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PROGRAM - ITIPOTPAMMA
Day 1: June 15, 2010

Ishiwatari A.*, Machi S.**, Hayasaka Y.***, Ledneva G.V.****  Sokolov
S.D.¥*** Palandzhyan S.A.****  Bazylev B.A.***** Paleozoic ophiolitic
complexes in Northeast Russia: Evidence for opening of the Paleo-Pacific ocean?
(*Tohoku University, Japan; **Kanazawa University, Japan; ***Hiroshima
University, Japan;  ****Geological Institute RAS, Moscow  Russia;
*Ekx*EXVernadsky Institute RAS, Moscow, Russia)

Palandzhyan S.A. On principles of defining ophiolites (Geological Institute RAS,
Moscow, Russia)

Silantyev S. Oceanic Core Complex as a key to reconstruction of sequence of
magmatic, metamorphic, and hydrothermal events at accretion of the slow
spreading ridge lithosphere (Vernadsky Institute of Russian Academy of Sciences)

Coffee-break

Sharkov E.V. What is oceanic spreading in low-spreading ridges? Geological-
petrological processes in the axis part of the Mid-Atlantic Ridge: Evidence for the
Sierra Leone test area, 5-7° N (IGEM RAS, Moscow, Russia)

Savelieva G.N.*, Batanova V.G**, Sobolev A.V** Uralian ophiolites: diversity
of mantle sections and channels of melt transport in the upwelling mantle
(*Geological Institute RAS, Moscow, Russia; **Vernadsky Institute RAS, Moscow,
Russia)

Fedotova A.A.*, Khain E.V.*, Razumovsky A.A.*, Remizov D.N.**, Nekrasov
G.E.* The Dzela mafic unit (Polar Urals): the origin and relation to the Voykar-
Synya massif *Geological Institute RAS, Moscow, Russia; **Karpinsky Russian
Geological Institute, St. Petersburg, Russia)

Extended break

Khain E.V., Fedotova A.A. Ophiolites and mafic-ultramafic intrusions of the
Central-Asian belt: Polar Urals, Eastern Sayan, Western Mongolia and Northern
Baikal regional examples (Geological Institute RAS, Moscow, Russia)

Zakariadze G.S.*, Korikovsky S.P.**, Solov'eva N.V.* Problems of origin of
the pre-Mesozoic oceanic basins of the Eastern Mediterranean area (*Vernadsky
institute RAS, Moscow, Russia; **IGEM RAS, Moscow, Russia)

Galoyan Gh., Melkonyan R. Ophiolites of the Lesser Caucasus (Armenia) and
their significance for Tethyan geodynamic interpretations (Institute of Geological
Sciences, National Academy of Sciences of Armenia, Yerevan, Republic of
Armenia)

Coffee-break

Luchitskaya M.V. Plagiogranite complexes of supra-subduction ophiolites
(Penzhina region, Kamchatsky Mys peninsula, Taigonos Peninsula) (Geological
Institute RAS, Moscow, Russia)

Ledneva G.V.*, Bazylev B.A.**, Ishiwatari A.*** Lower crustal high-P plutonic
complexes of various geodynamic settings: a review of geological and petrological
data (*Geological Institute RAS, Moscow Russia; **Vernadsky Institute RAS,
Moscow, Russia; ***Tohoku University, Tohoku, Japan)

Discussion
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Day 2: June 16, 2010

Sokolov S.D. Geological structures of Chukotka and tectonic position of ophiolites
(Geological Institute RAS, Moscow, Russia)

Hayasaka Y.*, Moiseev A.V.**, Sokolov S.D.**, Ishiwatari A.***, Machi
S.*#***  Ledneva G.V.**, Palandzhyan S.A.**, Bazylev B.A. #**%*
Methodology and philosophy for detrital zircon chronology using EPMA, LA-
ICP-MS, and SHRIMP, and outline of results for the Paleozoic to Mesozoic
complex in the Ust'-Belaya Range, West Koryak thrust and fold Belt, Far East
Russia (*Hiroshima University, Japan; **Geological Institute RAS; Moscow,
Russia; *** Tohoku University, Japan;, ****Kanazawa University, Japan;
wrx**EVernadsky Institute RAS, Moscow, Russia)

Chekhov A.D. Structure and tectonic setting of ophiolite belts of the Koryak
Highlands (North-East Interdisciplinary Science Research Institute FEB RAS,
Magadan, Russia)

Bazylev B.A.*, Ledneva G.V.**, Kononkova N.N.¥, Ishiwatari A.***
Subduction-reworked subcontinental lithospheric mantle: an example from
peridotites and plutonic rocks of the Ust’-Belaya massif (Chukotka) (*Vernadsky
Institute RAS, Moscow, Russia;** Geological Institute RAS, Moscow, Russia;
***Tohoku University, Tohoku, Japan).

Coffee-break

Machi S.*, Ishiwatari A.**, Hayasaka Y.***, Ledneva G.****, Sokolov
S.D.****  Palandzhyan S.A.****  Moiseev A.V.**** Bazylev B.A.***%%
Morishita T.* Serpentinized peridotites from the Ust’-Belaya ophiolite, Far East
Russia: serpentinization and metasomatism of the mantle wedge (*Kanazawa
University, Kanazawa, Japan, **Tohoku University, Tohoku, Japan;
***Hiroshima University, Hiroshima, Japan; ****Geological Institute RAS,
Moscow, Russia; *****Vernadsky Institute, Moscow, Russia)

Moiseev A.V.*, Sokolov S.D.*, Hayasaka Y.** Middle Mesozoic cherty
depositions northern Algansky terrane (Koryak Highlands) (*Geological Institute
RAS, Moscow, Russia; **Hiroshima University, Hiroshima, Japan)

Discussion
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Ha tutyneHOM nucte - Yaempamagumuol maccusa 2. dnvoenvip (Yyxomxa),
gomo I'.B. Jleonesoii

2



SUBDUCTION-REWORKED SUBCONTINENTAL LITHOSPHERIC MANTLE:
AN EXAMPLE FROM PERIDOTITES AND PLUTONIC ROCKS OF
THE UST’-BELAYA MASSIF (CHUKOTKA)

B.A. Bazylev], G.V. Lednevaz, N.N. Kononkoval, A. Ishiwatari’
! Vernadsky Institute of geochemistry and analytical chemistry, RAS, Moscow,
bazylev@geokhi.ru
2 Geological Institute, RAS, Moscow, ledneva@ilran.ru
7 Center of NE Asia studies, Tohoku Universtity, Japan, geoishw@cneas.tohoku.ac.jp

The Ust’-Belaya ultramafic-mafic massif is located in the mountains of the same name and
belongs to the structures of the West Koryak fold system. It is commonly considered as an
ophiolite complex of the presumably Paleozoic age. The presented below conclusions are
resulted from the 2007-2008 field investigations, petrographic and mineralogical studies of the
original rock collection.

Among ultramafic rocks of the Ust’-Belaya massif, we previously distinguished several
rock varieties and gave characteristics of their mineralogy (Bazylev et al., 2009). The varieties
are spinel lherzolites, spinel harzburgites, dunites, rocks of the layered cumulative suite of dunite
— plagioclase peridotite — olivine gabbro — anorthosite, cumulative plagioclase peridotite bearing
metamorphic hercynite and plagioclase-free cumulate rocks bearing primary magmatic
hercynite. It was inferred that ultramafic rocks are dominated by dunites and spinel harzburgites;
some of spinel lherzolites are fertile peridotites alike those of the subcontinental lithospheric
mantle, and spinel harzburgites are shown to be originated in a supra-subduction setting. New
data on both peridotites and gabbroic rocks allow a better understanding of geologic and
geodynamic evolution of the massif formation.

Compositions of primary minerals of spinel peridotites of the Ust’-Belaya massif reflect
two distinct episodes of a partial melting of the mantle. Restites produced during one of these
episodes are spinel lherzolites, sparsely high-Na clinopyroxene-bearing harzburgites similar to
those of “orogenic” lherzolites of within-plate setting. Restites generated during another episode
of a partial melting are spinel harzburgites and rare medium-Na clinopyroxene-bearing
lherzolites originated in a subduction setting.

The boundary between these two types of restite peridotites is sharp, but it is not tectonic;
all findings of lherzolites bearing medium-Na clinopyroxenes are located along this boundary (a
possible front of the melting) and, thus, suggest a transitional nature of this rock type. The fertile
spinel lherzolites possibly represent the matter whose melting was resulted in producing the
spinel harzburgites. A possible mechanism of harzburgite (and some dunite) generation is a
lherzolites partial melting induced by reaction of penetrating subduction-derived melts with
peridotites.

Compositions of spinels from slightly differentiated dunites and chromitites of the massif
suggest that at least four different melts were initial ones for suites of cumulative rocks. Some
cumulative rocks were originated in a within-plate setting; others were generated in a subduction
setting. Crystallization of both took place at high pressure (9-11 kb as indicated by high Al,Os
contents in clinopyroxenes and hornblendes).

The zircon U-Pb ages of two gabbroic rocks of the Ust’-Belay massif (Ledneva et al., in
press) along with the geological relationships between rocks suggest that both episodes of the
partial melting (in within-plate and subduction settings), which are expressed in restites of the
massif, took place in the pre-Cambrian. The gabbroic rocks belong to different series and are
significantly different in age, about 800 and 575 Ma.

Thus, the Ust’-Belaya massif represent the deep fragment of the subcontinental mantle that
was both partially melted due to penetration of subduction-derived melts and intruded by these
melts in the pre-Cambrian time. The latter was resulted in formation of layered ultramafic-mafic
and hornblende gabbro bodies. The ultramafic and mafic rocks were not formed in a spreading
setting, and they are not genetically related to Devonian N-MORBs and sediments.
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The work was supported by the Russian Foundation for Basic Research (projects No 09-
05-92103 and 10-05-00529).

Bazylev B.A., Ledneva G.V., Kononkova N.N., Ishiwatari A., Solov’eva N.B., Fomichev N.N. Typification of
peridotites from Ust’-Belaya ultramafic-mafic massif (Chukotka) by mineral compositions: preliminary
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rocks of the Ust’-Belay ultramafic-mafic massif (Chukotka) and their interpretation // Geochemistry
International (in press).

ITPEOBPA3OBAHHE CYBKOHTUHEHTAJIbHOM JINTOC®EPHOM MAHTHUU HAJL
30HOU CYBAYKIIMN HA ITPUMEPE YCTb-BEJIbCKOT'O MACCHUBA (UYKOTKA)

ba3buieB B.A.l, JleqneBa F.B.z, KononkoBa H.H.l, A. I/IIHI/IBaTapI/I3
IHHcmumym eceoxumuu u anarumuyeckou xumuu um. B.U.Bepnaockoeo PAH, Mocksa,
bazylev@geokhi.ru
Teonoeuueckuii unemumym PAH, Mocksa, ledneva@ilran.ru
3L{enmp uccneoosanuti Cegepo-Bocmoka Azuu, ynusepcumem Toxoxy, Anonus,
geoishw(@cneas.tohoku.ac.jp

Yerb-benbekuii ynbrpamaduT-MaUTOBBI MAacCHB pAacIONOXeH B OJHOMMEHHBIX TOpax U
OTHOCHUTCA K CTpyKTypaM 3anaaHo-Kopskckol ckinaguartoit cucteMsl. MccienoBaTensiMu MacCuB
OTHOCWJICI K  Oo(HOIUTaM  TPEANOJIOKUTENFHO  TO3AHENANIC030MCKOT0  BO3pacTa.
[IpencraBneHHbIE HUKE BHIBOABI OCHOBaHBI Ha PE3YJIbTAaTaX MOJEBOro M3yueHus Maccusa B 2007
u 2008rr. u merporpaduyeckoro ¥ MHUHEPAJOTHYECKOTO H3yUEHHs! KOJJIEKIUH OTOOpaHHBIX
00pasIoB.

Panee (basbuieB u ap., 2009) cpeau ynprpamaduTtoB YcTh-benbckoro MaccuBa HaMu ObUTH
BBIJIEJICHBl U MUHEPAJOTUYECKH OXapaKTePU30BaHbl CJIENYIOIINE THUIIBI MOPOJ;: IIIHUHEIEBbIC
JEPUOJIUTHI, IIMHUHEJEeBble TrapuOypruThl; TyHWTHI; TOPOABI TOJOCYATOTO  KOMILIEKCa
KyMYJIITUBHBIX JyHUTOB — IUIarMOKJIA30BBIX MEPUJOTUTOB — OJIMBUHOBBIX Trab0Opo —
AQHOPTO3UTOB; KyMYJISTUBHBIC IJIATMOKIA30BbIE MEPUAOTUTHI C METAMOP(PUUECKUM T€PIITHUTOM;
Oecriaruokaa3oBble KyMYJISITUBHBIE MOPOJABI C MEPBUYHOMArMaTHUYECKUM TE€pPLMHUTOM. bbbl
cIeNnaH BBIBOA O MpeoONaJaHuH Cpeau yibTpamMadUTOB MAacCHMBa IyHUTOB M IIMHHEIEBBIX
rapuOypruroB, YyCTaHOBJIEHO NPUCYTCTBHE CpPEIM ILUIUHENEBBIX JEPLOJUTOB MaccuBa
(bepTUIbHBIX TMOPOA, COOTBETCTBYIOIIUX MEPHIOTHTaM CYOKOHTHHEHTAIbHOW JIUTOCHEPHON
MaHTHH, YCTaHOBJICHA HAJACYyOAyKIMOHHAsh OOCTaHOBKAa (OPMHUPOBAHHSA  IIITHHEIEBBIX
rapuOyprutoB. [IpuBieueHrne HOBBIX aHATUTHUYECKHUX NAHHBIX KaK MO MEPUAOTHTAM, TaK U TO
rab0pouzaM MaccuBa IO3BOJSET JIydllle NPEACTaBUTh T'€OJIOTMYECKYI0 U T'€OJMHAMHUYECKYIO
UCTOPHIO €ro (POPMUPOBAHUS.

CocTaBpl NEPBUYHBIX MUHEPAJIOB IIMUHENIEBBIX IMEPUAOTUTOB YCTh-benbckoro Maccupa
OTPa)KaroT JIBA PA3JIMYHBIX 3MM30/1a YACTUYHOTI'O [JIaBJIE€HUsI MAHTUMHOTO MaTtepuana. Pectutamu
[ocjie OJHOTO DSIHU30/a SBISIFOTCS ULIMHWHENEBbIE JIEPLOJIUTHI, peXe rapuOypruTsl ¢
BBICOKOHATPOBBIMHM KJIMHOMUPOKCEHAMHU, AHAJIOTHMYHBIE CYOKOHTHUHEHTAIBbHBIM «OPOTECHHBIM
JepuosuTaM» U chopMupoBaHHbIE BO BHYTPUIUIUTHOW 0OcTaHOBKE. PectuTamu mocie apyroro
SMU30/a SBJISIOTCS IIMUHENEBbIE TaplOypPruThl U, BEPOSITHO, PEAKHE JEPIOIUTHI C YMEPEHHO-
HATPOBBIMH KIIMHOITMPOKCEHAMHU, CPOPMHUPOBAaHHBIE B HAJICYOIyKITMOHHONW OOCTaHOBKE.

