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IIpuBeneHBI pe3yabTaThl reoXUMUIeCKUX 1 Rb—Sr- 1 Sm—Nd-n30TONMHBIX McCcIeqoBaHUI ITIepMO—TpHra-
COBBIX BYJIKAHUTOB (0a3ayIbThl, aHAE310a3aJIbThl) U CUILIOB (TpaxuaoepuThl, MOHIIONUOPUTHI) Ky3Helko-
ro 6acceifHa — ogHOTO U3 pernoHOB CHOMPCKOI KPYITHOM U3BEPKEHHOM MTPOBUHIIMY. [ToKa3aHoO, 4TO ByJIKa-
HU4ecKuit paspes KysHerkoro 6acceifHa cocrout u3 HykHeit (s1aBbl mokposa I u II: TiO, = 1.6—1.9 mac. %,
Gd/Yb =2.0—2.1) u BepxHeii (1aBbI mokposoB [II-VIII: TiO, = 1.4—1.8 mac. %, Gd/Yb = 1.7—1.9) cepwuii.
[Toponbl Maiizacckoro cujia reoOXuMHUYECKH KOPPEJIUpyloTcs ¢ anae3udasanbtamMu 11 mokpoBa HUDKHE
cepud, a moponbl ChHIpKaIIeBCKOTO CHJLIA — C ByTKaHUTaMU BepxHeit cepun. Tparnisl Ky3Henikoro 6acceii-
Ha c(pOpMUPOBAIUCH B pe3yJibTaTe YaCTUYHOTrO T1aBieHusT Sr—Nd-U30TOMHO-TeTePOreHHOM CyOmyKIIn-
OHHO-MOIM(GUIUPOBAHHON JIMTochepHoit MaHTUM. OHU IeOXUMHUYSCKI CXOXHU ¢ HU3KO-Ti Gazampramm
HYDKHEN—CpeaHeil MonCBUTHI HaAeXXIMHCKOM cBUTHI HOopuiabcKoro paiioHa, OMHAKO OTJIUYAIOTCS OT HUX
no Sr—Nd-uzortormHomy coctaBy. M3oronmHble Sr—Nd-xapakTeprCTUKM HEKOHTAMUHMPOBAHHBIX JIaB U
nopoxn Ceipkamieckoro cuia (ENd(7) = (+4.6)—(+2.4), (¥’Sr/%Sr); = 0.7047—0.7054) sBasiorcs yHa-
CJIeIOBAaHHBIMHU OT IpeBHEl JIMTOoChEepHON MaHTUM U He OTpaxaloT BKian Cubupckoro ruoma. ITopomsr
Maiizacckoro cumna (eNd(T) = (+2.2)—(+2.1); (¥Sr/*Sr) ;= 0.7055—0.7063) cchopMupoBanuch U3 MaH-
TUIHOTO pacruiaBa, MCITBITABIIETO KOHTAMUHAIIMIO KOPOBBIM KapOOHATHBIM MaTePUAJIOM.

Karouesowie cnoea: Sr—Nd-u30TOoMHAasI cCUCTEMa, PeIKME U pacCesiHHbIE 3JIeMeHTHI, JIaBbl, CUJLIbI, Ky3Hell-
Kuii 6acceiin, Cubupckast KpyIrHasl U3Bep>KeHHasl IIPOBUHIIVS
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BBEIAEHUE

Cubupckasg KpylTHas W3BEp:KEHHAsT MPOBWHIIMS
(Cubupckas KUII) saBisieTcss KpynHeei mpoBUH-
el KOHTUHEHTAJIbHOTO TPAnIoBOro MarMaTr3ma 1
COIepKUT YHUKanbHBIe 1o 3armacaM DIII—Cu—Ni-
MecTopoxaeHust Hopunbckoro paitiona. OHa oxBa-
TBIBAET IUIOLIAIb OKOJIO 3 MJIH KM?2, BKJIIOUasi PEruo-
Hbl Cubupckoii mnardopmbl, 3anaaHo-Cubupckoit
momThl, TaiiMbIpa, Ky3Helkoro 6acceitHa, a Takke
yacTb 0acceiitHoB Kapckoro mopst u mops JlanTeBbIX
[1]. BBICOKOTOYHBIE OILIEHKW BO3pacTa MarMaTude-
CKUX IIOP O, MOKA3bIBAIOT, YTO OCHOBHOI 3TaIl 3 dy-
3UBHOM M MHTPY3MBHOI aKTMBHOCTU IIPUILEICI Ha
rpaHuiy repmMu U Tpuaca (~251—252 MJIH JeT) u
e okono 1 MitH JreT [2]. XoTsa pa3nngHbie “He-

! Huemumym eeonoeuu u munepanoeuu um. B.C. Cobonesa
Cubupckoeo omdenenus: Poccuiickoii akademuu Hayk,
Hoeocubupck, Poccus
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TLUTIOMOBBIE” MOJIeI ObUIM MPEIJIOXKEHBI IS OOBbsIC-
HEHUS CTOJIb MacCIITAOHOIO KPaTKOBPEMEHHOTO Mar-
MmatusMa, IpoucxoxiaeHue Cuodupckoit KHUII B pe-
3y/IbTaTe INTIOMOMOBOM aKTUBHOCTH Ha CETOMHSIIITHUIA
JIEeHb OCTaeTcsi Hauboyice OOIISIIPUHSITON TOYKOM
3peHus [3].

BrisicHeHue meTporeHe3nca MarMaTM4eckux Mo-
pox pa3HbIX pernoHoB Cubupckoit KMIT u koppes-
1M UX M30TOMHO-TEOXMMUYECKUX XapaKTepUCTUK
UMeIoT (pyHIaMeHTaJIbHOEe 3HauyeHue 11 TTOHUMa-
HUS DBOJIIOLIMU TPAIIIOBOTO MarMaTu3Ma U YTOUHE-
HUs Monelieit ero dopMupoBanusi. B npencrapiieH-
HOU paboTe MbI 00CYXXIaeM FeOXMMUYECKUE U Mep-
Bole Sm—Nd- u Rb—Sr-uzoronHble OaHHBIE IS
TparnmnoB (JIaB U3 pa3HbIX IMTOKPOBOB 1 MOHILIOHUTOB
u3 cutoB) Ky3Helikoro 6acceiiHa — OMHOTO U3 PErro-
HoB Cubupckoit KHWII, pacronoxeHHOTo B CKJIamJa-
TOoM oOpamJiteHnu riatgopmel [ 1, 3, 4]. Ipenpraymmun
HCCIIeNOBaHUSIMU Ha OCHOBaHUM aHaJIM3a TMeTPOJIOro-
reOXMMUWYECKUX XapaKTepUCTUK Topo ObLIO ToKa3a-
HO, YTO BYJKAHMThI LIEHTpaIbHOI YacTu Ky3Helkoro
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OacceiiHa c(OPMHUPOBAINCH B PE3yabTaTe HU3KUX
crerieHell 1iaBiieHus (<5%) cyOnyKIIMOHHO-MOIU-
¢dumpoBaHHOI TUTOCGHEPHON MaHTUM TTOJ, BO3IEH-
CTBHEM acTeHOC(HEpHBIX (PII0NI0B/paciiaBOB X MO-
TyT OBITH PACCMOTPEHBI KaK 0oJiee 3BOJIOLMOHUPO-
BaBIIME aHAJIOTX 0a3aJbTOB HAACXKIWHCKON CBUTHI
Hopunnckoro paiiona [3]. B To ke BpeMs ycTraHOBIIE-
HUE MeTPOreHeTUYECKMX 0COOeHHOCTel (hopMUpoBa-
Hust Ky3HelKuX TpaIoB 1 UX OJIHOLIEHHAsI Koppe-
JISIIMS C ByJKaHUTaMU HeHTpaabHOU yactu Cubup-
ckoi KHII B Hacrosiee BpeMmsl CYIIECTBEHHO
3aTpydHEHBI M3-3a Cj1aboil M3Yy4YeHHOCTU CHJIIIOB
IOrO-BOCTOYHOM 4YacTh OacceiiHa, a Takxke u3-3a
KpaiiHe OrpaHMYE€HHBIX H30TOITHO-T€OXUMMUYECKUX
JaHHBIX IJI 3TUX Iopoxd. EnMHCTBEHHOE Ha Cero-
IHSIIHUI OeHb MCCIeAOBaHME, B KOTOPOM IIPMBO-
msaTess pe3ynbraThl Sm—Nd-M30TOIMHOro M3y4eHUs
OazanbTonaoB Ky3bacckoii BIaguHbI, YyKa3bIBaeT
3HaueHus eNd(7T) B nuanazoHe ot +2.3 no +3.1 [4].
ITosyyeHHBIE B TaHHOM MCCJIEIOBAaHUU FeOXUMUYe-
ckue u Sr—Nd-M30TOnHEBIE MaHHBIE CYILIECTBEHHO
pacIIupsiOT OCHOBY IUISI PEKOHCTPYKIIMM MaHTHIA-
HBIX MCTOYHUKOB POIOHAYaIbHBIX paciuiaBoB Ky3-
HEIKMX TPAIIoOB U IPOLECCOB MAHTUITHO—KOPOBOTO
B3aMMOJCUCTBUS, a TAKXKE JJIsI M30TOITHO-T€OXUMM-
YEeCKOM KOppeJISIUMU C BYJIKAHUYECKUMHU CBUTAMU
Hopunbckoro paiioHa neHTpaiabHoil yactu Cubup-
ckoit KHAII.

