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NPEAUCIOBUE

YHHUKaJIbHBIM 00pa30BaHUEM, OTIMYAIONINM 3eMIII0 OT ApYrux IaHeT COHEYHON CHCTEMBI, SBISETCS Ha-
JIMYKE KOpbl KOHTHHEHTAIBHOTO THIA C IIMPOKUM Pa3BUTHEM I'paHUTOMOB. [10pO/Bl TPAaHUTHOTO COCTaBa YK€ Ha
HNPOTSYKEHUU HECKONBKHX CTOJETUH SBISAIOTCA MPEIMETOM NOCTOSHHOIO BHUMAaHHA I€0J0roB. 3a 3TO BpeMs B3IIs-
JIbl Ha TIPUPOAY U YCIOBHS (POPMHUPOBAHMUS 3THUX ITOPOA MPOILIH JUINTEIBHBIN ITyTh OT JUCKYCCHH 00 MX MarMaru-
YEeCKOM WJIM 0Ca/I0YHOM IPOHUCXOKICHUH, Yepe3 MPEACTaBIeHUS 0 (POPMUPOBAHUY KPEMHEKHCIBIX MarM HCKITIOUH-
TEJIFHO 3a c4eT AudepeHraiy 6a3uTOBBIX PaciuIaBOB A0 MPU3HAHKUS KOPOBOM IMPHUPOIBI OONIBIINHCTBA IPAaHUTO-
noB. HecMoTpst Ha sSIBHBIM nporpecc B HOHUMaHWHU yCIOBHH (OpPMHUPOBAHUS TPAaHUTOMJIOB Pa3InYHOIO COCTaBa U
UX poiH B )OPMHUPOBAHHUHU PYIHBIX MECTOPOXKIEHUH, HHTEpEC K 3TUM IoponaM He ocnabeBaeT. OO 3TOM cBUACTEIb-
CTBYET OOJIBIIIOE YMCIIO IMyOIMKanuii B BeAyIINX JKypHAJIaxX, HATMIME KPYIHBIX MEXKIYHApOAHBIX HOCTOSHHO JIeii-
CTBYIOIIMX KOH(EPEHIINH, TakKUX Kak XaTToHoBcKui cummnosuyM (Hutton Symposium). IMenno npoGnemam reou-
HaMU4ECKOH MPUPOJIBI M PYAOHOCHOCTH TPAHUTOMIHBIX 0aroinToB OblIa nocBsmena I MexxynaponHas koHpepeH-
st «['paHuTHI ¥ 3BOIOIHS 3eMutn», koTopas nporwta B 2008 . B Ynan-Yi (bypsartus, Poccns).

BmMmecte ¢ TeM BOIpochl reHe3nca TpaHUTOUIIOB OYEHb TECHO CBSI3aHbI C MPOOJIEeMO (OPMUPOBAHHS U 3BO-
JIIOIIMU KOHTHHEHTAIBHOH KOpbl. MIHTepec K 3Toi mpobiieMe BO3HUK OKOJIO IOJyBeKa Has3al, a B IOCIEeIHHUE J[Bal-
1aTh JIET HAOMIONAeTCsl «B3PBIBHOE» yBEIMUYCHUE XapakTepa MyOnuKanuii, TOCBSIMEHHBIX HCTOYHUKAM M MEXaHH3-
MaM (hOPMHPOBAHUSI KOHTHHEHTAIBHON KOPBI KPATOHOB M CKJIA[YaThIX IOSICOB, €€ MPeo0pa3oBaHMs U BOJIOLMN BO
BpeMeHHU. B yacTHOCTH, YCTaHOBJIEHO, YTO HICTOYHUKHN MEXaHM3MbI 00pa30BaHMsl KOHTHHEHTAJIBHON KOPHI (B IIEPBYIO
odepelb — MPONOPLUH JIPEBHETO U «IOBEHWIBHOTO» Marepuala) pe3ko pa3iNyaroTcsl B pa3HbIX CErMEHTaX 3€MHOU
KOPBI U 3TH OTJIMYUS HAXO[SIT CBOE OTPAKCHNE B COCTaBE T'PAHUTOHIOB.

OcHoBHas nenb 11 MexmyHaponHO KoHpepeHIHH «[ paHUTHI ¥ SBOJIONHS 3eMIN» — OOBEAUHUTD BEIYIIUX
YUEHBIX, CIICLHATH3NPYIONINXCS B PEIICHUH IIPOOIIEM ETPOIOTHH TPAHUTONIOB H IIPOLIECCOB (POPMHUPOBAHHUS U HBO-
JIFOIIMY KOHTHMHEHTAIBHOHN KOpBl. BMecTe ¢ TeM Ha KOH(epeHINH IIaHuPYyeTCsl 00CYANTh 3HAYUTENIFHO Oosiee MHpo-
KU KpYT BOIIPOCOB, KacaOMINXCSI NCTOYHUKOB 1 MEXaHW3MOB ()OPMHUPOBAHMS T'PAaHUTOHU/IOB, YCIIOBUH BHEAPEHUS U
CTaHOBJICHUS TPAHUTOUIHBIX MHTPY3UH, TE€OANHAMUYECKUX aCIIEKTOB TPAaHUTONIAHOTO Marmaru3ma. Ilocie mmrens-
HBIX KOHCYIbTaui OprkOMUTET KOH(GEPEHIINH PEUIOKIIT HECKOJIBKO ITABHBIX TEM ISl 00CYKAECHHUSL:

®  TPaHUTOMIBIA MarMaTusM M (POPMHUPOBAHNE KOHTUHEHTAILHON KOPBI

®  JICTOYHHKH PYAHOTO BEIIECTBA M PYAOHOCHBIH OTEHIMAT I'PAaHUTOH/IOB

*  MaHTHHHO-KOPOBOE B3aMMOJEHCTBHE W T€HE3HUC ITPAHUTONUIOB

=  ¢opmMupoBaHHE, BHEIPEHHE, CTAHOBICHNE U SKCI'yMAlHs TPAHUTOUIHBIX HHTPY3HUil: TEKTOHUYECKHUE
1 MUHEPaJIOTMYECKHE aCIEKTHI

MHorue mMarepuaibl UMEIOT MHOTOIUTAHOBBIN XapaKTep, HOTOMY MBI PELIMIA OTCTYIHTh OT TeMaTHYeCKON
KOMITOHOBKH COOpHHKA M PACIIOJIOXKUTh MPEICTaBICHHbIE MaTepraibl B aihaBUTHOM mopsiake. YacTh MarepuanoB
MIPE/ICTAaBIICHBI HA PYCCKOM M aHIJIMHCKOM SI3bIKaX, YaCTh — TOJIBKO Ha PyCCKOM WJIM aHTJIMICKOM.

Marepuasbl OIyOJIMKOBaHBI B aBTOPCKOH PEIAKIINH.

Mp1 HasieeMes, 9To yyacTue B KoH(epeHnnu Oyaer uist Bac HHTEpeCHBIM U TPOYKTHBHBIM.

A.C. bopucesnxo, A.T. Bnagumupos, H.H. Kpyk
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PREFACE

Presence of continental crust with wide distribution of granitoids is the unique feature that discriminate Earth
from other planets in Solar System. Granitic rocks are the subjects of permanent attention of geologists already for
several centuries. Over this time opinions about nature and formation conditions of these rocks have passed a long way
from discussion about their magmatic or sedimentary genesis via ideas about formation of felsic magmas exclusively
by differentiation of mafic melts and to acceptance the crustal nature for most of granitoids. Though evident progress
in understanding of forming conditions for granitoids of different composition and their role in forming of ore deposits
the interest in these rocks not slacken. Great number of publications in leading journals and existence of important
international standing conferences such as Hutton Symposium indicate this. The 1* International Conference “Gran-
ites and Earth’s Evolution” held in 2008 in Ulan-Ude (Buryatia, Russia) and devoted just to problems of geodynamic
nature and ore potential of granitoid batholites.

At the same time problems of granitoid genesis closely related with problems of continental crust forming and
evolution. Interest in this relation arose about half a century ago and there is “explosive” increase of publications in
last 20 years about sources and mechanism of forming, transformation and evolution of continental crust of cratons
and folded belts. Specifically it has ascertained that sources and mechanisms of continental crust forming (primarily
— proportion between ancient and juvenile material) are sharply differ in diverse segments of Earth’s crust; and these
differences reflect in granitoid composition.

The aim of 2™ International Conference “Granites and Earth’s Evolution” is to join leading scientists special-
izing in solving of problems of granitoid petrology and formation and evolution of continental crust. At the same
time more themes about sources and mechanisms of granitoid formation, conditions of intrusion and consolidation of
granite bodies, geodynamic environments of granitoid magmatism and others are planned to discuss on Conference.
The Organizing Committee of the Conference suggested several main topics for discussion as a result of continuous
debates:

= granitoid magmatism and formation of continental crust.

= mineralization potential of granitoids and sources of ore material

= Mantle-crust interaction and role of mantle material/heating in granite generation

= formation, intrusion, consolidation and exhumation of granitoids: tectonic and mineralogical aspects.

Many materials have a multiplanned character therefore we decided to deviate from the topical arrangement of
paper collection and arrange the presented meterials in Russian alphabetical order. Part of materials presented both in
Russian and English, other part — only in Russian or English.

Substance and drawing performance of the papers in this volume are the responsibility of authors.

We hope participation in Conference will interesting and efficient for You!

Alexander S. Borisenko, Alexander G. Vladimirov, Nikolai N. Kruk
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TPAHUTOUIHBIA MATMATHU3M U ®OPMUPOBAHUE KOHTUHEHTAJIbHOM KOPHI B
KOHTUHEHTAJIbHOM OBPAMJIEHUM BOCTOYHOM APKTUKHU: U-Pb, O U Hf U30TOIHBIE
CUCTEMATUKH IUPKOHOB

B.B. AKHHUH

Cesepo-BocmouHblil KOMNLeKCHbLI HAYYHO-uccieoosamensckul uncmumym um. H.A. luno
JIBO PAH, Maeadan, Poccus
akinin@neisri.ru

Bonbmiast wacte mobepexbs UyKOTKHM MW AJSICKM BMECTE C NPHJIETAIOIMMHU IedbpaMu 0ObEANHIECTCS B
KpHCcTaJUIM4ecKuit 0ok Apkruna [3onenmiaiin, Haramos, 1987] nnn teppeiin Apkruueckast Ansicka-Uykorka (AAY)
mo [Churkin et al., 1985]. [Tocnennue u30TONMHO-reOXpoHOIOTHYeCKUe naHHbIe [Akinin et al., 2012; Amato et al.,
2014] yka3bIBaloT Ha ME30- U HEONPOTEPO30UCKUIA Bo3pacT nporonuta GpyHaamenta AAY, KOTOpBIN epeKpbIBACTCS
MaIC030MCKUMH U ME3030MCKUMH 0CaIKaMH. AHAJIN3 Y30pOB Ha 'UCTOrPaMMax BO3PACTHBIX MOIMYIISIHNA TETPUTOBBIX
IIMPKOHOB B TPHUACOBBIX U MAJIEO30MCKHUX OCaJKax yKa3bIBaeT Ha TO, 4To AAY, ckopee BCETo, SBISICS B Iajie030e
4acThio baJdTHKM M HE MMEeT HUKaKoro OTHOIIEHHUS K CeBEpPO-aMepHKaHCKOMY KOHTHHEHTY JlaBpenus [Amato et al.,
2009; Miller et al., 2011].

B mHacTosimeM COOOLICHWM TPUBOASATCS PE3yIbTaThl HOBBIX MCCIENOBAaHMH LIMPKOHOB M3 albOCKHX
TPAaHUTOUJIOB U IPEBHEHIINX OPTOMETaAMOP(PHUIECKUX U MarMaTH4eCKUX TOPHBIX MTOPOJ Ha apKTHYECKOM TT0Oepexbe
YykoTku (rpaHuTO-THelicoBble Kymona — Kunmyaiik, Koonenbckuit, Kyymbckuiif), a Takke M3 BEpXHEKOPOBBIX
KCEHOJIMTOB (yHIaMeHTa B 0a3zanuTax 0. JKoxosa (apxumnenar Jle-Jlonra). B nupkoHax n3 nepednciieHHbIX 00bEKTOB
MOCIICIOBATENILFHO CHAuala NaTUpoBaHbl pa3Hbie 30HBI KpuctawioB U-Pb SHRIMP-RG mMeTtomom, 3ateM B TeX ke
TOYKAaX U3MEPEH U30TOMHBINA cocTaB kuciopoaa (SIMS, Cameca IMS-1270) u, B 3aKIF0YCHUN, U3MEPCH H30TOITHBIH
cocras rapuus (LA-MCICP-MS, Neptune) B Bexymux staboparopusix CLIA (Stanford, UCLA, WSU) (cM. prcyHOK).

Pesyneraret U-Pb nmatupoBanust nmpkoHoB (Bcero 30 00pa3loB) MO3BOJSIOT BBIAECIUTH IMIECTh IIABHBIX
SHJIOTCHHBIX COOBITHI B KOpooOpasyromieir uctopun AAY: 1) 660-570 muH et — Bo3pacT Haubojee IPEBHETO
HEONPOTEPO30MCKOTO TPaHUTHOTO MarMaTru3ma, JaThl BOCIIPOM3BOASATCS B OPTOMETaMOP(PHUUYECKHUX ITOPOAAX
KooseHnbckoro Kyrmosna, BEpXHEKOPOBBIX KCEHOMMTaX 0. JKOXOBa, B yHACIIEOBAHHBIX sJ[paX IIMPKOHOB U3 albOCKHUX
TPaHUTOB U MUTMAaTHTOB apKTH4eCKOH UyKOTKH M OTHOCATCS K IIPOTOYPaJIbCKO TMMAHCKOW OPOreHWu — camoMy
JpEBHEMY KOJUTM3MOHHOMY COOBITHIO, Oojiee WJIM MEHEe HaJe)KHO YCTaHOBIEHHOMY B COBPEMEHHOW ApKTHKE
[Kuznetsov et al., 2010]; 2) 390-360 maH jer — Bo3pacT Meramop(du3Ma U MarMaru3mMa B PEKOHCTPYHPYEMOH
OCTPOBHOI MarMaTu4eckoil ayre, KoTopas MpociexuBaercsi ¢pparmeHTapHo oT Ajsicku 1o Yykorkwm; 3) 250-260
MJIH JIET — BO3pacT pUPTOreHHOro radpo-auabda3oBOro MarmMaru3Ma, CHHXPOHHOTO cuOupckod npoBuHumu LIP;
4) 126-125 man net — Bo3pact HALIP, mmroMoBoil BricokoapkTHUeCKol THTaHTCKOM MarMaTHUeCKol MPOBHHLIUU
[Corfu et al., 2013], cyOCHHXPOHHBIN I'PaHUTOWAHBIA MarMaTu3M W BYJIKaHU3M BIOJb FOXXHOTO oOpamieHus AAY;
5) 109-100 miH 5er — BO3pacT TI'PAaHUTOMIHOTO MarmaTh3Ma BJOJb apKTUYECKOTro Tobepexbss UyKOTKH OT
n. Ileeek nmo mn. JlaBpeHTHsA, XapakTepHU3YIOUIMH CTaAMI0 pPacTsHKEHHsS (IPaBOCTOPOHHETO CKOJBXKEHUs?);
6) 90-80 MiH 7eT — BO3pacT HAACYOMYKIIMOHHBIX H3BECTKOBO-IICIOYHBIX BYIKaHUTOB OXOTCKO-UYyKOTCKOTO
BYJIKAHOTEHHOTO I105ICa X CHHXPOHHBIX UM OJIOBOHOCHBIX I'PaHUTOMJIOB B THUTY IOsICa.

Hccnenosanne wuszoromHoro cocraa O m Hf B nmarmpoBaHHBIX IMpPKOHAX IMoOKazano, 4ro coObiTHE |
XapakTepu3yeTcsi Hanbosee JerIeTHPOBAaHHBIMHU OKOJIO MAaHTUIHBIMU METKaMH, U, B II€JIOM, OTBEYAET FOBEHHIILHOMY
KopooOpazoBaHuIo (cM. puc.). Bapuanuu §'*0 B TaKUX IIUPKOHAX COCTABIIIM OT +6.2 110 +5.3 %o (B 01HOM 13 00pa3IOB
nocruraet +3.5 %o, KOpoBBIi kceHoNMUT rpannTa ZH38, o. YKoxona), a SHfm npocruraer +12.5 — +13 (mpu Bapuanusix
eHf = or +13 no +8, 176Hf/177Hf, = 0.282766-0.282600). Mozenshbiit Hf Bospact oraenenus AemieTHpoBaHHOM
MaHTHU JUIS 3TOTO COOBITHS COCTaBHJI MO pacdyeraM okoyo 870-720 MIIH JeT, MPU MPUHATOM CPEIHEKOPOBOM
otnomenun 176Lu/177Hf = 0.0093. B neBoHCKHX IUPKOHAX (COOBITHE 2) H30TOMHBIN COCTAB KUCIOPO/Ia BAPbUPYET
o1 +6.9 o +6.2, mpu Bapuanusax SHfm ot +1.3 no +0.2, nemoncrpupys 6nuskre k CHUR metkn. Hakonelr, B MeOBBIX
IIUPKOHAX W3 MHTMAaTHUTOB, TPAHUTOHMJIOB M BYJIKAHHTOB (COOBITHS 5 M 6) M30TOMHBINA COCTaB KUCIOpOJa U raHus
yKa3bIBaeT Ha CYIIECTBEHHYIO JIOJIO 3PEJOro KOPOBOTO Marepuajia B MCTOYHMKE MarM (B MEJIOBBIX I'PaHUTOMAX
BenuTkeHalickoro MaccuBa M TYPOHCKHX OJNIOBOHOCHEIX rpanutax Maccuba CesepHbiii: 6'%0 = +9 no +6.5 %o, npu
eHf ;= ot -2.5 10 -10). IlonyueHnbIe pe3y/IbTaTh I03BOJISIOT 3aKIIIOYHTE O FOBCHHIILHOM 9TalIe KOPOOOPasoBaHHUs [l
AAY B ynriakapuy ¥ HapaCTaHUM 3pPEJIOr0 KOPOBOTO KOMITIOHEHTa B HICTOYHHUKE MarM B Majie030€ U ME3030¢€.

Yacmuuno nodoepoicano epanmamu POOHU 12-05-00874 u CRDF RUG1-7089-XX-13.
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JluarpaMma 5BOJIIOLMM HU30TOIHOTO coctasa Hf B IMpKOHAX pa3sHOBO3PACTHBIX MArMATMYECKMX KOMILIEKCOB M3 TeppeiiHa
Apxrudeckas Ansacka-UyKoTKa, JEMOHCTPUPYIOIIAs OBEHUILHOE KOPOOOOPa3soBaHUE B BEPXHEM HEONMPOTEpo3oe. IIpuMepsl
HCCIIEI0BAHHBIX LIUPKOHOB B IIO3JHEIPOTEPO30MCKUX U JICBOHCKHX OPTOTHEHCAX, albOCKUX IPaHUT-MUIMATHTOBBIX KOMILIEKCAX

Toka3aHsl BHU3Y. Kpykkamn mokaszaHsl o6macTi KpUCTaIoB, rae Osim m3Mepensl U-Pb Bo3pact, a Taxske W30TONHBIN cocTaB
KHCIIOpoJa U radHus.
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Most of the onshore in Chukotka and Alaska together with adjacent offshore combined into crustal block named
Arctida [Zonenshain, Natapov, 1987] or Arctic Alaska-Chukotka terrain (AACH) after [Churkin et al., 1985]. New
isotopic geochronology data [Akinin et al., 2012; Amato et al., 2014] point onto Mezo- and Neoproterozoic age of
AACH basement protholite which covered by Paleozoic and Mesozoic strata. Detrital zircon study within Triassic
and Paleozoic sediments and reconstruction of detritus sources shows that AACH during Paleozoic likely belongs to
Baltica neither then to Lavrentia [Amato et al., 2009; Miller et al., 2011].

Here we present new results of zircon study from Albian granites and oldest Precambrian orthometamorphic
and magmatic rocks which crop out on arctic cost of Chukotka (Koolen, Kuul granite-metamorphic domes) as well
as from upper crustal xenoliths from basanites of Zhokhova Island (De-Longy archipelago). Zircons from those rocks
were first dated by U-Pb SHRIMP-RG and then oxigen and hafnium isotopic measurements have been done on the

same points using SIMS (Cameca IMS-1270) and LA-MCICP-MS (Neptune) using USA facility at Stanford, UCLA,
and WSU (see fig.).
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Initial Epsilon Hf vs. time diagram for zircons from magmatic rocks of Arctic-Alaska-Chukotka terrain demonstrating
juvenile crust formation during upper Neoproterozoic. Examples of studied zircons from Neoproterozoic, and Devonian
orhtogneisses, as well as from Albian granite-migmatite complexes shown at the bottom. Circles mark crystals domains where
U-Pb age, O, and Hf isotopic measurements have been done.
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Results of zircon U-Pb dating (total 30 samples) allow to describe six major magmatic events in crustal history
of AACH: 1) 660-570 Ma — the oldest age of Neoproterozoic granite magmatism, this dates have been reproduced in
metamorphic rocks of Koolen dome, upper crustal xenoliths of Zhokhova Island, and in inherited zircon cores from
Albian granite-migmatite complexes of Arctic Chukotka. This event relay to Protouralian-Timanian orogeny — the
oldest known collision event in the Arctic [Kuznetsov et al., 2010]; 2) 390-360 Ma — age of metamorphism and
magmatism within fragmentary mapped remnants of Devonian island arc in Alaska and Chukotka; 3) 250-260 Ma —
age of rift-related gabbro-diobase magmatism synchronous to Sibirian LIP; 4) 126—-125 Ma — age of HALIP, plume-
related high Arctic large igneous province [Corfu et al., 2013], as well as coeval granitoid magmatism and volcanism
along southern edge of AACH; 5) 109—100 Ma — age of extension related granitoid magmatism along arctic cost of
Chukotka crop out from Pevek to Laurentia Settlement (dextral strike-split?); 6) 90-80 Ma — age of subduction-related
calc-alkaline magmatism of Okhotsk-Chukotka volcanic belt and coeval tin-bearing granites in back-arc setting.

We studied d'*O and Lu-Hf isotopic records in dated zircons and found that event 1 have the most depleted
mantle-like isotopic signatures reflecting global juvenile crust formation (fig.). Variation of d"*O in such Neoproterozoic
zircons ranges from +6.2 to +5.3 %o (achieving in one of the sample +3.5 %o, crustal granite xenolith ZH38 from
Zhokhov Island), whereas eHf achieving +12.5...+13 (st(i) ranges from +13 to +8, 176Hf/177Hf, = 0.282766—
0.282600). Hf depleted mantle model age for this event calculated as having around 870—720 Ma, assuming average
crustal value of 76Lu/177Hf = 0.0093. Devonian zircons (event 2) have oxygen isotopic composition ranges from
+6.9 to +6.2, and 8Hf(i> =+1.3 to +0.2, which are near the CHUR value. Finally, Cretaceous zircons from migmatites,
granites, and volcanic rocks (events 5 and 6) have evolved oxygen and hafnium isotopic signatures reflecting existence
of mature component in magma sources (zircon from Cretaceous granitoides of Velitkenay pluton and Turonian tin-
bearing granites of Severny pluton have: d"*O = +9 to +6.5 %o, and st(i) = from -2.5 to -10). Obtained results allow
to conclude about juvenile crust formation during Ediacaran and evolvement of more mature crustal component in
magma sources during Paleozoic and Mesozoic.

This study partly supported by RFBR 12-05-00874a and CRDF RUGI-7089-XX-13.
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[ewopckas cuHeKnM3a pacronaraeTcs Mexay THMaHOM M YpajloM M BXOIMT B cOCTaB [ledopcko IUIHTHI.
BepxHenokeMOpuiickue 0cagoqyHO-MeTaMoppHUIeCKIe 1 MarMaTiHueckie oopa3oBanus GpyHaaMeHTa (THMaHU/IbI) M0-
BCEMECTHO IOTpeOEHBI MO/l OPJOBUKCKO-KaifHO30MCKUM ILTaT(GOPMEHHBIM 4eXJIOM MOIIHOCThIO 1—7 kM. B cocrase
(ynnamenTa Beiemsrores: Tumanckuit mera0iiok, ooseunstomuii Mokemckyro 300y 1 Tuman, n bonbiezemenbcknit
Mmerabiok, cocrosimuit u3 [ledopckoit u bonbresemenbckoid 30H. 1o reodm3nueckuM JaHHBIM U 10 pe3yibraram
OypeHunsi MeraOJIOKH OTYETIIMBO Pa3fIMYaroTCsl BEIECTBEHHBIM COCTaBOM M XapakTepoM Mmarmarusma [benskoBa u
ap., 2008]. I'panua Mexay merabimokamu mpoBoauTcs 1o cucteme Ilpunedopckoro n WMibrd-UukmmHcKoro miry-
OMHHBIX Pa3JIOMOB MaHTHIWHOTO MPOHUKHOBEHUSI, TPOCTUPAIOIINXCS B CEBEPO-3allaJJHOM HalpaBJIeHUH OT Ypana a0
[Tevyopomopckoii BriaimHbI. Pa3nomsl GUKCHPYIOTCS TTOIOKUTEIHLHOM MAarHUTHOW aHOMaJIHEH, CBsI3b KOTOPOH ¢ N3Bep-
JKCHHBIMH ITOPO/IaMH YCTaHABIMBAETCA 110 TeO()U3NUESCKIM JITAHHBIM U 10 pe3yJbraraM OypeHus. Marmarudeckue mo-
POZIBI, pPa3BUTHIE B 30HE Pa3JIOMOB, IPE/ICTABICHBI BYJKAaHUTAMU U3€CTKOBO-IIEIIOYHOW CEPUN M UHTPY3UBHBIMH I10-
POaMH IIUPOKOTO CIEKTPa — OT KHCIIBIX IO OCHOBHBIX U HHTEPIPETUPYIOTCS KaK HaJICyOMyKIIMOHHBIE (OCTPOBOIYX-
HbI€ 1 KOJUTU3UOHHBIE), CBSI3aHHBIE ¢ THMAHCKUM oporeHe3oM [bemskoBa, Crenanenko, 1991; bensikosa u np., 2008;
Gee et al., 1998].

Cpenu MmarmaTndecknx o0pazoBaHuii (yHIaMEeHTa 3HAUUTEIEHOE MECTO 3aHUMAIOT TPaHUTOHIbl. OHH BCKPBITHI
CKBa)XMHaMH BO BCEX 30HaX, HO npeodianatoT B Vxkemckoii u [levopekoit, BOnm3u [punedopcko-NUinbra-UukmmHckoi
30HBI pa3oMoB. Bo3pacT rpaHnTONI0B, onpeneneHHbli pasubiMu Metonamu (K—Ar, Pb—Pb (Pb-evaporation), Rb—
Sr), oxBateiBaeT uHTepBan 800—500 muH netr [Akumosa, 1980; Aunpendes, Jluteunenko, 2007; Gee et al., 1998].
bonee no3nuue Pb—Pb Bo3pacTHBIE TaHHBIE MO OTIAEIBHBIM 3€pHAM LUPKOHA M3 TPAHUTOB, BCKPBITHIX CKBKWHAMH
11-Manas Ilepa, 10-FO>xnas Yapkato, 1-Bocrounas Hapkaro u 26-Bocrtounas Xapssra B Mxxemckoii, [lewopckoit u
BonbIie3zemenbekoii 30Hax, qar0T 6onee y3kuit naTepBai 567—551 mun net [Gee et al., 1998], oTBeuaromuii rpaHurie
panHero u no3aHero BeHna (570-555 mun net) [Cemuxaros, 2000].

B HacrositeM cOOOIIEHNU TPUBOIATCS JaHHBIE O TEOXHMMUH M TEPBBIE PE3YJbTaThl ONpPECICHUS BO3pacTa
U-Pb MeTonom 1uisi TpaHnTOB, BCKPHITHIX ckBakmHamu 1-Yapkaro, 1-FOxHas Yapkato u 1-Bocrounas Yapkaro B
[pumneuopckoii pa3nmoMHoi 30HEe. [Topoabl OTHOCATCS K YapKaKOCKOMY KOMIUICKCY TPaHOTHOPHUTOB M aMQpuOoI-
OMOTUTOBBIX TpaHUTOB. X 00benMHEHNE B €IUHBIA KOMIUIEKC NMPOM3BEJCHO HAa OCHOBAHWH JIOCTAaTOYHO OJM3KOTO
PacIONOKEeHUs CKBKHH, a TAKXKE BHICOKOTO CXOCTBA MHHEPAILHOTO COCTaBa U CTPYKTYPHO-TEKCTYPHBIX 0COOEHHO-
creli mopox. ['paHUTOMIBI IPEZICTaBIICHBI CEPBIMU HITH PO30BaTO-CEPHIMH CPEHE3EPHUCTHIMU Pa3HOCTIMH TOPHUPO-
BUJIHOW CTPYKTYPBI, COAEPKAIIMMH BKPAIJICHHUKH 30HAJIBHOTO IJIArMOKJIa3a U KAJIMEBOTO MOJIEBOTO IIIIaTa pa3me-
poM g0 1.5-2.0 cM. bornee MenKko3epHUCTast OCHOBHAs Macca CIOKeHa JICHCTOBUIHBIMYU 3€pHAMHU IJIarMOKJIa3a U ajl-
JIOTPUOMOP(HBIMH BBIZICICHUSIMU KaJIEBOTO MTOJIEBOTO IIITIaTa U KBapIa, a Tak)Ke OMOTHUTOM M poroBoii oOMaHkoi. B
KayeCcTBE aKIIECCOPHBIX MUHEPAJIOB HAOMIONAIOTCS alaTuT, IMPKOH M TUTAHUT. PynHBIN MUHEpall, BEPOSTHO BTOPUY-
HBIH, MTPEACTaBICH MUPUTOM. BTOpHYHbIC H3MEHEHHS CBSI3aHbI C CEPUIIMTH3AlMeN TUIarnoKias3a, a TakKe ¢ 3aMelie-
HHEM pOTOBOI 0OMaHKN TUTAHUTOM, KaJbIIUTOM, XJIODHTOM M KBapIEM.

IToponwt conepxar 65.97-68.94 % SiO, n cormacHo NETPOXMMUYECKOH KIACCH(PUKAIMU ONPEAEIAIOTC KaK
TPaHOIUOPUTHI M TpaHUTHL. Bricokoe conepkanne Ba (417-514 r/T), Sr (105-225 r/T) npu yMepeHHBIX KOHLIEHTpa-

10



I'PAHUTBI Y DBOJIFOLHA 3EMJIH

msix Rb (68-91 r/1), Nb (811 r/1), Th (7-13 r/1), U (2-3 1/T), DOCTaTO4HO BBICOKHE BeMUMHBI oTHOmEHnH K/Rb
(341-448) npu weppicokux Rb/Sr (0.30-0.84), Rb/Ba (0.14—0.21) mO3BOJISAIOT OTHOCUTH 3TH TPAHUTOUIBI K [-THITY
no knaccuukanuu b. Yanmena u A. Yaiira [Chappel, White, 1974; Whalen et al., 1987]. [Toponsr xapakTepusyrorcs
YMEPEHHBIM CONEPKAHUEM PENKUX 3eMeNb (37-176 r/1) mpu oboramennn LREE ornocurensno HREE (La/Yb —
10.7-19.8) u He3HauMTENBHOM MM OTCYTCTBYIOIEM Aepuunte Eu (Eu/Eu * —0.7-1.0). Onn oborameHs! KpymHOH-
oHHBIMH JIuTOGMITBHEIMA 31eMeHTamu (K, Rb, Ba, Th) u o6eqaensr Beicokozapsinabivu (Zr, Hf, HREE) otHOCHTETB-
Ho cocrtaBa rpanuTa COX [Pearce et al., 1984]. Ta u Nb anomanwii He Habmronaercss. OCHOBBIBAsCh HA 3TUX JaHHBIX,
MOXKHO 3aKJIOYUTh, YTO TPAHUTOMABI CHOPMHUPOBAINCH B HAaJACyOyKIMOHHOH oOcTaHoBKe. Ha MUCKpUMUHAHTHBIX
muarpammax Jx. [Tupca [Pearce et al., 1984], purypaTtiuBHBIC TOYKH X COCTABOB IOMAAIOT B IOJIST OCTPOBOAYKHBIX
WJIN CUHKOJUTM3HOHHBIX TPAHUTOB U B 00JIaCTh X IEPEKPHITHS € MOCTKOJUIM3HOHHBIMU 00pa3zoBaHusaMu. CormacHo
muarpamme H. Xappuca [Harris et al., 1987] rparutonp! KITacCUPUIUPYIOTCS KaK MOCTKOJUTU3HOHHEIE.

JlatnpoBaHne IMPKOHOB M3 TpaHnTOB cKB. 1-lOxHas Yapkato npousBoxmwioch B LleHTpe M30TOMHBIX Hccie-
nosanuil BCEI'EU na BropumuHo-uoHHOM Mukpo3onae SHRIMP II, a u3 rpanutoB B ckBaxuHax 1-Yapkaro u 1-
Bocrounas Yapkato - B Llenrpe mukpoananmmnza CraHdopackoro yHuBepcutera u I'eonornueckoit ciryx6sr CILIA
(SUMAC) va SHRIMP RG.

Cks. 1-Yapxkato BCkpblia rpaHuThl B HHTepBasie 3072—-3122 m, oT00p HUPKOHOB NPOU3BOAMICS U3 00pa3na 246
(3109-3117 m). M30TONHBIE JaHHBIE IO AaHATUTHYECKUM ToukaMm zeBsty 3epeH (U — 192-571 ppm, Th —71-219 ppm,
B2Th/>8U — 0.24-0.46) ¢ IMCKOPIAHTHOCTHIO, He npeBbimaromei |10|%, o0pa3yroT KOMIIaKTHBIH Ki1acTep, OTBeYaro-
muii Bo3pacty 545.2 £ 5.8 MiH n1eT. 31ech U Aanee NpUBOJUMBIE IOTPEMTHOCTU COOTBETCTBYIOT 2G.

Cks. 1-Bocrounas Yapkato. [ panutsl BCkpbITH B mHTEpBajie 3069-3219 M, aHaMM3upOBaINCh IUPKOHBI U3 00-
pasua 26 (3205.9-3210.6 m). KonkopaantHslii Bo3pact 1o 11 3epram (U — 108-524 ppm, Th — 57-162 ppm, #*Th/>*U
—0.19-0.66) cocraBnseT 544.6 + 6.7 muH net. Panee 1o TpeM 3epHaM IMUPKOHA U3 ITOH K€ CKBAXKHUHBI (00p. 27, TII.
3213.8-3218.8 M) 6611 ompenenieH Pb—Pb (Pb-evaporation) cpegHeB3BEIICHHBIH BO3PACT, PaBHBIA 557 + 15 MITH neT
[Gee et al., 1998]. Pe3ynbraTsl MOKHO CUMTATh COMOCTABUMBIMH, IIOCKOJILKY B HEKOTOPBIX IIMPKOHAX M3 00p. 26 3a-
¢buxcupoBanbl 2°Pb/?¥U-Bo3pacThbl TaKOro e YPOBHSL.

Cks. 1-tOxnast Yapkato BCKpblIa rpaHuThl B MHTepBasie 2931-3178 M, oTOOp IIMPKOHOB MPOM3BOIMICS W3
obpazma 15/10 (3171-3173 m). o ananutueckuM nanHbM cemu 3epeH (U — 187-677 ppm, Th — 42—175 ppm,
B2Th/>8U — 0.17-0.31) nony4eH KOHKOPIAHTHBINA Bo3pacT 555.2 + 1.6 mutH neT. B 1ByX 3epHax ¢ HOBBIILCHHBIM CO-
nepxanneM ypana (1388 u 1134 ppm) Bo3pact coctaBmsieT 501 + 3 u 526 + 3 mutH neT. MakcuManbHBIH KOHKOPJAHT-
HBIM Bo3pacT, paBHbld 1411 + 12 MuIH JIeT, yCTaHOBJIEH B YHACIEIOBaHHOM s1pe. M3 umeronerocs: nepeyHs AaTupo-
BOK BpeMeHH ()OPMHPOBAHMS T'PAaHUTOHU/IOB, II0-BUIMMOMY, OTBe4aeT Bo3pacT 555.2 + 1.6 muH sret. OH coBnagaer ¢
Pb—Pb Bozpactom (553 + 6 MitH 1eT), ycTaHOBIEHHBIM MeTooM KoOepa 1mo yeTbipeM 3epHaM IUpKoHA 13 00p. 18 (T
2952 m) B 3O )e ckBaxkuHe [Gee et al., 1998].

B IIpuneuyopckoii 30He pa3iaoMoB B 250 KM K ceBepo-3amaay OT YapKalOCKUX CKBa)KHH-PACIIOJIOKEHA CKB.
54—Cenysxa. BckpbITble €10 TpaHOJUOPUTEL B HHTepBane 865-910 M Takxke OTHOCATCA K 4apKalOCKOMY KOMILIEK-
cy [bensikoBa u np., 2008]. U-Pb Bo3pacrt, ycranoBineHHsld 1Mo 10 3epHam mupkoHa, coctaBui 542.5 + 6.9 muH et
[Argpenues u ap., 2013]. Takum 06pa3om, pe3yabTaThl TOKATFHOTO JATHPOBAHUS ITUPKOHOB U3 TPaHUTOHIOB, TIPHY-
poueHHBIX K [Ipunedopckoii 30He, CBHAETENBCTBYIOT O TOM, YTO OPOT€HHBIH I'PaHUTOMTHBIA MarMaTu3M, 3aBepiia-
mmid GopMHUPOBaHUE TUMAHHU, IPOUCXOIIII B IIO3HEM BEHJIE B HHTEpBae 555—542 MirH neT.

Hccnedosanus evinonnenst 8 pamxax Ipoepammor hynoamenmanvuvix uccreooganuti OH3 PAH Ne 4 no unuyu-
amuenomy npoexkmy YpO PAH Ne [2-Y-5-1013, a makoice npu noodepoicke NSF (epanm Ne 0948673, pykosooumens
I.J1.Munnep) u Ilpoepammer Pynopaiima oas yuenwvix (epanm Ne 68130147).
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The Pechora Basin is located between the Urals and Timan and is a part of the Pechora plate. Upper Precambrian
sedimentary-metamorphic and igneous rocks of the basement (Timanides) are commonly buried under 1-7 km of
Ordovician-Cenozoic sediments in the basin. The basement is subdivided into the Timan major crustal block that con-
sists of the Izhma and Timan zones, and the Bolshezemel major crustal block consisting of Pechora and Bolshezemel
zones. Based on geophysical data and the results of drilling, these blocks consist of different rock types and magmatic
histories [Belyakova et al., 2008]. The boundary between blocks is a system of deep faults called the Pripechora and
Ilych — Chikshino faults that strike in a northwestern direction, extending from the Urals to the Pechora Sea and are
thought to cut through the crust to the mantle. The faults are located by their positive magnetic anomalies that are
thought to represent igneous rocks based on geophysical data and drilling results. Igneous rocks in the fault zone
are calc-alkaline volcanic and intrusive rocks with a wide spectrum of compositions, from silicic to mafic and are
interpreted as suprasubduction (island arc and collision) magmas associated with the Timan orogeny [Belyakova,
Stepanenko; 1991, Belyakova et al., 2008; Gee et al., 1998].

Granitoids occupy a prominent position among the igneous rocks of the basement. They were penetrated by
boreholes in all zones but are most prevalent in the Izhma and Pechora zones close to Pripechora-Ilych-Chikshino
fault zone. The age of these granitoids determined at by different methods (K-Ar, Pb-Pb (Pb-evaporation), Rb-Sr)
encompass a range of ages from 800-500 Ma [Akimova, 1980; Andreichev, Litvinenko, 2007; Gee et al., 1998].
More recent Pb-Pb age data for individual zircon grains from granites penetrated by the 11-Malaya Pera, 10-South
Charkayu, 1-East Charkayu and 26-East Khariyaga boreholes in the [zhma, Pechora and Bolshezemel zones reveal
a narrower range of ages from 567-551 Ma [Gee et al., 1998], corresponding to the boundary of the early and late
Vendian (570-555 Ma) [Semikhatov, 2000].

Here we present data on the geochemisty and the first U-Pb ages on zircons from granites penetrated by the
1-Charkayu, 1-South Charkayu and 1-East Charkayu boreholes in the Pripechora fault zone. These rocks referred to
the Charkayu Complex consist of granodiorites and amphibole-biotite-bearing granites. They have been combined into
a single complex on the basis of the proximity of boreholes that penetrated these rocks as well as on the similarity of
their mineral composition, structural and textural features. These granitoids are gray or pinkish-gray medium-grained
rocks with porphyric textures and contain phenocrysts of zoned plagioclase and potassium feldspar up to 1.5-2.0 cm
in diameter. The finer-grained groundmass contains lath-shaped grains of plagioclase and anhedral potassium feldspar
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crystals, quartz, biotite and hornblende. Accessory minerals include apatite, zircon and titanite. Ore mineral, probably
secondary, is pyrite. Secondary alterations have resulted in serisitization of plagioclase and replacement of hornblende
with titanite, calcite, chlorite and quartz.

Geochemically, the rocks studied contain 65.97-68.94 % SiO, and are granodiorites and granites. The high Ba
contents (417-514 ppm) and Sr (105-225 ppm) at moderate concentrations of Rb (68-91 ppm), Nb (8-11 ppm), Th
(7-13 ppm), U (2-3 ppm), relatively high values of K/Rb ratio (341-448) at low Rb/Sr (0.30-0.84) and Rb/Ba (0.14-
0.21) allow us to classify these granitoids as I- type according to the classification scheme of B. Chappell and A. White
[Chappel and White, 1974 ; Whalen et al., 1987]. The rocks are also characterized by moderate amounts of rare earth
elements (37-176 ppm) with the enrichment of LREE relative to HREE (La, / Yb — 10.7-19.8) and small or absent
Eu anomalies (Eu / Eu’—0.7-1.0). They are enriched in LILE (K, Rb, Ba, Th) and depleted in HFSE (Zr, Hf, HREE)
relative to the composition of ocean ridge granites after Pearce et al. [1984]. Ta and Nb anomalies are absent. Based
on these data, it is inferred that these granitoids formed in supra-subduction zone setting. On discrimination diagrams
[Pearce et al., 1984] their compositions fall into the field of volcanic arc or syn-collision granites and overlap into
the field of post-collisional granites. According to the classification of Harris et al. [1987] these granitoids fall in the
“post-collisional” compositional field.

Dating of zircons from granites of 1-South Charkayu borehole were carried out at the Center of Isotope Studies
in VSEGEI using secondary ion microprobe SHRIMP 11, and from granites of 1-Charkayu and 1-East Charkayu — at
the Stanford- U.S. Geologial Survey Micro Analysis Center (SUMAC) using the SHRIMP RG.

The 1-Charkayu borehole penetrated granites at 3072-3122 m depth. Zircons were separated from sample
24b recovered from the depth interval 3109-3117 m. Isotopic data from nine zircon grains (U — 192-571 ppm, Th —
71-219 ppm, #*Th/?8U — 0.24-0.46) with discordance not exceeding |10|% form a compact age cluster at 545.2 + 5.8
Ma (errors cited are 2 values).

The 1-East Charkayu borehole penetrated basement granites at depths of of 3069—-3219 m. Zircons from sample
26 (3205.9-3210.6 m) were analyzed. Concordant ages of 11 zircon grains (U — 108-524 ppm, Th — 57-162 ppm,
B2Th/>8U - 0.19-0.66) yield a mean age of 544.6 + 6.7 Ma. Earlier work involved the analysis of three zircon grains
from the granites in the same borehole (sample 27, 3213.8-3218.8 m) and yielded an average Pb-Pb (Pb-evaporation)
age of 557 £ 15 Ma [Gee et al., 1998]. These two sets of results can be considered comparable because some zircons
from sample 26 have 2°Pb/?¥U-ages within error of the Pb-Pb ages.

The 1-South Charkayu well penetrated granites at a depth of 2931-3178 m. Zircons were extracted from sample
15/10 (3171-3173 m). Seven zircon grains (U — 187-677 ppm, Th — 42—175 ppm, »2Th/?%U — 0.17-0.31) yield a
concordant age of 555.2 + 1.6 Ma. This age coincides with the Pb-Pb age (553 =+ 6 Ma), established by Kober method
for four zircon grains from sample 18 (2952 m) in the same borehole [Gee et al., 1998]. Two zircons had high uranium
content (1388 and 1134 ppm) and yielded ages of 501 + 3 and 526 &+ 3 Ma. The oldest concordant age measured in the
cores of these zircons is 1411 £ 12 Ma.

The Pripechora fault zone lies 250 km to the north-west from the Charkayu boreholes described above and
where the 54-Seduyaha borehole is located. This drill site penetrated granodiorites at a depth of 865-910 m which
belong to Charkayu Complex [Belyakov et al, 2008]. The U-Pb age of 10 zircon grains is 542.5 + 6.9 Ma [Andreichev
et al., 2013]. Thus, the results of the local dating of zircons from granitoids located at Pripechora zone indicate that
orogenic granitoid magmatism which completed the formation of Timanides occurred in the Late Vendian in the range
of 555-542 Ma.

The studies were carried out in the framework of Program of fundamental research DES RAS Ne 4 on proactive
project UB RAS Ne 12-YV-5-1013, and with the support from NSF (grant Ne 0948673, principal investigator — E.L.
Miller) and with the help of a Fulbright scholarship to A.A. Soboleva (grant Ne 68130147).
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Kanryrunckas pyaHo-marmarudeckast cucrema (PMC) npencrasiser coboii mpuMep B3aUMOCBSI3H TPaHUTHO-
TO MarMarus3Ma 1 penkomerauibHoro W-Mo opynenenus. Ee Marmatudeckne KOMIUIEKCHI BKITIOYAIOT B ce0sl O/IHO-
MMEHHBIII MacCUB PEIKOMETAUILHBIX TOP(OUPOBHUIHBIX TPAHUTOB INIABHOW (ha3bl, IITOKH JICHKOTPaHUTOB (ha3bl J10-
TIOJIHUTENBHBIX MHTPY3Wi (C 3amaza Ha BOCTOK — ApramkuHcKui, JpxymanuHckuii 1 Bocrounsiit) u Bocrouno-
Kanrytunckuii naiikoBsiii mosic (BKII), cioxeHHBIN KanneBbIMHE 1 HATPUEBBIMH Pa3HOBUIHOCTSIMU OHTOHUTOB (pHC.)
[AnnukoBa u z1p., 2006; [Touenyes u np., 2008]. ITo reonornueckum HaOIIOAESHUSIM B TOPHBIX BbIpaOoTKax KanryTnn-
CKOTO MECTOPOX/ICHHUS ObUTH 3a()MKCUPOBAaHBI B3aUMOOTHOIIECHUS THAPOTEPMANBHBIX K1 ¢ paiikamu BKII, ykazel-
BaIOIIF€ Ha BHYTPUPYAHYIO TIPUPOAY OTAEIBHBIX JIACK, TO €CTh 3TH JIAiKH, KaK CEKyTCsl KBApLIEBO-PYIHBIMH JKHIIAMH,
TaK M caMd CeKyT UxX [AHHUKOBaA U 1p., 2006].

IMopons! rmaBHOM (a3l U pa3 TOMOTHUTENBHBIX HHTPY3Ui KaJryTHHCKOTO peIKoMeTauIbHO-TPaHUTHOTO Mac-
CHBa NPEJICTABIEHBI BBICOKOTIMHO3EMHUCTBIMH, YMEPEHHO-IIIEIOYHBIMI OMOTUTOBBIMH, ABYCITIOASTHBIMH, MYCKOBHTO-
BBIMU U TypMaJMH-CIIIOJINCTBIMU TpaHUTAaMH U Jelkorpanutamu. Cozaepkanue ¢ropa u dpocdopa B HUX OIU3KH K
KJIapKOBBIM IJISl TPAHUTOUIOB. MYCKOBUT M TYpMaJIMH B Ka4e€CTBE MOPOJO0OPA3YIOMINX MHHEPAIIOB MOSBIISIOTCS B
cocTaBe JIEHKOTpaHUTOB (pa3 JOMONHUTENBHBIX HHTPY3HA. [IpocTpaHcTBeHHO Hanbosee MPUOIMKEHHBIM K PYJHOMY
nomo KanryTHHCKoro MectopoXkieHus: 1 JaHKOBOMY TOSCY SIBJIsIeTCsl BOCTOUHBIN MITOK (CM. PHCYHOK), C KOTOPBIM
CBSI3aHBI OOMJIbHBIC BHYTPUIPAHUTHBIC IIUTHPOBBIE U KHUIIbHBIE TIETMATUTHI C TYPMAIHHOM, MyCKOBUTOM, (DIIFOOPHTOM
n GepriutoM. [lermarutoBbie 00pa3oBaHus SBISIOTCS MECTOM CKOTIJICHUS BBIICIUBILETOCS B XO/JI€ CTAHOBJICHUS LITO-
KOB MarMaTU4eckoro (uIon/a, UX KOJIMYECTBO YMEHBIIAETCS 110 MEpEe YIAJICHNS! OT MECTOPOXKICHUSL.

Cocrasbl nack BKII oTBeuaroT mopojaM Bujla OHTOHMTA, B KOTOphIX 3Hauenne Na,O/K O Bappupyer BOIM3H
1. Cpenu HUX BBILAEISAIOTCS Pa3HOBUAHOCTH OTHOCUTEIBHO oborameHHbie Na miu K. B cocraBe nosica npeotnanator
NaiiKy, MpescTaBIeHHbIe noponamu ¢ npesbinienrneM K O nax Na,O, KoTopeie MHOTIA PACCMATPUBAIOTCS KaK 3JbBa-
HBbI. [71aBHBIE BKparieHHUKH oHroHuToB BKII — kanueBbli mojeBoii mmar, ajap0HT, KBapl, MyCKOBHT, B €IIMHUYHBIX
Jaiikax — OMOTUT. B MOIYMHEHHBIX, HO 3HAUUTENBHBIX KOJIMYECTBAX BCTPEYAIOTCS anaTUT U (III0OpHUT. AKIIECCOPHBI-
MU SBJISIIOTCSI TAHTAJIUT-KOJTYMOHT, MOHAILIUT, KCEHOTUM, BOJBb(PAMUT, TAaHTAIO-TUTAHO-HUOOATHI PEIKO3EeMETbHBIX
aneMeHToB. CozepkaHue TypMalrlHa BO BCEX TUIAX MOPOJ HE3HAYUTEIBHO.

Onronutsl BKIT uMeroT cnennguuecknii XuMUIecKuid coctas. IJIsl HUX XapakTepHO HEBBICOKOE COZIEpIKaHUE
F (ne 6omee 0.5 mac. %) u Beicokoe — PO, (10 0.9 mac. %) Ha QoHe CyMMapHOTO BBICOKOTO COAEPKaHUS PEIKUX IIIE-
nounbIx MetaioB (Li+Rb+Cs 1o 5000 ppm). Takum 06pa3zom, OHU OTHOCSTCS K BBICOKOPEAKOMETAITBHBIM HU3KO(D-
TOPHUCTHIM BBICOKO(OCHOPHUCTHIM KUCIIBIM IIOPOAAM C BBICOKUM COZIEpKaHUEM IIMHO3eMa M HOPMaJIbHBIM 10 YMEpEH-
HOTO CyMMAapHOT'O COJIEp KaHUS IIEJI0UeH.

ITo cymmapHOMY cozlepKaHMIO PEAKHUX LeIoue
MOPOABI NOsICa MOAPA3AEIIOTCA Ha PeIKOMETAUIbHEIE,
BBICOKOPEKOMETAJIbHBIE U YIABTPAPEIKOMETAIUILHBIE.
I[To mMepe pocTa conepkaHus peIKUX METAJUIOB HAOIO-
JlaeTcsl HeOONbIIOE YBEIWYEHHE colepkaHus (ropa
W 3HAYUTEIILHOC YBENIWYCHUE conepxkanus (ocdopa

CxeMaTnieckast reoJiorudecKast KapTa KaﬂFyTHHCKOfI PpyaHO-

MarMaTH4ecKol CUCTEMBI:

1 — IeBOHCKHUE BYJIKaHOTCHHO-0CA[0YHbBIC OTI0KCHUS HEPACUICHCH-
Hble; 2 — TPaHUTBHI IIABHOM MHTPY3UBHOW (ha3bl; 3 — JICHKOIPAaHUTHI
(ha3 TOMOTHUTENIBHBIX HHTPY3Hii; 4 — TalKU 3JIbBAHOB M OHT'OHHUTOB;
5 — rpeiizeHpl « MONHOACHOBOTO IITOKA» U METMaTHTHI KBAPLIEBOTO
sapa; 6 — MecTa oTOopa mpod U ycpeqHeHHbIH Ar-Ar Bo3pact, MIIH
JIeT (TOYHBIC 3HAYCHHUSI BO3PACTA CM. B TEKCTE).
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[AxHEKOBa 1 Ap., 2006]. [Topoas! ¢ HanboIIee BBICOKMM COICPKAHUEM PEIKUX METALIOB U (hocdopa MPHypOUCHEI K
NPOTSDKEHHOM J1alike, pacIiooKeHHON B 0CEBOI yacTH mosica. B ee npenenax 3agukcupoBaHsl (aruaabHbIe IIEpexo-
JIbl MEX]y CyIIECTBEHHO HATPOBBIMU M CYIIECTBEHHO KaJIMEBBIMH PAa3HOBHIHOCTSIMH OHroHWTa. Kanmesble pasHo-
BU/IHOCTH TTOPOA LIEHTPAILHOM JalKK OTHOCSTCS K BHICOKOPEIKOMETAIUIBHBIM, B TO BPEMsI KaK HaTPOBBIE SIBIISIFOTCS
yABTpapeKoMeTaIIbHBIMU. TakuM 00pa3oM, Kak B paMKax JalKOBOTO I0siCa, TaK U B MPEJeax OTACIbHBIX Tl UMe-
I0TCS CYIIECTBEHHBIE PA3IMYMs B COCTaBaX ITOPOJ.

JletranbHble nccnenoBaHus (DIIONAHBIX M PACIUIaBHBIX BKIIOYEHHH B kBapue oHroHnToB BKII mokaszamu, uto
BKPAIUIEHHUKHU 3THX JIaeK KPUCTAIM30BalMCh B Oojee TIyOMHHOM, 4eM jaaiiku, kamepe(ax) u3 peiKOMETaIbHBIX
pacIuIaBoB IIpU BHICOKOM (NIIOMTHOM JaBieHnH (4.5—6 xbap) u temmneparypax 565—-620 °C [Cokonosa u zp., 2011].
[Topozns! pa3uuHOM PeAKOMETAIILBHOCTH 00Pa30BaINCh U3 PACILIABOB, B KOTOPBIX COIEP)KAHUS PEIKUX METAJIIOB OT-
JMYaIich aHAJOTWYHBIM 00pa3oM. KpucTtaum3sanus BKpaIUICHHUKOB IPOXOMIIA B BOIOHACHIIICHHBIX YCIOBUAX B
MPUCYTCTBUH BBICOKOIUIOTHOTO BOJHOTO (hIIFOH/1a. DBOIIONUS NTETPOT€HHBIX KOMIIOHEHTOB PACIIaBOB, (DOPMUPOBAB-
mumx BKII, He mogumHsAeTCs 3aKOHOMEPHOCTAM, 00YCIOBICHHBIM TOJIBKO KPHUCTAIIM3AMOHHON nuddepeHmanmeit
penxoMeTauibHOM MarMbl. COCTaBbI CTEKOJI BKJIIOUCHNH 00pa3yloT TPEH/ I, HallpaBJICHHBIH B CTOPOHY KBAapLEBOH Bep-
muHE Qz~Ab-Or TpeyronbHuKa ¢ HOCTENEHHBIM yBenuuenneM otHomenns K,O/Na,O.

HeoObrunbIii XapakTep 3BOJIIONNN ¥ KOHTPACTHBIE OTIIMYHS COCTABOB JIaeK B IIPE/eNax Mosca MOCTaBHIN BO-
npoc o aKTopax, KOTOPIE MOIVIM CTATh ONPENEIISIOIIMMH B 9BOIIOLNH Hanbosee O3AHUX mopiuii Marm Kanrytus-
ckoif PMC u ee npononkuTenbHOCTH. 15 pemeHns 3Toi 3aga4n ObIIO IPOBEIEHO 1aTUPOBAaHHE BKPAIUICHHUKOB
CJIIOJI M3 1a€K, OTHOCSIIMXCS K Pa3JInYHBIM I10 COIEPKAHHUIO PEAKHX AJIEMEHTOB THIIAM U JIOKAJIM30BAaHHBIX B pa3iny-
HBIX YacTsX nosica. [yt cpaBHEHUs ObUIM BBIITOJHEHBI ONPEICJICHHs] BO3pacTa ITpeid3eHOB B IIEHTPAIILHOM YacTh Me-
cropoxaeHns: (MoanOIeHOBBIH IITOK), TIEHKOrpaHNTOB JPKYMaIMHCKOTO ¥ APTMaMIPKHHCKOTO IITOKOB M METMAaTH-
TOB B npezienax BocToyHoro mroxa.

Crronpl, IO KOTOPBIM BBINOJIHSUIUCH T€OXPOHOJIOTHYECKUE HCCIEIOBAHUS, MPEICTABIECHBI MYCKOBHTOM U
MYCKOBHUT-()EHI'HTOM C ITOBBIIICHHBIM copepxanueM Li, Rb u F. [IpoBenenHbIe ncciteoBaHNs TOKA3bIBAIOT, YTO BKPaA-
TUICHHUKH CIIIOJl UMEIOT MarMaTudeckoe IPOUCXOXKAECHHE U He TOJBEpPraiuch 0ojee MO3JHUM THAPOTEPMaTbHBIM
peoOpa30BaHMAM, YTO MO3BOJIHIIO MCIIONB30BATh UX AJIS JaTUPOBAHMS MarMaTH4eCKoi KpUCTAIIN3AIH 04ara pe-
koMeTasuibHON Marmbl BKIT.

JlatnpoBaHne MarMaTHYeCKHX IOPOJ MO 8 MOHO(PAKIMAM MYCKOBHTA, TPEH3E€HOB — IO CIMBHOMY KBapIl-
MYCKOBHTOBOMY arperary (OHKO3WHY) IPOBOIMIOCH “’Ar/*’ Ar METOIOM CTYIIEHYATOro mporpesa. Meromuka mccie-
JoBaHUH MoapoOHO ommcaHa B pabote [TpaBuH u 1p., 2009]. Bo Bcex momrydeHHBIX BO3PACTHBIX CIEKTpax Halmroma-
eTcs 4EeTKOE IUIaTO, CPEHEE B3BELIEHHOE 110 KOTOPOMY M IPUHSITO 32 BO3PACT 3aKpbIThsi K/Ar M30TOIMHON CHCTEMBI B
COOTBETCTBYIOILIEM MHUHEpAJIE.

Haubonee momozpie onenku Bo3pacrta gaek BKII — 179.7 £ 1.3 muH et u 184.3 + 1.4 MItH JIeT MOTyYeHBI IS
KaJINEBBIX OHTOHHUTOB (MJIH 3J16BAHOB) IOTO-BOCTOYHOTO U BocTouHOTO (tanroB BKII, HanGonee npeBHME OLIEHKH BO3-
pacrta mopon BKIT — 202.2 + 2.1 mitH et — Ay 376BaHOB, 00OHaKeHHBIX Ha Il pa3BeqoYHOM y4acTke MECTOPOXKIe-
HUS (cM. puc.). JIBe OIleHKH BO3pacTa, NOIyYeHHBIE U NPOTSDKCHHON aliKi U3 0CEBOW 4acTH Mosica, XapaKTepu3y-
1o1Ieiics Hanbosiee BEICOKUMHE COIEPXKaHUsIMHU Gropa, pochopa 1 peaKUX METAIIIOB, AN OJIM3KUH Pe3ysbTarT: “3ib-
BaHOBas 4acTh Jaku” — 195.0 &+ 2.1 MuH €T, “OHroHuTOBas 4acTh Jalku” — 196.1 + 2.1 MuH JeT.

Jlns rpeitzeHoB MonuOaeHOBOTO MITOKA 3HAYEHUE BO3pacTa Iu1aTo coctaBmio 188.8 + 1.4 MiTH Jet, 11 JeiKo-
rpaHUTOB J[>KyMaJIMHCKOTO U ApramMI>KUHCKOro ITOKOB — 205.9 + 2.2 n 206.6 £ 2.2 MJIH JIET COOTBETCTBEHHO, a AJIs
nermMatuToB U3 Bocrounoro mroka — 205.4 + 2.2 MIIH JeT.

[TomyueHHBIE HOBBIE TEOXPOHOJIOIHYECKUE JTaHHBIE I Topox Bocrouno-KanryTuHekoro naikoBoro mosica, B
LIEJIOM, COIIACYIOTCS C Pe3yNIBTaTaMy MPEBIIYIINX UcclenoBanuil. Tak, mpoBeneHHoe panee *’Ar/*’ Ar uzoronHoe na-
THPOBAaHHE JIBYX JTACK W3 [EHTPAITBHON YaCTH MMOsICa M €r0 BOCTOYHOTO (priaHTa fano pe3ynsrar B 202.4 + 2.0 MrH et
1 203.4 £+ 1.5 MITH IeT COOTBETCTBEHHO [ AHHUKOBA 1 Jp., 2006], a U-Pb matuposanue mo nupkony (meroq SHRIMP
IT) aByx maek w3 pymHoro mois mectopoxaeHust — 204.0 + 2.0 mua et u 200.8 + 1.1 muH et [T'yces, 2011]. OnHa-
KO IIpoBeZieHHOe HaMu MaciuradbHoe narupoBanne BKIT mo3Bonuio BEISIBUTB, YTO 1uaria3oH (GOPMUPOBAHUS JTAHKO-
Boro mnosica cocrapisier 179.7 + 1.3 — 204.0 + 2.0 muH net, T. €. ~24 MuH jet. [lomydyeHHas OLeHKa AIUTEIbHOCTH
¢opmuposanust BKII He cornacyeTcst ¢ OLieHKaMH IPOAOIDKUTEILHOCTH SBOMIOLNH 04aroB THIMYHOM PeIKOMETalTb-
HOM Marmbl B YCJIOBHSIX 3aKpPBITOH KaMepbl, KOTOPbIE COCTABJISIOT MEpBble COTHU ThicaY JieT [KocTuupia u np., 2004].

HeoObrunple 0COOEHHOCTH 3BOJIIOLMH MAaTEPUHCKUX PACIUIABOB (TPEHA B CTOPOHY OOOTAIEHMS KBapLEBBHIM
xommonenTom, ysenuaenne K,O/Na,O u jip.), 60bIIOH nHana3oH BO3PACTOB MaeK JAeT OCHOBAHHE IIPETIONararh,
YTO Pa3BUTHE odyara BOJOHACHIIIEHHOM peiKOMeTalIbHO-TpaHuTHOW Marmbl BKII HeBO3MOXHO paccMarpuBaTh B
paMKax 3aKphITON KaMephl. B 1aHHOM HccenoBaHNM MpeuiaraeTess MeXaHu3M (opMHpOBaHUS COCTaBa PACIIaBOB
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PEAKOMETAIUTBHOIO 04Yara IMyTeM B3auMOJCHCTBHS MKy TPAaHUTHOW MarMoil M KUCJIBIM BOIHBIM (IIFOUIOM, COAEP-
xanmM HCL. [T obecrnieueHnst HaOII01aeMOT0 TPEH/1A IBOJIIOLIMH HEOOX0ANMO, YTOOBI OTHOILICHHE MAacC TPAHUTHOTO
pacmiaBa u BogHoro qurorna coctaBisuio 1.5:1. Takoe KOJIUYECTBO BOIBI HE MOXKET BBIACIUTHCS U3 TPAHUTHON Mar-
MBI [IPH €€ KPUCTAILTU3ALUH U TPeOyeT ydacTsi TPAaHCMarMaTuueckoro (Ironaa U3 ApyruX UCTOYHHUKOB.

BzaumopeiicTBre MarMbl ¢ TpaHCMarMaTuueckoi quirongHor (as3oif, mpu yciioBuu oOpa3oBaHUs KOPKH 3a-
KPUCTAJUTM30BAaHHO ITOPOJIBI, IIPUBEIET K POCTY (DIIOMIHOIO AaBlICHUs, KOTOPOe (PHKCHPYETCS MO BKIKOYCHHUSIM BO
BKpaIUICHHUKaxX JalKoBBIX 1opoz. [Ipy 3ToM OyaeT mponucxXoauTh nepepacipeesicHHe JISMEHTOB MeKIy (IrOUIHOM
(ha3oil 1 penKoMeTaIbHON TPAHUTHOH MarMoii, 4To, BEPOSATHO, SBISACTCS NPUYMHON (HOPMHUPOBAHHS PYIOHOCHOTO
NOTEHIMAaJIa IpopearupoBaBiero ¢ MmarMoi Quronna. IlpeBbieHne (QIIOHIHOTO NaBiIeHHUs HaJd JIUTOCTATHYSCKUM
JOJDKHO MPUBECTH K Pa3srepMETH3AlUH KaMephbl U BHEAPECHHIO PYJOHOCHBIX THAPOTEPM B IPAHUTHI DNIABHOU (a3bl,
00pa30BaHUIO IPEH3CHOB M PYAHBIX XKW Benes 3a 3THM J0IDKHO NPOM30HMTH BHEAPCHUE PEIKOMETAIUIBHOH MarMebl
W CTAHOBJICHHE JIACK I10sIca. 3acThIBAaHNE JIacK ITPUBENET K 3aleYaThIBAHNIO 00Pa30BaHHBIX TPEIINH U T€PMETH3AINN
kamepsl. [Ipolecc, BEpOsSTHO, IEPUOTUYECKU TOBTOPSUICS, YTO MPUBEJIO K NEPECCUCHHUIO JaeK KUJIAMU U HA00OPOT.
JnuTtenpHbIi IPUTOK BOAHOTO (IIFOMIA B MATMATHYECKYHO KaMepy MOT YIJIMHHTh BPeMsl CYIIECTBOBaHHUS MarMaTH4e-
CKOTO 0Yara 3a C4eT MOCTEHEHHOr0 CHIKEHHUS TeMIIePaTyphl KPUCTAILTH3AIMHI U 00eCIeYnTh MHOTOCTaIHHHOCTh 00-
Pa30BaHUs MECTOPOXKICHHUS.

Paboma evinonnena npu noodepocxke POPHU (cpanmet Ne 14-05-00712, Ne 13-05-00471, Ne 10-05-00913).
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EVOLUTION OF MAGMA CHAMBER DURING FORMATION OF THE EAST-KALGUTY BELT OF
RARE-METAL GRANITE PORPHYRY DYKES
(SOUTH ALTAY)

L.Yu. Annikova’2, S.Z. Smirnov" >3, E.N. Sokolova' >3, S.V. Khromykh"3,
A.G. Vladimirov® %3, A.V. Travin?

'V.S. Sobolev Institute of geology and mineralogy SB RAS, Novosibirsk, Russia, iyuannikova@mail.ru
2Tomsk State University, Tomsk, Russia, labspm@ggf.tsu.ru
*Novosibirsk State University, Novosibirsk, Russia

Kalgutinsky ore magmatic system is an example demonstrating genetic links between granitic magma and
rare-element (Mo-W) ore mineralization. Its magmatic formations include Kalguty porphyric granite massif, which is
considered to be a major intrusion phase; leucogranite stocks, which are considered as a phase of additional intrusions
(from west to east Argamdji, Dzhumaly and Eastern); and East-Kalguty dyke belt (EKB), composed of Na-rich and
K-rich ongonite varieties (Fig.) [Annikova et al., 2006; Potseluyev et al., 2008]. An intersection of ore bodies by EKB
dykes and vice versa, which were observed in the field outcrops and mines obviously show that ores and dykes have
been formed simultaneously [Annikova, 2006].
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The rocks of major and additional intrusion phases of the Kalgutinsky massif are represented by peraluminous,
moderately alkaline biotite, two-mica, and tourmaline-mica granites and leucogranites. Their fluorine and phosphorus
contents are close to the average abundance in the granitic rocks. Rock-forming muscovite and tourmaline appear in
mineral composition of the leucogranites of the additional intrusion phase. Eastern leucogranitic stock is located in a
vicinity of the ore deposit and EKB. It contains abundant miarolitic pegmatites with tourmaline, muscovite, fluorite
and beryl. Pegmatites point to places of segregation of magmatic fluids, which were released during leucogranite
crystallization. The amount of pegmatitic bodies decreases outside the ore deposit area.

Compositions of dykes correspond to ongonite, which Na,O/K,O varies around 1 and are divided into Na-rich
variety and K-rich variety. The latter is sometimes referred to as elvans The belt is dominated by dykes composed of
K-rich ongonites. Major minerals of the ongonite phenocrysts are K-feldspar, albite, quartz, muscovite, and in scarce
dykes — biotite. Apatite and fluorite are subordinate. Accessory minerals are represented by tantalite-columbite, mona-
zite, xenotime, wolframite, REE tantalum-titanium niobates. Tourmaline is scarce in all types of ongonites.

EKB ongonites have specific compositions. They are featured by relatively low F (up to 0.5 wt. %) and high
PO, (up to 0.9 wt. %), which are associated with unusually high total rare alkali contents (Li+Rb+Cs up to 5000 ppm).
Thus, they should be regarded as peraluminous low-F and high-P strongly rare-metal-rich silicic rocks with normal to
moderate K,O+Na,O contents.

EKB rocks are divided into rare-metal (RM), high rare-metal (high-RM) and ultra rare-metal (URM) types
according to their total rare alkali contents. Increase of the bulk rock rare-metal contents is accompanied by slight
increase of fluorine and significant increase of phosphorus concentrations [Annikova, 2006]. The rocks, which are
most enriched in rare metals, fluorine and phosphorus compose a single long dyke in the axial part of the EKB. K- and
Na-rich ongonites gradually transform one into another within this body. K-rich ongonites of the central dyke belong
to high-RM type while the Na-rich ones — to the URM type. Thus significant differences in compositions of the rocks
are recorded both between different dykes and within a single dyke body.

Detailed study of fluid and melt inclusions in the ongonitic quartz demonstrated that phenocryst minerals crys-
tallized within magma chamber, which was located below the level of dyke crystallization. Ongonite minerals crys-
tallized from rare-metal rich granitic melts at 565-620 °C under high (4.5-6.0 kbar) fluid pressure [Sokolova et al.,
2011]. The rocks with different rare-metal contents were formed from the melts with similarly different concentrations
of rare metals. The melts were water saturated and the phenocrysts crystallized in presence of high-density aqueous
fluid. Evolution of the major-element compositions of the melts does not follow simple rare-metal magma crystalliza-
tion (differentiation) model. Normative melt inclusion compositions form trend directed to Qz corner of the haplogra-
nitic triangle with increasing K,O/Na,O ratios.

Unusual melt evolution and strong compositional differences between dykes within EKB raised a question
about factors that could control evolution of the latest magma portions in the Kalguty ore-magmatic system and the
length of the evolutional history. Radioisotopic ages of mica phenocrysts from different ongonite dykes located in
different EKB sites were determined in order to answer this question. The ages of mica from leucogranites of the
Argamdji and Dzhumaly stock, pegmatites from the Eastern stock and greisens from “Mo-stockwork™ ore body in the
central part of the Mo-W deposit were also determined for comparison.

EMP and SIMS analyses showed that the studied ongonitic mica belongs to muscovite and muscovite-phengite
series with elevated Li, Rb and F contents. Petrographic observations prove that the selected mica phenocrysts defi-
nitely have magmatic origin and their host rocks were not altered by later hydrothermal events. Thus they were con-
sidered to be suitable for **Ar/*Ar dating of magmatic crystallization of the EKB rare-metal magma chamber.

The ages were determined for 8 hand-picked sin-
gle-mineral fractions from the crushed magmatic rocks
and greisens by step heat method. The methodology is
described by [Travin et al., 2009]. All the apparent age
plots contain distinct plateau, the weighted average of
which was considered as an age of the closure of K/Ar
isotopic system.

Fig. Geological scheme of the Kalguty ore-magmatic system:
1 — undivided Devonian volcanogenic sedimentary rocks; 2 — gran-
ites of the major intrusion phase; 3 — leucogranites of the additional
intrusion phase; 4 — Na ongonite and K ongonite (elvanic) dykes;
5 — “Mo-stockwork” greisens and “Quartz core” pegmatites;
6 — sampling places and average “Ar/*’Ar ages.
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The youngest ages of the EKB dykes 179.7 + 1.3 u 184.3 = 1.4 Ma were determined for the K-rich ongonites of
the eastern and northern flanks of the belt. The oldest 202.2 + 2.1 Ma were obtained for K-rich ongonites in the eastern
EKB flank (see Fig.). The dating of two different locations in the complex central dyke, which is the most rare-metal
rich body of the EKB, gives two matching dates of 195.0 + 2.1 Ma for the Na-rich and 196.1 + 2.1 Ma for K-rich parts.

Muscovite from greisens of the “Mo-stockwork™ gives the age of 188.8 + 1.4 Ma., while muscovites from leu-
cogranites of Dzhumaly and Argamdji stocks showed plateau at 205.9 + 2.2 u 206.6 + 2.2 Ma respectively. The age of
205.4 + 2.2 Ma was determined for pegmatites from the Eastern stock.

The geochronological data, obtained for EKB rocks are in general agreement with the previously obtained data.
Two dykes from the central and northern parts of the EKB were formed respectively at 202.4 +£2.0 and 203.4 £ 1.5 Ma
according to “Ar/*Ar dating by [Annikova et al., 2006]. U-Pb SHRIMP dating of zircon from two dykes located
within the ore mineralization area provided ages of 204.0 = 2.0 and 200.8 + 1.1 Ma [Gusev et al., 2011]. Compilation
of these data show that the latest magmatic intrusions of the EKB have been occurring within much longer period of
time between 179.7 £ 1.3 and 204.0 + 2.0 Ma, i.e. ~24 Ma. This temporal range does not agree with the estimations of
life times of typical closed rare-metal rich magma chambers, which are around hundreds of thousands years [Kostitsyn
et al., 2004].

Unusual features of chemical evolution of the EKB parental melts, e.g. enrichment in normative Qz, increase
of K,O/Na,O etc, and large time span of their formation imply that the development of its water-saturated magma
occurred in an open system. Interaction of silicic magma with transmagmatic aqueous fluid is suggested as one of
possible factors governing the magma evolution. Numerical estimations showed that in order to achieve the observed
change in major element ratios granitic melt should react with HCl-bearing aqueous fluid at granite/fluid mass ratio
1.5:1. Such amount of water cannot be released from the crystallizing magma with about 10 wt. % of dissolved water.
Thus large input of aqueous fluid from another source is necessary.

Interaction of magma with a transmagmatic fluid phase along with formation of the crystallized carapace of
the chamber should result in increase of fluid pressure, which was documented by the fluid and melt inclusion study.
Possible fractionation of metals between melt and aqueous fluid may control ore potential of the resultant aqueous
phase. Fluid overpressure triggers the carapace breakup and injection of ore-bearing fluids into granites of major in-
trusion phase and formation of greisens and ore veins. Fluid injection should be followed by extrusion of rare-metal
rich magma and formation of dykes. Solidified dykes sealed the fractures and isolate the magma chamber. The process
repeated periodically in the same locations. This is manifested by mutual intersections of dykes and ore veins. Long-
lived fluid flow into magmatic chamber can prolong crystallization of magma due to gradual decrease of the magma
solidification temperatures and lead to multistage formation of the ore-magmatic system.

This study is a compilation of data obtained under support of RFBR grants (14-05-00712, 13-05-00471,
10-05-00913).
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TPAHUTOHUJIbI PA3JIMYHBIX TEOXUMUYECKUX TUIIOB TPUBANKAJIbSI,
NCTOYHUKU MATM U TEOJIUHAMHUKA

B.C. Autunun, H.B. I'opsiayeBa, A.B. Ilepenenos

HUnemumym eeoxumuu um. A.I1. Bunoepadosa CO PAH, Hpkymck, Poccus
antipin@jigc.irk.ru

KoHTHHEeHTanbHas 3eMHast Kopa B 3HaYUTEIBHONW Mepe 00pa3oBaHa MOpoJlaMy IPAaHUTOMTHOTO COCTaBa, KOTO-
pble popMHPOBATTHCEH B YCIIOBHUAX Pa3JIMUHBIX T'€OMHAMUYECKUX 00CTaHOBOK. YCTaHOBIIEHO, YTO OCOOCHHO LIMPOKO
TPAaHUTOUIHBIN MarMaTH3M IpPOSIBJICH B COBPEMEHHOM AJIBITUICKO-] nManaiickom U Gojiee APeBHUX KOJUTM3UOHHBIX
nosicax. JlocTaToyHO MacIITaOHBIM SIBIISIETCSI €70 PA3BUTHE BO BHYTPHILIMTHBIX T€ONMHAMHYECKUX YCIOBHUSX, B TO
BpeMsI KaK B OCTPOBOIYKHBIX 00CTaHOBKaX IPaHUTOMIHBII MarMaTu3M NpOsIBIIEH MEHEe MHTEHCUBHO U, TVIABHBIM 00-
pa3oM, Mpy HaJIMYMH 3pesiod KOHTHHEHTANILHOM Kopbl. HecMoTpst Ha opMHUpOBaHHE TPAHUTOUIOB B YCIOBUSX pa3-
JIMYHBIX T€OJJMHAMUYECKUX PEKUMOB, YACTO MPOSBIISIETCS] CXOICTBO MX BEIIECTBEHHBIX XapaKTEPUCTUK, YTO MOXKET
OTIPEAEIATHCS OIM30CThIO (PU3UKO-XUMHUYIECKUX YCIOBUI 00pa3oBaHus nopoj. B Hanbobpnielt Mepe MHANKAaTOpaMu
TeOJMHAMHYECKHX yCIOBHH (POPMUPOBAHHS TPAHUTOUIOB MOTYT OBITh TEOXMMHUYECKUE JaHHBIC.

B 1oxHOM ckiaguarom oOpamiiennn CHOMPCKOTO KpaToHa Pa3HOBO3PACTHBIM TPAaHUTOWAHBIA MarMaTu3m
NPEe/ICTaBICH OATOJIMTAaMHM, OTJCIBHBIMU KPYITHBIMH MacCHBaMH, HEOONBIIMMH MaJIOTTyOMHHBIMH HHTPY3USIMH U
MHTPY3UBHO-JalKOBBIMH TIOSICAMH C Pa3HOOOPa3HBIMHU BEUIECTBEHHBIMH XapaKTEPUCTUKAMH MOPOJ. YCTaHOBIIEHO,
410 (hOopMHpOBaHME IPAHUTOUIOB CBA3aHO KaK C KOJUIM3MOHHBIM PaHHENAJIC030MCKUM ITAIOM Te0JIOTHYECKOTO pa3-
BUTHSI PETUOHA, TaK M C BHYTPUIUTUTHBIM MarMaTH3MOM CpEIHe- ¥ MO3Henaneo301icKoro Bo3pacta. B Bocrounom
[MTpubaiikanbe B ieHTpe OOMIMPHOTO TTO3/IHETIaIe030 CKOT0 apealia Marmariu3ma copMupoBaics AHrapo-Burumcknit
GarTonuT ¢ npeodiIaaHueM IPEUMYIIIECTBEHHO KOPOBBIX MAIMHI'CHHBIX H3BECTKOBO-IIEIOYHBIX TPAHUTOHIOB [ SIpMo-
mok, Koanenko, 2003; AuTunuH u ap., 2006; L{sirankoB u ap., 2007].

Pannenaneo3olickuii rpaHUTOMIHBIAH MarmaTuaM 3amagnoro u HOxuoro Ilpubaiikanes (xp. Xamap-/laOaH,
0. OJIbXO0H) MMPOSIBJICH B aBTOXTOHHOM M QJUTOXTOHHOH (halMsiX ¥ NPEICTaBIEH MTOPOIaMH Pa3InYHBIX TE€OXUMHYECKUX
TunoB. [IpogomknTenbHOCTE (OPMUPOBAHMS TPAHUTOUAOB XaMapAadaHCKOTo KOMIUIEKca B mHTepBaje 516—490 miH
JIeT, mapa”nypckoro komiuiekca — 505—477 mnn net. Cpeau HUX BbIIEJICHBI TOPOJBI HOpMaIbHON Na-11eJ0YHOCTH
(MHrMaTUTHl M TUIATMOTPAHUTHI), U3BECTKOBO-1eouHbIe (K-Na rpaHuThl u JieiikorpaHuTsl) U cyOlienouHsle (Tpa-
HOCHEHHUTHI M KBapIEBbIC CHEHUTHI) TpaHUTONABL. [10po/Ibl H3BECTKOBO-ILEIOYHOTO U CYOIIEIOYHOTO COCTaBa MOTIIN
(hopMupOBaTHCS TPH AHATEKTUYECKOM IUIABJICHUH APEBHETO CIaHIEBO-THEHCOBOTO CyOCTpara, K KOTOpOMY OHH O1n3-
KU 10 00IIEMy XUMHYECKOMY U PEAKOIIEMEHTHOMY cocTaBy. CpaBHEHHE X F€OXUMUYECKHUX XapaKTEPUCTHUK C Tpa-
HUTOWJAMH COBPEMEHHBIX U JPEBHUX KOJUTM3HOHHBIX 30H ('mMmanau u Llentpanbuas Mcnanus) mONTBEPIMIO CXOA-
CTBO IVIaBHBIX BEIECTBEHHBIX 0COOEHHOCTEH IrPaHUTONIHBIX MOPOJI M 3aBUCUMOCTH OT COCTaBa IPOTOJIHTA.

Ha mpuMepe mo3qHenaneo30UcKoro CyoIeIouHoro MarmarusmMa xp. Xamap-Jladan (Xonsypraiickuii Maccus,
331,6 MJIH JIeT) YCTaHOBJICHO, YTO MpHU (HOPMHUPOBAHUN MOHIIOTUOPHUT-CHCHUT-ICHKOTPAHUTHON CEpUH 3HAUUTECITh-
HOHM OblJIa PoJIb MPOLECCOB THOPHUAN3MA M aCCUMIISIIIMU TIPH CMEIICHUH BEPXHEMaHTUHHOW 0a3ajbTOMIHON Mar-
MBI U 00pa30BaBIIMXCS TOJI €€ BO3MCHCTBAEM BBIIUIABOK I'paHUTHOTO cocTaBa [Kasummposckuii, 2006]. Ha yua-
CTHe DIIyOMHHOTO MCTOYHHKA YKa3bIBAIOT HHU3KWE 3HadeHHs Rb/Sr oTHOuIeHMs u mepBUYHOrO oTHOIeHHs *7Sr/*¢Sr
(0,70592+0,00021) B noponax. [loimyueHHbIe JaHHBIE CBUIETENBCTBYIOT O IIMPOKOM YYaCTHU MaHTHHHBIX MarM MpH
(hopMHpPOBaHNH BHYTPUILIUTHBIX CHEHHUT-JICHKOTPAaHUTHBIX CEPUH B IIEHTpaIbHON yacTh xpedra Xamap-/laban.

DBOJIONHS MTO3HENAIC030HCKOT0 TPAHUTOUAHOTO MarMaTi3M B XamapJa0aHCKOil POBUHIIMU XapaKTepHU3y-
eTCs Pa3BUTHEM PEIKOMETAIUILHBIX MOPOJ, O0ObENUHIEMBIX B Ypyryaei—Y TylIUKCKHHA UHTPY3HUBHO-IaHKOBBIH IMOSIC
cpenu gokeMOpuiickux Meramopduueckux toiml. [lo3nHekapooHossie (311-321 miH siet) MHOrO(ha3HbIe HHTPY3UU
peaKoMeTaluIbHBIX TpaHuToB (Xaparynbckas, buty-/xunanHckas u YpyryaeeBckas) 00pa3oBaHbl OMOTUTOBBIMHU T'pa-
HUTaMH paHHeH (asbl, KOTOpbIE Ha MO3HEM 3Talle CMEHSIOTCS TUIIMYHO PEJKOMETAaUILHBIMH TOIMA3COAEPIKAIMMHU
aMa30HUT-aIbOMTOBBIMU TpaHUTaMH. B cyOBynkaHM4Yeckod (anuu mosca MOIIHbIE JTaHKH CyOLIETOYHOTO COCTaBa
(MOHIIOHUT-NIOP(UPEL, TPAHUT-TIOPHUPEIL, FTEBAHBI) CMEHSIOTCS CEpHEil MaJOMOIIHBIX JJTa€K OHTOHUTOB, TOMA30BbIX
PHOJIUTOB U peXe TOIAa3uTOB. B 1aifkoBOM mosice MITOK JISHKOIPaHUTOB CIIOXKEH PEKOMETaUIbHBIMU PAa3HOBHTHOCTS-
M ¢ Li-cironamu, Torazom, GroopuToM U KpHoUToM. C HHTPY3HBHO-IaHKOBBIM KOMITJIEKCOM aCCOLMUPYET PyAHAS
muHepanuzanus Sn 1 W. [leTpoxumudeckast 3BOJIOIMS BHYTPUIIUTHOTO MO3IHENAIE030HCKOTO PEIKOMETAILTBHO-
IPaHUTHOrO MarmarusMa xpedra Xamap-/laban xapaktepusyercs pocToM cofepxanuii Na, O ¥ yMEHBIIEHHEM CO-
aepxkanuii FeO ., CaO n K,0 B no3auux oGpasosanusix. [eoxuMnaeckie 3akoOHOMEPHOCTH BBIPAXKAIOTCA B BO3pAc-
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Crhaiizepauarpamma pacrpeaesieHus peAKHX 3JeMEeHTOB B rpaHuTonaax [Ipubaiikanbs.
KosnusnonHble rpaHUTOUABL: 1 — GHOTHTOBBIE IPAHUTHI, 2 — JIeHKOrpaHuThl (0. ONBXOH), 3 — OHOTHTOBBIE IPaHUTHI (Xp. Xamap-
JlabaH); BHYTPUIUTUTHBIC TPAaHUTOUBI: 4 — OHOTUTOBEIEC TpaHUTHI (Xp. Xamap-/labaH), 5 — neiikorpanutsl (Xp. Xamap-/laban).

TaHUM B 3TOM HampasieHun KoHneHTpamwmii F, Li, Rb, Cs, Sn, Be, Ta u Pb ¢ omHOBpeMEHHBIM CHIDKEHHEM COZCPIKA-
Huit Ba, Sr, Zn, Zr, Th u U. AHamorudnoe pacrpeeicHue 3IEMEHTOB ObLIO YCTAHOBJICHO B TIOPO/IaX CyOBYIKaHIYE-
CKOH1 (paruy mosica, 4TO MOATBEPXKIAET OTHECEHHE TPAHUTOB U CONPOBOXKAAIOIINX MX AaeK K €IMHOMY MHTPY3HBHO-
JaiikoBoMy Ypyrynel-Y TyIUKCKOMY KOMILIEKCY.

[TonyueHHBIE N30TONHBIE XapaKTEPUCTUKU T'paHUTOB burty-Jlxuauackoro mMaccusa (311 muH set), a UMeH-
Ho ¥'Sr/*Sr (0.705312-0.706187) cornacyrotes ¢ MOAENbio (pOPMUPOBAHIS HHULMAIBHBIX PACIUIABOB HA YPOBHE
HIDKHUX TOPH30HTOB KOHTHHEHTAJILHOW KOpBI. BemiecTBo HIKHEW KOPBI MOIVIO UMETh COCTaB 00OTAIEHHBIX JIUTO-
(DMUIBHBIMM PEKUMHU DJIEMEHTaMH OTHOCHTENBEHO MAaHTHUHM OMOTHT-coAep)Kaliux rpaHyiautoB. IIpm aTom cocraB u
M30TOITHO-TE€OXMMHUUECKIE 0COOEHHOCTH MPEATOIaraeMoro MarMooopasyromero cyocTpara BIIOJIHE OTBEYAIOT XapaK-
TEpUCTUKaM ApeBHEl TokeMOpuiickoli KOHTHHEHTaIbHOM Kopbl KOxHoro I1pubaiikanbs ¢ cpeJHIM MOJETBHBIM BO3-
pactom T =1260 My JIeT. DTH BBIBOJIbI COMTIACYHOTCS € PE3YIBTATAMH TIPEUIECTBYIOIIUX UCCIIENOBAHUI PEIKOME-
TaJUIbHBIX TPAHUTOB B Apyrux peruoHax LlentpansHoit Asuu [KoBanenko u ap., 1999].

JIyist BBISIBIICHUSI MHIMKATOPHBIX TEOXMMUYECKUX 0COOEHHOCTEH KOJUIM3HOHHBIX M BHYTPHUIUIUTHBIX TPAHUTO-
U/I0B OBIJIO IPOBEAEHO CPaBHEHNE HaNOO0JIee THIMNYHBIX Pa3HOBHIHOCTEH PAHHETIAIC030MCKOTO H MTO3THEIAIC0301-
ckoro marmaru3ma I[Ipubaiikansst. [Ipu 3ToM cpaBHHBaINCH OAHOTHITHBIE TOPOBI C ONMU3KUMU ETPOrpadUueCKIMU U
METPOXUMHUYECKUMH XapaKTepHCTUKaMH: HanboJiee pacipoCcTpaHeHHbIE TIaBHbIE (ha3bl OHOTHTOBBIX IPAHUTOB, UME-
IOIINE 3HAYUTENLHO MEHbIIIee Pa3BUTHE JICHKOTPaHUTHI, 00pa3yromiye HeOOoIbIINe Tella JONOIHUTENBHBIX (a3, a Tak-
K€ KBapLIEBbIe CUEHUTHI, KOTOPBIE MOIYYMIN PA3BUTHE KaK B CBSI3U C PAHHENAIC030MCKUM KOJIITM3HOHHBIM, TaK U Cpe-
JI TIO3/THETIAJIE0301CKOT0 BHYTPHIUIUTHOTO MarMaru3Ma. JlaHHbIe TaKOro CPaBHUTEIHHOTO T€OXUMHYECKOTO aHaJIH-
3a TPAHUTONIHBIX MOPOJ, (POPMHUPYIOMINXCS B TEONMHAMHUECKHIX yCIOBHSIX, IOKa3aHbl HA IUarpaMme (CM. pUCYHOK).
Ha Heil 1ocTaTo4HO XOPOIIO BUIHO, YTO PEAKOINIEMEHTHBIH COCTaB KOJUTM3MOHHBIX OMOTHTOBBIX TPAaHUTOB U JICHKO-
I'PaHUTOB BeChbMa OJIM30K K CPETHEMY COCTaBy KOHTUHEHTAJIbHOW KOPBI U JIMIIb HECKOJIBKO ITPEBBILIAET CPETHUN yPO-
BEHb CONICp)KaHU B HeW Takux 3neMeHToB Kak K, Rb, Ba, Pb, Th, U.

[Merpoxumudeckn OIM3KHE K HUM BHYTPHIUIMTHBIE OMOTUTOBBIC TPAHUTHI U JIEHKOTPAHUTHI, PEICTaBICHHBIE
PEeIKOMETAIUTBHBIM TE€OXHMHUYICCKIM THIIOM ITOPOJ, CymiecTBeHHO oboramieHs! Li, Rb, F, Sn, Nb u Ta. IIpu 3ToMm B 0T-
JMYHE OT KOJUTM3MOHHBIX JIEHKOTPAaHUTOB MX BHYTPHUIUIMTHBIC aHAJIOTH B HanOomnbIeil mepe oboramens! Li, F, Sn u
Ta, uTo oTpakaet ux obpa3zoBaHue U3 NIyOoKo AuddepeHIPOBAaHHBIX OCTATOYHBIX MarM. KBapiieBbie CHEHUTEHI, CBSI-
3aHHBIE C KOJUIM3MOHHBIM I'PAaHUTOMIHBIM MarMmaTu3sMoM [Ipubaiikanbs, Takke XapaKTepHU3YyIOTCS 3HAYUTENBHO 00-
Jiee HU3KUM YPOBHEM COJEp)KaHHH OOJBIIMHCTBA JUTOQUIBHBIX, XAIBKOQHUIBHBIX M PEIKO3EMEIbHBIX JIEMEHTOB
MO0 CPABHEHUIO C BHYTPUIUIUTHBIMYM CUECHUTAaMH, KOTOPBIE MPOSBIECHBI B COCTaBE MO3IHENANIE030CKOM MOHIIOHUT-
CHCHHT-JICHKOTPaHUTHOH cepun Xp. Xamap-J/labaH.

Hccnedosanus nposooames npu punancosoii noodepoicke Mnmezpayuonnoeo npoexma CO PAH Ne 17 u Ha-
yunou wxonvt HIII-5348.2014.5.
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IHNETPOTEHE3UC U PYJOHOCHOCTb T'PAHUTON /OB CPEJNHHOI'O U IO’KHOT'O TAHb-IITAHSA
(PECITYBJIMKA Y3BEKUCTAH)

P. Axynnxanos, C.C. Caiinuranues, C.O. 3enkoBa, ®.b. Kapumosa

Hnuemumym eeonocuu u eeopuzuxu um. X.M. Aooynnaesa AH PY3, Tawxenm, Y36exucman
rkh.akhundjanov@mail.ru, salanj-1812@mail.ru

Teppuropust Y36ekucTana siBJsIeTCSl OJJHOHM M3 KPYIHBIX MeTporpaguyeckux NpOBUHIMK A3nH ¢ peoliaiaro-
MM pa3BUTHEM TPAaHUTOUIHBIX OATOJNTOB, TECHO CONPSDKEHHBIX ¢ MAJIBIMU MHTPY3UsIMH U Aaiikamu. K HacTosmie-
MY BpEMEHH, Ha OCHOBE (hOPMAIMOHHOTO aHAJIN3a Pa3padOTaHbl MEXXPETHOHAIBHBIE CXEMbI KOPPEJISIIMN MTaJIC030MH-
CKUX Marmaruueckux obpaszoBanuit Cpeannaoro u FOxnoro Tsaup-1llans. Kak rmaBuslii Tpeny dopmupoBanus 6a-
TOJUTOB Y30€KHCTaHa BBIJIENICH TUOPUT (KBapLEBBIH JTHOPUT)-TPaHOIUOPUT-TPAaHUTHBINA psift popmannii. [TomydeHs
HOBBIE JIaHHBIE 00 a0COJIIOTHOM BO3pPacTe, COCTAaBEe IPAaHUTOMJIOB, IIOPOAO0OPA3YIOIIUX U PYAHBIX MUHEPAJIOB, a TaK-
)K€ KCEHONUTax U (IIIOUIHBIX 000Cco0IeHsX. Pe3ynbTaTsl ncciae0BaHnii O3BOJISIIOT MOAOWTH K BOIIPOCY O Xapak-
Tepe (OPMHUPOBAHMS IPAHUTOMIHBIX MarM B OJIOKax JUTOC(Ephl ¢ CHATMUECKO-(PEMUIECKAM M CHAIMYECKUM THIIa-
MU 3€MHOM KOPBI.

I'panuTOMIHBIC MTYTOHBI Y30eKHUCTaHa 00pa30BaHbI B TeueHue kapOona u nepmu (310-270 mun set). O6pa-
3yI0T MEX(OPMaIMOHHBIE OJHO- U JABYXSPYCHBIC JIAKKOJIMTOOOPa3HbIE, aJUIOXTOHHBIE TeJla C BEPTUKAIBHBIM pa3Mma-
xoM 5-10 kM u Gosee, pa3MeIIeHbl MEXAY JOKeMOPUIICKMM CyOCTpaToOM M MaJIC030MCKNUM CKIIa4aThiM OCHOBAHUEM.
HIMeroT MHOTOUHCIICHHBIE BBICTYIIBI M IITOKOOOpa3HbIe arnodu3bl cpeiy 0CaouHO-MEeTaMOP(PHUYECKUX, KapOOHATHBIX
Y BYJIKQHOTEHHBIX TOJII. [ OMOAPOMHOCTE (hOPMUPOBAHUSI OTPAKEHA B BO3PACTHOW MOCIIEJOBATEILHOCTH, MOBBIIIE-
HHUH KHCIOTHOCTH, O0IIEeH MENTOYHOCTH, NIMHO3EMUCTOCTH, TIOHHXEHHH OCHOBHOCTH ¥ ()EMUYHOCTH NOPOJI [ DBOIIO-
..., 1986; Janmumos, 2010]. B rpannTongax demudeckas 4yacTh NpeCTaBIeHa POroBOl 0OMaHKON U OMOTUTOM.
CocTaB naruoknasa cOOTBETCTBYET, [TIABHBIM 00pa3oM, aHie3uHy-nabpagopy (An,,  , THOPUTHI, KBAapLEBbIE THOPH-
ThI), anze3uHy (An,, ., TPaHOIXMOPUTHI) ¥ OJNMIOKNa3y (An . ., TpaHuThI). Kanneso-HaTpueBbId MoneBoH mmar npes-
CTaBJICH B OCHOBHOM OPTOKJIa30M, B TPAHUTAX OTMEYACTCsl U MUKPOKINH-NIepTUT. Ha kitaccnpukanmoHHbIX quarpam-
max SiO, — (Na,0+K 0), A~ Q — P u Ab — An — Or 5Tu 1OpOJIbI pa3MEIAIOTCS B COOTBETCTBYIOMIMX MOJIAX M 00pasy-
10T €IMHBIA N3BECTKOBO-IIENIOYHON TpeH . OHU COOTBETCTBYIOT HOPMAILHOMY DS/, KalNeBO-HATPHEBOW CEPHH, BbI-
COKO- (JMOPUTBHI, KBaplLIEBbIE TUOPUTHI) H BECbMa BHICOKOIIMHO3EMHCTHIE (TPaHOIUOPUTHI, rpaHuThl). Habmonaercs
yBennYeHne Kod(h(UIreHTa armauTHOCTH, NIMHO3EMHUCTOCTH, JKEJIE3UCTOCTH M YMEHbIIEHNE ()eMUYHOCTH, a TaKXKe
OTHOIIIEHHS HAaTPpHsI K Kanuio. B Bocrounom Y30eknucrane 000co0ieHbl HHTPY3UBHI, ciioxeHHbIe Li-F nelikorpanura-
MU, IPU3HAHHBIC Kak peakoMetaionocusie (Li, Be, W, Mo, Sn, U, P33 u ap.). AGCOMOTHBIH BO3pacT 3TUX MOPOJI B
npeaenax P—T (285-242 mnH. net). Li-F nefikorpanuTsl cyOIIIeIouHOT0 psiia, KaTueBO-HATPUEBOI CEpUH, BEChMa BhI-
COKOTJIMHO3EMUCTHIC, ¢ Kod(durmentoM mrHo3emuctoctd 0,8-0,9. TTopoas! kopyHaHopMaTuBHEIE (¢ = 0,82-1,29),
001a/1a10T HU3KOH (PeMUYHOCTBIO, BEICOKOH JKENIE3UCTOCTBIO U IIUPOKO BaphUPYIOIINMH 3HAYCHUSIMU CTETIEHU OKHC-
nerHocTH xkene3a. Tena Li-F nefikorpaHuTOB MPOCTPAHCTBEHHO TECHO COBMEIICHEI C TaifkaMKi OHTOPHOJIUTOB U OH-
roHuTOB. [TomyueHHbBIe HAMH pe3yNBTAThl XapaKTEPHU3YIOT BhIIIICyKa3aHHbIH psijl popManuii Kak reTeporeHHbli, oopa-
30BaHHBIN U3 PA3IMYHBIX TEHETUYECKUX THIIOB MarM.

B CpenunHom TsHb-11laHe mposiBIeH MaHTHHHO-KOPOBBIH THII C CHAIMYECKO-(heMHYECKHM TpoduiieM
PYAHO-MarMaTH4eckod CHUCTeMBbl. Pa3BHUTBI ceMelcTBa CKapHOBO-MarHETHUTOBBIX, MOJUMETAUIMYECKUX, MEIHO-
MOJIMOJICHOBBIX, 30JI0TO-TIOJIHCYIB(QHUIHBIX, CEpeOpO-ITOIUMMETAUTHUECKIX, PEAKOMETAUIBHBIX U JIpyrux Qopma-
il ¢ MHTPY3UAMH CPEIHEr0 M KUCIOro cocTaBoB. Y otux mopox (*'Sr/*Sr) = 0.706-0.707, xapaktepHoe a1 cMe-
IIaHHBIX TUIIOB MarM. HayanbHbIe M30TOIHBIE OTHOLIEHNE CTPOHIMS y rpannTon10B FOxHoro Tsub-111ans kopoBbie
(¥St/*8r), = 0.708-0.715, uxX BeIMYMHA 3HAYUTEILHO YBEJIMUYMBACTCS K KOHEUHBIM (azaM (HOPMHUPOBAHHS TLITYTO-
HOB, YKa3bIBasl Ha MOBBIILICHHUE POJIM MaTepHaia cyocTpara. PaciiaBbl 5THX IrpaHUTOMIOB OTHOCSTCS K MAJIWHICHHO-
aHaTeKTUYECKOMY THIy. J[JIs Hero xapakrepeH cHaln4ecKuil MpoQuiIb pyIHO-MarMaTHiecKux cucreM. Pa3BuThl ce-
MeHcTBa (IIFOOPUTOBBIX, OCPUIIIMEBBIX, PEIKOMETAIUIEHO-BOIL(PAMOBBIX, MOJIHOICHOBBIX, OJOBSHHBIX, TpadHTO-
BBIX, 30JI0TBIX, 30JI0TO-CEPEOPSHHBIX, 30I0TO-NONUCYAb(GUAHBIX U IpyruX (GOpMalMii B aCCOLUALINH C TTO3IHETIANE0-
30M{CKMMH I'PaHUTOUTHBIMH UHTPY3HSIMH.

Koppensiuust nopon cyocrpara u rpanuronnoB 6aronutos KOxuoro Tsub-1lans mokazana 61u30CTh XMMHUYe-
CKOTO M HOPMAaTHBHOTO COCTaBOB CAJMYECKOW 4acTH MeTaMOp(UYECKUX MOpOoJ JOKeMOpHUS M AMOPHUT (KBAapILIEBBIN
JIMOPUT)-TPaHOTUOPUT-TPAHUTHOTO psiia popmanuii: ampuOoNInTaM OIM3KO COOTBETCTBYIOT KBapIEBHIC IHOPHTEL,
rHelcaM M KPUCTAJUTMUECKUM CJIaHIIaM — TPaHOAMOPHTHI U TPAHUTHI, AaHATEKTUTaM U MUTMaTUTaM — JIEHKOTPaHUTEL.
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[IpencraBnsiercs, 9To nepeMenieHue HCXOAHBIX MarMaTH4eCKUX 04aroB M3 HIDKHHUX YacTel JOKeMOMHCKoro cyocTpa-
Ta B BEPXHHUE SIBUJIOCH IPUYNHOM (OPMHUPOBAHUS I'PAHUTONIHOTO psifa hopMannii KBapIeBbIi THOPUT-TPAHOIHOPHUT-
rpanuT. B nmpenenax Cpexnnnaoro Taup-11laHs rpaHUTONAHOMY Iy TOHH3MY NPEIIECTBOBAN pAaHHEKapOOHOBHIH rad-
OpounnHsii (0a3aNbTONIHEIN) MarMaTu3M. BepTukanbHast MUTpanysi 04aroB Marmbl U3 0a3ajbTOBOTO CIIOS B INOPH-
TOBBIH (aM(pUOOTUTOBBIN) U TPAHUTOBHIN (THEHCOBHII) 00yCIOBIIIa 00pa30BaHHE CMEIIAHHOTO THUIIA MarM, C(OpPMHU-
POBABIINX AUOPHUT-TPAHOAUOPUT-TPAHUTHBIN psint popmarmii. Takum 0Opa3oM, BBISIBISETCS Pa3HOPOAHOCTh T€HE3H-
ca MarM (TaJIMHIeHe3 CHAIMYECKIX METAa0Ca 0YHbIX TOJII U IIePEIUIaBIeHHE MaTEPHHCKOTO CyOCTpara Mo BO3eH-
CTBHEM Ma(MUYECKHX PacIUIaBOB — MarMaTn4ecKoe 3aMelleHHe, ACCUMIIISLNSA). DTOT BBIBOJ 0OOCHOBBIBAETCS TAKKE
HCCIIEIOBaHUSIMH XapaKTepa pacipe/eNIeHNs PEAKO3eMeIIbHBIX AJIeMeHTOB. [loka3areneM KOpoBOH MPEAbICTOPUH Tpa-
HuronnoB fOxxHoro Tsub-1lans sBisiercs: O1M3K0e COOTBETCTBHE HAKIIOHOB BEKTOPOB, MOIYYSHHBIX 1T KBAPIIEBBIX
JMOPUTOB, TPAHOANOPHUTOB, TPAHUTOB M HAJMYHE BO BCEX 3THX MOPOJIax ITyOOKOro eBPOIHEBOr0 MUHUMYMA. JTa 3a-
KOHOMEPHOCTh HapylleHa B AUOPHUT-TPAHOANOPUT-TPaHUTHOM psiny dopmanuii Cpenunnoro Tsup-11ans, uto 00b-
SICHSIETCS BIIMSIHAEM OCHOBHOM Marmbl Ha CHaJIMUECKHH cyOcTpaT mpyu 0Opa3oBaHMM CMEIIAHHOTO THIA MarM (MaH-
THs + kopa). OnpeneneHusiMHA adcomoTHOTO Bo3pacta rpanutonnos (K-Ar, Rb-Sr, U-Pb metozpr) ycTaHoBIeH HEKO-
TOPBIA BpPeMEHHOH pa3phIB B UX (hopMupoBanu. I panuroodpazoanue B CpenuaHoM TsHb-111aHe Ob110 HaUYaTo OKO-
10 10 mutH ner panbie, yeM B FOxHOM Tsanb-1lane. O1o siBIeHHE 0OBSICHUMO C TIO3ULINH ITPEACTABICHUI 0 MaHTHH-
HBIX AUANNAPAX U TOPSTIUX TOUKAX.

W3ydenune acconmanny WHTPY3UBHBIX M PYAHBIX (OpPMAIMii 1TOKA3aJ0, YTO C IPAaHUTOMIHBIMH MHTPY3HBAMH
CBSI3aHO OPYJCHEHHUE YCPHBIX, IIBETHBIX, PEAKHIX U OJarOpOTHBIX METAIUIOB [ AXYHIKAHOB 1 Ap., 2009]. [ToTeHnmans-
HO PYIOHOCHBIMH SIBJISIFOTCSI MaCCHBBI — allo(H3bl, CIIOXKEHHbBIC AUOPUTAMH M KBapLEBBIMH Auoputamu — I ¢asa, rpa-
Hopmopuramu — 11 ¢asa, rpanuramu — 111 ¢a3za n neiikokparoBeiMu rpanutamu (amsickuramu) — IV ¢asa. B ckaphax,
MerMaTuTax, arorpaHnTax, rpeizeHax cocpenorodeHsl pynsl Fe, Cu, Pb, Zn, penkux meramios (W, Mo, Sn, Li, Be,
Nb, Ta, P30 u np.). B HanuHTpy3UBHBIX 30HaX, PEAKO — BHYTPH MacCHBOB pa3MelIEHbl YHHKAJIbHBIEC M KPYIIHbIE Me-
CTOpPOXJICHNUS 30110Ta U cepedpa: MypyHnray, Koknarac, Kocmanaun, Oxokerniec, AManraiiray, Hapmuran, ['yxxymcai,
Capmuu, MapmpkanOynak u ap. Ilpencrasisercs, 4To 3TO SBISETCS CIEACTBHEM MarMaTH3Ma, CBS3aHHOTO C Pa3HO-
POMHBIMHA MCTOYHHKAMH, IEHCTBOBABINME B TeueHne C-P . Jlns rpaHUTOMIOB CyIIEPTHTaHTCKOTO MECTOPOKIEHHUS
3010Ta MypyHTay, pasmelieHHoro B LleHTpanbsHO-KBI3bIIKYMCKOM pernoHe, yCTaHOBJIEHA Pa3IndHas IPUpOaa pac-
TUIABOB MHTPY3MBOB, 00Pa30BaHHBIX B paHHeH nepmu. buoturossle rpanuTsl CapAaprHCKOTO IITOKA MPH 3HAYEHH-
sx a0COIMOTHOTO BO3pacTta 286,2+1,8 MITH JIET IMEIOT HaYaJIbHbIE N30TOITHBIC OTHOUICHUS (87Sr/8"Sr)O= 0.70789+12,
YKa3bIBaIOIIEe HA MAHTUIHO-KOPOBBII HCTOYHUK. MypyHCKHE alIICKUTOBbIE TPAHUTHI, BCKPbIThIE CKkBaskuHOU CI'-10
B uHTEpBasie ry6un 40054250 M umeroT O1u3KKe 3Ha9eHus Bo3pacTa (287.2+17 mus set) u (*'Sr/*Sr) = 0.716£15,
CBUJICTENIBCTBYIONIME O KOPOBOW MPUPOIE WX MarMmbl. PyOuanii-cTpoHIIMEBBIMHU HCCIIEOBaHUAMH MypyHTayCKOTO
ckpbiToro rpanurongaoro narpysusa B UTul’ AH PY3 (C.C. Caiinuranues) moiydeH Bo3pacT 283+8 MIiH JeT u
(¥’Sr/*Sr),= 0.7054. ['maBHas cTajus 0Opa3oBaHKs 30J10TOTO OPYJAEHEHU UMEET Bo3pacT 287,5+1,7 MilH JIeT, To ecTh
OnMM3KHMit K BpeMEeHH 00pa30BaHUs TPAHUTOB MypyHTAyCKOTO CKPBITOTO HHTpY3uBa [Pymuble. .., 2001]. Mukpo3oHmo-
BBIMH aHAJIM3aMH B TPAHUTAX YCTAHOBJIEHBI aKIIECCOPHBIE IIMPKOH, MOHALIUT, TOPUT, YPAHUHHUT, pACCESHHbBIE KPUCTAI-
JIbI apCEHONMPHTA, TUPHUTA, XaJIBKOITUPUTA M MEIIKHE 3€PHBIIIKHA caMmopoHoro 3oi0Ta. M.X. XampabaeBsimM [DBoImo-
s ..., 1986] caemaH BBIBOXI O TOM, YTO CKPBITHIA TPAHUTHBIN WHTPY3HUB SBISACTCS OXHAM M3 BAXKHBIX (pakTopoB ¢op-
MHUPOBaHHS MECTOPOXKAEHUH MypyHTayCKOTO PYJHOTO TIOJIS.

[TanuHreHHO-aHAaTEKTUYECKUH THIT MarM OBUT Pe3yJIbTaToOM BBIIUIABICHUS 3HAYUTEILHBIX OOBEMOB PacIliIaBOB
pu MHOTOKpatHOU (0T a3kl k (pase) mepepaboTke HIDKHEH U BepXHEH KOPBl KPEMHEIIETOYHBIMA (piiroramu, 000-
TallleHHBIMH PYAHBIMH U JICTYYHMH KOMIIOHEHTaMH. DTUM ObUIA 00YyCIIOBIIEHA 30JI0TO-PEIKOMETAIIIbHAS METaJLIoTe-
HH4eckas crieranuzanys Keizpuikymo-Hyparuackoro pernona. CmenianHbIH THIT (MaHTHHHBIN paciulaB + cHaInde-
CKast Kopa) sIBJISUICS Pe3yJIbTaTOM B3aNMOACHCTBUS ybTpada3uT-0a3UTOBBIX MarM ¢ KOPOBBIM BEIIECTBOM. DTO OTpa3-
WJIOCH Ha IIPOSIBICHUH JKEJIE30PYAHO-METHO-TTOINMETAIITNYECKOTO, 30J0TO-CEPEOPSIHOTO U PEAKOMETAIIILHOTO OpY-
nenenns B Yarkano-Kypamuackom pernone. MeramMarMaTndecKui THIT ObIT 3aBepIIAlonM (MaHTHIHBIE (ITIOUIBI +
OCTaTOYHBIE PACIIaBbl) U 00YCIIOBIIEH BO3POXKICHHEM MarMaTH4eCKUX 04aroB B pe3yJbTaTe aKTUBU3ALUN MaHTHH U
MOCTYTUICHHS U3 ee Oolee TTyOMHHBIX ypoBHeH (urronnos, oboramenusix Cl, B, F, C, S, Au, Ag, Pt, Mo, W, Sn, U,
P33 u np. [AxynmxanoB u ap., 2009]. BelensnoxkeHHOe yKa3blBaeT HA pa3IMYHbIE MEXaHU3MBbI T€HEpALK PacIuIa-
BOB M BEPTUKAJIBHYIO MUTPALMIO UX CHU3Y BBEPX.

[TpruunHOI BO3HMKHOBEHHUSI MAarMaTHUECKHX 0YaroB IIPEACTAaBIIIOTCS: 1) BO3AeiicTBHE HA TETEPOTCHHYIO 3eM-
HYIO KOpY KPEMHEIIEIOYHbIX (IIFOUI0B, KaK peareHToB rpaHutu3anuu u neperuiasienus (FOxubii Taup-1lane) u
2) mocenoBaTenbHOE MepeIuIaBieHne cyOcTpara o BIMSHUEM BEIecTBa, TeIUla M SHEPTUH MaHTHHHOTO THaIipa
(Cpenunnsrii Taup-111anp). ITokasareneM BpleyKa3aHHOTO SIBISIETCS IPUCYTCTBHE B IUTyTOHAX MHOTOYHMCIEHHBIX KO-
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POBBIX KCEHOJIMTOB MAaTEPHHCKOTO cyOCcTpara, a TakKe 'PaHNTH3UPOBAHHBIX PEJIMKTOB 0CaJ0YHO-METaMOP(HHUUECKIX
obpazoBanuii pambl. [liist Tepputopun 3anagHoro TsHb-111aHs BeIssBIeHa MHAMKATOPHAS POJIb TPAHUTONIHOTO MarmMa-
TH3Ma B ONPE/IEJICHUN COCTaBa M HBOJIIOIIMH 3eMHOM KOpbl. [Ipeobiagaroniue B pernoHax psiibl TPaHUTOUIHBIX QOp-
Manuii, 0coOEHHO S-THIa, OTpaXKaroT COCTAaBBI CyOCTPaTOB 3apOXK/ICHNS 0YaroB pacIijIaBoB.

Paboma evinonnena no epanmy @A-D8-T004.
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PETROGENESIS AND ORE CONTENT GRANITOIDS MIDDLE AND SOUTHERN TIEN-SHAN
(UZBEKISTAN)

R. Akhundjanov, S.S. Saydiganiev, S.O. Zenkova, F.B. Karimova

Kh.M. Abdullaev Institute of Geology and Geophysics AS RUz, Tashkent, Uzbekistan
rkh.akhundjanov@mail.ru, salanj-1812@mail.ru

The territory of Uzbekistan is one of the major petrographic provinces of Asia with a predominantly develop-
ment of granitic batholiths is closely associated with small intrusions and dikes. To date, based on the formation
analysis, interregional scheme of Paleozoic igneous rocks of the Middle and Southern Tien-Shan are developed. As the
main trend of the formation of Uzbekistan batholiths diorite (quartz diorite)-granodiorite-granite series of formations
are allocated. New data about the absolute age, composition of granitoids, rock-forming and ore minerals and also
xenoliths and fluid isolation are received. The results of researches allow to approach the question about the nature
of the formation of granitoid magmas in the blocks of the lithosphere with sialic-femic and sialic types of earth crust.

Granitoid plutons of Uzbekistan formed during the Carboniferous and Permian (310-270 Ma). Are form in-
terformational single and two tiered laccolithic, allochthonous body with a vertical scale of 5-10 km or more, they
are placed between Precambrian and Paleozoic folded substrate base. Have numerous projections and stock-similar
apophyses of sedimentary-metamorphic, volcanic and carbonate rock mass. Gomodrom character of formation is
reflected in the age sequence, acidity increasing, total alkalinity, aluminum content, basicity reduction and femic
character of rocks [Evolution..., 1986; Dalimov, 2010]. In femic part of granitoids is represented by hornblende and
biotite. Plagioclase composition corresponds mainly andesine-labradore (An,, ., diorite, quartz diorite), andesine
(An,, ,,, granodiorite) and oligoclase (An,, ., granites). Potassium-sodium feldspar represented mainly orthoclase,
in granites observed and microcline-perthite. On the classification diagrams SiO,-(Na,0+ K,O), AQP and Ab-An-Or
these rocks are placed in the appropriate fields and form a single calc-alkaline trend. They correspond to the normal
range, a series of potassium-sodium, high- (diorite, quartz diorite) and very high alumina (granodiorites, granites). An
increase in the coefficient agpaitic aluminous, ferruginous and reduction of femic character, as well as the relation-
ship of sodium to potassium. In Eastern Uzbekistan separated intrusions stacked Li-F leucogranites recognized as rare
metals bearing (Li, Be, W, Mo, Sn, U, REE, etc.). Absolute age of these rocks within the P-T (285-242 Ma). Li-F
leucogranites subalkaline, potassium-sodium series, very high-alumina, with a coefficient of alumina content 0.8—0.9.
Rocks corundum-normative (¢ = 0,82—1,29), have low femic character, high iron content of widely varying values
of the degree of oxidation of iron. Li-F leucogranites body spatially closely aligned with dikes of ongoriolites and
ongonites. Our results characterize the formations indicated above as a heterogeneous, formed from different genetic
types of magmas.

In the Middle Tien-Shan expressed mantle-crust type with sialic-femic profile of ore-magmatic system. The
family of skarn-magnetite, copper-molybdenum, gold-polysulfide, silver-polymetallic, rare metal and other formations
with intrusions of average and acid composition are developed. These rocks have a relations (*’St/**Sr) = 0.706-0.707
which is characteristic of mixed types of magmas. Initial strontium isotope ratio in granitoids of the Southern Tien-
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Shan crustal (*’Sr/**Sr),= 0.708-0.715, their value increases significantly to the final phases of the plutons forming,
indicating the increasing role of the substrate material. Melts of these granitoids apply to palingenic-anatectic type.
Sialic profile of ore-magmatic systems is characterized for it. The family of rare metal-tungsten, fluorite, beryllium,
molybdenum, tin, graphite, gold, gold-silver, gold-polysulfide and other formations in association with Late Paleozoic
granitoid intrusions are developed.

Correlation of rock substrate and granitoid batholiths of Southern Tien-Shan revealed the proximity of chemi-
cal and normative compositions of the salic part metamorphic rocks of Precambrian and diorite (quartz diorite)-
granodiorite-granite series formations: amphibolites closely match the quartz diorite, gneiss and schist - granodiorites
and granites, anatektites and migmatites - leucogranites. It seems that the initial movement of magma chambers from
the lower parts of Precambrian substrate to the upper caused the formation of a series of granitoid formations quartz
diorite-granodiorite-granite. Within the Middle Tien-Shan granitoid plutonism preceded early carboniferous gabbroid
(basaltoid) magmatism. Vertical migration of source of magma from basalt layer in diorite (amphibolite) and granite
(gneiss) led to the formation of a mixed type of magma that formed the diorite-granodiorite-granite series of forma-
tions. Thus, a diversity of magma genesis (palingenesis sialic metasedimentary rock mass and remelting of the ma-
ternal substrate under the influence of mafic melts - magmatic replacement, assimilation). This conclusion is justified
by research the character of distribution of rare earth elements . Indicator crust history of granitoids of the Southern
Tien-Shan is a close match slopes vectors obtained for quartz diorite, granodiorite, granite and availability in all these
rocks deep europium minimum. This pattern is broken in the diorite-granodiorite-granite series of formations of the
Middle Tien-Shan, due to the influence of mafic magma by sialic substrate during the formation of a mixed-type
magmas (mantle + crust). Determine the absolute age of granitoids (K-Ar, Rb-Sr, U-Pb methods) installed some time
lag in their formation. Granite formation in the Middle Tien-Shan was started about 10 million years earlier than in
the Southern Tien-Shan. This phenomenon is explained from the point of views of the mantle diapirs and hot spots.

The study of the association of intrusive and ore formations showed that the mineralization of the ferrous,
polymetallic, rare and noble metals is connected with the granitoid intrusions [Akhundjanov et al, 2009]. Potentially
mineralized are massifs — apophyses folded diorite and quartz diorite - I phase, granodiorite — II phase, granites - 111
phase and leucocratic granites (alaskites) — IV phase. In skarns, pegmatites apogranite, greisens concentrated ore Fe,
Cu, Pb, Zn, rare metals (W, Mo, Sn, Li, Be, Nb, Ta, REE etc.). In over intrusive areas rarely — inside the intrusive placed
aunique and large deposits of gold and silver: Muruntau, Kokpatas, Kosmanachi, Okzhetpes, Amantaitau, Charmitan,
Guzhumsay, Sarmich, Mardjanbulak, etc. It seems that this is a consequence of magmatism associated with heteroge-
neous sources acting for C - P,. Muruntau supergiant gold deposits granitoids for placed in Central Kyzylkum region,
set the different nature of melt intrusions, formed in the Early Permian. Biotite granites of Sardarya stock values at
the absolute age of 286.2+1.8 Ma have initial isotopic ratios (*’Sr/**Sr) =0.70789+12 indicating mantle-crustal source.
Murun alaskite granites revealed by bore hole SG-10 in the depth interval 4005-4250 m have the close values of the
age (287.2+17 Ma) and (*’Sr/*Sr),=0.716x15, testifying about crustal nature of their magma. Rubidium-strontium
studies Muruntau criptic granitoid intrusion in IGG Uzbek Academy of Sciences (S.S. Saydiganiev) obtained age
28348 Ma and (*’Sr/**Sr),=0.7054. Main stage of formation of gold mineralization has an age of 287.5£1.7 Ma, that
is close to the time of granites formation of Muruntau hidden intrusive [Ore..., 2001]. By microprobe analyses in
granites installed accessory zircon, monazite, thorite, uraninite, scattered crystals of arsenopyrite, pyrite, chalcopyrite
and small grains of native gold. By I.LKh. Hamrabaev [Evolution ... , 1986] concluded that the hidden granite intrusive
is one of the important factors in the formation of deposits Muruntau ore field.

Palingenic-fnatectic type of magmas was the result of the melting of the significant volumes of fusions at
multiple (from phase to phase) processing of the lower and upper crust by the silica-alkaline fluids, enriched by ore
and flying components. By this, the gold-rare-metal metallogenic specialization of the Kyzylkum- Nurata region was
caused. The mixed type (mantle melt + sialic crust) was the result of interaction of ultramafic-mafic magmas with the
crustal substance. This was reflected in the manifestation of iron-ore-copper-polymetallic, gold-silver and rare-metal
mineralization in the Chatkal-Kurama region. Metamagmatic type was completing (mantle fluids + residual fusions)
and caused by the revival of the magma chambers as a result of activation of mantle and its entering of deeper levels
of fluids, enriched by Cl, B, F, C, S, Au, Ag, Pt, Mo, W, Sn, U, REE and other [Akhundjanov and other, 2009]. The
foregoing indicates different mechanisms of the generation of melts and vertical migration of them from bottom to top.

The cause of the magma chambers are presented: 1) action on the heterogeneous earth’s crust of silica-alkaline
fluids as the reagents of granitization and remelting (Southern Tien-Shan) and 2) the sequential remelting of substra-
tum under the effect of the substance, the heat and the energy of mantle diapir (middle Tien Shan). Indicator of the
indicated above presence in plutons of numerous crustal xenolites of maternal substratum, and also granitized relicts
of the sedimentary-metamorphic formations of the frame. The territory of the West Tien-Shan for is revealed indica-
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tor role of granitoid magmatism in determining the composition and evolution of the Earth’s crust. Prevailing in the
regions series of granitoid formations, especially S-type, represent the composition of the substrates of generation
chambers of melt.

Work executed according to Grant FA-F8-T004 at the Academy of Sciences the Republic of Uzbekistan.
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B HoBocubupckom IIpnoOse rpanutsl npuypoudeHsl k KombiBanb-ToMckol ckilag4yaToil cucreme repuu-
Hua (OOb-3aiicanckas ckiamdaras obnacte). [lemouka WHTpy3uil nmpocnexuBaetcs ot I. HoBocubupcka B ceBepo-
BOCTOYHOM HampasiieHuu Oosiee yeM Ha 100 kM. ['paHHMTBHI IpOpHIBAIOT TeppUTeHHBIE oTiIoXeHHss HoBocubupcko-
ro mporuda ¢ BO3pacToM OT BEPXHETO JCBOHA JI0 HIYKHETO KapOoHa (Bu3e), 0OHaxarTcs 1o obouM Oeperam p. O6wH,
BCKPBITBI B MHOTOUHCIICHHBIX Kapbhepax, BEIEMKaX HIOCCEWHBIX M KeJe3HbIX gopor. C ceBepa-3anajia OHU MepeKphl-
TBI ME30301CKO-KallHO30MCKUMH ocakamMy 3anatHo-CHOMpCKON TUTMTHI M BOJIM3H €€ TPaHUIlbl H3yUeHbI PeNIKOil ce-
THIO OYpOBBIX CKBa)KHH.

ITo noBoxy popmMHupOBaHUS TPaHUTOUIOB CYLIECTBYET JIBE TOYKH 3peHus. COrlacHO OHOW M3 HUX BCE UHTPY-
3MBHBIE MOPOABI paiioHa (B T. 4. M TaK Ha3bIBaeMble 0a3MTOBBIE JAHKH BTOPOTO 3Tara) OTHOCATCS K equHOMY (00-
CKOMY) KOMIUIEKCY, @ 0COOCHHOCTH CTPOEHHS M COCTaBa MHTPY3UBOB OOBSICHSIIOTCS YPOBHEM UX IPO3HOHHOTO Cpe-
3a [Koznog, 1971]. B Toxxe BpeMsi, MHOTUMH HCCIIEIOBAaTEISIMU OAYEPKUBaIach crieuduka JeikorpannToB bapiak-
ckoro u KomnbiBanckoro maccuBoB. X opmanmoHHas camocTosTensHoCTh 00ocHOBaHa B.M. COTHHKOBEIM ¢ cOaB-
topamu B 1999 1. [CoTHuKOB U 1p., 1999]. [Ipu sToM rpanuronst HoBocubupckoro [Iprno6bs ObUTH pacuieHEHbI Ha
NPUOOCKHUH TPaHUT-TPAHOCHUEHUT-IPAHOJHMOPUTOBBIN M OapilaKCKUH JIGHKOTPaHUTOBBIH KOMILJIEKCHI ¢ U30TOMHBIMHU
Bo3pactamu (Ar-Ar, Rb-Sr) 249-245 mun net u 246-232 mutH net coorBeTcTBeHHO. Heckomnpko nozxke B.JI. Xomuye-
BBIM C COaBTOpaMH OMyOJIMKOBaHa paboTa, B KOTOPOIl BHOBB C/IeNIaHa TOTbITKa 00bEANHUTE BCE TPAHUTHBIC U 0a3UTO-
Bble HHTPY3uK HoBocubupckoro n Tomckoro paifoHOB B pamMkax «00pok-01OeeBCcKoro rabdopo-rpaHUTOMIHOTO KOM-
MJIeKCca» MePMO-TPUACOBOTO Bo3pacTta [ Xomuues U nip., 2003].

B mocnenHue rosiel B Xo/1¢ MOAroToBKH KoMiuiekta [ocreonkaptei-1000/3 mucra N-44 (HoBocuOupck) aBTopa-
MU COOOILIEHHS TPOBECHO JOMOTHUTEIBHOE TECOXUMHYIECKOE H3yUeHNE U U30TOITHOE AaTHpOBaHue TpanuTonsioB Ho-
BOCHOMPCKOTO paiioHa. Pe3ynsrarhl ncciaeoBaHus MOATBEPKAAI0T 000CHOBAHHOCTh MX pacuJICHEHHs Ha MPUOOCKUI
TPaHOCHEHUT-MOHIIOTPAHUTOBBIH M OapiIakCKUi MOHIIONEHKOTPAaHUTOBBIN KOMILIEKChl. OO 3TOM, MOMHMO T€0JI0T0-
nerporpaduiyecknx NpU3HAKOB, CBUAETEILCTBYIOT PAa3IMUYMs MU30TOIHO-TEOXHMHUYECKHX XapaKTEPUCTUK ITOPOA, B
MEPBYIO 04Yepeb CTIeKTPOB pactpenenenus P33 (puc. 1). [Ipuobckue rpaHUTOUIBI, B CPaBHECHHUH C OapIIaKCKUMH, Xa-
PaKTepU3yIOTCS MOHOTOHHBIMU CIIEKTPAaMH, TOHMKEHHBIMH COJIEP)KaHHSMH TSDKENbIX JIAHTAHOWIOB M OoJiee HU3KH-
mu cymmamu P3D. Tloponam Gaprakckoro KOMILIEKCa MPUCYIIN CyOTOpPU30HTANIBHBIE JIMHUH CIIEKTPOB C XOPOIIO BbI-
paKCeHHBIM €BPOIIMEBBIM MUHUMYM. Ero MeHbIas Beln4nHa B JIeHKoTpaHuTax MOUYHMIIIEHCKOTO MITOKA 3aCTy )KUBAET
CHELHUAILHOTO 00CYXKICHHSI.

Ha nuckpumunanuonssix auarpammax /Ix. [Tupca Toukn coctaBoB mopos 6apiaakckoro U mpuoOCKOro KOM-
TUIEKCOB 00pa3yloT 000COOIEHHBIE KIIACTEPhl, CBUAETENLCTBYIOMINE O UX ()OPMUPOBAHUU B PA3IMUHBIX TEKTOHHYE-
CKHUX ycsoBHsX (puc. 2). {1 mepBbIX YBEPEHHO YCTaHABIMBACTCSl BHYTPHUILIMTHAs 00CTaHOBKA; ITPUPO/A ke IPHO0-
CKUX TPaHUTOUIOB TPEOyeT YTOUHEHHUS.

Kpome Toro, B OSB3y METPOTCHETHYECKONH CaMOCTOSITENIEHOCTH BBIZICICHHBIX aCCOLMALA CBHETEILCTBYET
LEIBIH PsiJl M30TOIMHO-TEOXUMUYECKUX MPU3HAKOB, OTMEUEHHBIX JUIsi rpaHuTonI0B emie B.M. CoTHHKOBBIM € coaB-
TOpPaMH: pa3Hble COOTHOIIEHHST MaHTHHHON M KOPOBOI COCTaBIISIOIIMX MCXOIAHBIX MarMm, pacnpeneneuue F u Cl B
OuoTuTax, HerepeceKarIMecs: 00IacTH pa3BUTHS M Pa3HO3HAKOBBIE KOI((GHUIMEHTHI KOPPEIALUH TPEHIOB Ha M-
arpamme U-Th, cymiecTBeHHbIE pa3IiyKsi MyJBTUIIEMEHTHBIX IUArpamMM, MPHHAIIEKHOCTb K Pa3HbIM CEpHsIM 110
menoyHocTH Ha nuarpamme A.T. XutpyHoBa, pa3nuuHble (iIronI0HACHIIIEHHOCTD U IOTEHIMalbHask METaJUIOTEHUS
(MonmubneH-BoIb(paMoBast 1 OJIOBOHOCHAS ISl IPHOOCKOTO M 0apIIakCKOro KOMILIEKCa COOTBETCTBEHHO) [ COTHUKOB
u ap., 1999].

W3zoronusiii Bozpact (U-Pb-meron, SHRIMP-II, niupkon) 11t rpaHUTOB PHOOCKOTO KOMITIEKCA YCTAHOBIICH
IJIs1 AT 00pa31ios B uHTepBaie 260.7+3.2 + 24941 mun et (P,~T ) (puc. 3). Ilpu 5ToM B Tpex npobax I1aBHOH (asbl
oH cocraBmi 260.7+3.2 + 255.842.7 muH net. MI30TOIHBII BO3pacT OapiiakCKHUX JISHKOTPAHUTOB JJIS TISATH 00pas3iioB
yKnazpiBaeTcs B uHTepBan 249.7+1.4 + 242+2 min et (T, ).
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Puc. 1. Cnexrpst P33 rpanuTonioB npuoOCKOro u 6apiakckoro KOMILIEKCOB:
a — mopoyIBl MIAaBHOM (ha3el mprobckoro komiuiekca: HoBocubupekuit 1 O6ckoit Maccussl (3); 6 — qaiikoBble OpobI (4) U HOJIe MOPOxR
m1aBHOU (a3bl MPHOOCKOro KOMILIEKca (Cepoe); 6 — MOPOABI IIaBHOM (a3l Oapiakckoro Komiuiekca: Mounienckuit mrok (/), bapnakckuii u

KonsiBanckuii MaccuBbl (2); 2 — 1aiikoBbIe OPO/IBI 1 IT0JIEe OO/ IIaBHOM (ha3bl Gapiakckoro komiuiekca (cepoe). HopmupoBouHbie k03D GpUILHEHTEI
o [McDonough, Sun, 1995].

Nb, rit

Ta, rit

10+

01

1 %2 +3

+4

Puc. 2. [TonoxxeHne TpaHUTONIOB MTPUOOCKOTO 1 6APIAKCKOrO KOMIUIEKCOB Ha TUCKPUMHHAIIMOHHBIX quarpammax Y — Nb
(@) m Yb —Ta (b) [Pearse et al., 1984]:
1-2 — npuobckoii kommeke: Hosocubupckuit (1) u O6ckoit (2) maccussl; 3—4 — Gapnakckuii komruieke: bapnakckuit u KonbiBanckuid

maccuBbl (3), mrok MountueHckuit (4). Ilons cocraBoB rpanntonoB: BIT — BHyTpumiautHbeie, CK — CHHKOIIM3HOHHBIX, B/l — 0CTpOBOLYKHBIX,
COX — cpequHHO-OKeaHHYECKUX XPEeOTOB.

Hccnedosanus nposedennvl 6 pamkax T'ocyoapcmeennozo xoumpakma om 27.03.2012 2. Ne AM-02-34/30 u npu
noooepoicke npoekma PODU Ne 13-05-12056-opu-m.
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Puc. 3. Pe3ynbraTsl H30TOIMHOTO IaTUPOBAHUS IPAHUTONI0B IIPHOOCKOTO (a) ¥ 6apIakcKoro (6) KOMIUIEKCOB.
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HCTOYHUKH Cu-Mo-TIOPOUPOBBIX PYJTHO-MATMATHUYECKHUX CUCTEM
(CUBUPb, MOHI OJIHST)

A.I1. Bep3una!, A.H. Bep3una!, B.O. 'umon', T.b. Basinosa?, P.II. Kpbimckwuii®

'Hnemumym 2eonozuu u munepanoeuu um. B.C. Coboresa CO PAH, Hosocubupck, Poccus
berap@igm.nsc.ru
’Ieonoeuueckuti uncmumym KHIL] PAH, Anamumwr Mypmanckoti o6a., Poccus
3Bcepoccuiickuii nayuno-uccredosamenvckuil 2eonocudeckuti unemumym um. A.11. Kapnunckozo,
Canxm-Ilemep6ype, Poccus

B Cubupu u Monronuu Cu-Mo-mmopdpupoBble MECTOPOXKIeHUST (OPMHUPOBAUCH B CPETHEM — TTO3/IHEM TaJeo-
30€ ¥ MOo37IHeM Me3030e. KoHIeHTpupoBaHHOE pynooOpa3oBaHUE 3aBEepIIAET Pa3BUTHE JOJITOKUBYIIMX MarMaTnie-
CKHUX CHCTEM, XapaKTePU3YIOIIMXCS IBYXITAITHBIM IPOSIBJICHUEM aKTHUBHOCTH M MHOTOMMITYJIECHBIM BHEAPEHUEM pac-
TUIABOB Ha KakJoM dTarte. C MepBbIM 3TallOM CBSI3aHO CTAHOBJICHUE IPAaHUTOUIHBIX MacCHBOB C OCIHOW pPyJAHON MH-
Hepanu3anueii. Ha Bropom sTare mpoucxoanino BHEIPEHHE B IPaHUTOUIBI MAaCCHUBOB ITOPGHUPOB, MPEICTABICHHBIX
IITOKO- U TaHIKOOOPa3HBIMU TEJIAMH, COTPOBOXKIAIOIMMUCS KPYITHOMACIITAOHBIM OpY/ICHEHHEM.

W3 cpenne-no3aHenaneo30ickux mopGupoBsIx MecTopoxaeHui nzydanncs Akcyr (Cu) u Copa (Mo) B Cubupw,
OpmeuaTynH-0060 (Cu-Mo), Iaran-Cyoypra (Mo) u Xapmartaii (Cu) B MoHronmu. MecTopoKIACHUS TPUYPOUCHBI K
BYJIKQHO-IUTy TOHUYECKUM I10sIcaM KOHTHHEHTAIBHBIX OKPauH ¥ BO MHOTOM aHAJIOTHYHBI MECTOPOXKACHHSIM aHANHCKOTO
tuna TuxookeaHckoro kojipla. MHTpy3uBHBIE Tena Cu-mophUpOBEIX MECTOPOXKACHHH CIOKEHBI MTOpoAaMu radbopo-
JIMOPUT-TPaHOAMOPUTOBOM aCCOIMAINH, B KOTOPOH IOMUHHUPYIOT pa3HOCTH, OTBEYAIOIINE TPAHOANOPHTAM H3BECTKOBO-
1menoyHoi cepuu ¢ HU3KUMHU conepxkanusiMu REE n HFSE. Ha Mo-nopupoBEIX MECTOPOXKICHUSIX MarMaTnaeckas
accolyanys BKII0YaeT MOHIIOTab0po, MOHIIOHUTHI, KBapleBble MOHIIOHUTHI, MOHIIOTPAHHUTHI BBICOKO-K M3BECTKOBO-
HIEJIOYHON cepuu ¢ moBbimicHHBIMU conepxkanusmMu REE u HFSE. KomndecTBeHHO mpeo0OiaamaloT MOHIOHUTHI U
MOHIIOTPaHUTEI.

Jns mopon paccMaTpHBAaeMOW TPYMIBI MECTOPOXIEHMH XapaKTepHBI TONOXHUTENbHbIE 3HaueHus £ (T)
v Onuskue K MaHTUHHBIM oTHomeHus (*'Sr/*Sr) . Ha nuarpamme € (T) — (¥Sr/**Sr) Touku H30TONMHBIX COCTaBOB
TATOTEIOT K MaHTHiHOMY Tpenny (puc.). 3nadenus € (T) u (*’Sr/*Sr), marmatndeckux nopon Akcyra +7..+5.8 u
0.7025-0.7035, Xapmarrasi +6.4...+5.3 1 0.7042—0.7044, I {aran-Cy0Oypru +6.6...+5.3 1 0.7040 — 0.7044. HeonumoBkIe
mozenbHble BospacTsl T, (DM-1st) nopox Akcyra 0.60-0.85, Xapmarras 0.62-0.84, Ilaran-Cy0ypru 0.60-0.68 Mip
net. Tloponsr Mectopoxkaenuit Copa u DpasHsTynH-O60 XapaKTEpH3YHOTCS MOHHMKEHHBIMU 3HadeHHsMH £ (T)
¥ HOBbIEHHbIMK OTHOIIeHUAMHU (*'Sr/*Sr) : Copa +3.4..+0.3 u 0.7040-0.7046, Dpaoustynn-0O6o +4.1..+1.9 u
0.7040-0.7046 coorserctienno. T, (DM-1st) mopox Copsi 0.79-1.11, Opaanatynn-060 0.70-0.98 mapx ner.

Maduueckne mopoabl MeCTOpPOXIEHHH cornacHO Hu3kuM 3HaueHuaM  (Y'Sr/*Sr), monmoxuTenbHBIM
sHagenusM £ (T) oTHocATCA K MPOM3BOAHBIM MaHTHHHOH Marmbl. OtHomenue (Tb/Yb) B rab6Opommax Axcyra
cocrapisier 1.5, Copel U DpaduaTynH-O00 >1.8, 4TO MO3BONSAET MpEANONiaraTh B cooTBeTcTBUH ¢ [Wang et al.,
2002] BblmaBieHue 0a3UTOBOI MarMbl B 0OJNIacTH CTaOWIIBHOCTH IIMMHENW s Akcyra u rpanara jis Copsl u
OpauaTynH-000. MynsruanemenTele criekTpsl (Hu3kue conepkanns HREE w HFSE ornocurensHo LILE u
LREE) mopoa CBHIETENBCTBYIOT O TOM, YTO HMCTOYHUKOM Oa3MTOBOM Marmbl ObUla MaHTHs, METaCOMaTHYeCKH
npeoOpa3oBaHHas CYOIyKIIMOHHOW KOMITOHEHTOH. Hu3Kkue comepkaHUs PEeAKHX DJIEMEHTOB B Mopoaax AKcyra u
XapmarTasi 1 oBbIIeHHbIE B Topoaax Copbl n DprsHITYyHH-O00 yKa3bIBatoT Ha 00STHEHHBII MAHTHIHBII UCTOYHUK
Cu-nopdupoBbsix MecTopoxkaeHuid oTHocHTenbHO Cu-Mo- 1 Mo-nopupoBBIX MECTOPOXKICHHH.

B ¢opMupoBaHuM TpaHUTOMAHOW MarMel, COIIACHO HM30TOMHBIM coctaBam Sr, Nd u Pb (cM. pucyHOK),
CYIIECTBEHHAs: POJIb OTBOAWTCS MaHTUIHOW cocraBistomei. [1o cocraBy rpaHUTOMABI MOApA3NENAIOTCS Ha JIBE
rpymmbsl. OfiHa BKITIOYAET MOPOABI, BAPHUPYIOIIUE MO COCTaBy OT MOHIIOJMOPHUTA J0 MOHIIOTPAHUTA, C OOBIYHBIMHU
TEOXMMHUYECKUMH XapaKTEePUCTUKaMH (BBICOKO-K) HM3BECTKOBO-IIENIOUHON cepuu. Bropas rpymnma mpeacrabieHa
IPaHUTOUIAMH C TEOXUMHMYECKMMH XapakTepUCTUKaMHu afakuToB: SiO,> 56% n Na,0>3.5 %, K, 0/Na,0~0.4, Sr>400,
Y<18uYb<1.8 ppm, St/Y>40,(La/Yb) >10, Mg#~0.5. Takre XxapakTepuCTHKHU CBUETEILCTBYIOT O YOPMUPOBAHUH
a/IaKUTOBOM Marmbl BCIIEJCTBUE IUIaBJICHUS 0a3aibToB Ha TiiyOmHe okoio 40 kM. CoIIacHO TeoJIOrMYecKUM
B3aUMOOTHOILCHUSIM HHTPY3MBHBIX IOPOJ, MX T€OXUMHYECKMM M HM30TOIHBIM XapaKTEPHUCTHKaM (OPMHPOBAHHE
TPaHUTOMJIOB C OOBIYHBIMH TE€OXMMUYECKUMH XapaKTEPHUCTHKAMH MPOM30ILIO B IMPOLECCE KPHUCTAJUIN3AIMOHHON
mddepenumanyy 6a3anbTOMIHON MarMbl IPH TTOIbEME JI0 YPOBHS CTAHOBJICHHS MarMaTHYECKHX TEJ, 2 TPAaHUTOUI0B
C aJIJaKUTOBBIMHU XapaKTEPUCTUKAMU — IIPH YaCTUYHOM IIIaBJICHUH 0a3UTOB B OCHOBAHHH KOPBI.
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Huarpammer eNd(T) — (St/Sr), u 2*’Pb/?*Pb — **°Pb/**Pb nns marmaruueckux nopog Cu-Mo-nophupoBbIX MECTOPOKIEHHIA.
Mecropoxaenus: I — Akeyr, 2 — Copa, 3 — OpaosaT, 4 — Llaran-CyOypra, 5 — Xapmarrtaii, 6 — XXupeken, 7 — lllaxtama.

W3 nosznaemeso3oiickux nsydanuck Mo-nopdupossie MectopokaeHus Kupeken n Illaxrama B Boctounom
3abaiikaibe, GOpPMHPOBABIINECS BO BHYTPUKOHTHHEHTAIBHOM 00CTaHOBKE, YCTAHOBHUBILEHCS B CBSA3U C 3aKPBITHEM
Monrono-OxoTckoro okeaHa 1 kouzueit Cuonupcekoro 1 Monrono-Kuraiickoro KOHTHHEHTOB. DTH MECTOPOXKICHUS
BO MHOTOM aHayiornyHbl Cu-Mo-1iopGHpoBEIM, JIOKAIN30BaHHBIM B 30Hax kouu3uu Tuber — ['mmanan u Cesepo-
Kuraiicknii kpatoH — 650K STHII3BI.

Ha wmectopoxxaenusx Kupeken u Illaxrama AOMHUHUPYIOT KBaplLEBblE MOHLOHUTBI U MOHLIOTPAHUTHI.
Madudeckne moOpoabl OTMEUAIOTCS BECbMa PEIKO, MPEUMYIIECTBEHHO B BHJE OCTAHIIOB CpEOH TI'PaHUTOHUJIOB.
Brinnaenenyne 6a3aibTOMIHON Marmbl CONIacHO BhICOKMM oTHomeHuaMm (Tb/Yb) B ra66pomnax, mpoucxomuino
B o0iacTu cTabmipHOCTH TpaHara. [lonoxurensHble anoMmanuu Pb, Sr u orpunarensusie anomanuu Nb, Ta, P Ha
CIIEKTPaX MUKPOAJIEMEHTOB Iab0po yKa3bIBAalOT HAa CYILECTBEHHYIO POJb CYyOJYKIIMOHHOTO KOMIIOHEHTAa, a HU3KHE
snavenus € (T) —1.4 u ~1.8 — Ha ydactne B opMUpOBaHMM Ma(UIECKMX MOPOJ JIPEBHEKOPOBOIO MaTephala.
B3anmopeiicTBue 0a3aIbTONIHON MarMbl ¢ BEIIECTBOM KOPBI MOIVIO MMETh MECTO Ha MAaHTHHHOM YPOBHE B CBSI3U C
JlelaMiHanuen JINTocgepsl PH KOJUTM3NH, a TAKXKE IPH BHEJPEHUN MarMbl B KOPOBBIH cyOCTparT.

I'eoxnmuyeckne XxapakTepucTUku rpanutonioB JKupekena u Llaxramer: nonoxutensueie 3nadenus € (T),
OTHOCHTENBHO OJIM3KKE K MAaHTUITHBIM M30TOINHBIE cocTaBbl St U Pb, nocrostHHo otMeuaemble Ni u Cr, MOBBIIIEHHBIE
cogepxkanust MgO cBUIETENBCTBYIOT O MPUCYTCTBUM B IPAaHUTOMAX MaHTUHHOU cocraBismoomeil. OnHako BecbMa
OTrPaHUYEHHOE PacCIpOCTPaHEHUE MOPOJ, NOBHIIIEHHONH OCHOBHOCTU HE MO3BOJSIET PacCMATPUBATh TPAHUTOUIBI KaK
NpOM3BOJHbIE Oa3ansTonaHONW MarMmbel. B TakoM ciyuae mpenmonaraercst [Hou et al., 2011] ygactue manTHitHOTO
KOMITOHEHTa B TPAHUTOOOPa30BaHMH OIIOCPEIOBAHHO Yepe3 MahUUECKyI0 I0BEHUIIBHYIO KOpY, ()OPMHUPOBABILIYIOCS B
CBSI3M C MPEKpaleHneM IoxbeMa 0a3aabTOMIHON MarMbl M €€ KpUCTaJUIN3alMel Ha TrpaHHLe Kopa-MaHTHS.

B rpanuTonnax MaccuBa M MaibiX HHTPy3uil Kupekena snauenus (*'Sr**Sr) Bapbupyior B unteppaie 0.7045—
0.7063. Jlnanazon g (T) manbix uaTpysuii cocrapnser +1.0...-3.7. B rpanuronnax maccusa g, (T) crmkaercsa mo—10.3.
B rpanuronnax Illaxramer £ (T)u (*’Sr/*Sr), coorsercTBenHO cocTapsaor +2.1... 2.7 u 0.7071-0.7078. 3nauenus
T, (DM-1st) rpanutonnos (Kupexena 0.76—1.53, [llaxramer 0.67-0.97 Mipj1 I€T) MO3BOJIAIOT MPEATIONAraTh yIacTHE
BEILlECTBa JpeBHEN KOPHI B UX (hopMupoBaHuH. Bee 310, a Takke Bapuauy H30TOITHOTO cocTaBa Pb cBueTebeTByeT
0 CMEUIEHUH IPOAYKTOB IUIABJICHHS IOBEHWILHOM M IpeBHEH KOPbI IPY 00pa30BaHUM I'PAHUTOMTHOTO PacIljiaBa.

VY4uuTeIBass LMIUPOKOE PACHPOCTPAHEHHE TPAHUTOUAOB C FEOXUMHUYECKHMHU XapaKTEPUCTUKAMHU aJaKUTOB U
ornomenusavu K ,O/Na,O = 1, nomyckaeTcs MOCTYIIIEHHE PACIUIaBOB ¢ TIyOOKHMX TOPM30HTOB (HE MEHEE 55 KM).
CornacHo BbicokuM cozepxanusiM MgO, Ni, Cr B rpanntongax [llaxTamel, popMupoBaHne pacIuiaBOB MPOUCXOAMIO
Ha MAaHTHUIHOM ypOBHE, [10-BHIMMOMY, B CBSI3H C IIOIPY’KEHHEM HU30B KOPBI B MAHTHIO TP A€TaMHHAINN JTUTOC(HEPHI.
OTHOCUTENBHO MOHUKEHHBIE COAEP KAaHUSI KOI€PEHTHBIX d1eMeHToB-npuMeceid u MgO B rpanuronnax XXupexena
CBUJICTENIBCTBYIOT O MOCTYIUIEHUH PACILIABOB U3 HU30B KOPBI, YTOIILEHHOH! B IPOLECCE KOJUIU3UU.

PaccmarpuBaeMble MeCTOpOXIeHNST (POPMHUPOBAIICH HA 3aBEPIIAIONIEM JTalle Pa3BUTH MaHTHHHO-KOPOBBIX
Marmarndeckux cucteM. CornacHo coBpeMeHHbIM mpezcraBieHusM [Richards, 2011], nmepBUYHBIM HCTOYHHKOM
metawioB Cu-Mo-nopdupoBoro opyiaeHeHHs SBISETCS MeTacoMaTW3MpoBaHHas MaHTHsA. Ha paccmarprBaeMbix
MECTOPOXKACHUAX PYAOOTIOKEHUIO MPEAIIECTBOBAN JUIMTENbHBI NEpUOj, KOHIEHTPUPOBAHUS METAJUIOB B
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MPOLIECCE SBOJIOLMH JIONTOKUBYIIMX MarMarnieckux cucreM. MoOwim3anus W KOHLIEHTPHPOBaHWE METAIIOB
W JIETy4HX BO MHOTOM OIPEAEIINCH IIepepaclpesiefieHeM dJIEMEHTOB MeXIy (a3aMu NMpH KPHUCTaJUIU3ALNN
Marmebl, OTJeNeHnH (IIIOMA OT paciulaBa, YaCTUYHOM IUIABJICHUN paHee 3aKPHUCTAJUIM30BABIIUXCS ITOPOA. YCIOBHUS
Pa3BUTHs IUTyTOHOTEHHOTO Marmaru3Ma (pyZOIOArOTOBUTENBHBIN 3Tar) OMaronpusITCTBOBAIN (HOPMHPOBAHUIO
30H aKKyMYJSIIIMM METaJUICOAEPKalluX TEeMHOLBETHBIX MHUHEpaioB (Onorura, am¢pubona) u paccesHHOW pymHON
MHUHEpaIN3aIiK, TPAacCUPYIONIeH MyTH MpocaynBaHus (UIon10B. BoBieueHre Takux 30H B HHIOTEHHBIH ITporecc
Ha oppHUpOBOM (PYZOHOCHOM) 3Talle CII0COOCTBOBAJIO 00OTAaEHHUIO paciulaBa (GronaaMu U MeTallaMu, POCTY €T0
PYIHOTO IMOTEHIHANIA U KaK CIEACTBHE PA3BUTHIO KPYITHOMACIITAOHOTO OpYCHEHHS.
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Porphyry Cu-Mo deposits in Siberia and Mongolia have been formed during Middle-Late Paleozoic and
Late Mesozoic. Major mineralization is closely associated with the late phases of long-lived magmatic systems,
characterized by two-stage magmatic activity with multiple intrusions within the each stage. The first stage involves
the formation of granitoid plutons with minor sub-economic ore mineralization. The second-stage porphyry stocks and
dikes emplaced into preceding granitic plutons are associated with major Cu-Mo mineralization.

The investigated Middle-Late Paleozoic porphyry deposits involve the Aksug (Cu) and Sora (Mo) deposits in
Siberia and Erdenetiin Ovoo (Cu-Mo), Tsagaan Suvarga (Cu-Mo), and Kharmagtai (Cu) deposits in Mongolia. These
deposits are confined to continental-margin volcanic-plutonic belts and are similar in many respects to the Andean-type
porphyry systems of the Pacific rim. Porphyry Cu deposits are composed of gabbro-diorite-granodiorite assemblages
dominated by granodiorites of calc-alkaline series with low REE and HFSE contents. Porphyry Mo deposits comprise
high-K calc-alkaline series dominated by monzonites and monzogranites with subordinate monzogabbro and quartz
monzonites. The rocks show elevated REE and HFSE contents.

Rocks of Paleozoic deposits show positive & (T) values and (*’Sr/**Sr), ratios close to the mantle values. On
the g (T) — (¥’Sr/**Sr), diagram the isotope compositions lie close to the mantle array (Fig.). The € (T) and (*’Sr/**Sr),
values for igneous rocks of Aksug, Kharmagtai, and Tsagaan Suvarga are as follows: +7 ... +5.8 and 0.7025-0.7035,
+6.4 ... +5.3 and 0.7042-0.7044, +6.6 ... +5.3 and 0.7040-0.7044, respectively. The estimated Nd model ages T, (DM-
Ist) for Aksug, Kharmagtai, and Tsagaan Suvarga rocks are 0.60-0.85, 0.62—0.84, and 0.60—0.68 Ga, respectively. The
rocks from the Sora and Erdenetiin Ovoo deposits show lower £ (T) values and relatively elevated (*’Sr/*Sr), ratios:
+3.4...+0.3,0.7040-0.7046 and +4.1 ... +1.9, 0.7040-0.7046, respectively. The estimated T, (DM-1st) ages for rocks
of the Sora and Erdenetiin Ovoo deposits are 0.79—-1.11 and 0.70-0.98 Ga, respectively.

Low (*’Sr/*Sr), and positive g (T) values in mafic rocks indicate that their parental magmas were likely derived
from mantle source. Relatively low (Tb/Yb), ratios (1.5) in the most primitive samples from the Aksug are likely
attributed to residual spinel in the source [Wang et al., 2002]. The higher (Tb/Yb), ratios (> 1.8) observed in mafic
rocks from Sora and Erdenetiin Ovoo suggest that their magmas formed in the presence of residual garnet. The
enrichment in LILE and LREE and depletion in HREE and HFSE indicate that mafic magmas were derived from a
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Fig. The eNd(T) — (St/Sr), and *"Pb/***Pb — **Pb/***Pb diagrams for magmatic rocks of the porphyry Cu-Mo deposits.
Deposits: I — Aksug, 2 — Sora, 3 — Erdenetiin-Ovoo, 4 — Tsagan-Suvarga, 5 — Kharmagtai, 6 — Zhireken, 7 — Shakhtama.

mantle previously metasomatized by subduction. Low trace element contents in the Aksug and Kharmagtai rocks and
their elevated contents in the Sora and Erdenetiin Ovoo rocks point to more depleted mantle source for porphyry Cu
deposits relative to porphyry Cu-Mo and Mo deposits.

Sr, Nd and Pb isotopic characteristics (Fig.) suggest significant contribution of mantle material in the formation
of felsic magmas. Granitoid rocks can be devided into two groups. The first group includes rocks varying from
monzodiorites to monzogranites with typical geochemical features of (high-K) calc-alkaline series. The second
group includes granitoids with geochemical characteristics typical for adakites: SiO,>56 % and Na,O > 3.5 %, K,0O/
Na,0~0.4, Sr > 400, Y <18 and Yb < 1.8 ppm, Sr/'Y > 40, (La/Yb) > 10, Mg# ~0.5. Such characteristics suggest
adakitic magma formation at depths about 40 km from partial melting of basaltic rocks. Petrological, geochemical and
isotopic data suggest that granitoids with typical arc-type characteristics were probably formed as a result of crystal
differentiation of basaltic magma during its ascent to the upper levels of the crust. Granitoids with adakitic features
were likely derived from partial melting of basic rocks at the bottom of the lower crust.

The Late Mesozoic Zhireken and Shakhtama porphyry Mo deposits were formed in the intraplate setting
resulted from the closure of the Mongolo-Okhotsk ocean and collision between the Siberian and Mongolo-Chinese
continents. In general, these deposits are similar to porphyry Cu-Mo deposits from the Tibet — Himalayas and North-
Chinese craton — Yangtze collision zones.

Quartz monzonites and monzogranites predominate at the Zhireken and Shakhtama deposits. Mafic rocks are
rare and occur mainly as remnants among granitoid rocks.High (Tb/Yb)_ratios in mafic rocks suggest that their magma
formed at the presence of residual garnet. The primitive mantle-normalized trace element patterns for gabbro samples
show positive Pb, Sr and negative Nb, Ta, P anomalies, suggesting the inheritance of a subduction component in the
process of magma generation. Relatively low € (T) values (~1.4 and —1.8) imply the involvement of old continental
crust in the source. Interaction between basaltoid magma and crustal material probably took place at the mantle level
as a result of magma injection into the crust or lithosphere delamination during collision.

Positive g (T) values, Sr and Pb isotopic compositions close to mantle values, the presence of Ni and
Cr in most of the samples and elevated MgO contents suggest the involvement of mantle component in felsic
magmas of the Zhireken and Shakhtama deposits. However, very scarce occurrence of basic rocks does not allow
to consider felsic rocks as derivatives of basaltic magmas. Therefore, it is reasonable to suggest [Hou et al., 2011]
the involvement of juvenile crust, formed by underplating of mantle-derived basaltic magmas below the base of
the lower crust.

(*’Sr*Sr), values ranging from 0.7045 to 0.7063.The &, (T) values in porphyry intrusions range from +1.0 to
—3.7, while hosting them preceding granitic plutons show significantly lower values (as low as —10.3). The range
of £ (T) and (*’Sr/*Sr), values in granitoids of the Shakhtama deposit is from +2.1 to —2.7 and from 0.7071 to
0.7078, respectively. The T, (DM-1st) values (0.76-1.53 and 0.67-0.97 Ga for Zhireken and Shakhtama granitoids,
respectively) suggest the involvement of old crustal material in their formation. These data, as well as variations in
Pb isotopic composition point to mixing between juvenile crust and old crust partial melts during granitoid magma
generation.
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Taking into account widespread occurrence of adakitic rocks and their K,O/Na,0= 1, it can be assumed that melts
were probably generated at depth of at least 55 km. Based on relatively high MgO, Ni and Cr contents in Shakhtama
granitoids, it is suggested that Shakhtama melts were most probably generated as a result of the submergence of the
deeper parts of the lower crust into the mantle during lithospheric delamination.Relatively low contents of compatible
elements and MgO in Zhireken granitoids probably indicate that melts were generated at the bottom of the lower crust
thickened by collision.

