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Abstract—Original analytical data on trace elements and radiogenic Nd and Pb isotopes in the volcanic rocks
of the Southern and southwestern part of the Northern plateaus of the underwater Vityaz Ridge are presented.
Interpretation of these data and a comparison with published materials on the volcanic rocks from the south-
ern and northern parts of the Kuril Island Arc (KIA), which formed on two basement blocks of different
genetic nature, allow us to draw the following conclusions. The tholeiite varieties of volcanic rocks of the
Southern Plateau and the southern part of the KIA have similar isotope-geochemical features, which point
to the similar geodynamic conditions of the formation and the identical influence of low-temperature f luid
on magma-generating processes. The geochemistry of the volcanic rocks of the Northern Plateau, which are
mainly represented by subalkaline varieties, indicates a more pronounced contribution of the mantle compo-
nent to the magmagenesis and a greater degree of influence of high-temperature melt compared to the rocks
of the Southern Plateau, but a lesser degree compared to the rocks of the northern part of the arc. The volca-
nics of both plateaus are derivatives of a single mantle source, the MORB of the Indian Ocean (Indian
MORB), and were formed together with the rocks of the southern part of the KIA within the lithospheric
block transformed by tectonomagmatic processes that accompanied the opening of the Kuril Basin.
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INTRODUCTION
The underwater Vityaz Ridge is extended along the

Pacific slope of the Kuril Island Arc (KIA) and sepa-
rated from it by the inter-arc trough (Fig. 1). The ridge
consists of the Southern (I) and Northern (II) pla-
teaus, which are separated by a thick rifting zone, “a
seismic gap of Central Kurils…” from a geophysical
point of view [12, 22]. Previous geochronological
(Table 1) and chemical studies of the volcanic rocks of
the Vityaz Ridge established several volcanic stages
that occurred in the Cenozoic, from Paleocene to
mainly Pliocene–Pleistocene [5, 13, 15]. The Vityaz
Ridge basement has a two-stage model age of 0.77 Ga
[5], which is close to that of the Honshu Island in
Japan (0.80 Ga), thus confirming the pre-existing
point of view on the distribution of Precambrian base-
ment beneath structures of the northwestern Pacific
margin [20, 24].

The Pliocene–Pleistocene volcanic rocks of the
Vityaz Ridge form underwater volcanoes, which coin-

cide with positive magnetic anomalies [9]. The volca-
noes are confined to transverse faults, which cut across
the Vityaz Ridge, Kuril arc, and Kuril basin [23] and
consist of tholeiitic, calc-alkaline, and subalkaline
volcanic rocks ([5, 15], and others). Rocks of similar
alkalinity were established at the Geophysiсist Vol-
cano, which is located in the eastern part of the Kuril
basin [36]. In the earlier works, the cited authors sug-
gested that tholeiitic and calc-alkaline varieties of
Pliocene–Pleistocene volcanic rocks of the Vityaz
Ridge in terms of alkalinity and some other geochem-
ical characteristics are close to the analogous rocks of
the Kuril arc, while subalkaline rocks, to those of the
Kuril Basin [5]. Based on these data, it was concluded
that the Vityaz Ridge is genetically related to the Kuril
arc and eponymous basin. This fact provoked us to
find new evidence to confirm or discard this relation-
ship. The obtained new data on trace elements and
radiogenic Nd and Pb isotopes in the volcanic rocks of
the Vityaz Ridge may provide some insight into the
nature of this structure, many genetic questions of
which have remained open.† Deceased.
23
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Fig. 1. A schematic map of the underwater Vityaz Ridge with dredging stations of the volcanic rocks (modified after [15]).
Dashed lines and roman numerals show: (I) Southern Plateau and (II) Northern Plateau of the Vityaz Ridge. Arrow shows the
boundary between the southern and northern parts of the Kuril island arc (modified after [19]).
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METHODS

Samples of volcanic rocks were obtained by dredg-
ing of morphostructures of the underwater Vityaz
Ridge during Cruises 37 and 41 of the R/V Akademik
M.A. Lavrentiev in 2005 and 2006. The samples were
dredged from steep slopes of seamounts and volcanoes
located mainly in the central and peripheral parts of
rifting zone (Fig. 1). The major and trace elements
were determined in the volcanic rocks by “wet chem-
istry” and inductively coupled plasma mass spectrom-
etry, respectively, on an ICP-MS Elan DRC II Perkin
Elmer (United States) at the Kosygin Institute of Tec-
tonics and Geodynamics of the Far Eastern Branch of
the Russian Academy of Sciences (Khabarovsk); min-
erals were analyzed on an JXA-8100 at the Far East
Geological Institute of the Far Eastern Branch of the
Russian Academy of Sciences (Vladivostok). The geo-
chronological age was determined by the K–Ar
method on a MI-1201 IG mass spectrometer by iso-
tope dilution using 38Ar as spike at the Institute of
Geology of Ore Deposits, Mineralogy, Petrography,
and Geochemistry, Russian Academy of Sciences
(Moscow). The Rb–Sr and Sm–Nd isotope studies
were carried out at the Vernadsky Institute of Geo-
chemistry and Analytical Chemistry, Russian Acad-
emy of Sciences, at the Laboratory of Isotope Geo-
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chemistry and Geochronology on a TRITON mass
spectrometer (Moscow). The long-term reproducibil-
ity of isotope analysis was controlled using the SRM-
987 international standard for Sr and La Jolla standard
for Nd. The model age (TDM2) was calculated relative
to the mantle reservoir, with the present-day compo-
sition εNd = +9 and Sm/Nd = 0.350 [11]. The descrip-
tion of previous analytical studies is reported in publi-
cation [5].

