBIX 3€pHAaX OHa 3aTyllleBaHa U pPa3Mbl-
Ta. [IprCcyTCTBYIOT pa3HOOOpa3HbIe 1TO0 MOPQOIOTUHI
30HBI M3MEHEHUS IIMPKOHA, KOHTPACTHO BBIICIISIO-
muecs: 6enbiM oTTeHKOM B CL. DTH 30HBI TSATOTEIOT
K KpasiM 3epeH, HO MOTYT 3aHUMAaThb ¥ TIOYTHU TTOJIOBUHY
mioanu 3epHa. O6HapykeHo ogHo 3epHo (1005-10),
MPaKTUYECKU LIeJTMKOM u3MeHeHHoe, B CL oHO G6esoro
uBera (puc. 9).

U-Pb natupoBaHue LUPKOHA COMNPSKEHO C TPYA-
HOCTSIMU HU3-3a BBICOKOI'O COAEpPXKaHUSI HepaauoreH-
HOro CBMHLA 10 84 % B M3MEHEHHOM LIUPKOHE 0eJI0ro
usera B CL 1 10 48 % B LMPKOHE C OCLWLISLIMOHHON
30HaJIbHOCTBIO. [To maHHBIM TUcTOrpamMmbl (puc. 10),
ITOCTPOEHHOM 1151 3HaueHuni 2°U /2¥Pb Bo3pacra, Han-
boJiee BEPOSITHO, TIO TIOJIOXKEHUIO ITMKA Ha TUCTOTpaM-
M€, 3HaueHMsI Bo3pacTa KpUCTALIM3alMU ILIMPKOHA
C OCHMUISIIIMOHHOM 30HAIbHOCTBIO OKOJjio 133 mumH
JieT, a MeTaCOMaTUYECKOTO M3MEHEHUST IIMPKOHA OKOJIO
125 man ner. ITockoabKy MHIMBUAYaJbHbIE OMpeac-
nenns °U/?¥Pb Bo3pacTa MMEIOT MOTPEITHOCT 0
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+5—7 MJH JIeT, TO pa3iIuyue BO BpeMeHU oOpa3oBa-
HUs IBYX TeHepalrii IMpKoHa (UKCUPYETCS Ha TpaHU
AHAIMTUICCKON TTOTPEITHOCTH METO/A.

Cnextpsl REE 11 1mupkoHa ¢ OCUMJUISILIMOH-
HOI 30HAJIbBHOCTBIO M cepbiM OTTeHKOM B CL ume-
T auddepeHINPOBAaHHBIN XapaKTep OT JEIKUX
Kk TskenbiM REE — Luy/Lay cp. 12 771. OtmeueHa
nosoxurtenbHas Ce-aHomanus (Ce/Ce* ot 7,1 mo
72, cp. 29). Eu-anomanus cimabasi, ¢ HEITOCTOSTHHBIM
sHakoM (Eu/Eu* or 0,71 mo 1,24, cp. 1,01). Xapak-
TepHast ocobeHHOCTh criekTpoB REE B aToii rpymnme
IMpKOHa, 3a McKioueHneM todek 1005-8.1 m 1005-
11.1, mocTaBlieHHBIX B IIMPOKME TIOJOCHI POCTOBOI
30HAJIbHOCTH, — YETKO MPOSIBIEHHAs CUHYCOMIAJIb-
HocTb cniekTpoB REE B obiacT cpegHUX U TSXKEbIX
REE (puc. 7). IlogoOHasi CUHYCOMIATbHOCTh MMEET
mecTo B pacnpeneneHuu REE B rpanurax MaHTUITHOTO
reHesnca. Haubosnee oOienpuHsaTas MpyUunHA MOSIB-
JICHUSI TaKOW CUHYCOMIAIbHOCTU — HEPaBHOBECHBIN
MAHTUHHBIA METACOMATO3 C YYaCTUEM YIJIEPOICOIEP-
xkauero ¢uawouna [7].

B ob6nactu cpennux REE cuHycoupanbHble CreK-
TPpbl BapbUPYIOT IMPaKTUYECKM B TeX Xe Ipeaesax,
a B obnactu Tskenblx REE oHm cxomsitest (puc. 7).
Cnektpol pacnpeneneHuss REE B Toukax 1005-8.1
un 1005-11.1 nuneitasie (ot Pr no Er) ¢ oTHocUTENbHO
MMOHIKEHHBIM YPOBHEM COIEepPKaHUS 3TUX DJIEMEHTOB.
Ha otpeske Er—Lu crniekTpsl 1151 ABYX paccMaTpuBae-
MBIX TOUYEK LIMPKOHA CJMBAIOTCS C OCTATbHBIMU CUHY-
COMIATbHBIMU CITEKTPaMH.