NEPMO-TPUACOBBII TPAIITTIOBbLI
MATI'MATU3M KY3HELIKOTO BACCEMHA

Kys3nenkmit 6acceitH pacnoioxeH B 300 KM K 10Ty
ot 3anagHo-CuOupCKoi TUINTHI, B CEBepO-3aragHon
yactu Antae-CastHCKO# cKilagyaToii obiactu (puc. 1 a)
U TIIPEICTaBISIET COOO0M IMO3HENAIe030MCKYIO (031 -
HUIi KapOOH—IIEpMb) AEMPECCUIO, HAJIOXKEHHYIO Ha
JIOJEBOHCKHE aKKPELIMOHHbIE KOMILIEKCHI [3]. Mar-
marudeckue Iopoabl KysHenkoro GacceiiHa mpu-
HajajexaT K ITO3OHENEepMCKO—pPaHHETPHUACOBOMY
a0MHCKOMY KOMILIEKCY, OObEIMHUBIIEMY paHee BbI-
JIensieMble B PETMOHE CaJITBIMAKOBCKMII U CBIPKa-
IIEeBCKU KOMILIEKCH (puc. 1 6). B ieHTpanpHOI ya-
cTu 6acceiiHa aOMHCKUIT KOMILIEKC IIPEACTaBIICH Ja-
BOBBIMA TIOKPOBaMM B COCTaBe BYJKAHOI€HHO-
0OCaJIOYHOM aOMHCKOW CcepuU, OXBaThIBAIOIIMMU
mowwanb okoo 3000 km? mox ByHraparickoii Briagu-
HOM IIpU KyMYJISITUBHOM MOIIIHOCTH BYJIKAHUTOB IO
300 M [3]. AOMHCKas cepusi COCTOUT U3 BYJIKAHOTECH-
HO-TEPPUTE€HHBIX OTJIOXXEHMI MaJblLIEBCKOI, COC-
HOBCKOM M SIMMHCKOM CBUT W BKJIIOYaeT OOUH Oa-
3aJITOBBIN U IIECTh aHIe310a3aJIbTOBBIX IIOKPOBOB B
00beMe MaTBLIEBCKOI CBUTHI 1 ABa aHAE310a3aIbTO-
BBIX ITIOKPOBAa B 00beMe SIMUHCKOI CBUTHI (puc. 1 B).
B 1oro-BoctoyHo1 yacTu 6acceiiHa aOMHCKUIT KOM-
IJIeKC MpPEeACTaBIeH CWIaMU M JaliKaM{d MOIIIHO-
CTbIO OT HECKOJIBKMX METPOB JO HECKOJIbKHUX COTEH
METPOB, IPU IIPOTSLKEHHOCTH A0 IECITKOB KMJIOMET-
poB (puc. 1 6). Hanbonee KpymHbIMMY U3 HUX SIBJISTIOT -
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ca CreipkamieBckuii m Maiizacckuii cmyiel. ChIpKa-
1IeBCKUI cvill nuchepeHIIMPOBaH OT TPaxuaoJaepu-
TOB 40 MOHIIOrab0opo ¥ KBAPLIEBLIX MOHLIOAUOPUTOB U
3aJIeraeT Cpear paHHENIEPMCKIX TEPPUTEHHBIX yTIJIe-
HOCHBIX TOJIIII. Maii3acCKUii CUJIJT CIIOKEH TpaxuIo-
JIepuTaMy, MOHLIOOMOPUTAMU U KBapLEBbIMUA MOHIIO-
JIUOPUTAMU Y UHTPYIUPYET CPeNHE-BepXHeKapHo-
HOBBbIE  KapOOHATHO-TEPPUICHHBIE  YIJICHOCHBIC
OTJIOXKECHMUSI.

Umeromuecs “Ar—*Ar-pospacra mis1 aHne3uoa-
3JIbTOB MaJIbLIEBCKOM CBUTHI M1 MOHI1I0radbopo CrIp-
KaieBckoro cuiuia (~252 miH Jiet [ 1, 3]) nokasbiBa-
0T, YTO MarmaTuueckue nopoabl KysHeukoro 6ac-
ceifHa COITOCTaBMMBI MO Bo3pacTy ¢ CHOMpPCKUMU
Tpannamu. Haubosee MofHbINH ByJIKaHUYECKUI pa3-
pe3 Cubupckoit KMII npencrasiern B Hopuiabckom
paiioHe [1, 3, 5—7]. ®opMupoBaHue TpPanmoB HAYK-
HaEeTCs C M3IUSHUS BHICOKO-T1 1IeJIOUHBIX/CyOIIeI0u-
HBIX BYJIKAHUTOB HIKHe#t cepuu (TiO, > 2 mac. %;
Gd/Yb > 2) (MBakKMHCKasI, CBIBEPMUHCKAS U TYI4M-
XWHCKasl CBUTHI), KOTOPble MHTEPIPETUPYIOTCST KaK
MPOW3BONHbIE HU3KOI CTENEeHU TIJIaBJAeHUs TIIyOWH-
HOro (IpearnoyioXUTeIbHO, TI'paHAT-TIMPOKCEHUTO-
BOIr0) MaHTUIHOTO MCTOYHMKA. BBepx mo paspesy
OHU CMEHSIOTCS HU3KO-Ti TOJEUTOBBIMU BYJIKAHU-
TaMU CpeaHel (XxakaHYyaHCKasl, TYKJIOHCKasl, HalexX-
JUHCKasl CBUTbI) U BepXHell (MOPOHIOBCKAsI, MOKY-
JlaeBCKasl, Xapaejgaxckasi, KyMIMHCKasi, caMoeacKasi
cButhl) cepuii (TiO, < 2 mac. %; Gd/Yb < 2). Ux
¢dopMupoBaHUEe CBSI3BIBAIOT ¢ MHTEHCUBHBIM ILIaB-
JIeHUEeM MeHee TTyOMHHOro MaHTUHHOTO MCTOYHM-
Ka, COMOCTaBUMOTIO € CyOaYyKIIMOHHO-MOIUPUIIUPO-
BaHHOW JIuTocepHOii MaHTUEl [5—7].