All considered deposits have formed at the final stages of mantle-crust magmatic systems evolution. According
to modern concepts [Richards, 2011], metasomatized mantle is considered to be the primary metal source for
porphyry Cu-Mo mineralization. At the deposits studied, the occurrence of main mineralization was preceded by
prolonged metal concentration during evolution of the long-lived magmatic systems. Mobilization and concentration
of metals and volatiles were largely determined by redistribution of elements between different phases during
magma crystallization, fluid exsolution and partial melting. The evolution of first-stage plutonogenic magmatism
favored the formation of cumulate zones containing metal-bearing minerals (biotite and amphibole) and disseminated
mineralization. During second-stage (ore-bearing porphyry) magmatism these cumulate zones, residual from the first-
stage magmatism may be remelted, releasing their fluids and metals to the ore-forming magmas. The involvement
of these zones into the second stage might have influenced the fertility of the magmas and favored the occurrence of
large-scale mineralization.
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[TimonenoBble MHTPY3uBHI bonbinoro KaBkasa, TpaJMIIMOHHO Ha3bIBaEMbIE «HEOMHTPY3HSIMU», HA MPOTSDKE-
HUH yke Oonee 160 jeT MoCcTOSHHO MPUBIIEKAIOT K ceOe BHUMaHHUE BCIIE/ICTBHE TOTO, YTO OHH SIBIISIIOTCSI YHUKAJIBHBI-
MH YABTPaMOJIOJBIMH IPUPOJHBIMU 00BEKTaMH, MPUTOAHBIMY JUTS TPOBEACHUS JIETaIbHBIX METPOJIOTHIYECKUX U Me-
TAIJIOreHUYECKUX PEKOHCTpYKIMH. OHOIM M3 HauMeHee M3yUeHHBIX «HEOMHTPY3uit» bonbmoro Kaskasa siBnsiercs
MacCHUB TUIIA0MCCAIBHBIX IPAaHUTOUIOB JKYHIYCY, BBIXO/IBI KOTOPOTO OOHaXKEHBI B CEBEPO-BOCTOYHON YacTH ILINO-
1IeHOBOI1 BepxHeuereMckoll KaibIepHON CTPYyKTypbl. OTMETHM, YTO HHTPY3UBHBIE 00pa30BaHMs B COCTaBe KallbJep-
HBIX KOMIUIEKCOB U T10 CEH JICHb BBI3BIBAIOT HEOCIa0eBaIOMINil HHTEPEC: OHU MPUCYTCTBYIOT B OOJNBIIMHCTBE Kajb-
JIEPHBIX CTPYKTYp MHUpa; OHU HEPEJIKO pAcCMaTPUBAIOTCS KaK ano(U3bl CKPBITHIX Ha ITyOWHE MarMaTn4ecKuX KaMep;
MMEHHO C HMH 4acTo ObIBaeT CBs3aHa MPOMBIIUICHHAS PYJHAas MUHEpaTu3alus.

O0pazoBanue BepxHeuereMcKoil Kasibiepbl 1 BHEAPEHUE TPAHUTONIOB JIKYHTyCY CBSI3aHO C aKTHBHOCTBIO Ye-
TEMCKOTO BYJIIKaHHYECKOTO [IEHTpa. YereMcKuiil ByJIKaHMUECKHH IEHTP PACIIOIOKEH B BOCTOYHON M IOT0-BOCTOYHOMN
qacTax JnbpOpyccKoi HeoBynkaHH4Yeckol oomactu bonpioro KaBkasa nHa Bogopasnenax pex Kecrantsr, Yerem, Man-
ka u bakcan. [lepBas (ha3za akTHBHOCTH LIeHTpa (KOHEIl paHHETO TUIMOIEHA) CBs3aHa C aKTUBHOCTBIO aH/1e3n0a3aib-
ToBbIX BynkaHoB Cypx u Kpanayx (3.8-3.7 muH jert. Hazan) [Gazis et al., 1995; Jlebenes u ap., 2006]. B nauane Bro-
poii (3KcIuI03uBHON) (ha3bl aKTUBHOCTH YereMcKoro 1eHTpa (KOHel[ CPeHEero IHOIIeHa) B BEPXOBBsIX p. Uerem mpo-
SIBJISITT aKTHBHOCTB KPYITHBIH ByJIKaH, Ha MecTe KOToporo okoiio 2.8 mitH Jet Ha3ax [bopeyk, 1979; Gazis et al., 1995]
BO3HHMKJIa BepxHeueremckas kajpaepa. Takol e BO3pacT MMEIOT MMPOKIIacTHUECKUe 00pa3oBanus HimkHederemcko-
ro Haropbst — 2.8 MutH net [Gazis et al., 1995; u ap.]. Ha atoii e daze chopmupoBaics HHTpy3UBHBIA MaccuB JkyH-
TyCy, KOTOPBIi 3aBepIaeT Kajibepoodpasyonlyto a3y akTHBHOCTH UereMcKoro ByJIKaHHYECKOTO IEHTpPa. 3aKIIF0YH-
TeNnbHas (aza akTUBHOCTH IieHTpa (2.8—2.7 mutH siet) [Gazis et al., 1995; u np.] cBsI3aHa ¢ U3BEPKCHUSIMU aHJIC3UTO-
BBIX cTparoBynkaHoB KymTroOe n Kroiirenkast.

BuyTpuKkanbaepHas UHTPy3us JKYHTYCy MMeeT IUIoans Bbixoaa 10 20 KM? i BCKpPBITA 9pO3UeH Ha TTyOuHY
1200 m [LIBetkoB 1 ap., 1991; Jlatudosa, 1993; u ap.]. Ilopomsr MaccuBa MPEACTABICHBI TPAHUT- U TPAHOIHOPUT-
nopdupamu IpH OLIyTUMOM JIOMHHUPOBAHUH MOCIEAHUX. KOHTaKThI IPaHUTOUIOB C BMEIIAIOIIMMU PHOIUTOBBIMU
TydaMu U UTHUMOPUTAMU pe3KHe, UHTPY3UBHBIE. BO MHOTHX MecTax HaOIroAaloTcs Jaiku-arnodussl (MOIIHOCTHIO
JI0 3 M), OTXOJSIIIE OT OCHOBHOI'O TEJla MAacCHBAa BO BMEIAIONINE BHYTPHKAJIbIEPHBIE ITMPOKIACTHYECKUE 00pa3o-
BaHMs. BOMU3M KOHTaKTOB pHOJIUTOBBIE TY()BI YACTHYHO MEPEKPHUCTAIUIN30BAHEI C TIOSIBJICHUEM HEPEIIKO B UX Oa3zuce
(enp3uToBOI cTpyKTYpHI [LIBeTKOB M Ap., 1991; 1 Ap.].

I'panonuoput-nopdupsbl 1 rpaHuT-noppupsl Maccupa JKYHTYyCy — 3TO TUIHMYHBIE HW3BECTKOBO-LIEIOYHBIE
nopoxs! [Lserkos u ap., 1991; Jlatugosa, 1993]. BkpanneHHUKH B HHMX TIPENCTaBIEHbI IIarnokaasom (An, ),
CaHMJMH-aHOPTOKJIa30M, KBapIlieM, (IOrormuToM M TMIEPCTEHOM; K HUM M3peaKa J00aBisieTcsl aBruT, KpaiHe pea-
ko am@ubos. Iloponsr maccusa JlxyHrycy conepxar 63.9-72.1% SiO,, 5.7-8.2 % K,0+Na,O npu 1.9-3.8 % K O
[IBeTkoB u np., 1991; opurnHanbHble TaHHBIE].

B cBoe Bpems psiioM uccienoBateniel ObUIO BBICKa3aHO MHEHHE, YTO MaccuB J[KYHTyCy SIBISIETCS 4acThiO
pe3ypreHTHOro Kynosa BepxHederemckoii kanbaepHol cTpykTypsl [JIstudosa, 1993; u np.], uto npenycmarpusa-
€T TeHETHYECKOEe POJICTBO FPAHUTOMIOB MAacCHUBA U KHCIBIX — YMEPEHHO-KHUCIIBIX BHYTPHUKAIBIACPHBIX TY(OB U UT-
HUMOpuTOB. Omy6nukoBanHbie [Popov et al., 2000] n nmomy4ennsie Hamu Sr-Nd M30TONHBIE JaHHBIE HOATBEPXKIA-
IOT 3Ty TOYKY 3peHUs. Bapuanmnu HadalbHBIX W30TOMHBIX OTHOIICHUH ¥'Sr/%Sr B mupoknacTHyeckux o0pa3oBaHHU-
sx Bepxueueremckoit kanpaepsl coctapimsior 0.70553—0.70756 1 HayadbHBIX W30TOMHBIX oTHOHmIeHHH '“*Nd/"*Nd
—0.51259-0.51261, umm —0.9...-0.6 B enununaXx €. Bapuanun HavanbHEIX H30TOMHBIX OTHOMEHHH *’Sr/*Sr B oz1a-
BJISIFOIIIEM OOJIBIIMHCTBE Topoa MaccuBa JxyHrycy cocrapisitor 0.70477-0.70571, a Ha4ambHBIX H30TOIHBIX OTHO-
urenuit "“Nd/"“*Nd - 0.51261-0.51275, wiu —0.6...+2.1 B enununax €. Kak BUIHO U3 MPUBEIEHHBIX JaHHBIX, TIOPO-
Jibl BepxHeuereMckol Kaiip/iepbl IMEIOT B LIEJIOM 0oJiee paJHoreHHBIH COCTaB St M KOMIUIEMEHTapHO MEHee pajino-
reHHblil coctaB Nd 1o cpaBHEHHIO ¢ TpaHUTOMAAMH MaccuBa JDKyHrycy. DTO MOXHO OOBSICHUTH JIMOO YBEJIMYEHH-
€M CO BpeMEHEM JI0JIN MaHTHIHON KOMIIOHEHTHI B MaTepUHCKUX paciulaBax, AaBIIMX MarMaTHuecKue oO0pa3oBaHUs
KanpaepooOpa3ytomeil gazpl akTHBHOCTH YereMcKoro BYJIKaHHYECKOTO IIEHTPa (YTO BBISBICHO ISl IJTHOLIEHOBBIX

36



I'PAHUTBI Y DBOJIFOLJHA 3EMJIH

rparuTonoB Jxmmapckoro Maccusa [JleGenes u mp., 2009; u np.] n HaOmMrOmaeTCA A YeTBEPTUYHBIX JIaB BYJIKaHA
Onebpyc [Jlebenes u np., 2010]), mubo 3arps3HenneM TyGoB 1 HTHUMOPHUTOB BepxHeuereMckoii Kajibaepbl MaTepua-
JIOM M3 Me30-T1aJIe030CcKuX 00pa3oBanuii hyHnameHnTa. Ha reneTniyeckoe poacTBO IPOAYKTOB MOJIOON 3KCILUIO3HB-
HOH BYJIKAHMYECKOM aKTHBHOCTH U Pe3yPreHTHBIX HHTPY3HBHBIX 00pa30BaHMIA 3TOr0O paiioHa YKa3bIBalOT U IETpore-
OXMMHYECKHE JaHHble. TaK, Ha BapHallMOHHBIX U METPOTeHETHYECKHUX THarpaMMax TOYKH COCTaBOB mopoxa Bepxue-
YEereMCKOH KaJbJepHOH CTPYKTYpbI 1 MaccuBa JKyHIycy o0pasyroT 0OBIYHO IO KOMIAKTHBIC €AWHBIE MO, OO0
BBIJIEp)KaHHBIE 3BOJIIOIIMOHHBIC TPEHBI.

Paboma evinoanena npu noooepocke PODU (epanm Ne 14-05-00728) u 6 pamkax [Ipoepammor Ne 4 pynoamen-
manvusix ucciedosanuti Ilpesuouyma PAH.
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RESURGENT HYPABYSSAL GRANITOIDS OF THE UPPER CHEGEM CALDERA,
THE GREATER CAUCASUS

S.N. Bubnov, A.Ya. Dokuchaev, Yu.V. Goltzman, E.D. Bairova

Institute of Geology of Ore Deposits, Petrography, Mineralogy, and Geochemistry RAS
Moscow, Russia, bubnov@igem.ru

Pliocene intrusions of the Greater Caucasus, traditionally termed as the «neointrusions», have attracted at-
tention for over 160 years as unique very young natural objects suitable for detailed petrological and metallogenic
reconstructions. The Dzhungusu hypabyssal granitoid massif is one of the least studied «neointrusions» of the Greater
Caucasus. It is exposed in the northeastern part of the Pliocene Upper Chegem caldera structure. Note that the intru-
sive rocks in the caldera complexes are of unflagging interest: they are present in most of caldera structures around the
world; they are often regarded as the apophyses of hidden deep-seated magmatic chambers; and their rocks frequently
host economic ore mineralization.

The formation of the Upper Chegem caldera and the emplacement of the Dzhungusu granitoids are related to the
activity of the Chegem volcanic center. The Chegem volcanic center is situated in the eastern and southeastern parts of
the Elbrus neovolcanic area of the Greater Caucasus, on the Kestanta, Chegem, Malka, and Baksan watersheds. The
first phase of center activity (end of the Early Pliocene) is related to the activity of the Surkh and Krandukh basaltic
andesite volcanoes (3.8-3.7 Ma ago) [Gazis et al., 1995; Lebedev et al., 2006]. The beginning of the second (explo-
sive) phase of the Chegem Center (end of the Middle Pliocene) was marked by the activity of a large volcano in the
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upper reaches of the Chegem River, where the Upper Chegem Caldera emerged 2.8 Ma ago [Borsuk, 1979; Gazis et
al., 1995]. The same age (2.8 Ma) was obtained for the pyroclastic rocks of the Lower Chegem Highland [Gazis et al.,
1995; etc.]. This phase also was responsible for the formation of the Dzhungusu intrusive massif, which terminates
the caldera-forming activity of the Chegem volcanic center. The final stage of the activity (2.8-2.7 Ma) [Gazis et al.,
1995; etc.] was related to the eruptions of the Kumtyube and Kyuigenkaya andesitic stratovolcanoes.

The intracaldera Dzhungusu intrusion is up to 20 km? in area and eroded to a depth of 1200 m [Tsvetkov et al.,
1991; Lyatifova, 1993; etc.]. The massif rocks are represented by granite- and granodiorite porphyries, with the sharp
predominance of the latters. These granitoids are in contacts with host rhyolitic tuffs and ignimbrites. Numerous dikes-
apophyses (up to 3 m thick) of the main body penetrate host intracaldera pyroclastic rocks. Near contacts, the rhyolitic
tuffs are partially recrystallized with manifestation of felsitic texture [Tsvetkov et al., 1991; etc.].

The granodiorite porphyries and granite porphyries of the Dzhungusu Massif are typical calc-alkaline rocks
[Tsvetkov et al., 1991; Lyatifova, 1993]. Phenocrysts in them are represented by plagioclase (An, ), sanidine-anor-
thoclase, quartz, phlogopite, and hypersthenes; with less common augite, and extremely rare amphibole. The rocks
of the Dzhungusu massif contain 63.9-72.1 % SiO,, 5.7-8.2 % K,O+Na,O at 1.9-3.8 % K O [Tsvetkov et al., 1991;
original data].

Some researchers suggest that the Dzhungusu Massif is the part of the resurgent dome of the Upper Chegem
caldera structure [Lyatifova, 1993; etc.], which implies genetic relation between the massif and acid to moderately
acid intracaldera tuffs and ignimbrites. Available [Popov et al., 2000] and obtained Sr-Nd isotope data confirm this
viewpoint. Variations in the initial ¥’Sr/*Sr isotope ratios in the pyroclastic rocks of the Upper Chegem Caldera are
0.70553-0.70756 and those in the initial "*Nd/"*Nd — 0.51259-0.51261, or —0.9...-0.6 in £, units. Variations in the
initial #Sr/*Sr in the majority of the rocks of the Dzhungusu Massif are 0.70477-0.70571, while initial '*Nd/'*Nd —
0.51261-0.51275, or -0.6... +2.1 in &, units. It is seen from presented data that the rocks of the Upper Chegem Cal-
dera have more radiogenic Sr isotope composition and complementary less radiogenic Nd composition as compared
to the Dzhungusu granitoids. This may be explained by either increase with time of mantle component in the parent
melts, which gave rise to the magmatic rocks of the caldera-forming phase of the Chegem volcanic center (which
was revealed for the Pliocene granitoids of the Dzhimara Massif [Lebedev et al., 2009; etc.] and was observed for the
Quaternary lavas of Elbrus volcano [Lebedev et al., 2010]), or by contamination of tuffs and ignimbrites of the Up-
per Chegem Caldera by Meso-Paleozoic basement. A genetic affinity of the products of young explosive activity and
resurgent intrusive rocks also follows from petrogeochemical data. In particular, the data points of the Upper Chegem
Caldera and the Dzhungusu Massif in the variation and petrogenetic diagrams define common compact fields or per-
sistent evolution trends.

This work was supported by the Russian Foundation for Basic Research (Project Ne 14-05-00728) and Program
Ne 4 of Basic Research of the Presidium RAS.
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NETPOTEHE3UC CUEHUTOB MMO3IHENAJIEO30MCKON MATMATUYECKOM MPOBUHIIUU
3AATHOI'O 3ABAMKAJIBSI

L.H. bypmakuna, A.A. [{pIrankos

Teonozuyeckuii uncmumym CO PAH, Yaau-Y03, Poccus, gerka_85@mail.ru

B 3amagrom 3abatikanbe MO3IHEIaNIC030CKIEe CHEHUTHI PacTIpOCTpaHeHHBI MHPOoKo. OHM BXOIAT B COCTaB
MOYTH BCEX KOMILIEKCOB 3a MCKIFOUEeHHEeM caMoro paHHero baprysmuckoro (330-310 Ma) [L{sranxos u ap., 2010].
PaccmarpuBaeMble CHEHNTHI B PA3HBIX TPAHUTOWIHBIX KOMIUIEKCAX UMEIOT Pa3IMYHBINA COCTaB, HO B IIEJIOM BO Bpe-
MEHHU 3BOJIONMOHUPYIOT B CTOPOHY YBEJIMYEHHS IEIOYHOCTH, BIUIOTH O IIEIIOYHO-TIOJICBOIINATOBEIX CHCHUTOB
(pauHe-kyHaneckuii koMmruieke, 280—273 Ma), B KOTOPBIX COAEepIKATCs IIEIOYHBIe MTUPOKCEHBI 1 aM(nOombl. Takue
MIMPOKHE BapHallli COCTaBa CPEAHMX MOPOJ B TPAaHUTOMAHBIX KOMIUIEKcax 3amagHoro 3abalKanbs, CKOpEee BCETO
MOXKHO OOBSICHUTD UX Pa3HBIM MIPOUCXOKICHUEM.

Ha ocHOBaHMM aHaTUTHYECKUX JaHHBIX MBI HAMEPEHBI TI0Ka3aTh, YTO CPEIN MO3IHENAIC030HCKIX CHEHUTOB
BBIJICIISIFOTCS] TPY TEHETHUECKUX THMA: | — CHEHHUTHI Kak MPOXYKT AudpepeHnnanny cyOImenoIHoi 0a3uToBoi Mar-
MBI; 2 — CHEHUTHI KaK pe3yJIbTaT CMEIIEHHE KOHTPACTHBIX IO COCTAaBY MarM ¢ TOW MITM MHOH CTeneHbio tuddepeHim-
amyu; 3 — CHCHNTHI, KaK IPOAYKT IUIABJICHNUS BHICOKOKAJIMEBEIX 0a3UTOBBIX MTPOTOINTOB C MOCIeRyIomen auddepen-
LUaluen pacIuiaBoB.

K nepBOoMy TeHEeTHYECKOMY THITY OTHOCSITCSI CHEHHUTHI HM)KHE-CEJICHTHHCKOTO (285-278 Ma) KoMIurekca, s
KOTOPBIX TUIHYHBI COITyTCTBYIONINE OAa3WTHI, MPECTABICHHBIE CHHIUTYTOHHYECKAMU TaO0pOUIHBIMI HHTPY3HSIMHU
[JIurBrHOBCKMH 1 11p., 1995; LpirankoB u ap., 2010; Litvinovsky et al., 2011]. CueHHTBI — 3TO MaCCHBHEIE PEAKO TIOP-
¢uposuansre (Kfs) cpenne3epHUCTbIE TOPOBI, CIOKEHHBIE MIETOYHBIM MONEBBIM mmaroM (25-30 06séM. %), mia-
THOKIIa30M (44—57 00bEM.%), kBapueM (7-20 00BEM. %), 6moTHTOM 1 aMpHUOO0IOM Ha OO KOTOPBIX, B COBOKYITHO-
cTH, npuxonuTcs 4-8 00béM. %. O0bryHO 6MoTHT peobnanaet Hax aMprO0IOoM. MEKpPOCTPYKTYpa FrHITUANOMOP(HO-
3epHUCTas1. Bapuanmu coctaBa mopoj B IEJIOM HE3HAYUTENBHBI. [10pOIbI HIKHE-CEICHTMHCKOTO KOMILIEKCa, BKITIO-
Yast MOHIIOHNTHI, Ha ANarpaMMax COOTHOIIECHHE METPOTEHHBIX OKCHIOB C KPEMHE3EMOM 00pa3yIoT AUCKPETHBIC OIS
(urypaTHBHBIX TOUYEK, PA3IMIAIONIAECS KaK IO COICPKaHUIO KPEMHE3EMa, TaK M 110 KOHIIEHTPAIHsAM BCEX OCTalb-
HBIX TIOPOZ000Pa3yIOINX OKCHAOB. B 1esioM, comepxaHue BCeX METPOTCHHBIX KOMIIOHEHTOB, 338 UCKIIOYCHHUEM Ka-
TV, yMEHBIIAETCS OT MOHIIOHHUTOB K CHEHHUTAM C POCTOM KPEMHEKHCIOTHOCTH. Tak, HanpuMep, KO3 PHUITMEHTHI KOp-
pensumu (1) TiO,, FeO*, MgO n CaO ¢ kpemHezemoM BapbHpyIoT 0koiio —0.95. B T0 e Bpems, B KaKI0# rpymme mo-
pox (CHEHNTBI, MOHIIOHHUTHI) KOPPEIJAIHA MEKAY STHMH ITapaMeTpaMH MPAKTHUECKH OTCYTCTBYET. Takne cooTHomIE-
HUSL, TIO-BUANMOMY, OOBSICHSIFOTCS TEM, YTO MMeIa MecTo Au(depeHIIHanys HCXOIHOTO paciulaBa B IPOMEKYTOIHOMH
KaMmepe, TorJa Kak Ha MECTE CBOETO 3aJIeTaH!s 3TH IPOIECCH ORI POSBICHEI BecbMa ci1abo. Comeprkanme Rb u Nb
TaK e KaK 1 KaJns BO3pacTaeT OT MOHIIOHUTOB K CHEHHTaM, ST YMEHBIIIAETCS, TOT/a KaK COIEPKAHNE INPKOHHS TIPH-
MEpPHO OIMHAKOBOE BO Bcex moponax. [Ipn 3ToM BHYTpH KaXI0TO U3 PACCMAaTPUBAEMBIX THIIOB ITOPOJ COOTHOIICHNE
3JIEMEHTOB-TIPUMECEN C KPEMHE3EMOM MOXKET KapIUHAIBHO Pa3IHIaAThCS.

Pacnpeneneane REE xapakrepmsyercss peskoil auddepeHInpoBaHHOCTBIO CIIEKTpa C O0OTamieHHeM Io-
porx LREE. B monnonntax La/Yb  ornourenne cocrasisier 21 mpu ), REE pasroii 219 /1, Tor1a kak B CHCHHTaX,
La/Yb  orromenne Hike — 19, uro koppemupyer ¢ 6onee Husknm obmm coxepkanreM REE B oTx mopozax
(SREE =209 1/1). Te u apyrue xapakTepu3yloTcs HATHYHEM oTpunarensHoi Eu anomanueii (Eu” = Eu/Eu*) pasHoii
0.36 B cuennrax 1 0.6 B MOHIIOHHUTAX.

Macc-6anaHcoBbIe pacdyeTsl MOKa3bIBAIOT, YTO CHEHUTHI HU)KHE-CEJICHTMHCKOTO KOMIUIEKCa MOTYT OBITH TO-
Jy4YeHbI MyTeM (paKIHOHHOW KPUCTAIUTH3AaNU BEICOKOKaneBoro Oa3ambra [L{prankos, 2014]. Hanny4mas cxomn-
MOCTh PacyeTHBIX M HAOIIOZAEMBIX JAHHBIX COOTBETCTBYET ABYXCTaJMHHOMY BapMaHTy KpHcTayumsamuu. [lepsas
cTagus — (paKIMOHHAS KPUCTAUIM3AMsI BEICOKOKAJIHEBOTO 0a3abTa, B Ka4eCTBE KOTOPOTO MPHHAT CPEAHUI cOCcTaB
CHHIUTYTOHHYECKUX Tab0po HIKHEE-CENCHIMHCKOTO KOMITIeKca. B pesynsrare 00pa3yeTcss MOHIIOHUTOBBIH OCTAaTOK
(35% ot ncxomHoro oovema, cymma KBapaToB oTkiaoHeHuUs (R) paBHa 0.282). Bropoii stam: ¢pakiioHHas KpucTal-
JM3anusl MOHIIOHUTOBOT'O pacIlyiaBa, B Pe3ysIbTaTe KOTOPOi 0Opasyercst 67% CHEHHTOBOTO OCTaTOYHOTO PacIiaBa, Ofl-
HAaKO CXOJMUMOCTh PacdeTHOTO 1 HaOII01aeMoro cocTaBa CHEHUTOB 3aMeTHO Xyxke (R = 1.65). Kak 6a3utsl, Tak u cue-
HHUTBI HIKHE-CENIEHTUHCKOTO KOMIUTIEKCA XapaKTEPU3YIOTCsS yMEPEHHO OTPHIIATENNBHBIMHI 3HAYEHUAMH &, (—5...-2.5),
YTO HE MPOTUBOPEUNT MIPEATATaEMON MOJEITH.

KBapuieBpie ceHHUTHI, THITOMOP(HBIE IS YUBBIPKYIcKoro Kominiekca (305-285 Ma), rmo HamreMy MHEHHIO, 00-
pa3oBamCh B pe3ynbrare cCMemeHust MarM. OHH 9acTo CONTPOBOXKIAIOTCS Oa3uTaMH, MPEICTaBICHHBIMI CHHILTY TOHHYE-
CKUMH TaOOpOUIHBIMI HHTPY3USIMH, KOMOMHUPOBAHHBIMH JTaiikamMu [JINTBHHOBCKMIA U Ap., 1995] n MadruecknMu Mu-
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KpOTpaHyJSIPHBEIMU BKIFOYeHUsIMA (mafic microgranular enclaves - MME) [Bypmakuna, I{prankos, 2013]. MuHrmmHT
Jaiku 1 ot yacth MME sIBISIOTCS IPSIMBIM T'€0JIOTHYECKUM CBHJIETENILCTBOM CHHXPOHHOCTH MAaHTHHHOTO W KOPOBO-
ro MarMari3Ma. CHeHHUTHI IPEACTaBIIECHbI CPEHE3EPHUCTHIMU TIOPOIaMH € THITHIHOMOP(HO3EPHUCTON MUKPOCTPYKTY-
poit. Onu cioxens! Kfs — 4555 00béM. %, Pl — 15-30 06béM. %, Otz =~ 8 00bEM. %; TEMHOIIBETHBIC MUHEPAJIBI TIPEA-
craBiieHbl OnotuToM (15-20 06BEM. %), n3penka BerpedaeTcs aMmpuOOI C peTMKTaMy MUPOKCEHa. AKIIECCOPHBIE MH-
Hepajbl: MarHETHUT, TUTAHWT, allaTUT, UPKOH. [IpucyTcTBHE HE XapaKTepHOTO VIl CHEHUTOB MOHOKJIIMHHOTO ITHPOKCE-
Ha, CKOpee BCET0 MOKHO OOBSICHUTH CMEIIIEHNEM KOHTPACTHBIX 10 COCTaBy MarM B POMEXYTOYHOH kamepe. Bmecre ¢
TEeM, He BCE CHEHUTHI YMBBIPKYHCKOTO KOMILIEKCa CoAiepKaT mofgo0HbIe cuaerenbetsa (MME, MUHIIIMHT naliku, penvk-
TBI TUPOKCEHOB), TOTOMY Y4acTHe MaHTHHHBIX MarM B MX (DOPMHUPOBAHIH MOXKET OBITh 3a()KCHPOBAHO JIMIIB MO H30-
TONHBIM JTaHHBIM. OJJHAKO CII0)KHOCTP 3AKJIIOYAETCs B TOM, YTO KaK CHEHHTHI, TaK U 0a3UThl YMBBIPKYHCKOTO KOMILIEK-
ca, TaK )K€ KaK i B PEBIIYIIEM CITy4ae, MMEIOT OTPULIATENBHBIE 3Hauenus €, (—6...—3.3) [Litvinovsky et al., 2011]. Ta-
KHE «CMEIICHHBIE» M30TOIHBIE XapaKTEPUCTHKN CHEHUTOB JOITYCKAlOT Pa3HbIe BAPHAHTHI MHTEPIPETALINH, OJHAKO IIPH-
cyTcrBre B rpaHuTonax MME 1 KoMOMHUPOBAaHHBIX JJa€K SIBIISIETCS HA/ISKHBIM CBHIETEIILCTBOM CMEIIeHHs MarM. Jlist
BBIICHEHHS XapaKTepa B3auMOACHCTBHS 1 00bEMHBIX COOTHOLIEHHH MaHTHHHBIX U KOPOBBIX MarM IpH ()OpMHPOBAHUN
CHEHHTOB, HAMH TIPOBEAEHBI MacC-0aJIaHCOBBIE PacyeThl. DTH PAacUeThl OKa3bIBAIOT, YTO CUEHUTHI PACCMAaTPUBAEMOTO
THIA MOTYT OBITh OJIy4EHBI ITyTEM CMENIeHHs1 0a3UTOBOTO M CaIMIECKOro KOMIIOHEHTOB. B KauecTBe 6a3UTOBOIO KOM-
TIOHEHTA MPUHAT CPEeTHUI cocTaB rab0po mepBoit (haser Bypracckoro mryToHa (WMBBIPKYyHcKuil KoMIuiekce) [BypmakuHa,
Ipranxos, 2013], B Ka4ecTBE CaIM4YECKOTO — CpeIHMI cocTaB Oapry3nHCKuUX rpaHuToB. OCHOBaHHMEM JUISl TAKOTO BBI-
Oopa ciyxar reoxpoHonorndeckre qanubie [Lprankos, 2014], KoTOpbIe YKa3bIBAIOT Ha TO, 9TO (JOPMHUPOBAHUE YHBEIP-
KyHCKOTO KOMIUIEKCA Ha49aI0Ch Ha 3aKITIOYUTEIILHON CTal1 CTAHOBJICHNS Oapry3MHCKHX IPaHUTONI0B. PacueTsl oka-
3BIBAIOT, YTO CPEAHUH COCTAB YNBBIPKYHCKHX KBAPIIEBBIX CHEHITOB MOKET OBITh ITOTyUYCH ITyTeM CMEIIeHHE yKa3aHHBIX,
BBIIIIE, HCXOAHBIX KOMIIOHEHTOB B iporopruu 1:3 (R =1.19).

O06pazoBaHue 1EII0YHO-TI0JICBOIIIATOBEIX CHEHUTOB paHHE-KyHajelckoro komiuiekca (280—-273 Ma) ocraercst
IO/T BOPOCOM. TeMHOIBETHbIE MUHEPAJIBl PACCMATPUBAEMBIX ITOPOA MPEICTABIEHBI IEIOYHbIM aM(pUOOIOM H TIH-
POKCEHOM, OMOTHUT BBICOKO XKEJIE3HUCTHIH, IEIOYHON TIOJICBOI LINaT JOMUHHUPYET HaJ| IUIarnokiaasoM. PaccmarpuBae-
MBI€ [ET0YHO-TIOJIEBOILITIATOBBIE CHEHNTHI SIBISIFOTCS] THIIMYHBIMU ITPEACTaBUTENIMH MeTamoMuaneBoit (A/CNK<1)
CyO11e109HOH 1 menouHoi cepuii. Ha kinaccuukannoHHBIX AuarpaMMax OHM HaXOMSATCS B I10JI€ TPAHUTOB A-THIIA:
JUTS HUX XapaKTepHBI HU3KKE conepxanus St (cpexnee 16 /1), Ba (58 /1) 1 MmakcumanbHO BeIcokue Rb (135 /1), Zr
(570 /1), Nb (29 r/1). Criextp pacnpenenenus REE xapakrepusyercs pe3koi nuddepeHIMpoBaHHOCTBIO ¢ o0orarie-
Huem mopox LREE, La/Y b(n) ~ 20. XapakTepHa MaKCUMaJIbHO [ITy0OKask OTpUIaTEIbHAS €BPOIIHEBas aHOMAJIUS BEIU-
ymnHa, kotopoit mocturaet 0.14—0.23. Ha cnaiinep-nuarpaMme HaOIIOMAIOTCS PEe3KHe OTPULIATEIbHBIC aHOMATHH ST, P,
Eu, Ti n makcumymsr La, Ce, Zr, Hf. B panne-KyHanelckux CHEHHTaX 3Ha4eHHE €, paBHO —3.3...—2.9 [Litvinovsky
et al., 2011], 9T0 MOXKHO MHTEPIIPETUPOBATH KaK MPUCYTCTBIEC MAHTUHHOTO KOMITOHEHTA.

VY4uThIBasi HEBO3MOKHOCTH TIPSIMOTO BBINIJIABICHHUS] CHEHUTOBBIX MarM M3 KOPOBBIX IPOTONHUTOB [Litvinovsky
et al., 2000] MO>XXHO TPETIONIOKUTH, YTO OOPA30BAHHUE LIETOYHO-TIOJIEBOIIIATOBEIX CHEHUTOB CBSI3aHO C ABYMS IIPO-
neccamu: 1 — mapuuajipHOE IUIaBJICHHE CYOIIENOYHBIX 0a3UTOBBIX MPOTOIUTOB; 2 — paKIMOHHA KPUCTAIITH3ALNS
00pa3yromuxcs paciiaBoB. IIpy 3TOM MBI HE MOXKEM OLICHUTH COCTAaB MCXOAHBIX BBIIUIABOK. B TOXe Bpems MakcH-
MallbHas DTyOokas anddepeHrays IpUBOAUT K 00pa30BaHHIO LIETIOYHBIX IPAHUTOB, KOTOPHIE IIMPOKO Pa3BUTHI B
cocTaBe TUITOMOP(]HBIX ISl paHHE-KyHAJIEHCKOT0 KOMIUIEKca bpssHCKOM 1 XOPHHCKOM Iy TOHAX.

IIposedennvie ucciedosanusi noodepoicanst Ilapmuepckum unmezpayuonnvimu npoexkmom CO PAH Nel7.
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U-PB U30TOIMHOE JIATUPOBAHME IIUPKOHOB IMO3THENAJEO30MCKUX TPAHUTOUIOB
3AIIAJTHOI'O 3ABAMKAJIBS LA-ICP-SF-MS METO/IOM:
MMPOLNEAYPA UBSMEPEHUSA U COITIOCTABJIEHUE C SHRIMP

M_.J1. Bysuryes, B.b. Xy6anos

Teonoecuueckuit uncmumym CO PAH, Ynan-Y0s, Poccus
molon2@rambler.ru

LA-ICP-MS merop nokansHoro U-Pb u3oTomHoro gatupoBanus, Onaronapst HU3KOHW OIOKETHOCTH, MPOCTOTE
poOOOATOTOBKH, BEICOKO MPOITYCKHOW CIIOCOOHOCTH, @ TaK)Ke MPOCTPAHCTBEHHOMY pa3pelIeHHIO, IPECTaBIIsSEeT-
Csl OTHUM U3 IIEPCIEKTUBHBIX HHCTPYMEHTOB JJIsl TEOXpOHOJI0rn4eckux uccienoBanuii. LA-ICP-MS cucremsr 6a3u-
PYIOTCSI HA KOPOTKO-BOJIHOBBIX JIa3epax M, IPEUMYIIECTBEHHO, KBaIPYTOIbHBIX MacC-CIIEKTPOMETPaX C MHAYKTHBHO-
ces3anHol ma3moii (LA-Q-ICP-MS). Takast npubopHas KOHQUTYypalys, KaKk MpaBuiIo, IPUMEHSETCS IS 1aTHpoBa-
HUSI JIOKEMOPHHCKUX IUPKOHOB C OTHOCUTEIHHO TOBBIIIEHHBIMU COAEPKaHUSIMH paIMOTeHHOTO CBUHIIA. B aTOM City-
Yae TOYHOCTh u3MepeHust U-Pb M30TOITHBIX OTHOLIEHUH HEHAMHOTO YCTYIaeT TOYHOCTH PE3YJIbTaToB, MOTYUYSHHBIX
SIMS metonom.

AnbrepHatuBoit LA-Q-ICP-MS saBnsiioTcs cuUCTeMBbl, OCHOBaHHbIE Ha aHAJOTHYHBIX Jla3epax W Ha
MarHMTHO-CEKTOPHBIX Macc-CIIEKTPOMETpax ¢ MHAYKTUBHO-cBsi3aHHOW Tutazmoi (LA-SF-ICP-MS) [Xy6anoB u
ap., 2013; Slama et al., 2008]. MarHuTHO-CEKTOPHBIE Macc-CIIEKTPOMETPHI, Oylaronapsi JBOMHON (GoKycHpoBKe
MOHHOTO ITy4YKa, 00IaaloT Ha MOPSAIOK Jy4lleld aHaJIMTUYECKON YyBCTBHUTEIBHOCTBIO M TOYHOCTHIO. [1oaTOMY
npeacTaBisieTcs, yto ucnonb3oBanue LA-SF-ICP-MS Gonee npennoururensHo mist U-Pb u3oronHoro garupo-
BaHUS IMPKOHOB (paHEepOo30HCKOro Bo3pacTa, KOTOPbIE HAKOIMIIN 3HAYMTEIFHO MEHbINE PaJHOreHHOTO CBHHIIA,
4eM IPOTepOo30HCKue.

B HacTosimem cooOmieHnu npuBeneHs! Janubie 00 ycnoBusx ontumuzauun LA-SF-ICP-MS mis U-Pb u3zo-
TOITHOTO AaTUPOBAHUSI MarMaTH4eCKUX IUPKOHOB. AnpoOanus MeTosia NpoBeIeHa Ha IpUMepe ONpeesICHHs BO3-
pacTa IBYX CTaHIapTHBIX 00pasnoB 1upkoHoB (GJ-1 [Jackson et al., 2004] u Plesovice [Slama et al., 2008]) u 1up-
KOHOB M3 IIECTU MO3THENaNe030MCKUX IPAHUTOMIHBIX MaccuBOB [LlpirankoB u ap., 2007; L{pirankos u ap., 2010],
a Taxke XaJIFOTUHCKOTO KapOOHATHTOBOTO MeCTOpOKcHUsI 3abaiikanbs [Ripp et al., 2009], panee naTupoBaHHBIX
SHRIMP metomom.

HccnenoBanusi mpoBeJieHbl Ha Macc-criektpoMerpe Bbicokoro paspemienust Elelment XR (Thermo Fisher
Scientific, ['epmanus) ¢ cuctemoii mpodooTdopa nazepuoit abmsueit UP-213 (New Wave Research, CILA). [{upko-
HBI 00JTy4aINCh UMITYJIbCHBIM JIa3epHBIM JIydoM ¢ yactotor 10 ['n, ¢ auamerpom 40 MM, B Tedenun 30 c. Mcnapen-
HBIE YaCTHIIbI U3 JIA3€PHOI YCTAaHOBKH B MAaCC-CIIEKTPOMETP TPAHCIOPTHPOBAIUCH TOTOKOM YUCTOTO HHEPTHOTO ra3a
renust. Koppekuus apetida curaana naMepseMbIX H30TOIMOB, YUeT ()OHOBBIX CUTHAIIOB, PacUeT M30TOIHBIX OTHOIIE-
HHUH M UX TorpemHocrei npoenensl B nporpamme Glitter [Griffin et al., 2008], B kauecTBe cranmapTHOro odpasia
ucrosnb3oBalics UpKoH Plesovice. Pacuer 3HaueHnii Bo3pacta METOIOM ITOCTPOCHHUS TUarpaMMBbI C KOHKOPAXEH Ipo-
BEJICH C MOMOIILI0 TiporpaMmel Isoplot 3 [Ludwig et al., 2003].

Tabnuia. Pe3yJabTaThl re0XpOHOJIOTHYECKHX HCCJIETOBAHNI CTAHIAPTHHIX H NPUPOAHBIX HUPKoHOB LA-ICP-MS MeTonom
B conoctapjenuu ¢ faHHbimu SHRIMP.

Ob6paserr (MaccuB) LA-ICP-MS Bo3spact, Ma | SHRIMP Bo3pacr,
Ma
GJ-1 —arrect 608,5+0,4 606.5+5.3 -
Plesovice — arrecrt. 337,13+0,37 33842 -
Xc-59a (Xacyprunckuii) 281+7 283.7+£5.3
XH-62a (XaHTUHTYH) 303.94+6.2 302.3+3.7
G1-10-03 (Tonb1i0BBIi) 310.3+8.5 313.343
mp. 023a-04 (YHaraTaiicKmit) 289+5 289+2.3
Bu-113-04 (Bypracckuii) 293.3+5.3 287.3+4.1
Te-01-06 (TomdHCKUIT) 317+12 318+4
KHALI 1 (XamoTnHCcKuiA) 134.3+£3.6 130+1
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H3Mepsutock YeThipe M30TONHBIX oTHomIeHus: 2’Pb/2%Pb, 2°Pb/»8U, 2"Pb/*?°U u 2®Pb/*?Th, npu 3ToM mpo-
Heaypa MompaBKH Ha OOIINI CBUHEIl He MPOBOMIACH. PacueT Bo3pacTa mpoBoamics MeTooM paccMmoTpenust U-Pb
(*Pb/?#U- 27Pb/>*>U) cucreMbl Ha KOHKOpAMHU. B Tabnuue npusenensl pesynsrarel LA-ICP-MS U-Pb u3otonHbIx
JaTHPOBOK MCCIIEHOBAHHBIX P00 HUPKOHOB, a TAKXKE PE3yNIbTaThl X AaTUpoBOK Ha npubope SHRIMP no nanHbBIM
u3 [LprankoB u np., 2007; Lsrarkos u ap., 2010; Ripp et al., 2009], B ToM guciie naHHBIE 110 CTAHAAPTHRIM U3 [ Xy-
6anoB u ap., 2013]. Kak Bunno, LA-ICP-MS n SHRIMP pesysnsrars! 10CTaTOYHO XOPOIIO CONIACYIOTCS M HAXOASTCS
B IIpejiesax NOrpelHocTeil 3HaYeHni Bo3pacToB. CleayeT OTMETUTh, YTO OTHOCHTEIbHAS NOTPEIIHOCTE H3MEPEHUS
M30TOIHOTO OTHOIIeH!s B 0fiHOM Touke (16) mist 2Pb/>*8U cocrasnsier ~1,5 %, a 27Pb/>°U — 4-5 % ist cTaHIapTHBIX
LUPKOHOB, YTO, B IEPBOM IPHOIIKEHUH, COIIOCTABUMO C MOKAa3aTeIIMH NOTPEIIHOCTH H3MEPEHHS 3TUX M30TOIHBIX
oTtHoueHui, noayyaembix SHRIMP meronom.

OueBHIHO, YTO NpeICTaBICHHbIE JaHHble 00 m3MepeHnHn U-Pb M30TOMHBIX OTHOLIGHHH B CTaHIAPTHBIX 00-
pasnax CBHIETEIbCTBYIOT O BOBMOXXHOCTH MCIOJIB30BAHUS METOA B PEIICHUH 33/1a4 [0 JaTHPOBAHHIO MAJICO30HCKO-
ME3030HCKHX MarMaTHYeCKHX KOMILICKCOB.

Hccnedosanus nposodunucy npu gunancosoti noooepcke Cubupckoeo omoenenus PAH (Mnmezpayuonnwlii
napmuepckuu npoekm CO PAH Ne 17) u Poccuiickozo gponoa gynoamenmanvnuix ucciedosanuti (PODPU Ne 14-05-
00498).
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UMIIAKTHBIN AHATEKCUC THEHCOB C BbIJIEJJEHUEM 'PAHUTHOI'O PACILJIABA:
HEKOTOPBIE IPUJIOKEHUS K PAHHE 3BOJIIOIIMA 3EMJIA
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YHuKanbHas BO MHOTHX OTHOIIeHUsIX [lomuraiickas actpobnema [Vishnevsky, Montanari, 1999; BuriaeBckui,
2013], pacnionoxxeHHasi BOJMM3K M-0Ba TaliMbIp, MPONOKAET MPUBJIEKAaTh BHUMAHUE B CaMbIX Pa3IMYHBIX HAYYHBIX
aCTeKTax. DTOMY CITIOCOOCTBYIOT OOJIBIIION MACIITad UMIAKTHOTO COOBITHS (uaMeTp acTpodieMsr — 100 kM), MoIto-
Jtoit Bo3pacT (~35 MIIH JIeT), Xopoliasi COXPAaHHOCTh i O0HAXKEHHOCTh aCTPOOJIEMBI, @ TAKXKE CIICIIU(HKA TTOPO]T MUIIIC-
HH, Ha KOTOPBIX OHA OblIa 3anoxeHa. [Ipu e€ obpa3zoBanun BO3HUKIO mopsiaka 2000 kM® HMIIAKTHOTO pacIijiaBa, mpe-
MMYILIECTBEHHO 3a CYET YIapHOTO IUIABJICHHS apXEHCKUX KPUCTAIMYECKHUX MOPO AHA0apCKOTO IUTa, CIIOKEHHBIX
XaIyaHCKOM 1 BepXHe-aHabapcKol cepHusiMH IHEHCOB.

Bynyun B 1enoM BecbMa «CYyXMMH», STH THEHCHI B psfie 30H ObUIM AMaTOPHPOBAHBI, YTO COOTBETCTBEHHO
OTPa3WIOCh U Ha BOJOCOAEPKAHUH AIlOTHEHCOBBIX MMITAKTHBIX PacIUIaBOB-TaraMUTOB, CPEU KOTOPBIX BBIJIEISIOT-
Csl KaK «CyXHey, TaK U «BJIaKHbIE» UMIIAKTUTHI C COJIEPKaHUEM, COOTBETCTBEeHHO, 0.74 + 0.18 n 2.23 + 0.48 mac. %
H,O [Vishnevsky, Montanari, 1999]. O6a Tuna TaraMuToB XOpOLIO OTIMYAIOTCA MEXIY COOOH Mo merporpaguu u
Makpockoruu. Cpesii «BIaXKHBIX» TaraMUTOB OBbLIM BBIABJICHBI TaK Ha3bIBAEMble OMpACIUIaBHbIE Pa3HOCTH, B KOTO-
PBIX B TOM WJIM MHOM KoimdecTBe (MHoraa 1o 10 o0béM. %) paccesHbl HECMECHUMBIE ¢ MaTpHIIEii TaraMuTa MeJKHe
mobynu «kucibix» (72-77 mac. % SiO,) crékon (cM. pUCyHOK, A), oboraménnbix kamieM (3—6 mac. % K O) u Bo-
now (4-7 mac. % H,0); nmpoure MeTPOTreHHbIE SMEMEHTEI HAXOAATCS B TOMYMHEHHOM KonudecTre. [lokazano [Bum-
HeBckui, 2013; U CCBUIKH 3/1€Ch], YTO MOJ00HBIE TIIOOYIH SIBISIFOTCS IPOAYKTOM «PaHHETO» MMIAKTHOTO aHATEKCH-
ca rHelcoB, KOTOPBIH MPOTEKall B yIapHO-HATIPY)KEHHOM COCTOSIHUH ITPU YMEPEHHOM yJapHOM MeTaMmopduime (1aB-
nenus ot ~29 no 50 I'Tla). Brigenusiieecs cTekiao 00pasyeT MeK3epHOBBIE BBIICICHHS B 00JIOMKax THEHCOB (CM. pH-
CYHOK, B), OTOPOYKH BOKPYT 3THX OOJIOMKOB M CTpyHHBIE BHEAPESHHUS BO BMEIIAIOIINIT TaraMuT. byy4n BEICOKO MO-
OMJIBHBIMHU TIPOIYKTAMH, 3T BHEAPEHUS, BETBICh M pacnasiasch, JaBajli HAYaJl0 KaleIbKaM-II00YIsIM «KUCIIOTO»
CTEKJIa, HECMECHUMBIM C pacIIaBHOW MaTpuieil TaramuTa. OnucaHHble CTEKIIA, TOHKO-ANCIIEPTUPOBAaHHBIE BO BMENIa-
IOIINE TaraMUTHI elE Ha CTa/IMK YJapHOTO HAarpy>KEHHUS U BBICOKOTPAITUEHTHOTO TEYEHUS CPeJIbl, IPUHIUITHAIBHO OT-
JIMYHBI OT «OYXUTOBY», TO €CTh, TEX MPOJIYKTOB MMHpOMETaMOp(pH3Ma rHEWCOB, KOTOPBIH MPOTEKall B BHICOKOTEMIIEpa-
TYpPHOM MMITIaKTHOM pacIulaBe y>Ke Ha CTaJJ{H €ro MOCTYAapHON SBOJIOINH.

XWUMHUUECKUH COCTaB OINMKCBIBAEMBIX CTEKOJ OTBEYAET KHCIOMY TPaHUTOWAHOMY pacIliaBy Kajue-
BOH crenuanu3aiuy (JaHHble 66 MHUKPO30HIOBBIX aHAIH30B, B Mac. %, cpemHee + CTaHIAPTHOC OTKJIOHCHUE):
SiO, 71.92 + 2.00; TiO, 0.24 + 0.09; ALO, 12.29 + 1.29; FeO 1.41 + 0.42; MgO 0.15 + 0.08; MnO 0.02 + 0.01;
Ca0 0.57 +£ 0.65; Na,0 1.69 £ 0.50; K,0 5.51 = 1.73; P,O, 0.12 + 0.06; cymma 92.56 + 2.07. DTOT BHICOKOKPEMHE-
38MHBII COCTaB HE BBIBOAMTCS M3 BaJIOBOW METPOXUMHHU POJUTEIHLCKOTO FHECa WIIM €ro KOHKPETHBIX MUHEPAJIOB U
SIBJISIETCSI CBUJICTEIECTBOM BBICOKOMOOMIIEHOM CEJIEKTHBHOMW CeTlapaliiy psijia ETPOTeHHBIX SJIEMEHTOB ITPH UMITaKT-
HOM aHatekcuce. [1o1o0OHbIe IpoIecChl MOATBEPKICHBI B AKCIIEPUMEHTAX 110 yIapHOMY CXKaTHIO Pa3IMuHbIX MUHE-
pano [Kozlov, et al., 2002; ®enpaman u ap., 2006; bensatunckas u ap., 2010]. dns 00bsICHEHHS] CBEPXCKOPOCTHOM
CEJIEKTHBHON MOOWJIN3AIIMM KOMIIOHEHTOB B «PaHHMX» UMITAKTHBIX aHaTeKTUTax [lonuralickoil acTpobiaeMsl ymecT-
HBI ITPECTABIICHUS] TEOPUH CHIBHO BO30YKAEHHBIX KpHCTALIMYECKUX cTpykTyp [[lanuH, 1987]. B Takux cTpykry-
pax, o1 ISHCTBHEM BBICOKUX JIaBICHUH U OBICTPHIX JedopMaluii ciBura CKopocTd An(pGy3ur XMMUIECKUX dIeMEH-
TOB MOTYT BO3pacTaTb NMPOTHUB OOBIYHBIX Ha 15 MOPSAKOB BEIMYHMHBI, TO €CTh, HCXOMHO TBEPAAs Cpea B 3TOM CITy-
yae pakTHYeCKH NpeBpalaeTcs B ra3o-IMHaAMHUUECKYI0 CHCTEMY C COOTBETCTBYIOLIEH MOJBHKHOCTBIO KOMIIOHEHTOB.
EmE ongHON 0COOEHHOCTBIO ONMCHIBAEMBIX aHATEKTHTOB SIBJISIETCS] MX MOBBIIIEHHOE BOOCOEpKanue, 10 4—7 mac. %,
Ha 4TO YKa3bIBaeT Psiji ONpE/IesICHUI BOJIBI, C/ICIaHHbBIX MeToaMu HoHHOTO aHanu3a 1 CHN-metpun, a Takxke mocro-
SHHBIM Jeunut cyMMbl anann3oB [BuniaeBckuid, 2013; 1 CCBUIKH 37€Ch].

®deHOMEH «paHHel» UMIIaKTHOW cenapanuy KoMIoHeHToB B [lonuraiickoii actpobneme kak mpumMep crierudu-
KU yaapHoro Meramop(dusma B OONBIIMX acTpodieMax, MOXKET UMETh 0C000€e 3HaUeHHUE. YKe He 0CTaETcsi COMHEHHUH
B TOM, YTO Ha HauyaJIbHBIX CTAJUSIX TUIAHETAPHOMN IBOJIIOIMU BCE BENIECTBO 3eMJIH MOJBEPINIOCH MHOTOKPATHOM MM-
nakTHOH nepepadorke. [ToaTomy nanpHelee H3y4eHHe MPoIIecCOB MMIIAKTHOTO aHATEKCHCa U POJIU BOJIBI B €r0 IIPO-
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Pannmii nMmakTHEIA aHaTeKcUC THelcoB B [lomuraiickoii actpobieme:

(4) — molyns «kucIoro» caabo pacKpUCTAIUIM30BAHHOTO aHATEKTHUECKOTO CTEKIa B 0Oasuce OMpAcIIaBHOTO TaramMmTa; 3TOT
6a3uc CIOKEH TMHPOKCEHOM, MOJIEBBIM IIITaTOM W JIPYTMMH MHHEPaTaMH C yJacTHEM OCTATOYHOTO MEK3EPHOBOTO CTEKIa.
Ob6pazenr Ne 1080. (B) — UMIakTHPOBAaHHBIA THeic u3 OmpaciutaBHoro taramurta. Lluppamm ykazaHel: / — AMAIUIEKTHYECKHN
KBapIl; 2 — AMAIIEKTUIEeCKUH IIarnokias; 3 — arperarsl TOHKO3EPHUCTHIX KPHCTAIUTHTOB 10 K-Na armo-moneBommnaToBoMy CTEKITy
TUIABJICHUS; 4 — TOHKO3EPHUCTBIE arperaTbl ONMBUHA+TKOPIHEPUTA TI0 POIUTENHCKOMY TpaHaTy; 5 — MPOXYKThl TOHKO3E€PHHUCTOH
packpuctamm3anuu 6uorura. CTpeiakaMH IOKa3aHBl MHOTOYMCICHHBIE MEXK3E€PHOBBIE TUIEHKH «KHCIIOTO0» AHATEKTHYECKOTO
crexna. O6pazen Ne 2102. MukpodoTorpaduu numndos, MoasIpU30BaHHBIA CBET, 0€3 aHaIH3aTopa.

TEKaHUH MOXKET OBITh ITOJIE3HO JUISl TOHUMAaHUsI IPOLIECCOB paHHeH Mg QepeHIraIiy 1 SBOJIIOIMN BEIIECTBA HAIIeH
rutaeTsl. Cpeny mpobiieM Takoro pojia HaXOAWTCS W BOIPOC O TeHE3UCE APEBHEHIINX BBICOKO-KAJTHEBBIX KHCIBIX
MOPOA 3€MHOM KOpBI, TAaKUX, HAIIPUMEP, KaK KHUCJbIE ByIKaHUTHI [IxapBap Ha MHauiickoM IuTe, BBICOKO-KaIHEBbIE
TPaHyJIUTHl AJJIAaHCKOTO IUTa M Apyrue o0bexTsl. He uckimroyeno [Bummnesckui, [Tonos, 1987; Vishnevsky et al.,
1987], 4To cTapTOBOW OCHOBOM /st 00Pa30BaHMS TAKHUX MOPOJ] MOT ITOCIYKUTh UMITAaKTHBIH aHATEKCHC IPEBHEHIITNX
KPHCTAJUIMYECKUX TOPOJ] 3eMHON KOPhI OCHOBHOTO HJIM CPEAHET0 cocTaBa. J[00aBuM, YTO ITPOLYKTHI «PaHHETO» MM-
MAaKTHOTO aHATEKCHCa THEHCOB M3 MOMHUIaliCKUX OMPACIUIaBHBIX TaraMHUTOB BECbMa CXOIHBI C TIIOOYISIMU «KUCIBIX)»
CTEKOJI, KOTOpBIC HalIeHBI B JIyHHBIX 0a3aibrax, ¥ Uil KOTOPHIX psia aBTopoB [Crowford, 1975; Powell et al., 1975;
SxoBnes, 1977] nomyckaeT IMIIAKTHO-CTUMY/IMPOBAaHHOE TIPOUCXOXK/ICHHE (HAIIM JIaHHBIE 3Ty MOJIEJb ITOATBEPXK/Ia-
I0T), XOTSI UMCIOTCSL M IPYTHE MHEHUS Ha 3TOT culT (kpucTtamumsanuonHas [Ryder et al., 1975] nnu nmukBanuonHas
[Rutherford et al., 1976] muddepenmmarus).
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The Popigai astrobleme, which is unique in many aspects [Vishnevsky, Montanari, 1999; Vishnevsky, 2013;
and references therein], and localized near the Taymyr Peninsula, still continues to attract attention in a broad range of
the scientific aspects. Large scale of the impact event (the diameter of the astrobleme — 100 km), young age (~35 Ma),
well preservation and exposure, as well as the specificity of the target rocks are favor for this. Up to 2,000 km?* of the
impact melt derived mainly from the shock melting of the Archean crystalline basement rocks made up of Khapchan
and Verkhne-Anabar gneiss series was formed during the origin of the astrobleme.

These gneisses, being very “dry” in a whole, were locally affected to pre-impact diaphthoresis. This fact was
reflected correspondingly on the water amount of the gneiss-derived impact melts-tagamites: there are both “dry” and
“wet” species among them, with the water amounts, respectively, 0.74+0.18 u 2.23+0.48 wt. % H,O [Vishnevsky,
Montanari, 1999]. Both types of the tagamites are clearly divided between each other on their petrography and mac-
roscopic features. So-called “bi-melt” species are present among the “wet” tagamites: these rocks contain various
amounts (sometimes, up to 10 vol. %) of immiscible small globules of “asid” (72-77 wt. % SiO,) glasses (see fig., A),
enriched with potassium (3-6 wt. % K,0O) and water (4-7 wt. % H,O); other petrogenic elements are present there in
subordinated amounts. It was shown [Vishnevsky, 2013; and references therein], that these globules are the products
of “early” impact anatexis of gneisses which took place in the shock-loaded state under the moderate shock meta-
morphism (shock pressures of ~29 to 50 GPa). The glass originated forms the inter-grain segregations in the gneiss
fragments (see fig., B), the rims around the gneiss fragments and jet-like intrusions into the enclosing tagamite. Being
as the highly-mobile products, these intrusions, branching and disintegrating, gave rise to the origin of globule-like
drops of the “acid” glass immiscible with the melt matrix of the tagamites. The glasses described which were affected
to the fine dispersion into the host tagamite still at the state of the shock-loading and the high-gradient moving of the
enclosing melt, are principally different from the so-called “buchites”, i.e., those products of gneiss pyrometamor-
phism which took place in the high-temperature impact melt at the stage of its post-impact evolution.

The bulk geochemistry of the glasses described is equal to the acid granitic melt of the potassium specificity
(see the data on 66 microprobe analyses, in wt. %, presented as the average composition = standard deviation): SiO,
71,9242,00; TiO, 0,24+0,09; AL O, 12,29+1,29; FeO 1,41+0,42; MgO 0,15+0,08; MnO 0,02+0,01; CaO 0,57+0,65;
Na,O 1,69+0,50; K, 0 5,51=1,73; P,O, 0,12+0,06; total 92,56+2,07. This high-silica glass composition does not equal
neither to the bulk geochemistry of the parental gneiss nor the composition of its rock-forming minerals and is the evi-
dence of highly-mobile selective separation of some petrogenic components during the impact anatexis. The processes
of so kind are confirmed in the experiments on the shock compression of various rock-forming minerals [Kozlov,
et al., 2002; Feldman, et al., 2006; Belyatinskaya, et al., 2010]. Concepts of the theory of highly-excited crystalline
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Fig. 1. Early impact anatexis in gneisses from the Popigai impactites:

(4) — globula of “asid” poorly-recrystallized anatectic glass in the matrix of bi-melt tagamite; this matrix is made up of pyroxene,
feldspar and other minerals in residual interstitial glass. Sample Ne 1080. (B) — shocked biotite-garnet gneiss from the bi-melt
tagamite. Indicated in numbers are: / — diaplectic quartz; 2 — diaplectic plagioclase; 3 — aggregates of fine crystallites along
the K—Na feldspar melt glass; 4 — fine-grained aggregates of olivine + cordierite along the parental garnet; 5 — products of fine-
grained recrystallization of biotite. Indicated by arrows are the numerous interstitial films of “asid” anatectic glass. Sample Ne 2102.
Microphotos, thin sections, plane polarized light, without analyzer.

structures by [Panin, 1987] can be applied for the explaining the high-speed selective separation of components in the
“early” impact anatectites of the Popigai astrobleme. Under the action of high pressures and fast shear deformations,
the diffusion velocities of the chemical elements in these excited structures can grow up to 15 order of magnitude in
comparison to the usual state of the matter. So, in this case, the initially-hard matter transforms to the state of a gas-
dynamic system, with the corresponding mobility of the components. Another feature of the anatectites described is
characterized by their heightened amounts of water, up to 4-7 wt. %, which is evident from the determinations of
water made by ion probe and C-H-N analyses, and from the constantly low totals of the analyses [Vishnevsky, 2013;
and refs. therein].

The phenomenon of “early” impact separation of petrogenic components in the Popigai astrobleme as an ex-
ample of shock metamorphism specificity in large astroblemes may be of a special significance. It’s still no doubts that
all the Earth matter was affected to multiple impact processing at the initial stages of the planetary evolution. So, the
subsequent study of the impact anatexis processes and the role of water in its proceeding as well may be of a definite
use for the understanding of the early differentiation and evolution processes of the Earth matter. The question on the
origin of the most ancient high-potassium acid rocks of the Earth crust (such as Dharvar acid volcanites on the Indian
Shield, high-potassium granulites of the Aldan Shield and some other occurrences of so kind) is among the problems
of so kind. It’s not excluded [Vishnevsky, Popov, 1987; Vishnevsky et al., 1987], that the impact anatexis of the oldest
Earth’s crust crystalline rocks of basic and average composition could serve as the launching base for the origin of
these rocks. It can be added also that the gneiss-derived products of “early” impact anatexis from the Popigai bi-melt
tagamites are very similar to “asid” glass globules from the Moon basalts. Some authors [Crowford, 1975; Powell et
al., 1975; Yakovlev, 1977] assume the impact-stimulated origin of these Moon globules (our Popgai data is in a good
agreement with this model), although there are other opinions on this score (the origin of these globules is supposed to
be the result of differentiation by the crystallization [Ryder et al., 1975], or by the liquation [Rutherford et al., 1976]
processes.
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I'paHUTBI NMEIOT TBOMCTBEHHYIO (PU3HKO-XUMHUUECKYIO pupoay. C oJHOW CTOPOHBI, BBIIUIABIEHHE KPEMHEKHC-
JIBIX PACIUIaBOB MPOUCXOAUT TP TIOBBIMICHHUH TEMIEPATypPhl, C APYTOil CTOPOHBI — BHIILIABICHUE KPEMHEKHUCIIBIX pac-
TUIABOB SIBJISIETCSI OTBETOM Ha CHM)KEHHE JIaBJICHHS B OOBOJJHEHHBIX (()ITIOMIHO-HACHIIIEHHBIX ) CHCTEMaX C aJFOMOCHIIH-
karHoi# Marputeil. [Ipu nepexose ot MpsSMBIX IKCIIEPUMEHTAIBHBIX HAOIIONEHNUH K TTI0JIEBBIM HUCCIICIOBAHUSIM Ha ITEpBOE
MECTO BBIXOIUT MpoOiieMa MaciiTabHOTO TPaHUTOOOPa30BaHus B 3eMHOM KOpE, @ UMEHHO — TPOo0JieMa TPaHUTONHBIX
0aToaMTOB. AHAJIM3 MEXaHU3MOB 3apPOK/ICHNS, BHEIPEHHUS U CTAHOBIICHUSI TPAaHUTOUJHBIX OATOIMTOB IIPEACTABIISET CO-
6oii pyHmaMeHTaNnbHyI0 TIPOOIIeMy CTPYKTYPHOH M (PM3MKO-XMMHUYECKOW meTposyioruu (podiema npocrpancTsa). Ha-
MEeYEeHO J[Ba ITO/IX0/1a K €€ PEelIeHHIO: 1) THeHCOrpaHUTHBII ANAITUPH3M, T. €. «aKTHBHOE» BO3JEHCTBIE IPAaHUTHOTO pac-
TUIaBa Ha PEOJIOTHYECKHU PACCIIOCHHBIH pa3pe3 3 MHOM KOpPBI B BHJIE AMAITPOB, KYIIOJIOB U MHTPY3UBHBIX TE; 2) 3apOiXK-
JICHUE TPAHUTHBIX PACIUIaBOB B JIOKAJILHBIX 00JIACTSIX EKOMITPECCHH MPH CIIBUTOBO-Pa3/IBUTOBBIX TEKTOHMYECKUX JIBH-
JKEHUSIX M, KaK CJIEACTBUE, UX CTPYKTYPHBIH KOHTPOJIb B XOJI€ MOABEMA M KpHCTALTH3auy. Moens tuanupusma u pop-
MHPOBaHHs THEHCOTPAaHUTHBIX KYTIOJIOB, 110 [1. Dckona, Oblia pa3paboTaHa Ha IpUMeEpe TOKEMOPHICKHX IIIUTOB U Ceii-
Yac paccMaTpuBaeTCsl KaK OIMH U3 BKHEWIINX CTPYKTYPHO-MIETPOJIOTHUECKUX HHINKATOPOB KOJUIM3HOHHOTO TEKTOTe-
Hesa [Po3en, ®enoposckuil, 2001; IonsHckuit u ap., 2010]. AnsrepHaTuBHAsS MOJETH «IIACCHBHOTO» BHEAPEHUS IIEPBO-
HavaJbHO 000CHOBaHa 115t 0a3UTOBBIX MarM, IPHYPOUEHHBIX K pU(TaM U 001acTsIM «paccestHHOro» pudTorenesa. Bme-
CTE C TeM, HaKaIUINBAETCsl BCE OOJIBIIIE FeOIOTHYECKUX, CTPYKTYPHBIX M IETPOJIOTNYECKUX TAHHBIX, CBUJIETEILCTBYIO-
MIMX O TOM, YTO MacITabHOEe TPaHUTOOOPa30BaHHUE OTBEYAET CHHOPOTCHUYECKOMY KOJIIAICY KOJJIM3UOHHBIX OPOTECHOB,
T.€. pyOeXy KOHTPAaCTHOH CMEHBI peKMMa TaHT€HIIMAJILHOTO CKATHsI JINTOIIACTHH Ha PEXHUM CIBUTOBOTO PACTSIKEHHUS
Y pasBaja oporeHoB [Bnaaumupos u ap., 2005; Brnagumupos u ap., 2008, 2011].

Llenv doxnada — TPOBECTH CPaBHUTENBHBIN aHANN3 KOJIM3HOHHBIX TIeoJIOTHYECKHX CTpyKTyp Ilammpo-
I'mvanaeB (kaifHO30i1), anTtana U ypanua (CpeaHe-To3IHUN 11aJe030i) B 1IEIIX OLIEHKH POJIM MAaHTUU U CIIBUTOBO-
pa3aBUroBBIX AedopManuii JuTocdepsl npu GOpMHUPOBAHUU TPAHUTOUIHBIX OATONUTOB. B OCHOBY MoONIOXKEHBI OITy-
OnmuKoBaHHBIC 0030pHBIC MaTepualbl [3aikoB u Ap., 1985; Canuxos, bepnuukos, 1985; Bonbmmoit Anraii, 2000; I1lo-
Kajbekuii u ap., 2000; Kocapes u ap., 2006; Bragumupos u ap., 2003, 2008; Canuxos u ap., 2012; Spadea, 2012;
XpomsIx u zp., 2013].

[Tpu perennn npoOIeMbl MacIITAOHOTO TpaHNTOOOpa3oBaHus B LleHTpanbHON A3un ceifyac BBIIBHHYTHI BE
aNbTepHATUBHBIE TUIIOTE3bI. [IepBas runoTesa npermonaraet, 4YTo KpyHble 00bEMBI TPAHUTOUAHBIX MarM BO3HUKAIOT
B pe3yJibTare pe3Koro MoabéMa TEMIIEpaTypHOrO IpajIneHTa B 3€MHOM KOpe U, BEPOSTHEE BCEro, CBS3aHbI C IIIIOM-
TEKTOHUKOH (KpynHble n3BepxeHHble npoBuHIMU — LIPs) [Spomomok, KoBanenko, 2003; Bopucenxko u ap., 2006;
Ho6peros, 2008; Jobperos, bycios, 2011; Bragumupos u nap., 2011, 2013; Xpomeix u ap., 2013; Ky3emun, Sp-
Mook, 2014]. Bropas rumnote3a oTBeuaeT KJIACCUUECKUM MPEACTABICHUSIM O HEPa3pbIBHOM CBS3H MPOIECCOB Mac-
mTabHOTO TPAHUTOOOPA30BAHUS C TUHAMHUKOW (POPMUPOBAHUS OPOTCHHBIX TOPHO-CKJIATYATHIX COOPYKEHHN U UX KOJI-
JIaTICOM B PE3yJbTaTe CABUTOBO-PA3BUIOBBIX ABHKEHHH JINTOCHEPHBIX IHT [ XauH u Ap., 1996; JloOkoBckuit u ap.,
2004; Xiao W.J. et al, 2004, 2009; Yuan C. et al., 2007; Windley B.F. et al., 2007]. B nocnensem BapuaHTe I1aBHBIM
MEeTPOreHeTHUECKUM (pakTopoM mpu (POPMUPOBAHMH IPAHUTOUIHBIX OATONUTOB SIBIISIETCS MEXaHU3M JIOKAIBHOMU Jie-
KOMIIPECCUH, KOTOPBIN pean3yeTcsi B 3MHOW KOpe M IUTOC(HEPHONH MaHTHH ITPH CABUTOBBIX TPAHCIIIUAX JTUTOChHEp-
HBIX TUTUT ¥ MUKPOILTUT. OOOCHOBAHUIO STOTO TE€3HCA IMOCBSIIEH HACTOAIINI TOKIIaI.

Ha ocnose cpasuutenbHoro ananusa [lamupo-I'umanaes (Kz), FOxuoro Ypana u Anras (Pz, ;) mokaszano, 4to
9TH PETUOHBI Pa3BUBAINCH 110 PA3IMYHBIM FE€OMHAMHYECKUM CIIEHapusM. B mepBom ciiydae peann3oBaH Mpeaeib-
HBII BapHAHT <OKECTKOI» KOJUIM3UH C HETTOCPECTBEHHBIM B3aMMOJICHCTBHEM KPaTOHOB, BO BTOPOM - «MSITKOW» KOJI-
JIM3HH, KOTOpas 3aBEpUIMIACH B TIO3/IHENAIE030HCKOe-PaHHEME30301CKOe BpEMs, TaK M HE JOCTUTHYB CTaJIMH CTOJ-
KHOBEHHS TTaJICOKOHTUHEHTOB. J[aH aHanu3 IMHAMUKHU BEpPXHEH MaHTHH Ha Pa3JIMUHBIX CTAANIX KOJUIM3UOHHOTO TEK-
ToreHe3a. CrenaH BBIBOJ, YTO B MOMEHT MHBEPCUH (HA4aJI0 paHHEKOJUIM3MOHHOM CTaJMHU) MPOUCXOIUT Pa3phiB Cy0-
JYLIPOBAaHHOW OKEaHUUECKOH JINTOC(EPHOH TSI (cl130a) U MosIBJIeHUE acTeHOChepHOro okHa («slab-windowsy) B
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OKPECTHOCTSX Oy/IyIIero KoJUIM3HOHHOTO COOPYKEHHUS HEIIOCPEACTBEHHO 1107] rpaHuiied Moxo. B pesynbrare B HUX-
Hel Kope BO3HHMKAIOT KPaTKOBPEMEHHBIE aHOMAJIbHBIE TEMIIepaTypHbIEe IPaiueHThl, IPOUCXOJUT MacIITaOHOE IIJIaB-
neHue 1 GopMupyroTcsi OMMOIaNIbHBIE BYIIKAHMYECKHE CEPHH, C OTHOM CTOPOHBI, €IlIe COXPAHSIONINE HaICYyOnyKIH-
OHHBIE TEOXUMHUYECKHE «METKH», a C APYTOi - OTpaXkarolue COCTaB HIDKHEH KOPBI, IIOJBEPTIICHCS IPOABUHYTOMY
TUIABJICHHIO. 3aTeM KOJUIM3MOHHBIM TEKTOTeHE3 MTPOTEKAET MO KIACCHYECKOMY CIEHAPHUIO YTONIIEHUs KOPBI U €€ JH-
ToCc(hEepHOTr0 KOpHS, OXBAaTHIBAIOIIEMY KOHEL] PAHHEOPOT€HHOW M MO3JHEOPOreHHYIO cTaanu. Bpems gpopmupoBanus
Y MacIITadbl OPOT€HHOTO COOPYKEHHS 3aBUCAT OT MOIIHOCTH KOJUIMANPYIOMIMX IUINT, @ COCTaB I'PaHUTOMIHBIX 0aTo-
JIUTOB TPSIMO KOPPEJIUPYETCS C COCTABOM BMEIIAIONIEH T€0CPEbI.

CBsI3b ¢ MaHTHEW MO0 OTCYTCTBYET, JINOO MPOSBIsETCs B cliennpuueckux popMax, Harpumep, B Buae pud-
TOB B (hOpJIaHe OPOTEHOB IIPH «JIO0O0BOM» CTOJIKHOBEHUH WM B BHJE ONEPSIOLUIMX CIBUTOBO-PA3ABUIOBBIX pasiio-
Max TIPH «KOCOi» Koyum3uil. JlnHaMuKa pa3sBUTHS KOJUIM3MOHHBIX OPOTCHOB KAapIMHAIBHO MEHSETCS Ha ITOCTKOI-
TU3UOHHOH (TadporeHHoi) craguu. [Ipu yrommeHHOW MOIHOCTH JuTocepHoro kopHs ([lamupo-I'mmanan) uz-3a
IUTOTHOCTHOM HEYCTOHYMBOCTH HMPOUCXOIUT ACTaMHHALMS JIMTOC(EPHI, U acTeHOC(EpHbIE MOTOKH IEPEMEIA0TCs
1ozl TpaHuIly Moxo, BBI3bIBasI pe3Kuil moabeM penbeda, a 3aTeM Kojularc OpOreHHOro coopyskeHus. [Ipu yToHeH-
HON MOIIHOCTH JIUTOC(EpHI (KOJUTMU3MSI THUIIA Ayra-ayra, Jyra-CUMayHT, {yra-MUKPOKOHTHHEHT U T.I1.) JAeJIAMHHAINN
HE TPOMCXOIMT, M pa3Bajl OPOreHa CBsI3aH JMIIb C TPaBUTAMOHHBIMH OIION3HIMHU M CphIBaMU B Kope. B cpenne-
TIO3/THENaJIC030HCKOM TeOAMHAMUYECKON SBOJIONMH ypalluA M ajlTau] IPOW3O0LUIO IOCIIEI0BAaTEIbHOE YEpenoBa-
HHE CYOIYyKIIMOHHBIX, TPAaHC(POPMHBIX (Kaau(OHMICKOTO THIA) U KOJUIM3HOHHBIX 00CTaHOBOK. C CYOMyKIIMOHHBI-
MH U TPaHC(HOPMHBIMH OOCTaHOBKaMH CBS3aH INIABHBIM 00bEM BYJIKaHWYECKUX W BYJIKAHOIUIYTOHHYECKHX acCOIMa-
it MaranToropekoit Merazonsl Ha lOxHoM Ypaie, B PynHom Anrae n 3alicaHckol cyTypHOI 30He, KOTOpbIe 00Ha-
PY)KHBAIOT OTHUETJIMBYIO KOPPEJSIIUIO [0 BO3PACTY, CIIEU(UKN cOocTaBa M SHIOI€HHOMY opyaeHeHunio. Ocoboe me-
CTO 3aHUMAIOT TpaHC(HOPMHBIE 0OCTAHOBKH, KOTOPHIE OTBEYAIOT CABUTOBO-PA3IBUIOBBIM TPAHCIIALMUAM C BHEPEHH-
€M acTeHOC(EPHBIX AUANUPOB 110]] KOHTHHEHTAJIBHYIO OKpPauHy M (WJIM) KOJUTM3HOHHBIN IIOB B PE3yJIbTaTe pa3phiBa
CyOnyIMpOBaHHOM OKeaHMUYEeCKOH auTocdepsl. ActeHocdepHbIe okHa («slab-windowsy), BeposTHee Bcero, obecrre-
YMBAJIH CTAHOBJICHHE Pa3HO(POPMALMOHHBIX MarMaTHYECKUX KOMIIJIEKCOB M CONPSDKEHHOTO B MPOCTPAHCTBE U Bpe-
MeHu 3aporennoro opynerenus (Fe, Cu-Pb-Zn, Ti-Mgt, Cu-Ni, Au, PO u P33). Hameuens! npuHInnuaibHbe OTIAN-
4qus acTeHOC(EepHBIX OKOH («slab-windows») i kpymHBIX n3BepKeHHBIX mpoBuHIMH (LIPS), 4To sBIseTcs ocHOBaHU-
€M JJIsl PEBU3UH METAJIIOTEHUYECKOT0 PaHOHMPOBaHUS Ypao-MoHrono-TSHBIIaHCKOTO BHYTPUKOHTHHEHTAIBHOTO
CKJIaJ4aToro nosica.

Paboma evinonnena npu punancosoii noodepowcxe PAH (OH3-10.3), napmuepckux npoexmoe CO PAH — YpO
PAH, JIBO PAH, UTI Ne 77, Ne 79, npoekma PODPU Ne 14-05-00747, a makdce 8 pamkax npoepamm noGbluleHus KOH-
Kypenmocnocobnocmu Tomckoeo u Hosocubupckozo 2ocyoapcmeenbix YHUGepCUmemoas.
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ROLE OF MANTLE AND SHEAR DEFORMATIONS
IN GRANITOID BATHOLITHES FORMING
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*Novosibirsk State University, Novosibirsk, Russia

Granites have dual physical and chemical nature. From the one side smelting of felsic melts occurs under
temperature increasing, and from the other side smelting of felsic melts is a result of pressure decreasing in water-
saturated (fluid-saturated) aluminosilicate systems. Passing from direct experimental data to field studies the problem
of scale granite forming (problem of granitoid batholithes) comes out on top. Analysis of mechanisms of generation,
intrusion and consolidation of granitoid batholithes is a fundamental problem of structural and physical-chemical
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petrology (problem of expanse). There are two approaches for its solving: 1) gneiss-granite diapirism ie “active” influ-
ence of granite melt on layered earth crust as diapirs, domes, and intrusive bodies; 2) generation of granite melts in lo-
cal decompression areas under shear tectonic movements and their structural control during rising and crystallization.
Model of diapirism and froming of granite-gneiss domes, after P. Eskola, was developed for Precambrian shields and
now it is one of a primary structural and petrological indicators of collision tectogenesys. Alternative model of “pas-
sive” intrusion was first developed for mafic magmas in rift and areas of “disperse” rifting. At the same time the more
geological, structural and petrological data prove that scale granite formation responsible to syn-orogenic collapse of
collision orogens, ie frontier of contrast regime change from tangential compression to shear distension and orogenic
collapse [Vladimirov et. al., 2005; Vladimirov et. al., 2008, 2011].

Aim of report - comparative analysis of collision geologic structures of Pamir-Himalayas (Cenozoic), Altai and
Ural (Middle-Late Paleozoic) for assessment of the role of the mantle and shear-distension lithospheric deformations
during granitoid batholithes forming based on a survey materials [Zaikov et. al., 1985; Salikhov, Berdnikov, 1985;
Large Altai, 2000; Shokalskii et. al., 2000; Kosarev et. al., 2006; Vladimirov et. al., 2003, 2008; Salikhov et. al., 2012;
Khromykh et. al., 2013].

For solving a problem of scale granite formation in Central Asia now a two alternative hypothesis are proposed.
The first involve that large volumes of granitoid magmas forming as a result of sharp rise in the temperature gradient
in earth’s crust and most probably associated with plume tectonics (Large Igneous Provinces — LIPs) [Yarmolyuk,
Kovalenko, 2003; Borisenko et. al., 2006; Dobretsov, 2008; Dobretsov, Buslov, 2011; Vladimirov et. al., 2011, 2013;
Khromykh et. al., 2013; Kuzmin, Yarmolyuk, 2014]. The second hypothesis corresponds to classic ideas about rela-
tion of processes of scale granite forming with dynamics of mountain-fold orogens anf their collapse as a result of
shear-distension movements of lithospheric plates [Khain et. al., 1996; Lobkovskii et. al., 2004; Xiao W.J et. al., 2004,
2009; Yuan C. et. al., 2007; Windley B.F. et. al., 2007]. In the last case the mechanism of local decompression that
realize in earth’s crust and lithospheric mantle under shear translations of lithospheric plates and microplates is a main
petrogenetic factor for granitoid batholithes forming. This report focuses of justification of this thesis.

Based on comparative analysis of Pamir-Himalayas (Kz), South Urals and Altai (Pz, ) it showed that these
regions were evolved in different geodynamic scenarios. In the first case the extreme version of “rigid” collision with
direct interaction of cratons was realize. In the second case the version of “soft” collision that finished in Late Paleozo-
ic — Early Mesozoic not reached the paleocontinents interaction was realize. The analysis of upper mantle dynamics at
different stages of collision tectogenesis allows conclude that at moment of inversion (early-collision stage) the break
of subducted oceanic lithospheric plate (slab) occurs and slab-window appears near further collision orogeny under
Moho boundary. As a result short anomalous temperature gradients form in lower crust. the scale melting occurs and
bimodal volcanic series with supersubduction geochemical features and reflecting a composition of melted lower crust
form. Then collision tectogenesis takes the classic scenario with thickening of crust and its lithospheric root during
end of early-orogenic an late-orogenic stages. Time of forming and scales of orogens depend on thickness of collide
plates and composition of granite batholithes direct response to composition of host environment.

Relations with mantle is absent or ocuur in specific forms like rifts in forlands of orogens under “head-on”
collision or like concomitant shear-distension faults under “oblique” collision. Dynamics of evolution of collision
orogens cardinal change at poscollisional (taphrogenic) stage. Under large-thikness lithosohere (Pamir-Himalayas)
the delamination of lithosphere ocuur owing to a density instability in thick lithospheric root and astenospheric fluxes
move under Moho boundary causing rapid relief uplift and collapse of orogen. Under small-thikness lithosphere (col-
lision like “arc-arc”, “arc-seamount”, “arc-microcontinent” etc) the delamination is not occur and collapse of orogen
is a result of only gravitational rockslides in crust. In Middle-Late Paleozoic geodynamic evolution of Altaides and
Uralides there were sequential alternation of subductional, transform (California type) and collisional environments.
The main volume of volcanic and volcanic-plutonic associations of Magnitogorsk megazone in Southern Urals and of
Rudny Altai and Zaisan zones that have good correlation in age, composition and endogenous mineralization associ-
ated with subductional and transform environments. The transform environments have especial place and response to
shear-distension movements with astenospheric diapirs intrusion under continental crust and (or) collision suture as a
result of break-off of subducted oceanic lithosphere. Slab-windows are likely provide appearance of different forma-
tion of magmatic complexes and conjugate in space and time endogenous mineralization (Fe, Cu-Pb-Zn, Ti-Mgt, Cu-
Ni, Au, RE and REE). The fundamental difference between slab-windows and Large igneous provinces are designate
that is a reason for revision of metallogenic zoning of Urals-Mongolia-Tyan-Shan intracontinental folded belt.

Work was carried out with the financial support of RAS (ONZ-10.3), partnership grants of SB RAS — UB RAS —
FEB RAS # 77, 79 and RFBR grant # 14-05-00747 and also by prograns of development of Tomsk and Novosibirsk
State unversities.
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IF'EOXUMMUSA KOJVIN3NOHHBIX TPAHUTON/10OB ITAPAHYPCKOTI'O 1 XAMAPJIABAHCKOI'O
KOMILJIEKCOB (ITPUBAMKAJIBE) U UX CBSI3b C COCTABOM BMEIIAIOIIUAX TOJIL]

H.B. I'opiayeBa. B.C. AHTHIIMH

HUnemumym eeoxumuu um. A.I1. Bunoepadosa CO PAH, Hpkymck, Poccus
gorlacheva@igc.irk.ru

®DaHepo30iicKui KOITM3UOHHBIN U BHYTPUIUIUTHBINA T'PaHUTOUIHBIN MarMaTu3M, NpeCTaBIeHHbBIN HHTPY3UB-
HBIMHU KOMIUIEKCAMH C PA3IMYHBIMU BELIECTBEHHBIMU XapaKTePHUCTUKAMH, AKTHUBHO MPOSBUIICS B F0OXKHOM CKJIaJ4aTOM
obpamniernn Cubupckoro kpatona. Hanbonee THIMYHBIME TPEICTaBUTEISIMU KOJIM3HOHHOTO MarmaTtusMa B [Ipu-
Oalikaibe SIBJISIFOTCS] paHHeTIaIe030kcKre TpaHuTon bl xpedra Xamap-/ladan (Conzanckuii MmaccuB) u octpoBa Oub-
XOH (IIapaHypCKUil KOMILIEKC).

Comn3aHCKuil MaccuB 3alleraeT B mpeesiax y3Koi CHHKIMHAJIBHOM CTPYKTYphI B OacceitHe p. YTyIHK, CIIOXKEH-
HOM BBICOKOTJIMHO3EMUCTHIMU METAIIEINTaMU KOPHUIIOBCKOM W OCHOBHBIMH CJIaHIIaMH LTyOyTyiHCKOH CBHT Xamapia-
banckoii cepuu [[lagees, 1970]. I'panuronasr CoN3aHCKOTO MAaCCHBA SBISIFOTCS MOJCIBHBIM MPHUMEPOM TCOXUMHU-
YECKOTO THIa aHATEKTHYECKUX M3BECTKOBO-LIEIOYHBIX TPAHUTONUAOB B LIEHTpaJIbHOW YacTh xpebra Xamap-/ladaH.
OTH NOPOJIBI OTHOCSITCS! K CHHKOJUTU3MOHHBIM 00pa30BaHusIM, C(HOPMUPOBAHHBIM ITyTEM IIJIaBJICHHs BMELIAIONIEH UX
CJIaHIIEBO-THEMCOBOM TOJIIIN XaMapAabaHCKoH ceprr. BocTouHast yacTh MaccuBa HMEET reoJIOTHYECKHE U IETPOrpa-
(hmueckue MpU3HAKK aBTOXTOHHOTO 3aJIEraHusl, a 3armaHoe ero OKOHYaHWe UMEET BCEe MPU3HAKH MHTPY3UBHOTO IPO-
WCXOX/ICHHSI C 30HOM OPOTOBHMKOBAHUSI KPUCTAJUTMUECKMX ClIAHIIEB B 9Kk30koHTakTe. [lociennne U-Pb matmpoBku
(SHRIMP-II, BCET'EN) noka3anu, 4To CpefHUI BO3pacT LEHTPAJIbHBIX YaCTeH MarMaTH4eCKUX LIUPKOHOB B COJI3aH-
CKHUX JeWkorpaHuTax paBeH 513—-516 mnH ner, a kpaeBbix — 490 Mz net [Makpsiruna u ap., 2013].

HawnGonee xpymHoMaciiTaOHble MPOSIBICHUS] TPAHUTOUIHOTO MarMaru3Ma Ha 0. OJIbXOH CBsI3aHBI C IIapaHyp-
CKUM KOMIIJIEKCOM, KOTOPBIH NPE/ICTaBIIeH KaK aBTOXTOHHBIMH, TaK U aJUIOXTOHHBIMU (anusiMu. BriepBbie mapanyp-
CKHUil KoMITIeKe rpanuTon1oB 0bu1 BeieneH E.B. [Tasnosckum u A.C. Eckunbim [[TaBnoBckwuii, Eckun, 1964]. Hamm
HCCIIeIoBaHUs Ha ocTpoBe OJIbXOH MPOBOIWINCE HAa IpUMepe Tpex KpynmHbIX MaccuBoB: [lapanypckuii, Tamxkunei-
ckuif, FOro-3amaaneiii, a Takke psx HEOONBIINX BbIX0A0B rpaHuTonaoB. 1o nanueivM U-Pb naruposanus (SHRIMP-
II, BCET'EN) cpenHuii Bo3pacT HEHTPATBHBIX YaCTeH MarMaTHUeCKuX IUPKOHOB B K-Na H3BeCTKOBO-I11€I0UHBIX Ipa-
HUTOHJIaX IIapaHypcKoro KoMIiekca paBeH 505 MIH JeT, a kpaeBbIx — 477 MiH jeT [Makpsirusa u nip., 2014]. Ipy-
TUMH HCCIE0BaTeIsIMU MOTyYeH BO3pacT 10 T'PaHOCUEHUTAM U KBapleBbIM cueHUTaM 0. OnbxoH B 495+6 MiH et
[[mankouy6 u ap., 2010], koTopsIii O1u30K 1O BpeMeHH popMmupoBanus K K-Na mapanypckum rpaHuTon1aM 1 Hapsi-
JIy C UX MPOCTPAHCTBEHHOH OJIM30CTHIO MOATBEPIKIAET FEHETUYECKOE POJIICTBO ATUX M3BECTKOBO-IIEIIOYHBIX U CYO-
IIETIOYHBIX TPAHUTOUIOB.

IIpu aHanM3e NMeTPOXUMHUECKHUX XapaKTEPUCTHK YCTAHOBJICHBI CIEIyIONHEe 3aKOHOMEPHOCTH COCTaBa UCCIIe-
JyeMbIX MarMaTruueckux u meramopduueckux nopon [Ipubaiikanbsi: MUTMAaTUTBl U IJIarHOTPAHUTEI 00OUX PEruo-
HOB OTHOCSITCSI K CEpUM HOPMaJIBHOW IIEJIOYHOCTH, SBISIOTCS CYIIECTBEHHO HaTPHEBBIMH NOPOJAMHU, a M0 CyMMe
(Na,0+K,0) u coornomenuto K, O/Na,O onn oOpasyroT obliee moje ¢ BMEMAOMUMH WX THEHcaMyu M ClaHIamMu
(puc. 1). B Hanbonee pacrpocrpaneHHbIX B 3anagHoM u HOxxHoM [Iprbalikaibe aBTOXTOHHBIX M aJUIOXTOHHBIX Tpa-
nurtax (K-Na rpanutonibr) ConzaHckoro MaccuBa M IapaHypckoro komriekca conepskanune K O Bbime, yem Na,O,
7160 311 nopozsl umetoT otHomenne K O/Na O 6muskoe k 1 (cM. puc. 1). CyOuienodnblie rpaHOCHEHUTBI M KBapIIe-
BbI€ CHEHHTHI, KaK IMPaBmIIo, CYIIECTBEHHO Na Mopo/ibl, HO Ha IPUBEJCHHBIX AMarpaMMax 3aHUMaloT 000co0IeHHOe
MOJIOKEHHUE OT MOJIeH IIaruorpaHuTOB-MUTMATUTOB. B TO ke BpeMs, TpaHOCHEHUTHI U KBAapIIEBbIE CUEHUTHI TPOOI-
JKArOT HBOJIIOIMOHHBINA TPEH/I COCTABOB IIAPaHyPCKUX IPAHUTOMIOB H3BECTKOBO-IIEJIOYHOTO U CYOIIEIOYHOTO PSIIOB.

CraiinepruarpaMMbl NOKa3bIBatOT (pHcC. 2, a), uro K-Na rpaHuTsl mapaHypckoro koMiuiekca o. ONbXoH 1o
MHOTHM 3JIEMEHTaM MPUOIMKAIOTCS K CPEAHEMY COCTaBYy KOHTHHEHTAJILHOI KOpBI, HO OTMEYaeTcsi 3aMeTHOe 00ora-
nienue — Rb, Pb, Ba, Th u K. briusku k HuM Taxoke rpanutsl Conzanckoro maccusa (xp. Xamap-/labaH) ¢ HEKOTOPBIM
oboramenuem Rb, Pb, Th, K, Sn, Tsbxensivu REE u nonmwkenHbsiMu koHIeHTpanusamu B, F (puc. 2, 6). Becsma mo-
KazaresnbHo, yTo K-Na rpannuTsl u3ydyaeMbIX perHOHOB OJINM3KHU 0 COCTaBY K IUIarMOrpaHuTaM 000MX KOMITJIEKCOB, a
TaKKe K BMEIIAIONINM WX THeHcaM, 4TO, BEPOSITHO, TOBOPUT O OJIM3KOM aHATEKTUUECKOM ITPOMCXOXKCHUH TPaHUTO-
WJI0B 00OMX THIIOB, HO U3 PAa3HBIX IO COCTaBy M FEOXMMUYECKUM OCOOCHHOCTSIM KOPOBBIX CyOCTpaToB (cM. puc. 2).
I'paHOCHEHHTHI M KBapIIEBbIE CHEHUTHI, B KOTOPBIX OTMEUYAETCs ST-MaKCUMyM, HanOouiee OJIM3KH IO PeIKOAIEMEHTHO-
My coctaBy k K-Na rpanuram, HO Bce jxe IMEIOT 00Jiee OCHOBHOMW COCTaB, 4TO, BEPOSITHO, CBSI3aHO C COCTaBOM BMe-
MIAIOIINX MX TOJI (OCHOBHBIE CIIaHIBI, aM(UOOIHTHI) (CM. pHC. 2, @). [ paHUTONIBI 000X NCCIIEJOBAaHHBIX KOMILIEK-
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Cs RoPbBaTh K B LaBe F Nd Ta Nb Zr Hf Sr SmSn Li P Tb Eu Lu Yb Ga Y

Rock/CEC

I+

T T —T T T T T T T T 1

Cs RbPbBaTh K B LaBe F Nd Ta Nb Zr Hf Sr SmSn Li P Tb Eu Lu Yb Ga Y
X1 +2 A3 A4

Puc. 2. CrnaitnepauarpaMmsl pacipeeneHus peJKUX JEMEHTOB B MarMaTHUECKUX  MeTaMopdudeckux nopogax [Ipubaiikanss:

(a) — 0. OnbXOH: IIATrHOTPAHUTHI, MUTMATHTHI (1), TPAHUTHI (2), TPAHOCHEHUTHI M KBapLieBble CUCHHTHI (3), THeHCHI (4); (6) — xp. Xamap-/labau:

[UIArHOTPAHUTBI, TTarnoMUrMatuthl (1), rpanutsl (2), ruaeiicel (4). CEC (Central East China) — koHTHHEHTabHast kopa Boctounoro Kuras [Gao
etal., 1998].
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COB O0BCAMHSET TAKKEe XapaKTep paclpeneleHs PeAKO3eMENbHbBIX JIEMEHTOB, BRIPAKEHHBIH 000TallleHHeM OpOJ
JIETKMMH JIAHTAaHOWIAMH OTHOCHTEIIBHO TSKEIBIX JIEMEHTOB PEIKO3EMENLHOTO CIIEKTPa.

Ha ocHOBaHMY IPOBEACHHBIX CPAaBHHUTEIBHBIX TCOXUMUYECKHX HCCIICAOBaHHH IIOKa3aHO, YTO HCTOYHHUKOM pac-
IUIABOB PAHHETAIC030MCKUX TPAaHUTOHIOB IIApaHypPCKOro M xaMapruabaHckoro koMmiuiekcos [Ipnbaiikanbs, BeposT-
Hee BCEro, MOT CITyXKHTh KOPOBEIH CyOCTpar, 4To TakkKe SBIeTCS KpUTepueM uX o0pa3oBaHus B KOJUTM3HOHHOM Teo-
JIMHAMHAYECKON 00CTaHOBKE.

Hccnedosanus nposooames npu gunarcosoii noodepoicke Hnmezpayuonnoeo npoexma CO PAH Ne 17 u Ha-
yunoti wxonvl HIII-5348.2014.5.
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OBPA3OBAHUE T'MTAHTCKOM AKKPEIITMOHHOM MTPU3MBI — PE3YJIBTAT
PAHHEITPOTEPO30MCKOM KOJIJIM3UU TEKTOHUYECKHUX BJIOKOB
3EMHOM KOPBI IOTO-BOCTOKA CEBEPO-ABUATCKOI'O KPATOHA

E.IO. l'omko, A.C. CanpHukoB, A.C. E¢pumon

Cubupcruit HUH zeonozuu, ceousuxu u munepanvrozo cuipvs, Hosocubupck, Poccus
goshco@mail.ru, geology@sniiggims.ru

B cnenmanm3upoBaHHOM IporpaMMHOM KomIuiekce «StreamSDS” [Tomko u ap., 2008] npoBenen pacuer au-
HAaMUYECKUX XapaKTePUCTHK NIyOMHHOTO CEHCMUYECKOTO pa3pe3a 3eMHOM KOPbI BAOJb I0)KHON YaCTH KOMIUIEKCHOTO
reodusnueckoro npopms 3-11B (Hesep — Tommor — SIkyTcK), mepecekmiero ro-Boctok CeBepo-A3naTcKoro Kparo-
Ha. Pe3ynpraTel aHanm3a ¥ HHTEPIPETAUN AMHAMUYECKUX Pa3pe30B MO3BOIMIN «YBUAETH» M OKOHTYPHTh SIIpa ap-
XEHCKON KOHCOMUAALUY MEPBUYHBIX TEKTOHUYECKUX IUIUT 3€MHON KOpPBI Ha TEPPUTOPUU COBPEMEHHOTO AJIAHCKO-
TO IINTA ¥ €TO CKPHITOTO OCAKAMHU CEBEPHOTO MTPOJOIDKEHUS, a TAKXKE ITPEATIOIOKUTE HX PAaHHEIIPOTEPO30HCKOE Cy0-
JTYKIMOHHOE B3aUMOJIEHCTBHIE C 00pa30BaHUEM THTAHTCKON aKKPEIIMOHHOHN NMpHU3MBbI fuameTpoM 350 KM Ha JTHEBHON
noBepxHocTH (puc. 1).

JluHaMH4YecKre XapaKTePUCTHKH CEHCMHYECKOrO BOJHOBOTO MOJS KOCBEHHO OTPaXaloT (u3nueckue u
MUHEPAJIOro-reOXMMHUYECKUE HEOQHOPOIHOCTH 36MHOM KOPBI U MAHTHH, YTO BaXKHO ISl IPOBEIEHHS T€OAUMHAMMIYE-
CKOTO aHanu3a. [ OpHbIe MOPOBI, CIAaralonMX KPYIHbIE OJOKH JIMTOC(EPHI, HaoAro (GUKCUPYIOT B CBOCH CTPYKTYpe
W BEIECTBE cieA MX Obutoro BzammoznencTsus. [loaToMy aist BOCCO3MaHus APEBHEH TEKTOHMYECKOW HCTOPUH (op-
MUPOBAaHHsI KOHTUHEHTAJIbHOH KOPBI CYIIECTBYET BO3MOKHOCTb IIPUBIIEKATh HAPALY C JaHHBIMH HENOCPEACTBEHHO-
TO U3YYEHHs COCTaBa M BO3PACTa MOPOJI TAKKE M PE3YJbTaThl COBPEMEHHBIX TIIYOMHHBIX CEHCMUUECKIX MCCIIEN0BaA-
HUI 36MHOH KOPBI.

Beuin nomyuens! caegyomye JMHAMIYECKAE XapaKTEPUCTUKH: SJHEPTUsl OTPAKEHHBIX BOJH B JIOKAJIbHOM OKHE
(cMm. puc. 1, A), sHEprHUst OTpaXKEHHBIX BOJIH B MHTEPBAJIC BHICOKHMX YacToT (CM. puc. 1, 5), OCHOBHAsI 4acTOTa BOJIHO-
BBIX ITakeToB (cM. puc. 1, B). Ilpu uHTEpnpeTanyun yYuTHIBAIOCH, YTO SHEPTETHUECKUH pa3pe3 OTpaxkaeT paclpese-
JICHUE aKyCTHYECKON JKECTKOCTH CPelbl B MAcIITa0e JIOKaJIbHOTO OKHA CKaHWPOBAHUSI, OCHOBHASI YaCTOTA BOJIHOBOTO
MaKeTa MEHAETCS B 3aBUCMOCTH OT MacIuTada reoJorn4eckuxX HeOJHOPOAHOCTEH, SHEPTUs BEICOKHMX YaCTOT SIBIISIET-
s IOKa3aTeIeM MOIIOMIAOIUX CBOMCTB CPEIBL.

[TposiBieHNE B BBICOKOYACTOTHOM pa3pese 3eMHOH KOpbI (cM. puc. 1, b) cienoB ApeBHUX MepeMeNIeHUH OI0KOB
TIO3BOJISIET CAENATh 3aKJIIOUCHNE O TeOJMHAMHYECKONH NCTOPHH (POpMHUPOBAaHUS 3eMHOM KOpHI Ioro-Boctoka Cesepo-

AKKpeLMOHHas npuama

Kanapckan Toiprandunckan Bamomzckas
PasNoMHanA 30Ha PanoMHas 30Ha
0 e o m m

- TN HERTRA.
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Puc. 1. CoBpeMeHHast CTpyKTypa M HIpeanoiaraeMas UCTopus (OpPMHUPOBaHHS KOHTHHEHTAJIBHOW KOpbI roro-socroka Cesepo-
Asmnarckoro KpaToHa Baoib npoguis 3-/B.
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Puc. 2. Cxema TeppeiHOB Oro- T T T T T =
BOCTOKa CeBepo-A3uaTcKoro 0 500 &M
kparona 1o Pozeny O.M. [2003]. e —t—l N“‘a& pa3sioMHas 30HA 17

64° L 1150 - reodpuznyeckuii :

C.IIL —" npoduan 3-J(B

Asznarckoro kparoHa. TpaekTo- M €TO TIHKETHI
pyun nEpeEMEUICHUA TEKTOHUYC-
CKUX OJIOKOB MOJTBEPIKAAIOTCS
Ha6HIO,I:[eHHI)IMI/I HanpaBJICHUA-
MU TaJeHUH CJIAHIIEBAaTOCTH W
MeTamopduyeckoil momocyaro-  60° |-
CTH C BOCTOKa Ha 3amaj (B co-
BpeMeHHOW CcTpykType) [Po-
3eH, 2003], 4To yka3piBaeT Ha
HapaliuBaHue AJJIaHCKOTO Cy-
neprepperiHa B LIMPOTHOM Ha-

¥ noxaHcEHE
MpaBJIeHUU. DTO TOATBEpXKAa- nosic
ol
€T  HCTOPHMKO-TCONOTHYECKHe 0 i
anapckas
BBIBOJIBI Po3eHa o ToMm, uTo Aj- pasnomMHasn
o o 30Ha
JIAHCKUIl TeppeiH ObUT HalBU- 5
HyT Ha OJNeKMUHCKHUH TeppeiiH, gy

a ¢ BOCTOKA Ha Hero 1o ThIpkaH-
JIMHCKOM 30HE pa3JIOMOB HaJIBU-
rajcs Yuypckuil teppeiiH, mom  52° M Hura
KOTOpPBIN OBLT TomoaBUHYT ba-

3 0 BnaropemeHck
TOMI'CKUI TEpPEVH. 1 y 1 1

Korna Anpmanckuit cy- 114° 120° 126° 132° B.p.
neprepperiH ObUT yxe chopmu-
poBaH, ¢ rora HagBuHy/Cs CyTaMCKuil cynepreppeiin mo cyommpoTHoi Kanapckoii KOJUTH3UOHHOM 30HE, TePEeKpPhIBa-
IolIel Pa3HOBO3PACTHBIE TEPPEHHBI AJITaHCKONW POBUHINY (pHC. 2).

Pe3ym>TaT1)1 aHaJin3a U UHTCpHIpETAlu MOJTYYECHHBIX TMHAMNYCCKUX pa3pe€30B MO3BOJININ JOIMOJIHAUTHL HOBBIMHU
(hakTaMu pa3BHBAIOIIYIOCS T€OMHAMUYECKYIO MOJIENb (OPMHUPOBaHHUS FOr0-BOCTOUHOM YacTu CeBepo-A3HaTcKoro
KparoHa. Ha ceBepHOM CKIOHE AJTAHCKOTO MIUTA, CKPBITOTO 0CAJOYHBIM KoMIUIeKcoM CpeqHeIeHCKOW MOHOKIIN3HI,
oOHapyxeHa yHUKaIbHasI yanieoOpa3Hasi CTpyKTypa auameTpom Oosee 350 kM Ha THEBHOM MOBEPXHOCTH U C KOPHS-
MH, YXOAAIIMMH B MaHTHI0. [0 TIpoBe/ieHHs: celicMUYecKnX paboT B 3TOM PErHOHE CTPYKTypa He Obliia BhlsiBieHa. Ha
SHEpPreTHUECKOM paspese (cM. puc. 1, A) oHa ukcupyercs B npeaenax nuketoB 700—1050 kM npoduisa. Bo3aMoxHbI#H
OTBET Ha BO3SHUKHOBEHHE JTAHHOW PUQTOBOIl CTPYKTYPhI PETHOHAJIBHOIO MaciTada MOTYT JaTh eOJMHAMHUYECKHE
nocrpoenus [Cmenos, Tumodees, 2003], BHIONHEHHBIE UM Ha OCHOBAaHWH M30TOIHBIX JaHHBIX O BO3PACTE U COCTa-
B€ BEIIECTBEHHBIX KOMIUIEKCOB (puc. 3).

Kak monaraer Cmenos, B apxee (> 2500 MIIH JIeT) Ha 3TOH TeppUTOpUH, BIOJIb poduis 3-/IB, pacnonaraimcsk
MIEpBUYHBIE TPAHUT-3eIEHOKaMEHHbIE TePPEIHbI, pa3/ielIeHHbIe OKeaHHUECKOH KOpoit: AngaHckuii u baromrckuii (cm.
puc. 3, A). llozauee, B naneonpotepozoe (2500-2000 miH 1eT) npoucxonuio cOnmkeHne TeppeitnoB. Ha 3amagHom
Oepery pa3JelsBILEro UX OKEaHNIEeCKOro OacceliHa peKOHCTPYHPYeTCsl 00CTaHOBKA aKTHBHON CYOIYKIIHH KOPBI C 00-
pa3oBaHHEM aKKPELHMOHHOTO KJIMHA U POCTOM AJITAaHCKOTO TeppelHa 3a cueT AeHCTBHS HaJACyOAyKIMOHHOTO BYJIKa-
Hu3Ma. [Ipyu 5ToM Ha BOCTOYHOM Oepery okeaHa, Ha CKJIOHE U Ienb(e MorpyKeHHOH yactu baromrckoro teppeiina,
BEPOSITHO, CYIIECTBOBAJIa 0OCTaHOBKA TACCUBHOM KOHTUHEHTAIBHOM OKPanHBI.

B nepron 2000—1900 mia net CMmenoB mpearnoaral OKOHUaTeIbHOE 3aKPhITHE apXehcKoro okeaHa (puc. 3, b).

[MonyueHHbIE HACTOSIIIMMH HMCCIIEIOBAaHUSIMH SHEPTETUYECKOE M300paKEHUE 3eMHOI KOPBI, XapaKTepHUCTHUKH
pa3MepOB TeTEPOTSHHBIX HEOMHOPOIHOCTEH M MX MOTIONIAOIIUX/PE30OHUPYIOIINX CBOHCTB B 3eMHOM KOPE BIOJb MPO-
(st 3-J1B mO3BOSWIIN CIENaTh BBIBOJ O TOM, UTO IPUWICHEHUE IPYT K APYTY AsimaHckoro u batoMrcko-Ydaypckoro
TEPPEUHOB COMPOBOXKIAIOCH 00pa30BaHMEM THTAaHTCKOW aKKPEIMOHHON MPU3MBI, 3allOJIHEHHOW B HIDKHEW 4acTh
CKaTbIMU 0a3aJIbTaMU U MEPEKPhIBAIOIINMHE UX J1e()OPMUPOBaHHBIMU OCaIKaMH. BepXHsist u cpenHss Kopa 10 Tiryou-
HBI 20 KM TEKTOHHUYECKH pacciio€Ha, 4YTO MpOABIIACTCA B 3HAYUTCIIbHOM MMOBBIIICHUN OCHOBHOM 4YaCTOThI CECMUYe-
CKHX BOJH (cM. puc. 1, B). B HI>KHeH 9acTu 3TOM THTaHTCKOM aKKPEIIMOHHOM PHU3MBI BUAHBI CIIE/IbI CKYYHBAHUSA (CM.
puc. 1, A) okeaHU4YECKON KOPBI, a POIECC MOTPYKEHHSI €€ MepPeIOBOro 3aaJHOTo Kpasi B MAaHTHIO, BUAUMO, UCIIBI-
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T~~~ 2.0-1.9 mnpa ner

2.5 - 2.0 mnpg net

Puc. 3. [TaneorekToHMYEeCKast PEKOHCTPYKLUS ISl TaJIEOPOTEPO3OSL.
(4) 2.5 = 2.0 mapg aer; (H) 2.0 — 1.9 muipp niet, no: [Cmenos, Tumogees, 2003].

TaJ CTarHaIyio, a He yuiea Ha TTyOuHy. Bo3MoXkHO, IO/ BO3ZIEHCTBHEM MTPOIIECCOB MAHTHIHOTO TIJIFOMOBOTO arBel-
muHra [Kpasdenko u ap., 2009] cyOxynunpyromnias okeaHH9IecKas! IIUTA IMOJCTENIIA CHU3Y AJITaHCKHUN OJOK, yBeIH-
YHB €r0 MOIIHOCTH IT0 CpaBHEHHIO ¢ coceqHnME CTaHOBBIM U Y uypcko-baromrcknm 6rmokamu Ha 10 kM (puc. 1, A).
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GIGANT ACCRETIONARY PRISM FORMED BY EARLY-PROTEROZOIC COLLISION
OF CRUSTAL TECTONIC BLOCKS IN THE SOUTH-EAST OF THE NORTH-ASIAN CRATON

E.Yu. Goshko, A.S. Salnikov, A.S. Efimov

Siberian Research Institute of Geology, Geophysics and Mineral Resources, Novosibirsk, Russia
goshco@mail.ru, geology@sniiggims.ru

The StreamSDS one-purpose software system [Goshko et al., 2008] was used to calculate amplitude attributes
of a subsurface seismic Earth’s crust section along the southern part of the 3-/IB (Never — Tommot — Yakutsk) com-
plex geophysical line crossing the south-east of the North-Asian craton. Analysis and interpretation results of dynamic
sections allowed “seeing” and delineating cores of Archean consolidation of primary crustal tectonic plates on the
territory of the modern Aldan shield and its northern extension hidden in sediments and also assuming their Early-Pro-
terozoic subduction interaction with a giant accretionary prism 350 km in diameter forming on the day surface (Fig. 1).

Amplitude attributes of the seismic wavefield indirectly reflects physical and mineralogical-geochemical crustal
and mantle heterogeneities, which is important for geodynamical analysis. Rocks composing large lithosphere blocks
fix a trace of their former interactions in their structures and matters for a long time. Thus for ancient geotectonic
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history of the continental crust to be reconstructed, the possibility exists of using results of present-day subsurface
seismic investigations of the Earth's crust alongside with evidence from direct studies of rock compositions and ages.

The following amplitude attributes are received: reflection energy in the local window (Fig. 1, 4), high-
frequency reflection energy (Fig. 1, B), fundamental frequency of wave trains (Fig. 1, C). When interpreting, it was
taken into consideration that the energy section reflects the distribution of acoustic impedance at a scale of the local
scanning window; the fundamental wave train frequency changes depending on geological heterogeneity scales; high-
frequency energy is an index of medium absorption properties.

Traces of ancient movements of blocks manifested in the high-frequency section of the Earth’s crust (Fig. 1,
B) allows conclusions regarding the geodynamic history of the Earth’s crust formation in the south-east of the North-
Asian craton.

Movement patterns of tectonic blocks are supported by observed east-to-west directions of schistosity and
metamorphic banding dips (in the present structure) [Rozen, 2003], which points to the accretion of the Aldan super-
terrane in the latitudinal direction. This strengthens Rozen’s historico-geological conclusions that the Aldan terrane
was thrusted over the Olekma terrane, and from the east along the Tyrkanda fault system it was obducted by the Uchur
terrane, under which the Batomga terrane was moved.

When the Aldan superterrane had been formed, the Sutam superterrane obducted from the south along the Kalar
collision zone superposing many-aged terranes of the Aldan province (Fig. 2).

Analysis and interpretation results of the obtained dynamic sections made it possible to add new facts to the
developing geodynamical model of the south-eastern North-Asian craton formation. On the northern side of the Aldan
shield hidden by a depositional sequence of the Mid-Lena monoclise it was found a unique pit-like structure more than
350 km in diameter on the day surface and rooted in the mantle. The structure had not been revealed before seismic
studies in this region. In the energy section (Fig. 1, 4) it is apparent within 700 — 1,050 km profile stakes. Geodynami-
cal constructions [Smelov, Timofeev, 2003] made on the basis of isotopic data on matter complex ages and composi-
tions can provide a possible answer to the origination of this rift structure of regional scale (Fig. 3).

Smelov reasons that in Archaean (> 2,500 Ma) on this territory along the 3-/IB line there were primary granite-
greenstone terranes separated by the oceanic crust, namely Aldan and Batomga ones (Fig. 3, B). Later on in Paleo-
proterozoic (2,500-2,000 Ma) the terranes converged. On the western shore of the oceanic basin separating them the
environment of active crust subduction was reconstructed with the formation of an accretionary wedge and Aldan
terrane growth at the expense of suprasubduction volcanism. At the same time on the eastern shore of the ocean, slope
and shelf of the Batomga terrane submerged part the environment of passive continental margin was likely to occur.

At the period of 2,000-1,900 Ma Smelov assumed the final closing of the Archaean ocean (Fig. 3, A).

The Earth’s crust energy image, size characteristics of heterogeneities and their absorptive/resonant proper-
ties in the Earth’s crust obtained by these investigations along the 3-/IB line allows us to conclude that te attachment
of the Aldan and Batomga-Uchur terranes to each other was accompanied by the formation of a giant accretionary
prism filled in its lower part with compressed basalts and deformed sediments overlying them. The upper and middle
crust down to depth of 20 km is tectonically laminated, which is evident as a considerable increase in fundamental
frequency of seismic waves (Fig. 1, B). In the lower part of this giant accretionary prism one can see contortion traces
of the oceanic crust (Fig. 1, 4), and the process of its forward western edge downwarping into the mantle seemed to
experience stagnation rather than went deeper. It is possible that under mantle plum upwelling [Kravchenko et al.,
2009] the subsiding oceanic plate underlaid the Aldan block, making it thicker by 10 km as compared with the adjacent
Stanovoy and Uchur-Batomga blocks (Fig. 1, 4).
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B POCCUMCKOM PYJTHOM AJITAE
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B poccuiickom PynmHom AnTae mupoko pacipocTpaHeHbl TPAaHUTOHM/HBIE MACCHBBI BOJIYMXHHCKOTO KOMILIEKCa,
oOpasyroliye ABe BETBH HHTPY3UBOB BJOJIb pa3ioMoB C3 Hanpasnenus. 3amnaanas BeTBb (OpiioBckuii apeai) o0be-
nuHsieT JlokreBckuid, AHTOmMXMHCKUI 1 CyraroBcko-1llemoHanxuHCKuii MaccuBbl, BoctouHas (bopoBnsiHckuit ape-
an) — I'mnesckuii, CocHoBckuit, [lepBokameHckuii 1 BepxHeOopoBisstHCKHi MaccuBBL. B cocTaBe KoMIUIEKca BbIAEISA-
10TCS YeThIpe (a3bl BHEAPEHUS: TIepBasi — rab0pou/ b, BTOpasi — IPaHOAMOPHTHI, TUIAarHOTPaHUTHI U MEJTaHOTPAHHTHI,
TPEThsl — TPAHUTHI, YeTBEpTast — JIeHKorpaHuThl. ['a00ponaHas ¢asza Ha Teppuropun PO nocroBepHO HE yCTaHOBIE-
Ha. Bo3aMoxxHO, oHa nipencraBieHa HoBoanelckiuM MacCHBOM, CIIOXKEHHBIM rad0po, rab0po-HOpUTaMu, TMOPUTAMH U
KBapLIEBBIMU IHOPUTAMH, PaHEE OTHOCUBIIMMUCS K 3MenHOropckoMy kommekcy (D,). B Kasaxcrane takue ra66po-
WJHBIe MacCcUBHI (AJieKcaHIpoBCKui, KeapoBckuit U ip.) MpOpBIBAIOT OTIIOKEHHUS TYPHEICKOTO sipyca.

C pasnomamu C3 HampaBieHUS CBSI3aHBI TaKXKE OEIIOPELKO-MaPKaKOJIBLCKUH M KEJPOBCKO-TAPUXHMHCKHUH
rab0po-/10IepUTOBBIE KOMIUIEKCHL. [lepBblii 0ObenUHSACT NallKu, CHIUIBI, IITOKH, KOMOMHHUPOBAaHHBIC 3aJI€XKU Tad-
Opo/0NIEpUTOB, JOJIEPUTOB, YMEPEHHO MICIOYHBIX JOJIEPUTOB, PEIKO TabOpONEpUIOTUTOB M CEPIICHTHHU3HPOBaH-
HBIX MUKPUTOB. [losic radbbpouoB mmHOU Goee 600 kM u mupunoi 10 kM HaxomuTcs B Kazaxcrane u mpuypo-
4yeH K benopenko-Mapkakonbcko-TricOaxaHckoMy pasiomy. Tena rabOponoB SBISIOTCS CHHKUHEMAaTHUYECKUMU MH-
TPY3UsIMU, BHEAPUBIIMMHUCS 110 30HAM KIIMBaXKa, BOBJICYEHHBIMH B CKJIAT4aTOCTh U, B TOXKE BpEMs, CEKYIIUMHU TIep-
BUYHYIO CJIIOMCTOCTh U MeNIKHe cKiaaku [bonbmioit Anrait, 1998)]. BTopoil kommiekc npeacTaBieH runaduccaibHbl-
MH TeJlaMH Tab0poJ0NIepUTOB, JOIEPUTOB, KBApLEBBIX JOJIICPUTOB, AHOPHUTOB, MOHIIOHUTOB, TPOCTPAHCTBEHHO ac-
COLMMPYIOIIMMH C BYJIKaHUTaMHU BU3EHCKOM JTAPUXMHCKOM CBHTHI (QHIE3UT-0a3abToBasi TEppUIeHHas (GopMarus
OKpauHHO-KOHTHHEHTAJBHBIX pudToB). Komrutekc pacnpoctpanen B Kazaxcrane B mpesenax y3KOro npupasiioMHO-
ro Kenposcko-JlapuxuHckoro ByiakaHudeckoro nosca [bomnbmioit Antait, 1998] npotskennoctsio 140—-150 kM, pac-
TIOJIOXKEHHOT'O TIapaJuIeNIbHO MOsICY rab0pONI0B OeopenKo-MapKaKoIbCKoro KoMmiuiekca B 20—40 kM K foro-3amnany ot
Hero. CeBepo-3araHoe MPOIOJKEHUE 3TOTO0 Hosica (0e3 ByJIKaHUUECKOH YacTH ), BO3MOXKHO, TIPEJICTABICHO B POCCHIA-
ckoM PynHom Anrtae maccuBoM ropsl [openoii. CpaBHeHHe rabOponIoB MaccuBa I. [opesoil, meTpoTUIIHYecKOoro st
6enoperko-MapKakoIbCKOro KoMILiekca B poccuiickoM Pynnom Antae [Koppensius..., 2000], mokasano metporpa-
(hmueckoe U reOXMMHUYECKOE CXOACTBO ¢ rabbponnamu HoBoaneiickoro maccusa.

I'ab6po-monepuThl Maccupa I. I'opernoii coctoaT u3 nadpanopa (An,, ) 50-70 %, asruta 10-35 % c kaiimoi
aktuHonuTa, onuBuHa 0—10 %, TuTaHOMarHeTura 5—-6 % u xapaxrepusytorcs mg# 61.0-61.45. OTmeuaroTcs MOBHI-
IIEHHBIE cofiepaHusl KpynHonoHHbIX autoduinos — K, Cs, Rb, Ba, Pb, Sr, mo cpaBHeHHIO ¢ BEICOKO3apsITHBIMH dJIe-
Mentamu: Nb, Ta, Zr, Hf, Ti u nerkum P33 (La, Ce, Nd) (3 P33 29.92—46.98 mkr/t, Euw/Eu* = 1.06-1.10) (puc. 1).
['a66ponasr Hosoanelickoro Maccusa (MuHepanbHbiii coctas: Pl (An ) 55-60 %; Hyp 10-15 %; Cpx 10-30 %;
Ol 0-10 %; Rob 10-15 %; TiMgt 1-2 %) ¢ Onuskoii BemuunHor mg# 58—66, 6eauee Cs, Rb, Ba, Pb u P33 (3P3D
39.8-39.9, Ew/Eu* = 1.03). Ux rpaduku pacnpenenenus P33, ¢ xapakrepHoii cirMonanbHoi KoHpUTrypanuei, KoH-
(bopMHBI Genopenko-MapKakonbCkuM (cM.puc. 1, 6). 'ab6pousl 5THX MacCHBOB MMEIOT HU3Koe coxepxanue PO,
0.072-0.099 %, ux onMBHHCOAECPAKAINE PA3HOCTH HEOTIUUUMBI IPYT OT Apyra U XapaKTepU3ylTCs MOBBIIICHHBIM
conepxanueM Cr 347-469 un Ni 136-150 mkr/r. OboraiieHHbIe IUIarnokia3oM pasHocTH rabopounoB Hooaneii-
cxoro mMaccusa (AL O, 19.4 %) oTnmuaroTcs pe3ko BBIPKEHHOH TONOKHUTENbHONH aHOMasue# Str, comepkar MeHb-
mie (B Mkr/r): Cr 174, Ni 16.7, Zr 32.7 u Hf. JIns ra66pomoneputoB I. ['opernoii mo 8 u3MepeHusM B 3epHAX ITHPKO-
Ha (SHRIMP II) nonmy4yen xoHkopmaHTHbIN Bo3pacT 33943 mun jner (CKBO 0.67), 6au3kuii k Bo3pacty rabOpou-
noB HoBoanelickoro maccuBa, rje Takxke M0 8 N3MEpeHUsIM KOHKOPIAHTHOE 3HaueHHEe COCTaBWIIO 336+3 MIiH Jer
(CKBO 3.1). biu3kue BenuunHBI UMeeT B rabbpoumax uzotomusiii coctaB Nd: maccus T. Topenmast 'Sm/'**Nd =
0.1933; '"“Nd/"*Nd = 0.513006; £ (T,,,) = +7.3; HoBoaneiickuit maccus '*’Sm/"*Nd=0.1983; "“Nd/"*Nd=0.513090;
g(T,,,) = +8.8. Ha ocHOBaHNM M30TOMHBIX ¥ TEOXMMUIECKHX JIAHHBIX MOXHO TI0JIaraTh, 4TO poJloHavYanbHas Marma
rabOpOMIOB SBIISIETCS IPOU3BOHOM JeIieTnpoBaHHoro uctouHnka N-MORB-tuna nmurocdepHoii MaHTHH (OTHOILIE-
Hue La/Nb B rab6pounax r. ['opesnoii 2.0-2.69, B HoBoaneiickom maccuse 2.16-3.27).
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Puc. 2. 'eoxumMuueckue quarpaMMsbl U1 TPaHUTOUIOB BOMYUXHHCKOTO Komiuiekca (324—-320miH ner):

a, b — nepBas ¢aza: / — kapieBbie 1uoputsl (pp. Lllemunxa u bepe3oska); 2 — ToHATUTH BepXxHeOOPOBISTHCKOrO MacCcuBa; ¢, d — BTopast
¢aza: 3 — ampu601-6MOTHTOBBIC M OHOTHTOBBIC TTarnorpanutsl (p. Llemduxa (31947 mun net), p. MoxoByiuka, Anelickuit Mmaccus (321+4.6 mian
ner), 4 — miaruorpanutsl (p. MoxoByka), 5 — ToHanutsl (p. Llenuuxa); 6 — mnarnorpanuts! [lepokamenckoro Maccusa (32443 miH Jer), 7 —
MIArHOrPaHuThl BepXHEGOPOBISIHCKOrO MAacCHBa; e, f — TpeThs (asa: § — rpaHuTbl COCHOBCKOro MaccuBa; 9—10 — BepXxHeOOPOBISHCKUIT MacCHB:

9 — GHOTHTOBbIC TPAHUTHI U JCHKOIIArHOrPaHUTHI (32442 MuH niet); /() — MyCKOBHTOBBIC JICHKOTPAHHTHI.
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leoxuMuueckiue 0COOCHHOCTH TPAaHUTONIOB BOMYMXHWHCKOTO KOMILUIEKca (pHC. 2) JEMOHCTPUPYIOT ITOCIEN0-
BaTeJIbHYIO 3BOJIIOIMIO MarMaTu3Ma OT KBapLEBBIX AMOPHTOB K KaJIMEBBIM M MYCKOBHUTCOZAEpKamuM rpanutaM. C
OTIpEEIEHHOI CTENeHbIO YCIOBHOCTH, OHM MOTYT OBITh pacuiIeHEeHbl Ha TpH (a3bl. [ImarnorpaHuTel BOTINXHHCKO-
TO KOMILTEKCa, HEJJABHO OAPOOHO OXapaKTepu30BaHHBIC (THIIeBCKU KoMIuteke 1o [Kyitbuna u np., 2013], sBisrot-
Cs pe3yNIbTaToM IUIaBJIeHUs cyOcTpara, cooTBeTcTByomero Merabasuram N-MORB-Trna 1 xapakrepusyrorcs Belu-
annoi & (T,,)) = +7.4 — OnU3KOH K yCTaHOBJIEHHBIM B rab0pouzax r. Iopenoi n Hopoanetickoro maccusa. Bpems
CTaHOBJICHHUS] POTOBOOOMAHKOBO-OMOTUTOBBIX N OMOTUTOBBIX IUIarnorpannToB Bropoi ¢aszsl (SHRIMP II) naxomut-
cs B quanazone 324-320 muH JieT, Bo3pacT 0ojiee paHHUX KBapIEBBIX IHOPUTOB 3TOTO KOMILIEKCa II0Ka HE H3BECTEH.
MakcuMaJbHONM KaJIueBOH IEJIOYHOCTH KZOZNaZO JIOCTUTAIOT OMOTHTOBEIE TPaHUTHl COCHOBCKOTO MAacCHBa (KZO
3.84-3.91 %), a TaxoKe JBYCIIONSAHBIE H MyCKOBHTOBBIE JIEHKOrpaHuTEl Bepxneboporisrckoro maccusa (K,0 3 %).
B CocnoBckom maccuse conepskanne P39 6onee Boicokue (D P30 122.79-146.06 MKI/T) ¢ OTHOCHTEIBHO IUIOCKOH
cTpykTypoi pacmpenenenus ((La/Yb), 2.93-5.82) u xopomo nposeiaeHHbM Eu-munumymom (Ew/Eu* 0.35-0.43).
BepxueboposinsHckue rpanuTsl obexnersl P30 (3 P33 46.22 — 98.95 Mmkr/T) ¢ 6osee GppakunmOHNPOBAHHBIM pactipe-
nenenneM ((La/Yb), 4.29-9.18) u menee nposenennoi Eu-anomammeit (Ew/Eu* 0.56-0.73). Jlns1 ABy CIFONSHBIX TLTa-
ruoyielkorpannToB BepxuneOoposisiHckoro Maccusa 1o 10 msmepenusiM no nupkory (SHRIMP IT) mosyden koHkop-
JaHTHBIA Bo3pacT 324+2 muH net (CKBO 0.25).

BriBozbl. B HikHeM kapOoHe PynHOro Astast mposiBICHBI ABAa TUCKPETHBIX 110 COCTABY W BO3pACTy CHHKH-
HEMaTHYECKUX MHTPY3UBHBIX KOMILJIEKCA, 00pa30BaBIINXCS 33 CHET IUIABICHUS JUTOCHEPHOr0 MAHTHUITHOTO HC-
tounrka N-MORB-tuna: cymecrsenno raboponanslii Buzelickoro Bo3pacra (339+3 — 336+3 mutH net) u rabopo?-
TOHAJUT-TUIATHOT PaHUT-JIEHKOTPAHUTOBBIN cepIyXoBCKoro BpemeHH (324+3 — 319.4+7.4 muH net). Buseiickue uH-
TPY3UBBI OEJIOPENKO-MapKaKOIbCKOTO M KEPOBCKO-TAPUXUHCKOTO KOMIUIEKCOB, BEPOSITHO, MIPEACTABIAIOT COO0H
JIB€ BETBH €IMHOTO PaHHEKAMEHHOYTOJIBHOTO MarmMarusma. s popMupoBaHns BU3eHCKUX rabOpONIOB mpemo-
JaraeTcs NpeAKOJUIN3NOHHAs pUBTOreHHass 00CTaHOBKA, XOTSl COIEPXKaHMS M paclipelelieHHe PEAKHX IEMEHTOB
B HUX TaKHE e, KaK B OCTPOBOIYXXHBIX ToJeuTaxX. HTPY3UBBI BOMYHXHUHCKOTO KOMIUIEKCA, BEPOSATHO, (POPMHPO-
BAJIMCh B 00CTaHOBKE KOJUIM3MN AJTaiickoro n KazaxcTaHCKOro KOHTHHEHTOB B KOHIIE cepnyxoBa [Bbombmioit Aun-
Tai, 1988].
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EARLY CARBONIFEROUS GABBRO-GRANITE MAGMATISM
IN THE RUSSIAN RUDNY ALTAI

N.L Gusev!, O.V. Murzin?

'A.P. Karpinsky Russian Geological Research Institute, St.-Petersburg, Russia
nikolay gusev@vsegei.ru;
Siberian Research Institute of Geology, Geophysics and Mineral Resources,
Novosibirsk, Russia,murzin(@sniiggims.ru

In the Russian Rudny Altai is characterized by widespread granitoid massifs of the Volchikhinskiy Complex
forming two branches of intrusions along faults of NW direction. The western branch (Orlovskiy areal) unites Lok-
tevskiy, Antoshikhinskiy and Sugatovsko-Shemonaikhinskiy massifs, the eastern (Borovlyanskiy areal) — Gilevskiy,
Sosnovskiy, Pervokamenskiy and Verkhneborovlyanskiy massifs. As a part of the complex four phases of emplace-
ment are allocated: the first — gabbroic, the second — granodiorites, plagiogranites and melanogranites, the third -
granites, and the fourth — leucogranites. The gabbroic phase in the territory of the RF isn’t established authentically.
Probably, it is represented by the Novoaleyskiy Massif composed of gabbro, gabbro-norites, diorites and those quartz
diorites which earlier had pertained to the Zmeinogorskiy Complex (D,). In Kazakhstan similar gabbroic massifs
Aleksandrovskiy, Kedrovskiy, etc. break through deposits of the Tournaisian Stage.
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Fig. 1. Rare (a) and rare earth (b) elements distribution pattern of gabbroids:
1 — Massif of the Gorelaya Mountain (339 + 3 Ma); 2 — Novoaleyskiy Massif (336 + 3 Ma).

Beloretsk-Markakolskiy and Kedrovskiy-Larihinskiy gabbro-dolerite complexes are also associated with the
faults of NW direction. The first combines dikes, sills, small stocks, combined intrusions of gabbro-dolerite, doler-
ite, moderately alkaline dolerite, scarce gabbro-peridotite and serpentized picrite. The main gabbroic belt which is
longer than 600 km and has a width of 10 km is located in Kazakhstan. It is confined to Beloretsk-Markakolskiy-
Tysbakhanskiy Fault. Gabbroids are synkinematic intrusions embedded in zones of cleavage which are involved
in folding and, at the same time, discordant to primary lamination and small folds [Great Altai, 1998]. The second
complex is represented by hypabyssal bodies of gabbrodolerite, dolerite, quartz dolerite, diorite, monzonite and
spatially associated with volcanic rocks of the Visean Larikhinskiy Formation (andesite-basaltic sedimentary for-
mation of continental margin rifts) [Great Altai, 1998]. The complex occurs in Kazakhstan within a narrow fault
trough and coincides with Kedrovsk-Larihinskiy volcanic belt [Great Altai, 1998]. The volcanic belt with the length
of 140-150 km is located parallel to the gabbroic belt of Beloretsk-Markakolskiy Complex in 20—40 km to the
south-west. Northwest continuation of this belt (without the volcanic part) may be the Gorelaya Mountain Massif
in the Rudny Altai. Comparison of the Gorelaya Mountain gabrroids which are typomorphic for the Beloretsko-
Markakolskiy Complex in the Rudny Altai [Correlation ..., 2000] has shown petrographic and geochemical similar-
ity with gabbroids of the Novoaleyskiy Massif.

Gabbro-dolerites of the Gorelaya Mountain consist of labradorite (An, ) = 50-70 %, augite = 10-35 %
with the actinolite rim, olivine = 0-10%, titanomagnetite = 5—6 % and is characterized by mg # 61.0-61.45. There is
higher content of LILE (K, Cs, Rb, Ba, Pb, Sr), as compared with HFSE: Nb, Ta, Zr, Hf, Ti and LREE (La, Ce, Nd)
(ZREE 29.92m46.98 ppm, Eu/ Eu * 1.06—1.10) (Fig. 1). Gabbroids of the Novoaleyskiy Massif (mineral composi-
tion: PI (An, ) = 55-60%; Hyp = 10-15%; Cpx = 10-30 %; Ol = 0-10 %; Hbl = 10-15%; TiMgt = 1-2 %) have
a close value of mg # 58—66, poorer than Cs, Rb, Ba, Pb and REE ( XREE = 39.8-39.9, Eu/Eu* = 1.03). Their REE
patterns with characteristic sigmoidal configuration conform to the REE patterns of Beloretsk-Markakolskiy gab-
broids (Fig. 1b). Gabbroids of both massifs have a low content of P,O; (0.072-0.099 %), their olivine-bearing vari-
eties are indistinguishable from each other and are characterized by a high content of Cr = 347-469 ppm and Ni =
136150 ppm. Gabbroid varieties of the Novoaleyskiy Massif (Al,O, = 19.4%) enriched with plagioclase is notable
for pronounced positive Sr anomaly and contain less (ppm) Cr = 174, Ni = 16.7, Zr = 32.7 and Hf. The concordant
age of 339 £ 3 Ma (MSWD 0.67) is obtained for gabbro-dolerites of the Gorelaya Mountain based on 8 measure-
ments in zircon grains (SHRIMP II). This age is similiar to the age of gabbros of the Novoaleyskiy Massif where
the concordant value is 336 = 3 Ma (MSWD 3.1) according to similar 8 measurements. Nd isotopic composition
has neighbors in gabbros i.e. massif of the Gorelaya (Burnt) Mountain '’Sm/'*Nd = 0.1933; *Nd/'*Nd=0.513006;
&(T,,,) = +7.3; Novoaleyskiy Massif '’Sm/"*Nd = 0.1983; '"“Nd/"**Nd = 0.513090; ¢ (T,,) = +8.8. Based on
isotopic and geochemical data it can be assumed that gabbro parental magma is derivative of depleted N-MORB-
type source of lithosphere mantle (the ratio La/Nb in gabbroids of the Gorelaya (Burnt) Mountain is 2.0-2.69, the
Novoaleyskiy Massif is 2.16-3.27).

The geochemical characteristics of the Volchikhinskiy Complex granitoids (Fig. 2) show a consistent magma-
tism evolution from quartz diorites to potassium and muscovite granites. With a certain degree of convention, these
may be divided into three phases. The recently described in detail plagiogranites of the Volchikhinskiy complex
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Fig. 2. Geochemical diagram for granitoids of Volchiha Complex (324-320 Ma):
a, b — the first phase: / — quartz diorite from riv. Shchelchikha and Beryozovka; 2 — tonalite of Verkhneborovlyansky Massif; ¢, d — the

second phase: 3 —amphibole-biotite and biotite plagiogranites, riv. Shchelchikha (319 + 7 Ma) , riv. Mokhovushka, and Novogaltsovka Village (321
+ 4.6 Ma), the Aleyskiy Massif, 4 — plagiogranites, riv. Mokhovushka, 5 — tonalite, riv. Shchelchikha; 6 — plagiogranites of the Pervokamenskiy
Massif (324 + 3 Ma), 7 — plagiogranites of the Verkhneborovlyanskiy Massif; e, f— the third phase: 8§ — granites of the Sosnowskiy Massif; 9—10 —
Verkhneborovlyanskiy Massif: 9 — biotite granites and leucogranites (324 + 2 Ma); /0 — muscovite leucogranite.

(Gilevskiy Complex [Kuibida et al., 2013 ] are the result of substrate melting, corresponding to the metabasites of
N-MORB- type and are characterized by eNd (T,, ) = +7.4 — that is close to the eNd value of the Gorelaya Mountain
and the Novoaleyskiy Massif gabbroids. The age of formation for hornblende-biotite and biotite plagiogranites of the
second phase (SHRIMP 1II) is in the range of 324-320 Ma. The age of the complex anterior quartz diorite is not yet
known. Biotite granites of the Sosnovskiy Massif (K,O = 3.84-3.91 %), as well as two-mica and muscovite leuco-
granites of the Verkhneborovlyanskiy Massif (K,0=3%) reach maximum potassium alkalinity of K,O > Na,O. The
Sosnovskiy Massif REE contents are higher ( ZREE=122.79-146.06 ppm) with relatively flat pattern ((La/Yb), =
2.93-5.82) and well-manifested Eu-minimum (Euw/Eu * = 0.35-0.43). Verkhneborovlyanskiy granites are depleted in
REE (ZREE = 46.22-98.95 ppm) with more fractionated pattern ((La/Yb) = 4.29-9.18) and low Eu-anomaly (Eu/Eu
*0.56-0.73). The concordant age of 324 = 2 Ma (MSWD 0.25) is obtained for two-mica plagioleucogranites of the
Verkhneborovlyansky Massif by 10 measurements on zircon (SHRIMP II).

Conclusions. The Early Carboniferous of the Rudny Altai reveals two discrete by composition and age syn-
tectonic igneous complexes formed due to melting of the lithosphere mantle source of N-MORB-type: significantly
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gabbroid of Visean age ( 33943 — 33643 Ma), and gabbro?-tonalite- plagiogranite-leucogranite of Serpukhovian age
(324£3 — 319.4+7.4 Ma). Visean intrusions of the Beloretsk-Markakol and Kedrovskiy-Larikhinsky complexes prob-
ably represent two branches of the single Early Carboniferous magmatism. The pre-collisional rift setting is supposed
to form Visean gabbros, although contents and distribution of trace elements in gabbroids are the same as in the island-
arc tholeiites. Intrusions of the Volchikhinskiy Complex have probably been formed in the setting of collision between
Altai and Kazakhstan continents at the end of the Serpukhovian [Great Altai , 1988].
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ITYTOHUYECKAS COCTABJIAIOIIASA BUMOJAJIBHOI'O BYJIKAHOILNIYTOHUYECKOI'O
KOMIIJIEKCA CEBEPHOI'O OBPAMJIEHUSA BOCTOYHOTI'O 3BEHA
MOHI'OJIO-OXOTCKOI'O OPOI'EHHOI'O ITOSICA

HNU.M. [Iepbexo

Hnemumym eeonozuu u npupodononvsosanus J{BO PAH, Fracosewenck, Poccus
derbeko@mail.ru

Me3030lCKHE MaJeoByIKaHHYECKHE CTPYKTYPBI CEBEpPHOTO 00pamiieHHst MoHTo10-OX0TCKOTro OpOTeHHOT0 T0-
sca: Annano-CranoBoii Teppeitn [['yces, Xaunn, 1995], o miommanu pacnpoctpanenus He npepbimaot 1000 kM2 Ho
C Y4ETOM KOMarMaTu4HbIX UM IUTyTOHUYECKUX 00pa30BaHMi, IUIONIA/ b Pa3BUTHsI BCETO KOMIUIEKCA BO3PacTaeT B He-
CKOJIBKO pa3. M3-3a mpocTpaHCTBEHHOM Pa300IIeHHOCTH, OIS 3THX ITOPOJT YaCTO BBICISIMCH KaK CAMOCTOSITEIIbHBIC
KoMITIeKChl. OCOOEHHO 3TO KacaeTcs TUIYTOHHYECKOW COCTaBISIIONIEH. YCTaHOBUTH MX CBS3b C BYJIKaHHUTaMH CTaJO
BO3MOXXHBIM TIOCJI€ TEOXUMHUYECKOTO N3yUYEHHs COCTaBa U BO3pacTa NopoJ| MPEe3HOHHBIMU MeToiaMu. B npeiara-
eMoi1 cTaTbe 3T 00pa3oBaHKst 00bEIMHEHBI B €IMHBIA — OOMHAKCKHUH BYJIKaHO-IUTy TOHHYECKHI KoMIuteke. Komarma-
THYHBIC BYJTKAHUTAM Ty TOHHYECKHE 00pa30BaHus CIAararT CIOKHO MOCTPOCHHBIC MACCUBBI IUTOMIAABI0 0 400 kM2,
HO 4aie GopMHUPYIOT HEOOJIBIINE MOHOIIOPOIHBIE TEJIA, IITOKU M JaHKH.

Bospact rpaHUTOMIOB OOOCHOBaH T'€OXPOHOJIOTUYCCKMMHU JAaTHPOBKAMU: JIsi rpaHocueHuToB 101+2 Ma
(U/Pb meton [Heitmapk u ap., 1996]); mist kBapleBoro Juopura u kBapreoro Mmontonura 117+0.8, 109 Ma (Rb/Sr
metoz [AHTOHOB U jip., 2001]); ans rpanura u neiikorpannta 108.6+1.3 u 110.3+2.9 Ma (U/Pb meron [Crpuxa, Po-
JnoHoB, 2006]).

buMozaibHBINA COCTaB TPAHUTOM/IOB, KaK U BYJIKAHUTOB, 0OYCJIOBIIEH AByMs JuanazoHamu cofepxanus SiO,:
MmeHee 64 u 6onee 70 mac. %: KBapIeBble MOHIIOHUTBI, MOHILIOHUTBI, AUOPHUTHI, KBAPIIEBIC TUOPHUTHI, TPAHOTUOPUTHI
U CyOILEeIOYHbIE TPAHUTHI, CyOIEIIOYHbIE JICHKOTPaHHUTHI, JISHKOTPaHNUTBI, TPAaHNUTHI, KBaplieBble CHeHNTHI. [lepBbie
XapaKTepU3yIOTCsS YMEPEHHOH — HOPMaJIbHOW LIEIOYHOCTBIO, C TIPSIMOM KOppeisiiei Mex 1ty oOIIeH 1eI0YHOCThI0
u Si0,. 910 BeIcOKOrMHMHO3eMHUCTEIE (AL O, = 16.04-18.40 Mac. %), yMepeHHO- 10 HU3KOMarHe3uaibHbix (MgO < 3),
nuskotuTanucthie (TiO, < 1.2 mac. %) 06pa3oBaHus HU3KO — BHICOKOKAJIUEBOH U3BECTKOBO-IIENOYHON CEPHH, OTME-
Yal0TCsl €IMHUYHBIC IPOOBI COOTBETCTBYIOIIHUE IOIIOHNUTOBOH CEPHH.

I'panuTonast ¢ conepxanuem SiO, Gonee 70 Mac. % XapakTepU3yIOTCs HOPMAJILHOM - yMEPEHHOMN IIEN04HO-
CTBIO JIO HIETIOYHOM, TOPO/IbI MEPEXOAAT B HUu3KormuHo3eMuCThIe (AlL,O,=12.44-14.91 mac. %), HU3KOMarHe3uab-
HbI€, HU3KOTUTAHUCTBIE 00Pa30BaHUs BEICOKOKAJIMEBOH M3BECTKOBO-IIEJIOUHON CEPHH.

Bce mopoabl G0MHaKCKOrO KOMIUIEKCAa 00OTalieHbl JIETKUMH peIKo3eMeNbHbIMU dneMenTamu Tipu (La/YDb)
n=10-20 (mpeumyliecTBeHHO). B HUX ycTaHaBnMBaeTCs MOBBIIEHHOE HakorieHHe La oTHOcuTensHO Sm, TOora Kak
YpOBeHb ()paKIMOHUPOBAHUS TSDKENBIX JIaHTaHOUIOB Oosiee HU30K: (Gd/Yb)n no 0.9. Ha rpadukax REE 310 BeIpa-
JKeHO yBennueHueM NryouHbl Eu anomamun: Eu/Eu* = 0.50-0.75 B 0OCHOBHBIX-CPETHHUX MOPOJIaX; B KHCIIBIX 00pa30-
BaHMsx — EwW/Eu* = 0.16-0.77. MynsTuaineMeHTHBIE CIIEKTPBI XapaKTepU3YIOTCsl yCTONUYMBBIME OTPHLIATEIEHBIMH aHO-
manusiMu Nb, Ta u Ti 7151 Bcex THIIOB TOpoJ M BeCbMa M3MEHYHMBOM aHOManuel St: 1uist 0oJ1ee KUCIBIX pa3HOBU/IHO-
CTell OHa OTpHLATENbHAsI, a JUI OCHOBHBIX-CPEAHUX MOPOJ] — OT cIa00 MPOSIBIEHHOH OTPHULIATEILHOM, /IO TIOUTH I10-
JIOXKUTENBHOM. [100KUTETFHBIMU aHOMATHSIMU OTMEUCHBI cofepkanus Ba, Rb, Th, K.

JL71st TpaHUTOMIOB UMEIOTCS cleaytommMu oTHoteHns ¥ St/*Sr = 0.70592-0.70620, 0.70648-0.70773 mpu no-
BOJILHO y3KOM HHTEpBaJie sNd(Tf —11.77..-12.20 [Ctpuxa, Ponnonos, 2006; naHHble re0JOTHYECKON ChEeMKH]. Mo-
nenbHblid Nd Bospact — T, (DM-2st) — cootseTcTByeT MHTEpBanty: 1901-1937 MitH J1eT, 4TO yka3bIBaeT Ha BEMIECTBEH-
HYIO OIHOPOJTHOCTh CyOCTpara IJIaBJIeHUsI C KOPOBOW KOMIIOHEHTON PaHHETO IPOTEPO30si M COMOCTaBHMO COCTaBY
(yHIaMeHTa TepPUTOPUU PaCIIPOCTPAHEHHS MOPOJI JaHHOTO KOMILIEKCa — JJOKeMOPHICKUM 00pa3oBaHUsIM AJaHo-
CrtaHoBOrO TeppeiHa.

Jlyist ycTaHOBJICHUSI BO3MOXKHBIX MaHTHHHBIX MCTOYHUKOB IPOAHAIM3UPOBAHBI COOTHOIICHHS KOHIIEHTPAIUH
nap nemeHtoB-npumeceit Th-Ta, Yb-La, Nb-U, Nb-La, Nb-Zr, Ce-Pb. B pe3ynbrare uero ycranaBiuBaetcs 0JIM30CTh
COCTaBOB JaHHBIX TPAHUTOHM/IOB MOAOOHBIM COOTHOIIEHUSIM OCTPOBOIY)KHOTO MOJIEIFHOTO UCTOYHMKA TIPH Y4aCTHH
(B pa3nuuHO#i cTenenn) odorameHHbIx uctouHukoB tura OIB, CC u B psine ciyyaeB ucrounuka tuna MORB, a tak-
)K€ yJacTHe KPHCTAIUTM3AMOHHON AuddepeHInanny, BIUsMIOIEH Ha HAKOTUICHHE 3JIEMEHTOB. YBEJIIMUYECHHE CTECIICHU
muddepeHmanm MarM MOXHO MPOBEPUTH MTPU MOMOLITH UHJEKCa TUddepeHraym Marm, BRIPaXXEHHOTO CofiepkKa-
HUEM HHOOUS M KpeMHe3eMa. B TaHHOM cilydae MOBBIIICHUE cofepkanus HUoOus (0T 9 o 48 1/T) compoBokKIacTCs
nosbimenuem conepxanus SiO,. Cootnomenne Nb/U B 0CHOBHOM YKIa/IbIBA€TCA B TIpe/IENaXx IO HaaCy Oy KIIHOH-
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Horo ucrounnka [AB. IToBsimeHune cogepxanus Nb u SiO2 COIIPOBOXIaeTCsI MOHMKeHueM BennauHbl Eu/Eu*. Mox-
HO TIPEIIOIOKHTh, YTO CYINECTBOBAIA TH(PEPEHINANNS, KOTOpas CONPOBOXIAIAch pOCcTOM KoHIeHTpanun SiO,
NIpU y4acTHH (PPakIMOHUPOBAHMS TTOJIEBBIX MINATOB. UTO XapaKTEpHO VIS CYOAYKIIMOHHBIX M3BECTKOBO-IEIOYHBIX
MarmMaTu4deckux acconmanuii. Taroke: 4To 0Opa3oBaHMs OMMOJAIBHBIX KOMIUIEKCOB €CTh pe3ysbTaT AuddepeHima-
IIMM MarM, JTM00 pe3yibTaT aCCUMIISIIMN MarMaMy BepXHel KOHTHHEHTaJIbHOU Kopbl. Ji1s oOpa3zoBaHumii ¢ comepxa-
nuem SiO, Menee 57 Mac. % BO3MOXKHO ydacTHe HCTOUHHKOB IAB - M-MORB - E-MORB, npu pocte conepxanus
Nb or IAB x E-MORB. IIpnuem poct conepxanus Nb IpOHUCXOIUT MPU OTHOCUTENBHO CIa00 N3MEHSIOMEMCS CO-
JIep>KaHUN KPEMHE3eMa, 9TO MOXKET CBHUIETENLCTBOBATD B ITOJIb3Y BIMSHMSA HA COCTaB MarM MMEHHO 3THX MCTOYHH-
KOB, a He Bo3jieficTere mu(pdepenumranun marm. Ilpu yeemuuennn conepxanns SiO, (ot 57 no 64 mac. %), 3aBucH-
mocThb Mexy Nb u SiO, 6onee Beipaxkena. Torna Bo3MOXKHEI 1Ba BAPUAHTa: TP PepPEHIHMAMA MarM ¥ aCCHMHJIALIHS
KOHTHHEHTANBHON Kophl nX Marmamu. [Ipn yeenmmuennu conepxanus SiO, 6omee 64 mac. % n Nb n0 48 r/1, popmu-
pOBaHHE KUCIION COCTABISIONEH OOMHAKCKOTO OMMOAAIBHOTO KOMILIEKCA, BEPOSITHEE BCETo, NMIPUHAUISKUT tudde-
PEHIMALNH MarMm.

VYuactue KOpoBOTo BemecTBa Npu (pOpMHPOBAHUH T'PAHUTOUIOB MOJATBEPKIAIOT BHICOKHE 3HAYEHUSI COOTHO-
menni Ce/Y u La/Nb [Hoffman, 1997], pe3koe paznnune creneHn (ppakunoHUPOBAHMS JIETKUX W TSDKEINBIX JIaHTa-
nounos. [To nannemv cootnomenni Ti/Y (380-162 n 225-43); Luw/Hf (0.04-0.10 n 0.05-0.32); Sm /Yb_ - npeumy-
IIECTBEHHO 3.5-5 B OCHOBHBIX-CPETHUX U 2-4 B KHCIIBIX PAa3HOBUIHOCTSAX, MOXKHO ITPEAIIONAraTh, YTO COCTABIISIOIASN
O6MMOIATIBHBIX KOMIIJIEKCOB CPEHETO - OCHOBHOTO COCTAaBOB (hOPMHPOBAIACh Ha OoJiee 3HAYUTENBHBIX IIyOMHAX U
MeHee o0orarieHa KOPOBBIM MaTepHalioM. JTO MOATBEepKaaeT aHanu3 cootHorneHni Rb/Sr: 0.01-0.32 mgns cpenanx
- ocHOBHBIX TTopox u 0.14-3.98 mns kucieix pasHoBUIHOCTEH. Torma Kak i mopoJ] Mogo0HOTO cocTaBa KOHTHHEH-
TAJIBHON KOPBI M IpaHUTHO-MeTaMopduueckoro cinost Rb/Sr = 0.02 u 0.32 [Taylor, McLennan, 1985]. ITo cootHomte-
Huto Ba/K — ¥Sr/*Sr ycranapiuBaercs, 4To BOBJICYCHHE B MArMaTHYESCKUI MPOLECC KOHTUHEHTAIBHOTO 0CAI09HO-
TO MaTepHaia HadMHaeTCsl y)ke IpH (JopMHUPOBaHMY TTOPOJ CPEAHET0-OCHOBHOTO cocTaBa. Bee aTo mo3Bomsier mpea-
Toararhb, 4To Ipu (GOPMUPOBAHUN KHCIIBIX Pa3HOBHUIAHOCTE OCHOBHAs pOJb MpHHAAJIEKaNa poueccy audpdepen-
AL MarMaTnieckoro Marepuara.

T'eoounamuueckas pekoncmpyxkyus. BuMonabHble KOMIUIEKCHI IMEIOT JIMHEHHOE pacipoCTPaHeHHE BIOIb FOXK-
HOH ¥ ceBepHOi rpanuisl MoHrono-OxoTckoro oporeHHoro nosica. Ha kimaccuueckux anarpammax, WLTIOCTPUPYIO-
IIUX TeKTOHUYeckne 00cTaHoBKH [Pearce et al., 1984 u ap.], puryparuBHBIC TOUKH KUCIBIX TOPOJ] pacCMaTpHUBAEMO-
ro OMMOZIAIEHOTO KOMIUIEKCA KOHIIEHTPUPYIOTCS B 110JI€ KOJUTM3HOHHBIX (B €IMHUYHBIX CIyYasX - BHYTPUIUIUTHBIX)
WJIN Ha TPaHHIE KOJUTM3HOHHBIX — BHYTPHIUINTHBIX 00CTaHOBOK. JIJIs TOPO/I OCHOBHOTO-CPEIHETO COCTABOB OIIPEIe-
JsieTcst ToJie 6a3anbTOB OCTPOBHBIX YT CO CMELIEHHEM M YaCTHYHBIM pPa3MEIIeHHEM, KaK B 1ojie 0a3aJbToOB KOHTH-
HEHTAJIBHBIX PUQTOB, TaK U TPAIIIIOB.

[TomyueHHbIe JaHHBIE MOKA3bIBAIOT, YTO MOPOABI OOMHAKCKOTO KOMILIEKCA CEBEPHOTO OOpaMiIeHHsI BOCTOU-
HOTO 3BEHA I105Ca, [0 CEPUM FEOXMMHYECKUX XapaKTEPUCTHK W U30TOIHBIM JaHHBIM COIOCTAaBHMBI C BHYTPHKOH-
TUHEHTAJIbHBIMU OOpa3oBaHusMH LleHTpanbHOM Asuu. Bputo mokaszaHo, 4To B 00pa3oBaHMM IOPOJ MO3IHENANE0-
30MCKNX — paHHEME3030HCKUX OMMOaIBHBIX KOMIUIEKCOB LIeHTpanbHON A3un BO3MOXKHO ydacTHEe MaHTHIHOTO Hc-
toyruka [Tumsl mMarm..., 2006], xapakTepHOH 0COOEHHOCTHIO KOTOPOTO SIBIISIOTCS BBICOKHE 3HAYCHUS OTHOIICHUS
Zr/Hf (38-50). [dns mopox maHHOTO KoMIniekca 3HaueHuwe Zr/Hf = 22—-66. DTo maeT OCHOBaHWSI IMPEIIONarars,
4yT0 (hOpMHUpPOBAHHE OOMHAKCKOrO OMMOAAIBHOTO BYJIKAaHO-ITyTOHHYECKOTO KOMILIEKCA CEBEpHOIo OOpamIiIeHHUS
Momnrono-OX0TCKOro 1osica WASHTUYHO YCIOBHSAM, KOTOPBIE TPEUIOKEHB! B T€OIMHAMUYECKONH MOIETH Al OMMo-
JTATBHBIX KOMIDIEKCOB HE TOJBKO FOXKHOTO 0OpaMIIeHHs BOCTOYHOTO 3BeHa mosica [Derbeko, 2012], Ho u [uts 3amagHO-
ro 3BeHa MoHrono-OXoTcKoro OporeHHoro nosica [ Tunst marm. .., 2006].

3axnrouenue. Bnomns ceBepHOI rpaHuIibl BOCTOUHOTO (tanra MoHrono-OX0TCKOTo OpOTreHHOro Hosica B MHTEp-
Basie 119-97 mutH netT ¢popMupoBaicss OUMOAATBHEIN BYJKAHO-TLTYTOHHYECKHI KOMITICKC CyOIIeI09HOH — HOpMalThb-
HOHN NMETPOXUMHUECKON Cepur; (OPMHPOBAHKE MOPOJ JAHHOTO KOMIUIEKCA IIPOUCXOHUIIO CHHXPOHHO CTaHOBJICHUIO
TIOPOJI KOHTPACTHOM CEPUH BIIOJIb FOXKHOTO 0OpaMIIEHHsI BOCTOYHOT'O 3BeHa rosica. UTo CBHIETENILCTBYET 00 HACHTHY-
HBIX T€0JIOTHYECKHUX IPOLIECCaX, MPOUCXOMSIIINX TpH Kosunsnu Cesepo—Asnarckoro 1 Cruao-Kopeickoro KOHTHHEH-
TOB, Ha MPOTSHKEHUN BCEH HBOJIIOLMM OPOTCHHOTO I105ICa, BIUIOTH A0 MOJHOTO 3aKpbITHA MoHrono-OxoTckoro ac-
ceiina [Derbeko, 2012].
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PLUTONIC COMPONENT OF THE BIMODAL VOLCANOPLUTONIC COMPLEX
OF THE NORTHERN FRAMING OF EASTERN MONGOL-OKHOTSK OROGENIC BELT MEMBER

I.M. Derbeko

Institute of Geology and Nature Management FEB RAS, Blagoveschensk, Russia
derbeko@mail.ru

Mesozoic paleovolcanic structures of the northern framing of Mongol-Okhotsk orogenic belt: Aldan-Stanovoy
terrain [Gusev, Khain, 1995], do not exceed 1000 km? by the area of spreading. But considering the plutonic forma-
tions, comagmatic to the volcanites, the area of the development of the complex increases at several times. Due to
the spatial separation of the field these rocks were often researched as separate complexes. Especially it concerns the
plutonic component. It became possible to establish their connection with the volcanic rocks after the geochemical
research of the composition and age of the rocks using the precision methods. These formations are combined in a
single - Bomnak volcano-plutonic complex in the article. Plutonic formations that are comagmatic to the volcanic
rocks are composed of complex arrays in the area of 400 km?, but more often they form small monorock bodies, stocks
and dykes.

Age of granitoids is justified by geochronological datings: for granosyenites 101+2 Ma (U/Pb method [Nei-
mark et. al., 1996]); quartz diorite and quartz monzonite 117+0.8, 109 Ma (Rb/Sr method [Antonov et al., 2001]); for
granite and leucogranite 108.6+1.3 and 110.3+2.9 Ma (U/Pb method [Striha, Rodionov, 2006]).

Bimodal structure of granitoids, same as volcanites, caused by two ranges of SiO, content: less than 64 and
more than 70 wt. %: quartz monzonites, monzonites, diorites, quartz diorites, hranodioryties and subalkaline gran-
ites, subalkaline leucogranites, leucogranites, granites, quartz syenites. First of them are characterized with a moder-
ate — normal alkalinity, with a direct correlation between the total alkalinity and SiO,. This are high-alumina (ALO,
= 16.04-18.40 wt. %), moderate - to low-magnesial (MgO < 3), low-titanium (TiO, < 1.2 wt. %) formations of low
— high potassium calc-alkaline series. There are single samples corresponding to shoshonite series.

Granitoids with content of SiO, more than 70 wt. % are characterized with a normal - moderate resistance to
alkaline, rocks turn into low-alumina (Al,0,= 12.44-14.91 wt. %), low-magnesial, low-titanium formations of high
potassium calc-alkaline series.