Mexny ABymMsl TMIIAMH PECTUTOBBIX MEPUIOTHTOB B Mpeleiax MacCHBa MPOCIEKUBACTCA
JIOCTaTOYHO YETKasi IpaHula, KOTOpas He SBJIIETCS TEKTOHUYECKOW; BCE HAXOJKHU JIEPLIOJIUTOB C
yMepeHHO-Na KIMHOMUPOKCEHaMU MPUYPOUYEHBl K 3TOM TpaHULE, YTO CBUIAETEIBCTBYET O
NEPEXOHOM XapakTepe dTUX MOpoja (BO3MOXKHO, MapKUPYOUMX (GpoHT miaBieHus). [lpu stom
bepTunbHbIC IIMHUHEIEBbIC JIEPIOIUTHl MAcCHBA SIBISIOTCS BEPOSITHBIM CyOCTpaTOM, 3a CUeT
YaCTUYHOTO TUIABJICHUS KOTOPOTrO (HOPMHUPOBAIUCH IIMMHENIEBBIE TaplOypruThl. BeposTHbIM
MeXaHU3MOM (OpMHpOBaHUS TapUOYpPrUTOB (M YacTH MAYHUTOB) MAacCHUBa SBIAETCS
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UHIYyLIMPOBAHHOE IUIABJICHUE JIEPLOJUTOB 3a CUET peakluu C [POCAYUBAIOLIMMHUCS
Ha/ICyOqyKIIMOHHBIMU PACIUIABAMHU.

CoctaBbl MMNHUHEIUIOB B ciaaboaudGepeHIMPOBAHHBIX AYHUTaX U XPOMHUTUTAX MacCUBa
YKa3blBalOT Ha CYIIECTBOBAHME II0 KpaiiHEH Mepe 4YeThIpeX pa3IMYHbIX pacIljaBoB,
pPOZIOHAYANBHBIX JJIsI CEepUH KYMYJATHUBHBIX MOpoJ. YacTh KyMYJSTHBHBIX MOPOJA MaccHUBa
¢opMupoBasach BO BHYTPUIUIUTHOM OOCTaHOBKE, 4YacTb — B HaJACyOIyKIMOHHOII;
KpUCTAUTU3alMsI U Te€X M APYTMX NMPOUCXOAWIA MpHU BbICOKOM aasieHuu (9-11 xbap, cyas mo
BBICOKOMY COZEpaHUIO TJIMHO3EMAa B KIIMHOMMPOKCEHAX U POrOBbIX OOMaHKax).

JlaHHbIe MO M30TOMHOMY JATHPOBAHMIO LUPKOHA M3 JBYX 0Opa3loB rabOopouoB YcCTb-
benbckoro maccuBa (JlegmeBa um ap., B I€e4aTH) B COBOKYIHOCTH C T€OJIOTMUECKUMU
COOTHOIIEHUSMHM MOpOJ, TMO3BOJIIOT OTHECTM 00a 53MNHM304a YAaCTUYHOIO IUIABJIICHMS,
NPOSIBJIICHHBIE B PECTUTAaX MaccuBa (BO BHYTPUIUIMTHOW M HAJACYOMYyKIIMOHHOW OOCTaHOBKAaX) K
nokeMOpuiickomy BpeMmeHH. [Ipu aTom rabOpouapl MaccuBa, OTHOCSIIHECS K Pa3HBIM CEpPHUsIM,
MMEIOT JIPEBHUI U CYLIECTBEHHO pas3jinyaroiiuiicsa BozpacT — okoyo 800 MiH.JI. U okosio 575
MUJIH.JI.

Takum oOpazom, Ycre-benbckuit ynpTpamaduT-MaUTOBBI MAaCcCUB MPEACTABISET COOOM
TIyOMHHBIN (PparMeHT CyOKOHTHHEHTAIBHOW TUTOC(HEpHON MaHTHH, KOTOpasi B TOKEMOpPHUIHCKOE
BpeMs IIpeTeprena KaKk YacTUYHOE IUIABJICHHE, WHHUIMUPOBAHHOE MPOCAYMBAHHEM
HaJCyOAyKLIMOHHBIX pacIUlaBOB, TaK M BHEAPEHHE 3TUX PACIUIABOB C (HOPMUPOBAHHEM
paccioeHHBIX MaUT-yIbTpaMaQUTOBBIX Tel W TEJI POroBOOOMAHKOBBIX TrabOpOHUIOB.
VY IbTPaOCHOBHBIE U OCHOBHBIE IUTYyTOHMYECKHE MOPOJAbI MAacCuBa HE ObUIM CHOPMHUPOBAHBI B
00CTaHOBKE CIPEUHTa U TCHETUYECKU HE CBSI3aHBI C IeBOHCKUMU Oa3anpramu Tunia N-MORB u
ocaJKaMH.

Pabora BrimonHena npu nojuepxkke Poccuiickoro @onna OyHiaMeHTaNbHBIX UCCIEIOBAaHUN
(mpoextsl Ne 09-05-92103 u 10-05-00529).

BbasseB B.A., Jlemnea I'.B., Kononkoa H.H., NmmBarapu A., ComnoBseBa H.B., ®omuuer H.H. Tunmzarus
nepunoTUTOB Y cTb-benbeckoro ymprpamadur-mapuroBoro mMaccuBa (UykoTka) 1Mo cocTaBaM MHHEPAJIOB:
npenBapuTebHble TaHHBIE // YIbTpada3suT-0a3uTOBbIE KOMIUIEKCH CKIaA4aThIX O0JacTeil M CBS3aHHBIE C
HUMH MECTOPOXKAEHHs. Matepuaibl TpeThbel MexIyHapojHoii koHdepeHimu. ExarepunOypr: WuctutyT
reonoruu u reoxumun YpO PAH, 2009. T. 1. C. 73-76.

Jlenuesa I'.B., bazpuie b.A., Jlebenes B.B., Kononkoa H.H., WMmmBatapm A. U-Pb Bo3pacT umpkoHOB
rabopounoB Ycre-benbckoro ynbrpamadur-mapuroBoro maccusa (UykoTka) M ero uHTeprnperanus //
I'eoxumus (B meyaT).



THE STRUCTURE AND TECTONIC NATURE OF OPHIOLITE BELTS OF KORYAK
UPLAND

A.D. Chekhov
North-East Interdisciplinary Scientific Research Institute FEB RAS, Magadan, Russia,
chekhov@neisri.ru

Ophiolites West- and East-Koryak belts has widely varying ages (from Early Paleozoic to
Campanian), different petrological characteristics and distinctive multistage tectonic histories.
All specific geological features suggest that these ophiolites probably formed in island arc
environments in marginal-sea setting.

Ophiolites belts may have evolved through repeated stages of non-accretion, in which SSZ
ophiolites and blueschists formed, and accretion, in which accretionary complexes mainly
composed of clastic rocks (with olistostromes) developed. Their present-day structures therefore
represented of the multiple nappe piles consistes of many times repeated ophiolite — blueschist
associations and accretionary complexes.

The lithosphere of the marginal-sea basins in which generated ophiolites belts was
distinguish — with all more oceanical nature eastwards.
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CTPYKTYPA U TEKTOHUYECKAS ITIPUPOJA ODPUOJINTOBBIX
IHOACOB KOPAKCKOI'O HAI'OPbA

A.Jl. YexoB
Cesepo-Bocmounwiii KOMRIEKCHbIU HayYHOo-uccaedogamenvcekuil uncmumym /[BO PAH,
Mazaoan, Poccus

OduonuroBsie 00pazoBanusi Kopsikckoro Haropbs noauxposssl (ot €-O 1o Kaep) u nonureHHs!
(OT pa3HOTHMHBIX OKPAMHHOMOPCKHMX, HWHOTJa [0 OKeaHWYeckux). Bxomar B coctaB
JONTOXKUBYIIUX TEIECKOMMPOBAHHBIX AKKPEIMOHHBIX CUCTEM Ha KOHTHMHEHTAIBHBIX OKpaWHaX,
obpasys nBa mosica -3amamHo-Kopskckmit (’Oopeanbnbiii”’) u  Bocrouno-Kopsikckuit
(’retmueckuii”’). B maneoreoquHaMHUYECKOM OTHOIICHWM OTBEYAIOT OKPAMHHBIM OacceiiHam
APKTUYECKOW U THXOOKEAHCKOW TEKTOHUYECKON MPUHAJIEAKHOCTH.

B nByx nepeceuenusx “OMosioHCKui MaccuB - IlemxuHckuil kpsbk - DccoBeeM” n “KyTuHka -
VYerp-benas -Vtécuku - Anran” BKpecT mnpoctupanus 3amaaHo-Kopskckoro oguOIMTOBOTO
nosica [0 TEO0JOTMYECKMM [JaHHBIM YCTAHABIMBACTCS UYETBIPEXKPATHOE 4YEpEOBAHUE
Pa3HOBO3PACTHBIX O(UOIUTOBO-TOIYOOCTAHIIEBBIX U (DIUIIEBO-OJUCTOCTPOMOBBIX KOMILIEKCOB
(cootBeTcTBeHHO €1-03; D) 3-Ci; Pa(?)-T-Jo; Jo3-Kig; Kocp(?) u O3-S; Cy-Pp; Kig-al; Kom)
(pucynok). B Bocrouno-Kopsikckom mosice Takoit MynbTHIUIeT TpexXkpaTHbIi (D;.3-C-Py; Tr3-J2;
J3tt-K1a1; Kle’l )41 Pz-Tl; J2_3; K1_231-Cj; szz-P).

XapakTepoM CMEHBI 30X 0(QHOIUTOOO0pa30BaHUs (M TEKTOHUYECKOW CYOIYKITMOHHOW APO3HH)
WHTEPBAJlaMU HAKOIUICHHS aKKPEIMOHHBIX KOMIUIEKCOB M CYIIECTBEHHO OopeaabHbIMU
Makpodaynamu 3amanHo-Kopsikckuii mosic HamomuHaet Amnaszeiicko-Onoiickue u CeBepo- u
HentpanbHo-Amnsickuackue o¢uonutsl (JIuBeHryn, Anrayudam), Torza Kak HpUCYTCTBHEM
TETUYECKOH MHKPO- U MakpodayHbl, HapsAy C SpKO BBIPAKEHHBIM OOHHWHUTOBBIM
OCTPOBOJYKHBIM MarMaTu3MOM, HE OCTaBJISE€T COMHEHUS B THXOOKEAHCKOW TEKTOHUYECKOMN
npuHaanexnoctu Bocrouno-Kopsikckoro nosica.

Hameuarommmecss pasnuuus MeEXIy OQHOIMTOBBIMH IOsiCaMH OOYCIIOBIIEHBI CBOEOOpasuem
auTochepsl COOTBETCTBYIONIUX MM OKPAaMHHOMOPCKHMX OacceiHOB, Oojiee OKEaHWYHOW Ha
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OccoBeem” u “Kyrunka - Ycre-benmas - Ytecuku - Anran”). YcioBHble oOo3HaueHus: 1 - nopudeiickuit
¢ynnament; 2-4 - ouonuTOBas cepusi, B TOM 4HCIe yiIbTpabasuthl (2), 6a3uthl (3) U KPEMHUCTO-BYJIKAHOTEHHBIN
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THE DZELA MAFIC UNIT (POLAR URALS): THE ORIGIN AND RELATION TO
THE VOYKAR-SYNYA MASSIF

A.A. Fedotoval, E.V. Khainl, A.A. Razumovskyl, D.N. Remizovz, G.E. Nekrasov'
Geological Institute RAS (fedotova@ginras.ru)
Karpinsky Russian Geological Institute

The Voykar-Synya ultramafic-mafic belt is one of the largest ophiolite complexes of the
world. The Khord’us-Dzela (also known as Khulga) zone extends along the western flank of the
belt. This zone composed of ultramafic-mafic and garnet bearing mafic rocks; it was described as
a unit showing non-ophiolite affinity based mainly on the high (up to 1000 ppm) Sr
concentrations [Efimov, Potapova, 1990]. The Neoproterozoic (Vendian)-Cambrian age (578+9
Ma and 501%10) for gabbro from the Dzela complex was obtained by zircon dating [Remizov,
Pease, 2004]. The origin of the complex remained controversial, and we therefore studied
composition and geochemical affinity of the Dzela unit.

A cross-section in the area of the Khoimadyu river (the left tributary of the Khulga river) was
chosen for a field study; 25 samples for geochemical analyses were collected. Three parts of the
mafic unit were recognized along the cross-section. SE part composed mainly of coarse-grained
websterites, melanocratic gabbro and garnet-bearing gabbroids. The central part of the unit
contains garnet-bearing gabbroids more rarely and pass into the NW part composed of
leucocratic gabbroids. Garnet bearing gabbros are very rare in the NW part, but garnet veins and
large crystals are typical. Magmatic layering was identified in all types of rocks, and
overprinting metamorphic fabrics were revealed in the SE part of the cross-section. Secondary
minerals are amphibole, epidote, and zoisite. Chondrite-normalized REE patterns for studied
samples are flat or slightly fractionated (typical [La/Lu]N is 1-3, and higher for amphibolised
samples). Positive anomaly of Eu is more pronounced for the samples from SE (melanocratic)
part. Sr (up to 880 ppm) and Ba concentrations are high and correlate with a magnitude of the Eu
anomaly. Negative anomaly of Nb is identified for five the samples (and for other samples the
concentrations was close to the detection limit (lower than 1 ppm)).

The Dzela unit in the studied area according data obtained is a layered mafic body with mixed
geochemical signature of spreading and suprasubduction settings. The origin of the unit therefore
may be related to the back-arc spreading position. The Neoproterozoic (Vendian) age and the
suprasubduction origin were identified for the ultramafic part of the Voykar ophiolite complex
[Savelieva et al., 2007]. We can conclude that the Dzela mafic and Voykar ultramafic units show
corresponding age and origin.

Efimov A.A. and Potapova T.A., 1990. The Tectonics of the bottom (metabasic) structural unit of the Voykar
Ophiolitic allochthon in the Polar Urals. Geotectonica, 5, 45-54 (in Rissian).

