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AHHoTaums. [1o NeTpOXUMHUIECKUM U MUKPODJIEMEHTHBIM JTAaHHBIM TIPEIIOIaraeTcs MpOHCXOK-
nenre 0a3aibTOB 0CEBOW pUGTOBOI JOJIMHBI U3 UCTOYHUKOB KOHTHHEHTAILHOU JTUTOCQEpPHON MaH-
THU, HEOJIHOPOJHOCTh KOTOPBIX OblJIa 00YCIIOBIICHA MU3BJIICYEHUEM KOMIIOHEHTOB BEPXHEH M HIDKHEH
KOpbl. MUKPO3JIEMEHTHOE MOAEIMPOBAHUE MOKA3bIBAET YACTUYHOE IUIABIICHHE allaTUT-COAEP KALIUX
HCTOYHHUKOB OT 3 10 8 % mpy BapbUPYIOMUX COOTHOUIEHHUAX I'PaHaTa U KIMHOMHUPOKCEHA.

Knroyeenle crioga: raiinozou, 6azarem, baiikansckuti pughm, MUKpoI1eMeHmbi.

Basalts of the Bystraya zone from sources of sub-continental
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Abstract. In terms of petrochemical and trace-element data, basalts from the axial rift valley are
suggested to originate from sources of the sub-continental lithospheric mantle, inhomogeneity of which
was due to extracting upper and lower crustal components. Trace-element modeling indicats 3-8 %
partial melting of apatite-bearing sources with varying garnet and clinopyroxene proportions.
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MOANTUTOC(EPHOr0 MAHTUHHOTO MaTepuana,
aanabaTHUecK TOJHUMAIOIIETOCS C Pa3HBIX
YpOBHEH MaHTUU, CTEIICHb BOBIICUCHHUSI B TLIAB-
neHue nutocdepHoro Marepuana u apyrux. Ot
(GIaHTOB K OCEBBIM BMAJWHAM KOHTHHEHTAIb-

BeedeHue

Kaiino30lcKkuii KOHTHUHEHTAJIBHBINA pudTore-
HE3 CONPOBOXKIACTCA PA3BUTHUEM BYJIKAHU3MA,
HO €ro pacrpeeneHue B pu(ToBbIX 30HaX 3aBU-

CUT OT MHOTUX (PaKTOpOB, TAaKMX KaK BO3JAEH-
CTBHE MEXIUIUTHBIX MPOLIECCOB HAa BHYTPEH-
HIOI0 4YacThb IUTUTHI, Yy4YacTHE IUIaBJICHUS
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HbIX puQTOBBIX 30H Bocrounoir Adpuku, 3a-
nagHou EBpomnbl, baitkanbckorr u Puo-I'panne
HEOCHIILIEHHBIE KpEMHE3EMOM (ne-
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HOPMAaTHUBHBIE) IIEJTOYHBIE BYJIKAaHUYECKHUE MO-
POJIbI CMEHSIFOTCSI HOPMAJIbHO ILEJIOYHBIMU I10-
poJaMH, HACBIIICHHBIMH KpemHe3emom (Ol-hy-
HOPMATHUBHBIMH, WHOT/JAa C HOPMATHUBHBIM (Z).
Yame Bcero takas jaTepajibHas CMEHA COCTaBa
0a3aJbTOB XapaKTepPHU3yeT MPOABHUHYTHIH (TUTHO-
L[EH-4eTBEPTHYHBII1) JTarn pudToreHesa
(Lipman, 1969; Pacckazos, 1993). I'eoxumuue-
cKas crienrduka UCTOYHUKOB MOPOJ pUPTOBBIX
30H OCTaeTcs caado N3y4eHHOM.

PudroBeie Bmanuupl balkaibckoil cucTeMbl
B OCHOBHOM JIMIIEHB! HOBEMILIErO BYJIKAaHU3MA.
AByJKaHMYHA U KpylHenas balikanbckas Bria-
nuHa. Takas mnpocTpaHCTBEHHas pa3oOLIeH-
HOCTh ObLIa OTMEYEHA YK€ Ha MEPBBIX dTamax
re0JIOTHYECKUX UCCIIEN0BAHNM KatHO3051 TEpPH-
Topuu ora Bocrounoii Cubupu 1 BocipuHIMa-
Jach KaK CBUJAETEIbCTBO OTCYTCTBHUS IMPSMOM
CBA3M MEXAYy INpoLeccaMH BYJIKAaHM3Ma U
pudrorenesa (dnopeHcos u jap., 1968). B Heko-
TOPBIX OCEBBIX PU(PTOBBIX CTPYKTypax BYJIKa-
HU3M BCE K€ IMPOSBUICA. DTH CIlydau TPeOyroT
CHELUAJIBbHOTO U3YYECHUSI.

OpaHa U3 KJIIOYEBBIX TEPPUTOPHI MPOCTpaH-
CTBEHHOT'O COBMEIICHHS BYIKaHHU3Ma C PUPTO-
BBIMH CTPYKTYpaMM — 3alaJHoe M00epeKbe
IOxHoro baiikana. B paiione noc. Kyntyk u Ha
xpebte Kamap BbIsIBIEHBI panuu cyOBYJIKaHU-
YECKUX TeJl, IOJBOJHBIX U3BEPKEHUH NIOTyIIEY-
HBIX JIaB U THAJIOKJIACTUTOB, a TaK)K€ HA3€MHBIX
JIABOBBIX HM3BEP>KEHHII BPEMEHHOI'O0 MHTEpBaia
18-12 muH ser Ha3aa. YCTaHOBJICH HEIOCPE/I-
CTBEHHBI KOHTPOJIb BBIXOJOB BYJIKAaHUYECKUX
nopoa KyaTykckoro ByJIKaHa 3aTyXarolleu BeT-
BbI0 OOpYyYEeBCKOro pazioMa, BepTUKaJIbHAs aM-
IUTUTYAAa KOTOPOM OBICTPO yMEHbILIAETCS OT Ce-
Bepo-3anagHoro o6epera o3. baiikan B 3amagHoM
HanpaBiieHud. OOHapy)XeHbl H3MEHEHUsS CO-
CTaBa MPOJYKTOB BYJKAHUYECKUX HM3BEPKEHUUN
BO BpeMEHHU U IpocTpaHcTBe. CrenaH BBIBOJ O
pe3koil 000COOIEHHOCTH HCTOYHMKOB pPaHHE-
CPEIHEMHUOLIEHOBBIX BYJIKaHUYECKUX MOPOJI TIO]T
3anaaHbiM - kpaem HOxHo-Baiikanbckoil Bna-
JIUHBl OT HMCTOYHUKOB BYJIKAHUYECKHX MOPOJ
noJ TyHKMHCKOW BIIAJMHOW U O KOHLUEHTPUPO-
BaHHOM IUTaBJIEHUU MAaHTHITHOTO MaTepHaa noj
3TUMHU (hparmMeHTaMu pU(TOBON CHUCTEMBI IPH
OTHOCHUTEJIbHOM CHW)KEHHUH CTEIEHU IIJIaBICHUS
mutochepHoro marepuana mexnay Humu (Pac-
CKa3oB u Ap., 2013).

Jlnst BBIABICHUS XapaKTepa COOTHOLIECHUU
WCTOYHUKOB  BYJIKAHWYECKMX IOPOJX  IOJ

42

TEPPUTOPHUEHN MPEAIO0JIaraeMOro CHUKEHUS MH-
TEHCUBHOCTH INIYOMHHBIX IIPOLIECCOB B HACTOSI-
e pabote IpUBOJATCS PE3yJIbTaThl U3YUYEHUS
cocTtaBa IIOPOJ DBICTPUHCKON BYJIKaHUYECKOU
30HBI, Iepecekaronleil oceByr0 TyHKHHCKYIO
pUQTOBYIO TOJIMHY, B COTIOCTABICHUHU C Oa3alb-
TamMu TYHKMHCKON BHaAWHBI. DTa TEPPUTOPUS
xapakTepusyercsi 1) HaxoIKOW TIyOMHHBIX
BKIIOYEHHH, 2) MPOJOJBbHOW cMeHoM hy-
HOPMAaTUBHBIX MOPOJ NE-HOPMATHBHBIMH, 3)
MUKPO3JIEMEHTHONH CHEUU(PUKON HCTOYHUKOB
BYJIKAHUYECKHMX IIOPOJ,, CBOWCTBEHHOW KOHTH-
HEHTAJIbHOI nuTocdepe, U 4) MEHSAIOIUMUCS
COOTHOILIEHUSIMU TpaHaTa U KIMHOIUPOKCEHA B
MCTOYHUKAX TUIaBJICHUS TUTOCHEPHOTO MAaHTHII-
HOT'0 Marepuana.