All the rocks of Bomnak complex are enriched with light rare earth elements (La/Yb)n = 10-20 (mostly). The
increased accumulation of La compearing to Sm is set in the complexes, while the level of fractionation of heavy
lanthanides is lower: (Gd/Yb)n to 0.9. It is shown on the REE diagrams as the increasing depth of Eu anomalies: Eu/
Eu* = 0.50-0.75 in the main medium rocks; and in acidic formations — Ew/Eu* = 0.16-0.77.

Multielement spectra are characterized by a steady negative anomalies of Nb, TA and Ti for all types of rocks
and highly variable anomaly of Sr: for more acidic species it is negative, and for main-medium rocks — from poorly
negative, to almost positive. Positive anomalies marked with the content of Ba, Rb, Th, K.

There are following correlations for granitoids ¥’Sr/*Sr = 0.70592-0.70620, 0.70648—0.70773 at a pretty nar-
row interval sNd(T): —11.77...-12.20 [Striha, Rodionov, 2006; geological survey data].
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Model Nd age — T, (DM-2 st) - corresponds to the interval: 1901-1937 million years. This indicates the mate-
rial homogeneous structure of the substrate of melting with the crust component of early Proterozoic. It is comparable
with the composition of the territory foundation of the spreading of the species of given complex — Precambrian for-
mations of Aldan-Stanovoy terrane.

To establish possible mantle sources the ratios of the vapor concentrations of trace elements Th-Ta, Yb-La, Nb-
U, Nb-La, Nb-Zr, Ce-Pb are analyzed. In the result the proximity of compositions of the granitoids with similar corre-
lations of island-arc model source is set with the participation (in varying severity) of enriched sources type OIB, CC,
and in some cases the MORB source type, and the participation of crystallization differentiation influencing the accu-
mulation of elements. The increase in the degree of differentiation of magma can be inspected using the differentiation
index of magma, expressed content of niobium and silica. In this case, the increased content of niobium (from 9 to
48 ppm) is accompanied by increasing SiO, content. The ratio Nb/U mainly falls within the field of supra-subduction
source: IAB. The increase of the content of Nb and SiO, is accompanied by lowering of the value of Eu/Eu*. We can
assume that there was a differentiation, which was accompanied by growth of concentration of SiO, with the partici-
pation of fractionation feldspars. This is typical subduction calc-alkaline magmatic associations. Also: the formation
of bimodal complexes is a result of magma differentiation, or the result of assimilation of upper continental crust by
magma. For formation with SiO, less than 57% wt.% the participation of sources IAB - M-MORB - E-MORB, with
the growth of contents Nb from the IAB to E-MORB is possible.

The growth of contents of Nb occurs at relatively weakly varying of the silica content, which could testify in
favour of impact on the composition of the magma of these sources, and not the impact on magma differentiation. With
increasing SiO, content (from 57 to 64 wt.%), the relationship between Nb and SiO, is more pronounced. Then we
have two varieties: differentiation of magmas and assimilation of the continental crust by their magmas. With increas-
ing SiO, content in more than 64 % by weight and Nb up to 48 ppm, the formation of acidic component of Bomnak
bimodal complex, most likely belongs to the differentiation of magmas.

The participation of the crustal substances in the formation of granitoids confirm the high values of Ce/Y, and
La/Nb correlations [Hoffman, 1997], the sharp difference in the degree of fractionation of light and heavy lanthanides.
According to the data of correlation of Ti/Y (380-162 and 225-43); Lu/Hf (0.04-0.10 and 0.05 to 0.32) ratios; Sm /Yb —
mainly 3.5-5 in a main and moderate, 2—4 in acidic species, we can assume that the component of the bimodal complexes
of medium — main compositions were formed at greater depths and less enriched with crustal material. This is confirmed
by the analysis of the relationship Rb/Sr: 0.01-0.32 for medium — basic rocks and 0.14-3.98 for acidic types. While rocks
of similar composition of the continental crust and granitic-metamorphic layer are Rb/Sr = 0.02 0.32 [Taylor, McLennan,
1985]. By the correlation of Ba/K — ¥Sr/*Sr it is established that the involvement of continental sedimentary material
in magmatic the process begins at formation of the rocks of the moderate-main composition. All this suggests that at the
formation of acid varieties the main role belonged to the process of differentiation of magmatic material.

Geodynamic reconstruction. Bimodal linear complexes have linear spread along the southern and Northern
boundaries of the Mongol-Okhotsk orogenic belt. On the classical diagrams illustrating the tectonic situation [Pearce
et al., 1984 et al.], the figurative points of acid rock of the researched bimodal complex are concentrated in the field
of conflict (in a few cases, intraplate) or on the boundary of collision - intraplate situations. For the rocks of main-
moderate composition the field of basalts of island arcs with displacement and partial dislocation, both in the field of
basalts of continental rifts and traps is determined.

The obtained data show that the rocks of Bomnak complex of the Northern frame of the Eastern link of the belt
are comparable with the inland formations in Central Asia by the series of geochemical characteristics and isotopic data.

It was shown that the participation of the mantle source [Types of magma..., 2006], which characteristic feature
are the high values of relations Zr/Hf (38—50) is possible in the formation of the rocks of late Paleozoic - early Meso-
zoic bimodal complexes of Central Asia.

For the rocks of the complex the ratio is Zr/Hf = 22—66. This suggests that the formation of Bomnak bimodal
volcano-plutonic complex of the northern frame of the Mongol-Okhotsk belt is identical to the conditions that are pro-
posed in the geodynamic model for bimodal complexes not only of the southern border of the Eastern member of the
belt [Derbeko, 2012], but also for the western member of the Mongol-Okhotsk orogenic belt [Types of magma..., 2006].

Conclusion. Along the Northern border of the eastern flank of the Mongol-Okhotsk orogenic belt the bimodal
volcano-plutonic complex of sub alkaline- normal petrochemical series was formed in the interval of 119-97 Ma; the
formation of the rocks of the complex took place simultaneously with the formation of rocks in contrast series along
the southern border of the Eastern member of the belt. That testifies identical geological processes that occurred at col-
lisions of North Asia and the Sino-Korean continents throughout all the evolution of orogenic belt, up to the complete
closure of the Mongol-Okhotsk basin [Derbeko, 2012].
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Ha mpoTspkeHMH TOCHeHUX NEeCSTUIICTHH OOJBLION IMOIYNISPHOCTHIO B MUPE TOJIB3YETCS KJIACCHU(pHUKALS
TPaHUTOMJIOB, MOJPa3yMEBaIOIasi OTHECEHUE UCCIIEAYEMBIX MOPOJ K OnpenesieHHoN reHernyeckor rpymme (I-, A-,
S-TuIy) no psiAy MHHEpaJIOTHUECKUX U reoxuMuueckux kpurepues [Chappell, White, 1974; Whalen et al., 1987 etc.].
[Mopasunstomiee OOMBITMHCTBO NOPOJ] KUCIOTO COCTaBa, BCTPEYAIOIIMXCsI Ha TeppuTopur CHOMPCKOTO KpaToHa, MOXKET
OBITH OTHECEHO K ITUM XOPOIIIO U3BECTHBIM IPyINaM IPaHUTONUIOB, OHAKO ITPOBEICHHBIE JeTAIbHBIE NCCIIEIOBAHNUS
TIO3BOJIMJIM OOHAPYKHUTh OTAEIbHBIE PA3HOBUAHOCTH MOPOJI, 00JIajaroye KpaiHe crienupuyecKuMI TeOXUMHYECKH-
MU XapaKTepPUCTHKaMH. DTH T'PAHUTOHU Il U KUCIIBIE BYJIKAHUTBHI MOTYT OBITh HACHTH(UIIMPOBAHBI KaK IIOPOABI, HE CO-
OTBETCTBYIOIIME HH OTHON M3 U3BECTHBIX IPYIII, BBIJCISIEMBIX B TPAJUIMOHHBIX Kiaccudukanusx [Chappell, White,
1974; Whalen et al., 1987]. IlonoOHbIC «aTUITUYHBICY» PAa3HOCTH OOHAPYKEHBI B Mpeeax JAByX ydacTKoB CeBepHO-
ro [Ipubaiikabs.

[TepBrIit 00BeKT — MasieonpoTeposoiickue (2.02 MiIpA JIeT) TPaHUTHI Ky THMCKOTO KoMIuiekca baiikanbckoro kpa-
eBoro BbIcTymna ¢yHnamenTa CHOMPCKOTO KpaToHa. DTH IPAaHUTHI PACIIONIaraloTcsl B OJJHOM TEKTOHUYECKOM OJIOKe 1
MMEIOT OJTM3KHUI BO3pAcT C TPAHUTOMJAMH YyHCKOTO KOMIUIEKCA, KOTOPBIE M0 CBOUM I'€OXUMHUYECKHM XapaKTepPUCTH-
KaM cornocTaBuMsbl ¢ opogamu TTT -cepuu [Heiimapk u np., 1998; Houckas u ap., 2013]. dopmupoBanue rpaHUTOU-
JIOB 00OMX KOMIUIEKCOB TIPE/IIONIaracTcsi B yTOJMIIECHHOW KOHTUHEHTAIBLHOM KOpe B TIpe/iesiax aKKpeIMOHHOTO opore-
Ha HaJ| TIOTpyXaroleiics 30H0M cyonykuuu [[douckas u ap., 2013]. I'paHUTHI KyTUMCKOTO KOMIUIEKCA IO CBOEMY CO-
CTaBy NMOAPA3IENAIOTCS Ha B IPYMIbI ¢ coepxanuamu SiO, = 70.0-71.8 mac. % u 73.4-74.4 mac. %. Bricokokpem-
HHCTBIE TPAHUTHI IPAKTUYECKH MO BCEM METPOreOXUMUYECKUM NapaMeTpaM MOXKHO KiIacCH(UIIMPOBaTh KaK IPaHUTHI
A-THma, 4To Xe KacaeTcst 0ojiee HU3KOKPEMHHUCTBIX Pa3HOCTEMH, TO X KilacCU(HKaIsi oueHb HeoqHo3HayHa. Corac-
1o b.P. ®pocr ¢ coaBropamu [Frost et al., 2001] rpanuTsi ¢ SiO, = 70.0-71.8 mac. % npencrapnsior coboi kak Marxe-
3uanbpHbIe, Tak U kenesucteie (FeO*/(FeO*+MgO) = 0.77—0.88), 1en04H0-U3BECTKOBBIC M H3BECTKOBO-IIICIOUHBIC,
nepriiuHo3emucTHbie (ASI = 1.05-1.08) ob6pazoBanus. [ToBeimenHsie conepxanust Zr (233-322 1/1) U nerkux pea-
kux 3emenb (Ce = 62—134 /1), a TakkKe pacHoIMKEHIE TOUYCK cocTaBoB Ha nquarpamme FeO*/MgO — (Ce+Zr+Nb+Y)
[Whalen et al., 1987] npenmnonaraioT oTHeCEHHE dTHX TPaHUTOB K A-Tuny. OJJHaKO HU3KHE KOHIIEHTpPAWHU B HUX Y
(1015 r/t) u Yb (0.83 — 1.14 1/T) pe3ko OTIMYAIOTCSA OT KIACCHYCCKUX TPAHUTOB A-TUMA U OJM3KH TPAaHUTOUIAM
TTI-cepun.

Bropoii 00bexT — naneonporeposoiickue (1.88 Mipn neT) Kucable ByIKaHUTHI y4acTka XuOeneH xuoeneH-
CKOM CBUTHI aKUTKaHCKOW cepuu NmocTkoun3nonHoro CeBepo-baiikanbckoro ByiakaHOIUTyTOHHYECKOro nosca Cu-
O6upckoro kparona. [IpakTHueckn Bce IpaHUTOMJIBI U BYJIKAHHUTHI KUCJIOTO COCTaBa aKUTKaHCKOW cepun CeBepo-
baiikanbckoro mosica 0OHapy»KHMBalOT FTEOXUMHUECKUE XapaKTEePUCTUKN TpaHnToB A-Tuna [Heiimapk u ap., 1998;
Jouckas u np., 2005, 2008] 1 TOIBKO JalKTHI, HCCIEAOBAaHHbIE Ha yyacTKe XnOeIeH, OOHapyKUIIA COCTaBbI, HE
MO3BOJIsAONIUE UX Kiaccuduiuposath [[Jorckas u ap., 2008]. JJaHHbIe DalMTH TPEICTABISIOT COOOH MarHesu-
anbHbele (FeO*/(FeO*+MgO) = 0.65-0.80), u3BecTkoBO-1IeN0YHbIe, TIeprinHo3eMucToie (ASI = 1.20-1.50) 00-
pasoBanus. Takxke Kak pacCMOTPEHHBIE BBIIIE TPAHUTHI KYTHMCKOTO KOMIUIEKCA, 3TH JAIHTHI 110 COACPKAHUIO ZT
(456-575 r/1) u nerkux peakux 3emens (Ce =279—-327 1/T), a TakkKe PACIONIOKECHUIO TOUCK COCTABOB HA TUarpam-
Me FeO*/MgO — (Cet+Zr+Nb+Y) [Whalen et al., 1987] Mmoryt oTHOCUTBCS K TpaHuTaMm A-tuna. Crnenupuiecku-
MU OCOOCHHOCTSIMU JTAIIUTOB SIBIISTIOTCS HU3KHUE comepkanus Y (9—13 /1) u Yb (0.35-0.88 r/t), Onuskue rpaHuTo-
unam TTT'-cepuu. OTMeTHM Takke BhICOKHE conepkanus Th B atux mamutax (46—51 r/T) U oTpuUIaTeIbHBIC 3HA-
gyenns eNd(t) =-5.2...-5.9.

Crienn(puuecKoil XapakTepUCTUKON pACCMOTPEHHBIX Ha 000MX 0OBEKTAX ITOPOJ SBJISETCS YaCTUYHO WITH T10J1-
HOCTBIO MarHe3uajbHBIA COCTaB, YTO Cpa3y JKe JieJlacT HEBO3MOXKHBIM KIaCCH(UKAIMIO 3TUX TPAHUTOB/TAIINTOB KaKk
TPaHHTHI A-THUIIa, KOTOPBIE SBIISIOTCS PEUMYIIIECTBEHHO JKelle3ucThIME 0O0pa3oBanusmu [Frost, Frost, 2011]. [Togo6-
HBIE COCTaBbI HE MO3BOJISIFOT OTHOCUTD OOJNBIIMHCTBO 3THX ITOPOA JIaXKe K TaK Ha3bIBa€MBIM OKHCIICHHBIM TPaHUTaM
A-tuna [Dall’ Agnol, Oliveira, 2007]. ComocTaBiieHHE UCCICTIOBAHHBIX TPAHUTOB/TAIUTOR C TPAaHUTAMH /-THTA, K KO-
TOPBIM OTHOCSIT BBICOKONIIMHO3eMHUCThIe rpanuTouabl TTI-cepun ¢ HU3KMMU conepkaHusMu Y U Yb Taroke 3arpya-
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HEHO, TaK KaK MpY HU3KUX KOHLIEHTpanusax Y U Yb u3ydeHHbIe HOPOIsl OOHAPY>KUBAIOT MOBBIIICHHBIE COAEPKaHUS
Zr, LREE u ymepennsle konneHtpanuu Sr. TakuM 00pa3oM, COCTaBbl TPAHUTOB KYTHMCKOTO KOMIUIEKCA M TAIIUTOB
yuacTka XnuOeneH akKnTKaHCKOH CepuH He JatoT BO3MO>KHOCTH OTHECTH JJaHHBIE TTOPOABI K KAKOMY-JIH0O0 THUILY TI0 Cy-
IIECTBYIOIIMM KJIaCCH(UKALUIM.

O06001muMB JaHHBIE IO COCTaBaM IIPOAHAIN3UPOBAHHBIX IPAHUTOB/IAIIUTOB, MBI CAEIAIH BBHIBOJIBI 00 YCIOBHU-
X (POPMHUPOBAHMS KHUCIIBIX MarMaTH4eCcKUX MOPOJ ¢ MOXOOHBIMH «aTHITMIHBIMI» T€OXUMHUYECKUMH XapaKTepUCTH-
kamH. [leprinHO3eMHUCThIE MIENTOYHO-M3BECTKOBBIE M N3BECTKOBO-IIEIOYHbIE COCTaBbI HCCIICIOBAHHBIX TPAHUTOB/Ia-
IIUTOB MO3BOJISIET JIOITYCKATh JJIsl HUX KOPOBBIE HCTOYHUKH, BO3MOXHO € 100aBJICHHEM MaHTHIHOTO Marepuana. s
JAMTOB y4acTKa XWOeJIeH aKMUTKaHCKOH CEpHHU 3TO IOATBEPKAACTCS, KPOME TOTO, OTPHUIATEIbHBIMA 3HAYCHHSIMHU
eNd(t) 1 BeicokuME conepxaHusaMu Th. MarHe3naiabHBINH COCTaB U BBICOKHE COZIEPKaHUS IIIMHO3EMa B M3yUCHHBIX
MOpoJIax IMOAPa3yMeBaIOT OKHCIUTENbHbIE YCIOBHA UX GopmupoBanus. Huskue coxepxanus Y u Yb B rpanurax/aa-
IIUTaX MOTYT YKa3bIBaTh Ha MPUCYTCTBUE IpaHaTa B PECTUTE W, COOTBETCTBEHHO, BEICOKHE JABJICHHS IIPH BHINJIaBIIe-
HUM 3THX Topoj. PacueTs Temmeparyp mo reorepmometpy [ Watson, Harrison, 1983] (Temmeparyps! HaCHIIIICHHS pac-
TUTaBa IIMPKOHOM) TTOKa3aJI BEICOKUE 3HAYCHUS KaK JJIs TPAHUTOB KyTUMCKOTO KoMIiutekca (819 — 848°C), Tak u st
JIAUTOB ydacTka XuoeneH akuTkaHckoi cepun (908 — 948°C), T.e. popmMupoBaHnE pOOHAYAIBHBIX PAcIUIaBOB IPO-
WCXOJMJIO TIPU JOCTATOYHO BBICOKHX Temieparypax. IIpu 3Tom, 4ToOBI rpaHaT OcTacs B PECTHTE M, COOTBETCTBEH-
HO, KACJIbIE MarMaTH4YeCKHe ITOPO/Ibl OOHAPYXHIIM HU3KKE copepkaHus Y U Yb, TeMIieparypsl BBIIUIABICHHUS MarM He
nommxHbl Obun npeBsimars 950°C [Skjerlie, Johnston, 1993]. Mer nonaraem, yTo GOpMHUPOBAHHE TIOPOJ] C OTMEUCH-
HBIMH BBIIIE TEOXUMHYECKUMH XapaKTEPUCTHKaMH BO3MOXKHO TOJBKO B YCIIOBHSIX YTOJIIEHHON KOPBI PH HATWYHN
JIOTIOJTHUTENBHOTO HCTOYHUKA TeTIa.

Paboma evinonnena npu gunancosoii noodepoicke epanma PODPU (Ne 12-05-00749) u napmuepckozo npo-

exma ¢ynoamenmanvhwix uccieoosanu CO PAH Ne 79.
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TFEOTEKTOHUYECKHUE OBCTAHOBKHU ®OPMHUPOBAHUA U PYTOHOCHOCTD
I'PAHUTOUIHOT'O MAI'MATU3MA BOJIBIIOI'O AJITAA

B.A. JIbaukoB"?, O.H. Ky3bmuna', U.E. Maraii6aeBa'

'Bocmouno-Kasaxcmanckuii 2ocyoapcmeennviil mexnuyeckutl ynueepcumem um./l. Cepuxbaesa,
Yemo-Kamenoeopcex, Kasaxcman, bdyachkov@mail.ru
’TOO «Anmatickuii 2eono2o-sKono2udeckuil uncmumymy, Yemo-Kamenozopcek, Kazaxcman

Teppuropus bonbioro Anras (bA), Bxozasiiero B cocraB LieHTpanbHO-A3HaTCKOT0 HOIBHKHOTO T0sica, 0XBa-
TBIBAET TE€OJIOTUYECKUE CTPYKTYphl Pyanoro Anras, Kanba-HapeiMckoit 30mb1, 3ananHoit Kanoer u XKapma-Caypa.
BopToBBIMH CTPYKTypaMu SIBISIIOTCS KaJleJOHCKO-TEpLUHCKNE 00pa3oBanus [opHoro Aunrast (Ha CeBepO-BOCTOKE) U
Yunruz-TapOararas (Ha roro-3amnaje). OOImias mpoTsKEHHOCTh TeppUTOpHH cocTaisieT oonee 1000 kM mpu cpemHeit
mmpuHe 300-400 kM. C nmo3unuii MOOMITH3Ma yKa3aHHbBIE Te0JIOTHYECKHE CTPYKTYPhl pacCCMaTpHUBaIOTCsl B BUIE OT-
TOPIKEHIIEB, TEKTOHNYECKUX OJIOKOB M 4ellyil IpeBHero EBpoa3narckoro KOHTUHEHTa, KOTOpble MUTprpoBaiy B [1a-
JIe0a3uaTCKOM OKEaHe M HMCIBITAM CIOKHOE TeOJIMHAMUYECKOE Pa3BUTHE B PEKUME OKEaHHYECKOro pudToreHesa
(PR,), 3aTem B paHHIOI0 (PU(TOreHHO-OCTPOBOMYKHYIO), CPEIHION (KOJUTM3HOHHYIO) H TO3/IHION (ITOCTKOJLTM3HOH-
HYIO) CTaJIN} KaJEAOHCKOTO U TEePIHCKOTO IUKIIOB. [Ipennonaraercs, yro bonbiol AnTaii B BHe eAMHOMN LENOCT-
HOM Te€0CTPYKTYphI C(OPMHUPOBAIICS B CTAHIO replrHCKON Komn3un KazaxcraHckoro 1 CHOMPCKOTO MUKPOKOHTH-
HEHTOB M 3aTeM HUCITBITa MPeo0pa3oBaHus B ME3030MCKUI UK U anbliniickoe Bpemst. COBpeMEHHBIE CTPYKTYpbl BA
paccmaTpuBaroTCs Kak qyskepoansie Onoku 3K (Bo3MOXKHO TeppeiiHbl), pa3rpaHiyeHHbIE TNIYONMHHBIMU Pa3IoMaMH U
OTIIMYAIOIIUecs 0 crienn(UKe NIyOMHHOTO CTPOCHHS, XapaKTepy MPOSBICHHs MarMaTu3Ma U Opy/IeHEeHUs..

B reonornyeckoii HCTOpUH U3y4eHHE MPOIIECCOB IPaHUTOOOPa30BaHMS NMEET HCKIFOYUTENILHO BaXKHOE 3HA-
YeHHe, TaK KaK MOIIHOCTh 00pa30BaBIIErocs IpaHUTHO-METaMOP(HUUECKOTO CJI0s SBIISETCS ITOKa3aTeJIeM 3PeIOCTH
pa3IUYHBIX TUIIOB KOHTHHEHTanbHOU 3K, a rpaHUTHBIE MarMbl — 5TO OCHOBHOM MCTOYHUK PEIKHX U PEIKO3EMENb-
HBIX 21eMeHToB. Ha Teppuropun BA rpanuronansie 00pa3oBaHust HIMEIOT ITUPOKOE paclpoCTpaHeHHeE, CYIlECTBEHHO
pa3uyaroTcs Mo reoJMHAMHYECKUM 00CTaHOBKaM (hOPMHUPOBAHHMSI, BO3PACTHOM MO3UIINH, BELIECTBEHHOMY COCTaBY
Y peIKOMETaNIbHOM criennanu3anuu [Ipsukos, 2012].

JloxkeMOpHIICKMIT IIMKJI COIPOBOXKIAJICS BHEIPEHUEM 0a3UT-THIIEpOa3nTOB OKEAaHNYECKOTO THIIA, IPOSIBICH-
HbIX B Unnrns-TapoOararae, Uapcko-lIopHocTaeBckoM nosice n UpThInIcKoi 30He cMATHS (KayBIPTarHHCKUH, YapCKHH,
MapaJMXUHCKUI KOMILUIEKCHI), 8 TPAHUTOU/IBI IJISl 9TOTO BPEMEHH HE XapaKTePHBI.

Kanenonckmii mmkia. B mpouecce pugrorenesa KazaxcraHckoll KOHTHHEHTAJIBHOW OKpaWHBI B UMHIHW3-
TapObararae j10KkaM30BaTMCh NPUPA3TIOMHBIE MaNble HHTPY3HH Tab0po-maruorpanuTHoi cepun €,-O , TPOM3BOIHbIE
KOpO-MaHTHIHOTro MarmMaru3mMa. [1o3nHee B KOJUTM3HOHHOM reonHaMI4YecKoi 00CTaHOBKE B (DOKAIIBLHBIX YaCTSX CIpe-
JMHTOBBIX 30H YnHrus-Tap6araras u Pynaoro Anrast chopMHUpoBanch apeaiisl rab0po-THOpUT-TPaHOANOPUTOBBIX UH-
Tpy3uii (S,), conpopoxkaasimxcs opynenenneM Fe, Cu, Zn, Mo, Au. B 3aBepmarolnyro CTaiiio CTaHOBIIEHHS KaJle/IOH-
CKOI'O OpOTeHa B MPUrpaHuyHoi YacTh A B ['opHOM AJiTae 0KaM30BaIMCh rPaHOIMOPHT-TPAHUTHBIE HHTPY3uK D,?
(Mo, W, Bi), a B Unnrus-Tapbararae 06pa3oBauch MacCUBBI IPaHUT-TPaHOCHEHUT-JIEHKOrpanuToBoi cepun (D,-D,)
¢ OCIHBIM PEIKOMETALTLHO-PEIKO3EMENILHBIM OpyieHeHneM [bosbmoit Antaii, 1998, 2008]. Kak BumHO, B mporiec-
ce (hOpMHUPOBaHUS KaJIEJOHCKUX CTPYKTYP ITPAHUTOMAHBIN MarMaTu3M HPOSIBIIICS B PA3JIMYHBIX FE€OAMHAMHYECKUX 00-
CTaHOBKax M (PMKCHPYETCs B CIOKHBIX MHTPY3UBHBIX CEPUSX C TEHACHIMEW SBOJIIOIMU COCTaBa ITOPOJI MOBBIIICHHON
OCHOBHOCTH K 00JIee KUCIBIM Pa3HOCTAM IPaHUTOU/IOB: prudrorenes € ~O, (IWIarnorpaHuThl) — KouMsus S, (rpaHo-
JMOPHTBI) — BHYTPUILTUTHAS akTHBU3aus D ~D, (rpaHuThI, rpaHOCHEHHUTHI, JeiikorpanuTel). Ouarn MarMoobpasosa-
HUS1, 04EBUTHO, OBIITM MAaHTHHHO-KOPOBBIMHU M KOPOBBIMH, TIPOMCXOIUIIO TTOCIIEA0BATEIIBHOE YBEITMYEHHE 00bEMOB Ipa-
HUTOUJIOB U HapanmBanue MoiHocTy 3K 3penoro kanenoHckoro oporena o 47,5-50,5 kM [bonbinoit Antait, 1998].

IepuuHCKAH UK 03HAMEHOBAJICS TIOBTOPHBIM PACKOJIOM KaJIeIOHCKOH CTPYKTYpHI M pa3iBrxeHneM Ka3zax-
cTaHcKoi 1 [opHOanTaiickoil KOHTHHEHTAJIBHBIX OKpanH, 00pa3oBaHUEM BTOPUYHOTO MpThimi-3aiicaHcKoro okeaHu-
4ecKoro OacceliHa M OCIIeIy el KOJUTH3HelH TEeKTOHNIECKUX OJIOKOB C MOIITHBIM TPOSIBIICHHEM MarmMaTrruima 1 Ipo-
LIECCOB PyA00Opa30BaHusI.

B panuioio cmaouio (D,—C,) na Pyanom Antae B pU)TOTeHHOM M OCTPOBOYKHOM PEXHMMaX MHTCHCHBHO
TIPOSIBUJICS] IEBOHCKHH 0a3alibT-aHAe3UT-PHOTUTOBBIA BYJIKaHNU3M, C KOTOPBIM T€HETHUECKH CBSI3aHBI TIIaBHBIE KOJ-
yexanHble Mectopokaenus (Cu, Pb, Zn, Au, Ag u ap.) [Uekanun, [psuko, 2013]. Kucnsle auddepennuarst Bymn-
KaHMYECKOW AEATEILHOCTU MPEICTABICHB! TOJBKO CYOBYJIKAaHMYECKHMH TElIaMH PHOIUT-NOP(UPOB M PHOJALUTOB
KOPO-MaHTUIHOTO MPOUCXOXKICHHUSI.
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Cpeonss (ronnusuonnasn) cmadus (C ~C,). B pesynbrare CMEHBI T€OTMHAMUYECKOTO PEKAMA, KOJUTH3HH KPyTI-
HBIX TEKTOHHYECKHX OJOKOB, aKTHBU3AIMU Pa3JIOMOB M TPOSIBICHUS ITIABHOW caypcKoil (a3bl CKIIaq4aToCTH MPOH-
3onwia aerpananus Vpreim-3aiicanckoro naneodacceiiHa 1 copMHUpoBasIach €MHas TeocTpyKTypa bomnbmoro An-
Tas. AKTUBH3AIMSI TEKTOHUYECKUX BIDKCHUI CONPOBOXKIaIach MHTEHCUBHON MHTPY3UBHON JEATEILHOCTBIO C BHE-
JpeHreM OOJbIIOro 00beMa CHHKOJUIM3HOHHBIX MHTPY3HH rabOponHOpHT-rpaHOJHOPUTOBOH cepun. Bo BHyTpeH-
Heil gactu Kapma-Caypa HaJ MOTHATHSIMH MeTaba3albTOBOTO €O C(HOPMUPOBAIMCH KPYNHBIC apeajbl MacCH-
BOB caypckoro kommiekca (C,), ¢ KOTOPBIMH CBA3aHBI MEIHO-MOP(HPOBBIE W 30JI0TO-KBAPLIEBBIE MECTOPOXKIEHHSA
(Ke13pi1-Kann, Yanrckas rpynma u zp.). B Pyanom Anrae Beinensitores Aneiicknii, JlenHuHoropcknii 1 3pIpsHOB-
CKMH apeasbl aHAJIOTHYHBIX HHTPY3Hi 3MenHoropckoro kommiekca (C, ,), conepxamux npossnenus Fe, Cu, Pb, Zn,
Sn, W. B GpexunpoBaHHBIX pa3HOCTSIX Tab0pO-ANOPHUT-TIIIArHOTPAaHUTHOTO MaccuBa copmMupoBaiock CEeKnCoBCKOE
30JI0TO-TEJUTYpUTHOE MECTOpOXJIeHNe. B MpThIIICKOH 30He CMATHS JIOKAIM30BAIMCH NPUPA3JIOMHbIE Tena rabopo-
TJTarHOTPaHNTOB ¥ MHOTOYHCIIEHHBIE JaHKH TIarHOTPaHUT-TIOPQUPOB MPHUPTHIIICKOTO Komruiekcea (C,), cnennany-
3UPOBaHHBIE HA MEJb U 30]I0TO.

B ocesoit yacth BA Ha cousieHEHMM KOHTMHEHTAIBHBIX OKpauH (B 3alicaHCKOW CyTypHOW 30HE) B PEXH-
M€ PUTMHYHO-ITYJTECAllMOHHBIX TEKTOHMYECKUX IBIKCHUH (CXKaTHs-pacTsDKEHHs1) 00pa3oBallMCh IBE TPYIIIBI MOPOI
BYJIKaHO-TUTy TOHMYECKOH acconmamuu: 1) 6asanbr-anaesnutosas v raboponoput-nnabasosas C, , (naybalickas cBHTa,
MaKCyTCKHH, aprumOaliCKuii KOMILTEKCHI) M 2) NalMT-PHOIMTOBAs M TPaHOAHOPHUT-TLIarkorpanuToBas C, (KairyTHH-
CKasl CBUTA, KYHYIICKHH, CaJlZILIPMUHCKII KOMIUIEKCHI). Oco00€e MPOrHO3HO-METaUIOTCHUIECKOE 3HAYCHNE UMEET BhI-
JIeTIeHUE U M3y4YeHHE 30J0TOHOCHBIX MaJIbIX MHTPY3HH U 1aeK TPaHOANOPUT-IUIArMOTPAaHUTHOTO COCTaBa, ¢ KOTOPBIMU
TEHETHUYECKHU CBSI3aHBI 30JI0TOpYAHbIE MecTopoxaeHus 3ananHoi Kanos! (baksipunk, Cy3nanbsckoe, KymymkyH n op.).

B nestom cpensist (KOIIM3HOHHAS ) CTaIUsl pa3BUTHS T'€0JIOTHUECKUX CTPYKTYp BA xapakrepusyercs 6onee uH-
TEHCHUBHOH JIESATENBHOCTHIO C (POPMHUPOBAHUEM CIOKHBIX IaOOpOIHOPUT-TPaHOIHOPHUT-TIATHOTPAHUTOBBIX CEPHH,
MIPOM3BOJHBIX IPOMEXKYTOUHBIX 09aroB MarMari3Ma KOpo-MaHTHIHOTO MPpOoHcXoxaeHnsl. OCHOBHBIEC apeasbl Marma-
THUTOB COCPEJIOTOUCHBI B (DOKAJIBHBIX YacTSAX ITyOMHHBIX MOABIXHBIX 30H PymHoro Anras u XXapma-Caypa, a Taxoke
JIOKQJIN30BAJINCH B BUZE JIMHEHHBIX MOSICOB U MAJIBIX MHTPY3HH B KOJUTM3NOHHBIX 30HaX U 30HaX cMATHA. COOCTBEHHO
TPaHUTOUTHBIE 00Pa30BaHMSI PEICTABICHB! TPAHOANOPUTAMH U TUIATrMOTPAaHUTaMH TTIOBBIIIEHHOW OCHOBHOCTH, HOP-
MAaJIbHOTO ¥ U3BECTKOBO-IIENIOYHOTO Psijia, CIEUAIN3UPOBAHHBIE B OCHOBHOM Ha 30JI0TO€ OPYJACHEHHUE.

Hosonsa (nocmronnusuonnasn) cmaous (P ~T,) BHyTPUIIIMTHON TEKTOHO-MAarMaTHYECKOH aKTHBU3ALIMH TITy-
OMHHBIX Pa3JIOMOB O3HAMEHOBAJIAch CBOJIOBO-IVIHIOOBBEIMU ITOJHATHSIMH, WHTCHCHBHBIMH IIPOLIECCAMHM T'PaHUTH-
sarn 3K n hopMupoBaHHEM IPaHUTOMIHBIX HOSICOB C PEIKOMETAJUILHBIM M PEIKO3EMENbHBIM opyneHeHueM. [1o
reoJyIoro-reo(u3nIecKuM JAaHHBIM YCTaHOBJIEHA HAHOOJIbIIAs KOHIIEHTPAXs TPAaHUTONIOB B TEKTOHHYECKUX 30HAX
CHAITMYECKOTO THUIIA C MOBBIICHHOW MOITHOCTEIO 3K 110 45—55 KM M YBETHMUYCHHOW TONIIWHON TPAaHUTHOTO CIOS (110
12—14 xm). Hanbonee 6onpimoii Kanba-HapeiMckuii rpaHuTONAHBIN MOSIC COPMHUPOBAIICS Ha TpaHulle ¢ MpThiickoi
30HOM CMATHS B TOJIOBHOH 4aCTH TEKTOHO-MarMaTu4ecKoH 30HbI, KpyTonajaaroniel nox Pynuelii AnTail u npoHUKaro-
el B BepxHioto MaHTHIO [/IpstukoB, 2012]. [osic mpeacTaBieH KpyMHBIMA MacCHBaMHU TPAaHUTONAOB «OAaTOIMTOBOTO
THUIIa» C KOPHEBBIMH OTBETBIICHUSIMH, YXOISIIIUMH B METArpAHUTHBIHN CJIOH 3eMHOH KOpBI. [1o MpOoNCX0oXKAeHHIO 1 BO3-
pacTy OHHU CONOCTABIISIIOTCS C IEPMCKUM KOPOBBIM Marmartu3MoM lleHTpansHoil A3zuu [Bragumupos u ap., 2008 ;
Tumel MarM. .., 2006]. ITo Bo3pacTHON MOCIEIOBATENFHOCTH U BEIECTBEHHOMY COCTaBY BBIIENSAIOTCS UHTPY3HBHEIE
KOMITJIEKCHI C HEOJIMHAKOBOH PY/IOHOCHOCTBIO.

Kanouncknii xomrutekc (P)) 00bennHsAeT HOpMaTbHbIE TPAHUTBI KaIMEBO-HATPHEBOH CEPHH, C KOTOPBIMH T€-
HETUYECKH CBS3aHbI ITIaBHBIE MECTOPOXKICHHS PEIKOMETAILIBHBIX nermaTutoB — Ta, Nb, Be, Li, Cs u np. (bakennoe,
[O6uneiinoe, benas I'opa). MonacTeipckmii kommiekc (P,) cioykeH 30HaIbHBIME MaCCUBAMH JIEHKOTPAHWTOB TIOBbI-
IIEHHOM KPEMHEKHCIOTHOCTH W KaJHEBOH IMIEIOYHOCTH, OOOTAIIEHHBIX JIETYYNMH U PEIIKUMH JIEMEHTaMH, COIPO-
BOXJIACTCS] METIKUMU MECTOPOXKICHUSIMU KAMEPHBIX XPYCTaJIEHOCHBIX IIErMaTUTOB M KBAPIIEBOXKMIBHBIX BOJIB(PAMH-
TOBBIX 00beKTOB ([yHransl, bonbmesnk u ap.). Mupomobosckuii kommteke (P,-T,) 3aepimaromero sramna Marma-
TH3Ma 00pa30BaH «0CIeOATONUTOBBIMIY) JaHKaMU CEBEPO-BOCTOUYHOTO IpOoCTHpaHus (rab0po-anadasel, TaMrpodu-
PBl, MOHIIOHUTOBBIE TOP(UPUTHL, TPAHOANOPHUT-TIOPPHPHI, TPAHUT-NIOPHUPH U 11p.). [aiiku paccekaroT Oosee paHHHE
MacCHUBBI TPAHUTOU/IOB U PYJIHbIC )KMIIbI, CAMHU NTPAKTHUECKH Oe3pyIHbIE.

Ha rpannne Bonbmoro Antas ¢ xanenonngamu 'opHoro Anras m UYunrus-TapOararas B nryOHMHHBIX pas-
JIOMax, Hapsly ¢ TPaHHUT-JIEHKOrpaHUTaMH, c(hOPMUPOBAIMCH TPAHUTOUABI MTOBBIIICHHON MIEIOYHOCTH, CIICIHAIIH-
3MPOBAaHHBIE Ha PENKO3EMENBHOE OPYICHEHHUE (TOTyXUHCKHMH, KEPETETAac-OCTIMHCKMI KomIuiekenl P,). B 3akcanckoi
CyTypHOH 30He Ha rpanuiie 3ananHoi Kanx6sl 1 Yapckoil 30HbI BEIIenseTcst mpephIBUCTHI CeMunanariacko-bypan-
BypreiHcKnii mosic CyOIIeNnoIHbIX TPaHUTOMIOB (TPaHUT-TPaHOCHEHHTOBOH (hopmannu P,), MEpCTIEKTHBHBIN Ha BBISB-
JIeHUE IUPKOH-MIIBMEHUTOBBIX MECTOPOXKICHUH B KOpax BeIBeTpuBaHus (T Kapaortkeis).
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Taknum 00pa3oM, reoJlorHyecKre CTPYKTyphl bobnioro Anrast MCTIBITANN JUINTENHHOE U CIIOKHOE Pa3BUTHE B
Pa3IMYHBIX T€OANHAMUYECKNX PeXUMax M 0OCTaHOBKAX, C TEHICHINEH BO3pacTaHHUs MaclITAOHOCTH TPAaHUTOUIHO-
TO MarMaTu3Ma OT PaHHUX K MO3JHUM CTaJHsIM KaJIeJOHCKOTO U TEPIIMHCKOTO LIMKJIOB, 3BOJIIOINEH ETPOreOXuMHIe-
CKHUX THIIOB I'PAaHNUTOB U CBS3aHHOTO C HUMH 30JI0TOTO U PEAKOMETAIIILHOTO opyneHeHus. Hanbomee mpoayKTHBHEIMU
Ha 30JI0TO SIBJISIIOTCS] TPAHUTOMIBI TOBBIIIEHHONW OCHOBHOCTH (TPaHOANOPHTHI 1 INTArHOTPAHUTHI), TPAHUTHI HOPMaJlb-
HOTO psijia ¥ JIGHKOTpaHUTHI crienuanu3upoBanbl Ha peaxue metamisl (Ta, Nb, Be, Li u np.), a cyOmienounsle u mie-
JIOYHOTPAHNUTOBBIE 00Pa30BaHMsI— HA PEIKO3EMENbHBIC IEMEHTHI. BEINOIHEHHbIE UCCIEIOBAHMUS MTO3BOJISIOT yTOY-
HHUTH HallpaBJICHNE ITPOTHO3HO-TIOMCKOBBIX paboT Ha Tepputopun Bocrounoro Kazaxcrana.
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The accretionary orogens in the Central Asian Orogenic Belt (CAOB) were formed mainly in the Paleozoic
through successive accretion of island arc terranes and dispersed micro-continents within the Paleo-Asian Ocean
(PAO). The orogenic belts belong to the Paleo-Asian Tectonic Realm. By constrast, the accretionary orogens in the
eastern Asian continental margin, termed otherwise as “the Nipponides” [Sengor, Natal’in, 1996], were formed by
subduction of the Paleo-Pacific and Pacific oceans; they belong to the Pacific Tectonic Realm. A comparative study of
the accretionary processes and the crustal development between the two tectonic realms is highly significant.

Extensive geochemical and isotopic studies of granitoid rocks in the last decade have revealed that (a) the
generation of these rocks from the CAOB involved significant contribution from the upper mantle; that is, substantial
amount of juvenile crust has been added to the Asian continent; (b) the CAOB appears to have formed by assemblage
of Precambrian micro-continental fragments and a lot more of Phanerozoic juvenile crust produced by both lateral
accretion of arc complexes and vertical accretion of underplated material of mantle derivation [e.g., Jahn, 2004;
Kovalenko et al., 2004; Wang et al., 2009]. The vertical accretion may be represented by the voluminous juvenile
granitoids emplaced in post-collisional and intra-continental settings in the Altai-Sayan region and NE China.

In the Pacific Tectonic Realm, the formation style of the Japanese Islands has long been taken as a classic
model for the accretionary orogeny and often serves as an example for understanding the crustal evolution of other
accretionary orogens (Isozaki, 1996; Maruyama et al., 1997; Isozaki et al., 2010). Available geochemical and isotopic
data on granitic rocks from SW Japan suggest that a large proportion of Mesozoic and Cenozoic granitoids possess
signatures of old continental crust [Jahn, 2010]. Thus, the subduction-accretion complexes in SW Japan are probably
composed much of “recycled” continental crust of Proterozoic ages.

By contrast, the Pre-Tertiary basement rocks in NE Japan (north of the Tanakura Tectonic Line) consist of
Cretaceous sedimentary rocks and granitoids of the Abukuma Terrane, and an Ordovician to Cretaceous complex
known as the Kitakami Terrane. The northern Kitakami consists mainly of a Jurassic accretionary complex and
intrusive Early Cretaceous granitoids; whereas the southern Kitakami comprises Paleozoic high-P metamorphic rocks,
shallow-marine sediments of Silurian to Cretaceous ages and intrusive Cretaceous granitoids. The island of Hokkaido
is built with a Jurassic accretionary terrane in the west, a Cretaceous-Paleogene forearc basin and accretionary
complex with the Hidaka collision belt in the center and a Cenozoic island arc in the east (= Chishima or Kuril arc
terrane; Ueda, 2005). In contrast to SW Japan, the available geochemical and Sr-Nd isotopic data suggest that the
granitoids from NE Japan are quite “juvenile”, derived by partial melting of sources with dominant mantle component
[Jahn et al., 2014a].

In the island of Hokkaido, Paleogene and Neogene granitoids are volumetrically small but widespread in central
Hokkaido (Hidaka Belt). New zircon geochronology reveals three distinct magmatic episodes at (1) 45—46 Ma (3
granites), (2) 37.0 £ 0.5 Ma (1 granite), and (3) 18—-19 Ma (5 granites and 1 gabbro). All granites possess volcanic
arc chemical characteristics. Their REE patterns are fractionated, with distinct negative Eu anomalies. The Sr-Nd and
zircon Hf isotopic signatures demonstrate their juvenile characteristics. The Eocene granites were most probably
generated by melting of subducted accretionary complex in a prolonged period from 46 to 37 Ma in a supra-
subduction zone; whereas the Miocene granites were formed by melting of accretionary complex in a back-arc rifting
setting. In both cases, the accretionary complex was dominated by the subducted mafic crust and “ocean plate
stratigraphy” with little Paleozoic or older crustal component [Jahn et al., 2014a]. Hokkaido provides an excellent
example of juvenile crust addition to the continental crust.
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New zircon dating on the granitoids from the Sikhote-Alin Range [Jahn et al., 2014b] indicates that the granitoids
occurring in the coastal area (south of 45°N), in the Tauka Zone, were emplaced from ca. 90 to 56 Ma; whereas those
emplaced along the Central Sikhote-Alin Fault, in the Samarka Zone, were intruded during ca. 110 to 75 Ma. The
“oldest” monzogranite (131 Ma) was intruded to the west of the Central Fault and within the Khanka Terrane. Whole-
rock Sr-Nd isotopic compositions suggest that the granitoids were derived from mixture of juvenile and recycled
source rocks in variable proportions. This is corroborated by the Sm-Nd model ages (650-1300 Ma). Zircon Hf
isotopic data (e, (T) = mainly between 0 to +15) indicate that the zircon grains were crystallized from magmas with a
clearer signature of juvenile protoliths than the WR Sr-Nd isotope data may indicate. Oxygen isotopic compositions
(Valui et al., 2008) come to a similar conclusion regarding the significant contribution of juvenile protolith in the
generation of granitic rocks.

A comparison between the orogens of the Paleo-Asian and Western Pacific Tectonic Realms leads to the following
conclusions. (1) The crustal development of NE Japan (juvenile) is distinguished from that of SW Japan (juvenile
+ recycled); NE Japan (with Hokkaido) is quite similar to the Junggar Terrane and the Lake Zone of Mongolia
(CAOB), whereas SW Japan is more comparable with the composite Tianshan orogen. (2) Accretionary orogens
could be distinguished by the nature of the accreted lithological assemblages. Orogens with dominantly island arc
assemblage would contain granitoids with juvenile characters. This is best exemplified by the granitoids of NE Japan
(Hokkaido included) and many terranes of CAOB, such as the Junggar Terrane of China (e.g., Chen and Jahn, 2004;
Tang et al., 2012) and the Lake Zone of Mongolia [Kovach et al., 2011]; (3) By contrast, orogens with accretionary
complexes developed in a Precambrian continental margin would have granitic rocks with more crustal signature.
This is represented by SW Japan, in which the “recycled Precambrian crust” component is significant in the granitoid
magma generation; (4) the isotopic signature of SW Japan may support the tectonic model of Maruyama et al. [1997]
and Isozaki et al. [2010] in which Proto-Japan was initially developed along the coast of SE China, and shared a
similar source region (the Cathaysia) with Taiwan during the late Paleozoic to late Mesozoic. The shared source
of SW Japan-Taiwan-SE China is shown by the Nd isotopic signatures and inherited zircon age patterns; (5) Sr-Nd
isotopic differences are observed between SW Japan, NE Japan and Sikhote-Alin, suggesting that the existing tectonic
correlation schemes [e.g., Khanchuk et al., 2001] of Sikhote-Alin with the Japanese Islands should be revisited with
the new age and isotopic constraints; (6) New Sr-Nd-Hf isotopic data for the Western Pacific Accretionary Orogens
(Japanese Islands and the Russian Far East, or Sikhote-Alin) indicate that the proportion of juvenile crust produced
may be comparable with that in the Central Asian Orogenic Belt.
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I'PAHUTBI Y DBOJIFOLIHA 3EMJIH

B BocrouyHo-Ypanbckoit MerazoHe rpaHUTOUIBI Pa3IMYHBIX (OPMaIUii 00pasyroT MPOTSHKEHHBIH cyOMepu-
JUoHaNBHBIN Tosic. [IpeoOnanaronmu 31ech IBISIOTCS 0aTOIUTONONOOHBIE MACCHBBI TOHAJMT-TPAaHOINOPUTOBOM
(opmanuy, B anMKaIbHBIX YACTAX KOTOPBIX Pa3BUTHI MaJIbIe TPAHUTHBIE HHTPY3UH C TAHKOBBIMU MOJISIMH U C 30J10-
TOHOCHBIMH KBapIIEBBIMH JKHJIAMH M OKOJIOPYITHBIMH METACOMAaTUTaMHM JHCTBEHUT-0epe3nuToBOM opmaruu. B sk-
30KOHTaKTax 0aTONUTOB, KpOME MajbIX MHTpY3uii-caresuToB (CepenoBuHcKuil, CBEpUIOBCKUI U 1p.), IPHCYT-
CTBYIOT TaKXe runaduccanbHble MAaCCHBBI MPEANIECTBYIOINX UM IT'PAaHUTOUAO0B 0a3aIbTOMAHOM ra00pO-TpaHNTHON
dhopmaruu. Takumu maccuBamu Ha CpenneMm Ypaie cuutarorcs: OcunoBckuil, [lanoBckuit, banreimckuid, [llyBa-
kunickuid, lllupokxopeuenckuii, HoBoanekceeBcknii (CM. pUCYHOK), € OOJIBIIEH YacThIO KOTOPBIX COMPSIKEHBI pa3-
JMYHBIE 10 BEJIMYMHE MECTOPOXKICHHUS 30JI0TO-Cylb(puaHo-KBapueBol ¢popmanmu. Bo3zpact OoibIIMHCTBA ITHX
MacCHBOB HE YCTaHOBJICH, TEOXMMUYECKH OHHU TaK)Ke CJIad0 M3y4eHBI, I03TOMY 10 CHX MOP HET YETKOTO UX pasrpa-
HudeHud. [lodydeHHbIe HOBBIE JaHHBIE IO FTEOXUMHUU M U30TOITHOMY BO3pacTy rpaHutonioB HoBoasekceeBckoro

MacCHBa MO3BOJISIOT YTOUHUTH FCOJMHAMHYECKYIO 00CTa-
HOBKY MX 00pa3oBaHusl.

HoBoasnekceeBckuii MacCHB pAacIoONOXKEH B IOTO-
3anagHoil SK30KOHTaKTOBOM 30HE KpymHoro Bepxucercko-
ro Garonuta Ha CpenHeM Ypane (CM. PUCYHOK) U BMeEIAeT
KPYITHOE MeCTOpOXIeHue 3050Ta — KppularoBckoe. Maccus
MPECTaBISIET COOOM TUHEWHO BHITSIHYTOC B MCPUIAHOHAIb-
HOM HarmpaBieHun (6x48 kM) Teno. Ha 3amaze oH KOHTak-
THPYET C TOPOJAMH JETTAPCKONW CBUTHI MPEAMOIOKUTEIIb-
HO CpeTHEeZIEBOHCKOTO BO3pacTa, a Ha BOCTOKE — ¢ Ooiee Mo-
JIOZBIMH TPAHUTOUJAMH BepXHMCEeTCKOro MaccuBa, a TaKKe
C BYJIKAHUTaMU KyHTYPKOBCKON CBHUTHI HPEAMOIOKUTEIEHO
paHHEACBOHCKOTO Bo3pacTa. ClieayeT OTMETHUTh, UYTO BHYTPU
KyHTYPKOBCKOM CBHUTHI KAPTUPYIOTCSI MHOTOUMCIICHHBIC TEa
W JallKu TUIarMOTPaHOMOPUTOB HOBOAJIECKCECBCKOTO KOM-
miekca [3eHkoB u ap., 1984]. CormacHo naHHBIM T'eOJIOTH-
yeckoro nousydyeHusi [KomaneB u np., 1999], maccuB ume-
et TpexdazHoe cTpoeHue. [lopoas! nepBoit pas3bl npencras-
JICHBI B OCHOBHOM ra00pOUIaMu U Yalle BCEro 00pa3yroT He-

CxeMa pacIlojOXeHHs MacCHBOB B IOHOI yactu Bepxu-
cetcko-TypuHckoii 30ub1. CocTaBneHa no matepuaiam . A. JIBoe-
miasoBa, [ H. Kyzoskoga, [I.C. Barmans (1972—-1979 1) u aBTOpOB.

!/ — ByJIKaHOTGHHBIE M  BYJIKAaHOICHHO-OCAJOYHBIC  TOJIIH
criTypHiickoro(?)-paHHeIeBOHCKOTO Bo3pacTa; 2 — MOopoasl 6a3aibTOMTHON
rabOpo-rpaHnuTHOH opmaiuu; 3—5 — HOPOABI TOHAIMT-TPAHOAUOPHTOBOI
¢dopmarmu  (BEepXUCETCKUH KOMIUIeKC): 3 — MaJlOKaJHeBOW TOHAIHT-
TPOH/IBEMHTOBOI (TaBaTy#cKoil) 1 rabOpo-THOPHTOBOM CepHil; 4 — KalnHa-
TPOBOI TOHAJIUT-IPAHOJMOPUTOBON CEPUH; 5 — allaMEIIUT-TPAaHUTHOHN ce-
pun; 6 — KpbUTaTOBCKOE MECTOPOXKACHHE 30J10TO-CYIb(GHIHO-KBAPIIEBO
dhopmanuu.

Ludpamu B kpyxke 0603HaueHb MaccuBbl: | —KpacHomombckuid,
2 — CepenoBuHckui, 3 — OcuHoBckuid, 4 — [TaHoBckui, 5 — Bepxucerckuii,
6 — banteivMckuit, 7 — llyBakunickuii, 8 — Cepanosckuii, 9 — Illupokope-
yeHckui, 10 — HoBoajekceeBCKuUid.

x XK X X

X X X X
X X X

(+)

[Terpokamencroe
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oM

Coepanoaciui pagy
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GoJpIIe KCEHOJIMTHI M OCTAHIIBI CPEH MOPOJL OCIEAYIOMMX (a3 — IIIariorpaHoANOPUTOB U TIarHOTPaHUTOB, T10-
CcJIeIHIE TIPeoOIaIatoT.

Jist U-Pb natnpoBaHus 10 HUPKOHY M3 IUIarHOTPaHOIMOPUTOB MaccuBa OblIa oToOpaHa rnpoda n3 Hauboiee
CBEXKMX M HEM3MEHEHHBIX 1Topo. IImarnorpanoqnopuTel — GMOTUT-POTOBOOOMAHKOBBIE CBETIIO-CEPhIE CPeIHE3ePHH-
CTbIE, C THEHCOBUIHOM TeKCTypoil mopoasl. [Inarnoknas o6pasyeT npu3MaTniecKue KpUCTalibl, COCCIOPUTH3NPOBAH.
Buotut u porosast oOMaHKa He 3aTPOHYTHI BTOPHYHBIMH IPOLIECCaMH. AKIIECCOPHbIE MHUHEPaJIbl — MArHETHT, aIlaTHT,
cdeH, nupkoH. SIpkas MUHEpaJorniyeckas 4epra Mmopoj — MPUCYTCTBUE MOP(GHUPOBUIHBIX BbIIEICHUH (5—7 MM) TO-
my6oBaToro kBapua. L{UpKoHBI BBLAEIAINCH OOBIYHBIM METOJIOM, BKITIOUAIOLINM ApobieHue mpoOsl Maccoit 30 Kr 1o
¢pakum — 0.5 MM, BBIAEIEHHE TSOKEIOH (pakMy HA KOHIEHTPALIMOHHOM CTOJIE M CENapalliy B TSDKEIBIX JKUIKO-
ctax. KoHeuHslit 0TOOp IUPKOHOB OCYIIECTBISUICS BPYyUYHYIO 1TOA OMHOKYISIpoM. JlaTHpoBaHNE IIUPKOHOB MIPOBEZE-
Ho Ha npudope SHRIMP Ile/ mc B naboparopuu IBERSIMS (Yausepcurer I'pananst, Ucnanns). OtoOpanHsie Bpyd-
HYIO ITUPKOHBI IIIIOC CTaHJapThl — HECKOJIBKO 3epeH IMpKoHa Temora, ogHo 3epHO SL13 1 HECKOJIBKO 3epeH IUPKO-
Ha GAL — nomemarorcs B maiidy nuamerpom 3.5 cM, nonupyrorces 1 GpororpadupyroTcs B OTpaKEHHOM U IPOXOAS-
IIEM CBETE, BO BTOPUYHBIX AJIEKTPOHAX M METOJOM KaTOJOJIIOMHHECHeHIINH. [locine MHTeHCUBHOM OYMCTKHM Imaiiba
MIOKPBIBAETCSI 3010TOM TOoMuuHOHM 80 MKM. B Ka)knoii BHIOpaHHOH TOUKe aHAIM3UPOBAIACh CIEAYIOIas OCIeNn0Ba-
TETBHOCTH M30TONOB: '*°Zr,0, **Pb, ***! on, **Pb, *’Pb, 2%Pb, »**U, **ThO, **UO. [lepBudHsIii My4oK, COCTOAIIHIA
u3 '°0'°O, +, uMeeT 3HaYeHHe HHTEHCUMBHOCTH OT 4 J10 5 MKA, ¢ nuadparmoit Koxnepa B 120 MKM, KOTOpBIH co3/1aeT
ATHO pa3mepoM 17 x 20 MKM Ha LieTi, BTOPUYHBINA Kpatep coctapisieT 80 MKM, ToCTUras paspeiienus okoiao 5000
Ha | % BbIcOTHI uKa. bonee moapodHyro MHGOPMALIHIO O POLEAYPe MOXKHO OUEpIHYThH B auTeparype [Black et al.,
2003; Williams, 1998]. O6padotka ganubIx ocymectsisercs nporpaMmmoit SHRIMPTOOLS, criennanbHO npucnoco-
6nennoit @. bea k IBERSIMS (nocrynna Ha caiite www.ugr.es/~fbea).

L{npKoHBI IpeCcTaBIEHbl HANOMOP(GHBIMA KOPOTKO-TIPH3MATHYECKUMH KPHCTAJIAMH CBETIIO-KPEMOBOTO IIBe-
ta. KarononmoMuHecieHTHBIE N300payKeHNsT KPUCTAJUIOB IIMPKOHA MOKA3BIBAIOT HAJIMYHE TOHKOPUTMUYHON 30HAIb-
HOCTH, MapaJjIeIbHON KPHCTAUIOTpahUueCKUM OTPaHUUCHHSIM 3€PEH, YTO YKa3bIBaeT Ha MarMaTHYeCKyI0 IPHUPOIY
IMPKOHOB. Bo3pacTt no 3amepaM ceMHaaaTH 3epeH MUPKOHA onpeneisiercs narepBanoMm 383 + 2 muH net (CKBO =
0.10) — 384 + 2 mymH net (CKBO = 2.45).

Taknm o6pazom, o pesynsraram U-Pb patnpoBanust TUPKOHOB, BHEAPEHUE W KPUCTAUIM3ALMS IIarHOTPaHO-
nropuToB HoBoasekceeBCKoro MaccuBa NMPOMCXOAMIN HUKAaK He Mo3aHee (paHCcKoro Beka. [lomydeHHble pe3ynbTa-
TBI HE IPOTUBOPEYAT CYIIECTBYIOLINM T€OJIOTHYECKUM JaHHBIM O TOM, YTO I'paHuTOH6I HoBoasekceeBCcKoro Maccu-
Ba HHTPYAUPYIOT BYJIKaHUTH! KYHTYPKOBCKOH CBUTHI ITPEATIONOKUTEIEHO PAHHEIEBOHCKOTO BO3PACTa.

Bospacr rpanomuopuro HoBoanekceeBckoro Maccupa (384 + 2 MiH JeT) OIH30K K BO3PACTY TOJIEPUTOBBIX
naek . A3oB (382 + 4.4 mutH siet, 387 + 4.1 muH net), no ganueM K.C. MBanosa [MBanoB u np., 2012], dpuxcupyro-
IIMX PEJNKTOBBIE 30HBI 331yTOBOTO cipenunra Ha CpeaHeM Ypaie. YUUTHIBas BhIIIE CKa3aHHOE U TOT (hakT, 4To rpa-
HozmopuThl HoBoasiekceeBCKOro MacciBa BHEAPSUIUCH B TOJIIN KYHT'YPKOBCKOH CBUTHI, (HOPMHUPOBAHUE MOPOJ] KOTO-
poHi, cyas 1o ux Habopy M XapakTepy pa3pe30B, HPOUCXOIWIO B MEIKOBOIHON OOCTaHOBKE, MOXKHO HPEIIONIOKHUTh
OCTPOBOYKHYIO ITPUPOIY TpaHUTONI0B HoBoanekceeBCKOro Maccusa.

ITo xuMHU9IEeCKOMy COCTaBY I'PaHUTOMIIBI MACCHBA IIPOSIBIISIOT CXOJCTBO C TPAaHUTONAAMH TaBaTyHCKON TOHAIIHT-
TPOHABEMUTOBOMH cepuu BepxnceTckoro MaccuBa, a Takke ¢ rpaHuTOnAaMu KpacHOOIBCKOTO MacCcHBa, PacioIoKeH-
HOTO Ha HEKOTOPOM YHAIEHHH K CeBepy OoT Bepxucerckoro Garonmmra. M cBOMCTBEHHO BRICOKOE coneprkanne Na O
(4.54-5.46 Bec. %), nommkennoe K, O (1.22-2.30 Bec. %), FeO_; +MgO He npesbiuiaer 3.4 ec. %o, 4TO [O3BOJISIET OT-
HOCHTb MX K TOHAJIMT-TPOHIBLEMUTOBBIM acconranusaM. Ha nuarpamme Yb — Al O, mopons! monanarot B 001acTh BbI-
COKOIJIMHO3EMHUCTHIX (KOHTHHEHTAJIBHBIX) TPOHIBEMHTOB C XapaKTEPHBIM ISl HUX TOHWKEHHBIM coziepkanneM TP32
OTHOCHTEJIFHO TPOH/ILEMHTOB «OKEaHHYECKOro» THIa. V3BecTHO, 4To Hambosee MHMPOKO TOHAIUT-TPOHILEMUTOBBIC
CepHH PacIpOCTPaHEHb! Ha MPOTEPO30HCKNX M MAJIC030HCKHX, TAKKe HA ME3030MCKUX M KaHO30MCKMX KOHTHHEH-
TAJILHBIX OKpPaWHaX, PEXKe BCTPEYAIOTCS B CYOBYIKAHMYECKUX OOJIACTAX OCTPOBHBIX OYT M B O()HMOIMTOBBIX KOMILIEK-
cax. OueBHIHO, YTO B HAIlEM ClIyyae TOHAJIUT-TPOHABEMUTOBBIE CEPHUH CBSI3aHBI C 30HAMH CYOIYKIIMH B OKpanHHO-
KOHTHHEHTAJIBHBIX 00sacTsx. Jl0Ka3aTelIbcTBOM TOMY SIBIISFOTCSI HE TOJIBKO CBOMCTBEHHBIE MM OTPHIIATENIBHBIC aHOMa-
mun Nb, Zr, TIONOKHUTENIbHBIE aHOMAIMH ST, YTO XapaKTepH3yeT MX KaK HaJCyONyKIHOHHBIE 00pa30BaHMs, HO U Bpe-
Ms uX BHeApeHus. [lomydeHHbIH Bo3pacT i rpaHuTonoB HoBoaeKkceeBCKOro MaccuBa yKa3blBaeT Ha WX BHEIpeE-
HHE B MHTEPBaJIe MEXK/Ty COOBITHSMHU 3a{yroBOTO cripeanHra Ha CpeHeM Ypaje ¥ TpaHUTO0O0pa30BaHWEM B OKpanHHO-
KOHTHHEHTAJILHOW 00CTaHOBKE, IPUMEPOM KOTOPOTO CIIYKUT TOHAJIMT-TPOHAREMUTOBAS cepusi BepxuceTckoro maccruBa
u rpanurouasl KpacHononsckoro maccusa ¢ BozpactoM 381.8 + 6.0 muH net [CmupHOB 1 ap., 2011].

Taknum o6pa3zom, rpaHuTonabl HoBoasiekceeBCKoro MaccuBa 1 OJIM3KUE MM 110 BO3PACTY U TE€OXUMHUYECKHM OCO-
OGEHHOCTSAM I'PaHUTOMIbl TOHAIUT-TPOHABEMHUTOBON TaBaTyHCKOH cepuu M KpacHONOIBCKOTO MaccuBa IPEICTABIISIOT
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c000i1 PeNHKTH OCTPOBOAYKHBIX OKPANHHO-KOHTHHEHTAJILHBIX 00pa30BaHMH, YaCTHYHO IPUYIICHEHHBIX K Ooee Mo-
JIOZIBIM TpaHuTONAaM Bepxucerckoro maccusa.

Paboma evinornena npu noodepcke npoepammel Ilpesuouyma PAH 1211-5-1024, epanma PODPU 12-05-
00109-a u npu wacmuynoti noodepoicke ucnanckozo epanma CGL2008-02864.
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BKJIIOUEHUSI BASUTOBOI'O COCTABA B TPAHUTOMJIAX YEJISIBUHCKOI'O BATOJIMTA
(FOJKHBIM YPAJT)

T.A. KaniucroB

Hucmumym eeonoeuu u eeoxumuu um. axao. A.H. 3asapuyrozo YpO PAH, Examepunbype, Poccus
kallistov@igg.uran.ru

MenaHnokparoBble BKIItoueHus (6a3nToBble, mafic enclaves) 4acTo BCTpedyaroTcst B IOPOAaX I'PAaHUTHOTO COCTa-
Ba, HO B K&XJJOM KOHKPETHOM CIIy4ae IMPOMCXOXKICHNE UX pa3in4Ho. [1on00HbIe MeTaHOKPAaTOBbIE BKIIOUCHUS H3-
BECTHBI B TPAHUTONAaX 0ATOIUTOB 3araHoro nodepexsst CeBepHoit u FOxHOM AMeprkH, Ha Ypaie (Bepx-Hcercknit
(Cp. Ypan) u np.) maccuBsl), B 3anagHom 3abaiikaibe (Anrapo-Butumckuit 6aromur), Bocrounom Cuxors-AnuHe u
T. A. [Barbarin, 1991; Pitcher, 1991; ®epmrarep u ap., 2004; Bpyonerckas u ap., 2007; Banyii, 2012]. UabmMu cio-
BaMH, HAJIMYHME MEIaHOKPATOBBIX BKIIIOUCHUH SBISETCS XapaKTepHOI YepTOi TPaHUTOUJHBIX MaCCHBOB CKJIa4aThIX
obnacreii. YenstOMHCKHMIT OaTONUT SBIISETCS IPKAM ITPUMEPOM TaKUX 0OBEKTOB.

YensaOMHCKHUN OATOUT PACIIONIOKEH B CEBEPHOM YacTH FOXKHOTO cerMeHTa BoCcTOYHO-YpabCKOro NOMHATHS 1
SBJISIETCS OJJTHAM M3 HanOoJiee KPYIHBIX IpaHUTOMIHBIX Te Ha CpenneM u FOxxHoM Ypaie.

BxitoueHust 6asMTOBOrO COCTaBa INMMPOKO pPACHPOCTPAHEHBl B COCTaBE IUIyTOHA B ITO3HEJCBOHCKO-
paHHEKaMEHHOYTOJILHBIX KBapIEBBIX IUOPHUTAX U IPaHOAMOPUTAX, PEIKUE MEIaHOKPATOBBIE BKIIOUYEHUS! OTMEYAIOT-
csl B IEPMCKHX JielikorpanuTax (KpeMeHKyIbckHii MaccuB, pacrioyiararoniuiics B neHTpe YensOunckoro d6aronura). K
COXKaJICHHIO, 3HAYHUTENIbHAsl 4acTh 0ATONINTa HE AOCTYITHA JUIsl HaOmtoneHus. BKITIOYeHNs M3BECTHBI B TPAaHUTOHNIAX B
MIPUAHIOKOHTAKTOBOM YacTh Oaronura. K HacTosieMy BpeMeHN HaKOITUIINCH CBUJIETENBCTBA IPUCYTCTBUS B TPAHH-
Tonaax YerssOMHCKOTo 0aToNnTa pa3InyHbIX 110 IIPHPOJIE THITOB MEITaHOKPATOBBIX BKIIIOUSHHUH, CPEM KOTOPBIX BBIZE-
JISIFOTCS] KCEHOJTUTHI BMEIIAIOIINX ITOPOJ — OPOTOBUKOBAHHBIE KCEHOJIMTHI CIIAHIIEB, @ TAK)KEe Pa3HOOOpa3HbIe BKIFOYE-
HUSI TIOpOA Tab0po-TMOPUTOBOTO COCTaBa, UMEIOIINX OTYETIIMBYIO HHTPY3UBHYIO CTPYKTYPY, KCEHOJIMTHI paHHUX (ha3.
YacTh Takux BKIIIOUCHHUH, BEPOSITHO, SIBISIFOTCS ()parMEHTaMH OCHOBHBIX PacIlIaBOB, BHEAPSIIOLIUXCS CYOCHHXPOH-
HO ¢ Oosee kucibIMU. B 1aHHOM paboTe MPUBOJUTCS aHAIN3 BKIIOYCHUH, XapaKTePU3YIOIIMXCsl OTYETIMBOH Marma-
THUYECKOH CTPYKTYPOH.

CrpyKTypa Mopo/i BKIFOUYEHHIH BapbHPYET OT TOHKO- JI0 CPEIHE3EPHUCTOM, Yallle — paBHOMEPHO3EPHHCTasl, HHO-
raa — nop$UpOBHIHAS 32 cUeT OoJiee KPYITHBIX BBIIEJICHUH TUIarHoKiIa3a u/uin poropoi oOManku. MuHepasbHBII co-
CTaB BKJIFOYEHHH M3 TI03IHEAEBOHCKO-PAaHHEKaMEHHOYTOJIEHBIX KBapLEBbIX JHOPHTOB U IPAHOMOPHUTOB, B LIEJIOM, CXO-
JieH: Tiaruokas (3545, pexe 1o 60 %), porosas oomanka (15-30, penko 60 %), 6uotut (10 20 %). [Inarnoknas B Ha-
CTOsIIIIee BPEMSI MIPEICTABIICH KUCIIBIM OJIMTOKJIA30M M aJbOMTOM; MECTaMH IUIArHOKJIa3 MOJNHOCTHIO COCCIOPUTH3UPO-
BaH. PoroBasi oOMaHKa HaOOaeTcsl Kak B BUJIE OT/IEIBHBIX MOP(QUPOBUIHBIX BHIJIEICHUH NPU3MaTHYECKOM 1 UTIOJb-
4aToil (JOPMBI, TAK U arperaroB 3epeH HeNpaBHILHOH (JOPMBI; MECTaMH aKTUHOJIMTH3UPOBaHA M 3aMelaeTcs (HepenKo
TIOJTHOCTBI0) OMOTUTOM ¥ 3MHJ0TOM C 00pa30BaHNEM TUTAHWTA M MarHeTHTa, XJIopuToM. MlHora porosast oOMaHKa nMe-
€T CUTOBHIIHYIO CTPYKTYPY M3-32 HAXOXKICHHS B HEW OKPYIJIBIX 3€pEH KBaplia. BUOTHT MperMyIIeCTBEHHO MPUCYTCTBY-
eT B TIOpOJIe KaK MPOAYKT 3aMELIEHHs] POrOBOi 0OMaHKH (B arperarax, IIpeuMyIECTBEHHO MEJIKOYCITYHUaThlii); B HEKO-
TOPBIX CIIydasix SIBJSIETCS NMEPBHYHBIM (OTAENBHBIE OoJiee KPYIHBIE YellyHr). AKIIECCOPHBIE MIUHEpaIIbl TIPEICTaBICHBI
araTuToOM, THTAHUTOM, ITUPKOHOM, MarHeTUTOM. 113 SIMreHeTHYecKMX MUHEPAJIOB HHOTIA BCTPEUYaloTCs TUPHUT, KapOo-
Hat. MlHOTa mopo/p! ToBEpKEHB! YaCTHYHOW NepeKpucTaum3anyy. Hy>KHO OTMETUTB, YTO M cCaMi BMEIIAIOIINE T10-
POIBI — KBapLIEBBIE AUOPUTHI, TPAHOIMOPHUTHI — TAKXKE TTIOJJBEPKEHBI B 3HAYNUTENHEHOIM Mepe MOCTMarMaTuueckuM H3Me-
HEHUSIM, K KOTOPbIM B TIPHKOHTAKTOBOW YacTH IUTyTOHA J100aBisieTcsi 1 Meracomaro3. CTPyKTypa BKIIIOUSHUH B IEpM-
CKHX JISHKOTpaHUTaX CPEHE3CPHUCTAs, OJHOPOIHAS, peKe MOP(HUPOBUIHAS 32 CYET BKPAIICHHUKOB IUTarnokiasa. Mu-
HepaJIbHBII COCTAB OTIIMYEH OT TAKOBOTO BO BKIIFOYEHHSIX B KBapIEBIX AMOPHUTAX U IPAHOANOPUTAX: TIATMOKIIA3 (OKO-
70 55 %) B HacTosIIee BpeMsl Pe/ICTaBIeH OCHOBHBIM OJIMTOKJIA30M, HEPEAKO CJIETKa COCCIOPUTU3MPOBAH; OHOTHT (10
30-35 %); kBapi (o 5 %), KaaueBsIi MoNeBo mmat (okoio 5 %). M3 akiieccoprueB B OpoJax MPUCYTCTBYIOT alaTur,
IIUPKOH, MarHETHT, a TaKKe (IF0OPHT, KOTOPBIH 0Opasyet BbiaeneHus 1o 0,7 MmMm. Heo0xoammMo 0TMETHTb, YTO BMEIAt0-
W€ JICHKOTPaHHUTHI TAKKE XapaKTEPU3YIOTCsl HAJIMYUEM B CBOEM COCTaBe (IIFOOPHTA.

BkittoueHus B IepMCKUX JISHKOKPATOBBIX IpaHUTaX KpeMEeHKYIbCKOTO MacCHBa XapaKTepU3YIOTCs HHTPY3HB-
HOM CTPYKTYpOH ¢ THIHIMOMOP(HHO3EPHUCTOI MUKPOCTPYKTypoi. ConeprkaHue 1 XapaKkTep pacrpeaeieHus peaKux
W PEIKO3EMENbHBIX 3JIEMEHTOB BO BKJIIOUEHHSX OJM30K BMEMIAMONIMM JICHKOrpaHUTaM. Bo3MOXXHO, BKITIOUEHUS SIB-
JISIFOTCST KCEHOJIMTaMU paHHUX (a3 KpeMeHKyIbCKoro MaccuBa, KOTOpble Ha COBPEMEHHOM 3PO3HOHHOM Cpe3e He Ha-
OnromaroTCs.
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XUMHYECKHI COCTaB BKIFOYEHUH U3 KBapLEBbIX JHOPUTOB M TPAHOANOPHUTOB, B IIEJIOM, O1130K. Bo BKmtoueHn-
SX B KBapLEBBIX AMOPUTAX HAOIIONAIOTCS IIMPOKUE BAPHUALMU B COACP)KAHMUAX METPOT€HHBIX JIEMEHTOB, YTO MOXET
OBITH CBA3aHO C PA3HOH CTENEHBIO M3MEHEHUH, B TOM YHCIIE ITEPEKPUCTAIUTN3ANNH. BKIIIOUeHNs B KBapLEBBIX AUOPH-
Tax BapbHUpYIOT 110 conepkanmio SiO, ot 48 1o 60 Mac. %, Torna Kak JUisl BKIIOYEHHH B TPAHOIMOPUTAX XapaKTEPEH
Yanas3oH 1o SiO2 ot 49 o 54 mac. %. B mepBBIX Takke OTMEYalOTCs MOBHIICHHBIE comepkanus Nb,Y, Zr. ITo co-
JIEp>KaHHIO PEAKHX U PEIIKO3EeMEbHBIX JJIEMEHTOB, IO XapaKTepy KPUBBIX X PacIpeAeIeHHs IOUTH BCE BKIIOUCHNUS
Y B KBapIEBbIX JUOPUTAX U B TPAHOAMOPHUTAX ONM3KM MEXTy coO0i. BKiTtoueHns B KBapIeBbIX JHOPUTAX OTINYAIOT-
cs1 00IIMM MTOBBIIICHHBIM YPOBHEM pacnpenesnenus P30.

ITpu comocraBieHNN XMMUYECKOTO COCTaBa B Ilapax BKIIIOYEHUE — KBapILEBbI THOPHT, BKIIOYEHUE — TPAHOAH-
OPHT BBISIBIISICTCS PAJ OTIMYHH, U3 KOTOPBIX CIEAYET, YTO BKJIIOUYCHHS M BMEIAIONINE UX TPAHUTONIBI HE UIMEIOT Te-
HETHYECKOH CBS3M.

Bt npoanammzuposansl U-Pb H30TOMHBIM METOZIOM LMPKOHBI M3 METAHOKPATOBOTO BKJIIOUSHHUS B TPAHOAN-
opure. B pesynsrare momydeH BozpacT 361 + 3 MIIH JIeT, YTO COOTHOCHUTCS C BO3PACTOM BMELIAIONINX ITOPOX — KBap-
[EeBBIX quOpuToB (358 + 5 MutH 1teT) U rpaHoanopuToB (361 + 4 muH net) [Kammuctos, 2014]. B To e Bpems, B KBap-
LEBBIX TUOPUTAX U TPAHOANOPHUTAX IIMPOKO PacIpOCTPaHEHb! JalKW IPEUMYIIECTBEHHO rabOpo-1uOpUTOBOTO CO-
CTaBa 110 MUHEPAJIBHOMY COCTaBY M TEKCTYPHO-CTPYKTYPHBIM ITpU3HAKaM aHAIOTUYHBIC WIIM OYeHb ONM3KHE paccMma-
TPHUBAEMBIM BKJIIOUEHHSIM.

ITo cTpoennto MenaHOKpaToBble Jaikn YeIsiOMHCKOTO0 MacCHBa MOXKHO PA3/eIIUTh Ha JIBE TPYIIIBL: «IIPOCTHIE)
u «cnoxnsle» [Kanmucros, Ocunosa, 2007]. «IIpocTeie» nalku XapaKTepU3yIOTCS POBHBIMH KOHTAKTAMH C BMEIAI0-
IIAMH TPAHUTONUIAMH, BBIIEPKAHHOCTHIO 10 MOIITHOCTH, IIEJIOCTHOCTBIO MO IPOCTHPAHHIO 1 OTCYTCTBHEM JIEHKOKpa-
TOBBIX KaliM M IIPOCEUEK; OHU ITOJTHOCTHIO PACKPHUCTAIUIN30BAHBI U UMEIOT OTYETIIMBO HUHTPY3UBHBIA 00MHK. «CloX-
HBIE» JTAHKH IO TPOCTPUPAHUIO Pa3/IeIIIOTCS Ha OTAEIbHbIE ()parMEHTHl BMEIAIOIINM ITPAHUTHBIM MaTe€pUalioM, da-
CTO COTIPOBOXKJAIOTCS JIEHKOKPATOBBIMH IPAaHUTOMIHBIMH KaiiMaMu (II0 COCTaBy OT IUTarMOrPaHUTa 10 TPAHOANOPH-
Ta) ¥ IpoXKmIakamMu. Yacto otaenbHbIe OJ0KK 1 (hparMeHTHI TaeK MMEIOT OKpYTIIble ouepTanus. BOmm3u MarepuHcko-
TO CIUIOIIHOTO Tejia 3TH (parMeHTsl 00pasyroT CONMMKEHHbBIE CKOIUICHHS, POH, a HA yIAJICHHH COXPAHSAIOTCS B BUE
€IMHUYHBIX BKIIIOYeHUH. [Ioposibl 1aek 1 BMEIaronyie rpaHUTONAbI He MIMEIOT 3aKaJICHHBIX KOHTAKTOB. Takne naiku
HHTEPIPETHPYIOTCS Kak cHHILTyToHUYeckue [Pitcher, 1991]. TIpoxwiku, MOIITHOCTh W KOJHYECTBO KOTOPHIX CHITBHO
MEHSIETCS, PA3ACISIOT JalKN Ha YIJIOBAThIE MM OKPYIJIO-YIJIOBAThIE «OOJIOMKI» M YacTO COJEPKaT KCEHONUTHI Kak
BMEIIAIONINX TPAHUTONIOB, TaK U MOpoA faeK. CIOKHBIE TAHKH TaKOro CTPOCHUS pacCMaTpUBAIOTCS KaK Pe3ysbTaT
YaCTHYHOTO TIJIaBJICHUS MaTepraia Oa3UTOBBIX acK, BHEAPSIONINXCS B €l He 3aKPUCTAIIM30BAHHOE IPAaHUTONTHOE
teno [Depuararep u ap., 2004].

XuMudeckuil cocTaB BKIFOUCHHH U JaeK, B IesioM, cxofeH. Obmee cogepikanue P33 B mopomax gaek U BKIFO-
YeHUH Taroke OJIM3KO, OIHAKO BKIIFOUECHUS XapaKTepH3YIOTCsl HECKOJIBKO TOBBIIICHHBIM 00111eM ypoBHeM P3D. B naii-
Kax HaOIIIOafoTCs IOCTaTOYHO HIMPOKHE BapHalny KaK 110 CyMMapHOMY cozepxanuto P33, Tak u o crenenu aud-
(hepeHINpPOBaHHOCTH KPUBOH MX XOHIPUT-HOPMHPOBAHHOTO pacIpe/IeIeHHS.

B onHO# 13 CHHILTYTOHWYECKHX aeK M3 JIEMKOKPAaTOBOM MPOCEUKH ObLIM NpoaHaausuposansl U-Pb nzororm-
HBIM MeTOZOM IHpKOHBL. [TomyuenHoe 3HaueHne Bo3pacta 361 + 4 MIIH JIeT TOATBEPAMIIO BpeMs MX BHEAPEHNUS, On3-
KO€ K BpEMEHH CTaHOBJICHHs BMELIAIONINX TPAaHNTOHIOB.

[TpuBeneHHbIE TaHHBIE TI0 BKJIIOUCHMSM B paHHUX (pazax UenssOnHckoro 0aronuTa Mo3BOJISIIOT HHTEPIPETHPO-
BaTh, O-KpaifHeil Mepe, 4acTh paccMaTpUBAEMbIX BKJIIOUCHHH Kak (parMeHThl 0a3UTOBBIX 1acK, yaJICHHBIE OT MaTe-
PHHCKOTO CIUIOLIHOTO TeJla M UCIIBITABIINE BO3AEHCTBHE BMEIIAIOIIEH MM acCOLMUPYIONIeH TPaHUTHOH mopoxsl. B
JTAaHHOM CJIydae JalKy W BKIIOYEHHS UMEIOT EANHYIO TIPHPOLY.

Taknm 00pa3om, IHUPOKO pacIpOCTPaHEHHBIE B CPETHENATCO030HCKIX IPAaHUTONIaX MEJIAHOKPATOBBIE BKIIIOYE-
HUSI C IBHO MarMaTHYeCKOH CTPYKTypOH HMEIOT, BEPOSATHO, PA3IMIHYIO IPUPOAY. DTH pa3Indusl BEIPAXKarOTCs U B Ba-
pHAINH COAEPKAHUH NETPOTeHHBIX KOMIIOHEHTOB, U B PacIlpeAeIeHHH PEAKUX U PEAKO3EMENIbHBIX AJIEMEHTOB. B To
K€ BpeMs1, OOJbIIIast YacTh BKITIOYEHHUH, I0-BHIMMOMY, SBJISIETCS B Pa3HOW CTETIEHH ITepepad0TaHHBIMH (parMeHTaMu
CHUHXPOHHBIX MJIM CyOCHHXPOHHBIX CPEIHEIaIC030iCKUM I'PaHUTONIaM 0a3UTOBBIX JaeK.

Paboma svinonnena npu gunancosoii noooepoicke npocpammsl ynoamenmanvuvix ucciedoganuti YpO PAH,
npoexm Ne 12-C-5-1036.
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TEKTOHHUYECKAS ITIO3NIUA KOMBUHNPOBAHHBIX JAEK
3ATTATHOI'O CAHI'NJIEHA

H.B. Kapmbimesa' 2, B.I. Bragumupos' 2, B.A. SIkosiien’

'Hnemumym 2eonozuu u munepanoeuu um. B.C. Coboresa CO PAH, Hosocubupck, Poccus
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’Hosocubupckuii cocyoapcmeennuiii yhusepcumem, Hosocubupck, Poccust

3anagubeiii CaHTUWICH pacHoloXkeH B Ipeaenax TyBUHO-MOHronbckoro maccusa lleHTpanbHO-A3HaTCKOro
cKJTagyaroro nosica. TekroHUuecKas 3Boitonus 3anaanoro CaHTuiIeHa OTpaXkaeT CMEHY reOTMHaMHYECKIX 00CTaHo-
BOK — OT KOJUIM3UOHHOM (pexum cxarus 540-480 mutH 5ieT) 10 caBuroBoi (peskum pactsokenus, 480-430 mitH ser).
Kaxzp1ii aTan, oTBevast onpenelIeHHOW Ire0lMHaMUYECKO 00CTaHOBKE, XapaKTepPHU3yeTcsi COOCTBEHHBIMH yCIOBHSIMHU
NpOsIBIIEHHs MeTaMop(du3mMa, MarMaru3mMa ¥ TeKTOHHYeCKUMHU AedopmarusiMu B perrnone [Bnagumupos u ap., 2005;
bapabanr u np., 2007; Kapmeresa, 2012 u ap.].

B reonmoruyeckoM CTpOEHMM JaHHOTO pETHMOHA BBLICISIOTCS JBA MeTamopuueckux Onoka — Myrypo-
Yununnurckuil u Op3uHo-HapbeiHCKul, cowieHeHHble DP3MHCKOW TEKTOHWYECKOM 30HOH. 3anokeHue Dp3UHCKOM
30HBI TPOM30IILIO HA NMUKE KOJUIM3HOHHBIX COOBITHH (525—510 MitH 51eT). DBONIONUS TEKTOHNYECKOH 30HBI BKITIOYAET
B ce0st [1Ba 3Tarna, OTINYAIOIINXCS] KHHEMaTuKoit nedopmanuii: B30pocosblii (510-480 MiH J1eT), CBI3aHHBIN C peXH-
MOM C)KaTHsl, U JIEBOCABUTOBBIH (480—430 MIH 1IeT), CONPOBOXKAAIOIINIICS aKTUBHBIM PACTSXKEHHEM 10 CUCTEME TEK-
TOHMYECKHUX HapymeHull [Bnagumupos u ap., 2005; Kapmsimesa, 2012].

Ha py6exe 470—430 MIIH JIST MOTYYHIIO IUPOKOE PA3BUTHC TPCIIUHHAS TCKTOHHUKA. [[eTPONIOrHIeCKUM UHIH-
KaTopoM 3TOHM CTaJHH SIBISIOTCS MHOTOYHCIIEHHbIE KOMOMHUPOBAaHHbIE Oa3uT-rpaHuTHBIe naiiku [M30x u ap., 2004;
Bnanumupos u ap., 2005 u 1p.], pacmnonoxeHHbIe IPEUMYIECTBEHHO B I0KHOM dacTu 3anagHoro CaHTuIeHa B MEX-
Jypeube pek Dp3uH 1 HapblH 1 Ha ipaBoOepexbe p. Dp3uH.

B Hacrosmei pabore TpoBOAMTCS aHATN3 KOMOMHHPOBAHHBIX 0a3UT-TPaHUTHBIX JaeK JIBYX OIMOPHBIX ITOJIUIO-
HOB, PACIOJIOKEHHBIX B Iperenax IP3UHCKOM TeKTOHNYECKo! 30HbI: 1 — Mexaypeube pek Op3uH u HapeiH, ygacTok
«Crpenkay; 2 — npaBobepexbe p. Dp3UH, YIACTOK « DIP3MHCKHID).

Ha Dp3uHCcKOM yuacTke canndeckas 4acTbh MOPOJA MPEACTaBIeHa MENKO3epHUCTEIMUA TPAaHUTAMU U JeHKorpa-
HHUTaMH, a MadUuecKas — MEJIKO3EPHUCTHIMU JHOPUTaMH M KBapleBbIMK nuopuTamu. Ha ydactke «Crpenka» nai-
KU CJIOKEHBI KPYTTHO3EPHUCTHIMU NOP(QUPOBHIHBIMU TPAHOCHEHUTAMH U KAJIMIIIATOBBIMU I'PAHUTaMH, MEJIKO3EpHH-
CTBIMH POTOBOOOMaHKOBBIMH Ta00pO U pOrOBOOOMaHKOBBIMH MOHIIOTa00po.

Ha yuactke «Crpenka» BMEIIAIONIMMH MOPOAaMH KOMOMHHPOBAHHBIX JACK SBISIIOTCS 1apaaBTOXTOHHBIE Tpa-
HUTOMIIBI HMkHEIp3MHCKOTO Trab0po-MOHIIOANOPUT-TPaHOCHEHHUT-NIEHKOrpaHuTHOrO MaccuBa (491.6+£9.5 muH ner,
489.442.6 M net, U-Pb [KozakoB u ip., 1999]; 486+10 mutn siet, 490+9.5 mumn net, Rb-Sr [[Terposa, Koctumsia, 2001]).
Buaumast npoTsHKEHHOCTh 1aeK BapbUPYET OT HECKOIBKUX AECATKOB 10 COTEH METPOB, MOIIHOCTE 0T 15-20 cM 10 3,5 M.
KoHTaKThI ¢ BMEIIAIONMMH OPOAaMH UMEIOT HESICHBIH XapakTep, B KOHTAKTOBOM 4acTH HAOJFOAAIOTCS OT/IENIbHBIE HO-
Jtynu 0a3uTOB B TPAHUTHOM Matepualie. ba3uTel cararot Teia OKpymIoi YUTHHEHHOH, HeTTPpaBUIbHON (POPMBI, TPaHUTO-
WJIBI 3aIOJTHSIOT MPOCTPAHCTBO MEXAY HUMHU. BHYTpEHHSISI CTPYKTypa JIaeK XapaKTepH3yeTcsl ceTyaro-(heCTOHYAThIMH,
CeTYaTo-HOAYIbHBIMH, OpPEKYMEBHTHBIMU TEKCTYpaMH, ¢ aOCONIIOTHBIM ITpeoliaaHueM 0a3uToB, KOTOPHIE POHM3aHbI
MHOTOUYHCIICHHBIMH TIPOKMIIKAMH KHCIIOTO cocTaBa. OTMedaeTcsl Haju4ne KIIKCOOOpa3HbIX Tesl 0a3uTOB C IIaMeHe-
BUIHBIMHU KOHTAaKTaMH, IPOHU3aHHBIE KIJIaMU KPYITHO3EPHUCTBIX IPaHUTONI0B. KOHTaKThI MEXTy OCHOBHBIMM U KHC-
JIBIMU TIOPO/IAMH BapbUPYIOT OT POBHBIX C OTCYTCTBHEM IEPEXOAHOMN 30HBI, IO «PBAaHBIX» U IOCTENEHHBIX. POroBoo0-
MaHKOBBIE rab0po 1 MOHIIOraO0pO XapaKTepU3yIOTCs KaliMOit M3 KPYITHO3EPHHCTBIX arperaTtoB poroBoii 0OMaHKH B 30HE
KoHTaKTa. [lepexoqHbie 30HBI MOTYT UMETh PA3HYIO HMIUPHUHY U CII0KHOE CTPOCHHE.

dopmupoBaHre KOMOMHUPOBAHHBIX JaeK y4yacTka «CTpesikay MOKeT ObITh onrcano Mozenbio X. Xbplonepra u
C. Cnapxkca [Huppert, Sparks, 1988], korna BHeapeHre 0a3UTOBBIX paciuiaBoB (HmkHEIp3UHCKHIA MaCCHB) TPUBOTUT
K Pa3orpeBy M IUIABJICHUIO MeTaMopduyeckux nopos. [TymscanmoHHbIH XapakTep WHBEIMPOBAHUS OCHOBHBIX pac-
TUIABOB ITPHUBOJMT KaK K TIOSIBJICHUIO IOBTOPHBIX SBTEKTHUYECKHUX BBITUIABOK, TAK U K peOMOp(U3MY paHHHX I'PaHUTOH-
JoB. Pa3Huiia TeMneparyp KpUCTAIIM3AMH KHCIIBIX 1 OCHOBHBIX MarM 00eCIieuuBaeT HE TOJIBKO MeperliaBiIeHne Tpa-
HHUTOWIOB, HO M OBICTPYIO KOHCOJNIMAAIMIO 0a3UTOBBIX paciuiaBoB. [leperuiaBieHHbIN TPAaHUTHBIA MaTrepual, B CBOIO
odepeib, TPOphIBAET U obiekaeT GpparMeHTHpoBaHHbIe YacTu Tel 6a3utoB [M30x u np., 2004; Baciokosa u ap., 2008].

Jlaiixu Dp3UHCKOTO y4acTKa MPOPBIBAIOT MUIMATHT-TPAHUTHI HP3UHCKOTO KOMILJIEKCA, UX MOIIHOCTh BapbUpy-
et ot 0.5 M 10 2.5 M. KoHTaKTHI ¢ BMEIIAIOIUMH MTOPOJIAaMH CEKYIINE U pe3kue. [ paHuThl KOMOMHHPOBAHHBIX JIACK
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4acTo yIIoBarble 000COOIEHNS THOPUTOB U OCTPOYTOJIbHBIE KCEHOJIMTHI BMEUIAIOIINX TIOPO, COXPAHSIOUINX CBOIO
BHYTPEHHIOIO CTPYKTYpy. KOHTaKTOBOM M3MeHEeHNs BOKPYT Jlack He HaOmonarorces. Ha rpanuniie rpaHUTOMIOB U BMe-
IIAOIIMX TOPOJ, @ TAKXKE B CONMPSHKEHHBIX TPEIIMHAX BO BMEIIAIOIINX IOPOJAX, YaCTO HAONIONAIOTCS IerMaTousI-
HBle 000coOeHns. Bo BHyTpeHHEM CTPOSHHH JIaeK BBIACISIFOTCS OKpPYIVIbIE, IMHEHHO pacIoNoXKeHHbIe Tena 0a3u-
TOB, NIPOPBaHHBIE TPAHUTONIAHBIMH KWIaMH. BHYTPEHHSS TEKCTypa JaeK XapaKTepU3YyeTcsl ceT4aro-(heCTOHYATHIM,
CJIOXHO-TISITHUCTBIM CTpOCHUEM. [ BCeX THIIOB KOHTAKTOB XapaKTEPHO OTCYTCTBHE 30H IIEpexoa, OPOTOBHKOBA-
HUSI M KOHTAaKTOBOH oTopouku. B numndax 1uopuToB 0TMEHatoTCs IMHEHHBIE CTPYKTYPBI — TApaJUICIIHO BHITAHYTHIE
arperarsl IJIarMoKJIa3a ¥ pOroBoii 0OMaHKH.

ITo cTpyKTypHO-TEKCTYpHBIM NPU3HAKAM HCCIEI0BaHHbIC KOMOMHUPOBAHHBIC TAWKN MOXHO PA3/IeIUTh HA JIBE
rpymmsl: 1) naiky, pacnonoXXeHHble BHYTPH KPYIHBIX TNl TPAaHUTOUIOB, C 00pa30BaHUEM Y3KHX 30H IEPEXOAHOTO
COCTaBa MEX/ly OCHOBHBIMH Y KHCIIBIMH [IOPOJIaMH; 2) )KWJIBHBIH THIT C YeTKUMHU KOHTaKTaMH C BMEIAIOIIMHU METa-
MopdHIecKnMH OPOJaMH.

CornacoBanue CTaAMHHOCTH 0a3uTOBOTO MarmarniMma 3anagHoro CaHruieHa, MpPOCTPAHCTBEHHOTO PacIioso-
JKEHUSI ¥ TEKCTYPHO-CTPYKTYPHBIX XapaKTepUCTUK KOMOMHUPOBAHHBIX J1aeK, O3BOJISIET CBA3aTh X BHEAPEHUE U CTa-
HOBJICHHE, KAK MHHUMYM, C JIByMsI 3TallaMHi TeKTOHUYECKOM aKTHBU3AIMH B ITpeaenax 3anagHoro CaHruieHa.

Pannunii sTam Koppemmpyercst ¢ 3aJIoKeHHEeM Op3WHCKOH TEKTOHMYecKod 30HBI Ha pybexe 510-490
MJIH JIET, CONPOBOXKIAIONIMNCS BHeIpeHHeM 0a3uToBbIX paciuraBoB (HwkuespsuHckuit n basHkombsckuii rab0po-
MOHIIOIMOPUTOBBIE MacCUBbI). POpMUpPOBaHHE KOMOMHUPOBAHHBIX AA€K ITPOUCXOANIIO Ha Me30a0iCCaNbHBIX B abuc-
CJIbHBIX TUTICOMETPUUECKUX YPOBHSX, YTO 00ECIEUHIIO COXPaHEHHE JUTUTELHOTO CyOIIMKBHUIyCHOTO TETIIIOBOTO pe-
JKMMA IIPY UX CTAHOBJIEHHH M OTHOCHUTEIIFHO ITPOJOIDKUTENLHBIN IIEPHO/] KOHCOJUIAINH JJaske MEJIKMX MTOpIni 6a3u-
TOBOTO paciutaBa. Kak cienctsue, B KOMOMHNPOBAHHBIX TaiiKax MOXKHO HaOOaTh IUIAMEHEBHIHBIE U (pecToHYaThIe
KOHTAKTBI, IEPEXOIHBIC 30HbI THOPUIN3AIINH.

[Mo3nuuii sTan orBeyaet pyodexy 465-460 MiTH J1eT, Koria MpOrCXOANIIO aKTHBHOE pacTspkeHne CaHTHIICHCKOTO
(hparmMeHTa OPOTEHHON CTPYKTYPHI [0 CHCTEME CIBUTOBBIX 30H, BHEIPEHHE U CTAaHOBJICHHE BalIkbIMyrypckoro mac-
cuBa rabopo-MoHIOAHOPUTOB (464.6+5.7 muH net, U-Pb [KozakoB u ap., 1999], 465+1.2 v net, Ar-Ar [M30x u ap.,
2001], 464+5 mun net, Rb-Sr [[lerposa, 2001]). Op3uHcKas TeKTOHHYECKast 30Ha ObUIA PEaKTHBHPOBAaHA U TIpeTep-
nena pparMeHTHpOBaHUE ¢ HApyIIEHUEM CIUIOITHOCTH U PAa3BUTHEM TPEUIMHHO-KMIBHBIX 00pa30BaHMUii, B TOM YHC-
e, KOMOMHUPOBAaHHBIX JaeK. CTaHOBJICHUS MOCIEAHUX MPOUCXONMIO Ha OoJiee BHICOKMX TMIICOMETPUYECKUX YPOB-
HSIX 36MHOH KOPBI ¥, COOTBETCTBEHHO, P OoJiee HU3KKUX TeMIleparypax. [1osBIeHHe CHCTEM CONPSKEHHBIX TPEILVH,
ObUTH OJTarONIPHUSATHHI AJISI COBMECTHOTO BHEIPEHUSI PACTIIIABOB KHCIIOTO 1 OCHOBHOTO COCTaBa B JIOKAIBHBIE 30HBI pac-
TspKeHHs. OIHAKO, OTHOCUTENBHO HU3KHE TEMIIEpaTyphl BO BMEIIAIOIINX ITOpoAax obecredmin ObICTpOe OCThIBAaHNE
Y KOHCOJIM/IAIIMIO OCHOBHBIX PacIlIaBOB, YTO OTPA3HIIOCh HA CTPYKTYPHO-TEKCTYPHBIX XapaKTepPHCTHKAaX KOMOMHUPO-
BaHHBIX Ja€K — Pe3KHEe KOHTAKThI KaK ¢ BMEIAIONIMMHU [TOPOIaMH, TaK U MEXIy KOHTPAaCTHBIMH TI0 COCTaBY MarMaTH-
TaMH, OTCYTCTBHE 30H THOPHUAN3AINH, HATHINE OCTPOYTOJIBHBIX KCEHOIUTOB.

Paboma evinonnena npu punancosoii noodepoicke Ipesuouyma CO PAH (UI1 OH3-10.3, IIPHU Ne77), npoex-
moe PODU Ne 14-05-00747, Ne 14-05-00498.
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I'PAHAT U3 TPAHUTOU OB KUPOBOI'PA/ICKOI'O U HOBOYKPAUMHCKOI'O KOIIJIEKCOB
YKPAMHCKOI'O IIUTA

H.M. KonoBaa

Unemumym eeoxumuu, munepanozuu u pyoooopazoearus um. M.I1. Cemenenka HAH Yxpauneoi,
Kues, Yxpauna, nasa246@ukr.net

I'paHar B KHPOBOTPAJCKUX TPAHUTOUIAX TIPEICTABIICH H30METPHUCCKUMHU KPUCTAIIAMHU, KaK TPaBUIIO, pa3ou-
THIMHU TYCTOH CETHIO TPEIIUH. XMMUYECKHI COCTaB TPAHATOB MIETMATUTOB U TPAHUTOB KUPOBOTPAJICKOTO KOMILICKCA
CYIICCTBEHHO OTJIMYACTCs. TaK, rpaHaThl IIETMAaTUTOB M TPAHUTOB KMPOBOTPAJICKOTO KOMILJICKCA B CPABHCHHU C Tpa-
HUTOHUJIaMU HOBOYKPAMHCKHUX, a TAKXKE C TPaHATAMU TPAHUTOUIOB OCPAMYCBCKOTO M MOOYKCKOT0 KOMILIEKCOB 000Ta-
IICHBI CIIECCAPTHHOBBIM KOMIIOHEHTOM U 00CTHEHBI MUPOMOBBIM. CollepiKaHKe MOCISIHET0 BO3PACTACT OT IPAaHATOB
KHPOBOT'PAJICKOTO KOMILIEKCA Yepe3 OepAMYEBCKUI K TOOYKCKOMY.

I'paHaThl rpaHaT-OMOTHT-3YIUTOBBIX IPaHUTONI0B HOoBOyKpanHCKOro MaccuBa (puc. 1) u rpaHaT YapHOKUTOB
BokoBsAHCHKOTO MaccuBa BOILIK B oaThn B, [Yeenko u ap., 1980]. ['panats! 3T0ro noaruna HabmofaoTcs B aCCOIH-
aIuy ¢ OMOTUTOM, 3YJIUTOM, IJIATHOKIIA30M, KaJTHEBBIM TIOJICBBIM INMATOM M KBapiieM. YacTo HaOMONAIOTCS WIIbMe-
HUT U OYCHb PEIKO MATHETHT, COICPIKAHIE KOTOPBIX MEHSCTCS OT aKI[ECCOPHBIX KOTHUYECTB 710 3 %; OCHOBHOCTS ILIa-
THOKJIa3a MOXKET MCHSTHCS B 3HAYUTEIIBHBIX TIpeIeiax.

Puc. 1. MHUKpPOCTPYKTypHBEIE OCOOEHHOCTH I'DaHHUTOWIOB KHPOBOTPAJCKOTO M HOBOYKPAaMHCKOTO KOMIUIEKCA: I'paHaT B
OZIHOM HHKOJIE (@) M CKPELIEHHBIX HUKOJISIX (6) KHPOBOTPaJICKOTO KOMILIEKCA U TPaHaT B OJHOM HUKOJIE (6) U CKPEIIEHHBIX HUKOJISX
(¢) HOBOYKpaMHCKOTO KOMIUIEKCA.
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Puc. 2. I[I/IanaMMa MUHAJIBHOTI'O COCTaBa rpaHaTa U3 rpaHUTOUI0B: 1- rpaHaT U3 KUPOBOI'PAACKUX I'PAHUTOUIOB; 2- I'paHat
13 HOBOYKPAWMHCKUX 'PAHUTOUIOB.

I'panar-6uoTUT-3yIMTOBEIE T'PaHUTOUIBI HOBOYKPAaWHCKOTO MaccHBa XapaKTEpPU3YIOTCS BBICOKOW JKENE3HCTO-
cTh10 (10 87), B, COOTBETCTBEHHO, BEICOKYIO KEJIE3UCTOCTh MMEET U IpaHaT U3 ITUX MopoA. Takue rpaHUTOUIHI C yKa-
3aHHBIM naparenesucoM (I'p + bu + Dyn) okaspiBaroTcs Hanbonee GOraTbIMU MIEIOYaMHU, IPU STOM KOJIWYECTBO Ka-
JIUs B 1Ba pa3a 0oJbIlle, 4eM HaTpus. DTOT (akT MOATBEPKIAET paHee CeaHHbIe BRIBOBI [Mapaky1iies u ap., 1965]
0 TOM, YTO BBICOKO)KEJIE3UCThIE MapareHe3MChl BO3MOXKHBI JIMIIE B YCJIOBHUIX MTOBBIIIEHHON MIEIOYHOCTH (OCOOCHHO
kanueBocTH). Kak oTMedanoch MHOTUMHE HcclienoBaTensMu [Mapakyties u ap.; 1965; [llepemer u ap., 2010], mapa-
TeHEe3UC POMOMYECKOTO MMPOKCEHa ¢ OMOTUTOM, KaJIHEBBIM ITOJIEBBIM IITIATOM, KBapIleM, IUIarHOKIa30M U WHOTIA C
rpaHaToM THIMYHO YapHOKHUTOBBIN U B CIIyyae HU3KOH JKEJIE3UCTOCTH 3THX MHHEPAJIOB SIBISIETCS XapaKTEPHBIM IS
YCIIOBHH BBICOKOTO JIaBIECHUS M BBHICOKON TeMIIEpaTypbl. AHAIOTUYHBIC [TapPar€HE3NUCHl ¢ BBICOKOH JKENE3UCTOCTHIO
(HOBOYKpaMHCKHE IPAHUTONBI), Hampumep: I'p, o, .+ Oyi,, | o, + By ., CBUIETENBCTBYIOT 0 GOIee HU3KOM NaBICHHH
MIPU TaKOM JKe TeMIeparype U MOBBIIICHHOH mieaouHocTH. C MOHMKEHHEM TEeMITEpaTyphl TUIIEPCTEH M IpaHaT pasia-
rarorcs Ha 6uotut 1 kBapu ['un+Tp+(H, O)=bu+Ks. Bepxueii rpanuIiei 3Toro napareHe3uca B yCIOBHAX MOBBIIICH-
HOH ILENIOYHOCTHU ABJIAETCA Peaklus BOSHUKHOBEHUS acCOIMAlU opTokiasza ¢ dasnutom: 'un + I'p + (K,0) = da +
Oprt. Kpome BBICOKOH 7KeIe3UCTOCTH MUHEPAJIBI 3TOTO MMapareHe3unca, TUIEPCTeH U OMOTUT UMEIOT HU3KYIO IIMHO3e-
MHUCTOCTb, YTO TaKXKE CBUACTENbCTBYET O BHICOKOM IIIEITOYHOCTH PACIIaBOB.

B 1menom xe B KUPOBOTPAJICKUX U HOBOYKPaUHCKHX I'DaHMTaX TpaHaThl MOAOOHBIC, COCTABICHHBIE NPEUMY-
IIECTBEHHO M3 anbMaHAnHOBOro MuHana (81%) (puc. 2) (c HU3KUM MarHueMm M Kajbnuem). Ilo xuMmugeckomy co-
CTaBy SBISIIOTCS NMPAKTUUECKH WJICHTUYHBIMH paHee OMyOIMKOBAHHOMY TIpaHaTy W3 OPTONHMPOKCEH- U (asuuT-
coJieprKaniero YapHokuT-MoHIonuTa (o repmuHosioruu A.H. T'ony6 [Tony6, 1978; Ycenko u ap., 1980] ¢ Boiinos-
ckoro kapsepa HoBoykpamsckoro maccuBa. OHaKo, BCe jke, HCXOAS U3 HIMEIOLTIXCSI MUKPO30HIOBBIX HCCIIeIOBaHUI
W JINTEPATYPHBIX JAHHBIX, MOKHO YTBEPKIATh, YTO IPAHATHI KHPOBOTPA/ICKUX I'PAHUTOB COJIEpIKAT OOJIbIIE MapraH-
ra (0,13-6,35 % MnO), uem rpanarsl HoBoykpamHackoro MaccuBa. B 3TOM OTHOIIEHHH OHM UMEIOT HEKOTOPOE CXOI-
CTBO C IOPOJAMH TOHJMTOBOW (hOpMaIMK, U TIOITOMY OTHECEHHE MX K alloNeIUTOBBIM 00pa30BaHUSIM SBISETCS JI0-
CTaTOYHO YOeIUTEIbHBIM.
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TUIIOMOP®U3M AIIATUTA B TPAHUTOUJIAX YPAJIA HA DTAMTAX DBOJIIOLIUN
TEOJMHAMUYECKOT'O PEXKUMA (D,~C) OT CYBJYKUHUOHHOI'O
K AKKPELIUOHHO-KOJLJIN3MOHHOMY U TPAHC®OPMHOMY (BHYTPUILIUTHOMY)

E.B. KonoBaJjioBa., B.B. Xos01H0B

Hucmumym eeonoeuu u eeoxumuu um. akademuxa A.H. 3asapuykozo YpO PAH, Examepunbype, Poccus
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VYpan npezacraBisier coOOH CKIIaA4aTylo CHCTEMY HOJHOTO TeOMHaMHUECKOro IuKiia. B nponecce popmupo-
BaHUsI 3TOTO 3MHMOKEaHHYECKOTO OPOreHa YYacTBOBAJIM aCCOLMAINM PEKUMOB Pa3/IBUKEHUS, CABIDKEHHSI U TPaHC-
dopmarmu. [{i1st Ypana BblAEIEHBI STIOXH TPOSIBIICHHS CIBUTOBOI COCTABIISIONIEH B CyOIyKIIMOHHOM M aKKPEIIMOHHO-
KOJUTM3MOHHOM Mporeccax («kocast CyOayKIus» U «kocas Kowinsus») [MBanos, 1998; [Tyuxos, 2000, 2010]. B no3a-
HEM CHIType-paHHEeM JICBOHE U MO3JHEM JeBOHE-paHHEeM KapOOHE B MPOLECCE CMEHBI TEOIMHAMUYECKOTO PEKIMA C
OCTPOBO/IY)KHOTO Ha aKKPEIMOHHO-KOJUIM3HOHHBIH U TPaHC(OPMHBIN MPOSIBUIACH CMEHA MarMaTu3Ma XapakTepHas
JUISl 30H CKOJIb)KEeHUS! JINTOC(hepHbIX NT [XaHuyk, MapteiHoB, 2011 u ap.], ¢ MIMPOKUM pa3BUTHEM CYyOIEIOYHO-
TO ¥ LIEJIOYHOTO MarMaTi3Ma BHYTPHUILIHTHOTO THIa. Panee, B pabore [XomoaHoB u ap., 2014] HaMu neTanbHO pac-
CMOTPEHBI NPOLECCHI KOCOH CyOMyKIMH M TPaHC(HOPMHOTO TEKTOHHYECKOTO pexuma B Tiepuon S,—-D, Ha Cpennem
n CeBepHoM Ypaine. B 910 BpeMst 31ech TPOUCXOIUIIO CyOCHHXPOHHOE 00pa30BaHNEe MaHTHHHBIX BHYTPHUILIUTHBIX,
MaHTHHHO-KOPOBBIX HaJICYOAYKIIMOHHBIX ¥ aHATEKTHYECKUX KOPOBBIX I'PAaHUTOMIHBIX cepuii. Mcnonb3ys cocras ana-
TUTA, YCTAHOBJICHA IPUHAIJIS)KHOCTh BELIECTBEHHBIX KOMIUICKCOB K TOMY MJIM HHOMY THITy MarMaTru3Ma M OlleHEeHa
BO3MOXKHAs! IEPCIEKTUBA IOPOJ] HA Pa3JINUHbIE THITHI OPYJICHEHHH.

Marmarrdeckne accoluanyy, O KOTOPBIX HIDKE IOMIET peyb, 3aBEpLIaloT OCTPOBOAYKHBIH MarmMaru3m. OHU
pacnpocTpaHeHB! B IMIaBHBIX BYJKaHOT€HHBIX 30Hax Ypana — Tarunbsckoit (T3) u Marauroropcekoit (MM3). Ha Cpen-
HeM ¥ HOxHOM Ypaine npencrasieHbl HaACyOqyKIMOHHBIMU rab0pO-TOHAINT-TPAaHOJMOPUT-TPAHUTHBIMI MacCHBa-
MU OKpanHHO-KOHTHHeHTanbHOoro Thna (nasee ['TI'T tum). C popmupoBanneM 3Tnx KomruiekcoB [Depurrarep u np.,
2010] cBs3aHBI IPOABIECHUS THAPOTEPMAIBHOTO 30JI0TOTO OPYAECHEHHs, B YaCTHOCTH bepe3oBckoe MecTopoxieHe
Ha CpenneM Ypane u ap.

Wntpy3uBnable kommuiekesl ['TTT Tuma mo3nHeneBOHCKOTO-KaMEHHOYTOIBHOTO Bo3pacTa B MM3 monb3y-
I0TCSl HauOOJIBIIUM PACIPOCTPAHEHHEM B ceBepHOH e€ yactu. OHM Tpe/CcTaBlIeHbl KPYIHBIM NPEHMYIIECTBEH-
HO aJaMeJUTUT-TpaHuTHBIM AXyHoBo-Kaparaiicko-IlerponaBnosckum (AKII) apeanom. CMerranHble TeOXHUMUYE-
CKHE TPHU3HAKH, XapaKTepHbIE JUIsi BHYTPUILUTUTHBIX M HaACyOAyKIIMOHHBIX 00pa30BaHM, SBISIOTCS IUArHOCTH-
YECKHMMH M JJISl OTHECEHHS] MarMaTu4eCKUX WHTPY3UH 3TOTO apeiyia K MPOM3BOAHBIM TPAHC(HOPMHBIX 00CTAaHOBOK
30H CKOJIbKeHHS TUToCchepHbIX T [ Xandyk, Maprteiaos, 2011; XonoxHoB u ap., 2009]. I'pannTonansie accoun-
anyu, GOpPMHUPYIOIINE STOT KOMIUIEKC, SBISIOTCS 1100 auddepeHmaraMiu MaHTHHHON 0a3UTOBOM MarmMbl, CBS3aH-
HOU C JiecTpyKuueil HoBOOOpa30BaHHOM KOPHI B 30HE KOJUIM3MOHHO-CABUTOBHIX (pudToreHHbIX) nedopmanmii (ITe-
TPOMNABJIOBCKHH MaccuB, YHCKOOOPCKHUH), 1100 MTPOU3BOJHBIMH JUINTEIFHOTO BOAHOTO KOPOBOT'O aHATEKCHCA Mep-
BUYHO MAaHTHHHOTO CHJIBHO JETIETHPOBAHHOTO cyOcTpara (AXyHOBCKkHi U Kapararaiickuii MaccuBbl). MaccuBbl
KOMILJIEKCa pa3IN4aroTcs M0 BO3PACTy U COCTAaBy TPAHUTOMIHBIX MHTPY3Uil: KanuHaTpoBas cepus — [lerponasios-
ckuii (347+8.6 muH neT) u Yiickooopcekuit (304+4.8); manokanueBas — AxyHoBckuit (306.8+1.8) u Kaparaiickuii
(304+4.8) [Xonoanos u nip., 2009].

Just mopox Gonee ry6unHOrOo Mesoabuccanboro (P . ~4-5 x6ap) Ilerponasnosckoro (rab6po-auopur)-
TPaHOCUEHUT-TPAaHUTHOTO MacCHBa, UCXO/ M3 COCTABOB TMAPOKCHIICOAEP KAIINX TEMHOLIBETHBIX MUHEPAJIOB U ama-
TuTa B padote [XonomHos, 2013], 1aHa OIleHKA UX XJIOPO- U HTOPOHOCHOCTH. ATIATHUT U3 TIOPOJI Tab0pO-THOPUTOBOTO
cocraBa (paHHue (a3bl) IMEET 30HAJbHBIM XapaKTep paclpeaeeHus TaloreHOB B 3epHe: HaOII0AaeTCs TEHICHIINS
noBeienust conepxkanust Cl ot nentpa k kparo (ot 1.05 mo 1.60 mac. % u BbIIe, COOTBETCTBEHHO), IpHU 00pat-
HBIX cooTHomeHusx 1 F ot 2.60-2.90 mac. % B 1eHTpe U, co crnazoM Ha nepudepun a0 2.16 mac. %. Takoit Tum
30HAJIBHOCTH HAKOIUICHMs XJIOpa B arnaTuTe B MPOLECCEe KPHCTAIUIM3AIMK TOpoy rabOpoBOro cocraBa XapakTepeH
JUISL MHOTHX YPaJIbCKUX MacCHBOB C THTAHOMAarHeTUTOBON MUHepanu3aiuei [ XononHos, bynuskos, 2002]: Bomkos-
ckuit Maccus, KyiibacoBckuii u np. MaccuBsl. CieayeT OTMETHTh, 4TO B Tab0po [leTrponasioBckoro mMaccuBa TUTa-
HOMAarHeTHTOBasi MUHEPAIM3alHs IPUCYTCTBYET B 3aMETHBIX KoHIEHTpauusx. [Ipu ¢popmuposanuu Gonee mo3aHei
rab0po-rpaHOCHEHUTOBOM CEpHU MOPOJ COCTAB alaTHTa OTPaXKaeT U3MEHHUBIIMKCS COCTaB MarMaToreHHOTo (JIroH-
Jla, KOTOpBII MeHee oboraieH (TOpoM U Pe3Ko 0T Tab0po K TPaHOCHEHHUTY OOEIHEH XJIOPOM, IPH POCTE KOHLIEHTPa-
unii cynbdarnoit cepel. Conepxanne Cl B anatute MunuManbao 0.01-0.02 mac. %. Conepxanus SO, HapacTaioT oT
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0.01-0.04 mac. % B ra66po u 1o 0.10-0.26 mac. % B rpanocuenure. Takum 06pa3oM, Ha OCHOBE OTHOCHUTEIHHO HEBBI-
COKHX coziepaHui (ropa B anarure 10 2.9 mac. % caenaH BBIBOA O KpaiiHe HU3KOH (TopoHOCHOCTH [leTpomnaBinos-
CKOTO MaccuBa. Takasi U3MEHYNBOCTh B pexXuMe (IIIOMIHBIX JIEMEHTOB-MHHEPAIN3aTOPOB CBU/IETEIHCTBYET O TOM,
YTO (IIIOMIHO-METAJUIOTEHUYECKas CIICIMAIN3alMs MacCuBa H3MEHsIach BO BpeMeHu. J{ist paHHero sTana popMupo-
BaHMS XapaKTepeH XJIopoduibHbIi mapareHesuc pyassix anemenToB (Fe, V, Cu, Zn u 1p.), ¢ BO3MOXKHBIM 00pa3oBa-
HHEM CPEAHETHTAHNUCTOW TUTAHOMAarHETUTOBOM M IIOCTMAarMaTHYeCKOH Kelle30-MeAHO-CKapHOBOM MHHEPAIN3aIiH.
Ha nozgnem 3rare B coctaBe MarMaroreHHoro (urrona HauMHAeT MpeodiaiaTh napareHe3nc cyabQypoduiIbHbIX pya-
HBIX 71eMeHTOB (Au, Ag, Mo, Cu 1 1ip.) ¢ BO3MOXXHBIM (POPMHUPOBAHHEM THAPOTEPMAIIEHOM 30J10TO-CYIbPHUIHON (C
XaJIBKOTIUPUTOM ¥ MOJMOJCHUTOM) MM TTOJIMMETAJUINIECKON MUHEPATH3aLIH.

Axynosckas 1 Kaparaiickast HHTpy3uH 110 BO3pacTy M BELIECTBEHHOMY COCTaBY Hanbosee OJIM3KH K OKpanHHO-
KOHTHHEHTAJIBHBIM 00pa3oBanusiM Cpennero Ypana (mosnHue cepun Bepxucerckoro maccusa u Illapramckas rpa-
HuTHas HHTPY3uA (302 £ 3 murH ner) [[IpudaBkun, [Tymxkapes, 2013])). MaccuBBI aXyHOBO-KaparaiCKoro KOMILICK-
ca MeHee NTyOnHHBIE B cpaBHeHNH ¢ [leTpomnasnoBckoi mHTpy3ueit. x hopmupoBanue nmponcxoausio Ha GoHe crajaa
nmasieHus 10 2.5—1.3 k6ap. [To garaeM [ X0moqHOB 1 ap., 2009] mepBryYHBIE OTHOMICHHUS St B HAaNOOIIEe MO3IHUX Ipa-
HHUTaX UMEIOT IPUMUTHUBHbIC 3HAYCHUS, XapaKTepHbIE TS POM3BOAHBIX MaHTHHHBIX MarM (*'Sr/*6Sr: 0.70414 — st
AxynoBckoro, 0.70411 — ans Kaparatickoro). Xiop Uit anatuTa U APYTHX THAPOKCHICOICPIKAIIIX MIHEPATIOB ATHX
MacCHBOB HE XapaKTepeH. DTO COIIACYIOTCS C SBOJIONMEH MeTauioreHny 3Tux nopos. Conepixkanue ¢propa B anarTu-
TaX yBEJIMYMBACTCS OT TPAHOIUOPHUTOB AXYHOBCKOT0 MaccuBa (2.14-2.90 mac. %) x agameruuT- u rpanuT-nopdupam
Kaparatickoro maccusa (3.0-3.96 mac. %). C poctom dropa ysenuuusaercs conepxanne SO, 1o 0.30-0.45 mac. % B
araTuTax M3 JAaeK aaaMeluInT- U TpaHuT-nopdupos. s anaTuToB U3 paccMaTpUBaeMbIX IUTYTOHOB, Kak M JUIs amna-
tutoB U3 mopox Illapramckoro maccuBa u bepe3zoBckoro Mectopokacenus [KonoBanosa u np., 2013] Habmromaet-
Csl HEKOTOpasl TUCKPETHOCTh, BBIPAXKEHHAs! B PE3KOM YMEHBIICHUH COJIEPKaHHs Cepbl OT LIEHTpa 3epHa K Kpato (0T
0.56 mac. % no 0.10 mac. %, coorBercTBeHHO). Hanbonee Oorarsie cepoii M GTOPOM anaTuThl UMEIOT M CaMbI€ BbI-
cokue comepxkanus SrO mo 1800 r/t. UccnenoBarenu [ XonomgHoB 1 1p., 2009] oTMedaroT HEKOTOPBIA POCT CoepIKa-
nnii KO u Na,0O B Hanbonee KpEMHUCTBIX TOpOZiax B HampasieHuH oT AXyHoBckoro k Kaparakickomy. ITo mHo-
THUM T€OXMMUYECKHM I1apaMeTpaM MacCHBBI ManokanneBol cepur nopon AKII nernmu Ha «TpeH 3BONIIOLUH CO-
craBa nopox Bepxucerckoro (B amatute —*Sr/*Sr = 0.70415-0.70425) u 30notonHocHoro [lapramickoro (B anaru-
te — ¥Sr/*Sr = 0.70440) maccuBoB Ha Cpennem Ypaie [Konosasnosa, XonoaHos, 2014]. TTopoabl MacCHBOB OeTHbBI
Th, U, Nb u Ta, 9T0 oTiIM9aeT MX OT HO3AHEOCTPOBOLYKHOU (BepxHeypanbckoif) n nozaHeoporeHHoN (CTETHUHCKOM)
CepHii MOpoI, ISl KOTOPBIX XapaKTEPHbI O0Jiee BHICOKHE COEPXKaHMUs dTHX TUTO(MIBHBIX PO. s mopox MaccuBOB
CBOWCTBEHHEI HU3KHeE copepkanus Cu u Mo, Ho noBbimennsie Zn u Pb (mo 50 r/t), W(mo 0.85 1/1).

JlaHHBIE 0COOEHHOCTH COCTaBa alaTHUTa JUIs PyAOHOCHBIX MACCHBOB OKPAaHHHO-KOHTHHEHTAJILHOTO THIIA, CIIe-
[IMAJIM3UPOBAHHBIX Ha 30JI0TO€ KBAPLEBO-KWIBHOE OPYAECHEHHE C ILEEIMTOM, SIBISIOTCS THIIOMOP(HBIMHU. Takas
CrHeuani3anys axyHOBO-KaparaiCKoro KOMILIEKCA IOATBEP)KAAETCS IPUCYTCTBHEM KBapLEBOXKMIIBHOM 30J10TO-
IIEeIMTOBOI MUHEpanu3alyei (KBaplesble Uikl BopoHIIOBCKast, AXyHOBCKas U JIp.).

YiickoOGopekuit MaccuB siBisieTcs Hanbosnee mo3nHuM M HaumeHee miyounneiM B AKII apeane (P, ~0.30
kOap). [l rpaHUTOB MaccHBa XapaKTEpHBI OUYCHb HU3KHME INPUMHUTHBHBIC MAaHTHUIHBIC 3HAYEHHS MEPBUYHBIX OTHO-
wenunit ¥’Sr/*6Sr = 0.70404, 4o yKka3pIBaeT Ha OTCYTCTBHE 3arps3HEHUs HCXOIHOW MAaHTUIHON MarMbl KOPOBBIM Be-
mectBoM. ITopons! MaccuBa oboramensl kanmueMm. Copepkanue Gropa B armaTuTax 3aMETHO HIDKE, YEM B IO3THHUX
TpaHUT-TIOPPHPAX aXyHOBO-Kaparaickoro KOMILUIEKCa, 4To coctaBisieT B cpeatem 2.80 mac. %. Coneprkanue xjiopa B
anarurax noebinieno 10 0.14 mac. %. Jlns nopox xapakrepusl Hu3kue copepkanust StO, Na,O u SO,. Ha ocHoBe 1ipu-
BE/ICHHBIX JaHHBIX MOKHO CII€JIaTh BBIBOA O HEOJIIArONMPUSTHOM MPOTHO3€ PyAHOH (B YaCTHOCTH PEAKOMETAIILHON)
MHHEpaIN3aIH, KOTOPasi, BO3MOXKHO, MOIJIa OBITh TEHETHYECKU CBA3aHHOM C 3THM MAaCCHBOM.

W3noxxenHsle THIOMOP(HBIE 0COOCHHOCTH aIllaTUTA IO3BOJIIOT 00CYKIaTh YCIOBHS IIETPOreHe3Hca U MHHEpa-
TEHHUIO PACCMOTPEHHBIX IPAHUTOMAHBIX KOMIUIEKCOB. COCTaB anaruTa oTpaykaeT N3MEHEHHS BO (MIIONIHOM MarMaTy-
YECKOM pPEeKHMeE, KOTOPBIH B CBOIO 0YEpEb, ONPEEINIETCS CMEHOM re0JMHAMHIECKUX 00CTaHOBOK.
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TEOXUMHYECKAS BOJIIOLUS JTOKEMBEPUMCKUX TPAHUTOU/I0B
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Y4uThIBas 3HAYUTEIBHBIA 00bEM aHATUTUYCCKON HHPOPMAIUH, IJIST H3YUYCHHUS TCOXUMHUCCKON IBOIIOIIUH JI0-
KeMOpHICKUX TpaHUTOHI0B YkpauHckoro muTa (Y1) Obuti ucmosip30BaHbl METOAB MATEMATHYCCKOM CTaTHCTUKH.
C 3Tol 1EeNBI0 B PEXKMME METO/IA IIaBHBIX KOMIOHEHT (R-MeTom) ObUT MpoaHaTU3UpOBaH MHUKPOIIEMEHTHBIA CO-
cTaB 13 OCHOBHBIX BHJIOB M PA3HOBUIHOCTEH 3THX MOPOJI, HANOOJIEeE paCpOCTPAHCHHBIX Ha TEPPUTOPUH PETUOHA, a
UMCHHO: TUOPHUTOB, KBAPIIEBBIX THOPUTOB, YHICPOUTOB, YAPHOKUTOB, TPAHOJUOPHUTOB, TOHAIUTOB, IJIATHOTPAHUTOB,
HOPMAJIbHBIX TPAHUTOB, JICHKOTPAHUTOB, TPAHUTOB PAlaKUBH, TPAHUTOB PATAKUBUBUIHBIX, CyOIIEIOUHBIX TPAHUTOB,
rpaHoCHEHUTOB. J1J1s1 (pakTOPHOTO aHAJIM3a HCITOIB30BAIKMCH CPEHUE cofiep kanus 24 xummdeckux 3neMeHToB (Ti, V,
Cr, Mn, Co, Ni, Pb, Zn, Ag, Ga, Ge, Sn, Mo, Nb, Zr, Sc, Y, U, P, K, Na, Li, Rb, F). B pe3ynsrare npoBeiecHHbIX UC-
CJIeZIOBaHMIA OBLTH YCTAHOBJICHBI CIICIYIOIINE 3aKOHOMEPHOCTH I'EOXUMHUYECKOM IBOJIOIIUY TPAHUTOUIHBIX ITOPOJI 10-
keMOpwust Y111, uTo HarISTHO IEMOHCTPUpPYeTCs (PakTOPHOM qrarpaMMon (CM. pUCYHOK). B iepByto ouepeib, mpHBIie-
KaeT BHUMAaHHUE YETKOE Pa3JIeJICHUC TPAaHUTOUIHBIX MTOPOJ] Ha YETHIPE IBOIFOIMOHHBIX MMOPOIHBIX psiaa: 1) sHaepOu-
TbI, TOHAJUTHI, TUIATUOTPAHUTHI; 2) TUOPUTHI, KBapIEBbIE TUOPUTHI, YAPHOKHUTHI, JEUKOTPAHUTHI; 3) TPaHOUOPHUTHL,
HOPMAJIbHBIC TPAHUTHI; 4) TPAHOCUCHUTHI, TPAHUTHI PATIAKUBH, CyOICIOUHBIC TPAHUTHI, PATAKUBUBUIHBIC TPAHUTEHI.
JIBa W3 HHUX, a UMEHHO 3HJCPOUT-TIATUOTPAHUTHBIN M TPaHOCUCHUT-PATAKUBUTPAHUTHBIH, 110 TIETPOCOCTABY OKa3a-
JIUCh MIICHTUYHBIME TeoorudeckumM popmarusm, BeiienacHabiM K .E. Ecumaykom [1988] Ha ocHOBaHMU reosioruye-
CKUX JTAaHHBIX, KOTOPBIC, TI0 PE3yJbTaTaM HAIUX UCCIICAOBAHUN, (PUKCUPYIOT MEPBYIO M TPETHIO CTAJAUU (OPMUPOBA-
HUSI TOKeMOPHIHCKOH KOHTHHEHTAJIbHOW 3eMHOHN Kopbl Y], cormacHo nmpencTaBieHUsIM 3TOro uccienosareis. Bro-
PYIO CTQJIMIO0 TPaHUTOOOpa30BaHUs (YapHOKUT-rpaHuTHYIO, o K.E. Ecumayky), MapKupyroT BBIZICIICHHBIC HAMH TI0-
pozHbBIe 00pa30BaHKs BTOPOTO U TPETHETO IBONIONMOHHBIX PsAM0B. Kak ciemyeTr u3 quarpaMMbl, TCOXUMUYECKAst DBO-
JIOIMSI TPAHUTOUJIOB TIEPBBIX TPEX PSJIOB HANPABIEHA BAONL OCH F, (0 4e€M CBHIETENBCTBYIOT COOTBETCTBYIONINE
TPEHIBI KX MUKPOJJIEMEHTHOTO COCTaBa), a IOpoJl 4€TBEPTOTO psijia B 60JIblIeH CTeneH: NoAKOHTpobHa ocH F . TIpu
3TOM, B CBSI3H C IIEPBBIM (DAKTOPOM, HA JIOIIO KOTOPOTo mpuxoautcs 44 % oOrieid qucnepcuu, BhIICISIOTCS ABE 1MO-
JsIpHBIE acconuanyy semeHToB: 1) Ni
1 ero JIMTO(WIBHBINA CITyTHUK Na Xapak- I
TEPU3YIOTCSI 3HAUUMBIMH TIOJIOXKHUTEINb- 11
HBIMH (haKTOPHBIMU Harpy3kamu; 2) Rb,
K, Sn, Li, Y, Zr, Pb, U, Mo, Ga — 3Ha4u-
MBIMH OTpHIaTeabHbIMU. [lonmspHOCTD i
TaKUX NETPOTCHHBIX 2JIEMEHTOB, Kak Na e ¥
u K, B crpyktype hakropa F, mozsonser _
MHTEPIPETUPOBATE €T0 KakK (aKTop me- G 5o -
TpOXI/IMquCKoﬁ 9BOJIIOLIAN TPAaHUTOUI- 12 ] bl BT 3
HBIX MarMaTH4eCKUX pacliaBoB, MpoOsi- 10
BUBIIIEHCSI HAa TIOPOJHOM YPOBHE B IO-
cJeloBaTeIbHOW CMEHE BBIJICIEHHBIX B

[
=)

Li*
SheeTr *F
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Junarpamma (axkTOpHBIX HArpy3oK H E*
(haKTOPHBIX 3HAYCHUI TPAHUTOMTHBIX TOPOJT 5
VI B koOpAMHATaX MEPBBIX IBYX (PaKTOPOB.

OCHOBHBIC BH/Ibl IPAaHUTOMIHBIX ITOPOA!
1 — nuopuThl; 2 — KBapLEBbIE IUOPUTHI; 3 —
SHIEPOUTHL; 4 — YAPHOKUTHI; 5 — IPaHOJHOPHTEL;
6—TOHAJIUTBIL; 7 —IJIATHOTPAHUTHI; § —HOPMAJIbHbIE

Fl

[ d

rpaHuthl; 9 — neiikorpaHuTbl; /0 — TrpaHUTHI
panakuBu; [/ IPaHHUTHl PAIlaKUBHBHIHBIC; 2
12 — cyOieno4Hble TPaHUTHI; /3 — IPAaHOCHUEHUTBI.

PuMckumu mmbppamMu B KpyKKax 00O3HAauYESHBI
HOMepa IIOPOJTHEIX PSIJIOB. 5
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paspese 3eMHOU Kopbl Y11 rpaHUTONIHBIX PAIOB COOTBETCTBYIOMIECTO IIETPOCOCTABA, PUKCUPYSI, TAKIM 00pa3oMm, de-
THIPEXATAITHBIN XapaKTep Mpolecca IpaHUTOO0Pa30BaHUS HA €T0 TEPPUTOPHH. B TO e BpeMs, K ITOJI0KUTEIEHON Ya-
ctu ocu daxropa F, (29,5 % obmelt aucnepcun) npuypodensl Mn, Zn, Ti, Ge, P, V, Co, Ag, Sc. DnemenToB co 3Ha-
YUMBIMH OTPHLATEIHHBIME (PaKTOPHBIMU HATPy3KaMHU, BXOISIIAMH B CTPYKTYPY 3TOro (akTopa, HeT. TpakTroBka (ak-
TOpa 2 HEOJHO3HAYHA, HO CKOPEe BCETO OH OTPAKaeT MEPBUYHYIO TCOXUMUICCKYIO CIICIHANTNA3AIUI0 HCXOIHBIX 00pa-
30BaHHM.

BrlsBiieHHOE B pe3ynbrare MPOBEICHHBIX MCCICIOBAHUI pa3/ieleHNe TPpaHUTOMIHBIX MOPOA Ha OTICIbHBIC
MTOPOA3BOIONIMOHHBIC TPYIIIBI CBHICTEIBCTBYET, UTO, B IIeJIOM, B TokeMOpun Y11 nmponsonuio yeTkipe, a He TPH, CO-
rnacHo [Ecumayk, 1988], Oonpnmmx stamna (Meranukiia) UX CTAHOBICHHS C IOCICIOBATEIHFHON CMEHOH BEIleCTBEHHO-
TO COCTaBa TPAHUTOUAOB BO BpeMEHH. [Ipy 3TOM TPaHUTOUABI MIEPBBIX TPEX IMOPOTHBIX PAIOB, XapaKTEPU3YFOIINX-
s Ha (paKTOPHOU TarpaMMe cyOmapaieIbHbIMA BEePTUKAIbHBIME TPEHAaMHU, SBISIOTCS poaykramu auddeperiu-
aru 0ollee «IIPUMHUTHBHOTO» TPAHUTOUIHOTO MarMaruiMa, IeTPOXUMUIECKH M TEOXUMHYECKH 3aBHCUMOTO OT Be-
IIECTBEHHOTO COCTaBa cyOcTpara. B memom, mosiBieHre 3THX TOPOIHBIX 00pa30BaHUA CBSI3aHO C T€0CHHKIHHATBHBIM
JTAIOM Pa3BUTHS 3€MHOM KOPBI pETHOHA B JOKeMOpHH. B To ke BpeMs CyIeCTBeHHOE U3MCHEHNE OPUEHTALINH TPECH-
Jla TIOPOJ] YETBEPTOTO 3BOIIOIIMOHHOTO psifa (Tox Ooliee TYMBIM YIJIOM K MEPBEIM TPEM) YKa3bIBacT Ha IEPECTPOi-
Ky CTPYKTYypHOTO IUIaHa 3eMHOM Kopbl YIII Ha pyOeke mepexofa OT T€OCHHKIMHAIBLHOTO dTala ee pa3BUTHs K Cyo-
IaT(POPMEHHOMY U TIATGOPMEHHOMY C YETKO BEIPA)KEHHBIM HHTPY3UBHBIM MarMaTu3MoM. BrIsSBIIEHHAs STaITHOCTh
B MPOSIBIICHUY TPAHUTOUJTHOTO MarMaTu3Ma B JOKEMOPHUH HCCIIEIyeMOTr0 PerHoHa HHTEpECHA C TOUYKU 3PCHHS MEeTa-
JUIOTEHHH €T0 TMTOPOIHBIX IPOU3BOIHBIX, TOCKOIBKY ATO IMO3BOJAET O0JIee YBEPEHHO IPOTHO3HPOBATH BEISBICHHE CO-
OTBETCTBYIOIIMX TUIIOB YHOTCHHOTO OPYACHEHHUS B 3aBUCHMOCTH OT X IIETPOCOCTABA.
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SBOJIIOLIUSI TPAHUTOUIOB KAJIBA-HAPBIMCKOI'O BATOJIUTA
(BOCTOUYHBIN KA3BAXCTAH)

ILJ. Koraep"?, C.B. Xpomsix"?2, H.H. Kpyx', A.I. Bnagumupos'%, O.B. HaBo30s’

'Hnemumym 2eonozcuu u munepanoeuu um. B.C. Coboresa CO PAH, Hosocubupck, Poccus
’Hosocubupckuii cocyoapcmeennuiii yuusepcumem, Hosocubupck, Poccust
3TOO «leonoecopaszeedounas xomnanus « Tonazy, Yemo-Kamenoeopck, Kazaxcman

Kan6a-HapbIMcknii rpaHUTOMTHBII OATONNT, pactoNoXeHHbIH Ha TeppuTopun Boctounoro Kazaxcrana, npen-
CTaBysieT co0OW OAMH M3 KPYMHEHIINX MHTPY3MBOB Ha TeppUTOpHH LIeHTpanbHO-A3HaTCKOTO CKJIa4aToro mosca.
Bartonut sBnsieTcs BakHeHIIEH YacThi0 ANTaiiCKOM KOJUTH3UOHHON CHCTEMBI, C(HOPMUPOBAHHOW B IMO3THEM MAJIC030¢
npu koutu3uu Cudupckoro u Kazaxcranckoro koHTHHEHTOB [Bycno u ap., 2003; Bnagumupos u mp., 2003]. TTopo-
JIbl 0aTONIMTa TPOPHIBAIOT JIEBOH-KaMEHHOYTOJIbHBIE oTIIOKeHHs1 Kanba-HapeiMckoro Teppeiina, KoTopblit HHTEpIpe-
TUpYeTCcs Kak npeyryroBoii 6acceiin. C ceBepo-Bocroka Kanba-Hapeivcknii 6aroiut orpanuuer Mpreinickoit capu-
TOBOH 30HOI1, KOTOpast SIBJISETCS KPyIMHEHIITMM TPaHCPETHOHAIBHBIM pa3iioMoM B LleHTpanbHOit A3ui.

I'panntonnsr Kanda-HapeiMckoro 6aronnTa JaBHO MPHBIEKAIOT 0cOOC BHUMaHHE MCCIIEIOBATENIEH B CBSI3H C
pa3paboTKoil OoraThixX peaKoMeTaTbHBIX MecTopoxaeHuil (Li-Rb-Cs, Ta-Nb, Sn-W). OcHOBBIBasICh Ha JI€TaTbHBIX
TEOJIOTMYECKUX MCCIIEI0BAHMUSIX B3aMMOOTHOILICHN I TPAHUTOHIOB Pa3JINYHBIX TUIIOB, OBLIO YCTaHOBJIEHO 3HAYNTENb-
HOE pa3zHooOpasue, caaralonx 0aToMT MarMaTH4ecKuX KOMIUIEKCOB, a o01iee BpeMs ero popMHUpOBaHNUs OLICHUBA-
nock B uHTepBase moutu 100 mtH et [JlonataukoB u ap., 1982; JIbsukoB u ap., 1994; llep6a u mp., 2000].

B nocnenHue rozel, B paMKax reojorn4eckoro 1ou3ydeHus repputopun Bocrounoro Kazaxcrana, Obutn moy-
YeHBI HOBBIE T€OJIOTHUECKHE, eTpoornueckue, Ar/Ar u U/Pb reoxpoHonorniyeckne JaHHbIE 0 BHYTPEHHEMY CTPO-
€HHIO M Bo3pacTy rpanuronnioB Kanba-Haprimckoro Garonuta. B crpoeHnu GatoynmTa BBIAEICHO MSATh TPAaHUTOU/-
HBIX KOMIUTeKkcoB [HaBo3oB u ap., 2011]. HanbGonee panHue — KyHYIICKHIA W KaJITyTHHCKHUH, ITOPOABI KOTOPBIX Cia-
rafoT MEJIKHE eIMHUYHbIEC THITa0uccaibHbIe MACCHUBBI, BYJIKAHUYECKUE U BYJIKaHOJIITYTOHHYECKHE CTPYKTYPHI, a TaK-
K€ JIaKOBBIE T0sica CeBEepO-3a1aHoro npoctupanus. OHM NpecTaBIeHbl OMOTHTOBBIMY IJIArMOTPaHUTAMH (KYHYIII-
CKHI KOMIUIEKC), Kani-HaTPOBBIMH I'PAHOIMOPUTAMHI U TPAHUTAMH, JalUTaAMHU ¥ PUOAAIUTAMH (KaJITyTHHCKUI KOM-
wiekc). OcHoBHOU 00beM (okoio 70 %) Kanba-HapeiMckoro 0aTomuTa ciiararoT mopojbl KajJOWHCKOTO KOMILIEKCa,
(hopMupyrolHe KpymHbIe IIacTo00pa3Hble MaCCHUBBI MOIIHOCTBIO 710 2—3 KM, CIIO)KEHHbIE OMOTHTOBBIMHU T'PaHOIM-
opuTamMu, OMOTHUTOBBIMHU U JIBYCIIONSHBIMU TpaHuTaMu. C rpaHUTaMM KaJIOWHCKOTO KOMIUIEKCA TPAJUIIMOHHO CBS-
3BIBAIOTCSI TTOJIS1 M TI0sICA PEAKOMETAIUIBHBIX TPAHUTHBIX ETMaTUTOB, (JOPMHUPYIOIINX KPYIHbIE MECTOPOXKAeHUS Li,
Be, Cs, Ta u Nb. HauGosnee mo3nHIMH SBISIOTCS OPOIBI MOHACTBIPCKOTO M KAWHMHCKOTO KOMITJIEKCOB, (POPMUPY-
IOIINE LETOYKY KPYIHBIX CAMOCTOSITEIbHBIX N30METPHYHBIX MACCHBOB TI0 FOro-3anagHomy Quanry 6aromura. MoHa-
CTBIPCKHH KOMIUIEKC MPEICTABIEH JBYCIIOISIHBIMU IPAaHUTAMH M JISHKOTpaHUTaMH1, KAUHJMHCKUH — ITOP(OUPOBUIAHBI-
MU OHMOTUTOBBIMH I'PaHUTAMHU.

[TonyueHHble B TOCIEAHUE TOABI HOBBIE T'€OXPOHOJOTHYECKHE AaHHble 1o Bocrounomy Kaszaxcrany (26
“A1/* Ar natupoBok U st U-Pb 1aTHPOBOK MO BCeM TPaHUTOMIHBIM KOMIUIEKCAM, PUC. 1.) MO3BOJISIOT OMPEICTHTh
MaKCUMaJIbHBIH MHTEpBall ()OPMHPOBAHUS TPAHUTOUIHBIX KoMIUlekcoB Kanba-Haprimckoro 6aronura B ~ 30 MiH.
JIET, OT MO3/JHET0 KapOoHa 70 TpaHuIlbl paHHeH u cpenHeil nepmu (305275 miH. aet) [Kotnep u ap., 2014]. I1pu stom
TIOJyYeHHOE JJIsl TPaHUTOB MOHAcThIpckoro komiuiekca U-Pb MeTonom mo mupkoHaM 3HadeHHe Bo3pacta B 284+4
MJIH. JIET O3BOJISIET MPEATOJIaraTh BEPXHIO BO3PACTHYIO TpaHuIly (POPMUPOBAHUS T'PAHUTOUIOB KaJOMHCKOTO (ci1a-
TaroIruX OCHOBHOU 00beM OaTonmuTa) U 00JIee PAaHHUX KOMILUICKCOB He mo3nHee 280 MITH. JIeT.

IepBrie nomyuennsie Sm-Nd uzoronusie qanHble [Kpyk n ap., 2007] mo3BoimiIm ycTaHOBHUTH, YTO T'paHU-
TOW/BI KaJOMHCKOTO M MOHACTBIPCKOTO KOMIUIEKCOB MMEIOT MPOMEXKYTOYHBIE U30TOIHBIE XapaKTEPHUCTHKH MEXIY
noponamMu Metaba3uToBoro ocHoBanusi Kanba-HapeiMckoro TeppeliHa v BBIOIHSIONIMMH €T0 0CaI0YHBIMH TONIIA-
MH, NpUONMKasCch K mocieqHUM. B HacTosmielt pabore aBropamu mosxydeHsl HoBble Sm-Nd qaHHbBIe, TOATBEPKIA0-
IIMe paHee BBICKa3aHHBIC MPEIOIOKEHHS U ITO3BOJISIOIINE YCTAHOBUTH OCHOBHBIE YEPTHI IBOJIIOLUK TPAHUTONUIOB
Kanba-Hapsimckoro 6aromnura (puc. 2).

Jnst narnorpaHuToB KyHYIICKOTO KOMIUIEKCA yCTaHOBIeHbI napameTpbl eNd(t) =+6.7, T = 525 MiH JieT, uTo
nonTBepkaaeT (GOPMUPOBAHUE ITUX MOPOJ] U3 CHIBHO JIETUIETHPOBAaHHOTO MCTOYHHKA, PEITOIOKHUTENBHO U3 (par-
MCHTOB MAJICOOKEAaHNUCCKOM KOPBI, 3aJieraroiux B ocHoBanuu Kanba-Hapemmckoro Teppeiina [Kpyk u mp., 2007]. Io
Px-Hbl-rpaHomuopuTaM KaJryTHHCKOTO KOMIUIEKCa OBUTH MOYyYeHBI OoJiee HU3Kue comepxanus eNd(t) = +3.33-3.44,

Ty = 795804 MITH IET., 4TO CBUAETENLCTBYET 00 y4acTuu B JOPMUPOBAHUHU TPAHOIAMOPUTOB ITOTO KOMILIEKCA 0Ca-
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Puc. 1. CBozka BO3pacTHBIX JaHHBIX 0 rpaHuTtongaM Kanba-Hapeimckoro 6aronura. CepbiM OHOM MOKa3aHBI IPHHATHIE
paHee MHTEpBaJIbl (HOPMUPOBAHHS MarMaTUYECKUX KOMIUICKCOB. [IyHKTHPOM MPOBE/ICH MpEANoiaraeMblil BO3paCTHOW MHTEpBal
(hopMHpOBaHUS TPAaHUTOUAOB OATOIHTA.

JIOuHBIX 1 MeTamopduueckux nopoxn Kanbda-Hapeivckoro teppeiina. J{ist rpaHUTOMIOB KalOMHCKOTO KOMILIeKca, (hop-
MHPYIOIIMX OCHOBHYIO YacTh 0aTouTa, 5TH XapakKTEPUCTUKK M3MEHSAIOTCs unteppane eNd(t) = +0.92-2.07, T, . =
=904—-1006 muH JieT 1 OJIM3KHU K IOKA3aTeISIM 0CaJ0YHO-METaMOPPHUISCKUX TOJIII. MI30TOMHbIE XapaKTEPUCTUKH TIOPOT
KYHYIICKOTO, KaJI'yTHHCKOTO ¥ KaJIOWHCKOTO KOMILJIEKCOB MO3BOJISIIOT TTOJTBEPIUTh PaHee CleNaHHble BhIBOABI [Kpyk u
ap., 2007] o popMEpOBaHUK TPAHUTOMIOB B PaMKax IMOCTEIEHHOIO MOAbeMa (PPOHTA TPAHUTOOOPA30BAHMUS — OT TIOPOT
okeaHnueckoro ocHoBanus Kanba-HapbeiMckoro teppeiiHa (KyHYLIICKHI KOMIUIEKC IIarHOIPAHUTOB) U «THOPHIHBIX)»
MIOPOJ] CO CMELTAHHBIMU HCTOYHUKAaMH (KaJITy THHCKHI KOMILIEKC), 710 00pa30BaHKsi OCHOBHOM YacTu 6aTosuTa (KanOuH-
CKHIi KOMILJIEKC) 32 CUET IUIABJICHUSI 0CaI04HO-MeTaMOp(hOreHHbIX Toi. [Ipr 37TOM BO3MOKHO CHHXPOHHOE (pOpMUPO-
BaHHUE MOPOJI KYHYIICKOTO M KaJI'yTHHCKOTO KOMIUIEKCOB 32 CYET Pa3HbIX HCTOYHHKOB.

Jlist MeKOTpaHUTOB MOHACTBHIPCKOTO KOMIUIEKCA HaOomaeTcsi yBenudenue 3HaueHuit eNd(t) = +3.50-4.32,
Tpoyag = 704=773 mutn siet, 4TO GJIM3KO K 3HAYEHMAM [JIs KAJITYTHHCKOTO KomIuiekca. [Ipoueccel muddepenumnanuu
IPaHUTOMJIOB KaJOMHCKOTO KOMIUIEKCA MOIIH TPHBECTH K (DOPMUPOBAHUIO TPAHUT-JICHKOTPAHUTOB MOHACTHIPCKOTO
KOMILJIEKCA, HO TIPH 3TOM MX M30TOIHBIE XapaKTEPUCTHKH HE U3MEHUIINCH WM YMEHBUIMINCH OBl IO HYJIEBBIX H OT-
pHLIATENbHBIX 3HaUCHUH. YUYHUTBIBAs, YTO MacCHBBI I'PAHUTOHJOB MOHACTHIPCKOTO KOMILIEKCA CJIaratoT KpYIHbIE ca-
MOCTOSITEJIbHBIE HHTPY3UH, MOXKHO TIPEIIOIararb, YTO WX MOSBICHUE SBUIOCH PE3YJIBTATOM HOBOTO MMITYJIbCA DH-
JIOTEHHOH aKTUBHOCTH C IMOBTOPHBIM MporpeBoM ocHoBaHusi Kanba-HapsiMckoro TeppeiiHa U BOBJIEUEHHEM €ro Be-
IIECTBA B IPOLECCHl IpaHnTOOOpa3oBanus. DopMUpOBaHHE TPAHUT-JICHKOTPAHUTOB IIPU 3TOM OBLIO CBSI3aHO C TIepe-
TUIABJICHUEM PECTUTOB OT BBIIUIABJICHUS MPEABLIYIIMX IPAHUTOUIHBIX KOMIUIEKCOB HJIH TUIABICHUEM JISHKOCOM MHT-
MaTUTOB B OCHOBaHWM TeppeliHa. Hanbonee mo3mHue rpaHuThl KanHAMHCKOrO KoMIiuiekca umeror eNd(t) = +1.60,
TDM-2st = 931 MJIH JIeT, 4TO CBHIETENBCTBYET O MX ()OPMHUPOBAHUH 32 CHET TeX K€ 0CaT0YHO-METaMOP(POTreHHBIX
TOJIII, YTO U KaJOMHCKOTO KOMITJIEKCa.

Hcxopst U3 MOMYyUYSHHBIX TEOXPOHOJIOTMYECKUX M H30TOMHBIX JIAHHBIX, MOXHO TPE/IIOJIOKUTh, 4TO (POPMHUPOBA-
nue Kanba-HapeiMckoro 6atonuta mpoxoauio B aBa stamna (300-295 muH. jet u 285-280 MIH JIeT), KaKIbIi U3 KO-
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Puc. 2. [marpamma “Bospact — 10
eNd(t)” mnsa nmopon Kanba-Hapeivckoro rpa-
HHUTOMIHOTO 0ATONHTA. 8

1 — MIaruorpaHyUThl KYHYIICKOTO KOMILIEK-
ca; 2 — TPaHOAMOPUTHI KaITYTHHCKOTO KOMIUIEKCa; 6
3 — rpaHuThl KaIOMHCKOTO KOMILIEKca; 4 — JIEHKO-

TPAHUTBI MOHACTBIPCKOTO KOMILIEKCA; 5 — IPaHUThI 4
KauMHJIUHCKOT'O KOMIIJICKCA.
2
TOPBIX OBUI MHUIMHPOBAH TIyOMHHBIMH = 0 wrs s
SHJIOTEHHBIMH TIPOLECCAMH C IUIABICHA- o

€M MeTaba3uTOBOTr0 OCHOBAHUSI TeppeiiHa 2
Y MOCJISYIOIIUM HoIbeMoM (ppoHTa rpa-

HUTOOOpPa30BaHMA. DTOT BBIBOJ COTJIACY- -4 1

€TCsI C TIOATBEP KICHHBIMH ABYMsI ATaIla- 6 |

MU 0a3UT-yIbTPaba3uTOBOIO MarMaTH3-

Ma Ha Tepputopuu Bocrtounoro Kazax- -8

cTa"a ¢ (OopMUpPOBAHHEM CyOIIEIIOYHBIX

rab0pou1oB aprumM0OaiCKoro KOMIUIEKCa -10 100 200 300 200 500

(29342 MiH NI€T.) U MUKPUTOUJOB MaK-
cyTckoro komriekca (280+2 MuH JnerT.)
[Xpombrx u gap., 2013]. AHanmoruvHble
3Tambl YHJOTCHHOW aKTHBHOCTH OTMEUAIOTCSl TEOXPOHOIOTHUECKHUMHU UCCIICI0BAHUSIMU TaO0POUIHBIX M TPAHUTOU/I-
HbIX KoMILTeKcoB CeBepo-3anaanoro Kutas, BIsSIOMINXCS 0XKHBIM MPOIOJDKECHUEM Fe0JIOTMYeCKUX CTPYKTYp AJTaii-
ckoii koyut3noHHO# cucteMbl (300-280 muta et [Chen et al., 2010]).

[upokoe mposiBieHne pa3HOOOPa3HOTO MarMaTi3Ma B KOPOTKOM BPEMEHHOM MHTEpPBAJIe CBUIETENILCTBYET O Mac-
1mtabHOM MporpeBe JIUTOC(epbl FKHON YacTh L[eHTpaibHO-A3HATCKOTO CKIIQIYATOrO M0sICa B PE3yJIbTare BO3/ICHCTBUSL
Tapumckoro ManTHitHOTO TUTIOMa [Bopucenko u ap., 2006; {o6petoB u ap., 2010]. Hameuennsle aBa dTamna 3HI0TCH-
HOI aKTHBHOCTH, B pe3yJIbTaTe KOTOPBIX Mpou3o1iuio popmupoBanue Kanda-HapsiMckoro rpaHUTOMIHOTO 6aTOIUTa MO-
TYT OBITH OOBSICHEHBI C TIO3UINI MOJIENN B3aUMOICHCTBIS TEPMOXUMHUUECKHX TUTFOMOB ¢ JTuTocdepoii [[obperos u mp.,
2010], cormacHo KOTOPO# paHHWH M TIO3THHE ATAITBI TOTO B3aUMOJCHCTBUS pa3ieieHbl HHTepBaIoM B 10—15 MutH Jier,
00yCIIOBIIEHHBIM BPEMEHEM pEeaKIny BsI3KOH Tyromaskoi aurochepst. [Ipumenntensao k Kanba-Hapemckomy 6ato-
JIMTY B TEUEHUE PaHHEro 3Tarna ObUIM COPMUPOBAHBI TPAHUTOUIBI KYHYIICKOTO, KAJTYTHHCKOTO U KAIOWHCKOTO KOM-
TUIEKCOB, a yepe3 10—15 MitH. JieT — rpaHUTOM bl MOHACTHIPCKOTO M KAWHTHHCKOTO KOMILIEKCOB.

Paboma evinonnena npu gunarncosoii noooepaicke Ilpesuduyma CO PAH (npoexm napmuepckux ghynoamen-
manvhouix uccredosanusi Ne 17), Cogema no epanmam Ilpesudenma P® no noodepiicke MOIOObIX YieHbIX — KAHOUOA-
moe Hayk (npoexkm MK-1753.2012.5).

T, MJH JeT
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Kalba-Narym granitoid batholith, located on the territory of Eastern Kazakhstan, is one of the largest intru-
sion on the territory of the Central Asian Orogenic Belt (CAOB). Batholith is an important part of the Altai Collision
System, formed in the late Paleozoic collision between Siberian and Kazakhstan continents [Buslov et al., 2003;
Vladimirov et al., 2003]. Batholith rocks intrude Devonian-Carboniferous sediments of Kalba-Narym terrane, which
is interpreted as a forearc basin. From the northeast Kalba-Narym batholith is bounded by Irtysh Shear Zone, which is
the largest transregional fault in Central Asia.

Granitoids of Kalba-Narym batholith attracted particular attention of researchers in relation to the development
of rich rare-metal deposits (Li-Rb-Cs, Ta-Nb, Sn-W). Based on detailed geological studies of granitoids relationships,
it was found a significant variety of composing batholith magmatic complexes, and the total time of its formation was
assessed in the range of almost 100 million years [Lopatnikov et al, 1982; D’yachkov et al, 1994; Shcherba et al, 2000].

In recent years, within the additional geological exploration of East Kazakhstan was received new geologi-
cal, petrological, Ar/Ar and U/Pb geochronological data of the internal structure and age of Kalba-Narym granitoid
batholith. Kalba-Narym granitoid batholith is composed of rocks of five intrusive complexes [Navozov et al., 2011].
The earliest complexes are Kunush and Kalguta complexes, which compose small hypabyssal massifs volcanic and
volcanoplutonic structures and northwest trending dike belts They are represented by biotite plagiogranites (Kunush
complex), potassium-sodium granodiorites and granites, dacite and rhyodacite (Kalguta complex). The main part (ap-
prox. 70 %) of Kalba-Narym batholith is presented by rocks of Kalba complex, forming large massifs up to 2-3 km
thickness, composed of biotite granodiorite, biotite- and two-mica granites. Kalba granites associate with the forma-
tion of the fields and zones of rare metal pegmatites, forming large deposits of Li, Be, Cs, Ta and Nb. The youngest
rocks of batholith are the rocks of Monastery and Kainda complexes, which form chain of large isometric massifs on
the south-western side of the batholith. The Monastery complex is represented by leucogranites and two-mica gran-
ites, Kainda - by porphyritic biotite granite.

Obtained in recent years new geochronological data (26 “*Ar/*Ar ages and 5 U-Pb ages) allow us to determine
the maximum interval of granitoid complexes formation in ~35 million years, from the Late Carboniferous to the bor-
der of Early and Middle Permian (310-275 million years, see Fig. 1). [Kotler et al., 2014]. Obtained 284 + 4 Ma for
the granites of the Monastery complex suggests the upper limit of the formation of Kalba complex granites and earlier
complexes not later than 280 million years.

