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aBsTracT

The Amami Plateau, Daito Ridge, and Oki-Daito Ridge of the northwestern Philippine Sea 
Plate are remnants of Mesozoic island arcs. We have newly recovered samples of peridotite and 
peridotite-derived minerals from the Daito Ridge. The peridotite samples are composed of serpen-
tinized/altered olivines, orthopyroxene porphyroclasts, small clinopyroxenes, and spinels, indicat-
ing a harzburgitic origin. Chondrite- and primitive mantle-normalized trace-element patterns for 
clinopyroxenes are characterized by a steep positive slope from middle rare earth elements to heavy 
rare earth elements (HREEs) plus yttrium. The light rare earth elements (LREEs) and Sr and Zr 
contents of clinopyroxenes vary in abundance, and some crystals have high LREE/HREE ratios 
coupled with positive Sr and Zr anomalies. These petrological and geochemical characteristics are 
not consistent with the Daito peridotites being the residue of a single partial melting event including 
melt extraction expected for mid-ocean ridge mantle. Instead, the peridotite source must have been 
enriched with slab-derived components, which are associated with arc-related magma. Thus, it is 
concluded that the studied peridotite fragments belong to an exhumed mantle section of a remnant 
proto-Philippine Sea island arc.
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inTroducTion

The Philippine Sea Oceanic Plate has a complex architecture 
comprising several geotectonic domains, including three back-
arc basins: the West Philippine Basin, the Parece Vela Basin, 
and the Shikoku Basin (Lallemand 2016; Wu et al. 2016 and 
references therein). These back-arc basins, together with the 
Izu-Bonin-Mariana (IBM) Arc system, were formed following 
the initiation of subduction of the Pacific Plate under the Philip-
pine Sea Plate at ~52 Ma (Ishizuka et al. 2011). Although the 
IBM Arc is one of the most studied intra-oceanic arcs, little is 
known about the proto-Philippine Sea Plate that existed along 
the Pacific Plate margin.

Cretaceous rocks have been reported in WNW-ESE trending 
sub-parallel ridges (the Amami Plateau, the Daito Ridge, and 
the Oki-Daito Ridge and Plateau; herein referred to collec-
tively as the Daito Ridges) that line up from the north to south 
across the northwestern Philippine Sea Plate (Hickey-Vargas 
2005; Ishizuka et al. 2011) (Fig. 1). Geophysical data indicate 
a total crustal thickness of 15–25 km in the Daito Ridge area 
(Nishizawa et al. 2014), making it an ideal location to recon-

struct the tectonic evolution of the proto-Philippine Sea Plate.
Serpentinites and their minerals, such as chromian spinel 

and clinopyroxene, have been recovered from the Daito Ridge 
in the past (Site 445 in Fig. 1) (Yuasa and Watanabe 1977; 
Tokuyama et al. 1980), but their origin has remained unclear. 
To further explore the architecture of the proto-Philippine 
Sea Plate, we conducted sampling and direct observations 
of the Daito Ridges region during two expeditions operated 
by the Japan Agency for Marine-Earth Science and Technol-
ogy (JAMSTEC). The first expedition (YK10-04) of the R/V 
YOKOSUKA used a manned-submersible (SHINKAI 6500) 
coupled with a deep-tow camera survey, and the second expe-
dition (KR13-15) used a remotely operated vehicle (KAIKO 
66 7000II). Gabbroic, granitic, and metamorphic rocks were 
discovered in an exposed deep-crustal section, along with vol-
canic rocks ranging from basaltic to andesitic in composition. 
These findings are consistent with the proposed arc origin of 
the Daito Ridge region (Tokuyama 1995; Hickey-Vargas 2005; 
Ishizuka et al. 2011). Geochemical and age data for igneous 
and metamorphic rock samples collected from the ridge will be 
reported in a separate communication. Samples of serpentinite 
were recovered from the Daito Ridge (location 7K611 in Fig. 
1) during the KR13-15 cruise. In this paper, we focus on these 
newly recovered samples and discuss their origin in the context 
of the tectonic evolution of the Philippine Sea Plate.
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