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New petrologic and geodynamic model for island arc systems is proposed to satisfactory explain of
space and spatial variations of island arc volcanic series. The main idea of the model is step-by-step
involving of additional sources of melting to magma generation processes during evolution of the island arc
system. Each stage of the island arc evolution is characterized by the specific set of volcanic series.

Primitive island arcs are defined by one main source of magma. Magma generated by fluid induced
melting of the mantle wedge above subducted slab. As a result, Hi-Mg and Low-K basalts are predominant
volcanic rocks in primitive island arcs. It has clear island arc geochemical signature which produced by
fluid-mobile influx from the slab.

The thickness of the island arc crust is growing up during island arc evolution and magmas could be
more evolved with island arc crust growth. This crust is consists of volcanogenic material, which usually
altered to greenschists. Global scale of such low-grade metamorphism is proved by occurrence of wide
distributed few-million years old island arc volcanic rocks, which mostly metamorphized. These greenschists
could be easily transformed to amphibolites in lower parts of island arc crust. Thus, after several million
years primitive island arc became a developed island arc with crust which consists of rocks metamorfized in
greenschists and amphibolite facies.

Large volume of silica-rich and intermediate volcanic rocks is common for developed island arc. It
may be explained by additional new area of magma generation inside the crust [Tamura,Tatsumi,2002;
Dufek, Bergantz,2005]. Partial melting of greenschists produce silica-rich melts [Montel,Vielzeuf,1997],
amphibolites could produce silica-rich melts at the low pressure [Johannes,Holtz,1996; Nakajima,
Arima,1998; Lupulesku, Watson,1999] or could be “granitized” [Selbekk et al.,2002]. Experiments
[Rapp,Watson,1995; Gardien et al.,2000] and calculations [Kimura et al.,2002] shows that partial melting of
amphibolites in water-saturated conditions and at 8-10 kbar of the pressure (it’s corresponds to lower parts of
developed island arcs) could produce andesibasalts or even basalts (at high degree of the partial melting). It’s
important, that amphibole is a restite phase at these conditions. If we assume that the lower crust
amphibolites are formed from high-Mg basalts of previous stage, it leads to producing of less magnesian
melts than high-Mg basalts of primitive island arcs. Amphibole-bearing restite could preserve significant
amount of LREE, Nb, Ti and K. As a result of melting of the island arc lower crust we can expect magmas
which are well corresponding to low-K tholeitic island arc series of volcanic fronts of developed island arcs.

I suppose that magmas could emanate simultaneously from several levels of the island arc system: 1)
high-Mg low-K basalts could be generated by fluid-induced melting of the mantle wedge; 2) low-K
andesibasalts and basalts are from amphibolite melting at the lower crust conditions; 3) silica-rich magmas
could be formed by melting of island arc upper crust metamorphic rocks. All these magmas could mixing
each other in transitional magma chambers and then erupt in the same volcanic center with hybrid rocks
forming. Such scheme is a very confusing factor for clear determination of volcanic series for a lot of island
arc volcanoes.