1. Memoduka
uccnedoeaHul

aHailumu4ecKux

AHaJIUTHYECKHUE HCCIIEIOBAaHUS MUKpPO3JIe-
MEHTHOTO COCTaBa BYJKAHUYECKUX MOPOJ BbI-
IIOJIHEHBI B JaOOPaTOpUU U30TOIIUHU U T€OXPOHO-
noruu Mucturyra 3emHoi kopel CO PAH meto-
nom [CP-MS ¢ ucnonbp3oBaHreM Macc-CIeKTpo-
metpa Agilent 7500ce neHTpa KOJUIEKTUBHOTO
MOJIb30BaHUs «YIbTpaMUKpoaHaau3» (mpobo-
MOArOTOBKAa XuMHKa—aHanutuka M.E. Mapko-
Boll, u3mepenust A.Il. YUeOrikuHa). Xapakrepu-
CTHKa METOJMK MpuBeeHa B paboTe (SIcHbITHHA
u ap., 2003). [Ipu xkanuit—aproHoBOM AaTUpOBa-
HUU TIOPOJ M3MEPEHMs PAJMOT€HHOTO aproHa
MIPOBEJIEHBI [0 METOAMKE, NMPUBEJICHHONW B pa-
6ote (PacckazoB u ap., 2000) (aHanuTHK
C.C. bpanar), u3MepeHus Kalus — METOJI0OM
iaMeHHoi ¢doromerpun (ananutuk M.M. Ca-
MOMJICHKO, aHAJIUTHYECKUW IeHTp). Bospact
paccunTan o koHcTaHTam: Ak = 0.581 - 10710 &g
=4.962 - 1019 Ak +Ap=5.543 - 10 ner !, rne
Ak — TIOCTOSIHHasi 3axBaTta 3nekTpoHa K-o6o-
noukw smpoM “°K; Ag — mocrosiHAAs B-pacmaa.
[lerporenHble OKCUABI ONPEIEICHbl B aHAIUTH-
YECKOM I[EHTPE NHCTUTYTA KIIACCUYECKUM «MOK-
peiM» MeTogoM (aHanmutuku: I'. B. bongapesa u
M.M. CamoiiieHKo, aHATUTUYECKUN IEHTD).
Jl1s1 OrpaHUYEHHOTO CHEKTPA MUKPOAJIEMEHTOB
(Cr, Ni) wucrmonp3yloTcss TaKKe Ppe3yJIbTaThl
aTOMHO-3MHUCCUOHHOTI'O CIIEKTPAJIBLHOIO aHAIN3a
(anammutuxu T.U. EmuszapseBa u B.A. Pycakosa).
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Puc. 1. Crpyxryproe nonoxenue boicrpunckoii (BC), Kamapckoii (KM) u Cranosoii (CT) 301 panae-cpen-
HEMHUOLICHOBOTO BYJIKaHU3Ma.

1 — Bynkansbl ¢ TmyonHHEBIME BKItoueHUsIMHE (a) (KP — Kapwepnsiii, CX — Cyxoif) u 6€3 TITyOMHHBIX BKIIIO-
yenwnii (6) Kamapckoit Bynkanndeckoit 30861 (KJI — Kynrykckwuit, [IIP — Hlupoxuit, MT — Meteo, AH —
Anuykckuid, 3P — 3bIpKy3yHCKHif); 2 — 0a3aNbTOBBIA MMOKPOB; 3 — OceBasi JIMHUSI BYJIKAHUYECKOW 30HBI;
4 — xaifHO30lCKHe OCaJOYHbIC OTIOKEHUS! pUPTOBBIX BHAIWH; 5 — MManeo30lcKue rpaHuThl, 6—8 — oca-
JOYHbIE U BYJIKaHOI€HHO-0CaZ04Hble MeTaMopduieckue cyOTeppeliHsl XaMmapaadaHCKOTO COCTaBHOTO Tep-
peitna: 6 — CmogsHckuit, 7 — Xanrapynsckuil; 8 — Llapepkanraiickuii BeicTyn GpyHnamenta CuOupckoin
iatdopmel; 9 — m3orpansl Meramopdusma: 1V — kanummara, V — runepcrena; 10 — 3ona rimaBrHoro Ca-
STHCKOT'0 pa3jioMa — CTPYKTYPHOTO IIBa KpucTaiunyeckoro ¢pynaamenta Cudupckoii minardopmsr; 11 — O6-
PYYEBCKHN PA3JIOM C SIPKO BBIPAXKEHHOW KaHO30MCKOW KHMHEMAaTHKOW COpOCOBOTO THIIA. | 'eomornveckas
cxema cocrasjieHa 1o padoram (Bacuibes u ap., 1981; Benunyenko u ap., 2006) ¢ ynpoIiieHusMy U TOIOIHE-
HUSMHU.

Fig. 1. Structural setting of the Bystraya (bC), Kamar (KM), and Stanovoy (CT) zones of Early-Middle Mio-
cene volcanism.

1 — volcanoes with deep-seated inclusions (a) (KP — Kar’erny, SC — Sukhoi) and without deep-seated inclu-
sions (6) from the Kamar volcanic zone (KJI — Kultuk, IIIP — Shiroky, MT — Meteo, AH — Anchuk, 3P —
Zyrkuzun); 2 — basalt cover; 3 — centerline of a volcanic zone; 4 — Cenozoic sediments of a rift basin; 5 —
Paleozoic granites; 6-8 — sedimentary and volcano-sedimentary metamorphic sub-terranes of the composite
Khamardaban terrane: 6 — Slyudyanka, 7 — Hangarul; 8 — Sharyzhalgai basement of the Siberian Platform; 9 —
isogrades of metamorphism: IV — K-feldspar, V — hypersthene; 10 — Main Sayan Fault Zone — suture of the
crystalline basement of the Siberian Platform; 11 — Obruchev Fault with distinct Cenozoic kinematics of nor-
mal fault. The geological map is modified after (Vasilyev et al., 1981; Belichenko et al., 2006).
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2. CmpykmypHoe
BbicmpuHCKOU 30HbI

Ha 3amagnom mobepexne 03. baiikan Bynka-
HU3M IpPOSBHICSA B Tpex 30Hax: Kamapckon,
CranoBoii u beictpunckoii. Kamapckast u beict-
PHUHCKasl 30HBI NpOTATruBaroTca Ha 20 KM Kax-
nast. Mexay HUMH TpHUOIU3UTENBHO TaKOE K
paccrostHue. IIporsxeHHocTs CTaHOBOM 30HBI
Ha OJHY TpeTh MeHbIIE. Paccrosanue mexay Ka-
Mapckoi 1 CTaHOBOM 30HAMH COCTaBJIsIECT HE 00-
nee 10 kM. [lokaiino3olckuii pyHIaMeHT Teppu-
TOPHUU NPEACTaBIsIET cOO0M KOJUTM3HMOHHYIO I'pa-
Huly CiaroasHCKOTo 0JI0Ka, aKKPETHPOBAHHOTO
K Kpawoo apxeickoro Illapspkanraiickoro Kpu-
crajuimdeckoro 0soka CuOupckoil miathopmbl
B paHHEM najieo3oe, okojo 480 MiH JeT Ha3an.
B CitoiIHCKOM 30HAJIBHOM METaMOpP(PHUUECKOM
koMmIuiekce Kamapckas u beicTpuHCcKkas Byika-
HUYECKHE 30HBI 3aKJIFOYCHBI B OJIOKE TPaHYJIHUTO-
BOr0 MeTamMop(u3Ma M YTHIKArOTCS B IJIaBHBIN
CasgHcKM pa3ioM, TEKTOHUTBI KOTOPOTO KPYTO
norpyxatorcsi ot Ilapspkanraiickoro Gnoka K
1oro-foro-3anany. CtaHoBasi 30Ha HaXOAUTCS BO
BHyTpeHHel yacTtu CltoIsHCKOro 0J10Ka U, B OT-
JUYME OT JIBYX JAPYTUX 30H, MEpeceKaeT H30-
rpajy rMIepcTeHa.

Momnonpie BriaguHbl TYHKHHCKON pUQTOBOM
JOJIMHBl YHACJENOBAIM KOJUIM3HMOHHYIO TIpa-
Huny. Kamapckas n beicTpuHCKast ByJakaHH4e-
CKHE 30HBI IEPECEKAIOT OCEBYIO CTPYKTYPY pU(D-
TOBOM N0JMHBI. KaMapckast BBIXOAUT HENOCpe-
cTBeHHO Ha Kpail IOxHo-balikanbckoil Bma-
IUHBI, BBICTpUHCKas — HaXOOUTCS Ha Iepe-
MbIYKe Mexay beicTpuHckol u Topckoii Briaau-
Hamu (puc. 1). beicTpuHCcKas BraguHa aKTUBHO
nporubanach C HaKOIJICHHEM HEOreH-4eTBep-
TUYHBIX OTJIOKEHUH, HO B HEOIUICHCTOIICHE
OblIa BOBJIEYEHA B MHBEPCHOHHBIE BOCXO/AIINE
JIBUKEHMUSL.

MoJio)KeHue

3. BynkaHbl u ux onpobogaHue

B breicTpuHCKONM 30HE NPOSBUIIACH AKTHB-
HOCTb TPEX BYJIKAHOB: 3BIPKY3YHCKOTO, AHUYK-
ckoro u KapesepHoro.

3BIPKY3YHCKUI BYJIKaH HAXOAUTCS HA TTOJAHS-
TOM CEBEpHOM IIeue puToBO# HonuHbL. JlaBo-
BB TOKPOB MEPEKPHIBAET TEKTOHUTHI [ TaBHOTO
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CasiHCKOTO pasjiomMa B BUJE CJOS C BUAUMOMN
MOIIIHOCTBIO IIEPBBIE METPBL. B CKkBaxkxuHE, IPOK-
JICHHON B OasayibTax, Ha TIyOmHE 6 M ObUIH
BCKpHITH Ty(bI (Jlamakun, 1968). Mx Haxonka
CBUJICTEIILCTBYET O MECTHOM BYJIKaHMYECKOM
M3BEPKEHUU JIJABOBOT'O ITOKPOBA.