The first results of Sm-Nd isotopic investigation [Kruk et al., 2007] have allowed to establish, that the granitoids
of Kalba and Monastery complexes have intermediate isotopic characteristics between rocks of Kalba-Narym terrane
metabasic basement and its sedimentary strata, closer to the latter. In the present work the authors have obtained new
Sm-Nd data confirming the earlier assumptions and allowing to establish the main features of the evolution of Kalba-
Narym batholith granitoids (see Fig. 2).

For plagiogranites of Kunush complex defined parameters eNd (t) = +6.7, T, , . = 525 Ma, which confirms the
formation of these rocks from strongly depleted source, presumably from fragments of paleooceanic crust, lying at
the basement of Kalba-Narym terrane [Kruk et al, 2007]. On Px-Hbl-granodiorites of Kalguta complex were obtained

lower content of eNd (t) = +3.33-3.44, T . = 795-804 Ma, that indicating involvement in the granodiorite complex
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Fig. 1. Summary of age data on granitoids of Kalba-Narym batholith. Gray background shown previously adopted intervals
of magmatic complexes formation. Dotted lines show the age limits of Kalba-Narym batholith formation.

formation of sedimentary and metapelitic rocks. For Kalba complex granitoids, forming the main part of the batholith,

these characteristics vary in interval eNd (t) =+0.92-2.07, T

s = 204-1006 Ma and close to sedimentary-metamor-

phic rocks. Isotopic characteristics of Kunush, Kalguta and Kalba complexes rocks allow to confirm previous conclu-

sions on the granitoids formation [Kruk
et al., 2007] as a result of gradual lift-
ing of granite-formation front — from the
oceanic basement rocks of Kalba-Narym
terrane (Kunush plagiogranites complex)
and “hybrid” rocks with mixed sources
(Kalguta complex), to the formation of the
batholith main part (Kalba complex) by
the melting of sedimentary-metamorphic
rocks. It is possible the synchronous for-
mation of Kunush and Kalguta rocks com-
plexes due to different sources.

For leucogranites of the Mon-
astery complex there are an increase
of this values eNd (t) = +3.50-4.32,

Fig. 2. Diagram "Age - eNd (t)" for rocks
of Kalba-Narym granitoid batholith.

Legend: [ - plagiogranites of Kunush
complex; 2 — granodiorites of Kalguta complex;
3 — granites of Kalba complex; 4 — leucogranites of
Monastery complex; 5 — granites of Kainda complex.
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Tovne = 704=773 Ma, which is close to the values of Kalguta complex. Kalba complex granitoids differentiation
processes could lead to the formation of granite-leucogranite of Monastery complex, but their isotopic characteristics
should not have to change or would be reduced to zero and negative values. Since granitoid massifs of Monastery
complex compose large independent intrusions, we can assume that their appearance is the result of a new pulse of
endogenous activity with repeated heating of the Kalba-Narym terrane basement and with involvement in granite-
formation processes of its material. Granite-leucogranite formation was associated with remelting of restites from
previous melting or melting of leucosomes of migmatites in the basement of the terrane. The most recent granites of
Kainda complex have eNd(t) = +1.60, T =931 Ma, indicating that they are formed from the same sedimentary-
metamorphic strata as Kalba complex.

From received geochronological and isotopic data, it can be assumed that the formation of the Kalba-Narym
batholith was held in two stages (300-295 Ma and 285-280 Ma) each of which was initiated by the deep endogenous
processes with the melting of metabasic basement of terrane and subsequent rise of granite-formation front. This
finding is consistent with two phases of basic-ultrabasic magmatism in the Eastern Kazakhstan, which was accompa-
nied by the formation of sub-alkaline gabbros of Argimbay complex (29342 Ma) and picritoids of Maksut complex
(280£2 Ma) [Khromykh et al., 2013]. A similar process of endogenous activity are marked by geochronological stud-
ies of gabbroic and granitoid complexes of the Northwest of which is the southern continuation of geological struc-
tures of the Altai Collision System (300—280 million years [Chen et. al., 2010]).

Wide development of diverse magmatism in a short time interval indicates the largescale lithosphere warming
of southern part of the Central Asian Orogenic Belt as a result of the Tarim mantle plume influence [Borisenko et al,
2006; Dobretsov et al, 2010]. Identified two stages endogenous activity, which have led to the formation of Kalba-
Narym granitoid batholith, can be described from the position on the model of interaction between thermochemical
plume with lithosphere [Dobretsov et al., 2010], according to which the early and late stages of this interaction are
separated by an interval of 10—15 million years, due to the reaction time of the viscous refractory lithosphere. Applied
to the Kalba-Narym batholith during the early stages were formed granitoids of Kunush, Kalguta and Kalba com-
plexes and after 10—15 million years - granitoids of Kainda and Monastery complexes.

This work was financially supported by the Presidium of the Russian Academy of Sciences (Basic Research
partner project Ne 17), the Council for Grants of the the Russian Federation President for supporting of young scien-
tists — PhD (Project MK-1753.2012.5).
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Ar-Ar U3OTOITHOE JATUPOBAHUE PEJKOMETAJIJIBHBIX IIETMATUTOB
KAJIBA-HAPBIMCKOI'O BATOJIUTA (BOCTOUYHBIN KA3AXCTAH)

ILA. Koraep'?, C.B. Xpombix"?2, C.3. Cmupnos"?, B.A. JIbaukos®, A.B. Tpasun', A.I. Baagumupos':?
A.C. IOauu!, H.H. Kpyx!

"Hucmumym 2eonozuu u munepanozuu um. B.C. Cobonesa CO PAH, Hosocubupck
’Hosocubupckuii 2ocyoapcmeaennuviil yhusepcumem, Hosocubupck, Poccust
’Bocmouno-Kasaxcmanckuil 20cy0apcmeeHtblil MexHUu4eckull yHueepcumen,

2. Yemo-Kamenozopck, Kazaxcman

Kan6a-Hapsimckuii rpannTonansnii 6aronut B Bocrounom Kazaxcrane, mpencrasiset coboi onuH U3 KpyIHEH-
IIMX MHTPY3HUBOB Ha TeppuTopuH LlenTpansHo-A3uarckoro ckiaguaroro nosca. C rpanurogqunamruKanba-Hapsimckoro
GaronmTa CBSI3aHBI KpyMHBIEpeaKoMeTauibHbIeMecTopokaenHus (Ta-Nb,Li-Rb-Cs, Sn-W).Hanbonee BaxHbIEH3 HUX
MPEACTaBICHBl KPYIHBIMH KIJIAMH PEIKOMETAUTFHBIX NErMaTUTOB ¢ OOTaTOMINTHEBOH, IIe3UEBOM, OJOBIHHOU H
TaHTaJI-HHOOMeBoMuHepanmn3anueii (bernoropckoe, FOOmeliHoe 1 npyrue MECTOPOKICHIS).

OCHOBBIBasiCh Ha TECHOH NPOCTPAHCTBEHHOH MPHUYpPOYCHHOCTH, (POPMUPOBAHHE DPEAKOMETALILHBIXMECTO-
POXIIEHHHA CBSA3BIBAIOT ¢ TpaHuTOMAaMulda3sl KaTOMHCKOTO KOMIUIEKCA, CIAralolIIMHOCHOBHOH O00BEM HHTPY3UB-
HbIX iopon Kanba-Hapsimckoro 6aromura [Ilymko, HaBozos, 2010; Hdpsukos, 2012]. Cormacuo nocnenuanm U-Pb
M30TOITHO-TEOXPOHONIOTHUECKUM HccienoBanmsiM [Kotnep u ap., 2014], Bo3pact GopMupoBaHUs OMOTHUTOBBIX MOP-
(hUPOBUAHBIX TPAHUTOB, PACCEIEHHBIX PYIOBMEIIAIONTIMH KHIAMU PEAKOMETAIIIPHBIX IETMATUTOB MECTOPOKICHHS
Kpacusriiit Kopaon, pasen 300 + 3 mutH ser.

B nokmane mpeacTaBieHs! pe3ynsTarhl epBbiX °Ar/* ArnzotomHbix uccienosanuii (10 1aTHPOBOK MO MYCKO-
BUTY U JICTIHAONIUTY) PEAKOMETAIIFHO-TIErMaTHTOBEIX MecTopokaennit Kpacuenii Kopmon, IO6uneiinoe, bemorop-
CKOe€, MPOBEAEHHBIX aBTOPAMH, a TAKXKe IPEACTaBICHA HX HHTEPIIPETAIIHS.

Mecmopoowcoenus Kpacuwiii Kopoon u FObunetinoe paccMaTpuBaloOTCs B COCTaBe ACyOyIIakCKOTO PyIHOTO MO,
MPUYPOUYCHHOTO K KpyITHOMY porudy kposiu Tactioomuackoro u [Ipuupreimckoro MmaccusoBKan6a-Hapemvckoro Oa-
ToNHTa. BMemaromuMy mopogaMu i peIKOMETaUIbHBIX TIETMATHTOBBIX JKUIT SBJISTIOTCS KPYITHO3EPHUCTEIE TOpdu-
POBHIHBIE OMOTUTOBBIE IPAHUTHI KaJIOWHCKOTO KOMITIeKca. MeCTOpOXK/IeH!US TPEeACTAaBICHBI CHCTEMaMH CyOITHpPOT-
HBIX TIETMaTUTOBBIX K JiMHOHK 0T 150 10 1000 M., ipu cpenHelt MOIHOCTH 2—6 M.

Ha mecropoxaennn KO6uneiinoe usz mermarutoB ¢ Li-Cs-Ta-Nb munepanuzanueii s “*Ar/*° Aru3oTomnHoro
JATHPOBAaHUAOBIIM OTOOPAaHBI JBE MOHO(PAKIUHM JIEHIONNTA W OJHA MOHO(PAKIUS MYCKOBHUTAa U3 albOWT-
JIETUOIUTOBOTO KOMIUIEKCA CO CIIOIyMEHOM M LBETHBIM TyPMAJIMHOM, IT0 KOTOPBIM OBUTH IOJTyYeHBI CIIEIYIOIINE
Bo3pacTta: 295 £+ 4 muH net (Ms), 292 + 4 mun net (Lpd), 288 £+ 3 mua net (Lpd).

B npenenax mecropoxnenust Kpacusiii Kopon onpo6oBaHo /1Ba Tea merMaTuToB, OTHO U3 KOTOPBIX XapaKTepH-
3yercs Li-Cs-Ta-Nb cnenmanu3zanueii u sBisieTcss Hanbosee MpeICcTaBUTEIBHBIM IS TAHHOTO MECTOPOXKICHHS, a Py-
TO€ MPEACTaBIAET COO0H KBapI-MyCKOBUT-IIONIEBOIIIIATOBOE TEJIO C IIEPIIOM, TPAHATOM U KPYITHBIMH KPHCTAJIaMH Oe-
pmuia.Ilo mermaruram MectoposkaeHmst Kpacusiit Kopaon momy4eHo nsaTh W30TOMHBIX JAaT: U3 OJIOKOBOW 9acTH erMaTH-
Ta 6e3 mpu3HaKkoB Li MuHepamm3anny o MyCcKOBUTY — 288 =+ 2 MITH JIeT; U3 PYAOBMEIIAIOIIETO alTbONT-TEHI0IUTOBOIO
KOMITJIEKCA C IIBETHBIM TYPMAJIHMHOM H MIETAIUTOM MO JIemAAomuTaM — 289 + 3 MiH steT, 281 + 2 MITH JIeT U IO MyCKOBH-
Ty — 282 + 2 MJIH JIeT; U3 IeTMaTOUJHON 30HBI OepIILI-COMEPKAIIEro KBapI-MyCKOBHT-IIOJICBOIINIATOBOTO MIETMATHTA
ObUTH 0TOOPAHBI KPYITHBIE KPUCTAIUTBI MyCKOBHUTA, KOTOPBIE TAJIK BO3pacT — 282 + 2 MITH JIeT.

benozopckoemecmopooicoenue pacrionaraeTcsi B IHIOKOHTakTe bemoropckoro maccuBa, TNpenCTaBICHHO-
TO B paiflOHE PacIpOCTPaHEHHs PYAHBIX TEN CPEIHE3EPHUCTHIMH OMOTHTOBBEIMH TpaHHTaMH. MecTopokieHne 00-
Pa30BaHOCBUTONCYOMEPUINOHAIBHBIX KM MOITHOCTBIO TIEPBBIE METPHI M MPOTHKEHHOCTRIO oT 200 mo 2700 m.
3neck MPUCYTCTBYIOT XKIUIBI 0e3 Li MuHepanu3annu KBapi-MyCKOBUT-IIOJIEBOIIIIATOBOTO COCTABa M JKUIIBI C albOUT-
JIETTUIOIUTOBBIME KOMIUIEKCaMH, COAEPKAIIMH CIIOAYMEH, TETAJIHT, OJUTYIIUT, TAHTAIUT-KOTyMOHT U KAaCCUTEPUT.
ITo mermaturam benoropckoro MecTopokaeHusI ObUIH MTOTYYCHBI IBa BO3pACTa: O MyCKOBHUTY U3 OJIOKOBOTOKBApII-
MYCKOBHT-TIOJIEBOIITIATOBOTO MerMaruTa — 290+2 MITH JIeT; TI0 MyCKOBUTY MYCKOBHT-KBapI[-aJI50UTOBOTO KOMILIEKCA
C JIEHHUIOINTOM, CIIOyMEHOM H METATUTOM — 2862 MITH JIeT.

OTo0paHHbBIE U TEOXPOHOIOTHYECKHUX HUCCIICAOBAHUN KPHUCTAIIIBI MYCKOBHTa 00pa3ylOT TECHBIE CpacTaHUs
C TIEPBUYHBIMU MHHEpaJaMH METMaTUTOB: KBapIleM, aTbONTOM W/HMJIM KaJHEBBIM ITOJICBBIM INIATOM M HE MPOSBIIS-
IOT CBSI3M C MUHEPAIN30BaHHBIMH TPEUIMHAMH W MaparcHe3UCaMH, BOHUKIINMHU B PE3yabTaTe THAPOTEPMAaIbHOTO
3aMeIICHNS IEPBUYHBIX MUHEPAJIOB. DTO MO3BOJISET pACCMAaTPUBATh UX KaK PE3yNIbTaT KPUCTAUTU3AINH [TeTMaTUTO-
BOM Marmsl, a HX BO3PAcT — KaK BO3PACT CTAHOBJICHHUS MEIMAaTUTOBBIX Tel. Jlemumomut oOpasyeT MacCUBHBIE arpe-
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Cxema pacnpenenenus Ar/Ar wnzo-
TOIHBIX BO3PACTOB, NMOTYUCHHBIX 110 CIIFOAAM
PEIKOMETAIITEHO-TIETMAaTUTOBEIX MECTOPOIK-
nenunit Kan6a-Hapeimckoro 6aromura (Boc- 280
TouHbli Kazaxcram):

1 - JICIMAOJIMT M3 JIUTHUCBBIX IICTMaTH-

TOB; 2 - MYCKOBUT U3 JIMTUEBBIX IIETMATUTOB;
3- MYCKOBUT U3 GCpI/IHHCO,I[ep)KaIHI/IX IICTMAaTUTOB, 285 —
4 —MYCKOBUT U3 IIETMaTUTOB 6e3 OpYACHCHHUS.

rarbl ¢ KBapleM M anbOuToM (KJeBesaH-
JIITOM), a TAK)KE Pa3BUBACTCS 110 TPEIIU-
HaM B riermMarure. Takum oO6pa3om, Jeru-
JIOJIUT, TI0-BUANMOMY, 0OpasyeTcst mocie
MyCKOBHTA H B PE3y/IbTaTe 3aMELICHHS 299 |
KBapl-MyCKOBUT-TIOJIEBOLINIATOBBIX ITa-

pareHe3ucoB Ha 0oJiee MO3HUX CTaIUIX

MErMaTUTOBOTO TIpoIlecca. 300 —

Bce nomyuennsie *Ar/®Ar Bos- MP “KpacHbiii kopsion”
pacta 1O peIKOMETaJUIBHBIM IerMaTh-
tam Kanb6a-HapbsiMckoro 6arosiura npen-
CTaBjeHbl Ha pucyHke. Ha ocHoBanum
MOJTyYSHHBIX IaHHBIX, MOJKHO MPEAOIOKHUTh, 4TO (POPMHUPOBAHUE PEIKOMETAIIBHO-IIETMAaTUTOBBIX MECTOPOXKICHUIH
Ha Tepputopun Bocrounoro KazaxcraHa ObUIO MPOSIBICHO B MHTEpBaJe MPOAODKUTEIBHOCTHIO OKOJIO 12 MITH JI€T,
ot 295 10 283 MJIH NIeT. DTOT HHTEPBAll COOTBETCTBYET MMerormmMest “°Ar/*’ Ar Bo3pacTaM rpaHUTOUIOB KaJGHHCKOTO
komriekca [Kotnep u ap., 2014], 4to noaTBepkIaeT UX TEHETUUYECKYIO CBSI3b.

Jlnst uccnemyeMbix 00bEKTOB MOXHO BBIZICTHT JIBa 3Tala nermMarutooopasoBanus: 1) 295-285 mutH et — Hau-
Ooiee MaccoBoe MPOsIBIICHNE OE3PYIHBIX M PEIKOMETAIUIBHBIX ErMaTuToB; 2) 285-282 MiH neT — GpopMHpOBaHKE
Oepuiuiconiep KalInX erMaTuToB M, BO3MOXKHO, BTOPOM 3Tan GopMupoBaHus rermarutoB ¢ 6oraroil Ta-NbuLi-Rb-
CsmuHepanu3aiue.

BmMecTe ¢ TeM HeOCTaTOUHOE KOJIMUECTBO T€OXPOHOJIOTHYECKHX JaHHBIX M0 OEPHILICOIEPKALIUM MTErMaTHTaM
TMIO3BOJISIET TAKXKE MPEIIoJIararh, 4To CIICIMANIN3aIHs IIETMaTUTOB HE CBsI3aHa C Pa3HOBPEMEHHBIM BIMSTHHEM Pa3HBIX
MCTOYHUKOB BeIIECTBA. FICTOYHMKHN MErMaTUTOBOM MarMbl, OTBEYAIOIIME OAHOMY M TOMY XK€ BPEMEHHOMY Cpesy, BO3-
MOYKHO, CHJIBHO Pa3JIMYalluCh MO COCTaBY, YTO, B CBOIO 0YEPE/lb, O3BOJISIET IIPUBJIEKATh MOJAEIN T€TEPOreHHBIX Mar-
MaTHUYECKHX 0YaroB, IJie 00IacTy HACHIIIEHHBIE JIETYYNMH, 3aBEpIIAOT KPUCTAJUIN3AIMIO IPU Oosiee HU3KOH TeMIle-
parype 1 NpOXOAST MErMaTUTOBYIO CTa 0.

Hcxons u3 Toro, 4To BO3pacTHOM MHTEpPBAIl IErMaTUTO00pa3oBaHMsI COOTBETCTBYET BpEMEHH (hOPMUPOBAHUS
Kan6a-HapbIMckoro rpaHUTOMIHOTO OATOIUTA, MOXKHO MPEIOI0KNTh, YTO MPOSBICHHE PEAKOMETAUILHOTO Marma-
TH3Ma CBSI3aHO C MPOLIECCaMU MacITabHOTO TpaHUTO00pa3oBanus (popMHUpOBaHUE TPAHUTOB KaJIOWHCKOTO KOMILIEK-
ca). BmecTe ¢ TeM rpaHUTOMIBIKAIONHCKOTO KOMITJIEKCA HE OOHapy>KMBAIOT IPH3HAKOB PEIKOMETAIUIEHOCTH (Cpes-
Hee conepkanueB rpanutax Ta — 1,2 r/T,Nb— 10 r/T, Rb- 170 r/1, Cs— 15 1/1), m03TOMY MOXHO yTBEPXKJaTh O HATUYNN
CaMOCTOSATENFHBIX PEIKOMETAJUIBHBIX MarM, BOHUKIINX B TYOMHHBIX o4yarax. B mosib3y 3Tol rUIoTe3bl CBUIETENb-
CTBYET HaJIMYME FreOXMMUYECKUX aHAJIOTOB PEAKOMETAUTBLHBIX IETMaTHTOB — OHTOHUTOB, C BO3pacToM 28742 MITH JieT
[Xpomsix u sp., 2014], npocTpaHCTBEHHO YAAIEHHBIX OT IPaHUTONAOB OaronnTa. BosmoxkHo, hopMupoBaHue Kpyn-
HBIX PEIKOMETAJUTbHO-TIErMaTUTOBBIX MECTOPOXK/ICHUH SIBIISUIOCH CJIEJCTBUEM BIIMSIHUSI MAHTHHHBIX (IIIOUIOB, CBS-
3aHHBIX ¢ TapUMCKUMILTIOMOM, Ha NTyOMHHBIE MarMaTHdeckue oyart. [IpesmnonaraeMpie STarbl merMmaruroodpasosa-
HUs (295-285 mutH net n 285-282 MITH JIeT) COOTBETCTBYIOT CTAJMsIM aKTUBHOCTH TapHMCKOTr0 MaHTHHHOTO ILTIOMa
Ha TeppuTopun Boctounoro Kazaxcrana, npeioskeHHBIM B padote [ XpoMsbIx u 1p., 2013].

Paboma evinonnena npu gunarncosoii noooepoicke Ilpesudouyma CO PAH (npoexm napmuepckux gyynoamen-

manvuvix uccredosanuti Ne 17), Cosema no epanmam Ipesudenma PD no noddepoicke MOL0ObIX YHEHbIX — KAHOUOA-
mog Hayk (npoexm MK-1753.2012.5).
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Ar-Ar ISOTOPIC DATING OF RARE-METAL PEGMATITES OF
KALBA-NARYM GRANITE BATHOLITH (EASTERN KAZAKHSTAN)

P.D. Kotler"?, S.V. Khromykh"2, S.Z. Smirnov"?, B.A. D’yachkov3, A.V. Travin',
A.G. Vladimirov"2, D.S. Yudin!, N.N. Kruk!

!Institute of Geology and Mineralogy, Siberian Branch of the Russian Academy of Sciences, Novosibirsk
’Novosibirsk State University, Novosibirsk, Russia
‘East Kazakhstan State Technical University, Ust-Kamenogorsk, Kazakhstan

Kalba-Narym granite batholith in East Kazakhstan is one of the largest intrusions on the territory of the Central
Asian Orogenic Belt (CAOB). With Kalba-Narym batholith granite are associated large rare metal deposits (Ta-Nb,
Li-Rb-Cs, Sn-W). The most important of them are represented by large veins of rare-metal pegmatites with rich
lithium, cesium, tin and tantalum-niobium mineralization (Belogorskoe, Yubileynoyeand other fields).

Based on the close spatial location, the formation of rare metal deposits are associated with granitoidsof Kalba
complex I phase, which compose main volume of the Kalba-Narym batholith intrusive rocks [Pushko, Navozov, 2010;
D’yachkov, 2012]. According to the latest U-Pb isotopic-geochronological studies [Kotler et al., 2014], the formation
age of porphyritic biotite granites, which are injected by ore-bearing veins of rare metal pegmatites of KrasnyyKordon
field, is 300 + 3 Ma.

The report presents the results of the first “°Ar/*?Ar isotopic studies (10 dating on muscovite and lepidolite) of Kras-
nyyKordon, Yubileynoye, Belogorskoye rare-metal pegmatite deposits conducted by the authors, and their interpretation.

Krasnyy Kordon and Yubileynoye deposits are considered as part of the Asubulak ore field, related to large
roof deflection of Tastyube andPriirtysh massifs ofKalba-Narym batholith. Host rocks for rare-metal pegmatites are
coarse-grained porphyritic biotite granites of Kalba complex. Deposits are presented by the system of sublatitudinal
pegmatite veins in length from 150 to 1000 m. with an average thickness of 2—6 m.

On theYubileynoye field frompegmatites with Li-Cs-Ta-Nb mineralization were selected two monofractions of
lepidolite and one muscovite monofractionfor “*Ar/*°Ar isotopic dating fromalbite-lepidolite complex withspodumene
and colored tourmaline, which yielded the following ages: 295 + 4 Ma (Ms), 292 + 4 Ma (Lpd), 288 + 3 Ma (Lpd).

Within the Krasnyy Kordon field were studied two pegmatite body, one of which is characterized by a Li-Cs-Ta-
Nb specialization and this body is most representative pegmatite of the field, and the other body is a quartz-muscovite-
feldspar body with schorl, garnet, and large crystals of beryl. We received five isotopic ages by pegmatites of Kras-
nyyKordon fields: from block part of the pegmatite without signs of Li mineralization by muscovite — 288 + 2 Ma;
from ore-bearing albite-lepidolite complex with color tourmaline and petalite by lepidolite — 289 + 3 Ma, 281 =2 Ma
and muscovite — 282 + 2 Ma.; from beryl-bearing quartz-muscovite-feldspar pegmatite by muscovite — 282 + 2 Ma.

The Belogorskoye deposit is located in the endocontact of Belogorsky massif, represented in the area of ore-
bodies by medium-grained biotite granite. Deposit formed by suite of submeridionalveins a few meters of thickness
and with length of 200 to 2700 m. Pegmatites are presentedby quartz-muscovite-feldspar compositionveins without
Li-mineralization and by veins with albite-lepidolite complexes containing spodumene, petalite, pollucite, tantalite-
columbite and cassiterite. Onpegmatites of Belogorskoe deposit were obtained two ages: from block of quartz-feld-
spar-muscovite pegmatite by muscovite — 290 + 2 Ma; from muscovite-quartz-albite complex with lepidolite, spodu-
mene and petalite by muscovite — 286 + 2 Ma.

Crystals of muscovite selected for geochronological studies form close intergrowths with primary pegmatite
minerals: quartz, albite and/or K-feldspar and show no connection with mineralized fractures andparagenesis, result-
ing from hydrothermal replacement of primary minerals. This allows us to consider them as a result of pegmatite
magma crystallization, and their age - is the age of pegmatites formation. Lepidolite forms massive aggregates with
quartz and albite (cleavelandite) and develops through cracks in the pegmatite. Thus, lepidolite, apparently, formed
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Distribution scheme of Ar/Ar isotopic
ages obtained on micas from rare metal
pegmatite deposits of Kalba-Narym batholith
(Eastern Kazakhstan).

Legend: 1 — lepidolite from lithium
pegmatites; 2 — muscovite from lithium pegmatites;
3 — muscovite from beryl-containing pegmatite; 4 —
muscovite from nonmetallic pegmatites.

285 —
after muscovite by alteration of quartz-
muscovite-feldspar paragenesis in the
later stages of pegmatite process.

All received “Ar/*°Ar ages from
rare-metal pegmatites of Kalba-Narym
batholith are presented in figure 1. Based
on these data, we can assume that the for-
mation of rare metal pegmatite deposits
in Eastern Kazakhstan was evidenced in
“Belogorskoye” the range of about 12 million years, from
295 to 283 Ma.This interval is coeval to
the existing “*Ar/*’Ar ages of Kalba com-
plex granitoids [Kotler et al., 2014], which confirms their genetic relationship.

For the studied objects two stages of pegmatite formation can be identified: 1) 295-285 million years - the most
massive formation of nonmetallic and rare metal pegmatites; 2) 285-282 million years — forming of beryl-containing
pegmatites and possibly the second stage of pegmatite formation with rich Ta-Nb and Li-Rb-Cs mineralization.

However, an insufficient number of geochronological data on beryl-containing pegmatitescan also assume that
specialization is not associated with multi-temporal influence of different sources of the substance. Sources of pegma-
tite magma, corresponding to one time step, may greatly vary in composition, which in turn, allows to attractthe model
of heterogeneous magma sources, where the area, saturated with volatile components, complete crystallisation at low
temperatures and pass pegmatite stage.

Based on the fact that the age interval of pegmatite formation corresponds to the time of Kalba-Narymgran-
itoid batholith formation, we can assume that the appearance of rare metal magmatism associated with large-scale
processes of granite formation (the formation of Kalba complex granites). However, granitoids of Kalba complex
show no signs of rare metal (average content in granites Ta — 1,2 ppm, Nb — 10 ppm, Rb — 170 ppm, Cs — 15 ppm),
it can be argued about the existence of independent rare metal magmas that emerged in deep foci. This hypothesis
is evidenced by the presence of rare-metal pegmatites geochemical analogues — ongonites with formation age 287 +
2 Ma [Khromykh et al., 2014], spatially separated from the granitoid batholith. Perhaps the formation of large rare
metal pegmatite deposits was due to the influence of mantle fluids associated with the Tarim plume at a depth of
magma chambers. Perhaps the formation of large rare metal pegmatite deposits was due to the influence of mantle
fluids associated with the Tarim plume at a deep magma sources. Proposed stages of pegmatite formation (295-285
Ma and 285-282 Ma) correspond to steps of the Tarim mantle plume activity in the territory of East Kazakhstan,
proposed in [Khromykh et al., 2013].

This work was financially supported by the Presidium of the Russian Academy of Sciences (Basic Research
partner project Ne 17), the Council for Grants of the the Russian Federation President for supporting of young scien-
tists - PhD (Project MK-1753.2012.5).
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KOJIBIBAHCKOI'O PYITHOI'O IOJISI (TOPHBIMN AJITAMN)

A.A. Kpyrioga, 10.E. Bosmiun, T.C. Ctpoes
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Yuriy Vovshin@vsegei.ru, Timofey Stroev@vsegei.ru

KoneiBanckoe Bi-Cu-W-Mo mectopoxnenne Haxonutes B FOro-3anamnom Anrae B 6 kM ot cena KonbiBaHb
[Uekamun, 1999]. OpyneHeHue NMpUypoueHO K Tpei3eHN3MPOBaHHBIM MUKPOTPAaHUT-TIOpGHUpaM, MUKPOrpaHO(pH-
paMm ¥ pHONHUT-IOpQHUpaM, KOTOpbIE CIaraloT anukaabHyro 4acTh Konbisanckoi anopmssl (D,~C,, 60poBnsHckuii
TPaHOIUOPUT-TPAHUTOBBIN KOMILIEKC).

KonbiBaHckas anogusa npeacrapiseT co0oi y3koe NaikooOpa3HOe Teno CyOMEepHANOHAIBHOTO MPOCTHPAHMS,
3ajeraouiee B rpaHozuopurax Konbisarckoro Macensa (D, yeTb-OenoBekuil rabopo-1nOpHT-rpaHOIMOPHTOBBI KOM-
iekc). B ceBepHOit yacTH Tesno arnou3b! CUIILHO 3pOMPOBAHO. 3716Ch OOHAKAIOTCS MEJTKO3EPHUCThIE OMOTUTOBBIE JICH-
KOTPaHMTHI C AaliKaMK PUOIUT-TIOPGHUPOB, TPaHOPHUPOB U TpaHUT-NophHupoB. Ha rore rpaHuTON B! alOQHU3BI COBMECT-
HO C KBapLIEBO-PYAHBIMH JKHIAMH [POPBIBAIOTCS NOpGUpoBUIHBIME TpaHuTamu CutrommHCekoro macensa (P,—T, cu-
HIOIIMHCKHUH TPaHOIMOPUT-TPaHUT-JICHKOT PAHUTOBBIH KOMILIEKC). JJaHHBII (hakT OB YCTaHOBJICH MO3EMHBIM TOPHBIM
KapTUPOBaHUEM Ha F0)KHOM y4acTKe MeCTOpOXkIeHus B paiioHe KosbiBanckoro pyanuka [[Toranses, 1965].

Bospact ¢dopmupoBanust KonbiBaHCKO# anodu3bl Mo3aHEACBOHCKMI U natupyercs 360+5 muH nmet (Rb-Sr
MmetozioM). Bospact popmupoBannss CHHIONIMHCKOTO MacCHBa BEpXHENEPMCKUI-PaHHETPUACOBBIN U JaTHPYeTCsl B
251 £ 5 mun net (Rb-Sr metomom) u 243 muH et (U-Pb Metomom no HaBecke nupkona) [[ocymapcTBenHas. .., 2001].

KonbiBaHCKO€ pyTHOE TOJIE CIIOKEHO PUONUT-TIOPPHUPaMH, MUKPOTpaHUT-TIOpHUpaMH B MUKPOTpaHodupamu ¢
KCEHOJINTaMH TPaHOIMOPUTOB YCTh-0EITOBCKOTO KOMIUIEKCa (JI0 7 M B MONIEPEYHHKE), OPOTOBUKOBAaHHBIMHU NIECYaHO-
CJIaHIIEBBIMH OTJIOKEHUAMH CyeTKUHCKOH cBUTHI (C,~O,), B TOHMKEHUAX peNbeda — MENKO3EPHUCTHIME OHOTHTOBHI-
MH JIeHKOTpaHUTaMHU.

I'pannTONIBI pyAHOTO MOJIS — OElbIe, CBETIO-CEpPhIe TNIOTHBIE MUKPO3EPHUCTHIE OPO/IBI C INTUTYATON OTHEIb-
HOCTBIO M NEpEeCEKaIONIEHCs TPEIINHOBATOCThI0. IJIsl BceX TpaHUTOMIOB XapakTepHa MoppupoBas MUKPOCTPYKTypa
C TTOJIHO WJIM YaCTUYHO TPOSBICHHOW MHKPOIIETMaTHTOBOM, C(h)epOIUTOBON OCHOBHON MacCOM.

Menko3epHHCTBIE OUOTHTOBBIE JTEHKOTPaHUTHI cocToAT U3 (%0): Qz 40-50, Mc 30-40, Kfs — 20, Olg (An,,.)
25-30, Bt 5-10, eauununbie 3epHa Mgt!. Akueccopubie Munepanst: Zrn, Gr, Spn. Bropuunsie Munepassl (%): Kpyr-
Hoyemryiuatelit Ms 5, Menkodenryituarsit Bt u Ser.

MuHepanbHBIi cOCTaB MUKPOTPAaHHUT-MIOPGHUPOB, MUKPOTpaHOGHUPOB U puoiuT-nodupos ommskui (%): Qz
30-35, Mc 20, Kfs 20, Olg (An,,.) 20, Bt 0.5-1, pynnsiii munepan 2-3. [ToppupoBbie BKpaIIeHHUKH MPEICTABIEHBI
(%): Qz 3, Ksp 3, Pl 4, enunuunsie 3epHa Bt.

I'paHOIMOPUTHI B KCEHOINTAX CHIILHO MPOMMIMTH3UPOBAHHBI M TperizeHn3upoBanHbl (10 70 %). Munepais-
Hb1i cocras (%): cnabozonaneueii Pl (saapa — An,, nepudepun — An, ) 40, Ksp 15-20, Qz 10, Amf 5, Spn 2, Zrn 2,
pyaHbIii MuHepain 5. Bropuunbie usmenenus npezacrasiesst (%): Qz 20, Bt 25, Ms 15, Ep-Ser 10, Clt 2.

I'peii3enu3zanys B rpaHUTOMIAX PYIHOTO OIS IPHYPOUYeHa K SK30KOHTAKTOBBIM 30HAM PYIHBIX KHJI M BBIpaxe-
Ha B ()OPMUPOBAHHUH KBAPII-MYCKOBHT-CEPUIUT-(PIFOOPUT-TYPMATHHOBON MUHEPAIbHON aCCOIMAIINH.

C 11e7Ip10 YTOYHEHHU S TEOXMMUYECKUX XapaKTePUCTHK I'PAHUTOHU OB PYTHOTO TOJIst OBLIM M3y4eHBI MUKPOTPAHHT-
nopdupbl, MUKpOrpaHO(PHPBI, PHOTUT-IOPHUPHI, a TaK ke MEIKO3epPHUCThIE OMOTHTOBBIC JICHKOTPaHUTHI PYAHOTO
TIOJIS.

ITo pe3ynmbraraMm reOXMMHUUYECKUX HUCCIIEJOBAaHUI yCTAaHOBIEHO, YTO MEIIKO3EPHHUCTBIE OMOTUTOBBIE JICHKOTpa-
HHUTBHI — 3TO BBICOKOKAJMEBBIE M3BECTKOBO-IIEIOUHBIE MTFOMa3uTOBbIe TpaHuThl (ASI? = 1.1-1.2) ¢ HU3KUM cojep-
KauueM peakux semens (QLREE = 82 r/r) u ordemmBEIM npeoiasaHieM JISTKHX JIAHTAHOMIOB Hall TSKEIBIMH
((La/Yb), = 6). Jlna nux xapakrepHa oTpuuarenbHas Eu-anomanus (Ew/Eu* = 0,3). bosnblias 4acTh 51€MEHTOB-
mpUMeceil B HUX COJCPKUTCS B KOJMUSCTBAX, OMM3KuX K kiapkam — Mo, W, Be, U u nonmkenssix — V, Cr, Cu, Zn,
Ba, Th, Ag’.

'Qz — kBapu, Mc — mukpokiuH, Kfs — kanueBsiit nosesoit winar, Olg — onuroknas, An — anoprur, Pl — marnokinas, Bt — 6uorut, Amf — am¢ubor,
Mgt — marnerut, Ms — MmyckoBuT, Ser — cepuut, Ep — stmmpot, Clt — xnoput, Gr — rpanar, Spn — cdeH, Zrn — LHPKOH.

*AST= AL 0,/(CaO+Na,0+K,0), B MOJIEKY/IAPHBIX KOJTUYECTBAX.

*[To OTHOLICHHIO K CPEHEMY COIEPIKAHHIO HIEMEHTOB B 3eMHOI Kope, 1o A.IT. Bunorpaznosy, 1962.
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KoHKpeTHOH TeoXuMHYecKol CIenUaln3alyy Uil MUKPOTPAHUT-TIOPHUPOB, MUKPOTPaHO(UPOB M PHOIHT-
nop$upoB B OTAEIBHOCTH He HabmonaeTcst. Bee mopoab! mimroMa3nToBble H3BECTKOBO-1IEI0qHOM cepun (AST = 1,15—
1,21). CopmepxaHue peaKUx 3eMeJlb IUPOKO BapbHpyeTCs (ZREECp = 81,2-112 r/1). Ins HAX TaK e OTMEYaeTCs OT-
punarensHas Eu-anomanms (Eu/Eu* = 0,5). XapakTepHbI MOBBIIICHHBIC CONEPXKAHUS pEIKUX deMeHToB — W, Mo, Bi,
Sn, xanpkoPrIBHBIX dMeMeHTOB — Cu, Zn 1 muTodmibHEIX — Ba, Rb, Sr, Zr, 6maropogHbeix MetamioB — Ag.

B 30Hax rpeii3eHn3anuu nopox HabIOAAI0TCA Hanbosee BRICOKHE KOHIIEHTPALMK PyIHBIX 31eMeHToB (1/T): Cu
— 10 76900, Bi—332-577, W—-21-183, Mo —4,3-39, Li— 39,3 - 128, Sn—21,8-59, Rb - 165-327, Au—0,013-0,15, Ag
— 14-64,5. B MmeracomaTruTax Mo rpaHOJHOPUTAM TakK k€ HaOIIOJaroTCs TOCTaTOYHO BBICOKHE KOHLIEHTPALMH TaKHUX
PYIHBIX JIEMEHTOB, Kak (1/T): Cu— 1600, W — 17, Be — 7,4, Li — 104, Ho HU3KHEe KoHIIeHTparmu Mo — 0,7 u Bi— 1,19.

CozneprkaHHsi MUKPOSJIEMEHTOB, HOPMaJIM30BaHHBIC K IPUMHUTHUBHOM MaHTHH, JUISl BCEX TPAHUTOMIOB XapakTe-
PH3YIOTCS] BHICOKMMH KOHIIEHTpaXsAMK KpymHOMOHHBIX JuTodmios (K, Pb, U) 1 noHIKEHHBIMY CONlep)KaHUSIMH BbI-
coko3apsaHbIX anmemenToB Ti, Zr, Hf, Nb.

Ha muckpumunanmonsoit muarpamme Xappuca (Rb-Hf-Ta) rparuronnsl pyaHOTO TOIS HACHTHDUIHPYIOTCS
KaK CHHKOJUTM3UOHHBIE TPAaHUTHI.

Ha ocHOBaHNM NOJTyYeHHBIX JaHHBIX MOXKHO CIIEJIaTh CIEAYIONIIE BBIBOIBI.

1. Bce pazHOBUIHOCTH TPaHUTONIOB KONBIBAHCKOTO PYAHOTO TOJIS SIBIISIOTCS IIFOMA3UTOBBIMU M3BECTKOBO-
IIETIOYHBIMU TPAHUTAMH.

2. Menko3epHHUCTBIE OHOTUTOBBIE JIEHKOTpaHUTHl KonbIBaHCKOH arnmoduspl He UMEIOT BeIpaxkeHHOH Bi-Cu-W-
Mo reoXuMHYeCKOH CIIeIHaIN3aIHH.

3. Ilo npenBapuTENBEHBIM JaHHBIM METHOE OpYJeHEHHE Ha KoJIbIBAHCKOM MECTOPOXK/IEHUH CBSA3aHO C TPaHOAN-
OpHUTaMH, a BUCMYT-BOJIB(PaM-MOIHOIEHOBOE — C TPOLIECCAMH I'PeH3EHI3aLINH.

B nanpHeineM miaHnpyeTcst IpOBECTH N30TOITHOE U PaJMoIOTHUECKOe n3ydeHne rpannTon 0B KonbsiBancko-
TO PYAHOTO ITOJIsI M BMEUIAIOIINX TPaHOANOPHUTOB KOJBIBAHCKOTO MaccrBa M COCTaBa MX MOPOI00OPa3yONINX, BTO-
PHYHBIX U PYIHBIX MHUHEPAJIOB.
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GEOCHEMICAL FEATURES OF KOLYVAN ORE FIELD ORE-HOSTING (GORNY ALTAI)

A.A. Kruglova, Yu.E. Vovshin, T.S. Stroev

A.P. Karpinsky Russian Geological Research Institute, St. Petersburg, Russia

Anna_Kruglova@vsegei.ru, Yuriy Vovshin@vsegei.ru, Timofey Stroev@vsegei.ru

Kolyvan Bi-Cu-W-Mo deposit is in Southwestern Altai 6 km from Kolyvan village [Chekalin, 1999]. Miner-
alization is confined to greisenized microgranite porphyries, microgranophyres, and rhyolite porphyries, which com-
pose the apical part of the Kolyvan apophyse (D,~C,, Borovlyansky granodiorite-granite complex).

Kolyvan apophyse is a narrow dyke-like body of N-S trend occurring in granodiorites of the Kolyvan massif
(D,, Ust Belovsky gabbro-diorite-granodiorite complex). In the northern part, the apophyse body is strongly eroded.
Fine-grained biotite leucogranites with dykes of rhyolite porphyry, granophyre, and granite porphyry are exposed
here. In the south apophyse granitoids together with quartz ore veins are breached by porphyritic granites of the
Sinyushinsky massif (P,-T , Sinyushinsky granodiorite-granite-leukogranite complex). This fact was determined by
subsurface mapping in the southern deposit sector in the Kolyvan mine vicinity [Potapov, 1965].

Age of the Kolyvan apophyse is Late Devonian and dated at 360+5 Ma (Rb-Sr). Age of the Sinyushinsky mas-
sif is Upper Permian — Early Triassic and dated at 251+5 Ma (Rb-Sr method) and 243 Ma (U-Pb method by zircon
weight) [State..., 2001].
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Kolyvan ore field is composed by rhyolite porphyries, microgranite porphyries and microgranophyres with
granodiorite xenoliths of the Ust Belovsky complex (to 7 m in diameter), hornfelsed sandy-shale deposits of the Suet-
kinsky Formation (C,~O,), in depressions, by fine-grained biotite leucogranites.

Ore field granitoids are white, light gray dense microgranular rocks with platy jointing and intersecting frac-
tures. All granitoids are characterized by porphyritic microstructure with fully or partially manifested micropegmatite,
spherulitic ground mass.

Fine-grained biotite leucogranites consist of (%): Qz 40-50, Mc 30-40, Kfs - 20, Olg (An,,,) 25-30, Bt 5-10,
single Mgt! grains. Accessory minerals: Zrn, Gr, Spn. Secondary minerals (%): coarse-flaky Ms 5, fine-flaky Bt and
Ser.

Mineral composition of microgranite porphyries, microgranophyres, and rhyolite-porphyries is close (%): Qz
30-35, Mc 20, Kfs 20, Olg (An, ,.) 20, Bt 0.5—1, ore mineral 2-3. Porphyry phenocrysts are presented (%): Qz 3, Ksp
3, P1 4, single grains of Bt.

Granodiorites in xenoliths and strongly propylitized and greisenized (to 70 %). Mineral composition (%): weak-
ly zoned PI (core — An,, margins — An, ) 40, Ksp 15-20, Qz 10, Amf'5, Spn 2, Zrn 2, ore mineral 5. Secondary altera-
tions are presented (%): Qz 20, Bt 25, Ms 15, Ep-Ser 10, Clt 2.

Greisenization in the ore field granitoids is confined to the exocontact zones of ore veins, and is expressed in the
formation of quartz-muscovite-fluorite-tourmaline mineral associations.

In order to clarify the geochemical characteristics of the ore field granitoids, microgranite porphyries, micro-
granophyres, rhyolite porphyries, as well as fine-grained biotite leucogranites of the ore field have been studied.

Results of geochemical studies have shown that fine-grained biotite leucogranites are high-K calc-alkaline plu-
masite granites (ASI*=1.1-1.2) with low content of rare earths (3 REE_ =82 g/t) and a distinct predominance of LREE
over HREE ((La/Yb),=6). They are characterized by a negative Eu-anomaly (Ew/Eu* = 0.3). Most of the admixture
elements is contained in them in amounts close to clarke — Mo, W, Be, U and reduced — V, Cr, Cu, Zn, Ba, Th, Ag®.

Specific geochemical orientation for microgranite porphyries, microgranophyres, and rhyolite porphyries sepa-
rately has not been observed. All rocks are plumasite of calc-alkaline series (ASI = 1.15-1.21). Content of rare earths
varies widely (XREE = 81.2-112 g/t). A negative Eu-anomaly (Ew/Eu* = 0.5) is also noted for them. Increased
contents of rare elements — W, Mo, Bi, Sn, chalcophylic elements - Cu, Zn, and lithophylic — Ba, Rb, Sr, Zr, noble
metals — Ag are characteristic.

In rock greisenization areas the highest concentrations of ore elements (g/t) are observed: Cu —to 76,900, Bi —
332577, W—-21-183, Mo — 4.3-39, Li— 39.3-128, Sn — 21.8-59, Rb — 165-327, Au - 0.013-0.15, Ag — 14-64.5. In
metasomatites along granodiorites, relatively high concentrations of such ore elements as (g/t): Cu — 1,600, W — 17,
Be — 7.4, Li— 104, but low concentrations Mo — 0.7 and Bi — 1.19 are observed.

Trace element content, normalized to primitive mantle, for all granitoids are characterized by high concentra-
tions of large ionic lithophils (K, Pb, U), and decreased contents of highly charged elements Ti, Zr, Hf, Nb.

In discriminatory diagram of Harris (Rb-Hf-Ta) granitoids of the ore field are identified as syncollision granites.

Based on the obtained data we can draw the following conclusions.

1. All granitoid varieties of the Kolyvan ore field are plumasite calc-alkaline granites.

2. Fine-grained biotite leucogranites of the Kolyvan apophyse do not have expressed Bi-Cu-W-Mo geochemi-
cal orientation.

3. According to preliminary data copper mineralization from the Kolyvan ore field associated with granodio-
rites, and bismuth-tungsten-molybdenum - with processes greisenization.

20-25
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*ASI= Al,0,/(CaO+Na,0+K 0), in molecular amount

3Relative to the average content of elements in the Earth’s crust, according to Vinogradov, 1962
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[Ipobaembl (pOPMHUPOBAHUS M BOJIIOLMN KOHTHHEHTAJIBHOW KOPBI OTHOCSTCS K YHCITY (DyHOaMEHTATbHBIX
BOIIPOCOB T'€OJIOTHH, IETPOJIOTHH M TeoXUMHHU. VIHTepec nccnenoBarenei K 3THM BOIIPOCAaM BO3HHUK, MMPAKTHUIECKH,
C MOMEHTa CTAHOBJICHHS T€OJIOTHH KaK HAYKH M PE3Ko BO3pocC B mocienHue S50 JeT, B CBA3U C MOSBICHUEM HOBBIX
METOJIOB M3YUEHHS TEOXUMHUECKUX U M30TOITHBIX XapaKTePUCTUK U MPSMOTO ONPEAETICHNS BO3PACTa TOPHBIX ITOPO/I.
OueperHONH MOIIHBINA TOTYOK K PA3BHTHIO 3TUX UCCIIEIOBAHNN 00€CTIeUnIT0 MOsIBIICHHE IEpBHIX Nd H30TOHBIX JaHHBIX
o rparuronaam Llentpanbaoit Aszuun [KoBanernko u ap., 1996; Jahn et al., 2000 u np.], 3acTaBUBIINX MTEPECMOTPETH
CIIOKUBIINECS B3IISABI Ha JUHAMUKY W MEXaHM3MbBI (POPMHPOBaHHMS KOHTHHEHTAIBHOM KOPHI B (paHEpO30WCKUX
CKJIaTYaTHIX MOSACAX.

3a mocnexnaue 20 JIeT TONIyYeH OTPOMHBIA 00BEM T'€OIOTHYECKHUX, TEOXUMHUECKUX, T€OXPOHOIOTUIECKIX U
M30TOIHBIX JAHHBIX, XapaKTePU3YIOUINX MTOPOABI KOHTHHEHTAIbHOU KOphI LlenTpanpHoil A3un. OgHako 10 CHX TIOp
HE M3BECTHO HU OIHOW MOIBITKY MPOCIEANUTh BECh Mporecc (OPMHUPOBAHUSI U HBONIONNH KOHTHHEHTAIBHON KOPHI
KPYITHOTO CerMeHTa JINTOC(epsl, yCTaHOBUTH ITIaBHBIC 3aKOHOMEPHOCTH 3TOTO MTPOIecca M ONPEASIIUTE POJIb U MECTO
B HEM TPAaHUTOUIHBIX MarM. B nmanHo# paboTe 3TOT BOMPOC perraeTcst Ha mpuMepe Kaneaonus [ opHoro Anrasi.

TopHo-Amnraiickuii cermeHT lenTpanpHON A3nu ObUT cPOPMHUPOBAH HA OKEAHUIESCKOM OCHOBAHUH U HE UMEET
paHHemOKeMOpHiickoro cuammdeckoro (¢yHmamenTta. Bce meramopduueckne koMmruiekcsl [opHOTO AnTast MMEIOT
BO3pPACT HE IpeBHEE MO3IHETO pudes. Craraiomye uxX MeTaleIuTh 00pa30BaHbl B pe3yiibTaTe MeTaMophu3Ma Mopox
KOPBI MEPEXOJHOTO THIIA, IPOTOIUTHEI METa0a3UTOB COOTBETCTBYIOT OKEaHHYECKHM 0a3anbTaM M OCTPOBOIYKHBIM
tonentaM. MonensHerid Nd Bo3pacT mopox BapsupyeT ot 0.6 1o 1.5 MiIpa JeT, MOCTEeTeHHO YBEINIHUBAsCH M0 Mepe
OMOJIOXeHHUs Bo3pacta Mmetamopdusma [Kpyk u ap., 2013].

[lepuunas xopal opHoro Anras copMupoBaHa B TCUCHNE ABYX ITIABHBIX ATAIIOB: paHHE- M TO3THEKAJICTOHCKOTO.
IIpupoma u cocTaB KOPOBBIX MPOTOIUTOB, CPOPMUPOBAHHBIX HA ITHX JBYX 3Talax, CyIIECTBCHHO pa3lIW4HEL. B
paHHEKaIeIOHCKOE BpeMs (BEH ] — paHHUI KeMOpHii) Obu chopMHUpOBaHBI PparMeHTHI OKeaHMIECKOH TUTOChEpHI, a
TaK)Ke TEPPEHHBI OCTPOBHBIX YT M MIPEITYyTOBBIX IPOTHOO0B. [IpOTONMNTEI OKeaHHIECKUX TEPPEHHOB UMEIOT Oa3UTOBBII
coctaB (MORB, OIT, OIB) u t, (DM) = 0.5-1.0 Mipx sieT. IIpoTONMTEI OCTPOBOMYKHBIX OIOKOB XapaKTEPU3YIOTCS
aH71e310a3aIbTOBBIM M aH/IC3UTOBBIM COCTaBOM, HU3KUMHU COJIepKaHUAMHU HecoBMecTUMBIX aneMenToB (LILE, HFSE,
REE) n T, (DM) = 0.7-0.75 mupn net. XapakTepHOH 0COOGEHHOCTBIO PAHHEKANETOHCKOH Kopbl ['opHOro Anras
SBIISIETCS €€ UCKITIOUUTEIFHO IOBSHIIIBbHAS TPUPO/A.

Ha nosgnekanemoHckoM 3Tame (MO3THWHA KeMOpH — paHHHN OPIOBHK) OBUIH C(OPMHPOBAHBI KPYITHBIE
TypOUINTOBBIE OacCEHbI, MMEIOINE OKEAaHMYECKOEe OCHOBAHWE M BBINONHEHHBIC T'PayBaKKaMH M TIMHHUCTBIMHU
cinaamamu. Cpemu 0a3anbTOB OKeaHHYECKOro ocHoBaHUs mnpeoOmamator OIB. Ocamodnbie TOPOABI UMEIOT
BEIIIECTBEHHBII COCTAB, IPOMEKYTOUHBIN MEX/Ty BAJIOBOH U BEpXHEH KOPOU M 00OTaIICHBI, B CPAaBHEHUH C IIOPOIaMH
pannexanenonckoi kopel, LILE, HFSE u P33. Monenenbiii Bo3pact nopox T, ,(DM) xonebnercs ot 0.8-0.9 mupx et
1o 1.4-1.6 mipa set, yka3siBasi Ha MPUHAUIEKHOCTh KEMOPO-OPIOBUKCKIX TypPOUIUTOB K TPEM CaMOCTOSTEIHHBIM
OacceifHaM, MUMEBIIUM pa3iIn4yHble HCTOYHUKK cHOca [Kpyk m ap., 2010]. MuHMManbsHEIE MOICTBHBIE BO3PACTHI
XapaKTepHBI 7S 0CaI0uHBIX opox Boctounoro Antas (Anyiicko-Uyiickuii 6acceltH B 0OpaMiIeHHN BYJIKaHHYECKOH
JIyTH anTauj); MaKCUMaJbHBIE — /s fora [opHOTO AJTas W COmpenenbHBIX TeppuTtopuit Mouronmu. PesynsraTsi
JATHPOBAHMA JECTPUTOBHIX IIMPKOHOB B COBOKYIHOCTH C T€OXHMHYECKAMH W HW30TOIMHBIMH JaHHBIMH YKa3bIBAaIOT,
4T0 (HOPMHUPOBAHNE OCATOYHBIX TOJII NMPOUCXOAMIO 33 CYET pa3MbIBa PAHHEKAIECIOHCKUX OIIOKOB, KOpa KOTOPBIX
mpeTepriena mepex THM YacTHYHYIo JudQepeHnnaniio, a Takke HNpUBHOcAa 0oiee «3peroro» marephaiia m3-
3a TpenenoB perumoHa. [ paHUTOMIHBIA MarmMaTtu3M Ha Tepputopurd [opHOTO AJTas MPOSBWICA B BO3PACTHOM
WHTEpBAJIe OT PaHHETO KeMOpHs 10 paHHer opsl [Bragumupos u ap., 1998, 2001; AraukoBa u ap., 2006; Kruk et
al., 2011]. B pannekanenoHckux O1okax I'opHoro AnTtas Hamboyiee paHHHWHA BCIIECK IPAaHUTOMTHOTO MarmMaTu3Ma,
MapKupyrommii o0pasoBanue qudhepeHINPOBAHHON KOPbl KOHTHHEHTAIBFHOTO THITA, IPOU30IIET B TIO3HEM KEMOPHH
— paHHEM OpAOBHKE B XON€ aKKPEIIMOHHO-KOJUTM3HMOHHBIX COOBITHH, CBSI3aHHBIX C MpHUWIeHeHHEM K CHOMpCKOMY
KOHTHHEHTY CHCTEM OCTPOBHBIX OYT M MAJICOOKCAHWYECKUX MOAHATHH. | paHUTOHIBI, OTBEHAIOIINE 3TOMY PyOexy,
nmpeacTaBieHbl HU3KONMHO3eMUCTHIMH TTG M-tnnma. OHEM XapakTepu3yroTcs HU3KMMH conepxaHusmMu LILE,

HFSE u REE, umetor Eng T = +6 u T, (DM) = 0.7-0.8 mupx net. Cpennenaneo3oickue (OT PAHHETO JIO TO3THETO
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JIEBOHA) T'PaHUTOMJIBl PAaHHEKAJICIOHCKUX OJIOKOB IIPEICTABICHBI M3BECTKOBO-IIEIOYHBIMU ropoxamu I-tuma. B
CPaBHEHHUH C PaHHENaJlc030MCKUMH M-rpaHnTtaM aeBoHckue rpanutounasl oboramens! LILE (xpome Sr), HFSE u
P33. M3oromuslit coctaB Nd B cpenHenaneo3oickux I-rpaHnTax maneooKeaHWYeCKUX U OCTPOBOAYKHBIX OJOKOB
CXOZICH C HaOIIOMaeMbIM B paHHEMaJeo30MCKuX M-TpaHHUTaxX (S(N ol t3.4..45; T(N d)DM = (0.74-0.86 mupx ser).
Cyns 1O TEeOXMMHYECKMM W M30TONHBIM JaHHBIM, (OpMHpOBaHHE paHHENaneo30iickux M-rpaHnToB OBLIO
CBSI3aHO C AHATEKCHCOM MeTaba3MTOBBIX CyOCTparoB, IO pPEIKO3IEMEHTHOMY coctaBy Omm3kux k N-MORB
(6a3aJIbTBl OKEaHMYECKUX TEPPEHHOB W/MIM OKEaHHMYECKOTO OCHOBAHUS OCTPOBHBIX IyT). OCHOBHBIM MCTOYHHKOM
Cpe/Henane030iMcKuX [-rpaHuTOB, JOKAJIM30BAaHHBIX B NalCOOKEAaHWYECKHX M IAJIEOOCTPOBOAYKHBIX OJOKaX,
ABJsIack uddepeHMpoBaHHas BEPXHSA Kopa, CHOPMUPOBAHHAS B PAaHHEM I1aJIE030€.

B mnoznnexanenonckux Onokax [opHOro Anras miaBHBIM 3Tanm (OPMHPOBAHHS KOPHl KOHTHHEHTAJIEHOTO
THUIIa TIPOM3O0IIEN B CPEIHEM-TIO3IHEM JICBOHE B OOCTAHOBKE aKTMBHON KOHTHHEHTAJIBHOW OKpawWHBI. | paHUTOMIBI
3TOTO BO3pacTa MpencTaBiIeHsl nopogamu I- u S- TunoB. I-rpaHuTHl TYpOMIUTOBBIX NasieobacceiHOB 00OTAIIEHH!, B
CPaBHEHHUHM C aHAJOTMYHBIMH MOPOAAMHU ManeoocTpoBonykHbIX, HFSE u, B 3HaunTenpHO MeHblIEH cTeneHu, P30.
S-rpaHuTHI IMEIOT MOBBILICHHBIE, B CPaBHEHHH ¢ Topoaami [-tuma, conepxxanus Rb, Cs, Y, Th u U npu conocraBuMbIX
KOHIIEHTPaIMAX APYTHUX BEICOKO3APSIHBIX d1eMeHToB 1 P33. M3oTomHslit coctaB Nd B S- 1 [-rpanuTax TypOHAUTOBBIX
naneo0acceHOB MICHTHYEH M TNPHOIMKAaeTCsl K TAKOBOMY B IIOPOAAX BEpXHEH KOpbl (KeMOpPO-OpPJOBHUKCKHX
TypOHUIUTAX) COOTBETCTBYIOIINX OJIOKOB.

leonornyeckne, reoXMMHYECKHE WM HM30TONHBIC JIaHHBIC YKa3bIBAIOT, 4YTO ()OPMUPOBAHHE S-TPaHUTOB B
TypOMIUTOBBIX NasieobacceiHax ObLI0 00YCIIOBIEHO YaCTHYHBIM IIJIaBJIEHUEM META0CaJOYHBIX TOPOJT BEPXHEH KOPHI.
®opmupoBanne [-rpaHUTOB CBA3BIBAETCSA C IUIABICHHEM KOMOMHHPOBAHHOTO UCTOYHHUKA, BKJIIOYABIIETO METAIEINTHI
BEpXHEH KOpbI 1 MeTaba3UThl OKEAHHMYECKOTO OCHOBAHUSI TYPOHIUTOBBIX MAI€00acCeHHOB.

K nagany nozanero naneo3ost HaTeppuroprn  opHOro Anras 6611a chopMHpoBaHa KOpa KOHTHHEHTAILHOTO THIIA.
Haunnas ¢ 3Toro BpeMeHH Bce IPOSBICHHS TPAaHUTOMTHOTO MarMaTu3Ma ObUIN CBSI3aHbI HCKIIFOYUTENIBHO C pyOex)aMu
BHYTPUIUTUTHONH aKTHBU3alWH, OOYCIIOBIEHHOM aKTHBHOCTBIO MAaHTHHHBIX auarnupoB. IlozmHenaneozolickue-
paHHEMe3030MCKHe TPaHUTONABI JINOO MIPEACTaBICHB TOPOAaMHu A-THIIa (XapJIOBCKUIH KOMIUIEKC, MO3JHUH KapOOH
[Kpyk u ap., 2009]), 1100 accOnUUpPYOT C JTAMKOBBIMHE ITOSICAMH MIETIOYHBIX 0a3aJIbTOB U TaMIIPO(QUPOB, 00HAPYKHUBAsT
MPU3HAKHW aKTUBHOTO YYaCTHsI MAaHTHIHOTO KOMIOHEHTa B (JOPMHUPOBAHNH I'PAaHUTOMIHBIX MarM [ Biaanmupos u np.,
1997; Jo6penos u ap., 2005; ArHUKOBa 1 Ap., 2006].

Paboma evinonnena npu ghunancosoii nooodepoicke Ipezuouyma CO PAH (npoexm Ne 79).
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Problems of formation and evolution of continental crust are the fundamental in geology, petrology and
geochemistry. Interest of researches to these problems arose since the formation of geology as a science and has risen
in the past 50 years seeing appearance of new methods of geochemical, isotopical and direct geochronological studies
of rocks. Appearance of the first Nd isotope data on granitoids of Central Asia [Kovalenko et. al., 1996; Jahn et. al.,
2000; etc] provided a new powerful impetus for researches and forced to reconsider existing views on the dynamics
and mechanisms of formation of the continental crust in Phanerozoic fold belts.

Over the past 20 years a huge amount of geological, geochemical, isotopic and geochronological data on the
rocks of the continental crust of Central Asia received. But still there are not attempts to trace the whole process of the
formation and evolution of the continental crust in a large segments of the lithosphere and to set the main mechanisms
of this process and the role and place the granitoid magmas in it. In the report this question solved for Caledonides of
Gorny Altai.

Gorny Altai segment of Central Asia was formed on oceanic basement and has not an Early-Precambrian sialic
basement. All metamorphic complexes of Gorny Altai have ages not older than Late Riphean. Composing metapelites
was formed as a result of metamorphism of transit-type crust rocks, the protoliths of basalts correspond to oceanic
basalts and island-arc tholeites. Model Nd age of rocks varies from 0.6 to 1.5 Ga, gradually increasing with the
rejuvenation of the age of metamorphism [Kruk et. al., 2013].

Primary crust of Gorny Altai formed in two main stages: Early- and Late-Caledonian. Nature and composition
of crustal protoliths formed in these two stages are significantly different. At Early Caledonian stage (Vendian — Early
Cambrian) fragments of oceanic lithosphere and also terranes of island-arc and forearc basin was formed. Protoliths
of oceanic terranes have a basic composition (MORB, OIT, OIB) and T, (DM) = 0.5-1.0 Ga. Protoliths of island-
arc terranes characterized by andesibasalt and andesite composition, low concentrations of LILE, HFSE, REE and
T (DM) = 0.7-0.75 Ga. The exclusively juvenile nature is characteristic feature of Early Caledonian crust in Gorny
Altai.

At Late Caledonian stage (Late Cambrian — Early Ordovician) the large turbiditic basins with oceanic basement
and filled greywackes and shales was formed. The OIB prevails among basalts in oceanic basement. Sedimentary
rocks have a intermediate composition between bulk and upper crust and enriched in LILE, HFSE, REE relative to
rocks of Early Caledonian crust. Model age of rocks T, (DM) various from 0.8-0.9 Ga to 1.4-1.6 Ga and indicates
to the Cambrian-Ordovician turbidites belonging to three independent basins with different sources of demolition
[Kruk et. al., 2010]. Minimal model ages typical for sediments in Eastern Altai (Anui-Chuya basin framed by Altaides
volcanic arc); Maximum ages — for Southern part of Gorny Altai and adjacent territories of Mongolia. Results of
dating of detrital zircon with the geochemical and isotopic data show that formation of sedimentary rocks was due
to erosion of Early Caledonian blocks that have undergone before this partial differentiation and due to brings more
“mature” material from outside.

Granitoid magmatism in Gorny Altai occurs at time from Early Cambrian to Early Jurassic [Vladimirov et. al.,
1998, 2001; Annikova et. al., 2006; Kruk et. al., 2011]. Within Early Caledonian blocks of Gorny Altai the earliest
splash of granitoid magmatism marking formation of differentiated continental crust occurs at Late Cambrian — Early
Ordovician as a result of accretion-collision events related with accretion of island arcs and paleoceanic mountains
to the Siberian continent. Granitoids of this stage are low-alumina TTG of M-type. They have low concentration
of LILE, HFSE, REE and Engl > T6 and T, (DM) = 0.7-0.8 Ga. Middle Paleozoic (from Early to Late Devonian)
granitoids within Early Caledinian blocks represented by calc-alkaline rocks of I-type. In comparison with Early
Paleozoic M-granites these are enriched in LILE (except Sr), HFSE and REE. Nd isotopic composition in Middle
Paleozoic I-granites within paleooceanic and island-arc blocks similar to that one from Early Paleozoic M-granites
(g (T) = +3.4...+5; T (DM) = 0.74-0.86 Ga). Based on geochemical and isotopic data forming of Early Paleozoic
M-granites was caused by anatexis of metabasic substratums that close in composition to N-MORB (basalts of oceanic
terranes and/or of oceanic basement of island arcs). The differentiated upper crust formed in Early Paleozoic was a
main source for Middle Paleozoic I-granites localized in paleooceanic and paleo-island-arc blocks.

Within Late Caledonian blocks of Gorny Altai the main stage of formation of continental crust occur in
Middle — Late Devonian in active continental margin environment. Granitoids fo this stages represented by rocks of
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I- and S-types. I-granites in turbiditic paleobasins enriched in HFSE and less REE compared to the same in paleo-
island-arc blocks. S-granites have increased in Rb, Cs, Y, Th u U in comparison with the rocks I-type content with
comparable concentrations of other HFS-elements and REE. Nd isotopic composition in S- and I-granites from turbidite
paleobasins identical and close to that in the rocks of the upper crust (Cambrian-Ordovician turbidutes) of respective
blocks. Geologocal, Geochemical and isotopic data show that formation of S-granites within turbidite paleobasins was
caused by partial melting of metasedimentary rocks of upper crust. Formation of I-granites was caused by melting of
combined source including metapelites of upper crust and metabasites of oceanic basement of turbidite paleobasins.

Continental crust was formed in territory of Gorny Altai by the beginning of Late Paleozoic. Since that time
all manifestations of granitoid magmatism was caused by exclusively by intraplate intensifications due to activity of
mantle diapirs. Late Paleozoic — Early Mesozoic granitoids are represented by rocks of A-type (Kharlovka complex,
Late Carboniferous [Kruk et. al., 2009]) or associated with dike belts of alkali basalts and lamprophyres detecting
signs of active participation of mantle component in granitic magmas formation [Vladimirov et al., 1997; Dobretsov
et. al., 2005; Annikova et. al., 2006].

Work was carried out with the financial support of Presidium SB RAS (project 79).
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TEOXUMHWYECKHWE TUNbI PAHHEITAJIEO30MCKUX TPAHUTOU/IOB
HOXKHO-CAHI'MJIEHCKOTI'O ITOSICA PEJKOMETAJIVIBHBIX IIETMATHUTOB

JL.T. Ky3HenoBa

HUnemumym eeoxumuu um. A.I1. Bunoepadosa CO PAH, Hpkymck, Poccus
lkuzn@igc.irk.ru

CaHrmieHckoe Haropbe, BKiIrodatomiee HOskHo-CaHrmineHckuil nosic peakoMeTauibHbIX rermarutoB (KOCIT)
MPOTSHKEHHOCTRIO Oosiee 120 kM, siBisieTcst yacThio TyBuHO-MoHT0MbCKOT0 Maccusa (TMM), pacnonioxeHHOTo B Ka-
nenoncko [leHTpanbHO-A3uaTckoll ckiamdaroil oonactu. Marmaruueckue accouuarn TMM B paHHeM maneo3oe
(hopMHUPOBAJIHCH B YCIOBUSIX aKKPEIIMOHHO-KOJUTU3HOHHOTO FE€OJHHAMHYECKOTO PEXKHUMa, COPOBOXKIABIIIETOCS MOIII-
HBIM Bo3JeiicTBUeM Anrae-CastHekoro mioma [Spmontok, Koanerko, 2003 u nip.], 4To mpuBeno kK 00pa30BaHHUIO WH-
TPY3HH, CIOKEHHBIX rab0pOnIaMy U TPAHUTOUIAMHU Pa3HOOOPa3HOTO COCTaBa HOPMAJILHOM Y MOBBIIICHHOH IIEI04-
HOCTH. B cpeHeM 1 nmo3HeM najieo3oe B JaHHOM perHoHe 0oJiee JTOKAIBHO MPOSIBUIICS IIEIOYHOH BHY TPUILTUTHBIN
MarmarusM [Spmonrok, Kosanenko, 2003]. bin3kwii BeniecTBEHHBIN COCTAaB T'PAHUTOUIOB, C(OPMHUPOBAHHEBIX B pa3-
JIMYHOHM Te0IMHAMUYECKO 00CTaHOBKE, 3aTpyAHSET TIPHMEHEHHE CTPYKTYPHO-BELIECTBEHHOTO MOAX0/a TPH BBIZE-
JICHUM MHTPY3UBHBIX KOMIIJIEKCOB U ONIPEAEIECHHs X PYJHOTO MOTEHIMa a. JTa nmpodiemMa akTyalbHa U sl TPaHH-
TOB, aCCOLMMPOBAHHBIX CO criogyMeHoBbIMU ierMaruTaMu FOCII. K HuM oTHOCATCSI GMOTHUTOBBIE IBYIIOJICBOIIITIATO-
BbIC I'PaHMTHI, BBIZIEJICHHBIE paHee B KbIcTapbicckuil komiuieke [Illenkman, 1980], a Taxke npenecTBOBaBIINE UM
TUIaTMOTPAHUTOMIBI H3BECTKOBO-IIIETIOYHOTO Psiia, KOTOPhIE BCTPEUAIOTCS KAK aBTOHOMHO, TaK U B OHUX (TIOJTUXPOH-
HBIX U TIOJUTEHHBIX) MaccuBax. Ha coBpeMeHHBIX Teoslornyeckux kaprax [[eomorndeckas kapra.., 2010] yacTts rpa-
HUTOUIHBIX MaccuBOB B BocTouHOM yacth FOCII oTHeCceHa K OpAOBHKCKUM KBICTApPBICCKOMY M TAaHHYOJIBCKOMY KOM-
TUIEKCaM, a YacTh MacCHUBOB B 3amaHoH 1 1ieHTpanbHoH YacTsax KOCII — k 1eBOHCKUM OpEeHBCKOMY M CAaHTHIICHCKOMY
komIiekcam. Hamu ycranoBnen Onu3kuii pannenaneosoiickuii Bozpact (U-Pb, SHRIMP 1o niupkonam) n1BymnoseBori-
MaTOBBIX OMOTUTOBBIX T'PAHUTOB M3 MAacCUBOB B BOCTOYHOI M nieHTpansHOi yacTsax FOCIT (489488 Ma) u accouuu-
POBaHHBIX C HUMH CIIOAYMEHOBBIX nerMaTutoB (494—483 Ma) [Ky3nenosa, Hlokansckuif, 2011]. Ilens nameit pabo-
TBI — ONPENICITUTh XapaKTepHbIE TEOXMMUYECKHUE 0COOEHHOCTH OCHOBHBIX THIIOB PaHHETIANIC030MCKUX IPAaHUTOUJIOB,
BoIsiBIIeHHBIX B FOCII, 1 mpoaHani3upoBarh UX B3aMMOOTHOLIEHUSI B TPOCTPAHCTBE ¥ BPEMEHH, IPOCIICIUTh HAlpaB-
JICHUE DBOJIIOIINY, 3aBEPUIMBIICHCS MOIHBIM UMITYJIbCOM PEAKOMETAIIBHOTO MarMaTu3Ma, 1 yTOYHUTh F€OJHHAMH-
4eCKyr0 00CTaHOBKY (DOPMHUPOBaHHUS.

YCTaHOBIICHO, YTO «JIOKBICTAPBICCKHE» IUIarMOTPAaHUTOU/IBI N3BECTKOBO-IIEIOYHOTO psifa B npenenax FOCII
XapaKTepH3yIOTCs HOPMAIBLHON OOIIEH IeI0YHOCTBIO, HO Pa3HBIM YPOBHEM INIMHO3EMHUCTOCTH M KaJIMEBOH IIENI0Y-
HoctH. 1o 3TUM mapameTpaM M PEeAKOIIEMEHTHOMY COCTaBY CPEIH HUX BBLACIAIOTCS TPU acCOUManuy (KOMIUIEK-
ca). Apeasbl UX pacHpOCTPaHEHHUs], YACTUYHO IIEPEKPHIBAsCh, CMEHSIOT JIPYT JApyra B CyOIIMPOTHOM HallpaBICHHH.
Bce oHM pophIBaIOT U coziepKaT B BHE KCEHOJIMTOB M OCTAHIIOB (hparMEeHTH HEOONBIINX TEJ MPEIIIECTBOBABIINX
UM HHM3KOTHUTaHHCTBIX rab0po, TOpHOJIICHIUTOB, TUPOKCEHUTOB. YMEPEHHO MICIOYHbIC JIBYIIOJICBOIINATOBLIC TPAaHH-
TBI KBICTAPBICCKOTO KOMILIEKCA BHEPSUINCH TIOCJIE IUIarHOTPAaHUTOUIOB, YTO MOATBEP)KIAETCS MX CEKYIIMMH KOHTaK-
TamMH. BrlieneHHble acconuanuy rpaHuTON/I0B, IEPEUUCICHHBIE B UX BO3PACTHON TOCIIEI0BATEIBHOCTH, XapaKTepH-
3YIOTCS CICAYIOINMH T€OXUMHYECKIMHU 0COOCHHOCTSIMH:

Inazuoepanumoudvt  OUOPUM-TMOHATUM-NIASUOSPAHUMHOL  ACCOYUAYUU  YMEPEHHOU  2IUHO3EMUCTNOCIU
(AL,0, = 16-17%) u ymepennoii kanuesoti werournocmu (Tui 1) craraior HeGoJbIINE HHTPY3UH, 00pa3yIoNIUe IemnoY-
Ky BIoJIb Ka4MKCKOTO Ha/BUTa M ONEPSIIONIMX €T0 pa3IoMOB B 3anajHod U neHtpanbHoil yactsax FOCII. Ipu conep-
xanuu Si0, 60-66 mac. %, onu MeTaruHo3emMucThie (A/CNK = 0.8-0.9), ymepenno xenesuctoie (f, * = 0.6-0.7), ¢
Na u K-Na cnenuanuzanueii menoueii. Ha knaccudukanmonnoii quarpamme Ab-An-Or nX HOpMaTHBHBIE COCTaBBI
HAXOJSATCS B MOJIC TOHATUTOB U TPpOoHIbeMuTOB (Puc.1a), Ha nuarpamme Ab-Q-Or pacmonararTcs BIOIb TPOHIbEMHU-
TOBOTO TPEH/1a. B HIX MOBBIIIEHBI COAEPIKAHUS KPYITHONOHHBIX M TOHW)KEHBI COJIEPIKaHMsI BHICOKO3apSAHBIX 2JIEMEH-
toB (Puc. 16); cnexrpsl P33 cnabo ¢ppaxuuonuposannsie (La/Yb) = 8-14, Ew/Eu* = 0.8-1.

Inazuoepanumoudvl moHarum-niaacuOSpaHum-1euKoniIa2UuoZPAHUMHOU ACCOYUAYUU BbICOKOU 2IUHO3EMUCTO-
cmu (A1,0, 0o 19 mac. %) u ymepennoii kanueeoti wenournocmu (THII 2) pacripoCTPaHEHBI TONBKO B BOCTOYHOM 9acTu
FOCII (6acceiin p. Xycyunron), Tae o0pasyroT MacCUBBI U Menkue UHTpy3un. Ilpu conepsxannn SiO, 6273 mac. %,
onu xapaktepusyrorcss A/CNK = 0.9-1.1, nosbimennoi xenesucroctsio (f * = 0.80-0.83), Na cnennanusanuei me-
JIouei, HO OTMEYaeTCsi OTHOCUTENHLHOE TIOBBIIICHHE KaJHEBOW LIEJIOYHOCTH B JICHKOIUIarnorpanurax. Ha nuarpam-
Me Ab-An-Or ux cocTaBbl 00pa3ylOT SBONIONMOHHBIA PSJ] U3 MOJsI TOHAIUTOB B I10JI€ TPOHIHEMUTOB M I'PAHUTOB
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m nnarMorpaHuTonabl TUn I

nNarMorpaHMTonabl THN “

- HKCA rpasurouas! Tun Il
—— 6Guoruroseie rpanurs Tun IV

LTt s s B e B S B
RbBaTh U NbTa K LaCe PbPrSrNd P ZrSmEu Tl GdThDyHe Y ErTmYblLu

leoxumudeckue nuarpaMmsl Ui paHHeNaneo30ickux rpanutonnoB OxxHoro CanruneHa:
a — auarpaMmMa HOpMaTHUBHBIX COCTaBOB anbﬁmfaﬂopl‘mfopmmas; 60— MYJIBTUDJIEMECHTHBIC JUarpaMMbl, HOPMUPOBAHHBIC 110 COCTaBY
N-MORB [Geochemical Earth Reference Model // http://earth-ref.org/GERM].

(cM. pucyHOK, @), Ha nuarpamme Ab-Q-Or IHOPHUTHI M IJIATHOTPAHUTHI PACIIONararoTCsl BIOIb TPOHABEMHTOBOTO
TpEeH/a, a JICHKOIUIarHorpaHUThl — OJIMKE K M3BECTKOBO-IIEIOUHOMY TPEH/Y. B HUX MOBBIIIEHBI COAEpKaHUS KPYTI-
HOMOHHBIX M TIOHMXEHBI COJIEP)KaHMs BBICOKO3aPSAHBIX MIIEMEHTOB; coaepxanus Ba o 3300 r/t, Sr 1o 1600 r/T (cMm.
puc. 1, 6). Cymmst P33 (70—-110 r/T) moHmKeHsI 3a cueT Tshxenbix P30, a mX HOpMHUPOBaHHEIE CIIEKTPHI CHIIBHO (hpak-
unonuposansl (La/Yb) = 33-65, eBpoNHeBbI MUHUMYM OTCYTCTBYET. | €OXUMHYECKHE OCOOEHHOCTH TTO3BOJIAIOT OT-
HECTH TPAaHUTOU B! JAHHOM aCcCOLMALNYU K IPOU3BOAHBIM aIaKUTOBBIX MarM, BHIIUIABIEHHBIX B OCHOBAaHUH yTOJIILEH-
HOH KopsI ipu P > 15-16 x0ap.

I parnumouder ouopum-zparnoduopumoeoii accoyuayuu ymepenot anunosemucmocmu (A1,0,= 14-16 %) u no-
sviueHHol kanuegol wenounocmu (THI 3) oTcyTcTBYIOT B 3amanHoi dactu FKOCII, HO 0Opa3yroT HOBOJILHO KpyTI-
HBIC MacCHBBI B €r0 IIEHTPAJBHOI YacTH (H-p AKaJbIpcKuii, miomanpio 10 20 kM?) U Gonee MeNKue Tesia B MONSX
BOCTOYHOH 9acTy nosca (Oaccelin p. Xycyunron). Ilpn conepxannu SiO, 59-65 Mac. %, OHM METarTMHO3EMHCTHIE
(A/CNK = 0.7-0.9), ymepenno xenesuctoie (f, * = 0.6-0.7) ¢ K-Na cnenmanusanueii menoued. Ha quarpamme Ab-
An-Or nx HOpMaTHBHBIE COCTaBBI HAXOSTCS B ITOJIE TPAHOIMOPHUTOB (CM. pHC. 1, a), Ha nuarpamme Ab-Q-Or oHM pac-
TIOJTaraloTCs BIOJIb KJIACCHYECKOTro AN (epeHIIMOHHOTO TPEHAA U3BECTKOBO-IIEJIOYHBIX CEPH MOBBIIICHHON KajH-
eBoi menouHoctd. CofeprkaHusl KPYMTHOUOHHBIX JIEMEHTOB TOBBIIIEHBI, @ BBICOKO3apsAJHBIX HECKOIBKO MPEBbIIIA-
IOT KJIapKOBBIE (CM. PHCYHOK, 6), ZP33 — 130-170 r/t, cmektper P33 ymepenno ¢ppakuuonnposannsie ¢ (La/Yb) =
= 12—-14, Eu/Eu* B rpanoguopurax cHmwxkaercs 10 0.6.

Buomumoevie epanumer  enagnou  Gasvi  KblcMAapwbiCCKO20 KOMNAEKCA YMEPEHHOU  2NUHO3EMUCTNOCIU
(AL,0, = 13.5-16 %) u ebicoKoti kanuesou wenournocmu (00 yposus uiowionumos) (T 4) 06pasyroT CEPUI0 MACCUBOB
wiomapko 10 40 kM B IeHTpasibHOM 1 BocTouHo# yacTsax KOCII. Ilo cocraBy onun ymepenHo-menounsie (K =0.76—
0.86) ¢ K-Na crnenmanmzarueii menoueit, ymepenHo-rmuHo3eMuctoie (A/CNK = 1.0-1.1), BbICOKOXKenme3UCThIE
(f,,* = 0.84-0.93). Ha nnarpamme Ab-An-Or BX cOCTaBBI HAXOIATCA B MOJIE TPAHUTOB (CM. PUCYHOK, @), Ha IMarpam-
Me Ab-Q-Or oHM pacrionararoTcsi B KOHIIE KITacCHIeCcKoro An((GepeHIIMOHHOTO TPEHAa H3BECTKOBO-IIIETIOUHBIX CEPUI
noBeIIeHHoH kanueBoi menouHoctn (HKCA). ConeprkaHust KpYITHOMOHHBIX M BEICOKO3apsITHBIX JJIEMEHTOB B HUX
3HAYUTENIFHO TPEBBIAIOT KIAPKOBBIE (CM. PUCYHOK, 0), P33 — 200-260 r/1, ciektpsl P33 ymepeHHO (pakiinoHu-
posanneie ¢ (La/Yb), = 10-20, Ew/Eu* = 0.3-0.5.

Ha ocHOBaHUM 3THX JaHHBIX MOXHO CIENaTh CAEAYIOLINE IPEABAPUTEIbHBIE BEIBOABL:

— Ilo BemiecTBEHHOMY COCTaBY OCHOBHAs 4acTh paHHemnaneos3olckux rpanurongoB FOCII nmpuHamiexur x
U3BECTKOBO-LIENIOYHOM CE€pUU MOBBINIEHHON KanueBoi menouHoctd — HKCA, tunmuHoM A5 9Tana nocTKOII3HOH-
Horo Marmatm3ma [Liegeois et al., 1998], 3aBepmmBIIeiicss Ha TpaHHIle KEMOPHUS M OPIOBUKA BHEAPCHUEM YMEPECHHO-
HIEJIOYHBIX IIOIOHUTOBBIX IPAHUTOB KBICTAPBICCKOTO KOMILIEKCA U CIIOyMEHEHOBBIX IETMaTHTOB.

— B npenenax FOCII apeans! pacpocTpaHeHNs paHHENATE030HCKUX TPAHUTOUIOB Pa3HbIX FTEOXUMUYECKHUX TH-
TIOB CMEHSIOT APYT Jpyra B CyOIMIMPOTHOM HANpaBJIeHUH, IPH STOM C 3al1aJa Ha BOCTOK YBEIMUYMBAIOTCS BEPTHKAIb-
Hasl aMIUIMTYAa TTyOWHBI MX BHIIUIABICHHS M KaJMeBasl IIEJIOYHOCTh. B 9TOM JkKe HampaBlIeHHH BO3pacTaeT MpOayK-
TUBHOCTB MPOSIBICHUH TUTUEBOTO PEAKOMETAIIBHOIO MarMaTH3Ma, 4To, HapsiAy ¢ BO3PACTHBIMU JAHHBIMU, TOBOPUT
0 €ro reHeTudeckoi css3u ¢ nocrkomm3noHHbiMu HKCA rpanntongamu.
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IF'EOXUMHNYECKOE MOJAEJIUPOBAHUE MAIT'MATHYECKHX U COINPSI>KEHHBIX C HUMH
MATI'MATOTEHHO-THJAPOTEPMAJIBHBIX PYJTOOBPA3YIOIIINX CUCTEM KAK HHCTPYMEHT
HCCJIENOBAHUS BOJIIOIAA KOHTUHEHTAJIbHOM KOPBI M OLIEHKH EE PYJTHO-
3KOHOMMWYECKOMN MPOAYKTUBHOCTH

N.N. JlazapeBa, C.E. IlInioxoB

Kueeckuui nayuonanvhvii ynusepcumem um. Tapaca Illesuenxo, Kues, Yrxpauna,
Lazareva@mail.univ.kiev.ua, Shnyukov@mail.univ.kiev.ua

Juns obecriedeHus] HHTEPIIPETAIIOHHON cocTaBistomel ['eonormaeckoro [Jlemosntapuss YKpauHBI MPeIo-
JIaraeTcsl UCMONb30BaHNE TE€OXMMHYECKOTO MOAEIHPOBAHUS MPOIECCOB BO3HUKHOBEHHS MarMaTOT€HHBIX M COTPS-
KEHHBIX C HIMH MarMaTroreHHO-THIPOTEPMAIIbHBIX CHCTEM, a TAKXKE MX JaTbHEHINETO PasBUTHS VIS PEIICHUS psiia
YACTHBIX U OOIIMX 33ad, IPUMEPAMHU KOTOPBIX SABIISIOTCS: (1) M3ydeHHe OTIeIbHBIX MarMaTHUECKUX CEPUil U comps-
KEHHOTO C HIMH MarMaToreHHOTO ¥ THAPOTEPMAIbHO-METACOMATHUECKOTO OPYICHEHHS; (2) NCCIIEOBAaHNE CIIOKHBIX
MarMaTH4eCKUX KOMIUIEKCOB, COCTOAIINX M3 HECKOJIIBKUX CepHil, pa3paboTka 0ObEIMHEHHBIX TIETPO- U PYyAOTCHETH-
YECKUX CXEM U WX COIIacOBAaHHWE C MPOIECCaMH IUTaHEeTapHOTO MaciuTaba; (3) pecTaBpalys BO3PACTHOM 3BOIOIIUHI
CHCTEMBI 36MHasi KOpa — BEPXHSISI MAHTHSI, KOHTPOJIHPYEMOH ITPEUMYIIIECTBEHHO IPOIIECCAMH YaCTUYHOTO TIJIaBie-
HUSI M KPUCTAUTM3ALNH PACILIABOB, U BBIACICHUE COOBITHH, BAXXHEHIINX B T€OJOTHIECKOM W METAITIOTCHUIECKOM
(MHHEpareHN4IeCKOM) OTHOIIICHHH.

[puHIIMOBEl TpakTHYecKol peanm3anuy perreHus 3amgaqd (1) u (2) paccMOTpeHBI Ha TpUMepe TeOXHMHYe-
CKOW MOJIeTTH MarMaTH4ecKOW IBONIOIHU TPAHUTOMAOB gokemOpuiickoro (1,7-1,8 mipx ner.) Kopocrenckoro rmry-
tora (KII) [IlIaroxoB, 2001, 2002; [xtokoB u nap., 2012] (Ykpaurackuii uwr). [IpennoxkeHHast MOIEIb, TOMAMO Ta-
KHX TIapaMeTPOB CHUCTEMBI Kak: 3(peKTHBHBIE KOMOMHUPOBAHHBIE KO3(D(UIIMEHTHI pactipeneeHus s OONbIIH-
CTBa MHKPOJJIEMEHTOB, 3HAYCHHUS TeMIEpaTyphl I JTF000T0 3HadeHHS f (MacCOBO JTOJM OCTaTOYHOTO paciiiaBa),
KOHIICHTPAIIHSI BOJIBI B HCXOIHOM paciliaBe, TOUKa OTAeNeHus (GronmaHon (hasbl, 3HaYeHU KodPPHUIINEHTOB pacmpe-
nenenus ¢rrona/pactias st [[atokos, 2001, 2002; IarokoB u ap., 2012] MHKPOAIIEMEHTOB — IIPEJOCTABISIET
JTaHHBIE O KOHIIEHTPALMSIX KaKAOTO 3JIEMEHTa KaK B OCTaTOYHOM PACIUIaBe, TAK U B caMoM (IIIOHIE, a TAKXKE T03BO-
JSIET OIIEHUTh CyMMapHBIi pecypc (uIiona, OTACIABIIETOCsS OT MaTepHHCKON MarMaTHYecKOH CHCTEMBI Ha JIFOO0M
sTamne 3Boronnu. [lomydeHHsle pe3ynbraTel 0ToOpakeHsl Ha puc. 1. Ha HeM pecypc ¢urronaa ucrnonb3yercs: B Kade-
CTBE MapaMeTpa, KOTOPBIH 1aeT MaKCUMAaJIbHYIO OLIEHKY MacIITa00B MOTECHIIMAIBHOTO OPYACHEHUS IS 3JIEMEHTOB U
UX TPUPOAHBIX TPYIIL.

ITpu co3nanny 0OBETMHEHHBIX TEOXUMUIECKUX MOJENIEH CIOKHBIX MarMaTH4eCKUX KOMIIIEKCOB, IZI€ 4acT-
HBIE MOJIETIM CEPUH MOCTPOCHBI aHATOTUIHO
pa3o0paHHOMY BBIIIE MIPUMEPY M COZIEpPIKAT 4
Ha0Op COOTBETCTBYIOIINX ypaBHEHWH, ITOI- E—
JeKaT pemeHnio crexyromue 3amadn: (1) b nioimom, %
BBIICHEHHE KOMAarMaTHYHOCTH Pa3JIMIHBIX
cepuii opon; (2) ompeneneHne NCTOYHUKA
(YpoBHS TeHepamuu) TMEpPBHYHBIX paciria-
BOB; (3) coBmemenue (00ObSAMHEHNE) JacT-
HBIX TEOXHMHUYECKUX Mozenel (GpopMHupoBa-
HUS pa3IM4YHbIX MarMaTHueckux cepuil. Pe-
IIEHHE BCEX TPEX 3a7ad CBOJHUTCS K IPOIe-
Iype “CTBIKOBKH’® MOJeJNeil — IBYyX KpHUCTAII-
JIM3aMOHHBIX WIN OJHOW U3 HUX C MOJIEIIBIO
YaCTHYHOTO IIaBiIeHuUs. [Ipu 3ToM [u1st IBYX
“periepHBIX” BIIEMEHTOB C HanOoiee MOHO-
TOHHBIM MOBEAECHUEM B KaXKI0H U3 MOJEIIEH

40

F 30

F20

CyMapHWA pECYPC MarmatoreHHoro dnwigy (Re), mnpn 1

Puc. 1. CymmapHslii pecypc 211€MEHTOB BO 0
dumronie.

‘-IepHLIe CTOJIOUKH OTBEYAIOT DJICMCHTaM, I
KOTOPBIX HAININE HpOMBICHOBOﬁ MUHEpaIn3aluu 1noa-
TBEPKIACHO I'€OJIOTO-Pa3sBEA0OYHBIMU pa60T8.MI/I.

U+Th
LREE+Y
=10Be

F

Zn+s:
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Puc. 2. Ilpumep obbenuHeHUs ABYX

TINMMMMY
BaauToBan cepua : pannTonnHasa cepus OTZENBHBIX MOJeNeH  (PaKIHOHHOM
Sl ot . KPHCTAUIM3AIIHH, HE3ABHCHMO  CO3-
00 oo nasaenii (Ti-P) B Gasurax i POpPMUPOBAHNE PYAOHOCHBIX MaHHBIX i1 OasuroBoil [IlIHIOKOB,
| ! {Zn, Pb, ND ...) METCOMATHTOR 2002] u rpanuTHO# cepuii Kopocren-
Ti ! pTTTTTT T - CKOTO ILTYTOHA.
10000 - |
[

i DopMUpoBaHHE
| KAMEpHSIX

e (l)OpMI/IpyeTCSI CHUCTEMa YpaBHC-
''''''''' - HUH, pCHICHUEC KOTOPOU JACT TAKHC

3HAYeHUs f MO IMPUHATOW B Kax-

Ha4ano oTRENEHKA
niorna

ERN S

100 | . I r
: ! ! JIOW MoJeny mkane ( f1 " f2), pu
! e I HD(mac.%) KOTOPBIX JOCTUraeTCs PaBEHCTBO
i o P <2, ) 113
g 10 ! e | TeTsC KOHIIGHTpAlMi BBIOPaHHBIX ‘pe-
2 [ : MEPHBIX” JJIEMEHTOB B pacCILIaBe.
Loyl : JanbHeiimas npoBepka rUnoTes3 o
0n % : ' f. mac. momx KOMarMaTU4HOCTH CEpUil WU BO3-
T=1200-1300°°C : (obpemumerntan nixana) MOXKHOCTU (POPMUPOBAHUS KaKOH
01 T T T
: aM00 M3 HUX 3a CYET YaCTHYHOTO
1 01 o.M 0.1 0.(H

MJIABJICHUS BEIECTBAa paccMarpu-
BaeMoU reocdepsl MPOBOIUTCS ITy-
TEM COIOCTABJICHUSI KOHLIEHTPALUI JPYTUX 3JIEMEHTOB, PACCUMTHIBAEMBIX M0 KaXKAON U3 “‘CTBHIKYEeMbIX” MOJENeH AJs
TIOJTYEHHBIX 3HaueHu f; 1 f,. COmIacoBaHHOCTh TAKHX PACYETHBIX KOHIEHTPALMH ITOATBEPK/IaeT runore3y. B stom
cllydae COBMEIIICHUE MOJICIICH JIETKO BBITOMHICTCS MEPEX0A0M Ha SAUHYIO (00BEIUHEHHYIO) KAy f ¢ UCIOIB30Ba-
HHEM 3HAYEHUH f, U f,. Pe3yabraTel NpoBepKH THIIOTE3 (PUC. 2) CBUIETENLCTBYET O PAOOTOCTIOCOOHOCTH MPEIOKEH-
HOW TMPOIEyphl U CUCTEM YpaBHCHHUH, 00ECIICUNBAIOIINX €€ TPUMEHEHHE. PecTaBpaliyst BO3pacTHOW YBOJIOIHMA CH-
CTEMEBI 3¢MHast Kopa — BepXHsisi MaHTHA (3) TpeOyeT IPUMEHEHHUS MOJETICH IPYroro THIIA, OCHOBAHHBIX HA OIICHKAX
CKOPOCTH POCTa KOHTUHEHTAIbHON KOPHI 32 CUET €€ IKCTPAKIUH U3 JETUIETUPOBAHHON MaHTUU. OHU UCIIOIB3YIOTCS
KaK IVIaBHBIA BXOAHOMW MapameTp ISl pacueTa U3MEHSIOINXCA BO BPEMEHU KOHLEHTPALUN PEIKUX JIEMEHTOB B Te-
ocdepax, mpuYeM B Ka4eCTBE BEIYNIET0 MEXaHH3Ma UX MEPEHOCA U3 MAHTHH B (DOPMUPYIONIYIOCS KOPY MPUHUMACT-
Cs1 TIPOIIECC YaCTHYHOTO IUIABJICHHS C TIOCICAYIONICH MarMaru4eckoii aporonueii. [1oqo0HbIe MOIeNn CO3Iar0TCs Ha
pasznuuHbIX npuHnunax [Teinop, Mak-JIlennan, 1988], ogHako Ajs 3KCIPECCHOTO MOMYUYEHUS! PEaTUCTUUHBIX JaH-
HBIX MPEIUIOKCHA MPOIeypa, OCHOBAaHHAS Ha TCOXUMHYECKOM HCCIICIOBAaHUH ¢IUHUYHBIX 3epeH CAM (CKBO3HBIX
AKIIECCOPHBIX MIUHEPAJIOB) U3 UX MPEACTABUTCIFHBIX TCPPUTCHHBIX ITOMYJIISIHIA, KOTOPhIe OOBEKTUBHO OTPAXKAOT CO-
CTaB, BO3PACT H, YTO BaXXHO, 00BEMHBIC COOTHOIICHUS TIOPOJI B IpENeNax APCHUPYeMoil Tepputopun (0JI0Ka KOPHI).
O¢ddexkTuBHOCTH MOIXOAA MONTBEPKIACTCS IIPUMEPAMH IPUMCHEHUS ISl UCCIICAOBAHUS TAIOB SBOJIOIMH KOPHI
(puc. 3) ¥ perucTpanuy BaXHBIX METAIUIOTEHUYECKUAX COOBITHH ((hOpMUpPOBaHUE aTMa30HOCHBIX KUMOCPIUTOB, PeI-
KOMETAJIBHBIX KapOOHATHTOBBIX U IIENOYHBIX KoMmIuiekcoB) [[IInrokoB, 2002]. O6a Tnna Mozeneil TeCHO CBS3aHBI.
Tax, B mepBOM U3 HUX, NPOIelypa OUEHKU YPOBHS I€HEpaLliu MIEPBUYHOIO PACIIaBa U COOTBETCTBYIOIIEH CTENIEHU
YACTUYHOTO ILIABJICHHS TPEOYyeT BBEJCHHS JAHHBIX O KOHIICHTPAIHSIX PEIKUX JIEMEHTOB B reocdepax, KOTOphIC U3-
MEHSUJIUCh B XOJ€ 3BOJIIOLMH CHUCTEMBI KOpa —
MaHTus. [IpuMeHeHne 3aBUCUMOCTEN KOHLIEH-
Tpauusi — BpeMsl, IPEIOCTABISIEMbIX MOJEIISI-
MU BTOPOIO THUIA, MO3BOJIUT MPOBOAMUTH ITY
MpOoLEAYpY [UIsl pa3IMYHBIX MOMEHTOB BpeMe-
HU C BEIOOPOM MAaKCHMAaJIbHO PEaNBHBIX CITy-
YacB U MOyYCHHEM OIICHOK HanOoJIee BeposT-
HOTO BO3pacTa mpoliecca reHepanuy nepBuy-
HOTO pacIliaBa.

OparIpuNBan FPHCTNBEAMA —————————————— =

Puc. 3. [Ipumep ucnonb30BaHus NPeACTaBUTEIEHON
MOMYJISIUK 36PEH TEPPUTEHHOTO IIUPKOHA AT BBI-
JICJICHUsI OCHOBHBIX 3TaroB (OPMHUPOBaHUS KpyII-
HBIX YYaCTKOB 3€MHOM KOpHI (IO’KHast yacTb YKpa-
HMHCKOTO LIUTA).
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PAHHEJOKEMBPUCKHUE T'PAHUTOU/IbI FOI'0-3AITAIA CUBUPCKOI'O KPATOHA —
THUIIbI, PETUOHAJIBHAS, BO3PACTHAS, BEHIECTBEHHAS CIIEHU®UKA, MEXAHU3MBI,
NCTOYHUKU I'PAHUTOOBPA3OBAHUSA

B.W. JleBunkmnii, U.B. JleBunkuii

HUnemumym eeoxumuu um. A.I1. Bunoepadosa CO PAH, Hpkymck, Poccus
vievit@igc.irk.ru

I'paHUTOMIBI SBISIOTCS TIIABHBIM THIIOM TIOPOJ], MHIUKATOPaMH yCIOBHUH, MEXaHH3MOB I'€HEpAIU U KPHCTAl-
JIM3alUK MarM TpH CTAaHOBJICHWH KOHTUHEHTAJIBLHOW KOpBI oro-3amaaa Cudupckoro kparoHa. CocTaBHBIE €r0 YacTH
— Upxkytasii, XKunoiickuit Kuroiickuii, BymyHckuit 010Ky B KOTOPBIX OIS TPaHUTOUI0B MeHsieTcs oT 65 % (Kuroii-
ckuit, Bymynckuit) o 85 % (MpkytHsiii, )Kumoiickuit), MOMHOCTBIO ONIPEAESs UX BEIECCTBEHHO-CTPYKTYPHBIIH 00JIHK
KaK rPaHUTHO-KYIOJIBHBIX CTPYKTYp. [1o MexaHn3my popMHUpOBaHUS Cpean rPaHUTOUIO0B MOKHO BBIICIUTH CIIETYIO-
mye (B IOpsiIKe 3HAYMMOCTH) TUITBL:

1. [TanuarenHsle: 1) naneoapxeiickue TOHAIUT-TPOHLEMUT-TpaHoaropuToBbie accounanuu (TTIA; manTuii-
HblE — TUTIOMBI (?) ¥ KOpOBBIE — NPH BBHIIABICHUHN M3 0a3WTOB B YTOJIIEHHOW KOPE) MAacCHBBI M TEKTOHHYECKHE
TUIACTUHBI B TPaHUTO-THe#cax; 2) Heoapxeiickue (?) M ManeonpoTepo30iCcKre HaTpUEBO-KaJHeBble U M3BECTKOBO-
1IeoYHbIe (TIIaBJICHUE B KOJTM3MOHHBIX 30HaX) MHOTO(a3HbIe OaTONUTHI KPYITHBIX H3BEPIKEHHBIX TPOBUHIUI B 30-
HaxX COYWJICHEHHsI TPaHyJINTOBBIX U 3€JICHOKAMEHHBIX KOMIIJIEKCOB.

2. Ynsrpameramopduueckue, 00pa3yromuecs myTeM MEeTacOMaTHueCcKOro 3aMeNIeHUs] METaMOP(PHIECKUX Me-
TA0CaJ0YHBIX U METaMarMaTH4eCcKUX MOPOJI B IIAPBDKAITAHCKOM M KHTOMCKOM KOMILIEKcax, rpannTo-rueiicax TTTA
IO/ BO3ZIEUCTBHEM TITyOMHHBIX MAHTHHHBIX (MJIFOMJIOB TIPH IIEpepacTaHuy B MarMaTn4eckoe Mpyu KOPOBO-MaHTHHHOM
B3aumoyeiicteuu [Taycon, 1977; Ilerposa, JleBuikuii, 1984; u np.[. CocTaB rpaHUTOUIOB OMpPENENsIeTcs cyocTpa-
TOM THEHCOB, CIIaHIIEeB, YTO mpenonpenenser GpopmupoBanue rpanuronnioB S u I tunos. ns ynsrpameramopduye-
CKUX 00pa30BaHUil XapaKkTepHa MOCIIEI0BaTEIbHOCTh: THEHUCHI, CIIAHIIbI — IUIATHOKIIa30BbIe U KaJIHIIITaTOBBIE MUTMa-
THUTHI — TCHEBbIE KJIUIINATOBbIE MUTMATHThI — ABTOXTOHHBIE M aJNIOXTOHHBIE IpaHuThl. CocTaB ynsTpaMeTaMmopduyie-
CKUX TPaHUTOMIIOB omnpenessieTcs: 1) XUMU4Ieckol crieninuKoi cyocTpara; 2) cocTaBoM BO3AEHCTBYIOIINX MaHTHIH-
HBIX (ITIOMIIOB; 3) MpOSIBJICHUEM MarMarndeckoil nuddepeHnnanum 1 KUCIOTHO-OCHOBHOTO B3aMMOZAEHCTBUS pac-
Tu1aBoB. 10 JABYNMPOKCEHOBBIM IUIArMOCIaHIIaM Pa3BUBAIOTCS YapPHOKHUTOHUIBI, TUIIEPCTEHOBBIC TPAHUTEI, TUIATHO-
KJIa3MTHI; TI0 THEWCaM, BBICOKOIIIMHO3EMUCTHIM CJIaHIIaM — JISHKOKPAaTOBbIE TPAHUTHI, JICHKOTPAaHHUTHI; TI0 MOHOMHUHE-
paJIbHBIM KBapIUTaM — JEHKOTPaHUTHI;, TI0 MAarHETUTOBBIM KBAapIIUTaM — MarHETUTOBBIE HICPOUTHI M TPAHUTEI; TI0
amduboIuTaM, JOJIOMUTOBEIM MpaMopaM — 'PaHOCHEHHTHI, TMPOKCEHOBBIE, aM()HOO0JIOBbIE, HEQEINHOBBIE CHEHUTHI;
IO KaJILIATOBBIM — ITMPOKCEHOBBIE, aM()NOOJIOBbIE CHEHHUTHI, TPAHOCUEHUTHI. Takoe HacleoBaHHE MUHEPAILHOTO U
XMMHUYECKOTO COCTaBa CyOcTpara rpaHUTONIAMHU, MO>KHO OOBSICHUTB TOJIBKO YJIBTpaMeTaMoOppUIECKUM MEXaHH3MOM
TPaHUTOOOPa30BaHMSI.

3. AHaTeKTHYEeCKHE — IIPH N30XMMHUUECKOM TUIABJICHHSI KUCIIBIX METaMarMaTn4ecKuX U METaoCal0YHbIX THEH-
COB B I'PaHyJHMTOBBIX KOMIUIEKcaxX. MM mpucylie coxpaHeHne reOXMMHUYECKOH CIEeNU(HKN ITPOTOIUTOB, 0COOCHHO,
OJIM3KHX IT0 COCTaBy K T'PAHUTOHIAM.

4. Peomop¢uueckue — npu riasneHuy (B ocHoBHoM TTT'A) B 30Hax cyOmyKunu (MaccuBBI M TeNNa B TPaHyIH-
TOBBIX U 3€JICHOKAMEHHBIX KOMIUIeKcax). VX posb Bennka, HO TIOKa JOCTaTOYHO HE OIpE/eNeHa M3-3a OTCYTCTBUS
M30TOIHO-T€OXPOHOIOTUYECKUX JIAaHHBIX.

I'panntoobpazoBanue ocyiecTBIUIOCH B maneoapxee (3.2-3.4 mupsa set), Me30- U Heoapxee (2.8-2.45 mupa
Jner), najeonporepo3oe (2.4—1.85 mupa ner). ['pannTonasl 00pasyroTcsl B CHH-, TOCT-U MO3IHEKOUTM3HOHHBIX T€0-
JMHAMHYECKHX 00CTaHOBKaX W MOTYT OBITh OTHECEHBI K OPOT€HHBIM, TOCTOPOTeHHBIM (TIOCTKMHEMaTHYeCKUM) 00-
pa3oBaHUsM.

Kaxnprit rekronndeckuii onox (MpkytHsi, XKunotickuii, Kutoiickuii, BymyHckuit) xapakTepusyercst IIpucyT-
CTBHEM TPaHUTOUIOB C IPUCYIIMMH TOJIBKO €My BEIIECTBEHHBIMH XapaKTEPUCTUKAMH, KOTOPBIE OTPaXKAIOT PacIpo-
CTPaHEHHOCTb B OJIOKaX TEX MJIM WHBIX MPOTOJINUTOB, a TAK)KE MEXaHM3MOB IPaHUTO00Pa30BaHKS U KPUCTAJUIU3AINN
Marm.

B BynyHckom 0510ke U ceBepHOU YacT KUTONHCKOTO TOMUHHUPYIOT MaieoapXxeicKue rpaHuTO-THEHCHI, 3aera-
IOIINE B BUJIE TEKTOHUYECKUX IUIACTHH M JINH3, KPYITHBIX MACCHBOB MaCCUBHBIX U ITOJIOCYATHIX TOHAIUTOB WU TPOH-
IbEMUTOB ¢ Bo3pacToM 3.2-3.4 mnpn net, (Rb/Sr), = 0.699-0.701, T, (DM) = 3.5-3.6 mipxa jieT. bonbmuHCTBO 13
HHUX OTHOCHUTCS K BBICOKOIIMHO3EMHCTBHIM TOHAINTAM U TPOHIBEMHUTAM M 10 BBICOKUM cozepkanusm CaO, Sr, Huz-
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kum — K, O, Rb 6muzkm k rpanuram I tuna [Chappel, White, 1974], o snavenmsm La /Yb n Yb —x apxetickum TTI'A
[Martin, 1994, 1999 u np.]. x oOpa3zoBaHue CBA3BIBACTCS WIH C TUIABIICHUEM OKEAHIMYECKOH KOPHI B 30HE CYOTyKITHH,
MeTa0a3uTOBOTO MITH ILIAaTrHOTHEHCOBOTO MPOTONXUTA B OCHOBAHUH YTOJNIIEHHOH Kophl [Martin, 1999 u ap.].

B Heoapxee 1o ciaboMeTaMopdU30BaHHBIM IpaHUTO-THeWcaM ByimyHcKkoro 010ka M 10 TpaHyINTOBBIM IIaphl-
xkanraiickoit (MpxyTabit u XKXunotickuit 6moku) u kurorickoit (Kutolickuit) cepuif 00pa3yroTcsi TpaHUTOUIB KHTOM-
CKOTO YJIbTpaMeTaMOp(hHIECKOT0 KOMIUIEKCa — IIarMOK/Ia30Bble U KAJIMIIIATOBbIE MUTMATUTHI, TCHEBBIE KAJIUILIATO-
BbI€ MUTMATHTHI, aBTOXTOHHBIE U QJJIOXTOHHBIE TPAHUTHL, YapHOKUTONABI [MarMarnieckue ¢popmanui. .., 1989]. Oun
CJIAraroT MacCUBbI IUI0IA b0 10 1-2 km? (B Kuroiickom, XKupoiickom, UpkytHom) u 10 10 km? (ByiyHckom) Ookax
Yisrpameramopduieckas Iprupoaa OONBIINHCTBA U3 HUX ITOATBEPKAACTCS I€0JI0TNIECKUMH B3aNMOOTHOILCHUSMH,
3aBUCHMOCTBIO COCTaBa IPaHUTOMIOB OT CyOCTpara, CTENEHbI0 ero npeodpazoBaHui. JJisi MUTMaTUTOB U T'PAaHUTOB
pasButsix o TTI'A Rb/Sr meTonom Obun momyden Bo3pact 2.65 mipa ser [Canaumuposa u ap., 1993]; mo rpanynm-
TaM IIapbDKaIraickon cepun — 2.56—2.65 mipn jiet, a kutoickoit — 2.48-2.54 mupa sietr. Paznuuust B coctaBe rpa-
HHUTOWIOB KUTOMCKOTO YIBTPaMETAI€HHOTO KOMITJIEKCA OIIPEAEIAIOTCS pa3HbIM COCTaBOM OPTO-H Maparopo]] Mapsl-
JKaJNTaiCKOW M KUTOMCKOW cepuii. Bo3MOXHO, cpei HUX €CTh H MarMaTuieckue HHTPY3UBHEIE o0pa3oBanus (Mamo-
OenbCKuil M Apyrue MaccHBbl), ceifuac MpecTaBIeHHbIE MUTMATUT-TpaHUTaMu. [10 I1eI0YHOMETaNIBHOCTH TPaHH-
TOWIBI IMPOKO BapbUPYIOT OT HU3KOIIEIOUHBIX JI0 CyOIEIOUHBIX, IO PACTIPEAETICHHUIO JIEMEHTOB OTHOCATCS K yib-
TpamMeTaMop(puIecKoMy THITy TpanuToB [Taycon, 1977] — oboramens TiO,, Al,O,, K,O, Ba, LREE, Zr, Cr, Ni, [Ta-
ycoH, 1977], S wnu I tumam. I'paHuronab! (KanuImmaroBble TEHEBbIE MUITMATUTHI, TPAHUTHI, YAPHOKUTOU/IBI) KUTOM-
CKOTO yIBTpamMeTaMop(hUIECKOro KOMILUIeKca B mapbbkanraickoi (MpkyTHbIH 1 JKugolcKuil OIIOKHM) U KUTOHCKOM
(ror Kurotickoro 051oka) cepuii 1Mo meTporeOXMMHUIECKIM XapaKTePUCTUKAM OTIIMYAIOTCS OT pa3BHTHIX 1o TTTA (ce-
Bep Kuroiickoro, bynynckmii 610k). B TTI'A onn o6ennens — TiO,, sxenesom, MgO, CaO, Ba, Sr, F, Sn, La, Ce, Nd,
Yb, Y, Zr, Zn, Cu, Cr, V, Ni, Co, Sc.

B Upkyrckom n Kugolickom OOKax B MIAPBDKAITANCKOW CEpUH MPHCYTCTBYIOT HE TONBKO HeoapXeHcKue
(2.56-2.65 Mupm 1eT) rpaHUTOUABI KHTOHCKOTO YIBTPaMEeTaMOP(PHIECKOTO KOMILIEKCa, HO M TalleOPOTePO30HCKIe
(1.85-1.87 mapn ner) [CansHukoBa U Ap., 2007] ynsrpameramopduieckne rpaHuTON b, COOTBeTCTBYIomMe [ 1 S TH-
1IaM, pa3BUTHIE TT0 MeTaba3aIbTOBBIM JIBYIIMPOKCEHOBBIM IIJIArMOCIAHIAM M METa0Cal0YHbIM TUIarnorHeiicaM, ono-
tutoBbIM (£ Grt, Opx, Crd, Sil) ruelicam rpanynuToBoii ¢auuu [[lerposa, JleBunkuii, 1984]. Oun cnarator cy6mia-
cTOBBIC, THH30BUAHBIE Tena oT 0.2x1 M mo 0.5%2 kM. Heoapxeiickue ynsrpamMeraMopprdecKue TPAHUTOUIBI IIaphI-
KaNTaicKol CEpUHr Mo CPaBHEHHMIO MAIEONPOTEPO3oickuMu oboraruensl SiO,, obennensl xkenesom, MgO, Cr, V. Ni,
Co, npu 6nmm3kux conepkannx REE, Ba, Sr, Zr.

Ha roro-3anane Cnbupckoro KparoHa W3BECTHBI MHOTO(a3HbIE TPAaHUTHBIE OATOIMTHI CassHCKOTO, ITyMHXHH-
CKOTO, UTHOKCKOTO, MIPUMOPCKOTO KOMIUIEKCOB, OTHOCSIIIECS K TPAaHUTOWAAM KPYIHBIX MarMaTH4eCcKuX MPOBUH-
mid. B Casnax u 3amagnom [Ipubaiikanse onn npoctuparorcest Ha 250-300 xm. I[Toponsr niepBoii ¢da3sl npencTasie-
HBI TpaHoanopuramu (+ Amf, Bi), cueHnTaMu, KBapueBsIMU CHEHUTaMHU M TUOPUTAMH, BTOPOM — TPaHUTaMH, a Tpe-
Thel — JIGHKOKPATOBBEIMY TPAHUTAMH U TlerMaTuTamMu. B rpanuTOongax HaOIrOMaeTcs mpeodnaganme K20 HaJ NaZO;
skenes3a Hax Mg; noseiienHble coaepxkanust K, Ba, Sr, LREE, Zr, Co, Cr u nonnxennsie — V. JI.B. Taycon [Taycon,
1977] oTHOCHI CassHCKUI KOMIUIEKC K TAJIMHTE€HHBIM I'PaHUTaM M3BECTKOBO-ILENOYHOr0 psiaa. Ha auckpuMuHanuos-
HBIX JIMarpaMMax COCTaBbI IVIABHBIX ()a3 TPaHUTONIOB, OTPAKAIOIINX COCTaB POJOHAYAIBHBIX MarM, PacroyioKEHbI
B I10JI€ TPAHUTOB A-THIIA WM TATOTEIOT K I'PAHUIIC IOJIEH BYIKaHHMYECKUX AYT W BHYTPHUIUINTHBIX, YTO XapaKTePHO
JUTS TIOCTKOJUTH3HOHHBIX (MIOCTKUHEMATHYCCKUX ) TpaHUTOB. PyOexxu nx cranosneHus (1855-1871 muH net), cooTBeT-
CTBYIOT IleproziaM (OPMUPOBAHUS YIBTpaMeTaMOp(PUIECKNX TPAHUTONAOB B IAPbDKAITACKOM M KUTOMCKOM KOM-
rekcax (1853-1868 mun net). [locnenaue oOpa3yroTces MpHU 3aMEMIeHUN MeTaMOP(QUISCKIX IMOPOJ TPaHyIUTOBOM
(hanmm ¢ HacIeOBaHMEM MX BEIIECTBEHHBIX XapaKTEPHUCTHUK IO BO3ACHCTBHEM IIIyOMHHBIX MAaHTHUIHBIX (IIIOM/IOB,
oboramennbix Si, Na, K, Rb, Ba, Pb, La, Ce, Nd, Zr. CocTaBbI IpaHUTOHIOB CATHCKOTO, ITyMUXHHCKOTO KOMILIEKCOB
10 YPOBHSIM KOHLIEHTPALMH OOJIBIIMHCTBA JIEMEHTOB OJIM3KU K COJCPIKAaHUAM VISl YIbTpaMeTaMoppuiecKnx mapsl-
JKaNTalcKol CeprM U MOTYT OBITh CBSI3aHBI C HUMU NapareHeTH4ecky. [10BBIIEHHbIE KONMNYECTBA B yJIbTpaMeTareH-
HBIX TpanuTOonaax xkenesa, MgO, CaO, P,O,, Cr, V, Ni, Co u nonmxkennsie — SiO,, Rb, F, Sn, Zr orpaxaror BiusHue
Ha HUX cyOcTpara rpaHyJInTOB, a IOBBIIIEHHbIE COJEP)KAaHMS B IOCTKMHEMaTHYecKuX rpanurax — Rb, Sn, F, Pb —po-
SBJIEHHE SMaHAIIMOHHON auddepeHnanuy. YiprpaMeTaMoppuiecKue rpaHuTON B CONPSKEHBI C MIPOLEeccaMu pe-
TPECCHBHOTO I'PaHYINTOBOIO MeTaMop(U3Ma MOCTKYIbEMUHAILIOHHOTO Neprosia. CBUIETENbCTBA O BO3MOXKHOM mapa-
TEHETHYECKOH CBSI3M ¢ HUMH I'PaHUTOB CastHCKOTO, ITyMUXWHCKOTO, IPUMOPCKOT0 KOMILIEKCOB TOBOPST 00 OPOreHHOM
(TIOCTKOJIIM3MOHHOM ), @ HE @aHOPOTEHHOM (BHYTPHUILIUTHOM) T€OANHAMHUYECKOM PEXXUME NX (POPMHUPOBAHHMS.

PocT KOHTHHEHTANIBHOW KOpHI foro-3amaga CHOMPCKOro KpaToHa MPOUCXOMI KaK ITyTeM I0CIIe0BaTeIbHO-
TO 3aMEIIECHHS Nalle0apXeHCKUX IPaHUTONIHBIX aCCOLMANNi HEOAPXEHCKIMH U MTAJICONPOTEPO30HCKUMH, TaK U IPU
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AKKpeLUH Pa3HOBO3PACTHBIX OJIOKOB (TEppeifHOB) B Hajeonporepo3oe. I paHuTo00pa3oBaHue OCYILECTBISUIOCH IPH
NPOSIBIICHUH Pa3HBIX MEXaHU3MOB U KOPOBBIX HCTOYHHKOB ITPU KOPOBO-MaHTHITHOM B3aUMOICHCTBHU.
Paboma evinonnena npu noooepoicke npoekma PODU 14-05-31036-mon-a.
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BJIAT'OPOJHOMETAJIVIBHBIE PYJHBIE CUCTEMbBI B ITPAHUTONJIAX
BEPXHE-BYIOH/IUHCKOI'O PYJHO-POCCBIITHOI'O Y3JIA (CEBEPO-BOCTOK POCCHN)

N.C. JInTBUHEHKO

Cesepo-Bocmounulil KOMnIeKCHbLL HAYYHO-uccieoosamensekui uncmumym /JBO PAH,
Maczaoan, Poccus, litvinenko@neisri.ru

Bepxue-bytonannckuii (HyMbIckuif) pyiHO-pOCCHITHOM y3en BXoauT B cocTaB Hepero-ByronnuHckoro 3050-
TOHOCHOTO paliOHa Ha IOr0-BOCTOYHOM (utanre SJHO-KoJIbIMCKOT0 30JI0TOHOCHOTO Mosica. B TEKTOHHYECKOM OTHOIIIe-
HHHM y3ell pacIoJIOKeH B 30HE I0r0-BOCTOYHOTO 3aMblkaHus SIHO-KonmbIMcKol CKitajuaTtol ccTeMbl B OIM3HM ee Tpa-
HUIp! ¢ OXoTcko-UYyKOTCKUM ByJIKaHOT€HHBIM MOSICOM U MPUYPOUEH K Y4acTKy NepecedeHus 30H MaiimMa’KMHCKOTO,
Ymapckoro u Taubs-Hypckoro niyOuHHBIX pa3iioMoB [[eonorndeckas. .., 1999]. Pa3zsutsie B ero mpeaenax YyMsi-
ckuit u bepe3oBckuit HHTPY3UBHBIE MacCHUBBI TPOPHIBAIOT O3 JHETPHACOBBIC U PAHHEIOPCKHUE OCa0YHbIe ToiM by-
IOH/IMHCKOW 30HBI MOJIOTUX JAWCIIOKAIMHA U 00pa3yloT 04aroBble CTPYKTYPHI, K KOTOPBIM ITPUYPOYCHBI BBISBICHHBIE B
mpezenax y3ia pyIHble IPOsSBICHUS.

Yymsimickuit 1 bepe3oBCkuii MacCUBBI OTHOCATCS K TaOOpO-AMOPHUT-TPAaHUTHON MarMarudeckoil Gopmanuu
[Pomanus u ap., 2009]. UyMBbIIICKHiT MacCHB CIIOKEH B OCHOBHOM I'DaHOJMOPUTAMH C HEOOJBIIUMH JaWKO- M IITO-
K00Opa3HbIMH (pazaMu JISHKOIPaHUTOB, TUOPHUTOB, JUOPUTOBBIX OP(HUPUTOB; Bepe3oBCKuii MaccuB — rpaHOANOPH-
tamu. Jlannsle U-Pb natupoBaHus MOpoja MO aKIeCCOPHOMY IMPKOHY CBHJETENBCTBYIOT O Mo3qHeropckoM (152.5—
156.2 muH net) Bo3zpacte nopoa Yymsiiickoro maccuBa [Pomanus u ap., 2009]. Marmatudeckue o0pa3oBaHus, CBsI-
3aHHbBIE CO cTaHOBJIeHUEM OXOTCKO-UyKOTCKOTO BYJIKaHOT'€HHOTO IT0SICa, MPECTABICHbI HEOOIBIINMHU TIOJISIMU BYJI-
KaHHUTOB (B IOTO-BOCTOYHOW YacCTH y3J1a), CyOBYJIKaHUYECKUMH TEJIaMU U JalkaMH PUOJIHMTOB, PUOJIIUTO-IALUTOB, Ja-
IIUTOB, aIUTHTOBHUIHBIX T'PAHUTOB, TPAHUT-IIOP(HUPOB, IPAHOTHOPUTOB, TUOPUTOB, aHJE3UTOB U 0a3zanbToB. Bo3pact
ux 1o nanHeM U-Pb narupoBanus (1o akineccopHOMY HUPKOHY M3 AUOPHTOBBIX MTOKOB) — 90,8-94,2 muH net [Po-
MaHuH u 1p., 2009].

ITo pe3ynbraTaM BBITIONHEHHBIX B MPEZEax y3Jia FeoIoro-MOMCKOBBIX M TOMCKOBO-OLIEHOUHBIX padoT BhIIeIe-
HO HECKOJIBKO MIEPCIIEKTHBHBIX Y4acTKOB. OHU BKJIIOYAIOT B C€0s1 pyAHBIE ITPOSBICHUS ¥ TOYKH MHUHEPAIN3AIMU U MO-
TYT paccMaTpHUBAThECS B paHTe PyAHBIX Mojei. B 0CHOBHOM OHM NMpHypOUYCHBI K 9HAOKOHTAKTOBOM 30HE UyMBIIICKO-
ro rpanutoiaHoro Maccusa (Ilomoruit, 3a0wIThiil, OcanouHslii, JIeBoe U Jp.), peke K 3HI0- U SIK30KOHTAKTOBOH 30HE
Yymsimickoro u bepesoBckoro maccuBoB (Uymbim, bepeszosorit Tenkemnn).

braropopHoMeTaIbHOE Opy/IEHEHUE B BBISIBICHHBIX PYJHBIX TPOSBICHUSX MPEACTABICHO YETHIPhMS MOpQo-
JIOTHYCCKAMHU THIIAMU: 1) )KHIIBI U 30HBI IPOKHUIKOBAHUS KBapI-CyabpumaHoro (cyabpumos g0 10 %) cocTaBa MoIi-
HOCTBIO JI0 2—3 M U NPOTSHKEHHOCTHIO0 10 200 M; 2) MUHEepan30BaHHbIE (KBapLEM M CyIb(pHIaMu) 30HbI JPOOICHNUS
MOIIHOCTBIO OT 1 10 10 M 1 poTsKeHHOCTHIO 10 500 M; 3) y4acTKH IO JHOTO OKBapIieBaHus; 4) 30HbI BKpaIUICH-
HOM (TIPOXKMUIIKOBO-BKPAIUICHHOW) CYNb(GUIN3aINH. BeymuM THIIOM SIBJISIFOTCSI 30HBI APOOJIEHHSI, MUHEPaI30BaH-
HBIE KBapleM u cyabduaamu. CreneHs cynbOUIN3alry B HUX KpaiiHe HeBBIAEP)KaHHa: OT yOOroi BKpaIryIeHHOCTH 10
CIUIONIHBIX CYJIb(QUIHBIX Py, B KOTOPBIX Mpeodianaet apceHomupHuT. OCTanbHbIE THITBI HTPAIOT IIOJYNHEHHYIO POJIb.

B nienoM B npezienax BBISBICHHBIX PYIHBIX MPOSIBICHUN y3J1a BRIAEIACTCS TPU THIA PyAHOI MUHEpanu3aluy.

I[TepBriit (30510TO-MIONUCYIB(UAHBIN) TUIT OPYACHEHHST HAUOOIBIIMM PacIPOCTPAHEHNUEM TIOJIb3YETCS B OTIEIb-
HBIX PYIONpPOSBICHUSAX. PynHble MUHepasbl NpeICTaBICHB MUPUTOM, apCEHOIMUPUTOM, TaJIEHUTOM, KEJIe3UCThIM
casepuToM U XanabKOUpUTOM. 1o pesynbraTaM HUTMXOBOTO ONPOOOBAHMUS AITIOBHAIBHO-CKIIOHOBBIX 00pa30BaHH,
MEPEKPBIBAIOIINX PYIHBIE TPOSIBICHUS C 30JI0TO-MOINCYIbQHUIHON MUHEpaIH3aliel, CaMOPOIHOE 30JI0TO B HUX Xa-
paKTepu3yeTcs IPEeUMYIIECTBEHHO KOMKOBUIHBIMU U TAOJIUTYATHIMU BBIICTICHUSIMH 3a49acTyI0 B CPOCTKaX C THAPOK-
cuiamu xenesa. Hapsiny ¢ BecbMa MeNKMMHU, TOHKMMHU M MBUIEBUIAHBIMU 3€pPHAMH 3[1€Ch B 3HAYUTENIBHBIX KOJIHUe-
CTBaxX OTMEYaroTcs 30J0THHBI kiacca 0,25-0,5; 0,5-1,0 u 1,0-2,0 mm. Tlpeobramaer 3070TO CpeaHEN U BBHICOKOM
(800-950 %o) ipoOHI.

Bropoii Tun (30710T0-peiKOMETAIIIBHBIN) OTMEYaeTcs B IpejiesiaX BceX PyAHbIX IMposBieHui y3na. Cpenu pyn-
HBIX MUHEPAJIOB MPE00IIaIal0T IIUPUT U aPCEHOIIMPHT, B TOJYHHEHHOM KOJIMYECTBE I'aJICHUT, IUPPOTHH, TEJLTYPOBHC-
MYTHT, MOJTUO/ICHHT, cynbhoTeurypuasl Bi, BucMyToBbie cyibdaconu Pb u Ag(Au). B kauecTBe MUKpPOBKITIOUEHHH B
CaMOPOHOM 30JI0TE OTMEYAIOTCS IEPEMEHHOT0 cocTaBa cynbhunsl Au-Ag. Hapsiay ¢ BecbMa MENKUM, TOHKHM U TTbI-
JICBUIHBIM 30JI0TOM, MPEICTABICHHBIM KOMKOBUIHBIMHU M TaOJIUTYATHIMU BBIJICICHUSIMH, 3/1€Ch B HEOOJIBIIIOM KOJIH-
YeCTBE MPUCYTCTBYET TaOIUTYATOTO 00JKKa 3010THHBI kKpyrHee 0,25 Mm. OcHOBHast Macca 30JI0TUH UMEET Mpoly OT
650 10 750 %o.
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Tpernii (30110TO-CEpsIOPSAHBIN) THIT PyIHOH MHUHEpaIM3alli HAHOONBIINM PaclpOCTPaHEHHEM IOIb3YETCs B
OT/ENBHBIX NposBIeHUsIX. Cpeny pyaHbIX MHHEPAJIOB NMpeo0IalaloT MUPHT, apCEHONHUPHUT U aKaHTHT, B IOXYMHEH-
HOM KOJIMYECTBE NPHUCYTCTBYET MUPPOTHH, XaJbKOIUPUT U caliepuT. B cpocTkax ¢ 30JI0TOM OTMEUArOTCs IIEpeMeH-
HOTO cocTaBa cyiab(uapt Au-Ag, 1o nepudepnn B Buae GpparMeHToB KaiMbl — OKHCIIBI Au-Ag. 30JI0TO peiCcTaBie-
HO BEChMa MEJIKHUMH, TOHKUMH U ITBUIEBUAHBIMI KOMKOBUIHBIMH, TAOJMUTYATHIMU U IUTACTUHYATHIMH 3€pPHAMH JIBYX
reHepanuii: BecbMaHu3KonpooHoi (450—-600 %o) u BeicokocepedpucToit (200-400 %o), mpu npeobiiaaHuy BechbMa-
HU3KOIIPOOHOM.

BeinonHeHHbIE IeTaibHbIE UCCIEA0BAHUSA THIIOMOP(HBIX CBOMCTB CAMOPOAHOTO 30J10Ta 1 MHHEPAJIBHOTO CO-
CTaBa OPYy/ACHEHUS Ha Pa3IMYHBIX YYACTKAX y3JIa TO3BOJIMIIM OLIEHUTh B HUX POJb PA3IMYHBIX BBIICICHHBIX THII PyA-
HOH MuHepanm3aiuu. OcHOBHast Macca opyzeHus Ha ydactke [lomoruii npeacrasieHa 30J0TO-cepeOpsiHON MUHEpa-
JM3anuel ¢ BeChbMa HU3KONPOOHBIM M BBICOKOCEPEOPHCTHIM 30510TOM. Ha OTIeNnbHBIX 9acTAX yJacTka Kak caMOCTOs-
TEJILHO, TaK X COBMECTHO C 30JI0TO-CepeOpsiHON MUHEpanu3anuei pa3BuTo Oosee 6eaHOE 30J10TO-PEKOMETaIUIEHOE
opynenenue. Ha roro-3anagaom ¢uanre yqactka Yymsim (pynonposiBieHne KoHTakToBbIM) opyneHeHHe IpencTaB-
JICHO B OCHOBHOM 30JIOTO-PEIKOMETAJUIEHONH MHHEpaJIM3alneil ¢ MOAYMHEHHBIM Pa3BUTHEM 30J0TO-CEepeOpsIHON 1
30JI0TO-TIOIUCYNIL(GHUIHOM. PyaHbIE 30HBI Ha ceBepo-BOCTOUHOM (1aHre yyacTka (pynonpossienne CTpaHHOE) Xapak-
TEPU3YIOTCA NPEHMYIIECTBEHHO 30JI0TO-TIONHUCYIILGHUIHON MUHEpanu3anueid. 3010Toe OpyJeHEeHHEe Ha ydacTKe 3a-
OBITHIA OTHOCHUTCS K 30JI0TO-NOJINCYAb(GUIHON U 30JI0TO-PEAKOMETAIIBHON MUHEPAIN3AMN C TOAYMHEHHBIM pa3-
BUTHEM 30I10TO-cepeOpsiHoil. Ha yuactke OcaouHblii pe3ko MpeoOafaomnM SBISeTCs 30JI0TO-PEIKOMETaUIEHOE
OpYICHEHHE C OYEHb ITOJYMHEHHBIM Pa3BUTHEM 30JI0TO-CEPEOPSHOIN M 30JI0TO-TIOMUCYTb(OUAHON MHHEPAIN3aIHH.
B npenenax yuactka bepe3oBblii IpeMMyIIeCTBEHHBIM Pa3BUTHEM IOJIB3YETCS 30JI0TO-PEAKOMETAIUIBHAS M 30JI0TO-
NONUCYIb(UIHAS MUHEPATH3aLKs C TIOMYNHEHHBIM ITPUCYTCTBHEM 30JI0TO-CEPEOPSHON.

TecHast IpoCTpaHCTBEHHAs: COBMEIIEHHOCTh BCEX TPEX THIIOB MHUHEPAJM3AINHI, HAINIHE CPOCTKOB PA3HOIPOO-
HBIX TE€Hepalyii 30JI0Ta, MPUCYTCTBUE B TEJUTyPOBHCMYTHTE CBHMHIIA, a B TaJICHUTE BHCMYyTa M cepedpa yKasbIBaloT,
YTO JJaHHbIE MHHEPAJbHBIE THITBl OPYACHEHMs SBISIIOTCS CTAAMSIMU PA3BUTHS €IMHOW PYITHO-MAarMaTHYEeCKOH cucTe-
MBI. 30J10TO€ M cepedpsiHoe opyneHeHne BepxHe-byloHIMHCKOTO pyaHO-POCCHITHOTO Y3/1a pa3BUBAJIOCh B PAMKaX €IH-
HOM 30710TO-TIOp(UPOBOH PYAHOH CHCTEMBI C TPOCTPAHCTBEHHO BPEMEHHON CMEHOH 30J10TO-TIONNCYIb(UIHOM, 30J10TO-
PEAKOMETAJUIBHOW M 30JI0TO-CEpeOpsIHOW MUHEPAIM3ALUH. JTO MO3BOJSET IPEAIIONararb BO3MOKHOCTh BBISBICHUS
37€Ch KPYIHOOOBMHBIX ITOJTMMHUHEPATBHBIX (TTOIHM(OPMAIIOHHBIX ) MECTOPOXKICHUH C PO’KHIIKOBO-BKPAIIEHHBIM OpPY-
JICHCHUEM HJIM MEJIKHX, HO O4€Hb OOTaThIX *KMJIBHBIX MECTOPOXKICHNH IIKOIBHUHCKOrO» TUIa [MHOrodakTopHsEIe. . .,
1992]. YcraHoBneHHeE ke NPOCTPAaHCTBEHHON MOZIENH Pa3MEILEHHUS PA3IMYHbIX THIIOB PYIHOI MUHEpAIN3alliu B IIpeie-
JIax PyIHBIX CHCTEM ITO3BOJISIET UCIIONIB30BATh €€ IS OLIEHKH YPOBEHb 3PO3MOHHOTO CPE3a PYAHBIX KOJIOH.
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Verkhne-Buyundinsky (Chumysh) Mineral District is a part of Nerego-Buyundinsky auriferous territory in

southeastern Yana-Kolymian Metallogenic Belt. By its tectonics, it is placed in the southeastern closure area of Yana-
Kolymian Fold System bounding Okhotian-Chukotian Volcanic Belt and is related to the intersection area of Maima-
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jinsky, Umar and Tanya-Nur deep faults [Geologic...., 1999]. Its Chumysh and Beryozovsky intrusive massifs come
through the Late Triassic and Early Jurassic sedimentary sequences of Buyundinskaya gentle faulting zone and make
up spots of ore mineralization within the district.

The Chumysh and Beryozovsky massifs represent gabbro-diorite-granite magmatism [Romanin et al., 2009].
The Chumysh Massif mainly consists of granodiorite with minor dike- and stock-shaped leucogranite, diorite and por-
phyritic diorite phases, and the Beryozovsky Massif consists of granodiorite. The U-Pb accessory zircon determina-
tions testify to the Late Jurassic ages (152.5-156.2 Ma) of the Chumysh Massif [Romanin et al., 2009]. Igneous rocks
related by origin to the Okhotian-Chukotian Volcanic Belt include small fields of volcanics in the southeastern part
of the mineral district, subvolcanic bodies and rhyolite dikes, rhyolite-dacite, dacite, aplitic granite, porphyry granite,
granodiorite, diorite, andesite and basalt rocks. Their U-Pb ages established by accessory zircon from diorite stocks
equal 90.8-94.2 Ma [Romanin et al., 2009].

Some prospects are identified within the mineral district, as the result of geologic prospecting and explora-
tion activities conducted there. These prospects include mineral occurrences and spots of mineralization and can be
assessed as ore fields. In majority of cases, they are related to the Chumysh Granitoid Massif endocontacts (Pology,
Zabyty, Osadochny, Levoe), and, less frequent, to endo- and exocontacts of Chumysh and Beryozovsky massifs
(Chumysh, Beryozovy, Tenkeli).

The established metallogeny consists of four morphologic types as follows: 1) quartz-sulfide (sulfides to 10 %)
veins and stringers, thickness about 2—-3 m and length to 200 m; 2) crush belts with quartz and sulfide mineralization,
thickness from 1 m to 10 m and length to 500 m; 3) quartz alteration areas; 4) disseminated (veinlet-disseminated)
sulfidization zones. Crush belts with quartz and sulfide mineralization are the leading type. Sulfidization is quite
impersistent and changes from poor disseminations to continuous sulfide ores dominated by arsenopyrite. The other
types are subordinate to it.

In general, the discussed mineral district is characterized by three ore mineralization types as follows.

The first type is gold-polysulfide mineralization that is the most widespread in some mineral occurrences. Ore
minerals include pyrite, arsenopyrite, galena, ferruginous sphalerite and chalcopyrite. According to panning sampling
results, native gold from gold-polysulfide occurrences superimposed by eluvial deposits on slopes is usually present
in its clotted and tabular forms and often as iron hydroxides intergrowths. Besides very small, fine and dusty grains,
gold particle’s size of 0.25-0.5 mm, 0.5-10 mm and 2.0-2.0 mm is frequent. Gold fineness is dominated by medium
and high (800-950 %o) values.

The second gold — rare metal type is characteristic of all mineral occurrences within the district. Ore miner-
als are dominated by pyrite and arsenopyrite, and subordinate minerals include galena, pyrrhotite, tellurobismuthite,
molybdenite, Bi sulfotellurides, and Pb and Ag (Au) bismuth sulfosalts. Native gold contains Au-Ag sulfides alternat-
ing by composition as its microscopic inclusions. Besides very small, fine and dusty clotted and tabular-shaped gold,
tabular gold particles larger than 0.25 mm can be present. Gold fineness is usually from 650 to 750 %o.

The third gold-silver type is the most widespread in some mineral occurrences. Ore minerals are dominated
by pyrite, arsenopyrite and acanthite, whereas subordinate minerals include pyrrhotite, chalcopyrite and sphalerite.
Gold intergrowths contain Au-Ag sulfides of alternating composition and Au-Ag oxides as the fragmentary rims. Very
small, fine and dusty gold particles are clotted, tabular and foliated by shape and exist as two generations of very low
fineness (450—-600 %o), which dominates, and high-Ag (200-400 %o) one.

Ample data obtained on typomorphic properties of native gold and ore composition served as a basis for
researchers to assess the significance of different ore mineralization types throughout the mineral district. The Pology
Prospect basically consists of gold-silver mineralization type characterized by rather low-fineness and high-Ag gold.
Gold — rare metal type is of a lower grade and is present in some areas of the prospect, both independently and in
association with gold-silver mineralization. Kontaktovy ore occurrence in the southwestern Chumysh Prospect basically
consists of gold — rare metal mineralization, whereas gold-silver and gold-polysulfide types are subordinate to it. Ore
zones in the south-east of the prospect (Strannoe ore occurrence) are dominated by gold-polysulfide mineralization
type. Gold ores of Zabyty Prospect represent gold-polysulfide and gold — rare metal types with subordinate gold-silver
mineralization. Osadochny Prospect is sharply dominated by gold — rare metal mineralization with gold-silver and
gold-polysulfide types quite subordinate to it. Beryozovy Prospect basically consists of gold — rare metal and gold-
polysulfide mineralization types, and gold-silver type is subordinate.

Such facts, as a close spatial co-occurrence of these three mineralization types, gold intergrowths of different
generations, presence of lead in tellurobismuthite, and bismuth and silver in galena, serve as a basis for researchers
to assume that these ore mineralization types represent development stages of a single ore-magmatic system. Gold
and silver mineralization was developing within the Verkhne-Buyundinsky Mineral District as a single gold-porphyry

123



Muatepuabr 11 MEXJTYHAPOIJHOH T'EOJIOTMYECKOH KOH®EPEHUH

ore system with its gold-polysulfide, gold — rare metal and gold-silver ore types replacing one another in space and
time. This assumption allows us to suggest here major polymineral deposits (complex ore deposits) characterized by
veinlet-disseminated mineralization type or minor but very high-grade lodes of Shkolnoe type [Multifacet...., 92].
Development of a spatial model of different mineralization types within ore systems can allow researchers to assess
the denudation level of ore pipes.
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MO3IHEMAJIEO30MCKHAN TPAHUTOUHBbIA MATMATU3M YYKOTKH
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Ha teppuropun UyKOTKH BBLIEINISIOTCS CIIETYIONINE KPYITHBIE TEKTOHUYECKHUE AIeMEHTHI: Anazeiicko-Oolickas,
HOxHO-AHrolickas U AHIoNCKO-UyKkoTcKas ckiiaayarsie cucteMbl. OHU 00pa30BaNCh B PE3yJIbTATe KOJUTH3UH CTPYK-
Typ akTuBHOH okpamHbl CeBepo-Asuarckoro (Cubupckoro) koHTuHeHTa 1 Yykorckoro (UykoTka — ApKTHYecKas
Aunscka) mukpokoHTHHeHTa [[Tapdenos, 1984; 3onenmmaiin u np., 1990; Coxomnos, 2010].

B npenenax Anroiicko-UykoTckoit ckinaguaroit cucteMbl (UyKOTCKHX ME3030MT) IIMPOKO MPOSIBIICH ITO3IHEME-
3030MCKH TPaHUTOWIHBINA MarMaTu3M; Ha pa3HOMAacIITaOHBIX FE0JIOTHYECKUX KapTax IPaHUTONIHbIE KOMITJIEKCHI OT-
HECEHBI K PaHHEMEJIOBBIM YyKOoTcKoMY (3anaaHast UykoTka) winu Taypepanckomy (Bocrounas UykoTka) KoMIuieKcam
[CamopyxkoB, Marseenko, 1984; Tubuinos, Uepenanora, 2001; Bapnamosa u ap., 2004].

B TO ke Bpems B MOCIEIHUE TOMBI YCTAHOBJICH manieo3oiickuii Bo3pacT (U-Pb Meton) mist opTorueiicos mmu
TPaHUTO-THEHCOB, TIPHCYTCTBYIONINX B CTPYKTypax MOAHSITHH, KOTOPHIC NEPBOHAYAIBHO BBIACISINCH KaK TOPCTO-
o0pasHble BBICTYIIBI, B KOTOPBIX BCKPBITHI MAJICO30MCKUE OTIOKEHUS dYexia JokeMOpuiickoro maccusa [TuibmaH,
1973; Canosckwuii, ['enbman, 1970], a B HacTosiiee BpeMsl pacCMaTpHBalOTCS Kak TPaHUTHO-MeTaMopduieckue Ky-
nona [[enpman, 1995, 1996; Bering ... , 1997; Bonnapenko, Jlyuunkas, 2003; Jyuunikas u ap. 2010; Axunun, 2011;
Akinin et al., 2012]. Tak, mist opTorHeiicoB u3 sapa kynoia Koonenr Bocrounoit UyKkoTkn orieHKH BO3pacta mup-
KOHOB cocTaBisitoT 369 u 375 mun siet [U-Pb TIMS, Natal’in et al., 1999]. B.B. Akununsim ¢ coaBTropamu [AKkinin,
2011; IMonzynenxkoB u ap., 2011] U-Pb SHRIMP meTomom no nupkoHaMm yCTaHOBIICH JIEBOHCKHI BO3pPACT OPTOTHEMH-
coB Benutkenaiickoro maccuBa 363+44 MIiH NieT, TO3IHEACBOHCKHM BO3paCT IpaHUTO-THENHCOB KyskByHBCKOTO MOJI-
Hatus 380 muH net. Panee k jomo3nHenaneo3oiickuM oTHocwiM rpaHuTonabl Knbeposckoro maccuBa Kyynbckoro
nogustus (Rb-Sr meton, 439+32 mun ner) [Tubunos u ap., 1986].

ABTOpamMH MPOBEJICHBI TEOXPOHOJIOTMYECKHE UCCIeJoBaHus rpaHnTon10B Knbeposckoro maccrBa Kyynbckoro
nogHsATHs 1 KyPKBYHBCKOTO MacCHBa OJTHOMMEHHOTO TOTHSTHSI.

Kyynbsckoe nopusitre BoITSHYTO B 3C3 HanpasieHUH BIOJIb To0epexbsi Bocrouno-Cubupckoro mopst Ha ~110
KM Iipu mmpuHe 10 15-30 kM. B nieHTpanbHON 4acTH MOJHSATHUS BBIXOAAT MPEUMYILECTBEHHO TEPPUTCHHBIE JICBOH-
CKHE M TEpPUTEHHO-KapOOHATHBIE HW)KHE-CPEIHEKaMEHHOYTOJILHBIE OTIIOKEHUS, KOTOPBIE CO CTpaTHrpagpuIeckum
HECOTIJIaCHeM NEepPEKPBIBAIOTCSl TEPPUTEHHBIMU OTIIOKECHUSIMU BEpXHEH mepmu — Tpuaca. [ panuronsr Knbeposcko-
TO MaccuBa IIPOPBIBAIOT JIEBOHCKKE OTIOKEHHMs U ciaratot o. [llenayposa, pacronokeHHbII ceBepHee Mbica Kubepa.

DHIOKOHTAKTOBas 30Ha MAaCCHBA, MOIIHOCTHIO 0KoJI0 500 M, Ipe/cTaBiIeHa CpeIHE3EPHUCTHIMHI THEWCOBH/I-
HBIMU aM(pHUO0I-OMOTUTOBBIMU I'paHoArOpuTaMH. OCHOBHAsI YacTh MacCHBa CIIOKEHA TPAHOTUOPHTAMH, ajlaMell-
JUTaMHu, ONOTUTOBBIMU U aM(pHOOI-OMOTUTOBBIMH TPAHUTAMHM, MEX/y KOTOPBIMHU TPEAIIONAraloTCsl IIOCTENEHHbIE
Nepexobl.

JIyist THEHCOBUTHBIX OMOTHTOBBIX T'PAHOJMOPUTOB DHJOKOHTAKTOBOW 30HBI YCTAHOBIICH PaHHEKaMEHHOYTOJIb-
ueii Bozpact (U-Pb TIMS, 353+5 mun ner [Karkos u 1p., 2013]). binskue 1aTHpoBKH MOTYYCHBI aBTOPAMU JUISI Tpa-
HUTOB U3 0CHOBHOM yactu Knbeposckoro maccusa (357+3.6 min net; U-Pb SIMS), st rparut-nopdupos (352.1£3.6
wutH Jiet; U-Pb SIMS) 1 GHOTHTOBBIX TPaHUTOB U3 TAIBbKN KOHITIOMEPATOB B OCHOBAHUH KAMEHHOYTOJIBHBIX OTIIOXKE-
Hui (359.243.2 mun net; U-Pb SIMS).

KysKByHBCKOE IOTHATHE BBITSIHYTO B IMPOTHOM HAIpaBJICHUH TPUMEPHO Ha 90 KM 1 UMeeT OKOJI0 25 KM B TO-
nepeyHrke. B 1eHTpe MOMHATHS BBIXOIAT MeTaMOp(U30BaHHBIE OTIIOKEHUS JICBOHA — CPEAHEro KapOoHa, KOTOpbIE
co crpaTurpaguIeckuM KOHTAKTOM OOpaMIISIOTCSl TEPPUTEHHBIMU OTIIOKEHHUSIMHU BEPXHEH TIepMU — HIXKHETO TpHa-
ca [Bapnamosa u ap., 2004].

MeramopduuecKie Mopobl BMEIIAIOT [TOJI0THE MaJOMOIIHBIE (0 HECKOIBKHX JIECSITKOB METPOB) TeJla CBETIIO-
CepBIX TPAHUTOUIOB, NMPEBPALICHHBIX B OYKOBBIC T'HEHCHI MJIM IPaHUTO-THEHCHI C «OYKAaMM» KaJMEBOTO IMOJIEBOTO
1Inara, iarnokiasa, Ksapua.

B KyskByHbCKOM MaccuBe OBUTH TPOAHAIM3UPOBAHBI aM(pHO0I-ONOTHTOBBIE KBapleBble CHEHUTHI. KoHKOp-
JAHTHBINA BO3pacT coctapiset 352+6 miH. et (U-Pb TIMS, [Karkos u ap., 2013]).
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I'panuTonaer Knbeposckoro u KysKkByHBCKOTO MacCMBOB XapaKkTepH3yroTcs coaepxanusamu SiO, 56-79 u 56—
76 mac. % cootsercTBenHO. Konnenrtpannn K O B rpannTonaax Kubeposckoro Macchsa BapbupyoT oT 3.0 10 6.43
mac. %, KyskByHbkoro maccusa — ot 3.86 10 5.83 mac. %. I1o cymme K,O + Na,O cpejivi HUX BBIIEISIOTCS TIOPOIbL
HOPMaJIBHOTO (MpeobinanaroT) u cydmenodnoro psaaa. Ha muarpamme K O + Na,O-SiO, rpanuTonas Knbeposckoro
MaccHBa MONAJal0T IPEUMYIIECTBEHHO B MOJIS a1aMEJUINTOB, TPAHUTOB, CYOLIEIOYHBIX TPAHUTOB, PEXe JIeHKOrpa-
HUTOB U JSICKUTOB, OIMH 00pa3el — B 10JIe CHEHUTOB; TPaHUTON Il Ky KByHBCKOTO MaccHBa — KBapLEBbIX MOH-
LIOAMOPUTOB, KBAPIEBbIX CHEHUTOB, TPAHOAMOPUTOB, I'PAHUTOB, aJsiIcKUTOB. CornmacHo kinaccudukanun b.P. ®po-
cta ¢ coaBTopamu [Frost et al., 2001] mopomxsr KubepoBckoro MaccuBa OTHOCSTCS MMPEUMYIICCTBEHHO K MarHe3u-
anpHBIM (Fe* = FeO*/ (FeO*+ MgO) = 0.70-0.85), M3BECTKOBBIM U MIEIOYHO-N3BECTKOBBIM, YMEPEHHO- U IIEPIIMHO-
3eMHCTBHIM (MHAEKC TmHOo3emucTocT ASI > 1.0) obpazoBanusiM. B cocraBe rpanutonnioB KysKkByHBCKOTO MaccuBa
BBIJICJIAIOTCS KaK MarHe3uallbHbIC, TaK W kene3ucTolie pasHoBuaHOoCcTH (Fe* = 0.75-0.90), oHUM SBIAFOTCS MICTOYHO-
M3BECTKOBHUCTHIMU U W3BECTKOBO-IIEIOYHBIMH, HU3KO- 1 YMEPEHHO-, YACTHYHO NEPIIIMHO3EMUCTEIMU 00pa30BaHMs-
mu. ITpu oToM st co6cTBEHHO TpanuToB ¢ Si0,> 70 % 000Mx MaccHBOB XapakTepHbl conepkanus ALO, <15 %, T. e.
o knaccupukanm ©. bapkepa, JIx. Apra [1976] oHU SIBISIOTCS HU3KOTJTMHO3EMHUCTHIMH.

Ha muarpamme Rb —Y + Nb [Pearce et al., 1984], pazaenstoriei rpaHUTOUABI IO TEOAMHAMIYECKAM 00CTaHOB-
KaM (hOpMHPOBAHUS TOUKH COCTaBOB I'paHHTONI0B Knbeposckoro n KyskByHbCKOr0 MacCHBOB PacIioyararoTcsi B Mo-
TPaHUYHON 00JIACTH MEX[y IOJIIMH I'PaHUTOB BYJIKAHUYECKHX YT ¥ CHHKOJUIM3HOHHBIX IPAHUTOB, YacTh TOYEK I10-
MasiaeT B 10JIe BHYTPUIIUTHBIX TPAHUTOB. B 11€JI0OM MOYTH BCE TOYKHM COCTABOB MEPEKPHIBAIOTCS TIOJIEM ITOCTKOIIIH-
3UOHHBIX TpaHUTOB [Pearce, 1996].

Ha nuarpammax FeO*/MgO — (Zr + Nb + Ce +Y) u Zr — 10*Ga/Al [Whalen et al., 1987], pasnemnstoniux rpasu-
ToI I-, S- 1 A-THTIOB, TOYKH COCTaBOB IPAHUTONIOB 0OONX MacCHBOB COCPEIOTOUEHBI B MI0JI€ TPAHUTOB I- 1 S-THIIOB.
JIuib oTaeNbHbBIE COCTAaBI TPAHUTONIOB C MOBBIIICHHBIM coziepKaHueM Zr i cyMMbl Zr+Nb+Ce+Y pacrnonarator-
cs1 B 00J1aCTH IPaHUTOB A-THIIA.

Taknm 00pa3oM, H3JI0KEHHBIE BBINIE JaHHbBIEC MTOATBEPXKAAIOT MPEACTaBICHNAE O MPOSBICHNH B mpeaenax dy-
KOTKH I'PaHHTOMTHOTO MarMaTH3Ma I103/IHEeTIaIe030iCcKoro Bo3pacTa. | paHUTONIHbIE KOMITIIEKCHI I€BOHCKOTO U paH-
HEKaMEHHOYTOJILHOTO BO3PAcTa ITPOJOIDKAIOTCS Ha TEPPUTOPUH APKTHIECKOH AJISICKH, BKITtoyas 1m-oB Ceroap, FOxo-
Ha 1 Apkrrndeckoii Kananst (0-Ba Dnemup u Akcen Xenbepr). PyOex neBoHa u kapOoHa COOTBETCTBYET BPEMEHH IIPO-
SIBJICHUSI TEKTOHUYECKUX COOBITHI JIICMUPCKON OpOT€HHH B APKTHYECKOM perroHe. Bce 3To cBuaerenbcTByeT 00
OOIIIHOCTH Te0JIOTHYECKOW HCTOPUH B PaMKax €IUHOTO 0j0ka UyKOTKH—APKTHYECKONH AJSCKH, IIEPEMEIIEHHOTO U3
paiiona Apkrudeckoii Kanas! cornacHo poranuonHoit runoressl (Grantz et al., 2011).
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LATE PALEOZOIC GRANITOID MAGMATISM OF CHUKOTKA
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The following large tectonic elements are distinguished on the territory of Chukotka, Alazei-Oloy, South-Anuyi
and Anuyi-Chukotka fold systems. They formed as a result of collision between structures of North-Asian (Siberian)
continent active margins and Chukotka (Chukotka-Arctic Alaska) microcontinent [Parfenov, 1984; Zonenshain et al.,
1990; Sokolov, 2010].

Whithin Anuyi-Chukotka fold system (Chukotka Mesozoides) Late Mesozoic granitoid magmatism is wide-
spread; on different scale geological maps granitoid complexes are referred to Early Cretaceous Chukotka complex
(West Chukotka) or Taureran complex (East Chukotka) [Samorukov, Matveenko, 1984; Tibilov, Cherepanova, 2001;
Varlamova et al., 2004].

At the same time last years the Paleozoic age (U-Pb) is established for orthogneisses or granite-gneisses in
the uplift structures. Ealier they are distinguished as horst-like buldges [Til’man, 1973; Sadovsky, Gel’man, 1970],
and now are considered as granite-metamorphic domes [Gel’man, 1995, 1996; Bering... , 1997; Bondarenko,
Luchitskaya, 2003; Luchitskaya et al., 2010; Akinin, 2011; Akinin et al., 2012]. Thus, zircon ages for orthogneisses
from core part of Koolen’ dome, East Chukotka, are 369 and 375 Ma [U-Pb TIMS, Natal’in et al., 1999]. Devonian
age is established by V.V.Akinin with coauthors [Akinin, 2011; Polzunenkov et al., 2011] (U-Pb SHRIMP) for or-
thogneisses of Velitkenay massif — 363 + 44 Ma, Late Devonian, for granite-gneisses of Kuekvun’ uplift - 380 Ma.
Earlier granitoids of Kibera massif of Kuul Uplift were referred to pre-Late Paleozoic ones (Rb-Sr, 439 + 32 Ma)
[Tibilov et al., 1986].

Authors carried out geochronological studies of granitoids of Kibera massif, Kuul Uplift and Kuekvun’ massif
of the same name uplift.

Kuul Uplift is stretched in WNW direction along the East-Siberian Sea coast on 110 km with 15-30 km wide.
In the central part of uplift terrigenous Devonian and terrigenous-carbonate Lower-Middle Carboniferous depoits are
located. They are overlain with stratigraphical unconformity by terrigenous deposits of Upper Permian-Triassic. Gran-
itoids of Kibera massif intrude Devonian deposits and compose Shelaurov Island, locates northward of Kibera Cape.

Endocontact zone of massif, 500 metres in thickness, is represented by medium-grained gneissosed amphibole-
biotite granodiorites. Main part of massif is composed of granodiorites, adamellites, biotite and amphibole-biotite
granites with gradiual transitions between them.

Gneissed biotite granodiorites of endocontact zone have Early Carboniferous age (U-Pb TIMS, 353 + 5 Ma [Kat-
kov et al., 2013]). Similar datings are carried out by authors for granites of main part of Kibera massif (357 + 3.6 Ma;
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U-Pb SIMS), granite-porphyre (352.1 + 3.6 Ma; U-Pb SIMS) and biotite granites from conglomerate pebbles at the
base of Carboniferous deposits (359.2 + 3.2 Ma; U-Pb SIMS).

Kuekvun’ Uplift is stretched in latitudinal direction on 90 km and is 25 km wide. In the centre of uplift meta-
morphosed Devonian-Middle Carboniferous deposits are located. They are framed with stratigraphical contact by
terrigenous deposits of Upper Permian-Lower Triassic [Varlamova et al., 2004].

Metamorphic rocks include small (up to several tens of metres) bodies of light-coloured granitoids, transformed
in augen gneisses or granite-gneisses with “augens” of potassium feldspar, plagioclase, quartz.

Amphibole-biotite quartz syenites of Kuekvun massif were analyzed. Concordant age is 352+6 Ma (U-Pb
TIMS, [Katkov et al., 2013]).

