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[puBeneHp! pe3ynbTaThl FeOXMMMYECKAX HCCIICROBAaHUM IIEIOYHBIX CHEHUTOB M TPAaHUTOB XyIUAroJhCKOTO
MacCHBa, HACUMTHIBABIIETO HE MEHEE MATH MarMaTU4eCKUX 3MU30[0B BO BPEMEHHOM HHTEpBANE OT CPENHe-
ro keMOpHs [0 Hadaya To3aHero kapOona (512-319 mun. net). CraHOB/ICHHE MaccHBa B 00NacTu CoulleHe-
uust OxuHckol u I"apranckoit cTpykTypHO-QOPMAIMOHHBIX 30H OBIIO CBA3aHO ¢ BHEAPEHUEM JApYTHX IIEmod-
HBIX Ten Xymaron-buotinHckol nenouky. B mosgaeM kapGoHe MarMaTHdeckas akTHBHOCTh CMECTHIIACE 3
Xymaron-brumoTHHCKoH 1enoyxy B Camcan-XoHBINHCKYIO, B KOTOPOH IIpOJI0IDKaTach BO BpEMEHHOM HHTEp-
Basie 307261 muH. net. PacruiaBhl IETOYHBIX CHEHUTOB U IPAHUTOR XYyIIaroibCKOI0 MacCHBa BHEAPSITUCE TTe-
pen MepecTpOrKkor MarMaTHiecKol cucTeMbl. B 3Toii cepuy pe3ko BEIPaXKEHO OTHOCUTENBHOE CHIKEHNE KOH-
nentpauuit Rb u Sr, ornomenuit (Na + K)/Al ¢ nopsimerunem Al/(Na + K + Ca) u Rb/Sr. MameHeHue coctasa
110poJ; 00y CIOBIEHO HEOMHOPOTHOCTREO HCTOYHHKOB, B KOTOPBIX HAYAIIhHOE U30TOMHOE OTHOIIEeHHCE (*/S1/%Sr),
BapsupoBasio oT 0.7046 (~800 muH. ner Hazam) mo 1.707 (~319 mun. ner Hazax) B cBA3u ¢ quddepeHiuanueii
nopoz ucroynuka rmo Rb/Sr ot 0.41 mo 47. l'eTeporeHHbIe HCTOUHMKY MarM UCIBITHIBAIH IpeoOpa3oBaHue BO
BpEMs BHEAPEHHA HE(ENMHOBBIX CHeHUTOB BoToronsckoro mroka 512-490 mis. net Hazaj, B 3akiourelis-
BBt otm304 (~319 MitH. et Hazax) otHomenue (*'Sr/*Sr), B Hux camKatock g0 0.7136.

Kmouessie cnosa: naneosoi, e Cubupu, wenounvie epanumel, wenroyrsie cuenumst, Rb-Sr meniod, muxpo-

3/leMeHmul.

BBEJIEHUE

HuTpy3uBHEIe MAarMaTU4eCKHe TIOPOIBI CPEIHEro—
KMCJIOTO COCTABa, COMCPIKAIHe IUETIOYHbIE KeIe30-
MarHesuanbHele MHHepasibl (aMbubosbl, nUpokce-
HBl U Jp.), OTHOCATCS K IIENOYHBIM TPAHUTOHIAM
[9]. UsBecTHBI rpaHUTOHIEl O€3 IEMOYHBIX JKENe30-
MarHe3ualbHbIX MUHEPanbHBIX (a3, HO ¢ reOXHMHUYeE-
CKUMH MapaMeTpaMH, CXOMHBIMH C IapameTpaMH Tu-
NUYHEBIX MIETOYHBIX NOPOJ (BHICOKMMM COTEPIKAHUSIMHE
Rb, F, nuskumu — Sr, K/Rb, peskum Eu-munuMymom
IIpH COMOCTABMMBIX KOHIIEHTPALMSX JIETKHX U TSKe-
JIBIX PEIKO3eMEITBHBIX DIIEMEHTOB, TeTpan-addekrom
B CIIEKTPaX PEKO3EMENBHBIX JIEMEHTOB, BBICOKHMHU
KOHLIEHTPALMAMH Pe/IKMX METa/uIoB U fp.) [43 u ap.].
B kauecTBE OCHOBHOTO T€OXUMUYECKOTO IIPU3HAKA Ta-
KHX TIOpOJ CITy>aT BbIcokue comepkanus Li u F, mo-
9TOMY OHH BBIAEIAOTCSA B 0cobyro rpymmy Li-F rpa-
HUTOHIOB [9]. [eonornueckne, reOXUMUYECKUE U KC-
NePUMEHTATLHBIE HCCIICNOBAHUS CBHIETENLCTBYIOT O
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TpeX BepOsTHBIX MEXaHH3MaX 06pa30BaHMs LIETOYHBIX
¥ JUTHH-(QTOPUCTEIX TPAHUTOMIIOB: 1) HOCPEACTBOM
KpUcTaM3aunoHHoH muddepenupaliyn MaHTUHHBIX
YMEPEHHOLIENOYHBIX WIM [EePEXOAHbIX 0a3aJIbTOBBIX
pacmnasoB npu Husko#t fO, m fH,0, 2) yacTHuHBIM
IUIaBJAEHHEM KOPBI, CIPOBOLMPOBAHHAIM MAHTHHHBIMU
JETYHUMA KOMIOHEHTAMH, BKIIFOHAIOIUMH LICTO4H, 1
3) ABYXCTYNEHYATBIM PA3BUTMEM MarMaTHYecKuX Mpo-
[ECCOB — YACTUYHBIM IUTABJIEHHEM LIeJI0YHOro rabopo
¢ 00pa3oBaHMEM TPAXUTOBOIO pacIiaBa M ero moce-
IOYIOIUM (PPaKUUOHUPOBAHUEM K LUETOYHOMY PHONH-
TOBOMY pacrutaBy [41].

Jormyckaercs BO3MOXKHOCTE 00pa30oBaHus LIENOY-
HBIX TPAaHUTOHMIIOB W 3a CYET MaHTHHHOrO cyGcTparta,
M 3a cyeT KOpoBOoro. B kauecTse cBUAETE/ILCTBA MaH-
THHHOTO UCTOYHHKA TIPUHMMAETCS HU3KOE HadallbHOEe
crporuueBoe (*7Sr/%Sr), i BICOKOE HaYaIbHOE HEOIU-
moBoe ('*Nd/'*“Nd), orHomeHue, a KOPOBOro — pes-
koe rosbitenne (*Sr/%Sr), u cumkenue ('PNd/*“Nd),
[35]. Beicokoe Rb/St orHomenue B Li-I' rpaHutou-
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IaX MOXKET CIIOCOOCTBOBATH OBICTPOMY YBCITHUYEHHIO
(*’St/*Sr), naxke B mpolecce KPUCTALTH3AIMM MarmMa-
trueckux ten [12]. [TpoucxoxaeHue naaeo3oMckux U
Me3030iickux rpaHutouoB Li-F reoxuMuyeckoro Tu-
na B LlenTpansnoit A3uu CBA3BIBACTCA C IUIABJICHUEM
KOHTHHEHTANBHON KaJIEIOHCKOH HIM JIOKAJNIETOHCKOM
kopsl. [Ipennonaraercs, 4To UX UCTOYHUKAMH CITY)KH-
JIM METMTOBBIE OCAKH (A1 MO3/IHENANE030MCKUX rpa-
HWUTOB) WIM I'PAHYIUTHI (A7 MO3IHEME3030HCKHX Ipa-
autoB) [10]. CoBmecrnoe dopmuposanue Li-F rpa-
HUTOM/IOB ¥ KBAPLEBHIX INENOUHBIX (arrauToBbix) Cu-
enutoB CokTyickoro maccusa Boctounoro 3abaiika-
JIbs pacCMaTPUBAIOCH KaK YHUKANBHOE COYETaHHE Ma-
Teprana U3 MCTOYHUKOB, COOTBETCTBEHHO, KaJeJOH-
CKOM KOHTMHEHTaJILHOW Kopbl U MaHTHM THna EM 11
(wm 6a3UTOBOM KOpBI, FEHETHYECKU CBA3AHHOM C Ta-
Koit ManTHeit) [11].

B Hacrosmiel pabore NpuBencHB! pe3yanTaThl Te-
OXMMHUYECKMX MCCIENOBAHUM TOMMXPOHHOro Xyiua-
TOJIBCKOTO MHTPY3UBHOTO MAacCHBA, PACIOIOXKEHHOIO
B ceBepHOM yactu TyBUHO-MOHIoIBCKOTO TEKTOHHYE-
CKOro MaccuBa Ha rpanuiue mexay OxunHckod u [ap-
FaHCKOH CTPYKTYpPHO-(OpMaIMOHHBIMHU 30HaMu. DyH-
JaMeHT MaccuBa CIOXKEH pPUQEHCKUMH MOpOmaMH ¢
BKJIFOYCHUSIMH OJIOKOB paHHEro JOKeMOpHS, 4exoil —
nopofamu BeHzaa U xemOpus [2, 18]. Ipenmonaraer-
Csl, 4TO B MO3JHEM JIOKeMOPHH MUKPOKOHTHHEHT Ipei-
dosan no IlaneoazuarckoMy okeaHy, a B paHHEM Ia-
neo30e ObUT akKpeTHpoBaH K CHOMPCKOMY KOHTHHEH-
Ty [7]. CunpHble nedopMaluy, cBI3aHHbIE ¢ AKKpELU-
eif, mposeieHs! B KurokikuHckol 30ne. ConpenenbHas
¢ Hel yacTh OKMHCKOM 30HBI OXBa4€Ha UHTPY3UBHBIM
MarMaTu3MoM, ITOITOMY €r0 MCCIeHIOBAHUE BAXKHO JUIs
MIOHUMAaHH Pa3BUTHSA CHH- U ITOCTAKKPEIIMOHHBIX IIPO-
ueccoB [27]. HMccnemoBaHUsS HCTOYMHHKOB LIETOYHBIX
CHEHHTOB M IPAHUTOB XYIIArojbCKOrO MAacCHBA BBI-
TIONTHEHBl B KOHTEKCTEC I'COXMMMYECKHX HAHHBIX, IMO-
JTy4eHHBIX aBTOPAMH T10 MaJIe030HCKOMY MHTPY3HUBHO-
My MarMaTu3My compese/ibHOi Teppuropun TyBuHO-
Momronbsckoro Maccusa, OCHOBHO® BHUMAHHUE YIEIIe-
HO BapHalUAM KOHLEHTpauui Rb u Sr n usoromHoit
CHUCTEMATHKE 3THX JIEMEHTOB.

AHAJIMTUYECKUME METO]IbL

KOHIIEHTpallul MHUKPOJJIEMEHTOB  OIpeAe/SUTUCE
metofoM ICP-MS ¢ pasnoxeHuem o00paslioB cue-
cbto HF 1 HNO; B 3aKpBITHIX Te(IOHOBBIX KOHTEHE-
pax NoA BO3AEHCTBHEM MMKPOBOIHOBOTO HM3ITyYSHHUS
B jJabopaTopuu U3oTonuH M reoxpononorun M3K CO
PAH na ocHoBe MeTomuku [34] (XMMHKH-aHATUTHKU:
M.E. Mapkoga, JO.M. Mansix). [N aMa3oHUTOBBIX
rpanuToB Camcaibckoro mwryrtoHa u Li-F rpanuron-
nos Caxup-IllymyTuackoro Maccusa U XOHBUHHCKO-
ro AafKoOBOro KOMIUIEKCa BEITOIHANOCH CIUIABIICHHE ¢
Meraboparom Ut (xumuk-aHanutak H.H. TTaxomo-
Ba, UT'’X CO PAH). IlpapunbHOCTH aHaNM3a KOHTPO-
JTUPOBAJIACH C MOMOUIBIO MEXTYHAPOIHBIX CTaHIapT-
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Heix o6pasnos RGM-1 (puonur), DNC-1 (gonepur),
G-2 (rpanur), STM-1 (cuenur), AGV-1 (anzesur),
JB-2 u BIR-1 (6azanster). U3mepenus npoBoanmmcs
B BaifkanmbckoM HEHTpe KOJUIEKTHBHOIO [0JIb30BAHI
Ha Macc-criekrpomerpe VG Plasmaquad PQ2+. Kpome
TOTO, B YacTH 0OpasIOB IMEJOYHBIX CUEHHUTOB U Ipa-
HUTOR XYIIAroJbCKOTO MaCCUBA JOTIOIHUTENEHO OTpe-
Jiensics Zr MeTo oM peHTreHO(IyOpeCLeHTHOrO aHa-
nu3a MOpoUIKOBBIX IIpo6 Ha crekrpomerpe VRA-30
(UI'X CO PAH). Iomyyena xopoutas CXOTUMOCTh pe-
3YJIETATOR NPY Pa3HBIX METORAX.

Orop m3mepssics B aHamuTHaeckoM nedrpe HM3K
CO PAH noreHUHOMETPUYECKUM METOAOM Ha MOHO-
Metpe U-120M ¢ QTOpHOOCENEKTUBHBIM 3IEKTPOAOM
OK-VI. Ilerporennsie OkCHIbl ONpPEAENAINCh TAKKE
B ananutudeckom Lenrpe U3K CO PAH I'B. bonja-
peeoit u M.A. CMaryHoBOH KJIACCHUCCKUM METOLOM
“MOKpOH XUMHUH”.

Jlna onpejienenudt uzotonoB B Rb-Sr mzoronmuoi
chcremMe mpoOBI TOTOBHIIUCH B 1a00paTOPHH H3OTOIIUH
U Te0XpoHONoTruH. KX pasiokeHue OCyUIeCTBILUIOCH
Ha BO3/TyX€ B Te(IIOHOBOM MOCY/Ie CMECHIO KOHLIEHTPH-
POBaHHBIX TUIABUKOBON M a30THOM xucioT. CTpoHIMI
BBIIEJSIICS HA XpOMATorpadMIeckux KOJOHKaxX ¢ BHY-
TPEHHUM JAHAMETPOM 8 MM, 3aMOTHEHHBIX 5 CM® CMOJIBI
Dowex 50 x 8 xpynmHoctsro 200400 meur. B xadecrse
aNoeHTa ucrons3oBanack 2 N consHas kucnora. M3-
MepeHHs H30TOIMHBIX OTHOIEHHH CTPOHLMS U eT0 KOH-
LIEHTPALHH B TPoOax ¢ TPACCepOM ONpeeITsUTICh B XO-
JIe OJHOTO aHaymu3a Ha Macc-criexrpomerpe “Finnigan
MAT 262” HMpKyTCKOTo LeHTpa KOJJIEKTMBHOTO MOk~
30BaHMA. B nepuoa usMepeHuit CpeaHre 3Ha4e U H30-
TOIHOro cranjgapra crporuus NBS SRM 987 cocra-
Bwm 0.71028 + 0.00002. ITosryuenHsie JaHHbie TIPU-
BefieHsl K 3Havennto 0.71025. Konnenrpaiuu Sr u Rb
U3MepSIIMCh H30TONHBIM pasbapnenuem. HsoronHble
ortHommenus “Rb/*Rb B npobax ¢ Tpaccepom ompese-
nsck Ha macc-cnekrpomerpe MH-1201TM 8 abo-
PaTopuM M30TONUK U reoxpoHosoruu. Pacyer Bospac-
ta nposommics MerofgoM JI. Mopka ¢ ucnonib3oBanu-
eM KoHCTaHTH! pacnafa *’Rb, pasuoit 1.42-10°" roa™.

TEOQJIOTUYECKAS U ITIETPOI' PAGUYECKA
XAPAKTEPUCTHKA
XYHIATOJIBCKOI'O MACCHUBA

XymarojbCKui HHTPY3HBHBIA MACCHB pasMepoM
2 X 5 KM BBITAHYT B CyOLIMPOTHOM HANpPaBIEHUH, CyO-
napajuienbHo rpaHuue Mexnay OkuHckod ¥ I'apram-
ckoii 3oHaMu. K BOCTOKY OH pe3ko cyxaercs (puc. la).
KoHTakThl ¢ BMEIAIOIMUMHU CIAHI[AMH M W3BECTHAKA-
MM pe3kue, u3BuarcThle. FOXKHas 4acTh MaccuBa KOH-
TaKTHPYET C U3BECTHAKaMM GokcoHckol cepun (V-E,).
ITajenie KOHTAKTOBBIX IOBEPXHOCTEH HalpasJie-
HO OT MaccHBa BO BMELIAIOLLYIO paMy Mo yriaoM 60—
70°. 3amajgHee U ceBepo-3amamHee MaccuBa QOHaxe-
HBI KPUCTAJNTHYECKHE CIIAHLBI MAHTaTIObCKOH CBUTHI
(€,-0,). CeBepHElit KOHTAKT MEPEKPHIT KPYMHOIIIBIOO-
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Puc. 1. l'eonornueckoe crpoeHne XyuaroasCkoro Maccuaa (a) ¥ ero nNpocTpaHCTBEHHbIC COOTHOLIEHHS € PA3HOBO-
3pacTHLIMM Mae030MCKUMH UHTPY3UBaMu OKUHCKO# CTpyKTYpHO-hopMalinonHoi 301! (6).

a. 1-2 — nopozisl pamsl Xy11aroJasCKoro Maccupa: 1 — M3BECTHAKH, 2 — OHOTUT-KBapLl-kapOOHATHbIE ClaH1bl; 3 — GHOTUTORBIE I'pa-
HUTBI BapryTolickoro MaccuBa (ypukckuit kommnekc); 4—8 — dasni Xyuraronsckoro maccupa no [29]: 4 — nepast, rabopo-AHOPUTSI,
5 — Bropas, cy6LienouHble U HeENMHOBBIC CHEHHUTBI, 6 — TPEThs, HE(PEIMHOBRIC CUEHNTDI, 7 — HYETBEPTAs, KBAPI-2MHPUH-ABIUT~
puGekHTOBBIC CHEHUTBI (6) C MEPEX0OM K STMPHH—aBIUTOBBIM (a) W puBeKnUTOBLIM (B), 8 — NsTAS, STUPUH-PUOCKUTOBLIE FPAHK-
Thl; 9 — pazIOMBI.

6. 10-13 — unTpy3uBHBIe MarMaruueckue mopoast Oxuuckoit 3ousl: 10 — Camcan-XoupuuHckas MarMaTiyeckas nenouia — no3-
HekapOoHOBbIE—paHHENEPMCckHE rpanuTonanble Tena [26]: Cm, XX — Camcanscxuit u Xan-XymyHekuit myrounst, [T — Hlarai-
TOrojibckas Auarpema, XH — y4acTok HanOonbIeH KOHUEHTPALMH JaeK XOHBYUHCKOrO KoMIiekea, XT — rpynna XalTHHCKHX [ITO-
koB; 11 — Xymaron-bumoruHckas MarMaTHueckas uenouka: cuiypulicknii Caxup-1llynyrunckuit maccus (CILI) u nozaxekap6o-
HOBbIE (hazpl Xymaronsckoro maccusa (XI'y s); 12 — rpanuTounas! opaoBukckoit Marmaruueckoit gyru (Y C — Yaman-Capbaarckui
MAacCHB, METPOTUN ypukckoro komruiekcea, Cp, JIn — Copokckuit n asibikckuit 6aronutsl, b — Bapryraiickuii maccus, EX — Exe-
Xaiiracckult maccus); 13 — cpenHe-no3aHekeMOpuiickue MHTpy3uBbl Xymaron-Bumorunckoi unenouku (BI' — Bortoronsckuit
wrok, bn — Bumotuncknii maccus, XI'y_; — Tpu panHue (asbt Xymiaronsckoro maccupa); 14 — dmuionanas yacts Okunckoro
nporu6a; 15 — norpanuunas yacth OKUHCKOI 30HBI, MOACTUIAIOMAsACS oposamu ["apranckoit 30HbI; 16 — pannenokemOpuiickuit
¢dynnament Cubupcekoro koHTHHEHTa; 17 — 30HA CHIIBHBIX Ae(opMmariuii, conpoBoxaariinx akkpeunio TyBuro-Monronasckoro
maccuBa k CUOUPCKOMY KOHTHHEHTY.