LlupkoH ¢ OCUHUISLUOHHON 30HAJbHOCTHIO
n ceporo orreHka B CL He oTinyaercsl aHOMAallb-
HBIM COAEpXaHWEeM pPEIKUX 3JIeMeHTOB. HampoTus,
comepxaHusi HedopmyabHbIX miag uupkoHa Li, Ca,
Sr, Ba u Ti (3a uckimouenueM touku 1005-16.2, rme
MpY aHajJIM3e SIBHO TPOM3OIIE 3axBaT TUTAHCOIEP-
Xaieil da3bl) HEBBICOKM U MajJo YeM OTINYaloTCS
OT «00OBIYHOTO» HEM3MEHEHHOTO IIUPKOHA. YCpeIHEeH-
Hasl, 32 BBIYETOM AaHOMAJILHOTO 3HAYCHMS, TeMIIepa-
Typa KPUCTALIM3ALUMU LIUPKOHA C OCUMWUISILIUOHHON
30HAJIbBHOCTBIO MOXKET OBbITh ~650 °C, yTO He MPOTUBO-
peuuT nerpojornyeckum oueHkaM. Coaepxanue Hf
B LIMPKOHE 3TOi rpymmbl B ¢p. 9281, Y 3236, Th 805,
U 493 r/t, Th/U or 0,48 no 10,8. Uckiouenuem
apisiercss Nb, comepxanue kotoporo ot 30 mo 1307,
cp. 341 /1.

Lupxon 6enoro orreHka B CL oTimyaeTcst MoHU-
KEHHBIM TIpuMepHO B 1,5 pasza oOlMUM ypOBHEM
cpennero coxepxaHusi REE (2371 mo cpaBHeHUIO
¢ 3350 r/T B LIUPKOHE C OCUMJUISIIIMOHHOW 30HaJb-
HOCTBIO). B TaTM cmexrpax coxpaHsieTCss CHUHYCOU-
nanbHbIl xapaktep pacnpeneaeHuss REE (puc. 7).
B ocranbHBIX CHEKTpax CHHYCOUAAIbHOCTb OTCYT-
ctByeT. Eu-aHoManmsa mpakTWuecKu HE ITIpOsIBJICHA.
3a cyer OoJbllIero, 4eM B LUPKOHE C OCLUJUISLIU-
OHHOIi 30HaJbHOCTBIO, coiepxXaHus La u Pr npu
TaKOM XK€ YPOBHE COACPKaHUM IIEPUS TTOJIOXUTEIIh-
Has Ce-aHomanus MeHee BoipaxeHa (Ce/Ce* cp. 6,7
u 29).

Kpowme Toro, mupkoH 6eynoro orreHka B CL otnn-
YyaeTcs OT HMPKOHA € OCHUJUISIIMOHHON 30HAIbHOCTBIO
MOBBIIEHHBIM cpeiHUM copaepxkaHueM Li 0,11 u 0,04,
Cal139u6,6,Sr9,5u2,0uBal9,3u3,7r/TunoHu-
SKeHHBIM ocdopa 74 u 159, Y 2506 u 3236, Nb 234
u 341 u Th 270 u 805 r/t. Th/U or 0,11 mo 2,86 npu
cp. 0,98, Ipu 3TOM OHO HITKE, UeM Y IIMPKOHA C OCIIHJI-
JISIIUOHHOMN 30HAJIBHOCTHIO.
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ITupokcen-daoronurosslii Jammpodup, odop. 1031
(puc. 4). LlupkoH mpeacTaBieH YyMEpeHHO YIJIMHEH-
HeiMu 3epHaMu (Ky ot 1:2 mo 1:3) no 150—200 mMxm
mo mIMHHON ocu (puc. 11). BoabmmHCTBO 3epeH
COJIEPKUT SIEPHYIO LEHTPAJbHYIO 9acTh, OTJIMYAIO-
1ryrocst 6ojee TeMHbIMU oTTeHKaMu B CL. BHemiHsisa
yacTh 3epeH Oojee cBeras B CL, Kak M B LIEHTpaJIb-
HOW 4acTH, B HEMl MPOCIEKUBACTCS OCHMUISIIIMOHHAS
30HAJILHOCTb.