Granitoids of Kibera and Kuekvun’ massifs are characterized by SiO, 56-79 and 56-76 wt. % respectively.
K,O concentrations in granitoids of Kibera massf varies from 3.0 to 6.43 wt. %, Kuekvun’ massif — from 3.86 to
5.83 wt. %. According to K,O + Na,O normal (they prevail) and subalkaline rocks are distinguished amon them. On
K,0 +Na,O vs SiO, diagram granitoids of Kibera massif plot in adamellite, granite, subalkaline granite fields, rarely,
leucogranite and alaskite fields, one sample is syenite; granitoids of Kuekvun’ massif, in quartz monzodiorite, quartz
syenite, granodiorite, granite, alaskite fields. According to Frost et al. [2001] classification the rocks of Kibera mas-
sif are mainly magnesian ones (Fe* = FeO*/ (FeO* + MgO) = 0.70-0.85), calcic and alcalic-calcic, moderate- and
peraluminous (ASI > 1.0) ones. Granitoids of Kuekvun’ massif are magnesian and ferroan (Fe* = 0.75-0.90), alkali-
calcic and calc-alkalic, meta-, moderate-, partly peraluminous ones. At the same time granites with SiO,> 70 % of
both massifs have A1,O, < 15 %, i.e. according Barker, Arth [1976] they are low-Al rocks.

On Rb vs Y + Nb diaram [Pearce et al., 1984], discriminating granitoids according geodynamic settings gran-
itoids of Kibera and Kuekvun’ massifs plot in the area between volcanic arc granites and syncollisional granites, part
of granitoids plots in within-plate granites field. As a whole nearly all granitoids are united by field of postcollisional
granites [Pearce, 1996].

On FeO*/MgO vs (Zr + Nb + Ce + Y) and Zr vs 10°Ga/Al diagrams [Whalen et al., 1987], discriminating I-,
S- and A-types, granitoids of both massif plot in the field of I- and S-granites. Individual granitoids with increased Zr
or Zr+Nb+Ce+Y, plot in the field of A-granites.

Thus, stated data confirm the existence of Late Paleozoic granitoid magmatism within Chukotka. Granitoid
complexes of Devonian and Early Carboniferous age are continued on the territory of Arctic Alaska, including Seward
Peninsula, Yukon and Arctic Canada (Elsmeer and Axel Heilberg islands). Devonian-Carboniferous boundary corre-
sponds to the age of tectonic events of Ellesmerian orogeny in Arctic region. All data indicate the community of geo-
logical history in the framework of single block Chukotka-Arctic Alaska, transported from the Arctic Canada region
according to rotation hypothesis (Grantz et al., 2011).
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Ha npumepe nozaHeapxeiickoro cpegnekuciioro marmarusma Ilnnocckoii u Kamennoo3epckoii 3eneHokamMeH-
HBIX CTPYKTYp IpeBHero Bomosepckoro Onoka bantuiickoro mmra paccMaTpruBaroTCsi BOIPOCH JUIMTEIBHOCTH Mar-
MaTHYECKHUX MPOIECCOB U NCTOYHUKOB BELIECTRA.

[MoznHeapxeicKkuil CpeHeKUCIIbI MarMaTH3M HCCIIeIOBAHHOTO paiioHa mpeacrasieH [lnnocckum MaccuBoM
TUIATMOTPAHUTOB M POSIMH MaJIOMOIIHBIX Jaek. llIunocckuit MaccuB 0OHakaeTcsl B IIGHTPE OTHOMMEHHOH 3eJIeHOKa-
MEHHOHU CTPYKTypbl. Jlaliku cocpeoToYeHbl BHYTPH 3€I€HOKaMEHHBIX ITOpOA B BHIE poeB, okpyxkaronwmx Llumoc-
CKHUI MacCHB, ¥ BHIIOJHSIOT MEJIKUE TPEIIMHBI TPEUMYIIECTBEHHO CyOMEpHIMOHAIBHOTO HalIPaBICHUSL.

[To xMMHUUECKOMY COCTaBy JaiiKi BapbUPYIOT OT aHAE3M0a3aIbTOB 10 PHOJIUTOB. PHONNTEI M JalUTHI MOJIb3Y-
I0TCS IIUPOKUM PACTIPOCTPaHEHHEM, a aHJIe3UTHI U aH1e310a3aNIbThI IPUCYTCTBYIOT B MOAYMHEHHOM KonuecTse. [To-
POZIBI IMEIOT pa3Hble TeKCTYpPHI (adupoBbIe 1 MOPGUPOBHIE) U PARTUYHYIO CTENEHb PACKPUCTAIITU30BAHHOCTH OCHOB-
HOM Macchbl — OT MUKPO(EIb3UTOBOMH 10 MOTHOKPUCTAIIIMYECKOH MUKPOT PAHUTOBO.

[Tnarnorpannts! IlInnocckoro maccuBa SIBISIFOTCS TTOJHBIMA XUMHYECKMMH aHAJIOTAMH JIaeK JTAIIUTOB M
TPaHOIUOPUT-TIOP(HPOB.

Bce nepeuncnienHble mopoabl 00agaloT OJMHAKOBBIMH T'€OXMMUYECKHMMH YepTaMu, OMM3KUMH PaHHEJOKEeM-
Opuiickum rpanutonnam TTI acconmarnmii, u Ha TpoiiHO# quarpamme K—Na—Ca [Barker, Arth, 1976] Toukn ux cocra-
BOB YKJIa/IBIBAIOTCSI B TOHAIUT-TPOHIBEMHUTOBBIH TpeHA anddeperunanyu. OHM 00eIHEHb! TAKUMH HECOBMECTUMBI-
Mmu anemenTamu kak K, Rb, Ba, Zr, Nb, Y, Th, U, Hf u siBnstirorcst yMepeHHO- U BBICOKOIITHHO3EMUCTBIMH (C BETHUUHOM
ASI0.90-1.27), uto cornacHo [Apt, 1983] mpucyiie BEHICOKOITMHO3EMUCTHIM TOHATTUTAM U TPOHIbeMUTaM. M3yueHHbIe
TIOPOJIBI TAKXKE XAPaKTEPU3YIOTC HU3KOH U yMEPEHHOH 1IETOYHOCTBIO NPH TIOBBIIIEHHBIX cofiepkanusx Na, O u oTHo-
curenbHo HuskoM K O ¢ otHomennem K, O/Na O = 0.1-0.5. IIpunaje:xHOCTb Iack CPEAHEKUCIION0 COCTaBa  IJ1aruo-
rpanuToB [1IM10CCKOTO MaccHBa K M3BECTKOBUCTOM U IISJIOYHO-M3BECTKOBUCTON cepusiM cortacHo [Frost et al., 2001] u
HU3Kast xene3ucTocTh (0.3-0.7) mo3BOISAIOT COMOCTABIATh UX ¢ [-rpanuramu o [Chappel, White, 1974]. C npyroii cto-
POHBI pacCMaTpHBaeMbIe TOPO/ILI UMEROT Hu3kue KoHtenTparuu K O, Rb, Th, U, xapakreprble as rpaHuToB M-THIa.
Hakonen, o conepxanusm Zr, Y, Nb ¥ B COOTBETCTBHY C TTOJIOKEHHUEM X COCTABOB Ha TUCKPUMHHAIIMOHHON AMarpam-
Me FeO*/MgO — (Zr + Nb + Ce +Y) [Whalen et al., 1987] onu 6mu3ku rpanuTam 000ux TUOB: [ u M.

Bospact kpucrammmzanum qaek ykiaabiBaeTcs B nHTepBai 2862 + 8 muH et — 2785 £ 15 mun ner (U-Pb mo
upkony, SHRIMP-II). Bo3pact hopmuposanus miarunorpanutos llunocckoii nHTpy3un, paBHbIil 2853 + 11 MuTH Jier,
COIOCTaBHMM C BO3pPAaCTOM KpUCTaJTM3aluK Hanbosee IpeBHUX faek (2862 + 8 muH siet). Takum o0pa3zom, BHEApEHNE
CyOBYJIKAaHMTOB HauyaJIOCh OJIHOBPEMEHHO C KpHCTAILIM3aIel MHTPY3UH U, ocie Toro kak lIunocckuii MmaccuB ObLT
c(hopMHUpOBaH, NPOAOIDKAIOCH €llIe B TeYeHUE He MeHee S0 MITH JIeT.

OCO0OEHHOCTH pachpenesieHus] PeJKUX W PEIAKO3EMENbHBIX JJIEMEHTOB, BO3PACTHBIC NAHHBIE W HM30TOITHO-
TeOXMMHUECKHE XapaKTEePUCTHKH N3yYEHHBIX OPOJ] YKa3bIBAIOT Ha CIIOXKHYIO SBOJIONUIO PACIIIIABOB B ITPOIIECCE HX
(hopMUPOBaHNM M HE TO3BOJLSIFOT CUUTATh paccMaTpHBacMble MOPOJBI MPOAYKTAMH MPOCTOTO (paKkIMOHUPOBAHUS
€IMHOTO MarMaTH4ecKkoro ovara. Tak, OTCYTCTBYeT ITOCJeoBaTelIbHOe 00oTraleHne 0oiee KHCIbIX PasHOCTEH JTack
JIETKUMH PEIKO3EMENIbHBIMHA H HECOBMECTUMBIMH AJIEMEHTAMH, XapaKTEePHOE JUIsl POLeccoB (PaKIMOHHOW KpUCTaI-
nu3anuu. He BbIsBICHA 3aKOHOMEpHas B ciiydae (ppaKIMOHUPOBAHMS MOCIEAOBATENLHOCTh KPUCTAIUIN3AIMHN J1acK
(OT OCHOBHBIX IOPOJ K KUCIBIM). U, HakoHel, pa3Hble 3HaYeHus: Sm-Nd MonenpHOro Bo3pacra (ot 2.88 MiIH JeT 10
2.91 MJTH JIeT) CBHIETENBCTBYIOT B OJHUX CJIy4asix O IOBEHHJIBHOW MPUPOJIE MarM, B IPyTHX — O MPUMECH KOPOBOTO
Marepuaga B MarMaTH4eckoM UcTodnuke. Kpome Toro naiiku pasnudarorcs senmuunHamu g, (o1 —0.1 1o +2.9), yka-
3BIBAIOLIMMH Ha Pa3HYIO IPHPOAY UCTOYHUKOB U BOZMOXKHOCTH 00pa30BaHMsI YaCTH JaeK IyTeM KOHTaMHHAIIUU MaH-
THUIHOTO Marepualia KOpOBBIM.

[TombITKa MONIENTMPOBAaHHS HCTOYHUKOB paciiiaBa ¢ UCIIOIb30BaHUEM SKCIIEPUMEHTAIBHBIX JaHHBIX 10 [Zamo-
ra, 2000] mpuBena K BBIBOAY, 4TO IPH 00pa30BaHHUM JIacK, CKOpPEE BCETO, OBUIH 331€HCTBOBAaHBI CPa3y HECKOIBKO IPO-
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LIECCOB, OJIHMM M3 KOTOPBIX MOT OBITh IPOLECC YACTHYHOTO IUIABICHUS KOPOBBIX TOpo. VIcXoaHBIH MuIaBsIuiics Ma-
TepHal, BEpOSTHEe BCEro, ObT OCHOBHBIM IO cocTaBy. Kpucraum3anust BEIIUIABOK B BUJIE 1A€K, CKOpee BCEro, Ipo-
MCXO/IMJIAa B MEHSIOIINXCS TEPMOANHAMHYECKUX YCIOBUsX. Pa3Hble QU3HKO-XUMHYESCKUE YCIOBHS KPUCTAILIM3AUH
HOITBEPXKIAAIOTCSA U Pa3HOOOpA3HeM CTPYKTYPHO-TEKCTYPHBIX OCOOCHHOCTEH CyOBYyNnKaHUTOB. [Iporecc Mor ycinox-
HSTBCS €LIe JOMOJHUTENBHBIM (PPAKIIMOHUPOBAHUEM LIEJIOT0 psiia MEHEPaIoB (IUIardoknasa, aMmpuodosna, mupoKce-
Ha, OJIMBUHA), YTO HALIJIO CBOE OTPAYKECHUE B OCOOCHHOCTAX PACIIPEICIICHUS PEAKUX H PEIKO3EMEIIbHBIX 3JIEMEHTOB.

Paboma evinonnena no npoexmy «l eonocuueckoe oousyuenue Cegsepo-Onedicckoul naowaou macuimaba
1:200 000» u npu noodepacke PODPU (npoexmor Ne 12-05-00678 u 13-05-00402).

JIMTEPATYPA

Apt JIx. HekoTopble 2IEMEHTBI-IPUMECH B TPOHABEMHUTAX — UX 3HAYCHHE JUIS BBISCHEHHUS FeHEe3MCa MarMbl U MajleOTeKTOHUYC-
ckuX ycinoBuid. B kH.: TpOHOBEMUTHI, JAUTHI U CBSI3aHHBIE ¢ HUMU mopoasl. M.: Mup, 1983. C. 99-105.

Barker F., Arth J.G. Generation of trondhjernitic-tonalitic liquids and Archaean bimodal trondhjemite-basalt suites // Geology.
1976. V. 4. P. 596-600.

Chappel B.W., White A.J. Two contrasting granite types // Pacific Geol. 1974. V. 8. P. 173—174.

Frost B.R., Arculus R.J., Barnes C.G. et al. A geochemical classification for granitic rocks // J. Petrology. 2001. V. 42. P. 2033-2048.

Whalen J.B., Currie K.L., Chappel B.W. A-type granites: geochemical characteristics and petrogenesis // Contrib. Mineral. Petrol.
1987. V. 95. P. 407-419.

Zamora D. Fusion de la croute oceanigue subductee: approche experimentale et geochimigue / Clermont-Ferrand: Universite
Thesis Universite Blaise Pascal. 2000. 314 p.

THE LATE ARCHAEAN INTERMEDIATE-FELSIC MAGMATISM OF SHILOSSKY
AND KAMENNOOZERSKY BALTIC SHEALD GREENSTONE BELTS
(GEOCHEMISTRE, AGE, MAGMAS SOURCE)

P.A. Lvov', T.A. Myskova!, I.A. Zhitnikova?

nstitut of Precambrian Geology and Geochronology RAS, St.Petersburg, Russia
pavellvov@gmail.com
2A.P. Karpinsky Russian Geological Research Institute, St.Petersburg, Russia
iriina_s@mail.ru

By example of Late Archaean intermediate-felsic magmatism of Shilossky and Kamennoozersky greenstone
structures that belong to ancient Vodlozero block of Baltic shield the questions of magmatism duration processes and
sources of substance are considered.

Late Archaean intermediate-felsic magmatism of studied region is represented Shilossky intrusion of plagio-
granit and swarms of thin dikes. The Shilovssky Massif expose in the center same-name greenstone structure. The
dikes are concentrated inside of greenstone rocks by means swarms that surrounded Shilossky Massif and filling small
cracks in mostly submeridional direction.

According chemical composition dikes are variated from intermediate to felsic. Rhyolites u dacites are wide-
spread but andesites and andesibasalts are present in subordinate quantity. Rocks have different texture (aphyric and
porphyritic) and different degree descrytalisation of microfelsic to microgranitic.

The plagiogranits of Shilossky Massif are complete chemical analogue of dacites and granodiorite-porphyry
dikes.

All enumerate rocks have identical geochemical features that are close to associations of Early Precam-
brian granites TTG. On the diagrams K—Na—Ca [Barker, Arth, 1976] points of their composition are line up in the
tonalite-trondhjemite differentiation trend. They are depleted with such elements as K, Rb, Ba, Zr, Nb, Y, Th, U,
Hf and are metaaluminum and peraluminum with value ASI (0.90-1.27) that according to [Apt, 1983] is inherent
to peraluminum tonalites and trondhjemites. Studied rocks are characterized also low and moderate alkalinity with
high Na,O and respectively low K, O and ratio K,0/Na,O = 0.1-0.5. Belonging of intermediate-felsic dikes and
plagiogranites of Shilossky Massif to calcareous and alkali-calcareous series according [Frost et al., 2001] and low
iron index (0.3—0.7) compare them with I-granites after [Chapel, White, 1974]. From other side studied rocks have
low concentrations K,O, Rb, Th, U are characterized to M-granites. At last, by contents Zr, Y, Nb and in conformity
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with their position on discrimination diagram FeO/MgO — (Zr + Nb + Nb + Y) [Whalen et al., 1987] they are close
to granites both types: [ and M.

Dikes crystallization ages are vary in interval 2862 + 8 Ma — 2785 + 15 Ma (U-Pb, SHRIMP-II). Age formation
of Shilovssky plagiogranits equates 2853 + 8 Ma. Thus intrusion of dikes begun contemporaneously with Shilossky
Massif of crystallization was formed and after it had been continued for at least 50 million years.

The particular distribution of rare and rare-earth elements, age-related and isotopic and geochemical character-
istic explored rocks shows on complex evolution of melts in process their formation and do not allow consider regard
rocks as products simple fractionation unified magmatic chamber. Thus, no consistent enrichment more acidic dikes
LREE and incompatible elements, characteristic for process of fractional crystallization. Regular sequence dykes
crystallization in case of fractionating do not found (from mafic rocks to acid). And, at last, different meanings of Sm-
Nd model age (from 2.88 Ga to 2.91 Ga) is evidence in one case about magmas juvenile nature in other case — about
an addition of crustal material in the magma source. Moreover dikes are differ by values €, (from —0.1 to +2.9), that
shows on different nature sources and possibility of the formation of part dikes by crustal contamination of mantle ma-
terial. Attempt modeling of melting sources with use of experimental data after [Zamora, 2000] resulted to conclusion,
that under dikes formations probably some processes were used together. One of them could be process partial crustal
melting. Source melting material was most likely the mafic composition. Melting crystallization in form of dikes, most
likely was happened in changing thermodynamic conditions. Different physic chemistry conditions of crystallizations
confirmed by multiplicity structural and textural features of subvolcanics. The process could be complicated by more
additional fractionation of minerals (plagioclase, amphibole, pyroxene and olivine) that had found its reflections in
distribution of rare and rare-earth elements.

The work is done according project “Additional geological survey Noth-Onezhskiy square scale 1:200 000”
and with assistance RFFI (projects Ne 12-05-00678 and 13-05-00402).
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BbIcOKOIMHO3EMUCTBIE TPAHUTOUIBI XYHTApUICKON cepur 00pa3yloT KpYIHBIE, 10 HECKOIBKHUX COTEH KBa-
JIPaTHBIX KWJIOMETPOB, ITYTOHBI. PacrioiokeHne WHTPY3UBOB KOHTPOJIMPYETCS CHCTEMOH Pa3iIoMOB: CyOMeEpHano-
HaJIBHOTO, COBIAJIAIOIIETO C IIEHTPAJIIBHBIM CTPYKTYPHBIM IIIBOM, CEBEPO-BOCTOYHOIO M CEBEPO-3alaJHOIO Halpas-
JICHUH, OTMEPSIIOLIMX WM AUArOHAIBHBIX IO OTHOLICHUIO K CTPYKTypHOMY IuBY. M3yuennsie [oOummuHackuit u Ary-
CHHCKHI1 MacCHBBI PacIOJIOKEHBI B IpeJiesiax AHIoMckoro Mmeramopduueckoro Ooka (cpeaHee TedeHUE peKu AHIOH)
[U30x, 1967]. U3 3THX MaccHBOB ObUIH OTOOpaHBI ¥ M3yYeHBI 00pa3Ibl MEIKO3EPHUCTHIX THEHCOBUIAHBIX TPAHUTOB,
BKJTFOYAIONINX KCEHOJIMTHI KPUCTAIIMYECKUX CIIAHIIEB U KBapUUTOB (IpoObl AH. 1 U AH. 2); ABYCIIONSHBIX MEJKO-
3ePHUCTHIX IpaHUTOB (1poba AH. 3); MUrMaTuTOB (POOBI AH. 5 U AH. 6); CpeHE3EPHUCTHIX OMOTUTOBBIX TPAaHH-
TOB (1Ipoba AH. 7); CpeiHe3epHUCTHIX OMOTHTOBBIX TPAHUTOB, BKIIOYAIOUIMX MHOTOYUCIICHHBIE KCEHOIUTHI (TIPOOBI
['00. 2.92 u I'06. mac). 13 BacuiibeBckoro MaccuBa, paciiojoKeHHOTO Ha tore XabapoBCKOTo Kpasi, U3y4ainch o0pas-
bl KaTaKJIa3MpOBaHHBIX JIEWKOrpaHUTOB (1poda Bac. 1), KpymHO3epHUCTHIX OMOTHTOBBIX IpaHUTOB (IIpoba Bac. 3),
MEJTKO3EPHHCTHIX JABYCIIOSHBIX TPaHUTOB (TIpoba Bac. 5).

[TpoBeneHHbIe HCClleNOBAHMS BKITIOYAIM: CHIIMKATHBIN aHanu3 (PEeHTreHO-(QII00PECeHTHAs CIIEKTPOMETPHS),
reoxumuto (ISP-MS) u munepanoruro (pacTpoBblil SJIEKTPOHHBIH MUKPOCKOIT) TPAaHUTOMIOB. AHAJIUTHKA TPOBOIM-
Jach B T1aboparopun GU3NKO-XUMHUUECKUX MeTo0B uccienosanuii ®I'BYH UTul” IBO PAH.

IleTpoxuMuyeckue XapaKTEpUCTUKU HU3yUEHHBIX IOPOJ MOKAa3bIBAIOT BHICOKYIO INIMHO3EMUCTOCTh IPAaHUTOB
(A/CNK = 1,4), xanuepo-narpuesblit (Na,0O + K,O = 5.0-8.5 mac. %) THII IEJTOYHOCTH, YMEPEHHBIE CONEPKAHUS
marnus u xkenesa (MgO + Fe,0,= 1.3-6.4 mMac. %) u monmkenHble cofepxkanus kambuus (CaO 1-2.5 mac. %) (puc.).
Ha muckpumunanmonHnoii nuarpamme Jx. ITupca B koopauHarax Rb — Y+Nb ¢urypatuBHbie TOUKHM TPAaHUTOUIOB 3a-
HUMaIOT 1osie rpannToB S-tumna [Chappell, White, 1974]. ConepkaHust peAKHX M PEAKO3EMENbHBIX JIEMEHTOB B H3-
YUEHHBIX TPAaHUTOMAX THITUYHO JUISl KOJUTM3HOHHBIX (Ta0u.). M3ydeHHbIe TPAHUTOM B UMEIOT ONM3KUH MUHEPab-
HbI# cocraB: kBapi, KITLI (conepxanue K ot 8 no 12.5 mac. %) , muarnoknas (conepkanue Ca ot 3 1o 5 mac. %; Na
ot 6 o 7.5 mac. %), ouotur (comepxkanue Fe ot 15 mo 20 mac. %). [Topoas! XxapakTepu3yOTCsl BRICOKHUMH COZIepIKa-
HUSIMU OMOTHTA, MyCKOBHTA, KOPANEPUTA TP TIOJIHOM OTCYTCTBUH POTOBOM 0OMaHkH. Cpeny aKIieCCOPHBIX MUHEpa-
JIOB PUCYTCTBYIOT: IMPKOH, alaTT, C(heH, MOHAIIUT, KCEHOTHM, TPaHaT, TOPUAHUT, raHOH. PynHbIe MUHEpaIIBI ITpe/-
CTaBJICHB! WIIbMEHUTOM, IIUPUTOM.

Tabnuua. [eoxMMUUECKHiA COCTaB IPaHUTONIOB XyHrapuiickoii cepun Llenrpansroro Cuxors-AnuHs.

Onement | Amn-1 An-2 Amn-3 An-5 An-6 An-7 Bac-1 Bac-3 Bac-5 | T06-2-92 | To6-mac

Rb 191.31 | 151.13 | 203.85 | 82.67 43.63 138.24 241.32 137.13 154.51 120.45 153.43

Sr 124.31 | 180.33 | 134.43 | 210.77 | 362.80 169.67 62.00 190.71 79.23 192.68 168.31

Ba 359.26 | 454.05 | 553.46 | 308.23 | 240.89 596.27 142.45 598.42 252.29 | 483.63 | 549.61

Y 15.38 12.55 9.88 3.88 6.21 22.58 15.44 12.09 4.37 17.85 23.03
Zr 25.55 4.65 3.70 0.60 0.82 3.50 15.02 5.48 13.56 3.17 5.76
Hf 1.28 0.35 0.26 0.10 0.11 0.35 0.83 0.34 0.57 0.30 0.39
Th 13.20 11.17 13.13 5.83 4.56 11.59 7.88 10.65 5.89 8.22 8.49
8] 2.14 2.31 1.27 0.99 1.03 1.89 3.17 2.03 4.86 1.38 1.26
P35 | 111.69 | 14428 | 13491 | 92.13 71.70 155.81 38.64 141.60 50.48 127.38 130.37

Ilpumeyanue. AHanU3Bl BEINONHEHB! B Jlaboparopun (U3HKO-XHMHUeckHX MeTonoB ucciexosannst GI'BYH UTul' IBO PAH
(amamuruxu [I.B. ABnees, B.E. 3azynuna) meronqom ICP-MS na nputope: Elan DRC II. Enunnna n3mepenus — r/t.
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Juarpammbl Xapkepa Uit TPAaHUTOUIOB XyHTrapuiickoii cepun LlenTpansHoro Cuxors-AnHs:

1 — poOs1 AH-1, AH-2, AH-3, AH-5, AH-6, AH-7; 2 — ipoObI [00 2.92, T06. mac.; 3 — npoOsl Bac. 1, Bac. 3, Bac. 5; 4 — 6uoTutoBbIii
MenaHorpanut, BacunbeBckuii Maccus [M30x, 1967]; 5 — nBycintoasiHOW KOpAMEPUTOBBINA IpaHuT, Maccus 3osotoro kitoua (IopOynckuit) [M30x,
1967];6 — MeNKO3epHHUCTBIE JICHKOKPATOBBIE KOPMEPUTOBBIC TPaHUTHI, pyd. [TyOokuid, . Camyp [M30x, 1967].

Konin3noHHbIe TpaHUTOUIBI XyHIAPUUCKOH cepur c(hOpMUPOBAIIMCH B BaJlaHXKHUH-TOTEpPUBCKOE Bpemsi. Ompe-
JeneHus o 6moTtuty loOmmmuHCKoro turyToHa Ar-Ar meromom aatoT BospacT 107.2 + 1.4 mun ner [Hartansus u
Ip., 1994]. Rb-Sr matupoBanue rpanuronnoB llIuBkuHckoro mMaccupa 127 + 4.5 miH yet, a JIepPMOHTOBCKOTO OT
123.7 £ 0.8 1o 125.6 = 0.9 mun net [ XeTunkoB u 1p., 1998]. meromumecs 3Ha4eHUS BO3pacTa MOPOJI, BHITOTHEHHBIX
Pa3TUYHBIMHA METOJAMH, MOTYT OTPa)KaTh MCTUHHBINA M30TOMHBINA BO3PACT MPOUCXOXKIICHNSI MACCHBOB, WIIN CKa3bIBa-
FOTCS] 0COOEHHOCTH HCTIONB3yEMBIX T€0XPOHOIOTHIECKIX METOAOB. SICHO, UTOOBI MOTyYUTh IPEACTABICHUE O KOJITH-
3MOHHBIX MPOLIECCAX B PETHOHE, HYXKHBI JIOTIOJHUTENbHBIE TEOXPOHOIIOTHYECKHE HCCIIEIOBAHMS.
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I'PAHUTBI Y DBOJIFOLIHA 3EMJIH

TPAHUTOHU/JIBI IIOIIOHATOBOM CEPUU CPEJUHHOIO TSAHb-ILIAHS:
TEOoJIOrus, NETPOI'EOXUMMUS, IOTEHIIUAJIBHASA PYTOHOCHOCTD

10. Maman:xkanos

Hnemumym 2eonoeuu, ceticmocmotixoeo cmpoumenscmea u ceticmonozuu AH PT,
Ihwanbe, Taorcuxkucman, director@ingeos.tj

I'paHUTOMIBI IIONIOHUTOBOM CEPUU BKIIFOYAIOT IMITa0MCCaIbHbIe MHTPY3UBHBIE IOPO/BI KaJIHMEBOTO CYOIIeIou-
HOTO psiZia — MOHIIOHUTOWIOB, TEHETHUECKH POJCTBEHHBIX MaHTHHHBIM 0a3abTOM/IaM IIONIOHUT-IaTUTOBOW CEpUU
TIO3/THUX JTAIlOB PAa3BUTHsI OPOTEHHBIX MOSICOB. B opManmoHHOM milaHe WHTPY3WBBI MOHLIOHUTOMIOB (haHEepo30ii-
CKHX MO/IBUKHBIX TTOSICOB PaCCMaTpPUBAJIMCH B COCTaBe rab0po-MOHIIOHUT-cHeHNTOBOH [Ky3Heros, 1964], MOHIIOHUT-
CHEeHUTOBOH [Marmarudeckue. .., 1979] u Mmonnonuoput-rpannTHoii [@epiurarep, 1987] hopmanmii. OHM BbIIEIECHBI
KaK MOHIIOHUTOHNIHAas UHTpY3UBHAA cepus [30x, Haneros, 1974], cooTBeTcTBY!IOasi FEOXUMUYECKOMY TUITY TPaHU-
TOUJIOB JaTuToBOTO psina [Taycon, 1977]. Bpasunbckuii nerponor Hapnu Jlaypo B.C. [Nardi, 1986] mogo6HbIe miy-
TOHUYECKHE 00pa30BaHMsl OTHOCHT K IPAaHUTOM/IaM LIOIIOHUTOBOM CEpUH.

B Kypamunckoii nmogzone Yarkano-Kypamunckoit 30161 Cpeauanoro Tsub-11lans HanOonsmmm pacnpocTpa-
HEHHEM M pa3Ho00pa3neM COCTaBa OTIIMYAIOTCS CyOayKIIMOHHO-KOJUIM3UOHHBIE MarMaTu4ecKue CEpHUH M KOMILIEK-
CBI MO3HENAaJIe030MCKOTO OKPAaMHHO-KOHTUHEHTAIbHOTO KbI3pI1kyMo-KypaMUHCKOTO BYJIKaHOILTYTOHHUECKOTO I10-
sca, (hopMHUpOBaBIIMECS HA FOXKHOW (B COBPEMEHHBIX KOOp/MHATAaX) OKpanHe KazaXxCTaHCKOro IajeoKOHTHHEHTa B
CBSI3M C CyOnyKIUen okeaHnyeckol Kopbl TypKeCTaHCKOTO MayieooKeaHa. B 9BONIONMOHHOM psily MMO3HETaIC030MH-
CKMX MarmaTu4eckux obpazoBanuii Kypamunckoit monzonsr Yarkano-KypaMuHCKo# 30HBI (BOCTOYHOM 0OHa)KEHHOMN
yactu Ke3buikymo-Kypamunckoro nosica) Cpeannaoro Tsue-1lans Beiienstorces [Mamamkanos, 2013]: pannecy0-
IYKIMOHHBIE H3BECTKOBO-IIEIOYHBIE — aHe3U0a3aNbT-aHAe3uT-rabbpo-rpanuronHas (C,) ¥ PHONHT-TPaHUTHAS
(C,) acconmanuu; no3aHeCyOyKIHOHHO-KOJUIM3UOHHBIE CYOIIENOYHbIE — MOMOHUT-IaTUT-MOHIORHTONaHAs (C,-
P) u xamueBopuonuT-ansackutoBas (P,) accoumauuu; MOCTKOIIM3HOHHBIE — PUQTOreHHas KajueBas IIeNoYHas
TpaxuOasanbT-JIeHIIUTHT-IIOHKMHUT-cuennToBas (P,) acconuanys, a Takke pernoHajIbHbIE TaiKOBbIE Mosica 1uabas-
puonuronnoii (P,~T,) cepun.

I'panuTON/BI HIOMIOHUTOBON CEpUM — MOHIIOHUTOUBI, TEHETUYECKU CBSI3aHHBIC C BYJIKAHUTAMHU IIOIIOHUT-
JIATUTOBOM cepuu, B KypaMHHCKO# MOJ30HE paccMaTpuBacMOil 30HbI ciararoT babanoockuii, YopyxmapoHckuid, Aii-
reipOaiitanbeknil, JHKyaIp0apcOTKaHCKUI U IpyTryue MHTPY3UBBL. [1epBhie 1Ba MHTPY3UBa HAXOAATCS B TA/UDKUKCKOH Ya-
ctn Yarkano-KypaMHHCKOW 30HBI 1 O0BEIHMHEHBI B YOPYXAAHPOHCKUI MHTPY3UBHBIH KOMIUIEKC. [ nmabuccansHple UH-
TPY3UBBI MOHIIOHHTOHU/IOB CIIATAIOT JJAKKOIUTOBOI Mopdooruu Tena rioimaapio 10—50 kM? 1, Kak IpaBuio, mpHypode-
HBI K BYJIKAHHYECKHM IIPOrubdaM U MyIbaaM-JIenpeccsM. Bmenarommumuy mopoiaMu Juisi MOHIOHUTOMTHBIX HHTPY3H-
BOB SABJIAIOTCS ByJIKaHOTEHHbIE 0Opa30BaHHs IOMOHUT-JIATUTOBON cepuu nrypabcaiickoii ceutel C,-P, (Hopyxnaiipon-
CKHIl MHTPY3HB), pUOJIHTHI osicaiickoit cuThl C, (babanobckuit MaccuB) u Gonee JPeBHUE Ie0NOTHYECKHE KOMILIEKCHL.
CortacHO paJHoJIOTHYECKUM M30TOMHBIM AaHHBIM (K-Ar mMeTon), oy4eHHBIM B J1a00paTOpHU U30TOITHOM T€OXUMHHU
u reoxponosiorun MI'EM PAH (Apakensiaiy M.M), Bo3pacT ByJKaHUTOB Irypadcaiickoit cButbl — 300279 mun ner (I'a-
Bacaiickuii nporu0) [Paduxos u ap., 2007] 1 MOHIIOHUTONIOB YOPYXAaiipoHcKoro komiuiekca — 303—280 muH siet (Yo-
pyxaaiipoHckuii MHTpy3uB) [Mamapkanos, 2004]; Bpemst OpMHPOBaHUsI CyOIIETOYHON KaJIMeBOH MarMaTHYecKoi ac-
COLMAIMH MIONIOHUT-IAaTHT-MOHIOHUTOUIHOTO COCTaBa COOTBETCTBYET MO3/IHEMY KapOoHy-pannei nepmu (C,g—P s).

Cpeny MOHIIOHUTOUIHBIX HHTPY3UBOB KypamuHckoii mon3zonsl Yarkano-KypaMuHCKOH 30HBI Hanboee CIox-
HBIM BHYTPEHHHM CTpPOEHHEM OTiIn4aeTcs YopyxaalpoHCKuil monudasHbelii MOHIIOANOPUT-MOHIIOTPAHUTHBIA Mac-
CHB — THITIOMOP(HBIN MPEICTaBUTENh OTHOMMEHHOTO KoMIuTeKkca. B nuddepenHunpoBanHoM psily rpaHUTOWIOB I1IO-
IIOHUTOBOH cepun YopyXIaipOHCKOTO HHTPY3UBa (0OHaKEHHAS TUIOMAIb — 15 KM?) HAME BBIICJISIOTCS: MOHIIOAHO-
PHUTHI U KBapIIeBbIE MOHI[OMOPUTHI IEPBOH (paHHE); KBapIieBble MOHIIOHUTHI M MOHI[OIPAaHOAUOPUTHI BTOPOH (I1aB-
HOM); MOHIIOTPAHHUTBI TPETEH (T03HEH ) 1 JIEHKOMOHIIOTPAaHNUTHI YETBEPTOH (3aKITFOUUTENBHOM) (Da3bl BHEAPESHUS WIT
CTaHOBJICHUSI, & TAK)Ke TCHETHYECKU CBSI3aHHBIE C HUMH CYOIUTYTOHHYECKHUE JTAKOBbIE KOMarMaThl — MOHIIOJIMOPHT-
nopQUpUTHI, TPaHOCHEHUT-TIOPGUPHI, pa3sHO(PAa30Bble MOHIIOHUTOUA-AILIMTHL U Jamupodupsl. B ommune or Yo-
pyXaaipoHcKoro monugasHoro Maccusa, babanoockuit untpysus (50 km?) Boctounoro Kapamasapa ciioxeH TOJb-
KO MOHIIOZIMOPUTAaMH U WX KBapLEBBIMU Pa3HOBUIHOCTSIMH IEpBOH (a3bl CTAHOBJICHUS KoMILIekca [MamakaHoB,
Jxypaes, 2008].

I'paHuTONIBI MIOIIOHUTOBOM CEPUM — MOHI[OHUTOHBI MEIKO- U CPEeJHE3EpHUCTHIE, TEMHO-CEphIE, Cephle U
CJIerKa po30BaThle, C Mpeodiagaronield MOHIIOHUTOBOM, THITMAMOMOP(QHO3EPHUCTOI U MOPPHUPOBUIHON CTPYKTYypa-
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mu. [TopdupoBunHas cTpyKTypa XapakTepHa JJIsi MOHLIOTPAHUTOB TpeTed (a3pl M 00yClIOBIEeHA HAaJIWIHEM KpyTI-
HBIX (10 10 MM) HIMOMOPGHBIX KPUCTAIUIOB KAJIHMEBBIX IOJIEBBIX IIIIATOB — OPTOKIIA30B, 3aHMMatomux ot 10-15 no
25 % ob6béma nopoasl. [TaBHEIE TOPOJO00OPA3yIOIINE MUHEPAIIBI: TUIATHOKIIA3 - aHAe3UH-J1abpaaop, anaesuH (49.3—
13.0 %); xanmueBbIii TONIeBO mmaT — opTokias (21.3-52.8 %); kBapr (5.3-30.7 %); ouorut (1.04.3 %); am¢pudon —
porosast oomanka (0.1-4.1 %) u nupokcenst (19.0-3.2 %). AkueccopHble MUHEpPaJIbl B TPAHUTOMJaX IOMIOHUTOBOM
CEpUH IPEIICTABIECHBl MAarHETUTOM, HJIBMEHUTOM, allaTHTOM, IUPKOHOM, cheHoM, (moopuroMm u ap. CBoeoOpa3HbI
TUIIOXMMUYECKHE 0COOCHHOCTH (peMHUYECKHX MTOPO1000pasyonIMX MUHEPAIOB MOHIIOHUTONA0B YopyXaaipoHCKo-
TO HHTpPY3HBa: OMOTUT BbICOKOTHTaHUCTRIH (TiO, = 5.68-4.28 %), Marnesnansupii (MgO = 13.77-8.77 %), mo coot-
HOIIIEHHIO OCHOBHBIX KOMIIOHEHTOB B OKTa3pHYECKON KOOPJUHAIIMK OTHOCHUTCS K MarHe3HaJIbHBIM (OMOTHTHI KBap-
LIEBBIX MOHIIOHHTOB ¥ MOHLIOTPAHOIHMOPHUTOB) M IIPOMEKYTOUHBIM - MarHE3UaJIbHO-)KeJIe3UCThIM (OMOTHTHI MOHIIO-
TPaHUTOB) pa3HOCTAM. PoroBas oomanka (c:Ng = 14-28°; 2V = 70-84°) — kambrmeBoit (CaO = 12.79-11.44 %) pas-
HOBHMIHOCTH, MarHesnanbHas (MgO = 15.10-10.96 %), ommm4aercs nuskumu kommdaectBamu TiO, (0.81-1.63 %) n
ALQO, (3.04-6.46 %), 3amernaercs akTHHOMMTOM (¢:Ng = 12°; -2V = 84°). IIupoKceH AByX MOIH(DHKAINN: KIIMHOIIH-
pokceH — aBruT (¢:Ng = 39-46°; +2V = 51-60°), HU3KOTUTAHHUCTHIH, MaJOTIIMHO3EMHCTBIH, C BRICOKAUMH COICPKAHU-
samu MgO n CaO, HHTEHCHBHO 3aMeIaeTcsl BTOPUYHBIM 3eJIeHbIM aM(pr0010M. OpTOMMPOKCEH 10 KPUCTAIIIOONTHKE
(c:Ng=10°; -2V = 56°) u xummzmy (FeO = 19.74 %; MgO = 21.40 %) — runepcren. [TapareHesuc aBrura u rumnepere-
Ha XapaKTepeH TOJIBKO JUIsl IBYIHPOKCEHOBBIX MOHIIOJJMOPUTOB NIEPBON MHTPY3UBHOH (pazbl.

Ha xnaccuduxanonnoit TAS auarpaMme ¢uryparuBHbIE TOYKH COCTaBOB ITOPOA 3aHUMAIOT I10JIe CyOIIenod-
HBIX 00pa30BaHMI: MOHIIOIMOPHTOB, MOHI[OHUTOB, KBAPLIEBBIX MOHIIOHUTOB, MOHIIOIPAHUTOB U JeHKorpanuToB. Co-
nepxanne SiO, B mopoaax BapeupyeT oT 54.50 mo 74.46 %. CyMMa INENOYHBIX OKCHIOB B HUX KOJIEONETCS B HHTEP-
Bajie oT 6.16 10 9.90 %. I1o cooTHOIIEHHIO KZO K NaZO (0.80-2.15) MOHIIOHUTOHTBI OTHOCATCS K IMOPOJaM KaJIHEeBO-
ro psana, a mo K,O u SiO, — k rpanuroniam 1 hepeHIMpOBaHHON IMOMIOHNTOBOM cepuu. ['eoxumuyeckne 0coOen-
HOCTH I'PaHUTONIOB IIOIIOHUTOBON CEPUH BHIPAKEHBI B OBBIIIIEHHBIX KOHIIGHTPAIMAX PEIKUX U PYAHBIX 3JIEMEHTOB,
r/T: Rb (127-300); Ba (1725-750); F (1060—470); B (30-15); W (7.4-3.0); Mo (3.3-2.0); Pb (46-28); Zn (68-30); Cu
(53-30); U (4.0-14); Th (12-53); Zr (248-166); Nb (30-13); > TR +Y (184-274). [Ipu 3TOM MakCHMaIbHEIEC COAEP-
xaausg Rb, F, W, Mo, Sn, Pb, Zr, Y u > TR cBOWCTBEHHEI TOpOIaM TIIaBHOU (ha3bl KOMITIEKca, Hanbolee oboramieH-
HBIX TEMHOIIBETHBIMU ITOPO000pa3yOMMMH (ITUPOKCEH, aM(uO0II, OMOTHT) U aKIIeCCOPHBIMU (IIMPKOH, aIllaTUT, Mar-
HETHT, (IFOOPUT, C(HeH) MUHEepaTaMHU.

®DopmHIpoBaHKE TPAHUTOH/IOB IIOIIOHUTOBOI CEPHH — MOHIIOHUTOU/IOB CBS3aHO € MTO3IHECYOIyKIIMOHHOM cTa-
nueii (C,g—P s, cTanns KOHTUHEHTAIBHOM CYOMyKIIMN) Pa3sBUTHS TTO3HENANe030kckoro Kerspuikymo-KypamMuHckoro
BYJIKaHOILTyTOHH4eckoro mnosica (KypamunHckoii mogzonsl Yarkano-KypamuHckoii 3oubs1 Cpennanoro Tsub-11lans). B
00pa3oBaHUY rHIIa0MCCaNbHBIX HHTPY3UH MOHIIOHUTOH/IOB 1 CBSI3aHHBIX ¢ HUMHU 0a3aJI6TOHI0B IIOIIOHUT-JIATUTOBOM
CepHH BeOyILYIO POJIb ChIMPald MAHTHHHO-KOPOBEIE IeTporeneTuueckue nporeccsl (*'Sr/*Sr = 0.7051-0.7062), kpu-
CTaJuIM3anroHHas tuddepennmanys, GpakIHOHIPOBAHHOE pacIpe/ieIeHIe PEIKHIX JIEMEHTOB B IIPOLIECCE KPUCTAI-
JM3alUK paciliaBa, €€ 000TaeHHOCTh JIETYYHMMH KOMIIOHEHTaMH, TIPEJONPEICIIUBIINE BBICOKYIO PYIHYIO ITPOIYK-
TUBHOCTH TPAaHUTOM/IOB IIOIIOHUTOBON CEpPHH.

C MOHIIOHUTOWIHBIMHU HHTPY3UBAaMH — IpaHUTOMAAMHU T (depeHIrpoBaHHOHM MONIOHNTOBOH cepun KypamuH-
CKOM TO/I30HBI TEHETUYECKN M NPOCTPAHCTBEHHO TECHO ACCOIMUPYIOT NMPOMBIIUICHHBIE MECTOPOXICHHS TTOJIUTeH-
HBIX PYIHBIX (QOpMAIii: CKapHOBO-IIEETUT-MOINOAeHNTOBOM (294—278 MiH net, YopyxnaiipoH, FOxHbIi SIHrHKaH);
CKapHOBOH U THAPOTEPMAITFHOHN MOTMMEeTaTHIeckor ¢ Ag (285-279 murH et, AnTeiHTONIKaH, KaHUMaHCYp); 3010TO-
kBapi-kapOonatHo#t (281-277 v nert, lllkonsHOe, AnpeneBka, Koubymak, Yamak u ap.) ¥ 30710TO-CYTbGOUITHON
(280-278 muH net, Byprynaa, IKKmkeIoH), a Takke KpyImHeHmre B pernone LleHTpanbsHoi A3Uu MeTHO-MOIUOICH
nop(upOBBIE € 30I0TOM MECTOPOXKICHUS AIMAIBIK-AHTPEHCKOTO PYAHOTO KOHIICHTPA.
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NCTOYHUKU I'PAHUTHBIX MAT'M PA3JIMYHBIX 'TEOXUMHWYECKHUX TUIIOB TPAHUTONOB
IO’KHOT'O TSIHb-IHAHS U UX PYJOHOCHBINA MOTEHIIUAJ

A.K. Meabandenko, T.b. Bap3nena

Hnemumym 2eonoeuu, ceticmocmotixoeo cmpoumenscmea u ceticmonozuu AH PT,
Ihywanbe, Tadxcuxucman, alana-ir@mail.ru

FOsxubii Tsaup-Ulans (62000 kM?) — cpeHsis 4acTh TUTAHTCKOTO TOPHOTO Ypano-MOHTOJIBCKOTO Tosica MpH-
HaanexxuT k ['manykyni-I'mccapo-CeBeponamupcekoi cucreme. IlpencraBieH pasHOOOpa3HBIMU 110 BELIECTBEHHOMY
cocTaBy (OT rabOpo-JIeHKOTPAaHUTOB JIO IIEIOYHBIX 0a3aIBTONI0B) [A3UMOB U 1p., 1976; Baparos u np., 1976; I'ech u
ap., 1982; Topeuxas u ap., 1972] n BozpactHoMy ntonoxenuto (ot Pt, — 860 + 30 1o MZ — 214 + 8 min net) [MenbHu-
ueHko, baparos, 2007; Menbauuenko, 2010] natpy3uBHbIMU 00pazoBanusmu (12500 km?), pacipocTpaHeHHBIME (%)
B ['mccapckom (42), TypkecranckoM (27), 3epasiuanckom (16), Kaparerunckom (12) u Anaiickom (3) xpeOrax. Xapak-
TEPHBIMH JUISI TOTO PETHOHA SIBJISIFOTCS TUTy TOHHUYECKKE (popMaIliy re0CHHKIMHAIBHBIX 9TallOB Pa3BUTHUS U IOCTKOH-
CONMJIAIIMOHHOM akTuBM3auu [MensHUYeHKo, 1989].

I'eoxummueckoit cuctemarusanueit rpanuton1oB Oxxnoro Tsubp-Ilans mo [Taycon, 1977] Ha konu4yecTBEH-
HOM OCHOBE HaMU YCTAaHOBJIEHO 9 T€OXUMUYECKUX TUIIOB rpaHuTOB [MenbHuueHKo, 1991, 2002; Mensuudenko, Bap-
3ueBa, 2003, 2007, 2009] ¢ pa3HOil cTeneHblo peaKoMeTauIbHOCTH [MenpHuuenko, Bapsuesa, 2006, 2011, 2012,
2013] n noreHnuanbHOM pynoHocHocTd [MensHMYeHKO, 1987, 2006; Mensnuuenko, Bap3uesa, 2011]. Onu umeror
3 MCTOYHMKA UCXOAHBIX MarMm: 1) kucible quddepeHnnars 3 ¢y3uBOB OCHOBHOTO U CPETHETO COCTABOB, CEJICKTHB-
HO BBIIJIABJICHHBIE HA Pa3HbIX YPOBHAX BEPXHEH MaHTHHU U SIBJISIONIAECS KOHEYHBIMHU YJICHAMH 0a3aJIbTOWIHBIX Ce-
pHif; 2) TaTMHIeHHOTO TUTABJICHNUS BEIECTBA B BEPXHUX CTPYKTYPHBIX IpycaX KOHTUHEHTAJIBHON KOPHI U 3) IIyOoKo-
TO yabTpaMeTaMopduieckoro nmpeodpazoBaHus 0CaJ0YHO-METaMOP(HHUECKHX TTOPOJ KPUCTALINYECKOro QyHaaMeH-
Ta Ha JTare NHTeHCUBHOMN JIera3alliil MAaHTUH 3€MJIM U BBITUIABICHUS U3 HUX aHXMIBTEKTUUECKUX IPAHUTOUIHBIX pac-
TJIaBOB.

Kucnpsle muddepeHnpaTel OCHOBHBIX MarM — rab0po-IIariorpaHuThl XopKkamMadpaucKoro, KapaTernHCKO-
ro, cynranmsjaarckoro komiekcos C, (4 %), WIEHTHYHBI TEOXMMUYIECKOMY THITY IIarHOTPaHHTOB TOJEUTOBOTO
psiia, MOTCHITHALHO PYJAOHOCHHI Ha As, Au, Ag, Cu, Sn, W, Mo, Co, Cr, Ni, V U TeHeTHYECKH CBSI3aHBI C OpyJe-
HEHHEM 30JI0TO-TTOJIMMETAJUTNUECKOH, METHO-MOIMOICHOBOH, 30JI0TO-CYIIb(HIHO-KBapLIeBOH (opmanunii. {HOpHUTHI-
TPaHOMOPUTEI-TPAHUTHI KapaKasbIKCKOro Kommiekca P (9,7 %) — kucibie mpoM3BOHEIC M3BECTKOBO-IIEIOYHBIX aH-
JIE3UTOBBIX MarM, MPUHAJJIEKAT K TEOXMMUYECKOMY THITy TPAaHMTOMJIOB aHAE3MTOBOTO psiAa, oOoramieHsl As, Au,
Cu, Pb, Sn, W, Mo, Co, Cr, Ni u TeHETHYCCKHU CBA3aHBI CO CKApPHAMHU C CYJIb(PHUIHO-PSIKOMETAUILHOMN, CYIIIECTBCH-
HO BOJIb()PaM-MBIIIBSKOBOW, MHOT/IA 30JI0TOM MUHEpaJIN3alyei, apCeHOMMPUTOBBIM C 30JI0THIM M KOOAJIBTOBBIM OpY-
nenenneM. MoHorab6po-cyOmienoyHble TpaHUTH JkaBOHUHCKOTo komriekca P, (0,8 %) mpunaanexar apyroi 6a-
3aJITOMTHON acCOLMAIMK — IIOMIOHUT-JIATUTOBOM, COOTBETCTBYIOT T'€OXMMHMUYECKOMY THUITy T'PaHMTOB JATHTOBOTO
psiia, MOTEHIMAILHO PYIAOHOCHKI B oTHOIIeHUU W, Sn, Pb, Be, Au, Mo, Ta, Ag, F, B u acconuupyrot ¢ pymonpossie-
HUSIMHU 30JI0TO-CYJIb()UIHBIMH, OJIOBSIHHBIMH, BOJIB(PaMOBBIMHU U (QIFOOPUTOBBIMH.

[MamuuarenHsie rpanuThl (81 %) npencrasineHs! 3 TeOXUMHYECKUMU THITAMH: | ) TpaHUTBI H3BECTKOBO-IIIETIOYHOTO
psana (60 %), 2) peAKOMeTaTbHBIC TPAHUTHI MEITOYHOTO0 psija (19 %) u 3) mIroMa3uTOBBIC PEIKOMETAIUTBHBIC JICHKO-
rpaHuTsl (2 %). K nepBoMy U3 HMX OTHOCSTCS PEAKOMETAIbHBIC TPAHUTHI THCCAPCKOT0, 3epaBIIaHO-THCCAPCKOTO,
3upadysIak-KapaTioOMHCKOTO, TaMJIbIH-ayMUH3aHTayCKOT0, KyJIbPKaHTAyCKOT0, I0KHOKBI3BUIKYMCKOTO KOMILIEKCA0B
C,, noreHnuanbHo pynoHocHsle Ha Sn, W, Au, As, Cu, Ag 1 mprypodeHHbIE K CKapHaM C OJIOBIHHO-BObMPAaMOBEIM,
30JI0TO-BOJIL()PAMOBBIM, 30JI0TO-MBIIIBSKOBBIM, OJIOBSHHBIM, BOJIL(PAaMOBBIM opyJeHeHHeM. K HeMy mpHHaexar
U cyOpenKoMeTaIIbHbIE IPaHOIMOPHUTHI TMaXaHIapHHCKOT0, 3aMOap-TyHKy TaJIbCKOTO, aUMKaJIMUHCKOTO KOMILIEKCOB
P,, orpanu4enHo pynoHocHbIe B oTHomeHuH Sn, W, Au, Pb, 00b14HO B 00BAHHO-BOJIL(PAMOBBIX CKapHaXx, rpeise-
HaX, KBapIeBbIX kmiax. CyOlie0uHble ¥ MOBBIIIEHHON IEIOYHOCTH PEIKOMETaNIbHBIEC TPAHUTHI U JIEHKOTPaHUTHI
nakpoHckoro, akbakmxymonckoro (C,), 00M3apaHICKOro, HKHOBap300CKOro, TypKeCTaHCKoro, HyparuHckoro (P))
KOMITJIEKCOB MTOTEHIIMAILHO pynoHOCHHI Ha Sn, W, Cu, Au, Pb, Mo, Be, B u k HUM IIpuypoueHbI MIEeTUTOHOCHBIE B
TOW WJIM MHOW CTENIEHU 30JI0TOHOCHBIE CKapHbI, BOIL(PaM-0JIOBIHHOE OPYCHEHHE B Tpeli3eHax, KBAPIEBBIX JKHIIaxX
W 30HaX OKBapleBaHus, Be u B mpucyTCTBYIOT a mermMaruTax. YIbTpapeaKOMETaUIbHbIC CYOIIeNOuHbIe TPaHUThI-
JlelKOTpaHbl 3epaBlIaHO-KapaTernHckoro Kommekca (C,) OMM3KK K T€OXMMHUYECKOMY THITY TITIOMA3HTOBBIX PEIKO-
METAJUTBHBIX JICHKOTPAHUTOB, MOTEHIIMAIBHO PyIOHOCHHEI Ha B, Sn, Au, W, Li, Sb, F, Ag, Be, Rb, Cs, reHetnuecku
CBSI3aHBI C OpYJICHEHHEM OepHILI-KacCUTEPUT-KBAPLIEBO-TYPMAINHOBON M KaCCUTEPUT-CYIb(GHUITHO-CYNb(HACOIBHOM 1
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30JI0TO-aHTHUMOHHT-0epe3uToBoil opmannii, penkomerambHeiM (Li, Rb, Cs, Sn, W, Be) B nermarurax, rpeiizenax
(Li, Rb, Cs, Sn, W), anpourturax (B, Sn).

VisrpaMeraMmopuieckre TPaHUTOUIBI 110 BO3PACTY M TEOXMMUYECKH Mopasaesssorcs Ha 2 rpynmsl. 1) Cy-
OpenKoMeTaluTbHBIE THEHCOBHUHBIE KBAPLIEBBIC ANOPHUTHI-TPAHUTOTHEHCHI alJISTHIApCKOT0, aHTacaliCKoOro, CypXaHTay-
GalcyHTayCKOTO, TapMCKOTO KOMILTEKCOB Pt, (2,6 %) OTBEYaroT reOXUMHIECKOMY THITy YapHOKHTOB, OJIM3KHX K TEHE-
BBIM KaJIMIIIIaTOBBIM MUTMAaTHTaM OoJiee TO3HEro dTama yJIbTpaMeTaMopprIecKoro mpeodpazoBaHus IOPOI IPOTO-
KOpBI, YMEPEHHO MOTEHIMAaIbHO pyaoHOcHH Ha F, W, Sn, Au, Ag, Cu, Mo, Pb, Zn, Be, Cs, Ni, Co, Cr, V, rereTuue-
CKH CBSI3aHBI C 30JI0TO-CYIb(UIHBIM U OTPAaHUYEHHO C OJIOBSIHHBIM, BOJIbPaM-(DIIOOPHTOBEIM OpYICHEHHEM Ipeiize-
HOBOTO M aIlOrpaHUTOBOTO THUIIOB. 2) PenkoMeTamibHble rab0po-NMMPOKCEHUTHI-TPAHUTHI HOCCKOTO, KapaKpyMCKOTO,
TIH3aHCKOTO, 3€PAaBIIAHCKOTO, Banuckoro koMmiekcos C, (2 %) nanbonee GIM3KH K TEOXHMHIECKOMY THUITY SHZEp-
OWTOB, CBSI3aHHBIX TEHETHYECKH C IUIArMOMUTMATHTaMH, c(hOPMUPOBABIIMMHCS HA HAaYaJbHBIX ATAlaxX YJIbTpaMeTa-
Mopdugeckoro npeodpa3oBaHus MOPOJL TPOTOKOPHI, HOTEHIMAIBHO pyIoHOCHBI Ha Sn, W, Au, Ag, Mo, B, Bi, Sb, Be,
TEHETHYECKHU CBA3aHBI C OPYIEHEHNEM KaCCUTEPUT-KBapIIEBO-TYPMAIMHOBOH, 30710TO-aHTUMOHHT-0epe3UTOBOH (op-
Manuii U 3010T0-BOJIb(PAM-BUCMYTOBBIM, 30JI0TO-CYPBMSIHBIM M 30JI0TBIM.

B ocnoBHOM peaxomerauibHble TpaHuTonabl FOxxuoro Tsub-11ans sSBISIOTCS OJHOM M3 COCTABISIONIMX Ya-
creil CpenHea3naTckod peJKOMeETaUIbHOW MpOBUHLIMU TOpHBIX cucTeM Tanb-lllans u Ilamupa. M3-3a Momuoro
0CaJJOYHO-TEPPUTCHHOTO YeXja Npo(QINpYyIONIMM OpyIeHEHHEM B HEM SIBISCTCS OJIOBSIHHO-BOJIB()PAMOBOE, TECHO
COYETAIONIEECs] C COIMYTCTBYIOIINM MHOTOMETAJUIBHBIM — 30JI0THIM, ITOJMMETaUINYECKUM, CBUHIIOBBIM, JIUTHEBBIM,
LIe3UEBbIM, OEPHIUINEBBIM, TAHTAI-HUOOUEBBIM, YPAaHOBBIM, CEPEOPSHBIM.
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VARIOUS SOURCES GRANITIC MAGMA GEOCHEMICAL TYPES OF GRANITOIDS
SOUTHERN TIEN-SHAN AND THEIR POTENTIAL RUDONOSNOST

A.K. Melnichenko , T.B. Varzieva

Institute of geology, earthquake engineering and seismology,
Dushanbe, Tajikistan, alana-ir@mail.ru

Southern Tien-Shan (62000 km?) — the middle part of the giant mountain Ural- Mongolian belt belongs to the
Hindukush-Hissar-Severopamirskoy system. Presents diverse in material composition (from gabbro-leucogranite to
alkali basalts) [Asimov et al., 1976; Baratov et al., 1976; Ges et al., 1982; Goreckaya et al., 1972] and age position
(Pt, from — 860 + 30 to MZ, — 214 + 8 Ma) [Melnichenko, Baratov, 2007; Melnichenko, 2010] intrusive forma-
tions (12500 km?), common (%) in Hissar (42), Turkestan (27), Zeravshan (16) Karategin (12) and Alai (3) ridges.
Characteristic for this region are plutonic formations geosynclinal stages of development and revitalization postkon-
solidatsionnoy [Melnichenko, 1989].

Geochemical systematization of granitoids of the Southern Tien-Shan on [Tauson, 1977] on a quantitative
basis, we found 9 geochemical types of granites [Melnichenko, 1991, 2002; Melnichenko, Varzieva, 2003, 2007,
2009] with varying degrees of rare [Melnichenko, Varzieva, 2006, 2011, 2012, 2013] and potentially mineralized
[Melnichenko, 1987, 2006; Melnichenko, Varzieva, 2011]. They have 3 source primary magmas: 1) acidic volcanics
differentiates primary and secondary compounds are selectively melted at different levels of the upper mantle and the
end members are basaltic series; 2) palingenic material melting in the upper structural stage of the continental crust
and 3) deep ultrametamorphic sedimentary- metamorphic transformation of the crystalline basement rocks at a stage
of intense degassing of the earth’s mantle and the melting of them anhievtekticheskih granitic melts.

Acidic diffenition basic magmas — gabbro-plagiogranites hodzhamafrachskogo, karateghinskogo, sultanizdag-
skogo complexes C, (4 %), identical type geohimicheskou plagiogranites tholeitic series, potentially mineralized to
As, Au, Ag, Cu, Sn, W, Mo, Co, Cr, Ni, V and genetically related to mineralization of gold-polymetallic, copper-
molybdenum, gold-sulfide-quartz formations. Diorite-granodiorite-granite complex karakazykskogo P, (9.7 %) — acid
derivatives calc-alkaline andesite magmas belong to the geochemical type granitoids andesite series enriched As, Au,
Cu, Pb, Sn, W, Mo, Co, Cr, Ni and genetically associated with skarns with rare metal sulfide significantly tungsten-ar-
senic sometimes with gold mineralization, arsenopyrite with gold and cobalt mineralization. Monzogabbro -subalka-
line granites dzhavoninskogo complex P, (0.8 %) belong to other basaltic associations - shoshonite- latite correspond
geochemical type granites latite series, potentially mineralized with respect to W, Sn, Pb, Be, Au, Mo, Ta, Ag, F , B
and is associated with deposits of gold - sulfide, tin, tungsten and fluorite.

Palingenic granites (81 %) presented three geochemical types : 1) calc-alkaline granites of the series
(60 %), 2) rare metal granites alkaline series (19 %) and 3) plumasite raremetal leucogranites (2 %). To the first
of these are rare metal granites hissarskogo, zeravshano-hissarskogo, zirabulak-karatyubinskogo, tamdyn-au-
minzantauskogo, kuldzhantauskogo, yuzhnokyzylkumskogo kompleksaov C, potentially mineralized on Sn, W,
Au, As, Cu, Ag and confined to the skarns with tin- tungsten, gold-tungsten, gold, arsenic, tin, tungsten mineral-
ization. To him belong subredkometalnye diahandarinskogo granodiorites, zambar - tuykutalskogo, achikalmin-
skogo complexes P, partially mineralized with respect to Sn, W, Au, Pb, usually tin-tungsten skarns greisens,
quartz veins. Subalkaline and high alkalinity rare metal granites and leucogranites payronskogo, akbaydzhu-
monskogo (C,), obizarangskogo, yuzhnovarzobskogo, turkestanskogo, nuratauskogo (P,) complexes potentially
mineralized on Sn, W, Cu, Au, Pb, Mo, Be, B and confined them in sheelitonosnye some extent auriferous skarn
tungsten - tin mineralization in greisens, quartz veins and zones of silicification, Be and B are present and peg-
matites. Ultraredkometalnye subalkaline granites-leykograny zeravshan-karateghinskogo complex (C,) are close
to the geochemical type plumasite rare metal leucogranites, potentially mineralized to B, Sn, Au, W, Li, Sb, F,
Ag, Be, Rb, Cs, are genetically related to mineralization beryl-considerate-quartz-tourmaline and cassiterite-
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sulphide-sulfasolnoy and gold-antimony-barest formations, rare metal (Li, Rb, Cs, Sn, W, Be) in pegmatites
greisens (Li, Rb, Cs, Sn, W), albitites (B, Sn).

Ultrametamorphic granitoids age and geochemically divided into 2 groups. 1) Subredkometalnye gneissic
quartz diorite-granitegneisses aylyangarskogo, angasayskogo, surhantau-baysuntauskogo, garmskogo complexes Pt,
(2,6 %) correspond to the geochemical type charnockites close to shadow feldspar migmatites later stage of transfor-
mation of rocks ultrametamorphic protocrust moderately potentially mineralized on F, W, Sn, Au, Ag, Cu, Mo, Pb, Zn,
Be, Cs, Ni, Co, Cr, V, genetically associated with gold-sulfide and limited with tin, fluorite mineralization volfram-
greisen and apogranitovogo types. 2) Rare metal gabbro- pyroxenite-granites iosskogo, karakrumskogo, pizanskogo,
zeravshanskogo, vadifskogo complexes C, (2 %) are most similar to the geochemical type enderbite related genetical-
ly plagiomigmatites, formed in the initial stages of transformation of rocks ultrametamorphic protocrust, potentially
mineralized on Sn, W, Au, Ag, Mo, B, Bi, Sb, Be, genetically related to mineralization cassiterite-quartz-tourmaline,
gold-antimony-barest formations and gold-tungsten-bismuth, gold-antimony and gold.

Basically rare metal granitoids of the Southern Tien-Shan is one of the constituent parts of the province of
rare Central Asian mountain ranges of the Tien-Shan and Pamir. Due to strong terrigenous sedimentary cover profil-
ing mineralization it is tin-tungsten, closely combined with concomitant mnogometallnym-gold, polymetallic, lead,
lithium, cesium, beryllium, tantalum-niobievym, uranium and silver.
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CUHMETAMOP®UYECKHUE 'PAHUTHI B KOJUIM3UOHHOW CUCTEME
PAHHUX KAJEJOHU]I TPUBAMKAJIbS

E.NA. MuxeeB

Hnemumym eeonoeuu u munepanoeuu um. B.C. Cobonesa CO PAH, Hosocubupck, Poccus,
mikheev@igm.nsc.ru

KonnusnonHnas cuctema panaux kanenonun [Ipubaiikanss, copmupoBanHas Ha okpanHe CHOMPCKOTO KpaTo-
Ha, Ha COBPEMEHHOM dPO3MOHHOM cpe3e oOHaxxkeHa Ha Tepputopun OnbxoHckoro peruona (IIpuonbxoHbe 1 0-B Oub-
xoH) u n-oBa Csroii Hoc [Fedorovsky et al., 2005; Bragumupos u np., 2011]. B npenenax Bcex TEKTOHUYECKUX €M~
H1n OJBXOHCKOTO pervoHa u n-osa CesiToit Hoc, oTBewyaromuyx pa3indyHbIM YPOBHSIM MeTamopduiMa U TiryOHHHO-
CTH, IPUCYTCTBYIOT MUTMaTHTBl, MHOTOUUCIICHHBIE JKWJIBI U TeJla CHHMETaMOP(GHUYECKIX ¥ MHTPY3UBHBIX IPAaHHUTOB.
Kparkwuii 0630p 00BEKTOB 1 MX reoXpoHooruueckas xapakrepuctika (U-Pb n30TomHbIi METOT) TPUBOIATCS HUXKE.

Lunepcmenosvle nnacuoepanumol Yepropyockou 3ombi (no dannvim C.B. Xpomvixa, A.I" Braoumuposa) cna-
rarot Manomouinsie (0,3—0,5 M) XKuJbI cpean TBYMMPOKCEHOBBIX THEHCOB MM CEKYT rab0pO-IIMPOKCEHUTHI YEPHO-
pyackoro komriekca. Hanbonee KpymHBIM TEJIOM THIEPCTEHOBBIX ILIArHOrPaHUTOB siBisieTcst CaluiaHCKui Mac-
cuB (0,5x1 kmM?). MaccuB mpejcTaBIseT COOO0M MOIOro 3ajerarniee Teji0 HeOOBIION MOIHOCTH, BO BMEIIAIONINX
MOpoJiaX OTCYTCTBYIOT NIPU3HAKK OPOTOBUKOBAHUS, a B IJIArMOTPaHUTaX HE HAOIIOAAETCsl MPU3HAKOB 3aKallku. Bos-
pact rpanutoB CanmmmiaHckoro MaccuBa — 496 + 3 miH neT [ XpoMbIx U Ap., 2004].

Ipanumer Tymaiickoco maccusa (no oanuvim T.B. Honckou, /111 Taokouyba, A.M. Masyka6zoea). TyTaii-
CKHI MACCHB 3aHUMAET IO OKoJIOo 2,5 kM? Mexay TyTaiickum 3anuBom B nposuse OnbxoHckue Bopora u 3me-
WHOI naneto, oopameHHoi k baiikany. ['panuter TyTraiickoro MaccuBa mpopHIBalOT BMENIAIOIIIE TPaHAT-OHOTHTOBBIE
THEHCHI. DK30- M 9H/IOKOHTAKTOBBIC M3MEHEHHS OTCYTCTBYIOT. | paHUTHI ClararoT aljIoXTOHHYIO HHTPY3uto. Murma-
TU3UPOBAaHHBIE THEHCHI MHTPYAMPOBAHKI arlo(hU3aMH, OTXOASAIIMME OT TPAHUTOMJHOTO MAacCHBa, a 3aTEM COBMECTHO C
rHeficaMu BOBIIEYEHBI B Me30MaciuTabHble ckiaadarsie gedopmannu F, u pasrueiicopanbl. Buenpenune rpanutos Ty-
TalCKOTo MaccKBa IIPOM30IILIO Ha BTOpoM AeopmaninonHoM atarie F.,. LlenTpansnas yacts TyTalickoro Maccupa clo-
JKeHa, TVIaBHBIM 00pa3oM, CpefHe- M KPyITHO3EPHUCTHIMU MacCUBHBIMU TPAHUTAMH, & ITOPOJIBI €T0 KPAaeBbIX YacTel
YaCTHMYHO OTHeHcOoBaHbl. Bo3pacT MarmMarndeckoro sipa nupkoHa — 488.6 + 8.0 MiH J1eT, Bo3pact MeTaMOppHIECKUX
KpaeBbIX yacTeil 3epeH nupkoHa — 464 + 11 mun net [[Honckas u np., 2013].

Llapanypckuii epanumocneticoswiil Kynolt (no oannvim B.A. Maxpvieunou, B.C. Awmununa, H.B. I'oprauesoti).
I'paHuTHI pacrooKeHbl B IIEHTPAILHOM YacTH 0-Ba OJIBXOH, H3MEHSIIOTCS OT CpellHE- 10 KPYITHO3EPHUCTHIX, C THEH-
COBUJIHOW TEKCTYpPOH M KPYIHBIMH BBIZICJICHUSIMA MUKPOKJIMHA. [ paHUTBI MMEIOT KaTakJIacTHYECKHE 1 TpaHo0IIacTo-
BbIE CTPYKTYpbl. BMeImaromumy nopoxamu sBJsiioTcsl TpaHar-OHOTHTOBBIE U aM(prO0I-OHOTHTOBBIE THEICHL U MUT-
maruthl. U-Pb Bo3pacrt, onpeneneHHbIi 1Mo upKoHy coctaBui: 492 + 10 (Marmaruyeckuid nupkoH) u 455 + 10 (meta-
Mopdurueckas kaitma) [Makpsiruna u ap., 2014].

I panumul nokposnozo muna sonvl Hymeeii (no asmopckum oannvim u oannvim B.C. ®edopoesckozco, A.I" Bra-
oumupoea). B 3one Hytreit (momans Xapukra) oOHapy:KeHbI TTAKETHI CKJIQJI0K MOKPOBHOTO THIA, 8 TAK)KE CUHKH-
HEeMaTH4eCKHe TPaHNThI, OTBEYAIOIINE JTaIly MOKPOBHBIX nedopmanuii [Dexoposekuit u ap., 2011]. Kunbusie Tena
TOHKO3EPHHCTBIX OIHEHCOBAHHBIX TPAaHUTOB OPUEHTHUPOBAHBI CYONapasieIbHO OCEBBIM ITOBEPXHOCTSM PaHHHX I0-
KPOBHBIX CKJIaJJOK. Bbiensiercs 1Ba oTana ckiagok MokpoBHoro Tuma. CaMble paHHHE TOKPOBHBIE Ae(opMaliiu npu-
BEJIM K BO3HUKHOBEHHIO JISKAYMX N30KIMHAIBHBIX CKJI/IOK U ITOJI0CYATOCTH B MpaMopax, CyorapaieIbHON HX oce-
BBIM ITOBEPXHOCTSM. [ paHUTBI OTHOCHTELHO BpeMEHH (POPMHUPOBAHHMSI CKJIAIOK NIEPBOTO ATAMa SBISIOTCS JINOO CHH-
KHHEMaTH4YeCKUMH, JTM0O TO3THEKUHEMAaTHYECKHMH, U UX BOSHUKHOBEHHE MPEANIECTBOBANIO MPOSBICHUIO BTOPOTO
JTarna MoKpOBHBIX Nedopmanuii. Tena rpaHUTOB 1eOPMHUPOBaHbl U YYaCTBYIOT B CTPOEHHMHU TO3IHUX MOKPOBHBIX
CKJIaJIOK, 00pa3yroIuX B 1eJioM aHTu(opMy. BospacTt rpanutor mokposHoro tuna — 490480 miH et [Muxees u
Ip., 2014].

Cunkunemamuieckue epanumyl 8 MEmMamop@hu4eckom oopamieHuy pecmumosblx cunepoasumosbix 6youn Ha
n-oee Illuda (no oannvim A.C. Mexonowuna, A.I" Braoumuposa, B.I. Braoumuposa, C.B. Xpowwixa, /I.C. FOouna)
TpeICTaBJICHBI TPAaHUT-JIEMKOT PaHUTaMH, HHOTI/IA C TIErMaTONIHOM Tpad)uecKoil CTPYKTYPOi, TECHO B3aUMOCBSI3aHHBIE
C BMEIIAFONIMMHU OJIACTOMIJIOHHTaMHU ¥ MIJIOHHTaMH, OTBeYatoIuMuy aMpubonmToBoi (anmu meramopdusma. Bospact
TPaHUTOB CUHCABUTOBOM IpaHUTHOM xuiibl — 475 £ 1.5 mun net [FOaun u np., 2011; Mexonomus u ap., 2013].

«3axoncepeuposantble) JHCUblL 8 pecmumosulx eunepbasumax n-oeéa Llluda (no oannvim A.C. Mexonowuna,
A.I' Braoumuposa, B.I". Braoumuposa, C.B. Xpomvixa, /1.C. Oouna) XapakTepu3yrTcs (IIOTOMUT-IUIarHOKIa30BbIM
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cocraBoM. VX XxapakTepHOil 0COOEHHOCTHIO SBISIETCS HATMYHE B O0JIee MOLTHBIX IIPOXKMIIKAX CEPIICHTHH-OPYCUTOBBIX
oropouek. U/Pb narnpoBanue ObUT0 IPOBEAEHO B IEHTPATLHOM YacTH OAHOW U3 HauboJee KPyIHBIX XKW, 3aKOHCEp-
BUPOBAaHHOM B runep6a3uToBoM Teie. Bo3pact xwuisl murarnokiasuros Ha rm-ose [luna — 467,6 + 1,8 mun net [FOann
u ap., 2011; MexonomuH u ap., 2013].

Peoxkomemanivhvie epanummble dHcunvl, OAUKY U UHMPYIUBHbIE MACCUBbL AUHCKO20 KOMNIEKCd (MO OAHHBIM
A.I" Braoumupoga) mpopeIBAIOT MeTaMOP(GUIECKHE MOPOIBI SITHI0T-aMPHOOIHTOBOH (aru metamopdusma. Hau-
Goniee KpYITHBIM TEJIOM I'DaHUTOB aMHCKOTO KOMILIEKca sBisieTcss Aifickuii MaccuB pasmepoM 1x2 kM. I'paHuTHBIE
JKMJIBI AMHCKOTO KOMIUIEKCA B OOJBIIOM KOJIMYECTBE MPOPHIBAIOT Tab0ponsl BUPXWHCKOTO M MOHIIOJHOPUTOHIBI
YilaH-HypCKOTO MacCHBOB, 3aIlOJNHSS TPEIIMHBI OTPbIBA, BO3HUKIINE NPH CABUIOBBIX Aedopmarusx. Bospact pex-
KOMETaJUIbHBIX IPaHUTOB Alickoro Mmaccupa —468.6 + 3.2 muH net [HOauH u ap., 2005; Bragumupos u ap., 2008].

Iapaasmoxmonnvie epanumubvie dcunvl _Ha _yuyacmke 3azaivai-Opco (no oaunvim A1 Bradumuposa,
C.B. Xpomvixa). CuameTamopduieckrne ONOTUTOBBIE TPAHNTHI SBISIOTCS HanOoJiee paciipoCTpaHeHHBIMU MarMaTu-
YeCKMMH 00pa30BaHUAMH B npenenax ONbXOHCKOTO perroHa. 1J1aBHBIN MX 00beM COCPENOTOUYEH B Ipesenax aMQu-
6onutoBoit 30HBI AHra-Caxtoprsl. [1apaaBTOXTOHHbBIE TPAaHUTHBIE >KHIIBI POSIBICHB! IPEMMYIIIECTBEHHO B OTOPOYKE
s1ep KyHoJIOB U MapKUPYIOT OOLIYIO CTPYKTYpY, CyOKOH(OPMHBEI 110 OTHOIIEHHIO K MUTMaTHTaM M THeHcaM U JIUIIb
B HEKOTOPBIX CITydasX MMEIOT PBYIINE KOHTAKThl. Bo3pacT rpaHUTOB ITapaaBTOXTOHHOMH HJIBI HA y4acTKe 3arajiMai-
Opco — 458 + 2 mnH net [Bnagumupos u 1p., 2004, 2011].

Aemoxmonnvie, napaasmoxmonuble U UHbeKUUOHHbLE HCUIbL 2DAHOCUEHUM-2DAHUMOS U 2DAHUIN-NeSMAMUMO8,
yuyacmeyrowue 8 cmpoenuu epanyaumos n-osa Cesamou Hoc (no asmopckum 0anHvim), SIBISIOTCS 37ech Hanbosiee Mo-
JIOBIMH MarMaTH4ecKuMH 00pa30BaHUSIMH. DTH TOPOJBl UMEIOT KaTaKIacTHIeCKHe CTPYKTYpbl. Bo3pacT rpaHuToB —
445 + 5 muH net [Muxees u ap., 2014].

0O030p reoXpOHOIOTHYECKUX JaHHBIX, MOIYYEHHBIX JJIsl TPAHUTONUIOB, TIO3BOJISET BBIACIUTH ABA dTAla CHH-
MeTaMOp(QHUIECKOTO TPAHUTHOTO MarMaTu3Ma B I'E€OJOTHMYECKON MCTOpuH perroHa: paHHui (500480 MuH neT) u
no3naui (480-460 MiTH n1eT).

Paboma evinonnena npu gunancosoii noooepoicxke PAH (OH3-10.3), npoexma PODU Ne 14-05-00747.
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SYNMETAMORPHIC GRANITES IN THE BAIKAL REGION
EARLY CALEDONIDES COLLISION SYSTEM

E.I. Mikheev

V.S. Sobolev Institute of geology and mineralogy SB RAS, Novosibirsk, Russia
mikheev@igm.nsc.ru

The Baikal region early caledonides collision system formed on the margin of the Siberian craton is exposed
nowadays on the the territory of the Ol’khon region (Ol’khon island and Priol’khonie) and the Sviatoy Noss peninsula
[Fedorovsky et al., 2005; Vladimirov et al., 2011]. Migmatites, numerous veins and bodies of synmetamorphic and
intrusive granites are exposed within all tectonic units of the Ol’khon region and the Sviatoy Noss peninsula, cor-
responding to different levels of metamorphism and depth. The overview of the objects and their geochronological
characteristics (U-Pb isotopic method) are given below.

Hypersthene plagiogranites of the Chernorud zone (according to Khromykh S.V., Viadimirov A.G.) compose
thin veins (0.3-0.5 m) in the two-pyroxene gneisses or the Chernorud gabbro-pyroxenites. The largest body of hyper-
sthene plagiogranites is Sapshilansky array (0.5%1 km?). The massif is a hollow thin body, the host rocks is not horn-
felsed, and plagiogranites don’t include hardening zones. Age of the granites is 496 = 3 Ma [Khromykh et al., 2004].

Tutai pluton granites (according to Donskaya T.V., Gladkochub D.P., Mazukabzov A.M.). Tutai pluton occupies
an area of about 2.5 km?. The Tutai pluton granites intrude the host garnet-biotite gneisses. There are no alterations
in the exo- and endocontact. The intrusion is allochthonous. The host migmatized gneisses are intruded by apophyses
extending from the granitoid massif, and then they are involved in the mesoscale folding F,. The Tutai pluton granites
intruded simultaneous with the second deformation stage F,. The central part of the pluton is composed mainly of me-
dium- and coarse-grained massive granites and its edges partially gneissose. The age of zircon igneous core is 488.6
+ 8.0 Ma, and the age of zircon metamorphic rim is 464 + 11 Ma [Donskaya et al., 2013].

The Shara-Nur granite-gneiss dome (according to Makrygina V.A., Antipin V.S., Gorlacheva N.V.). The gran-
ites located in the central part of the Olkhon Island vary from medium-to coarse-grained, have gneissic structure and
include large microcline grains. The granites are of cataclastic and granoblastic structure. The host rocks are garnet-
biotite and amphibole-biotite gneisses and migmatites. U-Pb ages of zircon grains are 492 + 10 Ma (magmatic zircon)
and 455 + 10 Ma (metamorphic rim) [Makrygina et al., 2014].

Overthrust type granites of the Nutgey zone (according to author s data as well as Fedorovsky V.S. and Viadi-
mirov A.G.). The overthrust type granites are fine-grained and have the gneissic structure. The veins of these granites
are oriented subparallel to the axial surfaces of the overthrust type folds. Two stages of the overthrust type folds are
presented. The earliest overthrust type deformation formed both the isoclinal recumbent folds and the banding of the
marbles, subparallel the axial surfaces of the folds. The granites are either sinkinematic or postkinematic relative to the
formation of the first stage overthtust type deformation. The granites formation predates the second stage of overthrust
deformations. The granites deformed bodies are involved in the structure of the later overthrust type folds, forming an-
tiforms in whole. [Fedorovsky et al., 2011]. The age of overthrust type granites is 490—480 Ma [Mikheev et al., 2014].

The sinkinematic granites in metamorphic host of restitic ultramafic rocks of the Shida Peninsula (according
to Mekhonoshin A.S., Viadimirov A.G., Viadimirov V.G., Khromykh S.V., Yudin D.S.) are granite-leucogranites some-
times with pegmatoid graphical structure that closely related to the host mylonites and blastomylonites corresponding
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to amphibolite facies of metamorphism. The age of the granites is 475 + 1.5 Ma [Yudin et al., 2011; Mekhonoshin et
al., 2013].

Sealed veins in the restitic ultramafic rocks of the Shida Peninsula (according to Mekhonoshin A.S., Viadimirov
A.G., Viadimirov V.G., Khromykh S.V., Yudin D.S.) are characterized by phlogopite-plagioclase composition. Their
characteristic feature is the presence of serpentine-brucite rims in the thickest veins. The age of sealed plagioclasites
is 467.6 = 1.8 Ma [Yudin et al., 2011; Mekhonoshin et al., 2013].

Rare-metal granite veins, dikes and intrusions of Ainskiy complex (according Viadimirov A.G.) intrude meta-
morphic rocks of the epidote-amphibolite metamorphic facies. The largest body of the complex is Aysky massif with
size of 1x2 km. Granite veins of Ainsky complex intrude gabbroids of Birhincomplex and monzodioritoids of the
Ulan-Nur massif, filling fractures resulting from strike-slip deformations. The age of rare-metal granites is 468.6 + 3.2
Ma [Yudin et al., 2005; Vladimirov et al., 2008].

Para-autochthonous granite veins in the Zagalmay-Orso area (according Viadimirov A.G., Khromykh S.V.).
Synmetamorphic biotite granites are the most common igneous rocks within the Olkhon region. Their main volume
is focused within the Anga-Sakhyurty amphibolite facies metamorphic zone. Para-autochthonous granite veins are
located mainly in the edges of the granite-gneiss domes cores and mark the general structure. The veins are mainly
subconformable to migmatites and gneisses. The age of para-autochthonous granite veins is 458 + 2 Ma [Vladimirov
et al., 2004, 2011].

Autochthonous, para-autochthonous injecion veins of granosyenite-granites and granite-pegmatites involved
in_the structure of the Svyatoy Noss Peninsula granulites (by author’s data) are the youngest od igneous rock here.
The granites are of cataclastic structure. The host rocks are CPx-Amp-Grt gneisses. The age of the granites is 445 £ 5
Ma [Mikheev et al., 2014].

Overview of the geochronological data obtained for granitoids allows to suggest two stages of synmetamorphic
granite magmatism in the geological history of the region: early (500-480 Ma) and late (480-460 Ma).

This work was financially supported by the RAS (ONZ-10.3) and the RFBR project Ne 14-05-00747.
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APXEMCKHUM T'PAHUTOUIHBIA MATMATHU3M CEBEPO-BOCTOYHOM YACTH
BAJITUACKOTI'O LIIATA

JI.H. Mopo3oBa, ®.I1. Mutpodanos, T.b. bBasinosa, I1.A. Cepos

Teonocuuecxuti uncmumym KHL] PAH, Anamumui, Poccus
morozova@geoksc.apatity.ru

Haubonee neranbHO U3yYCHHBIM apXEHCKUM KOMILIEKCOM CEBEPO-BOCTOUHOM yacTu bantuiickoro mura, cdop-
MUpPOBAaHHBIM B UHTepBasie BpeMeHHU 2.83-2.81 Mipa sieT, ABIsgeTcs TOHAIUT-TPOHIEMUTOBBIN KOMIIEKC OIUIOHA
Boue-Jlambuna.

B cTpyKkTypHO-TEKTOHMYECKOM IIIaHe TOMMroH Boue-JlamOnHa pacrnonoxeH Ha rpanune lLleHTpaibHO-
Konbckoro 6Gioka u benmomopckoro nonsmxkHoro nosica. B ero npenenax oOHaxkaeTcst najeonpoTteposoiickas Boue-
JlamOMHCKast 30Ha IUIACTHYECKOTO CIBUTOBOTO TeUeHHs (shear zone). JlaHHas 30Ha BXOAWT B CHCTEMY pa3lOMOB,
obpamisitonux ¢ tora [leuenra-Mmannpa-Bap3yrckyro 30Hy. B cTpoeHuH TONUroHa BBIEISIFOT JIBA CTPYKTYPHO-
BEILECTBEHHBIX KOMILIEKCa — HIKHUH (PyHIaMEHT) U BEPXHUH (CYNPaKOMILIEKC, 3eJICHOKAMEHHBIH KOMIUIEKC), He-
OIIHOKPAaTHO Je(OPMHPOBAHHBIX, METAMOP(PHU30BAHHBIX ¥ MUTMAaTH3MPOBAHHBIX B YCIOBHIX am(puOOIUTOBOM (a-
. DyHIaMEHT 3eJIEHOKAaMEHHOTO KOMIUIEKCA CIIOXKEH IOpPOAaMHU TOHAIUT-TPOHIABEMHTOBOTO COCTaBa C KHJa-
MU pa3HOBO3pACTHBIX IPAHUTOB W METMATHTOB M JaikamMu 0a3uToB. BepXHHI KOMIIJIEKC COCTOUT M3 YETHIPEX TOJII]
BYJIKAHOTCHHO-0CAI0YHBIX 00pa30BaHMi, caararoImux (parMeHT 3eJIcHOKaMEHHOTO Tosica [Boue-JlambuHa. .., 1991].
CornacHo reojorH4ecKiM M T€OXPOHOJIOTMYECKUM JaHHBIM, B UCTOPUH T'€OJIOTHYECKOTO Pa3BUTHS MOJHWIOHA BbI-
JIETSIIOTCS ceaytomue dtansl: 1) ¢popmupoBanne gyHIaMeHTa IPEUMYIIECTBEHHO TOHAIUT-TPOHILEMUTOBOTO CO-
craBa (2.83-2.71 mupn ner); 2) 3a0KeHUE Ha ITOM CHAIMYECKOM OCHOBAaHHMH 3eJICHOKaMEHHOTO mosca (2.76-2.67
MIIpJ JieT); 3) hopMHPOBaHHE MAICONPOTEPO30HUCKOM 30HBI TNTACTHYCCKOTO CABUTOBOTO TeUCHU (2.49-2.4 MIpy JieT)
U ee akTUBH3auK — 1.9 Mupx ser Hazaj. [eosormyeckoe pa3BUTHE CONPOBOXKIAIOCH BHEIPEHHEM IIUPOKOTO CIIEK-
Tpa MarMaTn4ecKux Mopo.

Camble IpeBHHE MTOPOJIBI MOJIUIOHA, Ha JIOMI0 KOTOPBIX mpuxoautcs 10 80 % ruromany, npeacTaBieHbl Mpeu-
MYIIIECTBEHHO TPOH/ILEMHUTOBBIMH I'HelicaMu. Bo3pacT MpKOHOB U3 TPOHILEMUTOB, OBUT ONpe/iesieH Ha MOHHOM MH-
kpo3onne SHRIMP-II [Mopo3zosa, 2012]. YacTe 3epeH uMeeT ApeBHUE sapa. bbuid mpoaHalu3upoBaHbl JBa S/pa,
BO3PACT KOTOPBIX MO oTHOIIeHHUIO 2"Pb/ 2Pb coctaBmn 2919 + 10 u 2897 + 10 MJIH JieT, IpHYeM B MOCTCAHEM CITy-
9yae BO3pacT 000JIOYKH BOKPYT siapa paBeH 2831 £ 18 muH neT. LleHTpanbHbIC YacTH IIMPKOHOB 0Oe3 saep UMEIOT
KOHKODJIATHBIE BO3pacThl B HHTepBane 28332826 MuH net (MpUBeACHBI 3HAYCHHS 10 OTHOIIeHHO ’Pb/2%Pb). Pac-
yeT KoHKopaHoro Bo3pacra (Concordia Age) o TpeM KOHKOPAAHTHBIM BO3pacTaM Aajl 3HadeHue 2829 + 5 muH yet
(CKBO = 0.37), xoTOpoe B Ipefenax aHAIUTHUECKOH MOrpeIHOCTH COBIAAaeT ¢ Bo3pacToM 2829.6 + 4.6 MiH neT
10 BEpXHEMY IIEPECEUCHUIO AUCKOPANY ¢ KOHKOP/NEH, TOCTPOCHHOI! o MATH aHajiu3aM. BeposTHee Bcero, BO3pacT
2.83 MIIp[ JIeT OTpakaeT BpeMs KPUCTAIUIN3AIUN TPOHIbEMHUTOB.

Crenyromuii sTan rpaHUTONAHOTO MarMaTu3Ma CBsI3aH C BHEAPSHUEM JaeK M MHTPY3UH TOHAIUTOB. sl tack
meratoHanuToB U-Pb (TIMS) n3oTonHbIil BO3pacT IMPKOHOB MO BEPXHEMY TEPECEUEHHIO JUCKOPANH C KOHKODIH-
et coctasmi 2814 + 4 muiH et [Mopo3osa u 1ip., 2011]. OH uHTepnIpeTHpyeTcs Kak Bo3pacT MarMaTH4eCKon CTa uu
(opmuposanust TonanutoB. [Tomyuennoe aist Hux 3Hadenne U-Pb Bo3pacra B npezenax aHaIUTHYEeCKOHN ITOTrpeIIHo-
CTH COBIAJaeT C BO3PACTOM MarMaTHYeCKUX IIUPKOHOB U3 UHTPY3UH MeTaroHannToB (2807 + 10 muH set; [Balashov
et al., 1992]) u mMeraroHanuTa B rajpke Oa3zaJbHBIX KOHIIIoMeparoB Boue-JlaMOWHCKOTO 3€JIeHOKaMEHHOTO Iosica
(2807 £ 7 man net; [Kucnuuen, 2001]).

Ha pyGexxe 2.71 mupn JieT IiaBjieHHe MOPOJ TOHAIUT-TPOHILEMUTOBOTO COCTaBa MPUBENIO K 00pa30BaHHIO
JKUJIBHBIX TPaHUTOB. 10 reoorndeckuM HaOIIOACHHUSIM, CTAHOBJICHHE 3TUX TPAHUTOB OTAEIEHO OT OTAaroB TOHAIUT-
TPOHIILEMHUTOBOTO MarMaTu3Ma BHEJIpEHHEM JJaek MeTarabopou10B ¢ Bo3pactoM 2768 + 11 muH net [Balashov et al.,
1992]. U-Pb (TIMS) u30TONHBIN BO3pacT MarMaTuueCKUX MPKOHOB M3 OMOTHTOBBIX IPAHUTOB IT0 BEPXHEMY Iiepece-
YEHHIO TUCKOPANH ¢ KOHKopauei coctaBuin 2708 + 5 mun et [Mopo3zosa u zp., 2011].

ITo OCHOBHBIM TIETPOXMMHUYECKUM IIapaMeTpaM, KOHIICHTPALUSIM PEIKUX W PEIKO3EMENbHBIX JJIEMEHTOB
TPOHABEMHUTOBBIC THEHCHI U METAaTOHAJIHUTHI COOTBETCTBYIOT apxelickuM TTI mopoxgam. TpoHIBEMHUTHI U TOHAIH-
THI UIMEIOT pe3ko an(depeHIIpOBaHHbIE CIEKTPHI pacnpeaeieHus P33, kpyTbie HaKIIOHBI TPapUKOB JUIS JIETKHX
((La/Sm)N = 6-15) u Tspxensix nantanonnoB ((Gd/Yb)N = 3.6—6.6), npu 3TOM eBpOIUEBbIE aHOMAJIUH TOJIOXKH-
tenbHbIe ((Eu/Eu*) = 1.9-2.0) win orcyrerytor ((Euw/Eu*) = 1.02—1.07). MynbsTuaeMEHTHBIE CIIEKTPHI pacipese-
JICHUSI PEIKUX U PEIKO3EMENIbHBIX SJIEMEHTOB JJISl 3TUX MOPO/J] XapaKTEPU3yIOTCsl HAINYHEM OTPHUIIATEIbHBIX aHO-

147



Muatepuabr 11 MEXJTYHAPOIJHOH T'EOJIOTMYECKOH KOH®EPEHUH

manwmii Nb, Ta, Ti u U u nonoxurensHsx anomanuit Ba u Th. TpoHIeMHTOBEIC THEHCH 1 METaTOHAIHTE UMEIOT
HU3KYIO0 MarHe3UaIbHOCTh (mg#cp= 0.27-0.39), kornentpanuu Y (< 5 r/1), Ta (£ 0.1 /1) 1 Yb (< 0.2 1/T) ¥ IOBHI-
mwennble oTHOmeHHs St/Y (= 40) n (La/Yb), (> 40).

TponnbeMuTOBBIE THEHCH XapakTepusytoTes ¢, (DM) ot 2.9 o 3.0 MIIp/1 IET K TTONOKUTENBHBIMA 3HAYEHUSIMU
BEJINYKHBI & d(t) (1.29-3.20). MeTaToHATUTHI UMEIOT MOJICIIEHBIC BO3PACTHI OT 2.8 110 3.1 MIIpJ JIET U MOJI0KUTEIEHBIC
3Havenms £ (£), nexamue B uaTepsase ot 0.60 mo 3.3 [Mopososa, 2012; Mopososa u 1p., 2011; Daly et al., 1993].

Oco0eHHOCTH pacnpeesIeHNs PEAKUX H PEJKO3EMEIbHBIX JIEMEHTOB B TPAHUTONIaX CBUETEILCTBYIOT O (hop-
MHUPOBAHAU TOHAIUTOBEIX M TPOHABEMHUTOBBIX PACIUIABOB U3 METa0a3UTOBBIX HCTOYHHKOB [Mopo3osa, 2012]. Huzkas
MarHe3uajgbHOCTh IOPOJ] YKA3bIBAeT HA OTCYTCTBUE B3aMMOACHCTBHUS MEPBUYHBIX PACIUIABOB C IEPUIOTUTAMU MaH-
THUHHOTO KJIMHA U HE COIVIACYeTCs C MOJEIbI0 MX 00pa30BaHus CUET IIABIEHHS CyOMyIupyIomIel OKeaHHIeCKO! IIIH-
THI [ Drummond, Defant, 1990]. O6eqHeHrE TOHATHTOBEIX H TPOHIBEMUTOBEIX PACIIABOB HECOBMECTUMBIMH DIICMEH-
TaMu cBsi3aHo ¢ koHneHTparueid HREE u Y B pecTuTOBOM rpaHaTe, KOTOPHIH SBISETCS CTaOWIBHBIM MIPH JABICHHUSIX
Beime 10-12 x6ap [Foley et al., 2002; Typkuna, 2000]. JlerieTHpOBaHHOCTH TOHAIUTOB U TPOHIBEMHUTOB TSHKEITBIMH
PENKO3eMeNbHBIME JIEMEHTaMH, Y, BEICOKHE oTHOIERHs St/Y u (La/Yb), MoryT ObITE 00yCIIOBIEHE! (POPMUPOBAHH-
€M IIOPO/I 32 CUET IUIABJICHHS MeTaba3uTOBOTO HCTOYHHKA B HIDKHUX YacTsAX YTOJIIEHHON Kopsl [Stern, Kilian, 1996].

buorurosbie rpanuThl 0THOCATCA K OorateiM K (Na,O/K, 0 = 0.7-0.8), 6exapiv Mg (0.4-0.6 %) rpanntonmam
U XapaKTepU3yIOTCs HU3KOH MarHe3nanbHOCTRO (0.17—0.27), Beicokumu otHOomeHusMu K/Na (0.7-1.0), 3HaueHUSIME
A/CNK ot 0.98 1o 1.08. buoTuToBbIE IPaHUTHI XapaKTepU3yoTcst AN HepeHIINPOBAHHBIM CIIEKTPOM PACIIpeeNIeHUS
penxoseMenbHBIX 2neMenToB ((La/Yb) = 41-67) u Gonbmieii cTenenbio (ppaKMOHMPOBAHMS JIETKUX JIAHTAHOMIIOB
((La/Sm), = 8.6-10) o cpaBHeHMIO ¢ TsHKENbIME JlanTanounamu ((Gd/Yb) = 2.1-3.5). Hanmuuue ApKo BRIpaXeHHOM
oTpunarensHoi eBpormeBoit anomanwnu (Eu/Eu* = 0.51-0.53) cBumeTensCTByeT O PpaKIIMOHNPOBAHNH IIATHOKIIA3.
Nd MozenbHBIA Bo3pacT GHOTHTOBBIX TPaHUTOB (£, (DM) = 2.9-3.0 MyIp JIET) MPEBBIIIAET BO3PACT HX KPUCTAILIH3A-
uuu Ha 200-300 MJIH JIET, YTO YKa3bIBAET HA UCTOUYHUKHU C IOCTATOUYHO JJIMTEIBHON KOPOBOU INpenpicTopueil. Bemnu-
unna & (¢) Bapeupyet o —0.40 mo —0.73. Hanbosee BeposTHONH MOAENBIO 00Pa30BaHHs OMOTHTOBBIX TPAHHTOB SB-
JIsieTCsl IJIABJIEHHE KOPOBOTO UCTOUYHHUKA, IPEUMYILIECTBEHHO TOHAJIUT-TPOHABEMUTOBOIO cocTaBa [Mopo3zosa, 2012].

CormocraBieHre BO3PACTHBIX, T€OXMMUYECKUX W M30TONMHBIX Nd XapakTepUCTHK OHMOTHUT-TUIArHOKIA30BBIX
THEHCOB ¥ MOPOJT TOHAJIMT-TPOHIBEMHTOBON acconuanuy rnoiaurona Bode-JlamOnHa BeIIBIIIO 00IIME JUIs BCEX 3THX
nopoa ueptel [Mopo3oBa u ap., 2012]. 3T naHHBIE yKa3bIBAIOT HAa TO, YTO HAYaJI0 CTAHOBIECHUS B 3HAYMMBbIX MACILITa-
6ax KOHTHHEHTaIbHOM Kopbl B KOJIbCKOM pernoHe ObUI0 3aJI0)KEHO TOHAIUT-TPOHABEMHUTOBBIM MarMaTU3MOM B TIEPH-
on 2.83-2.81 mupa net Haza. DTOT TOHATUT-TPOHIbEMUTOBBI MArMaTH3M HMEI, TAKAM 00pa30M, O4eHb BAYKHOE 3Ha-
YyeHue B 00pa30BaHWM HAOIIONAEMOT0 HBIHE IpeBHelIIero apxeickoro gpynaamenta Kombckoro pernona.
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In terms of structure and tectonics, the Voche-Lambina lies at the border between the Central Kola Block
and the Belomorian Mobile Belt. There, the Paleoproterozoic Voche-Lambina shear zone crops out. This shear zone
belongs to a fault system that separates the Pechenga-Imandra-Varzuga zone from the south. The structure of the
ground includes two complexes, a lower complex (basement) and an upper complex (the supracomplex and green-
stones), which repeatedly experienced deformation, metamorphism, and migmatization in the amphibolites facies
setting [Voche-Lambina..., 1991]. In accordance with the geological and geochronological data, the history of the
polygon is divided into two stages: 1) generation of the tonalite-trondhjemite basement (2.83—-2.71 Ga); 2) origination
of a greenstone belt on the sialic basement (2.76—2.67 Ga); 3) generation of the Paleoproterozoic shear zone (2.49-2.4
Ga), and its activation 1.9 billion years ago. The geological evolution was accompanied by the injection of a wide range
of igneous rocks.

The oldest rocks, which occupy up to 80 % of the polygon’s area, are represented by the trondhjemite gneisses.
The age of zircons from was determined at the ion microprobe SHRIMP-II [Morozova, 2012]. Some grains have an-
cient cores. Two cores were analyzed to yield a 2’Pb/?%Pb age of 2919 + 10 and 2897 + 10 Ma with the second case
having the age of the shell around the core of 2831 + 18 Ma. Central parts of non-core zircons have concordant ages
in the interval of 2833 to 2826 Ma (as per *"Pb/?*Pb). The Concordia Age was calculated in three concordant ages at
2829+ 5 Ma (MWCD = 0.37), which within the analytical error coincides with an age 0f 2829.6 + 4.6 Ma in the upper
Discordia and Concordia intersection plotted on five analyses. The age of 2.83 Ga most probably reflects the time of
trondhjemite crystallization.

The next stage of the granitoid magmatism is related to the dikes and tonalite intrusions. For dikes of metato-
nalite U-Pb (TIMS), isotope age of zircons in the upper Discordia and Concordia intersection was 2814 + 4 Ma [Moro-
zova et al., 2011]. It is interpreted as an age of tonalite crystallization. The resultant U-Pb age within the analytic error
coincides with the age of igneous zircons from the metatonalite intrusions (2807 = 10 Ma; [Balashov et al., 1992]), and
metatonalite in pebbles of basal conglomerate in the Voche-Lambina greenstone belt (2807 + 7 Ma; [Kislitsyn, 2001]).

At the border of 2.71 Ga, the melting of tonalite-trondhjemite rocks resulted in the formation of veined gran-
ite. Geological studies show that the origination of the granite is separated from the stages of tonalite-trondhjemite
magmatism by the injection of metagabbroid dikes with an age of 2768 + 11 Ma [Balashov et al., 1992]. U-Pb (TIMS)
isotope age of the igneous zircons from the biotite granite on the upper Discordia and Concordia intersection was
2708 + 5 Ma [Morozova et al., 2011].

In terms of petrochemistry of the concentrations of rare and rare earth elements, the trondhjemite gneisses and
metatonalite comply with the Archaecan TTG rocks. Trondhjemites gneisses and metatonalites show abruptly differen-
tiated spectra of the REE distribution, with positive ((Eu/Eu*) = 1.9-2.0) or absent ((Euw/Eu*) = 1.02—1.07) europium
anomalies. The multi element spectra of the rare and rare earth elements distribution for granitoids show negative
anomalies in Nb, Ta, Ti and U, and positive anomalies in Ba and Th. The trondhjemite gneisses and metatonalite have
low Mg content (mg#av. = 0.27—0.39), low concentrations of Y (< 5 ppm), Ta (< 0.1 ppm), and Yb (< 0.2 ppm), and
increased ratios: St/Y (= 40) and (La/Yb) (> 40).

The trondhjemite gneisses show ¢ (DM) from 2.9 to 3.0 Ga and positive £ (¢) (1.29-3.20). For metatonalites,
t, (DM) varies from 2.8 to 3.1 Ga at positive £ (¢) from 0.60 to 3.3. [Morozova, 2012; Morozova et al., 2011; Daly
etal., 1993].

The style of rare and rare earth elements distribution in the granitoids indicates the generation of tonalite and
trondhjemite melts from metamafic sources [Morozova, 2012]. The low magnesium content of the rocks indicates the
absence of interaction between the primary melts with peridotites of a mantle wedge, and does not agree with the gen-
eration model due to the melting of a subducting oceanic plate [Drummond end Defant, 1990].The consolidation of
the tonalite and trondhjemite melts with incompatible elements is related to the concentrations of HREE and Y in the
restite garnet, which is stable under the pressure of over 10—12 kbar [Foley et al., 2002; Turkina, 2000]. The depletion
of the tonalites and trondhjemites with heavy rare earth elements, Y, high Sr/Y and (La/Yb), retios can be caused by
the rock generation due to the melting of the metamafic source in the lower parts of the thickened mafic crust [Stern,
Kilian, 1996].
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The biotite granites belongs to the K-rich (Na,0/K,0 = 0.7-0.8), Mg-poor (0.4-0.6%) granitoids and exhibits
low magnesium ratios (Mg# = 0.17-0.27), high K/Na ratios (0.7-1.0), and A/CNK values from 0.98 to 1.08. Biotite
granite show a differentiate spectrum of rare earth element distribution ((La/Yb) = 41-67) end negative Europium
anomaly (Ew/Eu* = 0.51-0.53). Nd model ages for the granite (t, (DM) = 2.9-3.0 Ga) exceed the age of crystallization
by 200-300 Ma indicating the sources with a long crust prehistory. The g (t) value varies from —0.40 to —0.73. The
most probable model of the biotite granite generation involves the melting of the crustal source, which has predomi-
nantly tonalite-trondhjemite composition [Morozova, 2012].

The correlation of the age-related, geochemical, and isotope Nd features of the biotite-plagioclase gneiss and
tonalite-trondhjemite rock assemblage at the Voche-Lambina has demonstrated similarities of the rocks [Morozova
et al., 2012]. These data indicate significant scale of the continental crust generation on the Kola Peninsula 2.80-2.83
billion years old. Thus, tonalite-trondhjemite magmatism was of great importance in the evolution of the continental
crust in late Mesoarchean, which provided the basement for the Neoarchean and Paleoproterozoic complexes of the
Kola Peninsula.
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Boiinuukuii 010K, M3BECTHBIH Takke Kak BOKHAaBOJIOKCKHIA, OOHa)kaeTcss B BOCTOYHOH YacTi DeHHOCKaH/IU-
HaBCKOT'O II[UTa U BBIJEJICH, INIABHBIM 00pa3oM, HA OCHOBAHUH XapaKTEPHOTO COYETaHHS MOJOKUTEIBHBIX TeOpH3H-
YEeCKHUX MOJEH: IPaBUMETPHUECKOr0 M MAarHUTHOTO. BIIOK ClIoXKeH MPEeUMYIECTBEHHO IIIyTOHUTAMU: FPaHUTOUIaMU
W TPaHUTO-THEHCaMU, COAEpIKaIlMMU Pa3IMYHbIE 110 pa3Mepy BKIIOUEHHs aM(pHOOINTOB, HEPABHOMEPHO pacripesie-
JIeHHbIe o miomaau. HecMoTpsl Ha MOBBIIIEHHBIH HHTEPEC UCCIeAoBaTeIel K reoJIoru JaHHoro paifona [CBupu-
neHko, 1974; Koxepnukos, 2000; CamcoHoB 1 1ip., 2001], BOPOCH! CTPYKTYPHI, BO3pACTa, yCIOBUI MeTaMopdu3Ma
U TIPOUCXOXKICHUS TIPOTOIUTOB JI0 HACTOSIIET0 BPEMEHHU OCTAIOTCS IPEAMETOM JUCKYCCHH. DTO CBA3aHO C HEIOCTAT-
KOM I'€OXMMHYECKUX M N30TOMHBIX TaHHBIX. B omy0ianKoBaHHOM TUTEpaType Te0XUMHUs TIOpoJI MOAPOOHO He paccMa-
TpHBANIach, a U3 JaTHPOBOK M3BECTEH TOJIBKO BO3pacT dHAepOnTONono0HbIX Amf-Bt miarnorpaHuToB, nomy4eHHBINR
U-Pb kimaccuyeckum MeTonioM 1 coctaBuBimii 2744 + 9 mun stet [CamMcoHOB U 1ip., 2001].

B pamxkax npoekra I'/II1-200 KocTomykiickoil miomaim HaMu MOJTy4eHbl HOBbIE T€OXUMUYECKHE U H30TOITHBIE
nannble (U-Pb, SHRIMP-II u Sm-Nd), Gnarogapst KOTOPBIM CTaj0 BO3MOXKHBIM pa3rpaHHYeHUE TPaHUTONUIOB Boii-
HHIIKOTO OJIOKa IT0 BO3PACTY M MPOUCXOKACHHIO.

brok npencrasiser coboii CII0XKHO MOCTPOSHHBIN 0aTONNT, BKIIOYAIONINI YEThIPE TIIaBHBIE IPYIITBI IPAaHUTO-
WJIOB, KOTOPBIE 10 PSIIy TEOXUMHUYECKHX MapaMeTpoB 0OHApYKUBAIOT YEPTHI CXOACTBA. Bce OHM OTMHAKOBO yMepeH-
HO ¥ CJIerKa BBICOKONIMHO3EeMHUCThIE 00pa3zoBanusi ¢ BennunHOi ASI = 0.83—1.16 1 ¢ HU3KUMH ¥ yMEPEHHBIMH ITOKa-
3arersiMu skesresuctocty (0.48—0.69). Hapsiny co cXoqHBIMK YepTaMH TPaHUTOMIbI KayKI0H U3 TPYIII UMEIOT MeTPO-
XUMHUYECKUE OTITHYHSL.

K mepBoii rpymnmne OTHOCSTCS IUIarHOTPaHUTBI, TOJIB3YIOMIAEC HanOOJBIIUM TIIOMIAAHBIM PACIPOCTPaHEHHU-
€M, HO XOPOIIIO COXPaHUBIINECS TOJIBKO B JIOKAJIIBHBIX y4acTkax. Ha ocTanbHON MI0Omaay OHU NPUCYTCTBYIOT IpEu-
MYIIECTBEHHO B BUJI€ TPYJHO KapTUPYEMOro pa3rHEHCOBAaHHOIO M IPAaHUTH3UPOBAHHOTO Marepuana. [lo MuHepasb-
HOMY COCTaBYy 3TO OMOTHUTOBBIE, pexe aM(pHOOI-ONOTHTOBBIE IUTATMOTPAHNTHI, B PEIKHX CIIydasX COAEpIKallue eie
U PEJINKTHI OpTONUpOoKCceHa. [TonokeHne cocTaBOB JAHHOW TPYIIIBI TPAHUTONIOB HA TUCKPUMUHAIIMOHHOM AUarpam-
Me FeO*/MgO — (Zr + Nb + Ce + Y) [Whalen et al., 1987] mo3BosseT cCOmoOCTaBIsATh UX ¢ rpaHuTamu | Tuma, a
uHaukaTopueie otHomeHus Y/Nb (0.66—1.19) cBumeTenbCcTBYIOT 0 0a3uTOBOM Xapakrepe mcrounuka [Eby, 1990].
Jl1st TIaruorpaHuToB Mojly4eH Hanbosee APeBHUH TS TpaHUTONI0B BoifHuIIKOrO 0110Ka BO3pacT KpHCTaJUIN3AIMH:
KpOMe YK€ W3BECTHOrO 3HaueHus1 2744+9 mnn ner [CamMcoHOB U Jp., 2001] B n1ByX mpobax omnpeseneHbl 3HaYeHUs
2716 £ 13 n 2715 + 4 mun net. CortacHo Sm-Nd MoziesIbHOMY BO3pacTy, OHH UMEIOT ¥ CaMbli IPEBHUI KOPOBBIH HC-
TOYHUK — 3.1-3.2 Mapz aetT. ['panuTon B! TaHHOM Pyl Pa3IN4alOTCs KPYTU3HOM CIEKTpoB pachpeneneHus P30 —
OT yMepenHo nuddepenunposannbix ¢ La /Yb otHomennem 16-47 no orHocuTensHo kpyThix (La, /Yb = 58-102)
C OTYETJIUBBIMU €BPONUEBBIMU MUHUMYMaMH, YTO MO3BOJISIET MPEANOI0KUTh HEOJHOPOAHBIA COCTAaB MPOTOIUTA.

Bropas rpynna npezcTapieHa CyOImeIOYHBIME TPAHUTOUAMH: TPAHOCHEHUTAaMH, CHEHHTAMH, KBapLIEBBIMH
CHEHUTaMH, MOHLIOHUTaMH ¥ MOHIIOAHOpUTaMU. OHU MUMEIOT OIPaHNYEHHOE PacIIpOCTPaHEHHE U 0OHAXKAIOTCS Ha ce-
Bepe BoliHuikoro 6moka. Tak ke Kak W IIardorpaHuThl IEpBOH IPYNIIbI, CyOIIeI0uHbIe TPAaHUTHI Pa3rHEHCOBAHBI U
HECYT CIIe[ibl TPaHUTH3aLUH. TeMHOIBETHBIE MHHEPAIIBI IPECTABICHB OMOTUTOM, HAXOSIIMMCS B IIOPOAAX B MOBBI-
HIEHHBIX KojmyecTBax (1o 15-25 %). ComtacHo muckpumuHanuoHHoit nuarpamme FeO*/MgO — (Zr + Nb + Ce +Y)
[Whalen et al., 1987] rpanuTonabl JaHHOHW IPYIITBI KIMEIOT Pa3HOE MPOUCXOXKAEHHE. bolbinas yacts o nmpupoze Tsi-
TOTEET K TpaHuTaM [-THma, BeITUIaBIeHHBIM U3 cuaiamdeckux mopoxa (Y/Nb = 1.38-3.28) [Eby, 1990]. OcransHbie,
uMesl BBICOKHE COAEPIKaHUs Zr U PeIKO3EMENIbHBIX 2JIEMEHTOB, MPOSBISIOT CBOWCTBA IPAaHUTOB A-THIIA, BHITIABICH-
HBIX 13 6asuroBoro nporonuta (Y/Nb=0.72—1.21). /I7st HUX MOTy4eH TOJIBKO BO3paCT MeTaMop(hu3Ma, COCTaBUBIINI
2674 + 6 muH jert. 3HaueHus Sm-Nd MoznenpHOTO Bo3pacta (2.99—-2.89 mipa jJeT) CBUIETENbCTBYIOT O BBITUIABICHUN
CyOIIeIOYHBIX TPAHUTOB U3 00JIee MOJIOIOTO 110 CPABHEHHUIO C IPOTOJIMTOM TIArHOTPAaHUTOB KOPOBOTO MarepHala.

OcraBmecst 1Be TPyIIb TPAHUTONAOB MPEICTaBICHbI OMOTUTOBBIMH ILTar0-MHKPOKIMHOBBIMU TPaHUTAMH
W JIeWKOTpaHUTaMH, MUHEPAJIOTUYECKN OTIINYAIOIIMMHUCS TOJIHKO KOJINYECTBOM TEMHOIBETHBIX MHHEPAJIOB (B JIeH-
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KOTpaHUTax KOJINYECTBO OMOTHTa He mpeBblmaeT 3 %). [paHnThl JaHHBIX TPYII MPUCYTCTBYIOT B BHJIE MaJOMOII-
HBIX MIPOXKHIIKOB Y XKHJI M Pa3BUTHI MPAKTHYECKH MTOBCEMECTHO. JICHKOrpaHUThI, NMesT HEBBICOKHE COIEPKaHUs Pel-
KHX U PEIKO3EMENbHBIX JIEMEHTOB Ha TUCKpUMUHAaIMOHHOM nuarpamme FeO*/MgO — (Zr + Nb + Ce +Y) [Whalen
et al., 1987] momanarot B mone I-rparnToB, a HIU3K0e Y/Nb otHommenue 0.53-1.05 (B peAkux ciaydasix 9yTh BBIIIE STU-
HUIIBI) CBUCTENBCTBYET O BHIIUIABICHUH MX M3 KOPBI 0CHOBHOTO coctaBa [Eby, 1990]. I'pynma OHOTHTOBBIX IUIarHO-
MHKPOKIIMHOBBIX T'PAaHUTOB BKJIIOYAET KaK TPAHUTHI [-Tuma, Tak ¥ TpaHUTHl A-THIIa, IEMOHCTPHUPYS B OoJbLIeH cTe-
TIEHN KHCJIBIHA, HO B IIEJIOM CMEIIaHHbIH cocTaB npotonuta (Y/Nb OoTHOIIEHHE BapbUpyeT B MIMPOKHUX IMIPEAENax OT
0.94 10 3.12 u BeImIe). [l Tpex mpod MIarHo-MUKPOKINHOBEIX TPAHUTOB IONTyYeH ONM3KHA BO3pPAaCT KPHCTAILTH3a-
un 2706 £ 9, 2698 + 9 u 2694 + 7 mutH stet, a ux Sm-Nd MoaensHBIiH Bozpact (3.02-2.91 mupx neT) 6au30K MOJCIThb-
HOMY BO3pAacTy ITPOTOJINTA CYOIIEIOYHBIX TPAHUTOB BTOPOH TPYTIIIHL.

[TpuBeneHHbIC JaHHBIE CBUAETENLCTBYIOT O CIOXKHOM T€0IOrHUECKOM HCTOPUH pa3BUTHs BolHuIKOTrO 6110Ka 1
TIO3BOJISIFOT TIPEIIONIOKUTH Pa3HbIe BAPHAHTHI HCTOYHUKOB MarM. B ocHoBaHMy OI10Ka B BHIIE COUETAHUS IPaBUTALH-
OHHOTO M MAarHUTHOTO TI0JIel UKCHpYeTCsl Kopa OCHOBHOTO cocTaBa. Ee uacTnuHoe 1i1aBieHue BeaeICTBUE TT0IbeMa
acteHoc(epbl MOIVIO IPUBOIUTE K TEHEPALIMH MarMbl M K IIOCIIEIYIONIEMY €€ IPOABIKEHHIO Ha Ooliee BHICOKHE KO-
poBble ypoBHH. [1o MyTH K TOBEPXHOCTH pacIiaB HMeJ BO3MOXKHOCTh KOHTAMHUHUPOBATH PA3IMYAIONINECs] COCTaBOM
BMeEIIIAIONINe TOPOABI U 1aBaTh pa3HOO0pa3ne rpaHUTONI0B, (PHMKCHpYeMOoe Terephb B peaenax BoitHuikoro Oroka.

Paboma evinonnena no npoexmy «leonocuueckoe Oouzyuenue Kocmomykuickou niowjaou macuimaba
1:200 000, cocmasnenue u nooeomoska k uzoanuto komniekma I ocyoapcmeentoil eeonocuyeckoii kapmoi P® nucma
0-35-XXX, Q-36-XXV, XXVI, uzoanue emopoe, Cepua Kapenvckas» u npu nodoepicke PODHU (npoexm Ne 13-05-
00402).
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NEW GEOCHEMICAL AND ISOTOPIC DATA OF GRANITES FROM VOYNITSKY BLOCK
T.A. Myskova', M.A. Korsakova?, N.M. Ivanov?, P.A. Lvov'

nstitute of Precambrian Geology and Geochronology RAS, St. Petersburg, Russia,
tmyskova@gmail.com
2Saint Petersburg State Company «Mineraly, St. Petersburg, Russia,
ivanov@scmin.spb.ru

The Voynitsky block, known also as Voknavoloksky, is exposing in western part Fennoscandian shield. It se-
lected according to characteristic combination positive of geophysical fields: gravimetric field and magnet field. The
block composed primarily of plutonic rock: granites and gneisses which are include amphibolites that are different in
sizes. They are unevenly distributed over the area. Despite the increased interest of researchers to geology of the area
[CBupnzenko, 1974; Koxesnukos, 2000; CamcoHoB u ap., 2001] the questions of texture, age, condition of metamor-
phism and origin of protoliths are still subject of discuss to present time. It is connected with lack of geochemical and
isotopic data. In published literature geochemistry of rocks was not considered in detail and known only single age of
Amf-Bt plagiogranites. It was obtained by the classical method of U-Pb and equate 2744 + 9 Ma [CamcoHOB u ap.,
2001].

Under project GDP-200 Kostomuksha area we had got new geochemical and isotopic data (U-Pb, SHRIMP-II
and Sm-Nd), which have made possible to distinguish granites of Voynitsky block by age and origin.
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The block is a complexly structured batholith, including four main groups of granites which according some
of geochemical parameters have similarities. All of them equally metaaluminum and peraluminum rocks with value
ASI=0.83-1.16 and with low and moderate iron index (0.48—0.69). Together with the similarity of each group granites
are petrochemical differences.

To the first group belong plagiogranites with most areal expansion but they are well preserved only in local ar-
eas. On the remaining area they are present as gneisses and granitization material which is difficult to map. According
mineral composition there are biotite, less amphibole-biotite plagiogranites, in rare cases they include orthopyroxene.
Their position on the discriminatory chart FeO*/MgO — (Zr + Nb + Ce +Y) [Whalen et al., 1987] allows to compare
them with the granites of type I and indicator ratio Y/Nb (0.66—1.19) suggest the nature of mafic source. There are
obtained oldest crystallization age for plagiogranites: besides the already known value of 2744 + 9 Ma [CamcoHOB 1
Ip., 20017 in two collected samples identified values 2716 + 13 and 2715 + 4 Ma. According Sm-Nd model age they
have the most ancient crust source — 3.1-3.2 Ga. Granites of this group differ steep REE patterns: from moderately
differentiated with La /Yb, ratio 16-47 to relatively steep (La/Yb, = 58-102) with distinct Eu minima, suggesting
the heterogeneous composition of the protolith.

The second group is represented by subalkaline granites: granosyenites, syenite, quartz syenite, monzonites
and monzodiorites. They have limited expansion and are outcrop on the North Voynitsky block. Subalkaline granites
like plagiogranites above group subjected to metamorphism and have marks of granitization. Dark-colored minerals
are represented by biotite which is in rocks in increased quantity (to 15-25 %). According discriminated diagram
FeO*/MgO — (Zr + Nb + Ce + Y) [Whalen et al., 1987] granites of this group have different origin. Most part of gran-
ites gravitates to the I-type, melted from silica rocks (Y/Nb = 1.38-3.28) [Eby, 1990]. The rest, having high contents
of Zr and rare earth elements show the properties of A-type granites, melted from mafic protolith (Y/Nb = 0.72—-1.21).
For them, only the age of metamorphism obtained, equate to 2674 = 6 Ma. Values of Sm-Nd model ages (2.99-2.89
Ga) suggest melting of sub-alkaline granites from crustal material younger then protolith plagiogranites.

The remaining two groups of granites are represented by biotitic-plagioclase-microcline granites and leucogran-
ites, differing only in the percentage of mafic minerals. Quantity of biotite not to exceed 3 % in leucogranites. Granites
of these groups are present in the form of thin veins and outcrop almost everywhere. Leucogranites, having a low con-
tent of trace elements and REE, fall into I-granite field on discrimination diagram FeO*/MgO — (Zr + Nb + Ce +Y)
[Whalen et al., 1987] and low Y/ND ratio (0.53—1.05) suggest melting them from mafic crust [Eby, 1990]. Biotite-
plagioclase-microcline granites include I-type and also A-type granites, showing more silica, but in general the mixed
composition of the protolith (Y/Nb ratio varies widely from 0.94 to 3.12 and above). For three samples of plagioclase-
microcline granites obtained similar age crystallization (2706 + 9, 2698 + 9 and 2694 + 7 Ma), and their Sm-Nd model
age (3.02-2.91 Ga) is close to the model age subalkaline granites protolith of the second group.

These data indicate the complex geological history of Voynitsky block and allow us assume different magma
source variations. At the block base in the form combination of gravimetric and magnet field’s mafic crust was de-
tected. Its partial melting due to ascent of the asthenosphere could lead to the generation of magma and its subsequent
moving on higher crustal levels. The melts on the way to the surface had opportunity to contaminate the rocks of dif-
ferent composition and provide a variety of granites, fixed now within Voynitsky block.

The work is done according project «Additional geological survey Kostomuksha square scale 1: 200 000» and
with assistance RFFI (projects Ne 13-05-00402).
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ALBITIC GRANITES IN THE AREA OF TAMANRASSET (HOGGAR CENTRAL, ALGERIA)
AND ASSOCIATED RARE METALS MINERALIZATIONS

Gaci Nabila, Azizi Assia, Kesraoui Mokrane

Geology Department, Laboratory of Metallogeny FSTGAT — USTHB — Algiers
peeress@hotmail.fr

The albitic granites constitute the last plutonic activity in Central Hoggar. In the area of Tamanrasset, these
granites form small isolated cupolas made up of different evolved facies, they are associated to Sn-W mineralizations.

These advanced granite cupolas reveal clearly three parallel alignments, they are separated by 25 km and follow
a dominant direction NNW — SEE, which reveals their membership of megadykes.

Sn-W indices and deposits, in their distribution, follow same alignments as those of the albitic granites.

Advanced granites alignments and Sn-W deposits highlighted in the area of Tamanrasset constitute an excellent
guide of research. They recall structures favorable to the installation of rare metal deposit.
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MO3AHEHEOIIPOTEPO30MCKH!I1 BHY TPUILIMTHBIN T'PAHUTOUIHBIA MATMATHU3M
U CUHXPOHHBIN PUGTOTEHHBIN BYJIKAHU3M EHUCENCKOTO KPSIIKA
KAK UHJIUKATOPBI TIPOLIECCOB PACHAJIA POJIUHUUN

A.Jl. Hoxkknn

HUnemumym eeonocuu u munepanoeuu um. B.C. Cobonesa CO PAH, Hosocubupck, Poccus
nozhkin@igm.nsc.ru

Enucelickuii Kpshk MpencTaBisieT co00i JOKeMOPHIICKYIO CKIIaauaryro oomacts B npeaenax KO3 okpaunsr Cu-
Oupckoro kparona. Kpucrammmueckoe 0CHOBaHHE MPEICTABICHO PaHHEIOKEMOPHUHCKIMH TPaHyINTOTHEHCOBBIMU 1
CJIAHIIEBOIHEHCOBBIMHM KOMIUIEKCAMH, NHBEIMPOBAHHBIMU KOJUTM3HOHHBIMH U BHYTPUIUTUTHBIMH TPAaHUTOHUIAMH C
Bo3pactoMm 1.84 u 1.75 mupn et [Hoxxkus u nip., 2009]. B me3zonporepo3zoe mpousonwio 3anoxenue [Ipenenuceiicko-
TO MEPUKPATOHHOTO Nporuba u nociueayomiee GoOpMUPOBaHUE 0CATOYHBIX TOJII] MOIIHOCTHIO 10 10—13 kM, KOTOpBIE
B CBSI3U C rpeHBHIbCKON oporenueit (1.05-0.95 mupz net) ObuIM mogBep:keHbl MeTaMOp(hU3My U rpaHHTH3anuH. B
3Ty 310Xy ¢(OPMUPOBaHBI CHHKOJIM3MOHHBIE TPAHUTOTHEHCOBBIE KYIIOJIa TEHCKOTO THITa U PETMOHAILHO METaMop-
(hm30BaHHBIE MOPOABI HU3KKX JaBieHui [HoxkuH u ap., 1999]. 3akapTupoBaHo Ba NoOsica TPAHUTOTHEHCOBBIX KYIIO-
JIOB, IPHUYPOYEHHBIX K JIMHEHHBIM 30HaM CMSTHS BIOJdb Tarapcko-UmmMounHcKoit n [IpueHncerickoil 30H pa3ioMoB.
B nmo3aHekonM3noHHBIN 3Tan (OPMHUPYIOTCS IUTYTOHBI KaJJAMUHCKOTO THIIA, CIIOKEHHBIE HU3KOLIETOUHBIMH TPaHH-
TaMH U TPAaHOUOPUTAMH, TPOUCXOAUT PEOMOP(H3M M POCT IPAHUTOTHEHCOBBIX KYIOJIOB, IIPECTABICHHBIX aCCOIH-
areit Na-K-pI1x nmop¢upo0OiacTHuecKix rpaHUTOrHEWCOB U rHelicorpanuToB. U-Pb Bo3pacT rpaHUTOMIHBIX TUTYTO-
HOB U T'PaHUTOTHEHCOBBIX KyMHoJIOB ofnHaKkoB — 870—880 muH set [Hoxkun u ap., 1999; Bepuukosckuit, BepHukos-
ckast, 2006]. ®@opmMupoBaHHE TPAHUTOUIOB MOIVIO IIPOU3OUTH TPH KOJUTH3HH OJIOKOB KOHTHHEHTANBHON KOphl ¢ CH-
OMPCKHUM KpPaTOHOM B MPOLIECCE IPEHBHIIBLCKOTO OPOTeHHYECKOTro coObITHS. [TonTBepIKIeHHEM ATOMY CITYKUT BO3pPACT
(1050-900 muH sreT) MeTamopdu3Ma BykaHnTOB PrionHCKO-[TaHnMOnHCKOTO TOsica 1 Bpemst (~850 MitH niet) oOpaszo-
BaHUsI HAJBUTOB U aCCOLUUPYIOIIUX METANOPO ] JUCTEH-CUNTMMaHUTOBOrO THmna [JInxaHoB u np., 2012].

B nocTKoIITM3HOHRY0 310Xy (POpPMHUpYETCs psiji pUPTOTSHHBIX MPOTUOOB U ITPOUCXOANT BHY TPUILTUTHBIN Mar-
Mmaru3M. bonee pannue nporuOsl (BepxHeBoporoBckui, [MyIMXMHCKII) BBINOIHEHB! BYJIKaHOT€HHO-0CAI0YHBIMU
KOMITJIEKCAMH BEPXHEBOPOTOBCKOM M OPJIOBCKOM cepuil HEOpoTepo30si. B MX cocraBe pa3BUTHI BYJIKaHHYECKHE I10-
pobI pronT-6a3anbToBOM acconuarun. [lo3aaue mporuos! (Teticko-YUarnckuii, 3axpeOeTHUHCKUN, YBOIDKCKUIT) C10-
JKEHBI 0CaJ0YHBIMU HITH BYJIKAHOT€HHO-0CaI0YHBIMH TOJIIAMH YHHIACaHCKOH cepur. B 3axpeOeTHHHCKON ByJIKaHO-
TEKTOHUYECKOH CTPYKTYp€E, pa3BUTON B IEHTPAJILHOM, siIepHON YacTH BepxHeBoporoBckoii rpabeH-CHHKIIMHAIH, IITH-
POKO MpeZCTaBlIeHbI BYJKaHUTHI TPaXu0a3aIbT-TPaxUTOBOK accoluanyi. B Tex n qpyrux nmporudax B HUKHEH 4acTh
npeo0biagaT cybaspanbHble IECTPOIBETHRIE TPy0000IOMOYHBIE, @ B BEPXHEH MEJIKOBOIHBIE MOPCKUE OTIOKEHHMSI.
B coBpeMeHHO cTpyKType OHM paclipoCTpaHeHb! B TpabeHax U rpabeH-CHHKIMHAIISX, 3aJlerasi HECOIJIaCHO Ha MeTa-
MOp(HYECKUX TOJNIIAX U IPAHUTOUIAX.

B npenenax oOpamIIsIONMX MOJHATHIH OJHOBPEMEHHO C MPOLlecCaMu pUQTOreHe3a U BHY TPUILTUTHOTO BYJIKa-
HHU3Ma IPOUCXO/IMIIO CTAHOBJICHUE IPAaHUTOUIHBIX HHTPY3UH asXTHHCKOTO, NIyHmMxuHckoro (750—730 miH Jert), Ky-
Tykacckoro (700-690 MiH JIeT), IEIOYHBIX HHTPY3UH 3aXpEeOCTHHHCKOTO U CpeaHeTarapckoro (~700 MITH JIeT) KoM-
TIJIEKCOB.

Kucisle ByIKaHUTBI BEpXHEBOPOTOBCKOW CEPUM TNPEICTABICHBI JIaBaMH, Ty(haMu, SKCTPY3UBHBIMH U JTalKo-
BBIMHU TeJIaMH. XMMHUYECKUI COCTaB MX OTBEYAET KAJMEBBIM PUOIMTAM, pexke puoparuram. OHH XapaKTepH3yloT-
cs1 BbIcoKO# xkene3uctocThio (0.85-0.95), oboramens! (B 1/T) U (5-12), Th (60-90), P332 (320-350), Y (50-70),
Zr (180-250), Nb (30-35), Ta (3-5.5), omnmmuatorcst noseireHHbM Th/U (6-20) u Rb/Sr (8—12). Cnexrpst P3D cia-
00 ¢pakuuonuposansl ((La/Yb)n = 3-9, (Gd/Yb)n = 0.6-2) ¢ pe3ko BhIpakEHHOMN OTpHUIATEIBHON aHOManuell Eu
(EwEu* = 0,1-0,05). I[To reoXuMHUECKIM XapaKTEPHCTHKAM PHOIUTOU/IBI COTIOCTABUMBI C A-TpaHHTaMH, XapaKTep-
HBIMH ISl BHYTPUILTMTHBIX 00cTaHOBOK. U-Pb Bo3pact nupkona (SHRIMP-II), BeiaeeHHOTO U3 PHOIUTOB, COCTAB-
nsiet 75346 muH net [HoxkuH u 1p., 2008]. Puonutet xapakrepusyrorest T(DM) = 1961 u T(DM-2st) = 2140 mutH et
u g (T) =-8,4. Ux popmupoBaHKe MPOMCXOMIIO 3 CHET MCTOUHHUKA C JUTMTENLHON KOPOBOH TIpeIUCTOPHEN.

Cpenu ByJIKaHHYECKHX MOPOJI Tpaxuba3aibT-TPaXUTOBOH accolMauu 3aXxpeOeTHUHCKOM CTPYKTYpPBI BBIIEIs-
I0TCS CyOIIENOYHbIH 0a3abThl, TpaxruOa3aibThl, TPAXUIOJIEPUTHI, TPAXUAHAE3UTH M MX TY(BI U IIEIOYHbIC TPAXH-
ThI. B IeHTpasbHO# YacTi MyIbabl pa3MelieHbl HeOObINEe MAaCCUBBI IIEIOYHBIX ra00pPONIOB U HE(DEIIMHOBBIX CHe-
HUTOB. J[11s1 mpeobagaromux cyOIIenouHbIX TOPO XapaKTepHbI BEICOKHE KOHIIEHTpanuu mmenoded, Ti, Fe u P. Tud-
(epennmaramu cyOIIeIOYHOM 6a3aI6TOBOM MarMbl SIBJSIFOTCS TOPOJIBI IIEJIOYHOTO psijia, Hanboee oboramenHsie U,
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Th, Ba, P33, Y, Ta. P3D cnekTpsl Bcex pa3sHOBHIHOCTEH XapaKTepU3yIOTCs yMepeHHbIM (pakimonupoBanueM ((La/
Yb)n = 4-9), 6e3 Eu anomamiu. MyasTH3IEMEHTHBIE CIIEKTPHI CyOIIeI0OuHBIX 0a3anbsToB 6e3 MUHIMYMOB 110 Nb, Ta,
Ti, 9TO XapaKTepHO TSI BHYTPUIUIUTHBIX 0a3aibTOB. Ar-Ar Bo3pacT OMOTHTA TPaxXUIOJIepUTOB cocTtapiser 703+4, a
MeHee YHCTON (ppaKIuu TUTaH-aBruTa — 695+6 miH net [HoxkuH u 1p., 2008].

B 3anagHoM o6pamiennn BepXHEBOPOTOBCKOH CTPYKTYpbl Cpey TPaHUTH3UPOBBIAHHBIX THEWCOB M ClIaH-
IIEB MAJEONPOTEPO30s1 PA3BUTHI TPAHUTONAHBIE UHTPY3UH, CHHXPOHHBIE 110 BPMEHH BHEIPEHUS C NPOSBICHUIMHU
pHOINT-0a3aI6TOBOTO M TPaxmu0a3aabT-TPAXUTOBOTO ByJIKaHM3Ma. Tak, cyOlienodHble JeHKorpaHuTel BepxHeky-
Tykacckoro maccuBa umeroT U-Pb Bospact nuprona 753+4 mun ner (SHRIMP-II) , T.e. aHasorn4HbIi proiauTam
pHronnT-0a3aI6TOBOM acconManuy. I paHUTONIBI TPECTABICHBI CYOIIEIOYHBIMY JICHKOTpaHUTAMH, JIEHKOTpaHUTA-
MH, CHEHUTaMH, albONTU3HPOBAHHBIMU PEIKOMETAIIBHBIMH JiekikorpannTtamMu. 910 Na-K-wie (K,0/Na,O = 1.1-
1.8), BeICOKOXKENE3ncThIe Topoasl. Kak u puonutsl, oHu oboramens! (/1) U (5-18), Th (50-70), Beicoko3apsia-
HeIMH (Zr = 170-490), Ta = 7-25, Nb = 120-170) snemenramu, Rb (200-560) u Cs, cymmoii P33 (300-450), Y
(30-90), pe3ko obennens! Ba u Sr. B ansOnTH3MpOBaHHBIX JEHKOrpaHUTaX Pe3KO BO3pacTaeT KOHIeHTpanus (B %)
U (0,08), Th (0.08), Zr (2,6), Hf (0.12), Nb (0.6), Ta (0.16), Y (0,08), P33 (0.24). B HUX yCcTaHOBICHBI IIUPKOH, TO-
PHT, PEPTrIOCOHNT, IBKCEHHT, YPaH-TIUPOXIIOP, KACCUTEPUT, TaHTaTOKOTyMOuT. Criektpsl P39 ciabo dpaknuonnpo-
BaHHI ((La/Yb)n = 5.6-9.6) ¢ pe3ko BeIpaxxeHHOH oTpuiareinbHoit anomanueir Eu (Eu/Eu* = 0.1-0.08). ITo netpo-
TEOXUMHUYECKUM HPU3HAKAM 3TH JIEHKOTPAHUTHI COITOCTABUMBI C A-TPaHHTAMH, XapaKTEepPHBIMHU JJIS1 BHY TPHUILIUT-
HBIX 00cTaHOBOK. K 3TOMY THITY OTHOCSITCS M CyOIIenouHble A-TpaHUThl ASIXTHHCKOTO MAacCHBa, PaclojloKEeHHbIE
I0)KHEE B NPEJasIX 3TOH JK€ 30HBI.

B 5 kM K FOT0-BOCTOKY OT BepXHEKyTyKacCKOTO MacCHBa, B ICTOKax p. BoporoBka, pacnonoxeH XpeOTOBBIi
TPAaHUTHBIA MAaccuB, CIOKCHHBIH CyOLIETOUYHBIMH JEHKOTPaHUTAMH, JIEWKOIPAHUTAMH M KBAapIIEBBIMH CHEHHTAMH.
U-Pb Bo3pact nupkoHa, BBIICIEHHOTO M3 JICHKOTpaHUTOB, cocTasisieT 690+8 muH ner (ananmutuk T.b. basnosa). B
Tpeziesiax OMMOKY aHaIN3a OH COOTBETCTBYET BO3PACTY CyOIIEIOYHBIX U MIEIOYHbIX MOPOJ 3aXpeOSTHUHCKOM CTPYK-
Typbl. [Io meTporeoxnMuYecKM XapaKTepUCTUKaM 3TH I'PaHNTHI OJIM3KH TpaHUTaM BepXHEKyTyKaccKOro MacCHBa.
Oro Tarke Na-K rpanuter (K,0/Na,O = 1.7-2.3), oboramennsie (8 /1) U (7-12), Th (70-112), P33 (10 760), Y (10
86), Zr (270-400), Rb (270-465), HO oTIIM4alOTCSI MOHMKEHHBIM coepkanueM Nb u Ta u noBerimenasM Ba u (La/
Yb)n = 10-17. [IpuHAANEIKHOCTE TPAHUTOB K A-THITY TOATBEPKAar0T Beicokue KoHeHTpanuu U, Th, K, Rb, Zr, Hf u
P33, a taxoke Sn u F, peskoe odenenenne Sr u Eu (Eu/Eu* = 0.1-0.26). AHanornunsiii Bo3pact 1 O1MM3Kui eTporeo-
XMMHYECKUH COCTaB MMEIOT CyOIIeIOUHbIE TPAHNTHI U JIeHKOrpaHuThI [ 'ypaxTuHckoro, [TanuMmOuncKoro, Yucromnomns-
CKOTO MACCHBOB, a TaKXXe He(heIMHOBBIE CHeHNTH! CpeTHeTaTapcKoro MaccuBa.

CyOmtenounsle eikorpanuTel BepxrekyTykacckoro maccusa umeror T = 1454 n T = 1490 muH ner

(DM) (DM-2st)
u g (T) = -0,5. JlelixorpanuTer XpeOToBoro mMaccupa xapakrepusyrores T = 1755 u T = 1773 muH ner

u g (T) =-4.5. HecMoTpst Ha onuHakoBbId Bo3pacT (750 MitH n1eT) pI/IOJ'II/ITOB(DIi\IA )BerHeKYTyKE(l%I\éIiﬁX TPAHUTOB, 3aJie-
TafoIUX CPEIN IPAaHUTH3MPOBAaHHBIX THEHCOB MalCONPOTEPO30s, TPAHUTHI OTIIMYAIOTCS OHMKEHHBIM, ME30IIpOTe-
PO30HCKMM 3HAYEHHEM MOZIETBHOTO Bo3pacTa T(DM) u Gonbuiel BENTHYMHON €, UTO CBUIETENBCTBYET 00 yBEIAIE-
HHHM BKJIa1a IOBEHWIIBHOTO KOMITOHEHTa. [ToaTBep K IeHneM 3TOMY CIIY)KUT U BBICOKast KOHIIEHTpALHs B TPAHUTAX BbI-
COKO3apSAJHBIX JIEMEHTOB. UTO KacaeTcs JeHKOrpaHUTOB XpeOTOBOrO MaccuBa, TO JOJS IOBEHHIBHOW COCTABIISIO-
IIeH B HUX CYIIECTBEHHO HIXKE.

Bce rpanuronzpl pacronokeHsl B 30He Tarapcko-MmMMOMHCKON CHCTEMBI pa3jioMoB, B peaenax LlenTpais-
HOTO CHAJIM4YEeCKOTro BhIcokoaudepeHnnpoBaHHoOro Ooka. CTaHOBICHHE WX IMPOUCXOIIIIO IpUMeEpHO uepe3 120 u
170 net mocine KOJUTM3NOHHOTO COOBITHS. bii3ocTh 10 Bo3pacTy Ko BpeMeH! pu(ToreHe3a 1 BHYTPUILITUTHOTO BYJIKa-
HHU3Ma CBUIETEILCTBYET O CBS3U 3THX I'PAaHUTOMJIOB ¥ CHEHHTOB C 00CTaHOBKaMH pacTsbkeHus. [Ipeanonaraercs, 4To
HEONPOTEPO30UCKUIT pU(TOreHe3 U BHYTPUILUIUTHBIA MarMaTi3M CBSI3aHBI C IPOSIBIICHHEM ILUTIOMOBOW aKTUBHOCTH,
00yCIoBHUBILEH pacriaj CynepKoHTHHEHTa Poqunust, 4To coracyeTcs co BpeMEHEM MPOSIBICHHS aHAJIOTHYHBIX IIPO-
LIECCOB B ApyTuX pernoHax CHOMpH M KOHTHHEHTANBHBIX O10Kax Poqunuu [Spmointok, Kosanenko, 2001; Hoxxkun u
Ip., 2008; Ernst et al., 2008; bormanosa u ap., 2009].
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LATE NEOPROTEROZOIC INTRAPLATE GRANITOID MAGMATISM AND SYNCRHRONOUS
RIFTING VOLCANISM OF THE YENISEI MOUNTAIN RIDGE AS THE INDICATOR
OF BREAKUP PROCESSES OF RODINIA

A.D. Nozhkin

V.S. Sobolev Institute of geology and mineralogy SB RAS, Novosibirsk, Russia
nozhkin@jigm.nsc.ru

The Yenisei mountain ridge is a Precambrian folded region within the SW of the Siberian craton margin. The
crystalline basement is made up of Early Precambrian granulite-gneiss and slate-gneiss complexes injected by colli-
sion and intraplate granitoids dated 1.84 and 1.75 Ga [Nozhkin et al., 2009]. In the Mesoproterozoic the initial stage of
subsidence of the Pre-Yenisei pericraton depression took place with further formation of 10—13 km thick sedimentary
strata, which owing to Grenville orogeny (1.05-0.95 Ga) underwent metamorphism and granitization. At that period
syncollision granite-gneiss domes of the Teya type and regionally metamorphosed low-pressure rocks were formed.
[Nozhkin et al., 1999]. Two belts of granite-gneiss domes occurring in the linear zones of crush along the Tatarsk-
Ishimbin and Pre-Yenisei zones of fracture were mapped. The late collision stage is characterized by the formation of
the Kalamin type plutons made up of low-alkaline granites and granodiorites, and rheomorphism and growth of gran-
ite-gneiss domes represented by the association of Na-K porphyroblastic granite-gneisses and gneiss-granites. U-Pb
dating of granitoid plutons and granite-gneiss domes is the same — §70-880 Ma [Nozhkin et al., 1999; Vernikovskii,
Vernikovskaya, 2006]. Formation of granitoids could be the result of the collision of the blocks of continental crust
with the Siberian craton during the Grenville orogeny event. The evidence for this is the age (1050-900 Ma) of meta-
morphism of volcanites from the Rybnaya-Paninba belt and time (~850 Ma) of formation of overthrusts and associated
metarocks of disthene-sillimanite type [Likhanov et al., 2012].

At the postcollision stage a number of rift troughs form and intraplate magmatism takes place. Earlier depres-
sions (Verkhne-Vorogskii and Glushikhinskii) are made up of volcanogenic-sedimentary complexes of the Neopro-
terozoic Verkhne-Vorogskii and Orlovskii series. They contain abundant volcanic rocks of rhyolite-basalt association.
Later depressions (Teisko-Chapskii, Zakhrebetenskii and Uvolzhskii) consist of sedimentary and volcanogenic-sed-
imentary strata of the Chingasan series. In the Zakhrebetinskii volcano-tectonic structure, which occurs in the cen-
tral, core part of the Verkhne-Vorogskii graben-syncline, of wide occurrence are volcanites of trachybasalt-trachyte
association. The upper parts of the both types of depressions are dominated by subaerial variegated coarse deposits,
whereas the lower part, by shallow-water marine deposit. In the present-day structure they are widespread in grabens
and graben-synclines, occurring discordantly on metamorphic strata and granitoids.

Within the framing uplifts, rifting and intraplate volcanism processes occurred simultaneously with the forma-
tion of granitoid intrusions of the Ayakhtinskii, Glushikhinskii (750-730 Ma), and Kutukasskii (700-690 Ma), alkaline
intrusions of the Zakhrebetinskii and Srednetatarskii (~700 Ma) complexes.

Acid volcanites of the Verkhne-Vorogskii series consist of lavas, tuffs, extrusive and dike bodies. Their chemi-
cal composition is similar to potassic rhyolites, less often to rhyodacites. They have high iron content (0.85-0.95),
enriched in (in ppm) U (5-12), Th (60-90), REE (320-350), Y (50-70), Zr (180-250), Nb (30-35), Ta (3-5.5), and
have increased concentrations of Th/U (6-20) Rb/Sr (8-12). REE spectra are weakly fractionated ((La/Yb)n = 3-9,
(Gd/Yb)n = 0.6-2) with a drastically pronounced negative Eu anomaly(Euw/Eu* = 0.1-0.05). In geochemical charac-
teristics rhyolitoids are comparable with A-granites typical of intraplate settings. U-Pb dating of zircon (SHRIMP-II),
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separated from rhyolites, is 75346 Ma [Nozhkin et al., 2008]. Rhyolites have T(DM) = 1961 and T(DM-2st) = 2140
Ma, g (T) =-8.4. They formed from a source with a long-term crust prehistory.

Among the volcanic rocks of trachybasalt-trachyte association of the Zakhrebetinskii structure there occur ba-
salts, trachybasalts, trachydolerites, trachyandesites and their tuffs and alkaline trachytes. In the central of the trough
there are small massifs of alkaline gabbroids and nepheline syenites. Predominant subalkaline rocks contain high
concentrations of alkalies, Ti, Fe and P. Differentiates of subalkaline basalt magma are the rocks of alkaline series,
the most enriched in U, Th, Ba, REE, Y, and Ta. REE spectra of all varieties are characterized by moderate fraction-
ation ((La/Yb)n = 4-9), without Eu anomaly. The multielement spectra of subalkaline basalts are without minimums
on Nb, Ta, Ti, which is typical of intraplate basalts. Ar-Ar dating of biotite from tracydolerites is 703+4, and of less
pure fraction of titanium-augite is 695+6 Ma [Nozhkin et al., 2008].

In the western framing of the Verkhne-Vorogskii structure among the Paleoproterozoic granitized gneisses and
shales there are granitoid intrusions synchronous in the time of penetration with the occurrences of rhyolite-basalt
and trachybasalt-trachyte volcanism. For example, subalkaline leucogranites of the Verkhne-Kutukasskii massif dated
by U-Pb of zircon are 753+4 Ma (SHRIMP-II), i.e. is simlar to rhyolites from the rhyolite-basalt association. Granit-
oids are represented by subalkaline leucogranites and syenites albitized by rare-metal leucogranites. These are Na-K
(K,O0/Na,0 = 1.1-1.8) high-Fe rocks. The same as rhyolites these are enriched (ppm) in U (5-18), Th (50-70), HFS
(Zr = 170-490), Ta = 7-25, Nb = 120-170) elements, Rb (200-560) and Cs, REE (300—450), Y (30-90), and are
drastically depleted in Ba and Sr. Albitized leucogranites demonstrate a drastic increase in the concentrations of (in
%) U (0.08), Th (0.08), Zr (2.6), Hf (0.12), Nb (0.6), Ta (0.16), Y (0.08), and REE (0.24). The rocks contain zircon,
thorite, fergusonite, euxenite, uranium-pyrochlore, cassiterite, and tantalocolumbite. REE spectra are weakly fraction-
ated ((La/Yb)n = 5.6-9.6) with a sharply pronounced negative Eu anomaly (Eu/Eu* = 0.1-0.08). In petrogeochemical
features these leucogranites are comparable to A-granites typical of intraplate settings. Subalkaline A-granites of the
Ayakhtinskii massif occurring to the south within this zone also belong to this type.

Five kilometers to the southeast of the Verkhne-Kutukasskii massif, in the source of the Vorogovka river, there
occurs the Khrebtovy granite massif made up of subalkaline leucogranites, leucogranites and quartz syenites. U-Pb
dating of zircon separated from leucogranites is 690+8 Ma (analyst T.B. Bayanova). Within the limit of analysis er-
ror it corresponds to the age of subalkaline and alkaline rocks from the Zakhrebetenskii structure. In petrochemical;
characteristics these granites are similar to granites from the Verkhne—Kutukasskii massif. These are also Na-K
granites (K,0/Na,O = 1.7-2.3), enriched in (ppm) U (7-12), Th (70-112), REE (to 760), Y (to 86), Zr (270-400), Rb
(270—465), but differ in the low contents of Nb and Ta and higher contents of Ba and (La/Yb)n = 10—17. The fact that
these granites belong to A—type is supported by the high concentrations of U, Th, K, Rb, Zr, Hf and REE, as well as
Sn and F, and drastic depletion in Sr and Eu (Eu/Eu* = 0.1-0.26). Similar age and close petrochemical composition
are demonstrated by subalkaline granites and leucogranites from the Gurakhtinskii, Panimbinskii, and Chistopolskii
formations and nepheline syenites from the Sredne-Tatarskii formation.

Subalkaline leucogranites from the Verkhne-Kutukasskii massif have Ty = 1454 and T, = 1490 Ma and
&y(T) =-0.5. Leucogranites from the Khrebtovy massif have T, = 1755 and T o = 1773 Ma and g (T) =-4.5.
In spite of the similar age (750 Ma) of rhyolites and Verkhne-Kutukskii granites occurring among Paleoproterozoic
granitized gneisses, granites differ in decreased Mesoproterozoic value of the model age T(DM) and higher ¢, ;, which
suggests an increase in the contribution of the juvenile component. The evidence for this is also the high concentration
of HFSE in the granites. As for leucogranites from the Khrebetovy massif, the contribution of the juvenile component
is significantly lower.

All granitoids occur in the zone of the Tatarsk-Ishimbin system of faults within the Central sialic highly dif-
ferentiated block. Their formation took place approximately 120 and 170 years after the collision event. Closeness in
the age to the time of rifting and intraplate volcanism evidences the relation of these granitoids and syenites with the
settings of stretching. It is assumed that the Neoproterozoic rifting and intraplate magmatism are related to the ocuur-
rence of plume activity which caused the breakdown of the Rodinia supercontinent. This fact conforms to the time of
occurrence of similar processes in other regions of Siberia and continental blocks of Rodinia [ Yarmolyuk, Kovalenko,
2001; Nozhkin et al., 2008; Ernst et al., 2008; Bogdanova et al., 2009].
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Mecropoxaenue Larancy6apra, siBistitoreecst ofHUM 13 KpymHbIX Cu-Mo-nop(hUpoBEIX MeCTpOXIACHUH MoH-
TOJIUH, XOTS OBIJIO OTKPBITO B KOHIE S0—X TOZOB MPOILIOTO CTOJETHsI, MHOTHE BOIPOCHI IO T€OJIOTHH, B TOM YHC-
JIe BEIIECTBEHHBIM COCTaBaM BMEIIAIOIIETO €ro rPaHUTOUTHOTO MacCHBa OCTANIUCh C1abo M3ydeHHbIMU. [IpoBenen-
HbIE HAMH MCCIIEI0BaHUsI OBUTM HANpaBJICHBI Ha JOMOIHEHUE ATOTO MPo0ea, MoTydeHbl HOBBIE PE3yNbTaThl 1o adco-
JIFOTHBIM BO3pacTaM M I'€OXMMHUH 3THUX FPaHUTOWIOB. BriepBble HAMU JJIst TOTO TPAHUTOMIHOTO MacCHUBa YCTaHOB-
JeH Bo3pacT 366.3+5.2 u 369.4+1,2 mun ner mo U-Pb, KOTOpBII COOTBETCTBYET AaHHBIM, YCTaHOBJICHHBIM IPYTH-
MU HCCIICIOBATCIISIMU B PYTHON 30HE MECTPOXKICHUS: TpaHUTOMIBI — 365,7 mutH siet (Hou et al., 2010), metacomaru-
gyeckue cepunuthl — 364 mutH siet (Lamb et al., 1998) u monmubnenut — 370 mua.iet (Watanabe et al., 2000). [ToaTo-
My Cu-Mo opynieHeHHe 3TOr0 MECTOPOXKICHHSI UMEET He TOJBKO ITPOCTPAHCTBEHHYIO, HO U BPEMEHHYIO CBSI3b C Tpa-
HUTOWUIHBIM MacCHBOM M, TIO-BHJMMOMY, OHH B II€JIOM COCTABJISIIOT €JUHYIO PyAHO-MarMarnieckyro cucremy. MH-
TPY3UBHBI MacCHB CJIOKEH acCOIMaIMell MOp(UPOBUAHBIX TPAHUTOUIOB TUOPUT-TPAHOJHOPUT-TPAHUTHOTO COCTa-
Ba C HAJIOKEHHOW MMOCTMAarMaTHYecKod KaJMIINaThu3aiueil riomaHoro xapakrepa. Cpeny HUX rpeoOiaatoT rpa-
HUTOMJIBI CO crefytomum coctaBom: SiO, 60.58-68.40 % (cpennee comepxkanue 65.89 %), AL,O, 17.08-17.90 %
(17.45 %), tFe,0, 1.45-4.72 % (2.71 %), MgO 0.23—-1.15 % (0.46 %), CaO 1.22-4.00 % (2.15 %), Na,0 4.18-6.23 %
(5.40 %), K,0 2.70-6.71 % (4.32 %); cpenu wmenodeil B 6obIMHCTBE NpeobnagaeT HaTpui Hax kamuem (K O/
Na, O = 0.56-0.8); B peaK0dJIEMEHTHOM COCTaBE TOPOJ] ONPEAENAIOTCS CIEMYIONHME MapaMeTpsl, B I/T: St 782-921
(853.3),Y7.9-26.2(14.9), Yb 1.11-3.29 (1.86) u Sr/Y 30.6-99.0 (63.5); > REE 46.31-108.5, LREE/HREE 5.97-7.89,
(La/Yb), 3,96-7,49; a Takse 3HaYCHUE MEPBUYHBIX COOTHOMEHMH 17151 St 1 Nd m3oronos: ¥Sr/*Sr=0.70271-0,70380
(0.70341), *Nd/"“Nd = 0.51656-0.512720 (0.512691). I'panutonip1 mo3aHe1eBOHCKOTO [araHcyBapruHCKOro Mac-
CHBa B 11€JIOM XapaKTePHU3yIOTCs €IUHBIMU CBOWCTBAMH pacIipeiejIeHUE PACCEeSHHBIX HIEMEHTOB OTHOCHTEIILHO CTaH-
JlapTa MPUMUTHBHON MaHTHH, BEIPRKEHHBIM MTOBBIIICHHBIM COIEPKaHUEM KPYITHOMOHHBIX JTUTO(MIBHBIX JJIEMEHTOB
IO CPaBHEHUIO C BBICOKO3apsiiHbIMU. Ha o0miemM (oHe 3THX CIIEKTPOB OTMEYAIOTCS YETKHE TOJIOKHUTEIbHBIE aHOMa-
yun — U, Sr u otpunarensusie — Nb, Ta, Ti u Nd.

JIJist 9THX TPaHUTOMJIOB XapaKTepPeH CBOCOOPa3HBIN CIIEKTp pacnpenaeneHus P33, ommyaromuiics oT THINY-
HBIX TPAaHUTHBIX OTCYTCTBHMEM WJIM MHOTJA cJa00 BHIPAKEHHOW MOJIOXKHUTENLHOM eBpornueBoi anomanueid. Kpome
TOrO, Ha (hoHE O0IIEero Mpeoba aHus JIErKUX JIAHTAHOUIOB TOSIBISIETCSI CPABHUTEIBHO IMOHMKEHHOE 3HAYCHHE IS
cpennux rpymn P39 — Gd, Tb, Dy, Ho, 4yem TsbkenbIx tanTaHOMAOB. B CcBs3M € 3THM Ha uarpamMMe pacrpeeleHus
P33 B oTHOIIEHNH XOHIPUTOBOTO CTaH/AapTa BBIPUCOBBIBAIOTCS JIeTKasl IUIaBHas TyrooopasHas popma criekrpoB P32
i “noxkkooOpaszHast popma”, KoTopas SBISIETCsI XapakTepHOH 4epToi nopo nopduposix cucreM. [IpuBeneHHbIe
METPO-TEOXMMUYECKUE XapaKTEPUCTHKH CBUETEILCBYIOT O OJM30CTH IPaHUTONIOB U3YYEHHOTO MacCHBa K aJJaK|TO-
BBIM TIOPOJIaM, SIBJISIOMIMMCST CBOCOOPa3HbIM MarMaTH4eckuM o0pa3oBaHHeM, chOpPMHUPOBAHHBIM IPH YYaCTHHU CYO-
JYKIUPOBAaHHBIX OKEAHMYECKUX MaTepHUaOB B KOHBEPTEHTHBIX 30HaX. [1031HENCBOHCKUIT TPaHUTOUIAHBIA MacCUB
n accouupyromieecs ¢ HuM Cu-Mo-niopdupoBoe mectpoxnenue LlarancyBapra taxxe kak u Cu-Au-nopdupoBoe
MectopoxaeHue OI0YyTONTroi HaXOmUTCS B MpenesiaX OAHOTO M3 OCTPOBOMYXKHBIX TeppeiHoB (I'ypBaHcaiixaHCKOMH)
HO»HOMOHTOJICKOH IepIIMHCKON OPOT€HHOM CHCTEMBI, XapaKTEepU30BaBILEHCS B TEUCHUHU JICBOHA M paHHETO KapOoHa
WHTEHCHUBHBIM Pa3BUTHEM OCTPOBOIYKHOTO MarMaTu3Ma.
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HemnnroeBckuii rpaHUTOMIHBIH Ty TOH, CPaBHUTENBHO HeOombInoe (20% 14 KM) HHTPY3UBHOE TEIIO, PACTIONOXKEH
B IO)KHOM O1oke BocToyHo-Ypanbckoro nopHsATHs, TpUMepHO B 20 KM K IOTY OT IIUPOKO W3BECTHOTO J[»aOBIKCKOTO
rpaHuTHOTO OaronuTa. B coctaB MaccuBa BXOIUT IIUPOKUH Psii OPOJL OT rabOpo 110 JIeHKorpaHnuTa, KOTOPBIHA CO Bpe-
MEH HEPBBIX ETPOJIOTMYECKUX UCCIICJOBAaHNI OBbUT BBIZIETICH B CAMOCTOSITENIbHBII HerroeBckuit tur [JIbBoB, 1965].
BMemmaronMu SBISIIOTCSL TEPPUTEHHBIE OTIOKEHUST PRIMHUKCKOIM CBUTHI paHHE- CpeAHEOpIOBUKCKOTO (?) Bo3pacra,
10 KOTOPBIM B KOHTAKTOBOH 30HE 00pa3yIoTCsi OMOTUT-KOPANEPUTOBBIE POTOBUKH.

