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INTRODUCTION

The Kamchatka peninsula refers to one of most
interesting regions of the Earth from the viewpoint of
abyssal geodynamics. Here, as is well known, three
volcanic belts are located—the East Kamchatka vol�
canic belt (EKVB), the belt of the Central Kamchatka
Depression (CKD), and that of the Sredinny Range
(SR)—which distinguishes this region from the com�
mon volcanic zone typical for island arcs and reflects
the abyssal processes occurring in the upper mantle. At
present, different models are proposed of the return to
the northwest and the formation of two parallel zones
of the Quaternary volcanism (CKD and SR); most
authors consider it in the context of the plate tectonics
hypothesis [1, 15, 24].

In Kamchatka, in addition to properly island arc
series, which are indicators of the orogenic situation, a
special type of volcanism manifests itself. It is close in
petrochemical and geochemical attributes to the
intraplate volcanites developed in continental and
oceanic regions [9]. The intraplate volcanism is usu�
ally distinguished from island arc volcanism because it
is commonly accepted [10] that both types have differ�
ent sources and situations of manifestation. The first
type is directly or indirectly associated with the evolu�
tion of mantle diapirs, while the second one, with sub�
duction dynamics. However, the spatial and temporal
combination of both volcanism types acquires a regu�

larity indicating closer, maybe genetic relations
between them [19, 20]. The proposed models of the
evolution of the region must be undoubtedly verified
by the structural features and properties of the upper
mantle. In the last decade, the data that are most
informative in this aspect were obtained by geophysi�
cal methods, in particular, by gravimetry and seismic
tomography (global, regional, and local). The latter
ones are represented by three�dimensional images of
velocity properties of the medium in the form of
anomalies of bodily longitudinal (Vp) and transverse
(Vs) waves from earthquakes [11–13, 15, 16, 21, 35–
37, 39, 42–44, 46, 47].

It should be noted that the results obtained by dif�
ferent authors contain both similarities and significant
distinctions; this concerns not only the features of the
developed velocity models but also the following geo�
logical interpretation. The former is caused by the
ambiguity of the seismic tomography method, the
results of which depend to a considerable extent on the
type (bulk or surface waves) and amount of data, the
configuration of the observation networks, the initial
velocity model, etc. The differences in the global mod�
els of the Earth according to different authors were
very clearly demonstrated in [17]. For the Kamchatka
region, we show them in Fig. 1. As for the geological
interpretation of the obtained data, the principal sig�
nificance is determined by the geodynamic hypothesis
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Fig. 1. Comparison of the results of the global (A [39], B [21]) and regional (C [36], D [13, 46]) tomography. Horizontal cross
sections of the volume velocity models in the anomalies of the velocity Vp are presented. The black dashed lines and dots highlight
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Fig. 2. Spatial distribution of the Late Pliocene–Quaternary volcanoes of Kamchatka and the Bering Sea region with different
Sr�isotopic characteristics. The data were taken from [6, 26–30, 33, 38, 40, 41, 45, 48, 52–54]. 
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in the context of which the data are analyzed and the
degree of their adequacy concerning the results of
other geological and geophysical methods, as well as
concerning the present�day tectonics of the region. In
almost all the tomographic models of the upper mantle
of Kamchatka, two anomalies are distinguished: the
high�velocity anomaly being in correspondence with a
seismic focal zone (SFZ) and a relatively low�velocity
one to the West from it (the mantle wedge region). The
differences directly concern the geometry, the shape,
the velocity characteristics of the slab, the pictures of
the anomalies, and the distribution of the anomalies in
the volume model.

Seismic tomography mappings performed using
the data of regional earthquakes detected by the net�
work of stations of the Kamchatka branch of the Geo�
logical Service of the Russian Academy of Sciences
according to the technique developed at the University
of Switzerland (Zurich) made it possible to obtain
more detailed data about the properties of the upper
mantle under Kamchatka down to the depth of ~200
km [13, 46]. However, as was rightly said in [34],
hypotheses about the velocity structure of the Earth
that lie in the base of seismic tomography data (and, in
our opinion, their geodynamic interpretation) must be
open to question due to the specificity of the method
and, undoubtedly, find further support in the results of
other geological–geophysical methods. In this work,
an attempt is made to aggregate the results of the anal�
ysis of the geological, isotopic–geochemical, and geo�
physical materials based on which one can obtain
information about the abyssal structure of the territory
under consideration.