Remizov. D., and Pease, V. 2004. Dzela complex, Polar Urals, Russia: A Neoproterozoic island arc. In: Gee, D. &
Pease, V. (eds). Timanides — Neoproterozoic Orogeny Along the Eastern Margin of Baltica. Geological
Society Memoir. 30, 107-123

Savelieva G. N., Suslov P. V., and Larionov A. N.. 2007. Vendian Tectono-Magmatic Events in Mantle Ophiolitic
Complexes of the Polar Urals: U-Pb Dating of Zircon from Chromitite. Geotectonics. 41(2), 105-113



OPHIOLITES OF THE LESSER CAUCASUS (ARMENIA) AND THEIR
SIGNIFICANCE FOR TETHYAN GEODYNAMIC INTERPRETATIONS

Ghazar Galoyan, Rafael Melkonyan
Institute of Geological Sciences, National Academy of Sciences of Armenia, 24a M. Bagramian
Ave., Yerevan 0019, Republic of Armenia

The Lesser Caucasian ophiolites in Armenia represent highly dismembered ophiolite
complexes, located along the northern boundary of the South Armenian Block (SAB), which is a
continental microplate (detached fragment of the Arabian platform) of Gondwanian origin.
These ophiolites are considered to be an eastern extension of the Izmir-Ankara-Erzincan suture
of Turkey, where similar lithologies were described and dated to as early as Late Carnian (Tekin
et al., 2002).

The plutonic part of the studied Armenian ophiolites (Stepanavan, Sevan and Vedi areas)
consists of serpentinites and serpentinized peridotites, minor pyroxenites and gabbros evolving
to diorites and plagiogranites, and the volcanic part that includes pillow and/or massive lava
flows with compositions varying from basalts to basaltic andesites. Significantly, no developed
sheeted dykes have been observed during either our or previous studies. The sedimentary rocks
of the ophiolite complexes, interbedded within the lava flows, consist of reddish pelagic
fossiliferous limestones and mainly radiolarian cherts.

Petrographic observations, and especially the geochemical analyses (including major,
trace and REE, and isotopic Nd, Sr and Pb data) indicate that as a whole, three different types of
igneous rocks are present in the Armenian ophiolite complexes: (1) a contaminated MORB series
evolving from gabbros to plagiogranites and from basalts to basaltic andesites, exhibiting slight
calc-alkaline features (enrichments in LILE; negative anomalies in Nb-Ta and Ti relative to N-
MORB); (2) an alkaline (OIB type) series evolving from basanites to trachyandesites, and (3) a
calc-alkaline (IAT type) series of basaltic to andesitic rocks, with the island arc affinities.

The studied ophiolite windows, having shown geologically the presence of Lherzolite
Ophiolite Type (LOT) sections in several locations, should correlate with each other and be part
of a unique obducted nappe. Thus, the presence of relics of MORB-like signatures in the
extrusive parts of these ophiolites suggests that the fossil oceanic lithosphere, preserved in this
area, developed in an oceanic spreading center, which corresponds to a back-arc basin (Galoyan
et al., 2007, 2009; Rolland et al., 2009). New “’Ar/*’Ar age estimates of ophiolitic amphibole-
bearing gabbros, which are in good agreement with the micropaleontological radiolarian datings
(Danelian et al., 2008) suggest that the age of oceanic crust formation varies from Early (180Ma;
Vedi area) to Middle Jurassic (165Ma; Sevan area). These data are further used to discuss the
geodynamic significance of these ophiolites and the history of the northern part of the Neo-
Tethys ocean region (Rolland et al., 2009). Therefore, we consider that the Lesser Caucasus
ophiolites have been obducted over the SAB in the Early Coniacian, just before the Arabian-
Eurasian collision.

Danelian T., Asatryan G., Sosson M., Person A., Sahakyan L., Galoyan G. Discovery of Middle Jurassic (Bajocian)
Radiolaria from the sedimentary cover of the Vedi ophiolite (Lesser Caucasus, Armenia). C. R. Palevol
(General Paleontology), 2008, V.7, Issue 6, 327-334.

Galoyan G., Rolland Y., Sosson M., Corsini M., Melkonyan R. Evidence for superposed MORB, oceanic plateau
and volcanic arc series in the Lesser Caucasus (Stepanavan, Armenia). C. R. Géoscience, 2007, V.339, 482-
492.

Galoyan G., Rolland Y., Sosson M., Corsini M., Billo S., Verati C., Melkonyan R. Geology, geochemistry and
“Ar/*Ar dating of Sevan ophiolites (Lesser Caucasus, Armenia): Evidence for Jurassic Back-arc opening and
hot spot event between the South Armenian Block and Eurasia. Journal of Asian Earth Sciences, 2009, V.34,
Issue 2, 135-153.

Rolland R., Galoyan G., Bosch D., Sosson M., Corsini M., Fornari M., Verati C. Jurassic back-arc and Cretaceous
hot-spot series In the Armenian ophiolites — Implications for the obduction process. Lithos, 2009, V.112,
Issues 3-4, 163-187.
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OPHIOLITES OF WEST CHUKOTKA: FRAGMENTS OF A PALEOZOIC -
EARLY MESOZOIC CONVERGENT MARGIN

A.V. Ganelin
Geological institute, Russian Academy of Sciences, Moscow, Russia

In west Chukotka two large ophiolite complexes, i.e. the Gromadnen—Vurguveem basic-
ultrabasic massif and Aluchin basic-ultrabasic complex, are recognized. These ophiolites are
situated at the boundary of two large geological structures, i.e. the South Anyui suture (SAS) and
the Alazeya—Oloy folded zone (AOZ). The SAS complexes are represented mainly by volcanic-
sedimentary and terrigenous sequences of the Late Jurassic and Early Cretaceous (Seslavinskii,
1979; Natal’in, 1984; etc.). Several interpretations were proposed for the geodynamic nature of
the SAS. It was considered as a Late Mesozoic eugeosyncline (Natal’in, 1984) or as a suture
zone marking the trace of a Late Mesozoic oceanic basin (the South Anyui Ocean), which
separated either the North Asian and North American continents as a bay of the Mesopacific
(Zonenshain, 1990; Parfenov, 1984) or the North Asian and hypothetical Hyperborean continents
(Seslavinskii, 1979). In the earliest studies (Radzivill, 1975), a rift origin was supposed for the
South Anyui Ocean on the basis of the existence of local exposures of Late Paleozoic—Early
Mesozoic rocks, which considered as basement inliers among the Late Mesozoic complexes of
the SAS. The AOZ represents complex island-arc terrane of middle Paleozoic — Mesozoic ages.
Absence of the data about of geological structure and chemistry rocks of ophiolites does not
allow us to draw a conclusion about correlation ophiolites with accommodating structures
(Sokolov et al., 2002). The new data on these ophiolites are presented in this short report.

In terms of petrography, two groups of rocks can be distinguished in the Gromadnen—
Vurguveem peridotite—gabbro massif. The first group includes leucocratic gabbroids (mostly
gabbronorites), composing most of the massif and have pre-middle Paleozoic age (320 Ma, Ar-
Ar dating) (Bondarenko et al. 2003, Ganelin, Silantyev, 2008) The second group includes
olivine-bearing cumulate rocks: olivine gabbros, troctolites, plagioclase-bearing dunites, and
amphibolized wehrlites. The major element variations in these rocks suggest their affiliation to
low-titanium, low-potassium, and high-alumina plutonic derivatives of island-arc magmatism.
According to geochemical characteristics (distribution of REEs and indicator incompatible
elements), the gabbroids of the first group are akin to both island-arc tholeiites and boninites.
The olivine-bearing rocks of the second groups show the boninitic affinity. Based on these
observations, it was concluded that the intrusive complex of the Gromadnen—Vurguveem massif
was formed during an early stage of the development of an ensimatic island arc.

The Aluchin ophiolite complex includes two massifs, i.e. the Aluchin and Atomanovskiy
massifs. The Aluchin massif represents serpentinitic structured mélange. The peculiar feature of
the structure is that the east ultramafic section of the ophiolites includes ultramafic tectonite
(spinel dunites-harzburgites and little lherzolites), while the west section consists of ultramafic-
mafic cumulate rocks. Tectonite harzburgites have Cr# spi of 0.40-0.65, Foor of 90-91.8 and U-
shaped REE patterns with total quantity of (La+Sm+Yb)n = 0.5-0.9 (unpublished data). This
demonstrates formation of these rocks in a suprasubduction geodynamical setting.

The Aluchin ultrabasic rocks cut by diabase dykes belonging to two series. One of them is
the Atomanovskiy massif diabase bodes. These dykes are dated at 226 Ma (Ar-Ar dating) and
exhibit compositional affinity to N-MORB. Diabase dykes belonging to another series are
spatially related to the Atomanovskiy massif but they are separated from it and intrude ultrabasic
rocks in the north part of the Aluchin massif. These diabases have compositions similar to
island-arc basalts. These two different dyke complexes occur in the back-arc geodynamical
setting (Ganelin, in press). The data presented above allow us to conclude that complexes of
convergent margin of the middle Paleozoic — early Mesozoic ages widely occur in the region.

This work was supported by the Russian Foundation for Basic research (projects No 08-05-
00547 and 10-05-00529).
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METHODOLOGY AND PHILOSOPHY FOR DETRITAL ZIRCON CHRONOLOGY
USING EPMA, LA-ICP-MS, AND SHRIMP, AND OUTLINE OF RESULTS FOR THE
PALEOZOIC TO MESOZOIC COMPLEX IN THE UST'-BELAYA RANGE, WEST
KORYAK THRUST AND FOLD BELT, FAR EAST RUSSIA

Yasutaka Hayasaka (Hiroshima Univ.; hayasaka@hiroshima-u.ac.jp), Artem V. Moiseev, Sergei
D. Sokolov (Geol. Inst., Rus. Ac. Sci.), Akira Ishiwatari (Tohoku Univ.), Sumiaki Machi
(Kanazawa Univ.), Galina V. Ledneva, Suren A. Palandzhyan (Geol. Inst., Rus. Ac. Sci.), Boris
A. Bazylev (Vernadsky Inst., Rus. Ac. Sci.)

Zircon chronology for the Paleozoic to Mesozoic complex in the Ust'-Belaya Range, West
Koryak thrust and fold Belt, Far East Russia has been done using the EPMA, LA-ICP-MS, and
SHRIMP installed at the Department of Earth and Planetary Systems Science, Hiroshima
University, Japan. We have to perceive about the properties of those instrumental analyses
having advantages and disadvantages of each. The sequential procedure from sample preparation
to final data reduction is thought to be absolutely essential especially for detrital zircon
chronology.

Sample Preparation: Separation of pure zircon is impossible without manual selection. But
arbitrary selection should be avoided due to an adverse influence on the statistics of age
population. Grain size separation is also undesirable for the same reason. The immixing of other
heavy minerals will not be impeditive for the grains by grains analysis. We prepare the samples
in such a way so that they can use in common for EPMA, LA-ICP-MS, and SHRIMP. Separated
heavy minerals with concentrated zircon grains are scattered randomly on the glass slide and
mounted by epoxy resin and polished as a thin section together with standard zircon.

Instrumental analysis: First, DP polished samples are coated by carbon for EPMA analysis.
Though the reliable age data are only-obtained with Uranium-rich parts (> 0.3 wt% UQO?2) in
zircon grains and only 5-10% of zircon grains have such a high-Uranium part, an EPMA analysis
provides some useful data for subsequent isotopic dating. One is the zoning pattern on BSE
images and the other is the concentration of Hf, Y, Ca and the Th/U ratio, which are reflected by
the origin of zircon grains or their secondary alteration. A U-Pb isotope analysis using LA-ICP-
MS is a main procedure for detrital zircon chronology. In turn, since the statistic analysis of age
population needs a large quantity of age data (> 50 grains). LA-ICP-MS requires only a few
minutes per one point dating with sufficient precision less than 5% relative error in 2-sigma
levels. However, the spot size is relatively large (30 micron). The SHRIMP analysis serves
precise age dating for the youngest grain or those having characteristic ages with 10-25 micron
spot size.

Outline of result: The result of zircon chronology is summarized as bellows:

Sample lithology and geology age component (Ma)
1) 07-107 gravel, Otrognay ophiolite 539-598, 622, 1000-1500 (?)
2) 07-111/8 conglomerate, Otrognay ophiolite 421-465, 850, 1500-2000 (?)
3) 07-114 sandstone, separate nappe? 119-137, 155, 251
4) 08-KO-75/1 volcanic sandstone, ?? 96-120, 150, 400-450, 2000 (?)

5)07-134 plagiogranite, basement of Mavrinskaya nappe 547 +/- 17
6) 07-142 plagiogranite, basement of Algan Terrane 545 +/- 14
7) 07-168 plagiogranite, Algan Terrane 226 +/- 11
8) 07-192  plagiogranite, Algan Terrane 542 +/- 29
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PALEOZOIC OPHIOLITIC COMPLEXES IN NORTHEAST RUSSIA: EVIDENCE
FOR OPENING OF THE PALEO-PACIFIC OCEAN?

Akira Ishiwatari (Tohoku Univ.; geoishw@cneas.tohoku.ac.jp), Sumiaki Machi (Kanazawa
Univ.), Yasutaka Hayasaka (Hiroshima Univ.), Galina V. Ledneva, Sergei D. Sokolov, Suren A.
Palandzhyan (Geol. Inst. RAS), Boris A. Bazylev (Vernadsky Inst., RAS)

In the context of plate tectonics and Wilson cycle, every ocean is born as a result of
continental rifting. Geological records of rifting are well preserved in the passive continental
margins around the Atlantic and Indian Oceans, but are scarcely preserved around the Pacific
Ocean due to subsequent long-term subduction-accretion processes and voluminous active-
margin magmatism. For example, ophiolites in the Alps represent an oceanic lithosphere formed
directly after continental rifting in early Mesozoic, and are characterized by a mantle section
composed of fertile plagioclase lherzolite with some fragments of subcontinental mantle that is
extremely fertile spinel lherzolite with spinel-garnet pyroxenite inclusions (Ishiwatari, 1985;
EPSL, 76, 93-). The current analogue of such newly formed oceanic lithosphere after
continental rifting is found in the Red Sea, where subcontinental spinel lherzolite is exposed in
the Zabargad Island. Thus, the presence of extremely fertile, subcontinental spinel lherzolite with
garnet-spinel pyroxenite may serve as an evidence for the early oceanic lithosphere formed after
continental rifting.