BBIMH POCCHINSAIMH rpaHUTOMIOB bapryTaiickoro mac-  Typoii, mepexonsuieit B rabbpo-auaba3zosyio, MecTamu

cuBa ypukckoro komriekcea (O,).

I[To B3aHMOOTHOIIEHUSIM MEXIY Pa3HOBHIHOCTSIMH
TIOpOJ, CNIaralolMMH MacCHB, BbIIESIETCS NATH (a3
ero craHosnenus [29 ¢ mamenenwsimu]: 1 — rab6po-
JMOPUTOBAs, 2 — CyOILIeNoYHbIX U He()eTHHOBBIX CHe-
HUTOB, 3 — He(ETHMHOBBIX CHEHHUTOB, 4 — KBapL-3TUPHH-
aBTUT(3TMPUH-TeIeHOSPIUT)-pUOSKUTOBBIX CHEHUTOB,
5 — 9TUPHH-PUOEKUTOBBIX MPAHUTOB.

T'abbpo-ouopumer (neppas ¢aza no U.A. Pomano-
BY) pacnpoCTpaHeHbl B CEBEPHOW HAaCTH MacCcHBa, TIe
OHU CJarar0T W3OMETPHYHBIE U BBITSHYTHIC B CyOILIH-
poTHOM HampapieHuM Tena. ITopomsl cepsie n0 uep-
HBIX, MEJIKO- ¥ CpeHe3epHUCTBIE ¢ TabOpoBOH CTPYyK-

NoNKUAUTOBY10 ¥ TophupoBuaHyt0. CroxeHbl mia-
ruoknasoM (45-50%), kiuHonmpokcenom (10-15%),
6uorurom (10-20%), amcbubonom (10-15%) u onusu-
HoM (5—-10%). B axijeccOpHBIX KOMMUYECTBAX MIPHUCYT-
CTBYIOT anaTHT, WIBMEHUT U MarHeTut. Berpeuaercs
xapboHar.

IInarnoxnas B M30METPHUHBIX, PEXKE YATMHEHHBIX
3epHaxX BapbUpYeT 110 COCTaBY OT aHAe3uHa-nabpanopa
(45-50% An) B 1eHTpaBHBIX YACTIAX IO OJIMrOKJIa3a-
anzesvHa (25-28% An) na xpasx. Llenrpanshbie yactu
3€pEH HEPEIKO COCCIOPUTH3MPOBaHbl. KMHONMpPOKCeH
obpaszyeT KOpPOTKOTIPU3MATHYECKUE W30METPHYHBIC
3epHa, OecliBeTel WM MMEET 3€JIEHOBAThIM OTTEHOK.

JIUTOCOEPA Ned 2013
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[To u3MepeHHUAM KPHCTAJUIOONTHYECKUX KOHCTaHT U
MHKPO30HIOBBIM aHAJM3aM OTHOCHUTCA K CaJTHTY. AM-
¢ubon xopu4HEBOro 1BeTa 06pasyeT AOBOJIILHO KpPyIl-
HbIE, H30METPUYHbIE, PEXe YIUTMHEHHBIE 3epHa, Cozep-
JKalHe BKIIFOYEHHS MUPOKCeHa, TUIarHoKIIa3a U pyaHO-
ro munepana. ITo cocTaBy OH OTHOCHTCS K IpyIINe ra-
CTHHICUTA, OTVIMYASCh OT TUIIHYHEIX MHHEPAJIOB 3TOH
TPYIHTBI TIOBBIMIGHHBIMU COLEPXKAHUAMU HATPUSA U TH-
taHa. buotur B mmmdax Temuo-6yporo 1peTa obpa3sy-
eT KaiiMbI BOKpYT aMrbosa u caMoCTOsTENIbHEIE arpe-
rarsl. OnuBuH, conepxamui 40-42% dasnura, npu-
CYTCTBYET B BH/I€ MEJKHX CaMOCTOSTENIbHBIX H30Me-
TPUYHBIX 36PEH, a HHOTIA BITFOYEH B MUPOKCEH.

Cybwenoynvie u Hegenunogvie cuenumsl (Bropas
¢aza mo M.A. PomanoBy) 3anumaror 30-35% mionia-
0¥ MaccuBa B €ro LeHTpajdbHOH uacTu. Cybuienou-
HBIE CUEGHHUTHI MpPOpPBIBAIOT rab6po-muopurhl. Bross
30HBI 3HOKOHTAKTa B HUX BCTPEYAIOTCS KCEHONHUTHI
rab6po-aAUOPUTOB ¢ MONepeHHUKOM 10 5 M. Ha konTak-
Te CUEHHTOB C U3BECTHAKAMU CHOPMHUPOBAIHMCH 30HEI
anmaTUT-IIMPOKCEHOBBIX IOPOA MOMIHOCTEIO 0 0.5 M.
Cy6u1en0yHbIe CUEHHTBI — CPEIHE3ePHUCTRIE CBETIIO-
cepble C PO30BaTHIM OTTEHKOM JIEMKOKpATOBEIE IMOPO-
OBl ¢ THOMIMOMOP(HO3EPHHUCTOM, Y4acTKaMM MONKH-
JUTOBOH, MOPGUPOBHAHOM W AaTOTPHOMOpQHO3Ep-
HUCTOH cTpykTypaMH. CIIoXeHbI KaJTHERBBIM IIONEBEIM
wnaroM (80-90%). B kauecTRe TEMHOLBETHBIX MUHE-
PaloB MPUCYTCTBYET KITMHOMUPOKCEH U ampubon (10—
20%). B akueccopHbIx konudecTBax (2—4%) ormeva-
IOTCS TUTAHHT, MAarHETHUT, WIBMEHUT U HHOTHA KBapI,
Berpedaercs KanbLUT.

KanueBsiit noaeBod mmnar — peleTyarblf MUKpO-
KIHH-TIEPTUT — 00pasyeT U30METPUUHbIC 3epHa pa3Me-
pom or 0.6 no 2.6 MmM. PopMa NEPTUTOB BHYTPHU 3€-
peH pasHooOpa3Ha. Yamie Bcero 3To NATHA, AMH3BI U
ronocsl. KiTMHONMPOKCEH B H30METPUYHBIX, pexe Yi-
JIMHEHHBIX, 3epHaX OOBIYHO OKpAIICH B 3€JCHOBATHIC
TOHA Pa3TMYHBIX OTTEHKOB. ITo cOCTaBY OTHOCHTCS K
STUPHUH-TeIeHOepIUTy ¢ CONep>KaHHEM STHUPHHOBOM
Mosekyasl 5—12%. Kpas KiIMHOIMMPOKCEHOBBIX 3epeH
3aMeIIeHBl CHHEBATO-3€JIeHbBIM aM(UOOIOM, MpUHAM-
JeKAIMM K TPYIIe FACTUHICUTA, HO C HECKOJIBKO IO~
BBILIEHHBIM cofepkaHueM Hatpus. MineMenur obpasy-
€T CaMOCTOSTENbHBIE CKOIUICHUS 3¢peH U BKIIOYEH B
KanueBblid nosiepoi mmar. Haubosree mosgaue MuHepa-
JIBI — KaAbLHUT ¥ THTaHUT. YacTe mOpox BTOPoH (a3bl
COIEPXKUT HeEMUH U M0 cocTaBy MOoA0OHa ropoxam
TpeThel ¢assl.

Hegenunosvie cuenumer (tpetbst daza no U.A. Po-
MaHOBY) 00pa3yroT HeOONbIIHe U30METPUYHBIE TeNa
B 3aMaJiHOM U BOCTOYHOM HacTAX MAacCuBa Cpeiu Mo-
POZ MEPBHIX ABYX (a3 M YACTHYHO PacHpOCTPAHAIOTCA
B 9K30KOHTAKTOBbIE H3BECTHAKK. CTPYKTYpa aioTpu-
oMOphHO3epHHCTas], YHACTKAMH THITMIMOMOpGhHO3Ep-
HHcTad 1 novkumuroBad. OCHOBHBIE MUHEPAIbL: KU~
Honupoxcet (30-35%), kanueblit monesoi mmmar (50—
55%) u nedenun (15-20%). BropocteneHHoe 3Hade-
HHE MUMEIOT IUIarnoKias, am¢eubon u kaieuut, B ak-

JUTOCPEPA Ned4 2013 -~

LECCOPHBIX KOIMYECTBAX MPUCYTCTBYIOT MarHETHT,
WIbMEHMT, TUTAHUT U allaTHT.

KJTHHOTIMPOKCEH 3TUPUH-TeAeHOSPrUTOBOrO COCTa-
Ba 00pasyeT U3OMETPHUUYHBIE, PEKEe HECKOIBKO BBITAHY-
ThIE 3epHa pasMepoM Ao 1 MM no anuHHO#K ocu. Ero
cozepxanue Bapsupyet ot 10 no 40%, noesiuasce Ha
y4yacTKax, NPUMBIKAIOMIUX K U3BECTHIKAM U rabopou-
JaM. 31eck KIHHOTIMPOKCEH TPS3HO-3CNCHEIM, MATHI-
CTHIH. B ero cocrase yBenuuuBaeTcs ConepxaHue AU-
OINCHIOBOM MOJIEKYITBI C HAaKOOee CHITBHBIM CMELIeH -
€M B SHJIOKOHTaKTe ¢ rabbpoumamu. Kanuessiid mose-
BOH IITIaT Mpe/ICTaB/IeH U30METPUHYHBIMU 3epHAMM pe-
MIETYATOr0 MUKPOKJIMHA C MHKPOIIEPTHTOBBIME BPOCT-
KaMH 1 MCIIKMMHU JUH3amMu anboura. Hedenun 8 uzome-
TPHYHBIX 3€PHAX, UHOTJa KBAaJPATHBIX U TIPAMOYTOJIb-
HBIX, pacrpe/ieieH HepaBHOMepHO. B sHnokoHTakTax
¢ reficHOCPTUTOBBIMHU CHEHUTaMHU OH OTCYTCTBYET, CO-
XpaHssch B DHIOKOHTAKTax ¢ rabbpounaMu u u3BecT-
Hixamy. [lnaruoxnas ans6UT-0MUroKIIa30BOro COCTa-
Ba (25-28% An) B BUAe TabauIl ¢ ABOMHUKAMY Xapak-
TEPEH TONBKO VISl HeETMHOBBIX CUEHUTOB, I'paHHYa-
KX ¢ rabbpo-AMopUTaMH U U3BeCTHAKAMK. AMPUbON
(ractunreur) 3eneHoBaro-Oyporo 1Beta (o 15%) 3a-
MellaeT 3epHa IMPOKCeHa B BUJIC TOHKOM KaiMbl. AM-
bubonuzats MPOUCXOAWTA YACTHYHO OJHOBPEMEHHO
C KpMCTaJTU3aldell WILMEHHUTA. BONBIIMHCTBO Miih-
MEHHTOBBIX 3€PEH BBIACIMIOCH MOKe ampubona, HO
paHbllie KaIblMTa 1 THTAHHUTA.

Ksapy-seupun-ageum (seupun-zedenbdepaum)-pube-
Kumogvie cuernumol (deTBepras ¢dasa no M.A. Pomano-
BY) ClararoT KpylnHoe Teno pasmepom 1.0 x 2.3 kM B
LEHTPaILHON YacTH MacCHUBA U HECKOIBKO MEJIKUX Tel
B €r0 IOro-3anajiHol U Ioro-BOCTOYHOH HacTsax. YacTs
MOPOJ C TIOBBINIEHHBIMH COIEPXKAHUAMU KpeMHe3eMa
COOTBETCTBYET rpaHocueHuTaM. B 9101t daze Boiiens-
forest Tpu ¢anmn: 1) KBapl-3THPUH-aBIUTOBas (drU-
pHH-TeeHOepruToBas), 2) KBapl-3TUPHH-aBIUT (3IH-
puH-reieHOepruT)-pubekuToBas U 3) kBapu-pube-
kutoBas. llepas obpasyer mnonocy IIMPUHOH OKO-
70 0.6 KM B IIEHTPaJBHON YaCTH MacCuBa, KOHTAKTH-
pyd ¢ BMELIAIONIAMU TeIeHOepIrUTOBBIMH CHEHUTAMH.
ITo Mepe TIPOABMXKEHUS K IOr0-IOro-3amajgy oT KOH-
TaKTa MOpoJBl MPUOOPETAIOT MOJI0CYATOE CTPOEHHE
1 Gojiee KPYMHO3EPHUCTOE CIIOKEHHNE, CMEHSACH BTO-
poii, a 3aTeM — TpeThel ¢anued (puc. 1a). Pubexurs
BHYTpPEHHEH 4acTH Tesla 06oraleHsl THTAHOM 1 00e-
JTHEHBI [IeJIOYaMH.

Iopoas! cepsle, TEMHO-CEpBIE, CPENHE- U KPYIIHO-
3€PHHCTHIC, ¢ MATHAMH TEMHOLBETHBIX MHHEDAIOB.
Crpykrypa runuMauoMopgHO3epHHCTas, Y4acTKaMu
TOUKHIIMTOBAs, amoTproMopHosepurcTas. OcHOB-
HbIE [OPOI00OpasyIoNue MUHEPAbl: KaJIWHATPOBbIH
nosesoii war (or 50 go 95%, B cpearem 65-70%),
STMpUH-aBrUT (3rUpHH-regeHbeprur) (15-30%), pu-
Gexur (15-30%) u kBapu (mo 5%). Bropocrenennoe
3HAYEHUE UMEIOT anbOUT M KanbLMT. B kauecTBe aK-
LIECCOPHBIX OTMEYAOTCS QUIIOOPUT, HIILMEHHUT, anaTuT,
GUOTHUT, MHPOXJTOP U LIMPKOH.
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KanunaTporbiii MONEBOH MNAT OTHOCUTCH K MU~
KPOKJIMHY C MPOMEXYTOYHOH CTEMEHBIO YIIOPSAHLOUYEH-
Hoctd. OH obpazyer 3epHa H30OMETPUHYHOM M Hempa-
BUJTBHOH (DOpMBI pasMepoM 10 2.5 MM C XapaKTepHBI-
MH [POSIBICHHAMH MHKPOMEPTUTOBBIX CTPYKTYD pac-
nafa. HaGmiogarorcst mepruThl 3aMelleHHs B BHIC
JIHH3, TIPOXUIIKOB H, PeXe, — YATHUHEHHBIX JIEHCT allb-
OuTa, pa3BUBILIMXCS 3a CYET IOJIHOrO 3aMelIeHHs Ka-
JIMHATPOBOTO TOJIEBOro Mmmara. B ansbute ompenene-
HO 8-10% An. KnunonupokceH 3rHpHH-aBIHTOBOIO
(STUpUH-TeACHOCPTUTOBOr0) cocTaBa COAEPHKUT 25—
35% srupuHOBOM MOTEKYITEL. OH IPUCYTCTBYET B HIDK-
Hell 4acTH MacCHBa, a B BEpXHEW — MONHOCTBIO 3aMe-
ieH pubexuroM. B mmadax, oToOpasHsix 1Mo BepTH-
KaJIbHBIM CEYEHUAM, MOXHO BHICTH IIOCTIENOBATEIIb-
HOe 3aMellleHne KIMHOMMPOKCEeHa Ha KpasX M B IEH-
TpaJIbHBIX YacTsiX 3epeH. Pubexur o6pasyer Hrons-
yarple WK TabluTyarele KpUCTAJUIbl. B 3HIOKOHTAK-
TOBBIX 30HAX C M3BECTHAKAMM M CHaHLAMH, a TaKKe
BOJIM3H KCEHONUTOB, HabIMOgaeTcs MeIKOKPUCTAIIIH-
ueckiid pubekut. IIpy ynaneHun OoT KOHTAKTOB pas-
Mep KpUCTAIOB YBEIMYMBAETCS, COCTaBIAS B Cpef-
HeM 0.5—1 cM no anuuHOK ocu. Ha HexoTophIX y4yact-
KaX KpucTajuibl pubekura gocruraior 8 cMm. Ux ykpyn-
HEHHE CBS3aHO C OCTaTOYHBIMH pacIUIaBaMH, KOHIGH-
TPUPOBABIIMMMCS B TpeIIUHAX. B Takux ydacTkax WH-
TEHCUBHO KPHCTAITM30BAJIMCE JICHCTEI aNbOUTa 3a cYeT
pacrnajia MUKPOKJIMHA, OT KOTOPOTO COXPAHMIIHMCH JIUIIb
MEJIKME PEUKTOBBIE 3epHa. MNIbMEHUT BKITIOYAET 3ep-
Ha IUPOKCEHa M PpUOEKHTA U, B CBOKO Ouepelb, pacce-
ueH Gostee mosHUM kapbonarom. Buotur pacrpocrpa-
HeH cnopanudecku. Ero Mesnkue niacTUHKY 3aKiioye-
HBI B MEKPOKJIMHE JHOO0 pa3sBUBAJIMCH IO FPAHMIIAM 3€-
pen prbekuTa U KIIMHOIMHUPOKCEHA, PUOEKHTA U KalMHa-
TPOBOI'O MOJIEBOro Minara. MIFOOPUT BXOAUT B COCTAR
METacOMATUTOB, CPENH KOTOPBIX BBUIESIOTCS: (mo-
OpHMTOBO-KBApLIEBO-IIUPOKCEHOBEIE, ANBEOHTOBO-KBAp-
LIEBO-MHKPOKIIMHOBhIE, KBapLeBO-alEOUTOBEIE, 9TH-
PUHOBO-KBAPLIEBO-aTLOUTOBBIE,  (IFOOPUTOBO-ITONE-
BOIIIIATOBEIE. MeTacOMaTHTOBBIE OTOPOYKH 00pa3oBa-
JIMCh NPEUMYLIECTBEHHO Ha KOHTAKTE LIEIOYHBIX CHE-
HHTOB ¢ BMELIAOLUMMH U3BECTHIKAMH U UX KCEHOJIUTa-
mu. LlupkoH Bbigensuics paunsiue duroopura. [upoxiop
KPUCTAIUIH30BAJICA B [1apareHe3uce ¢ pUOEKUTOM U Ka-
JIMHATPOBBIM IIOJIEBBIM INIIATOM B MEepUGEPUN MaCCHBA.

