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ABSTRACT. The paper provides an overview of the geological structure and presents new data on petrography and
geochemistry of igneous rocks of the Tekturmas accretionary complex (TAC). Consideration is being given to the age,
petrogenesis and probable tectonic settings of formation of igneous rocks. It is shown that the TAC and adjacent ophiolite
belt are parts of the Late Cambrian - Ordovician Pacific-type orogenic belt formed at an active margin of the Paleo-Asian
Ocean. The TAC is dominated mainly by tholeiitic mafic igneous rocks (basalt, dolerite, gabbro). There are recognized
three groups of rocks: high-Ti, medium-Ti and low-Ti. Geological and geochemical features of TAC igneous rocks suggest
their formation in three tectonic settings: mid-ocean ridge (medium-Ti), oceanic island/seamount (high-Ti) and over
subduction zones (low-Ti).
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MAI'MATHYECKHUE ITIOPOAbI TEKTYPMACCKOTO AKKPELIMOHHOT'O KOMIIJIEKCA,
LIEHTPAJIbHBIA KA3AXCTAH: TEQJIOTUYECKAA MO3UIIUA U TEOAUHAMHUYECKHUE
OBCTAHOBKH ®OPMUPOBAHUA

A.B.TypoBa'?, I.I0. Ca¢poHoBa'?, U.A. CaBuHckuii!, PM. AuToHIOK?, T.JK. OpbIHGEK®

HoBocubupckuii rocyapcTBeHHblit yHuBepcuteT, 630090, HoBocu6upck, yu. [Tuporosa, 1, Poccus

2WHcTUTYT reosioruu U MuHepasioruu uM. B.C. Co6osieBa CO PAH, 630090, HoBocu6upck, np-T AkageMmuka KonTiora,
3, Poccusa

3UHCTUTYT Npo6JieM KOMILIEKCHOTO ocBoeHus Hep, 100019, Kaparanaa, ysi. UnnoapomHas, 5, Kazaxcran

AHHOTAL M. B craTbe npejicTaBjieH 0630p reoIorH4ecKOro CTPOEHUsI U HOBbIE JIaHHbIE 10 eTporpapuu U XUMU-
YeCKOMY COCTaBY BYJIKAaHUYeCKUX opoJ, TekTypMacckoro akkpenmoHHoro kommekca (TAK). O6cyxaeTcs uX BO3pacT,
yCJIOBHA IleTporeHe3rca U BeposiTHble TEKTOHUYECKHe 06CcTaHOBKU popMUpoBaHus. [lokazaHo, uto TAK u cBsi3aH-
HbIA ¢ HUM 0pHOJUTOBBIH NOSIC ABJSIOTCS YaCThI0 OPOreHa THXOOKeaHCKOT0 THIA N103/jHeKeMOpPUHCKO-0pJOBUKCKOTO
BO3pacTa, 06pa30BaHHOT0 Ha aKTUBHOMW oKpaKrHe [lajsieoasnaTckoro okeaHa. BblJiesieHbl MarMaTHyecKkre KOMILJIEKCHI
IpeuMyIlleCTBEHHO OCHOBHOTO cOCTaBa (6a3aJbThl, 10JePUTHI, rab6po) NpeuMyleCTBEHHO TOJeUTOBON cepud. [1o
cogepkanuio TiO, 6a3anbThl U aH/E€31M6a3a/IbThl MOKHO pa3/ieInTh Ha TPU TPynbl: BbicOKO-Ti, cpeane-Ti u Husko-Ti.
[eosioruyeckasi NO3ULUsA U reoXMMHUUeCKre XapaKTepUCTUKY MarMaThieckux nopog TAK npeanosiaralor o6pasoBaHue
cpefHe-Ti 6a3a/JbTOB B 06CTAaHOBKE CpPeIMHHO-OKeaHWYeCKOro Xpe6Ta, BbICOKO-Ti U 11jeJI0OYHbIX aH/e3UTOB — B 00CTa-
HOBKe OKeaHU4eCKOT0 OCTPOBa/CUMayHTa, @ HU3KO-T1 ByJIKAHUTOB - B Ha/ICyOJyKIIMOHHON 06CTaHOBKeE.

KJ/IDYEBBIE CJIOBA: [Taneoa3suaTckuil okeaH; LleHTpaibHO-A3UaTCKUM CKJIaA4aThIM MOsIC; MO3AHUN KeMOpUH;
OpP/IOBUK; OPUOJUTHI; IETPOTpadUsl; FeOXUMHUS

®UHAHCUPOBAHME: Pa6oTa BbinoJiHEHA TPU ToAAepKke Poccuiickoro HaydyHoro ¢oHia (mpoekT N2 21-77-20022,
reoxvMus), MUHHCTepCTBa HAayKH U Beicliero o6pasoBanus PO (npoektel Ne FSUS-2020-0039 HI'Y u Ne 0330-2019-0003
WTI'M CO PAH, pervoHanbHas reoJiorus, netrporpadus) u MUHUCTEPCTBA HAYKU U BhICIIero o6pasoBaHus KaszaxcTaHa

(mpoekT Ne AP08855920, jiokasibHasi Te0JI0THs, [T0JieBble PaboThl).

1. BBEJAEHUE

MHorouucaeHHble aKKpeLlMOHHbIe KOMILJIeKchl LleH-
TpaJibHO-A31aTCcKOro ckiagdaTtoro nosica (LACIT) - kpyn-
Helllllero oporeHa TUXOOKeaHCKOTro THUIA, 06pa30BaHHOI0
B XO/le 9BOJIIOLMU U 3aKpbITHUs [lasleoa3uaTcKkoro okeaHa
(ITAO) [Zonenshain et al., 1990; Dobretsov et al., 1995;
Jahn et al., 2000; Buslov et al,, 2001; Windley et al., 2007;
Safonova et al., 2009; Kroner et al., 2014, 2017; Safonova,
2017], cbopmupoBaHbl Ha aKTUBHbIX OKpauHax [1AO 3a
JUINTeJIbHBIYM NTepro/i BpeMeHHU OT 103/JHero HeopoTepo-
3041 10 Me3030s (puc. 1). [eosnoruyeckas cTpyktypa LieH-
TpasbHoro Kasaxcrana B 3anazHoi yactu LACII npeacras-
JleHa o6pa3oBaHuaAMHU [KyHrapo-basxamickoit ckiagya-
TOU cucTeMbl. [JTaBHBIMHU 3JIeMeHTaMH1 3TOH CKJIaJ4aToH
CUCTEMBI ABJSIOTCS JeBOHCKUN BYJIKaHOIJIyTOHUYECKUH
M05IC, CUJIypPUICKHe TeppUTeHHble 0TI0KeHus1 HypuHcko-
ro 6acceiiHa, opJloBuKckue baiijayneTckuit ByJkaHuve-
CKUH nosc u TeKTypMacCKUH aKKpeLiMOHHbIM KOMIIJIEKC
(TAK) 1 0dr0IMTOBBIH MOSIC, CUIYypUIiCKUE OTIOXKeHH s Ca-
pbIcyiickoro 6acceiiHa, YcreHcKud pudT U mo3HeKap6o-
HOBbIe rpaHUThI (puc. 2) [Yakubchuk, 1990; Geodynamic
Map..., 1995; Stepanets, 2016].