Mature island arcs (like Japan or Kamchatka) are developing after jump of a subduction zone toward
to ocean. Such jumps are very common for most of known island arcs and responsible for two-chain
structure of island arcs. Volcanic front starts to form again after such jump following the scenario which
described above, whereas former volcanic front shifts to backarc settings and could suffer farther evolution.
Fluid induced melting is impossible at this stage and could be only as relics. At the moment the island arc
crust under forming volcanic front is consist of metavolcanic rocks in upper part and restites of melting in
lower part of the crust. As was concerned above, melting at lower crust settings could leads to amphibole
enrichment in restites and after dehydratation will form pyroxenites or amphibole-bearing pyroxenites.
P.Kelemen and coauthors [Kelemen et al., 2003] demonstrated occurrence of pyroxenites in lower part of the
palacoarc Talkeetna (Alaska) and shows with mass-balance that significant amount of pyroxenites were
delaminated. If these pyroxenites were formed as restites after producing of low-K volcanic front magmas, it
means that its composition will be complementary with low-K magmas, i.e. pyroxenites will be enriched in
K, Ti, Nb, LREE in comparison with primary amphibolites, which formed after primitive island arc basalts.
[Jull,Kelemen, 2001] demonstrated that pyroxenitic lower crust is gravitational unstable and has higher
density than undergoing mantle. It’s relatively clear that time of an extinction of the former volcanic front
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(ceasing of fluid and melt inflow to island arc crust) is ideal for delamination of main part of pyroxenites in
the lower part of island arc crust. Sinking of delaminated blocks leads to magma generation due to both
partial melting of the pyroxenites and disturb of the mantle. According this model the new source of the
magma will form in the area of former volcanic front due to delamination and dehydratation of delaminated
blocks of pyroxenites and amphibole-bearing pyroxenites of lower part of a island arc system. These
magmas should be enriched in LREE, Nb, Ti, K in comparison with «typical» island arc calc-alkaline
magmas. Such geochemical signature is typical for subalkaline volcanic rocks, which erupts in former
volcanic fronts. Sometimes heat flow could be enough for new act of upper crust melting after delamination
and new magma influx. It could lead to silica-rich magmas appearance inside areas of subalkaline volcanism.

According suggested petrologic and geodynamic model of island arc evolution we can determine
several stages: 1) primitive island arc with dominated fluid induced mantle melting; 2) developed island arc
with combination of fluid-induced mantle melting and island arc crust melting; 3) mature island arc with
former volcanic front and melting of delaminating blocks under this one. Assuming the model, the
geochemical zoning of synchronous volcanism across mature (two or more chains) island arc system could
be explained by several zones with different sets of magma sources due to evolution of island arc system and
jumps of volcanic front position.
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[Mpennaraercs it OOCYKAEHHS T€OIUHAMHYECKas MOJEIb Pa3BHTHSL OCTPOBOAY)KHOM CHCTEMBI, KOTOpas
YIIOBJIETBOPHUTENILHO OOBSICHSAET CIENU(UKY TPOSBICHHUS PA3IMYHBIX OCTPOBOJIYKHBIX MarMaTHUeCKHX CEepHi,
CBSI3BIBAsl M3MEHEHHE XapaKTepa BYJIKaHM3Ma B Pa3JIMUHBIX 30HAX OCTPOBHOW IYTH C BOBJICYEHHEM JIOTIOJHHUTEIIHHBIX
HACTOYHUKOB MarMOT€HEpaliil IO Mepe HBOIIONUH OCTPOBOAYKHOH CHCTEMBL. BBIIenseTcs HECKONBKO CTaauid
Ppa3BUTHS OCTPOBOIYKHOW CHCTEMBI, KaXK/1asi M3 KOTOPBIX XapaKTepu3yeTcs COOCTBEHHON (opManueil By TKaHHIECKUX
TIOPOI.

Ha craguy npuMHUTHUBHON OCTPOBHOM IYrM IOMHHMPYET OJMH HCTOYHMK MarMOI€HEpalMM, CBS3aHHBIM C
IUIaBJICHMEM MaHTUIHOTO KIIMHA I0J Bo3JeicTBHEeM (tonaa, OTACISIIOUIErocsl OT CYyOIylMPOBaHHON OKEaHHYeCKOU
wmTel. Ilpu 3TOM 00pa3yloTCs MarHe3WalbHBIE HU3KOKAIMEBBIE 0a3ajbThl, C SIPKO BBIPAXXCHHOW OCTPOBOIYKHOMN
FEOXMMHUYECKOH Criei(HUKON 3a CUST MPUBHECCHHUS JIETKOMOOMIIBHBIX KOMIIOHCHTOB (DIFOMIOM U3 CYOMyIIMPOBAHHON
IIJIUTHI.

