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Marginal parts of a plate and subducting slab play important role in geodynamics. This is because in 

areas where a plate interacts with other plates or with the mantle thermal, geochemical, and mechanical 

interactions are expected. How to propagate the force between plates is an important factor in determining 

the origin and intensity of the plate movement, in particular, the toroidal motion characterizing the Earth. 

The northwestern edge of Pacific Plate is subducting beneath the northern Kamchatka (Fig. 1), which 

formed three volcanic lines consisting the Eastern Volcanic Front (EVF), the Central Kamchatka Depression 

(CKD) and the Sredinny Range (SR). In the west part of the boundary between the Pacific Plate and the 

North American Plate (or Bering Plate), three transform faults consisting of Aleutian Transform Zone (T.Z.), 

Bering T.Z. and Alpha T.Z. are formed along the northern edge of the Pacific Plate, which constitutes the 

forearc slivers (e.g., Komandorsky Sliver, Lay et al., 2017). The Emperor Seamount Chain is subducting 

with the edge of Pacific slab, which is thought to be related to the formation of the East Cone volcanic group 

(EC) in the fore-arc area and a massive active volcanic group, Klyuchevskoy Volcanic Group (KVG), in 

CKD (Dorendorf et al., 2000; Nishizawa et al., 2017). 

In the Pacific slab edge, the mantle wedge is open to the north. However, the mantle thermal structure 

near the slab edge is still being debated as to whether the edge of the plate is hot or cold (e.g., Yogodzinski 

et al., 2001; Portnyagin and Manea, 2010). The along-arc direction of the mantle flow is also debated; if 

there is an asthenospheric flow around the plate edges and through the slab window, the hot asthenospheric 

mantle would flow southward in the wedge (Yogodzinski et al., 2001). On the other hand, if the wedge 

temperature decreases toward the slab edges, the mantle would flow northward in the wedge (Portnyagin 

and Manea, 2010). 
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Fig. 1 (left) Major geological structures of the Kamchatka and (right) detailed map of northern-Sredinny Range (N-SR). 

 

We found monogenetic cones and stratovolcanoes formed by Quaternary magmatism in the northern 

Sredinny Range (N-SR) from N58° 05’ and up to N58° 38’, more than 150 km northwest away from the 

point of intersection of the Kamchatka trench and the Aleutian trench (Fig. 1). In this study, we tried to 

constrain the slab-wedge dynamics in the northwestern edge of the Pacific Plate based on the petrological 

and geochemical characteristics of N-SR lavas and its geological settings. 

The K-Ar and 
40

Ar/
39

Ar age data of the N-SR lavas represent that the magmatism started from the 

Lower Pleistocene (1.6~ Ma). The youngest active age is ~3.5 Ka reported from Tobel’tsen cone (Pevzner, 

2006), which indicates that the magmatism in N-SR continues through the Quaternary. Most N-SR lavas 

contain olivine, clinopyroxene and plagioclase as a mineral assemblage, have a range in the SiO2 content 

from 51 to 61 wt.% and are classified as medium-K series. In the trace elements spider diagram, the 

Quaternary N-SR lavas show relatively shallow Nb and Ta depletion compared to the lavas from the EVF 

and the EC, which is similar to the lavas from Hailulia and Nachikinsky volcanoes and the south-SR 

(Portnyagin et al., 2005; Volynets et al., 2010), but show a typical arc signature with relative LILE 

enrichment and HFSE depletion. It indicates that slab-derived fluid is distributed in the source mantle even 

in the north beyond the slab edge where the subducting slab is not recognized. 
 

 
 

Fig. 2 An example of the result of the quantitative inversion model for trace element compositions of lava from Voyampolsky 

volcano in N-SR. 

 

Most of the trace elements compositions of the Quaternary N-SR lavas can be reproduced by our 

quantitative inversion model assuming mantle flux melting by supplying slab-derived fluid (Fig. 2, 

Nishizawa et al., 2017). In the model, we calculated the fluid composition by using a partition coefficient 

between fluid and rock (Kogiso et al., 1997) and composition of the subducting slab. We assumed the 

composition of the altered oceanic crust of Pacific Plate (Kelley et al., 2003) and Meiji and Detroit 

seamount of the Emperor Seamount Chain (Regelous et al., 2003; Huang et al., 2005) as the composition of 

the subducting slab and the depleted MORB source mantle (DMM, Workman and Hart, 2005) in the wedge. 

The estimated melting condition of N-SR lavas are; degree of melting = 5–14%, fluid content = 1–4.5%, 

melting temperature = 1050–1150°C, these values do not show clear spatial changes, which indicates 

relatively homogeneous melting conditions of N-SR lavas. The slab-derived fluid is distributed even in the 

north beyond the subducting Pacific slab edge, which implies that the forearc slivers are subducting beneath 

N-SR. 
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