AkkpenMoHHble KOMILIeKchI LleHTpasbHoro Kasaxcra-
Ha, 60/1bIlIas YaCTb U3 KOTOPbIX UMeeT MPOJ0JKEHHE B
CeBepo-3anagHoM Kutae, 06pa3oBasuchk B N1aje030HCKoe
BpeMs U ABJISIOTCA YacTblo Kasaxckoro opoksinHa [Deg-
tyarev, 2012; Levashova et al.,, 2012; Shen et al.,, 2015; Li et

al,, 2018; Degtyarev et al.,, 2021a, 2021b; u ap.]. B ux coctaB
BXOJST MarMaTH4ecKue KOMIJIeKChbl pa3JIMuHOTO Ieo/iu-
HaMH4eCKOT0 NMPOUCX0XK/eHus], 06pa3oBaHHbIe B 06CTa-
HOBKax Cpe/JMHHO-0KeaHUYeCKUX Xpe6TOB, OKeaHU4eCKHX
OCTPOBOB, CHMAyHTOB U I1JIaTO, OCTPOBHBIX UJIU BHYTPHU-
OKeaHWYeCKUX JyT, a TaKKe KOHTUHEeHTabHbIX AyT. Kpo-
Me 3TOro, B CaMOM pervoHe pa3BUThI IPOsIBJIEHUS U BHY-
TPUIIJINTHOTO KOHTUHEHTa/IbHOr0 MarmaTuama. OjHaKo
BO MHOTMX paloHax lleHTpanbHoro KasaxcraHa ux jua-
THOCTHKA IIOKa ellle 0CTaeTCs HelOJHOM, TaK KaK 4acTo
OCJIOXKHEHA TPYJHOM JIOTUCTHYeCKOH AoCcTyNHOCThIO. K Ta-
KUM palloHaM oTHOocUTcs U TeKTypMacckasi 30Ha — palioH
B ceBepHOM yacTu lleHTpasbHoro Kasaxcrasa, pacmoJio-
»KeHHBIN K 10Ty oT I. Kaparangpe! (cM. puc. 1).
TekTypMacckasi 30Ha IPOTATUBAETCA C 3aa/ia Ha BOCTOK
Ha pacctosinue 6osiee 350 KM npu mMpuHe 2-15 KM U co-
CTOUT U3 HECKOJIbKUX TEKTOHUYECKUX IJIaCTHH, Ha/|BUHY-
TBIX K CeBepy 1oz, yrjioM 45-75°, cJi0’KeHHbIX paHHelaJleo-
30MCKMMM MarMaTH4eCKMMU U 0CaZl0UHBIMHU (OKeaHUYe-
CKUMHU U TeppUTreHHBbIMU) nopoaamu (puc. 2, 3) [Yakubchuk,
1990; Stepanets, 2016; Degtyarev et al., 2017; Magretova
et al,, 2020; Khassen et al., 2020]. B coctaB TekTypmac-
ckoit 30HbI BXoAT TAK 1 cMexHbI# ¢ HUM 0pUOJUTOBBIN
MO0sIC, BKJIIOYAIOIUN U CEPIIEHTUHUTOBBIN MesaHx. TAK
npejcTaBaseT co60i pparMeHT HeKorja eJUHOro Ara-
ZAblpb-TekTypMac-CeBepo-basxalickoro nosca, paszeseH-
HOTO M103/1HeMNa1e030MCKUMH, BO3MOXXHO Me3030HCKUMH,
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Puc. 1. [eoTekTOHHYECKas1 KapTa 3anaJHON yacTu LleHTpanbHO-A3MaTCKOro ckaag4aToro nosica no [Windley et al., 2007]. 3Be30ukoit

M0Ka3aHo MOJIOKeHHe pailoHa HCCIeJOBaHUM.

Fig. 1. Geotectonic map of the western Central Asian Orogenic Belt [Windley et al., 2007]. The asterisk indicates the study area.

CABUTaMU Ha HECKOJIbKO CerMeHTOB [Stepanets, 2016]. B
coBpeMeHHOM Bu/Jie TAK u opuosnTh! npescTaBasoT co-
6011 CTPYKTYPY, 10 KOTOPOU MO JaHHBIM CEHCMO30HUPO-
BaHUA NMPOU30ILJIO CMelljeHHe 3eMHOM KOpbl ¥ IOBEPXHO-
ctu Moxo Ha 5-8 kM [Shabalina, 2005].

B coctaB TAK 1 0$p10JIUTOBOTO MOsica BXOJAAT KakK Ie-
PUAOTHUTHI, rab66po U 6a3aJbThl, 06pa30BaHHbIE HA OKea-
HUYeCKOH MJIMTe, U UX MeTaMOppHU30BaHHbIE aHAJIOTH,
CBsI3aHHbIE C 06pa3oBaHHUeM CePIEHTUHUTOBOrO MeJlaH-
’Ka, TaK U BYJIKAHUTBI OCHOBHOT'O U CpPeJJHEro cocTaBa 1
rPpaHUTOUJbI HaACYOAYKIIMOHHOTO porcxoxeHus. [lo
JaHHbIM U-Pb naTupoBaHUs IMPKOHOB BO3pacT Ha/Cy6-
JYKIHMOHHBIX NJIaTrMOIPAHUTOB U3 6JIOKOB B CEPIEHTHU-
HUTOBOM MeJIaHKe cocTaBJisieT 473+2 u 453+2 MJIH JeT
[Degtyarev et al., 2021b]. [Io fTaHHBIM MUKPOTIAJIE€0HTOJIO-
rUYecKUX Uccae0BaHUN acCOLMUpYOlIe C ByJKaHU4e-
CKMMHU NIOPOJIaMU I7Iy6GOKOBO/AHbIe KPEMHHUCThIE 0CaJ KU
HMEIOT CpeJiHe- U M03JHEe0PA0BUKCKUIM Bo3pacT (puc. 3),
onpe/iesIeHHbIM IPeUMYLLeCTBEHHO 110 KOHOJJOHTaM, a 00-
JIOMOYHbI€e IOPO/ibl (IECYaHUKY, aJleBpONleCiaHUKH ) UMe-
0T PaHHECUNYPUNCKUN BO3pacT, 3adUKCUPOBAHHBIHN O

Ha/n4yuio rpantoauToB [Yakubchuk, 1990; Degtyarev et
al., 2017]. [lepBble AaHHbIE 10 XUMUYECKOMY COCTABY Mar-
MaTudeckux nopoJ, TAK nosiBUINCh TOJBKO B OCJIeHUE
roabl [Khassen et al., 2020; Degtyarev et al., 2021b]. B
JlaHHOM cTaTbe c/ieslaH 0630P reoJIOTUYECKOr0 CTPOEHUS
TekTypMaccKoro akkperjuoHHOT0 KOMIIJIEKCa U CMEKHOT0
odpuosauToBoro nosca llenTpanbHoro KasaxcraHna v npej-
CTaBJIEHBI I1IepBble FTeOXMMUYECKHe JaHHbIE, TI0JyYeHHble
aBTOpaMH, 10 ByJIKAHUYECKUM NIOPO/iaM, OTOOpPaHHbIM Ha
yuactkax KpacHas IlosisHa u lyana-Kopace! B LeHTpasib-
Ho#t yactu TAK (cm. puc. 2).

2.TEOJIOTUYECKOE CTPOEHHME U CTPATUTPA®U A
TEKTYPMACCKOM 30HbI

OCHOBHBIMU CTPYKTYPHBIMHU 3JieMeHTaMu TeKTyp-
MaCCKOU 30HbI ABJISIIOTCS aKKPELUOHHBIM KOMIJIEKC U
CMEXHbIH ¢ HUM 0QUOJUTOBBIN Nosic (cM. puc. 1), cocTosi-
HIMe U3 HaZIBUHYTBIX K CEBEPY TEKTOHUYECKUX IJIACTHH.
[I1acTUHBI C/I0’KEHBI pAaHHENA/I€030MICKUMU MarMaTuye-
CKMMH U 0CaJIOYHBIMU NopojgaMu. Yxe ¢ 70-x roZ0B po-
LIJIOTO CTOJIETUSI MarMaTu4ieckue nopoasl rop TekTypmac
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COTIOCTABJISIIUCH C JIpeBHEN OKeaHU4YeCKOU KOpPOH, T.e. C
oduosuToBOM accoyuanueit [Antonyuk, 1974; Yakubchuk
etal,, 1988; Turmanidze et al.,, 1991; Stepanets et al., 1998].
TeKTypMacCKuil 0pUOJUTOBBIN MOSIC BKJIOYAET Marma-
TUYECKHUE MOPO/Ibl OKEAaHUUECKOU JIUTOCHEPHI U OCTPOB-
HBIX JIyT, UMEIIIUX NPEUMYIIIeCTBEHHO OCHOBHOM COCTaB,
Y CepIEeHTUHUTOBBIM MeJIaHX C 6JIOKAMHU 0CaJ[0YHbIX U
Marmatudeckux nopoJ [Yakubchuk, 1991; Antonyuk et al,,
2020; Khassen et al., 2020; Degtyarev et al., 2021b].
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[Khassen et al., 2020]. lIllTpuxoM nokasaHbl TEKTOHUYECKHe IpaHUIbl. KpacHble 3Be3/J04KH — TOYKH 0T60pa 06pas1ioB.