The Koryak Mountains comprise a typical circum-Pacific accretionary orogen with
abundant ophiolites that are arranged with downward (oceanward) younging polarity. The Ust’-
Balaya ophiolite (Sokolov et al. 2003; GSL Spec. Publ. 218, 619-) and Pekulney garnet
metagabbro-ultramafic body (Ishiwatari et al. 2007; Island Arc, 16, 1-) occupy the highest
structural position in the nappe pile of the Koryak Mountains, and may represent the oldest
(Paleozoic or Late Proterozoic) lithosphere incorporated in this orogen. Although its mantle
section pervasively suffered low-grade metamorphism (Machi et al., this workshop), fresh
lherzolite and harzburgite of various degrees of depletion occur in places. We find extremely
fertile spinel lherzolite bearing clinopyroxene (Mg#90.4) with 7.9 wt.% ALO; and 1.8 wt.%
Na,O, which is typical for subcontinental lherzolite. The Pekulney garnet metagabbro-ultramafic
body may represent a lowermost part (Moho) of the rifted continental crust. Thus, we interpret
that these mafic-ultramafic bodies in the northern Koryak Mountains provide first materialistic
evidence for continental rifting and early development of oceanic lithosphere at the birth of the
Pacific Ocean in this region, although another rifted continental counterpart is not yet identified.
However, majority of the depleted Ust’-Belaya mantle peridotite represent newly formed oceanic
lithosphere that subsequently experienced the low grade metamorphism in a forearc setting after
subduction initiation of the Paleo-Pacific plate. The ophiolitic mafic-ultramafic complexes in the
northern Koryak Mountains thus provide important keys to decipher early history of the Pacific
Ocean.
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OPHIOLITES AND MAFIC-ULTRAMAFIC INTRUSIONS OF THE CENTRAL-ASIAN
BELT: POLAR URALS, EASTERN SAYAN, WESTERN MONGOLIA AND
NORTHERN BAIKAL REGIONAL EXAMPLES

E.V. Khain, A.A. Fedotova
Geological Institute RAS (khain@ginras.ru)

Several types of mafic-ultramafic complexes of the different origin were revealed in the
geological structure of the studied regions. The Polar Urals ophiolite association is known as one
of the largest ophiolite complexes of the world, including mantle tectonites, dunites and
harzburgites, layered dunite-pyroxenite-gabbro, gabbro-diabase and dyke complexes. U-Pb
zircon dating carried out for plagiogranites occurring in the dyke complex, and the age of 490+5
My was obtained. Deformed and metamorphosed ophiolite complex (1) is intruded by complex
(2) formed by large unzoned wherlite-gabbro massifs and extremely fresh gabbro-norites. These
massifs are well exposed at the Eastern slope of the Polar Urals. Geochemical features, REE
patterns of the typical gabbro from ophiolite and intrusive complexes are similar. Different level
of uncompartible elementes was identified in CPx from gabbros of complexes 1 and 2. The CPx
of 1 complex are similar to the CPx-s formed in an equilibrium with N-MORB type magmas
with suprasubduction affinites. The CPx 2 show extremely low level of trace elements
concentrations with positive anomaly of Sr. The second ultramaphic-mafic association was
formed 450-400 My ago. There are the third Khord’us-Dzela gabbro-pyroxenite-granulite
complex on the western slope of Polar Urals contained two associations probably corresponding
with complexes 1 and 2 described above but representing more lower level of the crust at the
present day surface.

In the area of the western and northern Mongolia and the Eastern Sayan the Daribi-
Shishkhid-Gargan zone have been identified, it was formed by collision and obduction of
marginal sea and island arcs complexes (including ophiolites) over microcontinental margins.
Features of tectonics may be characterized by examples of the Daribi Range in the Western
Mongolia and of the southern area of Eastern Sayan. We can divide allochtonous complexes,
including full ophiolite sequence, and granit-gneiss domes in a partially eroded autochthons.
Massifs of granitoids and Daribi intrusive gabbro complex occur at the autochtone-allochtonous
boundary and inside gneisses. The last are formed of zonal dunite-wherlite and clinopyroxenites
and its periphery is composed of hornblend gabbroids and gabbro-diabases. This massifs cut
their way through the rocks of autochtone and intrude the lover part of ophiolite sequence. The
U-Pb zircon age of ophiolite plagiogranites is 570 Ma and Sm-Nd age of rocks of Daribi
intrusive complex approximetely 470 Ma. In the most eroded parts of domes we have found
granulites with U-Pb zircon age 490 Ma. The same situation we can observe in the Eastern
Sayan. Gabbros of the intrusive complexes typically show high level of the REE and high Ti, Al
and Mg contents.

In the North-Baikal area granulite and related mafic and ultramafic complexes are
deformed in conjunction with ophiolites.

We suppose that an appearance of the post-obduction mafic-ultramafic complexes of
different types is a result of the slab window evolution under the continental margins. The origin
of slab windows is a possible sequence of the subduction of spreading ridge or oceanic plateau in
both cases resulting in a slab break-off.
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LOWER CRUSTAL HIGH-P PLUTONIC COMPLEXES OF VARIOUS GEODYNAMIC
SETTINGS: A REVIEW OF GEOLOGICAL AND PETROLOGICAL DATA

Ledneva G.V.l, Bazylev B.A.z, Ishiwatari A.}
! Geological Institute, RAS, Moscow, ledneva@jilran.ru
? Vernadsky Institute of geochemistry and analytical chemistry, RAS, Moscow,
bazylev@geokhi.ru
3 Center of NE Asia studies, Tohoku University, Japan, geoishw@cneas.tohoku.ac.jp

Ultramafic and mafic cumulates, which are resulted from high-pressure crystallization at
the lower crust levels, are know in many places. Here we present results of comparative analysis
of high-P cumulates from complexes that were recently a focus of detailed petrological
investigations. Among the well studied high-pressure arc cumulates are the ultramafic-mafic
Pekulney complex in Chukotka, Russian Far East (Pertsev, 1988a, b, c; Zhulanova, Pertsev,
1988; Pertsev, Merkulov, 1992; Nekrasov, Zhuravlov, 2000; Nekrasov, 2002; Bazylev et al.,
2007, Ishiwatari et al., 2007; Ledneva et al., 2008, 2009) and the Tonsina massif of the Talkeetna
arc in south-central Alaska (DeBari, Coleman, 1989; Kelemen et al., 2003; Greene et al., 2006).
The Chilas complex in northern Pakistan is a series of lower crustal intrusions emplaced during
the rifting of the Mesozoic Kohistan arc (Burg et al., 1998; Jan et al., 1992; Jagoutz et al., 2006,
2007). High-P cumulates attributed to be originated owing to a continental lithosphere extension
are well described in the Ivrea zone (Pin, Sills, 1986; Sinigoi et al., 1994; Hermann et al., 2001;
Miintener et al., 2000, 2001), External Ligurides (Maroni, Tribuzio, 1996; Montanini, Tribuzio,
2001) and other domains of Alps (Rebay et al., 2001; Tribuzio et al., 1999).

The comparative analysis of data available on subduction- and extension-related high-P
cumulates allows the following inferences.

The arc crust sections including high-P cumulates normally occur in composite terranes
formed with arc and oceanic deposits. Extension-related high-P complexes (mainly mafic rocks)
are often related to ophiolite sections and mélanges and/or blocks of continental lithosphere. In
both settings, high-P cumulates are parts of thicker heterogeneous lower crustal sections also
including middle crust plutonic and metamorphic rocks.

A modal composition of high-P cumulates varies and is controlled by an initial melt
composition and conditions of crystallization. In general, the ultramafic cumulates are much
more widespread in a subduction setting. High-P cumulates in extension environments are
dominated by mafics, while ultramafic rocks occur as spare layers in gabbroic sections or pipes
cutting gabbroic rocks. At the last setting, ultramafic cumulates are located probably within the
mantle rock sequence where they are represented often by veins of ceylonite websterites and
garnet-ceylonite websterites.

High-P cumulates originated in subduction and arc rifting settings are abundant in
hornblende and poor in orthopyroxene indicating high water contents in crystallizing melts.
Extension-related high-P cumulates are abundant in orthopyroxene, while hornblende occur in
accessory amounts. The common feature of high-P cumulates from both settings is a
predominance of high-Al minerals, e.g. Al-spinel (hercynite), high-Al clinopyroxenes and
hornblendes. However, these phases are different in composition. Clinopyroxenes and
hornblendes are low in TiO; and Na,O in arc cumulates; while they are rich in these components
in extension cumulates. It is also notable that initial melts (arc picrite, boninite, high-Al island-
arc tholeiites) resulted in crystallization of arc cumulates were in equilibrium with mantle
peridotites, while those (mainly contaminated tholeiites) of cumulates originated in arc rifted
setting were not.

This work was supported by the Russian Foundation for Basic Research (projects No 09-
05-92103 and 10-05-00529).
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PLAGIOGRANITE COMPLEXES OF SUPRA-SUBDUCTION OPHIOLITES
(PENZHINA REGION, KAMCHATSKY MYS PENINSULA, TAIGONOS PENINSULA)

M.V. Luchitskaya
Geological Institute of Russian Academy of Sciences

Data on structural position, composition peculiarities and petrogenesis of plagiogranite
complexes from examples of Mesozoic supra-subduction ophiolites of Penzhina region,
Kamchatsky Mys Peninsula, Taigonos Peninsula are discussed.

In the Penzhina region Kuyul ophiolite terrane is disrupted into a serpentinite mélange. In
the most complete ophiolite fragment of the Gankuvayam slice the following sequence is
reconstructed: 1) harzburgite and serpentinite after dunite; 2) a gabbro-troctolite-wehrlite
complex; 3) plagiogranite; 4) a dyke complex, differentiated from basaltic to dacitic; and 5) a
pillow lava complex, from basalt to dacite [1]. The age of ophiolite is estimated on the basis of
sz-ng radiolarians in cherts within basalts [2] and J; U-Pb SHRIMP zircon data from
plagiogranites [3]. The Gankuvayam ophiolite has been interpreted to originate from
suprasubduction setting [4]. Plagiogranites form a separate slice between the upper massive
gabbro and sheeted dyke complex. In upper part of the plagiogranite slice there are fragments of
dykes. On the Ab-An-Or diagram, the felsic rocks plot with tonalites and trondhjemites. Their
low-K contents place them with oceanic plagiogranites. On Harker diagrams, plagiogranites,
intermediate to felsic dykes, and gabbros from the upper part of gabbroic section form a
fractionation trend. REE patterns of plagiogranites are slightly enriched in light rare-earth
elements, with an almost horizontal high rare-earth element portion and a negative Eu anomaly.
The similarity of these rocks to those of the Semail ophiolite is observed. The similarity of REE
patterns for plagiogranites, dacites, andesites, and basalts from the sheeted dyke complex
suggests that these rocks are cogenetic. Plagiogranites plot in the field of lavas and plutonic
rocks of subduction zones on (Nb/Zr)n vs Zr and in the ORG field on Pearce et al.diagrams.
Plagiogranites have low *’Sr/*°Sr=0,7036-07046 and '*O =+8 3%, indicating their parental
magmas have mantle origin. The plagiogranites may have formed by fractional crystallization of
a basic magma combined with filter-pressing mechanism. They are believed to have formed in
the upper part of the ophiolite crustal section above a subduction zone.

Mz ophiolites are well exposed along the SE coast of Taigonos Peninsula within the
accretionary pile exposed at Cape Povorotny (Beregovoi terrane). Plagiogranites form veins in
gabbro-diabase from blocks in the Main Mélange unit and fall in the fields of trondhjemites and
tonalites on Ab-An-Or diagram. The plagiogranites and tonalites are low-Al, -K rocks, have low
K/Rb and relatively high Y. Rb and Zr contents of the plagiogranites are similar to those of the
average tonalites of Mid-Atlantic Ridge at 2-3°N. REE patterns of the plagiogranites are slightly
LREE enriched and show distinct negative Eu anomalies. The increase of total REE content from
gabbro-diabase to plagiogranite and the similarity of their REE patterns suggest that these rocks
are cogenetic. Comparison between the Cape Povorotny plagiogranites and those from Bay of
Islands ophiolites, Newfoundland, shows that both have negative Ta and Ti anomalies indicative
of SSZ origin. REE patterns of plagiogranites and trondhjemites from the Magsad ophiolite,
Oman, considered by [5] to have formed at a mid-ocean ridge, differ from those of Cape
Povorotny plagiogranites. The latter may have originated through anatexis of a gabbroic parent
or as interstitial melt crystallized during mafic magma fractionation. The similarity of REE
patterns for the gabbro-diabase and plagiogranite supports the latter interpretation. Negative Ta,
Nb, Ti anomalies in the plagiogranites point to their origin in a SSZ setting.

The Kamchatsky Mys Peninsula is a composite terrane, accreted at the Kamchatka
Peninsula in Cz time.Ilt has composite fold-and-thrust structure, incorporating volcanic,
terrigenous, and volcaniclastic rocks of K and Pg;., ages and tectonic slices of serpentinite
mélange, gabbro, and ultramafic rocks. Plagiogranites belong to K, complex, composed of
highly depleted peridotite, gabbro, associated with island arc tholeiite, boninite, and high-Al
tholeiitic basalt of SSZ origin [6]. They form a network of veins and dike-shaped bodies, which
intrude gabbros and enclose its xenoliths. U-Pb SHRIMP datings of plagiogranites are 74.7+1.8
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m.a.[7]. The felsic rocks plot with trondhjemites on the Ab—An—Or diagram. ORG-normalized
patterns of plagiogranites are characterized by low LILE, approximately on the hypothetic ORG
level, and are depleted in respect of HFSE, distinct Ta, Nb, Zr minimum are fixed. Rb vs Y+Nb
covariations refer plagiogranites to volcanic arc granites. These features indicate that
plagiogranites originated in SSZ origin. Plagiogranites are characterized by non-fractionated
REE patterns with low REE totals at nearly 10 chondrite norms that are slightly higher than in
gabboids. Geochemical modeling shows that they may be formed as a result of 70-80%
fractional crystallization of gabbroic liquid.

Conclusions. Plagiogranites of considered SSZ ophiolites are associated with upper
gabbro-sheeted dyke complexes boundary or form network of veins in gabbro-diabases.
Plagiogranites from different regions have some varieties in geochemical features, but all of
them have Ta, Nb, Ti negative anomalies, LILe enrichment and HFSE depletion typical for SSZ
magmatites. Volume of plagiogranites in ophiolite sections less than 10%, data on REE and
geochemical modelling allow to suppose that petrogenesis of plagiogranites likely related to
fractional crystallization of gabbroid liquid.

