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VOLCANOLOGY

The Role of the Back-arc Basin in the Formation
of Slab Heterogeneity and the Origin of Volcanism
in the Kuril—Kamchatka Island Arc
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Abstract—The origin of volcanism along the Kuril—Kamchatka Island Arc (KKIA) was analyzed. Geophys-
ical observations show variations in the slab parameters. Different widths of the volcanic belt in the northern
and southern parts of the KKIA are caused by changes in the slab dip angle. The rift system of the Bussol
Strait may be generated by significant changes in the slab velocity in the central segment of the KKIA. We
proposed that the back-arc basin plays a predominant role in the formation of various parameters of the slab

and manifestations of volcanism along the KKIA.
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INTRODUCTION

The Kuril—Kamchatka Island Arc (KKIA) forms
the northwestern sector of the Ring of Fire. The KKIA
extends from the Malko-Petropavlovsk zone of trans-
verse dislocations in Kamchatka to the junction with
the northeastern Honshu arc on Hokkaido Island
(Fig. 1). Within the Kuril Islands, 36 active terrestrial
volcanoes [1] and 116 submarine volcanoes of Quater-
nary age [2] have been identified. Most of the volca-
noes are underwater, some volcanoes form isolated
islands, and the activity of others can be identified
only by finding reference horizons of pyroclastic rocks
over a large area. The distribution of volcanoes along
the KKIA show that the volcanic front of the arc bends
sharply at an angle of 22°—23° in the area of the Bussol
Strait [2]. In this area, a series of strong earthquakes
with magnitudes up to 8.3 occurred between 2006 and
2009. Comparison of the locations of earthquake
sources with the deep structure and tectonics of the
central Kuril Islands has shown that they are associ-
ated with the regional fault zones and areas of anoma-
lous structure of the Earth’s crust [3].
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This is reflected in the change in the gravity field in
free air and in disturbance of the geochemical zoning
in the area of the Bussol Strait [2]. The isotopic—geo-
chemical markers of volcanics of the northern Kuril
Islands indicate a depleted mantle source (N-MORB)
and the involvement of melts, associated with melting
of subduction sediment, in the magma genesis. This
fact is possibly explained by the thermal anomaly
recorded beneath southern Kamchatka. On the con-
trary, the compositions of igneous rocks of the central
and southern Kurils are displaced to the mantle field
of an enriched mantle type (E-MORB) [4]. Active
mantle diapirism and volcanic activity in the back-arc
Kuril Basin led to heating of the supra-subduction
mantle of the rear zone of the southern Kurils [5]. The
purpose of the present work is to reveal the origin of
the anomaly in the central segment of the KKIA and
to identify the role of the back-arc basin in the forma-
tion of slab parameters and, correspondingly, the cor-
related manifestations of the KKIA volcanism.

METHODS

The results of previous studies were used to solve
the problem identified. The seismic activity across the
subduction zone was analyzed on the basis of data
from the Sakhalin Branch of the Geophysical Service,
Russian Academy of Sciences (Fig. 2). The type of
slab—mantle relations has been studied using mantle
tomography (Fig. 3). The geophysical characteristics
of the slab along the arc are presented in [8]. The spa-
tial manifestation of volcanism, including the distance
to the deep-sea trough, and the volumes of eruption
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Fig. 1. Geodynamic position of the KKIA. Individual identified volcanoes of the back-arc and forearc graben of the Bussol Strait

according to [2, 6, 7] are highlighted in yellow.
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Fig. 2. Manifestation of seismicity across a strike of the KKIA subduction zone. Roman numerals on the sections correspond to
the localization of the profiles on the right part of the figure. The numbers at the bottom of the sections indicate the average angle

of the slab dip.

products were analyzed from a compilation of numer-
ous sources [2, 9, 10] (Fig. 4).

RESULTS AND DISCUSSION

The distribution of seismicity across the strike of
the subduction zone indicates a decrease in the aver-
age angle of the slab dip from north to south (Fig. 2).

Mantle tomography data also support this conclusion
(Fig. 3). A low-velocity anomaly in the rear part of the
arc in the southern Kurils and its smaller size in the
northern Kurils have attracted attention. In terms of
geodynamics, it points to the presence of the back-arc
Kuril Basin (Fig. 3).