Fig. 3. Generalized lito-stratigraphic columns of Tekturmas and Bazarbay zones of northern Kazakhstan [Khassen et al.,, 2020]. The
dashed line shows the tectonic boundaries. Red asterisks show the sapmling sites.

KapaMypyHCKOH, TEKTYPMaCCKON U capbITayCCKOW CBHUT.
OcHoBHbIe GopMaLUU - IEPUAOTUTHI, rab6po, 6a3aTbTHI U
KpPeMHHCThIE 0Ca/IKU U UX MeTaMoppH30BaHHbIE aHAJIOTH,
CBsI3aHHbIE C 06pa3oBaHHUEM CePIEHTUHUTOBOrO MeJlaH-
a [Antonyuk, 1974; Kuznetsov, 1980; Turmanidze et al.,
1991; Stepanets, 2016]. MeslaHX COCTOUT U3 JIU3APUTO-
BOI'0 U XPU30TUI-IU3apUT-TapLiOypruTOBOTO MaTpPUKCa
Y 6JIOKOB IyHHUTOB, JIEPLOJIMTOB, IUPOKCEHUTOB, [10JIepU-
TOB U rab6po (puc. 4, a, 6), a Tak>Ke THENCOB, KpeMHeH U
6a3a/1bTOB, IJIarMOrPAaHUTOB, CHEHUTOB U aM(UOOJIHTOB.
Bce KOHTaKTbI IEPUJO0TUTOB U rabObpor/10B Cc 6a3ajbTaMu
KapaMypyHCKOM TOJIIHY SIBJSAIOTCS TEKTOHUYEeCKUMH [An-
tonyuk, 1976; Avdeev, 1986; Antonyuk et al., 1988].
Camas ipeBHsIs CBUTA -~ KapaMypyHcKas (€,-0,kr) - me-
JIAHX, COCTOSILIIMM IPeUMYILleCTBEHHO U3 OCHOBHBIX ITOPO/,
npeJcTaBJeHHbIX AedOPMUPOBAHHBIMU NUJJI0Y-J1aBaMH,
6a3a/1bTOBbIMU JIaBOOPEKYHUSAMH, COJlepKaIUMU OJTUCTO-
JIUThI KpEMHEN U KPEMHUCTBIX CJIaHIEeB (CM. puc. 3).
BasasbThl - MacCMBHble U MUH/la/leKaMeHHble — KaK
MpaBUJI0, U3MEeHEeHbl NOCTMarMaTU4eCKHMHU NpoleccaMy,

4acTO B KOHTAKTe C NeJlalMYeCKUMU KpeMHsMHU (puc. 4,
B). MOUIHOCTb IOTOKOB NUJLIOY-/aB (puc. 4, r) focTUraeT
20-50 M. O61mast MOIHOCTb CBUTHI — 0T 150-200 g0 500-
600 M. Bo3pacT, onpe/iesieHHbIH 110 KOHOAOHTAaM U3 KpeM-
Hel 0JINCTOJIUTOB U OJIMCTOIJIAK, OXBaTblBaeT UHTePBaJ
OT HIDKHETO J10 cpefHero opjoBuka [Novikova et al,, 1991].
B cocTaB 60.s1e€ MOJI0Z01 TEKTypMaccKoi cBuThI (O, ,tk)
BXOJAT NPEeUMYIeCTBEHHO KpPacHble, pO30Bble U IIOKO-
JlaZiHble JIEHTOUYHble KPEMHHU, YaCTO CMAThIE B CKJIAJKH,
OyAMHUPOBaHHbIE, C TOHKUMH NPOCJI0SIMU KPEMHHUCTBIX
apTUJIJIMTOB, CEPbIX KPEMHHUCTBIX aJIeBPOJIUTOB U CJIaH-
1eB. MOLITHOCTB OT/E/IbHBIX c/10eB KpeMHel oT 0.5 10 2.0 M,
a KPEMHUCTbIX aprU/JIMTOB U ajeBpoauToB — 0.5-1.0 cm
[Khassen et al., 2020]. KpeMHu 4yacTo cpefiy MarmaTuue-
CKHUX ITIOPOJ, U B BU/Jle GparMeHTOB pa3pylleHHbIX U CJI0XKHO
ZledOpMHUPOBAHHBIX TEKTOHUYECKUX Yelllyi BCTpeyaroT-
csl B COCTaBe 0JIUCTOCTPOM (CM. puc. 2). YeTKUX B3aUMO-
OTHOLUEHUN MeX/Jy TEKTYPMacCKOW CBUTON U APYyTUMHU
cTpaTurpadpruyecKUMH NoJpas/iesleHUsIMU 30HbI He 33/10-
KyMeHTHpOBaHo. Ee cpe/ijHeBepXHeOpAOBUKCKHUM BO3pacT
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(cM. puc. 3) onpejesieH 0 KOHOJOHTAM TpeX KOMILJIeK-
COB: HWXKHUH JappUBUJLI, BEPXHUN JapPUBUJLI U HUKHUN
cangoui [Kurkovskaya, 1985; Novikova et al., 1991; Gri-
dina, 2003]. MouHOCTb CBUTHI o1leHUBaeTcs B 150-250 m.
Ho peasibHast MOIIHOCTb 06€HUX CBUT MOKET OBIThH Cyllle-
CTBEHHO MeHbllle, TOCKOJIbKY CJIOM KPEMHHUCTBIX 0Ca/IKOB
HaJIBUHYTHI APYT Ha pyTra, UYTO XapaKTepHO /I MPaKTH-
YeCKH BCeX aKKpeIJMOHHBIX KOMIIJIEKCOB Mupa [[sozaki at
al,, 1990; Wakita, 2012; Safonova et al., 2016; Maruyama
etal, 2018].

CeBepHee TekTypMaccKoi MoA30HkKI pacnoJioxeHa ba-
3ap6aricKas MOA30Ha, KOTopasi BKJI0YaeT I0PO/bl Ky3eK-
CKOU U 6a3apbaiickoit cBUT (cM. puc. 2) [Antonyuk, 1974;
Yakubchuk et al., 1988]. /l;11 Hee XapaKTepHO pacnpocTpa-
HeHMe MarMaTU4ecKUX NopoJ, oGHoIUTOBOMN acCcoLalku:
paccioeHHOe rab6po, KOMILJIEKC TapaJsije/bHbIX Jaek, 6a-
3aJIbThI M TPaHUTOUABL. [I11/10y-/1aBbl 6a3a/1bTOB aCCOLMU-
PYIOT C KPEMHUCTBIMU aJeBPOJUTaMU U TYPUTaMU U
OTHOCATCS K Ky3eKCKo! cBUTe. KpeMHUCTbIe alieBpoJIn-
ThI COZep>KaT KOHOJOHTBI BEpXHEro AappUBuIIa (cpej-
HUU Op/IOBUK) U HMXKHETrO CaH/A0us (BEpXHUM OpPAOBUK)

o
baszanstbl
s

[Degtyarev et al., 2017]. U-Pb Bo3pacT miaruorpaHuToB
coctaBJisieT 48948 muH JieT [Degtyarev et al.,, 2017]. Boiwie
3aJ1eraloT [JIyGOKOBO/IHbIe KPEMHUCTbIE TyPOreHHbIe 0ca-
JIOUHbIE [TOPO/BI, Bbl/e/isieMble B 6a3ap6aiCKyI0 CBUTY U
nepeKpbIBalole JaHKOBBIM KOMIIJIEKC, IJIarHOTPaHUThI
Y BYJIKAHUTBHIL.