The work was supported by the RFBR projects Ne 07-05-00255, 10-05-00191.
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SERPENTINIZED PERIDOTITE FROM THE UST’-BELAYA OPHIOLITE, FAR EAST
RUSSIA: SERPENTINIZATION AND METASOMATISM OF THE MANTLE WEDGE

Sumiaki Machi (Grad. School of Sci. & Tech., Kanazawa Univ.), Akira Ishiwatari (Center for
NE Asian Studies, Tohoku Univ.), Yasutaka Hayasaka (Dept. Earth & Planet. Sys. Sci.,
Hiroshima Univ.), Galina V. Ledneva, Sergei D. Sokolov, Suren A. Palandzhyan, Artem V.
Moiseev (Geol. Inst., Rus. Ac. Sci., Moscow), Boris A. Bazylev (Vernadsky Inst. Geochem. &
Chem., RAS, Moscow), Tomoaki Morishita (FSO, Kanazawa Univ.)

Ust’-Belaya ophiolite is exposed in the 80 km x 40 km area on the south of Ust’-Belaya
(N65 30', E173 17°), Far East Russia (Sokolov et al., 2003 Geol. Soc. London, Spec. Publ. 218,
619-664). The associated limestone suggests Devonian or older age of this ophiolite. Here we
report the petrographical features and mineral chemistry of the peridotite from Ust’-Belaya
ophiolite and discuss about their metamorphism and metasomatism.

Mantle section of the Ust’-Belaya ophiolite is composed of fertile lherzolite to moderately
depleted harzburgite. Those peridotites are characterized by significant hydration and low grade
metamorphism, which causes formation of secondary olivine, secondary cpx, amphibole,
chlorite, antigorite, and opaque minerals. They are divided into three major types on the basis of
the mineral assemblage; (1) olivine + amphibole + chlorite +/- talc, with or without relict
minerals, (2) olivine + antigorite + amphibole + chlorite and (3) olivine + antigorite + chlorite
+/- secondary clinopyroxene. In some of antigorite-bearing peridotites, olivine shows an
apparent “cleavage”. Basically secondary olivine occurs along with antigorite replacing primary
olivine or amphibole replacing primary pyroxene. Such petrographical features resemble those of
the antigorite-bearing serpentinite from Mariana forearc (Ohara & Ishii, 1998 Island Arc 7, 541-
558; Murata et al., 2009 Geosphere 5, 90-104).

Amphiboles show different compositional trend corresponding to the mineral assemblage.
Amphiboles in mineral assemblage (1) are calcic amphiboles, showing a pargasite/edenite-
tremolite trend. On the other hand, amphiboles in mineral assemblage (2) show a richterite-
tremolite trend with some pargasites.

Pargasite/edenite in the mineral assemblage (1) and richterite in the mineral assemblage
(2) may be formed at relatively high temperature and low temperature, respectively. Several
amphiboles in the mineral assemblage (2) shows zoning composed of pargasitic core, tremolitic
mantle and rihiteritic rim. This zoning indicates a multiple-stage addition of Na2O by fluid.

Relict minerals of Ust’-Belaya peridotite do not resemble those of common forearc
peridotite (Parkinson & Pearce, 1998 J. Petrol., 1577-1618) in terms of their degree of partial
melting, suggested from Cr# in spinel. On the other hand, they are similar to forearc peridotite in
terms of their low equilibrium temperature suggested from Mg# in spinel and pervasive low-
grade metamorphism as described above.

Ust’-Belaya peridotite may represent a fragment of the Early Paleozoic forearc mantle
wedge, which has been effectively cooled and metasomatized by H2O-rich fluids released from
the subducting slab, but their protoliths may include fragments of subcontinental mantle that are
not reported from forearc peridotites (Ishiwatari et al., this workshop).
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MIDDLE MESOZOIC CHERTY DEPOSITIONS NORTHERN ALGANSKY TERRANE
(KORYAK HIGHLANDS)

Moiseev A.V.l, Sokolov S.Dl., Hayasaka Y.
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sokolov@ginras.ru
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University, Kagamiyama 1-3-1, Higashi-Hiroshima 739-8526, Japan

Algansky terrane is distinguished in northern Koryak fold system [3]. The most
widespread depositions are volcanic-siliceous-terrigenous rocks of Middle Jurassic - Early
Cretaceous age [1, 4]. It is significant system of sheet. Zones of thrusts associated with
serpentinites and serpentinite melange, which spatially associated with chert-basalt association
Algansky terrane [2]. We can not exclude that this can be the fragments of ophiolites [2].

In this paper highlights the results of study of the chemical of cherty and cherty -clayey
rocks Middle Mesozoic’s outcrops Algansky terrane. Outcrops were studied during the joint
Russian-Japanese field work along Pereval'nay and middle course Anadyr rivers. The cherty
depositions are involved in the structure of several rocks associations - cherty-volcanic,
volcanogenic - cherty -terrigenous, cherty -terrigenous. Geochemical characterization indicates
the existence of two extreme types. One is radiolarites. Geochemical composition indicates that
the accumulation of these rocks took place away from sources of allothigenous material, with a
marked influence hydrogenous and hydrothermal vents. These flints are involved in the structure
of cherty -volcanic, volcanogenic - cherty - terrigenous associations.

Another type of cherty reflects the growing role allothigenous input, the main role in
which plays the volcanic rocks of basic and intermediate composition. It indicates the proximity
of the source, which is highly explosive rate than likely was the island-raising. These flints are
involved in the structure of volcanic - cherty -terrigenous, cherty -terrigenous associations.

Thus, within the studied outcrops Algansky terrane occur different facies deposition.
Cherty accumulations from the pelagic zones of the ocean to cherty with characteristics of the
marginal zones of the ocean, with a significant influence of island arc materials. For further
interpretation of the geodynamic conditions of selected associations need to understand they are
tectonically combined various parts of a single stratigraphic sequence, or synchronous
depositions, which require clarification of their age.

This work was supported by RFBR (projects No 09-05-92103, 08-05-00547, 09-05-
00438) and Scientific School 7091.2010.5
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CPEJJHEME3030MCKHUE KPEMHUCTBIE ITOPO/IbI CEBEPHOM YACTH
AJITAHCKOI'O TEPPEUHA (KOPAKCKOE HAI'OPBE)

Moiseev A.V.l, Sokolov S.Dl., Hayasaka Y.
'Geological Institute RAS, Pyzhevsky per. 7, Moscow, Russia, 119017, sokolov@ginras.ru
? Department of Earth and Planetary System Science, Faculty of Science, Hiroshima
University, Kagamiyama 1-3-1, Higashi-Hiroshima 739-8526, Japan

AnraHnckuil TeppedH BblaensieTcss Ha ceBepe Kopsikckoil ckinaguatod cuctemsl [3].
HaubonpmmmM  pactpocTpaHeHHEM — TOJIB3YIOTCS  BYJIKQHOT'€HHO-KPEMHUCTO-TEPPUTCHHBIC
OTJIOKEHUSI CPEIHEIOPCKOro - paHHEMEIOBOTo Bo3pacTa [1, 4]. XapakTepHa cuctema 4enryi, K
30HAM HaJIBUTOB NMPUYPOUYEHBI CEPIIEHTUHUTHI U CEPIICHTUHUTOBBIM MEJIAHKU, POCTPAHCTBEHHO
CBSI3aHHBIE C KPEMHHUCTO-0a3anbTOBOM accommaruedt [2]. Henws3s wuckimodarh, 4TO 3TO
¢dparmMeHTs 0pHuOINTOBOI accouunaryu [2].

B nannHoif paboTe ocBelleHbl pe3yNbTaThl  M3yYEHHUS BEIIECTBEHHOTO CTPOCHUS
KPEMHUCTBIX U KPEMHHUCTO-TITUHUCTHIX TIOPOJ AJITAHCKOTO TeppeliHa. Paspesbl ObLIN U3y4eHEI B
X0JIe COBMECTHBIX Poccuiicko-AnmoHckuXx moyieBbIXx paboT, BAoJdb OopToB p. [lepeBanbHas u
cpenHero TedeHus p. AHaablpb. KpeMHHCTBIE MOpPOABI YYacTBYIOT B CTPOEHUM HECKOJIBKHX
MOPOJIHBIX  aCCOUMALMN — KPEeMHUCMO-8YIKAHO2EHHOU,  BYIKAHO2EHHO — KPEMHUCHO-
MmeppueHHol, KpeMHUCmo-meppucenHou. ' eoXuMudeckass XapaKTEpUCTHKA, YyKa3blBaeT Ha
CyIIECTBOBaHUE BYX KpalHUX TUIOB. OIHU MPEACTaBICHbI PaguoIsipuTaMu. ['€OXUMUYECKH
COCTaB YKa3bIBa€T, YTO HAKOIUIEHHE TAKUX IOPOJ MPOMCXOAUJIO B OTAAJIEHUU OT UCTOUYHUKOB
CHOCa aJJIOTUTEHHOI'0 MaTepHalia, Py 3aMETHOM BIUSHUU THAPOTEHHOTO U THAPOTEPMATBHOTO
UCTOYHMKA. Takue KpeMHHU y4acTBYIOT B CTPOCHUU KPEMHUCTO-BYIKAHO2EHHOU, ACCOLUALIHSIX.

Hpyroi Tunm KpeMHEN OTpa)kaeT BO3pACTAHUE POJIM AJUIOTUTEHHOW MPUMECH, OCHOBHYIO
pojib B KOTOpPOM HIpaeT BYJKAHWMYECKHE IIOPOJbl OCHOBHOI'O U CpEIHEro cocraBa. 4to
YKa3bIBaeT Ha OJM30CTh MCTOYHHUKA, 00JIaAlOIIETO BBICOKON SKCIUIO3UMBHBIM KOA(h(PHIIEHTOM,
YeM CKOpEE BCETO SABJISATIACh OCTPOBOAYKHOE MOAHATHE. Takue KpeMHHM y4acTBYIOT B CTPOCHUU
8YJIKAHO2EHHO — KPEMHUCMO-MEPPULEHHOU, KPEMHUCMO-MePPUSeHHOU aCCOLUAITUX.

Takum oOpa3om, B Tmpenenax H3YYEHHBIX OOHaXEHUSX AJTaHCKOTO TeppeiiHa
BCTpeyaroTcs pasHodanuaibHble 00pa3oBaHMsl, B CTPOCHHH KOTOPBIX YYacCTBYIOT KPEMHHUCTHIE
IIOpO/1bl, HAKOIUIEHHE KOTOPBIX MPOUCXOANIO OT MEJIarM4eCKUX 30H OKEaHa /10 OKPauHHBIX 30H
OK€aHa, CO 3HAYUTEJIbHBIM BAJSIHHEM OCTPOBOJYXHOTO Marepuana. s ganpHeuei
UHTEPIPETALNU T€0AMHAMHUYECKUX YCIIOBHM 00pa30BaHuUs BBIIEICHHBIX accolanui, Tpedyercs
MOHSATH, SABISAIOTCS OHU TEKTOHHMYECKH COBMEUICHHBIMU PAa3IMYHBIMU YacTSIMH E€AMHOTO
cTpaTUrpaduyeckoro paspesa, WJIM CHHXPOHHBIMU pa3HO(alualbHBIMU OOpa30BaHUAMH, IS
yero TpedyeTcsl BISICHEHHUS WX BO3pacTa.

Pabota BeInonHeHa npu noaaepxke npoekroB PODOU (Ne 09-05-92103, 08-05-00547,
09-05-00438) u Benymieit Hayunoit mxossl (7091.2010.5)
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ON PRINCIPLES OF DEFINING OPHIOLITES

S.A. Palandzhyan
Geological Institute of the Russian Academy of Sciences, Moscow

The Symposium conveners proposed to consider possibilities of solving the so-called
Hamlet question: ophiolites or not ophiolites, on the basis of petrological criteria (probably, data
of geochemical, isotopic inclusive, investigations, and their interpretation involving physical-
chemical petrology) of identification of the ophiolite fragments, separating into “true” and “non-
true” ophiolites. However, distinguishing ophiolites seems possible only using the formulation
elaborated by the scientific community. At present, the majority of researchers studying
ophiolites use the definition offered by the 1972 Penrose Conference, which is based on simple
geological and petrographic data obtained in the course of field studies of ultramafic, mafic,
subvolcanic and volcanic formations. Over the past 40 years, a great diversity of ophiolitic rock
and mineral compositions were revealed (geochemical and isotopic characteristics inclusive),
spatial and temporal relations of restites, cumulates, eumagmatites forming ophiolites;
“Penrose” and “Hess” edge type ophiolites were identified (massifs of intermediate structure are
also in abundance). This diversity is mainly caused by such factors as spreading rate and,
depending on its variations, differencies in petrogenetic processes in the mantle crust column.
However, definition of ophiolites and development of their types are still based on geological
and petrographic data, quite sufficient for solving the problem under consideration.

The other approach to the origin and emplacement of ophiolites, formulated by E. Moores
in 1982, is based on their emplacement setting, the reconstruction of which needs further
research (also geological-petrographic) along with associated metamorphic rocks, tectono-
gravitational mixtites, and mélanges. This is first of all necessary for identifying ophiolites of the
Cordilleran type, which are commonly tectonically dismembered into plates and slices, which
sometimes consist of one rock complex among those forming the ophiolite sequence; these
ophiolitic fragments are most frequently incorporated into ancient accretion prisms, subduction
zones, and fore-arc tectonic complexes.