[To Mepe >BONIOLMHM OCTPOBHOM AYrd NOCTENEHHO YBEJIMYMBAETCS MOIIHOCTH OCTPOBOAYXKHOH KOpPBI, YTO
MIPUBOJNUT K BO3MOXKHOCTH A PepeHIranui Marm npy ux rnoabeme. OCTpoBOgyKHasi KOpa NPUMHUTHBHBIX OCTPOBHBIX
JyT CJIO)KEHa IPEHMYIIECTBEHHO BYJIKAaHOTEHHBIM MaTepualioM, KOTOPBIH JIETKO mojiBepraercss Meramopdusmy darmn
3€JeHBIX ClaHleB. [00anbHBI MacmTad HU3KOTEMIIEPAaTYpHOTO MeTaMop(u3Ma OCTPOBOIYKHBIX BYJIKaHUTOB
JEMOHCTPHPYETCS TEM, UTO MPAKTUICCKH BCE BYJIKAHHMYECKHE IMOPOJBI OCTPOBHBIX IYT CTapIle HECKOJBKHX MITH. JIET
YaCTUYHO WM TIOJHOCTBIO MeTamopdu3oBaHbeL. [lo Mepe (GOpMHPOBaHUS OCTPOBOMYKHOW KOPHI M HAKOIUICHUIO
BYJIKAHUTOB, HIDKHUE YaCTH KOPHI MOJBEPTarOTCs MeTaMop(hru3My aMmpuOOIHTOBON (Dari, T.€. OCTPOBOAYKHASI KOpa B
MOMEHT Iepexoda OT CTaJuu NPUMUTUBHOM OCTPOBHOM IyrM K CTaJuM PAa3BUTOM OCTPOBHOM IyTH, CIOKEHA HE
0azampTamu, a MeTaMOP(HHU30BaHHBIMH B 3€JICHOCIAHIICBOM U aM(PHOOIUTOBON (alMsIX MTOPOIaMHu.

XapakTepHbIil UISI CTaAWK PAa3BUTOH OCTPOBHOI Iyru OONBIION 00bEM KHCIBIX BYJKAaHHUTOB M aHIC3UTOB
OOBSICHSIETCSI TIOSIBJICHHMEM HOBOIl 00JIACTH MarMoreHepalyy 3a CYeT YaCTHYHOIO IUIABJICHHS OCTPOBOIYKHOW KOPBI
[Tamura, Tatsumi,2002; Dufek, Bergantz,2005]. IIpu yacTUYHOM IUIABJICHUM 3€JICHBIX CJIAHIIEB O00OpPA3yrOTCS KHUCIBIC
pacrutaBel  [Montel,Vielzeuf,1997]. Ilpu wactuuHOM 1utaBineHHMH aM(UOOIUTOB IIPM HU3KHUX JABICHUSX TakKxkKe
oOpasyrorcs kucnble paciuiaBel  [Johannes,Holtz,1996; Nakajima, Arima,1998; Lupulesku, Watson,1999] wmu
ampubonmTel noaBeprarorcst rpanutnzanmu [Selbekk et al.,2002]. DOxcnepumentsr [Rapp,Watson,1995; Gardien et
al.,2000] u umcnernnoe mopmemupoBanme [Kimura et al.,2002] moxa3amu, 4TO B BOJOHACHIIMIEHHOH CHCTEME IIPHU
nmaBieHUSAX 8-10 k0Oap, COOTBETCTBYIOIIMX HH3aM OCTPOBOAYKHOH KOpPBI Pa3BUTHIX OCTPOBHBIX IyT BO3MOXKHO
IUIaBlicHHEe aM(QUOOTUTOB C¢ 00Opa3oBaHMEM aHIE3W0a3aNbTOBBIX M HaKe 0a3albTOBBIX (TPH OOJBITUX CTETIEHIX
IaBleHns) pacioiaBoB. Ilpu stom, am¢ubon ocrtaercs B pectuTe oT IUaBineHus. Ecim, B kadecTBe cyOctpara
BBICTYNAIOT aM(UOOJHUTHI, KOTOPbIE [0 XHMHYECKOMY COCTaBy COOTBETCTBYIOT MarHe3uajbHbIM 0a3aibTam
MPUMUTHBHBIX OCTPOBHBIX IYTI' TO, OOpa3ylomuecss paciulaBbl OyIyT CYIIECTBEHHO MEHEe MarHe3WalbHBI, YeM
ucxoaHelil cyoerpar. Kpome storo, Hannune amdubdona B pecTuTe CBS3BIBAET cyliecTBeHHYI0 yacTh jierkux REE, Nb,
Ti u xanus. TakuM oOpa3oMm, NMpH IUIABJIEHUU BEIIECTBA MPUMHTUBHBIX OCTPOBHBIX JYr B YCJIOBHUSIX HH30B MOLIHOW
OCTpOBO[ly)KHOI‘/II KOpPbI MOABJISIIOTCS Marmbl, o6naz[alou11/1e BCEMU Cl'le]_II/l(bI/I‘leCKI/IMI/I yepTaM HU3KOKAJIHMCBBIX cepnﬁ
BYJIKAHMYECKUX (PPOHTOB PA3BUTHIX OCTPOBHBIX JIYT.

