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Investigations of dredged back-arc plutonic rocks, which are important for understanding of conditions and modification processes of mantle-derived magma on their way to a surface, are rather limited (Shcheka et al., 1995; Laz'ko, Gladkov, 1991; Sanfilippo et al., 2013). However they can be reconstructed via studies crustal plutonic rocks (commonly represented by dunite-troctolite-gabbro and dunite-wehrlite-pyroxenite-gabbronorite sequences) of suprasubduction ophiolites assumed to be originated in a back-arc spreading environment (see summary by Dilek, Furnes, 2011). One of such objects is the late Jurassic Gankuvayam ophiolite (the Kuyul terrane, Koryak Highland) whose suprasubduction origin is well proved by compositions of basaltic lavas, basic to felsic dikes (Grigor’ev et al., 1995), plagiogranite (Luchitskaya, 1996) and residual spinel peridotites (Khanchuk, Panchenko, 1994; Sokolov et al., 1996, 2003). In this study we focus on layered dunite-troctolite-gabbro series of this ophiolite that wasn’t previously studied in details.
The Kuyul terrane (Khanchuk et al., 1990) belongs to the Koryak-Kamchatka fold system, which is made of far-travelled terranes accreted to the Asian continental margin in the middle Miocene and Oligocene (Sokolov et al., 2001). The Kuyul terrane includes several tectonic nappes composed of serpentine mélanges and basic-ultrabasic rocks. The Gankuvayam ophiolite is one of the largest nappes. It represents the pile of several tectonically disturbed slices composed of residual spinel peridotites with podiform dunites and pyroxenite dikes, plutonic sequences of dunite-wehrlite-pyroxenite, dunite-troctolite-gabbro and plagiogranite, sheeted dikes and lavas with pelagic sediments (Khanchuk et al., 1990). It resembles the Penrose ophiolite sequence (Anonymous, 1972) and a lithosphere of fast spreading oceanic centers (Dick et al., 2006).
The layered dunite-troctolite-gabbro series is made of mainly clinopyroxene-plagioclase dunite, troctolite, olivine gabbro-norite and gabbro, olivine-free gabbro-norite and gabbro, hornblende gabbro, and minor wehrlite. Petrographic studies indicate that dunite and troctolite are mainly composed of euhedral olivine and Cr-spinel while anhedral clinopyroxene and plagioclase fill interstices between them. Troctolite also contains minor hornblende developed at olivine-plagioclase grain boundaries. Wehrlite is constituted by euhedral clinopyroxene and anhedral olivine. Olivine gabbro-norite and olivine gabbro are made of anhedral olivine, ortho- and clinopyroxene, plagioclase, subordinate hornblende, accessory sulfide and Cr-spinel (only in some samples). Orthopyroxene is subordinate relative to clinopyroxene; hornblende is normally confined to olivine-plagioclase and clinopyroxene-plagioclase grain boundaries. Gabbro is composed of clinopyroxene, hornblende whose amount varies from a few to 45 %, plagioclase, Ti-magnetite, ilmenite and accessory sulfides. Hornblende rims clinopyroxene and forms individual grains. Hornblende gabbro is free of clinopyroxene. By modal composition plutonic sequence is similar to those of fast spreading centers (Dick et al., 2006).
Metamorphic transformations are expressed in a partial replacement of primary minerals, e.g. olivine by mesh-textured serpentine, Cr-spinel by Cr-magnetite, plagioclase by hydrogrossular and prehnite aggregates rimmed by chlorite at contacts with olivine in dunite and troctolite and mainly by prehnite in gabbroic rocks, clinopyroxene and hornblende by actinolite-tremolite and chlorite. Linear microfractures in dunite and troctolite are filled with magnetite, serpentine and presumably brucite. The metamorphic transformations observed are typical of ultrabasic and basic plutonic rocks of oceanic spreading centers (Frost, Beard, 2007; Beard et al., 2009; Kodolányi et al., 2012).
Olivine shows narrow variations of Mg# in dunite and troctolite (88-91, where Mg#=100Mg/(Mg+Fe) hereinafter in all minerals except spinel) and wide interval of Mg# (77-91) in olivine gabbroic rocks partly overlapping with that in dunite and troctolite. Mg# olivine negatively correlates with NiO contents which drop from 0.27-0.32 wt. % in dunites and troctolites to 0.13-0.24 wt. % in gabbroic rocks. In wehrlite Mg# olivine is 87-89 and NiO contents are 0.13-0.15 wt. %. In comparison to mid-ocean spreading centers (PetDB, compilations by Dick et al., 2002), olivine of the rocks investigated are higher in NiO at given Mg# olivine but they show similar Mn/Fe, Ni/(Mg/Fe) and Ca/Fe ratios close to those of mantle peridotite values.