The parameters of the dipping slab vary. Therefore,
the age of the slab increases from the north of the arc
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Fig. 3. Anomalies of velocities of P- and S-waves on vertical sections across the KKIA strike according to [11]. The points are the
hypocenters of earthquakes. The position of sections is shown on the map in the right-hand part of the figure.

to the south and varies from 105 to 125 Ma, respec-
tively (Fig. 4). Dramatic changes in the velocity of the
plate dipping are observed in the central segment of
the KKIA. This is reflected in the formation of the
asthenosphere upwelling according to seismic tomog-
raphy data (Figs. 3, 4). Detailed bathymetry, gravime-
try, and seismic profiling suggested a transtension
zone in the central Kurils and active destruction of
tectonic origin [12]. A comparison of the age of the
volcanic formation in the rearward part of the arc indi-
cates a rejuvenation of the structures from 25 Ma [7] to
very young structures less than 0.7 Ma at the arc front
[2] (Fig. 1). It is important to note the presence of
numerous volcanic edifices from Simushir Island to
the trench, which is interpreted as the presence of an
axial magmotogenic zone of superimposed rifting [12].

DOKLADY EARTH SCIENCES 2024

The temporal evolution of volcanoes from the back-
arc to the forearc suggests the gradual formation of a
graben in the Bussol Strait associated with the devel-
opment of different structures in the northern and
southern Kurils. Collision on Hokkaido Island and the
development of strike—slip structures in the southern
Kurils are associated with the formation of the forearc
graben in the Bussol Strait [13].

One of the interesting problems is related to the
reason for the formation of different slab parameters of
the northern and southern Kurils. Based on the above
arguments, it is obvious that the rift-related structure
of the Bussol Strait and the rejuvenation of volcanism
from the back-arc to the forearc are related to the
transtension caused by the difference in the dip veloc-
ity and the dip angle of the slab in the area. It is gener-
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Fig. 4. Geophysical parameters of the slab and productiv-
ity of volcanism along the KKIA. The productivity of vol-
canism is represented according to [2, 9, 10]. The geophys-
ical parameters of the slab are represented according to [9].
The crustal thickness is given on the basis of publications
[17, 20]. The localization of the data of section 4 is shown
in Fig. 3 according to seismic tomography.

ally accepted that the slab age influences the dip veloc-
ity and angle. In the case of KKIA, we see that the age
changes gradually (Fig. 4). Thus, it is clear that there is
another factor affecting the change in the geophysical
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parameters of the slab along the KKIA. Modeling of
the slab dynamics has shown that one of the important
parameters controlling the change in the slab dip angle
is the variation of the rheological properties of a man-
tle wedge [14]. Heterogeneity of the mantle wedge
with different rheological properties may be formed by
the action of the back-arc basin, as evidenced by
numerous publications, mainly in the broad part of the
basin opening in the southern part of the KKIA: Hok-
kaido Island [15], Rishiri Island [2], and Kunashir
Island [5]. The spectrum of magma variations and the
formation of powerful caldera-forming eruptions on
Hokkaido Island are most likely related to the action
of the back-arc basin [16]. The change in the rheolog-
ical properties of the mantle wedge due to the opening
of the back-arc basin led to the formation of an
oblique zone of subduction in the southern Kurils [17].

The thickness of the crust varies from 32—36 km
under southern Kamchatka, >35 km in northern Hok-
kaido, and it is minimal (15—20 km) in the central seg-
ment of the KKIA in the area of the Bussol Strait [18].
The analysis of volcanic productivity along the arc
indicates the predominance of explosive eruptions in
the southern part of Kamchatka and in the northern
part of Hokkaido Island, which is possibly related to
the relatively greater thickness of the crust. The maxi-
mum volumes (>300 km?) of volcanic edifices are
attributed to the central segment of the KKIA.
Changes in the slab dip angle along the arc are
reflected in the localization of forearc volcanoes and
in the width of the volcanic belt (Fig. 4). Therefore,
from the north to south Kurils, the distance to the
trench is 160—260 km in the northern part, 155—290 km
in the area of the Bussol Strait, and 185—285 km in the
southern Kurils [9]. Despite the relatively steep dip
angle of the slab in the northern part of the Kuril
Islands, the width of the volcanic belt is large, possibly
due to the presence of a low-velocity anomaly
recorded beneath Shumshu Island and because of the
disintegration of the magma generation zone to the
rear part of the arc [19].

CONCLUSIONS

Comparison of the parameters of the slab and vol-
canism along the KKIA allowed us to reveal the rela-
tionship between the width of the volcanic belt and the
distance to the trench. The localization of the volca-
noes with volume of >300 km? in the central Kurils,
the presence of a rift-related structure, and the rejuve-
nation of volcanic edifices from the rear to the forearc
graben are associated with a dramatic change in the
velocity of slab motion and the dip angle, despite the
insignificant changes in the slab age. A possible reason
for the revealed changes in the slab dip may be hetero-
geneity of the mantle wedge and enrichment of the
mantle source due to the action of the backarc basin
on Hokkaido Island and the southern Kurils.
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