Kysekckas ceuta (0,, ) c10keHa MaCCUBHBIMM U MUH-
JlaJleKaMeHHBIMU TUJLJI0y-6a3a/IbTaMHU C IPOCJI0SIMU KpeM-
HUCTBIX aJIEBPOJIUTOB U TYPOUTOB U C JIMH3AMHU JIaBa-
6pek4ril U Ty$poB OCHOBHOTO cocTaBa (cM. puc. 3). 'paHu-
I1bl Ky3€KCKOH CBUTHI C [PYTUMHU CTpaTUrpadpuiecKUMHU
noJpa3/ieJieHUsIMU B COBPEMEHHOH IIOKPOBHO-CKJIaf4ya-
TOU CTPYKType TeKTOHUWYecKue. KoMIieKkc KOHOZOHTOB
JaTUPYET BO3PACT MOPOJ, CBUTHI KaK MO3JHUH JIJIAHBUPH —
paHHu JutaHgeisno [Degtyarev et al., 2017]. [lo npuBeen-
HBIM KOMILJIEKCAM KOHO/IOHTOB KY3€KCKYI0 CBUTY MOX-
HO COIIOCTABUTH 10 BO3PACTY C KPEMHHUCTOH TEKTypMac-
CKOM CBUTOM.

bazap6aiickas ceuta (0,bz) coCTOUT U3 JIEHTOYHBIX
KpeMHeH, MeCTaMU C IPOCJ0siMU TYHOB, KDEMHHUCTBIX ap-
T'MJIJIUTOB U /1EBPOJIMTOB, KDEMHHUCTBIX TYHOB U TYGOUTOB

Puc. 4. DoTo o6HaxkeHNH MarmaTHyeckux nopos TAK. (a) - Tesio ra66po; (6) - fosiepuToBas Jaika; (8) - KOHTAKT BUIIHEBBIX KpeMHeH
Y 6a3aJbTOB KapaMypPyHCKOH CBUTHI; (2) - noAylieyHas NUJJI0y-JaBa.

Fig. 4. Photos of outcrops of TAC magmatic rocks. (a) - gabbro body; (6) - dolerite dike; (8) - contact of cherry chert and basalt of the

Karamurun Fm.; (2)- pillow lava.
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¢ npeo6JiajlaHreM IeMnJa, 6a3aJbTOBbIX U aH/I€3UTOBbIX
Ty$oB, TyponecyaHUKOB, TOJUMHUKTOBbIX U BYJIKAHOMHK-
TOBBIX IECYAaHUKOB (rpayBakk) [Antonyuk, 1971]. [lo3gHe-
OPZIOBUKCKHUM (I03/IHEKAPaJ0OKCKUI — paHHeallTnIbCKUH )
BO3PacCT CBUTHI ONpeJiesieH 10 paZuoJsipusaM U 6e33aM-
KOBBIM 6paxuoNo/aM, a TakkKe KOHOZOHTaM B KpeMHSX
[Novikova et al., 1991]. Bazap6aiickas cBUTa 3ajeraeT B
e/JMHOM CTPYKTYPHOM ILJIaHE C OTJIOXKEHUSIMU Ky3eKCKOMH
CBUTHI U CEPIIEHTUHUTOBBIM MeJIaH>KeM U IepeKpbIBaeT-
cs1 cunypuiickuM ¢auuieM [Antonyuk, 1971, 1974; Yakub-
chuketal, 1988] (c™. puc. 2, 3). MouiHocTh 6a3apbaiickoit
CBUTHI oljeHUBaeTcs B 480-500 m.

HypuHCcKas nojg30Ha NpoTsATruBaeTcsl B CEBEPO-BO-
CTOYHOM HallpaBJIeHUH, OHA OPaHHYeHa pa3jioMaMy, a ee
murprHa MeHsieTcd oT 20 kM Ha 3anage 10 70 KM Ha BO-
cToke (cM. puc. 2). OHa cJ10’KeHa MOLHBIMU TePPUTeHHbIM
Y GIMILOU/IHBIM KOMILJIEKCAMH CUJIypa — HUXKHETO JleBO-
Ha, BKJIIOYAIOLMMHU OJIMCTOCTPOMBI C OJIMCTOIJIaKaMHU 6a-
3aJIbTOB M KpeMHeH, JIMH3bl 0PraHOTeHHbIX U3BECTHSKOB,
FOPU30HTHI KOHIJIOMePATOB, I'PaBeJIMTOB, IPOCJOU Ty -
¢duToB. [M1aBHBIMU PopMaLUAMU ABJASIOTCS BEPXHEOP/O0-
BUKCKO-HW)XHECUJIYyPUNCKHEe KDEMHUCTbIE 0Ca/IKH, CUJTY-
pUNCKO-HM)XHeJeBOHCKUE 06JI0MOYHbIe TOPOJbI U Cpefi-
HeBepxHeJleBOHCKHE BYJIKAHOI'€HHO-0Ca0uHble T0PO/ibl

o61eit MoutHocThio 10 5000 M [Chetvertikova et al.,, 1966;
Geological Map..., 1981; Decisions..., 1991]. HekoTopsble uc-
cef0BaTeN M CYUTAIOT, 4To HypHHCKas noj30Ha Haxo-
JIUTCS Ha MeCTe 30HbI CyGAYKIUU U IPeJCTaBASIET CO60H
npeaayroBod Mporu6, KOHTPOIUPYIOLIUN PACIOT0XKEH-
HbII ceBepHee IeBOHCKUH BYJIKAHOIJIYTOHUYECKUH MOsIC
[Yakubchuk, 1990]. B nesioMm, cpefHenaie030MCKHUE KpeM-
HUCTO-06JI0MOYHBIEe TOI K HyprHCKOM 30HBI TepeKpbI-
BalOT OoJiee IpeBHUE KOMILIEKCh TekTypMacckoit u Ba-
3apbaiickoit noa3oH [Degtyarev et al,, 2021b]. B ctaTbe
npeJCcTaBJeHbl JaHHbIE 110 NPOaHAJU3UPOBAaHHBIM Mar-
MaTHUYECKUM [0PO/iaM OCHOBHOIO U CpPEJIHETO COCTaBa,
OTOGPaHHBIM M3 KapaMypyHCKOH CBUTHI TeKTypMaccKoi
MO/I30HBI U Ky3eKCKOM cBUThI bazap6alickoii oA30HEI (CM.
puc. 3; puc. 4).

3. IETPOTPA®UA

MarmaTtuyeckue accouuanuu TAK npefcraB/ieHbl By-
KaHU4YeCKHMH U CyOBYJIKAHMYEeCKUMMU ITOPo/iaMU: 6a3asibTa-
MM, aH/le3Mba3a/1bTaMy, aH/le3UTaMH, 0JlepuTaMu ¥ rab6po
(puc. 5). [Ipeobyafatoias pa3sHOBUAHOCTb OpPoOJ — 6a-
3a/IbThI U aH/le316a3a/IbThl C MACCHBHOW U MHUH/la/IeKaMeH-
HOU TeKCTypoi U adrpoBoi U NOpPUPOBON MUKPOCTPYK-
Typo# (puc. 5, a), 4acTo B BU/Jle IUJIJIOY-J1aB B KOHTAKTe

Puc. 5. ®oto mindos marmatudeckux nopop TAK. (a) - adupoBreiit 6a3a/bT; (6) - rab6po; (8) — 01EPHUT; (2) — aHIE3UT.

Fig. 5. Photos of thin sections (crossed nicols) of TAC igneous rocks. (a) - aphyric basalt; (6) - gabbro; (&) - dolerite; (2) - andesite.
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C JIyGOKOBOJHBIMH 0CaZlKaMU — JIEHTOYHBIMU KPEMHSAMH
U KPEMHUCTBIMU aprusintamMu (cM. puc. 4, a). B nopdu-
POBBIX BYJIKAHUTAX IPUCYTCTBYIOT BKpalJeHHUKH IJIa-
rMokJasza pasamMepoM Jio 2.5 MM (5-25 % o6bema nmopoaei),
0JINBHHA (0GBIYHO 3aMeLeHHOr0 XJIOPUTOM) U KJIMHOIHU-
poKceHa pa3MepoM [0 2 MM. KIIMHONUpPOKCEH 1/1€e0XpOoU-
pyeT oT 6eciiBeTHOro 0 6JieJHO-PO30BOT0 U 4acTO 06J1a-
JlaeT napaslyieJIbHOU OTAebHOCTbIO, YTO XapaKTePHO AJIs
TUTAH-aBrUTa UM TUTAH-CAJIUTA — TUIIMYHBIX MUHEPAJIOB
LIeJIOYHbIX 6a3anbToB [Safonova et al,, 2016]. CTpyKTypbI
OCHOBHOM MaccChl: UHTepCepTalbHasi, MUKPOJIUTOBAS, TU-
JIOTAKCUTOBAs U NoikunoopuToBast. Munaanuusl (1o 25 %
06'beMa MOPO/ibl) UMEIOT JuaMeTp OoT 1 10 5 MM U 3amoJi-
HEeHbI KaJIbLIUTOM, 3TIUA0TOM, KBapLieM U XJIOPUTOM.