B pa3BHUTBIX OCTPOBOMYKHBIX CHCTEMax BIIOJIHE BEPOSTHBI Cllydad, KOTJa MarMoreHepamus IpPOUCXOIHUT
OJTHOBPEMEHHO Ha HECKOJIbKUX YpPOBHSX: 1) B MaHTHH, 3a CUET IIPUBHECEHHOTO (IIIOK/Ia ITPOIOIDKAIOT 00Pa30BBIBATHCS
MarHe3WalbHbIE HHU3KOKAHEBBIE 0a3ambThl 2) B HIDKHHUX YACTSIX OCTPOBOMY)KHOW KOPBI TPOUCXOAWT IUIABIICHUE
amMpuOOTUTOB ¢ 00pa3oBaHMEM HH3KOKAJIHEBBHIX MarM 3) B CpPEOHHX M BEPXHHUX YacCTAX OCTPOBOIYKHOH KOPHI
MPOUCXOMUT TEHepamuss KHCIABIX MarM. [lomHuUMaromuecs MarMbl U3  Pa3IMYHBIX  MCTOYHHUKOB  MOTYT
B3aMMO/ICHCTBOBATH APYT C APYIOM Ha yPOBHE MPOMEKYTOUHBIX OYaroB M M3JIHUBATHCS B ONHUX M T€X BYJIKAHHMYECKHIX
LeHTpax, obpa3ys ruOpumHble Moponsl. IlosTomy, 4YeTkoe pa3zenieHHe BYJIKAHWTOB IO THIIAM MarMOTeHEpauu
BO3MOX>XXHO HE€ 1A J'IIO6I)IX BYJIKAaHUYCCKUX LIEHTPOB.

