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KPUCTAJIVIOMOPOOJIOTNTMYECKASA 1 'EOXUMHNYECKASA
TEPMOMETPHUSA IMPKOHOB U3 I'PAHUTOB ITPUAMYPbSA

[TpoBeneHO METOAMYECKOE CPABHEHHE KPHUCTAIUIOMOP(OIOTHIECKOTO M TEPMOIMHAMUYIC-
CKOTO MOAXOAOB K TEPMOMETPHHU LHUPKOHA. [T OLIEHKH TEPMHYECCKOM IBOIOLIMH TPAHUTOHAOB
[es1eco00pa3HO KOMIIIIEKCHOE HCIIOIb30BAHUE BHIOPAHHBIX METOOB. BBIIBICHBI TTIABHBIC YEPTHI
TEPMHYECKON 3BOIOLMH BepXHEyPMHUCKOTO MACCHBA TPAHUTOB. [10TyUYCHHBIC TEMIEPATY PHBIC
TPEHABI MOATBEPAUIH CYIICCTBYIOIIME HPEACTABICHHA O TEOJIOTHYCCKOM PA3BUTHH bBamkambckon
BYJKAHHYCCKOU 30HBL

Kniouessie cno6a: TUPKOH, KPHCTATIIOMOP(OIOTHS, TEPMOMETPHSL, TpaHUTONALL, [Ipramypse.

CRYSTAL MORPHOLOGICAL AND GEOCHEMICAL
THERMOMETRY OF ZIRCONS FROM PRIAMURIE GRANITES

In terms of current research, the methodological comparison of the evolutional crystal
morphological analysis and the thermodynamic approach to the zircon thermometry was carried
out. The complex application of the both methods is the most appropriate to assess the thermal
evolution of the granites. The main features of the thermal evolution in granites of the
Verkhneurmiysky massif were revealed. The obtained trends of the thermal evolution confirms

the existing conception of the geological evolution of the Badzhalskaya volcanic zone.
Key words: zircon, crystal morphology, thermometry, granitoids, Amur region.

Beenenne. B paiione bamkanbckoro u
Msio-Hanckoro xpebro Ilpmamypbsi mupoko
pactpocTpaHeHbl TPAHUTOHUIHBIE DTy TOHBI, KO-
TOpBIE HIPAIOT BAXHYIO POJIb B JIOKAJTH3ALH
MeCTOpOKAeHUH  KpynHeimero  bamxkano-
Komcomombsckoro onmosopyaHoro pabiona [1].
BepxHeypMmuiickuili MacCUB MPEACTABISIET CO-
60i1 MHOro()asHyr0 HHTPY3HIO, CTAHOBJIEHHE
KOTOPOH MPOUCXOAMIIO Ha (JOHE MOCTENEHHOTO
HAKOIUIEHHS! B pacIUIaBe JIETyYHMX KOMIIOHEH-
TOB, CHIDKEHHSI TEMITEPaTyphbl ero KpUCTaJUTh-
3alMu U COMpoBOXKnaiock auddepennanmeit
MOPOJT C TOCJIeIOBATENILHEIM MTOBBIIIEHHUEM CO-
IepKaHus IIEeJIOYHBIX U PEeOKHX JJIEMEHTOB B
6onee MoJoarix rpanuTax [2]. I'masHeIMU IpO-
OyKTaMH WHTPY3UBHOTO MarMaru3Ma paioHa
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SIBJISIFOTCSL OMOTHUTOBBIE TPAHUTHI OAKaIBCKOTO
KOMIUIEKCA: KPYITHO- M CpeIHEe3epHHUCThIE
(rmaBHas dasza — I), MenxosepHuUcTeIe (IOMOIN-
HutensHas ¢aza — 1), ammTel U erMaTuThl
(xwmbHas daza — III). K nanbonee mosmHuUM
00pa3oBaHMUsIM OTHECEHBI, M0 AaHHBIM H30TOII-
HOH TeOXPOHOJIOTHH, PEeIKOMETAJUIbHbIE I[HH-
HBAJIBIUTOBBIE T'PAaHHUTHl  IPABOYPMHICKOTO
OHT'OHHMTOBOTO KOMILIEKCA.