Deupun-pubexumossie zpanumvl (namas ¢aza no
H.A. Pomanosy) cnarator HeGONbLIME U3OMETPUYHBIE
Tesa pasMepoM okono 0.6 x 0.6 kM B IOXKHOW HacTH
maccuBa. KoHTaKThI Ten ¢ mopogamu uetBepToi ¢assl
pe3kue ¢ yramu nagesus ot 50 1o 90°. DK30KOHTaKTO-
BBIE ITOPOIBI MHTEHCUBHO abOMTH3UPOBAHbI M OKBap-
uoBaHbl. IToposiel FPAHUTHBIX TeN Cepble C 3eeHOBa-
TBIM OTTEHKOM C I'MIHMAMOMOPGHHO3EPHUCTOH, y4acT-
KaMu, HOHKHIMTOBOH CTPYKTYpoif. OCHOBHBIE MUHE-
patel: KBapl (25—26%), KanueBbIi oeBoi mmar (53—
55%), sarupuH (6—7%) u pubexur (12—13%), BTopocTe-
IEHHBIE — ACTPOPUIUTHT, LIUPKOH, (IIFOOPHT, TUTHEBAS
CITFONA, KAJIBIMT M WIBMEHHT,

Keapu, BoggHO-TPO3pauHbIi, pABHOMEPHO pacmpe-
JIeJIeH BO BCeii Macce Mopoyibl, 06pasys M30MeTpUYHbIE
¢dopmer pasmepom 0.5 x 0.5 cm. Kanuesslit nonesoit
IIMAT — PelIeTyarsii MUKPOKITMH-NIEPTUT C IIPOMEKY-
TOYHOM CTEIIEHBIO YIIOPAA0YCHHOCTH (110 ONTHYECKHM
JaHHBIM). DOpMBI BBIIENEHUS MMKPOKIMH-IEPTUTA
n3oMeTpuuHble, pasmepoM 1 x 1 mm. Hapsay ¢ mepru-
TaMH pacriajia, OTMEHaIOTCS IEPTHTHI 3aMEIEeH s B BH-
Jie OTHEeNBHBIX BETBSIIMXCS MOJOC Pa3/IMYHON LIAPH-
BBl MX cocTaB cooTReTcTBYeT ansouty (8—10% An).
VitaHEHHBIE KpUCTAIIIBI ATUPUHA U pubeknuTa pazme-
poMm 0.1 x 0.5 cM KpUCTaIAU30BANUCH KaK PaBHOBEC-
Hble (ha3bl ¢ B3aUMHBIMHU TEPECEHECHHAMH MPU OTCYT-
CTBHM YTHETCHHBIX (JOPM pOCTa, HApacTaHUs W MpPO-
pactanus. MnpMeHUT pacnpocTpaHeH TOBCEMECTHO,
HO ero copepxanue He mpespimaeTr 1%. OH kpucran-
JIM30BAJICA Mo3Hee acTpoHILIMTa, paccekas ero. Jlu-
TUeBas CITIONA PSA JIETTMAOIUTa OOBIMHO HaOMoaaeTCst
B TPEIIMHAX KaJMEBOrO MOJIEBOTO LUMAaTa, pexe co/iep-
JKUTCA B KprcTajulax pubekura. Ee pasmeps! He 1pe-
Beumarot 0.5 mm. OHa BMecTe ¢ (UIIOOPUTOM OTHOCHT-
cf K YMCNy MO3AHUX MUHepanoB. Dnoopur Kpucran-
JIM30BAJICS MPEUMYIIECTBEHHO Ha KOHTAaKTaX IIenoy-
HBIX 'PAHHUTOB C U3BECTHIKAMHM, HO B HEOOJIBIIOM KO-
nagecTBe OOHAPYKEH M B LIGHTPATBHOM YacTH Tena.

Cpeny IMETOYHBEIX TPAHUTOB BCTPEUYAROTCS KBApPIl-
STHPHH-ANEOUTOBEIE (6e3pubexuToBbIe) opois. OHu
HUMEIOT KPYUHO3EPHHCTOE M TOHKO3EPHUCTOE CIIOMKE-
Hue, B kpynnoszepuucroit mopoxae (06p. 132) ansbur
MOJBEPKEH TOHKOMY MOIMUCHHTETUYCCKOMY JIBOMHHU-
koBaHmo. Kpasi ero 3epeH HepoBHEIE, HO npuobpeTa-
10T MAMOMOpQHBIC OYEpTaHHs Ha TPaHULE C THpH-
HoM. [To rpanuiam KpyIHbIX KPHCTAJUIOB alhOUTa Ha-
OIIONAIOTCS TOHKO3EPHUCTBIE KBAPL-ITOICBOILTIATOBBIE
NPOXWIKH. B Gonee MOIIHBIX )KUITAX TIOPOJ] TAKOTO XKe
nerporpadudeckoro cocrasa (06p. 131) pacnpoctpa-
HEHBI IMoMeportop(rpPOBEIC CKOTIIISHHMS KPYITHBIX KpH-
CTa/IIIOB KBapIia U NOJEBOrO IIara ¥ TEMHO-3e/ICHbIE
NOPMUPOBUIHBIE BbIACICHHS STUPHHA, BKIIOYAIOIIe-
TO MeJIKHEe MHOPOUMCIICHHBIE PACCEeSHHBIE HIMOMOph-
HbIE TabIUYKY KHCIOrO MIAarHOKIa3a U H30METPUYHBIC
3epHa KkBapua. Takue nerporpaduueckue ocoOeHHO-
CTU CBUIETENBCTBYIOT O MEPBUYHON KPUCTAIIM3ALIMA
KBapL-3THPUH-aILOWTOBBIX MOPOl U3 MAarMaTH4eCcKo-
ro pacriaga.

MECTO XYIIAT'OJIbCKOI'O MACCHUBA
B PABBUTHUH UHTPY3UBHOI'O MATMATU3MA
OKMHCKOHM U TAPTAHCKOH
CTPYKTYPHO-®OPMALIMOHHBIX 30H

Bazopast cxema HHTPY3MBHOIO MaJe030MCKOTO Mar-
Matuzma Oxunckoit U I'apranckoit cTpykTypHO-hop-
MAalHOHHBIX 30H OOOCHOBBIBAJIACH IEONIOIHYCCKUMM
COOTHOIICHUAMH HWHTPY3UBOB C MAJICOHTOJIOIHYCCKU
OXapaKTePHU30BAHHBIMM OCAMOUHBIMU TOJNIIAME U CO-
nracoBbiBanach ¢ pesynsraramMu K-Ar- u Rb-Sr naru-
poBaHus [6 u ap.]. Bo Bropoi nonosune 1990-x u B
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Hagane 2000-x rofoB cxema yTo4HsIach ¢ y4eTOM HO-
BBIX 1aTHpoBOK B Rb-Sr, U-Pb 1 K-Ar uzoronHsIx cu-
creMax. BBUIO yCTaHOBNEHO, YTO BHEAPEHHE PAHHUX
HHTPY3UBHBIX TEN IIaNe0305 CONPOBOX/ATI0 TEKTOHH-
YeCKyro akTHBH3aluio TyBMHO-MOHIOMBCKOro MaccH-
Ba, BEIpakeHHYI0 B OKHHCKOH 30HE pa3MBIBOM KapOo-
HATHBIX OTJIOKEHHUH BeHI-KeMOPHHCKOW 6OKCOHCKOM
CepUM U HaKOIUIEHHEM TEPPUTEHHBIX IOPOJ MaHrar-
[OJILCKOM CBUTHI, HAYaBIIAMCS B cpefiHeM KeMOpuu [5]
(r.e. 518-505 mumn. net Hasan). K HayampHBIM MPOSB-
JIEHUSAIM MarMaTH3Ma OTHOCATCS HHTPY3HBHBIE TOPO-
mel pandnx a3 bororonsckoro mroka (puc. 16). Mx
BospacT m3Mepsuics B K-Ar u Rb-Sr uzoTonHex cu-
cremax. Jlns nopon mtoka moutd 40 jer Hazax onmy-
6muxoranbl K-Ar natuposku 6uotuta 492 u 521 mnH.
JIeT W IS IUIardokitasza — Gonee MOJOble AaTMPOB-
kd 323 u 216 mutn. net [17] (M3MepeHHble KOHLIEHTpa-
I[[UH PAZHOrEHHOTO aproHa, HOrPEIHOCTH H3MEePEHU
U HCIIOJIb30BaHHBIE KOHCTAHTBI paciiajia He IPHBO/M-
nck). JlpeBnue 1 psl, B 00IEM, COTOCTABHUMBI C Ba-
noBod Rb-Sr mzoxponHoii naroit 512 + 22 muH. jier
upu (¥Sr/*Sr),= 0.7066 (HeormyOIMKOBaHHbIE Pe3YIlb-
tatbl onpefenenuit I0.A. Kocruupma no obpasuam
10.B. Menpmaruna) u paroi 490.7 + 18.2 mnH. ner
dboiiguTa ¥ ero noponoodpasyiomux MuHepanos [22].
[To3>ke 6pina moyyeHa MuHepansHas Rb-Sr n3oxpon-
Hasi QaTHPOBKa JUTS TIOJIEBOLUMATOBOrO HMUOIUTA Mac-
cuBa—492 + 11 mun. et npu (¥'St/*4Sr),= 0.706557 co
snauenueM CKBO = 1.12 [23]. Brauzkuit 3ppoXpOHHEIiH
Bo3pacT okoso 517-513 muH. et usmepes Rb-Sr me-
TOIOM IS TpaHUTOB BumoTHHCKoro Maccusa (Heomy-
ONMKOBAHHBIC JAHHBIE ABTOPOB, MECTOMONOXKEHUE CM.
Ha puc. 16). DTu faHHbIe CBUIETENBLCTBYIOT O BHEIpe-
HUM 1IeNoYHEIX MarM bororonbckoro u BunmoTHHCKO-
I'0 MacCHBOB MPH HaYaIbHOH TEKTOHUYECKOM aKTHBH-
3anuu TyBHHO-MOHIOMBCKOTO MacCHBA.

Cepueii naruposok [18-20, 28, 31, 32] o6o3nauen
BO3pacTHOM MHTepBan 480-457 MIH. jeT MId TpaHu-
TOWJIOB, CNIAraroMX KpynHble OATONUTHI U MEJIKHE Te-
Ja B BOCTOYHOM yacTi OKMHCKOM 30HbL ['paHHTOHABI
OTHECEHB! K YPUKCKOMY JMOPUT-TPAHUTOBOMY KOM-
ieKcy. B 9TOM jke BO3pacTHOM JHarna3oHe HAXOUT-
Cfl XyXHUPTaHTOPXOHCKHi rabO6po-CHEeHUTOBBIH KOM-
mwiekc ¢ GIM3KUM K YPHKCKOMY KOMIUIEKCY apeanoM
pacnipocTpaHeHHs Tel. B merporunudeckoM YHIISH-
CapbaarckoM MaccuBe YpHKCKOTO KoMIUTekca (Me-
CTOTONOXKEHHE CM. puc. 16) BeIgenstorcs Tpu Gassi:
1) ra66po-muopuToBasi, 2) KpyMHO3EPHHCTHIX IpaHH-
TOB Y JIGHKOIPaHUTOB U 3) MEJIKO3EPHHCTHIX TPaHHU-
TOB M JISMKOTrpaHUTOB. Bropas u TpeTss ¢asbt AaTUpo-
BaHbl Rb-Sr n “Ar-*?Ar merogamu uHTEpBaOM 462—
457 muH. net (HeoIryOIMKOBAHHbIE JAHHbIE aBTOPOB).

Xyuaronsckiii 4 BoTOrONBCKMIA MacCHBBI OTHO-
carcs k 50-xuomeTpoBoil  Xymaron-BumroTHHCKOM
LEMOoYKe MOTUXPOHHBIX WHTPY3HUBOB, BKJIFOYAIOLIEH,
KpOMe 3THX MaCCHBOB, MarMaTH4YeCKHUE Tesla CPSIHEro-
nosanero kemOpusa (buroTHHCKHI MaccHB) U crTypa
(Caxup-Ilymytunckuit Maccus). Ienouka mpocTpan-
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CTBEHHO COOTBETCTBYET BOCTOYHOMY Kparo GiIHIo-
uaHoU yacTh OKMHCKOro Mporu6a, noytd JUIEHHOH
MarmatuzMma (cM. puc. 16). Jlns Caxup-ILlynytancko-
r0 MacCHBa JUTHH-QTOPHUCTBIX I'PAHWTOB MOIYYEHBI
Rb-Sr uzoxponusie natupoBku 440 + 10 muH. et u
405 £ 5 mnn. ner [28].

B nerenze xapt Hooro noxonenus [J[IT-200 mep-
BBl JiBe (a3pl Xymaronbekoro Maccusa (o M.A. Po-
MaHOBY) COIIOCTaBIISIOTCS C XY)KHPTAHTOPXOHCKHUM
KOMIUIEKCOM, a TpH APYTHE paccMarpHBarOTCs B CO-
craBe 6oToronsckoro kommnekca. Bospacrusiv anano-
IOM Xy >KHPTaHrOPXOHCKOrO KOMILIEKCA SIBIAIOTCA He-
¢enuHoBBIE cHeHHUTH! panHHed ¢assl bororosnsckoro
MacCHBa, aCCOLMUPYIOIIME C IIMPOKCEHUTaMH U CyO-
LIEJIOMBBIMHA TPAXUTOMAHBIMUA cHeHuTamu. Hedenn-
HOBBIE CHEHHTEI, OOOOHBIE HOTOT0JILCKUM, YCTAHOB-
JICHBI CPe/id CyOLUETOUHbIX CHEHMTOB XyXXUPTaUrop-
XOHcKoTO KoMiutekca bapyH-I'on-Anapeiickoro maccu-
Ba, PacTIONOKEHHOTO B BEpXOBBAX p. Copok Ha ceBepo-
3alaHOM MPOJIOIDKEHUM XyIIaroi—brinioTHHCKOHN Lie-
MOYKKM Marmaruyeckux Ten (puc. 16). Ilo pesynbra-
taM Rb-Sr uzorornmoro parmpomauus, dasel rabopo-
JMOPHUTOB, Te[IeHOEPIrUTOBBIX CUEHUTOR M He(eNHHO-
BBIX ceHHUTOB (¢dazpr 1-3 mo U.A. Pomanosy) koppe-
JMPYIOT TIO COCTaRy ¢ nopogaMu boToroskekoro mito-
Ka, JIATHPOBAHHBIMH CPeJITHUM KeMOpHeM—paHHHM Op-
JOBUKOM. (Da3pl HIEOYHBIX CHEHUTOB W MPAHUTOR Xy-
maronbekoro Maceupa (Qasst 4 u 5 o M.A. PomaHoBy)
OTHOCATCS K HayalTy I103/{Hero kapOoHa.

Janneie no Rb-Sr usoronHoi cucreme mectu 06-
pasloB IIEN0YHBIX CHEHUTOB M IPaHHTOB XylIaros-
CKOTO MacCHBa MHTEPNPETHPOBANKCH Kak dPPOXPOHa
319 £ 9 mnn. net mpu (*'Sr/*Sr), = 0.7220 £ 0.0147
(tperbs Momenr MakunTakpa). Pazopoc HadambHBIX
H30TOMHBIX OTHOIIEHUM CTPOHIIMS BBIPAaKEH BHICOKUM
CKBO (512) [25, 26]. PesynbraThl aHaIH30B IEBITH
o0pasioB npezcTaBineHsl Ha puc. 2 1 B Tabn. 1. Boss-
Jsiercs rpymnma Touek (o6p. 130, 134 u 110) ¢ natupos-
Ko# 319 =4 mun. et npu (¥'Sr/*Sr),= 0.7136 £ 0.0002
(CKBO =4.9). OHa coBmagaer ¢ MpuUBeACHHBIM 5PPOX-
POHHBIM 3HaueHHeM Bo3pacta. Touku Tpex TNpoaHamm-
3HPOBAHHBIX IIEIOYHBIX TPAHATOR CMEIICHBI BBIIIE
H30XpOHHOM JMHUM 319 MIIH. JIeT ¢ OTHOCHTENBHBIM
yBemmdenueM (¥Sr/*Sr), mo 1.707. B koopmunarax
(*’Sr/*Sr),—~1000/Sr e 0UHBIe CHEHUTbl U TPaHUTHI
XyIIaroqsCKOro MaccuBa PasfeNsiorcs Ha TPU Tpym-
ne1, Ofna rpynna umeer Haubosee Huzkoe (¥'Sr/*Sr),.
O6pazern (110) 1enouHOro rpaHuTa ¢ MpeieabHO Bbl-
coxum Rb/Sr conocraBum mo (¥’St/Sr), ¢ pasHoBua-
HOCTSMHM, HMEIOIMMM camoe Huzkoe Rb/Sr — menoy-
HBIM cMeHUTOM (06p. 134) 1 MeTacoMaTHieCKOH NOpo-
1o, oboraientoit gprroopurom (06p. 130). [lenoyro-
TPaHUTHBIH paciulaB JO/DKeH ObLT 0OpazoBarbest 3a
cuer nuddepenimaluy paciiaBa meToIHOro CHeHHTa
0e3 KaKoM-T100 ero KOHTAMHUHALIMHY |, CJIe/[OBATENBHO,
COXpaHWII ero HavajbHoe H30TonHoe oTHoueHue. Co-
OTHOIIEHUS MEXIy HUMU MHTepPIpeTHpPYIOTCsS Bo3pac-
ToM 0KONo 319 MiH. net, Gnaronapst GonplioMy pas-
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Puc. 2. Rb-Sr usoxpounnas quarpamma (a) u coorrotenus (¥Sr/*°Sr),—1000/Sr (6) n1e109HbIX CHEHHUTOB K TPaHHTOB

4eTBEpTOH ¥ MsiTod (a3 Xymaronsckoro Maccupa.

1 — IETOYHBIC CHEHUTBI; 2 — LIENOYHBIC TPAHUTEL; 3 — METacoMarnIeckas noposa, oGoramennas dparoopurom (06p. 130). [Hecrs
Touek (uckinodas o6p. 113, 108 u 112) coorpercrayrot appoxpore 319 + 9 mun stet npu (VSr/*Sr),= 0.7220 + 0.0147 (tperes mo-
aens Makunraipa), CKBO = 512, [lng 06p. 130, 134 u 110 paccunrsinaercs paruposka 319 + 4 mun set ups (*7Sr/*Sr),= 0.7136

+0.0002, CKBO = 4.9.

Tabaunua 1. Konuentpauuu pyouams, crpoHIus (MKI/T) 1 M30TONHBIC OTHOMIEHUS CTPOHIMA B HOpOAaX XyIIaroibeKoro u

Bapryraiickoro MaccuBoB

Nem/m |  Ne obp. Rb Sr SRb/*Sr 87Sr/%Sr +20 (1/8r) x 10* 1

1 130 106.9 97.8 3.172 0.72788 0.00004 10.2 0.71348
2 103 363.6 83.5 12.67 0.784274 0.00002 12.0 0.72675
3 113 235.1 194 36.092 1.00763 0.00007 51.5 0.84377
4 118 186.4 4.56 125.22 1.30367 0.00008 219 0.73516
] 134 274.4 33,11 22.89 0.81858 0.00007 28.5 0.71466
6 135 183.5 14.1 38.291 0.89881 0.00004 70.8 0.72497
7 110 357.5 4.33 267.8 1.92847 0.00005 231 0.71264
8 108 248* 122 61.68 1.3625 0.0009 82.3 1.082

9 112 268* 4.17 219.4 2.7069 0.0036 240 1.707

10 105 16.8* 347* 0.142 0.706040 0.00005 2.88 0.70511
11 106 14.3* 556* 0.075 0.70823 0.00010 1.80 0.70773

[Ipumeyanne. 1-9 —nopoxsl Xymarosnsckoro Macensa; 10-11 —mnopoast Bapryraiickoro Maccura (coctas cM. Tabn. 2 1 3). *— pesymnrarst
nsmepennit Rb u Sr metonom ICP MS, npyrue onpeeneHus STHX 3EMCHTOB BBITOMHEHRI MCTO0M H30TOMHOTO paszbanienns. [ — sHage-

uust (*7Sr/*Sr), paccunrannsie Ha BospacT 319 MuH Jer.