New trace-element (including rare-earth ele-
ments) and radiogenic Pb and Nd isotopes (Tables 2,
3, 4) were obtained in 2022. The major and trace ele-
ment contents were determined at the Laboratory of
the Analytical Chemistry of the Center for Collective
Use of the Far East Geological Institute of the Far
Eastern Branch of the Russian Academy of Sciences
(Vladivostok). The contents of H2O, L.O.I., and SiO2
were measured by gravimetry; the FeO content was
analyzed by titration (analysts L.I. Alekseeva and
Zh.A. Shcheka). The elements were determined by
inductively coupled plasma atomic emission spec-
trometry on an iCAP 7600Duo spectrometer (Thermo
Scientific Corporation, United States), certificate
no. 022219 on November 1, 2018. Analysts G.A. Gor-
bach, E.A. Tkallina, and N.V. Khurkalo. Trace ele-
ments were also analyzed using inductively coupled
NAL OF PACIFIC GEOLOGY  Vol. 18  No. 1  2024
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Table 1. The results of geochronological dating of the volcanic rocks of the Vityaz Ridge

Volcanic rocks [15]. Paleocene–Miocene: (1) clinopyroxene–plagioclase basalts, (2) biotite–hornblende dacites, (3) basaltic andesite
tuffs, (4) dacitic ignimbrites, (5–7) amphibole–two pyroxene–plagioclase andesites and dacitic andesites. (Pliocene–Pleistocene vol-
canic rocks): (8, 10) clinopyroxene–plagioclase basaltic andesites, (9) amphibole–two-pyroxene–plagioclase andesites, (11) olivine–
clinopyroxene–plagioclase basalts, (12) amphibole–two pyroxene–plagioclase basaltic andesites.

Ordinal No. Sample No. Latitude Longitude Dredging 
interval, m K% ± σ, %

40Arrad ± σ, 
ng/g

Age ± 1.6 σ,
Ma

1 Lv-41-13 48°19.86′ 154°32.26′ 380–240 1.73 ± 0.02 6.77 ± 0.05 55.5 ± 1.6
2 Lv-37-17-6 47°42.690′ 154°23.208′ 1770–1500 4.67 ± 0.05 16.55 ± 0.10 50.4 ± 1.2
3 Lv-37-14-4 47°57.019′ 154°20.066′ 1450–1200 1.92 ± 0.02 6.78 ± 0.09 50.2 ± 1.6
4 Lv-37-17-8 47°42.690′ 154°23.208′ 1770–1500 3.45 ± 0.04 11.45 ± 0.10 47.2 ± 1.4
5 Lv-37-24-2 47°16.015′ 154°06.770′ 1900–1700 2.23 ± 0.03 4.29 ± 0.11 27.5 ± 1.6
6 Lv-41-18-5 46°44.46′ 152°39.06′ 1880–1550 0.62 ± 0.015 0.625 ± 0.022 14.5 ± 1.2
7 Lv-37-37-6 45° 33.784′ 151°33.306′ 2200–1900 0.82 ± 0.015 0.607 ± 0.013 10.7 ± 0.6
8 Lv-41-23 45° 48.06′ 151°03.00′ 880–650 0.49 ± 0.015 0.147 ± 0.004 4.3 ± 0.3
9 Lv-41-24 45°46.01′ 151°03.00′ 660–610 1.39 ± 0.02 0.397 ± 0.004 4.1 ± 0.1

10 Lv-37-39-1 46°02.142′ 151°55.161′ 1600–1400 1.49 ± 0.02 0.341 ± 0.014 3.3 ± 0.3
11 Lv-37-25-1 46°56.958′ 152°53.644′ 1870–1600 0.30 ± 0.015 0.034 ± 0.003 1.6 ± 0.3
12 Lv-41-15-10 47°29.7′ 154°10.86′ 1125–790 1.31 ± 0.02 0.275 ± 0.003 3.0 ± 0.2
plasma mass spectrometry on an Agilent 7700х spec-
trometer (Agilent Techn., United States), certificate
no. 24631 on November 01, 2018. Results of element
determination in rock samples are given in ppm. Sam-
ples for analysis were prepared by acid digestion
(HClO4 + HNO3 + HF), analyst E.V. Volkova. Analy-
sis was performed by M.G. Blokhin. Principal investi-
gator N.V. Zarubina. The 143Nd/144Nd, 206Pb/204Pb,
207Pb/204Pb, and 208Pb/204Pb isotope ratios were mea-
sured on a VG P54 multicollector spectrometer (MC-
ICP-MS). JB-1b and JB-2 were used as standards for
Nd and Pb, respectively. The Nd and Pb were sepa-
rated using technique described in [28–30].

RESULTS AND DISCUSSION

Brief Geological–Geomorphological Overview

As mentioned, the Vityaz Ridge is split into the
Southern and Northern plateaus by a thick destructive
zone ([12, 22], and others), which is located between
the Bussol and Diana straits (Fig. 1). This zone is
extended through the entire central part of the Kuril
island-arc system in the northwestern direction from
the Kuril basin through the Kuril arc and Vityaz Ridge
to the Kuril–Kamchatka trench, and can be termed as
the Central Rift Zone (CRZ).