ISOTOPIC GEOCHEMICAL|
AND GEOPHYSICAL ANOMALIES: 

THEIR INTERPRETATION

Petrology models of island arc volcanism in either
case use data concerning the transverse isotopic–
geochemical zonality. Indeed, the presence of such a
zonality that can be associated with the depth up to the
seismic focal zone is a serious argument for the postu�
lated subduction mechanism. In reality, we observe a
more complicated picture.

For example, the transverse zonality, according to
[29], is expressed in the fact that the frontal zone is
characterized by low 87Sr/86Sr ratios but higher
208Pb/204Pb and 206Pb/204Pb ratios. Then, in the region
of the Central Kamchatka Depression (CKD), the Sr�
isotopic ratios increase but the Pb�isotopic character�
istics decrease. In the rear zone, the Sr isotopy
decreases again and that of lead moderately increases.
Here, as we can see, there is no direct correlative
dependence for these characteristics from the depth to
the seismic focal layer.

The first picture of the areal spread of the manifes�
tations of the Pliocene–Quaternary volcanism of

Kamchatka with different Sr�isotopic characteristics
was presented in [18]. Here, it is clearly seen that, first,
a local increase in the 87Sr/86Sr ratios in the CKD and
Sredinny Range regions is observed; then, this ratio
decreases when moving to the rear zone of the island
arc system. This regularity does not correlate with the
depth to the seismic focal zone.

This picture is presented in Fig. 2 with the addition
of later materials. In this figure, we see a series of iso�
lated Sr�isotopic anomalies of different levels.

A large anomaly with a variation range of the isoto�
pic characteristics 87Sr/86Sr = 0.7027–0.7030 corre�
sponds to volcanism manifestations in the structure of
the Bering Sea region. Segmental areals of the Late
Cenozoic alkali intraplate volcanism that are con�
nected with extension phases are discernible here
along the continental margin of the Bering Sea and in
some of its islands. The entire southern part of the
region is represented by the convergent boundary,
while near Kamchatka, by the slip–thrust boundary of
the lithosphere plates. For this region, a model of the
volcanism evolution is proposed based on the presence
of a thermal anomaly in the mantle in a sort of hot spot
or plume [2]. Here, we have knowledge about the ini�
tial stage of the geodynamic evolution of the plume
both for the Bering Sea block [3] and for the Northeast
of Asia [14]. The seismic tomography data indicate the
presence of low�velocity decompactified mantle
material up to a depth of about 410 km under the shelf
of the Bering Sea [37] or for a vast region including the
Bering Sea region, Chukotka, Koryakia, and the
northern part of Kamchatka [16].

A small anomaly extended to the NW direction
with higher Sr�isotopic characteristics (87Sr/86Sr >
0.7034) of the junction zone of the Kuril–Kamchatka
and Aleutian–Komandor island arc systems is located
in the Western part of the Bering Sea structure. Higher
values of these isotopic ratios probably indicate a sig�
nificant contribution of the crustal material to the
compositions of the produced melts.

A similar anomaly with higher Sr�isotopic ratios is
located to the south in the region of the northern ter�
mination of the CKD with a large amount of active
stratovolcanoes. The magmatism of this zone is usu�
ally considered within the frames of the subduction
model [29, 53–55]. The original adakite�like compo�
sition of some volcanic rocks occurring at the Shive�
luch volcano, which is closest to the junction zone of
the Kuril–Kamchatka and Aleutian–Komandor
island arc system, is considered as one of the possible
indicators of melts forming upon the melting of the
downgoing lithosphere plate. The adakites are high�
magnesia andesites with typical parameters of the con�
tent and ratio of microcomponents (high concentra�
tions of Sr and large Sr/Y and La/Yb ratios) that are
relatively enriched by compatible elements such as
Mg, Cr, and Ni. According to [31], adakites and asso�
ciating magnesia andesites in the situation of lithos�
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phere plate convergence are considered as indicators
of melting processes in a relatively young (and heated)
subducted oceanic plate. However, the presence of a
relatively cold and “not young” (about 50 Ma) sub�
ducted oceanic crust under the Shiveluch volcano was
an obstacle for the direct use of the subduction model.
This fact stimulated the authors of the model [55] to
consider a part of this junction as an original “slab
window” after the manner of the Californian mantle
window and to suppose the existence of an additional
heat source in the form of the rising flow of the
asthenospheric material. This model, however, also
allows the possibility of an isotopic–geochemical con�
tribution to the composition of the volcanic rocks of
the considered region from the Bering Sea mantle
plume (diapir) in spite of the absence of the intraplate
volcanism type in the rock composition of Shiveluch
volcano.