B xoze reonornueckoro nousyuenus ruromaau Macurada 1:200 000 B 2000-2004 rr. 8 HeruttoeBckoM 1ty To-
He OBLIO BBIJICJICHO YEThIpe IMIaBHBIX a3kl BHenpeHHs (0T paHHUX K M03aHUM): | — rab6po u nuoputsl; 11 — kBapiie-
BbIE IMOPUTHI M rpaHonuopuTsl; [11 — anamenmutsr; [V — nelikorpanutsl. M3oxponasiM Rb-Sr metogom Bo3pact rpa-
HuronnoB II-1V ¢a3 onpenenen B narepsane 346—340 MITH JIET C TOCJIEIOBATEIBHBIM OMOJIOKEHUEM OT paHHEH (a3bl
K MO3HEH.

Kpome mopon miaBHEIX (a3 B LeHTpajbHOW 4acTH HerroeBckoro ruryToHa ObUIM BBISBIEHBI HEOOINBIIUE
TeJla MEJIKO3EPHUCTHIX TPaHOIMOPUTOB, aIaMEJUIUTOB M I'PAaHUTOB, ITPOPBIBAIOIINE PAHHEKaMEHHOYTOJbHBIE Tpa-
HHUTOWBI [IaBHBIX MHTPY3UBHBIX (a3 M cozmepikaiiye ux HeOonbume (epBble IeCATKH CAHTUMETPOB) KCEHOJMTHI.
MenKo3epHHCTbIE TPAHUTOUIBI CIIATAIOT JaHKH U IUTACTOBBIE TeJla MOIIHOCTBIO B IIEPBBIE METPHI ¥ MPOTSHKEHHOCTHIO
B JICCATKH U COTHU MeTpoB. HekoTopble U3 HUX cozepar 0a3uTOBbIE BKIIOYEHUS C TICEBI0IMYIILCHOHHBIMHU TEKCTY-
paMu, yKa3bIBalOIIMMH Ha OJIHOBPEMEHHOE BHEIPEHNE OCHOBHOTO M KHCJIOTO PAcCIIaBOB. YBEIWYEHHE KOJIMUYECTBA
BKJIFOYEHUH B OTIENIBHBIX YYAaCTKaX, U MX aCCUMUISIIAS BMEIIAIOIINM IPAaHUTOM OOYCIIaBIMBAIOT N3MEHEHHE OCHOB-
HOCTH TPaHUTOMJIOB STHX CEKYIIUX TEJ OT TPAHUTOB J0 IPAaHOJHOPUTOB. [10 XMMHUECKOMY COCTaBY OHH OTHOCSITCS K
BBICOKOKATMEBBIM M3BECTKOBO-IIEIIOUHBIM cepusiM B kinaccudukarmu C.P. Teitnopa, Ha quarpamme TAS pacmonara-
I0TCS B 00J1aCTH TIOPOJ] HOPMAIBHOM IIEJIOYHOCTH.

I'paHOIMOPHUTEI Ci10MEHBI MIarkokiasoM (6070 %, An,, B Spe, 4aCTO COCCIOPHUTU3UPOBAHHOM, M AN, . B Kpa-
eBoii 30He), kBapreM (15-20 %), ouorurom (10%) u MukpokauHOM (5—7 %); TPAHUTHI OTIMYAIOTCS MEHBIIUM KOJIHU-
yecTBOM Muarnoknasa (55-50 no 40 %, An,—An , 1o An,, , B CaMbIX KHCJIBIX Pa3HOCTAX), OnoTHTa (57 %), 60IB-
mmM — kBapua (30 %). TunnuHble akieccopuu: arnaTuT, UPKOH, eAMHUYHBIC 3epHa MarHeTuTa. CTpyKTypa MeJKo3ep-
HHCTBIX TPaHUTOUNIOB ciabonopdupoBuaHas, 00ycIoBIeHHas MPUCYTCTBUEM Ooiiee KpynHbIX (1.0-1.5 MM) kpucran-
JI0B 1u1arnokasa. CTpyKTypa OCHOBHOW Macchl OTUETIIMBO MMITHIMOMOP(HO3epHUCTas], 00pa30BaHHAs JeHCTaMU U Ta-
OnMYKaMy IUIarnoKiIasa u Yenryiikamu OypoBaTroro OMOTHTa, B MHTEPCTUIMSX MEXKIY KOTOPBIMU PaclollaratoTcs pe3ko
KCEHOMOP(HBIE BBIIENICHUS PEIIETYATOr0 MUKPOKIIMHA C TOHKUMU IIEPTUTaMHM pactiajia, ¥ KBapua. MiHoraa MUKpOKINH
M KBapI| cl1aratoT HecoBEepILEHHbIE MUKpOTpaduyeckue arperarsl. Hu Menko3epHUCTBIE TPAHUTOUIBI CEKYIINX TEN, HA
TIOPOABI TNIaBHBIX (a3 HerurtoeBcKkoro rryToHa He 00HApYKHUBAOT CYIIECTBEHHBIX SIMT€HETHYECKUX N3MEHEHUH.

MumnepanbHas Rb-Sr n3oxpoHa Uit MENKO3EPHUCTOrO T'paHHUTa, MOCTPOCHHAsS IO MSATH ToukaM (Baj, ara-
THT, MIOJIEBOW MIMat, ABe (hpakuuu OMOTHTA) OTBEYaeT paHHenepMckomy Bospacty 278 + 1 muH et (CKBO = 1.4)
OTIpEEIIIeT CPAaBHUTEIBHO BBICOKOE JIJIsi TPAaHUTOWIOB BOCTOYHOTO cKioHa HOHOTO Ypana nepBUYHOE OTHOIICHHE
87Sr/%6Sr = 0.70673 [ITonoB u ap., 2003]. [TockonbKy mapamMeTphl MOTYUYECHHON TUHEHHON 3aBUCUMOCTH JJIsl MUHEPa-
JIOB C pa3nu4yHbIMU K03 dunmentamu Auddy3un 1 Mopoabl B IIEJIOM YBEPEHHO OTBEYaloT n30XpoHHOoH [Wendt et al.,
1991], To 3Ta M30XpOHa AOJHKHA AATHPOBATH MMEHHO IPOLECC KPUCTAJUIM3AIMY I'PaHNTa U3 PacIliaBa, ONpeeInB-
M 00JIMK TOPOABI, HAOMIONAEMBIH B IUTU(E — MarMaTH4eCKUe CTPYKTYPHI ITPU OTCYTCTBUH 3HAYNTEIBHBIX TIOCTMAr-
MaTtuueckux uzmeHenuit [Koctuusin u ap., 2004]. JloctarouHo paanoreHHbI cCOCTaB St B TPaHUTE KOPPEIUPYETCS CO
cnabo oTpUIaTeNbHbIM 3Ha4eHueM g, = —1.7 [[Tonos u ap., 2003].

O0pa3oBaHue Ha BOCTOYHOM CKJIOHE Ypajia paHUTOM/I0B NOBBIIIEHHOH OCHOBHOCTH U TIOPOA 0a3UTOBOTO CO-
CTaBa B PaHHENIEPMCKOE BpeMsl, Ha KOJUIM3MOHHOM dTale Pa3BUTHs CKIIAI4aToro mosica, TpedyeT 000CHOBaHMS Ha-
JISKHBIMH T€OXPOHOJIOTMYECKUMHU IaHHBIMU. J[J15 3TOr0 B IMPKOHAX U3 M3yYSHHOTO MEJIKO3EPHUCTOTO I'PaHUTa OBbLIO
npoBezaeHo u3ydenune U-Pb uzoronHoii cucrems! (Shrimp-11, IV ®I'YIT BCET'EN).

3epHa LMPKOHOB TPEACTABICHBI MPU3MAaTHYECKUMH HIUOMOP(HBIMH, OOBIYHO MPO3paYHBIMU KPHCTAJLIAMH
«ruaruaToBOrOY (110 [KpacHobaer, 1986]) rabutyca pasmepom 200—400 MkM, H3peIKa BCTPEUAOTCS KpecTooOpas-
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HBIE JIBOMHUKH. B KaToMHBIX JTydax OoJbIIas 4acTh KPUCTAIUIOB OOHAPYKHBAET IPyOyI0 OCIMIIISIPHYIO 30HAJILHOCTB,
MHOT/IAa HAapYyIICHHYIO B LEHTPAJIbHBIX YacTsaX. ENMHUYHBIE 3epHa comepKar «sIpay HelpaBUIbHOH, aMeOOBUIHON
(hOopMBI, CIIOKEHHBIE IINPKOHOM C «IIITHUCTOW» 30HAJIBHOCTBIO M OT/ICJICHHBIE OT 00pacTalomei NX «KaMbD» KpUBO-
TMHEHHBIMU TpaHuiiaMu. CozepkaHus ypaHa ¥ TOPHsI BAPbUPYIOT B HpOKuX npenenax: 135-1410 u 20-1240 r/t co-
orsercTBeHHO, Th/U otHomenue — ot 0.02 o 1.40. MHorHe KpHCTaIBl COAEPIKaT MOIMMHUHEPATbHBIE, PEXKE — MO-
HOMHHEPAJIbHBIC BKJIIOUYCHHUS HEITPABWIILHOM, YaCTO OCTPOYTOJILHOM (OPMBI C KpUBOJIMHEHHBIMH TPaHUIIAMH pa3Me-
pom 10 100 MKM.

18 aHAIMTHYECKNX TOUEK PacIoiarajuch B 00IacTAX KPUCTAIUIOB, 00JIaJafONINX YETKO BHIPAKEHHBIM 30HAIIb-
HBIM CTpOEHHEM U paznnyHbIMU KoHIeHTparmsamu U, Th n Benmunnoit Th/U otHomrenus, 1 Touka — B «sape» MATHH-
CTOTO CTpOeHus, Xapakrepusytomemcs: Hu3kumu 3HadeHustMA U 1 Th u Th/U = 0.38 u | Touka — B «kaiiMe», OKpyxa-
IOMIeH «Aapoy, obnanaromiell MakcuMansHbIM conepxkarneM U (1410 r/t), MuanmansaeM — Th (22 1/1), kpaiitHe HU3-
kuM Th/U = 0.02 u HapymeHHoi cTpyktypoil. 3mepennsie U-Pb n3zoronnsle oTHOUIEHNS 10 18 TOYKaM B 30HAIb-
HBIX 4acTsX 3epeH HUPKOHA U | Touke B «kaiiMe» ¢ HapymeHHoH cTpykTypoil mpu CKBO = 0,30 1 BeposITHOCTH KOH-
KopraHTHOCTH, paBHOM (.58, onpenensier 3HaueHNe Bo3pacta 360 + 2 MIIH JeT, oTBedaromiee pyoexy IeBOHA U Kap-
00Ha M 3HAYMMO OTIIMYHOE OT PAHHENIEPMCKOTO 3HAUYEHHS BO3PACTa, YCTAHOBIEHHOTO Rb-Sr M30XpOHHBIM METOIOM.
Touka, pacroNoXeHHas B «SIPe» C «IATHUCTOI» 30HAJIBHOCTBIO XapaKTEPHU3yeTCsl paHHECWITyPHICKAM BO3PacTOM
430+ 9 maH. 1.

Jliist 0ObsACHEHUs CTONb 3HaYMTENbHOTO pacxoxaeHus U-Pb n Rb-Sr narmpoBok Obu10 mpoBeneHo onpeznene-
Hue xoHneHTpanuidi P35 u m3oronHoro cocrasa Hf B muprone (LA MC _ICPMS, IIUU ®I'YII BCETEN), a Taxxe
n3ydeHHe COCTaBOB MUHEPAJIOB — BKIoueHHH B upkoHe (Cameca SX-100, LIKIT «'eoanamutux» UI'T YpO PAH).

3 aHaJMTHYECKHE TOYKHU Ja3epHON aOJSIMU PacIoNIaraiuch B 00JIACTSAX 3epeH LUPKOHA C SICHO BBIPAXKEHHOM
30HAJILHOCTBIO C BO3pacToM 357-362 mulH JieT, 1 Touka — B «Ape» ¢ «ISATHUCTON» 30HAILHOCTBIO ¢ Bo3pacToM 430
MJH. 1. ¥ | Touka — B «kaiiMe» ¢ Bo3pacToM 362 MIIH JIET, O0pacTaromeil «saapo». B mepBeIX Tpex Toukax cymMmap-
Hoe conepxkanue P33 Bapsupyer ot 700 1o 3821 r/t npu nzmenennu 3HaueHui (La/Yb)n u (Ce/Ce*)n ot 0,0005 no
0.0087 1 0T 5 10 22 COOTBETCTBEHHO. «SApO» U OKpYXKalollasi €ro «kaMay XapaKTepU3yITCsl 3KCTPEMAIIBHO BbICO-
kumu 3Ha9eHIsIMU SP3D (13879 n 33222 cooTBeTCTBEHHO), 00YCIOBIEHHBIMH, B IIEPBYIO OUepellb, Pe3KUM oborarie-
uueM JIP33 — (La/Yb)n cocrasmser 0.1425 B «snpe» u 0.2407 B «kaiiMe», M IPaKTUIECKH OTCYTCTBHEM LIEPHUEBOM
anomanuu — (Ce/Ce*)n < 1,5. [IpuBeieHHbIE TaHHBIE YKa3bIBAIOT HA PA3JIMUHYI0, HO 3HAYUMYIO pojb (IIOMIA B TIPO-
necce 00pa3oBaHMs MUPKOHA MTOYTH BO BCEX MPOaHAIM3UPOBaHHBIX Toukax [Hoskin, 2005]: HauMeHbIIYIO TS TBYX
TOYEK C SICHOW 30HAJIbHOCTHIO 1 MAaKCUMAJIBHYIO ISl KPHCTAJLIa, COCTOSIIETO U3 OoJiee IpeBHEro sapa 1 6oee MoJo-
JIoH KaiiMbl. [IprMeuaressHO, 4YTO HECMOTPS HAa BEChMa Pa3InYHYI0 CTETNEHb «THIPOTEPMAIbHOTO BIMSHUS» BCE TOY-
KU, 32 UCKITIOYCHHUE «SIIPay, XapaKTepU3yIloTcs 04eHb Onu3kuMu 3HaueHussMu U-Pb Bospacra.

Bce u3yduenHbIe 00pa3nbl MUPKOHA C OCIHIUBIPHON 30HAIHOCTEIO C BO3pacToM 357-362 MIIH. JI. HMEIOT OITn3-
Kuii u3otonHbli coctas raduus: ("*HE/""H)i = 0.282672-0.282757, ¢, = 4.3-7.4. CoracHO yCJIOBHIO «IPUHALIEN-
HOCTH» ITUpKoHa «the terrestrial array» (TA) — «3eMHOM coBOKymTHOCTH mopoy» [JIoxoB u mp., 2009], Takoi UPKOH B
MOMEHT BpeMeHH 360 MIIH JIeT He MOT' KpHCTaJUIN30BaThCs U3 PAcIliaBa, 1o U30TOIMHOMY cocTaBy Nd cOOTBETCTBYIO-
IIEr0 paccMaTpUBacMOMY T'PAHHTY, U C BBICOKOH J0JIel BEPOSTHOCTH MOXKET CUUTATHCS METaMOP(PHUIECKUM, KCEHO-
TEHHBIM.

W3 MuHepanoB — BKJIIOUEHHH B IIUPKOHE Hanbosee yacto BcrpedaeTcs ¢propanarut (2.5—4 mac. % F), kotopsrii
00BIYHO 00pa3yeT cpaBHUTENBHO KpynHbIe (10 10—15 MKM) MOHOMUHEpalbHbIE BKIIOYEHHS pa3HOil ()OPMBI; JIUIIb
HO B OJTHOM CJIy4ae OH BBIITOJHSET OOJBIIYIO YacTh BKJIIOUYCHMSI COBMECTHO € KBapleM. BTopbIM 1o gactore BcTpe-
9aeMOCTH SABJIAETCA «INMUMarMaTudaeckuin» snuot (Ps,, ) [Tulloch, 1979], n3penxa comepkaruii «MUPMEKUTOBBIE
BpPOCTKH KBapua. KBapIi u opTokia3 BcTpedaroTcs M B BHI€ MOHOMHUHEPAJIbHBIX BKJIIOYCHHWH, HO YaIle COBMECTHO
JpYT € OPYTOM M 3IHI0TOM, peXe — ¢ anbOuToM. B omqHOM ciydae, B KpYITHOM BKJIIOYEHHH COBMECTHO C KBapLEM,
OPTOKJIa30M, allbONTOM M 3ITHI0TOM NMPHCYTCTBYET OHOTHT ¢ odeHb Hu3kuM (0.3 Mac. %) conepxannem TiO,, He xa-
paKTepHBIM [UIsl TPAaHUTONAOB HemmoeBckoro ryToHa.

CyMMHpPYsI HMEIOIINECS] TEOXMMUYECKUE, N30TOITHO-TEOXPOHOJIOTHYECKHE 1 MUHEPAIOTHIECKUE TaHHbIE aB-
TOp cuntaer Rb-Sr M30XpOHHYIO TaTUPOBKY COOTBETCTBYIOIIEH BPEMEHH KPHCTAJUIM3AIMN PaciulaBa, a IIMPKOHBI —
YHACJIeIOBaHHBIMHU, HE CHUMAsI, OJJHAKO, TPOOJIEMbI OTCYTCTBHS IMPKOHOB PAaHHENEPMCKOTO BO3pacTa.

Hccnedosanue guinonneno npu nodoepoicke npozpammul Qynoamenmanvhulx uccneoosanuti YpO PAH (npoex-
mot NeNe 12-C-5-1036, 12-11-5-1024).
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UH/IUI B OJIOBOPYJIHBIX MECTOPOXJIEHUSX SIKYTUH
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Pe3koe moBeIIeHNE CIpoca HAa WHIWI Ha MEPOBOM PBIHKE METaJUIOB B rociequue 10 JeT cBI3aHO ¢ aKTUBHBIM
WCIIOJIb30BAaHNUEM €TO B MUKPODJIEKTPOHHKE, aTOMHOM M COTHEUHOU SHEPreTHKE, AIEKTPOXUMHH, B MAIIMHOCTPOCHHH,
KOCMHYECKOH OTpaciy U MeIUIMHE. DTO HEN30EXKHO CTABUT BOIPOC O TIOMCKE HOBBIX UCTOYHUKOB MHJHS M TIEPEO-
[EHKE TPaAMIMOHHBIX: KOJYEeAaHHO-TTOIMMETAJUTMUECKUX U OJIOBOPYIAHBIX MecTopoxaeHui. B Poccun no0byua mH-
JIsL ceifyac OCYyIIECTBISIETCS B OCHOBHOM M3 Y/ KOJTYEIaHHO-TIOIMMETAIUINYECKUX MECTOPOKACHUH Ypala npH co-
Jepxanusx B HUX In ot 10 no 25 r/1. Micnons3oBaHue OJIOBSHHBIX Py M KOHLEHTPATOB AJIsl IPOU3BOJCTBA MHMS 1Ipe-
KpaTHJIOCh M3-32 PE3KOT0 CBEPTHIBAHUS OJIOBSIHHOM OTpaciy B TOPHONOOBIBAIONIEH TPOMBIIILIEHHOCTH. [ToaTomy 1ie-
peolleHKa pecypCHOTO MOTEHIINAIa POCCHHCKUX OJIOBOPYIHBIX MECTOPOXKICHUH Ha MHANH B HACTOSIEE BPEMS SIBIIS-
eTcs Ba)KHOW M aKkTyaJbHOW 3ajadeil. B 5ToM miiaHe npencraBiseTcst BaXKHBIM W3y4YeHUE YCIOBUI (OPMHUPOBaHUS U
3aKOHOMEPHOCTEH MPOSIBIICHUS] MHANEBOI MUHEpAIM3al[K Ha PA3HBIX THIIAX OJIOBOPYIHBIX MECTOPOXKICHHH.

KpynHbeIM perroHoM ¢ In-copepikanyM oIOBSHHBIM Opy/aeHeHueM siisiercst SIHo-IlonoycHbli MeTaiutoreHu-
yeckuil nosic B BepxosiHo-KoibIMCKO# TPOBHHIIMHN, B KOTOPOM JIOKAJIM30BaH Psii M3BECTHBIX MECTOPOXKICHHUH OJI0-
Ba: Uypnynss, Yokypnax, Ore-Xas, Kecrep, Xonopckoe, Mnunracc, AHOMaJIbHOE U JIpyrHe, TOM YUCIE U BeCbMa
kpynHoe [lemmyrarckoe. B 3ToM pernone BBIJEISUIOCH 1BA IIABHBIX THIA OJIOBSHHBIX MECTOPOXKACHHUH: KACCUTEPUT-
KBapLEBbIi U KaccUTepUT-cyabpuanbiii [Drepos, 1976; Pankesuu, 1971; Jlyros, 1986 u np.]. ['eonoruueckumu oco-
OEHHOCTAMH ATUX MECTOPOXKICHHH SIBISCTCS JIOKAIU3AIHs B KApOOH-IEPMCKHX M TPUAC-IOPCKUX YIIIHCTBIX TEPPH-
TeHHBIX TOJIIAX BepXxosHCKOTro CKilaquaTo-HaJBUTOBOTO I0sICa U JIOKAJIBHBIX apeaax NpOsBICHHS MEJIOBOTO TPaHH-
TOUIHOTO (KaCCUTEPHUT-KBAPILIEBOE OPYACHEHUE) MU IIECTPOTO 10 COCTaBY MPAHUTOUIHOTO, 0a3UTOBOTO U IIEIOYHO-
0a3uTOBOrO MarMaru3mMa.

Kaccurepur-kBapieBbie KHJIbI TIEPBOTO dTarla SBISIOTCS OCHOBHBIMU NPOAYKTHBHBIMH Ha OJIOBO, OHU Xapak-
TEPU3YIOTCS HEBBICOKHM COZIEPYKaHUEM BKPAIJICHHBIX CYTb(UIOB, CPEIH KOTOPHIX MPeodiIaiacT apceHOMUPHT, MEHb-
e xanbkornmputa. ConepkaHue HHANS B KACCUTEPUTOBOM KOHIIEHTpATe M3 KBAapI-KACCUTEPUTOBBIX KU 10 60 r/T
[@nepos, 1976]. OnoBsiHHOE OpyACHEHHE ITOTO THUIA CBSA3BIBAIOT C MArMaru3MOM TPaHOAHOPUTOBOTO U TPAHUT-
neiikorpanuTHoOro coctana [DPnepos, 1976; Poguonos, 2005].

I'eoxuMuuecKoil 0COOEHHOCTBIO KaCCUTEPHUT-CYINbGUIHOTO (Sn-Cyab(puaHOTO) OpYICHEHHS BTOPOTO JTara sB-
JSIeTCsl CyIECTBEHHOE 00OTalleHie WHINUEM, KOTOPBIH OOBIYHO BXOJIHUT B COCTaB CYNIb(HUIOB B BUAE U30MOPHHOMH
NpUMecH, pexke o0pa3yeT coOCTBEHHbIE MUHEPAJIbl, B OCHOBHOM CIIOKHBIE cynbduasl. Conepxxanus uHaus B Fe-
coanepure U3 Sn-cynb(OUAHBIX XU MecTopokaeHui Jlemyrarckoe, Ore-Xas, NnmuHTace cOCTaBISIOT 1O JJAHHBIM
PEeHTreHoCIeKTpanbHoro Mukpoananusa 10 0.5 mac. % u ot 100 o 10000 r/T mo pe3ynbraTaM XMMHYECKOTO aHa-
nu3a [Banos, Po3buanckas, 1961; Uunones, Hepoiica, 1974; Hekpacos, 1966]. B cTaHHHWHE 3THX XKE KU OTMEYa-
nocsk 110 0.15 mac. % unnust, B xanekonupure ot 50 1o 1500 r/T [Hekpacos, 1966]. B chanepute u3 Sn-cynbduano-
TypMaJTMHOBOTO MPOKWJIKA Ha JlemyTaTrckom MecTopoxaeHuu otmedanochk ot 50 1o 2100 r/t In [Banos, 1964]. B
coanepure MectopoxeHnii Jre-Xas n KyTHHCKOe CIIeKTpaibHBIM KOIMYECTBEHHBIM aHAJIM30M yCTaHOBIeHO 1350 u
330-9200 r/T unaust coorBercTBenHo [Koctun, 1989]. Ha mectopoxxaenun 3apuuna Fe-chanepur (9-13 mac. % Fe)
W3 IUPPOTHH-C(anepuTOBBIX KK coaepkuT oT 50 1o 1600 r/T uHIUs 1O pe3ynbTaTaM CIIEKTPaIbHOTO aHAIU3a U OT
0.05 o 0.5 mac. % 1o JaHHBIM MUKPO30HA0BBIX aHanu30B [KoctuH, 1989]. B pygax Manra3zeiickoro MecTopox1eHHs
Fe-caneput conepxur ot 100 no 600 r/r unaus [Munones, Hesoiica, 1974]. B pynax BeicokoropHoro mectopoxze-
Hust B FOxHOM BepxosiHbe ycTaHOBICHBI MUHEPAJIBl MHIAMS (POKE3HT, JIAQOPETHT, CaKypauT- U MEeTPYKHUT-TTOA00HbIE
(assl ¢ conepkanreM uHAUS 10 22 Mac. %, cynb(uabl MHOUS ¥ MapraHua, uHaus u cepedpa). Copepxanusax In B
pyae Bricokoropaoro mectopoxaenus Bapbupytot ot 30 1o 300 r/t [Kokun u ap., 2010]. [eoxumuueckoit ocobeHHO-
CTBIO UHJEHOCHOTO OPYJICHEHHSI 3TOT0 MECTOPOXKICHUS SIBIIIETCSI KpaliHe HU3Koe coziepxanue Cu U HEBBICOKHUE CO-
nepxxanus Pb u Zn, v Torna npu Tex e CoAepKaHUAX Cepbl M MapraHia KpucTajuiu3yercs anadbanauH. Takue mpo-

164



I'PAHUTBI Y DBOJIFOLIHA 3EMJIH

Tabnuna
Iloponel u opyneHeHue Mumnepan Bospacr, Meton
MJIH JIeT

Matixa nammpodupos (yu. Maapu-bypesectHrk) >113 I'eon. nanHble
Bepe3uTu3npoBaHHbIii TaMIPO(GHUP U3 KBAPLEBBIX IPOKUIKOB DykcHuT 113£1.5 DA Ar
¢ rasieautoM (yd. MHapu-BypeBecTHHK) Cepuir 111.5+1.1 DA Ar
KBapuesble :KiJIbI ¢ rajJeHUTOM U cajiepuTomM 113 DA/ Ar
I'panuTh! JlemyTaTckoro myToHa upxon 112.3+1.7 U-Pb, SHRIMP
Menko3epHHUCTBIE TPaHUTEI, JlemyTarckoe Hupxon 112.2+1.4 U-Pb, SHRIMP
M-HHe, ckB. 1002, uHT. 466 M
I'peiizeHN3NPOBaHHBII I'PAHUT C KACCUTEPUTOM MycKkoBHT 111.7£1.6 A/ Ar
I'parut-niopdupst ouoTut 108.8+1.2 DA/ Ar
Prosnut-nopdupst <108 K-Ar
KBapu-MycKoBUTOBBIH Ipeif3eH ¢ kKaccuTepuToM, Jlemyrarckuil MyckoBHT 106.2+1.3 DA Ar
yToH, ckB. 1001, uHT. 272 M.
JlamMnpopupoBbIe TAKN doronuT 106.1£1.2 DA Ar
Ksapu-typmanus-Sn-cyab@uaHble :Kubl, [lenyrarckoe M-Hue, MYCKOBUT 106.3+1.2 DA Ar

ckB. 1001, uHT. 699 M.

Sn-Ag-Sb opyaenenue
Jaiiku 1ammpodupos ¢bnoronut 97.7+1.1 DA Ar
To xe ¢noromur 93.3+2.3 DA/ Ar

IIpumeuanue: U-Pb onpenenenue Bo3pacra BeinonHeHo B AHanutHueckoM Llentpe BCEI'EU, 1. Cankr-IlerepOypr (anamuruk W.I1.I1anepun); Ar-
Ar BO3pAcT CIIIO N3 MarMaTUYeCKUX IIOpoJ ¥ pyx ompeneseH B AnanurudeckoM Lienrpe UI'M CO PAH, r. HoBocubupck (ananutuk A.B. Tpasun).

TIOPLIUH CONIep KaHMs PYTHBIX JJIEMEHTOB OOBSICHSIOTCS JIOKAIN3aIMeH OPYJACHEHNS B ByJIKAHOT'€HHBIX TOPOJIaX MEJIo-
BOTO BO3pacTa, MepMCKHUE TePPUTEHHBIE TOPOBI H3BECTHBI TOJIBKO B HHXKHEM CTPYKTYPHOM sipyce Ha ITyOuHe >1 kM.

OTtMmeuaroTcs obmume 11 MecTopokaeHui SIkytin u JlansHero BocToka 3akoHOMEPHOCTH pacipeieNiCHNs HHANS
B MHUHepaiax. Kak B KBapI-KaCCUTEPUTOBBIX, TaK U B SN-CyIb(QHIHBIX KIIaX OTIOKEHHE PYJHBIX MHHEPAJIOB HAYlHa-
JI0Ch ¢ OoJiee BHICOKOTEMIIEPATypPHOIO KACCHTEPHTA, INIABHOTO MHHEpajia KBapI-KaCCUTEPHUTOBBIX JKHJI MM BTOPOCTE-
MIEHHOTO B SN-CyIb(OUIHBIX pyAax. MHauni BXomUT B BUE N30MOP(HOMH MPUMECH B COCTAaB KACCHTEPHUTA OJIOBOPYIHBIX
JKHJT TIEpBOTO 3Tara B komuuectse 10 100 1/, u 10 400 r/T B KacCUTEPUT SN-CYIIbGHUIHBIX KU BTOPOTO 3Tara, Kojaude-
CTBO KOTOpOTO HeBenuko. [1py cHIKeHun TeMiiepatypsl In Bxoaut B coctaB cyabduno. CopepxaHus HHIHS B CyTbhH-
Jlax KBapI-KaCCUTEPHUTOBBIX JKUJI HE3HAUNTENbHBIC, HA YPOBHE OIIMOKH ONPENeNICHNs, a B MUHEpaJlaX Sn-Cyab(OUIHBIX
JKHJT TOCTUTAOT HECKONBKUX KI/T. OCHOBHAS YacTh MHIMS OTJIaraeTcs B HHTepBasie Temreparyp 350-250 °C.

B namnbonee kpymHOM JlemyTaTckoM pyaHOM y3iie Ha ceBepe SIKyTHH IPOSBIEHO MHOTO3TalHOE OpyIeHe-
HHUe, BKItouas Sn-W pyasl B BHJE KBapI-KACCUTEPUTOBBIX KMJI, KOTOPHIC CIOKEHBI paHHEH KBapL-TypMasldH-
KaCCHUTEPHUTOBOH accolualiiell IepBoro 3rama, U Sn-cyabQUIHBIM U Sn-Ag opyaeHeHHe BToporo dtamna. Oomas xpo-
HOJIOTHSI Pa3BUTHS IPOLIECCOB MarMaTu3Ma U pynooOpa3zoBaHus B JlemyTaTckoM pyJHOM y3j€ 1O JaHHBIM Ar-Ar u
U-Pb natupoBaHus IPEACTABISCTCS B CICAYIONIEM BUe (CM. TaOIHILY).

WnnuenocHoe Sn-cynabdumHOe OpyleHEHHE SIBISIETCS NPOW3BOIHBIM OJBONIOIMH MaHTHHHO-KOPOBOM PY/AHO-
MarMaTi4yeckoil CHCTEMBI, CBSI3aHHOM C IOCT-KOJUTM3HOHHBIM TPAaHUTOUIHBIM H HIEIOYHO-0a3UTOBBIM MarMaru3mMoM. Bo
Bpemst koytn3uk KonbiMo-OMOOHCKHH cynepTeppeiiH MpeICTaBIIsul COO00MH KeCTKHH HHACHTOP, YTO MPUBENIO K (OpMH-
POBAHHUIO CIIOKHOM HaNpPsPKEHHOHN CKJIaguaTocTd mopo BepxostHekoil naccuBHOM okpanHbl CeBepo-A3HaTCKOro Kparo-
Ha BIoJIb 00pamiteHnst KombiMo-OMOJIOHCKOTO cyniepreppeiiHa 1 K 00pa30BaHHIO 30H MONIEPEUHBIX Pa3IOMOB, BIOJb KO-
TOPBIX IPOUCXONIIO BHEIPEHNE MOCT-KOJUTM3MOHHBIX TPAHUTOUTHBIX PACIIIIABOB | JIACK JIaMITpO(UpOB.
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World production of indium steadily increased during the last 10 years, because consumption is growing con-
stantly in microelectronics, nuclear and solar power plants, electrochemistry, ultra-high vacuum technique, aerospace
industry, pharmaceutics and medicine. Growing demand for indium requires the involvement of new raw materials
instead of traditional VMS and tin deposits. Commercial grade indium is currently recovered as a by-product of the
Sn-massive sulfide deposits of the Urals with In contents in the ores from 10 to 25 g/t. Indium production from the
ores of tin deposits stopped in the result of collapse of tin mining industry. Therefore, reassessment of indium resource
potential of tin deposits of Russia is now an important and urgent task. It is important to study conditions and regulari-
ties of indium-bearing mineralization formation in the tin deposits of different types.

Large region with In-bearing tin mineralization is Yano-Polousnyi metallogenic belt in the Verkhoyansk prov-
ince where most part of known tin deposits are located: Churpunya, Chokurdakh, Ege-Khaya, Kester, Honorskoe,
Ilintass, Anomalnoe and others including large high grade tin Deputatsky deposit. Two main types of tin deposits
have been recognized: cassiterite-quartz and cassiterite-sulfide [Flerov, 1976; Radkevich, 1971; Lugov, 1986, etc.].
Geological feature of these deposits is localization in the Carboniferous-Permian and Triassic-Jurassic carbonaceous
terrigenous strata of the Verkhoyansk fold-thrust belt and local areas proximate to the Cretaceous granite (cassiterite-
quartz mineralization) or diverse granite, mafic and mafic alkaline magmatism.

Cassiterite-quartz veins of the first stage with low content of disseminated sulfides (dominated by arsenopyrite
with less quantity of chalcopyrite) are the main productive tin ore. Indium contents in cassiterite concentrate from
quartz-cassiterite veins are in the range from 10 up to 60 g/t [Flerov, 1976]. Tin mineralization is linked with grano-
diorite and granite-leucogranite magmatism [Flerov, 1976; Rodionov, 2005].

Geochemical feature of cassiterite-sulfide (Sn-sulfide) mineralization of the second stage is a significant enrich-
ment in indium, which is usually occurs as an impurity in sulfides, rarely forms own minerals. Indium contents in the
Fe-sphalerite from Sn-sulfide veins of the Deputatskoe, Ege-Khaya, and Ilintass deposits according to EPMA data is
up to 0.5 wt. %, and from 100 to 10000 g/t by the results of the chemical analysis [Ivanov, Rozbianskaya, 1961; In-
dolev, Nevoisa, 1974; Nekrasov, 1966]. It was determined up to 0.15 wt. % indium in stannite from the same veins and
from 50 to 1500 g/t in chalcopyrite [Nekrasov, 1966]. Sphalerite of Sn-sulfide-tourmaline veins from the Deputatsky
deposit contains from 50 to 2100 g/t In [Ivanov, 1964]. Indium contents in sphalerite from the Ege-Khaya and Kutin-
skoe deposits is about 1350 and 330-9200 g/t, respectively by data of spectral quantitative analysis [Kostin, 1989]. In
the ore fields of the Zarnitsa deposit Fe-sphalerite (9-13 wt. % Fe) from Sn-sulfide veins of quartz-pyrrhotite-sphaler-
ite composition contains from 50 to 1600 g/t indium by the results of spectral analysis, and from 0.05 to 0.5 wt. % by
microprobe analysis [Kostin, 1989]. In the ores of the Mangazeisky deposit Fe-sphalerite contains from 100 to 600 g/t
indium [Indolev, Nevoisa, 1974]. Indium minerals (roquesite, laforetite, sakuraiit- and petrukite-like phases with in-
dium content up to 22 wt. %, indium-manganese sulfide and indium-silver sulfide) have been found in the ore of the
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Table

Rocks and mineralization Mineral Age (Ma) Method
Lamprophyre dike (Inari-Burevestnik occurence) >113 Geol. data
Berezitizated lamprophyre from quartz vein with galena (Inari- Fuchsite 113.01.5 | *Ar/¥Ar
Burevestnik) Sericite 111.51.1 | *Ar/¥Ar
Quartz veins with galena and sphalerite 113 DA Ar
Granite of the Deputatsky pluton Zircon 112.3+1.7 | U-Pb, SHRIMP
Fine-grained granite, Deputatsky pluton, bore hole 1002, 466 m Zircon 112.2+¢1.4 | U-Pb, SHRIMP
Greisenized granite with cassiterite Muscovite 111.7£1.6 | *Ar/*Ar
Granite-porphyre Biotite 108.8+1.2  [“Ar/*Ar
Rhyolite-porphyre <108 K-Ar
Quartz-muscovite greisen with cassiterite, Deputatsky pluton, bore | Muscovite 106.2+1.3  |[“Ar/*°Ar

hole 1001, 272 m

Lamprophyre dike Phlogopite 106.1£1.2  |*Ar/*Ar
Quartz-tourmaline-Sn-sulfide veins, Deputatsky deposit, bore hole | Muscovite 106.3£1.2  |“Ar/*°Ar

1001, 699 m

Sn-Ag-Sb mineralization

Lamporophyre dikes Phlogopite 97.7+1.1 DA Ar

Phlogopite 93.3+£2.3 A/ Ar

U-Pb dating has been performed in the Analytical Centre of VSEGEI (Saint-Petersburg) by 1.P.Paderin; Ar-Ar dating has been
carried out in the Analytical Centre of Institute of Geology and Mineralogy (Novosibirsk) by A.V. Travin.

Vysokogornoe deposits (Southern Verkhoyansk province). Indium contents in the ore of the Vysokogornoe deposits
range from 30 to 300 g/t [Kokin et al 2010]. Geochemical feature of the In-bearing Sn-sulfide mineralization of the
Vysokogornoe deposit is a very low Cu content, and low Pb and Zn contents, therefore at the same sulfur and man-
ganese contents, alabandite aggregates were crystallized in the veins instead of chalcopyrite. Such proportions of the
main ore elements we can explain by location of mineralization in the Cretaceous volcanic rocks, Permian terrrigenous
rocks are known here only in the lower structural unit at the depth more than 1 km.

There are common pattern of indium distribution in the deposits of Yakutia and Russian Far East. Ore mineral
deposition started with high temperature cassiterite crystallization in quartz-cassiterite and Sn-sulfide veins, at that
cassiterite is the major mineral in quartz-cassiterite veins and minor mineral in the Sn-sulfide veins. Indium is present
as an impurity in cassiterite of quartz veins of the first stage in an amount of up to 100 g/t, and up to 400 g/t in the
less abundant cassiterite from Sn-sulfide veins of the second stage. As the temperature decreases, indium enters the
structure of sulfides. Indium content in the sulfides of the quartz-cassiterite veins is similar to an inaccuracy of deter-
mination, and in minerals of the Sn-sulfide veins up to several kg per tonn. The main part of indium is deposited in the
temperature range from 350 to 250 °C.

The largest multistage Deputatsky ore cluster in northern Yakutia was formed as the result of combination of
Sn-W (quartz-tourmaline-cassiterite veins) mineralization of the first stage, and Sn-sulfide and Sn-Ag mineralization
of the second stage. General chronology of the magmatic processes development and mineralization in the Deputatsky
ore cluster according to Ar-Ar and U-Pb dating is represented as follows (see Table).

Indium-bearing Sn-sulfide mineralization was formed in the result of evolution of mantle-crust ore-magmatic
system linked with post-collisional granitoid and mafic alkaline magmatism. During collision, Kolyma-Omolon su-
perterrane worked as a hard indenter, which led to the formation of a complex intense folding of rocks of the Verkhoy-
ansk passive margin of the North-Asian craton along margin of the Kolyma-Omolon superterrane and to the formation
of transverse faults zones along which post-collisional granitic melts and lamprophyre dikes had been intruded.
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CTPYKTYPbI U ®AKTOPbI IOCTMATMATHUUYECKHUX JJE®OPMALIMI
B 'PAHUTAX

E.C. ITpxusarosckuii, M.I. Jleonos, E.B. Jlappymuna

Teonocuuecxuti uncmumym PAH, Mockea, Poccus
przd@yandex.ru

K HacrosilieMy MOMEHTY He BBI3BIBA€T COMHEHHSI, YTO TPAHUTHBIE MAacCUBBI B COCTaBe (hyHIaMEHTa JPEBHHUX
Y MOJIOJBIX IUIAT(GOPM OCTAIOTCSl BAXKHBIM KOMITOHEHTOM TEKTOHHUYECKOH JKU3HH M (POPMHUPOBAHUS CTPYKTYPBI KOH-
TUHEHTAJIbHOM KOPBI JaKe Ha MO3IHHUX CTAIHUAX T€OJAMHAMUYECKOM 3BOMIONMU. B mocienHne roapl NosBisieTcs: Bce
OoJbIIIe CBUAETENHCTB IIUPOKOTO PACIPOCTPAHEHUSI CTPYKTYP MPOTPY3UBHOTO BHEJIPEHHS TPAHUTHBIX MacCHUBOB B
BBIIIICJICKAIIIE TIOPOJIBI, MHOTIA — B O0JIee MOJIOIOI 0CaOvHBIH Yexon (cM., HarpumMep, 0030p B: [Jleonos, 2008]).
CTpyKTYpBhl TEKTOHUYECKOTO TEYCHUSI B TPAHUTAX OTMEYAIOTCs, KaK MPaBUIIO, BHYTPU KPYITHBIX 30H aKTUBH3HPOBaH-
HBIX paznomoB [[IpxusnroBckuit u np., 2014].

JleTanpHOE Te€0JOrHYecKOe KapTHPOBAHUE YYACTKOB HPOSBICHUS TPAHUTHBIX NMPOTPY3HH B 30HaX BHYTpPH-
IUTMTHOH akTuBm3anmu lleHTpansHo-A3narckoro moasmkHoro nosica (FOxxuas Monronus, Tsaub-11l1ans, 3abaiika-
JIbE) MO3BOJIMIIO YCTAHOBUTD, UTO Je(hOPMALIMU U HKCTyMaIisi MaCCHBOB 3HAYUTEIHHO OTCTABAJIN [0 BPEMEHH OT
WHTPY3UBHOTO BHE/IPEHHUSI M KOHCOIHUAAIIMH I'PAHUTOB U POJOJDKAINCH IaXKe Ha dTane (OpMHUPOBaHHS COBPEMEH-
Horo penbeda [JIeonos u ap., 2008, 2014; [Tpxxusiarosckuii u ap., 2014]. Bo3Hukarmue npu 3T0M BHYTPH MacCH-
BOB M B MX OKPYXEHUH I1apareHe3bl CTPYKTYp yKa3bIBalOT Ha TO, YTO HA OIpEeSICHHBIX dTanax AeopMalin rpa-
HUTBI 00J1a/1a)T1 TOHM)KEHHOH BSI3KOCTHIO OTHOCHUTENIFHO OOJBITMHCTBA JIPYTUX MTOPOJ KOHCOIUANPOBAHHOTO (DyH-
JlaMEHTa ¥ JJake 0cazodHoro yexia. K oObsiCHeHHIO 3TOTro mapaiokca mpuoimKaeT paccMoTpeHne 1ehopMannon-
HBIX CTPYKTYpP CaMHX TPaHUTOB U CHHAE()OPMaIIMOHHBIX MHHEPAIBHBIX TPe0Opa30BaHHM.

1. Bo Bcex nccneioBaHHBIX TPAHUTHBIX IPOTPY3HSX AedopMaiiuy (B MaciTabe 0OHa)KeHHs) UMEIOT KBa3HILIa-
cTrdyecknil xapakrep. OCHOBHBIMH J1e()OPMAIIMOHHBIMH CTPYKTypaMH B MAacCUBE SIBIISIIOTCS. MHOTOYHCIICHHBIE 30HBI
KaTakjasa, OpeKYMpOBaHMs 1 MUHEPAJIbHBIX IPe00pa30BaHNH, IPOSBICHHBIE BO BCEM 00beMe MOOMITM30BaHHBIX TPpa-
HHUTOB W OPraHU30BaHHBIE B PEIIETYATYIO CHUCTEMY (ME30-ypOBEHb CTPYKTYP), B si4€iKax KOTOPOI B BUJE JINH30BU/I-
HBIX WJTH OKPYTJIBIX OJIOKOB COXPaHSIOTCSI OCTAHIIBI HAMMEHee N3MEHEHHBIX U Hele(hopMUpoBaHHEIX ropoz. [lepeme-
IIeHHe U iepopMalns MacCHBa B 11€JI0M (Ha MaKpO-ypOBHE) TIPOUCXOHUT B PE3yJIbTaTe MAIOAMIUTUTY/IHBIX TTIOJBHIKEK
TI0 3TUM 30HaM [0 3aKOHaM BSI3KO-TIACTHUECKOTO TeueHHs. PazMep TMH30BHIHBIX OCTAHIIOB BapbupyeT oT 7 10 30 M
0 JUIMHHOM ocu npH yanuHeHuu 1:3-1:5.

2. AHanu3 MUKPOCTPYKTYp BHYTpPH 30H OpEeKYMpOBaHUs M KaTakiaza Ha I'paHUIax JMH30BHIHBIX OCTaHIIOB
yKa3bIBaeT Ha MHOTOaKTHOE BO30OHOBJIEHUE JIe(hOpMAIIMOHHOTO Ipoliecca, TprudeM B MaciuTabe numda gedpopmannuu
Ha pa3HbIX CTaJUsIX UMENH JIM0O0 TIACTHUECKHA, TO0 Xpynkui xapakrep. [IpoaykTom miactuyeckux aedopMannii
SBJISTFOTCSI MUKPOOPEKYHH, MaTPUKC KOTOPBIX MPEACTABISIET COOOH arperar KpucTajuioB pazmepoM 5—50 MKM, cOCTOS-
MM U3 KBaplia ¢ MOYNHEHHBIM KOJIMYECTBOM TIOJIEBBIX ILTIATOB, CJIIOJ MIIM ITIMHUCTHIX MUHEPAIOB. Bo3HMKHOBEHNE
TOHKOKPUCTAJTUIECKOTO arperara — MUKpokjacTuta [JleoHos u ap., 2008; [Ipxkusiirosekuii u ap., 2014] — mpoucxo-
JIJIO Ha Pa3HBIX CTAAMAX Ae(opMaliy 1 B pa3INYHBIX YCIOBUSIX.

Haubonee pannue nedopmanuu, cCoOXpaHUBIINECS B OCTaHI[aX TPAHHUTOB, CJIA00 MepepadOTaHHBIX MO3]-
HUM KaTakKJIa30M U OpEeKINPOBAHUEM, COIIPOBOXKAAIUCH MIPOIIECCOM TMHAMHYECKOH PEKPHCTAIUIM3AINH, KOTOpas
B KBapII-MOJICBOIIIATOBBIX OPOIaX OOBIYHO MPOSBIAETCS B TeMiepatypHoM uaTepBane 250—400 °C [Passchier,
Trouw, 1996]. B uccnenoBaHHEIX OPOAaxX OHA MpOTEKaja IMyTeM «BCIy4YUBaHUs» TpaHull 3epeH (BLG) u/unm
obocobnenust u Bpauienus cyozeper (SGR), He moxons no BeIcokoTeMneparypHoi murpanuu rpanun (GMB),
Mpeanonarampineidonee BEICOKYI0 TeMmepatypy 6omnee 400 °C (mpu CKOPOCTIX TEKTOHUYECKOM JiehopMaIuu mo-
psinka 107>—107"%/c). XapakTepHbie 4epThl THX MPOLECCOB (OMUCAHHBIX MHOTUMH HCCIIE0BATEISIMUA B MHJIOHH-
Tax U BCECTOPOHHE M3YUYEHHBIX dKcrepuMeHTanbHo [Passchier, Trouw, 1996]) orMeuaroTcs B OONBIIMHCTBE U3-
YYEHHBIX HaMH 1THQoB. [Iponecc tnHAMHUECKO# pEKPUCTAIITU3aUU B PEOJIOTHUYECKOM CMBICIIE OTBEYAET BSI3-
KOMY TeueHHIo. MuHepanbHas IepecTpoiika 1 M3MEHEHNE PEOJOrHUYEeCKIX XapaKTePUCTHK OPOJ CBA3AaHbI TaK-
JKe C MpoleccaMy KapOOHATH3aIMK U KAOJIMHUTU3ALUH, IIPOUCXOASIIMMH B YMEPEHHO- 1 HU3KOTEMITepaTyPHBIX
YCIIOBUSX. BOJIBIIMHCTBO MO3HUX MIACTHYECKHUX AS(POPMANMOHHBIX MUKPOCTPYKTYp — KaTakjia3uToOB, MO3any-
HBIX U XaO0THYECKUX MHKPOOpPEKYHH, MUKPOKJIACTUTOB — 00YCJIOBJIEHO HU3KOH BA3KOCTHIO BTOPHYHBIX MUHEpa-
JI0B, OOMIJIBHOE MOSIBIIEHHE KOTOPHIX B TOPo/ie ObIIIO TOATOTOBICHO MPOIECCAaMU JE3UHTETPAIIUH U XPYIIKOTO pa3-
pyumenus. Habmonaemoe B numdax 3amenieHre KaonrHa 0oyee MPOYHBIM KBapleM, MOXKET YBEIHYNBaTh BSI3-
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KOCTh MaTpUKCa MUKPOOPEKUYNH, UTO SBISETCS OJHUM U3 IIyTeH CMEHBI J1e(hOPMAIIMOHHBIX PEXKUMOB, Pa3BUTHUS
XPYIKOTO pa3pymeHHs.

3. CnegaMu XpyIKoro pa3pyuieHuns, KOTOpOe, O4€BHIHO, TAK)KE MOTJIO OTBEYaTh O0JIee HU3KO-TEMIIEPaTyPHBIM
(hazam (nM yyacTKaM) yBEJIIMYEHHUS CKOPOCTHU AedopManny ¢ MpeoJoJICHUEM MIpeielia IIPOYHOCTH, SBIISIOTCS TIPO-
JKUJIKM 110 TPeIMHAM HECKOJIbKMX reHepanni, 3aroinHeHHble okuciaamMu Fe n Mn, KanbIUTOM, OpraHU4eCKUM Be-
IIECTBOM MJIM KAOJMHOM (CaMmble IO3JHHE). B HEKOTOPBIX pa3HOCTSAX TPEIIMHOBATHIX I'PAHUTOB KaJIbIIUTOBBIC MU
KaOJIMHOBBIE MPOXKIIKM 3aHUMAOT 10 1/3—1/2 oObeMa, 4TOo HEM30EKHO OTpa)kaeTcsi Ha M3MEHEHHH PEeoJIoTHYe-
CKHX CBOMCTB NOPOA. BO3HHMKAIOT KaTakIa3uThl M TEKTOHHYECKHE OPEKYMH C IIIMHUCTO-KPEMHHUCTBIM WIIN KaJlb-
IIUTOBBIM (PEKPHUCTAIIN30BAHHBIM KPYIMHOKPHCTANIMIECKHM) IIEMEHTOM, B KOTOPBHIX ()ParMEHTHI PEITUKTOBBIX
MHUHEpAJIOB TPAHUTOB CMEMIAIOTCA U IepeopHeHTHpyoTcs. CucTeMa MPOXXKHUIIKOB, KaK MPaBHIIO, UMEET SYEHCTO-
MOJMTOHAIBHBIN XapakTep, ¢ MpU3HAKaMHU AWIaTAaHCHH W TPaHyJSALMH MTOPOJBI B Iporecce nedopmarun. B o xe
BpeMs TOJIMTOHAJIbHAS M AyroBas (opMa xapakTepHa AJisi Haubosee paHHUX MUKPOTPELIMH B CI1a00N3MEHEHHBIX
TPaHUTAX, IPEANOIOKUTEIBHO OTBEUAIOIINX IPOTOTEKTOHMYECKUM CTPYKTypaM rpaHyisinun [[IpxusroBckuii u
Ip., 2009].

4. Tnst Bcex MUKPOCTPYKTYP XapaKT€pPHO OTCYTCTBHE YHOPSJOUYCHHBIX JIMHEHHBIX MIIH IUIOCKOCTHBIX 3JIEMEH-
TOB, OOBIYHBIX B MHJIOHUTAX, CHCTEM NapaJIJIEIbHBIX M CONPSDKECHHBIX TPEILMH WIN APYTHX IIPU3HAKOB CABUTOBBIX JIe-
(opmarmii B OHOPOJHOM T10Jie HanpspkeHuH. [ GonpmmHCTBaA AedopMaioHHbIX (ha3 yCTaHABIMBACTCS yBEIHUeE-
HHE 00beMa ITOpPOJ 32 CUET YBEIMUCHUS MEK3EPHOBOTO IIPOCTPAHCTBA.

Taknm 00pa3zom, MOXKHO CEIaTh BBIBOA, YTO HaOIoaeMble Ha 00JIee BBICOKMX MacIITa0HBIX YPOBHSIX IUIACTH-
yeckue AeopMaluy 1 epeMelleHHs 3HaYUTeNbHBIX 00bEMOB MTOPOJT (M3HAYaIbHO IPAHUTHOTO COCTaBa C THITUANO-
MOpP(HON CTPYKTYpOii) 00YyCIIOBICHBI ITOTEPEH CINIONIHOCTH KPUCTAIUTMYECKHX IIOPOA U PACCPEIOTOUYCHHBIMH OTHO-
CHUTEJIbHBIMH TIEPEMEILCHUSIMH OJIOKOB TIOPOJ], MUHEPAIBHBIX 3epeH WM UX (parMeHToB. JledopManny Ha pasHBIX
CTaMsAX MPOMCXOAAT B PAa3lIMUHBIX PEXKMMAax M B PEOJOTHUYECKOM CMBICIE OTBEYAIOT BSI3KOMY TEUEHHIO U XPYIIKO-
YIPYroMy pa3pyLIeHHUIO U COPOBOXIAIOTCSI HEOOpaTUMOH [uiaTaHcHeil. MHOrHe 0COOEHHOCTH ONMMCAaHHbIX JIedop-
MAalMOHHBIX CTPYKTYP MOTYT OBITh OOBSCHEHBI 3aKOHAMH ME30MEXaHNKH, 0OBEKTOM HCCIIEIOBAHHS KOTOPOH SIBIISIOT-
sl TpaHyJIMPOBaHHBIE (T. €. Ie3UHTETPHUPOBaHHBIC) cpesl [ Yaeger, Nagel, 1996].

OCHOBHBIMHU (paKTOpaMH 3HIAOTCHHOW E3MHTETPALUH SBISIOTCS: KOHMpaKyus P OCTHIBAHUN MAaccuBa, oe-
Komnpeccus (TEKTOHO-KECCOHHBIN 3 (EKT) u cama mekmoHuueckas degpopmayust. [IpOTOTEKTOHUYECKas IPAHYIISLINSI
Ha MHHEPAJIBHHOM YPOBHE JUI TPAHUTOHMIOB CBSI3aHA, NPEXIE BCETO, C CYIIECTBEHHBIMU Pa3IMUMsIMU (HU3HIECKUX
CBOMCTB TJIaBHBIX ITOPOA000PA3yIONINX MUHEPAJIOB TPAHUTOB — KBaplia U MOJIEBbIX IIITATOB.

B nporiecce oxinaskaeHus BCe MMOJIEBbIE IMAThl AEMOHCTPUPYIOT ONM3KHE BETMYUHBI KOHMPAKYUOHHOU YCAOKU
B OOJIBIIMHCTBE MHTEPBAJIOB TEMIIEPATYD, YTO PE3KO KOHTPACTUPYET C M3MEHEHHEeM o0beMa 3epeH KBapa. [Tpu ocTel-
BaHUH MaccuBa 10 575 °C, (1. e. mo mepexona OeTa- B anbda-Moau(UKaIuio) KBapil HECKOIBKO YBEIIMIUBACTCS B 00b-
eMe IPH OXJIKICHUH. 3aT0 AajJbHEeHIIas ero KOHTPAKIIMOHHAS yCcaIKa IIPEBOCXOJHT yCAKy MOJIEBBIX IIIATOB B CPE-
HeM B 4 pasza [CrpaBodHUK..., 1966].

B nepBoM npHOMIKEHNN MOXKHO CHHMTATh, YTO IIOJIEBBIE IIMATHI, COCTaBisIonme 65—75 % mopoasl, 00pa3yioT
CBSI3HBIN «KapKacy, ONMpPeAeIAIOMNN H3MEHEHIEe 00beMa TOPO/IEI B IIEIOM. YcaIka IMOJIeBhIX mmartoB Ha 1.15 % (mpu
octeiBannu ¢ 600 °C o 20 °C) comocraBuma ¢ ycaakoi B 1.39 %, paccunTaHHON 10 BETMYMHE TEIIOBOTO Paciiv-
peHus rpaHnTa IpHu arMochepHoM aaBieHnH [CrpaBodHUK..., 1966] AHomanbHas ycaaka kBapia (25-30 % o0Obe-
Ma I'paHHUTOB) ITPH OCThIBaHWH 1opoabl Hike 600 °C co3maer ycioBHs AJsl yBEIHMUYESHUS! BHYTPEHHETO IIPOCTPAHCTBA
B nopoze. Tpemunsl 1o neprdepnu 3epeH KBapia (BeJINYnHa KOTOPBIX 3aMETHO Pa3JIMuaeTcs MO pa3sHbIM KpUCTa-
norpaduueckuM HalpaBlIeHUSIM) OOBIYHO 3aMOJHAIOTCS HOBBIMH MUHEpallaMi M arperaraMu, 94T0 MOXET 0CIabiiTh
3¢ deKT rpaHyIAINH.

[lexomnpeccus B TIpoliecce HKCIYMallnyu MaccuBa (KaKk TEKTOHWYECKOH, TaK W IPH ACHYNALUH BhIIIEe-
JKAIIMX MOPOJ) BEIPAXKAETCA B YBEIMYCHUH 00beMa MaccuBa. B cBiI3M ¢ HE3HAYMTENHHBIM PAa3IMYNEM BEIU-
YUH ynpyroi nedopmanuu mnopomoobpasyromux MuHepanoB [CnpaBodHHK..., 1966] nexoMmipeccus MOXET
OBITH AefiCTBEHHBIM (DaKTOPOB OOIIEro U3MEHEHHsI 00beMa I'PaHUTHOTO MAacCHBa M BOSHUKHOBEHHUS COOTBET-
CTBYIOIIEH MakpoTpemuHOBaTOCTH [IIpkusnroBckuii u np., 2009, 2014], Ho cmabo BIUsAET HA MUKPOTpaHy-
nsauuio. B peanbHOCTH HEOOXOAMMO yUHUTHIBATh pa3indKe TeMIEpaTyp Ha Pa3HbIX INTyOWHAX, U TEPMUYECKYIO
KOHTPAKIUIO IIpH nogbeMe. KOHTpaKIus 1 JEKOMIIPECCHSI 110 CMBICITY TPOTHBOIIOJIOKHBI M B peaIbHBIX 00CTa-
HOBKaxX MOTYT B3aHMMHO KOMIIEHCHPOBAaTh U3MEHEHHUs 00beMa MUHEpasIoB. B 30HaX TEKTOHO-MarmMaTuyecKon
AKTUBH3AIHH, TJIe TCOTEPMUUECKOM TPAIUCHT MOXKeT yBenuuuBarbcs 10 60—100 °C/km u Ooxnee, KOHTPAKIAS
IpH NPHUOIIKEHNN MaccuBa K IIOBEPXHOCTH OKa3bIBaeTcsl 0ojee BaXHBIM (PaKTOPOM I'PAHYNISALHMH IOPOJ, YeM
JIEKOMIIpECCHSI.
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Texmonuueckas nepepabomra MOPOJT MOXKET PACCMATPHUBATHCS B KAUECTBE CAMOCTOSTEIILHOTO (PAaKTOpPa MUKPO-
rpanyssinui. ONHUCaHHBIE BBIIIE MUKPOCTPYKTYPHI IIOPOA U3 MPOTPY3UBHBIX MaCCHBOB CBH/ICTEIHCTBYIOT O HEO/IHO-
KpaTHOM CMEHE YCIIOBUH I'PaHyISINH 1 KOHCOJIMIAINHN B ITpoliecce JedopMaliim.

Crienn¢puueckoil 0COOEHHOCTHIO TPOLIEcCca KaTaKJIAaCTHIECKOTO TEUCHHUS SIBISIETCS YBEINYECHHE MEX3EpPHOBO-
TO IIPOCTPAHCTBA, 3HAYUTEIILHO ITPEBOCXOSIICE 110 BEITMUNHE JICKOMIIPECCHOHHOE MM KOHTpAaKIMOHHOe. J{unaram-
OHHBIH 3¢ eKT npyu 1edopMalyy rpaHyIUPOBAHHBIX TEJ XOPOIIO U3BECTCH. BO3HUKAIOMIAs «ITIOPHCTOCTHY», KOTOPast
YaCTHYHO WM TTOJTHOCTHIO KOMIICHCHUPYETCS MUHEpaJIM3alnei, MOXKET BapbUPOBATh B IIMPOKUX TIpejieax, OOBIYHO B
unrepsane 10-25 % obwvema [Yaeger, Nagel, 1996], uro 3aBucut ot (hOpMBI rpaHyil, UX KOJIHMYECTBA, JUINTEIHHOCTH
npouecca u ap. [Togo6HBpIM 00pazoM 1o rpaHuTaM GOPMHUPYIOTCS KBapI-KaOJIMHOBBIE MIIH KBAapI-KapOOHATHBIE TEK-
ToHOKJacTUTHI [JIeoHOB U 11p., 2008; IIpxxusuroBekuit u ap., 2014]. Junaranuonssiii 3G (exT omMcaHHBIX PeHIHBIX
JnedopManuii Con3MEepUM 10 BEIWYHMHE C IIOPUCTOCTHIO, HAOMOaeMol B IPAaHUTHBIX KOJUIEKTOpax He(Te-Ta30BhIX
MECTOPOXKACHUMH, H, TI0-BUANMOMY, MOXKET OBITH €€ OCHOBHOW IPHYMHOM.

Taknm 00pa3oM, TEKTOHUYECKOE TeUECHHE 3HAUYUTEIFHBIX 00bEMOB TIOPO, MPEATNOCHUTKO KOTOPOTO SBISETCS
MPOTOTEKTOHUYECKAsK IE3UHTErpays (B YaCTHOCTH — MUKPOTPAHYJISIIKS IOPOJ] TPAHUTHOTO Psifa), B CBOIO OUepellb
OKa3bIBaeTCs BAKHEHIINM (DAKTOPOM IPOIOIDKEHNUS IE3UHTETPAIMH HA PA3HBIX MAaCIITAOHBIX YPOBHSIX.

Paboma evinonnena npu noooepocke Ipoepammer OH3 PAH Ne 10 u Ilpoexma PODPHU 13-05-00298-a.
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PYJIOHOCHOCTb PAHHEITEPMCKHUX IMIOPOJ] T'PAHUT- JEHKOT'PAHUTOBOI ®OPMAIIMA
HA PEJKHE 3EMJIN (UATKAJIO-KYPAMUHCKASI AKTUBHASI KOHTHUHEHTAJIBHASA OKPANHA)

.M. Papuxos

Hucmumym Ieonoeuu u Ieoguzuru um. X.M. Aboynraesa AH PY3, Tawkenm, Y36exucman
rafikov_yalkin@mail.ru

B npenenax Typkecranckoro u 3apagmanckoro nageookeaHon, FOxHo-I'nccapekoro n baiicynckoro pudroren-
HBIX MajieobacceifHoB cyOokeaHnveckoro Tuma, Yarkano-KypamMuHckas akTMBHAS KOHTHHEHTAJIbHASI OKpanHa paHHeH
MIEPMH, YaCTO MMEHYeMasi «II03THEOPOTCHHOI», 3HAMEHYETCSI 3aTyXaHHeM CyOTyKIIMOHHO-KOJUTM3HOHHBIX MPOLIECCOB,
JIOKaJM3aliel MPOayKTOB MapOKCH3Ma KHCIIOTO BYJIKaHH3Ma (PUOIUT-TPAXUPUOIUTOBOTO KOMIUIEKCA) U KOMarMaTuy-
HOT'O MM T'PaHUT-JICHKOTPaHUTOBOTO KOMITJIEKCA B CHCTEMAX KOJIBIIEBBIX BYIKAHOTEKTOHHYECKHUX JICTIPECCHI.

Pannsist cranust pazsutus Yatkano-KypaMHHCKOTO pernoHa 03HaMEeHOBAIACh aKTHBHOM «11€pepaboTKOi» IpeB-
Hell KOHTUHEHTAJIbHOW KOPHI (apXei-NpOTepO30HCKNX THEWCOB M KPUCTAJUTMUECKHX CIIaHIIEB, KBapLUTOB, MPaAMOPOB,
MeTaba3uTOB) U COMYTCTBYIONIMX UM YABTpaMadUTOB Ha 0a3abTOMIHBINA COCTAB PacIUIaBOB (M3BECTKOBO-IIETIOYHON
Kanuii-HarpueBo cepun). B BHyTpuruuTHOM passutun Yarkano-KypaMHHCKOrO permoHa Ha CTaJWHU 3aBEPIICHUS
nponeccoB Marmatusma (P ), hopMupyroTcs moposibl rpaHUT — JIEHKOTPaHUTOBOTO KOMIIEKCA M COMYTCTBYIOIIME UM
aNBOUTUTOBBIC AIIOTPAHUTHI, PEAKO3EMENbHbIE (OPTUTOBBIE, MOHAIIUTOBEIEC, THTAHO-TAHTAI0-HUOOATOBBIE, yPAHUHH-
TOBBIE) METMATHUTHI, aTbOUTUTHI ITPEH3EHOBO-THAPOTEPMANIbHBIE 00pa30BaHUs M THAPOTEPMAIUTHL. B ycioBusx ma-
JbIX TiyouH (2.5-4.0 xM; Manble ¥ cpeaHue DIyOuHb) GopMupyloTcs ansouTutel Kenenuek-Tamcaiickoro pyaHo-
T0 noJs (apalraHcKuii KOMIUIEKC). B ApariaHckoM ITyTOHE Ha KYMOJIOBHIHBIX BBICTYIIAX M allou3ax pa3MemaroTcs
MOCTMAarMaTHYeCKrue METACOMAaTHIECKIE 00pa3oBaHus (TeNa albOUTUTOB U JIp., 0 TIEPBBIX KM?), 8 TAKIKE H30METPHY-
HBIC U BBITSIHYTHIC JaWKOBO-KMIbHBIC Tena (10 50%2000-2500 m). Tena ansOUTUTOB ¢ PYTHIIOM, MUHEPATIAMHU PE/I-
KHX 3€MeJlb, UTTPUSI M TOPHS OT MMOBEPXHOCTH MpociekuBatoTcs Ha TryonHsl 300—-500 M. OTaenbHbIe ITOKOOOpas-
HBIC U BBITSIHYTHIC Tela (KUIbHBIC) aIbOUTHTOB C SPO3HUOHHBIM cpe3oM UHTpY3uid (0onee 300-500 M) yMeHbIIAIOTCS
1o MoIHOCTH (10 5—10 cM) MM TPHOOPETAIOT IITOKBEPKOBBINA XapaKkTep HaXOXKICHHSI.

Just ans6utnToB Kenenuek-Taricaiickoro pytHOro mojist XapakTepHbl OCTPOISHUIUTHBIE MHHEPAIbHBIE (Op-
MBI THTaHa (pyTUsT; 10 2.0 Bec. % Nb,O,), a B rpefizenax Kapakbiza — BelieIeHHs UiIbMeHopyTha (22.46 % Nb,O,).
PyTun u nnbMeHOpyTHI 00pa3yroT apareHe3uc ¢ MOHAIMTOM, TOPHT-OPAHIKHUTOM, IUPTOIUTOM, (peprycOHUTOM, Ta-
JIOJIMHUTOM U JIp.

Ot nopon rpaHuT — NeHKOrpaHuTOBOM, P, opMaiuy B CTOPOHY albOUTHTOB MPOMCXOAMT POCT OTHOCHTEIb-
HO BBICOKUX COfiep)KaHUil peakux 3eMensd u utTpus (ot 13.2 1o 27.0 %, npu cymMmMe BECOBBIX IIPOIIEHTOB UX OKHCIIOB
npuHATHIX 32 100 %). Benmunaer cymmaphusix copepxkanuii Pr, Nd 1 Sm (= 10 %) 1 uX COOTHOIIEHHUS K COEPIKaHH-
SIM JIaHT@Ha MOKa3aTeNbHBI JUTS CXOKUX YCIIOBHH (POPMHUPOBaHMUS IPaHUT-JICHKOTPAaHUTOB, aJbOMTUTOBBIX allOTpaHy-
TOB M COOCTBEHHO anbOMTUTOB. B anbbutHTax (K03pduuneHT oTHOCHTENbHON KoHtenTpauun K .. = > 10 ¢ Bapua-
uusamu ot 8.2-10 yo 18), rpanutax (K, = 4.8), nelikorpanutax (4.5), anackurax (6.2) HaKOIJIEHHE PEAKUX 3€MEIb
Y UTTPUSI IPOUCXOAUT B TIPOAYKTAX MOCTMAarMaTH4eCcKuX peoOpa3oBaHui OPOJ] TPaHUT-JIEHKOTPAaHUTOB.

I'umabuccanbHBIM HHTPY3HAM TPAHUT — JelikorpanutoBoro P, xommiexca (Yapkacap, bemanamu, Apaian,
CaprapnoH, bapkpak, [laiinan u ap.) XapakTepHO B 9HJI0- U SK30KOHTAKTOBBIX (HAAUHTPY3UBHBIX) U UHTPY3UBHBIX
(hanmii 30HATPHOE pa3MelIeHHE PYIHBIX ToJIeH (ATbONTHTOBBIX allOrPaHUTOB, PEAKO3EMENBHBIX TIETMaTUTOB, ATbOH-
TUTOB, I'PEH3EHOB, THAPOTEPMAIUTOB) U SBJIICHHE TIOTEHIIMAIBHON PYIOHOCHOCTH Ha PEAKHE 3€MIIH, UTTPHH, TOPHIA.
B noponax ¢auun snnokonTakTa (anpoututhl Kenenuek-Tamicaickoro pyiHOTO IoJIsl, peIKOMETaJUIbHBIE Tpeii3eHa
Kapaxksiza, begananu u 1ip.) HaKaruIMBalOTCs 0 MPAKTHUECKH 3HAYMMBIX KOHIIEHTpAIMH PEKHE METaIIb, PEAKue
3eMIIM, UTTPUH, ypaH-Topuil. B mopoxax xapakTepHbl JOCTaTOYHO BbIcokHe KoadduimenTs! (ot 2.7 1o 4.8) ¢ oTHO-
CHUTEJIbHON KOHIIEHTpALUeH PEIKUX 3eMeJIb U UTTPHS. B 3aBUCHMOCTH OT MCXOIHBIX COCTABOB MarMaTHYeCKHUX pac-
TUIABOB U TIEPBUYHOCTH IIPOUCXOXKICHUS PEAKO3EMENTbHON MUHEPAIU3aIlMH HAaXOIATCS CPAaBHUTEIIBHBIE COAEPIKaHUS
Lau Ce (Ce:La > 2.0) 1 noka3aresu cOOTHOLIEHUH cymMmMapHOH BexnunHbl Pr, Nd 1 Sm k cogeprkanusm La. B mopo-
Jlax KoMmIuiekca akueccopHslie amatutsl (o1 10 000 mo 15 000 r/1) cimykaT OCHOBHBIMU KOHIICHTPAaTaMH U HOCUTEISIMU
PEIOKUX 3eMelb U UTTpHs. [J1s MOpos XapakTepeH anaTuT-MarHeTUTOBBIN THUII (ap-mt) aKI[eCCOPHO-MUHEPAIBHBIN CO-
CTaB NP y4acTUH HUPKOHA, cheHa, opTUTa u ap.

IToponooOpa3yromiye 1 akiecCopHble MUHEPAIIbI IIOPOJ HHTPY3UBHBIX KOMIUIEKCOB pacpeelieHHe PEAKHX 3e-
Mmenb. B mrarnoknaszax npumecu Ce, Pr, Nd mprcyTCTBYIOT B OTHOCHTENIBHO HU3KHMX KOJIMYECTBAX, MpuMeck La oOpa-
3yIOT OOIIMpPHBIE Pa30pOCHl KOHLEHTPALHA, IIPUMECH UTTPHSI U HEKOTOPBIX JPYTHX PEIKUX 3eMeib — Dy nocturaror
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Tabnuia

IoTeHnuanbHAS PYIOHOCHOCTH HA PeJKUE 3eMJIM HOPO] FPAHUT-JIeHKOrPAHUTOBOI0 KoMIUIeKea P
(Yarkano-Kypamunckass akTHBHAs KOHTHHEHTAJILHAS OKPAHHA)

Kpurepuu, npuzHaxu

DropodunbHO-TUTOGUIBHBII THIT MUHEPATH3ALUH

I. CrpykTypHO-reoornuecKkiue 1 MarMaTu4ecKue

TunomopdHsIe CTPYKTypBI

CBOI0OBO-TIIBIOOBHIE TOAHATHS U OYArOBBIE CTPYKTYPBI, 30HBI MAHTHHHBIX CKBO3-
HBIX JAUCIIOKALUH, Pa3IOMHO-TPEIINHHBIE CHCTEMBI

Teonoruueckast MO3UIUS U MPOCTPAHCTBEH-
HBIE aCCOIMAIINY C TUTyTOHUYECKUMHE (hopma-
nusva (amusivun)

KoHTHHEHTANBHBIH PeXHUM, BOCXOAAIINE IBIKEHHS, ()OPMHPOBAHKE MO3/IHETIa-
JIe030HCKOH ByIKaHO-0Ca0uHOM Tommu. IIpocTpaHCTBEHHBIE CBSA3U C TIOPOAAMH
rab6po-MOHIIOMMOPHT-TPaHOAMOPHTOBOrO C,, TabOPO-MOHLOHHT-CHEHUTOBOTO
P, 1 KOMarMaraMy pHOJIMT-TPAXHPUOIUTOBOrO P, KOMILIEKCOB

AKIIeCCOPHO-MUHEPAJIbHBINA THUIT

MoHanuT-Ir0pUTOBEIH (PeaKo3eMeNbHO-(III00PUTOBBII)

II. MunepaJioro-reoxuMmuuecKue

Makpo- 1 MHKpONapareHe3Mchl akLeccop-
HBIX MUHEPAJIOB

Y-rpanarsl, qurooput, ¢pepryconut, popmanut, camapcekut, TR-tupkoH, Y- u Th
— OPTUTBI, MOHALIUT, TOPHUT, TAJOJITMHUT, KACCETECPUT

AKI11eCCOpHBIE CAMOPOIHBIE METAIBI, CIUIA-
BbI U HHTEPMETAJLIH/IbI

Sn, Bi, Pb, Zn, In

MunepanbHas GopMa HaXOXKISHUS PEAKIX
METaJJIOB, PEAKUX 3€MelTb, HTTPHUS U TOPUS

DIr00pHT, LIEPHUT, OPTHUT, MOHALIUT, KCEHOTHM, HTTPUEBBII I'PaHaT, HTTPUHTAHTA-
TUT, PEeprycoHuT U Ap. (CHMKatel, Gocdarsl, KapOOHATHI, TATAHO- U IIHPKOHO-
CHJIMKAThl, HHOOO-TaHTaJIaThl, YTOPHABI, OKHCIIBI PEAKUX METAJLIOB, PEIKUX 3€-
MeJlb, UTTPHSL U TOPHS).

111. TumomopHBIE 0COOEHHOCTH MHHEPAJIOB

ITopomoo6pa3yromuit GHOTHT

Bricokast xene3ucTocTh (JIENHIOMIIIaH) 1 MapraH-IIOBUCTOCTbh, ipumecH Li, Ti,
Sn, W, Bi.

AKIIeCCOpHBIil anaTut

[Ipo3paunstii (po3oBaro- n xenThle OTTeHKH), Menkui (0.2—0.01 Mm), ymHeHHO-
MIpU3MaTHIecKe (TeKcaroHalbHBIE) M OKPYIIIO-H30METpHUIecKre (GOopMBI KpH-
craiuioB, F-amarut, yactnaHo Ca 3amemaercs Ha TR+Y, mpumecu Pb, Sn, Bi

AK11eCCOpHBII LIUPKOH, IUPTOIUT

Benblii, po3oBaThli, canatHeli, sxenaroBarelit; Menkue (0,2—0,5 mm, game < 0.1
MM; YAJIMHCHHO-TTPU3MATUUCCKUE, TUMUPAMUIATbHbIC (TIPU3MBI); IPUCYTCTBY-
FOT Ta30BO-)KUJIKHAE BKITFOYCHUS, XapAKTEPHBI MTPOPACTAHUS PYTHIIOM; COICPIKHUT
1-3 % Hf u Gonee, pagroakTHBHBII

AKIIECCOPHBIH MOHALIUT

Menkuii, TabauT4aTHIi, X0pomo oOpa3oBaHHBIE KpucTawibl (oT meHee 0,1 1o
0.3-0.5 mMM); KpacHO-OypBbIii, KPaCHO-KOPUYHEBBIH, (PUCTAIIKOBO-3€/IEHHBIN; Xa-
paxreper Ce- cocraB (conepkanue La u Nd 6mmsku) TR; mpucyTcTByroT uso-
ctpykryphbie npumecu Th, SiO,; pajioOakTHBEH; TIOMUHECIEHITUS 3€IEHOBATas

Muaukaropsl

TR, Y, Nb, Ta, Be, Li, U, Th, Zr (Hf), Bi, Sn, W

Teoxumuueckas crienuaau3anus rnoTCHI M-
aJIbHas pyIOHOCHOCTbH

TR+Y, Nb, Be, Zr, Th, Sn, W

JIOCTaTOYHO BBHICOKMX 3HAUCHUH. B KanmeBbIX MOJEBBIX MINaTax (MHKPOKINHBI, OPTOKIA3bl) OTCYTCTBYIOT IPUMECH
Ce, Pr, Nd, mpumecn Sm HaxomaTcsi Ha ypOBHE JOCTATOYHO BBHICOKHX 3HAUCHHUI. B KalIneBBIX MOJIEBBIX IITIATaX CPaB-
HHUTEJBFHO C TUIATHOKIIa3aMH CXOXKHE cofepskaHns Sm Y ITOKa3aTelbHbl Ha POJCTBO M TEOXMMHUECKHE OIM30CTH HX
KPHCTAJUIOXMMHUYECKUX ITapaMeTPOB MUHEPAJIOB.

B O6notnTax ycTaHaBIMBAIOTCS YCTOWYMBO HHU3KHE 3HaueHHs BenuanH La/Ce (> 1.0) mpm oTCyTCTBUU CBS3EH
¢ conepxannsaMu La ot Sm. Kos(pumeHT 0THOCHTENBHOM KOHUEHTPAMK PEAKHX 3eMenb u UTTpHs (K, .,) 6mms-
ka 2.0. B 6uotnTax B Cepuu MOPOI — OT paHHUX K IMO3THAM HakarummBatoTcss TR+Y. MycKoBUTHI copepikaT OTHOCH-
TENBHO HeBBICOKUE comepkanusd TR+Y (K ., = 0.5-1.0). B Munepasne mpyu HE3aBHCUMO HU3KMX HJIM NPAKTHIECKH
oTcyTCTByIOmuX copepkanusax La n Ce npeobragaer Sm-Bblif MakcuMyM, dneMeHThl Ce rpynnsl IpeodIagaioT Hag
UTTPUEBOU.

AKIieccopHble MUHEpAIbl [0 COCTaBaM MOAPA3EISIIOTCS Ha OKHUCIEI ((eprycoHnT, GOpMaHUT, PU3EPHT, ca-
MapCKHUT, YPaHUHHT, OaaeenT, KOTyMOUT-TaHTAIUT), GpocdaTsl (MOHAUT, KCEHOTHM, (IIOPEHCUT, HUTTPUAIIATHT,
CMHUPHOBCKHT), (hropus! ((piarooreput, GIrooputT 1 UTTPUGIIIOOPUT), KapOOHATH (PEHTTEHUT, OACTHE3HT), CHITHKA-
THI (OpTHT, C(EeH, TOPUT, OPAHKHUT, HUPKOH, IUPTOIHUT U Jp.). AKIIECCOPHBIE CHIIMKATHI PEAKHUX 3EMEIb MPeICTaBie-
HBI OCTPOBHBIMA OPTOCHIIMKATaMH ¢ M30JHPOBaHHbIMK SiO, (CTPYyKTypHBIE TUITBI TaJOJMHNTA, KEHIbraynTa-cQeHna,
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LEePTOIIUTa-MOHALIUTA), THOPTOCHIIMKATAMH C JOOABOUYHBIMU aHUOHAMH (CTPYKTYPHBIH THI SITUIOT-OPTHTA), BKIIIO-
9as OCTPOBHBIE CHIIMKATBI C H30JIMPOBAHHBIMH TTapaMu TeTpasnpos Si,O, (CTPyKTYpPHBIH THIT IEPPHEPUT-YEBKEHNTA),
MHHEpaJbl TPYIIITBI KOJBLEBBIX CHIMKATOB MMPAKTUYECKH OTCYTCTBYIOT, HCKIIIOYasl CAMHHYHBIC HAXOIKH LIEPUTA.

K guciry MeraMarMaTH4ecKux 00pa3oBaHHUi MPUHAIJIEKAT aKLECCOPHBIC THTAHO-, TAHTAJIO- ¥ LIHPOKOHOCHIIH-
KaTbl, (hoc(aThl, OKUCIBI, 00paThl, PTOPUABI U JP. WIH UX aKIECCOPHO-MHUHEPaTbHBIC ()OPMEBI (KOITyMOUT-TaHTAUTEI,
OPTUTHI, IUPKOHBI, MOHAIUTHL, TOPUTHI M Ap.). CTPYKTYpPHO-T€OJOTHYECKHE W MarMaTHYecKue, MHHEPaJoro-
TFeOXUMHUYCCKHE MPU3HAKH M KpUTepHH Ha (GTOpodUIbHO-ITUTO(UIBHBIA THI CBA3aHHON MHUHEPAIU3ALUH CIIyXKaT
(akTopaMH OTEHIHATEHOH PYyIOHOCHOCTH MOPOJ FPAHUT — JICHKOIPAHUTOBOIO KOMIUIEKCA HA PEIKHE 3eMIIH, UT-
TPHUH U TOPUH (CM. TAOJHILY).
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CUHTEKTOHUYECKUE T'PAHUTHI B KOJLJIM3UOHHOMN CYTYPE
HA TIPUMEPE CUBUPCKOI'O KPATOHA

O.M. Po3en

Teonocuuecxuti uncmumym PAH, Mockea, Poccus
roseno@yandex.ru

DBOJIONNS KOJUTM3HOHHOW CUCTEMBI COCTOUT U3 OTAEIBHBIX AMU30A0B (CTaANH), KOTOPHIE MOTYT ITOBTOPSITh-
csi. Brauane kopa yrommaercs, BCJIeACTBUE MOATATHBAHNS KOHTHHEHTAIBHBIX OJIOKOB Ha KPOBJIE KOHBEKTUPYIOIEH
MaHTHHHOU stueliku. Berynaer B nelicTBHe MEXaHM3M CaMOpa3orpeBa BCIEACTBHE CIIOKEHHS TEIUIOBBIX TTOTOKOB U
gyepe3 25 MIIH JIeT TeMIepaTypa JOCTUTaeT YPOBHS BHIIIABICHHU TPAHUTHOTO PacIulaBa- MUHUMYM, JIOKaJIN3YIOIe-
TOCsl CHHKHHEMATHYECKH — ITOCIIOMHO B COMPOBOXKICHUN MUTMATHTOB U (MITFOMIHOTO TOTOKa (puc. 1, 2). D10 pacyer-
Hast 1iudpa BpeMEHH, OCHOBaHHAs Ha TEIUIONPOBOAHOCTH KOPHI M Apyrux napamerpax [England, Thompson, 1984]
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o g & . nmnacmura
2F1g8 | IEZ 5 4 0 km S00°_1000°€ / Y
| €= £% 2 ' '
| 188 | 128¢ . ' ( 1
b I % ; I E 2 ® § 2
I,j_‘_’,r\' I 2. 4-5 kbap gz .
L | 5 | 12 500°C ) - =
S LIEE 1| f: i E
g6l E3 2@ 6.0-6.5k0ap 55 i e 3
= g8 | > 780-810°C £ 8 2% || &
FI1EE 1 g g . e £
S'I 1 OGosnavuenwus 70 rent .‘/.1 : k:: "a M M é
I | O co
C 1 2 ToC 25 ModdeuHymas
@ 10 kbap O H,0 (HCUOROCIE) Crycrs MIlIeT nnacmuHa
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a 0 ® w
Puc. 1. Opoinronust TeMneparypsl U 1aBIeHUs IPU Puc. 2. [IpunnunuanpHas cxemMa IpaHUTHOTO IIpoLiec-
paryp p p p p
¢dopmupoBanun KoryiikaHckoi mIoBHOH 30HEI, AHa0ap- €a B KOJUIM3UOHHBIX CUCTEMAaX:
ckuit muT, Cubups (110 JaHHBIM U3y4YCHUS (IIFOUTHBIX 1 — obmacTb pasrpy3Kd TPaHUTHOH KUAKOCTH (MHTPY3HH U
BKHIO‘{eHI/Iﬁ) ByHKaHI/ITI)I); 2 — o0yacTh HaKOILICHHUS paciuiaBa B YCJIOBHAX IIOT-

HOCTHOTO (PIBOCTHTH‘ICCKOFO) PaBHOBECH C BMEIIAIONIMMU ITOpoaa-
MU, a TaK¥XK€ BBIIUIABJICHUS pacllylaBa-MUHUMYM; 3 — obacTh napuu-
aJIBHOTO IIJIaBJICHUS BBICOKO MeTaMOpCI)I/BOBaHHBIX opoa U BbIAaB-
JIMBaHUs BBEPX OTHOCUTEIILHO JIETKOI'O 'PAHUTHOTIO pacIrijiaBa.

1 — BKJIOYEHUS B rpaHynauTax: a — xuakoid CO, moHo-
¢asnble, 6 — cogepxamue my3sipek H20; 2 — KOMIUIEKCHBIE
BKJIFOUCHHS B 1opojax aM(puOOIUTOBOI (anmu: 6 — KUIKO
CO, n H,0, 2 — BIJIIOYEHHS TOTO e COCTaBa, KaK IPeIbITyIIHE,
C My3BIPKOM ra3a; 3 — BKIFOYCHHSI TOTO XKe COCTaBa, KaK MpeJi-
BIIYILHE, B TOPOJAX AMUAOT-aM(HOOINTOBOI (arun; 4 — cyrie-
creenno H,O-cozmeprkaiiue BKIIOYEHUS B MO3AHAX KBAPLEBBIX
JKUJIaX CPev TEKTOHUTOB 3eJIeHOCaH1eBol (auuu [Posen, de-
nopoBckuit, 2001].

W TIOATBEpIK/IeHHas B [ MManasx, rae Komwiu3us Hadanachk S0, a epBble JISHKOTPaHUTHI BHITUIABHIIMCH 25—28 MIIH JIeT
Ha3ax [Pozen, ®enoposckuit, 2001 u nutupoBaHHble HcToYHUKH|. Korga kopa qOCTUTaeT HEKOTOPOM KPUTHYIECKOM
MOIIIHOCTH, YTO COIPOBOXIAETCS AAJbHEHIIMM POCTOM TEMIIEPaTyphl, PE3KO CHIKAETCS BSI3KOCTb M MPOHCXOAUT
pacron3zanue HIKHeH KOpbl M 00BaJl (KOJIIAIc) TOpHOTO coopyskeHus1. Komu3nonHoe cxariue BpeMeHHO (JIOKaIbHO)
MpeKpaliaeTcs, HapymaeTcsi TepMajbHas FpaHHIa Kopa — MAHTHUS, U B KOHTAKT C KOPOW IPUXOIUT ropsiyasi aCTeHOC-
(epa. VI3 HIDKHEH KOPBI BHITUIABISIOTCS TTOCTKMHEMATHYECKHE, CEKYIIME TPAHUTHI, JIMIICHHbIE MUTMaTUTOB, U 00J1a-
JIafolHe Crieln(UIeCKUMH TeOXUMHYECKUMH XapaKTepUCTUKaMH (A-TpaHUTHI), CONPOBOXKJa€MbIE Pa3TNUHBIMH Ma-
¢uramu [Searle, 1999]. OTn nerponoruueckue HaOIIOACHHUS MOMYYWIN OOBSICHEHHUS B THITOTE3aX 0a3aJbTOBOTO aH-
nepuniitTiara [Kay and Kay, 1993], unu otpeiBa cyoayknuonsoro cibda [Davies and von Blankenburg, 1995]. Pas-
HHIIA B TUTIOTE3aX HE MMEeT 3HaUCHHsI C (PaKTOIOTUUECKON TOUKH 3pEHHsI, KaK SIBCTBYET M3 OOIIETO aHaIU3a HeTPoJIo-
TUU KOJUTM3UOHHBIX OporeHoB [Braaumupos u ap., 2003].
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SYNTECTONIC GRANITES IN COLLISIONAL SUTURE:
SIBERIAN CRATON AS A CASE STUDY

O.M. Rosen

Geological Institiute RAS, Moscow, Russia
roseno@yandex.ru

Evolution of a collision system consists of separate episodes (stages), which can be recurrent. The crust thickens
first due to collision and thrusting of continental blocks above a circulating mantle cell. Coupling of heat flows puts in
action the self-heating mechanism that increases temperature 25 Ma later to the level sufficient for generation of gra-
nitic magmas synkinematic at least, localized in the thin-layer manner and accompanied by migmatization and fluid
invasion (Fig. 1, 2). The above time span is estimated based on the crust thermal conductivity, heat flow values, and
other parameters [England and Thompson, 1984]. It is consistent with data on Himalayas, where collision commenced
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Fig. 1. Evolution of temperature and pressure in the
formation Kotuykan suture zone, Anabar shield, Siberia
(according to the study of fluid inclusions).

1 — in granulites: a — liquid CO, monophasic, b — a vial
containing H,0; 2 — complex inclusion in the amphibolite facies
rocks: ¢ — the liquid CO, and H,0, d — incorporating the same
composition as the previous ones, with gas bubbles; 3 — inclusion of
the same composition as the previous ones, in the rocks of the epidote-
amphibolite facies; 4 — essentially H,O containing inclusion in late
quartz veins of the greenschist facies tectonites.
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Fig. 2. Schematic diagram of the process in collisional
granitic systems, Anabar shield, Siberia.

1 — granite liquid discharge area (intrusions and volcanics);
2 — accumulation region in terms of the density of the melt (isostatic)
equilibrium with the host rocks, as well as melting melt minimum; 3 —
region of partial melting of highly metamorphosed rocks and squeezing
up relatively light granitic melt.
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50 Ma ago, while leucogranites originated 25-28 Ma ago [Rosen and Fedorovskii, 2001, and reference therein]. Com-
pression can give way to tension, and two regimes may alternate during tens million years [Selverstone, 2005]. When
the crust reaches some critical thickness and its viscosity sharply drops under elevating temperature, this leads to the
lower crust extension and collapse of the orogenic structure. The temporal (local) cessation of collision-related com-
pression eliminates the thermal crust-mantle boundary and hot asthenosphere interacts with the crust [Searle, 1999].
The interaction provokes melting in the lower crust without migmatization and gives rise to origin of postkinematic
A-granite intrusions with specific geochemical characteristics and associated mafic rocks. This petrological scenario
was explained in hypotheses of basalt underplating [Kay and Kay, 1993] and detachment of subducting slab [Davies
and von Blankenburg, 1995], both have no factual difference in terms of general petrology of collision orogens [Vladi-
mirov et al., 2003].
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BO3PATHBIE PYBEXKH, COCTAB, UICTOYHUKH U YCJIIOBUSA ®OPMUPOBAHUSA
PAHHEIIAJIEO30MCKHUX IIJIATUOTPAHUTOUOB BOCTOYHOM TYBBI

C.H. Pyaues', I1.A. Cepos?, B.IO. Kucesena'

'Hnemumym 2eonozuu u munepanoeuu um. B.C. Cobonesa CO PAH, Hosocubupck, Poccus
rudnev@igm.nsc.ru
’Teonocuueckuii uncmumym KHIL] PAH, Mypmanckas obracme, Anamumet, Poccus
mozay@nm.ru

B Hacrosmee Bpemsi y)ke YCTaHOBIICHO, YTO PAaHHENAICO30HCKHE TPAaHUTOHMIHBIC ACCOIMAIIMN TOHAJHT-
TUTarHOTPAHUTHOTO COCTABa B paHHEKAJIEIOHCKHX CTPYKTypax LleHTpansHo-Asuarckoro ckiaggaroro nosica (LIACIT)
SIBIISTIOTCSI HanboJIee MUPOKO PAcCIPOCTPaHEHHBIMU. Ha coBpeMEeHHOM 3pO3MOHHOM Cpe3€ OHM MPECTABICHEI TH00
cepueit OIM3KO PACIIONOKEHHBIX KPYITHBIX U MEJIKHX MacCHBOB, 3aHMMasi OOIIMPHBIE TUIOIAAN W/ 00pa3ys mpo-
TSOUKEHHBIE TI0SICA CPEAH BMEIIAIONINX BYIKAHOTCHHBIX OTIOKEHHH BEHA-paHHEKeMOPHIICKOTO BO3pacTa, Tiu00 mpen-
CTaBJICHBI THTAHTCKAMH apeaaMHu, I7Ie TUIarnorPaHUTONIHBIE ACCOIMAIIN COBMEIIEHB! APYT C IPYTOM B IIPOCTpaH-
CTBE U BO BPEMEHH B COCTaBE KPYIHBIX TPAHUTOUIHBIX OATOIMTOB B IOTO-3aIIafHOM CKJagdatoM obpamieHnn Cu-
6upckoro kparona [[okansckuit u ap., 2000; Pyxues u ap., 2004, 2006, 2008a, 6, 2009; SApmomtok u np., 2011; Pyn-
HeB, 2013 u ap.]. B Tom u apyrom ciydasx, H3ydeHHBIC apeanbl pa3BUTHA MarMaTU3Ma XapaKTepHU3yIOTCs orpere-
JICHHBIM Ha0OpOM MHTPY3HUBHBIX aCCOLHMAIMN CO CTICU(IYECKUMH BEIIECTBEHHBIMHU XapaKTePUCTUKAMHU U HCTOYHHU-
KaMH, BO3PaCTHOM MOCIIEHOBATEIHHOCTHIO (POPMHUPOBAHISL, a TAKXKE OINPEICIICHHON AIUTEIHHOCTHIO M MacIITabaMu
Pa3BUTHS Ha PA3NUYHBIX TEOAMHAMUYECKHX dTalax Pa3BUTHA, OTPAKAIOIIUM OIIPEEIeHHBIE CTaIIH POCTA U 3BOIIO-
ITUH KOPBI 3THX PETHOHOB. B CBA3M C 3THUM 1e1eco00pa3Ho MPOBOIUTH JIETATbHBIC UCCIEIOBAHHUS OTIEIBHBIX 049aro-
BBIX apeajioB C TEM, YTOOBI BBIICHUTH HE TOJHKO HCTOPHIO PAa3BUTHS MHTPY3MBHOTO MarMaTH3Ma TEX WIJIM MHBIX pe-
THOHOB, MEXaHU3MBI (DOPMHUPOBAHNS, HO M AITUTEIHHOCTh MAarMaTHYEeCKHUX MPOIECCOB, MPUBEAIINX K 00pa30BaHHIO
KPYITHBIX OYaroBBIX apeajoB (OaroimurtoB) B ToM win nHoM cermenTe LIACII, a Takxke TiaBHBIE MarMoOOpa3yromie
cyOcTparhl, OTBETCTBEHHBIE 32 (POPMUPOBAHNE UCXOTHBIX IS INIATHOTPAHUTONIOB PACTIIaBOB.

l'eonornveckne, TE€OXPOHOIOTHYECKNE M TIETPOTCOXMMUYIECCKIE HCCIICAOBAHNS PAHHEIATCO30HCKIX OaTomm-
ToB Anrae-CastHckolt cknaggaroi obnactu (ACCO) u 3anannoit Monromuu [CotHukoB u np., 2003; Pynaes u ap.,
2006, 2008 a, 6, 2009; Cyropakosa, 2011; Spmomrok u ap., 2011; Monrym u ap., 2011; Pynues, 2013] onHo3Ha4HO
CBUICTENECTBYIOT HE TOJIBKO O MX MOJIMXPOHHOM CTPOCHUH, HO M 00pa30BaHbI HA PA3JIMYHBIX 3TAlax pPa3BUTHS PEeTH-
OHa (OCTPOBOIYKHBIH U aKKPEIIMOHHO-KOJUTM3HOHHEIN). Harbomee mpencTaBUTEIbHBIMA B ’TOM OTHOIIICHHUH SIBIISIOT-
Csl paHHETaJIe030iCKie TpaHnTOnAHbIe OaronuTsl Boctounoit Tyss! (Kaaxemckwii, Boctouno-TanHyonsckuii, Xam-
capuHcKuii, buiixemckuii u ap., pacrojgokeHHbIE B paHHEKaIeqoHCKuX cTpykrypax ACCO.

HWccnenoBanus, NpoBEAEHHbIE IO PaHHENAJIE0301CKUM MHTPY3UBHBIM accouuanusaM Kaaxemckoro, Bocrouno-
TanHyonBCKOTO M XaMmcapruHCKoro 6aTonntoB Boctounoit TyBbI, TO3BOMMIN YCTAHOBHUTH, YTO 3TH I'PAHIMO3HEIE IT0 CBO-
UM MacITabaM reoorudeckie 00pa3oBaHus UMEIOT JIUTENBHYIO HCTOPHIO PAa3BUTHS HHTPY3UBHOTO MarMaTri3Ma u 00-
Pa30BaHbI TECHO COMPSKEHHBIMHA BO BPEMEHH M IPOCTPAHCTBE TPAHUTOUIHBIMHU (TIPEUMYIIIECTBEHHO IIarHOTPAHUTO-
WIHBIMH) ¥ TAOOPOUIHBIMH aCCOLUALIMSMHI, OTPAXKAIOIIIIMU KOHTPACTHYIO CMEHY T€OIMHAMHUIECKIX 0OCTaHOBOK.

O06001IeHre 1 aHAIN3 UMEIOIIUXCS W HOBBIX reoxpoHosnormdeckux maHabXx (U-Pb, Ar-Ar mertonsr) [Ko3akoB
u ap., 1998, 2001; CorruxoB u np., 2003; Pynues u ap., 2006, 2008 6, Cyropaxosa, 2011; Mourym u ap., 2011; Pyn-
HeB, 2013] mo3BOMUIT YCTAaHOBHUTE, YTO (POPMHUPOBAHIE PAHHETIANC030HCKIX IIArHOTPAHITONI0B TIPOUCXOIIIIO B BO3-
pactHOM auanaszone 570—450 MiH JeT Ha HeCKONBKUX BO3PACTHBIX pyOeXkax M pasiUYHBIX TCOTMHAMIYECKHIX dTarax
Pa3BHUTHS PETHOHA: 0CMPOB8OOV*CHbIN — 562—518 MutH net, akkpeyuonno-konnusuonsiti — 500—450 mmn set. ITpu 3ToM
OCHOBHOW 00BEM IUIaTMOTPAaHUTOMIHOTO MarMarm3Ma (PUKCHpYeTCs Ha aKKPeIMOHHO-KOJUIM3NOHHOM JTare. Jlerans-
HBIE TEOIOTHYECKIE HAOOCHNS C IPUBJICYCHIEM YKe OITyOJIMKOBAaHHBIX M HOBBIX T'€OXPOHOIOTHYECKIX JaHHBIX TI0-
3BOJIMUIA YCTaHOBUTbH, YTO OOBEMBI IDIArHOTPAHUTOMIHOTO MarMaTiu3Ma Pe3Ko BO3pAacTalOT Ha 3aKIIOYUTENBHBIX 3Ta-
Max aKKPEeIMOHHO-KOJUTU3HOHHBIX MPOIECCOB (MO3MHUN opIoBHK). CTONb MHUPOKOMACIITA0HOE TPaHUTOO0pa30BAHNE,
HaOJIFoIaeMoe Ha 3TOM ATare, MOKHO OOBSICHUTH O0Jiee MOIITHBIM M HEOIHOKPATHBIM TEIIOBBIM BO3JEHCTBHEM CO CTO-
POHBI TOTHIMAIOIINXCSI MAHTHIHBIX (TaO0pONIHBIX) PACIUIaBOB Ha PAa3IMYHbIE 110 ITyOHMHE 3aIeraHus MOPOIBI KOJITH-
3MOHHOTO COOPYXEHUs, 00pa30BaBIINECS B PE3yJIbTaTe COWICHEHHUS U TEKTOHHMYECKOTO pacuelIyrBaHHUsS pa3HooOpas-
HBIX I10 BEIIECTBEHHOMY COCTaBY M BO3pacTy 0Opa30BaHUI OCTPOBHBIX AT, 3ayTOBBIX OACCEHHOB M MUKPOKOHTHHEH-
TOB. YCTaHOBJICHHOE HEOJHOKPAaTHOE MpOSABICHHE 0a3WTOBOTO MarMarn3Ma Ha aKKpPEIMOHHO-KOJUIM3MOHHOM JTarie
(~512, 500, 482, 450 MuTH 71€T) ¥ TIOCJIEAYFOIIETO 32 HUM TUIarHOT PAHUTOMJHOTO MarMaTi3Ma B pa3IndHbIX CTPYKTypHO-
(hopmarrioHHBIX 30HaX BocTouHo# TyBBI HAISTHO CBUIETEIBCTBYET O AIIUTEIFHOM (TTO3THHUN KeMOpHii — OPIIOBUK) CY-
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IIECTBOBAaHWM MaHTHHHOTO odyara. HeolHOKpaTHO MpOSBUBIIMECS KOPOBO-MAHTHIHBIC B3aUMOICHCTBHS B HIDKHHUX U
CPEITHMX YacTAX KOpbI KaneJoHnA TyBbl, B KOHEYHOM UTOTE, CIIOCOOCTBOBAJIM ITIOCTOSIHHOMY BO3PACTaHNIO OOBEMOB BhI-
TUTaBJIEHHS IIJIarHOTPAaHUTOMTHBIX PACIIaBOB (0COOSHHO B TIO3/IHEM OPJIOBHKE) M LIMPOKOMY Pa3HOOOpa3HIO UX HETPO-
TEOXUMHYECKUX XapaKTePHUCTHUK, ITOCIIENYIOIIee BHEIPEHNE U CTAHOBJICHHE KOTOPHIX B BEPXHUE YAaCTH KOJUTM3HOHHBIX
COOPYXEHHH MTPUBEIH K 00pa30BaHHIO KPYITHBIX MOJIMXPOHHBIX IPAHUTOUIHBIX OaTOIMTOB.

Pe3ynbrarhl NETPOreOXMMHYECKUX HCCIIEJOBAaHWH pPaHHENANIe030MCKUX IUIAarHOTPaHUTOMIHBIX acCOLUALNi
Boctounoii TyBbI TO3BOJIMIIN YCTaHOBUTD, YTO CPEH HUX BBLACIAIOTCS IUIATHOTPAHUTON B BBICOKO- ¥ HU3KOTIIMHO-
3€MHCTOTO THIIA, OTPAXKAIOIINE Pa3IMYHbIE (B HEPBYIO OYEpelb MO JaBJICHMIO) yCIOBHS (POPMUPOBAHUS MCXOAHBIX
pacruiaBoB. Ha ocTpoBOMyXHOM 3Tare pa3BUTHs perMoHa HaOIIONAalOTCS TOJBKO HU3KOIIIMHO3E JUIS HHUX paciiia-
BOB npoucxonumio npu P 3—8 kOap 3a cdyer yacTHUHOTO IUIaBiaeHus: Merabda3utoB N-MORB-Tuna, pacroioxeHHbIE
B OCHOBaHMH OCTPOBHOM JIyT'M B pPaBHOBECHH ¢ aM(puOoIconepKaliM pecTuToM. Ha akkpelMOHHO-KOIIIM3HOHHOM
JTare pa3BUTHUS pETHOHa, B Iuara3oHe Bo3pactoB oT 500 1o 450 miH net, mpoucxoauino GopMHUpPOBaHHE TIArHOTpa-
HHUTOWIOB BBICOKO- M HU3KOIIMHO3EMHCTOTO THIIA, OTPaXKasl CYIECTBEHHbIE PAa3IN4Hs KakK 110 COCTaBY, TaK M MO TITy-
OuHe reHepanyy UCXOIHBIX PaciuIaBOB. BRICOKOIIMHO3EMHCTHIE TIIIArHOTPAHKUTHI SIBISIOTCS MTPOAYKTaMHU IUIaBICHUS
metabazansToB N-MORB-THIA B HU3aX KOIIIM3HOHHOTO COOPY)KeHHMs IpH P > 15 xOap B paBHOBECHH C TpaHATCOAEP-
JKaIiM PECTUTOM. B TO BpeMsi Kak HU3KOIIIMHO3EMHUCTHIE IUIarHOTPaHUTh! (POPMUPOBAIIMCH 33 CUET IIABICHUS Me-
Taba3nTOB B BEPXHHUX YACTAX 3TUX K€ KOIIM3HOHHBIX COOpYKeHuH, ipu P < § kbap B paBHOBeCHH ¢ ampudoconep-
JKaIIM PECTHTOM.

N3oTonHbIE MCCIIENOBaHMS DPAaHHENAICO30MCKUX IIIArHOTPaHUTOMAHBIX aCCOLMANNN OCTPOBOAYKHOTO U
AKKPELMOHHO-KOIJIM3HOHHOTO 3Tarna pa3BuTHs B KaaxemckomM m BocrouHo-TaHHyonbCcKOM 0OaroinTax MO3BOJIMII
BBISIBUTH PAJ CXOZACTB W pa3nuyuii. J1s miIarnorpaHuTON10B OCTPOBOLYKHOTO dTara (HU3KOIIMHO3eMHUCThIe M- 1
[-TMma) XapakTepHBI MOJIOKUTENBHBIE ¥ OTHOCHTENBHO yCTOWYMBBIE 3HAYEHHS £, (6.3—6.9) W HU3KWE OTHOLIEHHA
uszotomnoB crponums (*’Sr/*Sr = 0.7034-0.7046). IloHKEHHBIE B CPABHEHUH C JCIUICTUPOBAHHON MaHTHEH 3Have-
HHS €, & TAK)KEe OCOOEHHOCTH WX TIETPOTEOXUMHYECKOTO cocTapa (Hamnune Nb-Ta n Ti MUHMMYMOB) OTpaXkaroT cy0-
JTYKIMOHHBIE XapaKTePUCTHKH MeTaba3uTOBOTO CyOCTpaTa NpH MOJYNHEHHOM yJacTHH APEBHEKOPOBOTO MaTepHala.
J151s1 BBICOKO- ¥ HU3KOTJIMHO3EMHUCTHIX TIarHOrPaHUTOM/IOB aKKPELIMOHHO-KOJIM3HOHHOTO 3Tala pa3BUTUS PErHOHA
TI0 MEPE OMOJIOYKEHHS TIOPOJI OTMEYAETCS CHIKEHUE 3Havenmi €, (0T +6.2 no +3.4), ynpeBnenne Nd-MonenabHOTO
Bospacta T, (DM) (ot 0.73 0 0.92 mapx f1eT) ¥ NOBBINIEHWE 3HAYEHNH TEPBUYHBIX OTHONIEHHHA M30TOMOB CTPOHIHSA
(*’Sr/*6Sr = 0.7036-0.7048), KoTOpBIE, KAaK H JJIS IUIATHOTPAHUTOUI0B OCTPOBOAYKHOTO JTaIla, YKa3bIBAIOT Ha CyIIe-
CTBEHHO METa0a3UTOBBIN COCTaB MCXOAHOTO CyOCTpara, HO IPU IPOrPECCHBHOMN J0OABKE APEBHETO KOPOBOTO MaTe-
puana B 001acTh TeHepaluy NCXOJHBIX MarM.

Paboma evinonnena npu gunancosoii noodepocxke PODU (epanm Ne 13-05-00381), Ilpezuouyma CO PAH
(unmezpayuonnvii npoexm Ne 7.10.2).
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T'PAHUTOUIHBIA MATMATH3M B TAJIEOIPOTEPO30MCKHUX PUPTOTEHHBIX CTPYKTYPAX
BOPOHEXCKOI'O KPUCTAJVIMYECKOI'O MACCHUBA

K.A. CaBko!, A.B. Camconos?, H.C. basuxkos!, E.H. Ko3oBa'
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B mpenenax apxetickoro (Kypckoro) 6:ioxa BopoHnexckoro kpucramumaeckoro maccusa (BKM) maneomnpore-
PO30OCKUE OTIOKEHHUS 3aJIETal0T B Y3KUX JIMHEWHBIX 30HAaX I0r0-BOCTOK—CEBEPO-3allaHOTO MPOCTUPAHHSI, KOTOPBIE
MIPE/ICTABIISIIOT COO0H BHYTPUKOHTHHEHTAIBHBIE PU(THI, 3aJI0)KUBIINECS B MAJICONPOTEPO30€ HA apXEHCKOM OCHOBA-
HHUH U TIpeoOpa3oBaHHbIE MOIKE B CKIIaquarbie cHH(OpMbL. CaMoil KpYITHOI 1maieonpoTepo3oicKkoi CHHOOPMOI sB-
nsiercst Tum-SlcrpeboBekasi, pacronokeHHas: Ha Boctoke Kypckoro G5oka 1 IpoTsATHBAOIIascs ¢ CeBepo-3anaaa Ha
toro-soctok Ha 130 kM npu mupuHe 10-30 kM. OHa BBIIONTHEHA MAlIe0NPOTEPO30UCKUMHU XEMOT€HHO-TEPPUTECHHBIMU
TOpoJlaMi KYypPCKOH M NEPEeKphIBAIOIIEH €€ OCKOIBbCKOM cepuy, MPOPBAaHHBIMH MHOTOYHMCICHHBIMUA UHTPY3HSIMH OT
KHCIIOTO JIO YJIETPAOCHOBHOT'O COCTAaBa.

WHTpy3un rpaHUTOUIOB CTOMIIO-HUKOIAEBCKOTO KOMIUIEKCAa 00pas3yroT H30METPUYHBIC U BBITSHYTHIE IITOKOO-
OpasHble MaCCHBBI IUIOMIAJIBIO OT 2.5 10 26 KM? ¥ MHOTOYHCIICHHBIC faiiku. OHU TUCKOPAAHTHBIC, CEKYT CKIIaquaThie
CTPYKTYpPbI NaJICONPOTEPO3OHCKUX 0CATO0YHO-METAMOPPHUUECKHUX TOJIIL KYPCKOH (TEppUTCHHBIE ITOPOABI U KEJIe3H-
CTBIE KBapLUTHI) U OCKOJIbCKOH (TeppHUIeHHbIe, KapOOHATHBIE TOPO/BI U METa0a3uThl) cepuil. Bmemiaromye nopost
Ha KOHTaKTe OPOTOBUKOBAaHBI, CKAPHUPOBAHBI U pacceyeHbl anou3amMu HHTPY3uil. Ha koHTakTax BO BMEIIAIOIIUX I10-
ponax pasBuTa Meramop¢uuecKas 30HaJIbHOCTh, HO TIPHU3HAKHU IUIABJICHUS OTCYTCTBYIOT. OT/IENIbHBIE MACCUBBI UME-
10T 30HaJIbHOE cTpoeHue. VX nmepudepruueckue 30HbI CII0XKEHBI JUOPUTAMH, KOTOPBIE Yepe3 KBapIIEBbIE THOPUTHI M0-
CTETICHHO MEPEXO/SIT B TPAHOIUOPUTHI B ICHTPAIBHBIX YaCTSIX UHTPY3HUHL.

Pesynbrarhl McciienoBaHUs SK30KOHTAKTOBBIX 30H I'PAaHUTHBIX MAaCCHBOB, CBUJETEILCTBYIOT, YTO BHEAPECHUE
MHTPY3UH MPOMCXOANIIO B XOJIOAHBIC BMEIIAIOIINE MTOPOALI ¢ 00pa30BaHHEM B DK30KOHTAKTOBBIX OpEOJIaX PE3KHX
TEMIIEpaTypHbBIX IpaJIMeHTOB. PacyeTHOE 3HaUCHNE MCXOIHOM TeMIeparypbl BHEAPSBIIETOCs paciuiaBa JI0JKHO He-
ckonbko npeBbImath 870 °C, a nryOuHa GOpMUPOBAHUS UHTPY3HIA TPAHOIUOPUTOB COCTaBIIsIA OKOJIO 6.3 kM [[oms-
KOBa u 1p., 2002].

MaccuBbl cliokeHbI HeZie(opMUPOBAaHHBIME TPaHOIMOPUTAMU PO30BATO-CEPBIMH MJIH CEPHIMH, CPETHE3EPHHU-
CTBIMH, MaCCHBHBIMH, HHOTZIa TOPOUPOBUAHBIMU. X CTpyKTypa rUnmuanoMop(HO3epHUCTasI, YIaCTKaMu TophUpo-
BUJIHAs 3a cueT OoJiee KPYNHBIX KPUCTAIJIOB TUIArHoKiIa3a i MUKpokinHa (1o 1 cM B nonepeunnke). Cocras: miaru-
okna3 — 45-55 %, mukpoxyma — 10-15 %, kapi — 15-20 %, ouotut — 5—10 %, poroBas oomanka — 5 %. Akieccop-
Hble — TOp-anaruT, cheH, MarHeTHT, PYTHJI, IIUPKOH.

JIMOpUTEHI CllaraloT KpaeBble YaCTH N3y4aeMbIX IPaHUTOUAHBIX MaccuBoB (Poroeckoro u Cesepo-11urposckoro).
[Tepexon OT rPaHOIUOPUTOB K AUOPHTAM HOCTEIICHHBIN C YBEJIHUSHUEM KOJIIMUECTBa OMOTHTA, POTOBOM OOMaHKH U
TUIaTMOKJIa3a, YMEHBIIIEHHS — KBaplia 1 MUKPOKJIMHA, IPU 9TOM COCTaBbl MHHEPAIIOB HE U3MEHSIOTCA. Bmecre ¢ rpa-
HUTOWUAHBIMU MaccuBamMy B THM-SIcTpeOOBCKOIl CTPYKTYpe yCTaHOBJICHBI MHTPY3UBHBIE MacCHBBI, CIIOKEHHBIE 0a-
3utamu. CaMblii KPYHHBIA U3 HUX — [HIIYIIMHCKUIT MaccuB OKpyIIoi (hopMsl, Turonianspio 9.0 KM, CIIoKeH OMOTHUT-
am@uO0II0BEIMU rabOpOuIaMH.

Teoxumus. Examepunoscxuii maccug (26 kM?), CJIOKEH CyOIIeT0UHBIMU, METATTHHO3eMUCTHIMU Na-K rpano-
IHOPUTAMH, B KOTOPHIX TPY HEOONBINMX Bapuauusax koHueHTpaunui SiO, ot 65.42 no 67.86 mac. % oTmedaeTcs 3a-
METHOE 3aKOHOMEpHOE CHM)eHue konuentpauuii Al O,, Fe,O,, CaO. ITo reoXuMH4eCKHM 0COOEHHOCTAM TPaHOIMO-
PHTBI XapaKTepU3YIOTCS MOBBINIEHHBIME KOHIEHTpausiMu Rb, Ba, U, Th, ymepennsimu P33 ¢ cunbabIM dpakumo-
HHUPOBAHUEM JIETKMX U CJ1a0ObIM ()PaKIMOHMPOBAHMEM TsKENbIX JanTaHou10B (La /Sm ot 4.6 no 7.4; Gd /Yb_or 1.6
10 1.9) npu HeOonpImMX oTpHLATENbHBIX Eu, pe3kux orpunarensHeix anomanusx Nb, Ti u Sr n 3ameTHON nonoxu-
TEIbHOU aHOMAJUU Zr.

Pozosckuii maccus pazmepom 18 KM%, HMEIOIIHKA H30METPUYHYIO (opMy, Jydllle APYTHX HU3ydeH OypeHHEM U
OTJIMYAETCs! KOJBLIEBBIM CTPOGHUEM. B KpaeBoil 4acTh MaccuBa BCKPBITHI JUOPUTHL. [ panutonzsl Porosckoro mac-
CHBa MO COCTaBy OJIM3KH K 1MopoaaM EKaTeprHOBCKOTO MacCHBa, HO OTIMYAIOTCSI HEOJAHOPOIHOCTHIO METPOreOXH-
MHUYECKUX XapaKTepucTuk. KpaeBble 4acTu MacchBa CIOKEHBI JHOPHTAMH C TIOHWKEHHBIMH cofiepkanusamu SiO,
(56-62 mac. %), yBenuuenueM koHuenTpamui Fe O, (6.5-9.2 mac. %), MgO (3.0-5.9 mac. %).
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I'parnTonnsr PoroBckoro maccusa oborameHsl TUTOQUIEHBIME M BHICOKO3aPSAHBIMU 3JIEMEHTAMH C OTPHIIA-
tenpHOM Nb aHoManueid, Taxke oboramess! Sr 1 Ba, ¢ 6onpmum paszdpocom 3HaueHui (3 REE = 289-470 ppm). B
ux pacrpeneneHnn orMmedaercs oboramenue LREE ¢ crmpHbM nx QpaknunonupoBarueM [(La/Yb)n = 15-68] u cna-
60 BeIpaxxeHHBIM Eu MuamMymom (Eu/Eu* = 0.66—0.87). Auoputs! u3 iepuepruitHON YacTH MACCHBA IT0 TEOXUMIYE-
CKUM IapaMeTpam OJHM3KH K TPaHOANOPHTAM.

Cesepo-lllurpoBckuniit MaccuB HaXOIUTCS Ha ceBepo-3anagHoi rpanuie TuM-ScTpeOoBCKOil CTPYKTYpHI € ap-
XEHCKHM I'HEHCOBO-MUTMaTUTOBBIM I0j1eM. B menom, rpanntonst Cesepo-IllurpoBckoro MaccuBa OTIMYAIOTCS T10-
HIKEHHBIM conepxkanueM SiO, (57.34-61.78 mac. %) n menoueii (K,0+Na,O = 6.0-6.5) npn npeobiagaHnn HaTpHs
(K,0/Na,0 = 0.84-0.99).

I'parnTonnsr Ceepo-1l{urpoBckoro MaccuBa XapaKkTepH3yrOTCsl BRICOKMMH cozepxkanusmMu St (570780 ppm),
Ba (> 1100 ppm), mMOHMKXEHHBIMHA — BBICOKO3apsAHEIX: Zr (140-220 ppm), Y (12-27 ppm), ¢ oTpunarensHoit Nb aHO-
Malel ¥ IUPOKUM pa3dpocoM KOHIEHTpaMi peaxo3eMenbHbix aneMeHToB () REE = 117-247 ppm), Huskumu Cr
n Ni. Takxe oTMedaeTcst 00orameHne JerKUMU PeIKO3eMETbHBIMH 3JIEMEHTaMHU OTHOCHUTEIBHO TSKENbBIX C CHIIBHBIM
(dpaxmmonuposanueM [(La/Yb)n = 11-20] u orcyrctBue Eu anomanuit (Eu/Eu* = 0.82—0.99). Tuoputst 1o pacmpene-
JICHUIO PEIKUX M PEAKO3EMENbHBIX IEMEHTOB OJIM3KH K IPaHOJHOPUTAM IIEHTPAIBHBIX YacTeil MaccuBa.

ITo pesynsraram m3oromHoro naruposanus nupkoHoB (SIMS, BCEI'EW, 1. C.-IlerepOypr) Bo3pacT KBap-
nesbix auoputoB Ceepo-lllurposckoro maccuBa coctapnser: 2049+10, rpanonuopuroB PoroBckoro Maccupa —
2045 + 15 muH neT.

ITo Sm-Nd H30TOITHO-T€OXMMHUYECKUM JTAHHBIM IPAaHUTOHMJIBI BCEX TPEX MACCHBOB XapaKTEPU3YIOTCS OTpPHIA-
TenbHbIMA Benmaunamu €, (T). Tlpu 5Tom kBapuesbie muoputhl CeBepo-1IMrpoBCcKOro MaccHBa UMEIOT MEHEE Pajiu-
OTEHHBIA M30TONHBIA cocTaB Heoxuma (g,,(2050) = —9.3) no cpasHenuIO ¢ TpaHoaMopuTamMu Porosckoro u Exarepu-
HOBCKOTO MacchBOB (£,,(2050) ot —6.0 1o -6.1). I'ab6po I'MuTyIIMHCKOTO MacCHBa TaKKE XapaKTEPU3YIOTCS OTPH-
narensHbiMK 3HaueHnsIMH (ENA(T), HO nmeroT Goliee paANOTeHHBI COCTaB HEOANMA 110 CPAaBHEHUIO C TPAHUTONIA-
M (g,,(2060) —4.3).

Hnmepnpemayus nonyuennsix pezynivmamos. VzydenHsle Tpanutonapl MerarmuHozemuctsie (A/CNK <
1.0), Bcerna comepskar poroByto oOMaHKy M 1o ocHOBHEIM kputepusim [Chappell, White, 1992] otHocsiTcs K rpaHu-
tam [-tuma. Ha quckpMMUHAHTHBIX JUarpaMMax OHHM HONaJaroT B IOJISI OCTPOBOMYXKHBIX TPAaHUTOB. TakuM 00pas3oM,
TPaHUTOM/IBI CTOIMIIO-HUKOIAEBCKOTO KOMILIEKCA SIBIISIOTCSI METANIMHO3EMHUCTHIMH, CyOIIEIIOUHBIMI, YMEPEHHO XKeJe-
3UCTBIMHU IPAaHUTOMIAMH I-THIIa, 000TaICHHBIMH JIUTO(MMILHBIMI JJIEMEHTaMH 1 JIeTKUMH P33, ¢ cuibHBIM Qpakim-
OHMPOBAHKMEM TSDKENBIX 1 Jierkux P30, Hnzkumu copepkanusmu Cr u Ni.

Bce paccMoTpeHHBIE TPaHUTOMIHBIE MAaCCHBBI TUM-SICTpeOOBCKOM CTPYKTYypHl 3aHMMAIOT €AMHYIO T'e0JIO0To-
CTPYKTYPHYIO MO3HIMIO, UMEIOT YEepThl CXOACTBA CTPOCHHUSI M COCTaBa M MPECTABISIOT NMPOAYKT €AMHOTO TEKTOHO-
Marmardeckoro snuzoza. I1pu aHanmmse meTporeoXMMHUYEcKUX 0COOEHHOCTEH, 0OpalaeT Ha ce0s BHUMAHHE 3aKOHO-
MEepHBIE M3MEHEHHSI COCTABOB I MHOTOYMCIIEHHBIE YePThl TEOXUMHYECKOTO CXOACTBA TPAHUTOMIOB, YTO IIPEIIoIaraeT
WX TEHETUUYECKYIO B3aMMOCBSI3H C 00pa30BaHHEM I'PAaHOIMOPUTOBON MarMmal 3a cueT AuddepeHaniy HCXOHOTO IH0-
puToBoro pacmiaBa. OJHaKO B paMKaxX TaKOH MOJEIH CIOKHO OOBSICHUTH Pa3INiys H30TOITHOTO COCTaBa HEOIMMA OT-
JIETIbHBIX TPAaHUTOUAHBIX (pa3 MAaCCHUBOB C OoJiee paJHOTeHHBIM M30TOIHBIM COCTaBOM HEOQMMa B TPaHOAMOPUTAX II0
CPaBHEHHIO C TMOPUTOM. Takre COOTHOLIEHHS UCKITFOUAIOT MEXaHU3M (PaKIIMOHHON KPUCTAIUIN3ALNH U KOHTaMUHALIN
(AFC) enuHOTO NCXOIHOTO pacIlIaBa, ¥ MPEIIoaraloT CyIleCTBOBAHUE ABYX HE3aBUCUMBIX HCTOYHHKOB AUOPUTOBOTO
Y TPaHOIOPUTOBOTO paciuiaBoB. [IpuBiedenne 1ByX pa3HbIX 10 COCTaBaM HCTOYHHUKOB TpeOyeTCs TaksKe [UIS TOTO, YTO-
661 00BSICHUTH NOsIBIIEHHE B POrOBCKOM MaccHBe IpaHOIMOPHUTA ¢ KOHTPACTHO OTIAMYHOM reoxumuei P30.

Takoe pa3sHOOOpa3sne MCTOYHHKOB, PEKOHCTPYHPYEMOE JUISI MacCHBOB T'PAaHHTOMIOB CTOMIIO-HHUKOJIAEBCKOTO
KOMIIJIEKCA, MOJKET OBITh CBSI3aHO C yJacTHEM KaK MHHHUMYM JIByX KOHTPACTHBIX I10 M30TOITHO-TEOXUMHYECKHM Xa-
paKTepUCTUKaM UCTOYHUKOB MarMm: apXeHCKOHW KOpPBI U MAJICONPOTEPO30HCKON MAaHTHH.

CymiecTBeHHBIH BKJIAJ B IIETPOT€HE3HC I'PAaHUTONIOB apXeiCKOro KOpoBOro cyocTpara, peAcTaBIeHHOTO Me-
3oapxeiickumu TTT rueiicamu [[unanckuii u ap., 2007], He BbI3bIBAET COMHEHUN. DTU THEHCHI CllaraloT OCHOBHOM
00bem Kypckoro 6110ka, IMEIOT JI0JITy10 KOpPOBYo Ipensictopuio (€,2050 or ~11 mo —17) [Ilunanckwuii u ap., 2007]
¥ MOIJIM 00€CTIeUMBaTh HU3KOPAIMOTEHHBIN N30TOIHBIN COCTaB HEOMMA B TPAaHUTOMNIaX CTOMIIO-HUKOJIAEBCKOTO KOM-
wrekca. Cienyer NoM4epKHYTh, YTO TOJILKO KOPOBOE IIIaBJIEHHE HE MOIJIO MPOAYIIPOBATh PACIIaBbl, MaTEPUHCKHE
JUISl TPAHUTOM/IOB CTOMIIO-HUKOJIAEBCKOTO KOMIUIEKCA. Bo-1IepBhIX, Ha 3TO yKa3bIBaeT ydyacTHE B COCTABE MAacCHBOB
JIMOPUTOB, KOTOPbIE HE MOTYT OBITH MOTY4EHBI IIPH IUIABJICHUH KHCIIBIX KOPOBBIX MOPol. Bo-BTophIX, Monens nepe-
TUIABJICHHSI KOPOBOTO CyOCTpara He cOoriacyeTcs ¢ N30TOIMHO-TEOXMMUYECKUMH JTaHHBIMH, KOTOpbIe (pukcupyrot 60-
Jiee paIMoTeHHbIH 110 cpaBHenmto ¢ TTI' rHelicaMu H30TONHBIN COCTaB HEOMMMa B HOpHTax (£,,2050 =-9.3) n rpa-
HOJMOpUTAX (SN d2050 oT —6.0 10 —6.1) CTOMII0-HUKOJACBCKOTO KOMILIEKCA.
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OO0 y4acTuy maneonpoTepo30HCKIX MAaHTUHHBIX PACIUIABOB B KAUECTBE BTOPOI KOMIIOHEHTHI B IIETPOTEHE3NCE
TPAaHUTOUIOB HANPSIMYIO CBUAETEILCTBYIOT raOOpPOMIBI M TNOPHTHI, JIOKAIN30BaHHbIEC MO0 B BU/IE M30JIMPOBAHHBIX
MacCHBOB, JIN0O KaK KOMIIOHEHTa KOMOMHNPOBAHHBIX MacCUBOB. EMHUYHBIC aHANMN3kI 110 rab0ponnam ['HuymmH-
CKOM MHTpPY3HH MPEAIIONAratoT, 4YTO NX MAHTUIHBIA HCTOYHHK, yMEPEHHO oOorammeHHbIH gerkumu P33, 61 chopmu-
POBaH B KOHIIE Heoapxes okono 2.7 mupa set Hasan (T, DM = 2.72 mnpn net, € 2050 = —4.4).

ITpencrapisieTcst BEpOSTHBIM, YTO PA3JIMYHBIE COYETAHHS PACIUIABOB U3 3THX JIBYX KOHTPACTHBIX MCTOYHHKOB
MOIII 00eCTIeunTh HAOII0aeMOe BEIECTBEHHOE W U30TOITHO-TEOXMMUYECKOe Pa3HO00pa3ne TPaHUTONIOB CTOMIIO-
HHKOJIaeBCKOTO KoMIUTeKca. [Ipeobanatomue no o6beMy IrpaHOANOPHTHL, TIpeAcTaBieHHbIe B Exatepunosckom u Po-
TOBCKOM MacCHBax, MOIIHM ObITh c()OPMUPOBAHBI IIPU WHTEHCHBHON KpHCTaJUIM3AMOHHON muddepenunannm 6a-
3aJIBTOBBIX MarMm THUIIAa COCTaBa rab0ponaoB ' HIITyIIMHCKON HHTPY31H, IIPETEPIEBIINX YMEPEHHYIO KOHTAMUHALIUIO
TTI rHeficamMu. AHAJIOTHYHBIA MEXaHH3M MOXKHO OBUIO OBl paccMaTpHBaTh JJIsI AUOPUTOB M KBApIEBHIX THOPUTOB
Cesepo-1lurposckoro u Porosckoro MaccuBoB. OJHAKO €AMHCTBEHHBIN N30TOMHBIA aHAIN3 AJIS1 KBAPLEBOTO AUOPU-
ta Cesepo-lllurpoBckoro MaccuBa He cOrIacyeTcs ¢ TAKUM MEXaHH3MOM, M MPEAToJaraeT CyIeCTBEHHO OO,
YeM /IS TPaHOJMOPUTOB, BKIIAJ JPEBHEH KOPOBOH KOHTAMHHAHTHI B THOPUTOBBIC MarMbl.

Bu1600ut. [Taneonporeposoiickue rpaHUTONAB THM-SCTpeOOBCKOM CTPYKTYPHI SBISIOTCS CyOIIeI0IHBIMH, Me-
TarIMHO3EMUCTBIMH, BCEINA COJAEP)KaT OMOTHT M POTOBYI0 OOMAaHKY M 110 OCHOBHBIM MHHEPAJIOT0-T€OXUMHIECKAM
KPHUTEPHUSIM OTHOCSTCS K rpaHuTaM [-Tuma.

BHeznpenue rpaHUTOMIHBIX MACCUBOB IMPOM30LLIO B Y3KOM BpeMeHHOM HHTepBane 2.04-2.05 mupn net. OHu
MMEIOT OJNM3KME H30TONMHO-TEOXMMUYIECKUE XapaKTEPUCTUKH, ¢ OTpUIaTebHbiMK 3HadeHuamMu € (T) (ot —6.0 1o
—9.3), npexnonararomue MpoJoKUTENLHYIO KOPOBYIO, PEABICTOPHIO HX HCTOYHUKOB.

I'panommopuTHI, caararmne OCHOBHOW 00beM MarMarnieckux rnopoa B TuM-SIcTpeGoBckoil cTpyKType, Mor-
71 OBITH 00pa30BaHbl IPY KPUCTAILIM3ALNOHHON A depeHnnanny 6a3aabTOBBIX MarM, IPEeTEePHEeBIINX YMEPEHHYIO
xoutamuHanuo TTI raeiicamu.
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In the Archean Kursk block of the Voronezh Crystalline Massif, Paleoproterozoic rocks occur as narrow linear
southeast-northwestern trending zones, which are continental rifts that had been produced in the Paleoproterozoic on
an Archean basement and were later transformed into folded synforms. The largest Paleoproterozoic synform is the
Tim-Yastrebovskaya structure, which occurs in the eastern part of the Kursk block, trends for 130 km from northwest
to southeast, and has a width of 10-30 km. The synform is filled with Paleoproterozoic chemogenic-terrigenous rocks
of the Kursk Group and the overlying Oskol Group, which are cut by numerous intrusions ranging from acid to ultra-
mafic in composition.

Granitoid intrusions of the Stoilo-Nikolaevskii Complex form equant and elongate stock-shaped massifs, whose
exposed areas range from 2.5 to 26 km?, and numerous dikes. The bodies are discordant and cut across folded struc-
tures of the Paleoproterozoic metasedimentary rocks of the Kursk (terrigenous rocks and BIF) and Oskol (terrigenous
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and carbonate rocks and metabasites) groups. At contacts with them, the host rocks are transformed to hornfels, inter-
sected by apophyses of the intrusions, and acquire metamorphic zoning but never show any traces of melting. Some of
the massifs are zonal: their peripheries are made up of diorite, which grades (through quartz diorite) into granodiorite
in the cores of the massifs.

Data obtained on the outer-contact zones of the granite massifs testify that the intrusions were emplaced into
cold host rocks and that temperature gradients thereby induced in the outer-contact aureoles. The calculated initial
temperature of the emplaced melt is slightly higher than 870 °C, and the depths at which the intrusions were emplaced
were approximately 6.3 km [Polyakova et al., 2002].

The massifs consist of undeformed pinkish gray and gray medium-grained massive of occasionally porphyritic
granodiorite. The rocks have a hypidiomorphic-granular texture, which locally grades into porphyritic one because of
large (up to 1 cm) plagioclase and microcline crystals and consist of 45-55 % microcline, 10-15 % quartz, 5-10 %
biotite, 5 % hornblende, and accessory F-apatite, sphene, magnetite, rutile, and zircon.

The diorite composes the marginal portion of the massifs (Rogovskii and North Shchigrovskii massifs). The
granodiorite grades into diorite via an increase in the contents of biotite, hornblende, and plagioclase and a decrease
in the concentrations of quartz and microcline, with the composition of the minerals thereby not changing. The gran-
itoid massifs are spatially associated in the Tim-Yastrebovskaya structure with basite intrusions. The largest of the
latter is the Gnilushinskii Massif of equant (in map view) shape, which has an area of 9.0 km? and consists of biotite-
amphibole gabbroids.

Geochemistry. The Ekaterinovskii Massif (26 km?) is made up of subalkaline metaluminous N-K grano-
diorite containing little varying SiO, concentrations (65.42-67.86 wt %) and systematically decreasing concen-
trations of AL,O,, Fe,O,, and CaO. The granodiorite is characterized by elevated concentrations of Rb, Ba, U,
and Th; moderate concentrations of REE with strong LREE and weak HREE fractionation (La /Sm_= 4.6-7.4,
Gd /Yb, = 1.6-1.9) at low positive Eu anomalies and deep negative Nb, Ti, and Sr anomalies; and with notable
positive Zr anomalies.

The Rogovskii Massif (18 km?) has an equant shape and a ring inner structure. This massif is more extensively
drilled and studied than the other massifs. Diorite was found in the marginal portion of the massif. The granitoids
of the Rogovskii Massif are compositionally close to the rocks of the Ekaterinovskii Massif but differ from them in
showing variable petrochemical characteristics. The marginal portions of the massif are made up of diorite with lower
SiO, concentrations (56-62 wt. %) and higher contents of Fe O, (6.5-9.2 wt %) and MgO (3.0-5.9 wt. %).

Granitoids of the Rogovskii Massif are enriched in LILE and HFSE, have negative Nb anomalies, are enriched
in Sr and Ba, and display a wide scatter in the total REE concentrations of 289 to 740 ppm. The rocks are enriched in
LREE, which are strongly fractionated (La /Yb = 15-68), and their REE patterns have shallow Eu minima (Ew/Eu* =
0.66—0.87). Diorite from the peripheral part of the massif is geochemically close to the granodiorite.

The North Shchigrovskii Massif is restricted to the northwestern boundary of the Tim-Yastrebovskaya structure
with an Archean gneiss-migmatite field. The granitoids of the massif generally have relatively low concentrations of
SiO, (57.34-61.78 wt %) and alkalis (K,O + Na,O = 0.84-0.99 wt. %).

Granitoids of the North Shchigrovskii Massif are typically high in Sr (570-780 ppm) and Ba (>1100 ppm) and
relatively low in HFSE: Zr (140-220 ppm) and Y (12-27 ppm), show negative Nb anomalies, a broad scatter in the
total REE concentrations (117-247 ppm), and low Cr and Ni concentrations. The rocks are enriched in LREE relative
to HREE, with significant fractionation [(La/Yb) = 11-20] and without Eu anomalies (Ew/Eu* = 0.82-0.99). The
trace-element and REE patterns of the diorite are similar to those of granodiorite in the core of the massif.

The zircon isotopic age (SIMS analysis at Karpinskii All-Russia Geological Institute in St. Petersburg) is 2049 +
10 Ma for quartz diorite from the North Shchigrovskii Massif and 2045 + 15 Ma for granodiorite from the Rogovskii
Massif.

According to the Sm-Nd isotopic-geochemical data, the granitoids of the three massifs have negative eNd(T)
values. Thereby quartz diorite from the North Shchigrovskii Massif has a less radiogenic Nd isotopic composition
[eNd(2050) = —9.3] than those of granodiorite of the Rogovskii and Ekaterininskii massifs [eNd(2050) from —6.0 to
—6.1]. Gabbro from the Gnilushinskii Massif also has a negative eNd(T) value, but its Nd isotopic composition is more
radiogenic than that of the granitoids [eNd(2060) = —4.3].

Interpretation of the results. The granitoids are metaluminous (A/CNK < 10), always contain hornblende,
and match all criteria according to which granitoids are classified with the I type [Chappel and White, 1992]. The
data points of the rocks plot within the fields of arc granites in discriminant diagrams. The granitoids of the Stoilo-
Nikolaevskii Complexes are metaluminous, subalkaline, mildly ferrous granites of I type enriched in LILE and LREE,
with strongly fractionated LREE and HREE, and with low Cr and Ni concentrations.
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The geological structural settings of all granitoid massifs in the Tim-Yastrebovskaya structure are similar, the
massifs have similar inner structures and compositions, and were produced during a single tectono-magmatic episode.
Their distinguishing petrochemical features include systematic compositional variations and several geochemical sim-
ilarities, which suggest that the rocks were genetically related to the generation of granodiorite magma my means of
differentiation of parental diorite melt. However, this model alone can hardly explain the differences in the Nd isotopic
composition of discrete granitoid phases of the massifs, in which Nd isotopic composition is more radiogenic in the
granodiorite than in diorite. These relations rule out the operation of the mechanism of fractional crystallization and
contamination (AFC) of a single parental melt and suggest that the diorite and granodiorite melts should have been
derived from two separate sources. Also, two sources of different composition are required to explain the fact that the
Rogovskii Massif contains diorite with principally different REE geochemistry.

The diversity of the sources suggested for granitoid massifs of the Stoilo-Nikolaevskii Complex could also be
related to involvement of at least two magma sources with contrastingly different isotopic-geochemical characteris-
tics: Archean crust and Paleoproterozoic mantle.

The significant contribution of Archean crustal source material in the form of Mesoarchean TTG gneisses
[Shchipanskii et al., 2007] to the petrogenesis of the granitoids now does not provoke any doubt. These gneisses are
dominant in the Kursk block, had a long-lasting crustal evolutionary prehistory (£,,2050 from —11 to —17) [Shchipan-
skii et al., 2007], and could predetermine the low-radiogenic Nd isotopic composition of granitoids of the Stoilo-
Nikolaevskii Complex. It should be emphasized that crustal melting alone was not able to produce melts parental for
the Stoilo-Nikolaevskii Complex. First, this follows from the fact that the massifs contain diorite that cannot be de-
rived via melting acid crustal rocks. Second, the model of remelting of a crustal source is in conflict with the isotopic-
geochemical data indicating that the Nd isotopic composition of the diorite (g,,2050 = -9.3) and granodiorite (g, 2050
from —6.0 to -6.1) of the Stoilo-Nikolaevskii Complex is more radiogenic than that of the TTG gneisses.

Involvement of Paleoproterozoic mantle melts as another component in the petrogenesis of the granitoids imme-
diately follows from the gabbroids and diorites occurring either as isolated massifs or a component of composite mas-
sifs. Scarce analyses of gabbroids of the Gnilushinskaya intrusion suggest that their mantle source, which was mildly
enriched in LREE, was formed in the latest Neoarchean at approximately 2.7 Ga (T, ;DM = 2.72 Ga, £,,2050 = -4.4).

Conceivably, various combinations of melts derived from these two compositionally contrasting sources can ac-
count for the compositional and isotopic-geochemical diversity of granitoids in the Stoilo-Nikolaevskii Complex. The
predominant granodiorites of the Ekaterinovskii and Rogovskii massifs cold be produced by intense crystallization
differentiation of basaltic magmas whose composition is approximated by gabbroids of the Gnilushinskii intrusion
and which were relatively insignificantly contaminated by TTG gneisses. An analogous mechanism could have been
considered in application to diorite and quartz diorite of the North Shchigrovskii and Rogovskii massifs, but the only
isotopic analysis of quartz diorite from the North Shchigrovskii is in conflict with this mechanism and suggests a much
greater contribution of an ancient crustal contaminant to the diorite magma than that for the granodiorite.

Conclusions. The Paleoproterozoic granitoids of the Tim-Yasterbovskii structure are subalkaline, metalumi-
nous, always contain biotite and hornblendite, and are classed with I-type granitoids according to their major miner-
alogical and geochemical features.

The granitoid massifs were emplaced within a brief time span of 2.04-2.05 Ga. The rocks have similar isotopic-
geochemical characteristics and negative & (T) values from —6.0 to 9.3, which suggest that the sources of the melts
likely had had a long-lasting crustal prehistory.

The granodiorite of the Tim-Yastrebovskaya structure, which is its dominant magmatic rock, could be produced
by crystallization differentiation of basalt magma insignificantly contaminated with TTG gneisses.

REFERENCES

Chappell B.W., White A.J.R. I- and S-type granites in the Lachlan Fold Belt, Transact. Roy. Soc. Edinb. Earth Sci. 1992. V. 83.
P. 1-26.

Polyakova T.N., Skryabin, V.Yu., Savko K.A. Phase relations and physicochemical parameters of metamorphism of carbonate rocks
in contact with intrusions of the Stoilo-Nikolaevskii Complex, Vest. Voronezh Uniuversity. Ser. Geol. 2002. N. 2. P. 46-58.
Shchipanskii A.A., Samsonov A.V., Petrova A.Yu., Larionova Yu.O., Geodynamics of the eastern margin of Sarmatia in the Paleo-

proterozoic, Geotektonika. 2007. N. 1. P. 43—70.

185



Muatepuabr 11 MEXJTYHAPOIJHOH T'EOJIOTMYECKOH KOH®EPEHUH
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MaruuToropckasi cepus IpecTaBieHa rabopo-rpaHUTHEIME 3ajieykaMu. KpoBenbHast yacTh 3aiekel ClioxkeHa
TpaHUTaM{ U TPAHUTOHMJAMH, a B X OCHOBAHHMHU pa3Memiarorcst rabopounabl. [Ipyn 3ToM rpaHUTOMIBI Pa3HBIX MACCH-
BOB 00HApY)KMBAIOT 3HAYNUTEIBHBIC PA3JINYMsl, KOTOPHIC MPOSIBIEHBI B TEOXUMHUYECKHX 0COOEHHOCTAX U BU3YaJIbHO
(cTpyKTypHO-TEKCTYpHBIE 0COOEHHOCTH U OKpacka rmopon). [Ipu 5ToM Bu3yasibHbIE XapaKTepHUCTUKH MO3BOJISIOT 0e3-
OIIMOO0YHO Y3HABATh IPAHUTOMIBI PA3HBIX TECOXUMHYECKUX THITOB.

I'paHUTOMIBI MATHUTOTOPCKOI CEPUH NMPECTABICHBI IECTHIO TEOXUMHYECKUMH THIIAMHU: Y3SHCKHM, aJIeKCEeeB-
CKUM, MOCOBCKHUM, pa300pHEHCKUM, OOPKOBCKHM M YEKHHCKHM.

V3snckuii mun TpPaHUTOMIOB pacHpoCTpaHeH B TIpeaenax MaraHuroropckoro nogHATHd. OHu
MpEICTaBICHbl TOHAJIUTAMHU M IJIaTMOTPaHUTaMM, KOTOphIE 00pa3yroT MeJKWe INTOKM u naiiku. Haubonee
kpynHbi mTok (300x800 M) rIarnorpaHUTOB U3BECTEH Ha FOT0-3aMaJHOM CKJIOHE I. Y3SHKa U BCKPBIT IIIaBHBIM
KapbepoM MarHuTOropcKoro eiae30pyaHOTr0 MECTOPOXKIACHUSA. DTU ke MOpOJbl pa3MeIlaroTcsi Ha CEBEpHOM
(manre skenezopyaHoro MmecropoxiaeHus I[lomorBanbHoe. PaccmarpuBaemble IUIarMOTPaHHUTHI EPeCEYSHBI
TPaHUTOMJAMH MOCOBCKOTO THma. [lnaruorpanuT-mopGupbl U TOHAJIHT-MOPOUPHI UMEIOT CHEPOIUTOBYIO U
TUIHANOMOP(HO3EPHUCTYIO CTPYKTYPHl M OTJIMYAIOTCS OT JPYIHMX TPaHUTOMAOB MarHuMTOrOpcKoil cepuu
HaJIMYUEM OIUIaBIEHHBIX ()EHOKPUCTAIIOB KBapIIa.

ITo xumMHUecKkoMy cOCTaBy MOPOJIBI Y3SIHCKOTO THIIA MPHHAIJIEKAT K IPAaHUTOMIaM HOPMAJIbHOM IEI0YHOCTH
C BBICOKHMM coJiepkaHueM okcuna Hatpus (5.99-6.3 %) u auskum okcuja kamus (0.42—1 %). PaccmarpuBaeMbIM mo-
pozaM CBOMCTBEHHA TaK)Ke TIOHMKEHHAsI POJIb PEAKHX IMIENOYHbIX aeMeHToB (Rb, Cs), a konnuecTBo Ba Ha nmopsigok
HIDKE, YeM B JIpyrux rpannTonax Marauroropckoii cepun. B pacnipenenenun B33 (Zr, Nb, Ta, Hf) BeisiBnsiercs npo-
ME)XyTOUHas! KOJTMYECTBEHHAs! MO3UIIKS MEXTy IOPOIaMH aJIeKCEEBCKOT0 THIAa U BCEMH OCTaIbHBIMU IPaHUTONIaMH.
CymmMmaphoe coaepikanue P33 cocraBmseT 26.7-95.55 r/t, otHomenue La/Yb = 4.0-5.4. EBporniueBast aHoMausi uMe-
€T TOJIOKUTEIIBHBIN M OTPHUIIATSIIFHBIN 3HAKU. DIIeMeHTHI rpymisl xkeine3a (Cr, Ni) UMeroT mupokuii pa3dopoc cozep-
JKaHWH, pa3IMYaloNIMXCcs Ha 1Ba opsaKa. MIHIeKe HaChIIEHHOCTH IIMHO3eMoM cocTtasisieT (al'= 1.4-1.7).

Anexceesckuti mun rpaHuTounoB 00benunser Asekceesckuil (10 km?), KyitbacoBckuii (45 km?) u Maruuro-
ropckuii (15 kM?) MacCHBBI.

I'panuTONIBl AJIEKCEEBCKOTO THIA OOBEAMHSIOT IIUPOKHH pPsiA TMOPOJ, TNPEACTaBICHHbIE T'PaHUTAMHU,
TrpaHOAMOPUTAMH, JUOPUTAMH M MEHBIIE IPAHOCHEHUTAMH M CHEHHTaMH HOPMajbHOTO psila KaJlui-HATpUEBON
cepun (&, = 0.9-2.7) n BecbMa BBICOKOH MTMHO3eMHUCTHIO (al = 2.1-7.7) M NOBBIIEHHBIM CONEPKAHUEM OKCHIA
marHus. Peaxue menoun (Li, Rb) mpucyTcTByIOT B KOJIMUECTBAX, MPEBBIMIAIONINX COACPKAHHUS X B TPAHUTOUAAX
Y3SHCKOTO THIIA, a IE3UH, KaK M B APYTHX IPaHUTOMNIAX, UMEET XOPOIIO BEIPaKEHHBIH MHHUMYM. Bbicoko3apsiiHbIe
anemenTsl B33 (Zr, Nb, Hf, Ta), HanpoTHB, IMEIOT TOJIBHKO IIOHM)KEHHBIE 3HAUCHHSI, YEM B Y35THCKOM M MOCOBCKOM
tunax rpanutousoB. Cymma P33 konebaercs ot 54.3 no 127.9 r/t. OrHomenne La/Yb cocraBnser 4.9-12.1.
EBpomnueBas aHomanus He mposiBuiach. Kak M U1 Bcex TI'paHUTOMAOB MarHUTOrOpcKod cCepuM OTMedaeTcs
CKaH/INEBBIH MUHIUMYM. XPOM U HUKEIb 00pa3yloT ABE TPYMIIbI, 10 COACPKAHUIO Pa3INYaONINecs MeX1y co00i
Ha /IBa MOpAJIKA.

Mocosckuii mun TpaHUTOUIOB CllaraeT MouTH Bech MocoBckuit Maccus (35 km?), MaccuBbl . [ pans (B [uameTpe
3—4 kM), yactuuno KyiibacoBckuii (45 kmM*) 1 Marautoropekuii (okomo 15 km?). K MOCOBCKOMY THITY OTHOCSITCS H
HekoTopble yacTu KapalOynakckoii u boraanosckoit rpynmsl nHTpy3uid. Kpome Toro, rpanuron sl Manokaparanckoro
(1 x 4 xm) u I'ycuxuHCKOrO (BCKPHIT CKBAXKMHAMHU) MacCHBOB TaKKe OTBEYar0T MOCOBCKOMY THITy. MOCOBCKUI THIT
TPaHUTOUJIOB, TAKMM 00pa3oM, MOJTYYHII PACIIPOCTPaHEHUE BO BCEM apealie paclpocTpaHeHnss MarHUTOropckou ce-
pun. IIpeuMyIecTBEHHO STMOJIMTONOAOOHBIE, MHOTAA TUIACTOBBIE 3aJISKH 3TOTO THUMA OBICTPO BBIKIIMHHUBAIOTCS C
n1yOuHO#. Beinenstores nBe ¢a3pl HOpos: NepBast — KBapleBble CHEHUTBI, TPAHOCUEHNTHI, KBapIeBble MOHIIOHUTHI,
BTOpast — BYIIOJICBOILITIATOBBIC TPAHUTHI 1 MUKPOJIEHKOT PAHUTEL.

ITo XMMHYECKOMY COCTaBy T'PaHHTOWABI MOCOBCKOTO THIIAa OTBEUAIOT CYOIIEIOYHBIM Pa3sHOBUIAHOCTSIM
KanneBo-HaTpreBoi cepun (&, = 0.95-1.7) ¢ BecbMa BBHICOKMMH MOKa3aTeNIAMH IIMHO3eMuUcTOCTH (al” = 2.1-6.5). B
HUX TOBBIIIEHHBIE KOJIMYECTBA CyMMapHOTO okcua xkenesa (FeO, = 3.17-4.39 %) u oxcuna maruus (MgO = 0.87—
4.81 %). Boicoko3apsiinbie aaeMeHTsI (Zr, Nb, Hf, Ta) nMeroT NoBBIIIIEHHBIE KOJIMYECTBA, HO YCTYMAIOT IIEIOYHBIM
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rpanuToniaM YekuHckoro Trna. P30 B HUX KoieOaeTcs: B 3HAYMTEIBHBIX NpesesiaX, paBHbIe B cyMMe oT 58.61 mo
100.85 /1. OtHowmenne La/Yb cocrasnsier 3.5-4.9 %. B onnune ot ajieKceeBCKOro THIA TPAaHUTOB B HUX MPOSIBIISIFOTCS
XOPpOLIO BBIpa)KCHHBIE OTpHUIATeIbHbIe Eu aHOManmy, ykas3pIBaoye Ha MHTEHCUBHYIO quddepeHnnanuio pacmiasa
¢ HakorienueM B303. Jlns MOCOBCKOro THIA, KaK ¥ JPYrMX TDaHUTOMIOB MarHMToropckod cepuM, Ha craijuep-
JriarpaMMe XapakTepHbl MUHUMYMBI 1E3HsI M CKaHAMs. DineMeHTsI rpymmsl xenesa (Co, Ni, Cr) oOHapy>KeHbI B 04€Hb
HHU3KHUX KOJIMYECTBAXx.

Paszboprnenckuii mun TPAaHUTOHWIOB ClIaraeT psj 3aiexei B coctaBe Paz0opHeHckoro mMaccuBa (3 X 7 KM),
MmaccuBa I. MoxHnaroit (0.5 X 3 kM), ceBepo-BocTouHyI0 4acTh MaccuBa HOxuble bopku (3 X 6 km). Mopdonorus
3ajIexel — CyOIuIacToBas ¢ KpyThIM Ha 3amaj ajeHueM. Pa30opHeHCKHH THIT C(hOpPMHUPOBAJICS B ABE TPAHUTHBIE (ha3bl.
IepBas ¢a3a npencTaBiIeHa CBETIO-CEPHIMH, JKEJITOBATO-CEPHIMU M CBETIIO-PO30BBIMH CPEITHE3EPHUCTHIMU, HHOT/IA
MEITKO3EPHUCTHIMH TTOPGHUPOBUIHBIMHA PA3HOBUIHOCTSIMH I'paHUTOB. Bropas aza — seiikokparoBble TpaHUTOMIH,
Ipe/ICTaBICHHbIE HEOOIBIIMMH TEJIAMH M JaHKaMH.

ITo XxuMHuYeckOMy COCTaBy HOpPOIBI OTBEUAIOT CYOINENOYHBIM TPAHUTOMIAM KaJl€BO-HATPUEBOH Cepuu
C COIOCTaBHMBIMHU COZICPXKAHUSIMU KajdMs W HArpusa. [JMHO3EMHUCTOCTh B HMX BBICOKAash M OTBEYAET KaTeTOPHU
BechbMa IMHO3eMHCTHIX (al” = 3.9-5.5). ®duryparuBHble TOUKH PEIKHX M PACCESHHBIX 3JIEMEHTOB pacIpe/ieieHbl
KoMIakTHO. OIHAaKo, WX COAEPXKaHWS 3aMETHO OTIMYAIOTCS OT paHee ONHMCAHHBIX THUIIOB I'DAaHUTOMIIOB HU3KMMH
KOJIMYECTBEHHBIMH TOKa3aTensiMu. B pa30opHEHCKOM THIIe HU3KM KoJIMdecTBeHHbIe rokaszarenn Ti ¢ V. Konndecrsa
Rb B HHX mpeBoCXOOWUT colep)kaHHE 3JIEMEHTa OTHOCHUTEIBHO IPYTMX I'PaHUTOMIOB MarHutoropckoil cepuu. B
OT/ENBHBIX ITPo0ax MPUCYTCTBYIOT «yparaHubie» konudectsa Cr u Ni. P30 B paccmarprBaeMoM THIIE TPaHUTOUIOB
B cyMMe cocTaBIIIOT 31.5-99.6 1/1, otHOmEeHHs La/Yb cocrapmstor 1.8—8.9. Xoporo BrIpakeHa MaKCHMaJIbHAS T10
3HAYECHUIO OTpHLaTeNIbHas aHoManus Eu. YeToiunBo coXpaHsAoTCss MUHUMYMBI [E3HsT M CKAH L.

boproeckuii mun rpanuTonnos pa3But B MaccuBax Cesepaele bopku [(1-1.2) % 2.5 km], FOxusie bopkn [(1.5—
2.5) x 2.5 km] n Bornanosckwuii [(4—4.5)%7 km]. CocTaB rpaHUTONAOB BapbUPYET OT IPAHOCHEHUTOB 110 JICHKOTPaHHUTOB.

ITo XMMHYECKOMY COCTaBy MOPOJIBI OTBEYAOT CyOIIENOIHBIM IPAHUTON 1AM KaTui-HaTpueBoi cepun (§ = 1.2~
2.2) ¥ OTHOCSTCS K BEChbMa BBICOKOIIHHO3eMHUCTOMY (al = 3.4—6.1) Tury. Peikue 1 paccestHHBIE 3IIEMEHTHI 00pa3yIoT
CHEKTpbI, ONMM3KHE K CHEKTpaM I'PaHUTOMIOB Pa30OPHEHCKOro THIA. BMmecTe ¢ TeM, OTMEYAIOTCs MOBBIMICHHBIE
xomuectBa B33 (Nb, Zr, Ta, Hf) B nonosune npoaHanu3upoBaHHBIX 00pa3noB. CxonHas KapTHHA HaOmomaercs
it Str. B rpaHuTOMIax GOPKOBCKOTO THIIA, TAaK )K€, KaK U B pa300PHEHCKHUX IPAaHUTOMAX, YacTh 00pa3loB PE3KO
oboramena Cr u Ni. Comepxanust Rb, Ba u Th oTHOCHTENnbHO TpaHUTOMIOB Pa30OPHEHCKOTO THIIA OTBEYAIOT
MHUHUMaJIbHBIM 3HaueHnsiM. CymmapHoe cozepxanue P33 B Hux konebaercst ot 50.5 mo 235.0 r/t. OtHomenue La/
Yb cocrasisier 4.3-8.2. OTueTnuBo mposBieHa oTpunarensbHas Eu anomanus. Muanmymsl Cs u Sc Ha cmaiiiep-
JriarpaMMe MIACHTHYHBI PYTHM THUIIaM TPAaHUTOUIOB rpabeHa.

Yexunckuil mun MIEIOYHBIX TPAHUTOB U TPAHOCUEHHUTOB cinaraloT YekuHckuit (0kono 10 km?), [psi3HyIIHHCKU#
(1.5%3.5 kM), BormanoBckuii (4-4.5)X7 KM MacCHBBI, pa3MEUIAIONIUECS B CPENHEM W FOXKHOM CEKTOpE, a TaKKe
Manoueknuckuit u MaccuB T. KympsBoit Ha BocToke BocTo4HO-MarHMTOrOpCKOH 30HBEI, A€ OHH OO0pa3yroT
CaMOCTOATENIbHBIC HHTPY3HH.