The Southern and Northern plateaus of the Vityaz
Rudge are characterized by the stepped structure, and
the surface of tectonic blocks is located at depths from
100 to 2000 m [13–15]. The ridge descends to the
Kuril-Kamchatka trench in the southeast and toward
the Middle Kuril trough in the northwest, which sep-
arates it from the Kuril Arc. Through the Bussol and
RUSSIAN JOURNAL OF PACIFIC GEOLOGY  Vol. 18 
Diana straits, the trough is connected with the Kuril
Basin, with which it has almost equal maximum depth
(3400–3500 m).

The Earth’s crust in the Vityaz Ridge is subdivided
into the continental (25–30 km), subcontinental (17–
20 km), and oceanic (10–15 km) ones. The continen-
tal crust is typical of the Southern Plateau, the sub-
continental, of the Northern Plateau, and oceanic, of
the CRZ [7, 12, and others]. The thickness of the oce-
anic crust in the CRZ is reduced to 10–15 km, and the
seismic wave velocity in the “basaltic” layer is 6.7–
7.7 km/s [7]. It should be emphasized that the Earth’s
crust in the Kuril basin is also characterized by
reduced thickness (up to 10–13 km), while the seismic
wave velocity is 6.6–7.0 km/s, which is close to that of
the CRZ [10, 12].

The geological basement of the Vityaz Ridge is
made up of the pre-Upper Cretaceous and Upper Cre-
taceous–Lower Paleocene volcanogenic–siliceous–
terrigenous rocks and Late Cretaceous granitoids
[3, 14]. The pre-Cretaceous rocks are represented by
metamorphosed sedimentary terrigenous and sili-
ceous rocks: schists, hornfelses, and quartzites, as well
as gabbroids (melanocratic gabbros, gabbrodolerites,
dolerites, and diorites). The Late Cretaceous granitoid
rocks (74.0 Ma) were found on the northwestern slope
of the Northern Plateau and in the Bussol Strait and
are represented by porphyritic biotite–hornblende
granites and granodiorites [16, 17]. The Cenozoic sed-
imentary cover consists of Paleocene–Eocene coarse-
clastic volcanogenic–terrigenous rocks, Oligocene–
Upper Miocene tuffaceous diatomites, tuffaceous silty
mudstones, tuffites, tuffs, and Pliocene–Pleistocene
 No. 1  2024
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Table 2. The contents of major (wt %) and trace (ppm) elements in the volcanic rocks of the Vityaz Ridge

Sample/
element

41-13 37-14-4 37-17-2 41-23 41-2 41-13-2 41-21 37-25-1 41-15-9 37-20-9

1 2 3 4 5 6 7 8 9 10

SiO2 52.32 55.33 52.64 51.77 49.10 54.39 54.90 53.84 50.00 54.47
TiO2 0.88 0.77 0.80 0.56 0.90 0.98 0.82 0.72 0.69 1.17
Al2O3 15.86 15.54 16.90 19.57 17.20 15.86 18.01 18.00 20.04 15.94
Fe2O3 5.89 5.58 2.86 3.28 4.66 6.22 3.73 2.74 4.61 3.89
FeO 2.91 3.64 6.82 5.23 6.62 2.22 5.69 6.38 4.43 6.82
MnO 0.15 0.15 0.17 0.15 0.20 0.12 0.23 0.19 0.17 0.23
MgO 5.30 4.86 5.28 4.28 5.73 4.41 3.24 4.57 4.07 3.53
CaO 7.45 4.24 9.75 11.35 11.49 6.78 9.40 9.80 10.72 7.36
Na2O 3.64 3.70 2.73 2.21 2.29 3.45 2.93 2.68 2.53 3.50
K2O 1.87 2.23 0.39 0.42 0.35 1.76 0.40 0.36 0.34 0.74
P2O5 0.23 0.38 0.24 0.07 0.08 0.30 0.11 0.09 0.10 0.26
L.O.I. 1.73 2.86 1.21 0.8 1.04 1.83 0.50 0.48 1.38 1.51
Total 99.69 99.69 99.92 99.88 99.96 99.65 99.97 99.96 99.61 99.77
H2O 1.46 0.42 0.12 0.18 0.31 1.33 – 0.11 0.54 0.34
Li 13.39 23.23 3.67 5.94 5.63 23.13 6.07 5.41 11.97 6.70
Be 0.74 0.98 0.28 0.21 0.26 0.98 0.38 0.23 0.28 0.61
Sc 32.61 21.55 36.94 33.16 44.54 24.19 36.83 38.49 28.57 34.03
V 302.5 237 298.7 250.5 404.1 241.6 279.4 315 283.3 198.9
Cr 80.54 34.76 20.88 20.17 7.63 61.11 7.35 28.91 15.61 3.44
Co 32.50 40.83 29.52 24.70 31.99 26.54 26.69 25.72 28.66 23.16
Ni 34.56 35.21 13.69 13.95 9.31 24.82 5.63 35.22 26.43 32.79
Cu 171.5 101.8 101.0 84.68 79.71 116.6 103.3 76.32 80.97 40.72
Zn 89.66 104.35 79.66 73.07 77.64 79.77 87.98 87.24 99.84 121.63
Ga 17.88 20.55 15.61 16.30 15.87 18.37 17.88 17.64 17.71 19.01
Ge 1.07 1.64 1.35 1.12 1.38 1.05 1.33 1.40 1.25 1.41
As 3.30 2.26 0.83 0.71 0.76 2.03 1.80 0.51 0.50 1.08
Rb 40.07 33.79 4.19 6.64 4.15 36.43 4.34 4.10 4.71 10.69
Sr 347.5 530.1 200.8 214.9 284.8 443.9 261.7 246.2 380.6 347.9
Y 15.88 21.12 25.55 14.94 18.27 17.86 21.74 16.99 16.29 30.53
Zr 69.04 62.82 47.43 38.86 33.15 114.3 47.89 36.24 29.30 78.36
Nb 2.06 1.99 0.56 0.44 0.57 3.20 0.75 0.51 0.56 1.45
Mo 0.44 0.37 0.49 0.74 0.63 0.63 1.47 0.84 0.49 0.82
Cd 2.68 0.21 0.16 3.10 0.09 0.26 0.10 0.09 3.62 0.32
Sn 2.34 0.95 1.00 1.76 0.55 1.23 0.75 1.63 0.72 1.03
Sb 0.26 0.28 0.19 0.17 0.14 0.36 0.23 0.16 0.14 0.25
Cs 0.99 0.48 0.32 0.39 0.24 1.39 0.12 0.19 0.15 0.44
Ba 529.58 1131 60.70 69.25 69.79 569.1 95.43 82.50 62.63 155.6
La 7.11 12.05 3.07 2.35 2.27 10.65 3.24 2.41 2.98 6.71
Ce 16.77 28.94 8.28 6.24 6.15 24.24 8.74 6.48 7.24 18.07
Pr 2.32 3.83 1.30 0.93 0.99 3.24 1.38 1.00 1.16 2.73
Nd 10.60 16.33 6.74 4.97 5.14 13.68 6.94 5.06 5.79 13.42
Sm 3.16 4.18 2.57 1.69 2.09 3.78 2.38 1.96 1.89 4.48
Eu 1.08 1.37 0.92 0.63 0.80 1.19 1.00 0.78 0.78 1.61
RUSSIAN JOURNAL OF PACIFIC GEOLOGY  Vol. 18  No. 1  2024
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Determinations were made at the Laboratory of Analytical Chemistry of the Center for Collective Use of the Far East Geological Insti-
tute of the Far Eastern Branch of the Russian Academy of Sciences (Vladivostok) by inductively coupled plasma mass spectrometry on
an Agilent 7700х spectrometer (Agilent Techn. United States). Sample preparation was made by acid digestion (HClO4 + HNO3 + HF).
Analyst E.V. Volkova. Measurements were made by M. G. Blokhin. Principal investigator N.V. Zarubin. Volcanic rocks: (1, 3–5, 9)
olivine–clinopyroxene–plagioclase basalts; (2, 6–8, 10) amphibole–two pyroxene–plagioclase basaltic andesites.