Cy6ByJIKaHUYECKHE PA3HOBUIHOCTH — JOJIEPUTHI U MU-
Kpora66po (puc. 5, 6, B) 0TMe4arTcs B [IeHTPa/IbHbIX Ya-
CTSX JIABOBBIX MOTOKOB UJIU OOJIBIINX «ITOAYLIIEK» MHJI-
JIoy-/1aB 6a3a/1bTOB. JloJIEPUThI UMEIOT [J0JIEPUTOBYIO, MH-
KPOZ0JIEPUTOBYI0 U MUKPOOPHUTOBYIO MUKPOCTPYKTYPY
M MacCCUBHYIO TeKCTypy. OHU COCTOSAT U3 IJIarHoKJIasa,
KJIMHO-, UHOT/Ia OPTONUpPOKceHa. [a66poubl, UMeIOLIe
MHKpPOrab6poByI0 CTPYKTYPY U MacCHBHYIO TEKCTYDPY, CO-
CTOSIT U3 KJIMHONMPOKCEHA U IJIarMoKJ1a3a, U3peJKa Ipu-
CYTCTBYIOT OPTONIMPOKCEH U OJIUBUH. BoJsiee kucble pas-
HOBHU/JHOCTH NpeJCTaBJeHbl aHJEe3UTAMU C MaCCUBHOU
TEKCTypo# u nopdupoBoi cTpyKTypoi (puc. 5, r). Bkpan-
JeHHUKaMHU (5-10 % o6'beMa Nopo/bl) sABJASAIOTCS IJa-
TUOKJIa3 ¥ XJIOPUTU3UPOBAHHBIN MUHEPaJI, BOSMOXHO IH-
pokceH. CTpyKTypa OCHOBHOH MacChl IPeUMYLIeCTBEHHO
rUaJJoNUINTOBA.

Bosiblast YacTh BYJKaHUYECKUX U CYOBYJIKAaHUYECKUX
nopoJ MeTaMop¢dr30BaHa B yca0BUAX palUu 3eJIeHbIX
C/IaHLIEB, BEPOSITHO B YCJIOBUSX THIPOTEPMAJIbHOTO MeTa-
Mop¢H3Ma MOPCKOTO JiHa, @ TaKXKe B pe3ysbTaTe Gosee
NO3/JHUX TEKTOHUYECKUX IIPOLECCOB, CBSI3aHHBIX C aKKpe-
el 1 Kosutusred. [loBceMecTHO HAB II0LAI0TCS TPOLIECCHI
aJbOUTHU3ALHUY U COCCIOPUTHU3ALMH 10 IIarnokJ1asy. Hau-
60Jiee pacIpoCTPpaHEHHBIMU BTOPUYHBIMU MUHEPAJIaMHU
SIBJISTIOTCS Q/IbOUT, XJIOPUT, KaJIbIIUT, SNUJ0T, IPEHUT, aK-
TUHOJIUT, JIEKKOKCEH, Py Hble MUHEPAJIbI U XaJILe/I0H.

4. XUMMYECKHI COCTAB

Pe3ysbTaThl McC/leJ0BaHUS XUMUYECKOr0 COCTaBa Mar-
MaTHYeCKUX NI0POJ] KapaMypPyHCKOH U Ky3eKCKOM CBUT (CM.
puc. 3) moKasaJsy, YTO Cpeiu HUX peo6.J1aJjatloT 6a3aibThl
Y aHJie3u6aszanbThl. Ha KiaccudukalmoHHON AuarpaMmme
TAS (puc. 6, a) 60JBUIMHCTBO TOYEK COCTABOB U3y4YeH-
HBIX IIOPOJ, MTONaAal0T B M10Jis1 6a3a/bTOB, Tpaxubasasb-
TOB, 6a3aJIbTOBbIX TPAaXUaH/E3UTOB U aH/e316a3a/IbTOB.
HeckoJibKO TOUYeK NMonajaloT B 10Jis1 6a3aHUTa, GoHOTed-
puTa, TpaxuaHAe3uTa U aHze3uTa. Ha kaaccudukanon-
Ho¥ auarpamme SiO, - Nb/Y, ocHOBaHHO# Ha OTHOCHTEILHO
HeMOOUJIbHBIX 3JIeMeHTax, 60JIbIIMHCTBO T0POJ, OTHOCHT-
csl K cy6L1esI04HbIM 6a3anbTaM (puc. 6, 6). [ag marma-
Tu4yeckux nopos TAK xapakTepHbl IIMPOKHE Bapualuy
3HaueHUM Mg#(26.0-80.1) npu pa3bpoce KOHLEHTpaLUH
MgO ot 2.2 0 13.4 mac. %. Cogepxanus Si0, Bapbupy-
10Tca oT 42.6 10 56.6 mac. % (tab.. 1), TiO, - ot 0.35 g0

2.85 mac. %, CaO - ot 2.3 5o 15.1 mac. % u AlZO3 -oT 11.5
no 18.3 mac. %. Ha guarpamme SiO, - FeO*/MgO (puc. 6,
B) TOYKU COCTABOB I1OPO/] COOTBETCTBYIOT U TOJIEUTOBOH,
Y U3BECTKOBO-1[eJIOYHOHN cepuu. Ha TpeyrosbHoM Aua-
rpamme />keHceHa [Jensen, 1976] nogaBasiiouiee 60J1b-
IIMHCTBO 06Pa31i0B N0Ma/laeT B [10Jle BbICOKOXKEJIe3UCThIX
TOJIEUTOB, TOJIEUTOBBIX 6a3a/JbTOB U TOJIEUTOBBIX aH/le-
3UTOB (pUC. 6, I'), HO YaCTb COCTABOB COOTBETCTBYET U3-
BECTKOBO-11[eJIOYHbIM 6a3a/bTaM U aH/ie3uTaM. basanbThl
Y aH/ie316a3a/bThl MOXKHO pa3/ieJINTh Ha TPU IPYIIIbI 10
copepxanuio TiO,: Boicoko-Ti (Ti0,>1.9 mac. %), cpeane-Ti
(Ti0,=0.9-1.8 Mmac. %) u nusko-Ti (Ti0,<0.9 mac. %). OTae/b-
HYI0 IPYIIY COCTaBJSAIOT aHAe3uThl (puc. 6, a, 6; puc. 7, a;
Tabs1. 1).

BosibIIMHCTBO BBICOKO- U cpefiHe-Ti 06pa31ioB xapak-
TepU3yeTCss HU3KUMHU J10 CpeJJHUX coZiep>kaHusaMu MgO
(4.1-9.4 mac. %). g Hu3ko-Ti pasHocTel oTMedaeTcs 60-
Jiee MUpPOKUM pasopoc (Mg0=2.9-13.4 mac. %) (Tab.. 1).
Ha 6unapHbix guarpamMmax SiO,, TiO, u CaO 1o 0THOLIEHHIO
K MgO TOYKH COCTaBOB NOPO/J, YETKUX TPEH/0B He 00pasy-
10T (puc. 7, a, 6, B). Ha rpa¢ukax MgO - pefkue 3/1eMEHThI
(puc. 7, 1, 1, €) 4eTKO BbIJEJISIOTCS TPU IPYIIbI, COOTBET-
cTBytolue cpefHe-Ti 1 HU3KO-Ti 6a3anbTaM U 111eJI0YHbIM
a”je3uTaM. /[l 1eJI0UYHBIX aH/Ie3UTOB KOHLleHTpaLuu
Th, Y, Zr 3sHauuTEbHO BhIILE, A JIJ151 HU3KO0-T1 06pa31ioB xa-
paKTepHbI caMble HU3KHe KOHIIeHTPalii HECOBMECTUMbIX
3JieMeHTOB (Tab.1. 2).