OBPA3IBI U METO/IbI

OO6pa3sibl MarMaTUYeCKMX TOpoJ IS U3YYEHUS
Sr—Nd-130TOITHOTO cocTaBa OBIIM OTOOpAHBI W3
MPUPOIHBIX OOHAXEHUI B LIEHTPAJIbHON U IOT0-BO-
crouHoit yacTsax KysHeukoro 6acceiiHa (puc. 1 0, B).
O0pa3npl BYJKAaHUTOB OBIIM OTOOpaHBI M3 OOHAaXKe-
Huii o p. ToMb U mpencrtaBieHbl 0azaibToM N-85
(nokpos 1) u anne3nb6azansramu N-84 (mtokpos II),
N-81 (mmokpos 11I) u N-62 (rokpos 1V) 13 ManblieB-
CKOIf CBUTHI M aHAe3nba3aabToM N-56 (trokpos VIII)
13 SsMUHCKOM cBUTHL. bazansr N-85 ciioxkeH BKpali-
JIECHHUKaMU OJIMBUHA 1 TU1arnokiasa (40 06. %), mo-
IPY’XEHHBIMU B OCHOBHYIO MaccCy W3 IUIarMokJjasa,
OJIMBUHA, KJIWHOMUPOKCEHA U BYJIKAHWYECKOTO
crekia. Anne3no6asanbThl N-84, N-81, N-62 u N-56
COCTOSIT U3 BKPAIJICHHUKOB OJIMBUHA, KIMHOIIUPOK-
ceHa M Tutarnokiiaza (2—15%) m OCHOBHOIT MaccChl,
CJIOKEHHOM BYJIKAaHWYECKHWM CTEKJIOM, TIarMoKja-
30M, OJIMBUHOM U KJIMHOIMPOKCEHOM. Pacrioyioxe-
HYe MECT ONPOOBIBaHUS U OTTMCaHKE TTIOPO/I, a TAaKXKe
COJIEp>KaHUSI B HUX MTETPOTE€HHBIX OKUCIIOB, PEIKUX U
paccessHHbIX 2JIEMEHTOB MpuBeAeHbI B pabdote [3].
HWuTtpy3uBHBIE NOPOIbI ObUIM 0TOOpaHbI 13 ChIpKa-
meBckoro cuiia (oopasisl Sr-01 1 Sr-02) Ha mpaBoM
ToMm 510
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Puc. 1. (a) [Tonoxenue TpammoB Ky3Herkoro 6acceitHa B coctaBe CHOMPCKOIT KPYITHOI N3BEPKEHHOI MPOBUHIIUM (TpaHUIIa
CubupcKoii KpyITHOM U3BEePKEeHHOM IMTpOBUHLIMY gaHa 110 [1]). (0) YopoiieHHas reojiorndeckast Kapra Ky3Hemnkoro 6acceitHa
[3], ¢ MecTamu ¥ KOOpAMHAaTaMU OTOOpPA NMPOO 151 reoXUMUUecKuX U Sr—Nd-130TonHbIX UccaenoBaHuit (oopasibl N-85, N-84,
N-81, N-62 1 N-56 13 1aBOBBIX TOKPOBOB; 00pa3ibl Sr-01 u Sr-02 u3 CheipKalieBcKoro cujuia; oopasusl Mz-01, Mz-02 u Mz-03
n3 Maiizacckoro cuiuia). 1 — HUKHEe—CPeTHEeIOPCKUE YTIJIeHOCHO-TePPUTEHHbBIE OTJIOXEHMUS; 2 — HIKHE—CPETHETPHUACOBBIC
TEPPUTEHHO-BYJIKAHOTEHHbIE OTJIOXKEHUS; 3 — MO3AHEeNePMCKO—pPaHHETPUACOBbIE CUJUIBL / naiiku (a) u jaBsbl (0); 4 — nepM-
CKH€ YIJIEHOCHO-TEPPUTeHHBIE OTJIOXEHUS; 5 — KaMEHHOYTroJibHble KapOOHATHO-TEPPUTEHHbIE U YIJIEHOCHbIE U CpeaHe—
BEpPXHEIEBOHCKUE TeppUTeHHbIe OTIOXeHUs. (B) IToioXXeHue 1aBOBBIX ITOKPOBOB B 0000IIIEHHOM CTpaTurpauyeckom pas-
pese abuHckoii cepuu Ky3Helkoro 6acceitHa [ 3], ¢ mpuBSI3KOit U3y4eHHBIX 00pa3IoB ByTKaHUTOB. CileryeT OTMETUTD, YTO OT-
JIOXKEHUSI MaJIbLIEBCKOM, COCHOBCKOM 1 SIMUHCKOM CBUT B PETMOHAJIBHOM JIET€HAE OTHOCSITCSI K TPMACOBOMY BO3pacTy, TOrna
KaK BO3pacT BYJIKAHUTOB OIIpeAeIsieTCs KaK O3 THEeIIepMCKO—paHHETpUaCcoBhIii [ 1, 3].
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Puc. 2. Tlerposnoro-reoxummuyeckre xapakrepuctuku Tpanmnos KysHerkoro 6acceitna. Ha nuarpammax SiO,—Na,O + K,0
(a), SiO,—MgO (6) n SiO,—La (B) cocTaBbl ByJIKaHUTOB 1 MopoA ChIpaKallleBCKOTO CUJIJIA CIIENYIOT TpeHAaM (paKIIMOHHOMI
kpucraummszauuu (FC-tpenn), Torna kak nmopoasl Maiizacckoro cuiijia MoKa3bIBalOT KOBapHallMy, COMTOCTaBUMbIE C MPOLiec-
caMu acCUuMWISINUM U ¢pakimoHHol kKpuctamiuzauuu (AFC-tpenn). KommosuiimonHble nois mist TpanmnoB Ky3Helnkoro
bacceiina (KBT) coctaBnens 1o [3]. (r—m). PactipeneneHus penko3eMelbHbBIX 3JIEMEHTOB HOPMUPOBAHBI HA COCTaB XOHIPUTA
(r) ¥ crraiiaeprpaMMBbl pEIKUX U PACCESTHHBIX JIEMEHTOB HOPMUPOBAHBI HA COCTaB MPUMUTUBHON MaHTUM (1) IUIST U3ydaeMbIX
BYJIKAHUTOB U Mopox cLToB. CopepkaHUsI peAKUX U PACCESTHHBIX 3JIEMEHTOB Tl 6a3a/IbTOB HaIEeKIMHCKOM cBUTHI Hopub-
ckoro paitoHa (Nd) u3 [3], n — KonmudecTBO aHaM30B. COCTaB XOHIPUTA ¥ TPUMUTUBHOUN MaHTUH 110 [9].

oepery p. Tomsb, y moc. Kapaii, m Maiizacckoro cuiia
(o6paziusr Mz-01, Mz-02 u Mz-03) Ha 1eBoM Oepery
p. Mpaccy, B 6 KM K 1ory ot rmoc. Kamerrex (puc. 1 6).
Tpaxuononeput Sr-01 u3 3akagouHoit yactu Chipka-
IIEBCKOTO CHJIJIA CJIOKEH BKparuIeHHUKaMU TUTaro-
KJ1a3a ¥ KJIMHONMpoKceHa (5%) m OCHOBHOM Macchl,
cocrosilieid M3 TIUIarMokjasa, KIMHOIIUPOKCEHA,
6MOTUTa W BYJKAaHWYECKOTO CcTekia. KBaprieBblit
MoHUonuoput Sr-02 u3 LeHTpaJbHOI YacTU CUJLIa
CJI0XeH oJIMBUHOM (5%), KimmHommmpokceHoM (13%),
amdubonom (5%), 6uoruroM (2%), MIArMOKIA30M
(50%), kanueBbIM TTOEBBIM IIaToM (15%) u KBap-
neMm (10%). Tpaxuomoneput Mz-01 u3 3aKanodHOI
gacTn Maii3acCcKoro cujiia COCTOUT U3 (DEHOKPHUCTOB
rutarnokiasa (30%) v KIMHOIMMpOKceHa (e1. 3epHa)
1 BynkaHudeckoro crekiua (70%). MoHLOZUOPUT
Mz-02 u3 IeHTpaIbHOM YaCTU CUJIIA CIOKEH OJIUBU -
HoM (3%), knuHomnnpokceHoM (15%), ampuboaom

JOOKJIAIBI POCCUMCKOM AKATEMUU HAYK. HAVKU O 3EMJIE

(5%), ornotutoM (2%), Tmarnokiazom (52%), Kanue-
BBIM T0JIeBBIM ImmatoM (20%) u kBapuem (3%).
MuHepalbHBIM COCTaB KBaplLEBOTO MOHLIOAMOPUTA
Mz-03 13 LeHTPpaTbHOI YacTH CUJIA: KIIMHOITUPOK-
ceH (10%), amdudon (5%), omotut (10%), aruo-
ka3 (45%), kanvesblii moJieBoii mmnat (20%) u kBapiy
(10%). Cpenn akiiecCOpHBIX MTHEPAJIOB MOHIIOINO -
putoB ChIpKallieBcKoro u Mait3accKoro CUIIoOB OT-
MEUaIOTCSI aIllaTUT, WJIBMEHUT U PeAKUe CYIb(MDUIbI.
MOHUOAVOPUTHI MPENCTaBICHBI METKO-CpeIHe3ep-
HUCTBIMU MaCCUBHBIMHU TTOPOIAMU C MOHITOHMTOBOM
U rpaduyecKoil CTPYKTypaMu, TPaxUOOJIEPUTHI Xa-
paKTepu3yIoTCs TOPOUPOBOIT CTPYKTYPOIA, C METKO-
CKPBITO3€PHUCTOM OCHOBHOM MaccCoii.