[Tepexon OT cTaguu pa3BUTON OCTPOBHOW IYTM K 3peNIO OCTPOBHOM JIyre CBSI3BIBAETCS CO CMEIEHHUEM 30HBI
CyOJyKLIMH TI0 HalpaBlICHUIO K OKeaHy. Takoe CMelIeHUe XapaKTepHO JUIsl MOJABIISIOIIEr0 OOJIBIIMHCTBA HM3BECTHBIX
OCTPOBHBIX JAyr W OOyCIaBIMBaeT MX JABYyWICHHOE crpoeHue. PpoHTanbHas Oyra HauuMHAET (OPMHUPOBATHCS II0
CIIEHapHI0, ONMCAHHOMY BBIIIE, TOT/A KaK OBIBIIMI BYJIKaHHYeCKMH (POHT, OKa3aBIIMKCA B THUIOBOH 30HE,
IIpeTepreBaeT JabHEHIIyo 3Boyonuio. Ha 3Toi crajmu ByJKaHWYecKas JAESTENbHOCTb, CBS3aHHAs C NPHBHOCOM
(rora w3 cyOQyIHPOBAaHHOH IDIMTH B MAaHTHIO, MIPAKTUYECKH MPEKPAIIACTCS U MOXKET HOCHUTH TOJIBKO PEIMKTOBBII
xapakrep. CTpoeHre KOpBI STOH 30HBI OCTPOBOAYKHOM CHCTEMBI XapakTepu3yercs quddepeHnnpoBaHHBIMA YaCTHIHO
MeTaMOp(pHU30BaHHBIMH BYJIKAHUTAMH B BEPXHUX CTPYKTYPHBIX SIPYyCax W IMOPOJAMHE, OCTABIIMMHCS OT YaCTHYHOTO
IUTaBIICHUS OCTPOBOAYXXHOH KOPBI B HIDKHHX CTPYKTYPHBIX sApycax. Kak ObuUIO paccMOTpEHO BHIIIE, IUIABICHHE B
YCIOBHAX HHU30B OCTPOBOAY)KHOM KOPBI MOKET NPUBOAWTH K HAKOIUICHHWIO am(uOoia B PECTHTE, YTO NPH yCIOBHU
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YaCTHUYHOM Jerujparalvd W JAajibHeiiliero wmeramopdu3ma NPUBOANT K OOpPa30BaHHIO MHUPOKCEHUTOB, WIH
ampubonoBbix nupokcennToB. [Kelemen et al., 2003] nokasanu Ha ocHOBe Macc-0aaHca OCTPOBOYKHON CHCTEMBbI U
JETaIbHO M3YYCHHBIX pa3pe30B mayeonyrd TankutHa (AJsicKa), 4TO JJIsi HH30B OCTPOBOIYKHOW KOPBI XapaKTEPHO
NPUCYTCTBHE MHUPOKCEHUTOB. ECIN 3T MUPOKCEHUTHI 00pa3oBajMCh KaK PECTUTHI MPH T'€HEpalMd HU3KOKATHUEBBIX
cepuil ByJKAHMYECKOro (PPOHTA, TO OHH IO COCTABY JOJDKHBI ObITh KOMIUIEMCHTAPHBI 3THM CEPHSM - O0OTaI[CHBI
KaleM, TUTaHoM, HuoOueM u nerkuMu REE 1o cpaBHEHUIO ¢ IepBOHAYAIEHBIMU aM(QHOOIUTAMH, OTBCUABIIMMH 110
COCTaBy OCTPOBOJYXKHBIM 0a3albTaM MPUMUTHBHEIX OCTpoBHEIX ayrT. [Jull,Kelemen, 2001] moka3anu, 9To B YCIOBHIX
HWKHEH YacTH OCTPOBOIYKHOM KOPBI MUPOKCEHUTHI OYAYT TsDKENee, YeM MOCTHIIAIONIAs X MAHTHUS TPU JOCTHXCHUN
HEKOTOPOH KPUTHYIECKOH MOITHOCTH OCTPOBOIYXKHOH KOPBI, YTO MPUBOMUT K WX TPABUTAIIMOHHON HECTAOMIBHOCTH.
MOHO TPEONONI0KHTh, YTO CTAAHsS OTMHUPAOIIETO BYJIKAHMYECKOTO ()POHTA, HA KOTOPOH OCTPOBOMYKHAs KOpa
mepecTaeT MOANMUTHIBATECS MAaHTHHHBIMH pacIUlaBaMH W (PIIOMIONOTOKAMH, SBISETCS HWACANBHOW IS CO3IaHUS
YCIIOBHA, IPH KOTOPBIX mpourcxoauT AenamuHaims (o Kelemen et al.,2003) ocHOBHO# 4acTH MUPOKCEHUTOB HUKHEW
YacTH OCTPOBOAYKHON KOpbL. [Ipu 3TOM, morpyxeHue OJOKOB MUPOKCEHHTOB M aM(pHUOOJOBBIX MUPOKCEHHTOB B
MAHTHUIO OOJIDKHO BbI3bIBATh (bOpMI/IpOBaHI/Ie pacCiuiaBOB KakK 3a CYET YaCTUYHOI'O IJIABJICHUA 3TUX NMPOKCCHUTOB, TaK U
3a CUET BOSMyHJ,eHI/lﬁ B MAHTHUM BO3HHKAOMIUX BCJICACTBUC OTOI'0 MOIPYKCHUA. Takum O6p330M, ucxonsda wus
NPE/JIOKEHHON MOJICNH, B ThIJIOBOM 30HE OCTPOBHBIX YT TOCNE MEPEephiBa B BYJIKAHWMYCCKONW AKTUBHOCTH HAYMHACT
(hopMHupOBaTECS HOBas O0JACTh MarMOTCHEpAIlVH, CBsS3aHHAs C JeIaMUHAIMCH W ACTHIpaTaleidl MUPOKCEHHTOB U
aM(pUOOIIOBBIX IMMUPOKCEHUTOB HIDKHEH 4YacTH OCTPOBOIYXKHOW KOphl. Mcxoms W3 cocTraBa IHPOKCEHUTOB,
PAaCCMOTPEHHOTO BBIIIE, PACIUIABBI JOKHBI ObITH oOoramieHbl Jerkumu REE, Nb, Ti, kanumeM mo CpaBHEHHIO C
HU3KOKAIHEBBIMH «THIIMYHO OCTPOBOIYKHBIMIDY cepusiMH. Takas reoxuMuveckas crenudrka Kak pa3 ¥ XapaKTepHa
JUIA CyOILENIOYHBIX BYJIKAHWUTOB, TOSBIISIOIINXCS HA 3pENONW CTAaIWH Pa3BHTHS OCTPOBOAYKHOW CHCTEMBI. Bmoine
BO3MOJKHO, YTO TEIIOBOTO IMOTOKA, CO3IAaBAEMOTO IIPOLECCAMH JeTaMHUHANNN W TOJHUMAIONIMMIUCS MarMaMmiy, Ha
HEKOTOPOH CTaauu OKaKeTCS JOCTaTOYHO, YTOOBI BBI3BATh JOIMOJHUTEIRHOE IUIABICHNE B CPEAHUX M BEPXHHUX YACTSIX
OCTPOBOIYKHOH KOPBI, YTO MOXXET MPOSBUTHCA B IOSBICHHHM KUCIBIX MarMm. llpm jokanm3anuu u TUOpUAN3ALIN
paciiaBoB W3 Pa3HBIX 30H MAarMOTE€HEPAIlMH 3TH KHUCJIBIE BYJIKAHUTHI TaK)KE€ MOTYT MMETh CYyOLICTOYHYIO WIH JTaKe
HIETIOYHYIO CIICITU(HKY.