IMupkoH sIBISIeTCS YHHUKAJIBHBIM —aKLeC-
COPHBIM MHHEpAJIOM TPAHUTOHIOB — Ie0XpO-
HOMETPOM, HHIUKATOPOM KHCJIOTHO-IIEJIOYHOTO
peKrMa Cpelbl MopomooOpasoBaHMs, a TaKKe
OTHOCHUTENBHBIM reotepmomMeTpoM. OreHKa
Auara3oHa Temmeparyp oOpa3oBaHHs LIUPKOHA
CTaja BO3MOXKHa Oraromapsi METOANKE 3BOJIIO-
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Tabnuya 1

XapakrepHble MOP(GOTHIIBI B TEMIIEPATYPbI KPHCTAUIH3AIMH IHPKOHA B rpanuTax Bepxneypmumiickoro maccusa

JlanHbIe kprcTaIOMOphOTOTHUECKON .,
JlaHHbIE TEOXUMUIECKOM TEPMOMETPUH
TEPMOMETPUH
Bun rpanura -
XapakTepHBbIiA Temmeparypa Conepxanue T1, Temmeparypa
MOPOOTHII IMPKOHA | KpucTaumzanuy, °C ppm KpycTajumsan, °C
Broturossiit rparut [ daser P, 800 4863 +£ 19,84 8396 +67,6
Broturoniit Mukporparut 11 daser P, 800 15,20 £8.1 731,5+ 66,7
I {MHHBATB IUTOBBIH TPaHUT Pi-P5 650-750 51,77+ 15,12 8325+ 54,3

LIMOHHOTO KPHCTAIIOMOP(OJIOTHYECKOrO aHa-
muza (OKA) [3, 5]. Pazpaboransl TepmoauHa-
MUYECKHUE MOZENU Tak HasbiBaeMmbix «Ti-in-
zircon» u «Zr-in-rutile» Tepmomerpos [4, 6].
B cTathe npoBeneHO MEeTOOUYUECKOe CPaBHEHUE
IBOJTIOLIMOHHO-KPUCTAILIOMOP(POIOTHIECKOTO
U TEPMOIMHAMHYECKOTO IMOIXOA0B K TePMO-
METPUHU LIUPKOHA, CHEJIaHbI T€HETUUYECKHE BbI-
BOJIBI O TEPMHUYECKOW 3BONIOLIMKU BepxHeyp-
MHUICKOr0 MacCHBa rPAHUTOMIOB.

Kpucrasiomopdosiornueckass Tepmo-
MeTpPHA WHPKOHA. DBOJIOLHOHHBIN KPUCTA-
JOMOP(OSIOTHUECKHUI  aHATU3 MOP(OTHIIOB
LUpKOHA OBLT TMPOBENEH AJii TPAaHHUTOB TPEX
MOCJIe0BATEILHO OOPA30BaHHBIX BUOB. CyO-
BYJIKAHUYECKOTO TPaHUT-IOp¢dupa, OHOTHUTOBO-
ro TPaHMUTa TJIaBHOM (has3bl U IHHHBAIBIHUTOBO-
ro rpanura. [Ipy H3MepeHHsX HCIOJIb30BAHO
okoyio 300 peanbHBIX 3epeH, a TaKXKe 3JIeK-
TPOHHBIE M KAaTOHOJIOMHHECLIEHTHBIE H30-
OpaykeHHs1 3epeH LUPKOHA Majioro (MeHee
100 mxMm) pasmepa. BusyansHas mopdonoru-
Yyeckasi OLleHKa ObUla ONTUMH3HPOBAHA IyTEM
MOCTPOeHUsl cTepeorpaguyeckoil MPOeKLUun U
pacueTa BUAMMBIX YIJIOB MEKIy TPaHSIMH pas-
JUYHBIX TOpocThix (opm. Ha mguarpammax
K ITronuHa ObUTH OKOHTYpEHBI MO MOPQO-
THIIOB LIUPKOHA (KIITOKM»), OTPaKAroIue yc-
JoBus (POPMHUPOBAHMS MHHEPAJBHBIX T'eHepa-
M. Y CTaHOBJIEHO CXOJCTBO TeMIIEpaTyp KpU-
CTAJUTN3AaLUH OUOTHUTOBBIX IPAHUTOB TJIABHOW U
JOTIOTHUTEIBHOU (ha3 U CYIIECTBEHHOE CHIKE-
HUE TeMIlepaTtypbl 0Opa3OBaHHs LIMHHBAJIbIM-
TOBOTO rpaHuTa (tads.1).

leoxumuueckas TepMoOMeTPHS LWHPKO-
Ha. TepMmonnHamuueckas MOAENb TEPMOMETPA
«Ti-in-zircon» OcHOBaHA Ha IKCIEPUMEHTAITb-
HBIX JaHHBIX O TOM, 4TO 3amemnienue T1 — Si B
LIUPKOHE SBJISIETCS] JOMUHHUPYIOLINM, a He3aBH-