Geochemical characteristics are decisive for interpreting the geodynamic settings of the
formation of mantle and crustal ophiolite complexes. However, “anomalous” geochemical
indices can not serve as criteria of “non-ophiolite” nature of rock associations. For instance, the
presence in the mantle sequence of the Ust-Belaya terrane (West Koryak foldbelt) of fertile
lherzolite, which by mineral composition and geochemical features are similar to subcontinental
peridotites (“intraplate” geochemical type), is not at all in contradiction to their relevance to
ophiolites; the latter is clearly confirmed by existence of a horizon of gabbroid rocks here, by
association with tectonic plate of similar in the upper age boundary mafics and pillow basalts of
the MORB type. The same is true of the composition of certain lherzolites from ophiolites of the
Northern Apennines and Timor. This composition of lherzolites suggests that the formation of
oceanic lithosphere occurs on subcontinental protolith of the mantle basement during the
emplacement and development of the ensialic basin. Another example: the presence in the
section of a volcanic complex instead of MORB- and IAT-type basalts, (or along with them) of
rocks of calc-alkaline petrochemical series, specified from andesite--basalts through andesites to
dacites and sodium rhyolites (for instance, in the Canyon-Mountain massifs in Oregon,
Tamvatney in the Koryak Upland, Shishkhid in Northern Mongolia) is not a reason to deny that
these sequences and associated mantle peridotite, gabbroid, and diabase belong to ophiolites.
This composition of volcanics of the ophiolite association suggests that the formation of oceanic
lithosphere occurred in different tectonic zones of the island arc assembly, most likely, in intra-
arc basins.
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K BOITPOCY O IPUHLHUITIAX OITPEAEJIEHUSA O®PUOJIUTOB

C.A. Nananxkan
T'eonocuueckuti uncmumym PAH, Mockea

KoHBHHEPB! CUMIIO3UyMa MPEUIOKUIN 00CYyINTh BO3MOXKHOCTD PELICHHs TaMJIETOBCKOTO
Bompoca ““...ophiolite or not ophiolite...” Ha OCHOBaHMHM NETPOIOTHYECKHX (TIO-BHAUMOMY,
UMEIOTCS B BUJY JJAHHBIE T€OXMMUYECKHX, B T.4. H30TONHBIX, UCCIEAOBAHHNA, HHTEPIPETALINS UX
C MNO3UIMHA (PU3MKO-XMMHUYECKOH NEeTPOJOrMM) KpUTEpUEB UACHTUDUKALMKM (ParMEeHTOB
paccMaTpuBaeMOW  acCOLMAIMH, C pasfelieHueM OQHUOJIWTOB HAa  «IPaBUIBHBIE» U
«HempaBuWiIbHBIE» (not true ophiolites). OxgHako mpeacTaBiIseTcs, YTO BBLACICHUE O(PHOIUTOB
BO3MOXKHO JIMIIb HA OCHOBAHUHU BBIPAOOTAHHON HAay4HBIM COOOIIECTBOM (GOpMyIHpOBKH. B
HacToOsIIllee BpeMsl MOJABIAOLIEe OONBIIMHCTBO HCCIEAOBaTeNel OQHOIUTOB MPUHUMAET
ompezenenue, npeanoxkenHoe B 1972 romy IleHpoy3ckoii KoOHpeEpeHIuel, B OCHOBE KOTOPOTO
JeKaT TMPOCThIe TEOJIOTMYECKHEe M TeTporpaduyeckue JaHHbIE, MOJIYYCHHBIE MPU I0JIEBOM
U3yYEHUHM accolUMaluM yibTpamMaduToB, Ma(pUTOB, TMIAOMCCANBHBIX U BYJKaHUYECKUX
obOpazoBanuii. 3a mpomeamme moutd 40 JET BBISIBUIOCH OOJBINOE pa3zHOOOpa3We COCTAaBOB
opoJl YU MHUHEpPAIOB (B TOM YHCIE TE€OXMMHMYECKHX M HM30TOIHBIX XapaKTEPUCTHK),
B3aMMOOTHOIIEHUI B MPOCTPAHCTBE M BO BPEMEHHM PECTUTOB, KyMYJSTOB, 3BMAarMaTHUTOB,
ciaralomux oQUONUTHI; ObUIM BbIIENEHBl opuonuThl «IleHpoy3ckoro» M «XeccoBCKOIo»
KpalHUX TUIOB (MHOIOYMCJIEHBI U IPOMEKYTOUHBIE IO CTPOEHHIO MAaCCHUBBI). DTO pa3HOOOpas3ue
B 3HAUMTEIFHOW CTENEHH KOHTPOJHMPYETCS TaKUMHU (PaKTOpaMu, KaK CKOPOCTh CIIpEIWHTa |
00yCIIOBJICHHBIE €€ BapuallMsIMU PA3JIM4Ms MPOIECCOB IMETPOreHe3uca B MaHTHHHO-KOPOBOM
KoJIOHHEe. TeM He MeHee OCHOBOW MAJisi ONpENeNeHHs U THUMH3aLUU O(UOIUTOB OCTAIOTCS
re0JI0ro-neTporpaguueckue JaHHble, BIOJIHE JOCTAaTOYHBIC Ui PEIIEHHs] paccMaTpHUBaeMOIro
BOIpOCa.

Jlpyroii moIXoa K pasaesieHuto opuonuTos, chopMyarpoBanHslii D. Myp3om B 1982 roxay,
OasupyeTcss Ha 0OCTaHOBKE MX BHeIpeHHs (emplacement), peKOHCTPYKIUS KOTOpPOil Tpebyer
n3ydeHuss  (OMATh-TAKU  TEOJIOTO-TETporpauyeckoro)  Takke H  aCCOIUUPYIONTUX
MeTaMOp(HUIECKUX TIOPOJI, TEKTOHO-TPABUTAIIMOHHBIX MUKCTUTOB, MeaH)xei. OHO He00X0anMO
B TIEpByl0 ouepenp uis uaeHTH(ukauuum oduonutoB Kopaunbepckoro THMA, OOBIYHO
TEKTOHUYECKHU PACUJICHEHHBIX Ha IUIACTUHBI U YEIIyH, CJIOKEHHbIE MHOIZA JIUIIb OJHUM U3
00pa3yommx acconMuaiilo KOMIUIEKCOB IOPOJ; ATH (PparMeHTHl O(HOJUTOB dYalle BCETo
UHKOPIIOPUPOBaHbl B JPEBHUE AKKPELMOHHBIE MPU3MbI, CYOAYKIIMOHHBIE KOMILJIEKCHI,
TEKTOHUYECKHE KOMIUIEKCHI ITPETY Kb

['eoxumuueckue XapaKTepUCTUKH HMEIOT pellarollee 3HadeHue M HHTEplpeTaluu
reOAMHAMUYECKUX OOCTaHOBOK (OPMHMPOBAHUS MAHTUHHBIX U KOPOBBIX KOMILIEKCOB
opuonutos. [Ipu 3TOM, 0JHAKO, «aHOMAJIBHBIE» T'€OXMMHMUYECKUE IMOKA3aTeIN HE MOTYT OBITh
KPUTEPHUIMU «HEO(DHUOTUTOBOW» MPUPOABI TEX WM MHBIX KOMILIEKCOB MOpoa. Tak, Harmpumep,
IOPUCYTCTBUE B MAaHTHHHOM KoMmIiuiekce YcTb-benbckoro Tteppeiina (3ananHo-Kopskckas
cKiagyaras o0sacTh) (PEepTUIBHBIX JIEPLOIMTOB, IO COCTABY MHUHEPAIOB M I€OXMMHYECKHM
0COOCHHOCTSIM  ONM3KUX K CYOKOHTMHEHTAIBHBIM  TEPHIOTUTAM  («BHYTPHUIUTHTHBIN
Te€OXMMUYECKUN THIT), BOBCE HE MPOTHUBOPEUUT UX MPUHAICHKHOCTH K O(UOIUTAM, OJHOZHAUYHO
BBITEKAIOUIEH U3 HaIMuus 374eCh TOPU30HTA TraOOpPOMIHBIX TMOPOJ, M3 AaCCOLUHUALMU C
TEKTOHMYECKOU MIACTUHON ONM3KHUX 1O BEpXHEH BO3PACTHOU rpaHUIle Ma(UTOB M MOMAYIICYHBIX
6azanpToB MORB-THNa. TO K€ OTHOCHTCS K COCTaBy HEKOTOPBIX JIEPIIOJIUTOB M3 O(PHOIUTOB
CeBepubix AneHHuH, Tumopa. Takoil cocTaB JEpLOIUTOB MOXKET CBUJIETEIHCTBOBATH O
(OpMHPOBAHUU OKEaHWYECKOH JuToC(hepbl Ha CyOKOHTMHEHTAJBbHOM IPOTOJIMTE MaHTUHHOIO
dbyHAaMeHTa TpU 3aJ0KCHWH W Pa3BUTUM DJHCHAIMUYecKoro OaccediHa. Jlpyroit mnpumep:
NPUCYTCTBUE B pa3pe3e BYJIKAHMYECKOTO KoMIuiekca BmecTo Oa3zansToB MORB-, IAT-tumos
(M Hapsly C HUMHM) MOPOJ HU3BECTKOBO-ILEJIOYHOW IETPOXMMHUYECKOH CEpPUATBHOCTH,
T QpepeHIIMPOBaHHBIX OT aHAE3UT0-0a3aJIbTOB 4Yepe3 aHIEe3UThl K JalluTaM U HaTPUEBHIM
puonutaMm (Hampumep, B MaccuBax KanboH-Mayntun B Operone, TamBathelr B Kopsikckom
Haropbe, llumxun B CeBepHoil MoHronuu), He SBISIETCS OCHOBAHMEM JUIsl OTPULIAHUS
NPUHAAICKHOCTH 3THX TOJI W ACCOUMHUPYIOIIUX MAHTHUHHBIX IEPUIOTUTOB, TrabOpOHIIOB,
nuaba3oB k o¢puonutaM. Takoil cocTaB BYJIKAaHUTOB O(UOIUTOBOM acCOLMAIMM OTpa)kaeT
(dopmupoBaHue JUTOC(HEPbl OKEAHMYECKOrOo THUMA B TEX WM HMHBIX TEKTOHHYECKHUX 30HaX
OCTPOBOJTY’KHOTO aHCAMOJIsI, CKOpee BCEro BO BHYTPHIYTOBBIX OacceifHax.
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URALIAN OPHIOLITES: DIVERSITY OF MANTLE SECTIONS AND CHANNELS OF
MELT TRANSPORT IN THE UPWELLING MANTLE

Savelieva G.N.*, Batanova V.G**, Sobolev A.V**
*Geolgical Institute RAS, Moscow, savelieva@ginras.ru
**Institute Geochemistry RAS, Moscow, sobolev@geokhi.ru

Structure and composition of the Uralian ophiolites reflect a large spectrum of dynamic
conditions of their creation and various generation setting. Large well-preserved ophiolites are
opportune for recognizing geodynamic environment of their formation: mid-ocean ridge, intra-
continenal rift zone, or suprasubduction spreading zone (SSZ) with resultant lherzolite- or
harzburgite ophiolite type (LOT and HOT). On the southern Urals, HOT-type ophiolites were
formed in course of the Lower-Middle Ordovician oceanic spreading. Mafic intrusions within
harzburgites originated at the time intraoceanic shearing (O;-S,). Ophiolites of the Tagil-
Magnitogorsk zone suggest the intracontinental rifting (LOT) and SSZ (HOT) environment.
Rifting of the East European margin and spreading in back-arc basin progressed in the
Ordovician; the Early Devonian magmatism is imprinted onto these ophiolites.

The SSZ ophiolites of the Polar Urals suggest interaction between mantle peridotite and
percolating melt with formation of dunites and chromitites at 585,3 Ma; harzburgites are much
older - 1,9 Ga. Magmatic events in the mantle are correlative with the Vendian rifting of the East
European continental margin. The pre-Paleozoic oceanic complexes were reworked during the
Early Ordovician SSZ and Early Devonian convergence environment. As a result, rocks
complexes of different age are now members of integral ophiolite association. The allochthon
sole is composed of garnet amphibolites, blue and lawsonite schists; olivine-antigorite rocks
occur as tectonic slices in harzburgites. Age range of metamorphic events is 375-330 Ma.
Transition from eclogite—amphibolite to glaucophane (high-P and low-T) metamorphism typical
of ophiolite-associated metamorphics in the Urals could be related to subduction/obduction
events by collision between island arc and continent.

Srtuctural position of channels of melt transport through mantle is illustrated on example of
LOT and HOT types of the Uralian ophiolites. Replaceve dunite bodies considering as markers
of melt migration was formed in the following positions: (a) due to stress-driven melt
segregation along the margin of peridotite body during the accretion of the upwelling mantle to
lithosphere (well expressed in LOT-type and vague- in HOT), and (b) due to focused melt
migration along network of weakened zones with high permeability (only HOT). These zones
were formed as a result of high stress concentration and their abrupt relaxation in flow-fold
hinges (the central part of only harzburgite mantle sequence). It is supposed, that last stage of the
creation of mantle HOT section took place under subduction environment. Dunite channels
within harzburgite were formed under large intervals of the depth and time.
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KAHAJIBI TPAHCIIOPTUPOBKH PACILIABOB B HIOJHUMAIOIIENCA
MAHTHUU: CBUJAETEJIBCTBA B YPAJIBCKUX O®PHUOJIUTAX

Cagseabena I'.H. *, baranoBa B.I'. **, Co0ou1eB A.B. **
* eozzoeu;tecxuﬁ uncmumym PAH, Mockea, savelieva@ginras.ru
I'EOXU PAH, Mocksa, sobolev@geokhi.ru

CrpyKTypa U cOCTaB ypalbCKUX OQHUOJUTOB OTpPa)XarOT WIMPOKUH CHEKTP YCIOBUH HX
0o0pa3oBaHMs B pa3IMYHbIX F€OJUHAMUYECKHX 00cTaHOBKax. KpyIHbIe XOpOIIO COXpaHUBILIHECS
ouosnTOBBIE pa3pe3bl MO3BOJSAIOT PACIO3HATH TAaKHE OOCTAHOBKH WX (DOPMHUPOBAHMSA Kak
CpPEIMHHO-OKCaHWYeCKre  XpeOThl, pudToreHHrie  OacceiiHbl W HAACYOIYKIIMOHHBIC
CHpPEAMHTOBbIE 30HBI (SSZ), ¢ IEPLOJUTOBBIM WIH TapiOyprutoBsiM TuioM paspesa (LOT nnm
HOT). Ha roxHOM VYpane CymecTBEeHHO TaplOypruTOBbIe MacCHBBI (POPMHPOBAIUCH B XOJIE
OKEaHWYECKOI'o CIpPEAMHIa B HUKHEM-CpeaHeM opaoBuke. JuddepennpoBannpie MaduTOBbIE
AWKy WHTPYAUPOBAIM MAHTHUWHBIA pa3pe3 B XO0JI€ BHYTPHOKEAHWYECKUX AchopManuii B
MO3JHEOPIOBUKCKOE-crtypuiickoe Bpems. Jlepronuroeie MaccuBbl (LOT) cooTHeceHsl ¢
BHYTPH KOHTHHEHTaJIbHBIM pHUTHHrOM, a TrapudyprutoBeie MaccuBbl (HOT) Tarumo-
MarnuToropckoit 30Hsl — ¢ oocranoBkoi SSZ. Pudrunr Bocrouno-EBponeiickoil okpanHbl
CIPEIUHT 33JyrOBbIX OAcCeiiHOB MPOXOIWI B OPAOBHUKCKOE BpEMs; paHHEAECBOHCKHUE NallKu
cekyT oduomutel. B oduonurax IlomspHoro VYpana ecThb CBHAETENIHCTBA B3aUMOJCHCTBUS
MEX/1y MAaHTUHHBIMH MEPUAOTUTAMH U MTPOXOIALUIMMHI CKBO3b HUX paclljlaBaMi, YTO BBIPa3nUiIoCh
B 00pa3oBaHMU IyHUTOB M XPOMHUTUTOB C Bo3pacToM 585,3 MiH JeT; rapuOypruthl UMEIOT
BO3pacT okoJio 1,9 mupa.jer.