6pocy Rb/Sr. Ko Bropoii rpyrime orHOcATCS Ienod-
HBIC CHCHHTHI ¥ rpaHuthl (06p. 103, 135 u 118) ¢ mo-
BhIEHHBIMH 3HadeHusAME (*7St/*Sr),. Touku neproi u
BTOPOH TpyIit 06pasyroT pazbpoc SppOXpOHEI CO Cpes-
HHMM HavajbHBIM oTHOIeHUeM 0.7250. Tperss rpynna
npencTaBieHa IeJouHbIMY rpaHuTamMi (06p. 113, 108
u 112) ¢ Beicoxumu 3HageHusMu (*’Sr/%Sr), (Tabn. 1).
brina nomyyena Taroke CpaBHUTENIEHO Mosogas Rb-Sr
MHHepalbHas 9ppOXpoHHas JaTtupoBka 358 + 8 muH.

ner npu nopsinrertom (¥'Sr/Sr), — 0.7405 £ 0.0015) u
sragerand CKBO = 7.6 [23]. Hanusie Rb-Sr n3oronuo-
ro JaTHPOBAHMSA COINIACYIOTCS € TEONIOrUUYECKUMM JIaH-
HBIMM O [O3/IHENAIE030MCKOM BO3pACTE I1IEIOYHBIX
CHEHHTOB U IPaHHTOB XyIIarojlbCKOro MaccHuBa.

Jins Weno4Horo cheHMra U3 XyImarobekoro Mac-
cuBa mpuBommiach ‘“°Ar/*Ar pgarupoBka mno pube-
kuty 521 + 2 man. ner [22, 23]. Eciu npunate o1y
IOaTHPOBKY, TO 00pa3oBaHHE BCEro XymaroihCko-

JMTOCDEPA Ned 2013
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Puc. 3. JluarpaMMBl 1eT04H—KPEMHE3EM ILEOYHBIX CHEHUTOB M TPAHWTOB XyLIArojbCKOro MacChuBa B COMOCTaBIIe-
HUY C UHTPY3UBHBIMY OPOAAMY APYTHX MACCUROB Xy1laron-BUmoTHHCKO! Lienouky MarmMaTuueckux Test OKuHckoit
30HHI (a) U Gonee no3aHUMHK rpaHuTOMAaMu CaMcair-XOHBUUHCKOM 1enoukH (0).

1-2 — menoynbie nopo/bl XyIaroasckoro mMaccusa derseproi (1) m nsroit (2) gas; 3 — HedenMHOBBIE CHEHUTE! BOTOroNLCKO-
ro wroka; 4 — cy6uienouHsIe NeiiKorpaHnThl BUMIOTHHCKOTO MaccuBa; 5 — rpaHnTou/1L1 BapryTaiickoro MaccuBa; 6 — rpanuTon b
Tpex a3 VaunH-Capbiarckoro Maccusa (TeTpoTHia ypukckoro komiekcea); 7 — Li-F rpanuronast Caxup-Llyayruiickoro mac-
cuBa; 8 — Li-F rpaHUTOMIB! XOHBYHHCKOTO KOMILIEKCa; 9 — rpaHUTOMABI TpeX (a3 caMcalibekoro komruiekea, Ha puc. a nomenie-
Hbl faHHble TabnuL 2 U 3, a Ha puc. 6 — ony6aukoBaHHbIe AaHHbIE [26]. [TyHKTHPHBIMH JIMHUAMU BBIIC/ICHA MOJIOCA IIEI0UHO-
0 HanpasJIeHHs OPOJ I0r0-BOCTOUHOM yacTH Xymaron-bumorunckoi uenouku (00nscHenus B Texcre). I, 11— amnnm, pexomer-
noBaHHkle [TeTporpauueckim KOMHUTETOM JUIS Pa3/IeNCHHs CEPUIA BBICOKOM M yMEPCITHON, YMEPEHHOH ¥ HOPMAJILIIOH LICI0U1I0-

CTH, COOTBETCTBEHHO.

ro MaccuMBa HY>KHO OTHOCUTH K paHHeMy KeMOpHIO.
Ero cranoBnenue fOMKHO ObLI0 NPOU3OHTH 10 Haua-
Jla cpelHe-TI03IHEKEMOPHICKOH TEKTOHMUYECKOH ak-
TBM3aumy OxMHCKOW 30HBI. J{aTMpoBKa HaXomwT-
s B IPOTHBOPEYUH C I€OIOTHUECKHM OIpe/ieNIeHHeM
NO3QHENANe030HCKOrO BO3PACTHOIO TIONIOXKEHHUS 1Iie-
JIOYHBIX CHEHHUTOB. B CBA3M ¢ BO3HUKIIUM MPOTHUBO-
peuneM B uHTEpripeTalun ‘“Ar/*’Ar naTupoBku HYX-
HO 00paTWTh BHUMaHMe Ha TO, YTO JaTHPOBAJICS aM-
dubon u3 Tena IETOUHBIX CHEHUTOB, TIPETEPIIEBIIHX
TEII0BOE Bo3AeHCTBUE Npu Gosee MO3AHEM BHeIpe-
HHUH LIEJIOYHBIX IPAaHUTOB. VI3 re0XpOHOMETPHYECKOM
TIPaKTHKH M3BECTHO, YTO BTOPUYHBIN pa3orpes npH-
BOAMT K HapyweHHio K-Ar u3oTonHol cucteMsl am-
¢ubona ¢ obpazoBaHneM (PUKTUBHBIX IUIATO C 3aBbI-
IIEHHOW AaTHPOBKOH, HE MMEIOLIEH reoXpOHOIOrHYe-
cKoro cmeichaa [36, 37].

JIMTOCP®EPA Ne4 2013

TIETPOT'EHHBIE OKCH/IbI, PYBH/IUT
Y CTPOHIIMN

Jannbie 0 Bapualusx XUMHYECKOro cocrasa lie-
JIOYHBIX CHEHUTOB M IPAHUTOB YETBEPTOH U NATOH (a3
Xymiaronsckoro maccusa (no M.A. Pomanosy) npu-
BOAATCS Ha puc. 3a—5a. Jns conoctaBieHust UCTOJb-
3yIOTCS OAHHBIC TI0 NMOPOAaM APYrux Ten Xymaros-
Bumotunckoit  uienoukn  (BoTorosnbckoro  IITOKA,
Caxup-11lynyTHHCKOro U BHIIOTMHCKOrO MacCUBORB),
a taroke bapryroiickoro M YHiusH-Capbarckoro rpa-
HUTHBIX MAaCCHBOB YPUKCKOTO KOMILIEKCA.

Ha puarpamme menoun—kpemuesem (puc. 3a) uie-
JIOYHBIE CUEHUTHI ¥ TPAHUTHI XyIIaroabckoro MaccH-
Ba pe3ko pasjeneHbl Mexay coboii. Ilepebie coaep-
xat 10—-12 mac. % cymmsl 1enovei npu KOHLEHTpa-
musax SiO, 60—66 mac. %, a Bropslie — 8—9 mac. % cym-
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Puc. 4. Cootnomenus Sr, Rb ¢ SiO, B MaccuBax OKHHCKO# 30HBI (a—0) 1 B Gosiee mo3aHUX rpaHuTongax Camcan-

XOHBYMHCKOH Lienoyku (6-T).

Ven. 0603H. oM. puc. 3. JIns Xymaroiasckoro MaccHBa 3Ha4KaMy BRIICACHBI JBE TPYIIbI 11S04YHBIX CUEHUTOB, COOTBCTCTBEHHO, ©
TNOBBILIEHHBIM cofepkanneM Rb (Rb!), nonmxkennsiMu konuentpauusimu Rb, Sr u nossimennsiM Rb/Sr (Rb/Sr!) u rpynna narpo-
BBIX KBapLI-3rUpHH-ans6uToBbIX Mopos (Na!). Ipynna HU3KOCTPOHIMEBBIX TPAHHTOB TpeThei (Bassl YHIIIH-Caphaarckoro Maccu-

Ba 0603HaueHa 3Ha4KoM Sr! .

MBI Liiesiouei npu koHuenTpausx Si0, 71-75 mac. %.
@urypatuBHOE NOJIE IETOYHBIX CHEHHTOB HAXOANUTCS
MEXy MOJSMH IIEIOUHBIX TPAaHUTOB XYIIaroikCKOro
MaccuBa M He(EeNMHOBBIX CHEHUTOB BoToromeckoro
ITOKa. B ypHKCKOM KOMIIIekce rpaHUTOMIBI U3MEHS -
JI¥ COCTaB OT JUOPUTOB U rab6po-auopuTos (daza 1)
Kk neiixorpanuram (¢ass! 2 u 3). B none nelikorpanu-
TOB HaxoaATcs Taioke nopoabl Caxup-1llynyTunckoro
maccuBa. B menom, Ha puc. 3a BBIAESIOTCS acCOoLH-

alUM IIENOYHBIX W HOPMAIBbHO 1IEJIOUYHBIX TOPOJ,
CMBIKaIoIMeCcs Mexay coboi Ha nojie cyOIleTOYHbIX
JIEMKOTPaHUTOB.

~ DrupuH-puOEKUTOBBIC TPAHHTHI XapaKTePU3YIOTCS
K,0/Na,0 = 0.8-1.0, a xBapi-3rupuH-anbOUTOBBIEC —
unrepasiom 0.05-0.26. 1llenounsie cuenntsl obnazna-
10T y3kum auanaszoHom K,0/Na,0 = 0.6-0.8. Cpenu
HUX BBIJENSIOTCS TPYIIBI TOPOA C MOBBILIEHHBIMA H
TIOHIKEHHBIMHU KOHI[eHTpalmsaMu Rb (cooTeeTcTREHHO,

JIMTOC®EPA Ned 2013



XYIIATOJILCKUY MOJIMXPOHHLIA MACCUB  « . 97

(Na + K)/Al
15 |- Rb! a
x A
" '
319 &‘. éb/Sr
1k mnH. net  “O.x Nal Sl 440, 404
MIH. neT
*t daza 3

05

0.6 0.8 1 12 1.4 1.6
Al/(Na +K + Ca)

1.3 0
304
MPH. NeT
L
*
0’ A
1 ¢ o
o &0. g’ ﬂO
L 307,281 w261 *
MITH. NeT
*
05
I [ S
O 1 ' A N 1 " I . 1 A
0.6 0.8 1 1.2 14 1.6
Al/(Na+K + Ca)

Puc. 5. CoorHomenus (Na + K)/Al-Al/(Na + K + Ca) B uetBepToif 1 1110t paze Xymarogbckoro Maccupa 1 B MOPORax
Ipyrux ten Xymaroia-BrumotrHckoi nenouky OKMHCKoM 30Hb! (a) U B rpanuTou/iax CaMcan-XoHBIMHCKOH HenoukH (6).

Ve, 0603H. oM. prc. 3. PacyeTs BRINOTHEHB! B MONCKYISPHBIX KonmuuecTBaX. OG03HAYEHBI OIS TPAaHUTOMAO0B A-, [- U S-Tuia 30-

uel Xuzgaka, Xokkaiao [39].

357405 u 254-290 mxr/t) u Sr (17-31 u 4-5 mMkr/r).
B rpynrme ¢ noesnueHEHsiM Rb 1 Sr (0603HaueHHol Ha
auarpamme puc. 4 3HaukoM Rb!) Rb/Sr = 11.6-23.4 na-
XO[UTCA B Mara3oHe BapHali Npeodaafarommx co-
CTaBOB. DTHPUH-aBIUT pe3ko npeobnamaer Hax pu-
OexkuTOoM. DTa Tpymna MOpoA MpeacTaBiser ¢aiuo
STHPUH-aBIUTOBBIX CUCHUTOB YETBEPTOM (ha3bl Maccu-
Ba (puc. 1). O6pazust 102 u 1020 XapaKTepusyror, co-
OTBETCTBEHHO, CBETIIYIO W TEMHYIO YaCTH IOOCUATHIX
obpazoBaumid (Taba. 2). B rpynmne ¢ MOHMKEHHBIMH
KOHUeHTpauuiMu Rb u Sr (o6o3HadeHHOM Kak Rb/Sr!)
otHomenne Rb/Sr Bospacraer xo uHTepBaia 59—64.
OTH mopoap! MeTporpaguIecKH OTIMYAIOTCA PE3KHM
npeolOiTaiaHueM KaJHeBOro MOJeBOro 1IIaTa.

JIns BEISBIGHUS TEOXUMHYECKUX CIIECTBHU Ipo-
1LIECCOB OKBapLIeBaHUS B 5K30KOHTaKTe (assl 5 npoaHa-
nusupoan o6p. 122. IMpusHoc SiO, (mo 86.5 mac. %)
CONpPOBOXKAICA CHWKEHHEM KOHUEHTpauui Sr u Rb
(cooTBeTcTBEHHO, 1o 2 U 171 Mxr/r), a Takke Zr, Nb,
Ba, U, penko3eMeJbHBIX JIeMeHTOB, Y, Zn, Mo, Ag u
Sn (Tabn. 2).

B wunTpy3uBax OKMHCKOM 30HBI COOTHOILECHHS Ka-
TS M HaTpus BaphUPYIOT B INMPOKHUX Mpejcnax. AHO-
manpHo Hu3koe K,0/Na,O, comocTaBUMoe ¢ OTHOILLE-
HHEM B KBApL-3rHPHH-aJIBOMTOBBIX IOpoAax Xyuia-
TONIECKOTO MaCCHBA, ONPEIENCHO TOJBKO B OMOTUTOBBIX
IUIarHOTpaHKUTaX COTIPENeIbHOM ¢ HUM YacTu bapryToi-
ckoro MaccuBa (0.16-0.26). Jlns apyrux yacreit bapry-
TIMCKOrO MacCHBa IUTATHOIPAHMTBI HE XapakTepHBl, a

JIMTOCOEPA Ned4 2013

K,O/Na,O rapsupyer B uateppaie 0.71-0.99. B Yuums-
Capb1arckoM MaccHBe METPOTHIIA YPHUKCKOIO KOMILIEK-
ca K,0/Na,O nossmuanock ot mepeoit ¢assr (0,3-0.6)
4epe3 Bropylo dasy (1.1-1.5) k rpetseii (1.7-1.8). B ue-
(eHHOBBIX cueHHUTaX BoToronsCKoro Maccupa 310 OT-
HomeHue Mensnock ot 0.8 mo 2.2. Bricokoe K,0/Na,0O
(1.5-1.7) onpeneneHo B cyOueno4Hbix rpaHuTax bu-
srotuHckoro MaccuBa. B Caxup-Ilymyturckom mMaccu-
Be K,0/Na,O cauzunock fo uHtepsaia 0.7-1.2.

KonmenTpaim St MakCHMalIbHBL B He(EINHMHOBBIX
cueHuTaX BoTOroabCKOro MaccuBa M PE3KO CHUKAKOT-
cs ¢ noBbinenneM SiO, B IIETOYHBIX CHEHUTAX M I'pa-
HHTax XyIaroabecKoro MaccuBa. B rpaHUTOMAaX ypUK-
CKOr0 KOMIUIEKCA B LIe/IOM MOIAECPKMBAKOTCA YMEpeH-
Hble KOHLeHTpauuk Sr Ha ypoHe 100-400 mxr/r, Ho
CpeaM IpaHuTOB TpeTheil (asbl BbLAEHACTCA rpynna
TIOPOJ] C NMOHWKEHHEM KOHIEHTpalwmit 10 15-20 Mkr/r
(na gquarpammax oGo3HaueHa kak Sr!). DToT uHTepBai
NpUOIMKAETCS K MHTEPBATY IUEJIOYHBIX [PAHUTOB M
CHEHHMTOB Xymarojbckoro maccuBa. Coneprkanust Rb
BO3PACTAIOT OT HEETHHOBBIX CUEHUTOB boToromscko-
r0 MaccHBa 4epe3 IICIOYHBIE CHEHUTHI K INEeTOYHbLIM
rpanuram XyIIaronsckoro Maccusa. B oanom us 06-
paslOB HATPOBBIX KBApL-3THPHH-AIBOMTOBBIX IOPOJL
MaccUBa onpeesieHo Hu3Koe cofepxanyie Rb na ypos-
He OOBIYHBIX IpaHUTOB. Pe3ko oboraiieHbl pybuanuem
noponsl Caxup-LlymyTarckoro Maccupa (puc. 4).

B mienouHbIx cUueHuTax onpezeneH uurepsan K/Rb
ot 100 10 300. B HaTpOBBIX KBapL-3TUPHH-AITEOHTOBBIX
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Ta6nuua 2. ConepkaHus NeTPOreHHbIX OKCHAOB (Mac. %) 1 MUKPOIJIEMEHTOB (MKT/T) B MOpoaax XyLIaroasckoro MaccuBa