AHYYKCKUH ByJKaH MPOCTPAHCTBEHHO COOT-
BETCTBYET oceBOi yactu TyHkuHCKOU pudro-
BOU MOJMHBI. MarMoBBIBOIANINI KaHajl OOHa-
J)KEH TIepe/l BXOJOM B VIIENbe 3bIPKY3YHCKOM
nemiu, B jgeBoMm Oopty p. Upkyr. Pacrumasbl
BHEJJPUIIUCh B 30HE CEBEPHOIO KpPaeBOIO pas-
aoma puGTOBON JOTUHBL. DPO3UOHHBIMH TPO-
neccamu 0a3aibThl KaHajla ObUIM BBIBEJCHBI Ha
3eMHYIO ITOBEPXHOCTh B MHOIIEHE. MeXay BBI-
CTYIIOM CYOBYJIKQHHYECKOTO Tejla U CEBEPHBIM
6optoM bricTpuHCKOI BaAWHBI HAXOSTCS TOH-
KOOOJIOMOYHBIE O3€pHbIE OTJIOXEHUS. B mo3a-
HEeM IUIMOoIeHe BhICTpuHCKas BlaguHa aKTUBHO
nporubanach ¢ HakoIJIeHueM 6osee rpy00o0I0-
MOYHOT0 MaTepHalia, CyMMapHasi MOIIIHOCTb KO-
TOPOTO, IO TaHHBIM Oypenus, coctaniseT 500 M.
B yerBepTuHOE BpeMs cyOBY/KaH ObLIT BOBIIE-
YeH B MTOJIHATHE BMECTE C CEBEPHBIM PH(PTOBBIM
wiedoM. [Ipunexammii K Hemy ¢ rora TeKTOHH-
YecKuil OJIOK B MPOLECCe BOCXOMASIINUX JBUXKE-
HUM HaxsoHwiIca non yriaom 50-70° k oceBoit
yactu nonunbl (Paccka3os, 1993). B o6Haxxenun
KOPHEBOM 4acTH BYJIKaHa pa3IMyaroTcs JBE pas-
HOBHUIHOCTH TOpOJI: CBETJIO-Cepasl MacCUBHAas
(06p. p610/1) u TemHO-cepas, MECTaMU MOPH-
cras (00p. p610).

KapbepHblii ByiakaH oOpasyeT JaBOBBIH IO-
KpOB, 3aJIETal0IINN Ha TOBEPXHOCTU TEKTOHUYE-
CKOT0 0J10Ka, HAKIIOHEHHOT'O K OCEBOM 4acTH J10-
nuHBL. KapbepoMm BCKpBITHI JIaBOBBIE TOTOKH
TOHKOCTOJI0YaTOr0 1 KOMOMHUPOBAHHOTO TUINT-
4aTO-CTOJI0YATOrO CIOKEHUS BUAUMOI MOIIHO-
CTBIO HE MeHee 25 M. B 10xHOI yacTu kapbepa
HaOmogaroTess  Ty(psl  BYJIKAHUYECKOW  TIO-
CTpOiiKH. B pa3HbIX 4acTsaX JaBOBOTO MOTOKA (B
TOM YHCJI€ BCKPBITBIX KapbepoM) 0TOOpaHo 5 00-
pa3ioB MacCHUBHOTO clokeHus (Tabnuma). K-Ar
natupoBanue oopasua TN-15-05 noka3zano Bo3-
pact Bynkana 13.2+1.5 mun net (K20=1.85 mac.
%, “Arpan= 7.92x10* EMM3/T, Al 505, =92 %).
Jis comocraBieHusi onpoOOBaHbl ByJIKaHHYE-
ckue mopoabl TyHKMHCKOW BITaiuHbI (TabIuUIa).
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HeTporeHHble OKCHUAbI  MUKPOIJIEMEHTBI B BYJIKAHUYECCKHUX IMOpPoaax BblCTpHHCKOﬁ

¥ TyHKMHCKOH BIAJUHBI

Ne i/t 1 2 3 4 5 6 7
Ne o6pasua p528A pS528A1 pS528A2 p528Am BK-1 p610 p610/1
SiO2, mac. % 49.1 H. o. H. o. 49.26 48.24 45,53 46.32
TiO, 2.12 H. o. H. o. 2.07 2.45 2.29 2.29
AlO; 15.4 H. o. H. o. 14.61 13.18 14.65 15.71
Fe,03 2.13 H. o. H. o. 11.49 12.02 1.47 2.28
FeO 8.45 H. o. H. o. H. o. H.o 12.02 9.2
MnO 0.14 H. o. H. o. 0.15 0.2 0.17 0.15
MgO 7.93 H. o. H. o. 8.41 8.9 9.12 8.87
CaO 7.93 H. o. H. o. 7.97 8.31 8.25 8.6
Na,O 3.4 H. o. H. o. 3.01 2.48 2.3 3.34
K;0 1.56 H. o. H. o. 1.39 1.57 1.16 1.93
P20Os 0.56 H. o. H. o. 0.36 0.51 0.62 0.56
H,O- 0.32 H. o. H. o. H. o. H. o. 0.36 0.32
H,O* 1.2 H. o. H. o. 2.3 1.99 2.26 0.75
CymMa 100.24 H. o. H. o. 101.02 99.85 100.2 100.32
Sc, MKT/T 17.8 16.3 14.7 H.o 20.0 H. o. 19.8
Vv 100 191 H. o. 161 174 220 140
Co 39 42 H. o. 50 49.4 63 58
Ni 86 119 H. o. 90 169 160 150
Cu 32 40 34 H. o. H. o. H. o. 50
Rb 19.2 18.1 16.7 17.0 17.0 18 26.7
Sr 931 725 652 592 531 1000 1192
Y 20.5 18.7 17.3 22.0 19.2 H.o 19.4
Zr 185 185 157 165 166 H.o 193
Nb 34.7 30.9 29.8 15.0 29.7 H.o 42.5
Cs H. o. 0.40 H. o. H. o. H. o. H.o H. o
Ba 317 351 321 279 330 210 401
La 23.4 24.3 23.6 H. o. 215 H. o. 28.5
Ce 71.0 53.1 50.1 H. o. 46.0 H. o. 57.1
Pr 6.03 6.92 5.99 H. o. H.o H. o. 6.52
Nd 29.5 29.6 30.3 H. o. 25.0 H. o. 30.5
Sm 6.57 6.75 6.62 H. o. 5.88 H. o. 6.32
Eu 2.06 2.05 2.03 H. o. 1.87 H. o. 1.98
Gd 5.85 5.73 5.60 H. o. H. o. H. o. 5.57
Tb 0.84 0.77 0.77 H. o. 0.77 H. o. 0.81
Dy 3.97 4,16 3.91 H. o. H. o. H. o. 3.90
Ho 0.70 0.73 0.68 H. o. H. o. H. o. 0.70
Er 1.85 1.65 1.82 H. o. H. o. H. o. 1.78
Tm H. o. 0.25 H. o. H. o. H. o. H. o. H. o.
Yb 1.30 1.40 1.51 H. o. 1.47 H.o. 1.44
Lu 0.19 0.20 0.19 H. o. 0.225 H. o. 0.20
Hf 4.06 4,42 418 H. o. 419 H.o. 477
Ta 2.03 2.08 2.17 H. o. 1.93 H.o. 2.72
Pb 2.5 2.7 2.7 H. o. H. o. H. o. 2.8
Th 2.16 1.98 2.43 H. o. 2.15 H. o. 3.22
U 0.68 0.66 0.74 H. o. H.o H. o. 1.013
Dpomonxkxenue Tabuawumi sl
Ne /it 8 9 10 11 12 13 14
Ne o0Opa3zia p610/1An  p682 TN-15-02 TN-15-03 TN-15-04 TN-15-05 TN-15-06
IOz mac. %y 45.15 44.65 H. o. 44.77 44.49 48.8
TiO, H. o. 2.4 2.63 H. o. 2.73 2.59 2.38
AlLO3 H. o. 14.8 13.76 H. o. 13.39 13.79 15.16
Fe,0s H. o. 3.13 3.46 H. o. 2.23 3.2 4.83
FeO H. o. 8.08 8.18 H. o. 9.42 8.27 6.11
MnO H. o. 0.17 0.17 H. o. 0.17 0.18 0.16
MgO H. o. 8.49 10.16 H. o. 10.44 10.03 6.65
CaO H. o. 9.52 9.54 H. o. 9.86 9.57 8.69
Na.O H. o. 3.12 2.7 H. o. 2.98 2.75 3.23
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K20 H.o 2.04 1.89 H.o 1.72 1.85 1.52
P20s H. o. 0.68 0.64 H.o 0.66 0.64 0.54
H.O~ H. o. 0.81 0.44 H.o 0.21 0.43 0.48
H.O" H. o. 1.98 2.1 H.o 1.8 2.15 1.83
CymmMma H.o. 100.37 100.32 H. o. 100.38 99.94 100.38
Sc, MKI/T 26.0 19.9 151 144 145 22.8 15.8
\Y 194 380 234 215 218 229 167
Co 47 79 49 47 51 50 39
Ni 150 190 171 150 196 187 75
Cu 55 50 44 44 45 39 44
Rb 28.6 30.4 29.2 51.9 34.8 34.2 14.8
Sr 966 2968 959 1096 1129 1287 800
Y 21.4 21.1 24.0 24.8 22.5 24.2 20.0
Zr 247 199 211 232 202 253 165
Nb 43.7 S7.7 64.0 73.7 55.2 63.7 32.8
Cs 0.21 H.o. 0.38 0.54 0.36 0.40 0.67
Ba 445 568 516 585 432 521 276
La 31.6 37.5 39.9 45.1 35.1 39.8 22.9
Ce 65.2 113.9 84.5 93.0 76.1 85.1 49.7
Pr 7.99 8.07 9.78 10.54 8.92 9.77 6.34
Nd 32.2 37.5 38.20 40.5 36.2 38.8 26.9
Sm 6.94 7.77 7.89 8.28 7.82 7.88 6.26
Eu 2.08 2.15 2.52 2.60 2.47 2.52 2.09
Gd 6.34 6.41 7.36 7.58 7.14 7.47 5.95
Th 0.86 0.91 1.05 1.07 1.00 1.04 0.86
Dy 4.71 4.36 5.49 5.71 5.24 5.42 4.43
Ho 0.81 0.82 0.91 0.93 0.85 0.90 0.75
Er 1.97 1.97 2.29 2.36 2.17 2.28 1.86
Tm 0.30 H. o. 0.30 0.31 0.28 0.28 0.24
Yb 1.62 1.63 1.64 1.78 1.49 1.65 1.38
Lu 0.24 0.24 0.24 0.24 0.21 0.24 0.20
Hf 5.81 5.01 5.06 5.39 5.06 6.03 3.97
Ta 2.97 3.89 4.59 5.04 3.89 4.33 2.18
Pb 3.3 3.4 2.5 3.4 2.1 5.0 4.6
Th 3.59 4.49 4.95 5.83 4,54 4.99 2.01
U 0.95 1.26 1.03 1.54 1.63 0.88 0.31