Gd 3.25 4.44 3.52 2.26 2.86 4.02 3.24 2.51 2.45 5.29
Tb 0.53 0.71 0.62 0.41 0.51 0.61 0.61 0.44 0.40 0.84
Dy 3.18 4.26 4.11 2.66 3.30 3.54 3.95 3.06 2.70 5.47
Ho 0.65 0.88 0.95 0.59 0.75 0.73 0.88 0.66 0.61 1.19
Er 1.94 2.56 2.91 1.80 2.25 2.11 2.55 1.97 1.84 3.50
Tm 0.27 0.35 0.41 0.25 0.32 0.30 0.38 0.30 0.26 0.49
Yb 1.62 2.39 2.77 1.75 2.12 1.92 2.55 2.00 1.71 3.33
Lu 0.25 0.37 0.44 0.27 0.31 0.28 0.40 0.32 0.27 0.52
Hf 1.90 1.89 1.44 1.15 1.07 2.68 1.45 1.16 0.90 2.26
Ta 0.13 0.13 0.05 0.03 0.05 0.22 0.06 0.04 0.04 0.09
W 0.43 0.34 0.31 0.28 0.13 0.35 0.22 0.17 0.16 0.11
Tl 0.02 0.72 <DL <DL <DL 0.01 <DL <DL <DL 0.02
Pb 6.42 7.15 3.54 2.99 3.70 8.72 3.66 3.42 2.55 4.41
Th 1.74 1.88 0.43 0.53 0.39 2.81 0.42 0.39 0.31 0.60
U 0.45 0.69 0.37 0.36 0.39 0.97 0.39 0.15 0.10 1.50

Sample/
element

41-13 37-14-4 37-17-2 41-23 41-2 41-13-2 41-21 37-25-1 41-15-9 37-20-9

1 2 3 4 5 6 7 8 9 10

Table 2. (Contd.)
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Table 3. The Nd isotope compositions of the volcanic rocks of the Vityaz Ridge

Sample no. Volcanic rocks 143Nd/144Nd Err �Nd (0)

41-15-9 Olivine–clinopyroxene–plagioclase basalts 0.513040 3 7.8

41-2 '' 0.512588 2 –1.0

41-23 '' 0.513068 6 8.4

37-20-9 Amphibole–two pyroxene–plagioclase basaltic andesites 0.513069 2 8.4

41-21 '' 0.513123 5 9.5

37-39-1 '' 0.513000 4 7.1

Table 4. The Pb isotope compositions in the volcanic rocks of the Vityaz Ridge

Sample no. 206Pb/204Pb ±2s, % 207Pb/204Pb ±2s, % 208Pb/204Pb ±2s, %

41-15-9 18.257 0.06 15.504 0.09 38.090 0.12

41-2 18.408 0.06 15.516 0.09 38.241 0.12

41-23 18.404 0.06 15.524 0.09 38.277 0.12

37-20-9 18.317 0.06 15.488 0.09 37.993 0.12

41-21 18.396 0.06 15.524 0.09 38.237 0.12

37-39-1 18.380 0.06 15.499 0.09 38.141 0.12
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diatom tuffites, tuffaceous diatomites, tuffaceous
sandstones, and others [14, 25].