MarmaTtryeckue COOBITUS B MAaHTUU KOPPEIHUPYIOTCS ¢ BEACKMM pupTHHroM BocTouHo-
EBporneiickoii KOHTUHEHTAIbHOUW OKpauHbl. [IpennonoxeHo, 4To 10naneo30McKas OKeaHM4ecKast
Kopa Obu1a epepaborana B 06ctaHoBKe SSZ B paHHEOPIOBUKCKOE, @ 3aTEM — B PAaHHEJICBOHCKOE
BpeMsi B oOcTaHOBKE KOHBepreHIMH. Kak pesynbrar, mopoJsl eAUHOro O(QHOIUTOBOTO pa3pesa
UMEIOT pas3nuuHbldi Bo3pacT. [lomomBa 0O(GHUOIMTOBOrO aIOXTOHA CIOXEHAa T'PAHATOBBIMU
am¢puboauTamMu, riIayko(aHOBBIMH M JIABCOHUTOBBIMHU CIIAHI[AMH; OJIMBUH-aHTUTOPUTOBBIE
nopoJsl  00pa3yloT TEKTOHMYECKHE IUIACTHHBI B rapudyprutax. Bospact Meramopdusma
coctasiseT 375-330 MiH. JIeT.

Pacnpenenenue, konuyecTBO U GopMa AYHUTOBBIX TeJ KaK MapKepOB TPAHCIIOPTHPOBKHU
paciuiaBa CKBO3b MEPUAOTUTHI  OTPaKalOT JBa TJABHBIX NyTH (OPMHUPOBAHMS KaHAJIOB B
MaHTUU. [lepBbIii — MuUTrpamms, cerperanys W TPaHCIOPT paciulaBa K KpasMm OJoKa-IoMeHa
MaHTHIHBIX TOPOJ, aKKPETHUPYIOIIMXCS K OTHOCUTEIBHO XOJOAHOW nuTochepe. DTOT MyTh
0COOEHHO YETKO MPOSBICH B JIEPIIOJIMTOBBIX MAaccHBax, 0Opa3oBaHHBIX B pudTax (M 30HAX
IEHTPAIBHOTO CIIPEANHIA) U TaKkkKe (PUKCHUPYETCs B TapliOypruTOBBIX MacCHBaX, 00pa30BaHHBIX
B HaJCYOAyKIIMOHHOW 0OCTaHOBKE. BTOpOil myTh - TpaHCIIOPTHPOBKA PacIlJIaBOB CKBO3b BEChH
MaHTHIHBIA pa3pe3 IO CHCTEME NEPEeCceKaroIIUXCsl JKWUJI, CyOBEpTHUKAJbHBIX KaHAJIOB BHE
IIPOCTPAHCTBEHHOM CBSI3U C KpasMM aKKPETUPYIOLIErocsl Tela, - MPOSBIEH HCKIIOUUTEIBHO B
CYIIECTBEHHO TapIOyprUTOBBIX MAacCHBaX, 0Opa30BaHHBIX B OOCTAaHOBKE HAJICyOMyKIIMOHHOTO
cupeaunra. [logsem 3THX pacIuiaBOB MPOHMCXOIWI B Xoje Aedopmariuii, 3aBepIIaBIIUX STarl
IUTACTUYECKOT0 T€YEHHsI MAaHTUIHBIX pecTUTOB. IIpennonaraercs, uto opMUpoOBaHHE KaHAJIOB,
MapKUPOBAHHBIX AYHUTAMHU KPaeBBIX 30H (IEPBBI MyTh) MIPOUCXOAUT HA MEHBUINX IIyOUHAX U
npu OoJiee HU3KUX TeMIlepaTypax OTHOCUTENbHO (hOPMUPOBAHMS KAaHAJIOB B IIEHTPAJIIbHOMN YacTu
paspe3a, MapKHUpOBaHHBIX CHCTEMOH JYHUTOBBIX JKWJI M Ted (BTOpPOM IyTh). B MaHTHIHBIX
pecTUTax, MOJHUMAIOUIMXCA MPH HAACYONYKIMOHHOM CIIPEIMHTE, BEPOSITHO MPHUCYTCTBUE
JTYHUTOBBIX KaHAJIOB, 0Opa30BaHHBIX HE TOJBKO B HIMPOKOM JIMAra30He IIIyOWH, HO U B Pa3HbIC
re0JIOTHYECKHE SIIOXU U, BO3MOXHO, B Pa3HbIX I'€0IMHAMUYECKUX 00CTaHOBKaX.

Pabota BeimosnHeHa npu GpuHaHcoBO noanepxke rpanta POOU Ne 08-05-00151
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WHAT IS OCEANIC SPREADING IN LOW-SPREADING RIDGES? GEOLOGICAL-
PETROLOGICAL PROCESSES IN THE AXIS PART OF THE MID-ATLANTIC
RIDGE: EVIDENCE FOR THE SIERRA LEONE TEST AREA, 5-7° N

E.V. Sharkov
Institute of Geology of Ore Deposits, Petrography, Mineralogy and Geochemistry RAS, Moscow,
e-mail: sharkov@igem.ru

Sierra Leone test area was studied during Cruise 10 of R/V “Akademik loffe” (2001-2002) and
Cruise 22 of R/V “Professor Logachev” (2003). The region is located at southern continuation of
the Central Atlantic oceanic core complex (OCC), where gabbros and mantle peridotites expose
on seafloor, and where existence of fresh basalts limited. Our complex geological, petrological,
geochemical and isotopic-geochemical investigations showed that development of geological
processes here rather differ from canonical model of spreading zone.

Formation of oceanic crust here occurred at three independent episodes of activity: (1)
effusions of fresh basalts MORB type, which were undergone by crystallizing differentiation in
transitional magma chambers; (2) more ancient altered primitive gabbros, derived from the
MORB source; and (3) also altered differentiated ferrogabbroids with high contents of Fe-Ti
oxides, which crystallized from melts of siliceous Fe-Ti-oxide series; origin of such melts was
probably linked with melting of hydrated oceanic lithosphere under influence of mantle plumes.

Our data consider that geochemical and Sr-Nd isotopic variations in fresh basalts within
relatively small (less than 2° in meridional direction) Sierra Leone test area are comparable with
the variations along a 15-20 times longer MAR segment and could be caused by heterogeneous
source of basaltic melts. The points order along line of mixing of two finite members: depleted
mantle material and geochemical enriched plume material.

Judging on seismic tomography data (Anderson et al., 1992; Ritsema, Allen, 2003)
asthenosheric beneath MAR is lens-like body about 200-300 km thick. It suggests that this lens
has constantly fed by material of fresh mantle plumes which fulfil force convection of the
asthenospheric matter. The most powerful and stable from them realized in form of large centers
of within-plate activity (Iceland, Azors, Tristan, etc. islands); about less significant plumes we
can judge on appearance of melts of the siliceous Fe-Ti-oxide series. Due to such feeding,
asthenospheric lens gradually enlarge both crosswise and along ridge, promote to spreading and
propagation of the ridge.

Our U-Pb dating by SHRIMP-II zircon, separated from gabbroids, display two groups of
grains: (1) young (0.7-2.3 Ma) magmatic zircon, and (2) ancient (xenogenic) — from 87 to 3117
Ma. It is important that many samples contain zircons of both groups, which evidently were
contained in the same portions of the basaltic melt. Their origin could be related to the partial
capture of materials of different ages from the “graveyard” of slabs in lithospheric mantle
beneath the asthenosperic lens by mantle plume, ascended from the core-mantle boundary.

I suggest that appearance of spreading zone is linked with melting of the upper part of the
asthenospheric lens due to adiabatic decompression because essential (11-12%) lowering of
density of material in melting zone. As a result, ridge-like uplift has occurred in axial part of the
MAR with appearance of numerous low-angle extensional structures (detachment faults)
accompanied by gravitational sliding of a previously formed oceanic crust. This lead to moving
out of typical for OCC deep-seated plutonic rocks: high-depleted mantle peridotites and lower
crustal gabbroids. Due to accumulation of relatively light restites at the upper part of the melting
zone, melting process periodically ceased and recommenced only after decreasing of pressure
from partial removing of crust and pressing-out plastic asthenospheric material to axis of ridge
due to increasing of pressure on lateral part of the lens. Renewal of melting can be explained also
arriving of new mantle plume, resulted in appearance of siliceous Fe-Ti-oxide series magmas.
According to our data, both mechanisms of melting were involved in formation of the upper
oceanic lithosphere of the low-spreading ridges.
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OCEANIC CORE COMPLEX AS A KEY TO RECONSTRUCTION OF SEQUENCE OF
MAGMATIC, METAMORPHIC, AND HYDROTHERMAL EVENTS AT ACCRETION
OF THE SLOW SPREADING RIDGE LITHOSPHERE

S. Silantyev
Vernadsky Institute of Russian Academy of Sciences

The composition of the lithosphere generated in slow- and ultraslow-spreading mid-oceanic
ridges testifies that the geodynamic regime responsible for the development of these planetary-
scale structures is very specific, as is manifested in the physicochemical parameters of the
magmatic, metamorphic, and hydrothermal processes that form rock complexes in these
structures and the parameters of related hydrothermal manifestations over vast areas of the
oceanic basement in the basins of the Atlantic, Indian, and Arctic oceans. The goal of this study
was to reconstruct the main stages of the magmatic, metamorphic and hydrothermal evolution of
the oceanic core complexes (OCC) situated in the crest zone of different MAR areas (12°-16°N,
30°N, 37°N). All active hydrothermal systems discovered so far in the Hess crust of Atlantic
ocean are hosted in serpentinites composing OCC. Large peridotite massifs in which active
hydrothermal fields were discovered in the Atlantic ocean are exposed at the seafloor surface in
MAR segments that show indications of faulting related to detachment faults. These tectonic
features are typical of all known hydrothermal fields at MAR related to serpentinites: Ashadze,
Logachev, Lost City, and Rainbow. Summarizing all results obtained by this study, the
following sequence of magmatic, metamorphic and hydrothermal events can be deduced for the
formation of the typical OCC of the slow-spreading ridges: (1) Trapping of basaltic melts in
shallow mantle below MAR crest zone; formation of gabbroic lenses and dikelets; existence of
large magma chamber located in the shallow mantle and functioning for a considerable time
under steady-state conditions. (2) Migration of the parental magmatic melt of the gabbroi’s into
the base of the oceanic crust and its interaction with the hosted mantle peridotites, which resulted
in the formation of troctolites and plagioclase peridotites. (3) Formation of trondhjemite veins
and dikes in the plutonic complex; recrystallization of gabbros and serpentinites during
trondhjemitic melt formation; development of enriched isotopic and geochemical signatures in
the peridotite—gabbro assemblage owing to the influence of the trondhjemite injections. (4)
Emplacement of dolerite dikes. (5) Metamorphism of the upper epidote-amphibolite facies with
the participation of fluid of marine origin. (6) Rapid exhumation of the plutonic complex to the
seafloor surface accompanied under greenschist-facies conditions. Seawater-derived fluids
driving hydrothermal anatexis of the lower oceanic crust could be responsible for trondhjemite
formation. Judging by U-Pb dating and Lu-Hf isotopic analyses of 140 zircon grains recovered
from samples of gabbro’s and trondhjemites dredged in MAR crest zone at 6°N and 13°N, last
stage of formation of OCC here was finished up to 0.82-0.96 Ma (Kostitsyn et al., 2009).
Geodynamic model for the development of serpentinite hosted hydrothermal systems proposed
in (Silantyev et al., 2009) takes into account the principal phases of the compositional and
tectonic evolution of OCC. According to this model, low-density serpentinite material formed at
crustal depths of about 3.5-4.5 km has an excess volume compared to the pristine unaltered
peridotites, and this results in the uplift of this material to upper crustal levels. This process is
associated with faulting of the rigid and cold lithosphere of slow-spreading ridges. The
detachment fault arrays produced thereby drain lower crustal magmatic chambers and trigger the
emplacement of shallow-depth gabbro intrusions. As a result, conditions favorable for the
“startup” of a hydrothermal circulation system are created in the serpentinite slab brought to the
seafloor surface.
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GEOLOGICAL STRUCTURES OF CHUKOTKA AND TECTONIC POSITION OF
OPHIOLITES

S.D. Sokolov
Geological Institute of the Russian Academy of Sciences

The Chukotka Peninsula represents the collage of geological structures of the Arctic and
Pacific continental margins. These structures belong to four tectonic units. The South Anyui
Suture and Chukotka (Anyui — Chukotka or Novosibirsk-Chukotka) fold belt are the parts of the
Arctic Ocean margin, while the West Koryak and Anadyr-Koryak fold belts are the fragments of
the Pacific Ocean margin.

The Arctic margin has been originated from the collision of the North America and Siberia
continents that was resulted in a closure of the proto-Arctic Ocean and formation of the South
Anyui Suture. The Pacific margin has been formed owing to accretion of various oceanic
terranes to the continent.

Ophiolites of Chukotka have different tectonic positions, ages and geodynamic settings of
their formation. The large Aluchin and Vurguveem massifs along with small allochthonous slices
of ultrabasic rocks, gabbro, basalts and cherts spatially relate to the South Anyui Suture. The
Aluchin and Vurguveem massifs are the Paleozoic and late Triassic in age, and they were
originated in a suprasubduction setting [2]. The ages of small slices, which are mainly located in
the Polyarny segment, are unknown. Amphibolites and green schists associated with these slices
are dated at 256-229 and 125 Ma, respectively.

The South Anyui suture was thought to have a continuation in the Vel’may terrane, which
is composed of ultrabasic and gabbroic rocks. But during the 2009-year joint Russian-Japanese
expedition it was found that ultrabasic-basic complexes of various compositions and possibly
various geodynamic affinities are juxtaposed in this terrane.