OKkoHYaHWuEe TaOTHIE

Ne /it 15 16 17 18 19
Ne o6pasua TN-15-07 TN-15-08 TN-15-09 TN-15-11 TN-15-12

SI0z, mac. % 47 41 48.27 47.32 485 47.56
Tio, 212 297 241 233 236
AlLOs 15.73 15.55 1455 14.68 14.09
Fe.0s 228 456 3.03 3.92 242
FeO 9.51 6.74 8.73 756 9.15
MnO 016 0.16 016 0.15 016
MgO 7.79 7.79 8.79 8.39 9.39
Cao 8.28 8.36 8.65 8.59 8.55
Na,O 378 3.67 365 3.74 3.64
KO 1.79 178 1.66 1.48 1.68
P,Os 06 0.6 0.63 0.6 0.66
H,O" 0.05 0.08 0.05 0.02 0.08
H,0* 072 051 072 0.44 0.68
Cymma 10022 10034 10035  100.4 100.42
SC. MKI/T 195 19.7 221 19.0 18.3
Y; 169 169 173 175 167
Co 15 42 47 46 47

Ni 135 129 146 118 153
Cu 43 41 22 29 28
Rb 21.1 195 19.6 19.4 17.6
Sr 908 827 745 744 739
Y 215 232 235 23.4 22.4
Zr 167 172 108 168 194
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Nb 36.2 38.2
Cs 0.34 0.21
Ba 507 479
La 27.0 28.6
Ce 58.6 64.0
Pr 6.90 7.67
Nd 27.9 30.8
Sm 6.12 6.66
Eu 2.02 2.15
Gd 5.75 6.30
Th 0.82 0.89
Dy 4.43 491
Ho 0.76 0.88
Er 2.07 2.27
™ 0.29 0.31
Yb 1.58 1.75
Lu 0.23 0.26
Hf 3.94 4.01
Ta 2.47 2.54
Pb H.o. 3.4

Th 2.48 2.16
U 0.51 0.29

42.4 40.0 44.0
0.24 0.33 0.22
398 403 374
28.0 26.9 28.4
61.4 59.9 62.5
7.50 7.29 7.59
30.8 30.1 31.3
6.85 6.74 6.86
2.28 2.27 2.31
6.57 6.52 6.55
0.95 0.94 0.94
5.04 5.05 5.10
0.89 0.89 0.84
2.29 2.29 2.24
0.30 0.31 0.28
1.76 1.70 1.63
0.26 0.26 0.24
4.74 4.10 4.40
2.88 2.67 2.97
2.0 25 2.5

241 2.45 2.52
0.44 0.41 0.25

[Ipumeuanue k Tadmume: [lopoasl BynkaHoB: 1-5 — 3pIpKy3yHCKOT0; 6—8 — AHuyKckoro; 9-13 — Kapseproro; 14-19
— Tynkuncko# BnaauHbl (9-13 — mienovHsle ONMMBUHOBBIC 0a3aibThl, 14 — Ga3zanbt, 15-19 — Tpaxubazanets). H.
0. — He onpezaensuock. KypcBoM aHBI pe3ynbTaThl aTOMHO-YMHCCHOHHOTO CIICKTPaILHOTO aHAIH3A.

«BepiuHHOe» mnonoxeHnue B penbede (puc.
2) cBUIETENbCTBYET 00 aKTUBHOCTH BYJKAHOB
BBICTpUHCKOI 30HBI 10 YPO3MOHHOIO pacuJICHe-
HUs TeppuTopuu, B orTianune oT Kamapckoi
30HBI, B KOTOPOH BYJIKaHUYECKUE NOPOIBI BBI-
TOJTHSUTA TJIYOOKO pacujI€HEHHBINH 3PO3UOHHBIN
pensed. Jaruposka 13.2+1.5 muH ner Kapwep-
HOTO BYJIKaHa COIIOCTABJIAETCA C MHTEPBAJIOM
natupoBok 13.4-11.7 MaH 5eT, MOJy4YEeHHBIM

AGc. BbicOoTa, M

JUIsl TIOPOJl BEpXHEro mnakera ByiakaHa Cyxoro
Kamapckoii 30ub1 (Paccka3os u ap., 2013).

CnenoBarenbHo, ByiakaHu3Mm Kamapckoit u
BbIcTpUHCKOH 30H OBLT OTHOBPEMEHHBIM. DpO-
3MOHHOE pacwieHeHHe Kamapckoil 30HBI ObIIO
CBSI3aHO C €€ JIOKAJIbHBIM IOJHSATHEM, HE pac-
IIPOCTPAHSABIIMMCS HAa CONPEIEIbHYI0 TEPPUTO-
pUIO BBICTPUHCKON 30HBI.

HOor

1400

KapbepHbii

1000

600 —

Cesep

3bIpKY3yHCKUNIA

p. VpkyT

AH4YyKCKUI

MwoueHoBble
aneBponuTbI

TekToHUTbI [MaBHOro
CasiHckoro pasnoma

:l dyHaameHT

// Pasznom pudroson
[ONUHBI

Puc. 2. ITonoxenne BynkaHoB beIcTprHCKO# 30HBI B penbede TyHKUHCKOM TOTHHBL.

Fig. 2. Location of the Bystraya zone volcanoes in relief of the Tunka Valley.
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4. lMempoxumuyeckasi xapakmepucmuka
nopod
Ha xnaccudukanmoHHOW auarpamme
Na20+K20 — SiO2 (puc. 3) Bce ¢purypaTuBHbIe
TOYKHU MOPOJI PACIPEACIIUINCh B TIOJISIX TPaXH-
6a3zanbTa u O6azanpTa. Ilopoas! BynkanoB BreicT-
PUHCKOM 30HBI U TYHKHHCKON BIAJAWHBI pa3je-
JWJIACH Ha TPYIIBI, 00pa3yIONIHe TPEHbI, CXO-
nsecss Mexay coboi B oOjacTu TpaxuOa-
3anbTa (TIPU MOBBIIIEHHOM COJIEPKaHUU CYMMBI
IeI04ei) U pacxoasmuecs B 00sacty 6azanbra
(TIpY TOHM>KEHHOM COJICPYKAHUHM CYMMBI IIEI0-

HAalpaBJIeH OT IOJIs TpaxubasaibTa 4epes IoJe
0azanbTa K momto OazanuTa, TpeHa nopoa TyH-
KWHCKOM BHAIUHBI — OT IOJISl TpaxubOazanbTa
yepe3 moJie Oa3anpTa K MO0 aHje3uda3anbTa.
durypatuBHas TOYKa TpaxmbOazanbra AHUYYK-
CKOT'O BYyJIKaHA IOMAJIaeT Ha MEepPeceYeHnue 3TUX
TPEH/I0B, (UTypaTHBHAs TOYKa 0a3anbTa HE OT-
JMYaeTcs OT TPaxubas3aabTOBOM MO conepiKa-
HUIO KpEeMHe3eMa, HO 00Hapy»XHBaeT Pe3Koe Ia-
JICHHE CYMMBbI Menodei. OurypatuBHOE MOJIE
nopoj 3BIPKY3YHCKOTO ByJKaHa HaXOAWUTCS Ha
0a3aJbTOBOM OKOHYAHMM  TpaxubazaibT-aH-
ne3u0a3abTOBOr0 TpeHaa 1mopoJ TyHKHHCKON

yeif). Tpenn mopox KapeepHoro BynkaHa  BraguHBI
Na,0+K,0, mac.% B
10 - e TpeHael
+ 3bIpKy3yHCKUI M nopop,
= . / KapbepHoro
g X AHYyKCKUI 4 ByNIKaHa u
l K 7 TyHKMHCKON
®doHoTedpuT APPSR S BNaauHbI
TyHKMHCKasi BnaguHa
8 -
Tedpput
7id
TpaxuaHpeaunbasanst
Tpaxu-

6 1 6asanbst (i
5 -
;1 = Aupean-

BasaHuT \ |  basaner Gasansr
3

Mukpo-
6azanst
42 44 46 48 50 52 54 56 58
Si0,, mac.%

Puc. 3. I'pynnupoBanue MopoJl ByJKaHOB beICTpUHCKOM 30HBI U TYHKHMHCKOM BIIAJIMHBI HA AMarpaMMe Iie-
JIOUYN—KPEMHE3EM.