Cenozoic Volcanism

Tectonic processes within the Vityaz Ridge were
accompanied by active volcanism [4, 5, 13-15]. During
the period from 55.5 to 27.5 Ma (Table 1), which spans
the Paleocene, Eocene, and Late Oligocene, volcanic
stages frequently changed its nature depending on the
shallow-water, deep-water, or subaerial environments
at different parts of the ridge. However, subaerial vol-
canism was generally predominant, and its products
were lavas and tuffs of clinopyroxene–plagioclase
basalts and basaltic andesites, as well as felsic tuffs fre-
quently welded up to ignimbrites, which are especially
typical of Late Oligocene. According to the pre-exist-
ing point of view, the “green tuff” complex underlying
the island-arc rocks of the Kuril arc was formed at that
time [1, 21].

The Middle Miocene (14.5–10.7 Ma) within the
ridge was responsible for outbursts of volcanism with
formation of lavas and, more rarely, tuffs of amphi-
bole–two pyroxene–plagioclase andesites ([4, 15],
etc.). In general, the Middle Miocene volcanic rocks
are ascribed to low-K calc-alkaline rocks, while their
REE distribution pattern is almost unfractionated,
which practically coincides with the REE patterns in
the Middle Miocene volcanic rocks from the frontal
zone of the KIA after [18]. However, the trace element
patterns, although showing Ta–Nb and Ti negative
anomalies, have very weakly expressed positive Sr and
Zr positive anomalies, which are not typical of island-
arc rocks. This can be explained by the peculiar condi-
tions of formation of these rocks at the continent–
ocean boundary and mixing of calc-alkaline magmas
of continental margin with oceanic basaltic magmas.

Of most interest is the Pliocene–Pleistocene volca-
nism (4.3–1.6 Ma) widely developed on the Vityaz
Ridge. The discovery of this young volcanic stage in
2006 discarded the previously existing point of view on
the nonvolcanic nature of this structure [4, 5, 13–15].
The Pliocene–Pleistocene volcanic rocks form pil-
low-lavas and Fe–Mn crusts, which indicate their
underwater formation and complete diving of the
Vityaz Ridge beneath sea level in the Pliocene–Pleis-
tocene. These rocks are represented by olivine–clino-
pyroxene–plagioclase and clinopyroxene–plagioclase
basalts, amphibole–two pyroxene–plagioclase basal-
tic andesites, biotite–amphibole–two pyroxene–pla-
gioclase andesites and dacitic andesites, with the pre-
dominance of basaltic andesites and andesites.

According to our previous [5, 13] and newly
obtained data (Table 2), the SiO2 contents in the
described rocks vary from 49.10 to 61.90 wt %. The
rocks are characterized by moderate and elevated
Al2O3 contents and low contents of Fe-group elements
(Ni, Cr, Co, and V). With increasing silica content,
RUSSIAN JOUR
the rocks show accumulation of alkalis and decrease of
contents of all other major elements. The level of alka-
linity and K contents vary from low to elevated values
lying within 3.07–5.75 and 0.40–2.18 wt %, respec-
tively; Na2O predominates over K2O. Based on these
facts, the Pliocene–Pleistocene volcanic rocks of the
Vityaz Ridge are subdivided into tholeiitic, calc-alka-
line, and subalkaline varieties, which in general are
ascribed to the calc-alkaline series typical of geody-
namic settings of island-arc (IAB) and active conti-
nental margins (ACMB). This is confirmed by the
position of data points in the corresponding field in
the discriminant diagram (Zr/Y)–(Nb/Y) ([5], etc.).
This is additionally evidenced by low and moderate
values of (La/Sm)N, (La/Yb)N, and Ti/V [5, 13]. The
latter lies within 10–20, which corresponds to the
island-arc rocks of the Kuril arc; some samples with
high Ti/V ratios (up to 50) are similar to the volcanic
rocks of the Kuril Basin.

In view of the isotope-geochemical comparison of
Late Cenozoic volcanism of the Vityaz Ridge, Kuril
Arc, and eponymous basin, it is necessary to mention
that the arc by strike is subdivided into areas (or sec-
tors). It has been accepted for many years that it con-
sists of three sectors: the northern, central, and south-
ern ones ([8], etc.).

This subdivision, with significant correction, could
be supported by the presence of rifting zone found in
the central part of the Kurils. However, based on iso-
tope-geochemical data on the Quaternary volcanic
rocks, the Kuril Arc can be subdivided into the south-
ern and northern parts [19]. The evolution of the
northern part is related to volcanism, which was con-
tributed by the South Kamchatka heated and relatively
depleted lithospheric block of the Pacific MORB-type.
The magma generation within the southern part was
caused by melting of “cold” isotopically enriched
lithospheric mantle of the Indian MORB-type, which
is depleted in trace elements due to Cenozoic tec-
tonomagmatic processes of the Kuril basin opening.
In Fig. 1, the arrow shows the boundary between these
two parts (blocks).