The anomalous zone restricted by values of
87Sr/86Sr = 0.70332–0.7034 in the central part of the
peninsula and a small anomaly in the region of the
Avacha group of volcanoes with a close isotopic com�
position are probably of largest interest. The distin�
guished interval of Sr�isotopic values corresponds to
isotopic compositions in the manifestations of the
intraplate volcanism in the Kamchatka island arc sys�
tem on the Ichinsky [9, 29] and Bakening [32] volca�
noes and on the one centre in the southern part of the
Central Kamchatka Depression [23]. Similar isotopic
characteristics were also detected in basalts of Plosky
Tolbachik and its areal zone and at Ploskie Sopki [29].
High�potassic aluminiferous basalts of the Southern
Vent of the Great Fissure Tolbachik Eruption were
referred to a volcanic series of a nonisland arc group by
O.N. Volynets as early as in 1990 [8]. Now, it is becom�
ing clear that they also should be referred to the intra�
plate type. The manifestation of the intraplate
geochemical type in the composition of the Kam�
chatka volcanites means the possibility to use this
model of the mantle diapir for an explanation of this
anomaly [19, 51].

The spot anomaly in the region of the Avacha vol�
cano group is most remarkable. Here, manifestations
of the intraplate type are absent. However, exotic rocks
were found in the compositions of the volcanites
together with basaltic andesites of the usual island arc
type—avachites with a MgO content up to 15–20%
[22]. In addition, the Avacha volcano is distinctive in
the unusually high content of abyssal xenoliths whose
composition varies from lherzolites to harzburgites
and dunites. This is probably a special type of abyssal
activation, rather an R.M. Bembel’ geosoliton [7]
than a usual diapir.

It is necessary to note the existence of differences in
the character of the volcanism manifestations inside
this anomalous zone and beyond it. The first ones are
represented by large long�developing centers of Late
Pliocene–Quaternary volcanism with pronounced

both pre� and postcalderic complexes (Ichinsky and
Bakening volcanoes, Tolbachik Center, and Ploskie
Sopki). The second ones are local Quaternary strato�
volcanoes, which are very rarely represented by cal�
deric and postcalderic formations (most of the volca�
noes of the Klyuchevskaya group). It is also necessary
to emphasize that the Sr�isotopic anomalies distin�
guished in Fig. 2 manifest themselves neither in the
character of the spread of the neodymium isotopes nor
in the lead�isotopic characteristics. In general, for the
Kamchatka island arc system, higher values of the Pb�
isotopic ratios are observed in its front part. In addi�
tion, the analysis of the Pb�isotopic characteristics
indicates the presence of an Indian Ocean type mantle
domain under Kamchatka, as well as under the Kurils.