XuMudyecKrii cocTaB 00pa3IioB MOPO N3 CUJIIIOB
onpenensics B LIKIT MHOTOBJIEMEHTHBIX U U30TOI -
HbeIx uccienoanuii CO PAH (r. HoBocubupck). Co-
JIepKaHMsI IIOPOJ000Pa3yIONINX OKMCIOB OIIPeaesIs-
2023
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JINCh METOIOM CHJIMKAaTHOTO peHTTreHodIyopec-
LIEHTHOTO aHaJiu3a C IIOMOIIbIO PEHTIEHOBCKOIO
cnektpomerpa ARL-9900-XP ¢upmbl  “Thermo
Electron Corporation”. Cogep>kaHusI peIKNX U pac-
CESTHHBIX DJIEMEHTOB OIPEeNeIsUINCh METOIOM Macc-
CIIEKTPOMETPUH C MHIYKTUBHO-CBSI3aHHOM TTa3MOM
(MU CIT-MC) na UCII macc-cneKTpoMeTpe BEICOKOTO
paspemieHuss ELEMENT ¢upmber “Finnigan Mat”
(Germany). PesynbTatsl mpuBeneHsl B Tadd. 1. Onpe-
JIeJIeHIEe M30TOITHOTO cocTaBa Sr 1 Nd mpoBoamioch
B 10 BanmoBeix npobax B LIKII “I'ecananutuxk” UI'T
VYpO PAH (r. Exatepun0bypr). OnpenejieHue conep-
xanuit Rb, Sr, Sm u Nd B HaBecKax Mpon3BOANIOCH
¢ MpUMEHEHNEeM MeToAa M30TOITHOTO pa3baBieHUs.
AHnanu3 Rb—Sr- 1 Sm—Nd-u30TOMHBIX CUCTEM TIPO-
BOIMJICSI HA MAaTrHUTOCEKTOPHBIX MYJIbTUKOJIIEKTOP-
HBIX Macc-CIIEKTpOMeTpax C ABOMHOI (POKYCHUPOB-
Koii ¢ noMoiipio MeTonoB ICP-MS (“Neptune Plus™)
(Sm, Nd) u TIMS (“Triton Plus”) (Sr, Rb). Pe3ynb-
TaThl IIPEACTABICHBI B Ta0. 2.

PE3VIIBTATHI U AUCKYCCHUA

Tpammer Ky3Heukoro 0OacceitHa IIpelCcTaBICHBI
HU3Ko-Ti BylKkaHUTaMu (IIpEeUMYILIECTBEHHO, aHIe-
3ubazajibTaMu, NpU MOJYMHEHHOM KOJIMYeCcTBe Oa-
3aJIbTOB) M cuUlaMu, OuddepeHIUpOBAHHBIMU OT
YMEPEHHO-ILEJIOYHBIX TPaxXuIaoJEPUTOB IO KBaplie-
BbIX MOHLIONMOPUTOB. IToponbl ChIpKallleBCKOTo 1
Maiizacckoro CUUIOB OJU3KU MO COACPKAHUIO MO-
POI00OpPAa3yIOINX OKUCIIOB, PEOKUX M PACCEIHHBIX
aeMeHTOB (Tabj. 1), ogHaKo pa3jauyaroTcs IO Xa-
pakTepy ux pacnpeneiacHus. s CeIpKalleBCKOIro
CHJIIa, OT TPAXUAOJCPUTOB IO MOHIIOTAO0pO 1 KBap-
LIEBbIX MOHLOAUOPUTOB coaepxanus Si0,, K,O,
pPEOKNX U paCCEeSTHHBIX 3JEMEHTOB BO3pAaCTaloT, a
KoHleHTpauuu Fe,0;, MgO, CaO u o0uieit MmarHe-
3uaiabHoCTU (Mg-no) cHuxawTcs (puc. 2 a—B). Ta-
KOI CTWJIb pacrlpelnecHUsI INIABHBIX U pacCeSIHHBIX
2JIEMEHTOB conocTtaBuM ¢ poiieccamu FC (ppakim-
OHHOII KpUCTAJIJIN3allM1) MarMaTM4ecKoro pacruia-
Ba. JI;1g Maii3accKoro cuuia CMeHa opo, OT TPaxy-
JIOJIEPUTOB A0 KBapleBbIX MOHIIOAMOPUTOB HE HAX0O-
JIUT KOHTPACTHOTO OTpaXXeHUsI B pachpenceHUsIX
PEIKUX U PACCESIHHBIX 3JIEMEHTOB 1 COIIPOBOXIAET-
cs ciabbiM pocToM coaepxkaHuit SiO,, MgO, CaO,
K,0 u Mg-no npu cHuxXeHuu KoHueHtpauuu Fe,0,
(puc. 2 a—B). [logoOHOE pacripeneeHue CoIoCcTaBy -
Mo c ripouieccamu AFC (accummisaius + ppakiimoH-
Hasl KpUCTaJUIM3allMs) U MpearnoaaraeT, YTo IOPOIbI
Maiizacckoro cujjia MOTJIM KPUCTAJIU30BaThCS U3
MarMaTM4ecKoro pacriaBa, KOHTAMUHHPOBAHHOTO
KapOOHATHBIM MaTepuajioM. MCTOYHMKOM 3TOro Ma-
Tepuaja MOTJIU CIYXXUTh KapOOHATHO-TEPPUTCHHBIC
OTJIOXKEHMS, BMEI[AIOIINE CUJLIT.

Tpaxunoneputsl CripKaiieBckoro u Maiizacckoro
CUJIJIOB XapaKTEepPU3YIOTCS TMOBBIIIIEHHBIMU COJEpXKa-
Husimu Si0O, (54.3—54.7 mac. %), TiO, (2.1-2.4 mac. %)

JOKJIAIBI POCCUMCKOW AKAJTEMUU HAYK. HAYKHU O 3EMIJIE

n menoueir (Na,O + K,O ~ 5.5 mac. %) mipm 6omee
HU3KMX copepxkanusix MgO (2.3—3.2 mac. %) u co-
IMOCTaBUMBIX KOHIIeHTpaIusix Fe,0 (12.5—13.1 mac. %)
MO0 CpaBHEHMIO ¢ Oa3ajibTaMu U aHJe3uba3aabTaMu,
cJlaraloliMMU JIaBOBbIE€ TOKPOBbI 1IEHTPaJIbHON Ya-
ctu KysHerikoro 6acceitna (50.3—54.3 mac. % SiO,,
3.5-5.2 mac. % MgO, 11.7—14.4 mac. % Fe,O;, 1.4—
1.9 mac. % TiO,, 3.3—5.2 mac. % Na,O + K,0) (1abmn. 1)
[3]. IToponwl cuoB oboralieHbl KPYITHOMOHHBIMH
JqutoduinbHeiMU (Ba, Rb), nerkumm penkoszemenb-
ueiMu (La—Sm) ((La/Yb)cy = 6.5—7.1) 1 panmnoax-
tuBHbIMU (U, Th) a1eMmeHTaM1 1 MOKa3bIBaIOT BhIpa-
>KeHHble oTpuuaTelbHble Ta—Nb- u Ti-aHoManuu
(puc. 2 1, o). XapakTep pacIpeaciieHUs] PeakKux u
paccesiHHbIX 3JIEMEHTOB B HUX WJEHTUYEH JiaBaM,
MpU TOM aOCOIOTHBIE KOHIUEHTPALMU JIEMEHTOB
Oosiee BbIcOKME, 3a uckiroyeHueM Sr u Eu; Gonee
HU3KUE COAEpXaHUsl DTUX DJIEMEHTOB, BEPOSITHO,
CBsI3aHbl C 00Jlee MHTEHCUBHBIM (bpaKIIMOHUPOBA-
HYeM TlJIarMoKJiasa.

AHanu3 paHee OIyOJIMKOBaHHBIX [3, 4] U HOBBIX
JNaHHBIX MO TMETPOJOro-reOXMMMUYECKOMY COCTaBy
MOPO/I, TIO3BOJISIET BBIAEIUTH B BYJIKAHUYECKOM pa3-
pese KysHelkoro 6acceiiHa HUXXHIO U BEPXHIOIO
cepun. HoxHSS cepust BKTogaeT 6a3abThl ITOKpoBa |
1 aHae3uba3anbThl MokpoBa Il ¢ TMOBBIIEHHBIMU
conepxanusimu TiO, (TiO, = 1.6—1.9 mac. % tnipu
Mg-no = 36—44) u otHomrenusimu Gd/Yb > 2 (2.0—
2.1). BepxHsis cepus ciloXeHa aHae3uda3zajabTaMu
ITI—VIII moxkpoBoB ¢ 6osiee HU3KUMU CONIEP>KAHUSIMU
TiO, (TiO, = 1.4—1.8 mac. % npu Mg-no = 35—43) u
otHomeHUsIM Gd/Yb < 2 (1.7—1.9). Crporuii KoH-
Tpoib Gd/Yb-OTHOLIEHUIT MO3BOJISIET MPENNoJio-
KUTh, YTO pasle/ieHUe Ha CEpUU MOXKET ObITh 00Yy-
CJIOBJIEHO Pa3JIMYUSIMU B CTENEHU YaCTUUHOTIO TLJIaB-
JIeHUsT MarM pasHbix cepuii. [Topoasl Maiizacckoro
CUJIa TEOXMMUYECKN KOPPEIUPYIOTCSl C aHIe3uba-
3anbramMu Il mokpoBa HmxHel cepum KysHenkoro
paspesa (TiO, = 2.2—2.4 mac. % npu Mg-no = 26—
32, Gd/Yb = 2.0—-2.1), a nopoabl ChIpKamieBCKOTO
cwia — ¢ BylKaHuTaMu BepxHeii cepuu (TiO, = 1.8—
2.1 mac. % npu Mg-no = 23—-34, Gd/Yb = 1.8—1.9).