CHUMBbIMH d)aSaMI/I B €0 COCTaBE SBIISIFOTCA HE
ZI'02 nu TiOz, a ZI'SiO4, ZI'TIO4 nu TISIO4

ZrSi0, + TiO, = ZrTiO, +Si0,; (1)

TiO, +Si0, = TiSiO, . )

CrenoBarenbHo, conepkanue Ti B LUpKo-
He 3aBUCHUT OT akTuBHOCTH T10,, S10; U TeM-
reparypsl kpucrajumsanuu. 11o 3akoHy meicT-
BY IOIIIMX MACC

AH\ —TAS) + PAV) + RT n a0, +
+RTInag, —RT'Inayg, —RTInay,, =0.(3)

3HavyeHHe dz;si0, PACCUMTBHIBAETCA B COOTBET-
cTBUM ¢ 3akoHOM Payns xak pasHocts 1 —
Xz:0,. B pesynpTate KanmOpOBKM NOJIy4YeHA
dopmyna «Ti-in-zircon» TepMoMeTpa C IOBeE-
puTessHOM BeposiTHOCTBIO 0,95 [6]:

log(Ti —in — zircon) = ((5,711+0,072) —

— (4800 £86))/ T'(K) —logag,, +logar, . (4)

Hannas mMopenb Oblia MCHOJIB30BAaHA IS
OLIEHKH TEeMIIEPaTypP KPUCTAJUTU3ALMUH LUPKO-
HOB U3 TPAHUTOB YIOMSIHYTHIX BBIIIE BHJIOB.
IIpu u3MepeHHsX HCIIOJIB30BAHBI Pe3yJIbTaThl
BTOPUYHO-UOHHOH  MAacC-CIIEKTPOMETPHA — —
okojo 30 3epen umpkona (Cameca IMS-4f,
Apocnaeckuit  puman DPTHUAH). 3navyenus
NOBEPUTEIbHBIX HHTEPBAJIIOB YKa3bIBAIOT HA
BO3pAaCTaHWE TEeMIIEPaTypbl KPUCTAUIU3ALUH
LUPKOHA TMPH CMEHe BYJKAHWYECKOrO 3Tara
HUHTPY3UBHBIM W CTATUCTUYECKU HE3HAUYHUMOE
CHIDKEHHE TEeMITepaTyphl Ha dTare KPUCTaJUTH-
3alMY [IMHHBAJIBUTOBBIX IPaHUTOB (Tabm. 1).
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Tabnuua 2

CpefiHee cofepkaHne M30MOPGHbIX NpUMeceli B LIMPKOHAX U3 FPaHUTOB BepxHeypMUIACKOro mMaccuea, ppm

Bug rpaHuta Z LREE
BroTunToBbLIV rpaHnT | thasbl 1,86
BnoTnTOBbLI MUKpOrpaHuT Il dasbl 9,78
LInHHBaNbANTOBbLIV FpaHnT 47,90

950

900
)
H‘ 850
£

700

650

Buabl rpaHnTOB
LleHTp —e+ —Kpaii

Puc.1. SBontoums TemnepaTyp KpMCTanim3auum LMpKoHa
B rpaHMTax BepxHeypMmWIACKOro MaccuBa, pacCUMTaHHbIX
C nomoLbo mogenn «Ti-in-zircon» B LEHTpaNbHbIX
1 KpaeBblX 4acTsAX KpUCTanIoB

Buabl rpaHUTOB: 1- GMOTWUTOBbIN FPAHUT FNaBHOM (hasbl;

2 - MUKPOTPaHUT A0MOMHUTENbHOM (hasbl; 3 - LIMHHBA/IbAUTOBbI

rpaHuT. Ha KaTofoNHOMUHECLIEHTHBIX M30GPaKEHMAX LVPKOHOB
NoKa3aHbl TOUKN 30HAMPOBAHNS

Mogenb «Ti-in-zircon» UMeeT psf norpeLu-
HOCTE, CHMXKAIOLNX LLEHHOCTb Fe0TEPMUYECKNX
PEKOHCTPYKUMIA. Tak, 3HauMTenbHOe CoAepXa-
HWe U30MOP(HBLIX MPUMECER B U3YUYEHHbIX LUp-
KOHax onpejensieT OTK/OHeHWe aKTUBHOCTU
ariito4 oT eAVMHULbLI 1 3aBbIlEHNE MOMTYYEHHbIX