A comparative analysis of new K2O data on the vol-
canic rocks of the Southern Plateau showed its close
concentrations with those in the rocks of the southern
part of the KIA, while those of the Northern Plateau,
with rocks of the northern segment of KIA (Fig. 2). In
general, the majority of volcanic rocks of the ridge and
arc are ascribed to the moderate-K rocks. However,
one part of them demonstrates their similarity to the
low-K field, while other, to the high-K fields. The
comparison of the volcanic rocks of the ridge, arc, and
Geophysicist Volcano located in the western part of
the Kuril basin (Fig. 1) revealed the elevated K2O con-
tents in the subalkaline varieties. This similarity with
basin rocks is best expressed in the rocks of the North-
ern Plateau and the northern part of the KIA. Much
higher K contents are typical of the volcanic rocks of
NAL OF PACIFIC GEOLOGY  Vol. 18  No. 1  2024
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Fig. 2. The K2O–SiO2 classification diagram [31] for vol-
canic rocks: (1, 2) Southern (1) and Northern (2) plateaus
of the Vityaz Ridge (Table 2) and [5, 13]; (3, 4) southern
(3) and northern (4) parts of the Kuril arc [18]; (5–7) Kuril
basin: (5) Geophysicist Volcano [26], (6) Hydrographer
Ridge, and (7) Sonne Ridge [38].
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the Hydographer and Sonne ridges, which are repre-
sented by trachybasaltic andesites and trachyandesites
[6, 38, etc.]. In terms of this parameter and some other
isotope-geochemical features, they differ from other
rocks of the basin, Vityaz Ridge, and Kuril arc.

Thus, the most similarity in terms of K2O concen-
trations is observed between the subalkaline varieties
of the Northern Plateau of the ridge, northern part of
the arc, and Geophysicist volcano. Tholeiitic volcanic
rocks of the Southern Plateau in terms of this parame-
ter are close to the tholeiitic varieties from the south-
ern segment of this part of the arc. The trachytic rocks
of the Hydrographer and Sonne ridges in terms of the
high total alkalinity and K content have no analogues
within the Vityaz Ridge and KIA.

Before interpreting the trace element patterns
(Fig. 3), it is important to emphasize the opposite Th
and Hf behavior in revealing the nature of subduction
components, which were involved in the reworking of
melting mantle source and are represented by either
low-temperature f luid or high-temperature melt. The
former component is separated from sedimentary
sequence of subducted oceanic plate during its dehy-
dration, while the latter component, during its melt-
ing. Oceanic sediment is characterized by the large
concentration of Th, which is immobile in aqueous
fluid and easily passes into melt at sediment melting
[33, 34]. Therefore, the minimum content of this ele-
ment in the rocks indicates metasomatism by aqueous
fluid while maximum content by melt; thereby, the Hf
shows an opposite behavior.

In the multicomponent trace-element diagram, the
volcanic rocks of the Southern and Northern plateaus
of the Vityaz Ridge form negative Ta–Nb and Zr
anomalies and positive Sr, Pb, and U anomalies,
which is typical of the rocks of suprasubduction
(including island-arc) settings (Fig 3a). However,
tholeiitic volcanic rocks of the Southern Plateau show
the better expressed Th minimum, which coincides
with those of the analogous rocks of the frontal zone of
the southern part of the arc (Fig. 3b). At the same
time, the back-arc volcanic rocks practically have no
Th anomaly, which indicates the higher concentra-
tions of this trace element. The trace-element pattern
of the volcanic rocks of the Northern Plateau shows
both a well pronounced and a less pronounced Th
minimum, as in the rocks of the northern part of the
arc (Fig. 3c). This indicates that the high-temperature
melt was involved in the formation of magmatic melts
within the rear part of the arc, which was noted previ-
ously [18, 19, 32], while the low-temperature f luid
operated in the frontal zone of the arc and the South-
ern Plateau of the Vityaz Ridge. Within the Northern
Plateau and northern part of the arc, the magma gen-
esis involved both f luid and melt.

The volcanic rocks of the Vityaz Ridge and Kuril
basin show similar shapes of trace-element patterns
for the subalkaline varieties of the ridge and Geophys-
RUSSIAN JOURNAL OF PACIFIC GEOLOGY  Vol. 18 
icist Volcano (Fig. 3d), including also insignificant Th
minimum, which indicates the contribution of high-
temperature melt in the reworking of melting source.
At the same time, the patterns of the volcanic rocks of
the Hydrographer Ridge show the absence of Th
anomaly and the less expressed Ta–Nb minimum.
This is explained by the affiliation of the volcanic
rocks of the latter to the trachytoid varieties, the geo-
chemical and geodynamic specifics of which differ
from those of other volcanic rocks of the described
region.