CX0aCTBO B COAEPKAHUM U paclpeneeHUun pe-
KUX U pacCesIHHBIX 3JIEMEHTOB B BYJIKAHUTAX U CUJI-
nmax (puc. 2, 3) mo3BOJSIET MPEANOI0XKUTh eIMHBIN
MaHTUHBIA UCTOYHUK JIJISI UX POAOHAYaJIbHBIX pac-
IUIaBOB. B COOTBETCTBUM ¢ paHee IIpOBeACHHBIMUA MC-
clienoBaHUSMU | 3] 1 HOBBIMM JaHHBIMMU (puc. 1, 2, 3)
3TOT MAHTUMHBIN MCTOYHUK COIMOCTABHM C CYOoyK-
LIUOHHO-MOIN(DUILIMPOBAHHOU NUTOCHEpHO MaH-
THEil, IUIaBJIEHNE KOTOPOM OBLIO CIPOBOLIMPOBAHO
nobaBieHHeM acTeHOC(hepHBIX (DIIOUI0B,/paciiaBOB
¢ OIB-xapakrepuctukamu. bonee Hu3Kass MarHe3u-
aJIbHOCTb TpaxupojieputoB (Mg-no = 26—34) mipu
6osee Bbicokux coaepxanusix TiO, yka3bIBaeT Ha To,
YTO CUJUTBI KPUCTAJUTM30BAIMCh U3 PacIljlaBoB, 6oJiee
SBOJIIOLIMOHUPOBABIIMX B pe3ynbraTe nuddepeHI-
auuu M ppakKIIMOHHON KPUCTAIIM3allM B TIIYOMH-
ToMm 510

Ne 2 2023
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Ta6mma 1. ConepxkaHus TOPOIOOOPA3YIOMINX OKHMCIOB (Mac. %) M pelKuX U pacCesHHBIX 3JIEMEHTOB (T/T) B CHJLIaX

Kysnenkoro 6acceiina

CBETJIMLIKAA

ChIpKallleBCKUI CUILT

Maiizacckuii crn

ITopoma Tpaxunonepur Ksapuessiit Tpaxunonepur MoHuonuopur Kpapuesbrit
MOHIIOTVOPUT MOHIIOANOPUT

Howmep obpa3sna Sr-01 Sr-05 Mz-01 Mz-02 Mz-03
SiO, 53.33 55.46 51.67 52.65 53.43
TiO, 2.03 1.80 2.32 2.22 2.13
Al,O4 14.25 14.54 14.69 14.20 14.28
Fe, 05 12.23 11.28 12.45 12.87 12.30
MnO 0.22 0.21 0.14 0.22 0.20
MgO 3.16 1.71 2.20 2.93 2.89
CaO 6.04 5.53 4.87 5.82 5.74
Na,O 3.63 3.51 3.83 3.07 3.23
K,O 1.68 3.18 1.36 2.35 2.52
P,05 0.83 0.60 0.86 0.80 0.82
BaO 0.10 0.11 0.10 0.10 0.09
SO; 0.05 0.06 0.57 0.17 0.12
V,054 0.03 0.02 0.03 0.03 0.03
TITITT 2.28 1.62 4.89 2.28 1.72
Cymma 99.86 99.64 99.98 99.71 99.50
Mg-no 33.83 23.10 25.91 31.11 31.78
Rb 34.66 71.60 30.06 64.53 61.28
Sr 444.75 386.16 463.04 421.64 423.42
Y 53.11 59.66 55.31 51.73 50.00
Zr 314.07 365.58 266.93 261.25 271.34
Nb 18.44 22.02 19.90 18.45 18.16
Cs 1.76 3.48 1.22 4.23 3.07
Ba 801.87 940.64 781.04 722.83 739.89
La 52.26 57.95 49.50 47.84 48.84
Ce 112.62 123.53 108.48 100.16 106.24
Pr 14.23 15.57 13.55 12.66 13.40
Nd 54.54 58.49 50.95 47.81 57.85
Sm 10.82 11.91 10.96 9.79 10.76
Eu 2.18 2.21 1.88 1.96 2.10
Gd 9.96 11.25 9.83 9.29 10.54
Tb 1.53 1.73 1.56 1.45 1.52
Dy 9.46 10.04 9.05 8.11 9.04
Ho 1.90 2.10 1.82 1.73 1.86
Er 5.40 6.14 5.11 5.11 5.25
Tm 0.85 0.90 0.80 0.77 0.79
Yb 5.54 5.91 4.94 4.70 5.00
Lu 0.80 0.85 0.77 0.72 0.71
Hf 8.27 9.55 7.01 6.75 7.51
Ta 1.20 1.38 1.22 1.22 1.21
Th 7.83 9.31 7.65 6.99 8.06
U 3.65 4.28 4.18 3.14 3.72

TTpumeuanue. ITITI1 — norepu npu npokaynmBanuu. Mg-no = 100 X MgO/(MgO + FeO) (B Mo. %) — MarHe3uajabHOCTb.
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Tab6muna 2. Rb—Sr- u Sm—Nd-u3oronHbsie xapakrepucTuku TpamnioB Ky3Helkoro 6acceitHa

- ] - §
b = = 2 = =
— - i~ ) = ~ ~ Z f=2
Homep < £ g s L S| £ 3 3 Er*z S 3
IMoponma =) = ~ = 2 = ) ~ Z N 35 ~
o6pasia o = 2 3 3 E |3 £ E: 3 Z | s
[~ 0 = =~ % ) pd 2 . Z W
= a | = 5 5 | & 2
& ;gZ ~ E
- &
Tlokpos I (manvyesckas ceuma)
N-85 ‘BaBaan |16.27 ‘624.60‘0.07535‘0.70498‘0.70471‘ 9.47 ‘48.79‘0.11729‘0.51269‘0.51250‘+3.6| -
Ilokpoe 11 (manvuesckas ceuma)
N-84 ‘AHILe3H6a3aJ1bT| 53.45 ‘494.67‘0.31259‘0.70625‘0.70514‘ 9.81 ‘49.74‘0.11928‘0.51265‘0.51246‘ +2.7| 806
Ilokpoe 111 (manvyesckas ceuma)
N-81 ‘AHn63H6a3aﬂbT| 41.17 ‘499.73‘0.23831‘0.70599‘0.70514‘ 8.07 ‘39.66‘0.12297‘0.51268‘0.51248‘ +3.2| 794
Tlokpos 1V (manvyesckas ceuma)
N-62 ‘AHLLe3I/I6a3aan| 36.64 ‘489.69‘0.21644‘0.70600‘0.70523‘ 7.42 ‘35.94‘0.12485‘0.51268‘0.51247‘+3.1 | 811
Ilokpoe VIII (amunckas ceuma)
N-56 ‘AHﬂe3M6a3aﬂbT| 21.97 \525.54\0.12093\0.70517\0.70474\ 7.79 \37.01 \0.12717 ‘0.51276‘0.51255‘ +4.6| 693
Coiprauiesckuii cuin
Sr-01 | Tpaxumoneput | 36.85 |445.74]0.23913]0.70627]0.70542(11.37 | 57.79(0.11899 |0.51265|0.51245| +2.6 | 815
Sr-05 | KBapueBbrit 76.49 394.9810.56030(0.70738|0.70539(12.24 [62.06|0.11926 |0.51264|0.51244| +2.4 | 832
MOHIOONOPUT
Maiizacckuil cunn
Mz-01 |Tpaxumonepur | 65.60 |418.23]0.45380[0.70722|0.70561 [10.55 |52.81]0.12071 |0.51262|0.51242| +2.1 | 871
Mz-02 | Monuonuopur | 71.21 |433.02(0.47575]0.70719|0.70550(10.70 |53.84|0.12009 |0.51263 [0.51243 | +2.2 | 857
Mz-03 | KBapuesblit 28.89 [453.72(0.18419(0.70692|0.70627|11.62 [58.37|0.12030|0.51263|0.51243 | +2.2 | 859
MOHUOINOPUT