Ha cnekTpax pefiko3eMesbHbIX 371eMeHTOB (P33), Hop-
MHPOBaHHbBIX Ha XOHAPUT, 06pas1ibl HU3KO-Ti rpymnibl 060-
rauieHbl Jerkumu P33 (La/YbN=1.7-2.2), ymepeHHo aud-
depeHIMpOBaHbI B 06/1acTU TsKesbix P33 (Gd/YbN=1.2-
1.3) ¥ xapaKTepu3yITCs BbICOKUMU OTHOIIeHUsIMU Zr/Nb
(20-36) (puc. 8, a). Ha MynbTH3/IeMEHTHBIX UarpaMmas,
HOPMUPOBAHHBIX 10 MPUMUTUBHONW MaHTHH, OTMeYaeT-
cs1 oTpunatesnbHas anoManus no Nb (Nb/ThN=0.2-0.4,
Nb/LaN=0.2-0.4) (puc. 8, 6), 4To mpUCylle TOPOJaM HaJl-
CyOAYKLMOHHOT0 TpoucxoxaeHus [Pearce, 1982; Briqueu
etal.,, 1984; Safonova et al., 2017]. Cnexktpst P33 cpexnne-Ti
006pas1oB MmIockue U AuddepeHIMPOBaHbI B 06/1aCTH TH-
xenbix P33 (La/YbN=0.3-0.7, Gd/YbN=1), a oTHOLIeHUs
Zr/Nb 3ameTHO HmXKe (10-22), ueM y HU3K0-Ti 06pas1oB.
Ha My/nbTMKOMIOHEHTHBIX AMarpaMmax Ajs cpegHe-Ti 06-
pas3LoB GUKCUPYIOTCA MakcUMyMbl Nb 1o oTHOLIEHHIO K
Th (Nb/ThN=3.6-2.1), Ho He k La (Nb/LaN=1.0-1.7) (puc. 8,
a, 0), YTO CBOMCTBEHHO 6a3a/bTaM OKEaHHUUYECKHUX Xpeo-
ToB (N-MORB) [Sun, McDonough, 1989].

Bricoko-Ti noposbl Haub6oJ1ee o6oralleHbl peJKUMHU
3JleMeHTaMU U Npe/CTaBJeHb leJOYHbIMU aH/Ae3UTa-
Mu (puc. 8, a, 6; Tab6.1. 2). Ux ciekTpsl P33 ob6oraiieHb! B
06J1aCcTH JIerKMX KOMIIOHEHTOB U AuddepeHIIMpOBaHbI B
o6sactu TsoKenabix (La/Yb =6.8-10.9, Gd/Yb =1.6-2.3)
(puc. 8, a) npu 3aMeTHO 60siee HU3KUX OTHOLIeHUsAX Zr/Nb
(5.7-5.9). Ha My/IbTUKOMIIOHEHTHBIX CIEKTpax JJs Ie-
JIOYHBIX aH/Ie3UTOB GUKCUPYeTCs OTpULlaTeNbHasA aHO-
Masus no Ti (Ti/Ti*=0.2-0.3) u nonoxutenbHas no Nb
(Nb/Th,=1.3-1.4,Nb/La,=1.4-1.3) (puc. 8, 6). CuibHO 060-
raluieHHble JerKUMU KOMMIOHEHTAaMU CIIeKTPbl peJiKo-
3eMeJIbHbIX 3JIeMEHTOB, HaJlMYue MakcuMyMa no Nb Ha
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MYJIbTH3JIEMEHTHBIX AUarpaMMax U HU3KHe OTHOIIeHUs
Zr/Nb xapaKTepHbI /151 BHYTPUIIMTHBIX OKEaHUYeCKUX
6a3asibToB (OIB), HO He aHoMauus 1o Ti, KoTopas oTMeyYa-
eTcs TOJIbKO [/ aH/le3uToB. Takue cnenuduyeckue aH-
Jle3UThl 06pasyloTcs, Tak e Kak ¥ OIB, BO BHYTPUIIUT-
HbIX OKeaHU4eCKHX 06CTaHOBKaX, HAallpMMep Ha OCTPOBax
Tpuctan-ga-Kyubs [An et al,, 2016; Weit at al.,, 2017; Sun,
McDonough, 1989].

Ha fuckpuMuHanuoHHo# auarpamme Mysiena [Mullen,
1983] Toyku cocTaBOB MOpPoJ HU3KO-Ti rpymnmnbl nonaja-
10T B 110J151 OCTPOBOJYHBIX TOJIEUTOB U M3BECTKOBO-I1Ile-
JIOYHBIX 6a3a/bTOB (puc. 9, a), a Ha AuarpamMmme Meiese
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[Meschede, 1986] - B moJie 6a3a/bTOB CpeJUHHO-OKEAHU-
yeckux xpebToB (puc. 9, 6). Touku coctaBoB cpefiHe-Ti 06-
pasuoB Ha 06euXx AuarpaMMax MomajarT B 1oJie 6a3alb-
TOB CpeJJUHHO-O0KeaHW4YeCKUX Xpe6TOB, HO Ha jUarpaMme
MyJ1/1eHa HECKOJIBKO TOUYEK COOTBETCTBYIOT OCTPOBOY-
HbIM ToJleuTaM (puc. 9, a, 6). Ha fuarpamme Memese co-
cTaBbl BbICOKO-Ti aH/Ie3UTOB NMONAJAl0T B [0JIe BHYTPH-
MJIMTHBIX 6a3aabToB (puc. 9, 6). U XoTs okeaHUYeCKHE
OCTPOBA CJOXXEHBI B OCHOBHOM 6a3aJibTaMH, KaK yIIOMH-
HaJIOCh Y2Ke BbILIE, B UX COCTaBe TaKXe BCTPevyaroTcs Iie-
JIOUHbIe aHJle31u6a3abThl U aHAE3UTHI [An et al., 2016;
Weit at al., 2017].
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Puc. 6. KnaccupukanroHHble AuarpaMmabl AJ1s MarMatTuyeckux nopog TAK.

(a) - nuarpamma TAS (Na,0+K,0) - SiO, [Le Maitre, 2002]; (6) - auarpamMma Nb/Y - SiO, [Winchester, Floyd, 1977]; (6) - rpaduxk SiO,
- Fe0*/MgO a1 pas/ieJieHUst COCTaBOB Ha TOJIEUTOBYIO U U3BECTKOBO-LIENI0YHY0 cepuy; (2) - quarpamma Al,O, - FeO*+TiO, - MgO
[Jensen, 1976]; ToneutoBas cepusi: Tb - 6a3anbt; TA - anzgesuT, T/| - gauut, TP - puouT; U3BECTKOBO-1e/I09Has cepusi: b - 6a3asbT,

A - anpesur, /| - nauut, P - puosaut.

Fig. 6. Classification diagrams for igneous rocks of the TAC.

(a) - TAS diagram (Na,0+K,0) - SiO, [Le Maitre, 2002]; (6) - Nb/Y - SiO, diagram [Winchester, Floyd, 1977]; (&) - SiO, - FeO*/MgO plot for
separating compositions into tholeiitic and calc-alkaline series; (2) - AL,0, - FeO*+TiO, - MgO triangle diagram [Jensen, 1976]; tholeiitic
series: Tb - basalt; TA - andesite, T/l - dacite, TP - rhyolite; calc-alkaline series: b - basalt, A - andesite, /I - dacite, P - rhyolite.
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Ta6una 1. CocTaB nopoA006pasyoLUX OKUCI0B MarMaTUYeCKUX IOPOJ, U3 IpeJCcTaBUTeNbHbIX 06pa3yoB TAK
Table 1. Concentrations of major oxides in TAC igneous rocks (selectively)

Ne  O6paser Sio, TiO, ALO, Fe,0. MgO Ca0 MnO Na,O K,0 PO, [ Cymma
1 540/2 50.9 2.4 15.29 11.11 4.57 5.32 0.16 4.53 2.32 0.54 1.14 98.28
2 K-14 51.96 2 17.16 10.55 4.06 4 0.01 4.9 1.52 0.11 2.21 98.48
3 TK-21 42.62 1.72 11.53 16.73 9.38 14.69 0.23 1.23 0.07 0.03 1.88 100.11
4 TK-22 47.35 1.09 18.31 9.58 5.73 10.81 0.14 3.01 1.02 0.07 2.93 100.04
5 K-84a 49.32 1.05 15.13 7.9 6.03 10.09 0.11 5.2 0.2 0.08 3.55 98.66
6 7g6 48.28 1.05 16.55 5.28 5.54 9.71 0.2 4.9 0.74 0.09 5.46 97.80
7 K-84 49.7 1 15.76 10.28 6.07 10.93 0.1 4.8 0.2 0.1 1.12 100.06
8 TK-19 49.99 0.88 14.53 13.11 6.87 9.12 0.19 2.61 0.76 0.08 1.98 100.12
9 750/4 51.74 0.76 15.09 8.28 6.86 10.1 0.14 2.2 2.33 0.38 2.45 100.33
10 768 53.42 0.76 18.02 6.77 6.42 4.2 0.14 4.3 2.52 0.19 3.3 100.04
11 7g2 46.51 0.72 16.11 7.41 4.84 10.96 0.19 3.7 0.9 0.27 5.92 97.53
12 TK-15 52.96 0.57 12.83 11.24 6.39 10.08 0.17 3.69 0.13 0.07 1.96 100.09
13 Sb5 54.01 0.5 17.13 3.45 4.32 5.99 0.11 4 3.5 0.29 4.94 98.24
14 TK-16 44.22 0.49 11.8 10.77 13.44 15.05 0.15 0.47 0.05 0.05 3.68 100.17
15 Zgl 53.8 0.35 15.99 6.19 291 8.7 0.08 6.8 0.14 0.14 3.93 99.03
16  TK-8 56.6 1.48 16.58 9.79 2.16 2.34 0.18 5.77 2.99 0.68 1.52 100.09
17  TK-7 56.53 1.12 14.32 12.84 2.26 3.67 0.51 4.44 1.03 0.35 3.08 100.15