[NokazaHbl pa3ienuTenbHble THHAN KIACCH(DUKAIIY BYTKAHHUYECKHX ITOPO/I, MPHHATONH MexkTyHapOIHBIM
COI030M reosiornueckux Hayk. Coctassl nepecuntansl Ha 100 % 3a BEIU€TOM MOTEPH NP MPOKATTUBAHUM.

Fig. 3. Grouping of volcanic rocks from the Bystraya zone on the total alkalis — silica diagram.

Classification dividing lines for volcanic rocks are of the International Union of Geological Sciences. Compo-
sitions are recalculated to 100 % without loss on ignition.

Ha pamarpamme HOpMaTHBHBIX MHHEPAJIOB
(ne-hy) — 100xan/(an+ab) (puc. 4) mopombl
TpaxubazanbT—0a3aHuToBoro TpeHaa Kapnep-
HOTO BYJKaHAa OTJIMYAIOTCS TOBBIIIEHHBIM CO-
nepxkanueM HopmaruBHoro ne (5-7%) wu
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anoptura (60—62 %). B moponax tpaxmn6azaibT—
aHe310a3aIbTOBOTO TpeHaa TyHKUHCKOW BIIa-
JTUHBI COJIEPKaHUs HOPMATHBHOTO NE COCTaB-
astoT 2-5 % (B obpazue TN-15-06 paccuuran
HOPMATUBHBIH hy) mnpu  NOHMKEHHBIX



coJiepKaHUsAX HOPMATUBHOTO aHOpTUTa (42—48
%). C OTHOCHTEIBHBIM CHIKEHHEM COJepiKa-
HUH HOPMATHBHOTO aHOPTHTA IPENEIbHbIC

Bynkanusm, HOBelIlIasi reoiMHaMHUKa

COJCpKaHUsA HOPMATHUBHOI'O NE CiIErka CHHXKa-
FOTCA.

. LLlenoyHon
ne, % OIMMBUHOBBIV
10 Tpaxubazanst Gasanet
- " \
5 = 2
100xan/(an+ab), %
0 T T !
55 60 65
-5 4
-10 - / 5
baszanet
-15 A
-20 4
hy, %

Puc. 4. I'pynnupoBanue nmopoJ1 ByJakaHOB beicTpuHCKoit 30HBI 1 TYHKMHCKOH BIaIMHBI HA IUarpaMMe HOp-
MaTHBHBIX MUHEpaJIoB: HedeuHna (ne), rurnepcrena (hy) u anoprura (100xan/(an+ab)) B cucreme CIPW.

Ycnosuble 0003Ha4deHus cM. puc. 3. LlTpuxoBoii TuHKUEH ¢ ABYCTOPOHHHUMH CTPEJIKAMH ITOKa3aHO OTHOCHU-
TEJbHOE CHIDKEHHE MPE/ICNIbHBIX CofiepKaHuii Ne npu ymensinenun 100xan/(an+ab) ot rpynmsl mienounoro
ONMBHHOBOTO Oazanbra KaprepHoro BynkaHa K rpynie Tpaxnba3anbra TyHKHHCKOH BIIaJHHBI.

Fig. 4. Grouping of volcanic rocks from the Bystraya zone in the diagram of normative minerals: nepheline
(ne), hypersthene (hy) and anorthite (100xan/(an+ab)) in the CIPW system.

Symbols are as in Fig. 3. The dashed line with double-headed arrows shows relative decreasing maximum
content of ne accompanied reducing 100xan/(an+ab) from the alkali olivine basalt group to the trachybasalt

one in the Kar’erny volcano.

Ilo moyoKeHHIO Ha JuarpamMme MIeJIOYH—
KpEMHE3eM MOopoJbl 0a3aHUTOBOrO TpEHJAA He
MOTYT OTHOCHUTHCSI K 0a3aHUTaM. YUUThIBas MO-
BBIIIEHHBIE COJEP)KaHUS HOPMATUBHOIO N€ H
aHOPTHTA, JTa rpynna nopox KapsepHoro Byi-
KaHa o0O3HayaeTcs Kak IIeJIOYHO-O0JIMBUH-0a-
3asbTOBas. [ 'pynma ne-conepsxamux nopox TyH-
KMHCKOM BIIaJINHBI UIMEET TpaxubazanbT-6a3alb-
TOBBIN cocTaB. B Tpaxuba3anbrax paccuuThiBa-
eTcs HOpPMAaTHUBHBIN NE, B Ga3zanbrax — HOpMa-
TUBHBIH hy.

OnuH u3 00pa3noB AHYYKCKOTO BYJIKaHa
NpUOINKAETCS TI0 COCTaBy K IEJIOYHOMY OJIH-
BUHOBOMY 0a3aJibTy, APYroil COOTBETCTBYET Oa-
3BTy C IOBBIIIEHHBIM COAEPKAHMEM HOpPMa-
TUBHOTO aHoptuta. llopoasl 3bIPKY3yHCKOIO
ByJIKaHA XapaKTePH3YIOTCsl HOPMATUBHBIM hy n
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COITOCTABJISIFOTCS C €IWHCTBEHHBIM 00pa3IoM
0azanbTa (TN-15-06) TyHKMHCKO! BIIaIUHbI.

Ha guarpamme MgO — SiO2 (puc. 5) Bbize-
JSeTCSl CPEAHHUM TPEH/ CYIIECTBEHHBIX BapHa-
ustit SiOz (o1 46.5 10 50.7 mac. %) nipu ci1adbIx
Bapuaiusx MgO (8.0-9.5 mac. %). B cpennmii
TPEHJT OOBETUHSIOTCS MOPOJBI BCEX BYIKAHOB
beicTtpuHCKOM 30HBI. MICKIIIOUEHHE COCTABIISIOT
nopobl KapeepHoro Bynkana. lllenounsie oym-
BUHOBBIE 0a3aJIbTHI 1al0OT OTKJIOHEHUE OT Cpej-
HETO TPEHJa C OTHOCHUTEIBHBIM BO3pacTaHUEM
conepxkanus MgO ot 8.9 no 10.8 mac. % u cau-
xenaueM SiO2 or 46.5 nmo 45.5 mac. %, Oa-
3aJIbThl — MPOTUBOIOIOKHOE OTKIIOHEHHE C OT-
HOCHUTEJIHbHBIM CHIKEHUEM coaeprkanus MgO ot
9.5 no 7.0 mac. % ¥ OTHOCHTENHHBIM BO3pacTa-
aueM SiO, ot 47.6 no 50.0 mac. %.
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MgO, mac.%
11 - ~ Bbicoko-Mg
J~_TpeHa
CpegHuin TpeHg

] cnabbix Bapuauun MgO
9
7

~.) Hwusko-Mg
. TpeHa

5 T T 1

45 47 49 51

SiO,, mac.%

Puc. 5. I'pynnupoBanue nopoj ByJikaHoB beicTpuHCKO# 30Hb 1 TYHKMHCKON BIAQAUHBI HA JUarpamme
MgO-SiO..

YcnoBHbIE 0003HAUEHUS CM. pHUC. 3.

Fig. 5. Grouping of volcanic rocks from the Bystraya zone in the MgO vs. SiO- diagram.

Symbols are as in Fig. 3.