- 1 | 23] 4 5] 6] 711819 [0 ]11]12]13]14]15]16

OMIOHCHT 1= 0> 1102n | 103 | 104 | 115 | 116 | 124 | 127 | 140 | 128 | 117 | 123 | 139 | 135 | 101 | 121
Si0,, Mac. %] 64.23 | 64.02[63.93[65.18]66.17]62.51|62.85(61.96]62.41| 64.6 |59.67|61.94]64.01]59.95(63.85(62.36
TiO, 036 | 045|042 ]036|031]090|049|042|063|062|065]|047]037]068]| 044|058
ALO, 12.43(10.9710.83] 10.2 | 14.8 | 15.1 | 14.2 |12.95]14.05|14.15]13.18| 13.9 |15.25{12.25| 12.0 |12.87
Fe,0, 7.48 | 8.65 | 8.82 | 7.51 | 3.46 | 425 |3.36 | 3.02 (357|354 | 62 |3.73|328 | 4.05 877|422
FeO 172 [ 2.35 [ 2.50 [ 3.51 | 3.64 {500 | 5.6 | 7.7 | 643 [4.14 | 822 | 5.83 (335 {9.00{ 122 | 6.14
MnO 0.11 | 0.16 | 0.05 | 0.16 | 0.08 | 0.15 | 0.11 | 0.16 | 0.13 | 0.09 | 0.14 | 0.14 | 0.09 | 0.18 | 0.07 | 0.14
MgO 0,01 | 0.01 | 0.01|0.01{0.01]|003]|001]|001| mo. | wo. | mo. | 0.01 | mo. | 001 | 0.01 | 0.02
Ca0 081 | 112091 | 124 | 037|057 {071 | 124 | 065|047 | 029 1.3 | 096 | 1.45| 087 | 1.17
Na,0 7.08 ( 6.89 | 7.19 | 6.71 | 6.30 | 6.76 | 6.57 | 6.66 | 63 | 6.66 | 6.56 | 6.64 | 6.46 | 6.54 | 7.06 | 6.38
K,0 439 | 4.06 | 4.11 | 4.17 | 4.66 | 4.46 | 489 | 4.51 | 457|509 | 431 | 4.81 | 4.95 | 449 | 425 | 4.57
P,0, 002 ]0.02|002|002]|004| 006002002004 |002]002]|002]005]002] 004|003
Cymma 98,64 98.7 198.79(99.0799.84(99.7498.81|98.65[98.78|99.3899.26 |98.7998.77|98.62 | 98.58| 98 48
Sc,Mkr/r | <02 (<02 |<02[<02|<02]<02]<03 07 | 1.6 |<03]<02{<02|<03|<02]|02 |03
Rb 405 | 393 |364% | 357 | 254 | 290 | 151 | 157 | 188 | 171 | 179 | 193 | 207 | 183* | 252 | 194
Sr 173 | 20.5 |83.5%| 27.6 | 3.97 | 487 | 9.87 | 129 | 956 | 6.53 | 5.79 | 11.6 | 12.1 |14.1%| 8.00 | 15.8
Y 169 | 211 | 207 | 143 | 107 | 64.6 | 26.7|37.7 | 28.8 | 313 | 22.8 | 34.9 | 40.0 | 39.0 | 61.0 | 42.8
Zr 752 | 975 |1223| 623 | 238 | 543 | 140 | 213 | 183 | 226 | 175 | 123 | 326 | 218 | 324 | 215
Nb 759 | 83.5199.4 | 432|222 [ 345|169 | 249 | 168|213 | 17.6 | 12.4 | 16.0 | 21.4 | 29.8 | 24.8
Cs 397|570 | 815|507 |210265|200|267|156|229]1.05]1.02|214|098|185]1.98
Ba 142 | 12.1 2391198 | 253 | 363 | 147|132 | 184 | 168 [ 29.1 | 19.8 | 23.3 | 24.3 | 10.1 | 19.8
La 116 | 904 | 173 | 147 | 112 | 723 [ 163 | 14.9 | 189 | 224 | 224 | 22.1 | 27.8 | 27.8 | 26.2 | 27.2
Ce 199 | 168 | 304 | 250 | 142 | 174 | 29.6 | 28.0 | 43.0 | 45.8 | 61.6 | 47.0 | 51.5 | 70.4 | 40.7 | 54.6
Pr 193 [ 17.2|32.8 | 265 | 222|159 | 343 | 3.62 | 460 | 4.65 | 529 | 5.64 | 6.65 | 8.12 | 492 | 634
Nd 7111672 125 | 104 | 89.7 | 65.4 | 122 | 142 | 18.8 | 17.0 | 202 | 23.6 | 263 | 33.6 | 184 | 244
Sm 134 | 1551255193 | 172 13.1 | 240 | 3.00 | 337|329 | 3.78 | 4.74 | 4.86 | 6.67 | 4.08 | 4.73
Eu 098 | 1.11 | 1.66 | 127 1.10 [ 0.76 | 0.19 | 024 | 0.26 | 021 | 025 | 0.32 | 035 | 0.40 | 0.39 | 0.32
Gd 17.8 | 224 [ 284 | 204 | 17.1 | 11.3 | 3.15 | 3.84 | 3.93 | 407 | 331 | 429 | 5.61 | 5.61 | 6.90 | 5.16
Tb 3.03 [3.90 | 432|296 240 1.79 | 0.56 | 0.68 | 0.65 | 0.74 | 0.63 | 0.73 | 0.93 | 0.93 | 1.23 | 0.86
Dy 2121264 (3221204 [ 160 11.6]3.64 | 479390 | 424|392 | 4.11 | 5.56 | 5.18 | 8.51 | 5.18
Ho 470|582 |725|455|336(245]089| 130|088 1.18| 090|086 |138]1.11 222121
Er 151179232 | 140 | 105| 7.8 | 3.01 | 486 | 291 |3.98 | 3.52 | 297 | 4.55 | 3.85 | 7.58 | 3.99
Tm 2.82 3311359201 |1.52]126|062]1.04|064]|075|0.77|053|087|076 | 1.50]| 083
Yb 150 ] 18.8 | 21.5] 129|934 | 7.82 | 461 | 7.33 | 530 | 491 | 6.66 | 4.17 ] 5.71 | 6.44 | 8.95 | 5.70
Lu 230 283|291 ] 191 |1.49]129|0389] 122|094 |091| 122078095 1.17 | 1.56 | 1.11
Hf 206 | 26.1 |27.8 | 14.1 | 6.09 | 13.5]4.70 | 7.82 | 4.66 | 7.70 | 438 | 3.11 | 10.5 | 5.01 | 13.0 | 5.47
Ta 413|469 |679]255| 121228101 152|078 |1.38]0.78|0.54|1.45|0.88|223] 111
Pb 66.6 | 71.4 | 387 | 642 | 17.1 | 11.6 | 7.77 | 21.0 | 15.9 | 28.0 | 10.4 | 7.89 | 978 | 122 | 17.8 | 17.3
Th 492 (581549304 |103]236(6.03]|105]593|11.9|6.05|4.00| 160540/ 181 9.11
U 2501309(309|159(5.18|851|137]426/|1.09|299|201]1.00]|631]3.16] 108 |4.00
F H.0. | HO. | HO. | H0. | H.O. | H.O. | HO. | H.0. | HoO. | BO. | 1600]| BHo0. | HO. | HO. | HO. | H.O.

[Tpumeyanue. 1-22 — men09HbIC CHEHUTHI (M3 HUX 14 — ¢ MOBBIMEHHEIMY Rb 1 St, 5—6 — ¢ noHmkeHHBIME Rb 1 S, MOBbIIIEHHBIM
Rb/Sr); 2324 — xBapI-3rupHH-aIIEOUTOBBLE TTOPOIBY; 25—29 — IMIeI0THEIE TPaHUTHI (2526 — 06oraleHHbie peIKo3eMehHLIMH

MOpPOJIaX 3TO OTHOIICHHE CHIDKAeTCS A0 HHTEpBa-
na 46-52. B xoopauHarax K/Rb-K,O (puc. 6) Toapko
TpH obpasia HedeMMHOBEIX CHEeHHTOB boToromsckoro
mroka (06p. M-110/96, M-37/96 u 2937-9) pacnionara-
I0TCA B MPEZeNIax MEeJIOYHOTO HATPABICHUS OPOJ YeT-
BEpTOH U IATOM (a3 XymaroJbCckoro MaccuBa, B KO-
TOPOM C BO3pacTaHHeM Kanus nopplmaercs K/Rb, Ye-
THIpe APYTHX 00pa3iia 06GHapyKMBAFOT TEHACHLMIO I10-
BhiteHUs K/Rb npy CHIUXKEHMH KOHLICHTPAIMN KA,
IMossrmennoe K/Rb — 510 XapakrepucTHka rpaHUTOH-
JI0B YPHKCKOIO KOMIUIEKCA, XOTS HU3KOCTPOHLIUEBBIE
HOpozbl TpeTher (ha3bl 3TOT0 KOMIUIEKCA MMEIOT CO-

ornomenust K/Rb—K,O, xapakrephble s MICA0YHBIX
cuenuToB. OtHomrenne K/Rb chmwkaercs B Li-F rpanu-
tax Caxup-LLlymyTrHCKOr0 MaccHBa M IIEJIOYHLIX CH-
€HHTAaxX C MOBBIeHHBIM Rb Xymaronsckoro Maccuaa.
Ha puwarpamme coorHOmeHH#H Kkodddurmen-
toB armautHocTH (Na + K)/Al u mmHozemucrocTy
Al/(Na+K+Ca)0603Ha4€HHBIC TPYIIIBI IET0YHBIX CH-
€HUTOB U TPAHUTOB XYIaroibCKOro MaccHpa 06pasyroT
emuHbIA TpeHy (puc. 5). Haubonee BricokHe 3HaUEHMS
(Na + K)/Al = 1.3-1.5 npu campix mu3kux Al/(Na + K
+Ca) = 0.6—0.7 xapakTepu3yIoT IpyIITy lUEI0YHbIX CH-
€HMTOB, oGoranieHubix Rb, a cambre HU3KME 3HAYCHHA
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K 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
OMIORCHY 17106 [ 136 | 129 | 125 | 134 | 114 | 132 | 131 | 108 | 110 | 112 | 113 | 118 | 122 | 130
Si0,, Mac. %|{65.72161.93|64.68|61.42{60.43 (66.42|75.19| 72.1 | 7535 |74.29| 73.2 {72.09|71.10|86.51| 26.76
TiO, 024 ] 055|048 | 053 081|044 )0.01 |008) 040 | 032]0.14 ] 028 |030]006]| 026
ALO, 16.65(14.15|10.55| 13.8 |13.45| 10.2 {13.62|1597| 9.68 | 10.4 | 10.8 | 9.65| 10.5 | 585 | 5.18
Fe, 05 1.00 (379 | 802 | 4.16 | 440 | 531 | 0.81 | 248 | 295 [3.66 |2.58 [ 456|3.19|1.18| 2.56
FeO 271 | 594 | 3.10 | 6.58 | 7.60 | 598 | 0.14 [ 0.14 | 193 | 1.50 | 3.21 | 290 | 452 | 1.07 | 1.08
MnO 0.05(0.14|0.10 | 020 0.23 { 0.16 | 0.01 | mo.. | 0.03 | 0.01 | 0.05|0.09 | 0.12 | 0.02 | 0.03
MgO 0.01 { 0.01 { 0.01 {0.01 ] 0.01{0.01}005]|mno0.| 004 |Ho.|002/003]0.02]002]| 181
Ca0O 035(105]1.02(139]127|0.88]0.88|0.09| 039 | 043 |023|0.60 0301004 43.7
Na,O 690 | 639 | 662|671 1660562677831 | 413 [457 478|439 |4.81 1213 | 4.00
K,0 536 | 469 | 4.18 | 432 | 427 | 381|176 1045 | 394 | 423|439 420|392 |231| 045
P05 0.02 | 005003 |0.02]0.04|002]0.02]0.02]| 0.03 |[0.02]0.02]0.02]0.020.02]| 0.05
Cymma 99.01{98.69(98.79(99.1499.11{98.85(99.26{99.64 | 98.87 {99.43(99.47(98.81|98.85(99.21| 85.86
Se, MKr/T <03{<03] 08 [<02|<02|<02]|<03([<03]| <03 |<02|<03]|<02]|<02]|<03 2.5
Rb 231 | 205 | 211 | 253 | 282 | 158 [268*% | 81.7 | 248 |[371*| 268 |235* | 186* | 171 113
Sr 114 | 9.18 | 10.7 | 18.0 | 14.5 | 8.41 [3.48%] 2.00 | 12.15% [4.33%|4,17*|19.4*|4.56%| 2.00 114
Y 339 (42,6 | 99.6 | 479 | 69.7 | 37.8 | 50.0 | 14.0 | 153 101 | 336|325 | 185|534 372
Zr 171 | 347 | 740 | 265 | 663 | 202 | 81.1 | 157 | 776 | 371 | 129 | 115 | 170 | 469 | 882
Nb 204 1222 (370|284 543173179892 ]| 60.7 | 634|152 | 103|136 | 7.09| 73.9
Cs 260294 |1.06 279|364 {053|121(059| 1.03 | 068 | 1.88 | 1.08 | 156|127 | 1.33
Ba 20.1 | 18.7 1 30.0 | 26,0 | 249 | 16.5| 56.7 | 121 | 256 | 455 | 11.6 | 282 | 175 | 202 | 16.7
La 3131328 527|425} 304 |281)77.1)| 184 | 87.6 |87.1 | 198|333 | 152|820 | 787
Ce 49.1 | 67.1 | 90.2 | 95.0 | 478 | 53.4 | 127 | 334 | 135 153 | 28.8 | 61.7 | 45.1 | 13.9 | 1792
Pr 531 (851105105499 (573 (166|393 | 158 | 162 |3.34|6.46|3.36| 1.40 | 221
Nd 18.8 [ 32.1 { 38.8 | 41.6 | 169 | 229 | 60.0 | 149 | 570 | 66.2 | 13.7 | 258 | 13.1 | 5.23 | 888
Sm 295605771 |832)226|458)993|251| 11.6 |13.2|3.14 494|277 | 095 159
Eu 026 1 045] 051 {054} 1.02)|027039]0.10| 044 ;042 )0.10| 021 {0.19 | 0.08 | 522
Gd 354 (685|122 |731 158|469 | 107|251 | 189 | 128|447 |4.14 249 1.05 122
Tb 057110221 |115}223|081|150{037| 328 |2.06|067|069]|050]0.15]| 149
Dy 389 (741|144 759|128 (532|868 |2.06| 21.4 | 145|394 |3.86|2.69 | 1.02 | 86.7
Ho 093 | 175 (364|162 |272|1.19]1.74]047| 538 |3.17|0.89|0.78 | 062|023 | 149
Er 3.09 (575120563 [935{4321455|142| 186 | 105 3.08 {251 (220077 36.1
Tm 058 (120233101 |1.55{081|064|027| 329 |1.72]060 048|048 |0.16 | 4.36
Yb 332 (781152759113 (6.16|3.06|185] 192 | 109 |4.77 393|418 | 1.02| 243
Lu 051130233126 1.67{1.16|049|036| 3.03 |1.70]096|0.74| 075022 3.66
Hf 467 | 115|284 | 653|143 ]5.08|3.18]|625| 254 | 10.0| 5.11 | 324 |4.16|1.78| 279
Ta 126 [ 192 (522 (130299087 |0.13 (095 | 549 | 519 1.02 | 0.56 | 0.82 | 046 | 9.13
Pb 17.0 [ 294 | 16.7 | 20.2 | 46.0 | 15.0 | 167 | 159 | 68.8 | 522 | 164 | 10.8 | 145 | 11.6 | 36.7
Th 112 | 1651376 | 113 | 346 | 781 | 10.3 | 3.97 | 388 | 242 |6.19 | 530 |7.76 | 449 | 874
14) 2831671144 (293|114 (246 10.1 |132| 224 | 998|151 | 1.15| 193|080 17.1
F 1200 | Ho. | H.0. | H.0. | H.O. |4100]3800] 300 | 3300 | po. | HO. | H.O. | 1300 ] H.0. |153600
snemenTamu); 30 — okBapuoBaHHad mopoxa; 31 — Meracomarmueckas (IOOPUTCOXEpXKAIIAs Mopofa (CymMMa OKCHMIIOB

85.86 Mac, % re Bkmouaet 15.36 Mac. % F). * — u3MepeHus METOLOM H30TOTIHOTO pas6apneHus. H.o. — He onpeeneHo.

(Na + K)/Al

=0.9-1.0 c Al/(Na + K + Ca) = 0.9-1.1 —

IpyIILy KBapl-3THPHH-aIL0UTOBBIX 1iopox. Illenoynkie
CHEHMTHI M TPaHHTHI XyIIaroJsCKoro MaccHBa pacro-
JararoTcs MeXIy 3TUMHU IpyNIaMH, COOTBETCTBYS B
1IeJIOM IpasuTOnaaM A-TuIa.

INoponsr epBoit daszsl YHUIIH~-CapsAarckoro Mac-
CHBa pacloNararoTcs MPeuMyILEeCTBEHHO B Tojie rpa-
HuToHAoB S-tuna (30 06pas3loB), YACTHYHO CMelNa-
Ack B moe rpanuTonyoB I-tuma (8 ob6pasuos). Ilep-
BBIE HHTEPIPETHPYIOTCS KaK Pe3yJBTaT MaluHIeHHO-
ro MUIABJICHHUS] CHAIMYECKOTO 0CagoYHO-MeTaMopdo-
FeHHOTO Marepuala, a BTOpble — KaK MPOYKTHI [IaB-

JUTOCP®EPA Ne4 2013

JeHus Kopsl 6azutToBoro coctana. [lopossr BTopoii a-
31 TIETPOTHIIA HAXOAATCS B 00JIACTH MEPEKPBITHS rpa-
HUTOUOB A-, S- 1 I-THIIOB, a TpeTheil (hazpl — cMelle-
HBI B [OJIE TPAHUTOMAOB S-THnA. B mepexonnoi 06-
J1aCTH COCTABOB S- U A-tura Haxousres Li-F rpanu-
o1 Caxup-I1lyyTHHCKOro MaccuBa, a TaKKe JIEHKO-
rpaHuThl bumoTHHCKOr0o MaccuBa. B miardorpaHu-
tax Bapryraiickoro MaccuBa 3Ha4eHHs koadduipeH-
Ta arfauTHOCTH HU3KHUE MPH HOBBIIEHHOM Ko3( -
LUEHTe NTHHO3eMUCTOCTH, COOTBETCTBYIOIEM [PaHHU-
Tougam S-tuma. B 60TOronbcKux HeQemUHOBBIX CHe-
murax koadounment armanTHOocTH Mensercs ot 0.8
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Puc. 6. Coornomenust K/Rb-K,O B marmarudecknx teiax OKHHCKOI 301b! (a) W B G0jee NMO3AHUX TPaHUTONEX

Camcan-XoHBMHUHCKON LienoukH (0).

Yei. 0603H. cM. puc. 3.

1o 1.0 npu 3ameTHBIX Bapraumsax koadphuimenTa mm-
HozemuctroctH oT 0.8 o 1.1.

B cucreme CIPW 17151 111€7104HBIX 'PAHUTOB ¥ CHEHU-
TOB PAacCUMTHIBAETCS HOPMATUBHBIN kBapll. Hanbonee
BBICOKAS IENIOUHOCTE CUCHUTOB, 000TAIEHHBIX pyOu-
JIHEM, BBIpAXXAETCs] B BHICOKMX COIEpKAHUIX HOpMa-
THUBHOrO akMHTa Ac B untepae 18-25%. B atoii rpyn-
ne BBISABJISAETCS IOBBIIICHHAS OKMCIEHHOCTDH JKeJe3a
(Fe,04/FeO =2.1-4.3). B npyrux meJo4HbIX CHEHUTaX
Y KaJIMHATPOBBIX LIEJIOYHBIX IPAHUTAX PACCHUTHIBACT-
cs1 0T 2 10 22% Ac ¥ cTenieHb OKMCIIEHHOCTH XKeJie3a B
nenom Hmwke (Fe,0;/FeO = 0.4-2.4). Haubonee Bbico-
Ko#t okucneHHocThio xkene3a (Fe,05/FeO = 5.8-17.7)
OTIMYAIOTCS HATPOBbIE KBApL-3TMPHUH-AJILOUTOBBIE
nopozbl. B Mx HOpMaTMBHOM COCTaBe PACCYMTAHO BbI-
cokoe coiepkanue ansbura Ab = 57-70% npu Haym-
yun remarura Hm = 0.5-2.5%.

PEJIKO3EMEJIbHBIE SJIEMEHTHI

Jlns nopox XylaroabCKOro MaccHBa XapakTep-
Hbl IIUPOKKUE BapHalMK KOHLCHTpPALMI pesiKo3eMenh-
HbIX 27eMeHToB (P33). Ha auarpammax HopMupOBa-
HUSL K XOHJIPUTY BCE MPOAHATU3UPOBAHHBIE 0OPAa3IbI
JIAl0T PE3KO BhIpaXkeHHbIH Eu-munumym. I'pynnsr me-
JIOYHBIX CHEHHTOB U I'PAHMTOB XOPOIIO Pa3/IMYaroTCs
mesxy coboii (puc. 7, 8).

B 1enouHbIX CHEHHTaX MaKCHMaJIbHBIC KOHIIEH-
tpauyu P35 onpenenensi B 06p. 134 ¢ (La/Sm)y= 8.4,
(La/Yb)y=18 n Ew/Eu* =Euy/(0.5 x Smy+0.5 x Gdy) =
0.16, a MmuanMansueie — B 00p. 127 ¢ (La/Sm)y = 3.1,
(La/Yb)y = 1.4 u Ew/Eu* = 0.22 (puc. 7a). Ins nuHuit
HOPMHMPOBaHUS OONBIIMHCTBA IIEJOUYHBIX CUEHUTOB

XapaKTepHO TUIaBHOE CHUKEHNE KOHLEHTpaluii ¢ obe-
ux cropoH k Ho. [1py HM3KMX KOHIEHTPALMSIX JICTKUX
nantaHounos (Lay = 63—130) HopmHMpOBaHHbIC KOH-
ueHtpatuu noseitaiores or Gd—Tb k Yb—Lu (puc. 76).
B rpynne nopoji ¢ NOBBULUEHHBIMM KOHLEHTpALMS-
MH Rb (06p. 103 u z1ip.) onpeeneHs! NPoMexyTOYHbLIC
(La/Yb)y = 3.3-7.7 npu uHTEpBajie MaKCHUMAJILHBIX
3navennid Eu/Eu* = 0.18-0.19. YporeHs HopMupoBaH-
HBIX KOHLIEHTpaUMi B 3TOH rpyrine cHwkaercs o1 La k
Sm c (La/Sm)y= 3.6-5.4 u ocraercs NpubInznTehH-
HO Ha OJXHOM ypoBHe okoJ1o 100 XOHAPUTOBBIX CAMHMLL
mesxay Gd u Lu. IIpubiausurenbHo Takue ke CreKTpbl
MOJTyHEHBI JUisl IEJIOYHBIX CHEHHUTOB ¢ Haubosee Bbl-
cokuM Rb/Sr (06p. 115, 116) npu (La/Sm), = 3.4-4.0,
(La/Yb)y= 6.3-8.1 u Ew/Eu* = 0.19. Jlerkue snemen-
THI psja oT La 10 Sm HaxoasTcs Ha ypoBHE MUHU-
MaJIbHBIX KOHLEHTPALUH PYIIbl TTOPOJL C MOBLIIEH-
HBIM Rb, a Tsxensie, or Gd o Lu, onyckatores ke
(puc. 7B).