ITpumeuanue. 3HaueHust (87Sr/86Sr) I (143Nd/ 144Nd)T1/1 eNd(7) nepecuntansl Ha Bo3pacT 250 MitH JieT. {7151 OLleHKU NMPaBUILHOCTHU
1 BOCIIPOU3BOIMMOCTH PE3YJIbTATOB U3MEPEHUM U30TOMMHOTO OTHOIIEeHUs ©/ Sr/°°St B TPUPOIHBIX 00pa3LIaX UCIIOJIb30BAJICS MEXKILY -
HaponHsbIii crangapt NIST SRM987. 3a nepuon paboTsl cpenHee naMepeHHoe 3HaueHue otHoteHuit ©' Sr/°°Sr 8 NIST SRM987 co-
craBmiio 0.710256 + 16 (26, N = 8). Ommbka BHyTpH ombiTa He npebitiaia 0.000015 (26). [1paBUIbHOCTH U BOCTIPOU3BOIUMOCTh Sm—
Nd-u3mMepeHuit KOHTPOJIMPOBAIACh MO })e3yanaTaM aHanM3a craHgapta ropHoit mopoast BHVO-2 (USGS, CIIIA); cpeaHue 3Have-
HUS IUIST OTHOIIIEHUIA 47Sm/144Nd ul4 Nd/144Nd B CTaHAAPTE 3a Bpems PaﬁOTH coctaBuiu 0.127173 £ 0.000012 (20) u 0.512758 +
+ 0.000009 (206) cooTBeTCTBEHHO. M3MepeHHbIe OTHOIIEHUSI 87Sr/8 Sru 43Nd/ 144Ng KOPPEKTUPOBAINUCH ITyTeM HOPMHUPOBAHUSI C
KCIIOJIb30BAaHUEM DKCIIOHEHIIMAJBHOIO 3aKOHA IO OIOPHBIM OTHOIICHUSIM 88Sr/86Sr = 8.3752 u "“Nd/!**Nd = 0.24157 cootser-
cTBeHHO. MonenbHble Bo3pacTa Txg(DM) paccunraHsl 11l pe3epByapa JETUIETUPOBAHHOW MaHTUU C ( 43Nd/ 144Nd)o = 0.513151 u

1475 m/144Nd = 0.21365 [8].

HBIX/MAaJIOTIyOMHHBIX MarMaTUYeCKUX KamMepax IIO
CpPaBHEHUIO C TAKOBBIMH 111 0a3aJbTOB 1 aHAe3M0a-
3a;bTOB (Mg-no = 35—47).

ComnocTaBieHUEe C BYJIKAHUYECKMMM CBUTaMU
Hopunbckoro paiioHa TOKa3bIBaeT, YTO MO CBOUM
reoXuMHNYEeCKMM Xapakrtepuctukamu KysHeukue Jjia-
BBI ¥ CUJIJIBI KOPPEIUPYIOTCS ¢ HU3KO-Ti ByJIKaHUTAa-
MU HUXHEU—CpEAHEN MOACBUTbHI HAACXKIAMHCKON
CBUTHI (pHC. 2 T, 11, 3). DTa KOppeIsaus IPEearoaI0KM-
TE€JIbHO OTpa)kaeT OTHOCUTEIbHO MAaJIONTyOMHHBIN
MaHTUMHBIA UICTOYHUK MarM o001X PErTMOHOB — CY0-
IYKIMOHHO-MOIN(DUIIMPOBAHHYIO  JIMTOC(HEPHYIO
manTuio. Hekoropoe cxonctBo ByakanutoB I—II mo-
kpoBoB Ky3Helkoro 6acceiiHa u nopoa Maiizacckoro
cuiuia ¢ BBICOKO-Ti ByJKaHMTaM MBAaKWHCKOI M ChI-
BepMuHcKoii ¢But no Gd/Yb—La/Sm-cucremaTuke

JOKJIAIBI POCCUMCKOW AKAJTEMUU HAYK. HAYKHU O 3EMIJIE

(puc. 3 B), BEpOSITHO, OTpaxkaeT OJIM3KKME CTEIIEHU Ya-
CTUYHOTO TIJIaBJIEHUSI UX MAHTUHAHBIX UCTOYHUKOB.

JlaBel 1 cusibl Ky3Helnkoro 6acceiiHa xapakTepu-
3YIOTCSl MOJOXMUTEIbHBIMU 3HaueHusIMu eNd(7) =
= (+2.1)—(+4.6), paccuyuTaHHBIMM Ha BO3pacT
250 man  sier, npu ortHomeHusx (¥’Sr/%Sr), =
=0.70471—-0.70627 (tabxa. 2; puc. 4 a). M30oTONHbBIE
Sr—Nd-cocTaBel 0a3ajJibTOB U aHOE3M0Aa3aJbTOB
(eENA(T) = (+4.6)—(+2.7), (*’Sr/*Sr),; = 0.70471—
0.70523) u mopon CeipkaiieBckoro cria (ENd(7) =
= (+2.4)—(+2.6), (¥’Sr/3¢Sr); = 0.70539—0.70542)
pacrnoJiaraloTcsi B1oJb MAaHTUIHOTO TPEHIa U XapaK-
TEPU3YIOTCS OTPULIATEILHOM KOpPpEIsLUeii MexXIy
snauenusamu eNd(7) u (¥Sr/3°Sr); (xoad. koppens-
1 R = (—0.91) npu 3Haunmom 3HaueHuu R (0.99) =
Ne 2
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Puc. 3. (a) Auarpamma Th/Yb—Nb/Yb misa tpannoB Ky3Heukoro 6acceiita (o [10]), wutiocTpupyloiiasi JOMUHUPYIOLLYIO
pOoJb CyOaYKIIMOHHO-MOIUMUIIMPOBAHHOM JIMTOCHEPHOI MAaHTUH B KAYeCTBE UCTOUHMKA POIOHAYAIbHBIX paciuiaBoB. SZE —
BEKTOp oOorauieHus1 CyoayKIIMOHHBIM KoMnoHeHTOM; CC — BekTOp KOpoBoit KoHTamuHauuu; WPE — Bektop oborarieHust
BHYTPUIUIUTHBIM (ILTIOMOBBIM) KoMIoHeHTOoM; FC — Bektop (pakuvoHHoi Kpucrtaummzauuu. Ha auarpamme Ba/La—
(La/Yb)cn (6) (o [11, 12]), cocTassl Ky3HeKMX TpanmoB pacnosiararoTcst BIOJIb JIMHANA CMELIEHNs CyOIyKIIMOHHO-MOIUbN-
LIMPOBAHHOM JUTOCHEPHOI! MAHTUU U acTeHOC(HEPHOI KOMIIOHEHTHI, YKa3biBasi Ha NMOTEHUMAIbHOE Y4acTUe MaHTUHOTO
IJTIoMa B reHepauuu pacruiaBoB. CocTas xoHApuTa Wist pacueTa (La/Yb) -y oTHo1eHuii o [9]. Komnosunmonnsie nosust Cu-
6upckux TparnmnoB Hopuibckoro paiioHa coctaBieHbl Ha ocHOBe [5, 6, 7]. (B—r) CocTaBbl U3y4aeMbIX BYJKAHUTOB U CUJUIOB
Ha nuarpammax La/Sm—Gd/Yb (no [6]) (B) u Th/Nb — TiO,/Yb (110 [13]) (r) ot ByakaHnMueckux cBuT Hopuibekoro paiiona.
Komnosunnonnsie noJs mjist tpanioB KysHenkoro 6acceiina (KBT) coctaBnens: no [3].

=0.80) (puc. 2 6). MaHTuiiHasa MocjenoBaTeIb-
HOCTB, KOTOPO# ciienyroT cocTaBbl Ky3Helkmx Tpar-
OB, IIPEINoJIaraeT, YTo U3y4YeHHBIE IIOPOIEI 00pa30-
BaJICh U3 HEKOHTAMWHUPOBAHHBIX KOPOBBIM MaTe-
prajoM MaHTUMHBIX pacIUIaBOB WJIM U3 MAaHTUMHBIX
pacmjaBoB C OYEHb HU3KOM CTEMNEHbIO KOPOBOIA KOH-
TaMUHALMKM, HE OTpa3uBIIEHCSI HAa M30TOIMHOM CO-
CTaBe MOpPoA. DTOT BBIBO MOIICPKUBAET ITPEIIOJIO-
XEHME O HMU3KOM CTEIEHU KOPOBOII KOHTaMUHALIMU
Marm, poJoHavYaIbHbIX OJIs1 ByIKaHUTOB Ky3Helkoro
OacceitHa, TOJIydeHHOE MPEeAbIAYLLIMMU UCCASAOBaH-
MM Ha OCHOBAHMM aHaIM3a FEOXMMMUYECKUX JAaHHBIX