Clinopyroxene has Mg# ranging in the interval of 90-92 in dunite and troctolite, 82-92 in olivine gabbroic rocks, 73-88 in gabbro and hornblende gabbro. Clinopyroxene Cr2O3 contents are negatively correlates with Mg# clinopyroxene, and they drop from 1.2 wt. % in dunite to 0.1 wt. % in hornblende gabbro. Clinopyroxene is low to moderately low in TiO2 (0.1-0.7 wt. %), Al2O3 (1.7-3.8 wt. %) and Na2O (0.2-0.45 wt. %) that are poorly correlated with Mg# clinopyroxene. By sodium contents clinopyroxene of the least Mg# gabbro and hornblende gabbro is comparable with gabbroic rocks of the East Pacific Rise fast-spreading center (PetDB data). Orthopyroxene of olivine gabbro-norite and gabbro has Mg# of 83-87 and is in equilibrium with coexisting clinopyroxene with Mg# of 85-89. Orthopyroxene is low in TiO2 (0.1-0.2 wt. %) and Al2O3 (1.4-2.0 wt. %), moderate in Cr2O3 (0.1-0.45 wt. %) and free of sodium.
Primary hornblende is mainly tschemakitic and magnesio-hornblende although pargasitic and edenitic hornblende, edenite and silicic edenite also occur in olivine and olivine-free varieties, respectively. Hornblende is moderately high in Al2O3 (11-13 wt. %) whose variations don’t depend on Mg# Hbl. TiO2 concentrations increase from 0.2 to 2.6 wt. % as Mg# Hbl drops; K2O contents are as low as 0.01-0.16 wt. %. 
Plagioclase is homogeneous, and its composition varies from bytownite-anorthite (xAn 85-91) in olivine gabbroic rocks to labradorite-bytownite (xAn 51-89) in gabbro and hornblende gabbro. Values of xAn are negatively correlated with Mg# of olivine, clinopyroxene and hornblende. At given Mg# of silicate xAn in gabbroic rocks investigated is higher than those in gabbroic rocks of oceanic spreading centers. 
Cr-spinel of dunite, troctolite, olivine gabbro and gabbro-norite exhibits a narrow Cr# (100*Cr/(Cr+Al)) range of 52-44. One of the samples of olivine gabbro contains Cr-spinel with Cr# of 50 coexisting with olivine with Mg# of 91; these compositions fall into the field of the olivine-spinel mantle array (Arai, 1994). This indicates that a melt primary for olivine gabbro was equilibrated with mantle peridotites remained after a moderate degree of partial melting. Other compositions of the coexisted spinel and olivine locate out of this field; their Cr#Spl slightly decreases as Mg#Ol decreases, which produces a trend typical of low and moderately low pressure cumulates. Wehrlite composing thin discontinuous layers in layered rocks contains spinel with Cr# of 32-40 coexisting with olivine with mg# of 87-89. Spinel is low in TiO2 contents (0.3-0.9 wt. %) which are generally lower in comparison to those of spinel from gabbroic rocks of oceanic spreading centers. Concentrations of NiO (0.1-0.2 wt. %), V2O3 (0.1-0.4 wt. %) and ZnO (0.1-0.5 wt. %) in studied spinel are consistent with their cumulative nature.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Equilibrium temperatures are estimated at about 640-770оС (Ballhaus et al., 1991) for olivine-Cr-spinel pair, 880-970oC (Brey, Köhler, 1990) and at 910-1000oC (Wells, 1977) for two-pyroxenes, and 660-1040oC (Ridolfi et al., 2009) for hornblende. Pressure of rock crystallization is assessed at about 2.2 (±0.5) kbar (Al-in-Hbl; Ridolfi et al., 2009). Oxygen fugacity corresponds to QFM+1.8 to QFM+3.0 (Ballhaus et al., 1991).
The bulk compositions of the plutonic rocks investigated cover the range typical of plutonic rocks of oceanic and back-arc spreading centers although in the comparison to the latter dunite and troctolite are more widespread in the Gankuvayam ophiolite. Hornblende gabbro being the most evolved plutonic rocks of the Gankuvayam ophiolite of the Kuyul terrane closely resemble basic dikes and lavas of the ophiolite studied. All plutonic rocks have similar spectra of primitive mantle normalized trace elements although their absolute contents differ by two orders of magnitude. The multi-element spectra exhibit depletion in light REE relative to heavy ones, positive anomalies of Sr-Eu and negative anomalies of Zr-Hf and Rb-Ва that are complementary to those in andesite and dacite dikes. Gabbroic rocks also show negative anomalies of Nb-Ta (Fig.1). The spectra of hornblende gabbro mimic those of basalt and basaltic andesite dikes and lavas that are typical of island-arc tholeiites derived from depleted mantle sources modified by subduction-related fluids.
Thus compositional variations of minerals and bulk rocks of layered dunite-troctolite-gabbro series of the Gankuvayam ophiolite of the Kuyul terrane suggest their formation beneath back-arc presumably fast spreading center. Drawing an analogy with oceanic spreading centers modification of mantle-derived island-arc tholeiitic magma resulted in layered dunite-troctolite gabbro sequences can be assigned to (a) fractional crystallization; (b) repeated magma replenishment and (c) reaction porous flow between melt and cumulus mesh.
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Fig. 1. Multi-element spectra of the Gankuvayam ophiolite rocks: filled and open triangles are dunite and troctolite, respectively, filled diamond is wehrlite, open squares are gabbroic rocks except hornblende varieties, filled circles are hornblende gabbro; spectra without symbols are dikes and lavas basaltic to dacitic in composition.
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