TakuMm 00pa3om, 1o Mepe IBOJIIOLMH AYTH M Pa3BUTHS 3PENION OCTPOBOILYIKHOM CUCTEMBI K JIOMUHHUPYIOIEMY Ha
craaguu HpMMHTHBHOﬁ OCTpOBHOﬁ AYTU IUIaBJICHUIO MaHTHHHOIO HMCTOYHMKA IlO6aBJ'DHOTCSI KOPOBBIC HMCTOYHHUKH
MarmoreHeparyn. Crenupuka BYJIKAHHYCCKUX CEPUH Pa3BUTHIX OCTPOBHBIX YT MPEUMYIICCTBEHHO ONpEACISICTCS
IUIaBJICHHEM ITOPO]T KOPOBOTO CyOCTpaTa, TaKuX Kak aM(puOOIUTH U aM(prOOIOBEIC TMPOKCEHUTHI. Beneacteue obmiei
SBOJIIOIUM  OCTPOBOJY’KHOH CHUCTEMBI M IOCJICIOBATEIEHOMY CMEIICHUIO BYIKAHUYECKOr0 ()POHTA HABCTPEUY
CyOAyIHpYIOMmeH ITUIMTe Ha 3pENIBIX OCTPOBHBIX MyraxX MOXKET BO3HHKATh XapakTepHas T€OXHMHUYECKas 30HAIBHOCTh
CHHXPOHHOTO BYJIKAHH3MA B TIpe/ieIaX HECKOIBKAX PA3UYHBIX 110 YCIOBHSIM MarMoreHepaliy 30H.
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