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absTracT

Secondary orthopyroxenes occur as veinlets (<0.1 mm thick) cutting an olivine grain in a two-
pyroxene peridotite xenolith from the Shiribeshi Seamount in the Sea of Japan. These orthopyroxenes 
are characterized by low Al2O3 (0.4–1.7 wt%), Cr2O3 (<0.1 wt%), and CaO (0.3–0.4 wt%) contents, 
which are the same signatures of the secondary orthopyroxenes in peridotite xenoliths from island 
arcs. The trace-element patterns of the melts in equilibrium with the secondary orthopyroxenes show 
enrichment in light rare earth elements and Sr and depletion in heavy rare earth elements, Nb and 
Ti. These trace-element characteristics are highly consistent with those of slab-derived adakites. The 
involvement of slab-derived melts in the mantle beneath the Sea of Japan has been inferred from the 
geochemical characteristics of the volcanic rocks formed during opening of the Sea of Japan. The 
source mantle of the enriched basalts in the Sea of Japan is likely to have been metasomatized by 
adakitic melts in the same manner as the peridotite-hosted veinlet. The secondary orthopyroxenes 
in the peridotite xenolith from the Shiribeshi Seamount provide direct evidence for the metasomatic 
influx of adakitic melts into the back-arc mantle beneath the Sea of Japan. Adakitic metasomatism, as 
documented in the Sea of Japan, potentially plays an important role in mantle evolution and magma 
generation beneath global back-arc basins.
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inTroducTion

The addition of H2O drastically reduces the solidus tempera-
tures of mantle peridotites (Kushiro 1972); therefore, the influx 
of H2O-rich substances released from the subducting slab into the 
overlying mantle wedge contributes significantly to the genesis 
of island arc magmatism (e.g., Tatsumi and Eggins 1995). Recent 
active petrological investigations of peridotite xenoliths from 
island-arc volcanoes have provided possible evidence for meta-
somatism caused by inputs of subduction components released 
from the subducting slab. In particular, secondary orthopyroxene 
replacing olivine appears in island-arc peridotite xenoliths (e.g., 
Arai and Kida 2000; Arai and Ishimaru 2008; Bali et al. 2007; 
Bénard and Ionov 2012, 2013; Franz et al. 2002; Grégoire et 
al. 2001; Halama et al. 2009; Ishimaru et al. 2007; McInnes et 
al. 2001; Shimizu et al. 2004). The presence of such secondary 
orthopyroxene implies that a possible metasomatic reaction 
between slab-derived Si-rich melts or fluids and peridotites in 
the mantle wedge takes place beneath island arcs. Ishimaru et 
al. (2007) and Shimizu et al. (2004) proposed that orthopyrox-
ene replacing olivine between peridotite and felsic rock vein in 
island-arc peridotite xenoliths resulted from the reaction with 
slab-derived adakitic melts. Moreover, metasomatic melt inclu-
sions with adakitic geochemical affinities have been also reported 
in island-arc peridotite xenoliths (Bali 2008; Schiano et al. 1995).

Several overviews of global back-arc magmatism and mantle 
processes from the viewpoint of petrology and geochemistry 

of back-arc basin basalts (BABB) have been carried out (e.g., 
Pearce and Stern 2006; Taylor and Martinez 2003), but studies 
using mantle peridotites have not yet been performed, due to their 
rarity. The Sea of Japan is a Miocene back-arc basin formed by 
the detachment of the Japan arcs from the Asian continent (e.g., 
Kaneoka et al. 1992; Nohda 2009; Otofuji et al. 1985; Tamaki et 
al. 1992). We have recently discovered mantle peridotite xeno-
liths enclosed in basaltic to andesitic lavas from the Shiribeshi 
Seamount in the Sea of Japan (Ichiyama et al. 2013, 2016; Fig. 1). 
Interestingly, veinlet-like secondary orthopyroxenes replacing 
olivine, as observed in island-arc peridotite xenoliths, are pres-
ent in a sample of these peridotite xenoliths. The secondary 
orthopyroxenes in the peridotite xenolith from the Sea of Japan 
can provide important information on the mantle metasomatic 
processes during the Sea of Japan opening, and possibly global 
back-arc basins worldwide. In this study, we present new geo-
chemical data for the secondary orthopyroxenes in the mantle 
peridotite from the Sea of Japan, and discuss their petrogenesis 
and significance for Sea of Japan magmatism.

brief overview of The sea of japan and 
descripTion of The peridoTiTe xenoliThs from 

The shiribeshi seamounT

The Sea of Japan has three main topographic basins: the Japan 
Basin, the Yamato Basin, and the Tsushima Basin (Fig. 1). The 
basement of the Japan Basin is composed of basaltic oceanic 
crust formed during Miocene back-arc spreading, whereas those 
of the Yamato Basin and Tsushima Basin are continental crust 
thinned or extended by back-arc rifting (Tamaki et al. 1992). Drill 