[Ipumeuanue. 1-2 - Bbicoko-Ti 6a3anbThl; 3 - cpeHe-Ti 6a3anbt; 4-15 - HU3K0-Ti 6a3anbThI U aH/e31b6a3anbThl; 16-17 - 1e/1049HbIe aH/[€3UThL. - BCE

KeJsie30 AaHo B Buze Fe,0.,.

Note. 1-2 - high-Ti basalts; 3 - medium-Ti basalt; 4-15 - low-Ti basalts and andesibasalts; 16-17 - alkaline andesites. " - all iron is given as Fe203.
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Puc. 7. Cogep:kaHue Mopo006pasyoliuxX U peIKUX 3JIEMEHTOB 10 OTHOoLIeHUI0 K MgO a1 MarMaTuyeckux nopog TAK.

Fig. 7. MgO versus major oxides and trace elements of TAC igneous rocks.
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Ta6una 2. PeikosieMeHTHbBIN cocTaB MarMaTuyeckux nopog TAK
Table 2. Concentrations of trace elements in TAC igneous rocks

Ne 1 2 3 4 5 6 7

O6paser, TK-21 TK-22 TK-19 TK-15 TK-16 TK-8 TK-7
Rb 0.40 17.80 10.70 0.89 0.47 30.00 15.90
Sr 48.00 271.00 350.00 339.00 38.00 333.00 320.00
Ba 11.60 68.00 143.00 51.00 9.70 908.00 506.00
Cs 0.10 0.25 0.57 0.16 0.30 0.34 0.25
Y 34.00 23.00 15.60 13.80 10.7 44.00 81.00
Zr 39.00 59.00 44.00 33.00 28.00 462.00 619.00
Nb 4.70 2.60 2.20 0.91 1.34 80.00 104.00
La 1.80 2.30 5.00 3.20 3.10 57.00 70.00
Ce 6.70 7.10 11.20 8.00 7.10 127.00 149.00
Pr 1.20 1.20 1.53 1.23 0.97 14.30 18.00
Nd 7.40 6.70 7.20 5.50 4.80 56.00 71.00
Sm 3.00 2.40 2.10 1.64 1.27 11.60 15.40
Eu 1.06 0.90 0.80 0.70 0.39 3.40 5.10
Gd 4.30 3.20 2.40 1.88 1.56 10.30 14.40
Tb 0.82 0.59 0.40 0.35 0.25 1.65 2.40
Dy 6.00 4.10 2.60 2.30 1.82 9.30 14.70
Ho 1.27 0.86 0.54 0.47 0.38 1.66 2.80
Er 3.70 2.50 1.63 1.42 1.16 4.40 7.60
Tm 0.55 0.37 0.24 0.22 0.17 0.59 1.21
Yb 3.60 2.40 1.60 1.32 1.03 3.70 7.40
Lu 0.52 0.35 0.24 0.19 0.15 0.51 1.04
Hf 1.29 1.62 1.05 0.91 0.81 10.00 13.50
Ta 0.26 0.18 0.07 0.11 0.07 4.90 6.00
Th 0.00 0.14 0.60 0.46 0.47 7.30 8.40
U 0.04 0.07 0.28 0.25 0.20 1.12 2.40

[IpuMeuanue. 1-2 - cpenne-Ti 6a3anbThl U aHZAEe3U0a3a/bThI; 3-5 — HU3KO-Ti 6a3a/bThl; 6-7 - 1leJI0UHbIE aH/I€3UThI.
Note. 1-2 -medium-Ti basalts and andesibasalts; 3-5 - low-Ti basalts; 6-7 - alkaline andesites.
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Puc. 8. HopMmupoBaHHbIe 110 XOHAPUTY KPUBbIE paclipe/ieJIeHUs pe/IKo3eMebHbIX 3JIEMEHTOB (d) U HOPMUPOBAHHbIE 10 MPUMUTHBHOU
MaHTHUH MYJbTUKOMIIOHEHTHbIE AUarpaMMel (6) s marmaTuyeckux nopoJ TAK. /laHHble /11 XOHJPUTA U IPUMUTUBHOU MaHTUU

B34ThI U3 [Sun, McDonough, 1989]. CuMmBoJIbI Kak Ha puc. 6.

Fig. 8. Chondrite-normalized rare-earth element patterns (a) and primitive mantle-normalized multi-component trace element patterns
(6) of TAC igneous rocks. Normalization values are given after [Sun, McDonough, 1989]. Symbols are the same as in Fig. 6.

https://www.gt-crust.ru 11


https://www.gt-crust.ru

Gurova A.V. et al.: Magmatic Rocks of the Tekturmass...

Geodynamics & Tectonophysics 2022 Volume 13 Issue 5

(a) Tio,
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Puc. 9. TekToHUYeCKUE JUCKPUMHUHALLMOHHBIE JUarpaMMBbl.
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(a) - muarpamma MnO - TiO, - P,O, [Mullen, 1983]; (6) - anarpamMma Zr/4 - 2Nb - Y [Meschede, 1986]; WPA - BHYyTpPUILIUTHbIE I1je-
JlouHble 6a3aabTbl, WPB - BHyTpuninTHble 6a3anbTbl, WPT+IAB - BHYTpUILIMTHBIE TOJIEUTHI U OCTPOBOAYKHbIe 6a3aabThl, Bon —
60HUHUTSHI, OIT - ToJ1IeNThI OKeaHUYECKUX OCTPOBOB/cHMayHTOB, OIA - mesi04Hble 6a3a1bThl OKeaHHYeCKUX ocTpoBoB, IAT - ocTpo-
BOJy>KHblIe ToJienTbl, CAB - H3BeCTKOBO-11e/104Hble 6a3a/1bThl, MORB - 6a3a/bThl CpeJUHHO-OKEaHUYECKHUX XPeOTOB.

Fig. 9. Tectonic diagrams of TAC igneous rocks.

(a) - MnO - TiO, - PO, [Mullen, 1983]; (6) - Zr/4 - 2Nb - Y [Meschede, 1986]. WPA - intraplate alkaline basalts, WPB - intraplate ba-
salts, WPT+IAB - intraplate tholeiites and island-arc basalts, Bon - boninites, OIT - oceanic island/seamount tholeiites, OIA - oceanic
island alkaline basalts, IAT - island-arc tholeiites, CAB - calc-alkaline basalts, MORB - mid-ocean ridge basalts.