The comparison of REE distribution patterns
demonstrates that all volcanic rocks of the ridge are
subdivided into the tholeiitic and calc-alkaline variet-
ies with well and weakly pronounced negative Hf
anomaly (Fig. 4a). The volcanic rocks of the Southern
Plateau are comparable with tholeiitic rocks of the
southern part of the arc (Fig. 4b). The rocks of the
northern part of the KIA are ascribed to the more
alkaline varieties and can be correlated only with some
volcanic rocks of the Northern Plateau with similar
alkalinity (Fig. 4c). A negative Hf anomaly is typical of
volcanic rocks of the rear zone of this arc. This fact, in
combination with the absence of Th minimum, is evi-
dence for the contribution of a high-temperature sub-
duction component (melt) to the genesis of back-arc
lavas. The pattern of the frontal volcanic rocks of the
arc shows no Hf anomaly. This means that the main
role in the genesis of these magmas was played by the
low-temperature f luid component. Within the South-
ern Plateau of the Vityaz Ridge and the southern part
of the KIA, the Hf anomaly is absent (Fig, 4b), which
 No. 1  2024
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Fig. 3. The N-MORB-normalized [35] multicomponent trace-element patterns for the volcanic rocks of the Vityaz Ridge
(a) compared to the volcanic rocks from the southern (b) and northern (c) parts of KIA [1] and Hydrographer (dashed line) and
Geophysicist (dotted-dashed line) volcanoes of the Kuril basin (d) [26, 38]. Color of the patterns corresponds to that of data
points in Fig. 2.
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indicates the effect of low-temperature f luid on the
magma generation. The volcanic rocks of the North-
ern plateau, in contrast, have a much better expressed
negative Hf anomaly, which may indicate the contri-
bution of high-temperature melt during magma gener-
ation within its limits (Fig. 4c).

Thus, the patterns of subalkaline varieties of the
Northern Plateau are comparable with those of rocks
of similar alkalinity of the Geophysicist Volcano of the
Kuril Basin, but differ from sharply fractionated pat-
terns of trachytoids of Hydrographer Ridge with well
expressed LREE predominance over HREE (Fig. 4d).
All subalkaline and alkaline volcanic rocks of the ridge
and volcanoes of the Kuril basin show a negative Hf
anomaly, which serves as an indicator of the influence
of high-temperature melt on magma genesis. Thus,
the pattern of most tholeiitic varieties of both plateaus
of the ridge shows a f lattening in the Hf region, and
this fact argues in support of a low-temperature f luid.

Thus, the low Th and elevated Hf concentrations in
the rocks of the Southern Plateau indicate the contri-
bution of low-temperature f luid in the magma genesis,
while the higher Th and low Hf concentrations in the
rocks of the southern part of the KIA point to the con-
tribution of high-temperature melt. The elevated Th
and low Hf concentrations observed in some samples
of the Northern Plateau indicate more intense activity
of a high-temperature melt, which is not the case for
the northern part of KIA, whose rocks are practically
devoid of the negative Hf anomaly. The comparison of
patterns of volcanic rocks of both plateaus of the
Vityaz Ridge shows their similarity with rocks of the
Geophysicist Volcano in the Kuril basin and clear dif-
ference from trachytoid rocks of the Hydrographer
Ridge. However, the presence of a Hf minimum in all
patterns of volcanic rocks of elevated alkalinity
(including the Hydrographer Ridge) suggests the
influence of high-temperature melt on magma gene-
sis, which is not the case for tholeiitic varieties, whose
magma genesis at the early stage was mainly controlled
by low-temperature f luid.

The variations of the 143Nd/144Nd and Th/Nd
ratios (Table 3, Fig. 5) once more emphasize the
tholeiitic nature of the volcanic rock of the Southern
Plateau, some basaltic samples of the Northern Pla-
teau of the Vityaz Ridge, and rocks of the frontal zone
of the KIA. The majority of the arc samples demon-
strate similarity to rocks of the rear zone, which also
includes the volcanic rocks of the basin: the Geophys-
icist Volcano and Hydrographer and Sonne ridges. In
the first case, mantle metasomatism was mainly pro-
vided by the low-temperature f luid separated from
altered oceanic crust. In the second case, the magma
genesis was controlled not only by f luid but also by the
high-temperature melts formed by melting of oceanic
sediment at 650–800°С [19]. This is especially typical
of the northern part of the arc, as well as the Hydrog-
rapher and Sonne ridges.
RUSSIAN JOURNAL OF PACIFIC GEOLOGY  Vol. 18 
Mixing of the mantle and subduction components
in magma-forming processes is illustrated by the
(206Pb/204Pb)–(208Pb/204Pb) diagram (Table 4, Fig. 6).
The maximum contribution of enriched mantle
(Indian MORB) was determined in the northwestern
part of the Kuril Basin within the Sonne Ridge. All
other volcanic rocks of the studied structures are
derivatives of magmatic sources of mixed nature
caused by the influence of f luid and melts of both oce-
anic sediment and altered oceanic crust. The rocks in
the southern part of the arc and the Southern Plateau
of the Vityaz Ridge were more affected by f luids and
melts of oceanic sediment. The northern part of the
arc and Northern Plateau strongly differ in this aspect:
island-arc volcanic rocks are products of a source that
was more reworked by f luids and melts compared to
the volcanic rocks of the Vityaz Ridge, whose genesis
was equally controlled by mantle and subduction
components. This is also typical of the rocks of the
Hydrographer Ridge and Geophysicist Volcano.

The interpretation of the Pb isotope data makes it
possible to establish the nature of mantle sources
beneath the Southern and Northern plateaus of the
Vityaz Ridge. It is seen in the (207Pb/204Pb)–
(206Pb/204Pb) and (206Pb/204Pb)–(208Pb/204Pb) dia-
grams (Figs. 7, 8) that data points of volcanic rocks of
both plateaus fall in the field of the Indian MORB.
Thus, the rocks of the Southern Plateau are localized
near those of the southern part of the arc, together
with which they are confined to the volcanic rocks of
the Japan. The rocks of the Northern Plateau demon-
strate different patterns, plotting in the field of South-
ern Kamchatka. The volcanic rocks of the Sonne
Ridge fall in the Indian MORB, unlike the volcanic
rocks of the Hydrographer Ridge and Geophysicist
Volcano. In the first diagram (Fig. 7), they fall in the
field of the Pacific MORB, which is consistent with
the conclusions reported in [26, 27, 36, 38]. However,
the 206Pb/204Pb and 208Pb/204Pb ratios (Fig. 8) show
that the volcanic rocks of these structures are also
ascribed to the Indian MORB derivatives.