[IlenouHble TPaHWUTHI B MHHEPAIBHOM COCTAaBE COAEPXKAT BBITSHYTHIE HPU3MATHYECKHE W HIOJIBIATHIE
KPHCTAJUIBI TEMHO-3EJICHOTO IMPOKCEHa psifla STUPUH-TeAeHOepruT u aM(puoomns! psna GpeppopuxTepUT-pHOCKUT-
ap(BEICOHUT. DTUPHHBI SIBJISIOTCS] BHICOKOTUTAHUCTBIMH 1 COZIEPIKaT MOBBIIIEHHOE KonmuecTBo Zr [Pypuna, 2010].
Kanuessle moneBble MMaThl MPeACTaBICHB aHOPTOKIIA30M, MUKPOKIMHOM. AKIIECCOPHBIE MHHEPAJIbl — KCEHOTHM,
MOHAIIUT, alaTHT, c(HeH U IUPKOH.

ITo KOMMYECTBY M COOTHOIIEHHMIO INENOYEH TPaHUTOM/IBI OTBEYAIOT BBICOKONIMHO3EMHUCTHIM (al, = 1.4-4.0)
IIENOYHBIM TIOpOJiaM Kanui-HarpueBod cepum (K = 1-2). B3D (Zr, Hf, Ta) B YekuHCKOM THIIE TPAaHHTOMIOB
MPUCYTCTBYIOT B IIOBBIIICHHBIX KOJIMUECTBAX, & COIEPKAHUE ST B HUX MUHUMAJIbHOE, YTO OIPEJIeIISeT CyIIeCTBEHHBIN
pocT oTpHnarensHoi ero anomanun. Copeprxkanue Rb Huskoe, oTBedast mpoMexyTouHOMY 3HAUECHHIO MEKTY Y3THCKAM
Y BCEMU JPYTMMH THIIAMU TPAaHUTOMIOB paccMaTpuBaeMoii cepun. Hanbosee Hu3kue copepxanusi cBoiicTBeHHBI Cr 1
Ni, oZ1HaKO B €IMHUYHBIX IIPOOAaX OHM BO3PACTAIOT Ha OJIMH MM JaKe JIBa MTOpsAKa. Peko3eMenbHbIe 3JIEMEHTHI B HUX
npUCyTCTBYIOT B KoiudectBax oT 100.1 mo 114.6 r/1, 9t0 comocTaBuMO ¢ TpaHUTONAaMU BOpPKOBCKOTO M Y3SHCKOTO
tunoB. OtHomenue La/Yb cocrasister 4.6—5.6. YcranaBnuBaeTcs oT4eTINBEIN Eu MUHIMYM.

PaccmarpuBaemble Tab0OpO-TpaHUTHBIE HHTPY3UBHI chopMUpoOBaIiCch B 00CTaHOBKe Koymm3uu KaszaxcraH-
CKOH TIMTHI 1 BocTouHO-EBpOIeiickoro KOHTHHEHTa B MpeesiaX aKKpeInOHHOW 30HBI, OXBATHIBABILICH TEPPUTO-
PHIO OCTPOBOAY>KHOTO pa3BUTHs pernoHa. CliefoBaTeNbHO, BBISIBICHHBIE TE€OXUMUYECKHE OCOOEHHOCTH OTpaxka-
10T crienu(uKy MarMaTu3Ma KOJUTM3HOHHOM 3MOXH, ITOCIIEA0BaBIIEH 1TOCIe OCTPOBOAYKHOM r€OXMMHYECKOI 00-
CTaHOBKHU.
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Wrak, rpaHuTONI5I MarHUTOrOPCKOM CepUM MPEICTABICHB! PA3IMYHBIMUA T€OXUMHUYECKUMHI THUITAMH, YTO BBI-
paXkeHO, MPEXJE BCEro, B LIETOYHOCTH MOpo. Pasnmuarorcs HarpueBble, Kaaul-HATPHEBbIE, CBOMCTBEHHBIE HOP-
MaJIbHOMY PSIY, C PaBHBIMH KOJMYECTBAMH OKCHJIOB KaJIMsl M HATPHs, CyOIIEeTIOUHbIE U IIEJI0YHbIE KaIni-HaTpUeBbIe
rpaHuTONBL. [Ipyroil reoXxumMHdIeckoli 0COOEHHOCTHIO SIBIIsieTcs MoBbInieHHas poiab B3D (Nb, Ta, Zr, Hf) u necra-
6unbHbIe KOoMdecTBa P3D. Kpome Toro, paccmarprBaeMbIM IT'paHUTOMaM CBOMCTBEHHBI MUHUMYMBI Cs, Sc u aie-
MeHTOB Tpymnsl xenesa (Cr, Ni). [Tocnennue B peabHBIX 3HAYCHHUSAX MPEACTABICHBI ABYMS MOJAMH, YTO MOATBEPK-
JlaeT TeHeTHYECKYIO CBSI3b TPAaHUTOMIOB ¢ rab0ponaamMu, ¢ KOTOPBIMU OHH 00pa3yIoT eIMHbIE MACCHBEL.

JIMTEPATYPA

@®ypuna M.A. Ctpoenue 1 ycinoBust popMHUPOBAHUS MACCHBOB TPUACOBBIX IICJIIOYHBIX TPAHUTOMJ0B MallOueKHHCKOIO KOMILIEKCa
(Bocrouno-Maruauroropckas 30Ha, HOxHbIi Ypan). [uc. ... kaHa. remno.-MuH. Hayk. M., 2010. 186 c.
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BJIMSTHUE ®JIIOUJTHOMN ®A3bI HA COCTAB PEJIKOMETAJLJIbHOM T'PAHUTHOM MAT'MbI:
MPOUCXOKJIEHUE OHTOHUTOB BOCTOYHO-KAJIT'YTUHCKOI'O JAMKOBOI'O MOSICA

E.H. Cokososa® >3 C.3. CmupHoB" >3

'Hnemumym 2eonozuu u munepanozuu um. B.C. Cobonesa CO PAH, Hosocubupck, Poccust
ekaterina@igm.nsc.ru
2Tomcxuii eocyoapemeennuiil yHugepcumem, Tomck, Poccus
abspm@ggf-tsu.ru
SHosocubupcrkuii 2ocydapcmeennvlii yuusepcumem, Hosocubupcxk, Poccus
ssmr@igm.nsc.ru

ITo Hanbonee pacnpoCTpaHEeHHBIM COBPEMEHHBIM IPEACTABICHHUSM, PEIKOMETAIIBHBIE TPAHUTHI (POPMHUPYIOT-
Cs1 U3 PacIlJIaBOB, KOTOPHIE TIPEJICTABIISIIOT COOO0M MPOIYKTHI TIIyOOoKoH M dhepeHralim KUCIbIX MarM 1 000CO0ISIOT-
Csl IPM KPUCTAJIM3AIMH OCTaTOYHBIX MarMaTuueckuX o4aroB. B aTHX mporieccax MpOUCXOANUT HAKOIUICHUE JIETYYHX
xomnonenTos (H,O, F, Cl, B), koTopble HTparoT BaXkHyI0 pojib B 00pa30BaHHM U 3BOJIOLHMH PEAKOMETAILHBIX MarM U
COMYTCTBYIOT HAKOIUICHUIO PEIKMX, B TOM YHCJIE U PYIHBIX, IEMEHTOB. B 1aHHOW paboTe moka3aHa polib (IIFOMIHO-
MarMaT{uecKoro B3aMMOJAEHCTBHS KaK OIHOTO U3 (haKTOPOB, ONPEEISIIONINX TeTePOreHHOCTh COCTaBa IMopoJ B IpeJie-
nax BocrouHo-KairyTHHCKOTO OHFOHUTOBOTO TAWKOBOTO TI0sICA.

Bocrouno-KanryTuHckuit 1aiikoBbIi TOsIC BXOAUT B cocTaB KalryTHHCKOM pymHO-MarMaTuyecKol CHCTEMBI
(215-184 muH neT), KOTOpask TAK)KE BKIFOYAET MAaCCUB OMOTUTOBBIX TPAHNUTOB IVIaBHOW (a3bl, IITOKHU JIEHKOTPAaHUTOB
(a3 momonHUTENBHBIX HHTPY3Uil 1 KanryTuackoe Mo-W rpeiizeHoBo-KIIbHOE MecTopoxkaeHue. [Tosic crnaratoT kuc-
JIble TTIOpOABI PEeTb3UT-MOPPHUPOBOTO 00IHMKA. B CBS3M ¢ MOBBIIIEHHBIM COJCPKAaHUEM PEIIKUX IIET0YeH MOPOJIBI Mo-
sica OTHOCSITCSI K IUTFOMA3UTOBBIM PEAKOMETAJLTLHBIM TPAaHUTOUIAM, BBLICIISISICH CPENIU MPOUUX €r0 MPEICTaBUTEIICH
TIOBBILIEHHBIM coziepkanueM (ocdopa npu ymepenHoM conepkanuu gropa. [1o coornomennto K/Na B cocrase naii-
KOBBIX ITOPOJI TIOSICA BBIZICIISIFOTCS] HATPHEBBIC M KaJIMEBbIE PA3HOBUIHOCTH OHTOHUTOB. [locieaHne BO MHOTHX Tpe-
MIECTBYIOIIMX paboTax Ha3BaHbI dJbBaHAMU, a JUIs OoraThix (hocdopoM ynbTpapeIKoMETaUIEHBIX OHTOHUTOB MPE/-
JIO)KCHO Ha3BaHUE KaJTyTHTHI.

B Hammx npemectByronmx paboTax MoKa3aHo, YTO ()OPMHUPOBaHHE BKPATJICHHUKOB UCCIIETYEMbIX JaiKOBBIX
MOPOJT MPOUCXOUIIO B ITYOMHHBIX MarMaTHIeCKUX KaMepax M3 BOJOHACHIIICHHBIX MarM B YCIIOBUSIX BHICOKOTO (DITFOM/I-
HOro faBieHus (4.5—6 xbap) mpu Temmeparype 565—620 °C. TIpsiMbIe onpeeNicHUs COCTaB paciuiaBa MPOBOVIIUCH TIPU 13-
YUCHUM TOMOTCHU3MPOBAHHBIX M 3aKAJICHHBIX PACIUIABHBIX BKIIFOUCHUI B IOPGHPOBBIX BKpAIUICHHUKAX KBapia (puc. 1).
BriepBble noka3aHo, YTO pacIuIaBbl, U3 KOTOPHIX KPUCTAJUTM30BAIMCH BKPAIUICHHUKH, HMMENHN BHICOKHE CONICPKaHUSI PEIKUX
JIUTO(PHITLHBIX IEMEHTOB, COM3MEPHUMEBIC C TAKOBBIMH B opozax: Li 10 3330 ppm, Rb no 1200 ppm, Cs 10 1400 ppm, a Tak-
xe 0.3-0.8 mac. % F u 0.3-0.7 mac. % P,O, [Cokonosa, 2014].

Just coctaBa paciuiaBoB, (OPMHPOBABIIMX TTOPOIBI
Bocrouno-KanryTuHckoro mosica, XapakTepeH HEOOBIYHBIN
TPCHII, HATIPABJIICHHBIA B CTOPOHY KBapIIeBOM BEPIIUHBI ra-
TUTOTPAHUTHOTO TPEYToNbHKKa, co cMerieHneM K/Na B cropo-
Hy K (puc. 2). OOBIUHO 3BOJOIHS COCTaBa PEAKOMETAITEHBIX
pacIuUIaBOB MPOUCXOMUT TI0 «abOUTOBOMY TpeHAy». [Ipumuu-
HOW TaKoW SBOJNIOLMH paciuiaBoB BocrouHo-Kanrytunckoro
nosica MOIJIO OBITh B3aUMOJICHCTBHE pacIulaBa C BOAHBIMH
tdmronamu. [pucyrcTBre cBOOOTHOTO (iroMaa B MOMEHT
KPUCTAJUTM3AIUN BKPAIUICHHUKOB [[OKA3BIBACTCS HAJTHYUCM
(ITFOMTHBIX BKITIOUCHHI, CHHTCHETHYHBIX C PACIUIABHBIMHU.

[TpoBeneHo MopenupoBaHHE W3MEHEHHs COCTaBa Ta-
TUIOTPAHUTHOTO pacijlaBa MpH B3aHUMOJCHUCTBUU C pa3HBIM
xondectBoM Quronzios (H,0-KCl, H,0-HCI). Kak u3pect-

20 um

Puc. 1. 3onameHble paciuiaBHele BkitodeHus (PB) Bo
BKpaIIeHHHKaX KBapiia nopox Bocrouno-KanryTnHckoro naiikoBoro

nosica 710 (CBEpXy) H MOCie Mporpesa (CHU3Y):
roM. — roMoreHHoe PB, .. — ra3oBblif 1y3bIpek, Kp. — KpHCTaIUIbIL.
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Puc. 2. Bapuanuu cocraBa rariorpaHuTHOTO pacIuiaBa,
00yCIIOBIICHHBIE B3aNMOJIEHCTBHEM C (IIIOMIHON (a3oit.

/-5 — cocTaB pacIuiaBa IOCiIe B3aUMOACHCTBUS ¢ (IIOMTHOMN
¢a3zoii (pactBopom HCI); / — 0,37 mac. %, dpmroun:pacmias = 1:10 (Touka
1 coBmagaer ¢ COCTaBOM MCXOJHOTO paciuiara); 2 — S mac. %, 1:10; 3 —
0,37 mac. %, 1:1; 4 — 0,37 mac. %, 5:1; 5 — 5 mac. %, 1:1; 6 — 8 mac. %
KCl, 1:1; 7 — moxne cocraBoB nopoa Bocrouno-KanryTunckoro mosca;
8 — mone cocraBoB PB B kBapue mopox Boctouno-Kanrytuackoro
mosica, 9 — CMCIICHHE MHHHMyMa KOTEKTHK IPH HOBBIIIEHHOM
naBneHuH (“anbOUTOBBIA TPeHN ).

HO, B cucreme (urona-paciiiaB Kaiuid Oonee HecoBMe-
ctum, yeM Harpuii [Bai, Koster van Groos, 1999]. Ta-
KM 00pa3oM, BOAHBIN (urton] B O0JbIIeH cTeneHn 000-
ramaeTcs HaTpreM, a Kalliid B 00JIbIIel CTeIIeHH Iepexo-
JIUT B pacruiaB. [lepBblit BapuaHT B3anMOAEHCTBUS pac-
CMaTpUBAJICS JUIS 3aKPBITOM CHCTEMBI UCXOIS M3 Tpel-
TIOJIOXKEHUS, YTO PACIUIaB HE MOXKET COZlEpKaTh OOJIbIIe

4 Or

10 mac. % pacTBopeHHo# Boabl. Konnvectsa GuonaHOM
(ha3bl, KOTOPOE MOIJIO BBIACIUTHCS MIPU BCKUITAHUH Mar-
MBI (10 10 Mac. %), He JOCTaTOYHO JUIsl HAOIIOaeMOro H3MEHEHHSI COCTaBa PaciljiaBa, JaKe B Cilydae BBICOKOW KOH-
nenrpanun HCI (puc. 2, 1. 1, 2). [lns ero cMeleHus: B 0)kUAaeMOM HalpaBiIeHUH PacCMaTpUBAJICS BTOPOW BapUaHT:
KpHCTAJUIM3AlMsl pacijlaBa B OTKPHITON cucteme. HaOmomaemoe U3MeHeHne cocTaBa paciuiaBa yAajloCh CMOJIEIH-
poBarh IMyTeM B3aUMOJICHCTBHS paciuiaBa JIM00 ¢ COMOCTAaBUMBIM MO Macce KOJIMYECTBOM Oojiee KOHIIEHTPUPOBAHHO-
ro (1,4 m) BomHOTO pactBopa HCI (cM. puc. 2, T. 5), 1100 ¢ IPEBBIIAIOIIMM MacCy paciiiaBa KOJIMYeCcTBOM Oojiee pa3baB-
nennoro (0,1 m) pacteopa HCI (cm. puc. 2, T. 4). B 00oux cirydasx oTHocutenbHas gons SiO, B pacriaBe BO3pacTaeT
B CBSI3M C YOBIBAHUEM JOJIH IIEJI0UEH, & OTHOCUTEINIbHAS J0JIsl KaJIUsl pacTeT, HOCKOJIbKY HaTpuil B OoJblLIel CTENeHN
yaansetcs Bo qutton. B ciaydae nobdasnenus BogHoro duronna, conepikaiiero NaCl mu6o KCl, pacmnas 6yner obora-
IIaThCS ILEJIOYaMH, U TOYKA COCTaBOB Ha TPEYTOJIBbHUKE Oy/leT CMENarhCs K MOJIEBOLINATOBOM CTOPOHE, TPOTHUBOIIO-
JIO)KHO HaOJII0AaeMoOMy TpeHy (cM. pucC. 2, T. 6). DTO OTpUIIaeT BO3MOXKHOCTD YYaCTHsI KaJli- U HaTpHicozepKalie-
ro ¢uIonJa B KpUCTAIUIM3aLUK PEIKOMETAIUIEHON MarMbl. BoJiHbIE pacTBOPBI XJIOPHOB HATPUS U KaJlkisl, 3aXBaueH-
HBbIE B BUJIE (ITIOMTHBIX BKJIIOUCHUH, IPECTABISIIOT COO0H Pe3yNnbTraT peakiiy MeX/y CHIIMKaTHBIM PAacIIaBOM M BO-
JHbIM pactBopoM HCL

[TpoBeneHHBIE NCCIIENOBAHNS M PACYETHI MOKA3bIBAIOT, YTO KOJIMUeCTBa (MIIOMIHON (ha3bl, KOTOPOE MOIIIO Bblje-
JIMThCSL U3 paciulaBa, He JOCTaTOYHO JUIsl HaOIIOaeMoro H3MEHEHHsI coCTaBa paciiiaBa. MarmMarnueckas kamepa, Iie
MPOUCXOIMIIA KPUCTAIUIN3AIMS TOPPHUPOBBIX BKPAIJICHHUKOB 1opoj BocTouHo-KanryTiuHckux naek, npeacTapisiia
co00i1 o4ar, OTKpPBITBIH JUIS TIOCTYIJIEHUS] BHEIITHET0 HHTPATEIUTypHUYECKOTO (uIrona.

I'pannTHAs MarMa o0nanaeT BEICOKOW BSIBKOCTBIO, UTO MPEISTCTBOBAIO PABHOMEPHOMY pacIipe/ieieHHIo (iIto-
uja 1o MarMaTH4eckol Kamepe, Co3/aBasi y4acTKH, I7ie IPOUCXOIMIIO TIepeypaBHOBEIINBaHNE ¢ QIIOMIHON (a3oi
(xayreBbIe OHTOHUTHI, WM 3JIbBAaHBI), U YYaCTKH MarMbl HCXOJJHOTO COCTaBa (HaTpUeBbIE OHTOHUTHI). BekpbiThe Ta-
KOM MarMaTH4ecKkoi KaMephl IIPH MOBBIIIECHUH (DIIIOWIHOTO AaBJICHHS IPUBOIUIIO K BHEIPEHHIO MarM pa3HOIo COCTa-
Ba U3 pa3HbIX YacTel kamepsl. [Ipu Masiom 00beMe KaleBbIX U HaTPUEBBIX YYaCTKOB, MarMbl Pa3HOTO COCTaBa MOIJIN
BHEJPATHCS B MpEJesiax OJHOTO JAaiKoBoro tena. [IpumepoM Takoil HEOJHOPOAHOCTH SIBIISIETCS LICHTPAJIbHAS JaiiKa
Bocrouno-KanryruHckoro nosca. OHa ciioxkeHa MeTKONOp(UPOBBIMU MK aUPOBBIMHU Pa3HOCTSMH, KOTOPBIE MPE/-
CTaBJICHBl OHTOHUTaMH, U 0o0Jiee PaCKPUCTAIUIN30BAHHBIMHU, KPYITHONOP(UPOBBIMH AJIbBaHAMHU C (parraIbHBIMU T1e-
pexoJaMu MKy HUMHU. MBI CYMTaeM, YTO BO (IIIOMIOHACHIIIEHHBIX TOPLUUAX MarMbl quitoniHast asza, IOMUMO CMe-
IIEHHs COCTaBa paciiiaBa B cTopoHy noseiieHust K/Na, criocoOcTBoBasa pocty 6oliee KPYIHBIX KPHCTAJLIOB.

[TomoOHBII MeXxaHN3M U3MEHEHUS COCTaBa paciulaBa I1oJ] Bo3/ieiicTBUEM (IIIOMIHOMN (a3bl MOXXHO paccMarpu-
BaTh B paMKax Mojiesiu MetamarmarusMma [Kopxuackuid, 1968], koTopast uCnonb3yeTcs Uit 00bsICHEHUS pa3HOOOpa-
3Ms1 COCTABOB IETMATHTOB M JPYTHX KUCIIBIX OPOI.

B nocnennue roapl B myONMKaLUsX MOSIBISIETCS Bce OOJIbIIE CBEIACHUH O CBS3M PaHHEME3030MCKUX HHTPY-
3Ul PeAKOMETaIbHBIX TPaHUTOUAOB tora CHOMpPHM C OTroJIOCKaMM IIFOMOBOrO Marmaruama Ha Cubupckoit u Ta-
puMckoit miardopmax [[Jobpeunos u ap., 2005; Bopucenko u ap., 2006 u np.]. Ha 1o)xHOM Antae CBUIETENbCTBA-
MH TaKOH CBSI3U SIBIISIOTCS IPOSIBICHUS JaeK JaMIpogHpoB YyHCKOTO KoMILIekca Onn3koro Bospacta (236-234 u
250-242 muH nert) [BacrokoBa u jp., 2011]. B HacTosmmii MOMEHT B Ka4eCTBE MCTOYHUKA BHEIIHETO (DiIrouIa mpu
(opmupoBanuu BocTouno-KanryTHHCKOTO 1mosica MOXKHO IIpEeAIoararh JIM0o MpsiMoe MoCTyIuieHHe U3 QuironaoHa-
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CHILCHHOM IIEeT0YHO-0a3UTOBOIM MarMpl, TM0O aKTHBHU3ALUIO K KOHBEKLIHIO METaMOP(HOreHHOTOo (IrouIa Mo Bo3nei-
CTBHEM TeIUIa MAaHTHIHOTO o4ara. BeposTHO, 3TOT TONONHUTENBHBII (0N, TOMUMO y4acThsi B (OPMHUPOBAHUH H
9BOJIIOLIMY PEIKOMETAIUIBHBIX PacIIaBoB, obecrednt 3h(GEKTHBHOE KOHICHTPHPOBAHUE PYIHBIX KOMIIOHEHTOB, YTO
00yCIIOBIIIO (POPMHPOBAHHE KPYITHOTO PEIKOMETAIIBHOIO MECTOPOXKACHHSL.

Paboma evinonnena npu noodepocxke PODPHU (cpanmur Ne 13-05-00471; Ne 10-05-00913).
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According to the most common modern ideas, rare-metal granites are products of deep differentiation of silicic
magmas and segregated during crystallization of residual magma chambers. These processes lead to accumulation of
major volatile components, e.g. H,0O, F, Cl, B, playing an important role in the formation and evolution of melts and
concomitant accumulation of rare metals. In this paper we show a role of interaction between magma and aqueous fluid
as one of the factor controlling evolution and variability of rock compositions within the East-Kalguty ongonite dike
belt (EKB).

East-Kalguty dyke belt is part of Kalgy ore-magmatic sys-
tem (215-184 Ma), which includes granite massif of the major
intrusion phase, leucogranites of the additional intrusion phase
and Mo-W greisens and hydrothermal vein deposit. Dykes are
composed of acidic felsitic and porphyric rocks. According to
their bulk compositions dyke rocks belong to peraluminuous rare
metal granitoids. Unlike other rare-metal granitoids compositions
of dykes are featured by elevated phosphorus at moderate fluo-
rine contents. On the basis of K/Na ratios EKB rocks are divided
into Na-rich (K/Na < 1) and K-rich (K/Na > 1) ongonites. The
latter are frequently referred to as elvans in previous studies. The
name kalgutite is proposed for the rare-metal-rich Na-ongonites
with highest F and P contents.

Previous fluid and melt inclusion studies revealed that crys-
tallization of ongonitic phenocrysts occurs in the deep magma

Fig. 1. Primary melt inclusions in quartz phenocryst in EKB
ongonite. Before heating (top) and after heating (bottom).

hom. — homogenized melt inclusion, g.b. — gas bubble, cr. — unmelted
crystals.
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Fig. 2. The changes of haplogranitic melt
compositions in the course of fluid-melt interactions.

1-5 — calculated melt compositions (H,0-HCI fluid);
1-0.37 wt. %, fluid:melt=1:10 coincides with the starting melt
composition; 2 — 5 wt. %, 1:10; 3 — 0,37 wt. %, 1:1; 4 - 0,37
4 wt. %, 5:1;5-5wt. %, 1:1; 6 — 8 wt. % KCI, 1:1; 7 — EKB
5 bulk-rock compositions; § — melt inclusion compositions; 9
6

Qtz

W R =

— shift of haplogranite minimum compositions at the closed-
system crystallization (albite trend).

9  chambers. They grew from water-saturated magma
at 565-620 °C under high fluid pressure (4.5-6.0
kbar). Melt compositions were constrained from
the study of re-melted and homogenized melt in-
clusions in quartz phenocrysts (fig. 1). This study
show that phenocrysts crystallized from melts with
high rare lithophile element contents, which are

Or  comparable with the bulk rock compositions: Li up

0.2 0.4 0,6 0.8 to 3330 ppm, Rb up to 1200 ppm, Cs up to 1400

ppm. The melts are enriched in F (0.3-0.8 wt. %)

Ab

and P,0,(0.3-0.7 wt. %) [Sokolova, 2014].

Normative compositions of melt inclusions in quarts from EKB ongonites are characterized by unusual trend
directed towards the quartz corner of haplogranitic triangle Qz-Ab-Or, with increasing of K/Na ratio (fig. 2). This does
not correspond to typical evolution of crystallizing water-saturated granitic melts, which compositions form trend
directed to albite corner (albite trend), with decreasing K/Na ratio. This kind of evolution cannot be explained by simple
crystallization of granitic magma in the closed system.

One of the possible explanations of unusual trend is an interaction of the granitic melts with aqueous fluids.
Fluid and melt inclusion study demonstrated that the ongonitic magma in the course of phenocryst crystallization was
heterogeneous and consisted of silicate melt, aqueous fluid and growing crystal. Primary and secondary fluid inclu-
sions are abundant although no evidences of late hydrothermal alteration of the studied dykes were recorded. Thus we
suggest that significant amounts of aqueous fluid were presented in the chamber. This water could either be released in
the course of magma crystallization (closed-system scenario) or injected into magma chamber from an outside source
(open-system scenario).

Mass-balance simulation of fluid-magma interaction was carried out for haplogranitic compositions. The
change of melt composition was constrained from the approach of interaction between magma and aqueous fluid
only. Thus it could be a tentative model for the earliest crystallization of magma. Fluids of different compositions
(H,0-KCl, H,0-HCl) and different magma-to-fluid mass ratios were used. It is a common knowledge that, potas-
sium is more incompatible with the silicate melts than sodium [Bai, Koster van Groos, 1999]. Thus, an aqueous
fluid should be increasingly enriched by sodium while potassium should be reserved in the melt. The use of
H,0-KCl fluid does not result in the trend, observed for EKB melts, while interaction of magma with H,O-HCI
fluid shifted compositions in the desired direction. Thus H O-HCI system was used for further calculations. The
closed system scenario implies that the system cannot contain more than 10 wt. % of H,O. This scenario was
modeled in assumption that all water releases at the early stages of crystallization, thus the effect should be over-
estimated compared to natural process. The calculation of closed-system scenario showed that amounts of fluid,
are not enough to explain the observed shift of the melt compositions even if assume geologically unreal high
HCI concentrations (fig. 2, points Ne 1, 2). The observed shift appeared to be possible in open-system scenario.
In order to change haplogranitic to the most quartz enriched compositions the melt should react with greater
amounts of fluid. The observed effect is modeled on addition of 1,4 m-HCI fluid, which mass is comparable with
the mass of the melt (fig. 2, point 5). If assume more diluted 0.1 m-HCI fluid the required mass should be greater
than that of the melt (fig. 2, point 4). In both cases, the relative proportion of SiO, in the melt increases due to
the decrease of alkali. Relative proportion of potassium increases since sodium is more extensively removed
into fluid than potassium. In the case of NaCl or KCI content in the fluid melt becomes enriched with alkali, and
point 1 shifts to the feldspar side of the triangle opposite to the observed field 8 (fig. 2, point 6). Thus NaCl- and
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KCl-rich aqueous solutions, entrapped as inclusions of magmatic fluids could be regarded as a result of reaction
between HCl-rich fluid and silicate melt.

Our study and calculations imply that amount of the fluid phase released from the melt in the course of closed-
system crystallization is not enough to explain the observed trend of the melt compositions, while open-system scenario
with input of significant amounts of additional fluid agrees well with it.

Slow diffusion in the viscous granitic melts should prevent complete reequilibration of the magma chamber on
injection of fluid phase. The degree of reaction is higher at the place of injection and is expected to decrease outside
it. The non-uniform distribution of fluid phase within the magma chamber leads to appearance of enriched portions
with higher reaction degree (K-ongonites (elvans)) and portions of less-reequilibrated magma (Na-ongonites). Thus
opening of chamber due to fluid overpressure should result in extrusions of compositionally different magmas from
different portions of the chamber. On the other hand if the volumes of the reequilibrated magma are small then differ-
ent compositions should be observed in the single dyke. The Central dyke of the belt displays such heterogeneity. It
is composed of finely porphiric or aphiric Na-ongonites and coarsely porphiric K-ongonites (elvanes), with gradual
transitions between them. We believe that fluid phase facilitates crystal growth in K-rich portions of the magma with
abundant fluid separations, while Na-rich portions magma contained less fluid separations and the growth of pheno-
crysts was suppressed.

The modification of magma compositions under the influence of the fluid phase can be considered within the
metamagmatic model [Korzhinsky, 1968]. This model is used to explain the chemical diversity of pegmatitic fields
and single bodies.

The source of large amounts of aqueous fluids can be discussed on the basis of links between Early Mesozoic
rare-metal granitic magmatism in southern Siberia and mantle-plume activization of the Siberian and Tarim platform
boundaries [Dobretsov et al., 2005; Borisenko et al., 2006]. The manifestation of plume activity in a vicinity of EKB is
the Chuya lamprohire dyke complex which age is close to EKB (236234 and 250-242 Ma) [ Vasyukova et al., 2011].
Deep intrusions of the mantle alkaline magma may serve either as a direct source of aqueous fluid or as a trigger for
convection flow of crustal metamorphic fluids, which could be a transport link between deep-seated mafic and upper-
crustal granitic magma chambers. The interaction of external fluid with aqueous fluid released in the course of magma
crystallization and the rare-metal rich granitic melts promotes effective concentration of the ore metals and formation
of ore-forming aqueous fluid as a result.

This study is supported by RFBR grants (13-05-00471; 10-05-00913).
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O CUHXPOHHOCTHU ®OPMUPOBAHUS T'PAHUTOU/I-UTHUMBPUTOBOM ACCOLIMALIMN
B KAAXEMCKOM MAI'MATHYECKOM APEAJIE (BOCTOYHASA TYBA)

A.M. CyropakoBa

Tyeunckutl uHCmMUmMym KOMILEKCHO20 0C80eHUsl npupooHsix pecypcog CO PAH,
Kwizvin, Poccus, saminal 1(@inbox.ru

Hamu Gbuta BeIZiesieHa IO31HEOPIOBUKCKast bpeHbckast BynkaHomtyTonndeckas accoruanust (BITA) B ctpoennu
KaaxeMckoro MarmMati4eckoro apeasia, peAcTaBieHHast BpeHbCKUM rpaHUTONIHBIM MACCHBOM U MOJISIMH HTHUMOPHTOB
B 3aaJIHOM M CeBEpPHOM 0OpamMyIieHuu 3Toro ke MaccuBa [Cyropakosa, Monryt, 2008; Moury, Cyropakosa, 2008].

[Ty TOHHYECKYIO YaCTh ATOW aCCOIHMAIMK COCTaBIsAeT bpeHbckuil rpaHuTONAHBII MaccuB (~1500 km?) ox-
HOMMEHHOTO KOMITJIEKCa, O3IHEOPIOBUKCKHH (450 MIIH JIeT) BO3pacT KOTOPOTO JOCTOBEPHO YCTAHOBJIEH JIMIIb B
nocneanue roas! [Kozakos u ap., 2003; Pynues u ap., 2006] mo 1ByNONEBOIINATOBEIM I'paHUTaM. Bynkanuueckas
COCTaBJISIFOIIAs MPEJICTaBIeHA «CalIBITCKON) Tonmel. PaHee oHa cunTanach HHKHEAEBOHCKOM, HO K HACTOSIIIEMY
BPEMEHH CTpaTturpapuueckumMu U GayHHCTHYECKHMHU JaHHBIMU JI0Ka3aH e€ JopaHHeleBOHCKUH Bo3pact [Cyropa-
koBa, 2007]. [ToneBble HabMIOAEHNS U TIeTpOrpadUIecKoe N3yueHHE MMOKa3bIBAIOT, YTO «CANIIBIICKas TOJIIA UMe-
€T CyIIECTBEHHO HTHUMOPUTOBKIN cocTaB. Ha coBpeMEHHOM 5pO3MOHHOM Cpe3e OHa COXpaHHUJIACh B BHJIE OTIIENb-
HBIX «IIATEH», IPUYPOUYCHHBIX K MOJOKUTENBHBIM (popMam penbeda (BepTuKambHOe BckpbiTHe 10 700 M) 1 mpo-
CTPaHCTBEHHO TATOTEIOMIMX K 3aITaJHON M CEBEPHOI OKpaMHHBIM y4acTKaM BpeHbCKOro rpaHUTOMIHOTO MacCHBa.
[Tnomaan Hanbosee KPYIHBIX «ISTEH», MPEACTaBICHHBIX Ha benpOeiickoM u banra3slHCKOM ydacTKax, COCTaBIIsI-
10T ~350 1 ~100 KM? COOTBETCTBEHHO.

XapakTepHble 0COOEHHOCTH I'PaHUTOHJIOB MacCHBa!

— HEOIHOPOJHBIE CTPYKTYpPHI: MOP(GUPOBUAHBIC, ITOTUIOPHHPOBUIHBIE METKO-CPEIHE-KPYITHO3EPHUCTHIE 10
THTaHTO3EPHUCTBIX, OBICTPO CMEHSIOIIUE APYT APYTa;

— HEOJJHOPOHBIE TEKCTYPHI: ISITHUCTOCTH 110 KOJIEOaHUSIM COAEPIKAHUSI TEMHOIIBETHBIX MHHEPAJIOB, COIIPOBO-
JKIAIOIIAsICS IPUCYTCTBHEM OOJIBIIOTO KOJHMYECTBA MEIaHOKPATOBBIX IISITEH U JIMH3;

— SIPKO BBIp@)KEHHAsI JIBYIOJIEBOLINATOBOCTD: MEIUTH3HPOBAHHBIE KaJIMHATPOBBIE U KaJHEBBIC MTOJIEBbIE IITIATHI
KOHTPACTHO OTIIMYAIOTCS OT COCCIOPHTU3MPOBAHHBIX U allbOUTH3NPOBAHHBIX IIJIATHOKIIA30B;

— MOHOJIUTHOCTB, KPYITHOIIILIOOBOCTh T'PAHUTOHM/IOB, COYETAIOIIUECS C IMOCTEIIEHHBIM, PABHOMEPHBIM pa3py-
IIEHEM MacCHBOB JI0 JIPECBBI.

WrHUMOpHUTOBBIE K€ TIOJISI COCTOSIT NMPAKTHYECKH TOJBKO M3 PUOJHMTOBBIX W PUOIHMT-AALUTOBBIX MOpQu-
POB UTHUMOPHUTOBOTO 00JMKa (OOPHIBKH JIaB, CTEKJIA, KPUCTAIOB KBaplia U TOJEBBIX INMAaToB, (GbIMMe, MOJIOC-
4aToCTh U Tp.). B paitfone BenbOeiickoit Mynbabl OHU Ha TuTomIaau Ooiee 350 KM? XapaKTEepU3YIOTCS TEKCTYpPHO-
CTPYKTYpHOW OZHOPOJHOCTBIO, MPAKTUYECKH HE MMEIOT NMPHU3HAKOB CTPATU(QHKALINU U HE COAEpKAT KaKUX-INO0
TEPPUreHHBIX MOpoa. Bce mepeuncieHHble Bbie 0COOCHHOCTH 3THX 00pa30BaHUN COXPAHSIOTCS M B MX BEPTH-
KaJIbHOM Cpe3¢ 0 CKalIbHBIM 00phiBaM BhicoToi 10 700 M Ha mpaBoOepexbe p. Manbriii Ennceii. Ha neBobepexbe
p. Cos, B ~5 KM K BOCTOKY OT c. banra3siH MbI
oz | Coni::::ﬁ? f;fﬁ:lg Ma YCTaHOBUIIM OCTEIIEHHBIN MEPEXOJT B PSILY: Tpa-

(2s, decay-const. errs included) HUTBI — TPAHUT-TIOPGUPHI — PHOIUT-TIOPHUPHI C

pﬂﬁgﬁuﬁ‘gfxﬂgfﬁg; o 00JIOMKaMH TPaHUTOB — OOJIOMOYHBIE BYJIKAHUTHI

(urHUMOpHUTHI). A B paiioHe ycThsl pyd. XaaaBa-

nap (mpasblit mputok p. M. Enuceii) nHabmonaer-

Cs1, UTO TPAHUTHI PBYTCSI UTHUMOpHUTamu. raum-

OpUTHI B pailoHe KOHTaKTa ColepKaT OOMIIbHBIE
KCEHOJIUTHI I'paHuTOB 110 30 cM.

[TerpoxuMHUYecKuii aHamM3 TPaHUTOHIOB
Bpenbckoro MaccuBa ¥ ITHUIMOPHUTOB Ha JIHarpam-
Max Xapkepa Mokasajl UX MOJIHYIO WICHTHYHOCTh
[CyropaxkoBa, Mosnryr, 2008; Mourym, Cyropako-
Ba, 2008]. Bapuaunu SiO, B nannoit BITA cocras-
asroT 64.5-77 mac. %, Na,O+K O — 6-9 mac. %.

['paHUTBI M WTHUMOPHUTHI XapaKTEPU3YIOT-
12,8 13,2 136 140 14.4 14.8 152 Cs TaKKe OJTM3KUM U30TOMHBIM cocTaBoM Nd u Sr:

2B 0spp eNA(T) obsi3arenbHO TONOXKHUTENBHA U paBHa 0.4—

0,10

0,08

0,06

207pp/205pp

0,02
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4.8 (rpanutsl) u 2.7-2.9 (MurauMOputs); otHomenue 8’Sr/*Sr cocrasmser 0.7132-0.7159 (rpanutsi) u 0.7094-0.7174
(urauMOpwuTHI). Cymma P33 — 180-230 r/T.

B 1emsx yrouHeHHs M BO3pacTa MTHUMOPHUTOB M CPaBHEHHS €TO ¢ BO3PAacTOM IpaHHTON0B Bpensckoro Maccu-
Ba HaMH OblTa 0TOOpaHa MOHO(PaKIK IpKoHA U3 TpoObl b-355. Iupkon npeacTasisier codboi dbnnupaMuaaibHbe
MPO3payHble KPUCTAIIIBI U OOJIOMKH KPHCTAILIOB. LIBeT O1eJHO-pO30BbIi 1 OECIIBETHBIN C OypOBaTO->KEITOBATHIM Ha-
neroM. YacTb KpUCTaIUIOB UMEIOT BKItOUeHMs. Pasmeps! 0.2 MM n Menbie. U-Pb narnpoBaHie NUPKOHOB BBHITIOIHE-
HO Ha noHHOM MuKpo3oHae SHRIMP-II B Llentpe U3oronubix Uccnenoanunit BCEI'EN um. A I1. Kapnuuckoro. Pe-
3yJBTATHl BHIIOJIHEHHBIX T€OXPOHOIOTHYECKUX MCCIIEAOBAHUM MTO3BOJISIOT ONPEAEIUTh KOHKOPIAHTHBIM BO3PAcT UI-
HUMOPHUTOB paBHBIM 446 + 6 MJTH JIeT (CM. pUCYHOK).

Panee onpeneneHHbI BO3pacT IBYIOJIEBOIINATOBBIX PaHUTONI0B bpenbckoro maccuBa — 450 + 5 muiH et
[PymoreB u mp., 2006]. Takum oOpa3oM, B mpeennax MOTPEITHOCTH U3MEPEHUI BO3pacT HITHUMOPHUTOB U TPAHUTOUIOB
COBIIAJIAET W MO3BOJISIET CJIENIaTh BHIBOJ O MO3IHEOPOBUKCKOM BpeMeHH (popmupoBaHus bpeHbCKOW rpaHUTOMIHO-
WUTHUMOPHUTOBOH BYJIKaHOILTYTOHWYECKOH acconnanuy. Ml rojaraeM, 4To MacITabHOe TPaHUTOOOPa30BaHUE, OKOH-
YaTeIbHO 3alledaTaBliiee B OpIOBUKE aKKPELMOHHO-KOJUIM3NOHHYIO CTPYKTYpy Anrae-CasHckoi o0nacTu, B 00IacTsIx
pacnpocTpaHeHHs] TOKeMOPHHCKIX MeTaMOpP(H30BaHHBIX MOPOJ B psifie CIydacB CONPOBOXKIAIOCH HE MEHEe Mac-
IMTAaO0HON BYIKaHHMUYECKOH AESTEIBHOCTHIO C MHTUMOPHTOBBIM THIIOM H3BEPKEHUSL.
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ABOUT SYNCHRONEITY FORMATION OF GRANITOID-IGNIMBRITE ASSOCIATION IN THE
KAAKHEM MAGMATIC AREAL (EASTERN TUVA)

A.M. Sugorakova

Tuvinian Institute for Exploration of Natural Resources SB RAS, Kyzyl, Russia
saminal l@inbox.ru

The Late Ordovician Brensky volcanoplutonic association (VPA) is singled out in the structure of the Kaakhem
magmatic areal presented by Brensky granitoidal massif and deposits of ignimbrites in the western and northern fram-
ing of the same massif [Sugorakova, Mongush, 2008; Mongush, Sugorakova, 2008].

Plutonic part of the mentioned association makes out Brensky granitoidal massif (~1500 km?) of the same
named complex, the Late Ordovician (450 Ma) age of which is conclusively established in recent years [Kozakov, etc.,
2003; Rudneyv, etc., 2006] according to the two-fieldspathic granites. Volcanic component is represented by “sailyg-
sky” rock mass. It was previously considered Low Devonian, but recently stratigraphic and faunal data proved its Pre
Early Devonian age [Sugorakova, 2007]. Field observations and petrographic study show that “sailygsky” strata has a
substantially ignimbrite composition. It remained in the form of separate “spots” in the recent erosion zone, limited to
the positive relief forms (vertical developing up to 700 m) and spatially gravitating towards the western and northern
marginal parts of the Brensky granitoidal massif. Areas of the largest “spots”, presented by Belbeisky and Balgazyn-
sky areas reach ~350 and ~100 km? respectively.

Characteristic features of the massif granitoids are:

— heterogeneous structures: porphyry, poly-porphyraceous fine-medium-coarse-grained up to giant-grained,
quick-alternating;
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— inhomogeneous texture: patchiness accord-
Sample B-355, N=10 . . get pate
012 | Concordia Age = 446 6 Ma ing to its mafic minerals content variety, accompa-
(2s, decay-const. errs included) : _
MSWD (of concordance) = 0.24, nleq by the presence of a large number of melano
Probability (of concordance) = 0.63 cratic spots and lenses;

ot — strongly-marked two-feldspathness: pelitized
\ potassic-sodium and potassic feldspars comparatively
el | \ differ from saussuritized and albitized plagioclases;
N“ — consolidation, large-blocked granitoids,
0,06 \> /m‘éﬁ . combined with a gradual, uniform massif undermin-
! 4= R,

Py : ing as far as granitic subsoil.
- g g

Ignimbrite fields consist of almost of rhyolite

oot and rhyolite-dacite porphyry rhyolite- ignimbrite as-
pect (fragments of lava, glass, quartz and feldspars,
0.02 | fiamme, crustification, etc.). They occur on the area
of more than 350 square kilometers in the Belbeisky
0,00 basin area, defined by texture-structural homogeneity;

128 132 136 .0 14.4 14,8 152 they practically have little or no signs of stratification
2381 206pp . .

and do not contain any terrigenous rocks. All the men-
tioned features exist in the vertical level on the rocky cliffs up to 700 m height on the right bank of the Malyi Yenisei
river. We fixed gradational series contact on the left bank of the Soja river, within ~5 km east of Balgazyn village: granites
— granite-porphyries — rhyolite-porphyries with fragments of granites — clastic volcanics (ignimbrites). Granites has been
traced to interflow with ignimbrites near the mouth of the Khadavalar watercourse (the right feeder of the Malyi Yenisei).

Ignimbrites of the contact area contain abundant xenoliths of granites up to 30 cm.

Petrochemical analysis of the Brensky massif granitoids and ignimbrites showed their complete identity accord-
ing to Kharker diagrams [Sugorakova, Mongush, 2008; Mongush, Sugorakova, 2008]. SiO, variations in the WPA
make up 64.5-77 wt. %, Na,0 + K,0 - 6-9 wt. %.

Granites and ignimbrites are also characterized by similar isotopic composition of Nd and Sr: eNd(T) must
be positive and equal to 0,4-4,8 (granites) and 2.7-2.9 (ignimbrites); *’St/*Sr ratio is 0.7132-0.7159 (granites) and
0.7094-0.7174 (ignimbrites). Sum of REEs — 180-230 g/t.

Zircon monofraction was sampled from sample B-355 for age identification of ignimbrites and comparing with
the age of granitoids of the Brensky massif. Zircon is a bipyramidal transparent crystals and fragments of crystals.
Color is light-pink and colorless with ochraceous incrustation. Some crystals have inclusions. Dimensions are 0,2
mm and less. U-Pb zircon dating is carried out on the ion microprobe SHRIMP-II at the Center for Isotope Studies
of A.P. Karpinsky Russian Geological Research Institute. The results of geochronological studies allow to determine
concordant age of ignimbrites which is equal to 446 £ 6 Ma (see fig.).

Previously identified age of two-feldspar granites of the Brensky massif — 450 £ 5 Ma [Rudnev, etc., 2006].
Therefore, within the measurement error of ignimbrites and granitoids age coincides and allow us to conclude about
Late Ordovician formation time of the Brensky granitoid-ignimbrite volcanoplutonic association. We conceive that
large granite-formation that is permanently imprinted accretion-collisional structure of the Altai-Sayan region in the
Ordovician, in the effect areas of Precambrian metamorphic rocks, in some cases accompanied at least of a large vol-
canic activity with ingimbrite type of eruption.
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OCOBEHHOCTH 3BOJIOIINA COCTABA AJIIOMOCHJIIMKATHOI'O PACIIVTABA
B YCJIOBUAX JUHAMHUYECKOI'O U3MEHEHUS JABJIEHUS.
IPEOJOJIEHHUE 3KJIOI'NTOBOI'O BAPBEPA

H.B. Cypkos
HUnemumym eeonocuu u munepanoeuu um. B.C. Cobonesa CO PAH, Hosocubupck, Poccus

[TpoGnema Tak Ha3bpIBAEMOTO «IKIOTUTOBOTO Oapbepay MHOTUMH MCCIIEI0BATESIMU, HO 3TO HE TOJIBKO HE MpPH-
BEJIO K PEIICHHIO TPOOIEMBI, HO ¥ HE BHECIIO SICHOCTH B IOHMMaHUE, YTO TAKOE «IKJIOTUTOBBIN Oapbep». COOCTBEHHO,
cama po0ieMa BO3HHKJIA [TPU PACCYKICHHUAX KaK MOMYYUTh U3 EPBUYHOTO YIETPA0CHOBHOTO pacIiaBa MarMbl Mo-
JIOOHBIE TPAHUTHBIM.

K HactosimeMy BpeMeHH, AJIsl MOAEIBHBIX 0a30BBIX TEOJIOTMYECKUX CHCTEM HAKOIUIEH JOCTATOYHO OONBIIONH
OKCIIEPUMEHTAJILHBIH MaTepHuall, MO3BOJISIOIINH MTepeiTH K HEKOTOphIM 0000meHusM [Cypkos, 1995]. B wactHoCTH,
Ha (a3zosoii quarpamme cucteMbl CaO-MgO-Al,0,~SiO, BbieNeHbI 9BTEKTHYECKHE TPEHIbI, KOTOPHIE KOHTPOJIUPY -
I0T COCTaB MarMaTH4YeCKOro paciiaBa mpu ero noabéme k mosepxuoctu [Cypkos, ['apteuu, 2012]. Kpome Toro, pas-
BUTHE Fe€OIMHAMUYECKUX MOJIeNIeH, B YaCTHOCTU TEOPUU TEPMOXUMHUECKOTO IUTIOMA, BBISIBUIIO HANW4Y1e KOHBEKTHB-
HBIX SY€eK B KaHaJIe IUII0Ma, KOTOPble COOTBETCTBYIOT MIPEJCTABICHUSAM O HAJIMUYUU HECKOJIBKUX YPOBHEH Marmaru-
YEeCKUX 04aroB.

[TepBUYHBII yIETPAOCHOBHOIM MarMaTHYecKHil paciuiaB popMHUpyeTcs: Ha TryonHax oT 600 KM, ¥ SBONIOLUS
ero cocrasa J1o rryouH okoio 100 kM koHTponupyeTcs: QyHIaMeHTanbHOM 3BTekTHKO# L = Fo + Cpx +Opx +Ga. [Ipu
noAbEME paciiiaBa K MOBEPXHOCTH MPOUCXOIUT OCAXACHUE U OTJENICHHE OJIMBHMHA, & COCTaB OCTATOYHOIO pacIuia-
Ba M3MEHSIETCS] B CTOPOHY YBEJIMUCHHSI KOHIIEHTPAIMU KpeMHe3EéMa 10 00J1acTH CPeHUX cocTaBoB. [Ipu Oonee HU3-
KHX JaBleHUsIX, HIbke 2.6—3.0 I'Tla sBTeKTHYeCKUii THII TUTaBIEHUS CMEHsIeTCd Ha MepUTEeKTUYECKUil, BIUIOTh 10 JaB-
nenusi 1.5-1.6 I'Tla. B aToM nHTEpBane AaBiIeHUH B Mpoliecce KPUCTAUTU3AIMOHHOM TuddepeHIraniy 0caxaT-
Cs1 MarHe3MOIINHENH, OJIMBUHBI U OPTONMUPOKCEHbI. OCTaTOUHBIN paciiiaB 00oralaeTcsi KpeMHE3EMOM U KaJlble-
BbIM KoMnoHeHToM. [Tpu naBnenusx Hike 1.5-1.6 I'Tla xapakrep naBiaeHUs] CHOBa MEHSIETCS HA SBTEKTHUESCKHN. B uH-
tepsaie nasienuit 0.8—1.5 I'Tla sBomronus coctaBa paciiiaBa KOHTponupyercs 3BTekTukoi L = An + Cpx + Opx + Sp,
a mpu nasneHusx Huke 0.8 I'Tla sBrexTuueckoit peakuueit L = Fo + An + Cpx +Opx. B 3ToM nnTepBase naBieHUs
B IPOLIECCE KPUCTAIUTM3AMOHHON An(depeHIInanuy IPOUCXOANT OT/eIeHUEe IuTarnokiasa. [lockonbky miarnokias
npescTaBisieT co0ol TBEP/bIE PACTBOPHI AHOPTHTOBOTO (TYTOIUIABKOTO) M aJIbONTOBOTO (HM3KOILIABKOTO) KOMIIOHEH-
TOB, TO MPOIECC KPUCTAITU3AMOHHON A PepeHIIHAINN C YIaCTHEM TUIarnoKiias3a, 000ramEéHHOTO aHOPTUTOM CMe-
IIaeT COCTaB OCTATOYHOTIO PACIIaBa B CTOPOHY MOBBIIIEHHOTO COJIEPKaHUS IEIOUHBIX KOMIIOHEHTOB U KpeMHe3EMa.
[Tpw BBICOKOI! cTEeNeHH KPUCTAIUTN3AMOHHON A PepeHITNalliK, OCTATOYHBIN paciiyiaB OKa3bIBaeTCs B 00JacTH 1ie-
JIOUHBIX KBapIIHOPMAaTUBHBIX COCTABOB, OJM3KUX, [0 CBOEMY XapaKTepy, K 'paHUTaM. JTa MOJEJb MO3BOJISET MPeo-
JIOJIETh TaK Ha3bIBAEMBIH “IKIIOTMTOBBIN Oapbep” 1 00BSICHUTH MMPOMCXOXKICHNE TPAHUTHBIX TIOPO 33 CUET MaTepua-
J1a yIBTPAOCHOBHOM, OJTMBUHOBOM MaHTHH.
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TEPMOXPOHOJIOI'USA TPAHUTOUJIHBIX BATOJIUTOB
HEHTPAJIBHOA3UATCKOI'O CKJIAJYATOI'O ITOSICA

A.B. Tpauu" >3, A.I. Baagumupos' >, H.I. Myp3uunues', C.B. Xpombix"3, ILJI. Kotiep" 3, 1.C. FOqun'3

'Hnemumym 2eonoeuu u munepanoeuu CO PAH, Hosocubupck, Poccus
travin@igm.nsc.ru
2Tomcexuii cocyoapcmeennuiil yhusepcumem, Tomck, Poccust
*Hosocubupcruii cocyoapcmeennulii yuusepcumem, Hosocubupck, Poccust

B ncTopun reosoruueckoro pa3BuTHs 3eMIIN KII0YEBOE 3HAYEHNE UMEIOT OPOTeHHO-CKIIa[9aThle COOPYKEHUS
(haneposolickoro Bo3pacra. TpaJuIIMOHHO BBLACISIOTCS HA/ICYOAYKIIMOHHBIE, TPAHC(OPMHBIE U KOJUIM3UOHHEIE OpO-
reHbl. Ha OCHOBHBIX cTagusx (OPMHUPOBAHMS CKIIAIUaThIX IMOSICOB HMEET MECTO 00Opa3oBaHUE IPaHUTOUIHBIX Oaro-
JIUTOB, N3yYEHUE KOTOPBHIX MO3BOJISIET TTOJMYYHUTH KIFOYEBYIO HH(POPMAIIUIO ISl PEKOHCTPYKIMH MPOJIOJKUTEIEHOCTH,
WHTEHCUBHOCTH aKKPELHOHHBIX, KOJUTM3MOHHBIX, IIOCTKOJJIM3HOHHBIX COOBITHH, OLIEHKH NCTOYHUKOB BELIECTBA, 1, B
KOHEYHOM HMTOT€, IIOCTPOSHHSI KOPPEKTHBIX T€OTUHAMHYECKHX Mozieel (pOPMHUPOBaHMUS CKIIaI4aThIX MMOSICOB.

®dopmupoBaHue 6ATOINUTOB, B OCHOBHOM, KOHTPOJIMPYETCS HHTEHCUBHOCTBIO IIPOIIECCOB MacIITaOHOTO Ipa-
HUTOOOPA30BaHUs, JUINTENLHOCTHIO TEKTOHUYECKHX MTPOIECCOB U CIIOCOOHOCTHIO TUTOC(HEPHI K pa3MEIIeHHIO Mar-
MaTH4YeCKHUX Tell. [JIaBHBIH MUCKYCCHOHHBIH BONPOC: OLEHKA JUIMTENBHOCTH (POPMHUPOBAHUS TPAHUTOUAHBIX Oa-
TOJIUTOB, KOTOPbIE MOTYT HHTEPIPETHPOBAThCI KaK OJHOAKTHBIN Mporecc (OPMUPOBAHHS MarMaTu4eckol Kame-
PBI, JINOO SBJISIOTCS PE3y/IBTaTOM MOCIIE0BATENBFHOTO MTOCTYIUICHHUSI U OCTHIBAHMS MOPIMH paciuiaBa B TCUYCHUU
MPOJIOJDKUTENFHOTO BPEMEHH (JIECATKM MWUIMOHOB JieT). Tak, Hampumep, MpoaoDKUTENFHOCTh (DOpMHUPOBaHUS
Kan6a-Hapsivmckoro noiuxponnoro 6aronura (Boctounsnii Kazaxcran) o JaHHBIM pa3HBIX aBTOPOB OLIEHHBAETCS
B nuana3one ot 100 g0 30 munH net [Tpasun u ap., 2013; Kotep u ap., 2014], 6apry3uHCKUX TPAaHUTOB AHrapo-
BuTtnmckoro 6aronura M MpOCTPaHCTBEHHO COBMEIIEHHBIX ¢ HUMH MarMaTH4eCKUX KOMIUIEKCOB (UYMBBIPKYHCKHH,
3a3UHCKUHN, HIKHeceneHrnHekuil) — ot 50 o 20 muH net [Kosau u ap., 2011; Isiranxos u ap.. 2010]. Ilepcnek-
TUBHBIMH B IUTaHE PEIICHHSI STHX MPOOJIEM SIBIISIFOTCS I€TAIbHBIE T€OXPOHOIIOTHIECKHE CCICJOBAaHMUS B KOMILIEK-
C€ C YHCJIEHHBIM MOJIEIMPOBAaHUEM TEPMUUYECKUX UCTOPUI TPAHUTOUAHBIX MACCUBOB, PACCMATPHUBAIOIIUM Pa3JINY-
HBIE CIIEHApUU X QOPMHUPOBAHHUSI.

CpaBHUTENBHBIN aHAJIM3 TEPMUUECKUX UCTOPHH METPOTHITNYECKUX TPAaHUTOUIHBIX 0aToNUTOB, (POPMUPOBAB-
MIMXCSl B 00OCTaHOBKAaX IOCTKOJUIM3HOHHOTO PACTSDKEHHUS, aKTHBHOW KOHTUHEHTAJIbHOW OKpauHbI (HaICYOMyKIMOH-
HBIE ¥ TpaHC(OPMHBIE OPOTEHBI), MOKa3al, YTo I (GOPMHUPYIOIIUXCS B 0OCTAHOBKE ITOCTKOJUTM3HOHHOTO PACTs-
JKeHUs 6aTonuToB GukcrpyemMoe K/Ar M30TOMHOW CUCTEMBI B CIIO/IaX BpeMs MOAbeMa JI0 IIyOUHBI 5-6 KM He Ipe-
BhIIIaeT 5—6 MiH Jet. [Ipumepsr — MuoleHoBbIe JNelikorpannTsl bonbimx ['mmanaeB u FOxHo-Tuberckoro mosica
TPaHUTO-THEHCOBBIX KYIIOJIOB, TPAHUTONIHBIE OaTONINTHI ME3030HCKMX KOMILIEKCOB MeTaMopduueckoro siupa Cesep-
HOW Amepuku U EBporsl, mo3nHenaneo3oiickue rpannTel Kopayowuiickoro 6aronura (puc. 1). s nerpornnndeckux
TPAaHUTOUIHBIX 0aTONNUTOB, (POPMUPYIOMINXCS B 00CTAaHOBKE HaJICYOMyKIIMOHHBIX M TPAHC(HOPMHBIX OPOT€HOB (PHK-
CcUpyeMoe BpeMsl TIoAbeMa JI0 DIyOHHBI 5-6 KM HaXOMUTCS B Auamna3oHe oT 5—6 1o 30 u 6oxee MiH JieT (cM. puc. 1),
YTO OINpPEAEISIETCS] KOHKPETHBIMH 0COOCHHOCTSIMU T'€0IMHAMUYECKNX 00CTaHOBOK: HalpaBJIeHHEM CyOIyKInH, 3aTs-

o-1 O-2 C© -3 @ -4

800 Puc. 1. Csonka pesynsratoB U/Pb u
[ “Ar/*Ar naTMpoBaHHs TPaHUTOHIHBIX ILTYTO-
HOB. [To ocu abmumcc ornoxena pasuuna U/Pb
6004 I ) JaTUPOBKH 0 HUPKOHY (MOHAIUTY) U “°Ar/*Ar
I._'.'I\}:“':;:[ :‘;:}:,},:,::"4'"""“ JIaTHPOBKH 110 OHOMY W3 MuHepanos — At. ITo
&) AKTUBHAS OKPANIA Tpancopuuas oxpanna 0011 OpAUHAT — TeMIIEpaTypa 3aKpbITHUs U30TOII-
& 400- HOM CHCTEMBI COOTBETCTBYIOIIET0 MUHEpaa:
“Ar/"Ar (K/Ar) - o 1 — ¢dopmupoBanue Oaromura (U/Pb, mup-
raybuna: 5-8 km

KOH); 2 — OaToNHTHl NOCTKOJUIN3HOHHOTO PAacTsDKe-
Husl; 3 — obnacTu JaTHPOBOK OAaTONMTOB aKTUBHOM
KOHTHHEHTAIbHOW OKpauHbl (MeTamopd. mosic Puo-
ke — Snonust; 3amaxHblii xpeder — Ansicka; ITomyo-
cTpoBHBIe XpeOTHl, Cheppa-HeBana — CeBepHast Ame-
0 T T 1 t puKa); 4 — obacTH 1aTHPOBOK OatonnToB beperosoro

2
0 ) 10 ) 20 30 IUTyTOHNYECKOro KoMIuiekca bpuranckoit Komym6um.
At=T""(unpron) - T*™

200+ Mecrroaanznonoe
pacTaEcnne

(ampudo, ca10aB1), MIH JIET
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Puc. 2. Ceozaxa U/Pb u “*Ar/* Ar natupoBok juist Marmarnueckux komiuiekcoB Kan6a-Haprivckoro Garonura [Kotiep u ap.,
2014] u Upteimickoii cisurosoif 3ousl [TpaBun u np., 2001].

THBaHUEM CPEIMHHO-OKEaHHYECKOro XpeOTa B 30Hy cyOaykuun u T.1. “*Ar/*Ar 1atupoBku mo ampuOoIy COBMAIa0T
¢ BO3pacToM (hopMUpPOBAHUS TPAHUTOUIOB, JINOO OJIM3KH 3a UCKIIFOUCHHEM 00CTaHOBKH TPaHC(HOPMHON OkpanHbL. B
9TOM ClTy4ae TIOJIbeM IPaHUTOUIHBIX OATOIMTOB MOXET OBITH «3aMOpoXkeH» 10 30 MITH JeT u Oolee.

OpHuM 13 HanOosee U3y4YEeHHBIX B TEOXPOHOIOTHUECKOM IUTaHe B npezenax LleHTpanbsHo-A3HaTCcKoro cKilaua-
Toro nosica sisiercst Kanba-Hapwimckuii 6aronut (Bocrounsiii Kazaxcran), mpocTpaHCTBEHHO CONpsbKeHHBIN ¢ Vp-
TBILICKOH cABUroBoif 30HOM [ TpasuH u ap., 2001]. ITo reonorndyeckum ganueiM [JlonatHukoB u ap., 1982; JIpsiukoB u
Ip., 1994] Kanba-HapeiMckuii 6aToIUT UMEET MOTUXPOHHOE CTPOCHUE M OBLIT CPOPMHUPOBAH B Pe3yNbTaTe MOCICI0-
BaTeJILHOTO BHEAPEHUS TIOPIMHA IPAaHUTHON MarMbl 1 Ha COBPEMEHHOM 3PO3MOHHOM Cpe3e MPEeACTaBIsieT co00H 1ie-
TMIOYKY ITPOPBIBAIOLIMX JIPYT JIpyra HHTPY3UBHBIX Te ¢ XapakTepHbiM pasmepoM 30 X 40 kM. [TomydenHsle B mocnea-
Hee Bpems U/Pb u “Ar/*Ar narupoBku (puc. 2) MO3BONMIN OrPaHUIUTh HOPMUPOBAHHE MArMATHYSCKUX KOMILICK-
coB Oaronuta B nuanasone ot 307 mxo 284 muH net [Kotnep u np., 2014], npu 3ToM mosy4eHHOE JUIs TPAaHUTOB MO-
HacTeIpckoro komriekca (U-Pb, nupkon) 3Hadenue Bo3pacra B 284 + 4 MiIH JIeT O3BOJISIET TPE/IIONIAraTh BEPXHIOK
BO3pacTHYIO TpaHuIy (GOpMHUPOBAHUS IPAaHUTONIOB KaJIOMHCKOTO U OoJiee paHHMX KOMIUIEKCOB He nosanee 280 MitH
JIeT |, ClieloBaTeNbHO, (opMHUpoBaHue I1aBHOTO 00bema rpanuTonoB Kanba-HapeiMckoro G6aronura orpaHuueHo
nuanazoHom 300-284 miH nert.

“OA1/* Ar 1aTUPOBKH IO CIFOIAM M3 IOPOJ TPAHUTOH/IHBIX KOMILICKCOB (PUKCUPYIOT CIBHHYTHIH B 06J1aCTh MO-
JIOJIBIX 3HAUEHUN UHTEpBaI OT 295 10 270 MIH JeT.

C 11eTIbI0 UHTEPIIPETAMN COBOKYITHOCTH T€OXPOHOJIOTHYECKUX JIAHHBIX U BBISIBIICHNS! OCHOBHBIX I1apaMETPOB,
BIIMSIIOIIMX Ha XapakTep TepMHYECKOH UCTOPHU TPAHUTOMIHBIX OATOJIMTOB, HAMHU BBIIIOJIHEHO MOJICITUPOBAHHUE KPH-
BBIX OCTHIBaHUSI IPAaHUTOMIHBIX OATOIMTOB MyTEM YHCIEHHOTO PEIICHHs YpaBHEHHMs TEIUIONPOBOAHOCTH. Paccmo-
TPEHO 7IBa Clly4as B IMJIMHIPHUUECKOH T€OMETPHH, COOTBETCTBYIOIMX MaccuBaM Kanba-Hapreimckoro Garonura: Ta-
CTIOOMHCKUI MacCHB KaJOWHCKOTO KOMIUIEKCa — mIyOuHa popmupoBanust 8—15 kM, quametp 30 kM, U/Pb BO3pact
299 + 2 muH net; CeOMHCKMIT MaccuB (MOHACTBIPCKHIA KOMILIEKC) — TyOrHa (hopMupoBaHus 5—8 kM, quamerp 16 Kk,
284 + 4. Ilpennonaranack HavajdbHas TeMmeparypa (comumyc) 750 °C. IonydeHHbIe I TOUYCK HAOMIONCHHUS, HAXOs-
MIMXCS B PA3JIMYHBIX YaCTSIX MACCHBa, KDUBBIE OCTHIBAHHS MCIIOIb30BAINCEH B TAJILHEHIIIEM ITPH MOJICIIMPOBAaHUH Ha-
KorieHus “*Ar*, o0pasyrolierocsi B MUHEpaIbHOM pelieTKe 38 CYET CIIOHTAHHOTO pacrnaza. [lonsmwkHoCcTh “Ar* onu-
CBIBACTCSl MEXaHM3MOM OO0BEMHOHN MU(Qy3UN ¢ KUHETHYECKUMH MTapaMeTpaMH, OIPEACICHHBIMU B JIAOOPATOPHBIX
THPOTEPMAJIbHBIX IKCIIEPUMEHTAX.
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Puc. 3. CooTHomIeHHEe HAOIIONAEMOH (IKCIIEPHMEHTAIBHBIE TOYKH U SJUIUIICH) M PACUETHOH (TPSIMOYTOIBHIKH) Pa3HUIIBI
U/Pb natipoBok 1o upkoHy U “°Ar/* Ar 1aTHpOBOK 10 GHOTHTY AJIs TPaHUTOB TacTIOGHMHCKOTO MacCHBa — KBaIPaTHKH, IITPUXO-
Bast JINHUS; JUIs TpaHuTOB CeOMHCKOTO MAacCHBAa — KPY)KKH, CIIOIIHAS JIMHUIS.

Ha puc. 3 noka3aHo cOOTHOIIIEHHE HAOMIONAEMbIX U PACUETHBIX 3HAYCHU I Pa3HUIIbI MKy Bo3pacTtoM (hopMu-
poBanus maccuBa (U/Pb no 1iupkony) u Bo3pactoM 3akpbitusi K/Ar cucremsl B 6rotute (Af) ajist ciryyasi, Koraa rpa-
HHUTHBIE MACCUBBI OCTAINCH (PUKCHPOBAHHBIMU Ha ITyOuHe ux popmupoBanus. /s CeOMHCKOro MaccuBa pacyeTHbIE
3HAUEHHUs TOUEK HAOJIIOACHHS BEPXHEH ero 4acTu COBHAIAIOT ¢ Af, BHIUUCICHHBIMH HAa OCHOBE UMEIOIINXCSI TATHPO-
BOK IPaHHTOB MOHACTBIPCKOTO KOMILIEKca. B To jxe Bpems, AJisi ToUeK TyOMHHOW 4acTH MacCHBa PAacueTHbIC 3HaYe-
HUS Af — 3HAYUTETHHO OOJIBIIE M MOTYT JOCTUTATh BeIH4YHH mopsiaka 70 muH yeT. CoBaieHue MOXeT OBITh obectie-
YeHO B TOM CiIydae, €Ciii He To3aHee, ueM yepe3 10—15 et mocne popmupoBanuss CeOMHCKOTO MacCHBa MPOU3OIIIEI
MOBEM €ro HIKHEH 4acTh 10 TyOuH 5—7 kM. DTO 03HA4YaeT, 4TO CKOPOCTh BBIBEACHUS TPAHUTHOIO MacCHBa Ha BEpX-
HUIi YpOBEeHb 3eMHOM Kopbl cocTapisuia 0.23 Mmm/rox (puc. 4).

Jist TacTIOOMHCKOTO MaccuBa pacyeTHble 3Ha4eHHs At HaXOIsITCs B quana3oHe or 70 MIIH JIeT JJisl TOYeK Ha-
OJTrOoIeHHS B KPOBIIE MacCHBa JI0 COBIAAAOIINX C €T0 BO3pacTOM — B TofioniBe MaccuBa (cMm. puc. 3). Ilocnennee cBs-
3aHO C TeM, 4TO Ha IIyOuHax Oosiee 12 KM MPaKTHUECKH BeCh 00pa3yroliniics B OMOTUTE 3a CUET CIIOHTAHHOTO pac-
nana “Ar* Berxomurt 3a ero npezaenst. CoBnasenne ¢ umeromumucs “°Ar/** Ar raTHpoBKaMu 1Mo OHOTUTY U3 TPAHUTOB
KaJIOMHCKOTO KOMIIIEKCa MOXKET ObITh 00ECIIeueHo B TOM ciiy4ae, eciu uepe3 10—15 MItH JieT nmociie KOHCOMUIAINT
MacCHBa HAuaJICsl, a He M03]JHee, YeM uepe3 35 MIIH JIeT 3aKOHYMIICS €ro MObEM 10 NIyOrH 5—7 KM. DTO 03HAYAET, YTO
CKOPOCTb BBIBEJICHHUS IPAaHUTHOTO MAacCHBa Ha BEPXHHUI YPOBEHb 3eMHOM KOpbI cocTaisiia 0.71 mm/rox (cMm. puc. 4).

Takum 00pa3zom, AJsl HAXOSIMXCSI HA COBPEMEHHOM 3PO3HOHHOM Cpe3€ TPAHUTHBIX MAaCCHBOB, BXOJSIIUX B
cocraB Kanba-HapbIMCKOro moauxpoOHHOTO 0arojuTa, MOJY4eHbl OTHOCHUTENBHO HU3KHUE CKOPOCTH MX BBIBEICHUS
(3Kcrymanmm), KOTOpBIE, BEPOSITHEE BCETO, CBS3aHBI C 0COOEHHOCTIMH AJNTAHCKOTO KOJTM3HOHHO-CIBUTOBOTO OpOTe-
Ha ¥ ero KoJutarca [Branumupos u ap., 2008].

’ 3]
CebuHCKHIT M-B i)
=023 mm/ron g
= 101 071 mm/ron -
o ;
= ¢
;; TacTioduHCKHIT M-B
= 50 1 F 3.0 mm/roa
Jeiikorp. IBepecta
30 L E ! L ! L ' ! L L
300 290 280 270 20 10
Bo3spact, MJIH JieT Bospact, MuiH Jier

Puc. 4. PacueTHbIC TPacKTOPUU SKCTyMAIK TPAHUTOUIHBIX MaccuBoB Kanba-HapeiMckoro 6aronnra B CpaBHEHUH C Tpa-
CKTOpHUEil JeKorpaHuTHOTO MaccuBa JBepecT [Searle et al., 2003].
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Oro commxaer Kanba-Hapsimckuii 6aTonut ¢ 6aroauTaMy aKTUBHBIX KOHTHHEHTAIBHBIX OKpauH (cM. puc. 1).
Jn1st cpaBHEHHMSI OTMETHM, YTO CKOPOCTH SKCTYMALlMH I'PaHUT-IEHKOTPAHUTHBIX MacCHBOB, CONPSDKEHHBIX ¢ [Tamupo-
I'mmanalickoif «71000BOI» KOJUTM3UEH, Ha MOPSIIOK BhIIIE — 2—3 MM/TOA [JIelikorpaHnuThl DBepecTa U ap., Searle et al.,
2003], yTo GONBIIMHCTBO HCCIEOBATENCH CBA3BIBAIOT C TEKTOHNYECKUM SKCIIOHHPOBAHUEM B 00CTAaHOBKE «BHYTPH-
KOHTHHEHTAIBHOU cyOmykmm» [Burchfiel&Roiden, 1995].

Paboma evinonnena npu gunancosoii noooepaicke Ipesuouyma CO PAH (unmezpayuontnsvie u napmuépcxue
npoexmul gynoamenmanvruix ucciedosanui Ne 17, 77), Cosema no epanmam Ipesuoenma PD no noodepoicke mono-
Oblx yuenvlx — kanouoamos Hayk (npoekm MK-1753.2012.5), npoexmor PODHU (14-05-00722; 14-05-00747), a max-
arce TIpoepamm koukypenmocnocobnocmu Tomckozeo u Hosocubupckozo 2ocyoapcmeenbix YHUGEepCUmenoas.
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THERMOCHRONOLOGY OF GRANITOIDE BATHOLITHES
OF THE CENTRAL ASTAN FOLD BELT

A.V. Travin" >3, A.G. Vladimirov"?, N.G. Mursintsev'?, S.V. Khromykh"3, P.D. Kotler" 3, D.S. Yudin"3

nstitute of geology and mineralogy SB RUS, Novosibirsk, Russia,
travin@igm.nsc.ru
2Tomsk state university, Tomsk, Russia
*Novosibirsk state university, Novosibirsk, Russia

A Phanerozoic orogenic belts are important in geological history of the Earth. Subduction related, transform
and collisional orogens traditionally are distinguished. On the main stages of folded belts formation of granitoid
batholithes takes place. Thus investigation of batholithes let’s us to obtain important information for reconstruction of
duration, intensity of accretional, collisional, postcollisional events, for estimation of sources of crust formation and
finaly for creation of correct geodynamic models of folded belts formation.

Formation of batholites is controlled mainly by the intensity of granite melts formation and by ability of the
lithosphere to make space to accommodate new magmatic bodies. The main question under discussion is a duration of
granitoid batholithes formation. They can be considered as a result of one stage formation of magmatic chamber or as
a result of incremental amalgamation of intrusions over tens of millions of years. For example duration of formation
of Kalba-Narym batholith (Eastern Kazakhstan) is estimated on the base of geological data about 100 Ma while on
the base of geochronological data - about 30 Ma [Travin et al., 2013; Kotler et al., 2014]. A duration of formation of
barguzinsky granite intrusive suite of Angaro-Vitim batholithe and overlapping spatially chivyrkuysky, zazinsky, ni-
jneselenginsky suites is estimated on the base of U/Pb zircon data from 50 to 20 Ma [Kovach et al., 2011; Tsygankov et
al., 2010]. Detailed geochronology in combination with modeling of thermal histories considering various models of
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Fig. 1. Summary of U/Pb, “Ar/**Ar
data for granitoid batholiths. Abscissa:
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deep: 38 km Nevada batholithes — North America); 4 — field of

2004 posteoltisional data for. Coast Mountains batholithes of British

extention Columbia.
0 ; ; granitoid batholith assembly can be used

0 10 20 30 to test competing hypotheses.

At=T""(zircon) - T'"“(amphibole, mica), Ma We have carried out comparative

analysis of thermal histories of granitoid

batholithes formed in different settings

(postcollisional extention, subduction related or transform continental margin). It was shown that exumation till the

deep of 5-6 km of granitoid batholithes formed in postcollisional extention occurs faster then in 5-6 Ma. For example:

Great Himalaya Miocene leucogranites belt, South Tibet belt of granite-gneiss domes; granitoid batholithes of North

American and Europe Miocene metamorphic core complexes; Late Paleozoic Cornubian leucogranite batholithes
(Fig. 1).

For granitoid batholithes formed in subduction related, transform settings duration of exhumation till the deep
of 5-6 km varied from 5-6 till 30 Ma (see Fig. 1) in dependence from particular features (subduction direction, mid-
ocean ridge subduction and others). *°Ar/*°Ar data on amphibole mainly correspond to age of formation of batholithes
with exception only of transform setting when exhumation of batholithes can be “freezed” to 30 Ma and even more.

One of the most geochronologically studied in Central Asian Fold belt is Kalba-Narym batholithe (Eastern Ka-
zakhstan) connected in space with Irtysh shear zone [Travin et al., 2001]. It has multistage construction [Lopatnikov
et al., 1982] and was formed as a result of incremental intrusions of portions of granite melts and is represented on a
contemporary erosion level as chain of cutting each others intrusive bodies of 30x40 km size. On the base of new U/
Pb and “°Ar/*Ar data (Fig. 2) formation of magmatic complexes is restricted in a range of 307-284 Ma [Kotler et al.,
2014]. Monastyrsky complex (Sebinsky massif) U/Pb zircon age of 284 + 4 Ma restricts formation of the main volume
of granites of Kalba-Narym batholith in a range of 300-284 Ma.

“Ar/°Ar data on mica from granites are restricted in range of 295-270 Ma which is partially lower than range
of granite formation.

For understanding of geochronologycal data available and to reveal main factors controlling thermal histories
of granitoid batholithes, we have carried out modeling of cooling of granitoid batholithes using numerical solution of
heat conduction equation.

We have considered two alternative configurations corresponding to appropriate massifs of Kalba-Narymsky
batholith in cylindrical geometry: Tastyubinsky massif of kalbinsky magmatic complex — deep of formation 8-15 km,
diameter 30 km, U/Pb age 299 + 2 Ma; Sebinsky massif of monastyrsky complex — deep of formation 5-8 km, diam-
eter 16 km, U/Pb age 284 &+ 4 Ma. We assumed starting temperature equal to 750°C (solidus). Temperature-time histo-
ries, monitored at watch points from different parts of massif have been used numerical modeling of accumulation of
“Ar* generated by spontaneous decay. Mobility of “Ar* described by volume diffusion with parameters determined
in laboratory hydrothermal experiments [Hodges, 2004].

On the Fig. 3 relation of observed and model-based difference between U/Pb (zircon) and “°Ar/*Ar (biotite)
(At) is shown for the case when granite massifs fixed at the deep of formation. Model-based values of At for upper part
of Sebinsky massif coincide with values calculated on the base of available U/Pb and “°Ar/*’Ar data for granites of
monastyrsky complex. At the same time for lower part of massif model-based values can reach 70 Ma. Matching can
be realized in the case of exhumation of bottom of Sebinsky massif'to the deep of 5—7 km in 10—15 Ma after formation.
It corresponds to exhumation rate of 0.23 mm per year (Fig. 4).

Model-based values of At for Tastyubinsky massif are starting from 70 Ma for the upper part of massif and al-
located till values as much as formation age of massif in a case of lower part of massif (Fig. 3). They don’t fit with real
WAr/Ar data. It is because of escaping of “Ar* formed in spontaneous decay of °K at the deep of 12 km and deeper.
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Fig. 2. Summary of U/Pb and “°Ar/*°Ar data for magmatic complexes of Kalba-Narym batholith [Kotler et al., 2014] and
Irtysh shear zone [Travin et al., 2001].
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Fig. 3. Relation of observed (dots, ellipses) and model-based (rectangles) difference between U/Pb (zircon) and “°Ar/*°Ar
(biotite) for granites of Tastyubinsky massif of kalbinsky magmatic complex — squares and dot line; for granites of Sebinsky massif
of monastyrsky complex circles and solid line.

Agreement with “°Ar/*Ar data can be achieved in a case if exhumation of Tastyubinsky massif started at 10-15 Ma
after formation and finished at 35 Ma after formation. At that time lower part of massif must be at the deep of 5-7 km.
It corresponds to exhumation rate of 0.71 mm per year (Fig. 4).

Thereby we have obtained relatively low rates of exhumation for granite massifs of Kalba-Narym batholiths
situated at today’s erosion level. It seems that these values are connected with specifics of collapse of Altay oblique-
collision orogen [Vladimirov et al., 2008]. Our results evidence to rather proximity of Kalba-Narym batholiths to
batholithes from active continental margins (see Fig. 1). For comparison we should notice that exhumation rates of
granite batholithes formed during Pamir-Himalaya frontal collision, are significantly higher — 2—3 mm per year [Searle
et al., 2003]. Majority of investigators connect fast exhumation of Himalayan leucogranites with ductile extrusion of
Greater Himalaya slab in intracontinental subduction settings [Burchfiel&Roiden, 1995].

This work was funded by Presidium of SB RUS (integration and associate projects of fundamental research Ne
17, 77), Council of the President of Russion Federation on funding of young phd-scientists (project MK-1753.2012.5),
RFBR projects (14-05-00722; 14-05-00747), and Programs of competitive ability of Tomsk and Novosibirsk state
universities.
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Fig. 4. Model based exhumation histories of granite batholithes of Kalba-Narym batholith in comparison with exhumation
history of leucogranites of Everest [Searle et al., 2003].
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B BepxoBesix p. Toprosas Ha [IpunonsipHom Ypaie B 1okHO# yactn Toprocko-KedTanblkckoro rpaHUTHOTO
MaccHBa U3BECTHBI MPOSIBICHUS PaAHOAKTHBHO-PEIKO3EMENIbHO-PEKOMETANIBHON MUHEpaIN3alliuy, JTOKaJIH30BaH-
HBIE B KaTaKJIa3MPOBAHHBIX M ATbOUTH3MPOBAHHBIX I'paHnuTax KymsMImopckoro ydacTka.

VI3MeHeHHbIe TPaHUTOU B PacIIpoCcTpaHeHb! B nojie pudeiickux MeramopduTos LleHTpansHo-Ypanbckoro nosu-
HATUSI (F0KHAs YacTh JISMMHCKOTO aHTHKIIMHOPUS). B rpanuTOonaax, ciararoniyx 3TOT y4acToK, HaOIFOAaloTCsl JMHAMO-
MeTamopduueckre npeodpa3oBanus [ Ynoparuna u np., 2014], a IMEHHO — U3MEHEHHE MUKPOCTPYKTYp TOpPOJ OT rpa-
(bruecKnX TPAaHUTHBIX A0 CTPYKTYp Ha4aJIbHOTO KaTakiasa W JO MOSBICHUSI PH3HAKOB Ha4YallbHOW MUJIOHUTH3ALIUH.
OTH MPOLECCH SABMISIOTCS ONPEACIIIONMMU JUIs JIOKaTU3al[Mi KOMIUIEKCHOIO opyneHeHus. I1oposs! ¢ BBICOKUMHU CO-
nepkanusiMu pagroakTuBHbIX (Th-U), penkux (Nb-Ta, Zr) u penkozemenshbix anementoB (REE, Y) Obutn oOHapyske-
HBI B 60-x ronax XX Beka [Kanunun, 1971], Ho MuHepabl — HOCUTENN OPYACHEHUS B HUX TaK U HE ObLIM YCTaHOBIIEHBI.

ABTOpamMH TIPOBEIECHO ONMPOOOBAHUE MOPOJA B IPEAEiax ydacTKa M3MEHEHHBIX T'PAaHHTOUIOB B BEPXOBBSIX
p. Mopt-Kymam-1lop. beun n3yyensl npo3padnbie IUTMQHI, U3TOTOBICHHBIE HA SMOKCHIHON OCHOBE, M aHIIIH(EL,
MIOCKOJIBKY MCCJIEIOBAaHHS IPOTOJIOYHBIX MPOO HE MOKa3aly 3HAYMMOTO HAJIMYMUS KPYITHBIX BBIACICHHIH MUHEPAJIOB,
KOTOpBIE MOTIH OBl (JOPMHUPOBATH TEOXUMHYECKYIO aHOMalHi0. OOGHAPYKEHO, YTO COBMECTHO C YPaHO-TOPUEBBIMH U
PeaKOMETalUIbHO-PEIKO3EeMETbHBIMI MUHEPaJIaMU HAaOIIOAI0TCsl 3HAYUTENIbHBIE KOJIMYECTBA [IUPKOHA, PACCESTHHOTO
BHYTPH MPOKUIIOK U CIOKEHHOTO MHOTOYHCIIEHHBIMUA MUKpo3epHHUCThIMH (1—-10 MKM) arperaramy.

OCHOBHBIMH MHHEpaJIaMH, (OPMHUPYIOIIUMH PEIKOMETAIIIBHO-PEKO3EMETbHYI0 MUHEPAIN3alUIo, SBIISIOTCS
[Vnoparuna u ap., 2011]: (a) ocHOBHBIE — (hepPryCOHNT, UTTPUAIINT, JIIMHUT, OacTHE3UT; (0) Ooee penkue: TopuT, dep-
TYCOHUT (B TOM YHCJIE CENIEKTUBHO oborarieHHbIi Yb mwin Dy), KceHOTHM, MOHAINT, CHHXHM3UT, KaJIbIIMOAHKHIINT, OpaH-
HEPHT, TIOJIMKpa3, KomyMout, Nb-pyTun, 6annenent; (B) eanHudHble: repeHuT-(Y), TOpHAHUT, ObUTH HalJIeHbl pa3iny-
Hble pocdarocmiukarel Topusl. [IepBUYHBIMU MUHEpaaMHi HHOOUS SIBIISTIOTCSL (DepryCOHMT, KOTyMOuT, Nb-pyTHIL, Ha-
Oiromaronyecst B BUie BKIIIOUCHUH B WIIbMEHHTE, IS TOPUS — TOPUT (BKIIFOYEHHMS B TIEPBUYHOM LIMPKOHE). [IepBUUHBIMU
muHepanamu REE ciryxar MoHanuTt, kceHoTuM U 1ipkoH. OCHOBHAs JKe YacTh HaJOXKEHHBIX MHUHEPaJIOB HAOIIOAAI0TCs
B BUJIE KAEMOK M OTOPOUEK 3epEH NOPOA000pa3yIOIINX MUHEPAJIOB, a TAKXKE 3aIlOJIHSIOT TPEIIMHBI 1 MEXK3EPHOBBIE ITPO-
crpaHcTBa. HanoxeHHast (BropriHast) MHHepaIu3alys 00pa3oBajiach B pe3ylibrare peoOpa3oBaHus aKLECCOPUEB — al-
JIaHUTa, TUTAHUTA, allaTUTa, IUPKOHA, TI0]T BO3/IelICTBHEM HATPOBO-YIIIEKUCIOTHOTO METacOMAaTo3a.

®dotorpadun B 00paTHO-pacCESTHHBIX MEKTPOHAX MMOKA3aJIH B3aUMOCBS3b MEXKIY PEIKOMETaJUILHBIMH PY/IHbI-
MH MHHEpaJaMH C FeHepalneil IUPKoHa, He 00JIa/IaloIIero XapakTepHOH KPUCTATMYECKOH (GOpPMOH, a NMEIOLIETO
JIOCTaTo4HO crienuduuHyo GopMy BblIeNeHHs. PacnionoxeHne B TOpoje PyAHBIX MUHEPAIOB M IIUPKOHA TTOTYEPKH-
BaeT KaTaKIaCTHUECKYI0 MUKPOCTPYKTYPY MOPOJBL. B 3THX JOKaJIbHBIX 30HAaX, HACBIIIEHHBIX PYIHBIMHU aKIIECCOPUS-
MU, cymmaphbie copepkanust Th+U, Nb+Ta, Zr, HREE pe3ko, B necsaTku pa3, yBeTHYHBAIOTCS.

Bp1o 0OHapy:eHo JiBa THIA IIMPKOHOB: MEPBUYHbIE KPUCTAILIBI Zrn, (pUc. 1, a), ¥ «IepUCTO-THH30BUIHBIE)
arperarbl MEJIKUX KPUCTAJUIUTOB Zn,, PACTIONOKEHHBIX B MEXKATAKIA30BOM MPOCTPAHCTBE U UMEIONIUX CIIOKHYIO
¢dhopmy BbLIENEHHS (pUC. 1, 6). DTOT IMPKOH paccMaTpUBAJICS HAMH Kak HOBOOOpa3oBaHHHKIH [ Ynoparuna u ap., 2010].

Agtopamu niposejicHo uccieaoBanune U-Pb metonom Ha mpubope SHRIMP RG (Craudopackuii YHUBepCUTeT,
CIIIA) kak mepBHYHBIX Zrn,, TAK 1 HOBOOOPa30BaHHBIX IUPKOHOB Zrn,. IlonmMpoBaHHbIe MIACTHHKH M3 H3MEHEHHBIX
TPaHUTOHUIOB U3Y4aJIHCh HAa ONTHYECKOM MUKPOCKOIIE M MUKPO30H/ €, OCIIEe Yero BBIMIINBAIUCEH YIACTKU C IIUPKO-
HOM ¥ MHTETPUPOBAINCH B INAIIKHU. [{enn n3ydeHus nupkoHa: onpeseneHue Bo3pacra (pe)KpucTajuin3alyu, TeMIe-
parypbl 06pa3zoBaHus (110 COAEPIKAHUIO TUTAHA) M N3YUYEHHUE PACIIPEEeIICHUS PEKUX U PEAKO3EMENbHBIX 2JIEMEHTOB.

MB&I cenanu npeanonaokeHue, 4To Zrn, — UPKOH, 00pasyroIuics Ha MO3IHUX CTAUAX KPUCTAIIH3AlUHI Tpa-
HUTHOTO pacrjiaBa, Toraa Kak Zrn, paccMaTpuBaeTcs Kak c)OpMHUPOBaHHBIN B X0 IMHAMOMETaMOp(u3Ma ¢ HaJo-
JKeHHBIMHU IPOIIeCCaMU MOCIEAYIONIET0 METacoMaro3a Mopo/.
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Puc. 1. IIpumepsr mopdororun
KPHUCTAJLJIOB U arperaroB LUPKOHA:

a — KPHUCTAJUIBl IIEPBHYHOTO ITHPKO-
Ha Zrn; 6 — CTPyKTypa «Te4eHus», chopmu-
pOBaHHAs PETEHEPUPOBAHHBIMU KPHCTaILIa-
MU IIMPKOHA, BHEIPEHUE X B MUHEPANBL. Zrn,
— MEPBUYHBIN IMPKOH, Zrn, — HOBOOOpa3oBaH-
HBII 1MpKoH, Q — kBapil, Fsp — kanueBblii mo-
JIeBO# mmat, Aesh — SIIUHUT.

PaccyuTanneiii Bospact Zrn,

[0 5 WHAWBUIYyalbHBIM 3€pHAM CO-

J00 mrm crasmi 540.0 + 8.1 myH 5eT u corna-

CyeTcsl ¢ MOJy4YeHHbIMH paHee JaH-

HbIMU [OcHOBHBIE. .., 2010; Ynoparuna u np., 2014]. ABTOpsI NpennonaramT, 4to Bo3pacta < 500 Ma orpakarot mo-

TEpU PaJHOTeHHOT0 CBUHIIA U Pa3IMUHBIC CTEIICHHU PACCOTTIACOBAaHMS CTPYKTYPHI IIUPKOHOB. bonee Monozapie Bo3pac-
Ta B Pa3sHOM CTereHu 00ycioBeHsl KoHTamuHauei (20-60 % Ha ocHoBe n30bITKa 2V’Pb) HEpaAMOTeHHOTO CBUHIIA.

Konnenrparus turana Bapbupyet B npegenax ~30-30.000 /1. Xots i psaa IUPKOHOB TeMITEpaTyphl (IpU
30 r/t conepxanus Ti) OTBEHAIOT MOJIFO MarMaTHuecKux HUPKOHOB (~850 °C), OCHOBHAs YacTh MOMAIACT B MOJS KOH-
uenrpauu Ti >100 /T, 4TO NaeT HepeabHBIC TeMIEpaTypsl HOPMUPOBAHUS IIMPKOHA. BBICOKOTHTAHUCTHIE LIUPKO-
HbI TAKXKE XapaKTEepU3YyIOTCs BBICOKUMHU KoHLeHTpauusaMu Fe u LREE, uTo no3BosnsieT roBOpUTh O UX BOZHUKHOBEHUU
IPH BBHICOKOQIIOMIHBIX MPOIECCax peKpucTammu3anui. [10CKkonbKy, MHOTHE arperaTsl IIMPKOHOB Zrn, OY€Hb MaJIbl
(menbire 18-20 MKM — pa3mMepa HOHHOTO IyYKa) BO3MOXHO, YTO BBICOKHE KOHIIEHTPAIIMU JIEMEHTOB «3aXBauyeHbD»
MOHHBIM MYYKOM M3 MUKpO(]a3 BIOJb IPaHHUI] 3ePEH.

IToy4eHHBIE PE3yNBTATHI TIOKA3a]H, YTO B «HOBOOOPA30BaHHBIX» ZIN, B OCHOBHOM HACJIEIYETCS U IEpepac-
IPEETACTCSA BEMECTBO Zrn,, TaK Kak HaOIFOIAETCs B LIEIOM COXPaHEHHE (C BapHalMsAMH) PACIIPEAECIICHUS PENKUX U
PEnKO3eMeNbHBIX 3JIEMEHTOB.

HccnenoBanusi oKasaiu, 4To MPOLIECChl TUHAMOMeETaMop(hH3Ma C MOCIEAYIONINM HaJI0KEHHBIM METACOMATO30M
TpaHc(HOPMHUPOBAIIHM KPHCTAILTBI IEPBUYHOTO [IUPKOHA, PA3PYLIMIN UX (BO3MOKHO, HECKOJIBKUMH Iy TSIMH) M PETCHEPH-
poBaj HOBOOOpPA30BaHHbIE UPKOHBI KaK KpUCTAIUIOrpaUuecKre YIUTMHEHHO-PU3MATHYECKHEe, YACTUIYHO OPUSHTH-
poBanHble (parmeHThl. ONMUCaHHBIA MEXaHU3M HAXOIUT MOAJICPIKKY B BHIE HAMUMs ()OPM pacTBOPEHUSI IEPBUYHOTO
IIUPKOHA, BOSHUKHOBEHHS CTPYKTYp «TEUCHHUS» MUKPO3EpeH, CHOPMHUPOBAHHBIX PETeHEPHPOBAHHBIMU CyOIapasuieiib-
HO OPHEHTUPOBAHHBIMH, YUTHHEHHBIMH YJIBTPaJMCIIEPCHBIMU KPUCTAIUIUTAMH IIMPKOHA, ()OpMaMK pacTBOpeHUs (BbI-
IIeTa9MBaHMU ) 3ePEH ITOPOI000PA3YIONIIX MHHEPAIOB U pereHepanuei KpUCTAIIOB IMPKOHA, «UMILIAHTHPOBAHHBIX) B
chopmupoBanHbie Opbl. [10100HbI THAPOTEPMATBHBIN MpoIiece onucad panee [Rubin et al., 1989].

Hab6nronaembie hopMbl BbIIIETICHHS IIMPKOHA 00pa30BaHbl B MPOIECCE METAMOP(PUIECKOTO U MHAPOTEPMAIbHO-
METacOMaTHYECKOTO MPeoOpa3oBaHus MEPBUYHOTO IMPKOHA B PE3YJIbTaTe ero Katakiasa (1), He3HaYnTeNIbHOTO MepeMe-
1ieHus (2) 1 pereHepanyu 00IOMKOB 10 Kpuctaiuios (3). Pazmep BHOBb ChOpMUPOBaHHBIX (PEreHEPUPOBAHHBIX ) IIUPKO-
HOB CITMIIKOM MaJ (1—2 MKM), 9TO He TMO3BOJISET KOPPEKTHO M3MEPUTH €0 H30TOIHO-TEOXUMHYECKHIE XapaKTePUCTHUKH.

Heo6xonumMo OTMETHTB, YTO SABISIETCA BaXXKHBIM BBIJCICHHE THAPOTEPMATIBbHO-METACOMAaTHUIECKON COCTaBIIs-
1o11Iei 3TOro (B 1[E7I0M METaMOP(pHUYECKOT0) Mpollecca, TaKk KaKk MMEHHO MOJ| BIUsHUEM (IIIOU1a IPOUCXOIHUT BhILIE-
JaYMBaHUE TI0 TPaHMIIAM 3€peH MHHEPAIoB, 00pa30BaHME MTyCTOT, BIOCIEICTBIH 3aMIOJHIEMbIX PETeHEPUPOBAHHBIM
LUPKOHOM M UMEHHO 0J1arojapsi 3ToMy Hpolieccy npeoOpa3oBbIBACTCS BELIECTBO aKI[ECCOPHEB U (OPMUPYETCS LIH-
POKHI CIIEKTP PYAHBIX MUHEPAJIOB.

Paboma evinonnena npu gpunarncosoti noodepocke npoexma Ne 12-11-5-1027.
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The radioactive and rare-earth mineral’s occurrence localized in cataclized and albitized granites of the Kulems-
horsky site is located in the headwaters of the Torgovaya river in Subpolar Urals in the southern part of the Torgovsko-
Keftalyksky granite massif.

The altered granitoids are developed within Riphean metamorphic rocks of the Central Ural uplift (southern
Lyapinsky anticlinorium). The site-composing granitoids reveal dynamometamorphic transformations [Udoratina et
al., 2014], namely the change of the rock microstructure from graphic granite to initial cataclase structures and to the
signs of initial milonitization. These processes are defining for the localization of the complex mineralization. Rocks
which contain anomalous enrichment in radioactive elements (Th, U), metals (Nb, Ta, Zr) and rare-earth (REE, Y)
were discovered in the 1960s [Kalinin, 1971], but minerals-mineralization transport mechanism were not determined.

We sampled rocks within the site of altered granitoids in the headwaters of the Mort-Kulem-Shor stream. Opti-
cal characterization and in-situ analyses of polished thin sections was carried out because crushed samples did not
show presence of minerals which contained an enriched geochemical anomaly. We find that together with uranium-
thorium, rare metal and rare-earth minerals, zircon is observed disseminated within veins and composed of 1-10
micron grain-aggregates.

The basic minerals forming the rare metal-rare earth mineralization are as follows fergusonite, yttrianite, acshi-
nite, and bastnaesite, with minor amounts of torite, fergusonite (including Yb or Dy-enriched), xenotime, monacite,
synchysite, calcioancylite, brannerite, polycrase, columbite, Nb-rutile, baddeleite. The samples also contain rare ge-
renite-(Y), torianite, different thorium phosphatosilicates were found [Udoratina et al., 2011]. The primary niobium
minerals are fergusonite, columbite, Nb-rutile, and torite which occur as inclusions within ilmenite. Minerals rich in
REE are monacite, zircon, and xenotime. The minerals are observed as along grain boundaries and margins of miner-
als, and also fill fractures and intergranular spaces. The imposed (secondary) mineralization resulted from the break-
down of accessories — allanite, titanite, apatite, zircon under the influence of sodium-carbon-dioxide metasomatosis.
Electron backscatter images (BSE) revealed the relation between rare metal ore minerals and zircon, the latter are lack
characteristic euhedral crystal form, but typically exhibit specific habit. The relationship of ore minerals and zircon
emphasizes cataclastic microstructure of the rocks. In these cataclastic regions that were saturated with ore-forming
fluids, the concentration of Th, U, Nb, Ta, Zr, HREE in accessory minerals sharply increases several orders of mag-
nitude.

Two types of zircons were found: primary Zrn, crystals (fig. 1, ), and aggregates of small Zrn, crystals with
complex “plumous-lens” habit located in intercataclase space (fig. 1, b). We considered this zircon to be neogenic
[Udoratina et al., 2010].

Both primary Zrn , and neogenic Zrn, zircons were analyzed for U-Pb ages and trace elements concentrations
(Ti, Fe, Y, 9-REE, Hf, U, and Th) using SHRIMP-RG ion microprobe (Stanford University, the USA). Polished thin
section from the altered granitoids, characterized using optical and BSE images, and areas with zircon were cut and
remounted in epoxy for in-situ analysis on the SHRIMP-RG. The objective of zircon analyses in study was to deter-
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Fig. 1. Examples of morphology
of crystals and zircon aggregates.
a — crystals of primary zircon Zm;

b — “flowing” structure generated by
regenerated crystals of zircon, their intrusion
in minerals. Zrn, — primary zircon, Zrn, —

neogenic zircon, Q — quartz, Fsp — potassium
feldspar, Aesh — aeshinite.

mination the age of zircon (re-)crys-
tallization, Ti-in-zircon temperature
of formation, and quantify the of dis-
tribution of trace elements in zircon.

5

50 MM | 100 MEM We interpret Zrn, to reflect zir-
con which is formed in the conditions

of last stages of granite magmatism. In contrast, Zrn, are interpreted to be formed during dynamometamorphism with
superposition of the subsequent metasomatosis.

The calculated ages of Zrn, for 5 individual grains yields a U-Pb age of 540.0 + 8.1 Ma and conforms with pre-
vious data [Basic ..., 2010; Udoratina et al., 2014]. We interpret U-Pb ages < 500 Ma to reflect loss of radiogenic lead
and various degrees of discordance. Younger ages are also variably contaminated (20-60 % based on 2’Pb excess)
with common-Pb. Ti concentrations range from ~30-30.000 ppm. Although the Ti-in-zircon temperature for 30 ppm
Ti yields reasonable igneous zircon temperatures (~850 °C), the majority of zircons yield Ti concentration >100 ppm,
which yield unrealistic temperature of formation of zircon. These high-Ti zircons also have with high Fe and LREE
concentrations suggesting they are the consequence of fluid-derived recrystallization processes. Because many of the
aggregate zircon grains are very small (i. e., smaller than the 18—20 micron primary ion beam diameter), it is possible
the high trace element concentrations are derived from microscopic phases along zircon grain boundaries.

The subsequent researches has shown that the dynamometamorphism with superposition of the subsequent
metasomatosis transformed the primary zircon crystals, destroying them by different ways, and regenerating neogenic
zircons as crystallographic elongated-prismatic shape of fragments. The described mechanism is supported by the
forms of destruction of primary zircon, the “flowing” structures formed by subparallel orientation of elongated regen-
erated ultradisperse crystals of zircon, the habits of dissolution (leaching) of grains of host minerals and regenerated
crystals of zircon implanted in the formed pores. The similar hydrothermal process is described by Rubin et al. [1989].

The observed zircon habits are formed in the process of metamorphic transformation of primary zircon as
a result of its cataclase (1), insignificant moving (2) and regeneration of crushed fragments to crystallites (3). The
size of newly generated (regenerated) zircons is too small, 1-2 microns, and does not allow to determine its isotope-
geochemical characteristics correctly.

It is necessary to notice that the hydrothermal-metasomatic component of this metamorphic process is very
important, because under the influence of a fluid there is a leaching along the borders of grains of minerals, formation
of voids, subsequently filled with regenerated zircon, and due to this process the substance of primary accessories is
transformed and the complex of ore minerals is formed.
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[IpoBeneHo U3ydyeHue U30TOMHOro coctaBa Rb, Sr, Sm u Nd B Marmarudeckux mopojax, cnararomux CoOckuit
MaccuB (baromut) Ha [TonspHom Ypaie. [Tonesbie coopbr 2011 1 2012 TT. cocTaBUIM OCHOBY KOJUICKITUH JJIsL H30TOTI-
HBIX UCCJIEJIOBaHUH.

CoOcknii TPaHUTOMIHBII MAacCHUB PACIIOJIOKEH HEMOCPEACTBEHHO K BOCTOKY OT KpyNHEHIINX Ha Ypaie
Boiikapo-CeiHnHCKOTO M PaifM3ckoro runep0a3uToBBIX MAaCCHBOB M TPAKTYETCs Kak 3JEMEHT CTpoeHus Maioy-
PaJIbCKOTO BYJIKQHO-TUTYyTOHWYECKOTO I0sICa, CIOKEHHOTO CpEeIHENalc030HCKUMH BYJIKAaHOTEHHO-0CaI0YHBIMU
00pa3oBaHMsIMH, & TAK)KE OJHOBO3PACTHBIMU M KOMIIJIEMEHTAPHBIMU UM I'PaHUTOHMJIAMH Pa3IMYHBIX CTPYKTYypHO-
BEIIECTBEHHBIX THITOB. [ paHUTOM Bl 00Pa3yIOT CeBEpO-3aIaJAHbIN (yiaHr MaJoypasbCKOTo Mosica U CiIararoT Ipak-
TUYECKH HEIPEPHIBHYIO MOJOCY CEBEPO-BOCTOYHOTO MPOCTHPAHHUS, IPOTATHBAIONIYIOCS IPUMEPHO Ha 250 KM npu
mupuHe 10 15 kM.

OCHOBHYIO YacTh MacCHBa CJararoT THEHCOBUIHBIE U MACCHBHBIC KBapIEBbIE JUOPUTHI U TOHAIUTHI, BbI-
JieJsieMble KaK COOCKHMH WIIM KaK JIarOPTHHCKO-KOKIEIbCKMI NHTPY3UBHBIN KOMIUIEKC. 3HAUUTEILHO MEHbIIE
MpeiCcTaBICHbl MOPPUPOBUHBIE THITA0KNCCAIbHBIE TOPOABI YMEPEHHOW M MOHM)KEHHON KPEMHE3EMHUCTOCTH,
HO TOBBINICHHOW INETOYHOCTH — CUEHOJUOPUTHI U MOHIIOJUOPHUTHI, JOXOJSIINE O MOHIOTab0OpOJHOPUTOB.
Ora accolualys HHTPY3UBHBIX MOPOJ, MPOCTPAHCTBEHHO MPUYPOUYEHHAsI K CEBEPO-BOCTOYHOW, BOCTOYHOH U
10r0-BocTOuHOM yacTssM CoOCKOro MaccuBa, cjaraet 1ojocy, OpUeHTHPOBAHHYIO BJIOJIb €0 MPOCTUPAHUS, U B
PErMOHAIBHO-TE0JIOTMYeCKOM KOHTEKCTE BBIZENSIETCS! KaK KOHTOPCKUI MHTPY3UBHBIH KoMIuiekc. Cpean KBap-
LEBBIX JUOPUTOB M TOHAIMTOB COOCKOTO KOMILJIEKCA MECTaMH PacHpOCTPaHEHBI OMOTHUTOBBIE TPaHOINOPHUTHI
(penkue), HOpManbHbIE OMOTHUTOBBIE JBYIIOJIEBOIINATOBBIC TPAHUTHI M AJISICKUTHL. DTUMHU MTOPOAAMH CIIOKECHBI
nBa HeOonbpIMX MaccuBa (SIHacmopckuit 1 OHUKIIOPCKHUI), CEpHs pa3HOPA3MEPHBIX KHIIO- M JaHKOTIOZ00HBIX
TeJ, OTAeNIbHBIE “OecKopHeBble” 000coONeHHs U “THe31a”, a TaKk)Ke M30JUPOBAHHBIC MEIKHUE JKUIIBI U JaiKu
rpaHUT-MOPGUPOB U TOPOJ AINTUTOBOrO cocTara. [Ipu MpoBeieHNH PETHOHAIBLHO-TEOJIOTHYECKUX U TeMaTH4e-
CKHMX HMCCJIEJOBAaHUH 3Ty MOPOAHYIO aCCOIMAIMIO BBIIEISIOT KaK CAMOCTOSTENbHBINA STHACIOPCKUA NWHTPY3UB-
HBIH KoMIuTeke. [1o3aHue naliku 6a3aIbTOBOTO COCTaBa, KOTOPHIE MBI OTHOCHUM K MYCIOPCKOMY KOMILIEKCY, ce-
KYT HOPOJBI BCEX KOMIIJIEKCOB.

Rb—Sr Bo3pacT 1aropTHHCKO-KOKITEILCKOTO KOMITIIEKCa 110 MHHEPAILHON M30XpOHE 00pa3iia TOHAINTa COCTa-
Buia 400 + 10 muH net [Teoxumus..., 1983], a mo BasoBoMy M30TONMHOMY cocTaBy — 399 + 24 mnH ner [AHapeu-
geB, 2004]. BennunHa nepBHYHOIO OTHOUIEHUS CTPOHLUSA B o0omx ciryuasx He npessimaer 0.704. Ilo rpanuTou-
JlaM SIHacJIOPCKOTO KOMILIEKCa ToTyYeH BO3pacT, paBHblid 385 + 4 mun siet (I, = 0.70414). OTH naHHbIE TTOATBEPK-
nensl pesyasraramu SHRIMP-garupoBanus. Bo3pacT nupkoHOB U3 TpaHOAMOPHTA M KBAPLIEBOTO THOPUTA COOCKOTO
(JTarOPTHHCKO-KOKIIEIBCKOTO) KOMITJICKCAa COCTABISCT COOTBETCTBEHHO 395 + 5 u 386 + 3 mutH ner [YnopatuHna, Kys-
HeroB, 2007; Ynopatuna u ap., 2008]. ITo apyrum nansasM [Pemusos u ap., 2009], Bo3pacT 3Toro KoMIuiekca Haxo-
nutcs B penenax 411.8 £ 6.3 —392.1 + 5.2 myH e, a ssHacnopckoro — 386.5 + 6.0 — 382.9 + 8.3 mun sert. I1o mup-
KOHaM U3 TabOpOUI0B M MOHIIOJUOPUTOB KOHTOPCKOTO KOMITJICKCA MOTyUeHBI KOHKOPAAHTHBIC natupoBku 404—400
MJTH JIET, @ BO3PacT cOOCKOro koMIuiekca coctaBmi 386 + 3 — 385 + 5 mumn ner [Cobornes u np., 2012]. Bospact no3a-
HUX J]aeK MYCIOPCKOTO KOMIIJIEKCA COIVIACHO MOCJIEAHNUM AaHHBIM jJatupoBanus upkoHoB LA-ICP-MS cocrasmnser
24343 muH. net [Cobones u np., 2013].

Hoseie Rb-Sr u3otonusie nannbie (Tadn. 1) moaTBepkaaroT Oonee paHHUE pe3ynbrarTsl. Huszkne nsmepeHHsle
3HadeHus ¥'Sr/%Sr yka3piBatOT Ha 00CAHEHHOCTD MOPOJ] PATHOTCHHBIM CTPOHIIMEM W OTHOCHUTENBHYIO ~MOIOOCTH”
cyOcTpara, n3 KOTOPOTo BBHITUIABHIIMCH HCXOIHBIE MarMbl, a TAK)Ke CBUJIETENBCTBYIOT O IEPBUYHO MaHTHUHHOM IPUPO-
JIe pacIuiaBa WM cyOcTpara IIaBjIeHUs! U OTCYTCTBUHM KOHTaMHHAIIMY KOPOBBIM MaTEPHAJIOM.

IepBbie Sm—Nd nannbie 10 Moponam Cobckoro MaccuBa [ Yiaopartuna u ap., 2003] cBuaeTenbcTBoBaIu 0 Gop-
MHPOBAaHHH TPAHUTOMJIOB BHYTPH T€TEPOT€HHOTO (yHIAMEHTa HE3pEeoro SYHCHAINYECKOTO IMO3JHECHITypHHCKOTO-
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Tabmuna 1

Konuenrpauuu Rb u Sr, uzoronnnie ’Rb/*Sr u ¥Sr/*Sr ornomenust B nopogax Co6ckoro maccupa u
U-Pb (o uupkoHam) u30TONHbIN Bo3pacT (t) ITUX NOpoa

Ne | O6paser IMopona Rb, Sr, 8"Rb/*Sr 87Sr/36Sr+2s t, Mecro or6opa
/1 MKI/T | MKI/T MJIH JIET
CoOCKHIT KOMILIEKC
1 V24/11 Kgapu. muopur 15.5 705.3 0.064 0.71309+7 38643, p- Makap-
(merporum) 39545 Py3p
2 V12/12 JlelixoToHAIUT 22.0 | 527.6 0.121 0.70767+9 SHRIMP p. Koknena
3 Y27/11 IInarnorpanur 11.2 | 4889 0.066 0.71134+6 [Vnoparnua 03. JI3ens-Ter
4 | Vel Tpanur (maitka) | 17.3 | 505.0 | 0.099 0.70834+7 | M Ap-, 2008] p. Mapxap-
Py3pb
Madwuueckue BriroueHus: B COOCKOM KOMIUIEKCE
5 Y76/12 TopdupoBuaHbIi 1.4 425.8 0.010 0.70683+5 p- Kokmena
6 | V306/12 rab6po-muoput 319 | 4913 0.188 0.71421£11 ? p. TymGonasa
7 V466/12 20.8 | 2157 0.279 0.70721£10 p. Horypeii-
Koknena
Konropckuii kommiekc
8 S11/5-1 Momrioradb6po 14.6 556.4 0.076 0.70690+9 390 p. Makap-
(nerpoTum) LA ICP MS Py3p
9 V26/11 Momnnora66po 2.4 578.8 0.012 0.70566+7 [CoGones n 03. [I3ens-Tor
10 | V3411 MOHLIOHOPHT 58 | 5472 0.031 0.70684+8 | Ap., 2012] p. Koknena
11 Y33/11 Mukporab6po 8.3 609.2 0.039 0.70697+7 p. Xapama-
TaJoy
Snacrnopckuil MaccuB U JalKKu
12 11/98 buotwuT. rpaHuT 97.3 78.0 3.618 0.7317248 38343 03. Snacnop
(merpotum) SHRIMP
13 | V32a/12 At (maiixa) 61.8 70.3 2.548 0.72107+8 [Ynoparuna p. Tymbomasa
u 1ip., 2005]
MyCIOpCcKHii KOMIUTEKC (TI03HHE JallKi OCHOBHOTO COCTaBa)
14 V4/12 Jonepur 14.8 | 480.8 0.089 0.70709+9 243+3 BepxoBbe
[Cobones u p- Kokmena
15 S15/11 T'a66po-monepur 27.1 | 351.4 0.223 0.70741+13 ap., 2013] BepxoBbe
p. Makap-Py3p
Tabmuma 2
Konuentpauuu u uzoronnslii coctaB Sm u Nd B ucciieayeMbIx nopogax
O6pasery | Sm, Mkr/r | Nd, mxr/r | "Sm/"Nd | ""Nd/'"“Nd | t,munser |e (0) e, () | t(DM) t(DM2)
V3006/12 491 19.07 0.1555 0.512856 400(?) 4.2 6.4 774 652
V27/11 1.27 5.83 0.1320 0.512843 385 4.0 7.2 576 552
V26/11 2.76 10.36 0.1609 0.512959 385 6.3 8.1 556 482
S11/5-1 2.6 11.46 0.1370 0.512826 390 3.7 6.6 647 600
11/98 2.62 11.57 0.1367 0.512808 375 3.3 6.3 680 626
S15/11 9.42 40.97 0.1389 0.512867 243 4.5 6.3 580 512

paHHeIeBOHCKOT0 MasoypajibCKoro Iy TOHHYecKoro nosica. HoBble nanuble (Tabm. 2) mo nzydenuro Sm—Nd u3oron-
HOW CHCTEMAaTHKH B IOPOIaX KOHTOPCKOTO KOMIUIEKCA, Ma(hPMUECKUX BKIIIOYEHHUAX B ITOPO/IaX COOCKOTO KOMIUIEKCA U
MO3/IHUX JIAKax JIOTOJHSIOT U TIOATBEPKIAOT ITH MPEJICTABIEHNS. BBICOKUE MONOKUTENBHbIE 3HAYECHUS €, PACCUH-

TaHHBIE Ha COOTBETCTBYIOILEE BpEMs BApbUPYIOTCS B mpenenax +6.6 ... +8.1.

[Nomydensr HoBble Rb—Sr 1 Sm—Nd n30TONHBIE XapaKTepUCTHKH IS TIOPO CIIOXKHO 1mocTpoeHHoro Codckoro
MaccuBa, B COCTAaBE KOTOPOTO Y4aCTBYIOT HOPO/BI COOCKOTO (JIarOpTHHCKO-KOKIIEIILCKOTO ), KOHTOPCKOTO, STHACIOPCKO-
TO ¥ TI03/IHHE AWK/ MYCIOpPCKOTO KoMIieKcoB. Rb—Sr 1 Sm—Nd nanHbIe yka3pIBaloT Ha y4acTHE MPOU3BOJHBIX Je-

210



I'PAHUTBI Y DBOJIFOLIHA 3EMJIH

TUIETUPOBAaHHON MaHTUH Marm, U3 KOTOPBIX KPUCTAJUIN30BAINCH OPOIBI, ClIAraloIine COOCKHUI OaToNuT, A7l HUX Xa-
PAKTEPHBI HU3KUE 3HAYEHUS IEPBUYHOTO U30TOMHOIO COCTAB ST, & TAKIKE BBICOKUE 3HAUEHHUS €.

Hccnedosanus nposoosmca 6 pamxax npoekma YpO PAH Ne 12-C-5-1024 «Cybcunxpounoe gopmuposanue
PA3HOMUNHBIX 2PAHUMOUOOB: NEMPOSEHE3UC, NPUPOOA UCHOUHUKOE MA2M, 2C00UHAMUKAY.
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SOBSKY MASSIF (POLAR URALS): ISOTOPE-GEOCHEMICAL DATA
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Rb, Sr, Sm and Nd isotope composition in the magmatic rocks, composing Sobsky massif (batholite) in the
Polar Urals, has been studied. 2011 and 2012 field trips provided the basis of the collection for isotope studies.

The Sobsky granitoid massif is located directly eastward from the Urals-largest Voykaro-Syninsky and Ray-
izsky hyperbasite massifs and treated as the structural element of the Malouralsky vulkano-plutonic belt composed by
Middle Paleozoic igneous-sedimentary structures, and also coeval and complementary granitoids of various structural
types. The granitoids form the northwest flank of the Malouralsky belt and compose almost continuous band with
northeastern strike stretching approximately at 250 km with the width up to 15 km.

The main part of the massif is composed by gneiss-like and massive quartz diorites and tonalites, defined as
Sobsky or Lagortinsko-Kokpelsky intrusive complex. Porphyric hybabyssal rocks with moderate and low silica con-
tent, but higher alkalinity — syenodiorites and monzodiorites transforming to monzogabbrodiorites - are much less
presented. This association of intrusive rocks, spatially confined to the northeastern, eastern and southeastern parts of
the Sobsky massif, composes the band oriented along its strike, and in the regional and geological context it is defined
as the Kongorsky intrusive complex. Occasionally biotite granodiorites (rare), normal biotite bifeldspar granites and

211



Muatepuabr 11 MEXJTYHAPOIJHOH T'EOJIOTMYECKOH KOH®EPEHUH

Table 1

Concentrations of Rb and Sr, isotopic *Rb/**Sr and ¥’Sr/*Sr ratio in the rocks of the Sobsky massif and

U/Pb (by zircon) isotopic age (t) of these rocks

No | Sample Rocks Rb, Sr, 8TRb/*Sr 87Sr/36Sr+2s t, Sampling site
meg/g | mcg/g Ma
Sobsky complex
1 V24/11 Quartz. diorite 15.5 705.3 0.064 0.71309+7 386+3, r. Makar-Ruz’
(petrotype) 39545
2 V12/12 Leucotonalite| 22.0 527.6 0.121 0.70767+9 SHRIMP r. Kokpela
3 | vl Plagiogranite 112 | 4889 0.066 0.71134+6 | [Udoratina | [ ake Dzelya-Ty
4 V6/11 Granite (dyke) 173 | 505.0 0.099 0.70834+7 | etal, 2008] [ "Nakar Ruz’
Mafic inclusions in Sobsky complex
5 Y76/12 | Porphyric gabbro- 1.4 425.8 0.010 0.70683+5 r. Kokpela
6 Y3006/12 diorite 31.9 491.3 0.188 0.71421+11 ? r. Tumbolava
7 V466/12 20.8 215.7 0.279 0.70721+10 r. Pogurey-Kokpela
Kongorsky complex
8 S11/5-1 Monzogabbro 14.6 556.4 0.076 0.70690+9 390 r. Makar-Ruz’
(petrotype) LA ICPMS
9 Y26/11 Monzogabbro 2.4 578.8 0.012 0.70566+7 [Sobolev et Lake Dzelya-Ty
10 | Y34/11 Monzodiorite 5.8 547.2 0.031 0.70684+8 al., 2012] r. Kokpela
11 Y33/11 Microgabbro 8.3 609.2 0.039 0.70697+7 r. Kharamatalou
Yanaslorsky massif and dykes
12 11/98 Biotite. granite 97.3 78.0 3.618 0.73172+8 38343 Lake Yanaslor
(petrotype) SHRIMP
13 | V32a/12 Aplite (dyke) 61.8 70.3 2.548 0.72107+8 | [Udoratina r. Tumbolava
et al., 2005]
Musyursky comlex (late dykes with basic composition)
14 y4/12 Dolerite 14.8 480.8 0.089 0.70709+9 243+3 Upper streams r.
[Sobolev et Kokpela
15 S15/11 Gabbro-dolerite 27.1 351.4 0.223 0.70741£13 al.,, 2013] Upper streams T.
Makar-Ruz’
Table 2
Sm and Nd concentrations and isotope composition Sm u Nd in the studied rocks
Sample | Sm, mcg/g | Nd, meg/g | Sm/'"¥Nd | "Nd/'*Nd t, Ma e,(0) e, (t) | (DM) | «(DM2)
V306/12 491 19.07 0.1555 0.512856 400(?) 4.2 6.4 774 652
V27/11 1.27 5.83 0.1320 0.512843 385 4.0 7.2 576 552
V26/11 2.76 10.36 0.1609 0.512959 385 6.3 8.1 556 482
S11/5-1 2.6 11.46 0.1370 0.512826 390 3.7 6.6 647 600
11/98 2.62 11.57 0.1367 0.512808 375 3.3 6.3 680 626
S15/11 9.42 40.97 0.1389 0.512867 243 4.5 6.3 580 512

alaskites are distributed among quartz diorites and tonalites of the Sobsky complex. These rocks compose two small
massifs (Yanaslorsky and Onikshorsky), a series of various vein and dyke bodies, some “rootless” structures and
“nests”, and also isolated small veins and dykes of granite-porphyries and rocks with aplite structure. The regional and
geological studies define this rock association as an independent Yanaslorsky intrusive complex. Late basalt dykes,
which we refer to the Musyursky complex, run across rocks of all complexes.

Rb-Sr age of the Lagortinsko-Kokpelsky complex from the mineral isochrone of tonalite sample is 400+10
Ma [Geochemistry ..., 1983], and from the bulk isotope composition — 399 + 24 Ma [Andreichev, 2004]. The value
of primary strontium ratio in both cases does not exceed 0.704. The granitoids of the Yanaslorsky complex show the
age 385 + 4 Ma (I, = 0.70414). These data are confirmed by SHRIMP dating. The zircon age from granodiorite and
quartz diorite from the Sobsky (Lagortinsko-Kokpelsky) complex is respectively 395 + 5 and 386 + 3 Ma [Udoratina,
Kuznetsov, 2007; Udoratina et al., 2008]. Other data [Remizov et al., 2009] show the age of this complex within
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411.8 £ 6.3-392.1 + 5.2 Ma, and Yanaslorsky — 386.5 + 6.0-382.9 = 8.3 Ma. Zircons from gabbroids and monzo-
diorites from the Kongorsky complex reveal concordant datings 404—400 Ma, and the age of the Sobsky complex is
386 +£3-385 + 5 Ma [Sobolev et al., 2012]. The age of late dykes from the Musyursky complex is 243 + 3 Ma ac-
cording to the latest LA-ICP-MS zircon datings [Sobolev et al., 2013].

New Rb-Sr isotope data (Table 1) support earlier results. Low *’Sr/*¢Sr values confirm Sr-poor rocks and relative
“youth” of the substrate, from which the initial magmas melted, and also testify to the primarily mantle nature of the
melting or melting substrate and absence of crust material contamination.

The first Sm—Nd data on Sobsky rocks [Udoratina et al., 2003] testified to the formation of granitoids inside
heterogeneous basement of immature ensialic late Silurian-Early Devonian Malouralsky plutonic belt. New Sm—Nd
data (Table 2) on the rocks of the Kongorsky complex, mafic inclusions in the rocks of the Sorbsky complex and late
dykes complement and confirm these ideas. High positive €, values, estimated for the appropriate time, vary within
+6.6 —+8.1.

New Rb—Sr and Sm—Nd isotope characteristics were received for the complex Sobsky massif composed of
sobsky (lagortinsko-kokpelsky) rocks, kongorsky, yanaslorsky and late dykes of musyursky comlex. The Rb—Sr and
Sm—Nd data specify participation of derivatives of depleted magma mantle, from which the Sobsky rocks were crys-
tallized. These rocks are characterized by low Sr primary isotope composition values and high ¢, values.

The researches are conducted within the UB RAS project 12-C-5-1024 “Subsynchronous formation of diverse
granitoids: petrogenesis, nature of magma sources, geodynamics .
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LEHTPbBI JJTUTEJBHO (IO 100 MJIH JIET) MATMATUYECKOM AKTUBHOCTH
B HAJICYBIYKIIMOHHBIX OPOTEHAX

I'b. ®epmiTarep

Hnucmumym eeonoeuu u eeoxumuu um. axao. A.H. 3asapuyrozo ¥YpO PAH,
Examepunbype, Poccus, gerfer@online.ural.ru

B pesynbrare peTanbHBIX N30TOMHBIX UCCIIEAOBAHUM MMOCIEIHNX JIET OBUIO YCTaHOBJIEHO, YTO KPYIHBIE apea-
JIBI UHTPY3UBHBIX TIOPOJT, YACTO 00Opa3yIoIIHe eAUHBIC TTONMN(OPMAIIMOHHBIC MACCUBBI, IPEACTABIISIOT COOOM IICHTPHI
JUTATENIbHOW MarMarudeckor aktuBHOCTH (LIJIMA), KoTOphie (YHKIIMOHUPOBAIIN B TCUCHUE BPEMECHHU, CPABHUMOTO C
MPOOKUATEIILHOCTHIO TEOJIOTHUECKUX MEPUOJIOB, a B OTACIBHBIX CIIyYasx U JA0JbIIe. Takue MacCUBBI XapaKTepH3Yy-
IOTCs1 OOJIBIIIMMH BapHAIMSIMU B COCTABE CJIATAIONINX UX MOPOJ — OT rab0po J0 TpPaHHUTa — U CIIOKHBIM MEXaHH3MOM
(hopMHUpOBaHUs, KOTOPHII BKITIOUACT B ce0sI KaK YaCTUYHOE TUIABJICHUE, TaK U PpakiiuoHupoBanue. OOBIYHO MACCHBEI
CJIO’KEHBI HEMPEPBIBHON cepueii rabopo-ToHAIUT-rpaHoAnopuT-rpaHnuTHOro coctaBa (I'TI'T kOMIUIEKCHI) U MIHPOKO
pacmpocTpaHeHbI BO MHOTHX TIOJIBUXKHBIX TOsiIcaX. B eTayisx oHuM UCCIIeIOBaHbBI aBTOPaMU Ha YpaJe.

®opmuposanue ['TI'T mMaccHBOB HaYMHACTCS U J0 3aBEPUIAIOIIUX CTAIUN COMPOBOXKIACTCS MAHTUHHBIM 10
CBOEMY MCTOYHHKY BOIHBIM 0a3UTOBBIM MarMaTu3MoM. JITUTEeIbHBII nepron ux GopMupoBaHus 00YCIIOBICH CIIOXK-
HBIM MHOTOAKTHBIM ITPOIIECCOM CTAHOBJICHHSI, B KOTOPOM BBIICIISIFOTCS CIICIYFOIIUE dTAmbl: 1) BHEIPEHUE BOTHOM Oa-
3UTOBOW Marmel; 2) 4acTHYHasi KPUCTAJUTU3ANUsI POrOBOOOMaHKOBBIX Ia00poHI0B, 00OraleHne 0CTaToqHOro pac-
TuIaBa BOJIOH; 3) CaMOINpOM3BOJIFHOE YaCTHYHOE IUIaBJIeHHE Tab0poHuI0B ¢ 00pa3oBaHUEM TOHAINT—TPAHOANOPHUTO-
BOTO paciuiaBa (aBTOMUTMaTU3aIusl ); 4) MHOTO3TAITHAsI MUTMATU3aI¥s (4JaCTUYHOE TUTABJICHUE TOHAIIMTOB M TPAHO -
OpHTOB ¢ 00pa30BaHNEM I'PAHUTHOTO paciuiaBa; 5) GopMUpOBaHKUE TPaHUTHON YacTh MaccuBoB (Depmrarep, 2013).
Tpena XuMHYECKOH HBONIONMH IIPH aHATEKCHCe 0a3UTOB M 0OpPa30BaHUM TPAHUTOUIHOTO PACILIaBa YacTo SIBISIETCS
Kann(poOHBIM, a CAMUM IPOAYKTHI TAKOTO aHATEKCHCA MPUHAIJIEKAT K IPYIIe MaJOKAIUEBBIX. DTO 00yCIOBICHO TEM,
YTO BOHBIN aHATEKCHUC OCYIIECTBISIETCS B 00JaCTH CTA0OMIBLHOCTH TaKUX BOIOCOJIEPIKAIINX MHUHEPAIIOB, KaK OMOTUT
n amduodo. [Ipu orcyTcTBUE B rabOpon1ax KajaueBoro MoJICBOTO IITaTa IPOUCXOIUT 00eTHEHNE KaJIMeM IPaHUTOU/I-
HOTO pacIuiaBa 10 CPAaBHEHHUIO ¢ 0a3UTOBBIM CYOCTPaTOM, B KOTOPOM OOJIBIIIAS YaCTh STOTO 3JIEMEHTA CKOHIIEHTPUPO-
BaHa B Onorute. COOTBETCTBYIOIUM 00pa30M MEHSIETCS W KOHIIEHTPAIUS aCCOLMMPOBAHHBIX C KAIUEM PEIKHUX dJe-
MCHTOB.

[IpomykThl BOJHOrO 0Oa3WTOBOrO MarMaTH3Ma TPEJICTABICHBI POTOBOOOMAHKOBBIMH W OHOTHT-
POrOBOOOMAHKOBBIMU Tab0po u quoputaMu. Ha3BaHHBIC MOPOJBI CIIYXKUIH CyOCTPATOM, UCTOUHUKOM (DIIFOUIOB U
TETJIOBOW SHEPTHH JUIsi 00pa30BaHMs TPEoOaJafoX B MaCCHBaX Ha COBPEMEHHOM 3PO3MOHHOM Cpe3e TOHAINTOB
W TPaHOAMOPHUTOB. [loKyMEeHTaJIbHO 3a()MKCHPOBaHHAs [UINTEIBHOCTh 0a3UTOBOrO MarmMaruama jocruraet 100 miH.
ner. Hanpumep, B paiione Bepxucerckoro maccuBa (Cpenauii Ypa) 3TOT MarMaTtiu3M Had4MHAETCsl Tab0ponaaMu paH-
HEeIeBOHCKOM neTpokameHckoi cepuu (370-380 miH j1eT), 06pazoBaHUe KOTOPBIX CBSI3aHO C 3aBEPIIAIOIIUMU CTA U~
MH OCTPOBOIY>KHOTO MarmMatu3ma TarmisCKoil ByJIKAHOTCHHOM 30HBI, 4 3aKaHUYHUBACTCS BHEAPECHUEM 0Aa3UTOBBIX JacK,
CEKYIIUX TPaHUTHI ¢ Bo3pacToM 300—290 MITH JIeT B OKpaUHHO-KOHTHHCHTAJIBHOM 00CTaHOBKE.

XapakTepHble 0COOEHHOCTH COCTaBa rabOpOMIIOB, ACCOIMUPOBAHHBIX C AHATEKTHYECKHMMHU TPAHUTOUIAMH —
00BIMHOE TIPHCYTCTBHE aMm(pubonia, YacTo OMOTUTA, OEHOTO0 aHOPTUTOM IUIaTMOKNIasa An, ., HaJWYHE TIEPBHYHO-
TO SIH/0TA, TOBBIIIEHHOE CO/IEPKaHUE aKI[ECCOPHBIX MUHEPAJIOB — anaruTta, ceHa. OHU OOraThl CTPOHIIMEM, a TaK-
K€ 3aMETHO 0OOTAICHBI IO CPABHEHHIO C MPOU3BOIHBIMU TPAHUTOUIAMH TEMH PEIKUMHE JICMEHTAMH, KOTOPBIC KOH-
LEHTPUPYIOTCS B allaTuTe ¥ CheHe, B TOM YHCIIe pelko3eMeIbHBIMU. OTMEUeHHBIE 0COOEHHOCTH COCTaBa CBUJICTENb-
CTBYIOT O TOM, YTO TaKHE Ta00OPOUIBI SBISIOTCS POU3BOIHBIMUA AaHOMATBHON METACOMATH3UPOBAHHOW MAHTHH TIPCH-
MYIIIECTBEHHO BEPJIIMTOBOTO COCTaBa U CYNIECTBEHHO BOJHOTO OOraTtoro CTpOHIUEM (ITIOH]Ia, NICTOYHUKOM KOTOPOTO
ObLIa pacnonoKeHHas HIKe 00JacTH MarMoTreHepaliy CyOyKIIMOHHAs! 30Ha.

Bornblias yacTh TOHAIUTOB U TPAHOIAUOPHUTOR, MPEICTABIICHA MPOAYKTAMH YACTUYHOTO ITIIABJICHUS (AaHATCKCH-
ca) 6a3uroB. JuddepeHImanys Takoro aHaTCKTHYECKOTO paciijiaBa MopokKaaeT 000co0IeHHe HEOOIBIIIOrO KOJHYe-
CTBa FPaHUTOB, KOTOPBIC OOPA3YIOT KUJIBI M MaJIbIC HHTPY3UBHBIC TEJIa CPEIH TPAHOAMOPUTOB U HMEIOT C HUMH OJTU-
HaKOBBIH BO3PACT.

O0pazoBaHue OONBIIMX MacC alaMeUTUTOBOTO MIIM TPaHUTHOTO paciuiaBa 00yCIIOBICHO MTPOLIECOM TIeperuiaB-
JICHHSI TOHAJIUTOB WJIA TPAHOIUOPUTOB. Hanboee HHTEHCHBHOE MEPEILIABICHUE TOHAIUTOB U IPAHOIMOPUTOB OTBE-
YaJio 1o BPEMEHH IT03JHEMY KapOoHy U faxe paHHeil nepmu. [ToaToMy aiaMeIuTuThI ¥ TPaHUTHI IO BO3PACTy OTOPBa-
HBI OT 00JIce OCHOBHBIX rpaHUTOH 0B Ha 10—40 MitH sieT. Takoil MHOTOKPATHBIN aHATEKCUC, KOTOPBI COMPOBOXKIACT-
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sl KpUCTAITM3AMOHHON audepeHnmanmei 00pa3yromuxcs paciuiaBoB, - XxapakrepHas ocodennocts ['TT'T maccn-
BOB. VM cBoiicTBeHHa OoMbIIasi BEPTUKAJIBHAS MTPOTSHKEHHOCTh. PaccTosiHNE OT KOPHEBBIX 30H YaCTUYHOTO IIJIaBie-
HUSL POroBOOOMaHKoBbIX 6asutos (P, = 0.7-0.8P ; = 6-10 xbap) 10 BEpXHHUX, COXPAHUBLIMXCS OT 9PO3UH YaCTEH
MacCHBOB (PH 0= P06m= 4-2 x06ap), cocTaBiseT 1o 20-25 kM. B mpenenax 3Toi MarMaTHIeCKOi KOJIOHHBI 0a3UThI KOH-
LEHTPUPYIOTCS IPEUMYIIIECTBEHHO B HI)KHEH, @ TPAHUTHI — B BepXHeil yacTu. TOHAINUTB M TPAHOANOPUTHI CIIAaraloT
MIPOMEKYTOYHYIO 30HY.

B n3noxeHHOH MoOzeny NpakTHYECKH HE YIacTBYET JAOypalibCKasl cuaiimdeckas kopa. [IporonuT npencrasieH
MOpOJlaMH, KOTOpbIe (POPMHUPYIOTCS B XO/I€ CTAHOBJICHHSI CAMOTO MAacCHBa B MOCIIEA0BATEIHLHOCTH rab0po — TOHAJIMNT,
rpanoanoput. OTcrona — sipKUe U30TOITHbIE XapaKTEePUCTHKHU BCEX MOPOJ — HU3KHUE IepBUYHbIe oTHOLeHus *’Sr/*Sr,
MOBBILIEHHBIE 3Ha4eHUs eNd, BeJIMUnHa KOTOPBIX ONpenessieTcs B ToM ducie u nonoxenneM AIIMA Han 30H0i1 cy0-
JYKIUH.

KitroueBoii meTporeHeTHIEeCKHiA IIporiecc, odecreunBarommii (yHKIIMOHUpOBaHUE paccMaTpruBaeMbIx JJLIMA —
CaMOTIPOU3BOJIbHBIN aHATEKCHUC POrOBOOOMAaHKOBBIX Ta00p0. AHaTeKcHC 00yCIIOBIICH TOHM)KEHUEM TeMIIepaTyphl CO-
JHIyca BCIEICTBHE POCTA COIEPKaHMS BOJBI B OCTATOYHOM paciuiaBe. MozaenbHble 00bEKThl — CHHILTY TOHHYECKHE
6a3uTOBBIC TAWKH.

Jlalikn mpeAcTaBiIeHbl IPENMYIIECTBEHHO MEIIKO- TOHKO3EPHUCTBEIMU POTOBOOOMAHKOBBIMHU Tab0po M ANOpH-
tamu. OHM 00pa3yroTCs Ha pasHbIX CTa usIX (POPMUPOBAHMS MAacCHUBA — OT PaHHUX J0 CaMbIX IO3IHUX. B nepBom ciry-
yae rabOpouIbl OTMEHaIOTCs B BU/ie ()parMeHTOB, KCEHOJIMTOB B TPAHUTONIAX; BO BTOPOM — B BHJIE AaeK, CEKYINX
aIuIMTHI ¥ TerMatuThl. KpaeBble yacTi Jaek NMEIOT MUTMATHTOBYIO TEKCTYPY, 00yCIIOBICHHYIO HATMYHEM IPOKUIIKO-
M0100HBIX BBIJICIICHHI MEITKO3EPHHICTOTO JISHKOKPaTOBOTO MaTepHala, CylecCTBeHHYIO POJIb B MUHEPAJILHOM COCTaBe
KOTOPOTO MIpaeT IUIaruoKja3 MPUMEPHO TAKOTO e COCTaBa KaK M B MCXOJHOM 0a3MTOBOM MaTepHalie 1aekK, U KBapIl
¢ 0OBIYHOM NPUMECHIO POTOBOI 0OMaHKH, OMOTHTA M 31H0Ta. KOHTAKTHI Jaek B 3TOM Cilydae NpHOOpETaloT Hepe3-
KH€ OrpaHMYCHHs], HO BCE PABHO YETKO (PUKCHPYIOT EpBUYHbIE KOHTYPHI 1aeK, TaK KaK NePeCceKatoT TaKhe JO0aiKo-
BbI€ HEOJHOPOAHOCTH I'PAaHUTOMIOB, KaK THEHCOBHIHOCTD, TI0JI0OCYATOCTD MIIH KCCHOJHTHI.

OOBIYHO KHCIIBIE TOPOJIBI, ACCOLMUPOBAHHBIE C CHHIUTYTOHHYECKHMH JIaliKaMH, PacCMaTpHBAIOTCS Kak Ipo-
JYKTHI TUIABJICHUS TOPSTYMX U HE TIOTHOCTHIO 3aTBEPAEBIINX BMEIIAIONINX TPAHUTONIOB IO/ BIMSHHEM TeIlIa JaekK.
K onmcanHoO# BBIIE CHTyalny 3TOT MEXaHU3M HE MPUMEHNM. Bo-TIepBbIX, JaliKi pacceKaroT YK€ KOHCOIUIUPOBaH-
HBIE TTOPOJIBI, UMEIOIINE THEHCOBUIHYIO TEKCTYpY. BO-BTOPBIX, M 3TO IIIaBHOE, YaCTHYHOE ILIABJIECHHUE TIOPO, COIep-
JKAITUX KJTUIIIIAT, KAKOBBIMH SIBJISTFOTCS] BMEIAIOIINE JaHKU TPAHUTOM/IBI, 1aeT pacilIaBbl HE OSIHBIX KaJIMEM IIIarv-
OTPAaHHUTOB M TPOHABEMHUTOB, KOTOPBIMH IIPEACTABICHBI JIEHKOKPATOBHIEC BBIACICHUS B IaiiKaxX, a HOPMaJIbHbBIX TPAaHH-
TOB, O0JIee OOraThIX KaJHeM 110 CPaBHEHHUIO C MOpoaMu cyOcTpara. EANHCTBEHHBIM MCTOYHMKOM BEIECTBA KHCIIBIX
TIOPO]I, aCCOLMMPOBAHHBIX C JAWKaMH, MOXKET OBITH TOJBKO IPOIECC YaCTUYHOTO TUIABJICHHUS BEIIECTBA CaMOM JalKu.
Takoe IOBTOPHOE IJIaBJIEHHE IIPOYKTOB KPUCTAIM3ALMK OOTaThIX BOAOH pacIiiiaBoB B ITPOIIecce X BHEAPEHUS (aB-
TOMarMaTn4eckasi MUTMaTH3anus ), COCTABISET PKYI0 U THIIMYHYIO OCOOEHHOCTH BOAHOTO 0a3MTOBOTO MarMaru3Ma.

PecraBpanust ycnoBuii aHarekcrca Ha ocHoBe Amf-Pl 6apomeTpa CBHAETENBCTBYET O TOM, YTO MAaCCOBBII aHATEK-
CHC POTrOBOOOMaHKOBBIX Ta00po 1 (POPMUPOBAHUE TOHAIUTOB M TPAHOIMOPUTOB MPOUCXOAWIN B MHTEPBAJIe JaBICHUI
9—7 x0ap, YaCTUYHOE IIJIaBJIEHNE TOHAIMTOB ¥ TPAHOMOPHUTOB M 00pa30BaHNe IPAHUTHOTO PaCIliaBa — B HHTEPBAJIE 1aB-
neHui 6-4 x6ap. YpoBeHb KPUCTAIIM3ANMH rpaHuTon10B B 6onpimHeTBe JLIMA cocrasisin 4-2 x6ap. ['nnaduccans-
uele ['TIT MaccuBbl 00b19HO He 00pasyroT JJLIMA u popMUpYIOTCSI B KOPOTKHE BPEMEHHBIC HHTEPBAJIBL.

CENTERS OF LONG (UPTO 100 MA) MAGMATIC ACTIVITY IN
ABOVE-SUBDUCTION OROGENS

G.B. Fershtater

A.N. Zavaritsky Institute of Geology and Geochemistry UB RAS,
Ekaterinburg, Russia, gerfer@online.ural.ru

As a result of detailed isotopic studies of recent years, it was found that large areas of Intrusive rocks, often
forming united massifs of complex composition represented the centers of long magmatic activity (LMAC). These
centers functioned for a time, comparable with the duration of geological periods, and in some cases longer. The mas-
sifs are characterized by large variations in composition of the constituent rocks - from gabbro to granite — and by
complex formation mechanism, which includes both partial melting and fractionation. Usually massifs are composed
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of a continuous series of gabbro-tonalite-granodiorite-granite composition (GTGG complexes) and widespread in
many mobile belts. In the Urals they are studied by the authors in details.

The formation of GTGG massifs begins with intrusion of hornblende gabbros — the products of the mantle
water-rich mafic magmatism - and is accompanied by them till the final stage.

A long period of their formation includes the following stages: 1) the intrusion of water- rich mafic magma; 2)
partial crystallization of hornblende gabbro, enrichment of the residual liquid by water; 3) spontaneous partial melting
of gabbros with tonalite-granodiorite melt formation (automigmatization); 4) multistage migmatization (partial melt-
ing) of tonalites and granodiorites, the melt forms the granite part of massifs (Fershtater, 2013). The granitic rocks
formed by the anatexis of gabbro usually contain less K,O than gabbro substratum. This is because the water anatexis
is carried out in the field of stability of such water-bearing minerals, as biotite and amphibole. Gabbros usually do
not contain potassium feldspar and the melt becomes depleted of potassium as compared with the basic substratum in
which most of this element is concentrated in the biotite.

Products of water rich basic magma crystallization are represented by hornblende and biotite-hornblende gab-
bro and diorite. These rocks served as protholith, the source of fluid and thermal energy for tonalites and granodiorites
which predominate in massifs on modern erosion level. The duration of basic magmatic activity reaches 100 million
years. For example, in the Verkhisetsk massif (Central Urals) this magmatism begins with the Devonian gabbros (370-
380 Ma), the formation of which is connected with the final stages of island arc magmatism of Tagil volcanic zone, and
ends with the formation of mafic dikes cross-cutting granites (300-290 Ma) in the continental-marginal environment.

Characteristic features of gabbros associated with anatectic granitoids - the usual presence of amphibole, often
biotite, poor by anorthite plagioclase, An, ., the presence of primary epidote , high concentrations of accessory min-
erals - apatite , sphene . They are rich in strontium, as well as significantly enriched, in comparison with derived gran-
itoids by those trace elements that concentrate in the apatite, and sphene, including REE. The composition features
noted indicate that such gabbros are the derivatives of metasomatized mantle of primarily wehrlite composition and
strontium-rich water fluid, whose source was located in the subduction zone. Most of the tonalites and granodiorites
are represented by the products of partial melting (anatexis ) of mafic rocks. Differentiation of such anatectic melt
generates the segregation of small amount of granites that form veins and small intrusive bodies among granodiorites
and have the same age with them.

The large masses of granite and adamellite melt form by remelting of tonalites or granodiorites. The most
intensive remelting took place at Late Carboniferous or Early Permian. So, most part of granites are 10-40 million
years younger in comparison with the more basic granitoids. Such multiple anatexis, which is accompanied by the
crystallization differentiation of formed melts is the characteristic feature of GTGG massifs. A large vertical extent is
peculiar to them. The distance from the root zones of partial melting of mafic rocks (P, , = 0.7-0.8P _ = 6-10 kbar)
to the upper preserved from erosion parts of massifs (P, =P _ = 4-2 kbar), is up to 202 25 km . Wlthln this magma
column gabbros are concentrated mainly in the lower part and granltes — in the upper part. Tonalite and granodiorite
compose intermediate zone.

In the presented model, pre-Ural sialic crust practically does not take part. The protolith is presented by rocks
that are formed in the making of the massif itself into a sequence of gabbro - tonalite, granodiorite. Hence — bright
isotopic characteristics of all the rocks — low initial #St/*Sr, higher values eNd, the value of which is determined by
including the LCMA position above the subduction zone.

The key petrogenetic process that ensures the functioning considered LCMA is spontaneous anatexis of horn-
blende gabbro. Anatexis is caused by the decrease of the solidus temperature due to the growth of water content in the
residual melt. Model objects are synplutonic basic dikes.

Dikes are represented mainly by hornblende gabbros and diorites. They are generated at different stages of
formation of the massif- from the earliest to the most recent ones. In the first case gabbros are marked in the form of
fragments, xenoliths in granitoids; in the second - as dikes cutting aplites and pegmatites. Edge parts of the dikes have
migmatite texture caused by the presence of vein-like separates of fine-grained leucocratic material, which consists of
plagioclase of about the same composition as in the original material of mafic dikes and quartz with the usual admix-
ture of hornblende, biotite and epidote. The dikes in this case have soft edges, but the primary contours of them still
clearly fixes, because they cross such pre-dike heterogeneities of granitoids as gneissic texture, banding or xenoliths.

Generally, the acid rocks associated with synplutonic dikes are considered as products of melting hot and not
completely solidified host granitoids under the influence of dikes heat. For the situation described above, this mecha-
nism does not be applied. First, dikes dissect already consolidated rocks with gneissic texture. Secondly, and most
importantly, the partial melting of rocks containing K-feldspar, which are the granitoids enclosing dikes, gives melts
normal granites, more potassium-rich rocks compared to the substrate instead of poor in potassium plagiogranites and
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trondhjemites that presented in isolation leucocratic separations in dykes .The only source material of felsic rocks
associated with the dikes, can be the process of partial melting of the dike itself. Such re-melting of crystallization
products rich in water melts in process of their intrusion( the automagmatic migmatization ) is a bright and typical
feature of water mafic magmatism.

Restoration of the anatexis conditions on the base of Am-PIl barometer indicates that a large-scale anatexis of
hornblende gabbro and forming of tonalite and granodiorite occurred in the pressure range 9—7 kbar , partial melt-
ing of tonalite and granodiorite and granitic melt formation- in the pressure range 6—4 kbar. Level crystallization of
granitoids in most LCMA was 4-2 kbar. High level (hypabyssal) GTGG massifs do not usually comprise LCMA and
formed in short time intervals.
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THE CAMBRIAN MAGMATIC ACTIVITY IN THE ZAMTYN NURUU RANGE, LAKE ZONE,
MONGOLIA

P. Hanzl', D. Burianek?, A. Gerdes?, K. Hrdli¢kova', V. Janousek', K. Schulmann’,
A. Battushig®, T. Ganchuluun*

ICzech Geological Survey, Klarov 3, 118 21 Prague 1, Czech Republic, pavel hanzl@geology.cz
’Institut fiir Geowissenschaften, J.W. Goethe Universitdt, Altenhoferallee 1,
60438 Frankfurt am Main; Germany
SInstitute of Geology and Mineral Resources of Mongolian Academy of Sciences,
Ulaanbaatar, Mongolia
“School of Geology and Petroleum Engineering, MUST, Ulaanbaatar, Mongolia

The Zamtyn Nuruu crustal block situated in the easternmost tip of the Mongolian Altai is exposed between the
Paleozoic volcanosedimentary prism of the Gobi-Altai Domain in the S and the Neoproterozoic—Cambrian accretion-
ary wedge with ophiolite remnants (the Lake Zone) in the N. The Zamtyn Nuruu block of the pre-Cambrian age is
composed of variegated metasedimentary rocks in the upper part while the lower part is formed by orthogneisses,
migmatites and amphibolites accompanied by syn-tectonic gabbro and diorite intrusions. The mineral assemblage of
amphibolites corresponds to P—T conditions of about 680 + 60 °C and 8.6 + 1 kbar. The partial melting of migma-
tized members may possibly have been caused by decompression during the fast exhumation. These rocks are cov-
ered by terrestrial siliciclastic sediments and, together with them, intruded by post-tectonic Late Cambrian granites
[Hrdlickova et al., 2010].

The usually foliated mafic intrusive rocks form bodies elongated parallel to foliation in adjacent amphibolites.
They are medium- to coarse-grained, varying from pyroxene-amphibole to biotite-amphibole gabbro (rarely with
cumulate fabrics) and diorite.

The mafic igneous rocks are basic to intermediate (SiO, = 46.7-55.5 wt. %), metaluminous, calc-alkaline with
low K O/Na,O of 0.1-0.2. The chondrite-normalized REE patterns are rather flat (La /Yb, = 3.5-6.7) with positive
Eu anomalies (Ew/Eu* = 1.0-1.3). Composition of the surrounding amphibolites is similar (SiO, = 46.8-53.8 wt. %,
K,0/Na,O = 0.1-0.7). The REE patterns show varied, but usually low degree of fractionation (La /Yb_ = 0.7-4.7).

The LA ICP-MS zircon age of 542 + 4 Ma from gabbro dates time of zircon crystallization and zircon age of
517 + 5 Ma from diorite is interpreted as timing its emplacement. Hf isotope compositions are close to that of depleted
mantle (g, = 8.2-10.2). Trace-element signatures (enrichment in Ba, Th, U, K, Pb and Sr accompanied by Rb, Nb, P
and Zr depletion if compared with NMORB) as well as isotopic data (*’St/**Sr_, = 0.7047-0.7056 and ¢, = 2.1-2.7)
point to primitive source of mafic rocks and only limited role for crustal contamination.

Our data, together with those of Hrdli¢kova et al. [2010], provide an evidence of Cambrian (c. 540 and 510 Ma)
magmatic activity evolving from syn-tectonic mafic magmatic arc to post-tectonic relatively mature granites in the SE
tip of the Lake Zone. Similar rocks can be traced more to the west [Dijkstra et al., 2006] and form a large magmatic
arc in the Mongolian Altai part of the Central Asian Orogenic Belt [Janousek et al., 2014].

Financial support: Project Zamtyn Nuruu - 50 financed by Official Cooperation Agency of the Czech Republic;
Grant Agency of the Czech Republic (P210/12/2205).
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CYBCHHXPOHHBIN AKKPEIITMOHHO-KO/UIM3UOHHBIN KOPOBBIN, BHY TPUILIMTHBIN
U TPAHC®OPMHBIN T'PAHUTOUIHBIA MATMATHU3M U PYITOHOCHOCTH
HA DTAIAX ®OPMUPOBAHUS (S,-D, uD,-C,) AKTUBHOI KOHTUHEHTAJILHOM
OKPAWHBI YPAJIA

B.B. XoJ10m1HOB

Hnemumym eeonocuu u eeoxumuu um. akademuxa A.H. 3asapuykoeo YpO PAH,
Examepunbype, Poccus, holodnov@jigg.uran.ru

B ncropun QopmupoBaHus aKTHBHON KOHTMHEHTAJIbHOW OKPAaWHBI YPaJbCKOTO SMHOKEaHHYECKOTO OpOoreHa
BBIJIENIEHBI 1Ba BAXHBIX oTana: S —D, (npeumymectsenno Cpennnii, Cesepnbiid, [lomspnsiit Ypan) uD,~C, (I0xmbi
Vpai). OTu 3Tansl XapakTepU3yIOT HHBEPCUIO T€OJMHAMUYECKOTO PeXHUMa — C OCTPOBOAYKHOTO HAa aKKPEIIMOHHO-
KOJUTM3MOHHBIHN U TpaHC()OPMHBINA prQTOreHHO-CIABUTOBBIH (C 30HAMHU PACCESTHHOTO PU(TOreHe3a), XapaKTePHBIN IS
30H CKOJILKEHUS TUTOCHEPHBIX TUIHUT. [10sIBIIEHIE TOCIIETHETO TEKTOHO-Te0ANHAMUYECKOTO PEXXUMa, XapaKTepu3yeT-
cs1, Kak n3BecTHO [ XaHuyk, MapteiaoB, 2011 u jip.], 3HaUUTENEHBIM pa3HOOOpa3ueM NPOAYKTOB MarMaTru3ma, C IiH-
POKHM IPOSIBJIEHUEM CyOIIEIIOYHOTO U IIEJIOYHOTO MarMaru3mMa BHYTPUILTUTHOTO THIIA.

Ha yxasanubix Boimie pyoexax S,-D na Cpennem u CesepHoM Ypaie, a 3atem nosanee B D.—C, na IOxnom
VYpaie, B poliecce akKpennoOHHO-KOJUTU3HOHHBIX ¥ pUPTOTEHHO-CIBUTOBBIX TPAHC(HOPMHBIX COOBITHI MTPOUCXOAUT
MpaKTHYECKH OTHOBPEMEHHOE (CYyOCHHXPOHHOE) 00pa3oBaHKe Pa3IMYHBIX [0 COCTABY M T'€HE3HCY, TETEPOTeHHBIX 110
MarMaTH4ecKUM UCTOYHUKAM U (DIIOMIHOMY PEKHMY, TPAaHUTOMIHBIX CEepUil (KOMILIEKCOB): MPOU3BOJHBIX MaHTHIH-
HBIX BHYTPHUILIUTHBIX (pPH(TOreHHBIX) 6a3aIbTOMIHBIX MarM, TPAaHUTOUI0B OJIM3KNX HAJCyOyKIIMOHHBIM I'PDaHUTOH-
JlaM HaJIO)KEHHBIX aHAE3UTOMIHBIX BYIKAHO-ILTyTOHHUECKUX MosIcoB [f3eBa, boukapes, 1998 u ap.] u kopoBbIX aHa-
TEKTHYECKUX CEPUIl IUOPHUT-TPAHOTUOPUT-TPAHUTHOTO COCTaBa, TAKKe MMEIOIINX OTYETIMBBIC HAICYONYKIIMOHHBIE
TeOXUMHUECKHE XapaKTepUCTUKU. [IpH 3TOM, HE3aBHCHMO OT BO3pacTa aKKPEHOHHO-KOJITU3HOHHBIX U COTIPOBOXKAa-
IOMINX UX PUPTOTEHHBIX U TPaHC(HOPMHBIX COOBITHII B paHHEM JIEBOHE — HA CEBEPE WIIM B KapOOHE — Ha Iore, CIIEKTP
TPAaHUTOUTHOTO MarMaTiu3Ma B TOM H JIPyTOM CIydasix OJM30K, HO ()OPMBI IPOSIBIICHHSI, MAaCIITA0bI, TPOYKTHBHAS Py-
JIOHOCHOCTB, TPOCTPAHCTBEHHAS MMO3UIIHMSI MATMaTUIECKUX CEPHil U OTAEIBHBIX MACCUBOB CYIIECTBEHHO MEHSIOTCS.

Ha Cpeonem u Ceseprom Ypane — 6 Tacunvckoti 0cmposooy’CHOU Me2a30He — aKKPSIIMOHHO-KOJUTU3HOHHBIH
U TpaHCHOPMHBIH PUPTOTCHHO-CABUIOBBIA TEKTOHO-TEOAMHAMUYECKUI PeXHM (C 30HAMH pPacCesHHOro pudro-
TeHe3a) CONMPOBOXKIAETCsI (POPMHUPOBAHHEM TIO3THECHIYPUICKON ropoOIaroarckoil TOMIIM M TT03/IHECHITYPUICKO-
paHHeAeBOHCKOM TypuHCcKoi cBuUTHI [[leTpos, 2013; Xononxos, Iletpos u ap., 2013]. BeinmonHseMble ByIKaHOI'€HHO-
0CaJJOYHBIMH 00Pa30BaHUSMH STHX CBHT MaJICOIENIPECCUU M TPa0EHBI 3aKOHOMEPHO BIHCHIBAIOTCS B KPYITHYIO CYyO-
MEPHUINOHAIIBHYIO PU(PTOTEHHO-CIIBUTOBYIO 30HY, KOHTPOJIHMPYIOIIYIO pa3MelIeHHe He TOJIIbKO OMMOAAIBbHBIX BYJIKa-
HUTOB S,—D, HO U PyIOHOCHBIX HHTPY3UH rab0po-AMOPUT-CHEHUTOBOTO COCTABA TANJIO-KYIIBUHCKOTO KOMIUICKCA 1
CBSI3aHHBIX C HUMH CKaPHOBO-MarHETUTOBBIX MECTOPOXKICHNH. DTa TpaHCHOpMHast pu(TOreHHO-CABUIOBAsI CTPYKTY-
pa (30Ha CKOJBKEHHS IUTUT ) POTATUBAETCS 1ajiee Ha CEBEP B MEPHIMOHAIBLHOM HAlPaBJICHUH Ha COTHH KHJIOMETPOB
(x [ToxkpoBckomy 1 CeBepHBIM KeENe30pYIHBIM MECTOPOXKACHHM). B1iosb 3amnagHoi okpauHbl Tarnibckoil Mera3oHbl
BCE ITH MECTOPOXKICHUS 00pa3ytoT [ 1aBHBII 3amaHbIN 10SIC KOHTAKTOBO-METACOMAaTHYECKUX JKEJIE30PYAHBIX MECTO-
poxnenuit Cpegnero u CeBepHoro Ypaia.