According to the data of the regional seismic
tomography, the upper mantle (UM) under Kam�
chatka is characterized by a pronounced vertical and
lateral velocity inhomogeneity. This concerns not only
features in the structure of the high�velocity focal layer
but also of the mantle wedge. Unfortunately, only
regions of eastern and, partially, central Kamchatka
(including CKD) can be characterized relatively in
detail, which is connected with the specificity of the
configuration of the regional observation network.
The lithosphere layer between the Moho discontinuity
conventionally marked along the isoline of the velocity
Vp = 7.5 km/s and up to the depth of ~80–100 km is
characterized in velocity cross sections by positive
anomalies of the longitudinal wave velocity Vp and the
clearly pronounced block structure (Fig. 3a). The dif�
ferences in the structure of the anomalous zones of Vp
with a negative sign under the volcanic belts (EKVB
and CKD) well manifest themselves in the horizontal
UM cross sections (Fig. 1d). On the maps, anomalous
velocity structures (transverse to the Kamchatka
extension) are marked; they are associated with fea�
tures of the geometry of the high�velocity focal layer
and probably correspond to fault zones of the mantle
location, in particular, to the Avacha and Kronotsk–
Krutogorovsk zones [24]. Under the CKD, a low�
velocity abyssal anomaly is visible; it is represented by
a narrow linear form at a depth of ~150 km and, higher
in the succession at a depth of about 40–60 km, by a
vast anomaly that definitely has a continuation under
the SR (Fig. 1d, Fig. 4). The configuration of the
Kamchatka network of stations does not permit one to
perform seismic tomography constructions there;
however, the global tomography data [21, 39] agree
with this supposition. The outlines of this velocity
inhomogeneity are in general well coordinated with
the isotopic anomaly (Fig. 2), although, certainly, dif�
fer in some details. At the same time, it is uncontrover�
sial that, in the upper mantle in the central part of the
peninsula, there exists an abyssal structure that differs
in the characteristic the velocity features. In particular,
vertical cross sections along and transversely to Kam�
chatka in anomalies of the velocity Vs allow one to
observe these features almost from the crust bottom up
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to the depth of not less than 150–200 km (Figs. 3b and
4). It seems realistic to suppose that it can be caused by
the mantle “asthenolith” (asthenolith “lens” or “dia�
pir”), the activity of which significantly complicates
the total picture of the zonal (in the aspect of the dis�
tribution of the isotopic–geochemical characteristics
of the manifestations) of the Late Cenozoic volcanism
of the region. A characteristic and, probably, very
demonstrative and significant feature of the regional
velocity model presented in the anomalies of Vs is a
sharp stepwise change in the UM in the region related

to the Kronotsk–Krutogorovsk fault zone (Fig. 3b).
Jointly with the analysis of the features of the seismic
activity and the immersion of earthquake “clusters” in
the NE–SW direction along the profile, the obtained
results can be used when modeling the abyssal process
occurring in this region (this question is not discussed
in this paper). In general, the velocity structure of the
UM under the Klyuchevsky group of volcanoes seems
to be superposed on the deeper Central Kamchatka
structure.
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The analysis of the low�frequency components of
the Bouguer gravity force field (GFF), both using the
data of regional ground�based gravimetric surveys and
maps constructed by the results of satellite altimetry,
demonstrates the presence of a vast negative anomaly

with an epicenter approximately in the region of the
triangle formed by the Ichinsky, Bakening, and Plosky
Tolbachik volcanoes (Fig. 5). The shape of the nega�
tive anomaly is determined not so unambiguously in
schemes of different frequency components; however,
one can surely say about its extension in the N–E
direction. Not the least interesting feature in the mor�
phology of the low�frequency GFF components is the
presence of a zone of relatively higher values rimming
the aforementioned minimum from the East. The dis�
placement of the axis of gravity steps (Fig. 5) in the
analysis of the field from relatively high�frequency to
low�frequency components can indicate the presence
of a denser zone in the mantle with a trend of immer�
sion from the East to the West. If this supposition is
valid, the region with 87Sr/86Sr > 0.7034 for most stra�
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(1–3) Tolbachinsky Center: (1) aluminiferous basalts of
the Tolbachinsky volcano, (2) basalts of areal volcanism of
the aluminiferous type and (3) magnesia type; (4) Ushk�
ovsky volcano; (5) Kluchevsky and Kamen volcanoes; (6)
Bezymyanny volcano; (7) intraplate volcanites (Ichinsky
and Bakening volcanoes); (8) metamorphites of the
Khavyvensk Hills; (9) metamorphites of the Ganal Range
(according [25, 28, 29, 33, 48, 49]). The data on the lower�
middle crust were taken from [4].
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Fig. 5. Scheme of low�frequency anomalies of the Bouguer
gravity force field (GFF). (1) axes of higher horizontal gra�
dients: (a, b, c) sequentially from relatively low�frequency
to high�frequency GFF components; (2) large faults sup�
posed according to geophysical data in the N–W direc�
tion; (3) axis of the Kuril–Kamchatka deep�sea trench;
(4) GFF anomalies: (a) relative depressions (minimums)
and (b) elevations; (5) large Quaternary volcanoes: (Kl)
Klyuchevskaya sopka, (Km) Kamen, (Bz) Bezymyanny,
(Shv) Shiveluch, (Tl) Plosky and Ostry Tolbachiks, (Ush)
Ushkovsy, (Kr) Krestovsky, (Bk) Bakening, (Ich) Ichinsky,
(Ip) Ipelka, and (A–K) Avachinsky and Koryaksky; (6)
regions of isotopic anomalies: (a) 87Sr/86Sr = 0.70332–
0.7034 and 87Sr/86Sr > 0.7034.
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tovolcanoes of the Klyuchevsky group and in the junc�
tion zone of the Kuril–Kamchatka and Aleutian–
Komandor island arc systems can be explained by the
fact that the primary magma chamber here, in contrast
to the region of the Central Anomaly (87Sr/86Sr >
0.70332–0.7034), is located in the lithosphere mantle
or relatively closer to the base of the crust, which leads
to a change in the 87Sr/86Sr ratio. This statement is
illustrated by the diagram in Fig. 6 containing the iso�
topic compositions of, on the one hand, rocks of the
Tolbachik Center and Ushkovsky volcano and, on the
other hand, of the Klyuchevsky, Kamen, and Bezymy�
anny volcanoes. The points of the isotopic composi�
tions of the rocks of the first group are localized in the