ITo mecsiTm TOYKaM TSI IIMPKOHA CEPOTO OTTEHKA
B CL Ha rpaduke ¢ koHkopaueir Tepa-BaccepOyp-
ra [26] moaydyeH M30XpOHHBIN Bo3pacT 141 £ 2 muH
aer (puc. 6). s nByx temHo-cepbix B CL simep uup-
koHa — Touku 103-7.2, 1031-10.1 — ycTaHOBJEH «IpEB-
HUil» Bo3pacT okoio 1800 MJIH JieT.

Cnextpel REE omHOTMITHBI 1JIT BCeX TOYEK
LIMPKOHA, BKIIIOYAas <«IpEeBHUE» 3axBaucHHBIC sapa
(puc. 12). Cnektpsl aubdbepeHIIMpoBaHbl OT Jier-
kux K TskensiM REE (Luy/Lay cp. 3154), nposiBie-
Ha nonoxurtenbHas Ce-aHomanust (Ce/Ce* cp. 36).
3axBaueHHBI «IpPeBHUI» LUPKOH OTIMYAETCS YeT-
KO BBIpaXXEHHOU oTpuulatelbHOll Eu-aHomanuei
(Eu/Eu* cp. 0,24) 110 cpaBHEHHMIO C IIMPKOHOM,
XapaKTepU3yIOIIUM HUXKHEMEJIOBO BO3pacT Marma-
TUYECKON KPUCTAJUIM3AIIMM CaMOro JiaMIIpodupa,
B KOTOpOM oOTpulaTenbHass Eu-aHomanusi He3HA4Yu-
teabHa (Eu/Eu* cp. 0,70). DTOT IMPKOH OTIMYaeTCs
OT 3aXBaYeHHOTO IIMPKOHA IOHMKEHHBIM CoOIepsKa-
HueM docdopa cp. 27, rapuus 7436, ypana 293, Ti
oT 4 nmo 63 r/T (McKiIoYash aHOMaJlbHOE 3HAYeHUE
1133 1/T), 94TO HemaeT HEKOPPEKTHBIMM PacdeThl IO
«Ti-B-IMpKoHE» TepMomeTpy [28].

DpynTuBHAs OpeKYHs C JAMIPOUTOBBHIM LEMEHTOM,
oop. 1003 (puc. 4). LiImpkoH mpencTaBieH pa3HOpa3-
MEpHBIMHU 3¢pHaMU Yallle BCETO M30METPUUHOM (op-
MBI, peke YAJTUHEeHHbIMU KpucTtamuiamu (10 200 MKM 1o
IJTUHHOU ocu). B psime 3epeH coxpaHseTcsT KOHTPACT-
Hasl OCHWIISIIIMOHHAST 30HAJIBHOCTD C YepeoBaHUEM
IIMPOKUX TOJOC YEPHOTO M TEMHO-CEpPOro OTTEHKa
B CL (puc. 11). He MeHee mOIIOBUHBI 3¢peH MEJIKHUE,
3aTPOHYTHl MHTEHCHUBHBIMU W3MEHEHUSIMHU pa3HOU
Mopdoaoruu, nposasieHHbIMU B CL B Buae ydvacT-
KOB, OKpallleHHbIX B OeJiblii uBeT. LIupkoH MoxkeT ObITh
LIeJIMKOM TIpeoOpa3oBaH, Hanpumep Touka 1003-1, wiu
COXPaHSTh PEJMKTHI MEPBUYHOIO IIMPKOHA, daxe CO
ciaenaMy OCHMJUISIIUOHHOM 30HanbHOCTH (1003-14).

HatupoBaHue IUPKOHA HE OOHAPYXUJIO pa3Iuduil
B BO3pacTe UPKOHA 000uX TUIIOB. ITo BocbMU TouKaM
ITOJTyYeHO KOHKOpAAHTHOE 3HaueHWe Bo3pacrta 136 *
+ 2 mun Jer (puc. 6).