5. MukpoaneMeHmHasi xapaKkmepucmuka
nopod

Penxoszemensubie 3nemenTsl (P33) mopoa
beicTpuHCcKOl 30HBI M TYHKMHCKOW BHaJWHBI
MOKA3bIBAIOT OO0OTalleHue JETKUMHU YICHAMHU
psna. HopmupoBaHHBIE CIEKTPHI IPSIMbIE, 3a UC-
KIIFOUEHUEM CIieKTpa oOpasna p682, nMeroIero
Ce-anomanmuto (puc. 6). B Boge n ocagouHbIX Mo-
ponax Ce-aHoManus MOXeT 00pa3oBaTbCs B
OKHUCJIUTEIBHBIX YCIOBHSX, CIIOCOOCTBYIOIIMX
BXOKJICHUIO B MUHEpaibl 1iepus B (hopMe MOHA
Ce**. Bo3MOXHO, aHOMaJIHs OTPakaeT BTOPHY-
HbIe U3MeHeHus mopoabl. O0p. p682 oTnuvaercs
TaK)Xe TOHIKEHHBIMU COJICPIKAHUSIMHU CPETHUX
P33 (ot Eu no Dy), otHOCUTENBHO APYTHX IIIe-
JIOYHBIX OJMBUHOBBIX 0OazanpToB KapbepHoro
ByJKaHa, U BBICOKUM cojepkanueM Sr (2970
MKT/T). B apyrux moponax BeICTpUHCKO# 30HBI

1 TyHKHHCKOW BIaJWHBI KOHIICHTpAIMH SI Ba-
peupytoTcs B uHTepBane 530—-1290 mkr/r (Tad-
TU1a).

MHUKpOdIEMEHTHBIE CIEKTPBl  BYJIKaHHYeE-
CKHMX IOPOJ BBICTPUHCKON 30HBI Pa3feNsOTCA
Ha aBe rpymnmsl. [llenounsle onmMBUHOBBIE Oa-
3anbpThl KapbepHOro ByjkaHa XapaKTepU3yIOTCS
Beicokumu (La/Yb)n (15,6-17,2) u mnoBblieH-
HBIMH KOHIICHTPAIUSIMH HECOBMECTHMBIX MUK-
PODJIEMEHTOB, BBIPAKEHHBIMH MaKCUMyMaMH
Nb-Ta, Ba, Sr. B 6a3anbrax u TpaxubdazaabTax
TyHKHMHCKOW BIAJIMHBI, B TOpoAax AHYYKCKOTO
u 3bIpKy3yHCKOro BynkaHoB (La/Yb)n cHmxka-
eTcst 10 mHTepBaia 9.9-13.5 ¢ oOmuM MmoHMKe-
HUEM KOHIIEHTPALUil HECOBMECTHMBIX MHKPO-
anemMeHTOB. CrieKTphI 6a3aJIbTOB U Tpaxuba3aib-
TOB TYHKMHCKOW BIIAJWHBI OTIMYAIOTCS MUHU-
MymoM U, a 3pIpKy3yHCKOTO ByJIKaHa — MOHH-
KeHHbIMU conepkanusimu P33, Nb u Ta.
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Mopoaa/nuponut
1000+

TN-15-03

100

10 -

CsRbBaTh U K Nb Ta La CePb Pr Sr P Zr Hf SmTi Y Yb
Mopopga/xoHgput
1000 |,

100

10

la Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Yb Lu
Puc. 6. CrieKTpbl HECOBMECTUMBIX MUKPOAJIEMEHTOB (&) ¥ PEAKO3EMETbHBIX 3JIEMEHTOB (6), HOPMUPOBaH-
HBIX, COOTBETCTBEHHO, K MPUMHUTHBHON MaHTHH (ITUPOJIUTY) U XOHIPHUTY.

YcnoBHbie 0003HaueHus1 cM. puc. 3. CocTaBbl Tpaxuba3anbToB ¥ 0a3aIbTOB TYHKHHCKOW BIIAJMHBI TOKA3aHbI

3alITPUXOBAHHLIM I1OJICM. I[J'IH HOPMHUPOBAHUS UCTIOJIB30BAHBI COCTABbI XOHAPHUTA U THUPOJIUTA (MCDOﬂOUgh,
Sun, 1995; Sun, McDonough, 1989).

Fig. 6. Incompatible trace element (a) and rare earth element (6) patterns, normalized to the primitive mantle
(pyrolite) and chondrite, respectively.

Symbols are as in Fig. 3. Compositions of trachybasalts and basalts from Kar’erny volcano are shaded. Nor-
malyzing values of chondrite and pyrolite compositions are adopted after (McDonough, Sun, 1995).
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6. O6cyxdeHue

6.1. CTpyKTypHOEe nonoxeHue BYJIKaHOB
C rMyOUHHLIMMW BKITHOYEHUAMU

CxonHoe cTpykTypHOe mnojioxeHue Kamap-
CKOM M BBICTpUHCKOW BYJKaHMYECKUX 30H B
0J710Ke TpaHyIuTOBOrO MeTamopdusma Ciro/sH-
CKOI'0 KPUCTAJUNIMYECKOT0 KOMIUIEKCA JAOMOJHS-
eTcs CrenuUKoN pacrpenesieHus] TIyOMHHbBIX
BKJIFOYEHUH U3 BYJIKAaHMYECKHX IOPOJI, OOHapy-
*KEHHbIX Ha ByskaHax Cyxoi u KapbepHbIii.

Bynkanndyeckue MOCTpOMKHM HaXoAATCS Ha
IO’)KHBIX OKOHYaHHUSAX, COOTBETCTBEHHO, BbICT-
puHckoi 1 Kamapckoii ByJIKaHU4ECKUX 30H, KaK
OBl OrpaHUYEHHBIX C FOTa U30TPaI0H THIIEPCTeHA
U 00JIaCThIO LIMPOKOIO Pa3BUTUS TPAHUTOUJ-
Horo Marmarusma. Ha apyrux BynkaHax 3amnaj-
HOTro nobepexbs 03. baiikan riyOuHHBIE BKIO-
YEHMSI OTCYTCTBYIOT.

6.2. CmeHa HacbIWeHHOCTN—He[oChl-
LLEHHOCTN KpeMHe3eMOM nopoa BAONb
BYJIKAHWYECKMUX 30H

Ha 3sIpKy3yHCcKOM ByJKaHe, B 30He ['1aBHOTO
CasHCKOTO pazioMma, 06a3aabThl UMEIOT HCKIIIO-
YHUTENILHO NY-HOPMATHBHBIA COCTaB U CMEHS-
I0TCd Ha AHYYKCKOM BYJIKaHE OCEBOM 4YacTu
TyHKHHCKOW ONMHMHBI accoianuei hy- u ne-
HopMaTuBHBIX nopod. Ha KapeepHoMm Bynkane
IOxHoro mnewa »TOW AOJAMHBI HaXoAsTCS Ne-
HOpPMaTUBHbBIC TOpoabl. B maHHOM ciydae hy-
HOPMAaTUBHBIE COCTaBbl OBLIM MPUYPOUYEHBI K
CTPYKTYPHOM HEOJHOPOJHOCTH Kpasi KpUCTaJl-
nudeckoro pynaamenta CuOMpCKOro KpaToHa, ¢
yIaJeHHeM OT KOToporo hy-HopMaTHBHBIE Oa-
3aJIbThl CMEHSUIMCHh NE-HOPMATUBHBIMHU.

B pa6ote (PacckazoB u ap., 2013) 6b110 TO-
Ka3zaHo, 4yTo okoJio 18 muH siet Ha3an B Kamap-
CKOM M 10’)kHOM yacTu CTaHOBOM 30HBI BCE W3-
JUBLINECS JIaBbl ObUIM NE-HOPMATHBHBIMHU, a 3a-
TeM, B uHTepBaie 17.6—12.0 muH et Hazaz mpo-
SIBUJIACh 30HAJILHOCTH C IEPEX0/I0M (C ceBepa Ha
I0T) OT Ne-HOpMaTUBHBIX 0a3anbToB KynTyk-
CKOTO ByJIKaHa 4epe3 Ne- u hy-HopMaTHUBHbBIC
Cyxoro BynikaHa K hy-HOpMaTuBHBIM 0a3aabTam
ByJkaHa Mereo. Hampapienue 3Toro nepexoaa
ObUIO TIPOTHUBOMOJIOKHBIM I10 OTHOLICHHIO K
MIPOCTPAHCTBEHHOMY  Iepexoxy  OoT  he-
HOPMATHUBHBIX TOPOJ K NYy-HOPMAaTUBHBIM B
BbricTpuHCKOM 30HE.
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XoTs Kpall KpaToOHa OTpaHUYUBAI BYJKAHU-
YEeCKUE 30HBI C CEBEpa, U3BEPKEHHUE DPSIOM C
HUM, B OAHOM ciiydae (B boicTpuHCKOH 30HE),
hy-HOpMAaTHBHBIX BYJKaHHTOB, B Jpyrom (B Ka-
MapcKoi 30HE) - NE-HOPMATHBHBIX CBUJIETENb-
CTBYeT O (paKTHUECKOM OTCYTCTBHHM KOHTPOJIS
CTETEeHH HACHIIIEHHOCTU—HEAOCHIILIEHHOCTH T0-
POJl KPEMHE3EMOM 3TOM CTPYKTYpHOM HEOIHO-
POJIHOCTHIO.

OOpamasicb BHOBb K IOCTYIUICHHIO TTTyOHH-
HBIX BKJIIOUeHUH Ha BysikaHax KapsepHom u Cy-
XOM Ha F0’)KHOM Kparo rpaHyJIUTOBOrO OJI0Ka, OT-
METUM H3Bep)keHHE NY-HOPMATHBHBIX BYJIKAHHU-
TOB Ha ByJIKaHe ByJikaHa MeTeo okoso 17.6 miH
JeT Ha3aj K ory oT BynkaHa Cyxoro Kamapckoit
30HBI B COCEIHEM MEHEe MeTaMOP(H30BaHHOM
6noxe. Takoe nmpoBMKEHUE BYJIKaHU3MA K IOTY
MOJKET CBUJAETEIbCTBOBaTh 00 OTHOCUTEIHLHOM
yYCHJIEHUU TIIyOUHHBIX npoieccoB B Kamapckoit
n CTaHOBOM 30HAaX OTHOCHUTEIBHO IPOLIECCOB
bricTpUHCKOM 30HBI.