Amnanoruynasi TpaHcopMHasi pu(TOreHHO-CIBUTOBAsI CTPYKTYpa Ha BOCTOKE Tarmibckoli Mera3oHbl KOHTPO-
JUpYeT pa3MelleHne paHHe-cpegHeeBoHCKUX (400—411 MiH eT) BHYTPUIUIUTHBIX BYJIKAHUTOB M HHTPY3UBHBIX MO-
pon (ayap6axoBckuii rabOpo-rpaHUTOMIHBIN KOMIUIEKC) ¥ COTPOBOXKIAIONINX UX KEIE30PYIHBIX, MEAHO-CKAPHOBBIX U
KPYIHBIX 30JI0TOPYIHBIX MECTOPOXKAeHHH MacioBcKo-Ay3pOaxoBCKOH pyIHOH 30HBI, 00pa3yIoIuX U3BeCTHBIH Boc-
TOYHBIH MOSIC TAKUX MecTOpokIeHui [ CkapH.-MarHeT. popM. Ypana, 1989 u nip.]. DTOT THIT BHYTPUIUIUTHOTO Iab0po-
CHEHUT-TPAaHUTHOT'O MarMaTH3Ma XapaKTepU3yeTcsl BHICOKOH aKTHBHOCTBIO XJIOpa B COCTaBe pynoo0pasyronux quto-
nnoB [XomoaHos, Byuuisikos, 2002 u ap.], uto u onpenenser GOPMHUPOBAHHE KPYIHBIX CKaPHOBO-MAarHETHTOBBIX U
ME/IHO-CKapHOBO-MAarHETUTOBBIX MECTOPOXKICHHH.

OJHOBPEMEHHO C BHYTPHUIUIUTHBIM pUQTOreHBIM MarMaTu3MoM B Tarmiabckoil Mera3oHe, Ha cyOcTpare Kpae-
BOM BocTOUHO# "acTu [InaruHonocHoro nosica Ypana (IIITY), na pyOeske cunyp-panuuii neBoH (423—406 MiTH JieT)
pou30nuIo (GopMHUpPOBaHUE MATHMHIEHHO-KOPOBOI rpaHUTONAHON acconmanuu [ XomnoaHos, [Terpos, 2014], kotopas
BKJIFOYAET aHATEKTHYECKYIO Jieiikorabopo-anopro3ut-ruiarnorpanutHyio (JIAII) ceputo, getanbHO 0XxapakTepr30BaH-
HYI0 BO MHOTHUX IyOnukanusx [Pepinrarep, 2013 u ap.] 1 TMOPUT-TOHATMT-TPaHUTOUAHYIO cepHIo ropsl Epmaxosa, ¢
BO3pacToM rupkona 406 muH jet. KopoBomy marmarusmy B coctase [1I1Y Bo BpeMeHH npeAecTBOBaI 3Tar (GopMu-
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POBaHNS MAaHTHHHO-KOPOBBIX I'PAHNTOMIOB aH/AE3UTONIHOTO psifa. Hebopimme no pasmepam nuddepeHupoBaHHbIe
JHOPUT-TPaHOAMOPHUT-TPAHOCUEHUTOBBIE UHTPY3HH 3TOTO THIA 00pasyloT IOBOJIBHO Y3KHH IO IIMPHHE, HO CHIIBHO
BBITSIHYTBI HAa COTHU KHJIOMETPOB B MEPHIMOHAILHOM HAIpPABICHUH T105C, TAKXKE, KAK U aHATEKTHUECKHE KOPOBBIE
maccusbl JIAII cepun u ropst EpmakoBa, popmupyromuiicst B BOCTOUHOM KpaeBoit yactn komiuiekcos ITITY. I'nm-, me-
30a0KccabHbIE JUOPUT-TPAHOANOPUTOBEIE 1 TPAHOCHEHUTOBBIE HHTPY3HHU 3TOTO I0sica paHee ObUTH OTHECEHBI K Ta-
TUJIbCKOMY T'PaHUTOUHOMY KOMILIEKCY, JaTUPOBAaHHOMY O LHUPKOHY Bo3pacToM 430 mutH net [Pepurarep, 2013 .

Taxwum 00pazoM, B BOCTOYHOI KpaeBoii 30He KoMruiekcoB [1I1Y, BAOIb rpaHUIIBI COWICHEHHS HX C OCTPOBOMYXK-
HBIMH TOJIIAMH TarujabCKOH Mera3oHbl, MaHTHHHO-KOPOBBIE AHOPHUT-TPAHOANOPUTOBBIE MHTPY3UH aHIEC3UTOUIHO-
TO psiia COBMECTHO ¢ KOPOBBIMH I'paHUTOMIHbIMU aHatekTuTamu (JIAII cepust n p.) 0Opa3yroT equHBIH Y3KOIHHEH-
HBII CyOMEpHIMOHAIBHBIHN T10sIC, TECHO CONMXEHHBIN B IPOCTPAHCTBE C pUPTOTCHHBIMHU BHYTPUIUINTHBIMHU Tab0po-
TPaHUTHBIMH HHTPY3HUSIMH, TIOSIC KOTOPBIX TAK)KE BBITSHYT B CyOMEpPHIMOHAILHOM HalPaBIEHNH HA MHOTHE COTHH KM.
CONMKeHHOCTh B IPOCTPAHCTBE, Y3KOJIIMHEHHBIH XapakTep pa3BUTHS JaHHBIX T€TEPOT€HHbIX 110 MarMaTHYECKHM HC-
TOYHUKAM I'PaHUTOMIHBIX HOSICOB, OJIM3KHE BO3PACTHBIC TNANa30Hbl X (POPMUPOBAHUS: KOPOBBIX 423-406 MiH JeT,
MaHTHUITHO-KOPOBBIX aHAE3UTOUIHBIX 430 MIIH. JIET U BHYTPUILTUTHBIX KeJe30HOCHBIX 425-405 MIIH JieT, siBiisieTcs pe-
AIBHBIM CBHETEILCTBOM CBSI3HM 3THX CYOCHHXPOHHBIX IPAHUTOUIHBIX MOSICOB C pU(PTOreHHO-TPaHC(HOPMHOI 30HOH
CKOJIB)XCHHUS IUTOC(EPHBIX TUIUT.

FOoicnwiii Ypan. Maznumoeopckas ocmposodysicnasn mezazona. IHBepcus TeOIMHAMUYECKOTO PEKIMA C OCTPO-
BOZY>KHOTO Ha aKKpEIIMOHHO-KOJUTM3HOHHBIA U TPaHC(POPMHBIH (pH(TOTEHHO-CABUTOBBIN) MPOSBUIIACH 3/1€CH TT03/1-
nee B D.~C,. D10 cBA3aHO ¢ Gosee TMO3IHMM BPEMEHEM NPUYIEHEHHS MarHMTOIOPCKOM OCTPOBHOW JYTH K Kparo
Bocrouno-Esporneiickoii mnardopmsr (BEIT) B pesxume Msrkor xkocoit kommsnu [IIyukos, 2000 u ap.]. Oxapakre-
PH30BaHHOE BBIIIE COOTHOIICHHUE Pa3IMYHBIX 110 COCTABY, F€HE3HCY, MAarMaTHUECKIM MCTOYHUKAM U (IIIOMTHOMY pe-
KMy T'PaHUTOMIHBIX CepHil (KOMIUIEKCOB), 00pa3yIoIUXCs MPAKTHYECKH OJHOBPEMEHHO IPH TEKTOHHUYECKOH Je-
CTpYKUMH Tarmibckoil OCTPOBHOM AyTH IOA ACHCTBHEM aKKPELMOHHO-KOJUIM3MOHHOTO M TpaHC(OpMHOTO mporec-
ca — B MarHuToropckoif OCTpOBOYKHOM MErazoHe UMEeT HHBIC XapaKTEPUCTHKN. DTO CBA3aHO, TNIaBHBIM 00pazoM,
C 0COOCHHOCTSIMU TEOJIOTHYECKOTO CTPOEHHS caMoil MarHUTOropcKoi OCTPOBOAYKHOM MerasoHbI. 37€Ch MEHSET-
Cs1 HE TOJIBKO MPOCTPAHCTBEHHAS ITO3UINMS TPAHUTONIHBIX TPOU3BOIHBIX MAHTHIHHBIX BHYTPUILIUTHBIX MarM, TpaHu-
TOW/IOB AHJIE3UTOMIHOTO Psi/ia Y MAJIHHICHHO - KOPOBBIX IHOPUT-TPAHOJHOPUT-TPAHUTHBIX CEPUi CyOCHHXPOHHBIX
10 BO3PACTy APYT APYTY, HO ¥ (POPMBI MPOSIBIICHUS] STUX THUIIOB IPAaHUTOMAHOTO MarMarn3Ma. CyIecTBEeHHO MEHS-
eTcs ¥ MOTeHIHAIbHAsL PYIIOHOCHOCTD OT/EIbHBIX TUIIOB TPAHUTONIHBIX MarM, 0COOCHHO KOPOBBIX aHATEKTHYECKUX
Y MaHTHHHO-KOPOBBIX aHAE3UTOUIHBIX, C POCTOM HX NMPOIYKTUBHOCTH HA 30JI0TO-IIEEINTOBOE (NIEPBBIX) U MEIHO-
moppupoBoOe ¢ MOTUOAEHOM (BTOPBIX) OPYICHEHUE.

B nenrpanbsHOi yacTn MarHUTOropckoi MEra3oHsI B KOHIIE TypHE — paHHEM BH3€ ObII CQOPMHUPOBaH KPYITHBIH
Marnuroropcko-bornanoBckuii rpabeH, B mpenenax KOTOPOTrO ByJIKaHHUYECKas NESITENbHOCTh (Oepe3oBcKasi U Ipe-
XOBCKasi CBUTHI 0a3aJIbT-TPaxUAAUT-TPAaXUPHOJINTOBOTO COCTABA) NPOSBIIIACH, KAaK B CBSI3H C JOKAJIBHBIMU Pa3IBH-
raMu B BHJIE TPEUIMHHBIX U3JIMSHAHN, TaK ¥ B BUJE BYJIKAHOB IIEHTPAJILHOTO THIIA, B TOM YHCIIE CO CTPATOBYJIKaHAMH
Ha 1uredax pasasuros [CamuxoB u ap., 2013]. OqHOBpeMEeHHO ¢ OMMOAAIBHBIM BHY TPHIIUTHBIM BYJIKAHU3MOM B M-
arazone 350-330 mutH neT GopMUpPOBAINCH rabOPO-TPaHUTHBIE MAaCCUBBI MArHUTOTOPCKOM cepruu. OOLIHOCTE COCTa-
BOB MHTPY3HUBHBIX U BYJIKAHOTCHHBIX IOpoJ Marautoropcko-boraanosckoro rpabeHa Oblia MOIoXKeHa B OCHOBY 00b-
€IUHEHUS UX B €IUHYIO BYJIKAHO-UHTPY3UBHYI0 ceputo [Depuurarep, bopoauna, 1975; u ap.]. Jnst nopox Takou ce-
PHMH THIINYHBI HE TOJIBKO BHICOKMMHM KoHIeHTparmsamu Ti u Fe, Ho u Beicokne comepxanust Nb, Zr, Y u Ipyrux Bbl-
COKO3apSJHBIX JIEMEHTOB, XapaKTepHBIX I BHYTPUIUTUTHBIX 00pa3zoBaHuii. Beicokue 3HaueHus eNd (+6) n Hu3-
KUe 3Ha4YeHHUs NepBUYHBIX oTHOLIeHHH ¥'St/ ¥ Sr (0.7035-0.7040) xapakTepu3yroT COCTaB MarMaTH4eCKOro HCTOYHH-
Ka, €r0 CBS3b C MHBEKIMSIMH CHIBHO OOCTHEHHBIX (ACIUICTHPOBAHHBIX) MAHTHIHHBIX MarM ropsaux acTeHOC(EpHBIX
JIMaIMpOB B 30HBI HanOOJIee HHTEHCUBHON TpaHC(HOPMHOI (pHQTOreHHOI) NEeCTPYKIIMH MarHUTOTOPCKOI majneomy-
TH, IPU MUHUMAJIBHOM COZIEPXKAaHUH B 3THX MarMax KOpoBOTO Marepuana. BHeapenne OMMONaIbHBIX HHTPY3HUBHBIX
¥ ByJIKAHMYECKHMX MPOM3BOIHBIX aCTEHOC(EPHOTO IManupa 31€Ch, Kak U B Tarunbckoi Merasone B S,-D,, conposo-
JK/1AJTI0Ch MOIIHBIM IIOTOKOM (MIFOMIOB OOTATHIX XJIOPOM, C (POPMHUPOBAHNEM KPYIIHBIX CKAPHOBO-MarHETUTOBBIX Me-
cTopoxaeHnid Maruuroropckoro pyaHoro nois [ Xonaoanos, bynuiskos, 2002 u ap.], FeHETUYECKHU CBSI3aHHBIX C Mar-
HUTOTOPCKUM rab0pO-TPaHUTHBIM KOMITIEKCOM, TaTHPyeMbIM Bo3pactoM 330-335 murH net [Ponkus, 1989; deprra-
Tep, 2013; u np.]. DTO BaxkHAs 4epTa JKEIE30HOCHBIX MHTPY3UBHBIX CEpHH, (POPMUPYIOLIUXCS B 30HAX CKOJIBKEHUS
JIUTOC(HEPHBIX TUTUT.

CHHXPOHHO, BHYTPHIUINTHOMY pU(TOreHHOMY MarMarn3My B Marautoropcko-bornanoBckom rpabese, B 3TOT
nepron (B nuanazone 335-330 mutH 11eT) Ha ceBepo-3ariaie MarHUTOrOpcKOi MeTa3oHbI, B MECTE €€ CThIKA C BOCTOYHBIM
naccuBHbIM kKpaeMm BEII, hopmuposancs kpynusiii CeipocTaHCKo-TyproskCKui apea akkpelmOHHO-KOJUTM3HOHHOTO
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KOpPOBOTO MarMaTH3Ma, KOTOPBIH 10 COCTaBy aHAIOTHYCH Ha/JACYOAYKIIMOHHOMY MaHTHHHO-KOPOBOMY TPaHUTOUIHO-
My mMarmatusmy ['TIT tuna. Celpoctanckuii 1 TyprosikCckuil MacCUBBI AHOPUT-IPAaHOAHOPUT-TPAHUTHOIO COCTaBa 3a-
TreyaTaly 3/1ech 30Hy [J1aBHOTO KOJITM3HOHHOTO 11Ba Ypaina (30Hy ['YP, a), cBonM nosiBIeHHEeM CBUIIETENBCTBYS, YTO
OKOHYATEJIbHOE IPUWICHEHNEe MarHuTOropckoil najgeonyru K kpato Bocrouno-EBponeiickoro KOHTHHEHTa IPOU30-
1710 Ha pyOeke BU3€ U CepIyXoBa, T.e. okoio 335-330 muH ser. CoBnageHne BO3pacTHBIX 3HAYCHUH I pUTOreH-
HOTO BHYTPHIUIMTHOTO Marmarusma B Marauroropcko-bornanoBckom rpabeHe u Ui aKKpelMOHHO-KOJUTM3HOHHOTO
KOpPOBOTO Marmaru3Ma B 30HE COWwIeHeHus1 MarHuroropckoil naneoxyru ¢ kpaem BEII cBupmerenbcTByer, uTo
pudToreHHO-TpaHCHOPMHAS TEKTOHHYECKAs IECTPYKIMsI MarHNTOropckoit OCTPOBHOH JIyr'M Havanach Haubosee ak-
THUBHO TOJIBKO TIOCJIE €€ OKOHYATEJIFHOTO Npu4iieHeHuns K kparo BEIL.

BpeMst okoHYaTenbHOTO MpUWICHeHHs MarHutoropckoi maneoxyru kK kpairo BEIL, ¢ ¢opmupoanuem
TpaHC(OPMHON KOHTHHEHTaJIbHOI OkpanmHbl IOxHOTO Ypasa, MOATBEPKAAIOT U JaHHBIE MO0 M3YUYCHHIO COCTa-
Ba M BO3pacTa MO3/IHEIAJIE030HCKOT0 OPOT€HHOT0 TPAaHUTOMIHOTO MarMaTu3Ma, HeloCcpeICTaeHHO Pa3BUTOTO B
kpaeBoil yactu camoil BEII, npumsikaromei k Ypany ¢ 3anaza [lllapaakosa, Illaranos, 2004; u np.]. OTumMu uc-
CJIEIOBaHUSIMH YCTAaHOBJICHO, YTO B cpeqHeM kapOoHe (HaumHas ¢ 315 muH neT u g0 300 MITH JIeT) ypaabCKui
OpOTeHHBIN (aKKPEIHOHHO-KOUIN3HOHHBIN) IPAaHUTONHBI MarMaTu3M IPOHHUKAET B KPAaeBYyIO 4acTh IuaTtdop-
MBI, B BHJI¢ TPaHC(HOPMHOTO CyOMEpHIMOHAIBLHOTO 10siIca HEOOIBIINX MO pPa3MepaM I'PAHUTOUIHBIX HHTPY3UH.
OTOT Mosic MHTPY3UH NPOTIATUBAETCS C IOTa HA CEBEP — OT 30HBI YpaliTay depe3 CeBEpO-BOCTOUHYIO YacTh bami-
KMPCKOTO METaHTHKJIMHOPHUS U LEHTpallbHylo 4acTh Y (aneiickoro Mmeramopguieckoro 0jgoka M gajiee Ha ce-
BEp, Mepecekas 3/ech BHOBb 30HY [l1aBHOTO Ypasbckoro pasioma. J[aHHBIH mosc, TakuM o0pa3oM, TpaccHpy-
eT caMylo 3alaJHyl0 TPaHHIly TePIMHCKON aKTHBHON KOHTHMHEHTAJIbHOW OKpamHBI Ypaja, KOTopas HpOTITHuBa-
€TCsl 3aTeM JIaJIeKO Ha BOCTOK — JI0 30HBI cowieHeHus Ypana ¢ Kazaxcranckum xkoHTHHEHTOM. st Hikneyda-
JefiCKOro MaccuBa B COCTaBe 3TOTO IOsCa, HECMOTPS HA TO, YTO €ro OKPYXaloT ApeBHHUE (cpemHepudeiickne
U BeHA-KeMOpuiickue) puToreHHo-MeTaMopduueckre odpazoBaHus IATPOPMBI, XapaKTePHbI KOMILIEMEHTap-
HO HM3KHE NEepBHYHBIE OoTHOHEeHHs u3otornoB Sr 0.70428 u Bwicokue 3HaueHus eNd (+4.1), 9to mpeamnomnara-
€T 3HAYNTEJIbHYIO POJIb HOBOOOPA30BaHHOTO ACILICTHPOBAHHOTO MAaHTHHHOTO Marepuala B cyocrpare, U3 KOTo-
POTO BBHIIUIABISINCH €r0 MOPOAbl. Takol ke JNeTIeTHPOBAaHHBIH MAaHTHITHBIN CyOCTpaT B 30HE MarMoreHepanuu
OTIpe/IeNIsieT M30TOMHO-TEOXMMHYECKHE XapaKTePUCTUKH W TpaHUTONI0B ChelpocTaHCKo-Typroskckoro apeaina
AKKPELMOHHO-KOJNIM3NOHHOTO KOPOBOTO TPAaHUTOMIHOTO MarMaTu3Ma, 3amnedarsiBatomiero 300y I'YP. @opmupo-
BaHUE TPAaHUTONIOB B KpaeBoi yactu BEII MoXHO paccMaTprBaTh U Kak 3aBeplIeHUE MTO3JHEKAMEHHOYTOIbHON
CyOnyKIMH, MMEIOIEH BEpOsiTHEE BCETO 3ala/HOE Ta/leHne 0] HOBOOOPa30BaHHYI0 KOHTHHEHTAJIBHYIO OKPan-
Hy BEII, uTo 1 onpenensieT oMOJI0KEHNE TPAaHUTONAHBIX KOMIUIEKCOB aKKPELMOHHO-KOJJIN3NOHHOTO TeHE3HCa C
BOCTOKa (MapHMHOBCKHH, HIXKHECAHAPCKHM, MIIaCTOBCKU) Ha 3aman k okpanHe BEIT (AxyHnoBckwii, CeipocTan-
ckuii, HiokHeyaneickuit MaCCHBBI | Ip.).

Hccnedosanus nposedenvt npu Qunancosou nodoepcke npoepammsl Ipesuouyma PAH Ne 27 (npoexm 12-11-
5-2015), coemecmnou npoepammer ¥YpO, JBO u CO PAH (npoexm 12-C-5-1022).
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I'PAHUTBI Y DBOJIFOLIHA 3EMJIH

T'ABBPO-T'PAHUTHBIE NHTPY3UBHBIE CEPUH BOCTOYHOI'O KA3AXCTAHA: PE3YJIBTAT
IJIIOM-JIMTOC®EPHOI'O B3AUMOJIEVNCTBUS

C.B. Xpombix" % I1.JI. Kotiep" 2, E.H. Mopo3!

"Hnemumym 2eonozuu u munepanoeuu CO PAH, Hosocubupck, Poccus
serkhrom@mail.ru
’Hosocubupckuii cocyoapcmeennuiii yhusepcumem, Hosocubupck, Poccust

Teppuropust Boctounoro Kazaxcrana siBisieTcs 4acThio AnTaiickoi KOJJTM3HOHHOW CUCTEMBI TepUuHu, cop-
MHUPOBAaHHOW B TIO3/IHEM IaJIe030€ B pe3yibTare ko3 Cudupckoro n Kazaxcranckoro najieokOHTHHEHTOB [Byc-
JI0B U 1Ip., 2003; Bragumupos u 1p., 2003]. DBosntonus KOMTU3MOHHONW CHCTEMBI Hadajach B KOHIIE paHHEro Kap0o-
Ha ¢ 3aKkpbiTHeM OO0b-3aliCaHCKOTO MajJe00KeaHNIeCcKOTro OacceliHa, peIUKThl KOPbl KOTOPOTO COXPaHMINCH B BUJIE
CEpIECHTHHUTOBOI'O MEJaHXa B 0CeBOH yacTh Yapckol CTpyKTypHO-(popMannoHHoi 300l DopMHUpOBaHuE OpOreH-
HOTO COOpY>KeHHs mpoucxonuno B untepBasie 320-300 MiH jeT; a Ha 3aBepIIAOIIMX CTAIUSIX HBONIONHUU KOJIIU-
3MOHHOMU cucteMbl B nHTepBajie 300—275 MiH JieT ObLI MPOSIBIEH Pa3HOOOPa3HBIN IO COCTaBy MaHTHHHO-KOPOBBIN
MarmMaTu3M — rab0opo-IMKPUTOUAHBIE, Ta00PO-TPAaHUTONIHBIE, TPAHOAUOPHUT-TIIIATHOTPAHUTHBIE, IEIOYHO-TPAHUT-
JICWKOTPaHUTHBIE acCOIMAINH, (OPMHUPOBAHNE KOTOPHIX B HACTOSIIEE BPEMs CBS3BIBACTCS C MpOsBIeHHEM Tapum-
CKOTO MaHTHIHOTO ITroMa [ bopucenko u np., 2006; Biagumupos u ap., 2008; [Tonskos u ap., 2008; Jobperos u ap.,
2010; XpomsIx u 1ip., 2013]. Ins 06bsicHEHUS OCIEI0BATEIFHOCTH Pa3BUTH MarMaTH3Ma 3TOro HHTepBana B Boc-
TouHoM Kazaxcrane npuBiieKaeTcsi MOJEb B3aMMOACHCTBUSI TEPMOXUMHUYECKHX TIIOMOB ¢ uTochepoii [[ooperon
u ap., 2010], mogpa3ymeBaromas HeCKOIBKO ATANOB TUIIOM-TUTOC(HEPHOTO B3aNMOACHCTBHUS C BHEIPSHUEM Maduie-
CKUX Marm B OCHOBaHHE JTUTOC(HEPHI KOJUTU3HOHHO-CKIIaI4aTor0 COOPYKESHUS U TTOSIBICHUEM HU)KHEKOPOBBIX CpEJTHE-
KPEMHEKHCIIBIX BhIIaBok [Kyitouna u mp., 2009; Xpomsix u ap., 2011].

OnHUM 13 IPKUX TPUMEPOB 3TUX MPOLIECCOB SBISIOTCS rab0pO-rpaHUTOUIHBIE HHTPY3HH, TIPOSIBIICHHBIE B IIpe-
nenax Yapckoit CTpyKTypHO-(OpPMAITMOHHON 30HBI. B 10KIa/1e MpeIcTaBIeHbl Pe3yIbTaThl UCCIICAOBAHUS TPEX HAU-
6onee kpynHbix — [IpeoOpaxenckoro, Tacrayckoro n [lensOerereiickoro MaccuBoB. Ha cOBpeMEHHOM 3pO3HMOHHOM
cpe3e OHU MMEIOT OTHOCHUTENBHO KpymHbIe (0T 100 10 300 KM?) H30METPHYHBIE BBIXOJBI, M M0 T€O()U3NUECKUM J[aH-
HBIM MPOCIICKUBAIOTCS 10 TyouH 5—7 kM [EpmonoB u np., 1983]. M3ydeHHBIC MACCHBBI TPOPHIBAIOT CYIICCTBCHHO
TEpPUTEHHBIE OTIIOKEHHUS (IIECYAHNKH, AIEBPOJIMTHI, KOHITIOMEPAThl) pAaHHETO — CPETHET0 KapOoHa.

XapakTepHOH 4epTOi M3yUeHHBIX MAaCCHUBOB SIBJISIETCS] 3HAYUTEIBHOE Pa3HOOOpa3ne MarMaTHieckux nopoya. B
cocrage [IpeoOpa)keHCKOro MHTPY3HBa BBIJIEIICHO HECKOIBKO (a3 oT rab0pon 0B 110 NeiikorpannToB [ Epmornos u nip.,
1983]. IIpoBeneHHBIE HAMU HCCIIEIOBAaHUS MUHEPAIbHBIX MapareHe3UCOB MO3BOIIIN BBICIUTH JIBE TPYIIIBI TOPOJ;:
1) 6asuroByro, mpezacTapiacHay radopo (Pl + CPx = Hbl), GHOTHT-pOroBOOOMAaHKOBBEIME Ta00pO MM JHOPUTAMHU
(P1+ Hbl + Bt + Cpx) u monnonuramu (Pl + Kfs + Amf + Bt + Qtz); 2) rpaHuTONIHYI0, IPEICTABICHHYIO IPAHOCH-
enutamu (Pl + Kfs + Qtz + Amf + Bt), rpanntamu (Qtz + P1 + Kfs + Bt + Amf) u neiixorpannramu (Qtz + P1+ Kfs +
Bt + Grt). B 3amasHo#, IeHTpaIbHOW M BOCTOYHOM YaCTAX MaccHBa MEXAY IMOPOAAMH JBYX TPyl (POrOBOOOMaHKO-
BbIe TaOOPO—/IMOPHTHI C OJTHOIM CTOPOHBI ¥ TPAHOCHEHUTHI — TPAHUTHI C APYroi) 3aUKCUPOBaHEI SIBIEHHUS MarMaTh-
YEeCKOr0 MUHIJIMHTA — TIOPOJBI MMEIOT (pecTOHYaThle KOHTAKThI, HAOII0IaeTCsl B3aMMHOE TPOHUKHOBEHHE 0a3UTOB U
TPAaHUTOUJIOB, U T€ U APYTUE UMEIOT OKpyrible popmbl. Hannune MUHIIIMHT-B3aMMOOTHOILICHNUH CBUIECTEIILCTBYET O
0JIM30THOBPEMEHHOM BHEJPEHHN MapHUECKUX U CaIMYeCKUX MarM M (JOpMHUPOBaHMH OA3WUTOBOI M IPaHUTOUIHON
MOPOAHBIX TPYTI B pe3ynbTaTe MaHTHIHO-KOPOBOTO B3auMoAeHcTBHs. B coctaBe TacTtayckoro MmaccuBa Takxke BblJie-
JSFOTCS 0a3UTOBAst M TPAaHUTOUAHAS TPYNITEI TopoA: 1) onnBuHOBBIE Tad0ponopuThl (Pl + CPx + OPx + Ol + Bt) n au-
opurtsl (P1 + Hbl + Bt + CPx); 2) rpanocuenntsl (Pl + Kfs + Qtz + Amf + Bt), rpanuts! (Qtz + P1 + Kfs + Bt) u neii-
korpanuThl (Qtz + P1 + Kfs + Bt). 3nech Takxke 3aduKCHpOBaHbI SIBICHNS] MArMaTH4€CKOr0 MUHIJIMHTA C Y4aCTHEM
0a3UTOBON U TPAHUTOUIHOM TPYIII MOPOJI, MOAPOOHO onmucanHbie B [[lokykuna u jp., 2010]. Ommmunem Tacraycko-
ro MaccuBa oT [IpeoOpakeHCKOTO SIBIISIETCS MEHbIIIEe KOJTMYECTBO OO 0a3UTOBOM TPyIIITBI HA COBPEMEHHOM dPO3H-
OHHOM cpese. JlenpOereTeiicknii MacCUB Ha COBPEMEHHOM 9PO3HMOHHOM Cpe3e TPeICTaBlIeH MOpolaMy TPaHUTOUIHO-
ro cocraBa. Hanbonee paHHUMH SIBIISIOTCS KBaplieBble MOHIIOHUTHI Wi rpaHocueHuTsl (Pl + Kfs + Amf + Qtz + Bt),
oOHapy>KeHHBIE JIMIIb B 3aIIaJJHOM YaCTH MacCHBa, B TO BpeMs KaK OCHOBHAs IUIOIIA/b MacCHBA CIIO)KEHA TPAaHUTaMHU
(Qtz + P1 + Kfs + Bt) u neiikorpanuramu (Qtz + Pl + Kfs + Bt).

[lerporeoxnmuyeckre JaHHbIE MOATBEPIKAAIOT Pa3IHuUs MEXAY Oa3UTOBOW M I'PAaHMTOMIHON IOPOAHBIMH
rpynmamu — Kak juis [IpeoOpaskeHckoro, Tak ¥ it TacTayckoro MacCHBOB COCTaBBI OPOJ (opMHUPYIOT camMocTo-
STENbHBIE TPEH/Ibl Ha ABYXKOMIIOHEHTHBIX METPOXUMHUYECKUX AUarpaMMax, OTUETINBO pa3inyasich IO COACpKaHU-
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am KO, AL O,, MgO, CaO, TiO,, P,O,. B To e BpeMs 1 6a3UThl K TPAHATOMIBI BCEX MACCHBOB HMEIOT CXOKHE TTE-
TPOTCOXUMHYECKHE XapaKTepucTHKH. ['ab0po, anoputel 1 MOHIOHHUTH [IpeoOpakeHckoro mMaccusa, rabOpoHOPH-
THI M IHOPHTHI TacTayCKoro MaccHBa XapaKTepHU3YIOTCS TIOBBIIIEHHBIMA CONEPKAHMAMHE MIEI0YeH, B ToM uncie KO
(o 2 mac.% B Tab6po, 2.5 Mac.% B muopuTax, 5.6 Mac.% B MOHIIOHHTax) M MOTYT OBITh OTHECEHBI K CyOIIeI0uHO-
My TETPOXHMHYECKOMY psy. Pasnoobpasue cocTaBos 6asuToBBIX HOpoa B conepxanusax MgO, CaO, Al O, nosso-
JSIET 3aKJIIOYUTh, YTO B HBOJIIOLMH 0a3MTOBBIX MarM IIpeoOpa)KeHCKOTro MaccuBa ONPEEISIONUM SBISUIOCH (hpak-
IIMOHUPOBAaHNE KIMHOMMPOKCEHA, B TacTaycKoro MaccuBa — OJMBHMHA M MHPOKCEHA C HAKOIUIEHHEM B anddepeH-
IIMPOBAHHBIX PACIUIaBax IMMHO3eMa M mesnoded. CymecTBenHble pasnuuus B conepxanusax Fe,O, u TiO, B 6azu-
tax IIpeoOpa’KeHCKOro MaccuBa CBUAETENLCTBYIOT O CYIIECTBEHHOM (DpaKIIMOHMPOBAaHWM WIbMEHHTA (THTAHOMAr-
HeTuTa). [eoXMMHUUecKre XapaKTepUCTHKN Oa3uTOB JIByX MAaCCHBOB BECbMa CXOIHBI: OTMEUEHO IpeoOiIagaHue Jier-
KHX JIAaHTAaHOWIOB HAJT TSOHKEIBIMU, MAaKCUMYMBI B KoHIIeHTpaumsx Ba, K, Ti, Zr (mi1s ra66po [IpeobpakeHckoro mac-
cuBa), Sr (st rabOpoHOpHUTOB TacTayckoro MaccuBa). OTH OCOOCHHOCTH CONKAIOT N3yYEHHBIE TIOPOBI ¢ 06a3aib-
TaMH okeaHn4decknx ocTpoBoB (OIB). /laHHbII BEIBOJ TOATBEPKIAETCS U M30TONHBIMY JAHHBIMU — PE3YJIBTaThl H30-
tonHoro aHaim3a Sm-Nd u Rb-Sr cucrem s rabopo u3 060MX MacCHBOB MOKA3alIH, YTO epBHYHBIC *'Sr/%Sr oTHO-
IeHUs 00JIaIal0T cOCTaBaMH, 0OOTalllEeHHBIMI OTHOCHUTEIBHO JICTNIETUPOBAHHON MAaHTHUH PaJMOr€HHBIM CTPOHIIEM
(¥’Sr/*Sr=0.7036-0.7041), 3nauenus & (T) Bappupytor ot 6,1 10 6,96. 30TONHBIE COCTABBI MOMAIAIOT B IOJIE TAKO-
BBIX JUIs1 0a3a/IbTOB OKeaHH4YecKuX ocTpoBoB (OIB) 1 61M3KM K 3HAYE€HHSIM, YCTaHOBJICHHBIM /ISl KOMITOHEHTOB MaH-
TUHHBIX TUTIOMOB. COBOKYITHOCTh ITETPOJIOTUYECKUX, TEOXMMUYECKUX M U30TOIHBIX JaHHBIX MO3BOJISIET YTBEPIKAATD,
4TO 0Aa3UTOBBIE TPYHIIEI TIOPO] B rabOpO-TPaHUTHBIX MACCHBAX ABJISIOTCS PE3yNbTaToM tuddepeHuaniy cyomenod-
HBIX JIOJICPUTOBBIX (TIMKPOJIOIEPUTOBBIX) MarM, MMEIOIINX «IUTIOMOBBIC» T€OXHMUYECKUE XapaKTepuCTHKH. [ paHu-
TOMJIBI H3yIEHHBIX MACCUBOB XapaKTEPU3YIOTCA TTOBBIEHHBIMA CONEPKaHUAMH IeNodek, B Tom uncne K,O (ot 3
110 6 Mac.%), UX COCTaBbI Ha JIByXKOMITOHEHTHBIX IETPOXMMUYECKUX AUarpaMmax o0pasyroT eAnHbII TPEeH I, 1eMOH-
CTpHpYs NOCNENOBATENbHOE CHIKeHne conepxannii AL O,, Fe O,, TiO,, MgO, CaO oT rpaHOCHEHHUTOB JI0 JIEHKOrpa-
HUTOB. KOHIIEHTpaIuy JIETKUX JJaHTAaHOUIOB ITPe00JIalaloT Ha TSHKEIBIMU, HAaOJI0at0TCs MUHUMYMBI B COJIEP)KaHH-
ax Ba, Sr, Eu, Ti, koTopbIe ynryOmsiroTcst OT IpaHOCHEHHUTOB JI0 JISHKOrpaHUTOB. COBOKYITHOCTH IIETPOJIOTHYECKUX U
TEOXMMHUYECKUX JaHHBIX ITO3BOJISIET YTBEPXKIATh, YTO IOPObI I'PAHUTOMTHOM TPYIIITEI H3yYSHHBIX MACCHBOB SIBIISIOT-
cs1 pe3ysbTaTaMu AuQepeHaiy CyOuenouHbIX TPAHOCHEHUTOBBIX MarM, C()OPMUPOBAHHBIX B PE3yNbTaTe IJIaB-
JIeHUsI KOPOBBIX CyOCTPaTOB B PABHOBECHH C IIIArMOKJIA3-000TallleHHBIM PECTUTOM; Pa3HOOOpa3ne COCTaBOB MOPOI
OTIpeAeIsIoch (ppaKIMOHUPOBAHHUEM IUIATHOKIIA3a, aMmpudona n OuoTura.

Onpenenenne Bo3pacta (HopMHUPOBaHUS TabOPO-TPAaHUTONIHBIX HHTPY3Hi OblI0 BhInoaHeHo U-Pb n3oronHsm
meronoM (SHRIMP-II, BCEI'EU, Cankr-IlerepOypr) mist Mononutos IIpeoOpaskeHckoro MaccuBa u Ar-Ar H30TOII-
HBIM MeTonoM (cTyneHyarsiii mporpes, MI'M CO PAH, HoBocubupck) 1uist ouBHHOBBIX rab6poHopuTOB Tactaycko-
ro maccuBa. U-Pb n3oronsslii Bo3pact MoHIIOHUTOB [IpeoOpaskeHckoro maccusa coctaBui 284+5 MiH jiet; Ar-Ar
M30TOITHBIA Bo3pacT rabbpoHopuToB Tactayckoro maccuBa coctaBmi 28043 murH. net. [lomydeHHbIe 3HaUEHUS BO3-
pacTa cConIacyroTCs C T€OXPOHOIOTMYECKUMH JAHHBIMH 110 O3IHEKapOOHOBBIM-PAHHETIEPMCKHIM TPAMIOBBIM (popma-
siM TapuMckoro u JKyHrapckoro OJIOKOB, a TakKe € JaTHPOBKAaMH 0a3WT-TIMKPUTOUAHBIX M TPAHUTOUIHBIX KOM-
wiekcoB B Boctounom Kazaxcrane, CeBepo-3anagunom Kutae, Taup-11lane u 3ananHoit MoHronnu u otBeyaer Gop-
MHPOBAHHIO MEPMCKON KPYITHOW MarMaTH4ecKol MPOBHHIMU B Pe3yJbTaTe aKTUBHOCTH TapHMCKOTO MaHTHHHOTO
wroMa [Mao et. al., 2008; TTomsxos u np., 2008; Chen et. al., 2010; Jobpemos u np., 2010; Qin et. al., 2011; Xpombrx
u 1p., 2013; Kotnep u np., 2014]. BzaumozeiicTBrE TOIOBHI IDTIOMA C TATOC(PEPHON MaHTHEH IPUBEIO K (POPMUPOBA-
HHUIO MaUYECKUX PacIuIaBOB, BHEAPEHNE KOTOPHIX B HW)KHUE YaCTH KOPHI IPUBEJIO K AHATEKCUCY U TOSIBIICHUIO BbI-
TUIABOK ITPAaHOCHEHHUTOBOTO cOCTaBa, cortacHo MozensiMm [Huppert, Sparks, 1988 u np].

Heob6xomumo otMeTHTh, uTo ¢ fora ([IpeodpaskeHckmit MaccuB) Ha ceBep ([enpOereTelickuii MacCHB) KoJTm4e-
CTBO 0a3MTOBBIX NTOPOJ B MaccHBax yMeHbIIaeTcs. [Tpn npuOim3uTenbHO OMMHAKOBON NTyOHHE SPO3MOHHOTO cpe3a
MacCHBOB MOXKHO 3aKJIFOUUTD O CHIKEHUH POJIM MAaHTHUHHBIX PACIJIaBOB B FeHEpaly IpaHNTON10B. OCHOBBIBAsICH Ha
PETHOHAIBHO-TEOIOTUIECKUX M TEOXPOHOJIOTNYECKNX JaHHBIX, CBUAETENLCTBYIOIINX, YTO BO BpeMs (popMHUpOBaHNUS
MacCHBOB JIHTOC(epa OblIa y)ke KOHCOIHIMPOBAaHA, MOXKHO 3aKIIIOUUTh, YTO CTPYKTYPHO-TEKTOHIHYECKHE (DAaKTOPHI HE
urpaiay OosbIIoi posu. Bo3MOXKHO pa3Hast cTeneHb MaHTHHHO-KOPOBOTO B3aUMOJICHCTBYSI 3aBUCHUT OT YAJICHHOCTH
OT IEHTPAJILHOTO apeasa BIUSHUS TapuMCKOro MaHTHIHOTO IITIOMa.

Paboma evinonnena npu gunancosoii nodoepacke Ipesuouyma CO PAH (npoexm napmmuepckux ¢ynoamen-
mansHuix uccreoosanuti Ne 17), Cogema no epanmam Ilpezudenma PD no noodepoicke MONOObIX yueHblX — KaHOUOa-
mog Hayk (npoexm MK-1753.2012.5).
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GABBRO-GRANITE INTRUSIONS OF EASTERN KAZAKHSTAN:
A RESULT OF PLUME - LITHOSPHERE INTERACTION

S.V. Khromykh'" 2, P.D. Kotler" 2, E.N. Moroz'
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Territory of Eastern Kazakhstan is a part of Hercynian Altai collision system with was formed in Late Paleozoic
as a result of collision of Siberia and Kazakhstan paleocontinents [Buslov et. al., 2003; Vladimirov et. al., 2003].
Evolution of collision system began at the end of Early Carboniferous with closing of Ob-Zaisan paleooceanic basin,
relics of its crust preserved as serpentinite melange in the central part of the Char structural-formation zone. Forma-
tion of orogen occurred in the range of 320-300 Ma and at final stages of evolution of collision system (time interval
300-275 Ma) the various mantle-crust magmatism (gabbro-picrite, gabbro-granite, granodiorite-plagiogranite, alka-
line granite-leucogranite associations) was manifested. Its formation currently binds to the manifestation of the Tarim
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mantle plume [Borisenko et. al., 2006; Vladimirov et. al., 2008; Polyakov et. al., 2008; Dobretsov et. al., 2010$ Khro-
mykh et. al., 2013]. To explain the sequence of magmatism of this time interval in Eastern Kazakhstan the model of
interaction of thermochemical plume with lithosphere [Dobretsov et. al., 2010] is involved. This model implies several
stages of plume-lithosphere interaction with intrusion of mafic magmas into the basement of collision lithosphere and
appearance of low-crustal medium-felsic melts [Kuibida et. al., 2009; Khromykh et. al., 2011].

One of the examples of these processes are gabbro-granite intrusions within Char structural-formation zone. In
report the results of study of three largest intrusions — Preobrazhenka, Tastau and Delbegetei massfis are represented.
At present erosional truncation they have large (100-300 km?) isometric outputs an based on geophysical data traced
to depths of 5-7 km [Ermolov et. al., 1983]. Studied massifs intrude mostly clastic sediments (sandstones, siltstones,
conglomerates) of Early-Middle Carboniferous.

The feature of studied massifs is considerable variety of igneous rocks. In structure of Preobrazhenka massif
several intrusive phases identified from gabbro to leucogranites [Ermolov et. al., 1983]. Our studies of mineral para-
geneses have allowed to distinguish two rock groups: 1) mafic including gabbro (P1 + CPx + Hbl), Bt-Hbl gabbro
or diorites (Pl + Hbl + Bt + Cpx) and monzonites (Pl + Kfs + Amf + Bt + Qtz); 2) granitoid including granosyenites
(P1+ Kfs + Qtz + Amf + Bt), granites (Qtz + P1 + Kfs + Bt + Amf) and leucogranites (Qtz + P1 + Kfs + Bt + Grt). At
western, central and eastern parts of massif the magmatic mingling relations between two rock groups (Bt-Hbl gabbros
— diorites from one side and granosyenites — granites from other side) detected. The rocks have scalloped contacts,
there are interpenetrations of mafic rocks and granitoids, those and other have a rounded shapes. Presence of magma
mingling suggests synchronous intrusion of mafic and felsic magmas and forming of rocks as result of mantle — crust
interaction. In structure of Tastau massif also mafic and granitoid rock groups are identified: 1) Ol gabbronorites (P1
+ CPx + OPx + Ol + Bt) and diorites (Pl + Hbl + Bt + CPx); 2) granosyenites (Pl + Kfs + Qtz + Amf + Bt), granites
(Qtz + P1 + Kfs + Bt) and leucogranites (Qtz + P1 + Kfs + Bt). The magma mingling relations between mafic rocks and
granitoids also detected in this massif [Dokukina et. al., 2010]. Distinction Tastau massif from Preobrazhenka massif
is less of mafic rocks. Delbegetei massif at present erosional truncation presented of granitoid rocks. The earliest rocks
are Qtz monzonites or granosyenites (Pl + Kfs + Amf + Qtz + Bt) that detected in western part of massif, whereas the
main area of massif is composed of granites (Qtz + Pl + Kfs + Bt) and leucogranites (Qtz + P1 + Kfs + Bt).

Petrogeochemical data confirms differences between mafic and granitoid rock groups — as for Preobrazhenka
well as for Tastau massifs points of rock composition form two independent trends on two-component diagrams and
distinctly different in concentrations of K O, Al,O,, MgO, Ca0, TiO,, P,O.. At the same time mafic rocks and granit-
oids of all massifs have similar petrogeochemical characteristics. Gabbro, diorites and monzonites of Preobrazhenka
massif and gabbronorites and diorites of Tastau massif characterized by elevated contents of alkalis including K,O
(up to 2 wt.% in gabbro, up to 2.5 wt.% in diorites, up to 5,6 wt.% in monzonites) and may be referred to subalka-
line rocks. Variety of compositions of mafic rocks in MgO, CaO, Al,O, allows concluding that in evolution of mafic
magmas of Preobrazhenka massif the clinopyroxene fractionation was decisive and in evolution of mafic magmas of
Tastau massif the olivine and pyroxene fractionation was decisive. Residual melts was enriched alumina and alkalis.
Significant differences in the content of Fe, O, and TiO, in mafic rocks of Preobrazhenka massif evidence the ilmenite
(Ti- magnetite) fractionation. Geochemical features of mafic rocks of two massifs are similar: the predominance of
LREE over HREE and maximum in concentrations of Ba, K, Ti, Zr (for Preobrazhenka), Sr (for Tastau) are detected.
These features bring together the studied rocks with basalts of oceanic islands (OIB). This conclusion is supported by
isotopic data — results of analysis of Sm-Nd and Rb-Sr systems for gabbro from both massifs show that initial *’Sr/*¢Sr
ratio have composition enriched in radiogenic Sr relative to the depleted mantle (¥’Sr/**Sr = 0.7036—0.7041). Value
of g, (T) varies from 6,1 to 6,96. Points of isotopic composition of gabbro fall in the OIB-field and near to values de-
tected for components of mantle plumes. Set of petrological, geochemical and isotopic data allows asserting that mafic
rock groups in gabbro-granite massifs is a result of differentiation of subalkaline dolerite (picrodolerite) magmas with
“plume” geochemical features. Granitoids in studied massifs characterized by elevated alkaline contents including
K,O (from 3 to 6 wt.%), point if their composition form single trend on two-component diagrams and show a consis-
tent decline contents Al O,, Fe,0,, TiO,, MgO, CaO from granosyenites to leucogranites. Concentrations of LREE
prevail above HREE, there are minimum in concentrations of Ba, Sr, Eu, Ti which depressed from granosyenites
to leucogranites. Set of petrological and geochemical data allows asserting that rocks of granitoid group in studied
massifs are result of differentiation of subalkaline granosyenite magmas formed by melting of crustal substratum in
equilibrium with plagioclase-rich restite. Variety of granitoid rocks compositions determined by fractionation of pla-
gioclase, amphibole and biotite.

Determining the age of formation of gabbro-granitoid intrusions were performed by U-Pb isotopic method
(SHRIMP-II, St-Petersburg, Russia) for monzonites of Preobrazhenka massif and by Ar-Ar isotopic method (heating
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step, Novosibirsk, Russia) for Ol gabbronorites of Tastau massif. U-Pb isotopic age of monzonites of Preobrazhenka
massif is 28445 Ma, Ar-Ar isotopic age of gabbronorites of Tastau massif is 280+3 Ma. These age values agree with
geochronoligical data of Late Carboniferous — Early Permian trapps in Tarim and Junggar blocks, gabbro-picrite and
granitoid complexes in Eastern Kazakhstan, North-Western China, Western Mongolia and Tianshan and response to
formation of Permian large Igneous Province as a result of activity of Tarim mantle plume. [Mao et. al., 2008; Polyakov
et. al., 2008; Chen et. al., 2010; Dobretsov et. al., 2010; Qin et. al., 2011; Khromykh et. al., 2013; Kotler et. al., 2014].
Interaction of plume head with lithospheric mantle led to the formation of mafic melts and their intrusion to lower crust
led to anatexis and appearance of granosyenite melts according to the models [Huppert, Sparks, 1988; etc].

It should be noted that from the south (Preobrazhenka massif) to the north (Delbegetei massif) number of
mafic rocks in the massifs decreases. At about the same depth of erosion massifs we can conclude that reducing the
role of mantle melts in the generation of granitoids. Based on regional geological and geochronological data which
indicate that the lithosphere has been consolidated in time of gabbro-granite intrusions forming we can conclude that
structural-tectonic factors do not play a big role. Perhaps a different degree of mantle-crust interaction depends on the
distance from the central area of influence of the Tarim mantle plume.

Work was carried out with the financial support of Presidium SB RAS (project 17) and Council for Grants of the
President of the Russian Federation for support of young scientists — PhD (project MK-1753.2012.5).
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Hecwmotpst Ha GorbIol 00beM TEOPETHUECKUX U SKCIIEPUMEHTANBHBIX paboT B 00JIaCTH IPaHUTOOOpA30BaHMS,
MPOLIECCH KOHTAKTOBOT'O ILIABJIEHHS KOPOBBIX MOPOJ NPH MX B3aMMOAEHCTBUU C MAaHTUMHBIMH MarMaMy OCTaloT-
Csl MaJIOU3y4YEeHHBIMU. XOTSI IMEHHO 3TOT THIT MarMOTeHEPaI[i MOXET ObITh OTBETCTBEHEH 32 ()OPMUPOBAHHE BHY-
TPUIUIMTHBIX TpaHuTHBIX cepuid [Huppert, Sparks, 1988]. BHyTpHUKOHTHHEHTAIBHBIE TPAXUT-PUOIUTOBBIE U CHEHUT-
TPaHHUTHBIE CEPUU XapaKTEPU3YIOTCSI MOBBIIICHHON IIEIOYHOCTHIO, 0COOCHHO IO COZIEPKAHUIO KaJHsl, YTO OOBSCHS-
eTcs JIM00 BBICOKOH cTerneHbo An(epeHIMPOBAaHHOCTH TPAHUTOUIHBIX MarM, MO0 00pa3oBaHNEM KUCIBIX paciiia-
BOB IIPH NMapLIUATBLHOM IIIaBJIEHUH HHKHEKOPOBBIX 0a3UTOBBIX HCTOYHHKOB, 000TallleHHBIX IieJiouamMy. B HacTosem
coo0IIIeHNH, Ha TTpUMepe KCEHOINTOB ['yCHHO03epCKOi TaiiKku, MpeACTaBIeHbI JaHHBIE CBHJICTEIBCTBYONINE O BO3-
HUKHOBEHHUH LIEJIOYHO-TPAHUTOUIHBIX PACIUIABOB IPH IUIABICHHU TPAHUTOUIHOTO (KOPOBOTO) MaTepraja B KOHTaK-
Te ¢ 0OBOHEHHOH LIETI0YHO-0a3UTOBOI MarMoii.

I'ycuHoO3epcKas Aaiika pacroyiaraeTcsi B IeHTpaJIbHOM yacTh 3araaHoro 3abalkanbs B ceBepo-3anaIHom 0op-
Ty I'ycuHOO3epcKoii Bnamunel. Jlaiika oT4eTinBo BeIgenseTcs B peabede B Buae rpeGHst BEIcoToH 110 20 M, ee mpoTs-
JKEHHOCTh COCTaBIISIET 0KkojI0 10 KM IIpH MOLITHOCTH, Bapbupyomiel oT 1 M 1o 15 M. OHa npopsIBaeT paHHEMEIOBbIE
OTJIOXKEHHS CEICHTHHCKON CEepHU U MMEET ceBepo-BocTouHOe npoctupanue (70—-80°). Bo3pacT naiiku, momydeHHBINH
K-Ar u Rb-Sr MmeTonamu narnpoBanust — pannemesnoBoi (120 muH siet). [lalika MMeeT CI0XKHOe CTPOeHUE U 00pa3o-
BaJIaCh NPY HEOJHOKPATHOM BHEPEHHH IIEJI04YHO0-0a3abTOBBIX (TamnpodupoBbix) marm [I1lagaes, 2001].

KceHonmuTh TpaHUTONIOB pacTIpoCTpaHeHbl B LICHTPaIbHOW YacTu [ 'ycuHoo3epckoii aaiiku. [lonepeunsrii pas-
Mep ux BapbupyeT oT 3—5 cm 10 15-20 cm. OHU npecTaBIeHbI CpeiHe-, KPYITHO3EPHUCTHIMU U IETMAaTOUAHBIMU T10-
pOaMH CHEHHTOBOTO, TPAHUTHOTO cocTaBa. JlOBOJIFHO YacTo B 00JaCTH MX KOHTAaKTa C BMEIIArOIIel TaifkoBOH ITOpo-
JIoM HabITroaeTcsl peakIMoHHast KaliMa (30Ha IUTaBJIeH s ) IMPUHOIO OT foneit MM 1o 10 mm. Kak npaBuno, ona nmeer
HEOHOPOJHOE CIOKEHUE, 00YCIIOBIEHHOE, O-BHIMMOMY, Pa3JINYHON CTENEHBIO TUIABJICHUS KCEHOINTA, W/MIH KPH-
CTaJUIM3alMi HOBOOOpa3oBaHHOTO paciiaBa. O mocieaHeM, HanpuMep, CBUAETENLCTBYET 00pasel, B KOTOPOM OTYET-
JIMBO BBIACIAIOTCS JIBE TIO/I30HHI IJ1aBiIeHus. [lepBast BHEIHSS IO130Ha UMEET MUKPOTpaHo(poByto, TUITUANOMOPh-
HO3EPHUCTYIO U PU3MaTHYECKU3EPHUCTYIO CTPYKTYPBI, OHA CIOKEHA 3€pHAMH UANOMOP(HBIX IIETOUYHBIX MOJIEBBIX
mmaroB pazmepom 10 0.3 MM M MHTEPCTHLMOHHBIM KBaplieM. BTopasi moj30Ha MMeeT OTHOCUTEIBHO 00Jiee MENKO-
3EPHUCTOE CIIOKEHUE U THAJO(PHUTOBYIO CTPYKTYPY, IPEACTaBICHAa MUKPOJINTAMH IIIEJIOYHOTO TIOJIEBOTO mInaTa (pas-
MepoM Meree 0.1 MM) M MHTEPCTHIIOHHBIM CTEKJIOM. B IIeHTpabHON YacTH TPAHUTOMIHBIX KCEHOJIMTOB IIOBCEMECT-
HO MEX]y TIOJIEBBIMH IITIaTaMH U KBapIieM HaOJIIOA0TCsl pEeaKIMOHHBIE OTOPOYKH.

BaoBbll XMMHUYECKHH COCTaB 30HBI TLIABIEHHUS 030K K COCTaBYy BBICOKOKaIMEBOro rpanuta (SiO, — 75.34—
74.85 mac. %, AL O, — 12.55-15.32 mac. %, Na,O — 3.88-4.91 mac. %, K,O — 6.86-7.49 mac. %, ocHoBaHui — MeHee
2 %). MHTepCTHIIMOHHOE CTEKJIO UMEET YIBTPAKKUCIIbIA U BhICOKOKanueBblid coctas (¢ SiO, — 79.64-80.94 mac. %,
ALO, —9.82-10.37 mac. %, Na,O — 2.96-3.31 mac. %, K,O — 5.86-6 mac. %, ocHoBanuii — MeHee 1 %). Peakuunon-
HBIE OTOPOYKH MEX]Y TOJIEBBIM IIIATOM M KBapleM BHYTPH KCEHOJHMTOB CIIOKEHBI JIMOO YIBTPAKHUCIIBIM CTEKIJIOM,
1100 rpaHoPUPOM, WIIM TOHKOBOJIOKHHCTBIM TTOJICBOIINATOBEIM cyOcTparoM. [locneqHuii o cBoeMy CTPOEHHIO MO-
JKET MHTEPIPETHPOBATHCS KaK MPOAYKT KPUCTALTM3AIMHM HOBOOOPA30BAHHOTO IIEJIOYHO-TI0JIEBOIIIIATOBOTO (CHEHH-
TOBOI0) paciuiaBa [3aHBuiesudy, JInTBuHOBCkHiA, 1996].

VYcioBUS IIaBIEHUST KCEHONWTOB, BEPOSITHO, OIPEACIIIMCH YCIOBHSAMH KPUCTAJUTM3AIMHM BMEIIAIOIIEH
IIET0YHO-0a3aIbTOBOM MarMbl. Madudeckne Mmopojbl AaiKU SIBISIOTCS THITMYHBIME JIaMIPO(UpPaMH, B KOTOPBIX
(heHOKpUCTAIITBI TTPEACTABICHBI UCKIIOUYUTEIIEHO OMOTUTOM, KIIMHOIMPOKCEHOM, M3pelka aM(pHO0IOM H araTUTOM.
Kpucramm3anus peHokpucramioB 6HoTuTa 1 ampuodona, a Takke OTCYTCTBHE TIArMOKiIa3a Cpeid BKPAIICHHUKOB
MIPEAIoNaraeT, 4To BOJOCOepKaHNe HIeJI0uH0-0a3anbToBOH MarMel OblIo He MeHee 4-6 mac.%. [Tomumo Boas! 3a-
METHYIO POJIb CPEH JIETYUUX, T0-BUIUMOMY, Urpain ¢pocdop u GTop, Ha YTO YKa3bIBAIOT KOJMYECTBA M COCTAB ara-
TuTa (10 5 % obbema noposkl ¢ conepxkanuem PO, 4042 mac. % u F 10 4.5 mac. %), a Taxke koHueHTpauuu F B
ouoture (2—4 mac. %) u ampudone (~0.7 mac. %). ConacHO MOJMKECHHIO (PUTYPATUBHBIX TOYCK COCTABOB TPOWHBIX
MOJICBBIX IIMATOB U3 OCHOBHOM Macchl Ha quarpamme Ab-An-Or, OHH KPUCTAJUIM30BAIUCH TIPU TeMmeparypax 750-
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900 °C. [laHHBIE 1O YCIOBHAM KPHCTAJUIN3AINH, ITOIYIEHHBIE C TOMOIIBIO HIbBMEHUT-MarHETUTOBOTO TEPMOMETDA,
TaKXKe CBUJIETENBCTBYIOT O O0JIee BEICOKHMX TeMneparypax ux kpucrammmsanun 900—1000 °C npu GyruTHBHOCTH KHC-
nopopa, coorBercTByromed QFM Oydepy. MunepaiabpHas reoTepMOMETpHS IO TMPOKCEHAM IT0Ka3aja, YTo KINHOIH-
POKCEHOBBIE BKPAINIEHHUKH KPUCTAIUIN30BaIUCh IpH Temmneparype 1000-1100 °C.

Taknum 00pa3oM, YaCTUYHOE IUIABJIEHHE IPAaHUTHBIX KCEHOJIHMTOB, BEPOSTHO, IIPOMCXOIMIIO B YCIOBUSIX H30BI-
TOYHOTO LIEJIOYHOTO (NIIOMIA, BRIAEISBIIETOCS U3 KPUCTAJUIN3YIONIEHCS] BMEIIAIONIeH MeJI09HO-0CHOBHOM MarMmsl.

Hccnedosanus nposodunucy npu gunancosoti noooepcke Cubupckoeo omoenenus PAH (Mnmezpayuonnwlii
napmuepckuu npoexkm CO PAH Ne 17) u Poccuiickozo gponoa gynoamenmanvnuix ucciedosanuti (PODPU Ne 14-05-
00498).
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ILJIFOMOBBI MATMATH3M B IETPOITEHE3UCE T'PAHUTOHUI0OB
3AATHOI'O 3ABAMKAJIBSI

A.A. llpirankos', I'H. Bypmakuna', A.B. Tpasun?, O.B. Ynoparuna®

Teonocuuecxuii uncmumym CO PAH, Ynan-Y0s, Poccus
tsygan(@gin.bscnet.ru
Unemumym 2eonozuu u munepanozuu um. B.C. Cobonesa CO PAH, Hosocubupck, Poccust
SUnemumym 2eonozuu Komu HIJ YpO PAH, Ceixmuiexap, Poccus

BaxnbiM noctikenueM nocnenaux 10—15 et crano npu3HaHUE TOTO, YTO MAHTUITHBIE TTFOMBI OTBETCTBEHHEI
HE TOJIBKO 32 (POPMHUPOBAHUE KPYITHBIX N3BEPKEHHBIX MPOBUHINH, TAKNX KaK KOHTHHEHTAJIBHBIE TPAIIIbI, OKEaHHYe-
CKHE IIJIaTO WJIM TPOSBICHHS LIEJTOYHOI0 MarmMari3Ma, HO ¥ TUTaHTCKUX TPaHUTOUIHBIX apeajioB, 00beM MOPOJ KO-
TOPBIX COU3MEPHM C KPYIMHEHIINMH TPANMOBBIMHA NPOBUHIMAMHU. [IpH 3TOM OTIIPaBHOM TOYKOMH, ITO3BOJISIONIEH CBS-
3aTh KPyITHOMacIITaOHbIA IPaHUTOWIHBIA MarMaTH3M C MAHTHHHBIMH TUTIOMaMH, CTaJI0 TO 00CTOSITENBCTBO, YTO Tpa-
HHUTOWHBIC apeabl 4acTo He 0OHAPYKUBAIOT IIPOCTPAHCTBEHHO-BPEMEHHOM CBSI3H C MPOIECCAMHU, MTPOTEKAFOIMMHU
Ha rpaHuIax JutochepHbIX WKT. [1o cyTH aena, BO BHYTPUKOHTHHEHTAILHOI 00CTaHOBKE €IMHCTBEHHBIM HCTOYHH-
KOM DHEPTHH, HEOOXOAMMOH ISl BBIIJIABJICHUS THTAHTCKUX 00BEMOB CaIMYECKUX MarM, MOXET OBITh TOJBKO MaH-
TUWHBIH TLTIOM.

BwMmecre ¢ TeM npu3HaHue 3TOro (akTa camo 1o cede sBIsIeTCs JIMIIb 00IIei MpeArnockuTKoil, Tpedyomiel se-
TaJBHON MPOPaOOTKH LEJIoTo psiia BOmpocoB. K MX 4MCITy MOXKHO OTHECTH TaKHe KaK: MEXaHW3Mbl 00pa30BaHuUs ca-
JIMYECKUX MarM, UX B3aMMOCBSI3b (IIPOCTPAHCTBEHHAsI, BpEMEHHAsl, TEHETHYECKas) C COOCTBEHHO ILTIOMOBBIM (0a3u-
TOBBIM, IEJIOYHBIM) MarMaTH3MoM, JI0Ka3aTeIbCTBO HAIMYMS MAHTHIHOTO TUTIOMa «B HY)KHOE BpeMsI U B HY’)KHOM Me-
cre» U T.1. Ene onuH acnekT mpodiaeMbl — 3TO NPUYMHBI KapAWHAIBHBIX PA3JIMYMi B XapaKTepe MPOSBICHHUS TLIIO-
MOBOW aKTMBHOCTH: B OJTHUX CJIy4YasiX — 9TO TPaIIOBbIe IPOBUHIINH, B IPYTHX — TPAHUTOMIHEIE apeabl. [Toka 3ToT
(haxT NUIIb KOHCTAaTUPYETCH.

3ananHo-3abalikanbpckas O3/IHeNane030kcKas TPaHUTON/HAST TPOBUHIIMS SIBIISIETCS OTHOM M3 KPYITHEHUIINX B
mupe. OOIIas MIoIaab, 3aHUMaeMasi TO3IHENANe030MCKUMHI IPaHUTOMIaMH, olleHuBaeTcs B 150-200 Thic. KM%, a
MPOJOJKUTENLHOCTD €e (hOPMHUPOBAHUS, 10 Pa3HBIM IaHHBIM, cocTaBisuia oT 20 1o 55-60 muH neT (mo3gHuN Kap-
00H — panHsist nepMb) [Spmontok u np., 1997; Lipirankos u ap., 2010; Kosau u ap., 2012].

leoquHamMuYeckast mpupoJa 3TOro MarMaruaMa AUcKyccroHHa. OOCyKaeTcs HECKOJIBKO MOJIENEH: aKTHBHAs
KOHTHHEHTaJIbHas okpanHa [Donskaya et al., 2013], nenamMuHaIus Kopbl KOJUIM3UOHHOTO oporeHa [[opaueHko u ap.,
2003], mocTkoTU3UOHHBIH MarmaTu3Mm [LlpirankoB u np., 2010; Litvinovsky et al., 2011], murtomoBas mozgens [Spmo-
JOK U J1p., 1997]. Kaxxnas u3 HUX UMeeT OIpelelIeHHbIE IOCTOMHCTBA U HEOCTATKH, IIPH ATOM MOCIEAHSAS — IITIOMO-
Basl, TIOJIL3YETCsI, BEPOSITHO, HAaHOOIBIIEH MoAaepKKoi. Bmecte ¢ Tem, Bce 3T MoJien 0a3upyroTCs Ha PEeIIoNoxKe-
HHH, YTO HCTOYHHUKOM TeIlIa (a B psizie CIy4aeB U BELIECTBa), HEOOXOANMOTO ISl TeHEpalluy TPaHUTOUIOB, ObLTH Oa-
3UTOBBIE MarMbl MAHTHIHOTO TIPOUCXOXKICHHS.

COBOKYITHBIH 00BEM TTOPOJ OCHOBHOTO COCTaBa, Pa3BHUTHIX B KOHTypax 3ara/Ho-3a0aiikaabCKoi rpaHuTOMI-
HOW TPOBUHIINH, BEPOSTHO HE MPEBBIIIACT NEPBBIX MPOLEHTOB. [Ipy 5TOM HalO0 MMETH BBUIY, YTO JaleKo HE BCE
W3 OTHX MPOSIBJICHUI NMEIOT MO3THETIAIC030iCKUIT BO3PACT M, COOTBETCTBEHHO, MOIVIM OBITh KaK TO CBSI3aHBI C Tpa-
HUTOWUIHBIM MarMaTu3MoM. DOpMBI MPOSIBJICHUST 0A3UTOB Pa3IMYHBI: «aBTOHOMHBIE» Tella TabOponaoB U radbopo-
amM(uOoINTOB, rabOPO-MOHIIOHUTOBBIE M TaOOPO-CHEHNTOBBIE MACCHUBBI, CHHILTYTOHHYECKUE 0a3UTOBBIE HHTPY3HH,
KOMOMHHPOBaHHbIE JalK1, MaUIeCKHe BKIIIOUSHHUS B IpaHUTOMIaX. HamMK M3y4eHO HECKOJIBKO TaKuX HPOSBICHHUH.

OpedneBcknii MacCUB PacHoIOKEH B IOT0-3amajHoN yacTH Xp. YiaH-Bypracel B mpaBom Oopty p. Jlamya-
Xu (mpaBblil IPUTOK p. AHreIp-HTaHnmHCKMIA). B mmaHe MaccuB MMeeT HENpaBHIbHO-TMH30BUAHYIO (OpMY, BbI-
TSHYT B CEBEPO-BOCTOYHOM HaIlpaBJICHUH Ha 6 KM ITPU MaKCUMaJIbHOW IMPHHE OKOJIO 2 KM. MaccHB CIIOXKEH Cpe-
HE3epHHUCTHIMH aM(UOOJIOBEIMU Tab0po, Trab0pO-MOHIIOHHTAMH, MOHIIOMOPUTAMH M MOHIIOHUTaMH CPEAH KOTO-
PBIX BCTpEYaloTCs ClaboM3MEHEHHbIE OMOTHUTCOIEpIKAIIME OJMBHHOBBIE TaOOpoHOpHTHL. [locnenHue marupoBa-
Hbl U-Pb metonom no mupronam (SHRIMP-II, BCET'EU), xonkopnanTHbIil Bo3pact cocrasiser 290 + 5 MiH sieT
(MSWD =0.44). 'ab6poupl MacCHBa XapaKTEPU3YIOTCS MOBHIIICHHOMN KaTHEBOH IEIIOYHOCTHIO U MTPOCTPAHCTBCHHO
ACCOIMHPYIOT C KBAPIEBBIMHI CHEHUTAMU YUBBIPKYHCKOro koMIuiekca [L{pirankos u ap., 2010].

COBEpIIICHHO HEOKUAHHBIM OKAa3aJICsl U30TOMHBIA BO3PACT MOHIIOrab0po, 0TOOpaHHBIX B OacceiiHe BepXHE-
ro TeyeHus p. Typku (ceBepo-BOCTOUHAS YacTh Xp. YiiaH-Byprackr) U3 cpaBHUTEIBHO KPYITHOTO (HECKOJIBKO KBaIpaT-
HBIX KHJIOMETPOB) O€3bIMSTHHOTO MacCHBa, 3aJIETAIOIIETO CPEIN IPAaHUTOB BUTHMKAHCKOTO KOMIUIEKca (aHaor 6apry-
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3uHCKOTO0, 325-290 MutH net). Konkopaantaseiii U-Pb Bo3pact, moiay4eHHbIH 10 IHPKOHAM K3 TAOOPOMOHIIOHHTA, CO-
craBun 514.6 + 7.2 mun ner (SHRIMP-RG, Stanford, USA), npu 3ToM Bo3pacT KpaeBoii 30HbI OTHOTO M3 3€pPEH CO-
cTaBmiI ~ 320 MIIH JIET, YTO MOJKHO MHTEPIIPETHPOBATh KaK Pe3y/bTaT BO3ACHCTBHS MO3JHENANC030HCKIX IPAaHNTOB
Ha OoJee npeBHUE 00pa30BaHUS.

CuHIITyTOHHYEeCKHEe 0a3suTOBBIE MHTPY3HUHU BIIepBbIe ObUIM 0OHapyxeHb! b.A. JINTBHHOBCKUM C KOJJIETAaMU B
[ITanyTHHCKOM KBapIeBOCHEHT-TPAHUTHOM MAacCHBE, H YCTh-XWJIOKCKOM MOHILIOHUT-CHEHHUT-KBAPIIEBOCHEHHTOBOM
IUTYTOHE, MPHHAIISKAMNX K 3a3uHCKOMY (305-285 MIIH JIeT) U HIDKHe-CelIeHTHHCKOMY (285-278 MIIH 7er) Kom-
turekcaM. CHHILTY TOHHYECKast IIPUPO/IA ATUX 0a3UTOB, MPEACTABICHHBIX CYyONIETI0YHBIMH BHICOKOKAJIEBEIMU ONOTHUT-
amM(puOOIIOBBIMI MEITKO3EPHUCTHIME rab0po, JOKa3bIBAECTCS HAMYMEM 30H MUHIVIMHTA B 9H/IOKOHTAKTAKTe, a TAKKe
GOJIBIINM KONMNYECTBOM Ma(UUecKnX BKIIOYEHHH BO BMEIIAIOMINX KBApIEBbIX CHEHUTaX BOIM3H rab0ponaoB. Ar-Ar
Bo3pact 6a3utos LllamyTuHckoro mryrona cocrasmseT 289.7 2.1 u 291.3 + 2.4 mutn ner (am¢ubon, UT'M CO PAH,
A.B. Tpasun). U-Pb n30TONHBIN BO3pacT BMEIIAIOIINX KBAPLEBBIX CHEHUTOB 293 + 2.5 1 291 + 1.9 muH net (IMpKoH,
SHRIMP-RG, Stanford, USA, Y. Katzir), yTo moarBepk1aeT CHHIUTYyTOHUYECKUH Xapakrep (GOpMUPOBAHHS paccMa-
TPHUBAEMBIX Oa3HUTOB.

KomOunnpoBaHHbIE 0a3UT-rpaHUTHBIE Tela (Halkn) oOHaxaloTcst B mpaBoM Oopry p. CerneHru npumep-
HO B 45 KM K 1oro-zamnajy ot Yias-Ya3. BMemaronumu nopogamu Jiisl HUX SIBIISIFOTCS KBapLEBbIE CUEHUTB YCThb-
XWMIIOKCKOTO IUTYTOHA. ba3uThl peacTaBieHbl TOHKO3EPHUCTBIMI OHOTHT-aM(pHO0IOBBIMH J1a0ba3aMu, ColepiKaHne
SiO, B KoTOpBIX cocTaBnsgeT 51-55 mac. %, cymma mesodeit 6 — 8 mac. %, 4To0, CormacHo nocnenner sepcun Iletpo-
rpaduyeckoro kozxekca [2009] cooTBeTCcTBYeT TpaxnbazaiabsTaM M TpaxuaHaeznbasansraM. Canndeckasi COCTaBISIO-
mas — nelikorpanuTHas. U-Pb u3oTonHeIi Bo3pacT 6a3nToBo# gactu cocrtasiser 287 + 5.9 mun e, MSWD = 1.11
(Zrn, LA-ICP-MS, THH CO PAH), camnueckoii — 288.9 = 5.1 miH net, MSWD = 1.09. Bo3pacT KBapleBsIX CHEHU-
TOB, BMEIAIOIINX KOMOMHHUPOBAHHEIE Tela, cocTaBmi 283.3 + 5.4 muH siet, MSWD = 0.96. Takum oOpazom, ¢ oqHOH
CTOPOHBI, ITOTYYEHBI JOMOIHUTENbHBIE JOKA3aTeIbCTBA OJTHOBPEMEHHOCTH (C yYETOM ITOTPEITHOCTH OIPE/ICICHH)
BHEJIPEHHsI 0a3UTOBOM M CATMUECKOM COCTABIAIOMINX P (POPMUPOBAHNH KOMOWHHPOBAaHHON JTaiKH, C IPYTOH T0Ka-
3aH e CHHIUTyTOHMYECKHH XapakTep, T.€. BHEAPEHNE B CTaIUI0 CTAHOBJICHUS YCTh-XMIOKCKOTO IUTyTOHA.

Cpenu oxapakTepH30BaHHBIX BBIIIE MPOSBICHUH 0a3UTOBOro Marmari3Ma 3amagHoro 3abaiKaibs MUHIMaJIb-
HOE COfIep>KaHne Kallusi XapaKTEepHO JUTS ITOJI0CYaThIX Tab0po YHAraTaiickoro MaccuBa (B OCHOBHOM He Ooee 0.5 mac.
%). Pannenaneosolickne 6asutel p. Typkn HEMHOTO Oonee KanueBble - Ha quarpamme K O — SiO, onu sexar B nosie
HHU3KO M YMEPEHHO-KaJIMEBOH M3BECTKOBO-IIENIOUHON cepun. [lo3nHenaneo3oiickue 6a3ntol (OpedbeBckuii Maccus,
CHHIUTyTOHHYEecKHe rad0ponast IllamyTHHCKOTO IuTyTOHAa KOMOMHNPOBAaHHAS JIaiiKa), JIEKaT B 110JI€ BHICOKO-KaINEBOM
M3BECTKOBO-IIIEIIOYHOM 1 IIONIOHUTOBOW CEpHiA, T.€. OTINYAIOTCS OT PaHHENaIe030HCKIX 00pa3oBaHMil 3aMeTHO 00-
Jiee BHICOKOW KaJHMeBOW MIEIOYHOCTHIO. J[aHHbIE 110 M30TOITHOMY COCTaBy paccMaTpHBaeMbIX 00pa3oBaHHH Bce ele
OTPBHIBOYHBI. [103TOMY M1 BBLICHEHHS T€OXMMHUYECKHX THIIOB HCTOYHHMKOB MarM OBUIM HCIIOJIBb30BaHBI OMHAPHBIE
JiarpaMMbl OTHOIICHHWH BBHICOKOHECOBMECTHUMBIX 3JIEMEHTOB, OTPaKaloOIIUe cOocTaB NCTOYHMKA. Hamnbosee nHpOp-
MaTHUBHOW oka3zanach auarpamma Th/Ta—La/Y, Ha KoTOpo¥ TONS (GUTYPATHBHBIX TOYCK PaHHE— U MMO3IHENAIC030H-
CKUX 0a3WMTOB NMPAKTHYECKH HE MEepeKphIBatoTCs. [Ipyu 3TOM MHTEpecyronye Hac MMO3JHENalle030icKue 00pa3oBaHus
3aHMMAIOT NTPOMEXKYTOYHOE ITOJIOKECHNE MEXy OOOTaleHHBIM MAHTHHHBIM MCTOYHHKOM M KOHTHHEHTAJIBHOW KO-
poii. CnenyeTr OTMETUTD, 9TO TIO3AHENATIC030MCKIE Oa3NTHI B IIEIOM XapaKTepH3YIOTCsl OTPUIATEIbHBIMU 3HAYCHHS-
mu eNd. Bpsiz 11 570 MOXXHO 00BSICHUTH MaclITAOHOH KOPOBOH KOHTAMHHAIMEH, CKOPEE BCETO TAKHE TEOXUMHUIECKHE
XapaKTEePUCTUKH OTPAXKAIOT COCTaB UCTOYHUKA MA(UIECKUX MarM, MOIU(PHUIIMPOBAHHOTO (100aBKa KOPOBOTO KOMIIO-
HEHTa) Ha NPEIIIeCTBYONIEM 3Talle T€0JIOTHYECKOTO Pa3BUTHSI.

Taknm 00pa3om, B pe3ynbTaTe MPOBEICHHBIX HCCIIE0BAHIH ITOTYYE€HBI HOBBIE H30TOMHO-TE€OXPOHOIOTHIECKHUE
JIOKA3aTeJIbCTBAa CHHXPOHHOCTH ITO3HENAJIC030CKOTO 0a3UTOBOTO M TPAHUTOUIHOTO MarMaTu3Ma. YCTaHOBIICHO, YTO
He Bce 0a3uThl, aCCOLMHUPYIOIINE C ITO3IHENAIC030CKNM TPAHUTONIAMH, KAKIM-TO 00pa30M CBSI3aHbI C ITOCIIETHH-
mu. Cpeny rabOponIoB €CTh OCTaHIIBI OoJiee paHHUX (paHHENaIe0301HCKIX ) 00pa3oBaHuil. FICTOUHHKOM MO3AHenaie-
030icKkuX MauIecKnX Marm, Mo-BUANMOMY, ObliIa BEPXHSS MAHTHS, KOHTAMUHAPOBAaHHAsE KOPOBBIM BemecTBoM. [e-
OXMMHYECKHX NPU3HAKOB, YKA3bIBAIOIINX Ha IUTIOMOBOE IIPOUCXOXK/ICHHE 0a3UTOBBIX MarM, He BBISBJIEHO.

Paboma evinonnena npu ghunancogoii nooodepoicke napmuepckozo unmezpayuonnozo npoexkma CO PAH Ne 17.
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ORIGIN OF TWO CATEGORIES OF POST-COLLISIONAL GRANITOIDS
IN THE JUNGGAR TERRAIN (NW CHINA) AND IMPLICATIONS FOR JUVENILE CONTINENTAL
GROWTH

Chen B., Wang C., He J.B.

School of Earth and Space Sciences, Peking University, Beijing 100871, China,
binchen@pku.edu.cn

The post-collisional magmatism of the Junggar Terrane (NW China) is characterized by intrusion of large
amounts of granitoids and minor basic/ultrabasic rocks in the late Paleozoic. The granitoids comprise two magmatic
suites, one is calc-alkaline and the other (per)alkaline. The calc-alkaline rocks were emplaced at 315 Ma. They contain
a wide spectrum of rock types such as quartz diorite, granodiorite and monzogranite. Mafic-dioritic enclaves (MME)
are common in these plutons, which, along with presence of abundant euhedral hornblende, sphene and magnetite,
suggest that these calc-alkaline rocks are typical I-type granites. Plagioclase shows typical compositional and textural
disequilibrium, with calcium-rich core (An, ) surrounded sharply by a sodium-rich rim (An, ) or overgrowth of
calcium-rich plagioclase upon a sodium-rich core, suggesting that magma mixing/mingling between mafic and felsic
melts played an important role in forming the plutons. In addition, these plutons are sodium-rich (Na,0/K,0 = 1.1-
3.5), metaluminous (A/NK >1.0, A/CNK = (0.78—1.04), and show high Sr-Ba contents and thus high Sr/Y ratios. They
have highly radiogenic Nd isotopic compositions, with initial Nd isotopic ratios of £ (t) in the range +9 to +6. These
data allow us to infer that the calc-alkaline rocks formed by a process of mixing/mingling of mantle-derived basaltic
magma with juvenile crust-derived granitic melts, followed by fractionation of ferromagnesian and feldspar phases.

The alkaline granites were emplaced at ca. 300-305 Ma, slightly younger than the calc-alkaline rock suite. They
are characterized by the occurrence of ilmenite, fluorite and late-stage biotite that was crystallized later than feldspar
and quartz. This suggests low oxygen fugacity, water-deficient and F-rich features for the alkaline granites. These
alkaline granites have high contents of SiO, (75-78 %), alkalis, Nb, HREE, Y, Sn, F and high FeO/MgO ratios and
huge Sr and Eu depletion in the primitive mantle-normalized spidergrams. Moreover, they display characteristic tetrad
REE patterns and non-CHARAC trace element behaviours such as unusually higher K/Ba and lower Zr/Hf ratios than
normal granites. Their whole-rock Nd isotopic ratios (e, (t) = +7 to +6) are a bit lower than the calc-alkaline granites.
We suggest that the alkaline granites have been originated from partial melting of juvenile crust that formed in early-
to middle Paleozoic times and were deeply buried during the late Paleozoic subduction and accretion.

Therefore, the Junggar granitic plutons represent production of juvenile continental crust in the Phanerozoic,
triggered by upwelling of asthenophere in an extensional regime during the period of late Carboniferous to early
Permian. The basement beneath the area is dominated by “trapped” Paleozoic arc series and oceanic crust.
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HMN/KHEKOPOBBIE 'PAHUTHBIE PACIIVIABBI: JAHHBIE 11O PACITJIABHBIM
BKIIOUEHUAM B MUHEPAJIAX T'PAHYJIMTOB/OKJIOTUTOB (ITAMUP)

B.I1. Yynuu"2, 1.B. Kyspbmun', JK.JL.P. Typ3®

'Hnemumym 2eonocuu u munepanozuu um. B.C. Cobonesa CO PAH, Hosocubupck, Poccus,
chupin@igm.nsc.ru
’Hosocubupckuii cocyoapcmeennuiii yuusepcumem, Hosocubupck, Poccust
SMyseit munepanozuu, Mines-Paris Tech, lapuosic, @panyus

PacriaBHBIE BKITIOUEHHS B MEPUTEKTUUECKUX MUHEpaIax HIKHEKOPOBBIX KCEHOIUTOB IPAaHYIUTOB U HKJIOTH-
TOB U3 HeoreHoBbIX auarepm FO-B IMamupa (Tamxukucran) naror npsiMeie gokasarenbctBa o HP-T mponeccax mias-
JICHUS] ¥ COCTaBaxX aHATEKTHYECKHUX PACIJIaBOB NPH (POPMUPOBAHUU SKCTPEMAIBHO YTOJIIEHHOW KOHTHHEHTAIBHON
KOpPBI ITOJ] ’TUM peruoHoM. [lepBUUHbBIE CHIIMKATHBIE pacljaBHbIC BKIIOUCHHS HalJCHBI B MEPUTEKTUUECKUX IpaHa-
Te, KJIIMHO- ¥ OPTONMPOKCEHAaX, KMaHUTE, CKAIlONNTE, IIUPKOHE U JPYTUX MHUHEpajax U3 MHOTHUX THIIOB 3THX I'paHy-
JIUTOB M SKJIOTUTOB. BrurtoueHns: ObUTM U3y4eHBl TEPMOMETPUYECKH U MUKPO30HI0BBIME MeToamu (EPMA, SIMS,
Raman-cnekrpockonueit). CocTaBbl paciulaBHBIX BKJIIOYCHHUH B TpaHaTe U JPYTMX MHUHEpaJaX IpaHaT-KHaHUTOBBIX U
rpaHar-KJIMHOMMPOKCEHOBBIX TPaHYJIUTOB COOTBETCTBYIOT KaJM-HATPOBBIM U OOTaThIM KajWeM I'PaHUTHBIM paciiia-
BaM (OT JALUTOB JI0 puonuTOB) ¢ conepxkanueM H,O 1-4 wt. %, CO, ~1 wt. % u nuskumu conepxanusmu HREE.
[lepBrHbIE paciIaBHBIE BKIIOYEHHS M CHHIEHETHYHBIE C HUMHU (JItonIHbIe BKItodeHus xuakoi CO, B rpaHare yka-
3BIBAIOT HA TO, YTO PAHHSIS CTaJHs KPUCTAUIM3AIMK TPAHYJIUTOB U SKIIOTHTOB Tporcxoauia B mpucyrcreun CO,-
HaCBIMIEHHBIX TPAHUTHBIX PaclIaBoB U cBoboaHoro 6oraroro CO, gmronna. Io JaHHBIM H3ydeHHs BKIIOUYEHHH U MH-
HepaJIorHyeckoil TepMoOapoMeTpuy U3y4eHHbIe TPaHyInuThl KpuctamminsoBaiuchk npu 940-1000 °C u 12—-15 xOap.
[TonyueHHbIE TaHHBIE TIO3BOJISIOT 3aKJIIOYHMTh, YTO Ha ITyOuHax Oonee 40 kM (naBienue > 12 x6ap) mox H0-B Ilamu-
pom oxosto 15 miH et Tomy Hazax (npensapurensibie SHRIMP-natnpoBky upKoHa B KHAHUTE) TIPOUCXOHUIIO MH-
KOHTPY3HTHOE IIaBieHue K-comeprkammx 6a3uTOBBIX, METANEIMTOBBIX U KapOOHATCOAEPKAIIUX ITPOTOIUTOB, IIPO-
JTyLnupytoliee rpaHUTHBIE pPacIUIaBbl. OTO IUIABJICHUE CONMPOBOXKAAIOCH KPUCTAIH3AMEN TEPUTEKTHUSCKUX MHHE-
paJIOB TPaHyIUTOBBIX (TpaHaTa U FHIEPCTEHa, IPaHaTa U KMAHNUTA) UM SKJIOTUTOBBIX (TpaHaTa U KJIMHOMUPOKCEHA)
MapareHe3ncoB, KOTOPbIE 3aXBaThIBAIM KAIUIM TPAaHUTHBIX PAcIlIaBOB B BHJIE BKITIOYCHHUI.
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T'PAHUTOU Il BAIIKUPCKOI'O METAHTHKJIMHOPUSI KAK HHJIUKATOPBI DTAIIOB
SHJAOIEHHOM AKTUBHOCTH B 30HE COYJIEHEHUSI YPAJILCKOI'O OPOT'EHA
C BOCTOYHO-EBPOIEMCKOM IIJIAT®OPMOM

I1O. lapaakoBa

Hucmumym eeonoeuu u eeoxumuu um. akademuxa A.H. 3asapuykoeo YpO PAH,
Examepunbype, Poccus, shardakova@igg.uran.ru

bamknpcknit MerantuknuHopuit (BMA) pacrionoxkeH B cpeJHeH-I0)KHOW YaCTH 30HbI COUJICHEHHST YPaJIbCKOTO
oporena ¢ Boctouno-EBpomnetickoii miardopmoii (BEIT). Dta 06macTh sSBISETCS MEPEXOIHON OT OKCaHHUECKOTO THIIA
KOPbI K KOHTUHEHTaJILHOMY, HEOTHOPO/IHA M0 CTPOCHHUIO M COCTaBy ClIaralolux ee o0pa3oBaHUii, 0CaJ0uHbIE TOPO-
JIbl 371€Ch CHJIBHO JUCIIOIMPOBAaHBI M MeTaMop(HU30BaHbl. Bee 3T0 0CIOKHIET HOHUMaHKE HCTOPUU Te0JIOTHYECKOTO
Pa3BHUTHSI, TOITOMY MarMaTHUECKHe WHINKATOPbl TeOMHAMHYECKHX 00CTAaHOBOK (B JIAHHOM CITy4ae — FPaHUTOU/IBI)
UTPAIOT KITIOYEBYIO POITb.

B cpennem pudee B BMA chopmuposanuce ['yoenckuii, Psounosckuii (Kycuncko-Konanckas unrpysus), bep-
JITYIICKUH, AXMEpPOBCKHIA TpaHUTHBIC MaccuBhl. Mx Bo3pacT (1386—1360 muiH. jeT) ¢pukcupyeT Haunboaee KpymHoe
s FO. Ypana marrakckoe pudrorennoe coositie [Maslov et al., 1997; ITyuxos, 2000; XonomHoB u np., 2006; Kpac-
HOOaeB u 1p., 2007 u ap.]. BepxHss rpaHuIia JaHHOTO 3MU30/a OMPECIACTCS BO3pAacTOM rpaHuT-nopdupa B Men-
BeneBckoM Mectopoxnennu (Kycnncko-Komanckas untpysus) — 1353 + 16 mun ser [Xonoanos, I1laranos, 2012].
I'panuTel xapakTepusytorcs oboramenuem FeO, TiO,, Zr, Beicokumu cymmamu P33 (250-650 /1), cpennumu oT-
HomeHussMu La/Yb (15-30), neratuBubiMu aHomanusiMu Eu, Sr, Nb Ha TpeHIax, HOpDMUPOBAaHHBIX 10 XOHIPUTA-
M 1 BCOX; Ha reoTeKTOHMYECKHUX JUarpaMMax MX TOYKH JIeXKaT B MOJSX BHYTPHIUIMTHBIX cepuil. Bee atu mpu-
3HaKU MMOATBEPXKIAIOT OPMHUPOBaHNE B 0OCTAaHOBKE KOHTHHEHTAJILHOTO PU(TOreHe3a U COMIACyIOTCS C JIUTOJIOTO-
cTparurpaUuecKUMHU JaHHBIMU U TIPEJICTAaBICHUSIMH O reojiornyeckoit aoronn BMA cpennem pudee.

B Benje-Havasne kemOpus Ha BocTouHOi okparHe BEIT nMenu MecTo cloxHbIE TEKTOHO-MarMaTH4ecKue mpo-
1IECChl, U BO3HUK MOSIC TUMAaHUJ — BO3pAacTHOU aHajor kagomun B 3anagHoi Espone [[Tyukos, 2000]. Ilo nanHbIM
H.B. Ky3nernosa [Ky3uernos, 2005], Ha 3amagHoM CKJI0OHE Ypaia 3TOT MPOoIecc Havyalcs B BepxHeM pudee. [losic Tuma-
HUJI ofpaszensercs [Tam xke] Ha 2 BeTBU — C-B u F0-3. K nocnenneii otHocstes Tumanckuit merabnok, Keapkyi-
cKkuii anTuKnuHOpuit, BMA, Ypanray n D0eTnHckas anTrdopma; 1o JaHHBIM aBTOpa, K 3TOMY MOSICY MOXKET IIPHHA/I-
nexarb Takxke Y daneiickuii Onok. [Ipupoaa THMaHCKOH akKTHBHOCTH JUTS Pa3HBIX yYacTKOB 30HBI COWICHEHHs Ypaia
¢ BEII aktuBHO 00cyxnactces. [1o MueHHIO psina uccienosarenei [[Tyukos, 2000; Ky3nenos, 2005; Gee, 2004 u mp.],
B 9TOT MEPUOJ UMEJIM MECTO OPOreHe3+aKKpeus+COMmyTCTBYIOINI MeTaMophH3M; Ipyras Touka 3peHus [VBaHOB,
Pycun, 2000] roBoput 0 npeaprdToBoM NoIbeMe 3eMHON KOPBI; [l HEKOTOPBIX YacTel JOMYCKaeTCsl OCTPOBOLYX-
Hast o6cranoBka [[leTpos u np., 2005; Cobonesa u ap., 2005; Cambirus u ap., 2010].

B BMA Hauano «THMaHCKOTO» dTara (PUKCHPYeTCsl BO3PAcTOM IUIarMOTPaHUTOMIOB aM(puboIcoaepKaleit
rab0po-TMOPUT-TPOHIBEMHUTOBOH cepun — 660 + 30 MITH JIeT, CeKyIlel ocaiku HIKHETo pudest U TpaHuThl ['yOeH-
ckoro MaccuBa (Kysanicko-Mamakckast ctpykrypa (KMC) [XomoauoB u ap., 2006]). [Toposs! mo KOMIUIEKCY pU3Ha-
KOB CXOJITHBI KaK C APEBHUMH PHU(TOTeHHBIMU CepHsMH (NOBBILIEHHOE KoaryecTBo Nb, P33, nonmxennoe — Zr, Th),
pa3BUTBIMH B ceBepHOH yacTi BMA, Tak u ¢ 6osiee MOJIOABIMU OPOTEHHBIMH 00pa30BaHUsIMHU (TIOHM)KEHHBIE KOHIIEH-
tpauu K, Rb, moBsIeHHbIe — Sr), UMEIONIMMH BEHI-KEMOPHHCKHI BO3pacT M paclpoCTpaHEHHBIMH B TIpenenax Tu-
MaHCKOTO MeralioKa.

CraHoBIIEHNE TPAaHUTOUIOB IOPMUHCKOTO KomIuiekca (540—510 muH net), mo MHEHHIO aBTopa, pukcupyer ¢u-
HallbHY10 (ha3y TUMaHCKHUX coObITHi B BMA. bin3kue naripoBKK NMEIOT TUITMYHBIE OpPOTeHHbIEe TpaHuTonabl [omsip-
Horo Ypana [Kysueuos, 2005 u np.] u meramopduts! benopenkoro kynona (for BMA); HO OHH BI€pBbIE MTOJTY4EHBI
qutst C-B wactul cTpyKTyphl. [ paHUTO-THEHCHI ¢ BO3PacTOM OKOJIO 579 MIIH JIET ONMCaHbl HAMH U B coceHeM Y (aeii-
ckoM Omoke. ITopobl IOpPMHHCKOTO KOMITIEKCa TOKE UMEIOT TEOXMMHUYECKUE 0COOCHHOCTH, TPOMEKYTOYHBIE MEKITY
pudTOreHHBIMU U OPOT€HHBIMU 00pa30BaHUSIMU. [IpHXOIUTCS 3aKIFOYHUTh, YTO TEOXUMHYECKHE XapaKTEPUCTUKH Tpa-
HHUTOWIOB TUMaHCKOTO JTara He Jal0T HaM OJIHO3HAYHOTO OTBETA Ha BOIIPOC O T€0AMHAMUYECKOM PEXXHUME 3TOTO Bpe-
Menu B BMA. B nro0om cityuae, rmosy4eHHbIe HAMH JIATUPOBKH YCTaHABIUBAIOT UHTEPBAJI MPOSIBJICHUS THMAHCKON
aktuBHOCTH B BMA: ¢ koHIIa BepxHero pudest (660 miH 5ieT) 10 Havana kemMopus (540—510 mutH neT).

[Maneo3zoiickuii aTan rpanutooOpazoBanust B BMA moaTBep:keH BIEpBbIE U POSBICH BHEAPEHHUEM TPAHUTOB
Kuanumckoro maccuBa (314 miH niet) u cemubparckoro komruiekca (300 mirH siet). OHM UMEIOT TEOXUMHUCCKUE Xa-
PaKTEpUCTUKH, aHAJIOTUYHBIE PAHHEOPOTEHHBIM («HAJICyOIyKIIMOHHBIMY») CEpHM 30HBI [T1aBHOTO Ypajbckoro pas-
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Pacnipenenenne U-Pb Bo3pacToB mup-
KOHOB W3 TPAaHUTOUJIOB pa3HBIX CTPYKTYp
30HBI cowleHeHus Ypana ¢ BEIL

Crpyxrypsl: 1 — Tumanckuii merabmok; 11
— Ksapkymuicko-KameHHOTOpCKHI aHTUKIMHOPHIL;
III — Bamkupckuii MeranTukiuHopwuit; IV — Ya-
nefickuii Omok; V — Ypantay n D0eTuHCKasl aHTH-
¢dopma. Hcnonp30BaHbl JaHHBIE aBTOPA H JINTEPa-
TypHsie [KpacHoOaeB u ap., 2007, 2008; Iletpos u
np., 2005; XonoxHoB u ap., 2006; IlyukoB u mp.,
2007; Poukun u np., 2009; Xomnoxuos, lllaranos,

N ( Stricture of the junction zone 2012; [apmakosa u ap., 2012 1 CCBUIKU B MOCNEA-
] Heit padote].

Age, M.a.

JIOMa M 3allaJHOW aKTUBHOI OKpauHbl YPaJibCKOTO MajleooKeaHa. B HameM ciydae cyOqyKuust He MMena MecTa, H,
MO-BHIMMOMY, CXOJICTBO F€OXHMMHYECKUX HapaMeTpOB OTpaxkaeT OJIM30CTh B cocTaBe cyOcTpara. Y aBTopa IoKa HeT
JIAHHBIX 110 cocTaBy nocieanero. Ho B cocennem Y daneiickom Olloke aHAJIOrOM KHAIMMCKUX U CEMUOPATCKHUX Tpa-
HHTOB SIBJISAIOTCS moponsl HrkHeydaneiickoro maccusa (317 mud jet), umeroruune ¥Sr/*Sr =0,7028 u eNd oxono +4
[Ponkun u ap., 2009]. Buenpenue Takux rpaHUTOB Ha 3alaHOM CKIIOHE MOATBEPIKAAET BpeMsl 3aKpPBITUS YPaJIbCKO-
TO IaJleoOKeaHa, yKa3blBaeT Ha npuwieHeHne BMA k Ypany B BepxHeM KapOOHE M OTpakaeT CTAHOBJIEHUE HOBOTO,
«ypanbckoroy [Ilyukos, 2000; Ky3nenos, 2005] cTpyKTypHOTo 3Taka B UICTOPUH 3TOTO U3HAYATIBHO IPEBHETO KOHTU-
HEeHTaJILHOTO Os10Ka. SIcHO, uTo 3TOT Kpait BEII Obu1 BOBIICUeH B KOJUIM3MOHHBIE IIPOLIECCHI, JIOCTUTLINE CBOETO MHKa
B x0/1e ()OpMHUPOBaHHMs Ypaibckoro oporena. CyIiecTBEHHYIO poiib B cyocTpare [uist 00pa3oBaHUsI 1aJe030HCKHUX Tpa-
HHUTOB 00EUX CTPYKTYD MOIJIO UTPaTh ACTUIETUPOBAHHOE MaHTHUIHOE BEIIECTBO.

B rpanurax BMA npHCYTCTBYIOT LMPKOHBI CIEIYIOIIMX BO3PACTHBIX KiIacTepoB. 1) apxeiicko-
HIDKHeTpo3oickue — 3162, 2645, 1942 mun ner, 3auMcTBoBanHble U3 ¢yHnamenta BEIL 2) 1700-1600 miun ner;
Onmu3KkM K Bo3pacTy 0a3aibToB avickoi cBuThI [[lyukoB u np, 2007], dhukcupyromieii snu3on pudrorenesa. 3) 1230—
1056 (m0 974) muH net, coBnagaet ¢ BpemeHeM ¢ [ peHBWIUIbCKO# oporenueii B 3anannoit EBporne, a B BMA — ¢ BHe-
JpeHreM a1aba3zoBbIX Jaek 1 OPMHPOBAHHEM KPYIHBIX MECTOPOXKIeHHH cuepuTa bakanbckoro pyanoro noss, Cy-
paHcKoii (TFOPUTOHOCHO# 30HBI U T.11. [KpynenuH, 1999]. D10, BeposTHO, €Ilie OJUH BCIUIECK PUPTOTEHHOMN aKTHB-
HocTH. 4) 790-740 muH ner. biuskuii Bo3pact (725 mutH siet) uMmeroT rpanutsl bapanrynosckoro maccusa [KpacHo-
6aeB u ap., 2007] (Ypanray) u rpaHocuennTsl Tpounkoro maccusa (Ksapkymr) (671 £+ 24 mun ner) [Ilerpos u np.,
2005]. Oty coOBITHS YKIIabIBAIOTCS B PAMKH cTparoHa apumHui — 600—760 mun set ner [[Ty4xos u np., 2007]. 5) B
pa3Hol CTerneHu mpeoOpa3oBaHHbBIC IIMPKOHBI B HHTepBanax 650—630 u 560—510 MJIH JIeT; OTBEYAIOT HAYaIbHOMY U
KOHEYHOMY dTallaM TUMaHCKOH akTuBHOCTH B BMA. B npenenax KBapkymicko-KameHHOropckoro aHTukimHopust (K
ceBepy or BMA) U-Pb Bo3pacr 581 mun siet umerot rpanut-nopdupsl EBporneiickoro maccusa [[lerpos u np., 2005].

CpaBHEHHE NaHHBIX 10 BO3PACTY T'PAaHUTOUJIOB U3 PA3HBIX CTPYKTYp 30HBI cowleHeHus Ypana ¢ BEII noka3sl-
BaeT (CM. pHCYHOK), YTO HanOoJIbIliee YHCIIO UMITYJIbCOB IPaHUTO00pa3oBaHus uMeio Mmecto B BMA u Y aneiickom
0110Ke, yKa3bIBasi HA aKTMBHOE BOBJIEUEHHE cpeHel-1okHOo yacteil BEII Bo Bce TEKTOHO-MarmMaruuecKue CoObITHS,
HauyMHast ¢ pudeiickoro pudroreHesa M 3akaHUMBAs M1AJTEO030HCKHM OPOTeHE30M, MAKCUMAaJIbHO MPOSIBIEHHBIM COO-
CTBEHHO B YPaJIbCKOM MOJBIKHOM TOSICE.
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GRANITES OF THE BASHKIRIAN ANTICLINE AS INDICATORS OF ENDOGENIC
ACTIVITY STAGES IN THE JUNCTION ZONE O0F THE URALIAN OROGEN
WITH EAST EUROPEAN PLATFORM

G.Yu. Shardakova

Zavaritsky Institute of Geology and Geochemistry UB RAS,
Ekaterinburg, Russia, shardakova@igg.uran.ru

The Bashkirian anticline (BA) is situated in the middle-southern part of the junction zone of the Uralian orogen
with the East European Platform (EEP). This sector is the transition zone from oceanic to continental crust type, it
has heterogeneous structure and composition of the different parts, there are strongly deformed and metamorphized
sediments here. These facts complicate the understanding of geological history, that why the magmatic indicators (in
our case — granites) of the geodynamic environments begin to play the key role.

During the Middle Riphean the Gubensky, Ryabinovsky (Kusa-Kopan complex, KKC), Berdyaush, Akhmerovo
massifs were generated. Their age range (1386—1360 Ma) is marked the main active episode in the South Urals called
the Mashak riftogenic event [Maslov et al., 1997; Puchkov, 2000; Kholodnov et al., 2006; Krasnobaev et al., 2007,
etc]. The upper limit of this event is determined by the age of granite porphyre in the Medvedevka deposit (KKC) —
1353 = 16 Ma [Kholodnov, Shagalov, 2012]. Granites are enriched in FeO, TiO,, Zr, REE (250-650 ppm), they have
La/Yb 15-30, negative anomalies of Eu, Sr, Nb in comparison with chondrite and MORB; in geotectonic diagrams
their points lie in the field of within-plate rocks. Such features confirm their continental rift genesis and agree with
lithologic and stratigraphic data.

During the Vendian—Lower Cambrian the complicate tectono-magmatic processes took place and the belt of
Timanide (the analogues of Cadomide in the West European) was formed. In according to papers by N.B. Kuznetsov
[2005] on the west slope of the Urals such events started in the Upper Riphean. The Timanian belt is divided into two
branches: N-E and S-W. The Timanian block, Kvarkush-Kamennogorsk and Bashkirian anticlines, Uraltau and Ebeta
risings are related to S-W branch [Kuznetsov, 2005]. The author of this paper affirms this zone may also include the
Ufaley block. The nature of Timanian activity for different parts of the junction zone of the Urals with EEP is actively
discussed. According of one point of view, the complex events (orogenes+accretion) took place here [Puchkov, 2000;
Kuznetsov, 2005; Gee, 2004, etc.], another geologists say about the pre-rifting lift of the earth crust, in some part of
junction zone the island arcs could exist [Petrov et al., 2005; Soboleva et al., 2005; Samygin et al., 2010].

Inside BA the start of the Timanian activity is fixed by the age of intrusion of Am-containing plagiogranite series
(gabbro-diorite-plagiogranite) — 660 + 30 Ma, rocks crosscut the Lower Riphean sediments and the Gubensky granites
[Kholodnov et al., 2006]. Rocks by some signs are close to both ancient riftogenic (enrichment by Nb, REE, deple-
tion by Zr, Th) series of the north part of BA, and to younger orogenic (lower concentrations of K, Rb, higher — Sr)
Vendian-Cambrian series of Timanian block (Cis-Polar Urals).
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The age of granitic gneisses of the Yurma complex (540-510 Ma) is marked the end of the Timanian episode in
BA, as the author concerned. Orogenic granites of Cis-Polar Urals and the metamorphic rocks of the Beloretsk Belt
(southern part of BA) have precisely this age, but such values are obtained for the first time for the northern part of
last one. Also similar age (579 Ma) was determined by author for granitic gneisses in the nearest Ufaley block. The
geochemical features of Yurma granites are transitional between the riftogenic and orogenic series too. We must con-
clude that the geochemistry of granites of the Timanian episode can’t be a clear indicator of geodynamic einvironment
during Vendian—Cambrian in BA. In any case, obtained dates set time range of Timanian activity in BA: from the end
of the Lower Riphean (660 Ma) to the Lower Cambrian (540-510 Ma).

The Paleozoic stage of granite generation is confirmed at the first time by the age of granites of the Kialim
massif (314 Ma) and Semibratsky complex (300 Ma). Their geochemical features are close to ones for early oro-
genic (subduction-related) series of the Main Uralian Fault zone and of the western active margin of the Uralian
paleoocean. In our case there was no subduction, and possibly the similarity of rare element contents reflects the
affinity of the source composition. We have no data about it for granites of BA, but granites of Nizhny Ufaley mas-
sif (Ufaley block is to the north from BA) which are the analogues of the Kialim and Semibratsky granites have
87Sr/8%Sr = 0.7028 and eNd about +4 [Ronkin et al., 2009]. The generation of such granites on the western slope
of the Urals confirms the time of closure of the Uralian paleoocean, points to accretion of BA and EEP in the Car-
boniferous and reflects the formation of new “Uralian” structural floor in the history of BA as the initially ancient
continental fragment. It is clear that this border of EEP was envolved to collision which reached its peak during the
formation of the own Uralian orogen. Depleted mantle component could play the sufficient role in the source for
granite melting.

In addition, in granites of BA zircons of follow age clusters are presented. 1) 3162, 2645, 1942 Ma. Grains were
occupied from EEP foundation. 2) 1700-1600 Ma. This age is similar to time generation of basalts of the Ai suite
[Puchkov et al., 2007] reftecled the riftogenic episode. 3) 1230—1056 (to 974) Ma. This time is synchronous with the
Grenwill orogenes in the West Europe and in BA — with intrusions of diabase and generation of large siderite deposits
in Bakal ore field, fluorite deposit of Suran, etc. [Krupenin, 1999]. It could be another riftogenic episode. 4) 790-740
Ma. Granite of the Barangul massif [Krasnobaev et al., 2007] (Uraltau) and granosyenites of the Troitsk massiv
(Kvarkush anticline) [Petrov et al., 2005] have a similar ages. The events are stacked within the interval of the Arsha
straton — 760—600 Ma [Puchkov et al., 2007]. 5) The ranges of 650—-630 and 560—510 Ma the ages of alterated zircons
are include. There were the initial and the final stages of the Timanian activity in BA. Also granites of the European
massif (Kvarkush anticline) have the age 581 Ma [Petrov et al., 2005].

The comparison of granite age from the different sectors (see fig.) shows that the major numbers of the episodes
of granite generation took place within BA (and Ufaley block). It is specifies that the middle-southern parts of BA were
actively involved to every tectono-magmatic event from the Rithean rifting up to the Paleozoic orogenes, last one was
maximally expressed within the own Uralian Mobile Belt.
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Unemumym 2eoxumuu, munepano2uu u pyoooopazosanusi um. H.I1.Cemenenxo HAH Ykpaunwi, Kues, Yxpauna
3 [loneykutl HaYUOHALHBLI MexHuYecKuil yrugepcumem, /Joneyx, Yxpauna

W3ydyenue neTponoruy, TeOXUMHN U PYJIOHOCHOCTH MarMaTHYeCKUX 00pa30BaHUi, UMEIONINX PEIKOMETaLIb-
HYIO WJIH PEIKO3EMENBbHYI0 METAJUIOTEHNYECKYIO CIIEIMaIN3aIfIo, CaMo IT0 ce0e MPeCTaBIseT 3HAYNTEIbHBIN MTpaK-
TUYECKUN UHTEpEC.

Baxneiimeld peakoMeTalIbHO-PEAKO3EMENBHOM MPOBUHIMEH YKpauHbl siBisieTcsi [Ipua3oBbe B BOCTOU-
Ho# wactu Y1, rie B Hacrosimiee BpeMs, Onarofapsi HATMYUIO Pa3BEAaHHOTO YHUKAILHOTO A30BCKOTO IUPKOHHMA-
PEIKO3EeMENBHOTO MECTOPOXK/ICHHS, HapsIy ¢ IPYTMMHU YE€TKO 0003HAYMIIACh METAIIIOTEHHYeCKas CIieuaiI3anus B
OTHOIIICHUU UTTPUSI U UTTPHEBBIX 3eMelb. B MHTynenikomM Merabioke neHTpaibHOM yacTu 1 B CeBepo-3anagHoM Me-
rabnoke 3anaaHoi yactu Y11 ¢ peaxoMeTauIbHBIMHU JISHKOTpaHUTAMH H3BECTHBI PEKOMETaJUIbHO-PEIKO3EMETbHBIE
PYIOIPOSIBIICHHSI.

K penxomeramnsupiM rpanntaM Y11, kak ¥ B Ipyrux pernoHax, MprHaUIeKaT 0OBIYHO MEJI0YHOIIONIEBOIIINA-
TOBBIE PAa3HOBHJHOCTH. JTO ANBOUT-MUKPOKIMHOBBIE (CyOCOIBBYCHBIE) HITH MOHO- H II[EJIOYHOIIOIEBOIINATOBBIE (TH-
MIePCOJIbBYCHBIE) TPAHUTHI.

K nnar¢opMeHHOMY THITY MHACKUTOBBIX (TUTFOMa3HTOBBIX) PEIKOMETAIUTBHBIX TPAHUTOB B TIpejiesiax Meraosio-
koB YIII ¢ BocToka Ha 3amaj mpuHaaiexar: B [IprazoBse — MpoTepo30iicKue MPaHUTH KAMEHHOMOTMIIBCKOTO KOM-
TuieKca (KaMeHHOMOTMITBCKHUE, EKaTepUHOBCKHE, CTapoy0oBcKHe); B IHIyIIbCKOM Meradioke — IpoTepo30icKue Tpa-
HHUTBI PYCCKOMOJISTHCKOTO KoMIutekca Kopcynb-HoBomupropoackoro rrytona pamnakusyu; B CeBepo-3anagHoM Mera-
0JI0Ke — JIC3HUKOBCKUE U ATbOUT-MUKPOKIMHOBBIC rpaHUThl KopocTeHckoro maytoHa [[llepemer u ap., 2014]. Ile-
JIOUHBIE PEAKOMETAUIbHBIE JICHKOIPaHUTTOM B! n3BecTHHI B CeBepo-3ananHoM Merabdioke YL (mporeposoiickue
STUPUHOBBIE, pUOCKUTOBBIC U YACTUYHO aHHUTOBBIE PA3HOBHIHOCTHU MEP)KaHCKUX rpaHUTOB KOopocTeHCKoro rryTo-
Ha) U armanToBble — B [IprazoBbe (IEBOHCKHE JaiKOBBIE aHAJIOTH LIEJIOYHBIX TPAHUTOB, OTHOCUMBIX K TPOPYANTAM)
[[Iepemer u ap., 2014].

YcraHOBJIEHNE THIIA TPAHUTHOTO paciliaBa, C()OPMHUPOBABIIEI0 MACCHBBI KOMIUIEKCOB, a TaKXkKe pacinppoB-
Ka MX MeTPOreHe3nca UMEIOT 3HaYeHHUe Ul IOHUMaHUsI 0COOEHHOCTEH T'e0JIOrMUecKOl 3BOIIIOIUK JAHHOTO Cer-
MEHTa KOHTHHEHTAJILHOW 3eMHON KOPBI, MaIeoNpOTePO30HCKON reoiMHaMUYECKOl 00CTaHOBKH W YCIIOBUI (op-
MHUPOBaHUS IPYTUX, OIM3KHUX IO BPEMEHH U PEIKOMETaUILHON crieuduke, MarMaTH4ecKux oopa3zoBaHuii Ykpa-
WHCKOTO HINTA.

[To meTpoXMMHYECKHM XapaKTEpUCTUKaM COCTaBhI PEIKOMETAIUTbHBIX JieHkorpanuToB Y11l — cooTBeTCTBYIOT
COCTaBy «CyOmLIeT0uHOH JIeKkorpanuT» npHu cofepxanusax SiO, ot 73.2 no 76.9 %, u conepxanusax K,O+Na,O — ot
8,1 no 8,9 %, Ha muarpamme AlL,O,~-MgO cocTaBbl OGHOTUTOB peKOMETAIIBHBIX rpanuToB YIII pacmnonorarorcs B
TI0JIE TIEPaTIOMUHUEBBIX TPAHUTOB A- 1 S-THIOB. TOUKM COCTaBOB OMOTHTOB PEIKOMETAIUTLHBIX JICHKOTPAaHHUTOB T1ep-
»aHCcKoro koMmIuiekca CeBepo-3anaaHoro paiiona YII[ HaxoasTcst B 1oie aHOPOTEHHBIX MIEJIOYHBIX TPAHUTOB BOJIH-
3u opaunarel ALLO, Touku cocTaBoB GHOTHTOB rpaHuTOB panakuBH LlentpanbHoi u Cesepo-3anaqnoii yactei YII]
PacIONOKHUIINCh KaK B MOJIE TIEPATIOMUHHUEBBIX TPAHUTOB A- M S-TUIIOB, TaK H B T10JIe aHOPOTEHHBIX LIEJIOYHBIX Tpa-
HUTOB. OHM XapakTepu3yroTcs Ooliee BRICOKMMU coziepxanusivu MgO. Ha nnarpamme aHHUT—CcuaepoumT—¢io-
TOTIUT—UCTOHUT COCTaBbl OMOTUTOB PEAKOMETAJUIBHBIX JelikorpanuToB YII[ pacrmonararorcst B BepXHe# dacTu ua-
TpaMMBI B YDy TOJIsl CHAEPOGHIUTUTOB. V3 3TOM nuarpaMMbl BUAHO, YTO JUIsS TPAHUTOB A-THIIA, BOOOIE XapaKTep-
Ha OYEHb BBICOKAs JKEJIE3UCTOCTh. TOUYKM cOCTaBOB OMOTHTOB CyOIIENOUHBIX rpaHuTONI0B Bocrounoro ITpna3oes
u rpaHuToB panaxkusu LlenTpansHoil u CeBepo-3anagnoit uactelt YIII u Me3030HCKUX TOMA30BBIX PUOIMUTOB 3amaja
CILIA oOpa3oBaiu equHOE oI Ha AUarpamme.

ITo ypoBHIO conepikaHHUil PEIKIX JIEMEHTOB PeAKOMeTaIbHbIE TpaHuThl Y11l — KaMeHHOMOTHITBCKHE, PYCCKO-
TIOJISTHCKHE, JIE3HWKOBCKHE OTHOCSTCS K TUIIOMa3UTOBBIM PEAKOMETANIbHBIM IPaHUTaM JINTHH-(QTOPUCTOTO THTA TI0
knaccudukarmu J1. B. Taycona [Taycon, 1977], B To BpeMsl Kak NepaHCKHE PEIKOMETAIUTbHBIC IPAaHUTHI OJIMIKE BCe-
IO OTBEYAIOT PEJKOMETAIIIBHBIM arfanToOBBIM I'PAaHUTaM 10 3TOH ke KilacCH(UKaInH.
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Kpussie pacnpenenenus P35 HOpMUPOBaHHBIE 10 XOHAPUTY B PEAKOMETAIIIBHBIX IPAHUTAX KAMEHHOMOTUIIb-
CKOTO, TIEPXKAHCKOTO, JIESHUKOBCKOTO KOMIUTEKCOB Y1I] 00:1a1at0T Y4eTKUM €BpONHEBBIM MUHIMYMOM U XapaKTepu3y-
I0TCS PE3KHUM NPeo0I1alaHueM JIETKUX JIAHTAHOMJIOB HaJl TSDKEJIBIMHU.

Ha muckpumunanmonnoii auarpamme Y-Nb no [Pearce et al., 1984] Touku cocTaBOB peKOMETALTEHBIX JICHKO-
rparuToB YIII, cyOmienounsix rpanuTonioB Boctounoro IIpua3zoBes n rpannToB ¢opmanuu panakusu Y1 pacro-
JIOKWIIUCH B TI0JIC BHYTPUIUIMTHBIX TPaHUTOB A-THra. [IpuHauIeKHOCTh K TpaHUTaM A-THIIa — B)KHOE 00CTOSTENb-
CTBO KaK C TOUKHM 3PCHHUS UX TEOXUMHH M METAJZIOTE€HMYECKON CIIEIIMAIN3aIMH1, TaK U C TOUKH 3PEHNUS TEOTEKTOHHYe-
CKOM IO3HITNH, BEPOSITHBIX T€OMHAMUYECKUX YCIOBHH 00pa30BaHMs, SBOIIONUH paciuiaBa U (OpMaIMOHHOTO Tapa-
reHe3Hca peaKoMeTauIbHbIX rpaHuToB YIII.

IIpoucxoxaeHre peaKoOMeTaIIbHBIX IPAHUTOB YKPAaUHCKOIO MIMTA HAXOAUTCS B TECHOM CBA3H C IPOUCXOXKAE-
HHEM 3HaYMTEIHHOTO II0 IO PACIPOCTPAaHEHHUs apeaja CyOIIeIOuHOr0 MarMaTi3Ma, pa3BUTOTO B BUZIE TUTYTO-
HOB B MeraOmokax YIII: [Ipna3oBckoro — roXXHOKaJIBIMKCKUN U XJ1e001apoBCKuil KoMmIutekesl Bocrounoro IIpnaszo-
Bbs; VIHTynbCKUI — HOBOYKPAWHCKUI M KOPCYHb-HOBOMUPrOpoiacKue Komiuiekcsl; CeBepo-3amagHblii — KOPOCTEH-
CKHI KOMIUIEKC. PekoMeTaulbHble TPAaHUTHl UMEIOT TeHETHYECKHE KOPHH ¢ MaTepUHCKUMHM IUTYyTOHAMH, BBIpa3H-
BIINXCS B PAZE OOIINX METPOIOTUIECKUX YepT.

B Unrynsckom u CeBepo-3amnagHoM MeraOiiokax Jj0Ka3aH CyOIIenoyHo# xapakrep rpaHuronnoB Hosoykpa-
nHckoro, Kopcyns-HoBomupropozackoro n KopocTeHCKOro 1ryToHOB, KOTOphIE 3aHUMAIOT 3HAYUTENIbHBIC TUIOMIAMIH.
Kopcyns-HoBomupropozckuii u KopocreHcknii panakuBH-aHOPTO3UTOBBIE MacCHBBI 3aHUMAIOT aBTOHOMHOE TI0JIO-
JKEHHE IT0 OTHOLIEHUIO K [JOKOJI0, ¥ UIMEET BCE YEPTHI, IPUCYIINE MarMaTHYECKUM PacIulaBaM. OTH ILIIyTOHbI BHYTPHU-
KOpOBEIE U 00pa30BaiCh Ha MTyOMHAX 10 35-40 kM.

JlokazaHa peaKo3eMeNnbHasi ClelHanu3anys rpaHuTonnoB Bocrtouno-IIpuaszosckoro, Kopcyns-HoBomup-
ropozckoro 1 Kopocrenckoro miytonos [Illepemer u np., 2011].

CornacHo reonuHamuueckoit mogenu O.I. Copoxtuna [CopoxtuH, 1985] pacmiaBsl ¢ MOBBIIIEHHBIMU COIAEP-
JKaHUSIMH KaJInsl M PEIKO3EMETIbHBIX 3JIEMEHTOB 00pa3yloTcs B Ipoliecce CyOMyKyIMu 3a CUET 3aTATMBaHMs OKEaHH-
YEeCKHX TIIMHUCTBIX OCAIKOB M JKEJIE3HCTBHIX KBAPIUTOB Ha COOTBETCTBYIOMIME NIyOMHBI. B cBeTe paccMoTpeHHOM
reoguHaMuuyeckoil Mmonenu [Azapos u 1p., 2006], nmpouecc NorpykeHusi OKEaHHYeCKUX ocagkoB 1o Kpupopokcko-
Kpemenuyrcxoit mosHoi 3one (KKII3) n Hemuposcko-Koueposckoii mosnoi 30ue (HKI3) nmpu goctmkennn nMu
MIyOWH JOCTATOYHBIX JJIs1 00pa30BaHUs MarMaTHYECKUX PaciUIaBOB U SBISIETCS IPUINHON (GOPMHUPOBAHNUS TPAHUTO-
nnos HoBoykpanHckoro, Kopcyns-HoBomuproponckoro u KopocreHckoro mryToHOB. JloKa3aHO 110 JaHHBIM I'€03JIeK-
TPUYECKHX UCCIEIOBaHMUII B Ipesieniax pa3BUTHs KupoBorpackoil aHOMaIny BEICOKOH 3JIEKTPOIPOBOAHOCTH ITOTPY-
sxenue no KKIII3 sxene3ucTsIx KBapUTOB Ha ITyOHHEI cBBIIIE 35 KM [A3apoB u 1p., 2006].

I'eonoro-reopusnyeckas cyOMyKIIMOHHasE MOJEb 1Ipra3oBbs paccMaTpuBaeT 30HAIBHOCTh TPAHUTOMTHOTO Mar-
MmatuaMa oT 30HbI ogasura (OINII3) k ee TeutbHOM wacTu (Bocrounoe [Ipnaszosse) [Llepemer u ap., 2011; Azapos
u ap., 2005]. XoTa oHa ¥ MUMEET 4epThl CXOACTBA C 30HAIIBHOCTBIO aHUICKOIO TUIMA, HO TPAHUTOUIHBIA H3BECTKOBO-
IIEJIOYHON MarMaTru3M He HOCHUT CTOJIb SIPKO BBIPaXKEHHBIN XapakTep B ONHM3JIekKaIlIeM K IOBHOM 30HE apeaie pacipo-
CTpPaHEeHUs] TPAHUTON/IOB N3BECTKOBO-IIENIOYHOTO psifia (OOMTOUHEHCKHI KOMIUIEKC), TaK KaK B 3TOM II0JI€ TPOSIBIEH
M CyOIIENOYHON TPaHUTONAHBIN M KapOOHATUTOBBIN Marmaru3M. ThuioBas 30Ha cyOomykimu (Boctounoe IIpuasoBbe)
TpeJICTaBJIeHa CyOIIeIOUHBIMI TPAHUTAMH (KaMEHHOMOTHIIBCKHI ¥ BOCTOYHO-TIPHA30BCKHUI KOMITIEKCHI) M He(heJTHO-
BBIMH CHEHHTaMH M MapHyToInTaMu (OKTAOpbCcKuii komrutekce). B atom otnHomenny npexnonoxenue O.I. Copoxtuna
[CopoxTtuH, 1985] 006 0TCYTCTBHM N3BECTKOBO-IIIEIOYHOTO MarMaTH3Ma OCTPOBOIYKHOTO MITH aHUHCKOTO THIIOB H3-32
a¢dexra mposana BHU3 B IPOLIECCE ITOIABUTA XKEJIEZUCTHIX 0CATKOB OKEAHNIECKOTO /IHA, OCTAaTKH KOTOPBIX COXPaHMIIICh
B OpexoBo-IlaBiorpasickoii OBHOM 30HE, HAXOAUT CBOE IOATBEPKACHHE IJIst MoienH cyOaykimu [1prazoBckoro mera-
6110Ka. 3arsruBaHNe IIMHHUCTBIX IIEJIarMYeCcKUX OCaJKOB M JKEIE3UCTHIX KBapIUTOB 110 OpexoBo-IlaBiorpaackoii mos-
Holt 30He o [Ipra3zoBckuii MeraOIIoK SBUIIOCH PHYMHON HX TIeperriaBieHus Ha TiryonHax 30—40 kM, B pe3yibTare Ko-
TOPBIX 00pa30BaAUCH CYOIIENOUHbIe pactuiaBel [A3apoB u ap., 2005]. [IpoOHUKHOBEHHE MIEIOYHO-YIABTPAOCHOBHBIX U
KapOOHAaTUTOBBIX PacIUIaBOB MPOUCXOAMIIO TI0 ITyOWHHBIM pa3iioMaM U3 NIyOuH cBblme 50 KM.

VIBTpakucIble peIKOMeTaUIbHbIE TPAaHNTHI SBJISIIOTCS 3aKIIOYUTENBHBIMU T depeHaramu cioxaoaudde-
PEHIIMPOBAHBIX ITyTOHOB CYOIIENIOYHBIX TPAHUTONI0B, UMEIOIINX PEIKO3EMENbHYIO CIICIHATN3ALHIO.
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RARE-METAL GRANITES OF THE UKRAINIAN SHIELD
(PETROLOGY, GEOCHEMISTRY, GENESIS)

E.M. Sheremet!, S.G. Krivdik?, E.V. Sedova?

'Ukrainian State Research and Design Institute of Mining Geology, Rock Mechanics
and Mine Surveying, NAS of Ukraine, Donetsk, Ukraine, EvgSheremet@yandex.ru
’Institute of Geochemistry, Mineralogy and Ore Formation, NAS of Ukraine, Kiev, Ukraine
3Donetsk National Technical University, Donetsk, Ukraine

Studying petrology, geochemistry and ore-bearing of igneous formations of rare-metal or rare-earth specializa-
tion is of substantial practical interest.

The Azov region in the east part of the Ukrainian Shield (USh) is the principal rare-metal-rare-earth province
of Ukraine. Nowadays owing to the existence of the explored unique field of the Azov zirconium-rare-earth deposit,
together with the others, yttrium and yttrium earth metallogenic specialization is expressly defined. In the Ingul mega-
block of the Central part and in the North-West megablock of the West part of the USh with rare-metal leukogranites
rare-metal-rare-earth mineralizations are found.

As in the other regions, rare-metal granites of the USh are alkali-feldspar varieties. These are albite-microcline
(subsolvus) or mono- and alkali-feldspar (hypersolvus) granites.

Platform types of miaskite (plumasite) rare-metal granites within megablocks of the USh from east to west are:
in the Azov region — Proterozoic granites of Kamennaya Mogila complex (Kamennaya Mogila, Yekaterinovka, and
Starodubovka); in the Ingul megablock — Proterozoic granites of Russkoe Pole complex of Korsun-Novomirgorod
rapakivi pluton; in the North-West megablock — Lezniki and albite-microcline granites of Korosten pluton [Sheremet
et al., 2014]. Alkali-rare-metal leukogranites are found in the North-West megablock of the USh (Proterozoic aegirine,
riebeckite and partially annite varieties of Perga granites of Korosten pluton) and agpaite ones — in the Azov region
(Devonian dyke analogues of alkaline granites attributed to grorudites) [Sheremet et al., 2014].

Identification of the type of granite melt that has formed massif complexes as well as interpretation of their
petrogenesis is of importance for understanding the features of geologic evolution of this segment of continental Earth
crust, Paleoproterozoic geodynamic setting and conditions for forming of other closely spaced and similar in rare-
metal specifics igneous rocks of the USh.

Based on their petrochemical characteristics, compositions of rare-metal leukogranites of the USh correspond to
subalkalic leukogranite composition when SiO, is 73.2-76.9 % and K,0+Na,O is 8.1-8.9 %. On Al,0,-MgO diagram
biotite compositions of rare-metal granites of the USh are in the field of A- and S-type aluminous granites. Points of the
compositions of biotites of rare-metal leukogranites of Perga complex (North-West district of the USh) are in the field of
anorogenic alkaline granites, near Al,O, ordinate. Points of the compositions of biotites of rapakivi granites of the Central
and North-West parts of the USh are both in the field of A- and S-type aluminous granites and in the field of anorogenic
alkaline granites. They are characterized by higher MgO content. On annite-siderophyllite-phlogopite-eastonite diagram
biotite compositions of rare-metal leukogranites of the USh are in its upper part, in the corner of the field of siderophyl-
lites. This diagram shows that in general very high ferruginosity is typical for A-type granites. Points of the compositions
of biotites of subalkalic granitoids of the East Azov region and rapakivi granites of the Central and North-West parts of
the USh and Mesozoic topaz rhyolites of the west of the USA form a single field on the diagram.

Rare-metal granites of the USh (Kamennaya Mogila, Russkoe Pole and Lezniki complexes) with their rare ele-
ments are attributed to plumasite rare-metal granites of lithium-fluoric type according to L.V. Tauson classification
[Tauson, 1977].

REE distribution curves normalized by chondrite in rare-metal granites of Kamennaya Mogila, Perga and
Lezniki complexes of the USh have sharp europium minimum and are characterized by predominance of light lan-
thanides over heavy ones.
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On Y-Nb discrimination diagram [Pearce et al., 1984] points of the compositions of rare-metal leukogranites of
the USh, subalkalic granitoids of the East Azov region and granites of rapakivi formation of the USh are in the field of
intraplate A-type granites. Their identity with A-type granites is important both with relation to their geochemistry and
metallogenic specialization and in the context of geotectonic position, presumable geodynamic conditions for their
formation, evolution of the melt and formation paragenesis of rare-metal granites of the USh.

The origin of rare-metal granites of the Ukrainian Shield is closely connected with the origin of the vast area of
distribution of subalkalic magmatism developed in the form of plutons in megablocks of the USh: Azov region — South
Kalchik and Khlebodarovka complexes of the East Azov region; Ingul — Novoukrainka and Korsun-Novomirgorod
complexes; North-West — Korosten complex. Rare-metal granites have genetic roots with parent plutons expressed in
a number of common petrological features.

In the Ingul and North-West megablocks subalkalic nature of granitoids of Novoukrainka, Korsun-Novom-
irgorod and Korosten plutons that occupy vast areas has been proved [Tauson, 1977]. Korsun-Novomirgorod and
Korosten rapakivi-anorthosite massifs stand alone of the basement and have all features peculiar to magmatic melts.
These are intracrust plutons formed at the depths up to 35-40 km.

Rare-metal specialization of granitoids of the East Azov-Korsun-Novomirgorod and Korosten plutons has been
argued [Sheremet et al., 2011].

According to O.G. Sorokhtin geodynamic model [Sorokhtin, 1985], melts with increased content of potassium
and rare-earth elements have formed during subduction by pulling marine argillaceous sediments and banded iron
formation (BIF) down to certain depths. In view of the considered geodynamic model [Azarov et al., 2006], plunging
of marine sediments down along Krivoi Rog-Kremenchug suture zone (KKSZ) and Nemirov-Kocherov suture zone
(NKSZ), when their depths were sufficient for formation of magmatic melts, was the cause for formation of grani-
toids of Novoukrainka, Korsun-Novomirgorod and Korosten plutons. Electric prospecting data within development of
Kirovograd high-resistance anomaly have verified plunging of BIF along KKSZ down to 35 km [Azarov et al., 2006].

Geologic-geophysical subduction model of the Azov region considers zonation of granitoid magmatism from
the subduction zone (Orekhov-Pavlograd suture zone) towards its rear part (East Azov region) [Sheremet et al., 2011;
Azarov et al., 2005]. Although it has similar features with the Andean type zonation, granitoid calc-alkaline mag-
matism is not so strongly pronounced in the propagation area of granitoids of calc-alkaline row near the suture zone
(Obitochnaya complex) because in this field both subalkalic granitoid magmatism and carbonatite magmatism is
developed. The rear subduction zone (East Azov region) is subalkalic granites (Kamennaya Mogila and East Azov
complexes) and nepheline syenites and mariupolites (Oktyabrskoe complex).

In this view O.G. Sorokhtin’s assumption of the absence of calc-alkaline magmatism of island arc or Andean
type due to the effect of falling down to the depth of ferruginous marine sediments in the process of subduction [So-
rokhtin, 1985], the remains of which preserved in Orekhov-Pavlograd suture zone, discovers substantiation for the
Azov megablock subduction model. Pulling of the pelagic sediments and BIF along Orekhov-Pavlograd suture zone
under the Azov megablock was the cause of their remelting at depths of 30—40 km that resulted in the formation of
subalkalic melts [Azarov et al., 2005]. Penetration of alkali-ultrabasic carbonatite rocks was along deep faults from
the depths of more than 50 km.

Ultra-acid rare-metal granites are final differentiates of multiple differentiated plutons of subalkaline granitoids
of rare-earth specialization.
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ITpoGnemMa MpoOMCXOXKACHUS KUCIBIX MarM JI0JTr0€ BpeMsl He UMeJia YOeANTEIbHOTO PEenIeHuUs. OTO CBSI3aHO C
TEM, YTO MO SKCIEPUMEHTAIBHBIM JaHHbIM [['puH, 1973] B nepBUYHOM YIBTPAOCHOBHOM BEIIECTBE 3€MIIM KUCIIBIE
BBITUTABKM MOTJIM BO3HMKATh JIMIIb NIPH TUIABJICHUN ero Ha 3—5 % B ycnoBusx masieHust meHee 3—4 k6. OnqHako, mo
MPUHAMAEMON B TE€OJIOTHH THITOTE3€ XOJOAHOW aKKpPELIMH HAICH IUIaHEeThl Ha TIyOWHE, COOTBETCTBYIOIECH 3TOMY
nmasieHnro (meHee 10—15 kM), HUKOTHA He cymiecTBoBana Temreparypa (1000—1100°), HeoOxoxnmast s Hadasa IuiaB-
JIeHHs 3TOTOo BemecTBa. [1o skcriepruMeHTabHBIM TaHHBIM [Arndt, 1977] BEIIIaBKY U3 IEPUIOTUTOB HAYWHAIOT OT/C-
JSITBCS OT TBEPABIX (pa3 JIMIIB ITpH paciuIaBIeHUH HX Ooree, ueM Ha 35—45 %, mocie pa3pyIeHus Kapkaca CpOCIInX-
sl KPUCTAIJIOB. DTO MOATBEP)KAACTCS ABTOXTOHHOCTHIO aHATEKTHUECKOTO JKMIIBHOTO MaTepralia B MUTMaTHTax J1aXe
npu conepxkanuu ero 40-45 % [Llxoa3uncknii, 2014]. OTCyTCTBHE B ThICAYaX H3y4YEHHBIX KCEHOIUTOB 3KJIOTUTOB W3
KIMOEPIIUTOB KHCIBIX TI0 COCTaBy 000co0IIeHMT onpoBepraeT npennonokenue [[puH, Puareyn, 1968] o Beimnasme-
HHUH KUCIIBIX MarM U3 3THX MTOPOI.

BbIxon m3 Tymuka HaMEeTWIICS TOCJE YCTAHOBJICHHS JI0Ka3aTElIbCTB TOPSUEro oOpa3oBaHUS IUIAHET 3€MHOM
Tpymms! ¥ GPaKIMOHUPOBAHNH Ha HUX TIIO0ABHBIX OKEAaHOB MarMbl. K 4HCITy TaKuX J0Ka3aTeIbCTB OTHOCSTCS Mar-
MaTHYECKOE MPONUCXOKACHUE U JPEBHHUI BO3pacT BCeX MOpox JIyHBI, MPUCYTCTBUE TPEH/IA MarMaTHIECKOTO (PpaKIy-
OHMPOBAHMS B 36MHBIX MAaHTHHHBIX ITOPO/IaX U3 KCEHOJINTOB B KNMOEPIINTAX, yMEHBIIICHHE H30TOITHBIX BO3PAcTOB U
TEMITEpaTypbl KPHCTAILTM3AIMH Pa3HbIX 110 COCTaBYy MAHTHIHBIX ITOPOJT B TIOJIHOM COOTBETCTBHH C TOCIIEIOBATEIBHO-
CTBIO X 00pa30BaHUs MPH (PPAKIIOHNPOBAHNN U MHOKECTBO ApYyTuX AaHHBIX [[Ikom3uHCcKknit, 2014].

ITo pa3paboTaHHON MOZIEIH B IIEPHO AKKPEIIMN 3€MIIM IPOUCXOIMIIO MIMIIAKTHOE TUIABJICHHE BBITIA/IaBILIETO Be-
IECTBA ¥ KPUCTAJUIU3ANNS NMPUIOHHBIX YacTeH BOZHHMKIIETO MarMaTHYECKOTO OKeaHa MOJ BIMSHHEM pOCTa JaBie-
HUSI €TO HOBOOOPA30BaHHBIX BEPXHMX dacTed. Kymynarer ¢popmupoBany nopoas! HIKHEW MaHTHH. Benencreue He-
GoIpIIION ermie TTyONHBI PAHHETO MarMaTHYECKOTO OKeaHa M HU3KOHM CHUTBI TSDKECTH Ha HEOOMNBIION 3emiie TaBleHHe
Ha eTo JHE JUINTEIbHOE BpeMs Obi10 MeHbIne 3—4 k6ap. [ToaToMy ocTaTouHbIe pacIiIaBbl, BO3HUKABIINE P MPUI0H-
HON KOMIPECCHOHHON KPUCTAJUIM3ALNH, IMEJIN COCTaB OT TOJIEUTOB JI0 fanuToB. Hanboee nerkne KUCible paciia-
BBl HaKaIUTMBAJIMCh B BEPXHEH YacTH MarMarudeckoro okeaHa. OOpa3oBaHUe TaKUM ITyTeM OONbIIEH 4acTn HIKHEH
MaHTHH MOIITHOCTBIO TIOYTH TPH THICSIH KHIIOMETPOB 00YCIIOBHIIO BOSHUKHOBEHHE OTPOMHOTO 00bEMa KHCIBIX OCTa-
TOYHBIX PacIUIaBOB U COPMHUPOBABIIUXCS U3 HUX PAHHEAOKEMOPHICKIUX OPTOTHEHCOB M TPAaHUTONIOB, BEICOKOTIIH-
HO3EMHCTHIX B BEpPXHEH 4aCTH KOPHI M CYOIIEIOYHbBIX — B HIDKHEH.

ITo mepe omyckanus (poHTa KPHCTAUIH3AMK B HIDKHUE Oosiee MaduiIecKkne CI0M MarMaTHIecKoro OKeaHa
B pe3yJIbTaTe BHICOKOOAPUYECKOTO (PPAKIIMOHNPOBAHUS ITPEUMYIECTBEHHO B MPOTEPO30€ BOHUKAIH IIEIOYHOTPA-
HHUTHBIC, MOHIIOHUTOBBIEC ¥ CHEHUTOBBIC OCTATOYHBIC PACIIaBbl M MarMel. B (hanepo3oe GpakmoHNpoOBaHUE HIDKHE-
TO YABTPAOCHOBHOTO CJIOS IPUBEJIO K 00pa30BaHHIO OOIBITMHCTBA JIAMIIPOUTOBBIX, KAPOOHATHUTOBBIX X KUMOEPIIHTO-
BBIX OCTATOYHBIX PacIlUIaBOB U MTOPO.I.

I'eonorndeckne HAOMIONEHNUS CBHICTEIBCTBYIOT O TOM, UTO €II¢ NMOJHOCTHIO HE3aTBEPCBIINE TPAHUTOTHEH-
CBI TTTYOMHHBIX METaMOP(PHUIECKUX KOMIUIEKCOB BCIUIBIBATH M BBDKMMAIIMCh B MPOLECCE TEKTOHMUYECKHUX Aedopma-
it [[xom3uacknit, 2014]. TTo Mepe mompeMa ux MeTaMop(huIecKas CTPYKTypa IMOCTETIEHHO MPpeoOpa30BhIBaliach B
THITUANOMOP(HO3EPHUCTYIO ¥ TIO OOJIMKY OHH IPHOIPKAINCH K MarMaTHIECKUM IPaHUTaM, YTO CBHJIETEIBCTBYET 00
WX TIIaBJICHUH TIO]] BIMSHHEM JICKOMIPECCHU W BBIIEJICHHS TEIUIa TPEHHS BSI3KOTO TEUCHHMs. BHIMToIHEHHbBIE pacde-
TBI TIOATBEP/AMIIA BOBMOXKHOCTH JIEKOMITPECCHOHHO-()PUKIIHOHHOTO (PEOMOP(HHUIECKOr0) MpeoOpa3oBaHus IPaHUTOT-
HelcoB B kucible MarMbl. Kak wnmoctpupyeT puc. 1, B cilydae BEDKIMAaHHS TPAaHUTOTHEWCOB IO BIMSHUEM TEKTO-
HHYECKOTO JIaBieHns B 3 kOap (imHMM 1-5) comepxanue paciuiaBa B HUX YBEIHUUBAIOCH HA 65 %. Takum oOpazom,
B CKJIQTIATHIX 00TACTAX C KHCIOH KPUCTAJUTMIECKOH KOPOH B pe3ysIbTare BBIACICHHS TEIUIA TPEHUS BA3KOTO TEUCHUS
TIO/T BIMSTHUEM OJHOCTOPOHHETO JaBJICHHS TPOMCXOAMIO IIpeodpa3oBaHne Handoee JIETKOTIaBKUX TTOPOJ] 3TOH KOPbI
B KHCJIbIE MarMbl. MOIIHOCTh KPHCTAJUIMIECKOH KOPHI HAa KOHTHHEHTaX OOBIYHO COCTABIISIET HECKOJIBKO JIECATKOB KH-
nomeTpoB. CreroBaresbHO, 00beM BO3HUKABIINX B HEH KHCIIBIX MarM 4arie BCEero ObII KOJIOCCAIBHBIM, TO3TOMY (op-
MHUPOBAINCH TPAHUTHBIE OATOJHTHI.
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600 800 1000 T°C Puc. 1. P-T nuarpamMma a3oBoro coctaBa rpaHUTHBIX MarM
70 l—— C COACpKaHMEM I mac. % H,0 u 0.1 mac. % CO,. Jlunuu co crpen-
. ! : KaMU — Pa3JInYHbIC BAPHAHTHI DBOJIOIIMHA MarM IpH MOIbEME.
| o+0 N A — reoTepMUYECKU aTeorpafueHT AJIaHcKoro muta, I' — Oomnee
y : BBICOKOTEMIIEPATypHbIi rpaauent, HI' — mpeanonaraeMast HUXKHsAA TpaHUALA
1 f" | PacIpoOCTPaHeHUs] KUCIBIX MeTaMOPGHIECKHX HOPOJ B 3eMHOIl kope. Pc —
£ 7/ ! paciuiaB, D - q)HIOI/IZ[, 3 — KBapIl U IIOJIEBBIC IINATHI B 3BTEKTUYECCKUX CO-
“""\ ; 0 oTHOIIEeHUAX. Hmwkuuii n BerHI/IfI HWHJCKCHI — COACPIKAaHUE COOTBETCTBEH-
5 = : -~ HO BOJBI U YITICKHUCIIOTHI B pacIliaBe, B CKOOKax — OTHOIICHUE YTIICKHCJIOTHL
il i R k Boge [llIxon3unckuii, 2014].
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Puc. 2. Cootnomenne K, = (Al-2Ca)/(Na+K) u SiO,/CaO Brpanu- 0,6 zl % KOHTUHEHTanNbHbIX —
TOWZAX: PAHHETOKEMOPHHCKUX AJITAHCKOTO IUTA; KOJTM3HOHHBIX U PEA- H o pudTos
KOMeTaJIbHbIX [ TaBHOrO OaronutoBoro mosica SIno-KonbiMckoit ckimamgya- HU3Kaa [ R BbICOKas
TOW 00nacT; CyOMyKIMOHHBIX U KOHTHHEHTAJIBHBIX PUPTOB Pa3IMYHBIX CcTeneHb g)paKuHOHHpOBaHHH
peruonoB (Ilkox3unckuii, 2014). 20 40 60 100 300 600
Si0,/Ca0, mac.

OO0pa3oBaHNe TaKUM ITyTeM 0aTOINTOB MOATBEPKIACTCS MACHTHYHOCTHIO MX COCTaBa C paHHEIOKEMOPHIICKH-
MU TPaHATOMIAMH. DTO WUTIOCTPUPYET pHuc. 2, Ha KotopoM BemmanHa Si0,/CaO 1o ropu30HTaNBHON OCH SBIAETCA
YyTKHAM TTOKa3aTeJeM CTeleHH (PaKIIMOHUPOBAHIS ITPH 00pa30BaHNHU HUCXOAHBIX MarM, a 3HadeHne (Al-2Ca)/(Na+K)
10 BEPTUKAJILHOM OCH 00paTHO BEIHIHHE IIEIOYHOCTH ITpu (hopMupoBaHuH TpaHuTONA0B. Ha prcyHKke momne coctaBa
TPaHUTOMIOB KOIDTH3MOHHOTO [J1aBHOTO OaromuToBoro nosica SIHo-KombiMckoii ckitaggaTroi 00IacTy MOYTH HeaTb-
HO TOYHO COBIAJAET C MOJIEM PaHHETOKEMOPHHCKIX IPAHUTOMIOB AJJTAHCKOTO IIUTA, PACIIONOKEHHOTO ITPUMEPHO
B THICSY€ KHJIOMETPOB OT HEro. [IpoykToM 04eHb ITyO0KOro Mao0apiuiecKoro BHyTPHKaMEPHOTO (GpaKIMOHNPOBA-
HUSI KUCITBIX MarM SIBIISIFOTCS| PEKOMETAUIbHBIE TN THH-(TOPHCTHIC TPAHNTBI, KOTOPBIE 00Pa3yroTCs Ha MOCTCKIIAAda-
TOM CTaINA DBOIIOIMHN KOJUTH3MOHHBIX 00JIacTeii.

ITpn nogbeMe HIPKHEMaHTHIHBIX TUTIOMOB COZIEPIKAIINECS B HUX TeJla KJIOTUTOB B IIEPBYIO OYEPEb IIEPEILIaB-
JSUTACH TIOZ BIMSTHUEM OTPOMHOHN JAEKOMIIPECCHH ¢ (OPMHUPOBAHNEM TOJIEUTOBBIX M KBAPI-TOJIETOBBIX MarM. Ouaru
TaKUX MarM B MAaHTHY KPUCTAIM30BAINCE M (PPaKIIMOHNPOBAJIH IIPH OCTHIBAHNH. B ciIydae OTHOCHTENBHO MaJIoOTITy-
OWHHBIX yCJIOBHI B HUX ()OPMHUPOBAINCH KHUCIIBIE OCTAaTOYHBIC PACIUIaBBl 1 MarMaTHYECKHUE TIOPOABI TAKOTO COCTAaBa,
BCTPEUAONINXCS HA OKEAHMYECKUX OCTPOBaX, B KOHTHHEHTAIBHBIX PUPTAX U B 30HAX CyOAYKIMH. DTH MarmMsl Gop-
MHUPOBAJINCH B YCIOBUSIX HANOOJIEE BHICOKOTO IABJICHHS, UTO SBIISCTCS MPUIMHON MX MOBBIIIEHHOH MIETOYHOCTH. Ta-
KM 00pa3oM, TOITBKO HPOLECCH MarMaTHIECKOTO (PPAKIMOHNPOBAHNS TIPUBOIIIIN K 00pa30BaHHIO KHCIIBIX MarM.
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INTEGRATED GEOCHEMICAL MODELLING OF THE MAGMATIC SYSTEMS
AND THE EARTH’S CONTINENTAL CRUST EVOLUTION: A SOURCE OF THE PETROLOGICAL
INFORMATION INTEGRATED IN GEOPHYSICAL MODELS AS WELL AS ATOOL FOR AREA
SELECTION AND INVENTORY PROSPECT MINERAL EXPLORATION

S.E. Shnyukov

T. Shevchenko National University of Kiev, Ukraine
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Elaboration and integration of the geochemical models of two different types should be considered under the
umbrella of this General Title. Both of them finally are based on the wide-spread accessory minerals’ (WSAM: zircon,
apatite, monazite etc.) geochemistry. First type includes the models of the magmatic systems formation and their fur-
ther evolution up to magmatic-hydrothermal ore-forming stage. Second type is represented by the models designed
for the geochemical evolution of the system continental crust — depleted mantle reservoir.

Proposed models of the first type are based on a set of equations for trace element behaviour during the melt
crystallization/partial melting (Rayleigh—-Neumann—Ryabchikov—Shaw et al.) and WSAM’s solubility equations
(Watson—Harrison-Montel), which are mainly used to derive the model evaluation of the temperature (T_ ) and
fluid regimes of the magmatic system from the whole-rock geochemical data. Furthermor, such models include
some new contributions, e.g.: (1) specially calibrated InK}**™vs. 1/T(K) dependence with the equation for the in-
verse problem solution (K{P#™ = Ca»/CZm; Cop, CZ™=Y;, =Y content in coexistent apatite and zircon respectively)
which allows to confirm obtained T__  values (key input parameter for most of calculations), (2) equations for
calculation of the fluid/melt distribution coefficient (K™t = CF/C"; C", C* = element content in the fluid and melt re-
spectively) and the model element composition of the hydrothermaly altered rocks and their WSAM, (3) procedures
for ore-forming potentiality estimation of real magmatic and magmatic-hydrothermal systems (4) procedures for
determination of the initial magma source, estimation of the corresponding degree of partial melting and identifica-
tion of the comagmatic rock series, etc. These constituents may be resulted in generalized geochemical model of
the magmatic system.

Models of the second type [McCulloch & Bennett, 1994 as an example] are based on the estimation of the rate
of growth of the continental crust at the expense of the extraction from the depleted mantle. This estimation is a key
input parameter to account the evolving trace element compositions of the crust and depleted mantle assuming the
partial melting process as a main mechanism for the mantle-to-crust element transfer. Modern current data about the
rates of crustal growth are based on areal distribution of rocks and their Sm-Nd and U-Pb age determinations. Com-
parable and may be more correct results may be derived from single-grain trace element geochemistry of WSAM’s
large detrital populations that reflect provenance (age, composition and volume content of rocks within the drained
area/crustal block). Authors suggest a fast and inexpensive method based on regional-scale heavy mineral sampling
[Shnyukov et al., 1987, 1989, 1991, 1997; Andreev et al., 1998 etc.]. Method includes following specially elaborated
tools: (1) milliprobe X-ray fluorescence analysis (XRF-MP/SG) for trace element (Hf, Y, Th, U, Pb, Sr etc.) single-
grain determination, (2) modified version of “total lead” method for zircon and monazite single grains approximate
age dating, (3) discriminant diagrams for parent rocks identification based on zircon, apatite, monazite and titanite
trace element composition, (4) procedures for final calculations. An application of the proposed method to crustal
history reconstruction and monitoring of the geological/metallogenic events (kimberlites, alkaline rocks, carbonatites
formation etc.) within the Ukrainian Shield and other regions confirms its effectivenes. To be used in a routine practice
method requires a great number of single-grain trace element analysis. It is XRF-MP/SG technique that permites to
do it much faster and cheaper than other analytical techniques. In order to obtain more complite trace element and
isotopic data as well as accurate age single-grain determinations XRF-MP/SG should be combined with LA-ICP-MS
on the final research stage.

Both types of the models are closely connected. Determination of the initial magma source and estimation of
the corresponding degree of partial melting in the models of the first type create a need for information about evolv-
ing element content in crust and mantle (input parameters). These data may be derived from the models of the second
type. Final geochemical models of the magmatic systems allow to predict the composition of the restite and cumula-
tive rocks within magma source regions and magma chambers respectively, as well as their physical properties. Such
potentialities of the geochemical models may be regarded as a basis for their integration in various geophysical models
to form the uniform one.
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Large set of the realistic projects may be proposed under the umbrella of this General Title. For example:

1. Monitoring of the region-scale geological/metallogenic events on a basis of single-grain trace element geo-
chemistry of zircon, monazite, apatite and titanite large detrital populations: diamonds, phosphorus, rare metals (in-
cluding REE).

2. Geochemical modeling of magmatic and magmatic systems evolution: petrogenetic aspects and genesis of
complex ore mineralization (Ti, P, rare metals etc).

3. Carbonatite complexes of linear and central types: comparison, models of formation, ore mineralization.

4. Geological study of subglacial terranes of Antarctica on a basis of single-grain geochemistry of zircon and
monazite detrital populations from glacial sediments.

5. Geological (rock) Depositories/Repositories: goals, sampling, analytical (laboratorial) support, databases, its
interpretation and various applications.

Any other projects under this umbrella may be elaborated. But the formation of the adequate specialized region-
scale geological depository is a main condition of their realization.
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The North China Craton (NCC) is commonly divided into three main tectonic units, the Archean Western and Eastern
blocks, separated by the Paleoproterozoic Trans-North China Orogen (Fig.). Granitoid magmatism in the NCC extends back to 3.8
Ga and continued intermittently to the Archean/Proterozoic boundary at 2.5 Ga. Across the craton, the majority of granitoids record
ages of ~2.5 Ga, similar to the Dharwar and Bundelkhand cratons in India, but distinct from most other Archean cratons around
the world.

The oldest rocks in the NCC are restricted in area (~1 km) and crop out only near Anshan in the Eastern Block (see Fig.).
Here, a series of tonalite-trondhjemite-granodiorite (TTG) gneisses are exposed in a number of quarries and road cuttings and reveal
a broad range of ages from 3.8 to 3.1 Ga. Precise U-Pb zircon ages have been obtained from the Baijiafen quarry and Dongshan
scenic park. The oldest rock at Baijiafen is a 10cm-wide band of TTG gneiss with an age of 3800 += 5 Ma [Liu et al., 2007, 2008],
although it contains zircons as old as 3822 + 7 Ma [Wu et al., 2005 a]. The oldest material at Dongshan scenic park is a trondhjemite
with an age of 3811 + 4 Ma [Song et al., 1996], whereas a quartz diorite boudin within the TTG gneisses records a weighted
mean *’Pb/2%Pb age of 3794 + 4 Ma [Liu et al., 2008]. Detailed work indicates that individual TTG bands record a range of ages
extending to as young as 3573 + 21 Ma [Liu et al., 2008], but it is unclear if these represent discrete magmatic events. Importantly,
the majority of granitoids in the area record ages of 3.3 and 3.1 Ga, although they do contain zircon xenocrysts with ages of ~3.8
Ga [Wu et al., 2005 a; Liu et al., 2008]. Recent studies have established that the hafnium model ages of the ancient zircons only
extend back to ~3.9 Ga, which is close to the emplacement age of the oldest rocks. Whole-rock Nd model ages presented by Wu et
al. [2005 b] and Wan et al. [2005] are overall slightly younger, although the oldest reported model age is ~4.1 Ga.

As indicated above, the majority of Archean granitoids in both the Western and Eastern blocks record ages of ~2.5 Ga, but
some 2.7 Ga granitoids are also present. Where these rocks have been studied in detail, the 2.7 Ga granitoids are quite restricted,
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although zircons of this age are commonly present within the younger 2.5 Ga rocks [Wilde et al., 1997]. The only area where 2.7 Ga
rocks make up the majority of the granitoids is in western Shandong Province in the Eastern Block, where they are associated with
supracrustal rocks of similar age [Wan et al., 2010]. Overall, two main Archean magmatic events are recorded; TTG and K-rich
granitoids with ages of ~2.55 Ga and K-rich granitoids with ages of 2.53 Ga [Wilde et al., 1997, 2005; Grant et al., 2009]. These
have been extensively studied in the Eastern Block of the NCC and also within the Trans-North China Orogen, where they occur
as deformed bodies affected by Paleoproterozoic metamorphism at ~1.8 Ga. An important feature of the 2.53 Ga granitoids is that
they underwent high-grade metamorphism at ~2.5 Ga, resulting in migmatization and the formation of anatectic granites whose age
straddles the Archean/Proterozoic boundary [Yang et al, 2008; Grant et al., 2009].

A compilation of all the reliable Nd data for the North China Craton was made by Wu et al. [2005 b]. They concluded
that there were significant differences between the Eastern and Western blocks and the Trans-North China Orogen. Few data are
available for the Western Block and these record an average Nd model age of 2.74 Ga, with no model ages greater than 3.2 Ga. The
Eastern Block shows two peaks in the data: at 3.4 Ga and 2.8 Ga, with the latter being dominant. Data from basement rocks in the
Trans-North China Orogen indicate a single population between 2.8 and 2.4 Ga, with an average Nd model age of 2.7 Ga. When
considered as a whole, the data give a mean model age of 2.8 Ga. This is older than the majority of U-Pb zircon ages recorded from
magmatic rocks in the NCC, indicating that 2.5 Ga was a period of crustal reworking rather than an episode of crustal growth [Wu
et al. 2005 b]. More recently, Hf data from zircons has generally confirmed this finding. Zircon Hf data from the Western Block are
sparse, but show a similar peak of two-stage model ages at 2.7 Ga for the TTG [Geng et al., 2012]. In the Eastern Block, two-stage
model ages are concentrated between 4.0-3.5 Ga, indicating a short crustal residence time for the earliest crustal components, and
a major peak at 2.75 Ga, marking the main period of crustal growth [Geng et al., 2012]. The latter group of zircons record mainly
positive epsilon Hf values, indicating the input of juvenile material at this time. Two-stage model ages from the Trans-North China
Orogen show a peak at ~2.7 Ga, similar to the Eastern Block [Geng et al., 2012]. Overall, the Hf data substantiate the view that the
main period of crustal growth in the NCC was at 2.8-2.7 Ga and that the abundance of 2.55-2.50 Ga granitoids reflects reworking
of the crust with only limited juvenile additions.
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The Eastern Pontides (part of the Sakarya Zone) together with the Caucasus within the Tethyan realm represent
a continental block accreted to a northern continental domain defined by the Ukrainian shield and Scythian platform.
Here we report on the Early to Middle Devonian and Late Carboniferous granitic rocks from the basement of the East-
ern Pontides, and discuss their geodynamic implications. The Siran granites form an E-W trending narrow belt with 23
km length and 1-2 km width, within the Early to Middle Jurassic volcanoclastic rocks. To the north the granite body
is thrust over the Jurassic volcanoclastic rocks, and to the south unconformably overlain by the Early to Middle Juras-
sic volcanoclastic rocks with up to 10 m thick basal conglomerates and sandstones. Overall the granite body is highly
weathered and altered, and consists of unfoliated medium-grained biotite granite to granodiorite, locally crosscut by 1
to 30 cm thick aplitic dikes. No mafic microgranular enclaves are encountered.

The granite and granodiorite comprise plagioclase, quartz, perthitic K-feldspar, altered biotite, and accessory
apatite and zircon. Secondary minerals are muscovite, calcite, chlorite, albite, opaque. The samples are character-
ized by a narrow compositional variation (e.g. Si0,~72-75 %; Al O,~12.5-14.4 %). ASI values range from 1.08 to
1.46, suggesting peraluminous affinity. Chondrite normalized rare earth element patterns are slightly fractionated with
La/Yb values of 1-8, and locally pronounced Eu anomaly (Ew/Eu* 0.15-0.72). These geochemical features suggest
important role of plagioclase and minimal role of garnet during fractionation. Zircons from two samples were dated
by U-Pb technique by LA-ICP-MS. Dated zircons display oscillatory and sector zoning, characteristic of those grown
from a melt phase. Zircons from the sample taken from the western end of the zone yielded a Concordia age of 312 +
8 Ma (2s) (Late Carboniferous). On the other hand, the sample from the eastern end of the zone yielded a concordia
age of 393 + 7 Ma (2s) (Early to Middle Devonian). The field relationships do not allow a clear separation of the
Carboniferous and Devonian domains. Initial eNd and #Sr/%6Sr ratios are in the range —6...—11) and 0.7043-0.7053,
respectively. In the Devonian domain, initial eNd values are —5 to —8, initial ¥St/*Sr ratios are 0.7010 to 0.7104.

Carboniferous granites are common in the Sakarya Zone and Caucasus. Early to Late Carboniferous granitic
magmatism is commonly related to the late phase of the Hercynian orogeny, caused by the accretion of the Sakarya
and Caucasus to the northern Ukrainian shield and Scythian platform. However, the tectonic setting of Devonian
magmatism is still obscure.
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