Temnepatyp. OCOGEHHO CYLLeCTBEHHOE 3aBbllLie-
HVMe XapaKTepHO A/18 LWPKOHOB LIMHHBA/bAWNTO-
BbIX TPaHMTOB, OT/IMYAIOLLUXCS BbICOYANLIVMM
cogepxaHusmum Hf, Th, U n REE (Tabn.2).
HeogHopoaHoe pacnpegeneHune npumeceit
N CTPYKTYPHbIX Ae(eKTOB, PerynmpyrLmnx
BXOXAeHue Ti B cOCTaB LMPKOHa, TakxXe BefeT
K CYLLEeCTBEHHOMY PaCXOXAEHWUI pacyeTHbIX
TeMnepaTtyp Aaxe B npefenax OLHOr0O 3epHa.
PacxoxpgeHne Temnepatyp 00YCNOBMEHO OC-
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Z HREE Hf Th u
30,29 1,32 9,91 13,67
61,36 4,57 25,18 26,12

277,23 13,23 54,25 37,02

850

C 800

o

T
700
650

1 2 3
3 4

Puc.2. TepMuyeckas 9BO/IOLMSA LMPKOHA U3 FPaHUTOB
BepxHeypMuiickoro Maccvea no AaHHbIM KpUcTano-
MOP(ONOTMUECKOI N FEOXUMUYECKO TEPMOMETPUM

Buabl rpaHnTOB: 1- GMOTWUTOBLIV FPaHWUT FNaBHOW (hasbl;
2 - MUKPOrpaHuUT JOMNOMHUTE/bHOM (hasbl; 3 - LHHBANbAUTOBBIN
rpaHuT

YcnoBHble 0603Ha4eHus: 1, 2 - MofanbHble 3HaYEHNS
TemnepaTypbl M0 AaHHbIM KpycTannomopgonornyeckoi (1)
1 TEOXUMUYECKOI (2) TepMOMETpUM; 3-4 - TPeHZbl TEPMUYECKOIA
3BO/OLMM MO AaHHBIM KpUCTanioMopgonornyeckoi (3)

N TEOXVIMUYECKON (4) TepMoMeTpUK

UMANSTOPHON 30HANbHOCTbLIO LUPKOHOB B 6UO-
TUTOBbIX TPaHUTaxX W HaAW4YMEM B MO34HUX
UMPKOHaxX rMApoTepManbHO M3MEHEHHbIX Kae-
MOK, pe3Ko o6oralleHHbIX npumMecamu (puc.l).
YCTaHOBNEHO MOHWKEHWE TeMMepaTyp Kpu-
CTannm3auun 6MOTUTOBBLIX TPAHUTOB OT F/1aBHOA
(hasbl K LONONHUTENIbHON W CYyLLeCTBEHHOe Mo-
BbILLEHWe pacyeTHOI TemnepaTypbl 06pa3oBaHus
LUMHHBaNLANTOBOMO rpaHuTa (cM. Tabn.l).
CpaBHWUTEeNbHbIA aHann3 pesynbTaToB
TepMomeTpuu. ConoctaBneHne Temnepartyp,
onpefenieHHbIX ABYMSA MeTOfaMu, noKa3blBa-
eT onpefefneHHoe CXOACTBO MONYYEHHbIX
TpeHZoB. HabniogaeTcs CHUMKeHWe Temmepa-
TYp KpucTanausauum LUPKOHOB OT 6UOTMTO-
BbIX FPAHWTOB K LMHHBaNbAMTOBLIM (puUcC.2,
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tperna 3). 3aBbllieHHe pacyeTHOW TeMmIiepa-
TYPbI KPUCTA/UTU3ALMH LIMHHBAJIBAUTOBBIX rPa-
HUTOB (pHc.2, TpeHn 4) OOBICHIETCS OTMEUeH-
HBIM OTKJIOHEHHEM COCTaBa XapaKTePHOTO IUIS
HUX LHUPTOJUTa OT HOPMATHBHOIO COCTaBa.
Pe3koe m3meHeHHWe TeMIiepaTtypbl KpPHUCTAIUIN-
3alMM LUPKOHOB MPU TMepexone OT HOPMAaJib-
HBIX OMOTHUTOBBIX T'PAHUTOB K LIMHHBAJIBINUTO-
BBIM TIOATBEPKIAET TPEACTABJIICHHS O CaMo-
CTOSITENIBHOM TO3[HEM JTalle PeaKOMeTalIb-
HOT'O OHI'OHUTOBOTO Marmatusma bamskaibsckoro
paiioHa.