Jlns cpaBHEeHHMs CO LICIOYHBIMHA CUEHUTAMH Xyllla-
rojbCKOr0 MacCHBa 1a pHc. 7 MPUBEIEHBI CIICKTPHI
PENKO3EMENLHBIX DNICMEHTOR HeENMHOBBIX CUCHMU-
TOB Botoronsckoro maccupa. OHH XapakTepusyloTcs
cnabbiM oforailenyem JIEFKUMM 3JIEMEHTaMHU psijia ¢
(La/Sm)y= 1.8-4.6. Iloyi0610 nopoyiam Xy1uarojibeko-
ro MaccuBa, B HUX 00Hapy>KMBaeTcs MOBbILICHHE HOP-
MHPOBaHHBIX KOHLIEHTPALMH B TSXKEJIOU 4acTH criekTpa
ot Er no Lu. EBponiuenas aHoManus JIMGO OTCYyTCTBY-
eT, MO0 BhIIeNsIeTCS B BUAE HEOOMBILIOr0 MakCUMyMa
(Euw/Eu* = 1.01-2.96). Otnowenune (La/Yb)y cocras-
nsiet B cpeHeM 4.0-8.2, a MpU OTHOCHTENILHOM CHU-
JKEHUM KOHLCHTPALMI PpEKO3EMENIbHBIX JJICMEHTOR
BapeupyeT B Oonee nmpokoM auanazone (2.3-14.7).

JIMTOCOEPA Ned 2013
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Puc. 7. PenxoseMenbHble CIIEKTPbI B LIEIOYHBIX CUEHHTAX YETBEPTOH (ha3bl Xy1aroa»Ckoro Maccusa M Heenuno-

BBIX cHueHHuTax bororonnrckoro MmaccuBa.

a — IOJIHBIA MHTEPBAJL CTIEKTPOB PEAKUX 3eMenb oT Haubonbimero oborauenus B 06p. 134 ((La/Yb)y=

18) 10 MUHUMANILHBIX KOH~

uenTpauui B 06p. 127 ((La/Yb)y= 1.4); 6 — mopozxs! ¢ nosbiueHHbM Yb 1 Lu; B — rpynmsl NOpOJA ¢ NOBBIIEHHBIMA KOILEHTPa-
umnsmu pyouams (06p. 103 n 1p.) u ¢ nossnnennsim Rb/Sr (06p. 115, 116); r — nopozis Bororonsekoro mroka. Jiis nopmupona-

HHMS UCTIOJIB30BAH COCTaB XoHipuTa [40].

HX cpaBHUTENEHO HU3KHE KOHLIEHTPAIMHU OTIpe/ie/ICHbI
B Tpex obpasuax (M-110/96, M-37/96, 2937-9) ¢ Huz-
xkumu K/Rb B nuaTepsane 200—-400.

B nByx obpa3uax HaTpoBBIX KBaplL-3THPUH-aJIEOH-
TOBBIX NMOPOA XyLIarojbCKOTO MAacCHBa OIpPeAeIEHB
pasnuYHbIe KOHLEHTPALMM JAHTAHOMIOB C ONM3KUM
(La/Sm)y=4.6-4.8 (puc. 8a). O6p. 132, oborauieHHbIi
P33, nokazan oblee CHYXEHHE 3JEMEHTOB psija OT
nerkux k Tsokensim ¢ (La/Yb)y= 17.1 u Eu/Eu* = 0.11,
B o6p. 131 ¢ Gonee HUBKMMM KOHLIEHTPALMAMH PEJIKO-
3eMENBHBIX 3JIEMEHTOB 0003HaYMIach NONOrast BETBb
ot Gd k Lu, nporxyras k Ho ¢ OTHOCUTENIBHBIM YMEHB-
menueM (La/Yb)y 1o 6.8. EBponuesbiit MUHEMYM 3T0-
ro obpasua menee BeipaxeH (Eu/Eu* = 0.12),

JIMTOCPEPA Ne 4 2013

JUts xayMHATPOBBIX IUETOYHBIX I'PAHUTOB TAKOKE
XapaKTepHa CHIXKAIOLIAACs BETBb JIENKMX JIEMEHTOB
pana ¢ y3kum untepBasiom (La/Sm)y= 3.4-5.4 w no-
Jioras nmubo crierka BOCXOAsIlas BETBbL TAxelbix P3D
¢ obumm muTeprasniom (La/Yb)y= 2.5-5.7 (puc. 86).
I'pynna ¢ makcumallbHBIMM KOHLEHTpanusmMu P30
(obp. 108, 110) obnamaer Haubonee rnydboOKUM €BpO-
nuesbiM Munumymom Eu/Eu* = 0.09-0.10, ymens-
WIAIOUIMMCS B Ipynne HUXKEPACTIONMKEHHBIX [OPOR
(06p. 118 u 1p.) jro nureprana 0.14—0.22 u pocruraio-
M 0.24 B 06p. 122 okBapiiOBaHHOMN NOPOJIkL.

B ommuue o1 criekTpoB XyLIarojibckoro MaccuBa,
penxosemenbubie criekrpbl Li-F rpanurtor Caxwmp-T1y-
JIYTUHCKOIO MACcCHBa MMEIOT MOJIOTYIO BCTBL JICTKHX
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Puc. 8. PenkozemensHblie CIEKTPBI B rpaHUATaX Xymaronbcxoro MaccHBa B COIIOCTAaBJIICHHWH C APYTMMU MacCiBaMH

OXMHCKOM 30HbI.

a—B — B 'PaHUTAX: a — IEJIOYHBIX HATPOBBIX, O — KANIMHATPOBBIX XyIUaroisckoro Maceuna, B — Li-F Caxup-Llynyrunckoro mac-
cuBa [33]; r— B nuIarMOrpaHMTAax CONpeiesbHON ¢ XyIIaroascknM MaccuBoM yactu Bapryraiickoro maccusa (06p. 105, 106) 5 co-
TIOCTABNCHNM © TpanuTaMu Tpex (a3 YuumnH-Capsaarckoro Maccusa 1 TPOHALEMUTO-110001BIMK 1TOpoaMu Taniickoro iroka
(TIL) u3 I'apranckoit 3oHb1. J[I1 HOPMUPOBAHUS UCTIONL30BAH COCTaB XoHapuTa [40].

anemeHTOB (puc. 88). OtHowenns (La/Sm)y u (La/Yb)y
menstores ot 0.2 10 2.2, a Eu/Eu* — ot 0.02 1o 0.09.

Jlns  comocTaBleHMH IOKAa3aTeNbHBI  pEKo3e-
MEJIBHBIE CIMIEKTPBl 'PaHUTOMIOB Tpex (a3 YHIIIH-
Capbaarckoro MaccuBa M IIarHOrpaHuToB BapryTait-
ckoro mMaccuBa. IlocnenHue OTIHYAIOTCS OTHOCHTEIb-
HO HM3KMMH KOHLEHTpauusaMH Tsokensix P39 ¢ mo-
BeiieHHBIM (La/Yb)y = 9.4-32 u npubnmxarorcs k
TPOHABLEMHTO-NOJOOHOMY crniekTpy nopox TauHckoro
wToka U3 I'apranckoit 30Hs1 (puc. 8r). ['eoxumudeckas
XapaKTepHCTHKA Nopoj WToka npuseneHa A.I. Mupo-
HOBBIM M fip. [21].

UHTPY3UBbLI CAMCAJI-XOHBYUUHCKOM
LIETIOYKH: BO3PACT U COCTAB

B BocTtoyHOM wacTh OKMHCKOM 30HBI BBIJENISET-
cs Camcan-XOHBUMHCKAs 1IEMOYKa MACCHBOB, ILTO-

KOB, AuatpeM M Jaek. OHa NpOTATUBaeTcs B CEBEpO-
3anajiHoM HanpasyieHHuH Bosib KUTOHKHHCKOH 30HbI 1
Iapspkanraiickoro BeicTyna dyHaamenTa Cubupckoit
nnatdopMel M cMeleHa Ha 25 KM CeBEepo-BOCTOYHEe
Xymaron-buntoruackod nenouku (puc. 16). Rb-Sr
H30TOIHAs CUCTEMATHKa IOPOJ U MUHEPAJIOB C Y4ETOM
pe3ysbTatoB K-Ar JaTMpOBaHMs amMa30HMTa BLISBUJIA
TpH Marmatuyeckux snuzofna Camcan-XoHBYHHCKOM
uenouku: 1) 307-304, 2) 283-281 u 3) ~261 maH. ner
Hazaz. BHavane BHeapunauch Aalky peAKOMETalIbHbIX
Li-F rpaHuTou1oB XOHBMHUHCKOrO KOMIUiekca U Cam-
CaJIbCKUI TMIIYTOH KPYMHO3EPHUCTHIX CYOILETOYHBIX
nefkorpaHuToB (3nm3oA 1), 3aTeM y ceBepo-3anajiHoro
kpast CaMmcaJibckoro rutyTona obpasosasace lllaraiTa-
royibcKas AMaTpemMa aMa3OHUTOBBIX TPAHUTOR, a B Mpe-
Jienax IUTYyTOHAa BHENPWIUCH TIETMaTHUTOBBIC JKHIIBI €
aMa30HMUTOM (2MU3071 2) U, HAKOHEL, B LICHTPaIbHON H
IOKHOH YacTsiX MiyToHa 06pa3oBaauch LITOKH 1 HKUIIbI
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MEJIKO3EPHUCTBIX CYOILENOYHBIX JEHKOTPAHUTOB (31K~
301 3) [26, 28]. Marmarudeckue Tena Camcan-XoHb-
YHHCKOM LeNOYKH 06pa3oBaliCh IIOCIE 3aKIIFOYUTENb-
HOM (ha3bl CTAHOBIIEHHS XyLIaTOIILCKOTO MacCHBA.

Ha puarpamme menodyn—kpemHeseMm (puc. 36) or-
YETIMBO BBIPDKEHO IIENOYHOE HaNpaBIeHHe TIpa-
HUTOWJIOB. CaMCAIBCKOIO M XOHBYMHCKOTO KOMIUIEK-
coB. Io coorHomenuto K,O/Na,O BBIHENAIOTCH HUM3-
KOKAJIEBBIE TIOPOABI JACK XOHBYMHCKOTO KOMILIEK-
ca (K,0/Na,0 = 0.6-0.9, B ogHoMm oGpasue — 1.2) u
IPAHHUTEl CaMCAJbCKOrO KOMIUIEKCA C IIOBBIIIEHHBIM
K,0/Na,O (B Tpex pa3HOBO3pACTHBIX I€HEPAISX, CO-
orBercrBeHHO, K,0/Na,0 = 1.1-1.3, 1.4-2.1 u 1.3-1.5).
B camcanbckoM KOMIUIEKCE €CTh IIOPOARI C TOBBILICH-
HelM K/Rb B y3kux quanazoHax KOHLEHTpALMH Kajius
(Bozpact 307 u 261 mimH, sret) u ¢ HU3kUM K/Rb npu
BappHpyromeM kanuu (Bospact 281 miH. ner). C mo-
CIIE/IHEH IPyTIION COMOCTABIAIOTCS JAaHKH XOHBIMHCKO-
ro komrviekca. Koah@uuueHT armauTHOCTH B IIOpoAax
camcalbeKoro komiuiexca menserca ot 0.8 mo 1.0 mpu
3aMETHBIX BapualMax Kod(hdHUIMeHTa NIMHO3EMHUCTO-
ctu o1 0.8 o 1.1. TpeHx OT armanToBbIX MOPOA A-TUIA
K IMHO3EMHUCTBIM ITOPOo/iaM S-THIIa XOpOIIO BhIpaXKeH B
NOPOAaX XOHFYMHCKOTO KoMIutekca (puc. 56).

B wunTpysuBax Camcan-XOHBYMHCKOM HETIOYKH
amazonuToBble rpaHutounapl Illaraifrsronsckoit au-
atpeMsl Mofo6HEI o dopMe crekTpor P3D kpymHo-
3epHUCTEIM rpanuTaM Caxwup-IllymyTunckoro Maccu-
Ba (puc. 86, 06p. 108, 110), Ho ¢ Gonee HUBKMUMH KOH-
ueHTpatyamMH, a Li-F rpaHuToMIbI XOHFYMHCKUX Jaek
uMeroT V-o0pasHele CIeKTpHI ¢ oborameHueM Jerki-
MH U TSOKENIBIMU dNIeMeHTamMHu [26, 34].

OBCYXJEHME PE3VYJIbTATOB
Bo3zpacrHble conocraBienus

N30TONHO-TEOXMMHUYECKHE HCCIENOBaHUS  CHII-
JIOB M jaeK OapyHXOJIOMHCKOr0 KOMILIEKCa, MpeacTaB-
JIEHHOTO YMEPEHHOIIMHO3EMHUCTOU TOJNIEUTOBOM Ha-
TpoBoH GazansT-aHIE3UTOBOW cepuelt B [apranckoi
CTPYKTYpHO-(QOPMALIHOHHOH 30HE, MOKa3aln0 UX BHe-
IpeHue Ha dSTane cOOpKHM CynmepKOHTHHeHTa Ponu-
HU, B Hagasie Heorporepozos, 1030790 mun. et Ha-
3an. [To onpeneneHUsIM MUKPO3JIEMEHTOB M M30TOIOB
St, Nd u Pb B mopogax koMmIuiekca yCTaHOBJIEHO, YTO
OHM OBUTH MPOHU3BOIHBIMH MATONTYOMHHOTO HUCTOY-
HUKa KOHTHHEHTAIBHOM JIMTOC(EpHON MaHTHUM U KO-
pbr. Ha aToM 5Tane MarMarisM pa3BHUBaiCs BHYTPH JIH-
tocepst [apranckoro Gioka, kotopas obpaszoBanack
npu obuiedt uddepeHIManNN MaTeprana B HCTOYHU-
Kax ¢ M3MEHEHHEM COOTHOIIEHHH 31emeHToB B Th-U-
Pb uzoronHo# cucteMe ~2.7 MIpA. JieT Hazan. Pa3su-
tie OXHMHCKOM 30HBI U €€ MarMarusM ObUTH 00yCIOB-
JIeHBl IPOLIECCAMHU paciiaja CylepkoHTHHeHTa (8, 24].
[Mo-BuIMMOMY, HayajibHasE FeTEPOreHHOCTh MCTOYHU-
KOB IENOYHBIX TPAHUTOB U CHEHUTOB XyIIAroJbCKOro
maccuBa (~800 MH. NeT Ha3ax) TakKe CIOoXKUIAch Ha
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aTane c6OpKH CynepKOHTHHEHTa. B mporeccax mnas-
aennsa Rb Bener cebs kak Gonee HECOBMECTHMBIH 3iTe-
MEHT, ueM Srt, T03TOMY YHacnienmoBaHHas Rb-Sr u3o-
XpOHa, OTPAKAIOMAs reTEPOreHHOCTh, CIOKHMBIIYIO-
cs B 3aMKHYTOM HMCTOYMHHKe, UMeeT Oonee KpyToit Ha-
KIIOH, YeM Kaxymaics. Eclu npuHATH OLEHKY OTHO-
CHTENIBHOrO YAPEBHEHHS MCTOYHUKA, MpPUONM3UTENE-
HO, Ha 18% [38], npenenbHBINA BO3PACT UCTOYHMKA Lile-
JIOYHBIX IPAHUTOB M CHEHNTOB XyIIAroahCKOr0 MacCHu-
BA IlepecYUThIBaeTCcs Ha 945 MIIH. JieT.

B TyBunO-MOHIONBCKOM MaCCHBE YCTaHOBICH IO~
JIMXPOHHBIA XapakKTep IaJle030MCKOr0 HHTPY3HBHO-
ro marMatusma [ 13 u np.]. [laneosolickue mMarmaruye-
ckue coOpITHI OKHHCKOH CTPYKTYpHO-hOpMaLHOHHON
30HBI COINIACYIOTCS IO BPEMEHH € MarMardyecKu-
MU COOBITHAMHU €ro APYTHX 4acTeil U coupeiebHbIX
¢ HuM Teppuropuit Llentpansroit Azuu. Tak ke, Kak
B OKUHCKOH 30HE, 3[06Ch IMUPOKUM paciipoCTPaHEHU-
€M TTONB3YIOTCS OPJOBUKCKUE PPaHUTOM/(HBIC GaTonu-
1ol [4]. JoGaTomuToBEI cpeHe-no3/IHeKeMOpHHCKHii
MarmatusM ciabo oxapakTepH3OBaH IeOXpPOHOMETpPH-
YeCKH, MO3TOMY €ro POJib B FEOJIOTHYECKOM Pa3BUTHH
TyBUHO-MOHIOIECKOr0 MacCHBa OCTAETCS MOKa cabo
H3YYEHHOM,

K mocne6aronuToBEIM OTHOCATCS LIETOYHBIC U JIU-
THUH-GTOPUCTBIC T'PAHUTOMABI OTHUTCKOTO KOMILIEK-
ca. B lenrpansaom Ilpucasuee mis Li-F rpanuros
Xopoiickoro maccuBa M Aaek B npegenax byrynsmus-
cKoro MaccuBa usMepeH Rb-Sr uzoxponnsiii Bozpact
404 £+ 5 mymn. ner npu (¥Sr/8Sr), = 0.7102 £ 0.0004
[14]. JIns maex TIFOMa3WTOBBIX TpaHUTOB CaHruie-
Ha (fOro-Bocrounas Tysa) omyOmukoBaHa Rb-Sr uzo-
xpoHa 442 + 11 muH. ner [4]. DTu onpeneneHus co-
BrajgaioT ¢ gardporkaMu Li-F rpanwronmos Caxwmp-
Illymytarckoro maccuBa OKHHCKOH CTpyKTypHO-(Op-
MaLMOHHOM 30H6I (440 £+ 10 1 405 + 5 man. ner) [28].
B XamcapuHCKo# CTpPYKTYpHO-GOpPMALIOHHON 30-
He Cesepo-Bocroynoit TyBel uMetorcs Gonee paHHUE
HIesIoYHBIe TpaHuThl ¢ Rb-Sr M30XpoHHBIM BO3pacToM
454.6 + 1.4 man. ner [16]. B npenesnax Kaaxemckoro
rpanurouiHoro 6aronura (Bocrounas Tysa) patupo-
BAaHBI INEJOYHBEIC TPAHMTOMABI MO3/IHETAHHYONIbCKO-
ro (451 £ 5.7 mus. stet) U capxorckoro (450 £ 5 MITH.
ner) komruiekcos [30]. OTH AaTMPOBKH MOJIOXKE YPHK-
cKoro xomruiekca 6aronutoB OKHHCKOH CTPYKTYpPHO-
(opMaIMOHHOM 30HBI, 3aBEpIIMBLICTO 0OpaszoBaHHE
457 MnH. net nasap.