ITo xapaktepy pacnpenencHuss REE Boiaensiorcs
JIBE TOYKM aHainm3a: Wi nupkoHa 1003-9.1 ycraHOB-
JIEH CUHYCOWTAIbHBIN XapakTep CIeKTpa B 00JacTh
cpennux u Tskeaslx REE (puc. 12); cmekTtp pac-
npegenenusi REE nng umpkona 1003-7.1 BbImo-
JIOXKEH 3a CYET TOBBIIIEHHOTO COMEPXKAHUS JIETKMX
REE (555 r/T mo cpaBHeHuI0 ¢ 59 1/T — cpenHuM
conepxanueM Jjerkux REE mist octajbHBIX TOYEK
aHanuza). I oCTaJIbHBIX TOYEK IIMPKOHA YCTaHOB-
JIeH nuddepeHIIMPOBaHHbIN XapakTep pacipeneaeHMs
REE — Luy/Lay cp. 3487, mposiBieHa TTOJOXUTETb-
Hasg Ce-anomanust (Ce/Ce* cp. 34,9) m ci1aboBHI-
paxeHHas otrpuuatenbHas Eu-anomanus (Eu/Eu*
cp. 0,73). Hupkon 6emoro orrenka B CL oTimyaercs
HECKOJIbKO TMOHMXKEeHHBbIM coaepxkaHueM Bcex REE
C COXpaHEHMEM TapasuleIbHOCTU CIIEKTPOB HX pac-
npenenenust (puc. 12).
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Lupkon OGesoro orreHka B CL ornuuaercss ot
paHHel TreHepalluu LUPKOHA TMOHMXKEHHBIM COIep-
XKaHueMm (ocdopa (B IBYX TOUKAX COIAepKaHME HIDKE
ropora onpeaeneHus, I IByX Ipyrux Touek 38 mpu
cp. 102 r/T nig LMpKoOHa ceporo orTeHka), Y cp. 1199
n 2184 mnst 6emoro u ceporo B CL unmpkoHa, Nb 24
u 61, Hf 5305 u 7986, Th 424 w 1378, U 302 u 986 r/T.
Th/U 6ombliie enMHUIBI B 00€UX TpyInax HMPKOHOB.

BBIBO/IbI. Mcronbp3oBaHne COBPEMEHHEBIX IIpe-
LIM3MOHHBIX M30TOITHO-TeoXpoHonorndyeckux (SIMS
U-Pb) m mukpo3oHmoBeix reoxummndeckux (REE)
METOIOB MCCJIeMOBaHMS IIMPKOHA TTO3BOJIMIIO BOCCTA-
HOBUTH OoJiee MOAPOOHO, YEM 3TO OBLIO ClIETaHO PaHee
[9, 15], reomornueckyto ncropuio HOPMUPOBAHUS KaK
caMoro PsSIGMHOBOTO CMEHUTOBOTO MacCuBa, TaK U CBSI-
3aHHBIX C MPOLECCOM €ro CTaHOBJIECHUS MPOSIBICHUMN
TUAPOTEPMAIbHON NesITeIbHOCTU. Pagunonornyeckuii
BO3pACcT MarMaTU4eCKOW KPUCTATM3allM CUEHUTOB
an0ancKoeo naymuauveckozo komniexca 142—143 mian
JIeT, IIEJIOYHBIX JIAMITPOGMUPOB U PYNTUBHBIX OpeKINit
mobykckoeo eunabuccanvhoeo komnaexca 136—141 mun
JetT. CueHUT-nopdupbl TaiKOBOW CepuM algaHCKO-
ro KOMILJIEKCA TOKa3aJI PaauoJIOTUIECKU BO3pacT
133 = 5 mun Jer. [ToctmMarmMaTu4eckre BHYTPUUHTPY-
3UBHBIE METACOMATUTBI — J2UPUHOBbLE eabOuUnamumel
U 0KoAypyOHble cymbeumsl — OKa3aJIMCh HE3HAYUTEbHO
OTOPBAaHHBIMU BO BPEMEHU OT MOMEHTa 3aBEPIICHUS
npoliiecca MarMaTU4ecKoi KpUCTaJIU3alluy MOPOA
AJIIAHCKOTO U TOOYKCKOTO KOMILIEKCOB. BrIcOKOTEM-
TepaTypHbIe deupuHogble gheavounamumst cHOpMUPOBa-
much 132 + 2, a cMeHsIo1LIMe UX BO BpeMEHU OKOJIOPY/I-
Hble eymbeums: 125—133 mum ner Haszan. Takum obOpa-
30M, CyMMapHBIIi BO3PaCTHOW MHTEPBAJ CTAHOBJICHUS
LIEJOYHBIX MTOPOJ U METacOMaTUTOB PsioMHOBOrO Mac-
cuBa 18—20 muH JieT, 9YTO XOPOIIIO COTJIacyeTcst C AaH-
HBIMM TT0 MaTeMaTUIECKOMY W (PU3UKO-XUMUUECKOMY
MOJIEJTMPOBAHUIO TEPMUUYECKOI UCTOPUU OCTHIBAIOILIUX
TPAHUTOUIHBIX TJIYTOHOB, OMU3KUX K PsaduHOBOMY
MAaCCHUBY MO pa3Mepy U IyOouHe ctaHoBieHud [19, 25].