5. OBCYKJAEHUE PE3Y/IbTATOB

[eosioruyeckoe U CTPYKTypHOe NOJIOKeHHeE (CM. pucC. 2,
3) 1 xuMU4eCcKu coctaB MarmMmatuieckux nopon TAK cBu-
JleTeJIbCTBYIOT 06 UX GOPMUPOBAHUU B PA3/INYHbIX TEKTO-
HHUYeCKUX 06CTAaHOBKAX: B CpeJJUHHO-OKeaHUYeCKOM Xpeo-
Te, BO BHYTPUIIJINTHOM OKeaHW4YeCKOM NOAHATHH (OCTPOB,
CUMAayHT, IJIaTO0) U BHYTPUOKEAHU4eCKOHN U1 KOHTHUHEH-
TaJbHOU Aiyre. COBMeCTHOE NPUCYTCTBUE BYJIKAHUYECKUX
opoJi, 06pa30BaHHBIX B Pa3JIMUHBIX re0JUHAMUYECKUX
o6cTaHOBKax, kKak cocTaBe TAK, T.e. B acconuanuu c riy6o-
KOBOJHBIMH OK€aHUYeCKHMMU 0CaZiKaMHu (MeslarnyecKUuMH,
reMuIielarnyeCKMMHU 1 ITyGOKOBOJIHOTO XKeJ106a), Tak U B
CEpIEeHTUHUTOBOM MeJlaHXe 3aTPyJHsIeT OTHeCeHUe TOH
WJIM UHOM T'PyNIbI NOPOJ K KOHKPETHON CBUTE WUJIU KOM-
nJiekcy. Ha reosiornyeckoit kapTe yallle BCEro OHHU NOKa3a-
Hbl OT/IeJIbHBIMU TejlaMU (CM. puc. 2) Ui 0GUOJTUTOBbI-
MU KoMmIiekcamu [Degtyarev et al., 2021b]. Ho ge-dakTo
MHorue cpefHe-Ti 1 Hu3ko-Ti 6a3a/1bThl HAXOAATCSA B IIPsI-
MOM KOHTaKTe (CM. puc. 4, B) WJIM B acCOLMALIMU C IeJa-
rUYecKUMHU 0Ca/IkaMH, T.e. 06pa3oBaHbl (M3JIUJINCh) B I1y-
OGOKOM OKeaHe M II03TOMY MOTYT pacCMaTpPUBATbCs Kak
3JIeMeHTbI CTpaTUrpaduu oKeaHU4eCcKou mauThl [Isozaki
etal.,, 1990; Wakita, 2012; Safonova et al.,, 2016] u 6bITb OT-
HeceHbl K TOW WM UHOU cBUTe (cM. puc. 3). CiefoBaTesb-
HO, cTpaTurpaduyeckre noJpas/ieieHusl B 3TOM peruoHe
HY/JAl0TCS B peBU3KU. YacTb Nojpas/esleHull peruoHa
y>Ke OblyIa IepecMOTpeHa Ha OCHOBE HOBBIX MUKpPOIIaJIeOH-
TOJIOTUYECKUX U TeOXPOHOJIOIMYeCKHUX JJaHHbIX [Degtya-
rev et al,, 2017, 2021b], Ho 3TO MOKa He HAILJIO OTpaXKe-
HHUA Ha 0QUIMAJIbHBIX Te0JIOTHYeCKUX KapTax. [lepecMoTp

reoJIOrM4eCcKUX NoApaszeseHui Heo6X0AUM U JJis1 Gosiee
Ha/Ie>KHOT0 [IOMCKA U pa3Be/IKU 10JIe3HbIX UCKONIaeMBIX.

B TekTypMacckoii 30He BbIX0/Ibl Ha IOBEPXHOCTb MarMma-
THUYECKUX OPOJ, OKeaHU4YecKoro npoucxoxgenus (MORB,
OIB) yacTo coBMeleHbl B IPOCTPAHCTBE C TAKOBBIMU Ha/-
CYy6yKIIMOHHOTO MpoucxoxkgeHus (cM. puc. 2). Ho B co-
BPeMeHHBIX Jyrax MeX/y aKKpeTHPOBaHHbIMU TOJILAMHU
OKeaHHWYeCKOM KOpbl U 0JHOBO3PAaCTHON MarMaTH4yecKon
JLyroi HaxoAsATcsA 6oJiee [peBHUE aKKpeLUOHHble KOM-
miekcnl [Safonova, 2017], 4To B peroHe Uccael0BaHUN
noka He 3adukcupoBaHo. Cel0BaTeIbHO, MOXKHO NPeAINo-
JIOKUTD, YTO B OPLOBUKE U/UJIM paHee ObIJIN LIUPOKO IPO-
SIBJIEHBI NIPOLeCChl TEKTOHUYECKOH 3p03UH, B pe3yJbTaTe
KOTOpPBIX 0/IHOBO3PACTHbIE OPO/bl aKKPELMOHHON NpHU-
3Mbl U OCTPOBHOM JIyT'M ObLJIN COBMeELEeHbI B MPOCTPaH-
ctBe [Safonova, Khanchuk, 2021]. lsig peLiieHust BCeX 3TUX
BOIIPOCOB HYKHBI JleTaJIbHble Te0XPOHOJIOrMYecKHe U U30-
TOIHO-TeOXUMHUYEeCKHe HCCIeJ0OBaHUS.

TakuM o6pazoM, TekTypMacCKuil akKpeIMOHHbIN KOM-
IJIEKC U CEPIIEHTUHUTOBBIN MeJIaHX SBJISIOTCS COCTaBHbI-
MU 4YaCTSIMHU CKJIaJ4aToro 1nosica TUXOOKeaHCKOro TUIa,
ob6paszoBaBLIerocs Npu cy6AyKI MU OpJOBUKCKON OKeaHU-
4yecKoH manThl. CTpaTurpadruyecky, JMUTOJOTUYECKH, Feo-
XPOHOJIOTUYECKU U TEKTOHUYeCKH TeKTypMacCKUM nosc
cx0%k ¢ UTMypyHuHCKUM nosicoM B CeBepHoM [Ipubai-
xauibe (cM. puc. 1) [Stepanets, 2016; Safonova et al.,, 2019,
2020; Degtyarev et al., 2021a]. O6a nosica BKJIKYAOT 0OJf-
HOBO3paCTHble aKKpPeIlMOHHbIe KOMIIJIEKCHI, B TOM YMC-
Jle 0caZlouHble U MarMaTH4ecKre opo/ibl pa3HOro MPoHC-
XOXK/IeHHs.
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6. 3AK/IIOYEHUE

TexTypMaccKkuil akKpelMOHHbIN KOMIIJIEKC U CBSI3aH-
HbIW ¢ HUM 0QHOJIUTOBBIN NOSC SIBJSIOTCS YaCTAMHU CKJIaJ-
4aToro 1nosica THXOOKeaHCKOTo TUIa N03/iHEKeMOPUICKO-
OPAOBUKCKOTO BO3pacTa, 06pa30BaHHOI0 HA aKTUBHOM
okpauHe [lasneoasuaTckoro okeaHa. Becs cTpykTypa npeg-
CTaBJsieT 060U M03auKy U3 GparMeHTOB OKeaHHUYeCKOMH
KOpBbI, OCTPOBHBIX AYT, 33/[yTOBbIX U NIPeJIyTOBbIX 6acceii-
HOB, COBMellleHHbIX B IPOCTPAHCTBE NpolieccaMy akKpe-
LMY U NToC/IeiyIoll el KoJI/IM3MK. MarMaTu4ecKkre nopo/ibl
TAK npefcTaBieHbl IPEUMYILeCTBEHHO TOJIEUTOBBIMU U
Cy0111eJIOYHBIMU BYJIKAHUTAMU U rab6pouamu. Ilo co-
Aepkanuio TiO, 6a3a/bThl M aHe3Mb6a3aIbThl MOXKHO pa3-
JleJINThb Ha TPU rpynibl: BbICOKO-Ti, cpepHe-Ti u HU3KO-T1.
O6pa3ubl 13 HU3KO-Ti rpymnIbl XapaKTepU3ywTcs obora-
LieHueM JierkuMu P33, BbicokuMu oTHoleHussMu Zr/Nb u
Ha/IM4MeM Ha MyJIbTH3JIeMeHTHBIX JuarpaMMax oTpHLa-
TesbHOU aHoManuu no Nb. CpenHe-Ti 06pasibl UMEIOT
IJIOCKUeE ceKTpbl P33, cpeanue oTHomeHus Zr/Nb 1 Mak-
cumyMbl Nb o oTHoueHumo K Th, Ho He k La. [lns mesnou-
HBbIX aH/Ie3UTOB XapaKTepHO oboralleHue Jjerkumu P33,
aIuddepeHnpoBaHHbIe TsXKesble P33, HU3KHe OTHOlIe-
Hus Zr/Nb, oTpunatenbHas aHoManus no Ti ¥ moJyioxKu-
TesibHasA o Nb Ha My/ZIbTHKOMIIOHEHTHBIX clieKTpax. [eo-
Jloruyeckas Mo3uLys U reoOXMMHUYeCcKUe XapaKTepUCTUKU
MarMaTtuyeckux nopoJ, TAK npegnosnaratoT o6pa3oBaHue
cpenHe-Ti 6a3ajbTOB B 06CTAaHOBKe Cpe/IJUHHO-OKeaHU4e-
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