Habmomaemoe pasnmmuve  aOCONMIOTHBIX
3HAYEHUH TeMIepaTyp, U3MEPEHHbIX KPUCTaJ-
JIOMOP(OJIOTHYECKHUM U F€OXUMHUYECKUM METO-
naMy, UMeeT OOBEKTHBHBIE TEOPETUYECKHE H
cyOBeKTHBHBIE METOIUYECKHe MprUHHBL OOBeK-
THUBHBIMU (JAKTOPAMU SIBJISIFOTCS. KOHBEPTeHLIUS
U TUBEpPreHLus MOP(QOTHIIOB LIMPKOHOB, UX
OHTOTEHHYECKOEe H3MEHEHHe, HeHOCHIIIeHUe
kpemuesemom npu 3amemennn Ti — Si*" 06o-
rauieHie U30MOP(HBIMU TIPUMECSIMU U CHHIKE-
HYe (PaKTHUeCKON aKTUBHOCTH dz;sio, OTHOCH-

TEJIbHO MOJEJIBHOM, YTO OTpPa)kaeTcs B 3aBbI-
IIEHUH PAcueTHOU TeMIepaTypsl MPUMEPHO Ha
70 °C [4], a Takke HEPABHOBECHOE BXOXIEHHE
Ti B CTPYyKTypy LIMPKOHA U €ro CyOCOIHUAY CHOE
3amernenne. K cyObekTHBHBIM (hakTopam OT-
HOCSTCSl HETOYHOCTh BHU3YaJIbHOW OLIEHKH KPH-
CTALTOMOP(OIOTHUECKHX TMApPaMETPOB, HEOII-
peneneHHOCTh MPH BbIOOPE TOUEK MHKPOTEO-
XUMHUYECKOTO MCCIIEIOBaAHHUS.

BriBoabl

1. [lpuMeHeHHe  KPUCTATLTOMOP(OIOTH-
YeCKOro MEeToAa 11e1eco00pasHo MPU HATMYHUU
MPECTaBUTENIFHOIO KOJMYEeCTBa 3epeH Lup-
KOHA C XOpOLIO NPOSIBIEHHOH Mopdoyoruet,
obecrieynBaromero y4et pasdpoca mMopdpoTu-
noB B npobe. ['eoxuMuueckuii TepMOMETp SIB-
JISIETCSI BAXKHBIM HHCTPYMEHTOM TMOJTyUSHHS
UHPOPMALIH O TEPMAJILHOM pekuMe 00paso-
BaHHUs MarMaTu4yeckux rnopona. Merox mpume-
HUM TPH HAJUYAH BBICOKOTOYHBIX AHAJTHUTH-
YEeCKHUX JAaHHBIX O COCTaBe LUPKOHA; TOYHOCTh

TEPMOMeETpa TMOBBIIIACTCS MPU BBEOSHHH I1O-
MPaBOK Ha (PU3UKO-XUMHUYECKHE U TEPMOIH-
HaMUYeCKHUe YCJIOBUS Cpenbl MuHepaiooOpa-
3oBaHus. KoMmruiekcHoe MCIoIb30BaHue IOy -
KOJINYECTBEHHOTO, HEPa3pyIIAOLIEro U Jemle-
Boro Merona DKA M KOJIMYECTBEHHOTO, Yac-
TAYHO pa3pyLIaloIIero W OOPOroro MeTona
«Ti-in-zircon» OOJKHO OOECmednTh THUOKOe
coueTaHHe HMX NOCTOMHCTB W HHUBEIHPOBATH
HENOCTATKH TIPH TeOTEePMOMETPUYECKHUX HC-
CJIEIOBAHUSIX.

2. YCTaHOBJIGHO perpeccuBHOE TeoTep-
MUYECKOe Pa3BUTHE HWHTPY3UBHOW CHCTEMBI
BepxHeypMHIICKOTO TPaHHUTHOI'O MAacCHBA.
Peskoe n3meHeHue TeMmeparypbl KPHUCTAJUIN-
3aUMd LUPKOHOB NpPU IEpexone OT HOPMallb-
HBIX OMOTHTOBBIX T'PAaHUTOB K IIMHHBAJIBIAUTO-
BbIM TIOATBEPKOAET MPEACTABISHUS O CaMmo-
CTOSITEJIbHOM TIO3[HEM OJTalle PeaKOMeTalIb-
HOTO OHF'OHUTOBOTO MarMaru3Ma bamkansckoro
paiioHa.

Hccnenopanusi BBITIOJIHEHBI MPU (UHAH-
coBoii monmnepxkxke PODU (mpoekr 11-05-
00868-a) u MuHucrepcTBa oOpa3oBaHUs U
Hayku P® (rocynmapCTBEHHBIH KOHTPAKT
Ne 14.740.11.0192).
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