TemnepaTypa KpucCTa/sIM3allUU 1IUPKOHA, OTpe-
neneHHass 1o «Ti-B-LMpKOHe» reoTtepmometpy [28],
TakXKe XOPOIIO COTJAcyeTcsl ¢ TEeTPOJOTUUYECKUMU

100000

06p. 1031
Namnpodcup

10000

1000

100

014
<-21
51
-O-61
B-71
---72
—k—10.1
-0-102

0.1 : —

10

La Ce Pr Nd Sm Eu Gd Dy Er Yb Lu

1003-9.1 1003-6.1

1003-5.1

1003-7.1 °

1031-6.1
1031-7.2

1031-10.1

50 MM

Puc. 11. KaromosomMuHecueHTHbIE M300paXKeHHs] U3YyYEHHBIX
3epeH IMUPKOHOB M3 3PYNTHBHBIX OPEKYHiA C JAMIPOUTOBBIM
neMenTom (00p. 1003) v mes0uHbIX (PJIOrONUT-NMPOKCEHOBBIX
nammnpodupo (06p. 1031) ToOykcKOro Komiuekca

0COOEHHOCTIMU (hOPMUPOBAHUS IIEJTOYHBIX Marma-
TUYECKUX IOPOA M METaCOMATUTOB, YYaCTBYIOLIMUX
B cTpoeHuu PsAOMHOBOro CHUEHUTOBOTO MacCCHBa.
TemnepaTtypa KpucCTa/UIM3alluKd LIMPKOHA M3 IIEI0Y-
HOIIOJIEBOLUIMATOBBIX 3TMPUH-aBTUTOBBIX CHEHUTOB
aJITaHCKOTO TUTyTOHWYecKoro kKomruiekca 830°C, cue-
HUT-TTIOPGUPOB TANKOBOW CEPUM ITOTO K& KOMILIEK-
ca 880 °C. Temmneparypa KpUCTaUIM3alMU IIMPKOHA U3
BBICKOTEMITEPATYPHBIX 3TUPUHOBBIX (DEITBAIITIATUTOB
560—600 °C, a U3 OKOJOPYIHBIX TYMOEWUTOB MpHU-
onusutenbHo 650 °C. M3-3a BBICOKUX coOmepKaHU
THTaHA B IIUPKOHAX M3 MarMaTUIECKUX ITOPOI TOOYK-
CKOTO KOMILIEKCa OIleHKa TeMIIepaTyphl MX KpHUCTaI-
nu3auuyu no «Ti-B-LIMPKOHE» TePMOMETPY OKazajlach
HEBO3MOXHO.

Wzyuenune pacnipenenenus cogepxxanuiit REE B uup-
KOHax I10KAa3aj0, YTO LIMPKOHBI M3 (hesIbAILIaTUTOB
MeHee oboranieHbl cymmoit REE (ot 30 mo 1000 r/1)
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Puc. 12. Peako3emenbHbie CIIEKTPbI IMPKOHOB (B HOPMHPOBAHHBIX €IMHUIIAX K COAEPKAHUSAM B XOHIPUTAX) M3 MAarMaTHYeCKHX

nopox T06yKOKOF0 THNAOMCCALHOIO KOMILTEKCA

CUHUI 1IBET JUHUI CTIEKTpa OTBeYaeT LIMPKOHAM CO cieJaMUu OCLIMIUISIIMOHHOM 30HaJIbHOCTH U ceporo oTteHKa B CL m3o0paxe-
HUU, KPacHBIN 1IBET — IIMPKOHaM Oesoro orteHka B CL, 4epHbIil IIBET — IIUPKOHAaM 4YepHoro orreHka B CL
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M0 CPaBHEHUIO C IMPKOHAMU W3 OPEOJIOB TYMOEUTH-
3alliM, B KOoTophix comepxkaHus cymMmbl REE ot 1500
1o 7000 r/T, 9TO COIMMOCTABMMO C YPOBHEM HAKOITJICHUS
9TUX DJIEMEHTOB B aKIIECCOPHBIX [IUPKOHAX U3 UCXO[I-
HBIX MarMaTuyeckux nopon aagaHckoro (400—7000 r/T)
n Tobykckoro (300—3000 r/T) KOMILIEKCOB.