6.3. MukpoanemeHTHass cneumcpuka mc-
TOYHUKOB  KOHTUHEHTaNIbHOW  JUTO-

cchepbl

Ha auarpamme Th/Yb — Ta/Yb (puc. 7) du-
T'ypaTHUBHBIE TIOJI BCEX MOPOJ BYJIKaHOB BBICT-
PUHCKOM 30HBI HAaXOJATCA HUXXKE MaHTHHHOTO
HaIpaBlIeHUs1 oKeaHndyeckux OazanpToB. Takoi
XapakTep CMEIEHUs AJIEMEHTHBIX OTHOILIEHHM
npezrnonaraeT npeodpa3oBaHue MaHTHIHBIX UC-
TOYHUKOB BYJKaHHYECKHUX MOPOJ] YaCTUYHBIM
TUTaBJICHUEM C OT/IEJICHHEM KOMITOHEHTa, COOT-
BETCTBYIOIIETO  COCTaBY  KOHTHMHEHTAJIbHOM
KOPHI.

Ha puc. 7 BbiaensieTcss TpeHJ, NPOTATHBAIO-
LU CS TPUOIU3UTENBHO OT 3TAJIOHHOTO COCTaBa
0azanbra okeanndeckux octpoBoB (OIB) uepes
¢durypatuBHOE TOJIE TIOPOJ AHYYKCKOTO BYII-
KaHa U TOoJI€ IET0YHbIX OJIMBUHOBBIX 0a3aJIbTOB
Kapbeproro Bynkana. Cmemnienue (GurypaTvs-
HBIX TOYEK BJ0JIb 3TOTO TPEHJa 00BIACHACTCS O1-
HOCTQJIMAHBIM TIpe0o0pa3oBaHUEM HWCTOYHHKA
tuna OIB ¢ pa3HOll cTeneHblo U3BJICYEHUS KO-
POBOTO KOMITIOHEHTa: cTab0or0 — M3 MCTOYHHKA
nopoJ AHUYYKCKOTO BYJIKaHa 1 0oJiee IpoIBUHY-
TOro — W3 UCTOYHMKA nopoj KapsepHoro Byi-
KaHa.
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Puc. 7. TpeH,I[BI KOMIIOHECHTOB KOHTHHEHTAILHOU MAaHTUH, KOMIUICMCHTAPHBIX OTACIUBIINMCA KOMIIOHCH-

Tam Kopbl, Ha auarpamme Th/Yb — Ta/Yb.

VYcnoBHble 0003HaYeHNs cM. pHC. 3. TpeHabl moKa3zaHbl MITPUXOBBIMU JTUHUSIMH CO CTpeTIKaMu (00bsICHEHUS
B TekcTe). CocTaBbl 000ralieHHOro 1 HOPMaJlbHO 0a3albTOB CPEAMHHBIX OKeaHndeckux xpedToB (E-MORB
1 N-MORB) u 6a3asibra okeanndeckux octpoo (OIB) mokaszansl mo padore (Sun, McDonough, 1989), kom-
moneHTH HwkHel kopbl (LC, lower crust), cpeaneit kopst (MC, middle crust), sepxueii kopst (UC, upper crust)
u obmrero cocrara kopsl (TC, total crust) mokaszansr mo padote (Rudnick, Fountain, 1995).

Fig. 7. Trends of continental mantle components, complementary to the extracted crustal components, in the
Th/YDb vs. Ta/Yb diagram.

Symbols are as in Fig. 3. Trends are shown by dashed lines with arrows (explanation in the text). The compo-
sitions of the enriched and normal basalts from mid-oceanic ridges (E-MORB and N-MORB, respectively)
and oceanic island basalts (OIB) are shown after (Sun, McDonough, 1989), the lower crust (LC), middle crust
(MC), upper crust (UC), and total crust (TC) compositions are shown after (Rudnick, Fountain, 1995).

Tpenn nopoa BynkaHoB AHuykckoro u Kapsb-
€PHOTO0 BYJIKAHOB 00Pa30BaJICs B pe3yabTaTe U3-
BIICUYCHHUS KOPOBOTO KOMIIOHEHTa U3 00O0TaIeH-
HOro MaHTUHHOTO UcTouHHKa. Kocoe cMmenienme
TOYEK 10 OTHOILIEHUIO K MAHTUHHOMY HarpaBJie-
HUIO OKEAaHNMYECKNX 0a3abTOB ObUIO UICHTU(U-
LHUPOBAHO B MCTOYHUKAX MO3IHEKAWHO30MCKHUX
ByJIKaHWUYeCKHX mopoa pudra Puo-I'panme c
HUKHEKOPOBOW (TpaHyJIMTOBOM) KOMILJIEMEH-
TapHOW COCTABJISIIONICH Takoro mporecca U B
IIO3/THEKAaHO30MCKUX BYJIKAHUYECKHUX ITOPOAAX
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[HenTpasbHO MOHTOIMY HE TOJIBKO C HUKHEKO-
poOBOH (TpaHyIUTOBOI), HO U C MAHTUHHON CO-
crasistonieit (Pacckaszos u nip., 2010, 2015).
Brinensitores Takyke OpTOroHaIbHAsS HaINpaB-
JICHHOCTH U3BJICYCHHS] KOMITOHEHTA, OJIM3KOT0 K
CpelHEMY COCTaBY KOpbI M3 O0OTaIIeHHOTO HC-
tounuka tuna OIB. Tpenn obpa3yercs npu cia-
060oM cmenieHuu oTHocuTenbHO coctaBa OIB Oa-
3aIbTOB 3BIPKY3YHCKOTO BYyIIKaHa U Ooliee 3a-
METHOM — 0a3aJbTOB M Tpaxuba3anbToB Kapb-
epHOro ByinkaHa. B »3TomM ciyyae w3
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oboramennoi Mantuu thuna OIB u3Bnekaercs
KOMIIOHEHT, OTJIMYAIOIIUKUCS OT HUXKHEKOPO-
BOIO U COOTBETCTBYIOLIUWA COCTAaBY CpEIHEM-
BEPXHEH 4aCTHU KOPBI.

JlomyckaeTcst ABYXATalHBIN ClieHapuii oOpa-
30BaHUsl TPEHJOB MOPOJ BYJIKAHOB bhICTpUH-
CKoM 30HbL. Ha mepBom 3Tame M3 HCTOYHHMKA
tuna OIB 3eipky3yHckoro u KapsepHoro Bysnka-
HOB M3BJIEKAJICS KOMIIOHEHT CpeaHE-BEpXHEU
YacTM KOpbI, B MEHBIIEH CTENEHU TOJ]
3BIPKY3yHCKHM BYJIKAHOM, B OOJIbIIEH — M0J
KapsepubiM. Ha BTopoMm 3Tarne u3 4acTu4HO Ipe-
00pa30BaHHBIX UCTOYHHKOB M3BIEKAINCH HIX-
HEKOPOBbIE KOMIIOHEHTHI. V13 oboraieHHoro uc-
TOYHHKa, Haubomnee Omu3koro k cocraBy OIB,
(hopMHUPOBAJICS HOBBII MPOTSHYKEHHBIA TPEH/T HC-
TOYHHUKOB 0a3anbTOB—Tpaxuba3aibToB AHYYK-
CKOTO BYJIKaHA M IIEJIIOYHBIX OJIMBUHOBBIX 0Oa-
3asibToB KapbepHoro Bynkana. Mlctounuku, no-
TEPSBILIUE CPEIHE-BEPXHEKOPOBBIA KOMIIOHEHT
ObUTH JIUIIb cllerka MoIu(UIMPOBaHbI. Xapak-
Tep ATUX NpeoOpa3oBaHUM MOKa HE JOCTaTOYHO
sceH. BakHO MOTYEepKHYTh, YTO OOpa3oOBaHUE
TPEH/I0B BTOPOTI'0 3Tana MpUBEJIO K YCI0KHEHHUIO
TpeHJa mepBoro srama. DPQeKT pacceuBaHUs
OTpa3uJIcs B pacupeieeHuH (GUrypaTuBHbBIX TO-
4yek 0a3ajibTOB M Tpaxuba3albTOB 3BIPKY3YH-
ckoro u KapeepHoro BynkaHoB. B cymmHocrn,
TpeHA nopoJ AHuykckoro u KapbepHoro Byika-
HOB TakXe ObUT MPOW3BOJHBIM JBYXITAITHOTO
npeoOpa3oBaHus MaHTHUHHOTO HCTOYHUKA, HO
P MUHUMaJIbHOM 3¢ (deKTe nepBoro ramna.

6.4. Ponb rpaHata M KNMHONUPOKCeHa B
NCTOYHUKaX

Pesynbrarel pacueToB Mozenel 4aCTUUYHOTO
IUTABJICHUS NIl BYJIKAHMYECKUX IMOPOJ 3amaj-
HOro nobepexbs 03. baiikan, npuBeneHHbIE pa-
Hee (PacckazoB u mp., 2013), mokazanmu o01Iyto
IIPOCTPAHCTBEHHYIO CMEHY POJIM TpaHaTa U KJIH-
HONIMPOKCEHAa B MAHTUHHBIX HMCTOYHMKAxX. [
nopoa 10kHOM yactu KynaTykckoil 30HBI (ByJI-
kaHa Cyxoro) u 10kHOTO okoH4aHus CTaHOBOM
30HBI (6a3ambTHI EpBOH (ha3bl ByiakaHa Mereo)
ornpezeneH O0e3rpaHaTOBBI MCTOYHUK C BBICO-
KHM COJEpXaHUEM KIMHONUpokceHa. s mo-
pon ceBepHOro okoHuaHuss Kamapckoil 30HBI
(KynTykckoro BylikaHa) U F0O)KHOTO OKOHYAHUS
CranoBo# 30HHI (By/KaHa MeTeo), Hapsiy C 1mo-
TOOHBIMHU BBICOKMMHU COJIepyKaHUsIMU

54

KJIMHOMMPOKCEHa, PAacCUUTaHbl COJEpKaHUs
rpaHaTa B MAaHTUHHOM HUCTOYHUKE Topsiaka 1 %.