Ophiolites of the Ust’-Belaya terrane are a part of the accretionary structure of the late
Cretaceous Pacific margin of the Asian continent. They are allochthonous and are thrust over
Jurassic-Cretaceous volcanic-chert-terrigenous complexes and serpentine mélanges of the Algan
terrane. The Ust’-Belaya terrane incorporates several tectonic nappes, which are composed of
ophiolitic assemblages, terrigenous and tuff-terrigenous rocks of the middle Jurassic and late
Jurassic — Valanginian ages [4, 5]. The Otrozhnaya nappe includes ophiolites (ultrabasic and
gabbroic rocks, diabases and basalts) that underlie cherts, sandstones, conglomerates, tuffs and
limestones of the middle-late Devonian and early Carboniferous ages. The Ust’-Belaya massif
(the Tolovka nappe) is composed of lherzolites, harzburgites, gabbroic rocks and locally
serpentine mélanges. U-Pb zircon ages of 799+15 Ma (gabbro) and 575+10 Ma (diorite) are
indicative of several episodes of magmatic activities [3]. The ultramafic-mafic massif represents
relatively deep sections of the subcontinental lithospheric mantle modified by intensive partial
melting induced by percolation of subduction-derived melts of various compositions [1].

This work was supported by the Russian Foundation for Basic research (project No 09-05-
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CTPYKTYPBI UYKOTKHM U TEKTOHUYECKASA NIO3ULUA OPUOJIUTOB

C.A. CokoaoB
T'eonocuueckuti uncmumym PAH

UyKOTCKMH TOJIYyOCTPOB BKJIKOYAET CTPYKTYphl ApPKTHYECKOM U  THUXOOKEAHCKOH
KOHTHMHEHTAJbHBIX OKpauH. OHHM BXOJAT B COCTaB YETHIPEX KPYIMHBIX TEKTOHUYECKHUX
anemMeHTOB. HOxHO-AHIONMCKas cytypa n Uykorckuii (AHrolicko-Uykorckuid, HoBocubupcko-
YyKOTCKUI) CKIIaquaThlil MOsiC MPUHAIeKaT APKTHUECKON okpauHe, a 3amaaHo-Kopskckuii u
Amnanpipcko-Kopsikckuii ckiiaguatele nosica - THXOOKEaHCKOW OKpauHe.

ApkTHUecKas okpauHa cpopMupoBanack B mporecce Kommn3nu CeBepo-AMEpUKaHCKOTO U
Cubupckoro KOHTHHEHTOB, 4YTO TMPHUBEIO K 3aKpbITHIO [IpOTO-ApKTHUECKOro OKeaHa u
obpazoBannio FOxHO-AHIOWCKOW CyTyphl. THXOookeaHCKass OKpawmHa Obuta chHOpMHpPOBaHA B
IPOLIECCE AKKPELMH CO CTOPOHBI OK€aHa pa3sHOOOpa3HbIX TEPPEIHOB.

Oduonutel UyKOTKH pa3iuyaroTcs M0 CBOEMY TEKTOHHUECKOMY MOJIO0XKEHHUIO, BO3PACTy U
reoguHamMuueckuM obcraHoBkaM ux ¢opmupoBanusa. C  FOxHO-AHIONCKON cyTypoi
MPOCTPAHCTBEHHO CBSI3aHbl KPYMHBIE AJTYy4YMHCKUH, BypryBeeMckuii MaccuMBbl W HEOOJbIINE
AQJUIOXTOHHBIE Tela YyiabTpaba3uToB, Ta00po, 0a3anbTOB W KpEeMHEW. AJYYMHCKUNA U
BypryseeMmckuii 0hnoauTh UIMEIOT HaCO30MCKUI U TO3IHETPUACOBBIM BO3pacT M 00pa30BaIUCh
B HaACyOAyKUHOHHOU obOcraHoBKe [2]. Bo3pacT HEOONBIIMX Tel, JIOKaJTU30BaHHBIX, TTaBHBIM
oOpa3om, B [lonsipHHUHCKOM cerMeHTe HeycTaHOBJIeH. CBsi3aHHbIE ¢ HUMH Tena aM(uOOIUTOB U
3€JIEHBIX CJIAHIIEB UMEIOT COOTBETCTBEHHO 256-229 1 125 MuH. ner.

IIponomxennem HOkHO-AHIOWCKON CyTypbl NPHUHATO CuUuTaTh BenpMmalickuil TeppeiH,
BKIIIOYAIONTUI ynbTpaba3uTel u rab0opouasl. OqHaKo, B pe3yabTaTe MOJEBBIX pabOT POCCHICKO-
smoHckor sxcneauiuu B 2009 r., (rpant 09-05-92103) BeISICHUIOCH, YTO B COCTaBE TEppeHA
O00BEAMHSIIUCH Pa3IMUHBIE 110 COCTAaBy M TI'€OJMHAMMUYECKOMY MPOUCXOKICHHUIO YJIbTpaba3ut-
rab0poOBbIE KOMILIEKCHI.

Oduonutel Ycrb-benbckoro TeppeiiHa BXOAST B COCTaB aKKPEIIMOHHOM CTPYKTYPBI
paHHEMENIOBOM THXOOKEAaHCKOM KOHTHMHEHTAJbHOW OKpauHbl A3MATCKOTO KOHTHHEHTa. OHH
HaxXoJsTCSl B QJJIOXTOHHOM 3aJIeTaHMM W HAJBUHYTHl Ha IOPCKO-MEJIOBBIE BYJIKAaHOTE€HHO-
KPEMHHUCTO-TEPPUTE€HHBbIE KOMIUIEKCHI M CEPIIEHTUHUTOBBIE MEJIaHkH AJITaHCKOTO TeppeiiHa.
VYcrp-benbckuil  TeppeiiH COCTOUT M3 HECKOJbKUX TEKTOHUYECKHX IUIACTUH, CIOXEHHBIX
0(QHOIUTaAMU, TEPPUTCHHBIMU U TYPO-TEPPUT€HHBIMH MOPOJAMH CPEIHEH I0pbl U BEPXHEN I0pHI-
BamamxkuHa [4, 5]. OTpoKHEHCKas TUIACTHHA CIIOKeHa opuonuTaMu (yiapTpadaznuTsl, Tab0OpOnIbI,
nuabaspl, 0azaibThl), KOTOpBIE IEPEKPHIBAIOTCS KPEMHHUCTBHIMH MOPOJAMH, TECYaHUKAMHU,
KOHTJIOMepaTamMH, TydaMu U M3BECTHSKAMU CPEIHEr0-BEPXHEro JEBOHA U HUXKHETro KapOoHa.
Verb-benbekuit MmaccuB (TanmoBckasi miiacTWHA) COCTOMT W3 JICPIIOJIUTOB, TapiOyprHTOB H
rabOpOUIOB C 30HAMH CEPIICHTHHUTOBOTO Menamka. U-Pb Bo3pacra mupkonoB 799+15 (rab6po)
u 575410 (1nopUT) MIIH. JIET YKa3bIBAIOT HA HECKOJBKO ATAIOB MarMaTUYECKON aKTUBHOCTH [3].
YapTpamaduT-MapUTOBBIT MacCUB TMPEACTaBISET COOONW OTHOCHTENBHO TIIyOMHHBIE 4YacTH
CyOKOHTMHEHTJIPHOW JIUTOCHEPHOW MaHTHUH, TMPETEPIEBIICH WHTEHCUBHOE YaCTUYHOE
IUIaBJIEHUE B PE3YJbTaTe B3aUMOAECHMCTBUS C Pa3jIMYHBIMH IO COCTaBY HaJCYOAYyKIIMOHHBIMU
pacrmaBamu [1].

Pab6ota BeinonHena npu noanaepxke PODU (mpoext Ne 09-05-92103)u Benymeit HayuHo#
mkounsl HIIT-7091.2010.5

1. Basemes Bb.A., Jlennesa I'.B., Kononkosa H.H., NmmBaTtapu A., ConoBeeBa H.B., ®omuue H.H. Tunu3zarms
NepUAOTHTOB YcTb-benbckoro yiprpamadur-magutoBoro maccuBa (UykoTka) MO cocTaBaM MHHEPAJOB:
npenBapuTeIbHble TaHHbIE // YIbTpaba3uT-0a3uTOBbIE KOMIUIEKCH CKIaA4aThIX 00NacTed M CBS3aHHBIE C HUMH
MECTOPOXKICHUSA. Marepuanbl TpeTbell MeXIyHaponHoW KoHdpepeHmmu. ExarepuHOypr: MHCTUTYT Teomorum u
reoxumun YpO PAH, 2009. T. 1. C. 73-76.

2. Tamemun A.B., CumantheB C.A. ['abOpouabl ['pomanseHcko-BypryBeeMckoro mnepumoTut — rabOopoBoro
MaccuBa (3amagHas UykoTka) U ux reoguHamudeckas uarepnperaus // Joxnaaer PAH. 2004, T.394. No2. c. 225-
228.

3. Jlenuesa I'.B., JlebeneB B.B., basbiies b.A. U-Pb Bo3pact nupkoHOB 3 Meraradbopo Ycre-benbckoro maccuBa
(Uykotka) // W30TOnHBIE CHCTEMBI M BpeMsl TeOJIOTHYECKHX HpolueccoB. Marepuansl 4-oif Poccuiickoit
KOH(EpEHINH TI0 U30TOIHOI reoxpononorun. C-116., 2009. T. 1. C. 330-332.

4. Ouepxu TektoHnKH Kopsikckoro Haropbs. FO.M.ITymaposckuii, C.M.Tmeman — pen. M.: Hayxka, 1982. 220 c.
5. Palandzhyan S.A., Dmitrenko G.G. Ophiolitic complexes and associated rocks in the Ust-Belaya Mountains and
Algan Ridge, Russian Far East // U.S. Geological Survey, Open File Report OF 92-20-1. 1996. P. 1-6.

27



PROBLEMS OF ORIGIN OF THE PRE-MESOZOIC OCEANIC BASINS OF THE
EASTERN MEDITERRANEAN AREA

G.S. Zakariadzel, S.P. Korikovskyz, N.V. Solov'eva’
"Vernadsky Institute of Geochemistry and Analytical chemistry RAS, Russia, gurzak@geokhi.ru
’IGEM RAS, Russia, korik(@igem.ru

Paleozoic oceanic complexes of the transition area from European Platform to Eastern
Mediterranean Hercynides exemplified by the Balkan-Carpathian ophiolite belt and paleooceanic
zones of the crystalline basement of the Great Caucasus are described.

Brief characteristics of the Tracian-Transcaucasian terrane, situated to the south is also
given.

1. The Balkan-Carpathian ophiolite (BCO) belt, framing from south the Moesian Platform,
extends over 250 km from NW to SE. The ophiolite sequences of the belt were considered as
fault-block remnants of a single Late Precambrian-Earliest Cambrian (563+5Ma) ophiolite thrust
sheet formed in a mid-ocean ridge setting and possibly representing a crustal fragment of large
oceanic basin. It is assumed, that BCO is a part of extended South European paleooceanic suture
continued on southeast in Pontides and further in the Arabian-Nubian Shield, representing a trace
of proto-Tethys closed in early Paleozoic in relation with Cadomian orogeny (Haydoutov,
Yanev, 1997; Savov et al. 2001). A complex petrological, geochemical and geochronological
investigation of representative samples of gabbros and associated diabase dike body, sampled in
eastern part of Deli Jovan massive (BCO, Eastern Serbia) has been carried out. All studied
gabbros represent high-alumina (19-24.5 % Al,O3) gabbro-troctolites and correspond to Olg;.
8917Cpx79.871Pl77.91 cumulates originated from shallow level (< 1kb) crystallization of low-K (<
0.3 % K,0) tholeiitic basaltic melt (T= 1050-1160°C). Dike body corresponds to fine-grained,
Cpx-Pl microphyric, high-magnesian tholeiitic gabbro-diabase. =~ Multielement pattern and
characteristic trace-element ratios of the series [(La/Sm),=0.18-1.31; (La/Yb),== 0.22-1.35;
Th/La= 0.073-0.19; Zr/Y=1.60-2.39; etc.] fit well a MORB type setting. All geochronological
data carried out for fresh Deli Jovan gabbros showed narrow Late Silurian-Early Devonian
interval: a) Sm-Nd mineral isochron age of 406+24 Ma, MSWD=0.71,
MINA/MNni=0.512547+0.000044; WR eNd1=8.32+0.39; 87Sr/*°Srini= 0.702592+0.000160; b)
U-Pb SHRIMP zircon age 405.0+2.6 Ma, MSWD= 0.36. Nd and Sr isotopic ratios evidently
indicate that the studied basic series are related to strongly depleted mantle source. Two of five
samples of studied gabbros have shown clear overprint of the prograde regional metamorphism
of upper part of greenschist facies at T ~ 400-450°C (as. Actinolite + hornblend + chlorite +
epodote + plagioclase). Accordingly, the BCO reveals a complex geological history, along with
Late Proterozoic complexes Paleozoic (Late Silurian-Early Devonian) fragments of paleooceanic
lithosphere are also obviously presented here.

2. The Crystalline Core and Front Range zones of the Great Caucasus Hercynides framing
south the Scythian platform (southernmost part of the European Platform), include paleooceanic
thrust sheets of Paleozoic age (490-420 Ma; Adamia et al. 1990, 2004, Somin et al. 2006, 2008).
Two types of series were identified. The first low-silica (S102=43,94-48,10%), high-titanium
(Ti02=2,-3,03%, high phosphorus P,Os = 0.22-0.88% ) tholeiitic basalts of T-MORB type
[(La/Sm)n=2,98+0,57; (La/Yb)n=5,72+2,05; (Tb/Yb)n=1,42+0,62; (Yb)n=13,15+4,73 and
(Yb)MORB=0,97+0,35]. And the second of supra-subduction type  corresponding to
comparatively high-silica (S102=47.54-53.94%), low-titanium (Ti02=0,46-1,09%), low-
potassium tholeiitic, basalts and associated basaltic andesites and andesites. Basalts of the latter
series show an exclusively low total (51£31 ppm) and clearly fractionated REE pattern
(La/Sm)n=0.77-2.40; (La/Yb)n=0.72-3.38. HREE is somewhat lower compared to the average
N-type MORB [(Tb/Yb)n=1,0440,34, (Yb)n=9,97+3,44, (Yb)morb=0,62+0,28)].

3. Despite of the revealed essential heterogeneity of composition of the compared oceanic
complexes, we suggest that the Paleozoic oceanic suture of the Balkan-South Carpathian
ophiolite segment probably extends eastwards to the Paleozoic ophiolite zones of the Great
Caucasus. To the south from this extended Paleozoic suture zone an extensive peri-Gondwanan
Thracian-Transcaucasian terrane is located (Rhrodope, Serbo-Macedonian and Transcaucasian
massifs) pre-Hercynian crystalline basement of which show clear record of Cadomian orogenic
events (Zakariadze et al. 1998; 2007; Carrigan et al. 2005; Kounov et al. 2006).
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