JOOKJIAIBI POCCUMCKOM AKATEMUU HAYK. HAVKU O 3EMJIE

[3]. TTopompl Maiizacckoro cuia XapakKTepusyloTCsl
OIMHOPONHBIM, HO MEHEE PaIHMOTeHHBIM M30TOITHBIM
Nd-cocraBom (ENA(7) = (+2.1)—(+2.2)) 1 IOBBILLIEH-
weiMu  (¥7Sr/30Sr);-3navenuamu (¥Sr/*Sr)
=0.70550—0.70627) (puc. 4 a, 6). Tpaxumonaepur
Mz-01 n moHuomuoputr Mz-02 pacnojaraiorcs Ha
JVMHUM MaHTUIHON mocnenoBatenbHocTu Ky3Hell-
KMX TPaIoB, TOIJAa KaK KBapleBblii MOHLIOAMOPUT
Mz-03 cMmeleH B CTOpOHY 0oJiee paAuOreHHOTO CO-
craBa Sr (puc. 4 a, 6). [TockoJibKy cTereHb BTOPUY-
HBIX M3MEHEHUI MOopoJ OuyeHb HU3Kasl, MOTOOHBbIC
W30TOITHBIC BapUaIlUM MOTYT ObITh MHTEPIIPETUPOBA-
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Puc. 4. (a) Sr—Nd-uzoronHbie xapakTepuctuku TpanmnoB Ky3Heikoro 6acceitha. 3Hauenus eNd(7) n (87Sr/ 86Sr) rpaccunra-
HbI Ha Bo3pacT 7'= 250 maH jet. DM — nemetupoBaHHas MaHTUsl. KoMmo3unnmoHHsbie most ajist Cubupckux tpanmnoB Ho-
PUJIBCKOTO paiioHa COCTABJICHBI IO TaHHBIM [6, 7, 14, 15]. B KOMIO3UIIMOHHOM MOJIe HaaexXaTuHCKoM cBUTHI (Nd) BeIIETSIOTCS
oJis 6a3ayIbTOB HYKHEW 1 cpenHeii moncsut (Nd;—Nd,) n cpenneii n Bepxneii monceut (Nd,—Nd3). M3oTonHble oTHOmMEHUS
143 Nd/ 144Nd u 87Sr/ 86Sr B BYJIKAHUTAX IMOKPOBOB U Nopoaax ChIpKallleBCKOro CUJUIA MOKa3bIBAIOT OTPULIATEIbHbIE KOBapra-
1AM, cJeaysl TPeHIy MaHTUIMHOM MOCJIeI0oBaTeIbHOCTA Ha 8Nd(7’)—(87Sr/86Sr)T nuarpamme (6). CoctaB KBapiieBoro MOHIIO-
nmoputa Mz-3 MaiizaccKoro crjuia pacroaralorcst Ha MoJesibHoit KpuBoii Sr—Nd-u3oronHoro cMmenieHust Ab mexny tpa-
xupojieputoM Mz-01 (KOMOOHEHT A), pPacIoJIOXKeHHOM Ha JIMHUM MaHTUMHOM ITocienoBaTelbHOCTU Ky3HEelK1X Tpanmos, 1
(paHepoO30iiCKUMHU MOPCKMMM KapOoHaTamu (KoMIoHeHT B) (cocras mo [16]). MonenbHast KprBasi TOCTPOEHA € ITOMOIIBIO Ta-
pameTrpuueckux ypaBHeHuit us [17]. (B) M3oTonHbie Sr—Nd-cocTaBbl HEKOHTAaMUHUPOBaHHBIX TpanmoB Ky3Helkoro 6acceii-
Ha Ha eNd( T)—(87Sr/ 86Sr) nuMarpaMMe YUCJIEHHOTO MOIEIMPOBAHMSI N30TOITHOTO COCTaBa MAHTUIMHOTO UCTOYHMKA, ChOopMU-
pPOBAaBIIIETOCs B pe3y/IbTaTe CMellleHUs AeruieTupoBaHHoir MORB MaHTHU ¢ ApeBHUM OCaloYHbIM MaTepuaaoM (JinHus [A]) u
nocnenytomeit neruapatamuu [18]. Jluaum [B], [B] u [I'] oTo6paaroT n30TOIMHBIE COCTaBbl MAHTUIMHOTO UCTOYHUKA ITPU KO-
appuumenTtax peaykuu 0.4, 0.3 u 0.1 COOTBETCTBEHHO.

157

HbI KaK pe3yJbTaT KOPOBOU KOHTAMUHALIMU MaHTUM -
HOIi MarMbl KapOOHATHBIM MaT€pUAJIOM, UTO COIIACy-
ercsa ¢ AFC-mexaHuamoM sBojitoniuu Maiizacckoro
pacriiaBa. PesynbTraThl pac4eTHOTO MOAEIMPOBAHMUS
Sr—Nd-M30TOITHOTO OBYXKOMIIOHEHTHOIO CMeIIe-
HUS IpeanosaralpT, 4To St—Nd-u30TOIMHbIE XapaK-
TePUCTUKHU KBaplieBOTO MOHILIOAWOpUTa MaiizaccKo-
ro cuja (oopaserr Mz-03) MOryT OBITH ITOJIyY€HBI B
pe3yJibTaTe CMeIlleHUsl pacrjaBa ¢ U30TOIMHBIM CO-
CTaBOM Tpaxua0JIepUTa ero KpaeBoii yactu (oo6paselr
Mz-01) ¢ 20—30% daHepo30MCKIUX MOPCKUX KapOo-
HatoB (PMK) (puc. 4 6). Takast BBICOKasl CTeNIeHb
KOHTaMUHallU1, OQHAKO, HE MOAAEPKUBAETCS MET-
POJIOTUYECKUMHU JAaHHBIMU (B YaCTHOCTH, HEe HAOJII0-
naetcs oboramieHue oopasna Mz-03 MgO u CaO).

JOKJIAIBI POCCUMCKOW AKAJTEMUU HAYK. HAYKHU O 3EMIJIE

BepositHo, BMemaronie Maiizacckuit cuiiin kapoo-
HAaTHO-TEPPUTEHHBIE OTIOXEHUS MMEIU 6oJiee pa-
JIMOTEHHBIN COCTaB ST 10 CPAaBHEHUIO C YCPEIHEH-
HbIM ¥7Sr/%0Sr-coctabom MK, u pakTudeckas cre-
NeHb KOHTAMUHALUY ObLIa HIKE.