[Topoasl beicTpuHCKO# 30HBI XapaKTEpHU30Ba-
JUCHh B IEJIOM TOBBIIICHHBIMU COJICPIKAHUSIMU
rpaHaTa B uctouHuke (210 3.7 %) npu HU3KHUX CO-
JepkaHusX KinHomupokceHa (2—3 %). lenou-
HbI€ OJIMBUHOBBIE 0azanbThl KapbepHoro Byil-
KaHa 00pa30BaTUCh MpPH CIIA00M YaCTUIHOM
riassenuu (3.0-4.5 %) sroro ucrounuka. Ilpu
YMEHBIIICHUH COJICP)KaHUS TPaHaTa B UICTOUHUKE
CTENEeHb YACTHUYHOTO IUIABJICHHSI CHUYKANACh.
bazanbTel KapsepHoro u 3pIpKy3yHCKOTO BYJIKa-
HOB OBbLTH MPOU3BOAHBIMU O0Jiee BHICOKOH cTe-
MEHU YaCTUYHOTO IUiaBiieHus (okojo 7.5 %), a
0a3abThI-Tpaxnba3anbThl AHYYKCKOTO BYII-
KaHa MMEJH MPOMEXYTOUYHYIO CTEIICHb IUIaBJie-
Hus (0koJ0 5 %) Takoro ke ucToyHukKa. Mcrou-
HUK Tpaxu0a3anbToB KapbepHOTo BylKaHa OT-
JUYAJICs OTHOCUTEIHHBIM BO3PACTAaHUEM POIIU
KIIMHOITMPOKCEHA.

3aknroyeHue

beicTpuHCcKas BynkaHu4eckas 30Ha Obljia ak-
TUBHOH B paHHEM?-CpeJlHEM MHUOILIEHE, 10 00pa-
3oBaHus Topckon u beictpunckon Briagud TyH-
KMHCKOW pudTOBOM aonuHbl. llerpoxumunye-
CKHE€ U MHUKPODJIEMEHTHBIE JaHHBIE CBUJETEIIb-
CTBYIOT 00 OTYETJIMBOM I'PYNIIHUPOBAHUU COCTa-
BOB IOPO/JI ByJIKaHOB beicTpuHCcKo 30HbI. C 0f-
HOM CTOPOHBI, BBIAEIAIOTCS O0IINE METPOXUMHU-
YeCKHUEe XapaKTEPUCTHUKHU MOPO/J] BYJIKAHOB (IIpe-
MMYILECTBEHHO 0a3anbT—Tpax10a3aabTOBBIN CO-
CTaB, CpeHUi TpeH cnadbix Bapuarmii MgO),
C pYroi CTOPOHBI, BBIAEISAETCS SIBHASI NHAUBH-
nyanbHOCTh nopoa KapbepHoro Bynkana (6a3a-
HUTOBBIN, BBICOKO-M(Q u aHnme3mba3aabTOBBIM,
HU3K0-M(Q TpeHIbI).

Bynkans! ¢ rimyonHHBIMU BKITIOUeHUsIME (Ka-
peepHbIl 1 Cyxoi) NpOSIBUIM aKTUBHOCTH B
beictpunckoit n Kamapckoit 30Hax oxosno 13
MJIH JIET Ha3aJ y I0XKHOTO Kpas I'paHyJIUTOBOIO
0JI0Ka CIIOJSHCKOTO KPUCTANIMYECKOTO0 KOM-
wiekca. Bpoms  BeicTpuHCcko#t  30HBI  hy-
HOpPMAaTUBHbIE  TNOPOJAbI  CMEHSUIMCh  Ne-
HOPMAaTUBHBIMM B HallpaBJIEHUH C CEBEPA Ha IOT.
Ha 3sIpky3yHCKOM ByinkaHe, B 30HE | 7aBHOrO
CasiHCKOTO pa3noMa, 0a3alnbThbl UMENU HCKIIIO-
YUTETBHO NY-HOpPMATHBHBIN cOocTaB, HA AHYYK-
CKOM BYJIKaHE OCeBOM 4acTH TyHKHMHCKOH JI0-
JHHBI Ny-HOPMAaTHBHBIC TIOPOJBI ACCOLMHPOBA-
JUCh ¢ NE-HOpMaTUBHBIMU, Ha KapbepHOM ByII-
KaHE I0KHOrO Iuleda J3TOM [JOJMHBI Ne-
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HOpMaTUBHbIE 0a3anbThl Mpeobiaananu. biauskuii
10 BPEMEHH Mepexo]l oT hy-HopMaTuBHBIX Oa-
3aJIbTOB K NE-HOpMaTUBHBIM BloJIb Kamapckoi

30HbBI HMECJI IIPOTHUBOIIOJIOXKHYIO HaIlpaBJICH-
HOCTbB C 10Tra Ha CCBEP.

(La/Yb)n oSBT o s 3/-\2p - BynkaHbl Kyntykckuit, Meteo
pX 2 %, Ap 0.05 % %, Ap 0.05 % 0 0 0
30 .- . Grt 1%, Cpx 25%, Ap 0.1%
Cpx 3 %, Ap 0.05 % 0.01
25 |
0.03
20 | LLlenouHon
ONVBUHOBBIN
Gaszanst
15 |
basanbte
10 | 08 BazansT BynkaH Cyxoi
0 cpx25%, Ap 0.15 %
5
= 03
2 25 3 3.5 4 45 5 5.5 6
(Yb)n

Puc. 8. [luarpamma (La/Yb)n — (Yb)n mwist mopo BeICTpHHCKO# 30HBI.

YcnoBHble 0003HaUeHHS CM. puC. 3. MoJieNbHbIe KPUBbIE YaCTUYHOTO IJIABJICHHSI HCTOYHUKOB H MPOIEelypa
pacdera 3THUX KpUBBIX IpuBeAeHbI B pabote (KynTykckuii BynkaH. .., 2013). [{udpsl kypciBoM Ha MOAETBEHBIX
KPUBBIX MMOKA3bIBAIOT CTETICHh YACTUYHOTO IUTaBiieHus (10ir0 pacmasa). B pacdere Ha 100 % conepxanue
OPTOINHPOKCEHA B HCTOYHUKAX COCTABIISACT 25 %, ocTaBIIascs MUHepaibHas ¢a3za — oauBuH. CoCcTaBbl HOP-
MHpOBaHbI K npumuTHBHON MaHThH (McDonough, Sun, 1995).

Fig. 8. The diagram (La/Yb)n vs. (Yb)n for rocks from the Bystraya zone.

Symbols are as in Fig. 3. Model partial melting curves of sources and procedure of calculation of the curves is
after (Pacckazos u np., 2013). The figures in italic in the model curves show the degree of partial melting (melt
fractions). In 100 % of source rocks, orthopyroxene content is 25 %, the remaining mineral phase is olivine.
The compositions are normalized to the primitive mantle (McDonough, Sun, 1995).

VIcTOYHMKM ByJIKaHMYECKUX MOpOJ oOHapy-  coaepxaHusMu rpanara (3.2—3.7 %) u B OCHOB-

KUBAIOT TEOXUMUYECKHE  XapaKTEPUCTUKH, HOM C HHU3KUMHU COJCPKAHUAMHU KIUHOIM-
CBOWCTBEHHbIE MaHTUHHOW YacTH KOHTHMHEH- pokceHa (2-3 %). Ponp mocnenneil MuHepanb-
tampHOM  JuTocheprl. Ilo  cooTHOmeHWIO  HOM (ha3bl BO3pacTaeT TOJIHKO B UCTOYHUKE Tpa-

Th/Yb — Ta/Yb namedeno nByxstamHoe npeoo-
pa3oBaHuE JTUTOCHEPHOTO Marepuaia ¢ H3BIIe-
YCHUEM U3 HEIrO KOMIIOHCHTOB BerHeﬁ 1 HUXK-
HEW Kopbl. Pe3ylbTaThl MUKPO3JIEMEHTHOTO MO-
JIEIMPOBAHUS CBHJIETEIBCTBYIOT 00 0Opa3oBa-

xuba3anbToB KapeepHoro BynkaHa.

BbnazodapHocmu

Pabora BemmonHena B Kuraiicko-Poccuiickom
UCCIIEA0BATEIBCKOM LIEHTpE Y nansHbun—baii-

HHUH BYJIKAHUTOB BBICTPUHCKOM 30HBI U3 allaTUT-
CoJIepKallero HCTOYHUKA C BapbUPYIOIIUMU

KaJl [0 HOBEWIleMYy BYJIKAaHHU3MY U OKpYXKaro-
meit cpene, rpant Ne P162011012 u rpant
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