Hns Xaparymsckoro M YpryieeBckoro MacCHBOB
Li-F rpanuros Xamap-/labana momydenst Rb-Sr uso-
XPOHBI, COMOCTABUMBIE ¢ JAATMpoBKOH 319 mun. jer
Juist XyIIarojbCKoro Maccrsa: [l epBOro — JIATHPOB-
ki 318 = 7 mum. et mpu (¥'Sr/*Sr),= 0.711 £ 0.016
(CKBO = 1.3)[10] u 324 £ 11 maH. net [1], s BrOpo-
ro — 321 + 5 mun. ser npy (¥’Sr/*Sr),= 0.702 £ 0.011
(CKBO = 3.6) [1]. Bce pesynsrathl cOIIacyroTcs
Mexay coboil B mpexmenax JOBEPUTEILHBLIX MHTEpBa-
70B. JIng MIET0YHBIX IPaHUTOB XaiIaMHHCKOTO Mac-
cua 3amamueix CasH nomydena Rb-Sr mzoxpota
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261 £ 4 mnH et npyu HaYaIbHOM U30TOIHOM OTHOIIIE-
Hum ctponims 0.703 £ 0.011 (CKBO = 1) [15].
CoracoBaHHOCTh JATUPOBOK MAT€O30HCKHMX Ipa-
HMTOMIOB pasHbIX Tepputopuii IlenrpamsHoi Aszuu
CBHUIETENBCTBYET O JEHCTBUM OOLIMX MEXaHU3MOB,
BBIPOKEHHBIX B MarMaTHYeCKHX COOBITHAX BCEro pe-
ruoHa. B ceseproii wactu TyBuHO-MOHIOMBCKOTO Mac-
CHBa BO BPEMEHHOM MHTEpBajie OT CpeIHero KeMOpHs
Jl0 Hayasa nmo3Hero kapooua (512-319 mnn. ner) obe-
CrIeyuBajiach MarmMaruyeckas akTHBHOCTH XyIIaroj-
BuimroTHHCKON LIETIOYKH, a 3aTeM, B MMO3/IHEeM KapOoHe
U paHHe#t nepmu (307-261 M. JieT), akTUBHU3UPOBA-
nace CamMcan-XOHPYMHCKAS MarMaTUYecKas 1ernoyKa.

Onenku Rb/Sr B HCTOYHMKAX IETOURBIX
CHEHHUTOB " l"paHHTOB

Bapuaimu Rb/Sr B MaHTHIHOM W/uiil KOPOBOM HC-
TOYHUKE, 00YCIIOBIIEHHBIE €T0 UCTOLIEHHEM BCITCACTBHE
' BBIIUTARIEHMS MarM WM o6OoraiieHUeM IOCPEICTBOM
MeTacoMaTo3a WM MarMaTHYeCKUX BHEIPCHHH, JTOJDK-
HBI OTPAaXKarTbCcsi B M30TOITHOM COCTaBe Goiee MO3XHUX
BoimiaBok. [Ipu yBenmuenuu Rb/Sr Hakomuienuse pagu-
OTEHHOTO CTPOHILMA CO BpEMEHEM ITPOUCXOIHUT BpIcTpee
u 3HayeHue (*'Sr/*°Sr), B mMo3AHMX BHINIABKAX BO3pacTa-
er. I Hao6opoT, ymensmenye Rb/Sr npuonut k chmke-
Huro Temra pogpactanus (' Sr/*°Sr), Uenonesys ypaste-
HUE PaJIHOaKTHBHOTO pacliafa ¥ H30XPOHHbIE OIpesie-
nenus (¥Sr/*Sr), pa3sHOBO3PACTHHIX BLITUIABOK, MOXKHO
NOJTYYMTh OLEHKH 3HayeHuit Rb/Sr B uctounuxe B pas-
HbIe BpeMEHHBIE MHTEPRAJIBI €r0 CYLIECTBOBAHUS M CO-
[IOCTABUTh C OTHOIUCHWAMH, ONPEENICHHBIMY JUIS N0~
pox pasHbIx (a3 Xymaroasckoro MaccHBa.

CHauana orHomeHue Rb/Sr Gbuto 3aduxcuposaHno
B MOCIENOBATENIFHOM DPa3sBUTHU MNO3MHEPHEHCKOro
OCTPOBOIYKHOTO MarMaruama ['apraHckoi 30HbI 1 BbI-
COKOLLETIOHHOTO CpeHe-1o3tHeKkeMOpuiickoro OKuH-
ckoit 30HbL [Ipu pacwere smomormu Rb-Sr mzotomn-
HOM cHCTeMBI B KadecTBe ucxoxHoro (¥7Sr/*Sr), npu-
Hatel otHowenus 0.7046 u 0.7066, xapakrepusoBag-
IIHe, COOTBETCTBEHHO, HCTOYHHK FapraHCKUX TOHA/IH-
ToB Ha Bpems 800 MITH. JieT H He]eTMHOBBIX CHEHH-
ToB Botoronbckoro mroka Ha Bpems 512 min. siet. Co-
[JIACHO BBITIOJIHEHHOMY PacyeTy, 38 BpeMEHHOM uHTep-
Bas 800-512 MuTH. 16T OTHOIUEHHME B UCTOYHMKE BO3-
pocino ot 0.7046 no 0.7066 npu Rb/Sr—0.17. D10 0T~
HolleHUe Dpubnmkaercs kK oueHkam Rb/Sr = 0.23 8
KOHTUHEHTAIILHOM HIDKHEH xope [42] u npuHHUMaeTCs
B KAYECTBE BEPOATHOM XapaKTEPUCTHKU HCTOUHMKA T10-
pox BOTOronbCKoro MToKa ¢ MOHWKEHHBIMUM KOHLIGH-
TPaUMAMM PEIKO3EMEJIbHBIX 3I€MEHTOB M OTHOICHUS
K/Rb (06p. 110, 37 u 2937-9 Ha puc. 6, ucrouxuk | Ha
puc. 9a). [Topoxs! u3 mwroka ¢ 6oaee BHICOKUMH OTHO-
wrenusamu K/Rb u kornentpaimsavu P33 6bumm npous-
BOJHBIMH U3 MCTOUHHKA ¢ Gonee umuskum Rb/Sr, coot-
BETCTBOBABIIINM MaHTHIHOMY cybcTpary.

Ha uzoxponHol quarpaMme puc. 2 TpY TOUKH le-
JIOYHBIX FPAHATOB XyIIAronbckoro Maccusa (06p. 113,

PACCKAS3OB # nip.

108 u 112) pacnonararoTcs BhILIE JUHAH C HAKITOHOM,
COOTBETCTBYIOIIMM BO3PACTy HEQENHUHOBHIX CHEHU-
ToB botoroneckoro mroka 512 mmH. netr. Mx coctas
OTpaXkaeT reTeporeHHocTh Rb-Sr uzoronHo# cucre-
MBI, o6pa3oBaBuryrocs 10 512 muH. net pazan. llpen-
ronarasi, Yro MaTepuajy UCTOYHHKA INEeJOYHBIX Ipa-
HHUTOB OBLT mpeoOpasoBaH okono 800 MmiH. JieT Ha-
3a], pacyeThl Ha UHTEPBAJI CYIIIECTBOBAHUS HCTOYHHKA
800319 mmH. NeT I U30TONHOrO coctara oop. 108,
umerortero (*'Sr/*Sr), = 1.082, naroT B HCTOYHHKE
3HageHne Rb/Sr = 19 (ucrounmk 3 Ha puc. 9a), a s
06p. 112 ¢ 6onee puicokum (¥7Sr/*Sr),= 1.707 — 3nauc-
Hue Rb/Sr = 52.

BeposTHO, WCTOYHHKH HMCHBITHBATH YaCTHHHOE
npeobpazosanuc okono 512 MaH. et Hazai. lipw pac-
yere Ha WHTEepBaT 512-319 MIH. 5er s UCTOYBM-
Ka XyLarojbCckoro IenoyHoro rpasura (obp. 113) ¢
(®7St/*Sr), = 0.8438 momygaercs Rb/Sr = 17.7. Owno
Omu3ko 3HaveHMro Rb/Sr B wcrounmke 3. 3Hauenue
Rb/Sr = ~19 m1s GONBIIAHCTBA METOYHBIX CUCHUTOR U
TPaHHUTOB OTPaKaeT OCHOBHOM BKJIAJ MaTepuana ¢ Ta-
KUM OTHOLIEHHEM B MCTOYHHK NPH TIaBJIEHUH.

B HCTOYHHMKE LUETOYHBIX CUEHHTOB U I'PAHUTOB Xy-
HIAroJILCKOro Maccusa ¢ cambiM Huskum (¥'St/*Sr),
(0.7126-0.7146,06p. 110u 134) pa BpeMeHHOH HHTEPBA
800319 mum. ner paccumreizaercs Rb/St = 0.42-0.52
(ncrouHuk 2 Ha puc. 9a). OTa XapakTepucTHKA NpU-
OrmpkaeTes X cOcTaBY KORTHMHEHTANBHOH Kopsl. [Topri-
mennce Rb/Sr rpu Huskom (¥'Sr/Sr), (1o cpaBHermIO
C UHTEpPBAJIOM OTHOIIEHMH B LIENOYHLIX CHEHMUTaX U
rpaHnTax) oOBACHASTCS MATON CTENEHbIO YACTHYHOTO
IUIaBJIeHMA HCToYHMKA (MM Mbdepeninauuen pac-
nmnapos). O6a o6pasua (110 u 134) otHocsATes K pasto-
BUIHOCTAM C Haubosiee BBICOKMMHU KOHLIEHTPaLHSIMI
pelKo3eMeNTbHEIX 21eMeHTOB (puc. 7a i 86). [Isa npy-
THX IIEJIOYHBIX CHEHHMTA ¢ BBICOKMM Rb/Sr (10 64) u
MOBBIIIEHHBIMU cofiepykaHusIMHU P3D oTnuyaiorces npu-
CYTCTBHEM LiepHeBoit aHoMamuu (06p. 115, 116).

I'pynma 1menouHslx CHEHUTOB C IOBBILIEHHBIM Rb
TaKKe XapaKTCpPH30BaJlaCh BBICOKMMH KOHIEHTpa-
msiMu P30 w1, BeposTHO, SBUITACh PE3y/iTaToOM Ha-
CTHYHOTO IUIABJEHHSA MarepHana MCTOUHHKA 2 (MiH
muddepennmaniy). BrioqHe 3aK0HOMEPHO HAXOXJC-
HHE 3THX MMOpox B (Galldi STUPHH-aBIUTOBBIX CHEHM-
TOB, MAKCHMAJIFHO VIAJIEHHON OT TeN IENO4HbIX Ipa-
HUTOB (puc. 1a). 30HANBHOCTH LUCIOUYHBIX CHEHMTOB
C MepexofioM K LIeNIOYHBIM IpaHHTaM OTpaxkaeT Ja-
TepaJibHYI0 CMEHY MarmMaru3Ma Ha ypOBHE MCTOYHU-
KOB. ArmauToBbie IEeMOYHbIe CUEHUTHI C MOBBILIEHHbI-
MH koHUeHTparsmMu Rb u P33, npeacrapsswme co-
60t yacTH4HBIEe BBHIIJIABKH KOPOBOTO MarepHana, JiH-
60 auddepenuunarsr ¢ Rb/Sr = 0.42 cMeHsIMCh BBI-
MUIaBKaMH LIETOYHBIX CUEHWTOB M TPaHUTOB U3 MaTe-
pHaina, UCIIBITABINErO CHIIBHBIN LIENOYHON MeTacoMa-
To3 ¢ nosenuenuem Rb/Sr no uareprana 19-52 u BbI-
we (vcrounuku 3 U 4). Mcrounuku 2 u 3 xapakrepu-
3yI0TCs, COOTBeTCTBeHHO, Rb/Sr < 0.42 u 19. Bepoar-
HO, B ha3y 1IEJIOYHBIX CUEHUTOB HCTOYHHK 2 1aBajl Ya-
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CTHYHBIE BBIMIABKU (UbdepeHImarsl), a B HCTOUHHU-
ke 3 pocruranock bonee nonxoe rnasnenue. OTHOLIE-
aue (¥Sr/**Sr), 1IeNOYHBIX CHEHHUTOB BapbHpOBAJIO B
y3kom unTepsaie 0.7146-0.7267. Anddepenuuporan-
HbIe PACTIIABBI LIEIOYHBIX MPAHUTOB XYIIAroJbCKOTo
maccuBa umenn (¥Sr/*Sr), = 0.7126-0.7352. B ¢a-
3y LIENIOYHBIX TPAHUTOB B MarMaoOpa3oBaHue oKasaj-
Csl BOBJICUEHHBIM TaK)ke MaTepuasl ¢ GoJiee BHICOKHUM
(*'Sr/*Sr),= 0.8438-1.7108 (o6p. 113 u 112).

BrlcokoCTpOHIIMEBBIH cOCTaB HE(EIUHOBBIX CHE-
HUTOB BoToronsckoro wToka mnpennonaraeT Mepexo
B pacruiaB MUHepabHOH ¢asbl, oboramnienHoi Sr. Cy-
151 1o Haymuuio Eu aHomanuu, poiis KOHIleHTpaTopa Sr
Beinonnsu Ca-mnarvioxsnas. MuHUMANBHOS COjepiKa-
HUe St B HATPOBBIX KBAPL-3rHMPHH-aTEOUTOBBIX TIOPO-
JIax SBUJIOCH CJIEJICTBUEM abOUTH3aLMM UCTOYHHKA C
yMenbluenrem poiu Ca-riarioksiasa.

ConocraBienue HCTOYHHKOB
Xymaroa-Bumornuckoii 1 Camcan-XoHBUHMHCKOH
[enoueKk NONXPOHHOro MarmMaruma

ITo ypoBHio koHLeHTpaLMii Rb B MO3HUX HU3KO-
CTPOHLIMEBBIX 'paHUTOMAAX pasnuyatorcs: 1) menou-
Hbl€ CHEHWTBI U I'PaHUTHI XyILArojbCKOro Maccupa ¢
KoHueHTpaumsamu Rb — 82405 mxr/r; 2) Li rpanuts
Caxup-IllynyTuHCckOoro MaccuBa ¢ KOHLIGHTpALUAMU
Rb~477-809 Mkr/r u 3) amazoHuTOBBIE rpaHuThl [1la-
raiTaronbekoil auarpeMsl U Li-F rpaHuThl XOHBUMH-
CKMX Jaek ¢ KoHUeHTpauusmu Rb — 600-1000 mxr/r.
I'panutonnps! Xymaron—buaroTHHCKON LENOYKH MEHee
pybunuessie, yem Camcan- XOHBUHHCKOM,

Hauunas ¢ 307 miH. neT, npouecchl Marmaoopaso-
BaHMs ObTH cocpenoTodensl B Camcan- XOHBMHHCKOM
uenouke. CyOluenouHple JICHKOrPAHUTHI KPYIHOTO
Camcansckoro miyrona ¢ (¥’Sr/*Sr), = 0.706 Bpiruia-
BUJIMCh U3 UCTOYHHKaA ¢ Rb/Sr = 0.27, cyuecTBoBas-
IIEro CO BPEMEHH TOCJIEAHEr0 COOBITHS YPHKCKOTO
Komrsiekca 457 MITH. JIET Ha3a M IPOSIBUBHLIETOCS TIpU
(¥'Sr/*Sr), = 0.7043. Ornowenve (¥Sr/*Sr), = 0.27
6nu3ko 3HadyeHuto Rb/Sr B konTHHEHTaNbHOH BepxHei
xope [42]. ®urypartiBHOE MoJie TOPOJ, TUIYyTOHA Ha4H-
HaeTcs oT 1uHUKM Rb/Sr = 0.27 (ucrounuk 5 Ha puc. 98)
1 BBITATHBAETCS B 00NIACTh JUarpaMMbl ¢ YMEHBILICHHU-
€M KOHIIEHTpalH Sr M yBeJHYeHHeM KOHIGHTpalui
Rb. INockonbky n3otonHsle cocTassl Rb u Sr unTep-
NPETUPYIOTCS B paMkax U30XPOHHON MOJENH, 3TO Ha-
NpaBjieHHe COOTBETCTBYET AU depeHIHalMy paciia-
BOB. PacruiaBbl HaeKk XOHBYMHCKOTO KOMILIEKCA, BHE-
apusuerocs 304 MiH. €T Ha3al, XapaKTepU30BaIUCh
(¥Sr/*Sr),=0.707 B ucrounuke 6 ¢ Rb/Sr=0.4. On or-
JMYaJICca OT UCTOUHMKA 5 CyOIIeIouHbIX JTeHKorpaHu-
ToB CaMcaibCcKOro MIyTOHA MOBBIIIEHHBIMU KOHIIEH-
TpauusaMud Rb u Sr m naBan puddepeHuuars, cuib-
HO oborameHHble Gropom, nopobHo auddepeHima-
tam Caxup-LynyTuHckoro maccusa (Tabim. 3).

Oxono 281 mnH. ner nazan B Illaraiirarossckoi
JMaTpeMe CyILIEeCTBEHHYIO pojib Urpajl MaTepHall uc-
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Puc. 9. Coornowenus Sr u Rb B nopopax ioro-
BOCTO4HOM yacty Xymarona-BumoTHHckoi uernou-
KM mMarMaTtuyeckux Ten (a), rpanurounax Camcan-
XoHBYMHCKOI 1ieniouky (6) ¥ ceBepo-3anaaloi yacTu
Xymaron-BunioTHHCKON LIEMOYKH B CONOCTaBIEHUN
¢ Tpems pazamun Ynusn-Capbaarckoro maccusa (B).