IMonoxurensunie 3HayeHuss €Nd (or +4.6 1o
+2.1) Ky3HenKux TpaIinoB IIpearnojaraoT yMepeHHO
JNEMJIETUPOBAHbIM MAaHTUMHBIM MUCTOYHUK UX POIO-
HayajJbHBIX pacIlilaBoB. Takoii MCTOYHUK, OJHAKO,
He comacyeTcs ¢ o0oralleHeM BYJIKAHUTOB U CUJI-
JIOB HEKOT€PEHTHBIMU PEAKUMU SJIEMEHTAMM U BBI-
cokumMu 3HaueHussMu  (La/NDb)py 2.6—3.2,
(La/Sm)py =2.7-3.2 1 (Nb/Y)py = 1.7—2.4 B HOpO-
JlaX, YKa3pIBaIOIIMMM Ha IUIaBJICHUE OOOramieHHOMN
maHTnu. [TomoOHOE MpoTUBOpEUNe MEXKIY TeOXUMM -
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qyeCKUM 1 Sr—Nd-U30TOIITHBIM COCTaBOM CBUACTEIIb-
CTBYET O TOM, UTO O0oraiieHue MaHTUHHOTO UCTOY-
HuKa Ky3Helkux TparmoB IMPOU30IILJI0 HEMocpe-
CTBEHHO Mepe/ IJIaBJIeHeM U He OTpa3uioch Ha ero
M30TONHOM cocTaBe. Takum oOpa3om, ITOJIydeHHEIC
Sr—Nd-u30oTomHbBIe XapaKTepucTuKN TpanmoB Ky3-
HEIIKOTo OacceiiHa SIBISIIOTCS YHACJeIOBaHHBIMU OT
JpeBHell JUTOocepHO MaHTUM, a HabIJgaeMbIe
eNA(7)—(¥’Sr/%Sr) ~-xoBapuauyu, MO-BUIUMOMY,
OTpaxaloT NePBUYHYIO MAHTUIHYIO T€TEPOT€HHOCTD.
HMcxonst U3 paccuyMTaHHBIX 3HAUYEHMN MOMAEIbHBIX
BO3pacTOB  aHme3nba3ajbTOB W  MOHIIOHUTOB
(Tyg(DM) = 0.69—0.87 mapm stet) (Tab. 2), U30TOM -
Hble Sr—Nd-xapakTepuCTUKM JUTOC(hEepHOI MAaHTUHN
non Ky3Heukum 6acceifHOM MOIIM ObITh CBSI3aHBI C
HEOoMpoTepO30iCcKUM coObITUEM. CXOIHBIE YMEPEH-
HO geruieTupoBaHHBIE Nd-M30TONHEIE COCTaBBI
(eNd(7) = (+3)—(+6)) c aHAJIOTUIHBIM ANATIA30HOM
MoJebHbIX Bo3pacToB (Tng(DM) = 0.7—0.9 mupn
JIET) TIPOCJIEXMWBAIOTCS B MOpPOJAaX MNaJe030MCKUX
rabOpo-CUEHUTOBBIX U TPAHUTOUIHBIX KOMILJICKCOB
Ky3neukoro Anaray HaumHasi ¢ KeMOpHUsI, a TakKe
(UKCUPYIOTCSA B AEBOHCKMX CYyOIIIEI0OYHbBIX Oa3aIbTOM -
nax conpenenbHoro ¢ KysHerkum Amnaray MuHycHH-
ckoro mporuba [19], orpaxkasi 0COOEHHOCTH COCTaBa
JMTOC(PEepHOIl MAaHTMKU B PETMOHAJIIBHOM MacIuTabe.
M3zotomHslii Sr—Nd-cocTtaB pa3HOBO3paCcTHBIX MarMa-
THYecKnxX acconmanmii KysHenkoro Anaray mpenbi-
OYyIIUMU  UCCACIOBAHUSIMUA WHTEPIPETUPYETCS B
KOHTEKCTEe B3aMMOJCUCTBUSI MaHTUIHOIO TIUIIOMA
tuna PREMA nwiu PREMA/FOZO, HIMU + EM u
HaJICYOOYKIIMOHHOI JTUTOCEpHON MAaHTUU, C IIU-
POKO MPOSIBIEHHBIMU TTOCIEAYIOIIUMMU TIPOLIeCCaMU
KOPOBOIi KOHTAaMUHALIMM MAaHTUMHBIX BbITMJIABOK
[19]. [TpuHMMas BO BHUMaHUe, UTO JiaBbl Ky3HelKo-
ro 6acceitHa IMPOM3OILIN U3 PacIIaBOB, C(pOpMHUPO-
BaHHBIX B pe3yJIbTaTe HU3KOI CTENEeHM YaCTUIHOTO
TJIaBJIeHUST TUTOC(HEepHOM MAaHTUU TIPU OrpaHUYCH-
HOM y4yacTuM acteHocpepHoii komroHeHThI (Nb/La ~
~ 0.3 opu La/Yb ~ 10.2), u He UCIIBITATIN 3HAYUMYIO
KOpPOBYIO KOHTaMWHALIMIO, MX M30TOITHBIE COCTaBBI
MOTYT OBITh HanboJIee OJIM3KM K N30TOIMHBIM Xapak-
TepucTUKam JutochepHoit ManTuu KysHeukoro pe-
ruoHa. PesynbTaTbl YMCIEHHOTO MOJEIUPOBAHUS
MOKa3bIBalOT, 4YTo Sr—Nd-cocTaBbl HEKOHTaAMHWHU-
poBaHHBIX TpamoB Ky3Helkoro 6acceiiHa cormocra-
BUMBI C TAKOBBIMHM JJISI MAaHTUMHOIO MCTOYHMKA,
c(OpPMHUPOBABIIIETOCS B pe3yJbTaTe CMEIICHUS Je-
mietupoBaHHoit MORB manTuu (DM) ¢ HeboJb-
mmM KomdectBoM (MeHee 10%) mpeBHETO ocamod-
HOTrO MaTepuajia v IoCaeayIolleil yMepeHHOM OeTu -
patauum (¢ Ko3hduiMeHToM peaykunu mist Rb/Sr
Mexay 0.30 u 0.35) (puc. 4 B). Takum obpa3om, Sr—
Nd-u30TOIHBIE  XapaKTEPUCTUKHU  JIMTOC(epHOIt
MaHTHUU B pETUOHE, TI0-BUANMOMY, OOYCIOBJICHEI JIe-
SITeJIBHOCTBIO APEBHETO IUIIOMA, CPEIr MaHTUMHBIX
WCTOYHUKOB KOTOPOTO YCTAHABJIMBAIOTCS MOEILICTH-
poBaHHasi KoMoHeHTa DM-Tumna u oboraiieHHbIe
kKomnoHeHThl EM-tumna. C yuyeToM OJIM3K1X HEOIPO-

JOKJIAIBI POCCUMCKOM AKAJTEMUU HAYK. HAYKU O 3EMIJIE

Tepo3oiickux Nd-MoJeabHbIX BO3PacTOB Pa3HOBO3-
pPaCTHBIX MarMaTMYeCKHUX acCcoualldii B peTHOHE
[19], mo BpeMeHU 3TO COOBITHE COITOCTABMMOTIO C Ha-
yaJioM pacriaga cyrnepkoHTuHeHTta Pomunust (825—
740 maH net [20]).

HecMmoTtps Ha 1O uTo Tpammel Ky3Hemkoro 0ac-
celiHa TEOXUMUYECKHU KOPPETUPYIOTCS C BYJIKAHUTA-
MU HUXHEU—CpPEOHEM TMOACBUTBHI HAACXKIMHCKON
cBuThl HopuibCcKOro paitoHa, OHU OTJIMYAIOTCS OT
Hux 1o Sr—Nd-cocrtaBy (puc. 4 a). bazanbsThl 1 no-
KpOBa MaJibLIeBCKOW CBUTHI U aHAe3nba3anbToB VIII
SIMMHCKOI CBUTBI XapaKTepHU3yIOTcs Oojiee MpUMMU-
tuBHbIMU ENA(T)- u (¥’Sr/%Sr) ~-3HaueHnaAMU, YyeMm
Oombirast yacte ¢cBUT Hopwibckoro paiiona. M3o-
TorrHbIe cocTaBhl Sr 1 Nd anne3mn6asanpToB 11, 111 u
IV mokpoBoB u nopon CeipkalieBckoro nu Maiizac-
CKOTO CWJIJIOB COMOCTaBUMBbI C TAKOBBIMU JJISI HEKOH-
TaMUHHUPOBAHHBIX/CIA00KOHTAMMHUPOBAHHBIX pa3-
HOCTEI BYJIKAHUTOB KaK BBICOKO-Ti MBaKMHCKOIA,
TaK 1 HU3KO-Ti MOpoHTOBCKOIT cBUT. CleayeT oTMe-
TUTh, YTO M3-3a BapbUPYIONMICH CTEIIEHM KOPOBOI
KOHTaMUHALIMU U pa3HbIX IPONOPLMIA TUTOCHEPHOM
1 acTeHOC(pepHOii KOMIIOHEHT, BOBJICYCHHBIX B Te-
Hepaluio pacmiaBoB, mist Cubupckux TpanmnoB Ho-
PUJIBCKOTO paifoHa B LIEJIOM He HalJrogaeTcs CTpo-
roit 3aKOHOMEpPHOCTH B pacnpeneaeHuu Sr—Nd-uzo-
TOITHBIX XapaKTePUCTUK MEXIY CBUTaMU BHICOKO- U
Hu3Kko-Ti cepuii. [IlpyHrMasi BO BHUMaHUE, YTO U30-
tonHble Sr—Nd-xapakrepuctuku Ky3Heukux Tpam-
OB SIBJISTIOTCSI YHACJIEMOBAHHBIMU OT APEBHE JIUTO-
cepHoit MAHTUU 1 He oTpaxKaroT BKiag CUOMPCKOTO
IUTIOMA, OTCYTCTBUE Sr—INd-M30TOMHOIT KOpPEIsuu
MEXIy MHINBUAYAJTbHBIMU BYTKAHNYECKUMM CBUTA-
Mu/mokpoBamu Hopuibckoro u KysHelkoro permno-
HOB BIOJIHE OXUIAeMO.
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The study provides whole-rock geochemical and Rb-Sr and Sm-Nd isotope examinations of Permian-Trias-
sic volcanics (basalts, basaltic andesites) and sills (trachydolerites, monzodiorites) from the Kuznetsk Basin,
which is part of the Siberian Large Igneous Province. It is shown that the volcanic section of the Kuznetsk
Basin consists of the Lower (I and II units: TiO, = 1.6—1.9 wt.%, Gd/Yb = 2.0—2.1) and Upper (I1I-VIII
units: TiO, = 1.4—1.8 wt.%, Gd/Yb = 1.7—1.9) Sequences. The Mayzass sill is geochemically correlated with
the Unit I basaltic andesite of the Lower Sequence, and the Syrkasheyv sill is geochemically akin to the Upper
Sequence. The Kuznetsk traps originated from the partial melting of a Sr-Nd isotopically heterogeneous sub-
duction-modified lithospheric mantle. They are geochemically comparable to low-Ti basalts of the low—
middle Nadezhdinsky suite from the Noril’sk region, but differ in Sr-Nd isotope composition. The Sr-Nd
isotope signatures of the uncontaminated lavas and Syrkashev sill rocks (eNd(T) = (+4.6)—(+2.4),
(®7Sr/%0Sr) 7 = 0.7047—0.7054) are inherited from the ancient lithospheric mantle and do not represent the
contribution of the Siberian plume. The Mayzass sill rocks (eNd(T) = (+2.2)—(+2.1); (}’St/%6Sr) .= 0.7055—
0.7063)are derived from a parental melt contaminated with crustal carbonates.

Keywords: Sr-Nd isotopes, trace elements, lavas, sills, Kuznetsk Basin, Siberian Large Igneous Province
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