YcTaHOBIEHO, UTO COCTaB LUMPKOHA MO PEAKUM
U PeNKO3eMeIbHBIM 3JIEMEHTaM — YYTKMI MHAUKATOP
MIPOSIBIICHUSI PYIOHOCHBIX METACOMATHMYCCKMUX IIPO-
neccoB. [IpyuMepoM MOXET CIYyXXUT LUMPKOH U3 CUe-
Huta MT-59, paccmMaTpuBaeMoro Kak HeM3MeHEHHast
BMeIatonas mopoaa. [ToMuMo «0OBIHOTO» IMPKOHA
¢ MarMaTu4eckum xapaktepom pacnpeneyneHus REE,
B HEM Takxke MpUCYTCTBYeT 4yepHbIii B CL uMpKoH,
PE3KO OTIMYAIOIIUICS MMOBBIIICHHBIM COIEPKaHM-
eMm jerkux REE u penyliupoBaHHBIMU aHOMaTUSIMU
no Ce u Eu. CrekTpbl pakTUYECKU FOPU3OHTATbHBI
B obsnactu jerkux u cpeaHux REE 3a cuer nmoBbilieH-
HOTO COAEpXaHUs 3TUX 2JIEMEHTOB. DTa TeHepalus
LIMPKOHA, KPOME TOT0, 3HAUUTEJIbHO OTJIMYAeTCS ITOBbI-
IIEHHBIM cofepkaHnueM peakux a1emeHToB P, Y, Nb,
Th, U, cBA3aHHBIX APYT C APYTOM IMOJOXUTEIbHBIMU
KOPPEeISILUSIMU, UTO MOATBEPXKIAeT UX 3aKOHOMEPHOE
BXOXIEHUE B CTPYKTYPY LMPKOHA IO KCEHOTHMMOBOM
cxeme nzoMopdusma. Ilpu TakoM KOHTPACTHOM pa3-
JIMYUM B PEIKO3JEMEHTHOM COCTaBe 00e reHepaluu
mupKoHa mMeioT ommHakoBbiii U-Pb Bo3pact, uTo
CBUIETENBCTBYET O ToM, uyTo U-Pb cuctemMa B LMpKO-
He MOXET ObITh 00Jiee YCTOMUMBOI K HAJTOXKEHHBIM Ha
IIOPOIy METACOMATHUIECKIM IIpOIIeccaM, YeM FeOXMMUST
CcaMoro UpPKOHA.

B nupkoHe u3 mMeracomatuToB PsGuHOBOTrO Mac-
CHMBa yCTAaHOBIIEHO KpaifHe He XapaKTepHOe maxke ISt
uupkoHa I'M tuna [23] pacnipenenenue REE, 3akiio-
yaloleecs B MOSIBJICHUM CHHYCOUAAJIbHBIX B 00JaCTU
cpenHux u Tskeabix REE cniektpoB. [Ipaktuuecku Bo
BCEX M3YUYEHHBIX 00pa3lax IIeJOUYHbIX MarMaTUUeCKUX
MOPOA U METaCOMATUTOB BBIIE/SIOTCS ABE TeHepalluu
upkoHa I'M nipoucxoxneHust — 6osiee paHHUIA Ceporo
orteHKa B CL ¥ LIMPKOH ¢ XapaKTepHBIM OeJIbIM OTTEH-
koM B CL, sBasrouiuiicss pesyabTaToM MepeKpucTal-
JM3alnu Oojiee paHHEW TreHepauny IupkoHa. Llmp-
KOH Oesioro orreHka B CL oTinyaeTcss MOHUXEHHBIM
ypoBHeM coaepxanus REE nipu coxpaHeHuu nomooust
CIIEKTPOB, a TaKKe MOHIDKEHHBIM colepkaHueM ¢hoc-
dopa, Y, Nb, Hf, Th u U npu HeusMeHHO! BeJIUUMHE
Th/U.
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