region of mantle compositions, while those of the sec�
ond group are shifted to the field of the lower�middle
crust, which clearly indicates their different depth of
feeding.

The existence of the mantle diapir in the region of
Central Kamchatka, in our opinion, is verified also in
the neotectonic features of the region under consider�
ation. The features of the present�day relief tell about
the contrasting zonal�block character of the neotec�
tonic motions in the considered region. In this case,
however, we are interested rather in their generalized
character.

It is quite possible that the presence of a hot mantle
diapir must anyhow manifest itself in the generalized
features of the relief, the volcanism, and the tectonics
of the central part of Kamchatka. We can analyze the
generalized relief characteristics either using satellite
altimetry anomalies in the free air or by considering
the features of the averaged relief. The results turn out
to be very close. Figure 7 presents the scheme of the
averaged relief of the central part of Kamchatka. It is
clearly seen that an isometric relief anomaly is
observed in the region of the supposed mantle diapir.
According to the averaged data, it can be characterized
as a bending fold complicated by the Central Kam�
chatka Depression from the East (the extension zone),
by the Malki–Petropavlovsk zone of transverse dislo�
cations from the South, and by the zone of junction
with the Aleutian–Komandor island arc system from
the North. Similar “outline” restrictions of the anom�
alous properties of the upper mantle are also presented
in the abovementioned results of the regional seismic
tomography, which permits us to propose, on the
strength of all the evidence, a model of an asthenos�
pheric diapir rising to the lithosphere mantle up to a
depth of 40–60 km. This diapir is then implemented as
individual flows of mantle jets or “hot fingers”
described in [50] for the NE of Japan. A detailed for�
mulation of the asthenospheric diapirism model was
described earlier in [5].

CONCLUSIONS

A complex approach to studying the isotopic–
geochemical and geophysical anomalies within the
considered region allows one to reach a series of suffi�
ciently justified conclusions.

(1) The vast isotopic–geochemical anomaly
revealed within Central Kamchatka is reflected in the
seismic tomography models and well agrees with the
gravimetric data. This allows one to interpret it as a
consequence of the penetration of the asthenospheric
diapir into the bottoms of the lithosphere mantle up to
depths of about 40–60 km.

(2) Features in the material composition of the
large volcanic centers of Kamchatka such as the Ichin�
sky, Bakening, Tolbachik, and Ploskie Sopki are deter�
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mined by the influence of this mantle diapir (the for�
mation of intraplate geochemical type basalts).

(3) The compositions of the large stratovolcanoes
of the Klyuchevsky group, such as the Kharchinsky,
Klyuchevsky, and Bezymyanny, reflect the crust–
mantle level of feeding from a lesser depth with a sig�
nificant addition of the crust material. Rocks of the
intraplate geochemical type are absent here.

(4) Manifestations of the alkali�basalt intraplate
volcanism in the structure of the Bering Sea region
also should be considered in the context of the rising
diapir.

(5) In the junction zone of the Kuril–Kamchatka
and Aleutian–Komandor island arc systems, one can
observe a superposition of the anomaly with higher Sr�
isotopic compositions on the Bering Sea anomaly with
moderate Sr�isotopic characteristics. Here, one can
observe a combination of rocks belonging both to the
intraplate and island arc geochemical types.

(6) The analysis of the obtained materials poses a
topical problem of the spatial and time�related com�
patibility of the subduction geodynamics and diapir�
ism models.
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