These results indicate that the volcanic rocks of the
Southern and Northern plateaus are ascribed to the
island-arc rocks. The trace-element patterns show
Ta–Nb and Zr minimums and Sr, Pb, and U maxima,
which are characteristic feature of island-arc geody-
namic setting. The REE pattern well illustrates the
subdivision of rocks into tholeiitic and subalkaline
varieties. The Southern Plateau is mainly character-
ized by tholeiitic volcanics, while the Northern Pla-
teau comprises both varieties. From tholeiitic to subal-
kaline rocks, the Hf concentration decreases, while
the Th concentration increases, which indicates the
increasing role of high-temperature melt in the
magma-generating processes, whereas low-tempera-
ture f luid played significant role at the initial stage.

Based on the Pb isotope relations, the mantle
Indian MORB source was established beneath the
 No. 1  2024
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Fig. 4. The chondrite-normalized [35] REE and Hf distribution patterns. For symbols, see Figs. 2 and 3.
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Fig. 5. Variations of the 143Nd/144Nd versus Th/Nd ratios [34] in the volcanic rocks of the Vityaz Ridge, Kuril Arc, and Kuril
Basin. (AOC) altered oceanic crust; (AOC fluid) f luids formed through dehydration of altered oceanic crust; (SED fluid) dehy-
dration of oceanic sediment; (SED melt) melt formed through melting of oceanic sediment. Outlines show: (FZ) frontal zone of
KIA; (RZ) rear zone of KIA. Numerals in lines show proportions of mixing components (0.3-30% etc.). For symbols, see Fig. 2.
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Fig. 7. The (206Pb/204Pb)–(207Pb/204Pb) diagram for volcanic rocks of the Vityaz Ridge, Kuril Arc, and Kuril Basin. For sym-
bols, see Fig. 2. Fields show back-arc lavas of the southern (solid line) and northern (dashed line) parts of KIA after [2]. BABSK
and BABNK are basalts of the southern and northern areas of KIA, respectively. (BMS) bulk composition of oceanic sediment.
NHRL (North Hemisphere Reference Line) is the curve of average compositions of basalts of the Northern Hemisphere.
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Southern and Northern plateaus (Figs. 7, 8). This is
inconsistent with conclusions that the northern part of
the KIA is underlain by the Pacific MORB [19]. It was
reasonable to suggest that the same source should be
propagated also beneath the Northern Plateau of the
Vityaz Ridge. However, this is not the case, which can
be explained by the study of volcanic samples from the
southwestern part of the Northern Pateau lying to the
south of the boundary (Fig. 1, arrow) between two
blocks of the KIA basement of different genetic nature
[19].

Nevertheless, the isotope-geochemical features of
volcanic rocks of the Southern and Northern plateaus
of the Vityaz Ridge were compared with the rocks of
corresponding areas of the arc. The highest geochem-
ical similarity was established between tholeiitic rocks
of the Southern Plateau and the southern part of the
KIA. This is well seen in the multicomponent dia-
grams illustrating the trace-element composition
(Figs. 3, 4). Figures 5, 6 demonstrate similar contribu-
tions of mantle and subduction components in the
magma-generating processes, as well as the close
degree of influence of the low-temperature f luid on
these processes. At the same time, the role of high-
temperature melt in the magma genesis of back-arc
subalkaline volcanic rocks of the southern part of the
arc increases.

The volcanic rocks of the Northern Plateau, in par-
ticular, its southwestern part, are represented by both
tholeiitic and subalkaline varieties. Based on K2O con-
centrations and the trace-element composition, the
rocks of this plateau are close to the rocks of the north-
ern part of KIA. This is also expressed in the Th and
Hf behavior: an increase of Th and decrease of Hf con-
tents from the tholeiitic to subalkaline volcanic rocks
indicate an increasing role of high-temperature melt
in the magma-forming processes (Figs. 3, 4). How-
ever, the Nd and Pb radiogenic isotopes were analyzed
in tholeiitic varieties of basalts and basaltic andesites.
Therefore, some difference is observed in the positions
of data points of comparable structures in Figs. 5, 6, 7.
The basalts of the Northern Plateau demonstrate a
greater contribution of the mantle component and
low-temperature f luid in the above-mentioned pro-
cesses compared to the similar rocks from the north-
ern part of the KIA.

CONCLUSIONS
New isotope-geochemical data on the volcanic

rocks of the Southern Plateau and the southwestern
part of the Northern Plateau of the Vityaz Ridge, as
well as a comparative analysis suggest that all studied
rocks are genetically related to the volcanic rocks of
the southern part of the Kuril Island arc. The estab-
lished Indian MORB mantle source was reworked by
tectonomagmatic processes related to the opening of
the Kuril Basin and subsequent subduction. The low-
temperature f luid that separated during dehydration of
RUSSIAN JOURNAL OF PACIFIC GEOLOGY  Vol. 18 
subsiding slab played the predominant role at the early
stages of the formation of tholeiitic lavas. The main
role in the origination of the later alkaline volcanic
rocks belonged to the high-temperature melt formed
through melting of subduction sediment.
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