Yein. 0603n. em. puc. 3. Ksanparamu ¢ nomepamu or 1 j10
8 noxazaubl THNOTETUYECKUE UCTOUHMKI C BAPLUPYIONIAM
Rb/Sr. D10 OTHOILCHHE PACCUUTAHO, UCXONH M3 MHTCPBA-
Jjla CyLIECTBOBAINS UCTOYHMKA CO BPEMENN IIPE/UNCCTBO-
BABIIEI0 MarMaruyeckoro cobniTus (okaszano B cxoOKax 8
MJIH. JIET) ¥ BHE/IPCHUS MHTPY3UH, U3 KOTOPOM alaIu3upo-
Banuch 00pasiunt (0ObsicHeHus B tekere). [ — (MSr/*Sr),,. .
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Tabauua 3. Copeprkanus NETPOTEHHBIX OKCHAOB (Mac. %) M MAKPOITEMEHTOR (MKI/T) B ropofax Xy1uaromn - BusoTuHCekoi

LEN0YKH HHTPY3WBHBIX MacCUBOB

B 1 2 3 4 5 6 7 8 9 10 T 12
OMIOHEHT 1051 106 [2937/9-b| M-37/96 | M-110/96| M-15/96 M-32/96|M-59/96|M-71/96| 2875/5 | 2879 | 4006/3
Si0,, mac. %] 70.31 | 67.20 | 59.97 | 56.00 | 53.73 | 54.55 | 5335 | 53.26 | 56.56 | 75.88 | 76.15 | 77.10
TiO, 019 | 042 | 017 | 019 | 047 | 086 | 112 | 054 | 039 | 0.14 | 007 | <0.02
ALO, 158 |1598| 188 | 238 | 215 | 205 | 135 | 213 | 200 | 130 | 125 | 127
Fe,0, 086 | 126 | 057 | 042 193 | 070 | 204 | 157 | 1.17 | 013 | 015 | 023
FeO 154 | 229 | 254 | 096 | 400 | 488 | 902 | 322 | 318 | 125 | 1.18 | 0.89
MnO 004 | 004 | 007 | 001 010 | 008 | 016 | 007 | 008 | 002 | 0.04 | 0.01
MgO 088 | 133 | 020 | mo. 005 | 031 | 1.16 | 006 | 007 | 0.16 | 0.07 | <0.1
Ca0 325|383 | 3.09 | 071 337 | 408 | 1036 | 336 | 336 | 038 | 057 | 034
Na,0 384 | 441 | 378 | 879 | 719 | 573 | 3.4 | 758 | 625 | 332 | 358 | 395
K,0 101 | 07 | 852 | 706 | 608 | 638 | 476 | 664 | 72 | 510 | 428 | 4.05
P,0s 0.10 | 019 | 005 | 002 | o001 | 009 | 028 | 006 | 003 | 002 | 001 | 002
Cymma 97.82197.65| 97.77 | 97.91 | 9838 | 98.11 | 98.86 | 97.61 | 9824 | 99.4 | 9855 | 99.24
Sc, MKI/T 37 | 42 | 11 12 35 13 75 12 15 | 53 | 39 | 52
Rb 168 | 143 | 174 210 211 785 | 502 | o18 | 114 | 118 | 555 | 274
Sr 347 | 556 | 1416 | 693 661 1816 | 2695 | 1085 | 756 | 39.1 | 205 | 6.80
Y 113 | 609 | 972 | 683 191 | 204 | 303 | 105 | 123 | 288 | 197 | 620
7r 807 | 7.58 | 119 35.6 12.9 164 | 248 | 57.1 | 209 | 748 | 123 | 745
Nb 448 | 245 | 337 | 601 086 | 187 | 941 | 296 | 495 | 549 | 321 | 518
Cs 040 | 047 | 054 | 079 | 060 | 031 | 013 | 016 | 020 | 172 | 22.1 | 154
Ba 396 | 938 | 944 329 452 | 2441 | 5373 | s18 | 190 | 157 | 742 | 152
La 144 | 246 | 535 9.9 242 | 168 | 237 | 140 | 130 | 142 | 225 | 334
Ce 276 | 370 | 113 | 175 | 429 | 438 | 60.1 | 302 | 316 | 216 | 477 | 187
Pr 315 | 419 | 145 | 1.79 038 | 577 | 770 | 342 | 397 | 130 | 413 | 184
Nd 116 | 147 | 666 | 672 147 | 265 | 338 | 147 | 175 | 809 | 293 | 832
Sm 205 | 211 | 130 | 135 039 | 576 | 713 | 282 | 341 | 128 | 893 | 3.69
Eu 051 | 065 | 1.06 | 051 033 | 209 | 275 | 118 | 1.08 | 064 | 022 | 0.07
Gd 1.86 | 170 | 125 | 123 026 | 522 | 657 | 260 | 296 | 805 | 967 | 498
Tb 030 | 026 | 021 | 017 | 004 | 072 | 089 | 030 | 038 | 123 | 231 | 114
Dy 174 | 115 | 133 | 096 | 025 | 3.84 | 506 | 169 | 204 | 556 | 160 | 893
Ho 034 | 024 | 027 | 018 | 005 | 070 | 095 | 036 | 039 | 051 | 204 | 1.87
Er 1.04 | 056 | 1.07 | 06l 020 | 195 | 279 | 097 | 124 | 2.16 | 108 | 7.69
Tm 0.16 | 009 | 020 | 008 | 002 | 027 | 047 | 016 | 022 | mo. | wo. | 141
Yb 104 | 051 | 158 | 046 | 018 | 169 | 322 | 116 | 1.77 | 229 | 165 | 11.1
Lu 017 | 010 | 026 | 007 | 002 | 031 | 067 | 023 | 034 | 029 | 229 | 165
Hf 046 | 029 | 265 | 049 | 007 | 345 | 539 | 1.08 | 446 | 334 | 829 | 539
Ta 040 | 0.19 | 020 | 038 | 007 | 08 | 066 | 015 | 024 | 029 | 431 | 7.08
Pb 733 | 104 | 360 | 38 | 217 | 401 | 261 | 218 | 124 | 135 | 300 | 482
Th 1.88 | 2.60 | 091 | 095 031 | 071 | 105 | 031 | 056 | 126 | 224 | 313
U 033 | 035 | 051 | o7 023 | 080 | 057 | 019 | 050 | 1.15 | 642 | 144
F H.0. H.O. H.0. 300 H.0. 300 300 400 H.O. H.O. 4500 H.0.

[Mpumeuanue. Ananussl: 1-2 — GHOTHTOBEIE TUIaruoTpatuTel Bapryraiickoro Maccusa; 3-9 — nedeaunossie cueHutsl Bororonsckoro
maccuBa (3-5 — nopoas! ¢ HuskuM K/Rb); 10 — cy6uienounste neiikorpanutsl Brummortunckoro maceusa; 11-12 — Li-F rpanwst Caxup-
[lymyTuHckoro MaccuBa BoszpacTom 440 (11) u 405 (12) mau ner [33]. H.o. — ue onpejeneno. B moponax Bororolkckoro maconsa
KoHUEHTpalK St 1 Rb onpenensmicsk Meronom n3otonHoro pasasienns 0. A, KoCTHURIIHIM U ABTOPAMH.

TOYHHMKA 7, 0OOrallleHHBIH paJHOreHHBIM U30TOIIOM
St. AMa30HMTOBBIC TPAHMTHI QUATPEMBI TPYMIIH-
pytorcs Ha auHMd Rb/Sr = 110, coorBeTcTBYyromeit
ucrounuky c¢ (¥Sr/*¢Sr), = 0.821, oGpasoBaBuiemy-
cs 307 muH. ner Hazan. Peskoe nossimienue Rb/Sr
npuypodeHo kK kparo CaMcasbsCkoro miyrToHa. B mo-
JIEBOM IIIATe M3 [IErMAaTUTOBOM XKHUIIbI CEBEPHOM Ya-
CTH IITyTOHa, compenensHoit ¢ IllaraliTaronsckoit
JMaTpeMOoH, olpefeieHa HU3Kas KOHIEHTpauus Sr
(2.65 MK/, METON H30TOMHOrO pa3baBieHu), a as

HCTOYHHUKA paccuuTaHo 6oiee Bbricokoe Rb/Sr = 202
(uctounuk 8).

Jlna nadixu ksapuessix ropdupos (Laraiirsromns-
ckas pauarpema), obmamarorued HauOonee HH3KUM
(¥'Sr/**Sr), = 0.716, s matepBana 307281 mum. ger
paccuurano Rb/Sr = 10, npessimaromee Rb/Sr B mo-
poxe. Takoe coOTHOIIEHME CBUAETENBCTBYET 0 Oolee
JUTATEJIBHOM CYLECTBOBAHUM MCTOYHHKA M €ro Bepo-
ATHOH CBSI3M C NPeJIIeCTBOBABIIHM MarMaTHyecKuM
anuzoznoM 457 muH. et Hazaz. [lo cooTHoMeHHIO Rb—
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XVHIATOJIBCKUM ITOJIMXPOHHBINA MACCHUB

Sr kBapuieBBIi nopQup 6IU30K HaiikaM H IITOKaM cy0-
IIEJIOYHBIX JIEHKOIPAHUTOB, BHEAPUBINMUXCA B IEH-
TpaJIbHOH M IokHOW uacTax CamcalbCKoro IUTyTOHa
oxono 261 muH. ner Hasan. Pacuerbl Ha WUHTEpBaJIbI
457-261 1 307-261 MnH. Jtet far0T ONU3KHUE 3HAYSHHUS
Rb/Sr B ucrounuke, coorBercTBeHHO, 1.5 U 6.6. s
rpanuTonaoB CaMcaabeKoro IUTyTOHA, BHEAPUBIIMXCS
307 n 261 MuH. IeT Ha3a[, MPEAIIONAaraeTcs ONUH U TOT
JKe MarMaTH4eckuif UCTOUHMK 5 (pHc. 9B), a pasnmiyus
B MX COCTaBEe MOTYT 00BACHATHCS AU depeHImalmei.
Marmarudeckoe coObiTue, mpousomenmee 307 MIH.
JIeT Ha3al, He MIPUBENO K CYUIECTBEHHOMY U3MEHEHMIO
Rb/Sr B ucrounuke.

Ob6pazoBanmo  Caxup-IllynmyTuHckoro — maccu-
Ba 440-405 MmiH. neT Hasan B ceBepoO-3amagHON Ha-
cTi Xywarosi-bHITIOTHHCKOH LENoYKH MpeuIecTBO-
BaJIO BHEIPEHHE CpeHe-Io3qHeKeMbpuiickoro bumo-
THHCKOTO MacCHBa CyOIIEeNOMHBIX MPAHUTOR C HHU3KHM
(¥Sr/*Sr), = 0.7046 npu CpaBHUTENBHO HU3KOW KOH-
LEHTpAaLMHU ST U MOBBIIEHHOHN KoHLeHTparmu Rb. Pac-
4€Thl HA MOMEHT BHeZipeHus 440 MITH. JIeT Ha3a/ ¥ BO3-
pact ucTouHHMKa 513 MuH. JieT mokasbiBaiorT Rb/Sr B
cpenHeM okono 10 (ucrounuk 4 puc. 96). ITockonsky
Bapuaiuy uzotonos Rb u Sr B nopomax maccupa uH-
TEPIPETHPYIOTCS B paMKaX W30XPOHHON MOJIEIH, pas-
6poc Touek Ha puc. 96 orpaxaer auddepeHIUaLHO
MarepHasa eqMHoro ucroynuka. Takas quddepenipma-
U MOIVIa CIIOCOOCTBOBATh MakCMMaNIbHOMY (Uist Xy-
11aroi-BUIOTHHCKON LEeNOYKA MarMaTHYecKuX Tejl)
Haxomiesuio Rb u F B Li-F rpanuronaax Caxup-Illy-
JYTUHCKOTrO Maccusa (Tabu. 3).

3AKJITOYEHUE

Cpenn IIENOYHBIX KBApL-3TUPUH-ABIUT (3TUpPHH-
releHOepruT)-pHOEKUTOBBIX CHEHHTOB XYILATrOIbCKO-
r0 MaccHBa BBUIENAIOTCS COCTABBI C TOBBIIICHHBIMU
Y MOHWKECHHBIMM KOHLEHTpauusaMu Rb u Sr (cooteer-
CTBeHHO, 357405 m 254-290, 17-31 u 4-5 Mxr/r), ¢
ko3 dunuenramu armautaoctu (Na + K)/Al - 1.3-1.5
n 1.04-1.06, xosddurmenTaMy TUHO3EMHUCTOCTH
Al/(Na+ K + Ca)— 0.6-0.7 u 0.89-0.92 u otHOImEHMS-
mu Rb/Sr— 11-23 1 60—64. Cpe/u 1IETOUHBIX TPAHUTOB
pa3nUYaroTCs HATPOBBIC 3TUPHHOBHIE U KATHHATPOBBIE
srupuH-pubdexutossie pasHoBugHocTH (K,0/Na,O, co-
orBeTcTBeHHO, 0.05-0.26 1 0.8—-1.0). HarpoBkie nopo-
bl 06nanatoT Hanbosnee HU3KUM K03 GUITHEHTOM arma-
urHoctH (0.9-1.0), BBICOKHM K03(HLIMEHTOM IIMHO-
3emuctoctH (0.9-1.1), HU3KUMM KOHLIEHTparmaMu Rb,
Sr u Nb (coorBercTBeHHo, 82-280, 2-3 u 2-9 MKI/T)
u K/Rb (46-52), a kaiueaTpoBbie MOPOAbI MpUOIKa-
JOTCA TI0 STUM XapaKTePHCTHKAM K ILENOYHBIM CHEHH-
tam. [Ipeanonaraercs, 4To pacruiaBbl INEJIOYHBIX Ipa-
HUTOR ¢ HanGomnee Hu3kuM (¥7Sr/*$Sr),= 0.7126 cs3aHbI
CO IENOYHBIMU CUEHUTAMHU NpoLieccaMy JuddepeHuy-
anu. [lo nuddepennparam paccuuTan Bo3pacT OKOIO
319 man. ner. HeogroponHocets Rb-Sr u3oronnoit cu-
cTeMbl HCTOYHUKOB ¢ moBbimenuemM (*7St/%Sr), mo 1.711
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obpasoBasiack 0koa0 800 MIIH. JieT HA3aQ U YACTHY-
HO okono 512 muH. ner Hazan. Ilo pacueram usorton-
HOMH 3BOMIOLMY PA3MUYAIOTCS BBIIUIABKH M3 HCTOYHMKA
¢ Rb/Sr = 0.42, mpubmuxatomerocs k cocTaBy KOHTH-
HEHTAJILHOM KOpBI, U CyOCTpaTa, HCUBITABIIErO CHIlh-
HBIH 11eJI09HOH MeTacoMaro3 ¢ moesimensem Rb/Sr no
uHTepBana 19-52 (BO3MOXKHO, BBIIIE).

Pannye Marmaruyeckue Tena XymarolbCkoro Mac-
cusa (epBsie TpH ¢assl mo U.A. PomarnoBy) orpaxaror
Ha4aJlbHYI0 aKTMBHOCTH XymIaroi-bButtoTHHCKON 1ie-
MOYKH MOJMXPOHHOTO MarMaTH3Ma B CpeiHeM—II03/-
HeM keMOpun (517-490 mun. ser). B oprosuxke (480—
457 MiH. JI€T) Ha TEPPUTOPHH CEBEPO-BOCTOUHOM YacTu
OKMHCKOH CTPYKTYpHO-(pOpMaOHHOM 30HBI 06pazo-
Bajiach OOIIMpPHAs MarMaTH4YecKas Ayra TPaHWTOM-
HBIX MaccHBOB U GatonuToB. B cumype (440405 mirH.
JIeT) MarMaTu3M BHOBB MPOSBWIICS B Xyluaroi—buteo-
THHCKOM MarMaTiHeckoil neno4ke BHeapenueM Caxup-
IMymyTrHCKOrO MaccuBa CHIBHO AU hepeHIupoBaL-
BbIX Li-F rpanuToMaHbBIX paciiiaBoB. DMU30 BHeApe-
HHS IIENOYHBIX CHEHUWTOB M I'PAHUTOB XYIIArodbCKo-
ro Maccusa okojo 319 MiH. neT Haszaj (YeTBepTas U
nsras ¢dassl no M.A. PoMaHOBY) npeaniecTBoBal mpo-
CTPaHCTBEHHOMY IEPepacTpeaeeHII0 HHTPY3UBHOTO
MarMatusMa M3 Xymaroji-BumoruHCKoH Marmaruue-
CKOM Lenoyky Ha 25 KM K ceBepo-BocToky B Camcaii-
XOHBUMHCKYIO MarMaTH4ecKylo LeMoYky, HpOsBUB-
IYIO aKTUBHOCTH B MO3IHEM KapOOHe 1 paHHEH nmepmu
(307-261 mun. net). B Hel pacnpocTpaHUIIMCh IUTHI-
¢TopHCThIE, IIETOUHbIC U CYOLIeNOUHbIe IPAHUTONIBI,
a TaKoKe aMa30HUTOBBIE TPAHUTHL.

Marmarnsm  Xyimaron-BUTIOTHHCKOM — LENouKky
M3HAYAJIBHO COMpPOBOXIaN akkpenuto Tysuro-MoH-
romeckoro MaccuBa Kk CHOMPCKOMY KOHTHHEHTY.
IpocTpancTBeHHOE NEepepacnpeielieHie MarMaTh3mMa
B Camcan-XOHBFYMHCKYIO LEMOYKY CBHACTENBCTBYET
0 mHo31HEeKapOOHOBOH CTPYKTYPHOH INepecTpoiike B
OKHHCKOU CTPYKTYpHO-(QOPMaLIMOHHOM 30HE.

ITo Rb-Sr n30TOMHOM ¥ MHKPO3/IEMEHTHOM CHUCTC-
MaTuke B Xymaroj-bumorunckoir n Camcan-XoHb-
YUHCKOM LeTIoYKaxX MOIMXPOHHOTO MarMarusma pas-
JIMYAKOTCS Telia, cliokeHHBle 1) nuddepenimaramu,
SBOMIOLMOHMPOBABIIMMH C TIOBBILIeHHEM Rb/St Hero-
CPEJICTBEHHO OT COCTaBa MCTOYHMKA, 2) AuddepeHLiu-
aTaMHu ¢ CylecTBeHHO Gomree BeIcokMM Rb/Sr no cpas-
HEHMIO ¢ OTHOIICHWEM B MCTOMHHUKE U 3) TAKUMH JKe
mabdepeHIaTaMi B COUSTAaHUH C NOPLMAMU BhINIa-
BOK U3 TEOXHUMMUYECKH HEOQHOPOIHBIX HMCTOYHHKOB,
ommuaBkMucs 1o Rb/Sr. MHTpy3uBel MEpBOro TH-
na cnabo oboraiens! F (Camcanbekuii miryToH, gai-
KM H UITOKY B ero rpexenax). MHTpy3uBbI BTOpOro TH-
ma cyuiectBeHHo oborauens! F u orBeyator Li-F reo-
xumugeckomy Tty (Caxup-1lymyTUHCKHE MaccuB 1
JAMKH XOHRYMHCKOTO KOMILIeKca). MarMaTuyeckue Te-
Jla TPEThEro THIA XapaKTepH3yITcs 0ojiee HU3KUMH
KoHueHTpaiwsvi F 1 Sr IIpH OTHOCHUTENBLHO HU3KOM
Rb/Sr (B XymaronsckoM Maccue) umm 6onee BbICO-
koM (B Illaraiitaronsckoi auaTpemce).
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Hushagol polichronous massif: Heterogenety of sources for Paleozoic alkaline

syenites and granites in Eastern Sayans, Southern Siberia

S. V. Rasskasov®**, Yu. V. Menshagin*, A. M. Iliasova*,
T. A. Yasnygina*, E. V. Saranina*, V. G. Skopintsev ***,

*Institute of the Earth's crust, Siberian Branch of RAS
**Irkutsk State University
***Buryat Geological Center

Results of geochemical studies of alkaline syenites and granites from Hushagol massif which includes at least five
magmatic episodes in the time interval from Middle Cambrian to beginning of Early Late Carboniferous (512—
319 Ma) are presented. The formation of the massif was associated with the intrusions of other alkaline bodies
along the Hushagol-Bilyuta chain at the junction between Oka and Gargan zones. In the Late Carboniferous
magmatic activity shifted from the Hushagol-Bilyuta chain to the Samsal-Khonchin one, where continued in the
time interval of 307-261 Ma. Liquids of alkaline syenites and granites of the Hushagol massif intruded prior to
reorganization of the magmatic system. The alkaline series exhibit the decreasing of Rb and Sr concentrations and
(Na + K)/Al with increasing Al/(Na + K + Ca) and Rb/Sr. Changing the composition of the rocks demonstrates
the heterogeneity of sources, in which the initial isotopic ratio (*’Sr/*Sr), ranged from 0.7046 (~800 Ma) to
1.707 (~319 Ma) in connection with the differentiation of source rocks in terms of Rb/Sr varied from 0.41 to 47.
Heterogeneous sources of magmas changed simultaneously with intrusions of nepheline syenites of the Botogol
stock between 512 and 490 Ma. At the final episode (~319 Ma). (*St/*Sr), in these rocks decreased to 0.7136.

Keywords: Paleozoic, alkaline granites, alkaline syenites, Rb-Sr method, trace elements.
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